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Chapter 1

Programming



apropos Scilab Function

1.0.1 abort interrupt evaluation.

DESCRIPTION :

abort interrupts current evaluation and gives the prompt. Withpaase levelabort returnto level
0 prompt.

SEEALSO: quit 61, pause 56, break 11, abort 6, quit 61

1.0.2 addinter_____ new functions interface incremental linking at run time
CALLING SEQUENCE :

addinter(files,spname,fcts)

PARAMETERS :

files  :acharacter string or a vector of character string contain object files used to define the new Scilab
interface routine (interface code, user routines or libraries, system libraries).

spname : a character string. Name of interface routine entry point

fcts  : vector of character strings. The name of new Scilab function implemented in the new interface (in
fin  the order).

DESCRIPTION :

addinter performs incremental linking of a compiled C or Fortran new Scilab interface routine (see
intersci documentation) and define corresponding scilab functions.

For machines using dlopen functionality one can unlink an interface wittk  ( use the command
link('show") to get the number of the shared library ). And to reload a new version of an interface a
calltoulink is necessary to get rid of the old version.

Seelink  for more precision on use.

SEEALSO: link 43, intersci 40, newfun 51, clearfun 14

1.0.3 and - logical and

CALLING SEQUENCE:

b=and(A), b=and(A,™)
b=and(A,’r"), b=and(A,1)
b=and(A,’c’), b=and(A,2)
A&B

DESCRIPTION :
and(A) s the logical AND of elements of the boolean matAixand(A) returns%T ("true”) iff all
entries ofA are%T

y=and(A,’r) (or, equivalentlyy=and(A,1) )is the rowwise and. It returns in each entry of the row
vectory the and ofthe rowsof (The andisperformedonthe rowindey(j)= and(A(i,j),i=1,m) ).
y=and(A,’c’) (or, equivalentlyy=and(A,2) ) is the columnwise and. It returns in each entry of

the column vectoy the and of the columns of (The and is performed on the column indexi)=
and(A(i,j),j=1,n) )-

A&B givesthe element-wise logicahd of the booleans matricés andB .A andB mustbe matrices
with the same dimensions or one from them must be a single boolean.

SEE ALSO: not 52, or 53

1.0.4 ans answer

DESCRIPTION :
ans means "answer”. Variablans is created automatically when expressions are not assicaesl.
contains the last unassigned evaluated expression.
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1.0.5 apropos searches keywords in Scilab help
CALLING SEQUENCE :

apropos word
apropos ’string’

DESCRIPTION :
Looks for keywords irman/*/whatis files.

EXAMPLE :
apropos '+’
apropos ode
apropos ’list of’

SEEALSO: help 35

1.0.6 argn number of arguments in a function call

CALLING SEQUENCE :
[Ihs [,rhs] ]=argn(0)

DESCRIPTION :

This function is used inside a function definition. It gives the number of actual inpsitsand outpuths
parameters passed to the function when the function is called. It is usually used in function definitions to
deal with optional arguments.

SEEALSO: function 32

1.0.7 backslash - left matrix division.

CALLING SEQUENCE :
x=A\\b

DESCRIPTION :

Backslash denotes left matrix divisiox=A\b is a solution toA*x=b .

If A is nonsingulax=A\b (uniquely defined) is equivalent iG=inv(A)*b

If A issingularx is aleast square solution. i:@orm(A*x-b) is minimal. IfA is full column rank, the
least square solution=A\b, is uniquely defined (there is a unigwewhich minimizesnorm(A*x-b) ).
If A is not full column rank, then the least square solution is not uniquexaAdb, in general, is not the
solution with minimum norm (the minimum norm solutiondspinv(A)*b ).

A.\B is the matrix with(i,j) entryA(i,j) \B(,j) .If A (orB)is ascalaA. \B is equivalent to
A*ones(B). \B (orA.\(B*ones(A))

A\.B is an operator with no predefined meaning. It may be used to define a new operator (see overloading)
with the same precedence as * or /.

EXAMPLE :

A=rand(3,2);b=[1;1;1]; x=A\b; y=pinv(A)*b; x-y

A=rand(2,3);b=[1;1]; x=AW\b; y=pinv(A)*b; x-y, A*x-b, A*y-b
A=rand(3,1)*rand(1,2); b=[1;1;1]; x=AW\b; y=pinv(A)*b; A*x-b, A*y-b
A=rand(2,1)*rand(1,3); b=[1;1]; x=A\b; y=pinv(A)*b; A*x-b, A*y-b
SEEALSO: slash 71, inv 379 pinv 387, percent 56, ieee 36
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1.0.8 binary binary file management
CALLING SEQUENCE :

[fd,err]l=mopen(’file-name’ [, mode, swap ])
[err]=mclose([fd])

[X]=mget([n,type,fd]) /I default values n=1,type="I',fd=-1
[errl=mput(x [,type,fd]) /I default values type='I',fd=-1
str=mgetstr([n,fd]) /I default values n=1, fd=-1
[errl=mputstr(str [, fd]); // default value fd = -1
[err]=meof([fd]) /I default value fd = -1

mclearerr([fd]) /I default value fd = -1

mseek(n [,fd, flag]) /I default values fd = -1, flag = ’set’
mtell([fd]) /I default value fd = -1

PARAMETERS :

mode,type : strings.

n,err,fd : scalar

X :vector

DESCRIPTION :

A set of function to read and write binary files.
Thetype parameter can be one of the following :

"I"st ult, tus,d e, fue” . for reading or writing respectively a long, a short, an
unsigned long, an unsigned short, a double, a float, a char and an unsigned char. The bytes which
are read are automatically swapped if necessary (by checking little-endian status) in order to produce
machine independent binary files (in little-endian mode).

The automatic swap of bytes can be cancelled by adding a third ( with value zero ) argumemhtpére
function (mopen(file,"wb",0) ).

It is possible not to take care of tlsgvap status and explicitely specify for each data the way to store i.e
as little or big endian. This is described now:

"ull","uls","ubl","ubs", . can be used for reading or writing respectively unsigned little-endian
long or short and unsigned big-endian long or short.
"dx" XX s X! : with x=b orx=l can be used for reading or writing double, float, long or

short as big or little endian.

fd :Thefd parameterreturned by the functiotopen is used as a file descriptor (it’s a positive integer).
When specifying théd parameter, the valud refers to the default file (i.e the last opened file).

mode : Themode parameter can b&gb" for read binary of'wb" for write binary or"ab" for ap-
pend.

mseek : The functionmseek() sets the position of the next input or output operation on the stfdam
The new position is at the signed distance givembyytes from the beginning, from the current
position, or from the end of the file, according to ftey  value which can bé&set’” |, 'cur or
‘end’

mseek() allows the file position indicator to be set beyond the end of the existing data in the file.
If data is later written at this point, subsequent reads of data in the gap will return zero until data is
actually written into the gapmseek() , by itself, does not extend the size of the file.

mtell  : The functionmtell() returns the offset of the current byte relative to the beginning of the file
associated with the named strefin

mget : The functionmget is used to geh object of typetype . If end of file is reached before read
completion, only the properly read values will be returned.

Scilab Group April 1993 8



binary Scilab Function

mgetstr  : used to get an array of characters. If EOF is reached before read completion only the properly
read values will be returned.

meof,clearerr : The functionmeof will return a non null value if end of file has been reached in a
previous call tanget or mgetstr . The functionclearerr is used to resets the error indicator
and EOF indicator to zero.

EXAMPLE :

filen = ’test.bin’

mopen(filen,’'wb’);

mput(1996,’ull’);mput(1996,'uls’);mput(1996, ubl’);mput(1996,'ubs’);
mput(1996,’1);mput(1996,’s’);mput(98,’uc’);mput(98,'c’);
mput(1996,'d");mput(1996,'f);mput(1996, ul’);mput(1996, us’);
mclose();

mopen(filen,’rb’)

if 1996<>mget(1,'ull’) ;write(%io(2),'Bug’);end;
if 1996<>mget(1,'uls’) ;write(%io(2),’Bug’);end;
if 1996<>mget(1,’ubl’) ;write(%io(2),'Bug’);end;
if 1996<>mget(1,’'ubs’) ;write(%io(2),'Bug’);end;
if 1996<>mget(1,l") ;write(%io(2),BUG’);end;
if 1996<>mget(1,’s’) ;write(%io(2),’Bug’);end,;
if 98<>mget(1,'uc’) ;write(%io(2),'Bug’);end;

if 98<>mget(1,'c’) ;write(%io(2),'Bug’);end;

/I with eventuel swap

if 1996<>mget(1,’d’) ;write(%io(2),'Bug’);end;
if 1996<>mget(1,'f") ;write(%io(2),'Bug’);end;
if 1996<>mget(1,'ul’) ;write(%io(2),'Bug’);end;
if 1996<>mget(1,'us’) ;write(%io(2),'Bug’);end;
mclose();

/I an example with two files

filel = ’testl.bin’;
file2 = ’test2.bin’;
fdl=mopen(filel,'wb’);
fd2=mopen(file2,'wb’);
mput(1996,'ull’,fd1);
mput(1996,’ull’,fd2);
mclose(fdl);
mclose(fd2);

fdl=mopen(filel,'rb’);

if 1996<>mget(1,'ull’,fd1) ;write(%io(2),'Bug’);end;
fd2=mopen(file2,’rb’);

if 1996<>mget(1,ull’,fd2) ;write(%io(2),’Bug’);end;
mclose(fdl);

mclose(fd2);

/I and example with mseek
file3="test3.bin’

fdl= mopen(file3,'wb’);

for i=1:10, mput(i,’d"); end
mseek(0);

mput(678,'d’);
mseek(0,fd1,’end’);
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mput(932,'d");

mclose(fd1)

fdl= mopen(file3,’rb’);
res=mget(11,’d")

res1=[1:11]; res1(1)=678;res1($)=932;
if resl<>res ;write(%io(2),’Bug’);end;
mseek(0,fd1,’set’);

/I trying to read more than stored data
resl=mget(100,'d’,fd1);

if resl<>res ;write(%io(2),’Bug’);end;
meof(fd1l)

mclearerr(fd1)

mclose(fdl);

1.0.9 bool2s convert boolean matrix to a zero one matrix.

CALLING SEQUENCE :
bool2s(x)

PARAMETERS :

X : aboolean vector or a boolean matrix or a constant matrix

DESCRIPTION :

If x is a boolean matrixbool2s(x) returns the matrix where "true” values are replaced by 1 and
"false” value by 0.
If X is a "standard” matrixbool2s(x) returns the matrix where non-zero values are replaced by 1.

EXAMPLE :

bool2s([%t %t %f %t])
bool2s([2.3 0 10 -1])

SEEALSO: boolean 10, find 27

1.0.10 boolean_____ Scilab Objects, boolean variables and operators &~

DESCRIPTION :

A boolean variable i8T (for "true”) or %F (for "false”). These variables can be used to define matrices

of booleans, with the usual syntax. Boolean matrices can be manipulated as ordinary matrices for ele-
ments extraction/insertion and concatenation. Note that other usual operatiohs<, ", etc) are
undefined for booleans matrices, three special operators are defined for boolean matrices:

“b :isthe element wise negation of booldan(matrix).

b1&b2 :isthe element wise logicaind of bl andb2 (matrices).

b1|b2 : isthe element wise logicalr of b1 andb2 (matrices).

Boolean variables can be used for indexing matrices or vectors. Forinstance
a([%T,%F,%T],:) returns the submatrix made of rolrssand3 of a. Boolean sparse matrices
are supported.

EXAMPLE :

[1,2]==[1,3]

[1,2]==1

a=1:5; a(a>2)

SEEALSO: matrices 47, or 53, and 6, not 52
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1.0.11 brackets - left and right brackets

CALLING SEQUENCE:

[al1,a12,...;a21,a22,...;...]
[s1,s2,...]=func(...)

PARAMETERS :

allalz,... : any matrix (real, polynomial, rationalyslin list ...) with appropriate dimensions
sl,s2,... . any possible variable name

DESCRIPTION :

Left and right brackets are used to note vector and matrix concatenation. These symbols are also used to
denote a multiple left-hand-side for a function call

Inside concatenation brackets, blank or comma characters mean "column concatenation”, semicolumn and
carriage-return mean "row concatenation”.

Note : to avoid confusions it is safer to use commas instead of blank to separate columns.
Within multiple lhs brackets variable names must be separated by comma.

EXAMPLES :

[6.9,9.64; sqrt(-1) 0]

[1 +%i 2 -%i 3]

il

['this is’;’a string’;'vector’]
s=poly(0,’s");[1/s,2/s]
[tf2ss(1/s),tf2s5(2/9)]

[u,s]=schur(rand(3,3))

SEEALSO: commal6, semicolumn 70

1.0.12 break keyword to interrupt loops
DESCRIPTION :

Inside afor orwhile loop, the commantreak forces the end of the loop.

EXAMPLE :

k=0; while 1==1, k=k+1; if k > 100 then break,end; end

SEEALSO: while 82, if 37, for 28 abort 6, return 65

1.0.13 call Fortran or C user routines call

CALLING SEQUENCE :

/I long form ’'out’ is present

[y1,...,yk]=call("ident",x1,px1,"tx1",...,xn,pxn,"txn",
"out",[nyl,my1],pyl,“tyl",...,[nyl,myl],pyl,“tyl")

/I short form : no ’'out’ parameter

[y1,....,yk]=call("ident" x1,...,xn)

PARAMETERS :

"ident" : string.

Xi : real matrix or string
pxi, pyi . integers

txi, tyi : character stringd" , "r" ,"i"

or"c
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DESCRIPTION :
Interactive call of Fortran (or C) user program from Scilab. The routine must be previously linked with
Scilab. This link may be done:

- with Scilab Mink " command (incremental "soft” linking) during the Scilab session.(sde )

- by "hard” re-linking. Writing the routine call within Scilab routirgefault/Ex-fort.f , adding
the entry point in the filelefault/Flist and then rdinking Scilab with the commanthake
bin/scilex in main Scilab directory.

There are two forms of calling syntax, a short one and a long one. The short one will give faster code
and an easier calling syntax but one has to write a small (C or Fortran) interface in order to make
the short form possible. The long one make it possible to call a Fortran routine (or a C one) whitout
modification of the code but the syntax is more complex and the interpreted code slower.

The meaning of each parameter is described now:

"ident" is the name of the called subroutine.
x1,...,xn are input variables (real matrices or strings) sent to the routine,
pxd1,...,pxn are the respective positions of these variables in the calling sequence of the 'fiolainte
and
tx1,...,txn are their types"¢" ,"i" ,"d" and"c" forreal (float), integer, double precision and
strings)
out" is a keyword used to separate input variables from output variables. when this key word is present
it is assumes that the long form will be used and when it is not prsent, the short form is used.
[nyl, myl] are the size (# of rows and columns. For 'c’ argumenisnl is the number of charaters
) of output variables and

pyl, ... are the positions of output variables (possibly equadid ) in the calling sequence of the
routine. Thepyi s integers must be in increasing order.

"tyl", ... are the Fortran types of output variables. khdirst output variables are put i1,...,
yk.

If an output variable coincides with an input variable (pgi=pxj ) one can pass only its positiqayi
. The size and type ofi are then the same as thosexof. If an output variable coincides with an input

variable and one specify the dimensions of the output varfaiygnyl] must follow the compatibility
conditionmxk*nxk >= myl*nyl

In the case of short syntax[yl,....,yk]=call("ident",x1,...,xn) , the input parameters
xi ’'s and the naméident" are sent to the interface routiiex-fort . This interface routine is then
very similar to an interface (see the source code in the dire&GHpIR/default/Ex-fort.f ).

For example the following program:

subroutine foof(c,a,b,n,m)
integer n,m
double precision a(*),b,c(*)
do 10 i=1,m*n

c(i) = sin(a(i))+b

10 continue
end

link("foof.0","foof")
a=[1,2,3;4,5,6];b= %pi;
[m,n]=size(a);

/I Inputs:

/Il a is in position 2 and double

II'b 3 double
I/ 4 integer
/I m 5 integer
/I Outputs:
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/I ¢ is in position 1 and double with size [m,n]
c=call("foof",a,2,"d",b,3,"d",n,4,"i",m,5,"","out",[m,n],1,"d");

returns the matrix=2*a+b .
If your machine is a DEC Alpha, SUN Solaris or SGI you may have to change the previous command

line link("foo.0","foo") by one of the followings:

link('foof.o -Ifor -Im -Ic’,’foof’).
link('foof.o -Iftn -Im -Ic’,'foof’).
link('foof.0 -L/opt/SUNWspro/SC3.0/lib/lib77 -Im -Ic’,’'foof").

The same example coded in C:

void fooc(c,a,b,m,n)
double a[],*b,c[];
int *m,*n;
{ double sin();
int i
for (i =0 ; i < (*m)*(*n) ; i++)
c[i] = sin(afi]) + *b;
}
link("fooc.0","fooc","C") /I note the third argument
a=[1,2,3;4,5,6];b= %pi;
[m,n]=size(a);
c=call("fooc",a,2,"d",b,3,"d",m,4,"",n,5,"","out",[m,n],1,"d");

SEEALsO: link 43  c_link 154 intersci 40, addinter 6

1.0.14 case keyword used in select

DESCRIPTION :
Keyword used irselect ... case Use it in the following way:

select expro,
case exprl then instructionsl,
case expr2 then instructions2,

case exprn then instructionsn,
[else instructions],
end

SEEALSO: select 69, while 82, end 19, for 28

1.0.15 cell rounding up
CALLING SEQUENCE :

[yl=ceil(x)

PARAMETERS :

X :areal matrix
y :integer matrix

DESCRIPTION :
ceil(x) returns an integer matrix made of rounded up elements

SEEALSO: round 66, floor 28, int 40
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1.0.16 chdir changes Scilab current directory

CALLING SEQUENCE :

ierr=chdir(’path-name’)

PARAMETERS :

ierr :aninteger, 1ithdir failed to change directory artid elsewhere.

DESCRIPTION :
Change the current Scilab directory path-name’

EXAMPLE :

chdir(TMPDIR);
if MSDOS then
unix_w("dir");
else
unix_w("ls");
end

SEEALSO: getcwd 32

1.0.17 clear kills variables

CALLING SEQUENCE :
clear a

DESCRIPTION :

This command kills variables which are not protected. It removes the named variables from the environ-
ment. By itselfclear Kkills all the variables except the variables protectedobgdef . Thus the two
commandpredef(0) andclear remove all the variables.

Normally, protected variables are standard libraries and variables with the percent prefix.

Note the particular syntadlear a  and notclear(a) . Note also thab=[] does not killa but sets

a to an empty matrix.

SEEALSO: predef 58 who82

1.0.18 clearfun remove primitive.

CALLING SEQUENCE :
clearfun(’name’)

DESCRIPTION :

clearfun(’name’) removes the primitivéname’  from the set of primitives (built-in functions)
. This function allows to rename a primitive : a Scilab primitive can be replaced by a user-defined function.
For experts...

SEEALSO: newfun 51, funptr 32
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1.0.19 code2str__ returns character string associated with Scilab integer codes.
CALLING SEQUENCE :

str=code2str(c)

PARAMETERS :

str : acharacter string
¢ : vector of character integer codes

DESCRIPTION :

Returns character string associated with Scilab integer codes.str is such that c(i) is the Scilab integer code
of part(str,i))

EXAMPLE :

code2str([-28 12 18 21 10 11])

SEEALSO: str2code 73

1.0.20 coeft coefficients of matrix polynomial

CALLING SEQUENCE :
[Cl=coeff(Mp [,v])
PARAMETERS :

Mp : polynomial matrix

v :integer (row or column) vector of selected degrees
C : big matrix of the coefficients

DESCRIPTION :
C=coeff(Mp) returnsinabig matrixC the coefficients of the polynomial matiMp . C is partitioned
as C=[C0,C1,...,CK] where theCi are arranged in increasing order= maxi(degree(Mp))

C=coeff(Mp,v) returns the matrix of coefficients with degreevin. (v is a row or column vector).
SEEALSO: poly 57, degree 17

1.0.21 colon - colon operator

DESCRIPTION :
: Colon. Used in subscripts and loops.
j:k is the vector [j, j+1, ..., K] (empty if J >K).
jid:k is the vector [j, j+d, ..., j+m*d]
The colon notation can also be used to pick out selected rows, columns and elements of vectors and matrices.

A(:) isthe vector of all the elements &f regarded as a single column.

AC) is thej -th column ofA
A(j:k) is  [AQG),A(+1),...,AK)]
ACLjK) is  [AG)AGHL),....,AGK)]

A()=w fills the matrixA with entries ofw (taken column by column iv is a matrix).

SEEALSO: matrix 47
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1.0.22 comma - column, instruction, argument separator

DESCRIPTION :

Commas are used to separate parameters in functions or to separate entries of row vectors.
Blanks can also be used to separate entries in a row vector but use preferably commas.

Also used to separate Scilab instructions. (Uséo have the result not displayed on the screen).

EXAMPLES :

a=[1,2,3;4,5,6];
a=1,b=1;c=2

1.0.23 comments comments

DESCRIPTION :
Command lines which begin by are not interpreted by Scilab.
Comments must not begin witfend !

1.0.24 comp scilab function compilation
CALLING SEQUENCE :

comp(function [,opt])

PARAMETERS :

function . an not compiled scilab function (type 11)
opt :integer flag with value O (default) or 1.

DESCRIPTION :
comp(function) compiles the functiofunction . Compiled and interpreted functions are equi-
valent but usually compiled functions are much faster. The functions provided in the standard libraries are
compiled.
The command: getf(‘filename”) loads the functions in filéfilename’ and compiles
them. So comp has to be used in very particular cases.
The opt==1 option is specific to code analysis purpose (see macr2lst)
REMARKS :
commands who, help, what cannot be compiled.

SEEALSO: deff 16, getf 34, whereis 81, macr2lst 174 lib 42

1.0.25 deff on-line definition of function

CALLING SEQUENCE :

deff(’[s1,s2,...]=newfunction(el,e2,....)’,text [,opt])

PARAMETERS :
el.e2,..., . input variables.
s1,s2,..., : output variables.

text : matrix of character strings

opt : optional character string

'c’ : function is "compiled” to be more efficient (default)
n’ : function is not "compiled”
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DESCRIPTION :

On-line definition of function (user defined function): the name of the created functi@wiginction

text is a sequence of instructions usually set as a vector of character strings.

This command can be used inside a function and the new function can be an input or output of any other
function.

Usually, functions are defined in a file and loaded into Scilalydxy

Some time, in particular when you want to use define strings witlleffifi text is rather difficult to

write. A more tractable way may be to define your function in a file as usual, to load it into Scitpdtfoy
(without’c’  option) and use sci2exp to get correspondieff  instructions.

EXAMPLES :

deffC[x]=myplus(y,z)’, ' x=y+z")
I
deff('[x]=mymacro(y,z)’,[a=3*y+1’;

x=arz+y')

SEEALSO: getf 34, compl6 exec 21, function 32

1.0.26 degree degree of polynomial matrix
CALLING SEQUENCE :

[D]=degree(M)

PARAMETERS :

M : polynomial matrix
D : integer matrix

DESCRIPTION :
returns the matrix of highest degreed\f

SEEALSO: poly 57, coeff 15 clean 350

1.0.27 delbpt delete breakpoint

CALLING SEQUENCE:

delbpt('macroname’ [,linenumb])

DESCRIPTION :
deletes the breakpoint at liil@enumb in the functionmacroname. If linenumb is omitted all the
breakpoints in the function are deleted.

EXAMPLE :
setbpt('foo’,1),setbpt(’foo’,10),delbpt(*foo’,10),dispbpt()

SEEALSO: setbpt 70, dispbpt 18 pause 56, resume 65

1.0.28 diary diary of session

CALLING SEQUENCE :
diary(’file-name”)

DESCRIPTION :
diary creates afile which contains a copy of the current Scilab segsiary(0) interrupts the diary.

SEEALSO: exec 21, unix 77
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1.0.29 disp displays variables
CALLING SEQUENCE :
disp(x1,[x2,...xn])

DESCRIPTION :

displaysxi with the current formatxi 's are arbitrary objects (matrices of constants, strings, functions,
lists, ...)

Display of objects defined hjist may be overloaded by the definition of a function. This function must
have no output argument a single input argument ant it's name is formed as féiitist _type >_p
where%c<tlist _type > stands for the first entry of the tlist type component.

SEEALSO: write 83, read 63, print 59 string 74, tlist 76
EXAMPLES :

disp([1 2],3)
deffC[1=%t_p(l)’,'disp(I(3),1(2))")
disp(tlist('t’,1,2))

1.0.30 dispbpt display breakpoints

CALLING SEQUENCE :
dispbpt()

DESCRIPTION :
dispbpt() displays all active breakpoints actually inserted in functions.

SEEALSO: setbpt 70, delbpt 17, pause 56, resume 65

1.0.31 dot - symbol

CALLING SEQUENCE :

123.33
a.*b
[123,..
456]
.SH DESCRIPTION
TP 6

Dot is used to mark decimal point for numbers : 3.25 and 0.001
TP

.<op>

used in cunjunction with other operator symbols (* / \\ = ') to form
other operators. Element-by-element multiplicative operations are

obtained using .*, .©, ./, \or .. For example, C = A ./ B is
the matrix with elements c(i,j) = a(i,j)/b(i,j). Kronecker product is
noted .*. .

Note that when dot follows a number it is alway prt of the number so 2.*x
is evaluated as 2.0*x and 2 .*x is evaluated as (2).*x
TP

Continuation. Two or more decimal points at the end of
a line causes the following line to be a continuation.
.SH EXAMPLE
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.nf

1.345

x=[1 2 3];x."2 .*x /I a space is required between 2 and dot
[123,..

456]

SEEALSO: star 73, hat 34, slash 71, backslash 7

1.0.32 else keyword in if-then-else

DESCRIPTION :
Used withif .

SEEALSsO: if 37

1.0.33 elseif keyword in if-then-else

DESCRIPTION :
Seeif,then,else

1.0.34 empty. - empty matrix
DESCRIPTION :

[ denotes the empty matrix. It is uniquely defined and has O row and O columnsize([])
=[0,0] . The following convenient conventions are made:

0*A=A*[=1

J+A=A+[]=A

[0, AI=[A I=A inv([l) =[]

det([])=cond([])=rcond([])=1, rank([])=0

Matrix functions returrf]  or an error message when there is no obvious answer. Empty linear systems (
syslin  lists) may have several rows or columns.

EXAMPLE :

s=poly(0,’s’); A = [s, s+1];

A+l], AT

A=rand(2,2); AA=A([],1), size(AA)
svd([l)

w=ssrand(2,2,2); wr=[]*w; size(wr), wl=ss2tf(wr), size(wl)

SEEALSO: matrices 47, poly 57, string 74, boolean 10, rational 63, syslin
197

1.0.35 end end keyword
DESCRIPTION :
Used at end of loops or conditionafer, while, if, select must be terminated bsnd .

SEEALsSO: for 28, while 82 if 37, select 69

1.0.36 equal - affectation, comparison equal sign

DESCRIPTION :
Equal sign is used to denote a value affectation to a variable.
== denote equality comparison between two expressions and returns a boolean matrix.

EXAMPLES :
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a=sin(3.2)
[u,s]=schur(rand(3,3))
[1:10]==4

17=2

SEEALSO: less 42, boolean 10

1.0.37 errcatch error trapping

CALLING SEQUENCE :
errcatch(n [,’action’] [,’option’])
PARAMETERS :

n :integer
action, option : strings

DESCRIPTION :
errcatch gives an "action” (error-handler) to be performed when an error of typEecurs.n has the
followin meaning:
if n>0, n is the error number to trap
if n<O all errors are to be trapped
action is one of the following character strings:

"pause" : apause is executed when trapping the error. This option is useful for debugging purposes.

"continue" . next instruction in the function or exec files is executed, current instruction is ignored.
This option is useful for error recovery.

kil . default mode, all intermediate functions are killed, scilab goes back to the level O prompt.

"stop" : interrupts the current Scilab session (useful when Scilab is called from an external program).

option is the character stringomessage’  for killing error message.
SEEALSO: errclear 20, iserror 40

1.0.38 errclear error clearing
CALLING SEQUENCE :
errclear([n])

DESCRIPTION :
clears the action (error-handler) connected to error of type
If n is positive, it is the number of the cleared error ; otherwise all errors are cleared (default case)

SEEALSO: errcatch 20

1.0.39 error error messages

CALLING SEQUENCE:

error(’string’ [,n])
error(m)

DESCRIPTION :

prints the character stririgtring’ in an error message and stops the current instruction.

If n is given, itis associated to the number of the emorshould be larger thab0000 (default value).
error(m) prints the message associated with the error nummber

SEEALSO: warning 80
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1.0.40 evstr evaluation of expressions

CALLING SEQUENCE:

H=evstr(2)
[H,ierr]=evstr(Z)

PARAMETERS :

Z : matrix of character stringsl or list(M,Subexp)
M : matrix of character strings

Subexp : vector of character strings

H : matrix

ierr  :integer, error indicator

DESCRIPTION :

returns the evaluation of the matrix of character strings. Each element §f thatrix must be a character
string defining a scilab expression.

If evaluation of M expression leads to an erkbrevstr(M)  produces an error which is handled as usual.
[H,ierr]=evstr(M) produces an error message and return the error numbsr in.

If Z is alist,Subexp is a character strings vector which defines_supressions evaluated before eval-
uation of M These sutexpressions must be referred #gk) in M (k is the sub-expression index in
Subexp).

evstr('a=1") is not valid (usexecstr ).

EXAMPLES :
a=1; b=2; Z=['a’,’b’] ; evstr(Z)

a=1; b=2; Z =list(['%(1)’,'%(1)-%(2)],['a+1",'b+1");
evstr(2)

SEEALSO: execstr 164

1.0.41 exec script file execution

CALLING SEQUENCE :
exec(file-name’ [,mode])

DESCRIPTION :
executes the content of the fifde-name
The different cases fanode are :

with an optional execution modreode .

0 : the default value

-1 : nothing is printed

: echo of each command line

. prompt-- > is printed

. echoes + prompts

. stops before each prompt

. stops + prompts + echoes : useful mode for demos.

~N A WN R

REMARK :
Last line of startup file must be terminated by a newline to be taken into account.

SEEALSO: getf 34, compl1l6, mode50
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1.0.42 exists checks variable existence

CALLING SEQUENCE :
exists(name [,where])
PARAMETERS :

name : a character string
where : an optional character string with default vala#’

DESCRIPTION :
exists(name) returnsl if the variable namedame exists and) otherwise.
Caveats: a function which usegists  may return a result which depends on the environment!

exists(name,’local’) returnsl if the variable namedame exists in the local environment
of the current function an@ otherwise.
EXAMPLE :
deff('foo(x)’,..

[disp([exists("al2"”),exists("al2”,”local”)])’
"disp([exists("x”),exists("x”,”local”)])’])

foo(1)

al2=[];foo(1)

SEEALSO: isdef 171, whereis 81, type 76, typeof 202 macrovar 175

1.0.43 exit Ends the current Scilab session

DESCRIPTION :
Ends the current Scilab session.

SEEALSO: quit 61, abort 6, break 11, return 65 resume 65

1.0.44 external Scilab Object, external function or routine

DESCRIPTION :

External function or routine for use with specific commands.

An "external” is a function or routine which is used as an argument of some high-level primitives (such as
ode, optim , schur ...).

The calling sequence of the external (function or routine) is imposed by the high-level primitive which sets
the arguments of the external.

For example the external functi@mostfunc  is an argument of theptim primitive. Its calling se-
guence must bdf,g,ind]=costfunc(x,ind) andoptim  (the high-level optimization primitive)

is invoked as follows:

optim(costfunc,...)

Herecostfunc  (the cost function to be minimized by the primitieptim ) evaluate$=f(x) andg=
gradientoff atx (ind is an integer which is not useful here).

If other values are needed by the external function these variables can be defined in the environment. Also,
they can be putin a list. For example,the external function

[f,g,ind]=costfunc(x,ind,a,b,c)
is valid foroptim  if the external idist(costfunc,a,b,c) and the call taptim is then:

optim(list(costfunc,al,bl,cl),....

Scilab Group April 1993 22



extraction Scilab Function

An external can also be a Fortran routine : this is convenient to speed up the computations.

The name of the routine is given to the high-level primitive as a character string. The calling sequence of
the routine is also imposed. Examples are given inmthsines/default directory (see thREADME

file).

External Fortran routines can also be dynamically linked lis&e )

SEEALSO: ode 292 optim 298 impl 284, dassl 281, intg 288 schur 394 gschur

376

1.0.45 extraction matrix and list entry extraction

CALLING SEQUENCE :

X(i.J)

x(i)

[...]=16)

[.J=I(k1)...(kn)G0) or [...]=I(list(KL,....kn,i))
I(k1)...(kn)Gi,j)  or I(list(kL,...,kn,list(i,j))

PARAMETERS :

X : matrix of any possible types
| list variable

i,j :indices

k1,...kn :indices

DESCRIPTION :

MATRIX CASE i andj, can be:
- real scalars or vectors or matrices with positive elements.

*r=x(i,)) designs the matrix such ag(l,k)=x(int(i(l)),int(j(k))) forl from1
to size(i,™*") andk from 1 tosize(j,™)
i (j ) Maximum value must be less or equakiae(x,1) (size(x,2) ).

* r=x(i) with X a 1x1 matrix designs the matnix such as(l,k)=x(int(i(l)),int(i(k)))
forl from 1 tosize(i,1) andk from 1 tosize(i,2)
Note that in this case index is valid only if all its entries are equal to one.

* r=x(i) with x a row vector designs the row vector such ag(l)=x(int(i(l))) forl from
1tosize(i,*) i Maximum value must be less or equakiae(x,*’)

*r=x(i) with X a matrix with one or more columns designs the column vectsuch as(l)
(I from 1 tosize(i,™’) ) designs thent(i(l)) entry of the column vector formed by the

concatenation of thg’s columns.

i Maximum value must be less or equaliae(x,™*’)
- the: symbol which stands for "all elements”.

*r=x(i,:) designsthe matrix such as(l,k)=x(int(i(1)),k)) forl from 1tosize(i,™’)
andk from 1 tosize(x,2)

* r=x(:,)) designs the matrix such as(l,k)=x(l,int(j(k))) forl from1tosize(r,1)
andk from 1 tosize(j,™) .

*or=x(:) designs the column vector formed by the column concatenationsxofcolumns. It is
equivalent tamatrix(x,size(x,*’),1)

- vector of boolean. If anindex ( orj )is a vector of booleans it is interpretedfimi(i) or respect-
ively find(j)

- apolynomial. If an indexi( orj )is a vector of polynomials or implicit polynomial vector it is in-
terpreted aborner(i,m) or respectiveljhorner(j,n) wherem andn are associatex di-
mensions.

Even if this feature works for all polynomials, it is recommended to use polynomidlsfor read-
ability.

Scilab Group September 1996 23



extraction Scilab Function

LIST OR TLIST CASE Ifthey are presentthie give the path to a sub-list entry bf data structure.
They allow a recursive extraction without intermediate copies.

Thel...]=l(k1)...(kn)(1) and[...]=I(list(k1,...,kn,i)) instructions are in-
terpreted as:

Ikl = I(k1) .. = .. Ikn = lkn-1(kn) [...] = Ikn(i) And thel(k1)...(kn)(i,))
andl(list(k1,...,kn,list(i,j)) instructions are interpreted as:

Ikl = I(k1) .. = .. Ikn = lkn-1(kn) Ikn(ij) i andj , can be:

When path points on more than one list component the instruction must have as many left hand side
arguments as selected components. But if the extraction syntax is used within a function input calling
sequence each returned list component is added to the function calling sequence.

- real scalar or vector or matrix with positive elements.

[rd,...rn]=I(i) extracts thé(k)  elements from the list | and store thenrin variable for
k from 1 tosize(i,’*")

- the: symbol which stands for "all elements”.

- avector of booleans. If is a vector of booleans it is interpretedfasi(i)

- apolynomial. Ifi isa vector of polynomials or implicit polynomial vector it is interpretedthamer(i,m)
wherem=size(l)

Even if this feature works for all polynomials, it is recommended to use polynomi&lsfor read-
ability.

ki,..kn may beal positive scalar.
- apolynomial,interpreted dsorner(ki,m) wherem is the corresponding sub-list size.

REMARKS :

For soft coded matrix types such as rational functions and state space linear sy@lemssyntax may not
be used for vector element extraction due to confusion with list element extraxtioy). orx(i,1)
syntax must be used.

EXAMPLE :

- a character string associated with a sub-list entry name. // MATRIX CASE
a=[l 2 3;4 5 6]
a(1,2)

a(1 1],2)

a(:,1)

a(:,3:-1:1)

a(l)

a(6)

a(:)

a([%t %f %f %t])
a([%t %f],[2 3])
a(1:2,%$-1)

a($:-1:1,2)

a%)

1

x="test’

x([1 1;1 1;1 1))

1
b=[1/%s,(%s+1)/(%s-1)]
b(1,1)

b(1,%)

b(2) /I the numerator
/I LIST OR TLIST CASE
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I=list(1,’ qwerw’,%s)

I(1)

[a,b]=I([3 2])

I($)

x=tlist(1(2:3)) //form a tlist with the last 2 components of |
1

dts=list(1,tlist(['x’;’a’;’b"],10,[2 3)));

dts(2)('a’)

dts(2)('b’)(1,2)

[a,b]=dts(2)(['a’,'b"])

SEEALso: find 27, horner 355 parents 55

1.0.46 eye identity matrix

CALLING SEQUENCE:

X=eye(m,n)
X=eye(A)
X=eye()

PARAMETERS :

A,X : matrices osyslin lists
m,n : integers

DESCRIPTION :

according to its arguments definesram matrix with 1 along the main diagonal or an identity matrix of
the same dimension &s .

Caution:eye(10) isinterpreted asye(A) with A=10 i.e. 1. (Itis NOT aten by ten identity matrix!).

If A is a linear system represented bgyslin  list, eye(A) returns aneye matrix of appropriate
dimension: (number of outputs x number of inputs).

eye() produces a identity matrix with undefined dimensions. Dimensions will be defined when this
identity matrix is added to a mtrix with fixed dimensions.

EXAMPLES :

eye(2,3)

A=rand(2,3);eye(A)
s=poly(0,’s");A=[s,1;s,s+1];eye(A)
A=[1/s,1;s,2];eye(A);
A=ssrand(2,2,3);eye(A)

[1 2;3 4]+2*eye()

SEEALSO: ones 52, zeros 206

1.0.47 feval multiple evaluation

CALLING SEQUENCE :

[z]=feval(x,y,f)
[z]=feval(x,f)

PARAMETERS :

X,y :two vectors
f : function or character string (for Fortran call)
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DESCRIPTION :

Multiple evaluation of a function for one or two arguments of vector type :
z=feval(x,f) returns the vectar defined by  z(i)=f(x(i))
z=feval(x,y,f) returns the matrix z, z(i,j)=f(x(i),y()))

f is an external (function or routine) depending on one or two arguments which are supposed to be real.
The result returned bf can be real or complex. In case of a Fortran call, the funcfion must be
defined in the subroutinféeval.f (in directorySCIDIR/routines/default )

EXAMPLE :

deff([z]=f(x,y)",'z=x"2+y"2");

feval(1:10,1:5,f)

deff([z]=f(x,y)’, z=x+%i*y’");

feval(1:10,1:5,f)

feval(1:10,1:5,’parab’)  //See ffeval.f file

feval(1:10,’parab’)

/I For dynamic link (see example ftest in ffeval.f)

/I you can use the link command (the parameters depend on the machine):
/I unix('make ftest.0");link(’ftest.o’,’ftest); feval(1:10,1:5,ftest’)

SEEALSO: evstr 21, horner 355 execstr 164 external 22, link 43

1.0.48 file file management

CALLING SEQUENCE:

[unit [,err]]=file(open’, file-name [,status] [,access [,recl]] [,format])
file(action,unit)

PARAMETERS :

file-name . string, file name of the file to be opened

status  : string, The status of the file to be opened

"new" : file must not exist new file (default)

"old" : file must already exists.

"unknown" : unknown status

"scratch” - file is to be deleted at end of session

access : string, The type of access to the file

"sequential" : sequential access (default)

"direct" . direct access.

format : string,

"formatted" . for a formatted file (default)

"unformatted" : binary record.

recl :integer,is the size of records in bytes whastess="direct"
unit  : integer, logical unit descriptor of the opened file

err : integer, error message number (see error), if open fails. If err is omitted an error message is issued.

action :is one of the following strings:

"close" : closes the file

"rewind" . puts the pointer at beginning of file
"backspace" . puts the pointer at beginning of last record.
"last" . puts the pointer after last record.

DESCRIPTION :

selects a logical unitnit  and manages the fifde-name
[unit [,err]]=file(open’, file-name [,status] [,access [,recl]] [,format])
allows to open a file with specified properties and to get the associated unit nunioerThis unit number
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may be used for further actions on this file or as file descriptoead , write , readb , writb ,save ,
load function calls.

file(action,unit) allows to close the file , or move the current file pointer .
EXAMPLE :

u=file(open’, TMPDIR+'/foo’,'unknown’)
for k=1:4
a=rand(1,4)
write(u,a)
end
file(rewind’,u)
x=read(u,2,4)
file('close’,u)

SEEALSO: save 66, load 45 write 83 read 63, writb 82 readb 64, xgetfile
205

1.0.49 find find indices of boolean vector or matrix true elements

CALLING SEQUENCE:

[ii]=find(x)

[ir,ic]=find(x)

PARAMETERS :

X :aboolean vector or a boolean matrix or a "standard” matrix

i, ir, ic . integer vectors of indices or empty matrices

DESCRIPTION :

If x is a boolean matrix,

ii=find(x) returns the vector of indicas for which x(i)  is "true”. If no true element found find
returns an empty matrix.

[ir,ic]=find(x) returns two vectors of indiceés  (forrows) andc (for columns) such thad(il(n),ic(n))
is "true”. If no true element found find returns empty matrices in andic .

if x is standard matriind(x) is interpreted afind(x <>0)
find([]) returng]

EXAMPLE :

A=rand(1,20);

w=find(A<0.5);

A(w)

w=find(A>100);

SEEALSO: boolean 10, extraction 23, insertion 38

1.0.50 fix rounding towards zero

CALLING SEQUENCE :
[yI=fix(x)
PARAMETERS :

X :areal matrix
y :integer matrix

DESCRIPTION :
fix(x) returns an integer matrix made of nearest rounded integers toward zgresign (x).*floor(abs(x))
Same aqt .

SEEALSO: round 66, floor 28 ceil 13
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1.0.51 floor rounding down

CALLING SEQUENCE :
[y]=floor(x)
PARAMETERS :

X :areal matrix
y :integer matrix

DESCRIPTION :
floor(x) returns an integer matrix made of nearest rounded down integers.

SEEALSO: round 66, fix 27, ceil 13

1.0.52 for language keyword for loops
DESCRIPTION :
Used to define loops. Its syntax is:

for variable=expression ,instruction, Jinstruction,end

for variable=expression do instruction, ,instruction,end

If expression is a matrix or a row vectoxariable takes as values the values of each column of the
matrix.

Useful example for variable=nl:step:n2, ...,end

If expression is a listvariable takes as values the successive entries of the list.

EXAMPLE :

n=>5;
for i = 1:n, for j = 1:n, a(i,j) = 1/(i+j-1);end;end
for j = 2:in-1, a(j,j) = j; end; a

for e=eye(3,3),e,end

for v=a, write(6,v),end

for j=1:n,v=a(:,j), write(6,v),end
for I=list(1,2,’example’); l,end

1.0.53 format printing format

CALLING SEQUENCE :
format([type],[long])
PARAMETERS :

type : character string
long :integer ( max number of digits (default 10))

DESCRIPTION :
Sets the current printing format with the paraméype ; it is one of the following :

v" : for a variable format (default)
"e" : forthe e-format.

long defines the max number of digits (default 1@rmat() returns a vector for the current format:
first componentis the type of format (Ovf ; 1 if e ); second component is the number of digits.

SEEALSO: write 83
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1.0.54 fort Fortran or C user routines call

CALLING SEQUENCE :

/I long form ’out’ is present
[y1,...,yk]=fort("ident",x1,px1,"tx1",...,xn,pxn,"txn",

"out",[nyl,my1],pyl,"tyl",...,[nyl,myl],pyl,"tyl")
/I short form : no ’'out’ parameter
[y1,....,yk]=fort("ident",x1,...,xn)

PARAMETERS :

"ident" . string.

Xi : real matrix or string

pxi, pyi : integers

txi, tyi . character stringd" ,"r" ,"i" or"c"

DESCRIPTION :

Interactive call of Fortran (or C) user program from Scilab. The routine must be previously linked with
Scilab. This link may be done:

- with Scilab Mink " command (incremental "soft” linking) during the Scilab session.(sde )

- by "hard” re-linking. Writing the routine call within Scilab routingefault/Ex-fort.f , adding
the entry point in the filelefault/Flist and then rdinking Scilab with the commanthake
bin/scilex in main Scilab directory.

There are two forms of calling syntax, a short one and a long one. The short one will give faster code
and an easier calling syntax but one has to write a small (C or Fortran) interface in order to make
the short form possible. The long one make it possible to call a Fortran routine (or a C one) whitout
modification of the code but the syntax is more complex and the interpreted code slower.

The meaning of each parameter is described now:

"ident" is the name of the called subroutine.
x1,...,xn are input variables (real matrices or strings) sent to the routine,
px1,...,pxn are the respective positions of these variables in the calling sequence of the 'fiolainte
and
tx1,...,txn are their types"¢" ,"i" ,"d" and"c" forreal (float), integer, double precision and
strings)
out" is akeyword used to separate input variables from output variables. when this key word is present
it is assumes that the long form will be used and when it is not prsent, the short form is used.
[nyl, myl] are the size (# of rows and columns. For 'c’ argumenisnl is the number of charaters
) of output variables and

pyl, ... are the positions of output variables (possibly equadxd ) in the calling sequence of the
routine. Thepyi s integers must be in increasing order.

"tyl", ... are the Fortran types of output variables. khdirst output variables are put i1,...,
yk.

If an output variable coincides with an input variable (pgi=pxj ) one can pass only its positiqyi
. The size and type ofi are then the same as thosexof. If an output variable coincides with an input

variable and one specify the dimensions of the output var{aij&nyl] must follow the compatibility

conditionmxk*nxk >= myl*nyl

In the case of short syntax(yl,....,yk]=fort("ident",x1,...,xn) , the input parameters
xi ’s and the namé&ident" are sent to the interface routiiex-fort . This interface routine is then
very similar to an interface (see the source code in the dire&GHpIR/default/Ex-fort.f ).

For example the following program:
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subroutine foof(c,a,b,n,m)
integer n,m
double precision a(*),b,c(*)
do 10 i=1,m*n

c(i) = sin(a(i))+b

10 continue
end

link("foof.0","foof")
a=[1,2,3;4,5,6];b= %pi;
[m,n]=size(a);

/I Inputs:

/Il a is in position 2 and double

II'b 3 double
/lI'n 4 integer
/I m 5 integer
/I Outputs:

/I ¢ is in position 1 and double with size [m,n]
c=fort("foof",a,2,"d",b,3,"d",n,4,"i",m,5,"i","out",[m,n],1,"d");

returns the matrix=2*a+b .
If your machine is a DEC Alpha, SUN Solaris or SGI you may have to change the previous command
line link("foo.0","foo") by one of the followings:

link('foof.o -Ifor -Im -Ic’,’foof").
link('foof.o -Iftn -Im -Ic’,’foof’).
link('foof.0 -L/opt/SUNWSspro/SC3.0/lib/lib77 -Im -Ic’,'foof").

The same example coded in C:

void fooc(c,a,b,m,n)
double a[],*b,c[];
int *m,*n;
{ double sin();
int i
for (i =0 ;i < (*m)*(*n) ; i++)
c[i] = sin(afi]) + *b;
}
link(*fooc.0","fooc","C") // note the third argument
a=[1,2,3;4,5,6];b= %pi;
[m,n]=size(a);
c=fort("fooc",a,2,"d",b,3,"d",m,4,"i",n,5,"i","out",[m,n],1,"d");

SEEALSO: link 43 c_link 154 intersci 40, addinter 6

1.0.55 fprintf Emulator of C language fprintf function

CALLING SEQUENCE :
fprintf(file,format,value_1,..,value_n)
PARAMETERS :

format : a Scilab string. Specifies a character string combining literal characters with conversion spe-
cifications.
value _i : Specifies the data to be converted according to the format parameter.
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str : column vector of character strings
file  :a Scilab string specifying a file name or a logical unit number e )

DESCRIPTION :
Thefprintf function converts, formats, and writes¥slue  parameters, under control of tiermat
parameter, to the file specified by fit ~ parameter.

Theformat parameter is a character string that contains two types of objects:

Literal characters : which are copied to the output stream.
Conversion specifications : each of which causes zero or more items to be fetched from the
value parameter list. segrintf  _conversion  for details

If any value s remain after the entifermat has been processed, they are ignored.
EXAMPLES :

u=file(open’, results’,’unknown’) //open the result file
t=0:0.1:2*%pi;

for tk=t

fprintf(u,'time = %6.3f value = %6.3ftk,sin(tk)) // write a line
end

file(close’,u) //close the result file

SEEALSO: string 74, print 59 write 83, format 28 disp 18, file 26, printf
59, sprintf 72

1.0.56 fscant Converts formatted input read on a file

CALLING SEQUENCE :
[v_1,...v_n]=fscanf (file,format)
PARAMETERS :

format :Specifies the format conversion.
file  :Specifies the input file name or file number.

DESCRIPTION :
The fscanf functions read character data on the file specified Byeghe argument, interpret it according
to a format, and returns the converted results.

The format parameter contains conversion specifications used to interpret the input.

The format parameter can contain white-space characters (blanks, tabs, newline, or formfeed) that,
except in the following two cases, read the input up to the next nonwhite-space character. Unless there is a
match in the control string, trailing white space (including a newline character) is not read.

- Any character except % (percent sign), which must match the next character of the input stream.
- A conversion specification that directs the conversion of the next input fieldsceed _conversion
for details.

SEEALSO: printf 59, read 63 scanf 67, sscanf 72

1.0.57 funcprot switch scilab functions protection mode

CALLING SEQUENCE :

prot=funcprot()
funcprot(prot)

PARAMETERS :
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prot :integer with possible values 0,1,2

DESCRIPTION :
Scilab functions are variable, funcprot allows the user to specify what scilab do when such variables are
redefined.

* |f prot==0 nothing special is done
* |f prot==1 scilab issues a warning message when a function is redefined (default mode)
* If prot==1 scilab issues an error when a function is redefined

EXAMPLE :

funcprot(1) deff(’[x]=foo(a)’,x=a") deff(’'[x]=foo(a)’,x=a+1’) foo=33 funcprot(0) deff(’'[x]=foo(a)’,x=a’)
deff(’'[x]=foo(a)’,x=a+1") foo=33

1.0.58 function Scilab procedure and Scilab object

DESCRIPTION :

Functions are Scilab procedures ("macro”, "function” and "procedure” have the save meaning). Usually,
they are defined in files with an editor and loaded into Scilabdty or through a library (sekb ).

They can also be defined on-line (s ). A file which contains a function must begin as follows:

function [y1,...,yn]=foo(x1,...,xm)

Theyi are output variables calculated as functions of input variables and variables existing in Scilab when
the function is executed.
A function can be compiled for faster execution. Collections of functions can be collected in libraries.
Functions which begin witko sign (e.g.%foo) are often used to overload (seeerloading ) operations
or function for new data type: for examples%rmr(x,y) is equivalent tz=x*y whenx andz are
rationals (i.ex=tlist(['r’,’num’,’”den’,’dt'],n,d,[]) withn andd polynomials).

For example if the file myfct.sci contains:

function [x,y]=myfct(a,b)
x=a+b
y=a-b

you can load and use it in the following way:

getf('’pathname/myfct.sci’,’c’)
[a,b]=myfct(1,2)

SEEALSO: deff 16, getf 34, compl6, lib 42 function 32  overloading 53

1.0.59 funptr coding of primitives ( wizard stuff)
DESCRIPTION :
Utility function (for experts only) funptr(name’) returns 100*fun + fin where(fun,fin)

is the internal coding of the primitiveame’ . fun isthe interface numberariich  the routine number

SEEALSO: clearfun 14, newfun 51

1.0.60 getcwd get Scilab current directory

CALLING SEQUENCE :

path=getcwd()
pwd
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PARAMETERS :

path :astring

DESCRIPTION :
return inpath the Scilab current directory.

EXAMPLE :

p=getcwd();
pwd

SEEALSO: chdir 14, unix 77

1.0.61 getd getting function defined in a directory .sci files
CALLING SEQUENCE :

getd(path)

PARAMETERS :

path : Scilab string. The directory pathname

DESCRIPTION :
loads all function defined in the directory .sci files

EXAMPLE :
getd('SCl/macros/auto’)

SEEALSO: getf 34, lib 42

1.0.62 getenv get the value of an environment variable
CALLING SEQUENCE :
env=getenv(str [, rep] )

PARAMETERS :

str : character string specifying environment variable name rep : an optional character string. When this
optional value is used, the functigetenv returns the valueep when the environment variable
str is not found.

env : character string which contain the environment variable value

DESCRIPTION :
Return the value of an environment variable if it exists.

EXAMPLE :

getenv('SCI’)
getenv('FOQ’,’foo’)
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1.0.63 gett loading function

CALLING SEQUENCE :
getf(file-name [,opt])
PARAMETERS :

filename : Scilab string.
opt : optional character string

"c" :loaded functions are "compiled” to be more efficient (default)

"n"  :loaded functions are not "compiled”

DESCRIPTION :

loads one or several functions defined in the file-name’ . The stringopt="c’ means that the

functions are to be compiled (pre-interpreted) when loaded.c@®@). The first line of the file must be as
follows:

function [s1,s2,..,slhs]=macr(el,e2,...,erhs)

ei areinputvariables amsl are output variables.

REMARK :

Last line of file must be terminated by a newline to be taken into account.
EXAMPLE :

getf('SCl/macros/xdess/plot.sci’)

SEEALSO: compl6, exec 21, edit 162

1.0.64 getpid get Scilab process identificator

CALLING SEQUENCE :
id=getpid()

DESCRIPTION :
Return an the scilab process identificator integer
EXAMPLE :

d="SD_’+string(getpid())+"_’

1.0.65 hat - exponentiation

CALLING SEQUENCE :

A'b

DESCRIPTION :

Exponentiation of matrices or vectors by a constant vector.

If A is a vector or a rectangular matrix the exponentiation is done element-wise, with the usual meaning.
For squared matrices the exponentiation is done in the matrix sense.

For boolean, polynomial and rational matrices, the exponent must be an integer

Remark thatl23."b is interpreted a$123).”b . In such cases dot is part of the operator, not of the
number.

EXAMPLES :

2°4

[1 2;2 4] (1+%:i)

s=poly(0,"s");

[1 2 s]4

[s L1 s[(-1)

SEEALSO: exp 372 inv 379
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1.0.66 help on-line help command

CALLING SEQUENCE :
help word

DESCRIPTION :

To each documented word corresponegad.cat  ascii file. these files are organised within directories
(chapters). Each chapter must contacat  files and avhatis  file with one line for each documented
word in the chapter. Each line must have the following format :

word - quick description

List of chapter directories is given in a file (whose path is given inBlli&ANCHAPTER®nvironment
variable) with the following format for each chapter:

chapter_path chapter _title

MANCHAPTERS®efault value is SCl/man/Chapters. If you want to add new help chapters you have to do a
copy of the SCIDIR/man/Chapters file where you want, to add descriptions lines for each new chapter and
to define the new value of MANCHAPTERS environment variable.

See also Scilab’s manual

SEEALSO: apropos 7

1.0.67 host shell (sh) command execution

CALLING SEQUENCE :
stat=host(command-name)

PARAMETERS :

command-name : A character string containing Unix sh instruction
stat : Aninteger flag

DESCRIPTION :

Sends a stringommand-name to Unix for execution by the sh shell. Standard output and standard errors
of the shell command are written in the calling shellat  gives -1 if host can’t be called (Not enough
system memory available) or the sh return code.

EXAMPLE :

host("ls $SCl/demos");
host("emacs $SCl/demos/wheel2/Makefile");
deff(wd=pwd()’,'if MSDOS then host(”cd>"+TMPDIR+"\path™);..
else host("pwd>"+TMPDIR+"/path”);end..
wd=read(TMPDIR+"/path”,1,1,”(a)")")
wd=pwd()

SEE ALSO: edit 162 manedit 175 unix_ g 77, unix_s 78 unix_w 78 unix_x
79
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1.0.68 hypermat initialize an N dimensional matrices

CALLING SEQUENCE :
M=hypermat(dims [,v])
PARAMETERS :

dims : vector of hypermatrix dimensions
v : vector of hypermatrix entries (default valaeros(prod(dims),1) )

DESCRIPTION :

Initialize an hypermatrix whose dimensions are given in the vector dims and entries are given in optional ar-
gumentv M data structure contains the vector of matrix dimenshslims’) and the vector of entries
M(’entries’) such as the leftmost subcripts vary fifg(1,1,..);..;M(n1,1,..);...;M(1,n2,..);..;M(n1,

EXAMPLES :

M=hypermat([2 3 2 2],1:24)

1.0.69 hypermatrices___ Scilab object, N dimensional matrices in Scilab

DESCRIPTION :
Hypermatrix type allows to manipulate multidimensional arrays
They can be defined by extension of 2D matrices as follows a=[1 2;3 4];a(;,:,2)=rand(2,2)
or directly usinghypermat  function
Entries can be real or complex numbers, polynomials, rationals, strings, booleans.
Hypermatrices arenlists : mlist('hm’,’dims’,’entries’],sz,v) where sz is the
row vector of dimensions and the column vector of entries (first dimension are stored first)

EXAMPLES :

a(1,1,1,1:2)=[1 2]

a=[1 2;3 4];a(;,:,2)=rand(2,2)
a(1,1,)

[a a]

SEEALSO: hypermat 36

1.0.70 ieee set floating point exception mode
CALLING SEQUENCE :

mod=ieee()
ieee(mod)

PARAMETERS :
mod : integer scalar whose possible values are 0,1,0r 2

DESCRIPTION :
ieee()  returnsthe current floating point exception mode.

0: floating point exception produce an error 1: floating point exception produce a
warning 2: floating point exception procudes Inf or Nan

ieee(mod)  sets the current floating point exception mode.
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The initial mode value is 0.

REMARKS :

Floating point exeception arizing inside some library algorithms are not yet handiegddy modes.
EXAMPLE :

ieee(1);1/0

ieee(2);1/0,log(0)

SEEALSO: errcatch 20

1.0.71 if else - conditional execution

SYNTAX:

if exprl then statements
elseif expri then statements

else statements
end

DESCRIPTION :
The if statement evaluates a logical expression and executes a group of statements when the expression is
true.
Theexpri  are expressions with numeric or boolean valuesxfri  are matrix valued the condition
is true only if all matrix entries are true.
The optionalelseif ~ andelse provide for the execution of alternate groups of statementserh
keyword, which matches thé , terminates the last group of statements. The line structure given above
is not significant, the only constraint is that eatlen keyword must be on the same line line as its
correspondingf  or elseif keyword.

- The only constraint is that eachen keyword must be on the same line line as its corresponifling
orelseif  keyword.
- The keywordhen can be replaced by a carriage return or a comma.

EXAMPLE :
i=2
for j = 1:3,
if i == | then
a(ij) = 2;
elseif abs(i-)) == 1 then
a(ij) = -1
else a(i,j) = 0;
end,
end

SEEALSO: while 82, select 69, boolean 10, end 19, then 75 else 19

1.0.72 imag imaginary part

CALLING SEQUENCE :
[yl=imag(x)
PARAMETERS :

X :real or complex vector or matrix.
y :real vector or matrix.

DESCRIPTION :
imag(x) isthe imaginary part of. (See%i to enter complex numbers).

SEEALSO: real 65
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1.0.73 insertion matrix and list insertion or modification

CALLING SEQUENCE :

x(i,j)=a

x(i)=a

I()=a

I(k1)...(kn)()=a or I(list(KL,...,kn,i))=a
Ik1)...(kn)(,)=a  or I(list(k1,....kn,list(ij))=a

PARAMETERS :

X : matrix of any kind (constant, sparse, polynomial,...)
I list

i,j  :indices

ki,...kn . indices with integer value

a : new entry value

DESCRIPTION :

MATRIX CASE i andj , may be:
real scalars or vectors or matrices with positive elements.

* jf a is a matrix with dimensiongsize(i,*’),size(j,”)) x(i,j)=a returns a new
matrix such ax(int(i(l)),int(j(k)))=a(l,k) forl from 1 tosize(i,™’) andk
from 1 tosize(j,’*") , other initial entries ok are unchanged.

if a is a scalax(i,j)=a returns a newk matrix such ax(int(i(l)),int(j(k)))=a for |

from 1 tosize(i,”’) andk from 1 tosize(j,™) , other initial entries ok are unchanged.

If i orj maximum value exceed correspondingmatrix dimensiorx is previously extended to the
required dimensions with zeros entries for standard matrices, 0 length character string for string matrices
and false values for boolean matrices.

* x(L,)=[] kills rows specified by if j matches all columns of or kills columns specified by
if i matches all rows of. In other casex(i,j)=[] produce an error.

* x()=a  with a a vector returns a new matrix such ax(int(i(l)))=a(l) forl from 1to
size(i,™) , other initial entries ok are unchanged.

x()=a  witha ascalarreturnsanexw matrix such ag(int(i(l)))=a forl from 1tosize(i,*’)

, other initial entries ok are unchanged.

If i maximum value exceesize(x,1) ,x is previously extended to the required dimension with zeros
entries for standard matrices, 0 length character string for string matrices and false values for boolean
matrices.

if x isalx1l matrixa may be a row (respectively a column) vector with dimense(i,”*’)
Resultingx matrix is a row (respectively a column) vector

if x isarowvectom mustbe arow vector with dimensiaize(i,’*")

if x isacolumnvectoa mustbe a column vector with dimensisize(i,*’)

if x is a general matriba must be a row or column vector with dimensisize(i,”*’) andi
maximum value cannot excesite(x,*") ,

* x()=[] kills entries specified by .

-the:  symbol which stands for "all elements”.

* x(i,))=a is interpreted ag(i,1:size(x,2))=a

* x(:,))=a is interpreted ag(1:size(x,1),j)=a

* X(:)=a  returns inx thea matrix reshaped according to x dimensios&e(x,™’) must be
equal tosize(a,™’)

- vector of boolean. Ifanindex ( orj )is a vector of booleans it is interpretedfaml(i) or respect-
ively find(j)
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- apolynomial. If an indexi( orj )is a vector of polynomials or implicit polynomial vector it is in-
terpreted aborner(i,m) or respectivelyjhorner(j,n) wherem andn are associatexl di-
mensions.

Even if this feature works for all polynomials, it is recommended to use polynomidlsfor read-
ability.

LIST OR TLIST CASE Ifthey are presentthieé give the path to a sub-list entry bf data structure.
They allow a recursive extraction without intermediate copies.

Thel(k1)...(kn)(i)=a andl(list(k1,...,kn,i)=a) instructions are interpreted as:
Ikl = I(k1) .. = .. Ikn = lkn-1(kn) lkn(i) = a lkn-1(kn) = lkn ..

= .. (k1) = Ikl And thel(k1)...(kn)(i,))=a andl(list(k1,...,kn,list(i,j))=a
instructions are interpreted as:

Ikl = I(k1) .. = .. Ikn = lkn-1(kn) Ikn(i,j) = a lkn-1(kn) = lkn ..

= .. I(k1) = k1

i may beereal non negative scaldf0)=a  adds an entry on the "left” of the list

I(i)=a sets the entry of the listl toa. if i >size(l) ,| is previously extended with zero
length entries (undefined).
I(i))=null() suppress theth list entry.

- apolynomial. Ifi is a polynomialit is interpreted dsrner(i,m) wherem=size(l)
Even if this feature works for all polynomials, it is recommended to use polynomi&lsfor read-
ability.

k1,..kn may be :
- real positive scalar.
- apolynomial,interpreted dsorner(ki,m) wherem is the corresponding sub-list size.

REMARKS :

For soft coded matrix types such as rational functions and state space linear sygfemssyntax may
not be used for vector entry insertion due to confusion with list entry insertigh,j) or x(i,1)
syntax must be used.

EXAMPLE :

- a character string associated with a sub-list entry name. // MATRIX CASE
a=[1 2 3;4 5 6]
a(1,2)=10
a([1 1],2)=[-1;-2]
a(:,1)=[8;5]
a(1,3:-1:1)=[77 44 99]
a(1)=%s
a(6)=%s+1
a(:)=1.6
a([9%t %f],1)=33
a(1:2,%$-1)=[2;4]
a($:-1:1,1)=[8;7]
a($)=123
I
x="test’

x([4 3])=[4"51]

I

b=[1/%s,(%s+1)/(%s-1)]
b(1,1)=0

b(1,$)=b(1,$)+1

b(2)=[1 2] /I the numerator
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/I LIST OR TLIST CASE
I=list(1,’ qwerw’,%s)
I(1)="Changed’

I(0)="Added’

I(6)=['one more’;’added’]

1

I

dts=list(1,tlist(['x’;’a’;’b"],10,[2 3)));
dts(2)('a’)=33
dts(2)('b’)(1,2)=-100

SEEALso: find 27, horner 355 parents 55  extraction 23

1.0.74 int integer part
CALLING SEQUENCE :

[yl=int(X)

PARAMETERS :

X real matrix
y :integer matrix

DESCRIPTION :
int(X)  returns the integer part of the real matixSame agix

SEEALSO: round 66, floor 28 ceil 13

1.0.75 intersci_____ scilab tool to interface C of Fortran functions with scilab

DESCRIPTION :

All scilab primitive functions are defined in a set of interface routines. For each function the interfacing
code checks first number of rhs and lhs arguments. Then it get pointers on input arguments in the Scilab data
base and checks their types. After that it calls procedure associated with Scilab functions, checks returned
errors flags and set the results in the data base.

intersci is a program which permits to interface automatically FORTRAN subroutines or C functions
to Scilab
With intersci  , a user can group all his FORTRAN or C code into a same set, called an interface, and

use them in Scilab as Scilab functions. The interfacing is made by creating a FORTRAN subroutine which
has to be linked to Scilab together with the user code. This complex FORTRAN subroutine is automatically
generated byntersci from a description file of the interface.

Refer to intersci documentation for more details.

SEEALSO: fort 29, external 22, addinter 6

1.0.76 iserror error test

CALLING SEQUENCE:

iserror([n])

DESCRIPTION :

tests if error numben has occurred (after a call ®rrcatch ). iserror returnsl if the error oc-
curred and otherwise

n>0 isthe error number ; all errors are tested withO.

SEEALSO: error 20, errcatch 20
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1.0.77 keyboard keyboard commands

DESCRIPTION :
Let C- stands for the control key. The following keyboard commands are available:

C-I  clears the Scilab window

C-d deletes the current character

C-p calls back the preceding command

C-n goto next command line

C-a moves the cursor to the beginning of command line.

C-b backspace, moves the cursor one character to the left

C-f  forwards, moves the cursor one character to the right

C-k  kills command line from cursor to the end.

C-y yank, retrieves killed line.

lbeg looks for last command line which begins bgg .

C-c interrupts Scilab and pause after carriage return. (Only functions can be interrupted). Clicking on
the stop button entersG:C.

SEEALSO: pause 56, read 63, input 168

1.0.78 left - left bracket

CALLING SEQUENCE:

[al1,a12,...;a21,a22,...;...]
[s1,s2,...]=func(...)

PARAMETERS :

all,alz,... . matrix of any compatibles types with compatibles dimensions s1,s2,... : any possible
variable name

DESCRIPTION :

Left and right brackets are used for vector and matrix concatenation. These symbols are also used to denote
a multiple left-hand-side for a function call

Inside concatenation brackets blank or comma characters mean "column concatenation”, semicolumn and
carriage-return mean "row concatenation”.

Note : to avoid confusions it is safer to use comma instead of blank to separate columns.

Within multiple Ihs brackets variable names must be separated by comma.

EXAMPLES :

[6.9,9.64; sqrt(-1) 0]
[1 +%i 2 -%i 3]
il

['this is’;’a string’;'vector’]

[u,s]=schur(rand(3,3))

1.0.79 length length of object

CALLING SEQUENCE :
n=length(M)
PARAMETERS :

M : matrix (usual or polynomial or character string) or list
n :integer or integer matrix
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DESCRIPTION :

For usual or polynomial matrir is the integer equal to number of rows times number of colummé of
(Also valid forM a boolean matrix)

For matrices made of character strings (and in particular for a character sémggh  returns inn the
length of entries of the matrix of character strirds

The length of a list is the number of elements in the list (also givesizg ).

length('123’) is 3. length([1,2;3,4]) is4.

SEEALSO: size 71

1.0.80 less - lower than comparison

DESCRIPTION :
logical comparison symbol

<> means "different” (same &as )
< means "lower than”
> means "larger than”
<= means lower than or equal to.
>= means larger than or equal to

SEEALSsO: if 37

1.0.81 lib library definition

CALLING SEQUENCE :
[xlib]=lib(’lib_path’)
PARAMETERS :

lib _path : character string

DESCRIPTION :
lib _path isa character string defining the path of a directory containing functions . This directory must
contain the binary filemames(i).bin and an additional filmames (which contains the names of the

functions). After the commanib  all the functions ofib _path can be called interactively by Scilab.
Such a binary file, for exampfeo.bin can be created by Scilab using the commsanke(lib  _path+’/foo.bin’,fo
Standard Scilab libraries are defined udibg on SCIDIR/macros/* subdirectories

EXAMPLE :

deff(’[z]J=myplus(X,y)’,'z=x+Y’)
deff('[z]=yourplus(x,y)’,’X=x-y’)
are two functions antibb _path is:lib _path="/usr/mymachine/mydirectory’
This directory contains the filekames includingmyplus (first line of the file) and/ourplus  (second
line of the file).
myplus andyourplus  are compiled functions respectively saved in the files
‘lusr/mymachine/mydirectory/myplus.bin’
'lusr/mymachine/mydirectory/yourplus.bin’
by the command:

save(lib_path+'/myplus.bin’,myplus)
save(lib_path+'/yourplus.bin’,yourplus)
A library can now be created with the command:
xlib=lib(lib_path+'/")
xlib  is then a Scilab variable which can be saved and loaded in a future session of Scilab or defined on-

line or put in the startup file. The functions in this library are known by Scilab which automatically loads
them when necessary.

SEEALSO: save 66, deff 16, getf 34, whereis 81
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1.0.82 lines rows and columns used for display
CALLING SEQUENCE :
[nl,nc]=lines([n [,nc]])

DESCRIPTION :
lines handles Scilab display paging.
lines() returns the vector [# columns, # rows] currently used by Scilab for displaying the results.
lines(n) sets the number of displayed lines (before user is asked for more) to
lines(0) disables vertical paging
lines(n,nc) changes also the size of the outpuhto columns.

1.0.83 link dynamic link
CALLING SEQUENCE :

link(files, sub-name)

link(files, sub-name, flag)

Ist=link(’'show’)

/I Link extensions for machines using “dlopen”
/I (sun-solaris/linux-elf/alpha/hppa)

x=link(files [, sub-names,flag]);

link(x , sub-names [, flag]);

ulink(x)
PARAMETERS :
files  : a character string or a vector of character strinigls. files used to define the new entry point

(compiled routines, user libraries, system libraries,..)

sub-name : a character string. Name of the entry poinfilas to be linked.

sub-names : a character string or a vector of character strings . Name of the entry poifiiessin  to
be linked.

X :an integer which gives the id of a shared library linked into Scilab with a previous daikto.

flag :characterstring® or’c’ for Fortran (default) or C code.

names : a vector of character string. Names of dynamically linked entry points.

DESCRIPTION :

link is adynamic link facility: this command allows to add new compiled Fortran or C routines to Scilab
executable code. Linked routines can be called interactively by the funfcion . Linked routines can
also be used as "external” for e.g. non linear problem solhads (optim , intg , dassl ...). Here are
some examples:

The commantink(*foo.o’,'foo’,’f") links the Fortran object fileoo.o  with the entry point
foo .

The commandink('foo.0’,’'foo’,’c") links the C object fildoo.o  with the entry poinfoo .
The commandink('SCIDIR/libs/calelm.a’,’dcopy’) links the Fortran routinelcopy in

the librarycalelm.a

A routine can be linked several times and can be unlinked wlittk . Note that, on some architectures
(the ones on whichilink  exists) when a routine is linked several times, all the version are kept inside
Scilab.

Used with no argumentnk() returns the current linked routines.

If Scilab is compiled with static link (this is the default for SystemV machines) you may have to include
the system libraries in the "link” command.

For example, iffoo.o0  defines the object code of a routine nanfied , you will uselink  in one the
following way:
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link('foo.0’,'fo0’).

link('foo.o -Im -Ic’,’foo’,’c’).

link('foo.o -Ifor -Im -Ic’,'foo’).

link('foo.o -Iftn -Im -Ic’,’foo’).

link('foo.0 -L/opt/SUNWSspro/SC3.0/lib/lib77 -lm -Ic’,’foo’)

If Scilab compiled with the "shared” option, the first example can be used even if a warning for unresolved
references is issued.

(Experienced) users may al§ok a new Scilab interface routine to add a set of new functions. See
Intersci documentation for interface generation attlinter ~ function.

REMARKS :

IBM: For IBM-RS6000 only one program can be dynamically linked.

Demo: When running a demo, you may have some trouble with the link due to slight differences between
systems. In this case, you modify the demo by adding the needed libraries in the link command.

dlopen:  For machines using dlopen functionality extended command can be used. aliced! tore-
turns an integer which gives the id of the shared library which is loaded into Scilab. This number can
then be used as the first argument of the link function in order to link additional function from the
linked shared library. The shared library is removed withuhek command.

for example to link function§ andg form binary filetest.o  the two following command can
be used:

link(test.o’,['f','g])
or

x=link('test.0’,'f");
link(x,'q’);

But

link(test.o’,’f");
link('test.0’,'g";

will also work butf andg will be loaded from two different shared libraries and won’t be able to
share data.

show: The commandst=link(’'show’) will report information about linked shared libraries and
linked functions. The return value of the functish  is1 orO. Ifthe returnvalueid thenthe ex-
tended calling sequence describetlimk extensions for machines using “dlopen”
are accepted.

unlink : (dlopen version) If the functiof is changed and one wants to link the new version, it is
necessary to use unlink to get rid of previous loaded versions of the furfiction

x=link('test.0’,'f’);

/I if | need to reload a new definition of f a call to unlink
/Il is necessary.

ulink(x);

link(test.o’,’f");

scilab symbols: In order to load a symbol from the Scilab code on can use
link("Scilab",['Scilab-entry-point’])

This does not work on all architectures. On some machines, on can link a Scilab internal function
after a first call to link ( with a default binary file )
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link("test.0",['Scilab-entry-point’])
Note that withdld  (Linux machine aout) you can use an empty string

link(" ",['Scilab-entry-point’])

SEEALso: fort 29, «c_link 154 addinter 6

1.0.84 list Scilab object and list function definition
CALLING SEQUENCE :

list(al,....an)

DESCRIPTION :

Creates dist  with elementsi 's which are arbitrary Scilab objectatrix, list,... ). Type of

list  objectsis 15.
list() is the emptylist (0 element).
Operations on lists:

extraction :[x,y,z...]=l(v) wherev is a vector of indices|x,y,z]=I(:) extracts all the
elements.

insertion :l(i)=a

deletion :I(i)=null() removes the i-th element of thist |

EXAMPLE :

x=list(1,2,3);

x(4)=10;

x(10)="a’

SEEALSO: null 52 tlist 76, insertion 38, extraction 23, size 71, length
41

1.0.85 load load saved variable

CALLING SEQUENCE :
load(’file-name’ [,x1,...,xn])
PARAMETERS :

file-name : character string
Xi : arbitrary Scilab variable name(s) given as strings.

DESCRIPTION :
Theload command can be used to reload in the Scilab session variables previously saved in a file with
thesave command.

load(’file-name”) loads the variables saved in fifde-name’
load(‘file-name’,’x’,'y’,...,'2") loads only variables,y,...,.z stored in filefile-name’
EXAMPLES :

a=eye(2,2);b=ones(a);
save('vals.dat’,a,b);
clear a

clear b
load('vals.dat’,’a’,’b’);

SEEALSO: save 66, getf 34
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1.0.86 Isslist Scilab linear state space function definition

CALLING SEQUENCE :

Isslist()
Isslist(al,....an)

DESCRIPTION :
Isslist(al,....an) is a shortcut to tdlist(['Iss’,’A’;’B’;’C’;’ X0, 'dt’], al,....an)
Creates dlist with ['lss’,A’;’B’;’C’; X0, 'dt’] as first entry andi ’'s as next entries

if any. No type nor size checking is done ain’s.
SEEALSO: tlist 76, syslin 197

1.0.87 Istcat list concatenation

CALLING SEQUENCE :
Ic=lIstcat(l1,..In)

PARAMETERS :

li :list or any other type of variable

Ic :alist
DESCRIPTION :
Ic=Istcat(l1,..In) catenates components bf lists in a single list. Ifli are other type of
variables they are simply added to the resulting list.
EXAMPLE :

Istcat(list(1,2,3),33,list('foo’,%s))
Istcat(1,2,3)

SEEALSO: list 45

1.0.88 macro Scilab procedure and Scilab object

DESCRIPTION :

Macros are Scilab procedures ("macro”, "function” and "procedure” have the save meaning). Usually, they
are defined in files with an editor and loaded into Scilalgbtf or through a library.
They can also be defined on-line (skff ). A file which contains a macro must begin as follows:

function [y1,...,yn]=foo(x1,...,xm)

Theyi are output variables calculated as functions of input variables and variables existing in Scilab
when the macro is executed. A macro can be compiled for faster execution. Collections of macros can be
collected in libraries. Macros which begin wih sign (e.g.%foo) and whose arguments are lists are used

to perform specific operations: for exampte%rmr(x,y)  is equivalentt@=x*y whenx andz are
rationals (i.ex=list(r',n,d,[]) with n andd polynomials).

SEEALSO: deff 16, getf 34, compl16, Ilib 42
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1.0.89 matrices Scilab object, matrices in Scilab

DESCRIPTION :
Matrices are basic objects defined in Scilab. They can be defined as follows:

E=[ell,el2,....eln;
e2l,e22,....e2n;

eml,emz2,....emn];

Entrieseij can be real or complex numbers, polynomials, rationals, strings, booleans.
Vectors are seen as matrices with one row or one column.
syslin lists in state-space form or transfer matrices can also be defined as above.

EXAMPLES :

E=[1,2;3,4]
E=[%T,%F;1==1,1"=1]
s=poly(0,'s");E=[s,s"2;1,1+5]
E=[1/s,0;s,1/(s+1)]
E=['A11'A12';A21''A22']

SEE ALsOo: poly 57, string 74, boolean 10, rational 63, syslin 197, empty
19, hypermatrices 36

1.090 matrix_____ reshape a vector or a matrix to a different size matrix
CALLING SEQUENCE :

y=matrix(v,n,m)
y=matrix(v,[sizes])

PARAMETERS :

v :avector, a matrix or an hypermatrix
n,m :integers
sizes : vector of integersy : a vector matrix or hypermatrix

DESCRIPTION :
For a vector or a matrix with x m entriesy=matrix(v,n,m) or similarily y=matrix(v,[n,m])
transforms the vector (or matrix) into amxm matrix by stacking columnwise the entriesvof

For an hypermatrix such gsod(size(v))==prod(sizes) y=matrix(v,sizes) (or equi-
valentlyy=matrix(v,n1,n2,...nm) )transforms/  into an matrix or hypermatrix by stacking colum-
nwise the entries of . y=matrix(v,sizes) results in a regular matrix if sizes is a scalar or a 2-vector.

SEEALSO: matrices 47, hypermatrices 36, ones 52, zeros 206 rand 62, poly
57, empty 19

1.091 max maximum

CALLING SEQUENCE:

[m [K]]=max(A)

[m [Kll=max(A,c’) or [m [K]]=max(A,r")
[m [K]]=max(Al,A2,...,An)

[m [K]]=max(list(A1,A2,...,An))

PARAMETERS :

A : real vector or matrix.
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Al,...,An : a set of real vectors or matrices, all of the same size or scalar.

DESCRIPTION :
For A, a real vector or matrixnax(A) is the largest elemert [m,k]=max(A) gives in addition the
index of the maximum. A second argument of type stfihg or’c’ canbeused’r is used to get
a row vectorm such tham(j) contains the maximum of thje th column of A A(:,)) ), k() gives
the row indice which contain the maximum for coluinn’c’  is used for the dual operation on the rows
of A.
m=max(A1,A2,...,An) , Where all thedj are matrices of the same sizes,returns a vector or a mat-
rix m of sizesize(m)=size(Al) such tham(i)= max( Aj(i)), j=1,...,n . [m,k]=max(A1,A2,...,An)
gives in addition the vector or matrkc for a fixedi , k(i)  is the number of the firsAj(i)  achieving
the maximum.
[m,k]=max(list(A1,...,An)) is an equivalent syntax ¢, k]=max(A1,A2,...,An)
EXAMPLE :
[m,n]=max([1,3,1])
[m,n]=max([3,1,1],[1,3,1],[1,1,3])
[m,n]=max([3,-2,1],1)
[m,n]=max(list([3,1,1],[1,3,1],[1,1,3]))
[m,n]l=max(list(1,3,1))

SEEALSO: sort 185 find 27, mini 49

1.0.92 maxi maximum

CALLING SEQUENCE :

[m [Kll=maxi(A)

[m [K]]=maxi(A,’c’) or [m [K]]J=maxi(A,r")
[m [K]]=maxi(A1,A2,...,An)

[m [K]]=maxi(list(A1,A2,...,An))

PARAMETERS :

A : real vector or matrix.
Al,...,An . a set of real vectors or matrices, all of the same size or scalar.

DESCRIPTION :
For A, a real vector or matrixpaxi(A) is the largest elememt. [m,k]=maxi(A) gives in addition
the index of the maximum. A second argument of type sthihg or’c’ can be used ' is used
to get a row vectom such tham(j) contains the maximum of tHe th column of A A(C.)) ), k()
gives the row indice which contain the maximum for columric’  is used for the dual operation on the
rows ofA.

m=maxi(Al,A2,...,An) ,Where all thedj are matrices of the same sizes,returns a vector or a mat-
rix m of sizesize(m)=size(Al) such tham(i)= max( Aj(i)), j=1,...,n . [m,k]=maxi(A1,A2,...,An)
gives in addition the vector or matrk for a fixedi , k(i)  is the number of the firsAj(i) achieving
the maximum.

[m,k]=maxi(list(A1,...,An)) is an equivalent syntax ¢fn,k]=maxi(A1,A2,...,An)

EXAMPLE :

[m,n]=maxi([1,3,1])
[m,n]=maxi([3,1,1],[1,3,1],[1,1,3])
[m,n]=maxi([3,-2,1],1)
[m,n]=maxi(list([3,1,1],[1,3,1],[1,1,3]))
[m,n]=maxi(list(1,3,1))

SEEALSO: sort 185 find 27, mini 49
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1.0.93 min minimum

CALLING SEQUENCE :

[m [K]]=min(A)

[m [K]l=min(A’c’) or [m [K]]=min(A,'r)
[m [K]]=min(A1,A2,...,An)

[m [K]]=min(list(A1,A2,...,An))

PARAMETERS :

A : real vector or matrix.
Al,...,An . a set of real vectors or matrices, all of the same size or scalar.

DESCRIPTION :

For A, a real vector or matrixnin(A) is the largest elemert. [m,k]=min(A) gives in addition
the index of the minimum. A second argument of type stfihg or’c’ can be used r s used
to get a row vectom such tham(j) contains the minimum of the th column of A A(,)) ), k()
gives the row indice which contain the minimum for column'c’ is used for the dual operation on the
rows ofA.

m=min(A1,A2,...,An) , Where all thedj are matrices of the same sizes,returns a vector or a mat-
rix m of sizesize(m)=size(Al) suchtham(i)= max( Aj(i)), j=1,...,n . [m,k]=min(A1,A2,...,An)
gives in addition the vector or matrkc for a fixedi , k(i)  is the number of the firsAj(i)  achieving
the minimum.

[m,k]=min(list(Al,...,An)) is an equivalent syntax ¢m,k]=min(A1,A2,...,An)
EXAMPLE :

[m,n]=min([1,3,1])
[m,n]=min([3,1,1],[1,3,1],[1,1,3])
[m,n]=min(list([3,1,1],[1,3,1],[1,1,3]))
[m,n]=min(list(1,3,1))

SEEALSO: sort 185 find 27, max47

1.0.94 mini minimum

CALLING SEQUENCE:

[m [Kk]]=mini(A)

[m [K]l=mini(A,’c) or [m [K]]=mini(A,’r")
[m [k]]J=mini(A1,A2,...,An)

[m [K]l=mini(list(A1,A2,...,An))

PARAMETERS :

A : real vector or matrix.

Al,...,An . a set of real vectors or matrices, all of the same size or scalar.

DESCRIPTION :

For A, a real vector or matrixnini(A)  is the largest elememt. [m,k]=mini(A) gives in addition

the index of the minimum. A second argument of type stfihg or’c’ can be used r s used
to get a row vectom such thaim(j) contains the minimum of the th column of A A(,)) ), k()
gives the row indice which contain the minimum for column'c’  is used for the dual operation on the
rows ofA.
m=mini(A1,A2,...,An) ,Where all thedj are matrices of the same sizes,returns a vector or a mat-
rix m of sizesize(m)=size(Al) suchtham(i)= max( Aj(i)), j=1,...,n . [m,k]=mini(A1,A2,...,An)
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gives in addition the vector or matrk for a fixedi , k(i)  is the number of the firsAj(i)  achieving
the minimum.
[m,k]=mini(list(A1,...,An)) is an equivalent syntax @fn,k]=mini(A1,A2,...,An)

EXAMPLE :

[m,n]=mini([1,3,1])
[m,n]=mini([3,1,1],[1,3,1],[1,1,3])
[m,n]=mini(list([3,1,1],[1,3,1],[1,1,3]))
[m,n]=mini(list(1,3,1))

SEEALSO: sort 185 find 27, maxi 48

1.0.95 minus - substraction operator, sign changes

CALLING SEQUENCE :

X-Y
-Y

PARAMETERS :

X :scalar or vector or matrix of numbers, polynomials or rationals. It may alsclslm  list
Y : scalar or vector or matrix of numbers, polynomials or rationals. It may alscsislm  list

DESCRIPTION :

Substraction

For numeric operands substraction as its usual meaning. If one of the operands is a matrix and the other one
a scalar the the operation is performed element-wisé=#H[] X isreturned;ifX==[] -Y s returned.
Substraction may also be defined for other data types through "soft-coded” operations.

EXAMPLE :

[1,2]-1
-2

%s-2
1/%s-2
"cat"+"enate"

SEEALSO: addf 144, mtlb_mode 51

1.0.96 mode select a mode in exec file

CALLING SEQUENCE :
mode(k)

DESCRIPTION :
Used inside an exec-file with the following values kor

k=0 : no echo, no prompt, no stop.

k=-1 : nothing is printed.

k=1 :anechoisreceived after each command line.

. prompt-- > is printed.

: there are echoes, prompts, but no stops.

: stops before each prompt and waits for a new command line
: there are stops, prompts and echoes.

~N N XN X
(UL

N oODN

SEEALSO: exec 21
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1.0.97 mtlhmode switch Matlab like operations

CALLING SEQUENCE:

mmode=mtlb_mode()
mtlb_mode(mmode)

PARAMETERS :

mmode : boolean

DESCRIPTION :
Scilab and Matlab additions and substractions work differently when used with empty matrices:

Scilab
at[] -->a
a-[] -->a

[[+a -->a
[l-a -->-a

Matlab a+[] -->[]

af] >
I+a >
I-a ->[

mtlb _mode(%t) switches to Matlab evaluation mode for additions and substractiotiis. .mode(%f)
switches back to Scilab mode.

mtlb _mode() returnthe current mmode’ value

SEEALSO: empty 19

1.0.98 names scilab names syntax

DESCRIPTION :
Names of variables and functions must begin with a letter or one of the following special charégters ’
1_1, 1#1, 1! 1’ 1$1’ 1?1.
Next characters may be letters or digits or any special characteyig”, ' *, ' $’, " ?’
Names may be as long as you want but only the first 24 characters are taken into account. Upper and
lower case letters are different.

EXAMPLES :

/IValid names

%eps

Al1=123

#Color=8
My_Special_Color_Table=rand(10,3)
/INon valid names

II1A , b%, .C

1.0.99 newfun add a name in the table of functions

CALLING SEQUENCE :

newfun("function-name”,nameptr)
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DESCRIPTION :

Utility function (for experts only). Adds the nanfeunction-name” in the table of functions known

to the interpreter'nameptr"  is an intege00*fun+fin wherefun andfin is the internal coding

of the primitive"function-name" . This function is useful to associate a primitive to a routine interfaced
in "matusr.f" (fun=14 ). Used withfunptr  and clearfun one can redefine a primitive by a
function with same name.

SEEALSO: clearfun 14

1.0.100 not - logical not

CALLING SEQUENCE:
“A

DESCRIPTION :
"A gives the element-wise negation of the elements of the boolean ratrix

EXAMPLES :
%t %t %f]

SEEALSO: and 6, or 53 find 27

1.0.101 null delete an element in a list
CALLING SEQUENCE :
I(i)=null()

DESCRIPTION :
Deletion of objects inside a list
EXAMPLE :

I=list(1,2,3);
I(2)=null() // get list(1,3)

SEEALSO: list 45 clear 14

1.0.102 ones matrix made of ones

CALLING SEQUENCE:

y=ones(m,n)
y=ones(X)
y=ones()

DESCRIPTION :
Returns a matrix made of ones.

ones(m,n) returns @m,n)  matrix full of ones.
ones(x) returns a matrix full of ones with the same size that
ones(x) is also valid forx asyslin  list.

Note thatones(3) isones(a) witha=3 i.eitis NOT a 3x3 matrix!
ones() is egivalent to ones(1,1).

SEEALSO: eye 25 zeros 206
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1.0.103 or - logical or

CALLING SEQUENCE:

or(A), or(A,’*)
or(A’r), or(A1)

or(A,’c’), or(A,2)
A|B

DESCRIPTION :
or(A) gives theor of the elements of the boolean matAxor(A) s true Qbt) iff at least one entry
of A is %it.

y=or(A,’r’) (or, equivalentlyy=or(A,1) ) is the rowwise or. It returns in each entry of the row
vectory the or oftherows ok (The oris performed on the row index(j)= or(A(i,j),i=1,m) ).
y=or(A,’c") (or, equivalently,y=or(A,2) ) is the columnwise or. It returns in each entry of the

columnvectol the or of the columns of (The oris performed on the column indgxi)= or(A(i,j),j=1,n)
AB gives the element-wise logical of the booleans matrices andB .A andB must be matrices
with the same dimensions or one from them must be a single boolean.

EXAMPLES :

or([%t %t %f])
[%t %t %f]|[%f %t %t]
[%t 9%t %of]|%f

SEEALSO: and 6, not 52, find 27

1.0.104 overloading__ display, functions and operators overloading capabilities

DESCRIPTION :
In scilab, variable display, functions and operators may be defined for new objects using functions (scilab
coded or primitives).

Display . The display of new objects defined Iiyst structure may be overloaded (the default
display is similar tdist ’'s one). The overloading function must have no output argument a single
input argument. It's name is formed as folld4ktlist _type >_p where%ctlist _type >
stands for the first entry of thiést type component.

Operators  : Each operator which is not defined for given operands type may be defined. The overload-
ing function must have a single output argument and one or two inputs according to the number of
operands. The function name is formed as follow:

for binary operators¥x<first _operand _type >_<op_code >_<second _operand _type >
for unary operators¥%s<operand _type >_<op_code >
extraction and insertion operators which are n-nary operators are described below.
<operand _type >, <first _operand _type >, <second _operand _type > are sequence of char-
string | ¢
polynomial | p
function | m
constant| s
list | |
tlist | jtlist_type¢,
boolean| b
sparse| sp
boolean sparse¢ spb

acters associated with each data type as described in the following|table:
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<op_code > is a single character associated with each operator as described in the following table:

’ t
+|a

- |s

*I'm

[
\ |

e

x X

J | d

-\

X k

A. y

z

b

x u

/. Y

\. w | The overloading function for extraction synthxa(il,...,in) has the fol-

[a,b] c
[a;b] f

() extraction| e
() insertion| i
== 0

<>1|n

19

& | h
Tl

15

S 0

<|1

> |2

<= 1|3

>= | 4

lowing calling sequencé=%<type _of _a>_e _(i1,...,in,a) and the syntaj1,..,xm]=a(i1,...,in)
has the following calling sequended,...xm]=%  <type _of _a>_e_(il,...,in,a)

The overloading function associated to the insertion sya(#x...,in)=b has the following calling
sequencea=%<type _of _a>_i _<type _of b>(il,...,in,a,b)

Functions : Some basic primitive function may also be overloaded for new data type. W
such afunctionis undefined for a particular data types the funtidgpe _of _an_argument >_<function
is called. User may add in this called function the definition associated
with the input data types.

SEE ALSO:
EXAMPLES :

tist 76, disp 18, symbols 74

/IDISPLAY

deff(’[]=%tab_p(l)’,'disp([[" ";I(3)] [I(2);string(I(4))]])")
tlist(tab’,['a’,’b’],['x";’y’],rand(2,2))

/IOPERATOR
deff('x=%c_a_s(a,b)’,’x=a+string(b)’)
1Si+1
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//FUNCTION
deff('’x=%c_sin(a)’,’x="sin("+a+")"")
sin('2*x’)

1.0.105 parents ) - left and right parenthesis

CALLING SEQUENCE :

(expression)
[...]=func(el,e2,...)
[x1,x2,...]=(el,e2,...)
x(1.)

v(i)

[...]=I()
PARAMETERS :

X : matrix of any possible type

v : row or column vector of any possible type
| :list variable

func : any function name

ele2,.. : any possible type expression

DESCRIPTION :
Left and right parenthesis are used to

* Specify evaluation order within expressions,

* Form right-hand-side functions argument list. Within multiple rhs arguments must be separated by
comma.

* Select elements within vectors, matrices and lists. see help on extraction and insertion for more precisions

* [x1,x2,...]=(el,e2,...) is equivalent to x1=el, x2=€2, ...

EXAMPLE :

37(-1)

x=poly(0,"x");

I

(x+10)/2

i3=eye(3,3)

1

a=[1 2 3;4 5 6;7 8 9],a(1,3),a([1 3],)).a(:,3)

a(:,3)=[]

a(1,$)=33

a(2,[$ $-1])

a(;,$+1)=[10;11;12]

1

w=ssrand(2,2,2);ssprint(w)

ssprint(w(:,1))

ss2tf(w(:,1))

1

I=list(1,2,3,4)

[a,b,c,d]=I()

[($+1)="new’

1

v=%t([1 1 1 1 1])

1

[x.y,z]=(1,2,3)

SEEALSO: colon 15, commal6, brackets 11, Ilist 45  extraction 23, insertion
38
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1.0.106 part extraction of strings
CALLING SEQUENCE :

[c]=part(mp,v)

PARAMETERS :

mp,c : string matrices
Vv :integer vector.

DESCRIPTION :

Lets[k] stands forthé character of string (orthe empty characterif >length(s) ).
part returnsc, a matrix of character strings, such théitj) is the strind's[v(1)]...s[v(n)]"

(s=mp(ij) ).

EXAMPLE :

c=part(['a’,’abc’,’abcd’],[1,1,2])

SEEALSO: string 74, length 41

1.0.107 pause pause mode, invoke keyboard

DESCRIPTION :

Switch to thepause mode; inserted in the code of a functiggguse interrupts the execution of the
function: one receives a prompt symbol which indicates the level gfdluse (e.g.-1- >). The useris

then in a new session in which all the lower-level variables (and in particular all the variable of the function)
are available. To return to lower session efiteturn”

In this mode]...]=return(...) returns the variables of the argumént) to lower session
with namesinthe outpiit.] . Otherwise, the lower-level variables are protected and cannot be modified.

Thepause is extremely useful for debugging purposes.
This mode is killed by the commariedbort"

SEEALSO: return 65 abort 6, quit 61, whereami 81, where 81

1.0.108 percent - special character

DESCRIPTION :

Some predefined variables begin wih such as%i (for sqrt(-1) ), %inf (for Infinity ), %opi

(for 3.14... ), %T (for the boolean variabl&rue" ),...

In addition, functions whose names begin withare special : they are used for coding (extensions of
usual) operations .

For example the functioformr performs the multiplicationn operationx*y for x andy rational
matrices( ). The coding conventions are given by the readme file in dire@@HDIR/macros/percent

EXAMPLE :

x1=tlist('x’,1,2);

x2=tlist('x’,2,3);
deff('’x=%xmx(x1,x2)’,’x=list("x”",x1(2)*x2(2),x2(3)*x2(3))’);
x1*x2
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1.0.109 plus - addition operator

CALLING SEQUENCE :

X+Y
strl+str2

PARAMETERS :

X :scalar or vector or matrix of numbers, polynomials or rationals. It may alscslslm  list
Y : scalar or vector or matrix of numbers, polynomials or rationals. It may alsclslm  list
strl : acharacter string, a vector or a matrix of character strings
str2 : acharacter string, a vector or a matrix of character strings

DESCRIPTION :

Addition.

For numeric operands addition as its usual meaning. If one of the operands is a matrix and the other one a
scalar the scalar is added to each matrix entries. if one of the operands is an empty matrix the other operand
is returned.

For character strings means concatenation.

Addition may also be defined for other data types through "soft-coded” operations.

EXAMPLE :

[1,2]+1

[+2
s=poly(0,"s");
s+2

1/s+2
"cat"+"enate"

SEEALSO: addf 144 mtlb_mode 51

1.0.110 poly. polynomial definition
CALLING SEQUENCE :

[p]=poly(a,"x", [*flag"])

PARAMETERS :

a : matrix or real number
X : symbolic variable

"flag" : string ("roots”, "coeff”), default value is "roots”.
DESCRIPTION :
If a is a matrix,p is the characteristic polynomial i.edeterminant(x*eye()-a) , X being the
symbolic variable.
If v is avectorpoly(v,"x",["roots"]) is the polynomial withroots  the entries off and"x"
as formal variable. (In this casmots andpoly are inverse functions).
poly(v,"x","coeff") creates the polynomial with symbbt{" and with coefficients the entries of
v. (Herepoly andcoeff are inverse functions).
s=poly(0,"s") is the seed for defining polynomials with symbst .
EXAMPLE :

s=poly(0,"s");p=1+s+2*s"2;
A=rand(2,2);poly(A,"x")

SEEALSO: coeff 15 ~matrices 47, rational 63
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1.0.111 power power operation (,.")
CALLING SEQUENCE :

t=A"b

t=A**p

t=A."b

PARAMETERS :

At : scalar, polynomial or rational matrix.
b :ascalar, a vector or a scalar matrix.

DESCRIPTION :

(A:square)(b:scalar) : If A is a square matrix anbl is a scalar the\"b is the matrixA to
the powelb.

(A:matrix).”(b:scalar) :Ifb is a scalar and A amatrix therA."b is the matrix formed

by the element oA to the powelb (elementwise power). IA is a vector and is a scalar then
A’b andA.b performsthe same operation (i.e elementwise power).

(A:scalar).”(b:matrix) If A isascalarant isa scalar matrix (or vectoA’™b andA."b are
the matrices (or vectors) formed by(b(i,j))

(A:matrix).”(b:matrix) If A andb are vectors (matrices) with compatible dimensiéi® is
the A(>i)"b(i) vector A(i,))"b(,)) matrix).

Notes:

- For square matriceA™p is computed through successive matrices multiplicatiorns i a positive
integer, and by diagonalization if not.
- * and”™ operators are synonyms.

EXAMPLE :

A=[1 2;3 4];
A"2.5,

A"2.5
(1:20)°2
(2:10).2

s=poly(0,’s’)
s(1:10)

SEEALSO: exp 372

1.0.112 predet variable protection

CALLING SEQUENCE :
predef([n])

DESCRIPTION :

Utility function used for defining "predefined” variables. Predefined variables are protected and cannot be
killed. They are not saved by theave’ command.

predef() sets all the current variables to predefined ones.

predef(n) sets themax(n,7) last defined variables as predefined.

REMARK :
A number of predefined variables are set in the start-upsfilab.star . These variables are seen by
typingwho when entering in Scilab.

User may in particular set its own predefined variables in user’s startupofite/.scilab

SEEALSO: clear 14, save 66
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1.0.113 print prints variables in a file

CALLING SEQUENCE :
print(‘file-name’,x1,[X2,...xn])

DESCRIPTION :

printsxi on file 'file-name’ with the current format, i.e. the format used by scilab to display the
variables. All types of variables may bprint "’ed

Note :xi must be a named variable, with expressions variable name part of the display is unpredictable.
print(%io(2),...) prints on Scilab’s window. this syntax may be used to display variables within
a macro.

EXAMPLES :

a=rand(3,3);p=poly([1,2,3],’s);|=list(1,’asdf',[1 2 3]);
print(%io(2),a,p,!)
write(%io(2),a)

SEEALSO: write 83 read 63 format 28 printf 59 disp 18

1.0.114  printf Emulator of C language printf function

CALLING SEQUENCE :

printf(format,value_1,..,value_n)

PARAMETERS :

format : a Scilab string. Specifies a character string combining literal characters with conversion spe-
cifications.

value _i : Specifies the data to be converted according to the format parameter.

str : column vector of character strings

file  : a Scilab string specifying a file name or a logical unit number fisee )

DESCRIPTION :
Theprintf function converts, formats, and writesualue  parameters, under control of tfmat
parameter, to the standard output.

Theformat parameter is a character string that contains two types of objects:

Literal characters : which are copied to the output stream.
Conversion specifications . each of which causes zero or more items to be fetched from the
value parameter list. segrintf  _conversion  for details

If any value s remain after the entifermat has been processed, they are ignored.
EXAMPLES :

printf(Result is:\\nalpha=%f",0.535)

SEEALSO: string 74, print 59, write 83, format 28 disp 18, file 26, fprintf
30, sprintf 72

1.0.115 printf_conversion______ printf, sprintf, fprintf conversion specifications
DESCRIPTION :
Each conversion specification in thentf , sprintf , T printfformat parameter has the fol-

lowing syntax:

- A % (percent) sign.
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- Zero or moreoptions , which modify the meaning of the conversion specification. The following list
contains theption  characters and their meanings:

- Leftalign, within the field, the result of the conversion.

+ : Begin the result of a signed conversion with a sign (+ or -).

"space" : Prefix a space character to the result if the first character of a signed conversion is not a sign.
If both the (space) and + options appeatr, the (space) option is ignored.

# : Convert the value to an alternate form. g, i , s, andu conversions, th& option has no effect.
For o conversion# increases the precision to force the first digit of the result to be a 0 (zero).
Forx andX conversions, a nonzero result has 0x or 0X prefixed to it. &50E, f, g, and
G conversions, the result always contains a decimal point, even if no digits follow itg Feord G
conversions, trailing zeros are not removed from the result.

0 : Pad to the field width, using leading zeros (following any indication of sign or basél) foro, u, x,
X, e, E f,g,andG conversions; no space padding is performed. I{thand-- (dash) flags both
appear, th@® flag is ignored. Fod, i ,0 u, x, andX conversions, if a precision is specified, the
flag is also ignored.

An optional decimal digit string that specifies the minimum field width. If the converted value has fewer
characters than the field width, the field is padded on the left to the length specified by the field width. If
the left-adjustment option is specified, the field is padded on the right.

An optional precision. The precisionis a (dot) followed by a decimal digit string. If no precision is
given, the parameter is treated as 0 (zero). The precision specifies:

- The minimum number of digits to appear fbru, o, X, or X conversions

- The number of digits to appear after the decimal poinefdg, andf conversions

- The maximum number of significant digits fgr andG conversions

- The maximum number of characters to be printed from a string & aonversion

- A character that indicates the type of conversion to be applied:

% : Performs no conversion. Displays %.

d,i :Accepts an integevalue and converts it to signed decimal notation. The precision specifies the
minimum number of digits to appear. If the value being converted can be represented in fewer digits,
it is expanded with leading zeros. The default precision is 1. The result of converting a zero value
with a precision of zero is a null string. Specifying a field width with a zero as a leading character
causes the field width value to be padded with leading zeros.

u :Accepts an integevalue and converts it to unsigned decimal notation. The precision specifies the
minimum number of digits to appear. If the value being converted can be represented in fewer digits,
it is expanded with leading zeros. The default precision is 1. The result of converting a zero value
with a precision of zero is a null string. Specifying a field width with a zero as the leading character
causes the field width value to be padded with leading zeros.

0 :Accepts an integeralue and converts it to unsigned octal notation. The precision specifies the min-
imum number of digits to appear. If the value being converted can be represented in fewer digits, it is
expanded with leading zeros. The default precision is 1. The result of converting a zero value with a
precision of zero is a null string. Specifying a field width with a zero as the leading character causes
the field width value to be padded with leading zeros. An octal value for field width is not implied.

X, X :Accepts anintegeralue and converts it to unsigned hexadecimal notation. The letters “abcdef”
are used for th& conversion; the letters “ABCDEF” are used for tkeconversion. The precision
specifies the minimum number of digits to appear. If the value being converted can be represented in
fewer digits, it is expanded with leading zeros. The default precision is 1. The result of converting a
zero value with a precision of zero is a null string. Specifying a field width with a zero as the leading
character causes the field width value to be padded with leading zeros.

f : Accepts a float or doublealue and converts it to decimal notation in the format %{ddl.ddd .

The number of digits after the decimal point is equal to the precision specification.

- If no precision is specified, six digits are output.

- Ifthe precision is zero, no decimal point appears and the system outputs a number rounded to the integer
nearest tovalue .

- If adecimal pointis output, at least one digit is output before it.
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e, E :Accepts a real and converts it to the exponential form #hjgdde +/-dd. There is one digit
before the decimal point, and the number of digits after the decimal point is equal to the precision
specification.

- If no precision is specified, , six digits are output.

- If the precision is zero, , no decimal point appears.

- TheE conversion character produces a number with E instead of e before the exponent. The exponent
always contains at least two digits. If the value is zero, the exponent is zero.

0, G : Acceptsareal and convertsitin the style of hé, orf conversion characters, with the precision
specifying the number of significant digits. Trailing zeros are removed from the result. A decimal
point appears only if it is followed by a digit. The style used depends on the value convertea: Style
(E, if G is the flag used) results only if the exponent resulting from the conversion is less than -4, or
if it is greater or equal to the precision.

¢ :Accepts and displays an integer value converted to a character.

s :Accepts a stringalue  and displays characters from the string to the end or the number of characters
indicated by the precision is reached. If no precision is specified, all characters up to the end are
displayed.

A field width or precision can be indicated by an(asterisk) instead of a digit string. In this case,
anintegevalue parameter supplies the field width or precision. Vhkie parameter converted

for outputis not fetched until the conversion letter is reached, so the parameters specifying field width
or precision must appear before the value to be converted (if any).

If the result of a conversion is wider than the field width, the field is expanded to contain the converted
result.

The representation of the plus sign depends on whether the (space) formatting option is spe-
cified.

SEEALSO: printf 59, fprintf 30, sprintf 72

1.0.116 pwd print Scilab current directory

CALLING SEQUENCE :
pwd

DESCRIPTION :
return inans the Scilab current directory.

EXAMPLE :

pwd

SEEALSO: getcwd 32, chdir 14, unix 77

1.0.117 quit decrease the pause level or exit

DESCRIPTION :
quit  terminates Scilab or decreases flaeise level.

SEEALSO: pause 56, break 11, abort 6, exit 22

1.0.118 quote - transpose operator, string delimiter

DESCRIPTION :

guote ()is used for (Conjugate) Transpose of matrix.

quote (" )is used for (non Conjugate) Transpose of matrix.

Simple (°) or double (") quotes are also used to define character strings. (Character strings are defined
between two quotes). A Quote within a character string is denoted by two quotes.

EXAMPLES :
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[1+%i, 2]

[1+%i, 2].

x="This is a character string’
'He said:"Good™

1.0.119 rand random number generator

CALLING SEQUENCE:

rand(m,n [,rtype])
rand(x [, rtype])

rand(key’[,n])

rand()

DESCRIPTION :

random matrix generator.

rand(m,n) is a random matrix of dimension mxn.

rand(a) is a random matrix of same size agand(a) is complexifa is a complex matrix

rand('uniform’) The default random generator is set to a uniform random number generator.

rand(’normal’) The default random generator is set to a Gaussian random number generator.

rand(’seed’) returns the current value of the seed.

rand('seed’,n) puts the seed tn. (n=0 at first call).

str=rand(’info”) return the type of the default random generator ("'uniform’ or 'normal’)

rand() : with no arguments gives a scalar whose value changes each time it is referenced. By default,

random numbers are uniformly distributed in the interval (Ordpd('normal’) switches to a normal

distribution with mean 0 and variancerand('uniform’) switches back to the uniform distribution.
The type of the random generator can also be locally changed by the use of the extra patgpeeter

(‘which can béuniform’ or’normal’

EXAMPLE :

x=rand(10,10,’uniform’)
rand(’normal’)
rand(’info’)
y=rand(x,’normal’);

SEEALSO: ssrand 192

1.0.120 rat Floating point rational approximation

CALLING SEQUENCE :

[N,D]=rat(x [,tol])
y=rat(x [,tol])

PARAMETERS :

X :real vector or matrix
n : integer vector or matrix
d : integer vector or matrix
y :real vector or matrix

DESCRIPTION :

[N,D] = rat(x,tol) returns two integer matrices so thit/D is close tx in the sense that
abs(N./D - X) <= tol*abs(x) . The rational approximations are generated by truncating con-
tinued fraction expansionstol = 1.e-6*norm(X,1) is the default.y = rat(x,tol) return

the quotieniN./D
SEEALSO: int 40, round 66
EXAMPLES :
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[n,d]=rat(%pi)
[n,d]=rat(%pi,1.d-12)

n/d-%pi

1.0.121 rational Scilab objects, rational in Scilab
DESCRIPTION :

A rationalr is a quotient of two polynomials=num/den . The internal representation of a rational is
a list. r=tlist(['r’,’num’,’den’,’dt’],num,den,][]) is the same as=num/den . A ra-
tional matrix can be defined with the usual syntax §l,r12;r21,r22] is a 2x2 matrix wherej

are 1x1rationals. Arational matrix can also be defined as above afliatifft’,’num’,’den’,’dt’],num,den,[])
with num andden polynomial matrices.

EXAMPLES :

s=poly(0,'s’);

W=[1/s,1/(s+1)]

W*W
Num=[s,s+2;1,s];Den=[s*s,s;s,s*s];
tlist(['r’,’num’,’den’,’dt’],Num,Den,]])
H=Num./Den

syslin(’c’,Num,Den)

syslin(’c’,H)
[Num1,Denl]=simp(Num,Den)

SEEALSO: poly 57, syslin 197 simp 363

1.0.122 read matrices read

CALLING SEQUENCE:

[X]=read(file-desc,m,n,[format])
[X]=read(file-desc,m,n,k,format)

PARAMETERS :

file-desc . character string specifying the file name or integer value specifying logical unit (see file).

m, n : integers (dimensions of the matrix x). Set m=-1 if you do not know the numbers of rows, so the
whole file is read.

format : character string, specifies a "Fortran" format. This character string
must begin with a right parenthesis and end with a left parenthesis. Formats cannot mix floating point
or character edition modes.

k :integer or vector of integer

DESCRIPTION :
reads row after row thenxn matrix x (n=1 for character chain) in the filéle-desc (string or
integer). Each row of the matrix begin in a new line ofile-desc file. Depending orformat , a
given row of thex matrix may be read from more than one lindigé-desc file.
The type of the result will depend on the specified format. If format containgdrayf,g) descriptors
the function tries to read numerical data (the result is matrix of real numbers).
If format contains onlya descriptors the function tries to read character strings (the result is a character
string column vector). In this case n must be equal to 1.
Examples foformat :

(1x,e10.3,5x,3(f3.0))

(10x,a20)

.LP

When format is omitted datas are read using numerical free format:
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blank, comma and slash may be used as data separators, n*v may be use
to represent n occurrences of value n.

.LP

A direct access file can be used if using the parameter \fVK\fR which is
is the vector of record numbers to be read (one record per row),
thus \fVm\fR must be \fVm=prod(size(k))\fR.

.LP

To read on the keyboard use \fVread(%io(1),..)\fR.

.SH REMARK

Last line of data files must be terminated by a newline to be taken
into account.

.SH EXAMPLE

.nf

if MSDOS then unix(del foo’;

else unix('rm -f foo’); end

A=rand(3,5); write(’foo’,A);

B=read('foo’,3,5)

B=read('foo’,-1,5)

read(%io(1),1,1,'(a)") // waits for user’s input

SEEALsO: file 26, readb 64, write 83 x dialog 204 scanf 67

1.0.123 read4h fortran file binary read

CALLING SEQUENCE :
x=read4b(file-name,m,n [rec])
PARAMETERS :

file-name . string or integer

m, n :integers (dimensions of the matrix x). Set m=-1 if you do not know the numbers of rows, so all the
file is read

rec : vector of positive integers. the selected records for direct access. This vector size must be equal to
the number of rows of desired

DESCRIPTION :

binary read of the matrix in the filefile-name . Matrix entries are supposed to have been stored on 4
byte words.

For directrecord access, file must have been previously openedilsing function to set the recorlingth.
file-name must be the result of thide  function.

SEEALso: file 26, write 83, writb 82 binary 8, writedb 83

1.0.124 readh fortran file binary read

CALLING SEQUENCE :
x=readb(file-name,m,n [,rec])
PARAMETERS :

file-name . string or integer

m, n :integers (dimensions of the matrix x). Set m=-1 if you do not know the numbers of rows, so all the
file is read

rec : vector of positive integers. the selected records for direct access. This vector size must be equal to
the number of rows of desired
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DESCRIPTION :

binary read of the matrix in the filefile-name . Matrix entries are supposed to have been stored on 8
byte words.

For direct record access, file must have been previously openedilsing function to set the recorliéngth.
file-name must be the result of thide  function.

SEEALsO: file 26, write 83, writb 82 binary 8, read4b 64

1.0.125 real real part

CALLING SEQUENCE :
[y]=real(x)
PARAMETERS :

X :real or complex vector or matrix
y :real matrix

DESCRIPTION :
real(x) is the real part ok (See%i to enter complex numbers).

SEEALSO: imag 37

1.0.126 resume_____ return or resume execution and copy some local variables
CALLING SEQUENCE :

resume
[x1,..,xn]=resume(al,..,an)

PARAMETERS :

X

DESCRIPTION :

In afunctionresume stops the execution of the functidn]=resume(..) stops the execution of
the function and put the local variablas in calling environnement under namses.

In pause mode, it allows to return to lower levgl]=resume(..) returns to lower level and put
the local variableai in calling environnement under names.

In anexecstr  called by a function..]=resume(..) stops the execution of the function and put
the local variableai in calling environnement under names.

resume is equivalent taeturn

SEEALSO: abort 6, break 11
1.0.127 return______ return or resume execution and copy some local variables

CALLING SEQUENCE :

return
[x1,..,xn]=return(al,..,an)

PARAMETERS :

X
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DESCRIPTION :

Inafunctionreturn  stops the execution of the functidn]=return(..) stops the execution of
the function and put the local variablas in calling environnement under namses.

In pause mode, it allows to return to lower level]=return(..) returns to lower level and put
the local variablesi in calling environnement under namses.

In anexecstr  called by a function..]=return(..) stops the execution of the function and put

the local variableai in calling environnement under names.
resume is equivalent taeturn

SEEALSO: abort 6, break 11

1.0.128 rlist Scilab rational fraction function definition

CALLING SEQUENCE :

rlist()

rlist(al,....an)

DESCRIPTION :

rlist(al,....an) is a shortcut tdlist(['r',’num’;’den’,’dt’], al,....an)

Creates dlist with ['r',’num’;’den’,’dt’] as first entry andi ’s as next entries if any. No

type nor size checking is done an’s.
SEEALSO: tlist 76, syslin 197

1.0.129 round rounding

CALLING SEQUENCE :
[y]Fround(x)
PARAMETERS :

X :real or complex matrix
y :integer or complex (with integer real and imag) matrix

DESCRIPTION :
round(x)  rounds the elements &f to the nearest integers.

SEEALSO: int 40, floor 28 ~ceil 13

1.0.130 save saving variables

CALLING SEQUENCE :
save(file-name [,x1,x2,...,xn])
PARAMETERS :

file-name . character string
xi : arbitrary Scilab variable(s)

DESCRIPTION :
Thesave command can be used to save Scilab current variables in binary form in a file.
save(filename’) saves all current variables in the file named filename

save('file-name’,x,y) saves only named variablgs andy.
Saved variables can be reloaded byldea command.
EXAMPLES :
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a=eye(2,2);b=ones(a);
save('val.dat’,a,b);
clear a

clear b
load('val.dat’,’a’,’b’);

SEEALSO: load 45

1.0.131 scanf Converts formatted input on standard input

CALLING SEQUENCE :
[v_1,...v_n]=scanf (format);
PARAMETERS :

format :Specifies the format conversion.

DESCRIPTION :
The scanf functions get character data on standard input (%io(1)), interpret it according to a format, and
returns the converted results.
The format parameter contains conversion specifications used to interpret the input.

The format parameter can contain white-space characters (blanks, tabs, newline, or formfeed) that,
except in the following two cases, read the input up to the next nonwhite-space character. Unless there is a
match in the control string, trailing white space (including a newline character) is not read.

- Any character except % (percent sign), which must match the next character of the input stream.
- A conversion specification that directs the conversion of the next input fieldsceed _conversion
for details.

SEEALSO: printf 59 read 63, fscanf 31, sscanf 72

1.0.132 scanfconversion______ scanf, sscanf, fscanf conversion specifications

DESCRIPTION :
Each conversion specification in the format parameter contains the following elements:

The character % (percent sign)

The optional assignment suppression character *
An optional numeric maximum field width

A conversion code

+ 4+ + 4+

The conversion specification has the following syntax:

[*[width][size]convcode

The results from the conversion are placed.inavguments unless you specify assignment suppression
with * (asterisk). Assignment suppression provides a way to describe an input field that is to be skipped.
The input field is a string of nonwhite-space characters. It extends to the next inappropriate character or
until the field width, if specified, is exhausted.

The conversion code indicates how to interpret the input field. You should not specify gaameter
for a suppressed field. You can use the following conversion codes:

% :Accepts a single % (percent sign) input at this point; no assignment is done.
d, i :Accepts adecimalinteger;

u :Accepts an unsigned decimal integer;

0 :Accepts an octal integer;

X :Accepts a hexadecimal integer;
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e,f,g :Accepts a floating-point number. The next field is converted accordingly and stored through the
corresponding parameter, which should be a pointer to a float. The input format for floating-point
numbers is a string of digits, with the following optional characteristics:

+ It can be a signed value.

+ It can be an exponential value, containing a decimal point followed by an exponent field, which consists
of an E or an e followed by an (optionally signed) integer.

+ It can be one of the special values INF, NaN,

s :Accepts a string of characters.

¢ :character value is expected. The normal skip over white space is suppressed.

SEEALSO: scanf 67, scanf 67, fscanf 31

1.0.133 sciargs scilab command line arguments

CALLING SEQUENCE :
args=sciargs()

DESCRIPTION :

This function returns a vector of character strings containing the arguments of the Scilab command line.
Firstargs entry contains the path of the lanched executable file.

This function correspond to thgeetarg  function in C langage

SEEALSO: getenv 33

1.0.134 scilah______ Major unix script to execute Scilab and miscellaneous tools

CALLING SEQUENCE:

scilab [-ns -nw -display display -f file]
scilab -help [ <key> ]

scilab -k <key>

scilab -xk <key>

scilab -link <objects>

DESCRIPTION :

scilab [-ns -nw -display display -f path] . run scilab. If-ns option is present the
startup fileSCl/scilab.star is not executed. lfnw option is present then scilab is not run in
an X window. If-f file is present thefile s executed first into Scilab.

scilab -help <key > : write on-line documentation aboutkey> (usually automatically called by
scilab command "helpckey>"). Example:

scilab -help plot3d

scilab -k <key > : gives the list of Scilab commands containing the keywaidey> in their de-
scription (same as UNIX commamdan -k )

scilab -xk <key > : gives the list of Scilab commands containing the keywakay> in their de-
scription in a X window.

scilab -link <objects > :lIsusedto produce alocstilex  (executable code of Scilab) linked
with the additional files given by the user «tobjects  >.
If, in the list of object files, some names are known fr8@IDIR/routines/default ,then the

scilex  default files are omitted and replaced with the given ones .
This command also produces ascilab  script, which when called will ran the new generated

scilex file.
For example:
scilab -link Clinterf.o C/evol.o C/bib.a
will create a newscilex  file in which the defaulinterf.o file will be replaced byC/interf.o
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1.0.135 scilink Unix script to relink Scilab

CALLING SEQUENCE :
scilink <object-files>

DESCRIPTION :
This script is used to produce a locgllex  (executable code of Scilab) linked with the additional files
given by the user ircobject-files >,
Ifin the list of object files some names are knosailex ~ names (fron8CIDIR/routines/default
) then thescilex  default files are omitted and replaced with the given ones .
This script also produces ascilab  script, which when called will ran the new generated scilex file.
For example the command

scilink Clinterf.o C/evol.o C/bib.a

will create a newscilex file in which the defaulinterf.o file will be replaced byC/interf.o
SEEALSO: link 43 addinter 6

1.0.136 select select keyword

DESCRIPTION :

select expr,
case exprl then instructionsl,
case expr2 then instructions2,

case exprn then instructionsn,
[else instructions],
end

Notes:

- The only constraint is that each "then” keyword must be on the same line line as corresponding "case”
keyword.
- The "keyword "then” can be replaced by a carriage return or a comma.

instructions1 are executed iéxprl=expr , etc.
EXAMPLE :

while %t do
n=round(10*rand(1,1))
select n
case 0 then
disp(0)
case 1 then
disp(1)
else
break
end
end

SEEALsO: if 37, while 82, for 28
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1.0.137 semicolumn - ending expression and row separator

DESCRIPTION :
In afile, the line separator “;” suppresses the display of the line.
Within brackets ; denotes row separator in matrix definition.

EXAMPLES :
sin(%pi) sin(%pi); a=[1,2;3 4]

1.0.138 setbpt setting breakpoints
CALLING SEQUENCE :

setbpt(macro-name [,line-num])

PARAMETERS :

macro-name : string
line-num :integer

DESCRIPTION :

setbpt interactively inserts a breakpoint in the line numhtiee-num  (default value is 1) of the
functionmacro-name
When reaching the breakpoint, Scilab evaluates the specified line , prints the number of the line and the
name of the function. If the function is not compiled ( ®enp ) the line is printed on the screen. Then
Scilab goes into pause mode in which the user can check current values. pégse is exited with
resume orabort . Redefining the function does not clear the breakpoints, the user must explicitly delete
breakpoints usindelbpt . The maximum number of functions with breakpoints enabled must be less than
20 and the maximum number of breakpoints is set to 100.

SEEALSO: delbpt 17, dispbpt 18 pause 56, resume 65

1.0.139 sign sign function

DESCRIPTION :
X=sign(A)  returnsthe matrix made of the signsdf,j)  .ForcompleX, sign(A) = A./abs(A)
function.

EXAMPLE :

sign(rand(2,3))
sign(1+%i)

SEEALSO: abs 142

1.0.140 signm matrix sign function

DESCRIPTION :

For square and Hermitian matricéssign(A)  is matrix sign function.
EXAMPLE :

A=rand(4,4);B=A+A’;X=sign(B);spec(X)
SEEALSO: sign 70
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1.0.141 size size of objects
CALLING SEQUENCE :

y=size(x [,sel])
[nr,nc]=size(x)

PARAMETERS :

X : matrix (including transfer matrix) or list or linear systesy$lin )
y :1x2 integer vector or integer number

sel : ascalaror a character string

nr,nc : two integers

DESCRIPTION :

Size of a (constant, polynomial, string, boolean, rational) matriy = 1x2 vector [number of rows,
number of columns].

Called with LHS=2, returnar,nc = [number of rows, number of columns].

sel may be used to specify what dimension to get:

lor'r : to get the number of rows
2 or'c : to get the number of columns
2 or ™ : to get the product of rows and column numbers

Size (length) of ordinariist (number of elements). In this case the syntax mustdsize(x)

Caution: ifx isasyslin list representing a linear systegssize(x) returns iny the (row) vector
[number of outputs, number if inputs] i.e. the dimension of the corresponding transfer matrix. The syntax
[nr,nc]=size(x) is also valid (with(nr,nc)=(y(1),y(2) ).

If x isasyslin list representing a linear system in state-space form, fhienc,nx]=size(x)

returns in addition the dimensignx of the A matrix ofx.

EXAMPLES :
[n,m]=size(rand(3,2))
[n,m]=size(['a’,’b’;’'c’,’d])
x=ssrand(3,2,4);[ny,nu]=size(x)
[ny,nu]=size(ss2tf(x))
[ny,nu,nx]=size(x)

SEEALSO: length 41, syslin 197

1.0.142 slash - right division and feed back

DESCRIPTION :

Right division.x=A / b is the solution ok*b=A

b/a = (& \bY)

a ./ b s the matrix with entries(i,j)/ b(i,j) . If b is scalar (1x1 matrix) this operation is the
same ag./b*ones(a) . (Same convention & is a scalar).

Remark thatl23./b  is interpreted a§123)./b . In this cases dot is part of the operator, not of the
number.

Backslash stands for left division.

System feed backS=G/.K evaluatesS=G*(eye()+K*G)"(-1) this operator avoid simplification
problem.

Remark thaG/.5 isinterpreted a&/(.5) . In such cases dot is part of the number, not of the operator.
Comment/ comments a line i.e lines which begin By are ignored by the interpreter.

SEEALSO: inv 379 percent 56, backslash 7, ieee 36
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1.0.143 sprintf Emulator of C language sprintf function
CALLING SEQUENCE :

str=sprintf(format,value_1,..,value_n)

PARAMETERS :

format : a Scilab string. Specifies a character string combining literal characters with conversion spe-
cifications.

value _i : Specifies the data to be converted according to the format parameter.

str : column vector of character strings

file  : a Scilab string specifying a file name or a logical unit number fisee )

DESCRIPTION :
Thesprintf function converts, formats, and storesiédue  parameters, under control of tlregmat
parameter.

Theformat parameter is a character string that contains two types of objects:

Literal characters : which are copied to the output stream.
Conversion specifications . each of which causes zero or more items to be fetched from the
value parameter list. segrintf  _conversion  for details

If there are not enough items format  in thevalue parameter listsprintf generate an error.
If any value sremain after the entifermat  has been processed, they are ignored.
Note that sprintf is a scilab emulation of C language function build in Scilab. Consequently it is quite slow.
Use string whenever it is possible.

EXAMPLES :

fahr=120
sprintf('%3d Fahrenheit = %6.1f Celsius’,fahr,(5/9)*(fahr-32))

SEEALSO: string 74, print 59 write 83, format 28 disp 18, file 26, printf
59, fprintf 30

1.0.144 sscant Converts formatted input given by a string

CALLING SEQUENCE :
[v_1,...v_n]=sscanf (string,format)
PARAMETERS :

format :Specifies the format conversion. :Specifies the input file name or file number.
string  :Specifies input to be read.

DESCRIPTION :
The sscanf functions interpret character string according to a format, and returns the converted results.
The format parameter contains conversion specifications used to interpret the input.
The format parameter can contain white-space characters (blanks, tabs, newline, or formfeed) that,
except in the following two cases, read the input up to the next nonwhite-space character. Unless there is a
match in the control string, trailing white space (including a newline character) is not read.

- Any character except % (percent sign), which must match the next character of the input stream.
- A conversion specification that directs the conversion of the next input fieldsceed _conversion
for detalils.

SEEALSO: printf 59, read 63 scanf 67, fscanf 31
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1.0.145 stacksize set scilab stack size

CALLING SEQUENCE:

stacksize(n)
sz=stacksize()

PARAMETERS :

n : integer, the required stack size given in number of double precision words
sz : 2-vector [total used]

DESCRIPTION :
Scilab stores all variables in a unique statk .
stacksize(n) allows the user to increase or decrease the size of this stack. The maximum allowed

size depends on the amount of free memory and swap space available at the time.

This function with then argument may only be called at the main prompt; it cannot be called within a
scilab function.

sz=stacksize() returns a 2-vector which contains the current total and used stack size. It can be
used everywhere.

SEEALSO: who82

1.0.146 star - multiplication operator

DESCRIPTION :

Multiplication. Usual meaning. Valid for constant, boolean, polynomial and rational matrices.
Element-wise multiplication is denoted*y . If x ory is scalar (1x1 matrix)* is the same a%.
Kronecker product ig.*.y

SEEALSO: mulf 177

1.0.147 startup startup file
DESCRIPTION :

The startup filesscilab (in your home directory) andscilab in your working directory are auto-
matically executed (if present) when Scilab is invoked, in addition with thesillab.star in the
Scilab directory.

REMARK :

Last line of startup file must be terminated by a newline to be taken into account.

1.0.148 str2code__ return scilab integer codes associated with a character string
CALLING SEQUENCE :

c=str2code(str)

PARAMETERS :

str : acharacter string
¢ : vector of character integer codes

DESCRIPTION :
Return c such that c(i) is the scilab integer code of part(str,i))

EXAMPLE :

str2code('Scilab’)

SEEALSO: code2str 15

Scilab Group April 1993 73



symbols Scilab Function

1.0.149 string conversion to string

CALLING SEQUENCE:

string(x)
[out,in,text]=string(x)

PARAMETERS :

X : real matrix or function

DESCRIPTION :

converts a matrix into a matrix of strings.

If x is a function[out,in,text]=string(x) returns three vectors stringut is the vector of
output variablesin is the vector of input variables, anelxt  is the (column) vector of the source code

of the function.

If x is alib variable, text is a character string column vector. The first element contains the path of
library file and the other the name of functions it defines.

Character strings are defined 'afing’ (between quotes) distring" (between doublequotes);
matrices of strings are defined as usual constant matrices.

Concatenation of strings is made by theoperation.

EXAMPLES :

string(rand(2,2))
deff('y=mymacro(x)’,’y=x+1")
[out,in,text]=string(mymacro)
x=123.356; 'Result is '+string(x)

SEE ALSO : part 56, length 41, quote 61, evstr 21, execstr 164, strsubst
194, strcat 193 strindex 193 sci2exp 181

1.0.150 strings Scilab Object, character strings
DESCRIPTION :
Strings are defined astring’ (between quotes) dstring" (between doublequotes); matrices of

strings are defined as usual constant matrices.
Concatenation of two strings is made by a stringl+string2

EXAMPLE :

[this’)is’; 'a 2x2’,’matrix’]
"matrix"=="mat"+"rix"

SEEALSO: part 56, length 41, strcat 193

1.0.151 symbols scilab operator names

DESCRIPTION :

Scilab Group April 1993 74



tilaa

Scilab Function

Use the following names to get help on a specific sym

SEEALSO: overloading

1.0.152 testmatrix
CALLING SEQUENCE :

[y]=testmatrix(name,n)

PARAMETERS :

name : a character string
n :integers, matrix size

y :n Xxm matrix

DESCRIPTION :

Create some particular matrices

testmatrix('magi’,n)
testmatrix('frk’,n)
testmatrix("hilb’,n)

1.0.153 then

operator
1 1 +
/..l
Ao\
<> <=, >::<>
[
bol.
]
0
%
|
&
* 1/ L \

: returns a magic square of sine.
: returns the Franck matrix :
. is the inverse of the nxn Hilbert matr{idij= 1/(i+j-1))

DESCRIPTION :
Used withif .

SEEALSsO: if 37

1.0.154 tilda

name in Scilab helg
guote
plus
minus
star
slash
backslash
dot
equal
less
tilda
left
right
parents
percent
column
comma
semi
hat
power
or

and
kron

CALLING SEQUENCE :

m
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PARAMETERS :

m : boolean matrix

DESCRIPTION :
“m is the negation ofn

1.0.155 tlist Scilab object and typed list definition.
CALLING SEQUENCE :

tlist(typ,al,....an )

PARAMETERS :

typ : Character string or vector of character strings
ai : any Scilab objectratrix, list,string... ).
DESCRIPTION :

Creates &yped-list with elementsi 's. Thetyp argumentspecifies the list type. Sugphed-list

allow the user to define new operations working on these object through scilab functions. The only differ-
ence betweetyped-list andlist s the value of the type (16 instead of 15).

typ(1)  specifies the list type (character string used to define soft coded operations)

if specifiedtyp(i) may give thé+1 th element formal name

Standard Operations dist ~ work similarly fortyped-list

extraction :[x,y,z...]=I(v) wherev is a vector of indices|x,y,z]=I(:) extracts all the
elements.

insertion :l(i)=a

deletion :I(i)=null() removes the i-th element of thigst |

display

Moreover iftyp(2:n+1) are specified, user may point elements by their names
We give below examples where tlist are used.
Linear systems are represented by spetyfied-list e.g. alinear systefi\,B,C,D] is repres-
ented by the tlisSys=tlist(['Iss’;’A’;'B’;'C’;’D’;’X0’;’dt’],A,B,C,D,x0,'c’)
and this specific list may be created by the functgslin
Sys(2) or Sys('A) is the state-matrix and Sys('td’) is the time domain
Arational matrixH is represented by thgped-list H=tlist(['r’;’num’;’den’;’dt’],Num,Den,[])
whereNum andDen are two polynomial matrices and a (e.g. continuous time) linear system with transfer
matrix H maybe created bgyslin('c’,H)
H(2) or H(num’) is the transfer matrix numerator

SEEALSO: null 52 percent 56, syslin 197 list 45

1.0.156 type variable type

CALLING SEQUENCE :
[i]=type(x)
PARAMETERS :

X : Scilab object
i :integer

DESCRIPTION :
type(x)  returns an integer which is the typesofas following :

1 : real or complex constant matrix.
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2 : polynomial matrix.

4 : boolean matrix.

5 : sparse matrix.

10 : matrix of character strings.
11 : un-compiled function.

13 : compiled function.

14 : function library.

15 : list.
16 : typed list (tlist)
128 : pointer

SEEALSO: typeof 202

1.0.157 ulink unlink a dynamically linked shared object

CALLING SEQUENCE :
ulink(x)

DESCRIPTION :
seelink

SEEALSO: link 43

1.0.158 unix shell (sh) command execution
CALLING SEQUENCE :

stat=unix(command-name)

PARAMETERS :

command-name : A character string containing Unix sh instruction
stat : Aninteger flag

DESCRIPTION :

Sends a stringommand-name to Unix for execution by the sh shell. Standard output and standard errors
of the shell command are written in the calling shellat  gives -1 if unix can’t be called (Not enough
system memory available) or the sh return code.

EXAMPLE :

unix("ls $SCl/demos");
unix("emacs $SCl/demos/wheel2/Makefile");
deff(wd=pwd()’,'ift MSDOS then unix("cd>"+TMPDIR+"\path”);..
else unix("pwd>"+TMPDIR+"/path”);end..
wd=read(TMPDIR+"/path”,1,1,”(a)")")
wd=pwd()

SEE ALSO: edit 162 manedit 175 unix_g 77, unix_S 78 unix_w 78 unix_x
79, host 35

1.0.159 unixg___ shell (sh) command execution, output redirected to a variable
CALLING SEQUENCE :
rep=unix_g(cmd)

PARAMETERS :
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cmd : acharacter string
rep : acolumn vector of character strings

DESCRIPTION :

Sends a stringmd to Unix for execution by the sh shell. The standard output is redirected to scilab
variablerep . Unix execution errors are trapped; *NOTE* that only the last shell command error is reported
when a list of command separated by ”;” is sent: this is not recommended.

EXAMPLE :

if MSDOS then unix_g(dir '+WSCI+\demos’);

else unix_g("ls $SCl/demos"); end

deff(wd=pwd()’,'if MSDOS then wd=unix_g(’cd”);..
else wd=unix_g("pwd”); end’)

wd=pwd()

SEEALSO: edit 162 manedit 175 wunix_s 78 unix w 78 unix x 79 unix 77

1.0.160 unixs shell (sh) command execution, no output

CALLING SEQUENCE :
unix_s(cmd)
PARAMETERS :

cmd : acharacter string

DESCRIPTION :

Sends a stringmd to Unix for execution by the sh shell. The standard output is redirected to /dev/null.
Unix execution errors are trapped; *NOTE* that only the last shell command error is reported when a list
of command separated by ”;” is sent: this is not recommended.

EXAMPLE :

if MSDOS then unix_s("del foo");
else unix_s("rm foo"); end

SEEALSO: edit 162 manedit 175 unix_g 77, unix_w 78 unix_x 79, unix 77

1.0.161 unixw_____ shell (sh) command execution, output redirected to scilab
window

CALLING SEQUENCE :
rep=unix_w(cmd)
PARAMETERS :

cmd : acharacter string
rep : acolumn vector of character strings

DESCRIPTION :

Sends a stringmd to Unix for execution by the sh shell. The standard output is redirected to scilab
window. Unix execution errors are trapped; *NOTE* that only the last shell command error is reported
when a list of command separated by ”;” is sent: this is not recommended.

EXAMPLE :

if MSDOS then unix_w("dir "+WSCI+"\demos");
else unix_w("ls $SCl/demos"); end

SEEALSO: edit 162 manedit 175 wunix_g 77, unix_ s 78 unix x 79 unix 77
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1.0.162 unixx _—_ shell (sh) command execution, output redirected to a window
CALLING SEQUENCE :

unix_x(cmd)

PARAMETERS :

cmd : acharacter string

DESCRIPTION :

Sends a stringmd to Unix for execution by the sh shell. The standard output is redirected to a xless
window. Unix execution errors are trapped; *NOTE* that only the last shell command error is reported
when a list of command separated by ”;” is sent: this is not recommended.

EXAMPLE :

if MSDOS then unix_x("dir "+WSCI+"\demos");
else unix_x("Is $SCl/demos"); end

SEEALSO: edit 162 manedit 175 wunix_g 77, unix s 78 unix w 78 unix 77

1.0.163 user interfacing a fortran routine

CALLING SEQUENCE :
[s 1,5 2,...,s Ihs]=user(e_1,e 2,....,e_rhs)

DESCRIPTION :

With this command it is possible to use an external program as a Scilab commandsvhkeee _2,...,s _Ihs)
are the output variables aife _1,e _2,....e  _rhs) are the input variables. To insert this command in
Scilab one has to write a few lines in the user fortran subroutine of Scilabintesci or the Scilab
documentation for more information.

SEEALSO: fort 29, link 43

1.0.164 varargin variable numbers of arguments in an input argument list

SYNTAX:
varargin must be the rightmost argument of the function definition input list.
DESCRIPTION :

A function whose input argument list contawvesrargin must be called with more input arguments than
indicated in the input argumentlist. The calling arguments passedfarangin keyword onwards may
then be retrieved within the function in a list namettargin
Suppose thatarargin keyword is then th argument of the formal input argument list, then if the
function is called with less tham1 input arguments thearargin listis not defined, if the function is
called withn-1 arguments themarargin listis an empty list.

y = function ex(varargin) may be called with any number of input arguments. Within func-
tionex input arguments may be retrievedvarargin(i) J=1:length(varargin)
EXAMPLE :

deff('exampl(a,varargin)’,['[Ihs,rhs]=argn(0)’
'if rhs>=1 then disp(varargin),end’])
exampl(1)
exampl()
exampl(1,2,3)
I=list('a’,%s,%:t);
exampl(1,1(2:3))

SEEALsO: function 32, varargout 80, list 45
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1.0.165 varargout___ variable numbers of arguments in an output argument list

SYNTAX:

varargout  must be the rightmost argument of the function definition output list.

DESCRIPTION :

A function whose output argument list contairegargout ~ must be called with more output arguments
than indicated in the output argument list. The calling arguments passedvibargout  keyword
onwards are extracted out of tharargout  list defined in the function

varagout = function ex() may be called with any number of output arguments. Within func-
tion ex output arguments may be stored inverargout(i)
EXAMPLE :

deff('varargout=exampl()’,'varargout=list(1,2,3,4)’)
x=exampl()

[x,y]=exampl()

[x,y,z]=exampl()

SEEALsO: function 32, varargin 79, list 45

1.0.166 varn symbolic variable of a polynomial

CALLING SEQUENCE:

[symb]=varn(p)
[pm]=varn(x,var)

PARAMETERS :

p : polynomial (or matrix polynomial)
symb : character string

X : polynomial or polynomial matrix

var : symbolic variable (character string)
pm : matrix or polynomial matrix

DESCRIPTION :

symb=varn(p) returnsimnsymb the symbolic variable of the polynomial (i.e. varn(poly(0,’x"))

is’x’ ).

varn(x,’s") returns a polynomial matrix with same coefficientxadout with’'s’  as symbolic vari-
able (change of variable name).

EXAMPLE :

s=poly(0,'s’);p=[s"2+1,s];

varn(p) isthestrings’ andvarn(p,’x’) is the polynomial matrifx"2+1,x]
SEEALSO: horner 355 poly 57

1.0.167 warning warning messages
CALLING SEQUENCE :
warning(’string’)

DESCRIPTION :
prints the character stririgtring’ in a warning message

SEEALSO: error 20
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1.0.168 what list the Scilab primitives

DESCRIPTION :
List of low level primitives and commands.

1.0.169 where get current instruction calling tree

CALLING SEQUENCE :
[linenum,mac]=where()

PARAMETERS :

linenum : column vector of integer
mac : column vector of strings

DESCRIPTION :
returndinenum andmac such as current instruction has been called by the linenum(2) line of function
mac(1), mac(1) has been called by the linenum(2) line of function mac(2) and so on

mac(i) is in general the name of a function but it may also be "exec” or "execstr” if instruction lies in
ans exec file or an execstr instruction

SEEALSO: whereami 81, pause 56

1.0.170 whereami display current instruction calling tree

CALLING SEQUENCE :
whereami()

DESCRIPTION :
Displays calling tree to instruction which contain whereami(). May be uses within pause levels.

EXAMPLE :

deff('y=test(a)’,['y=sin(a)+1’;
y=t1(y);
y=y+17)
deff(Cy=tl(y)",['y=y"2';’whereami()'])
test(1)

SEEALSO: where 81, pause 56

1.0.171 whereis name of library containing a function

CALLING SEQUENCE:

[librname]=whereis(function-name)

DESCRIPTION :
returns as a character string the name of the library containing the fuffigtiotion-name . The path
of the library is returned by typingibrname”

SEEALSO: lib 42
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1.0.172 while while keyword

DESCRIPTION :
while  clause. Must be terminated Bgnd"
while expr ,instructions,...[,else instructions], end
while expr do instructions,...[,else instructions], end
while expr then instructions,...[,else instructions], end Notes:

- Theonly constraintis that each "then” or "do” keyword must be on the same line line as "while” keyword.

- The "keyword "then” or "do” can be replaced by a carriage return or a comma.

- The optional,else instructions construction allows to gives instructions which are executed
when expr expression becomes false.

EXAMPLE :

e=1; a=1; k=1,
while norm(a-(at+e),1) > %eps, e=e/2; k=k+1; end
ek

SEEALSO: for 28 select 69, break 11, return 65 pause 56

1.0.173 wha listing of variables

CALLING SEQUENCE :
who

names=who('get’)
[names,mem]=who('get’)
DESCRIPTION :

who displays current variable names.
who('get’) Returns current variable names and memory used in double precision worlds.

SEEALSO: whos 82

1.0.174 whos listing of variables in long form

CALLING SEQUENCE :
whos()

DESCRIPTION :
who displays current variable names, types and memory used

SEEALSO: who 82

1.0.175 writb fortran file binary write

CALLING SEQUENCE :
writb(file-name,a [,rec])
PARAMETERS :

file-name . string or integer
rec : vector of positive integers. the selected records for direct access. This vector size must be equal to
the number of rows o&

DESCRIPTION :

writes in binary format the matria in the file’flename’ .. Matrix entries are stored on 4 byte words
For directrecord access, file must have been previously openedilsing function to set the recorliéngth.
file-name must be the result of thide  function.

SEEALsO: file 26, readb 64, write 83 binary 8, writedb 83
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1.0.176 write write in a formatted file

DESCRIPTION :

write(file-desc,a,[format])
write(file-desc,a,k,format)

PARAMETERS :

file-desc . character string specifying the file name or integer value specifying logical unit (see file).

a :real matrix or column vector of character strings.

format . character string, specifies a "Fortran” format. This character string must begin with a right
parenthesis and end with a left parenthesis. Formats cannot mix floating point , integer or character
edition modes

k :integer vector

DESCRIPTION :

writes row-by-row a real matrix or a column vector of character strings in a formatted file. Each row of
thea argument begin in a new line dife-desc file. Depending orformat a given row of thea
argument may be written in more than one lindile-desc file.

Format examples(1x,e10.3,5x,3(f3.0)) , (10x,a20) ;
See a Fortran book for more precision.
Direct access filesx=write(file _desc,a,k,format) . Herek isthe vector of records (one record
by row, i.e.m=prod(size(k) )
write(%io(2),....) writes on Scilab’s window.
EXAMPLE :

if MSDOS then unix('del asave’);

else unix('rm -f asave’); end

A=rand(5,3); write('asave’,A); A=read(’asave’,5,3);
write(%io(2),A,’(" | ",3(f10.3,” | ™))
write(%io(2),string(1:10))
write(%io(2),strcat(string(1:10),’,")
write(%io(2),1:10,’(10(i2,3x))’)

if MSDOS then unix('del foo");
else unix('rm -f foo’); end
write('foo’,A)

SEEALsO: file 26, writb 82 read 63, print 59, string 74, fprintf 30, printf
59, sprintf 72

1.0.177 writedb fortran file binary write

CALLING SEQUENCE :
write4b(file-name,a [,rec])
PARAMETERS :

file-name . string or integer
rec : vector of positive integers. the selected records for direct access. This vector size must be equal to
the number of rows o4

DESCRIPTION :

writes in binary format the matria in the file’flename’ . Matrix entries are stored on 8 byte words
For directrecord access, file must have been previously openedilsing function to set the recorténgth.
file-name must be the result of thide  function.

SEEALsO: file 26, readb 64, write 83 binary 8, read4b 64
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Scilab Function

2.0.178 Graphics

DESCRIPTION :

GENERAL PLOTTING
plot3d : 3d plotting of a matrix of point.
plot3d1l : 3d plotting of a matrix of point with gray levels.
fplot3d : 3d plotting of a surface described by a function
fplot3d1l : 3d plotting of a surface described by a function with
plot2d : for 2d plottingplot2d1,plot2d2,plot2d3,plot2d4
fplot2d : 2d plotting of a a curve described by a function
errbar : adds error bars on a plot2d graphic
xgrid : adds a grid on a 2d graphic.
xtitle  : adds title and axis names on a 2d graphic
param3d : plots curves in 3d space
stair2d : 2d piece-size constant plotting.
champ: vector field in R2
fchamp : for a vector field in R2 defined by a function
contour : level curves for a 3d function given by a matrix.
grayplotl0 : gray level on a 2d plot
fcontourl0 : level curves for a 3d function given by a function.
fgrayplotl0  : gray level on a 2D plot
xchange : scale conversion between plot2d and pixels
gr _-menu: small interactive editor
hist3d : 3d histogram
xrpoly : graphic display of a regular polygon
tittepage  : graphic title page
POLYLINES PLOTTING
xpoly : draws a polyline
xpolys : draws a set of polylines
xfpoly : fills a polygon
xfpolys : fills a set of polygons
SEGMENTS PLOTTING
xsegs : draws a set of unconnected segments.
ARROWS PLOTTING
xarrows : draws a set of unconnected arrows.
RECTANGLES PLOTTING
xrect : draws a single rectangle
xfrect : fills a single rectangle
xrects : fills or draws a set of rectangles
ARCS PLOTTING
xarc : draws an ellipsis
xfarc : fills an ellipsis
xarcs : fills or draws a set of ellipsis.

STRINGS
xstring  : draws a string or a matrix of strings.
xstringl  : computes a rectangle which surrounds a string

xstringb  : draws a string in a specified box
xnumb: draws a set of numbers

AXIS DRAWING
xaxis :draws an axis.

UTILITIES

Graphic library for Scilab

gray levels

secto3d : Conversion of a surface description from sector to plot3d compatible data.

eval3d : evaluates a function on a regular grid. (see &s@al )
COORDINATES TRANSFORMS

Scilab Group April 1993

86



Sigrayplot Scilab Function

isoview :isometric scale.
square : isometric scale.
scaling : scaling on datas
rotate : rotation
xgetech,xsetech : change of scale inside the graphic window (not fully released).
RECORDING
xtape : record graphic instructions
PRINTING AND REDISPLAY
xbasc : clears window and recorded graphics
xbasimp : redisplays graphics to postscript printer
xbasr : redisplays graphics
GRAPHICS PRIMITIVES
X-window and Postscript graphic primitives
driver : to select a graphic driver
xinit  : to initialise a graphic driver
xclear : clears one or more graphic windows
Xpause : a pause in milliseconds.
xselect : raises the current graphic window.
xclick : waits for a mouse click
xclea : clears a rectangular zone inside the current graphic window.
xend : closes a graphic session.
GRAPHIC CONTEXT
xset : to set graphic context values
xget :to getinformation on the current graphic context
xlfont :toload a new family of fonts from the X-Window Manager
COLORS
colormap : to get information on using colors
addcolor :to add new colors in the colormap

AuTHOR: J.Ph C

2.0.179 Matplot 2D plot of a matrix using colors

CALLING SEQUENCE :

Matplot(A,[strf,rect,nax])

PARAMETERS :

A : real matrix of size (n1,n2).

strf,rect,nax . optional arguments, ( sexot2d )

DESCRIPTION :

The entries of matriint(A) are used as colormap entries in the current colormap. The color associated
toa(i,)) is used do draw a small square of length 1 and with center at lodatgy=(n2-i+1))

Enter the commaniflatplot() to see a demo.

EXAMPLE :

Matplot([1,2,3;4,5,6])
/Il draw the colormap
Matplot((1:xget("lastpattern™)))

SEEALSO: grayplot 104
AuTHOR: J.Ph.C..
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2.0.180 Sfgrayplot 2D plot with gray levels

CALLING SEQUENCE :
Sfgrayplot(x,y.f,[strf,rect,nax])

DESCRIPTION :

Like fgrayplot but the functiorfec is used to smooth the resutt. is evaluated on the grid*.y
and the resultis plotted assuming thais linear on the triangles built ontixe*.y  grid. EnterSfgrayplot()
to see a demo.

| /] /]
/7|
| /1 /]
/|
EXAMPLE
Sfgrayplot()

AUTHOR: J.Ph.C..
SEEALSO: Sgrayplot 88 fgrayplot 98 grayplot 104, fec 98

2.0.181 Sgrayplot 2D plot of a surface using gray levels

CALLING SEQUENCE :
Sgrayplot(x,y,z,[strf,rect,nax])

DESCRIPTION :

Like grayplot  but the functiorfec is used to smooth the resutt. gives the value of the function on
the gridx.*.y . The function is plotted assuming that it is linear on a set triangles of triangles built from
the grid. TypeSgrayplot() to see a demo

| /11|
/1|
| /11|
/|
EXAMPLE :
Sgrayplot()

SEEALSO: Sfgrayplot 88 fgrayplot 98 grayplot 104 fec 98
AuTHOR: J.Ph.C..

2.0.182 addcolor add new colors to current colormap

CALLING SEQUENCE :
new=addcolor(c)
PARAMETERS :

¢ : matrix with 3 column, RGB color definition
new : index of the colors defined in ¢ in the new color table
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DESCRIPTION :

addcolor , adds new colors given in the argument to current colormag. must be a matrix with 3
columns[R G B] (R isred component; is green componenB is blue component). Each entrydn
must be a non negative number less or equal to 1.

If a color defined irc is already present in current colormap it is not added.

SEEALSO: colormap 92

2.0.183 black Black’s diagram (Nichols chart)

CALLING SEQUENCE:

black( sl,[fmin,fmax] [,step] [,comments] )
black( sl,frg [,comments] )
black(frg,db,phi [,comments])
black(frg,repf [,comments])

PARAMETERS :

sl :list (linear systensyslin )

fmin,fmax : real scalars (frequency bounds)

frg : row vector or matrix (frequencies)

db,phi : row vectors or matrices (modulus, phase)

repf : row vectors or matrices (complex frequency response)
step :real

comments : string

DESCRIPTION :

Black’s diagram (Nichols’chart) for a linear systesh. sl can be a continuous-time or discrete-time
SIMO system (sesyslin ). In case of multi-output the outputs are plotted with different symbols.
The frequencies are given by the boutiaén,fmax  (in Hz) or by a row-vector (or a matrix for multi-
output)frq .
step is the (logarithmic) discretization step. (semdfrqg  for the choice of default value).
comments is a vector of character strings (captions).
db,phi  are the matrices of modulus (in Db) and phases (in degrees). (One row for each response).
repf matrix of complex numbers. One row for each response.

To plot the grid of iso-gain and iso-phaseyéfl+y)  usechart()
Default values fofmin  andfmax arel.d-3 ,1.d+3 ifsl iscontinuous-timeot.d-3 ,0.5 ifsl
is discrete-time.

EXAMPLE :

s=poly(0,’s’)
h=syslin(’c’,(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01))
chart();

sstr="(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01)’;
black(h,0.01,100,sstr);
hl=h*syslin(’c’,(s"2+2*0.1*15.1*s+228.01)/(s"2+2*0.9*15*s+225))
xbasc()

black([h1;h],0.01,100,[’h1’;’h])

SEE ALSO : bode 90, nyquist 107 chart 91, freq 225 repfreq 241 -calfrq
213 phasemag 239
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2.0.184 Dbode Bode plot
CALLING SEQUENCE :

bode(sl,[fmin,fmax] [,step] [,comments] )
bode(sl,frq [,comments] )
bode(frq,db,phi [,comments])

bode(frq, repf [,comments])

PARAMETERS :

sl :syslin  list (SISO or SIMO linear system) in continuous or discrete time.
fmin,fmax  : real (frequency bounds (in Hz))

step :real (logarithmic step.)

comments : vector of character strings (captions).

frq : row vector or matrix (frequencies (in Hz) ) (one row for each SISO subsystem).
db : row vector or matrix ( magnitudes (in Db)). (one row for each SISO subsystem).
phi  : row vector or matrix ( phases (in degree)) (one row for each SISO subsystem).
repf  : row vector or matrix of complex numbers (complex frequency response).
DESCRIPTION :

Bode plot, i.e magnitude and phase of the frequency resporsse of

sl can be a continuous-time or discrete-time SIMO systemggsién ). In case of multi-output the
outputs are plotted with different symbols.
The frequencies are given by the bouffisén,fmax  (in Hz) or by a row-vector (or a matrix for multi-
output)frq .
step is the (logarithmic) discretization step. (sedfrq  for the choice of default value).
comments is a vector of character strings (captions).
db,phi  are the matrices of modulus (in Db) and phases (in degrees). (One row for each response).
repf matrix of complex numbers. One row for each response.
Default values fofmin andfmax arel.d-3 ,1.d+3 ifsl iscontinuous-timeot.d-3 ,0.5 if sl
is discrete-time. Automatic discretization of frequencies is madeakfyq

EXAMPLE :

s=poly(0,’s")
h=syslin('c’,(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01))
title="(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01)’;
bode(h,0.01,100title);
hl=h*syslin(’c’,(s"2+2*0.1*15.1*s+228.01)/(s"2+2*0.9*15*s+225))
xbasc()

bode([h1;h],0.01,100,['h1’;’h'])

SEEALSO: black 89, nyquist 107, gainplot 100 repfreq 241 g_margin 226
p_margin 238 calfrq 213 phasemag 239

2.0.185 champ draw a 2d vector field

CALLING SEQUENCE :

champ(x,y,fx,fy [,arfact,rect,strf])
champl1(x,y,fx,fy [,arfact,rect,strf])

PARAMETERS :

X,y :two vectors which define the grid.
fx : a matrix which describes the x component of the vector fig{d,)) is the x component of the
vector field at poin{x(i),y(j))
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fy : a matrix which describes the y component of the vector fiBj,)) is the y component of the
vector field at pointx(i),y(j))

arfact  : an optional argument of type real which gives a scale factor for the display of the arrow heads
on the plot (default value is 1.0)

rect : avector rect=[xmin,ymin,xmax,ymax] which gives the boundaries of the graphic frame to use.

strf . is a string of length 3 "xyz” which has the same meaning as the strf parameitetadd . The
parameter "x” has no effect witthamp.

DESCRIPTION
champ draws a 2d vector field. If ones usgsamp the length of the arrows are proportional to the field
intensity and if one useshampl (with a color screen) the color of the arrow depends on the intensity of
the field.

Enter the commanchamp() to see a demo.

EXAMPLE :

/I using rect has graphic boundaries
champ(-5:5,-5:5,rand(11,11),rand(11,11),1,[-10,-10,10,10],"011");
xgrid();

xbasc();

/I using (x,y) to get boundaries
champ(-5:5,-5:5,rand(11,11),rand(11,11),2,[-10,-10,10,10],"021");
/I using coloured arrows

xset("use color",1)
champl(-5:5,-5:5,rand(11,11),rand(11,11),2,[-10,-10,10,10],"021");

AuTHOR: J.Ph.C.

2.0.186 champl draw a 2d vector field

CALLING SEQUENCE :
champl1(x,y,fx,fy [,arfact,rect,strf])

DESCRIPTION
seechamp

2.0.187 chart Nichols chart

CALLING SEQUENCE :

chart([flags])
chart(gain [,flags])
chart(gain,phase [,flags])

PARAMETERS :

gain  : real vector ( gains (in DB))

phase :real vector (phases (in degree))

flags : alist of at most 4 flags list(sup [,leg [,cm [,cphil]])

sup : lindicates superposition on the previous plot 0 no superposition is done
leg :1indicates that legends are drawn, o: no legends

cm : color number (see plot2d) for gain curves

cphi : color number (see plot2d) for phase curves
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DESCRIPTION :

plot the Nichols’chart.

The default values fagain andphase are respectively :

[-12 -8 6 -5-4-3-2-14-1-502505071142233456 8 12]
[-(1:10) , -(20:10:160)]

EXAMPLE :

s=poly(0,’s")
h=syslin(’c’,(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01))
black(h,0.01,100,’(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01)")
chart(list(1,0,2,3));

Another example :
xbasc()
hl=h*syslin(’c’,(s"2+2*0.1*15.1*s+228.01)/(s"2+2*0.9*15*s+225))

black([h1;h],0.01,100,[h1’;h7])
chart(-8 -6 -4],[80 120]list(1,0));

2.0.188 colormap Using colors in Scilab

DESCRIPTION :
Colormaps.

EXAMPLE :

11
N

28;

fix(3/8*m);

[(2:n)/n; ones(m-n,1)];

[zeros(n,1); (1:n)'/n; ones(m-2*n,1)];
[zeros(2*n,1); (1:m-2*n)’/(m-2*n)];

[r g b];

xset(’colormap’,h);

plot3d1()

S oTQ T S5 3

SEEALSO: xget 127, xset 135

2.0.189 contour level curves of surface

CALLING SEQUENCE:

contour(x,y,z,nz,[theta,alpha,caption,flag,bbox,zlev])
contour2d(x,y,z,nz,[style,strf,leg,rect,nax])

PARAMETERS :

X,y  :two real vectors of size respectively (1,n1) and (1,n2).

z :real matrix of size (n1,n2) (values)

nz :real vector of size> 1 (the level values) or an integer ( the number of level curves).

flag :is areal vector of size three [mode,type,box]

zlev : real number

[theta,alpha,caption,flag,bbox,zlev] : seeplot3d

[style,strf,leg,rect,nax] . (seeplot2d ). The argument style gives the dash styles or colors
which are to be used for level curves. It must have the same size as the requested level curves. The
other arguments follows the rules givenglot2d
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DESCRIPTION :

Draws level curves of a surface z=f(x,y). The level curves can be drawn on a 3D surface or on 2D plot.
For level curves on a 2d plot, the functioontour2d  should be preferred to the functi@ontour

since it accepts standard 2d paramefetde,strf,leg,rect,nax] . for level curves on a 3d plot,

the optional arguments are the same as for the funplimi3d  (exceptzlev ) and their meaning are

the same. They control the drawing of level curves on a 3D plot. @aty1l)=mode has a special
meaning.

mode=0 : the level curves are drawn on the surface defined by (x,y,z)
mode=1 : the level curves are drawn on a 3D plot and on the plan defined by equation z=zlev
mode=2 : The level curves are drawn on a 2D plot.

Enter the commandontour() to see a demo.

EXAMPLE :

contour2d(1:10,1:10,rand(10,10),5,1:5,"011"," ",[0,0,11,11]);

SEEALSO: fcontour 97, fcontour2d 98
AuTHOR: J.Ph.C..

2.0.190 contour2d level curves of surface on a 2D graphics
CALLING SEQUENCE:
contour2d(x,y,z,nz,[style,strf,leg,rect,nax])

DESCRIPTION :
seecontour

EXAMPLE :

contour2d(1:10,1:10,rand(10,10),5,1:5,"011"," *,[0,0,11,11]);

2.0.191 driver select a driver for plotting

CALLING SEQUENCE:

driver(driver_name)
current_driver=driver()

PARAMETERS :

driver _name : string (driver to be selected).

DESCRIPTION :

This function is used to select a graphic driver, or with no arguments to get the current driver name. Most
of the time, a user can ignore this function and change its driver by calling high level functions such as
xbasc orxbasimp . The selected driver can be one of the following :

"X11" :an X Window driver.

"Pos"  : aPostscript driver.

"Rec” : an X Window driver (X11) which also records all the graphic commands. this is the default
driver.

"Fig" : an XFig driver. (Clipping of objects is not provided in XFig).

SEEALSO: xtape 139 xbasc 121, xbasimp 121
AUTHOR: J.Ph.C.
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2.0.192 editcurv interactive graphic curve editor

CALLING SEQUENCE:

[x,y,0k,gc] = edit_curv(y)
[x,y,0k,gc] = edit_curv(x,y)
[x,y,0k,gc] = edit_curv(x,y,job)
[x,y,0k,gc] = edit_curv(x,y,job,tit)
[x,y,0k,gc] = edit_curv(x,y,job,tit,gc)
PARAMETERS :

X : vector of x coordinates
y : vector of y coordinates
job :acharacter string formed by one to three of the characters 'a’,x’,'y’

a to add points to the edited curve
X’ : to modify x coordinates of the edited curve points
'y’ . to modify y coordinates of the edited curve points tit  :avectorofthree char-

acter strings which give the curve legend
gc : alist of graphic window parametergc=list(rect,nax)
rect : bounds of the graphics (see plot2d for details)

nax : graduation parameters (see plot2d for details) ok : indicator if ok==%t user
as returned with ok’ menu else user as returned with 'abort’ menu : list (graphical objects created
underedit _curv

DESCRIPTION :

edit _curv isan interactive graphic curve editor. To add a new point simply click at the desired location,
the added point will be connected to the nearest end-point. to move a point click on it, drag the mouse to
the new position and click to fix the new position

AUTHOR : Serge Steer

2.0.193 errbar add error tic on a graphic
CALLING SEQUENCE :

errbar(x,y,em,ep)

PARAMETERS :

X,y,em,ep : four matrices of the same size.

DESCRIPTION :
Used to add vertical error bars on a 2D plet.andy have the same meaning aspiot2d ; em(i,))
andep(i,)) stands for the error interval on the value y(i,j)

[y(i.j)-em(i,j),y(i.j)+ep(ij]
Enter the commanerrbar() to see a demo.

EXAMPLE :
x=0:0.1:2*%pi;

y=[sin(x);cos(x)I';x=[x;x]';plot2d(x,y);
errbar(x,y,0.05*ones(x),0.03*ones(x));

AuTHOR: J.Ph.C..
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2.0.194 eval3d values of a function on a grid

CALLING SEQUENCE :
[z]=eval3d(fun,x,[y])
PARAMETERS :

fun  : function accepting vectors as arguments.
X,y : 2vectors of size (1,n1) and (1,n2). (default valueyfor y=x).
Z . matrix of size (n1,n2).

DESCRIPTION :
This function returns a matriz(n1,n2) . z(i,j)=fun(x(i),y())) . If the functionfun doesn’t
accept arguments of type vector use the primitexal
EXAMPLE :
X=-5:5;y=X;

deff([z]=f(x,y)".[z= x*y]);
z=eval3d(f,x,y);
plot3d(x,y,z);

I
deff([z]=f(x,y)".[z= x*y’]);
z=feval(x,y,f);
plot3d(x,y,z);

SEEALSO: feval 25
AUTHOR : Steer S.

2.0.195 eval3dp computes facets of a 3D parametrized surface

CALLING SEQUENCE :
[x,y,z]=eval3dp(fun,pl,p2)
PARAMETERS :

fun : a Scilab function.
pl : avector of sizen
p2 : avector of sizen

X,Y,Z : return value.Foudx(n-1*m-1) matrices.

DESCRIPTION :

Computes a set of facets which describe a 3D surface. The facet nkmbex four sided polygon stored
in x(:,k),y(:,k),z(:,k) . The functionfun(pl,p2) computes théx,y,z) coordinates of

the corresponding point on the surface, But for efficiency the fundtion is supposed to work with two
vector arguments.

EXAMPLE :

pl=linspace(0,2*%pi,10);

p2=linspace(0,2*%pi,10);

deff([x,y,z]=scp(pl,p2)’,['x=pl.*sin(pl).*cos(p2)’;
'y=p1.*cos(pl).*cos(p2)’;
'z=pl.*sin(p2)’])

[x,y,z]=eval3dp(scp,pl,p2);

plot3d(x,y,z)

SEEALSO: eval3dd 95 plot3d 112 feval 25 genfac3d 101
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2.0.196 evans Evans root locus

CALLING SEQUENCE :
evans(H [,kmax])
PARAMETERS :

H : list (linear systensyslin )
kmax : real (maximum gain desired for the plot)

DESCRIPTION :
Gives the Evans root locus for a linear system in state-space or transfer fornsy§®) ( list). This is
the locus of the roots df+k*H(s)=1+k*N(s)/D(s) , in the complex plane. For a selected sample of

gainsk <= kmax, the imaginary part of the roots 8f(s)+k*N(s) is plotted vs the real part.

To obtain the gain at a given point of the locus you can simply execute the following instruktietvreal(horner(h,[1,%
and click the desired point on the root locus. If the coordinates of the selected point are in the real 2 x 1 vec-

tor P=locate(1) thisk solvesthe equaticktN(w) + D(w) =0  with w=P(1)+%i*P(2)=[1,%:i]*P

EXAMPLE :

H=syslin('c’,352*poly(-5,’s’)/poly([0,0,2000,200,25,1],’s’,’c"));
evans(H,100)

P=3.0548543 - 8.8491842*%i; /IP=selected point
k=-1/real(horner(H,P));

Ns=H('num’);Ds=H('den’);

roots(Ds+k*Ns) /lcontains P as particular root
/I Another one

xbasc();s=poly(0,’s");n=1+s;

d=real(poly([-1 -2 -%i %i],’s’));

evans(n,d,100);

1

xbasc();n=real(poly([0.1-%i 0.1+%i,-10],’s"));
evans(n,d,80);

SEEALSO: kpure 228 krac2 229 locate 106

2.0.197 fac3d complex 3D surface plotting

CALLING SEQUENCE:

fac3d(x,y,z[,theta,alpha,leg,flag,ebox])
fac3d1(x,y,z[,theta,alpha,leg,flag,ebox])

PARAMETERS :

X,y,z : matrices of sizes (nf,nl) (facets coordinates). nf :facets size, n1: number of facets
rest : seeplot3d

DESCRIPTION :
Draw the surface defined by a setdf facets of coordinates x(:,i), y(:,i), z(:,i) i=1:n1. In fact this function
is nothing butplot3d

Enter the commanfac3d() to see a demo.

SEEALSO: plot3d 112 eval3dp 95 genfac3d 101
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2.0.198 fchamp draw a 2d vector field
CALLING SEQUENCE :

fchamp(f,t,xr,yr,[arfact,brect,strf])

PARAMETERS :

f :afunction which describes the vector field.

- It can be a function namk, wheref is supposed to be a function of typg=f(t,x,[u]) (f
returns a column vector of dimensiony2 ,which gives the value of the vector field at pointx and
timet .

- It can also be an object of type lidist(f1,ul) wherefl is a function { [y]=f1(t,x,u) )

andul gives the value of the parameter
t : The selected time.

xr,yr . two vectors of size (1,n1) (1,n2) which specifies the grid on which the vector field is to be
computed.

arfact,brect,strf : optional arguments, sedamp.

DESCRIPTION :

thefchamp is used to draw a two dimensional vector field described by a a Scilab external.
Enter the commanchamp() to see a demo.

EXAMPLE :

deff(’[xdot] = derpol(t,x)’,['’xdl = x(2);
"xd2 = -x(1) + (1 - x(1)*2)*x(2)";
"xdot = [ xd1 ; xd2 1");

xf= -1:0.1:1;

yf= -1:0.1:1;

fchamp(derpol,0,xf,yf);

xbasc();

fchamp(derpol,0,xf,yf,1,[-2,-2,2,2],"011");

AuTHOR: J.Ph.C.

2.0.199 fcontour level curves

CALLING SEQUENCE :

fcontour(xr,yr,f,nz,[theta,alpha,caption,flag,bbox,zlev])
fcontour2d(x,y,z,nz,[style,strf,leg,rect,nax])

PARAMETERS :

Xr,yr : two real vectors of size respectively (1,n1) and (1,n2).

f :is an external which gives the analytic expression of the surfadéx,y) is first computed on the
grid specified byr.yr . Then, control is passed to the routine contour.

nz : specifies the level values or number.

- If nz is of size 1, its value considered as an integer gives the number of level curves equally spaced
from zmin to zmax.

- If nz is avector, nz(j) gives the value of the jth level curve.

[rest] . for theta,alpha,caption, bbox seeplot3d

flag : real vector of size 3 flag=[mode,type,box] ; flag(2) andflag(3) are the same as
in plot3d ; flag(1) has the following meaning :

flag(1)=0 : the level curves are drawn on the surface defined by (x,y,z)

flag(1)=1 : the level curves are drawn on a 3D plot and on the plan defined by equation z=zlev

flag(1)=2 : The level curves are drawn on a 2D plot.
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DESCRIPTION :

Draws the level curves of a surface z=f(x,y). The level curves can be drawn on a 3D surface or on
2D plot. For level curves on a 2d plot, the functifmontour2d should be preferred to the function
fcontour  since it accepts standard 2d paramefstgle,strf,leg,rect,nax] . fcontour
andfcontour2d call respectivelgontour  andcontour2d  Enter the commanidontour() or
fcontour2d to see a demo.

SEEALSO: contour 92, contour2d 93
AuTHOR: J.Ph.C..

2.0.200 fcontour2d level curves of surface on a 2D graphics

CALLING SEQUENCE :
fcontour2d(x,y,z,nz,[style,strf,leg,rect,nax])

DESCRIPTION :
seefcontour

2.0.201 fec__ contour level of a function defined on a triangular mesh
CALLING SEQUENCE :

fec(x,y,triangles,func,no,Ntr,strflag,legend,brect,aaint)

PARAMETERS :

X,y :two vectors of siz&o, (x(i),y(i)) gives the coordinates of node

func : avectorofsizeno : func(i) gives the value of the function for which we want the level curves.

triangles . is a[Ntr,5] matrix. Each line oftriangles specifies a triangle of the mesh
triangle(j) = [number,nodel,node2,node3,flag] .nodel,node2,node3 are the
number of the nodes which constitutes the triangle. number is the number of the triangle and flag is
an integer not used in the fec function

rest : for the remaining argumenssrflag,legend,brect,aint , see plot2d

DESCRIPTION
See the demo filedemos/fec

fec.ex1 is a simple demo file in which a mesh and a function on that mesh is completely built in
Scilab syntax

fec.ex2 is an example for which the mesh and the function value where computed by an external
mesh builder (amdba type mesh) and an external program. A set of macros ( providechacfites.sci )
can be used to read the data files in Scilab and plot the results.

SEEALsO: Sfgrayplot 88, Sgrayplot 88

2.0.202 fgrayplot 2D plot with gray levels

CALLING SEQUENCE :

fgrayplot(x,y,f,[strf,rect,nax])

PARAMETERS :

X,y : real vectors of size respectively (1,n1) and (1,n2).

f :an external (analytic expression of the surface)
strf,rect,nax . optional arguments, ( sexot2d )
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DESCRIPTION :
2D plot of a surface using gray levefs; gives the analytic expression of the surfazef(x,y) is first
computed on the grid specified ky.yr  then control is passed to the routigayplot

Enter the Scilab commarigrayplot() to see a demo.

EXAMPLE :

deff([z]=surf(x,y)",'z=x**2+y**2’);
fgrayplot(-1:0.1:1,-1:0.1:1,surf,"111",[-2,-2,2,2]);

SEEALSO: Sgrayplot 88, Sfgrayplot 88, grayplot 104
AUTHOR: J.Ph.C..

2.0.203 fplot2d 2D plot of a curve defined by an external

CALLING SEQUENCE :
fplot2d(xr,f,[style,strf,leg,rect,nax])
PARAMETERS :

xr :vector of size (n1,1).
f :external (of typdy]=f(x) )
[rest] : seeplot2d

DESCRIPTION :

The curve is approximated by a piecewise linear interpolation using the gwitisf(xr(i))
Enter the commanfplot2d() to see a demo.

EXAMPLE :

deff("[y]=f(x)","y=sin(x)+cos(x)");
fplot2d((0:0.1:10)*%pi/10,f);
fplot2d((0:0.1:10)*%pi/10,f,5);

AuTHOR: J.Ph.C..

2.0.204 fplot3d 3D plot of a surface defined by an external

CALLING SEQUENCE :
fplot3d(xr,yr.f,[theta,alpha,leg,flag,ebox])
PARAMETERS :

xr : matrix of size (1,n1)

yr : matrix of size (1,n2).

f :external g=f(x,y) )

theta, alpha : real (spherical coordinates in degrees of the observation point)

leg : string (caption for each axig is a field separator e.gXx@Y @2

flag : real vector of size threflag=[mode,type,box]

mode : integer (treatment of hidden parts)

mode >=2 the hidden parts of the surface are removed and the surface is painted in gray (from low gray
to black according to the value of mode)

mode = 1 The hidden parts of the surface are drawn

mode <= 0 Only the shadow of the surface is painted with a gray level depending on mode

type : Scaling
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if type = 0  the plot is made using the current 3D scaling ( set by a previous caatam3d,
plot3d, contour, plot3dl

if type = 1, the value okebox=[xmin,xmax,ymin,ymax,zmin,zmax] specifies the bound-
aries

else the boundaries are computed with the given datas.

box : frame display around the plot.

box=0 : Nothing is drawn around the plot

box=1 :notimplemented

box=2 : only the axes behind the surface are drawn

box=3 : abox surrounding the surface is drawn and captions are added

DESCRIPTION :
This routines plots a surface defined by an extefndhe values of on the grid defined byr.yr  are
first computed usingeval , then control is passed to the primitipeot3d

Enter the commanfplot3d() to see a demo.

AuTHOR: J.Ph.C.

2.0.205 fplot3dl gray level plotting of a surface

CALLING SEQUENCE :
fplot3d1(xr,yr,f [,theta,alpha,leg,flag,ebox])

PARAMETERS :
() : seefplot3d
DESCRIPTION :
This routines plots a surface defined by an extefnahe value of on the grid defined byr.yr is
first computed usingeval , then control is passed to the primitigiot3d1
Enter the commanfplot3d1() to see a demo.

AuTHOR: J.Ph.C.

2.0.206 gainplot magnitude plot
CALLING SEQUENCE :
gainplot(sl,fmin,fmax [,step] [,comments] )

gainplot(frg,db,phi [,comments])
gainplot(frg, repf [,comments])

PARAMETERS :
sl :list(syslin  SIMO linear system).
fmin,fmax  : real scalars (frequency interval).

step  : real (discretization step (logarithmic scale))

comments : string

frq : matrix (row by row frequencies)

db,phi : matrices (magnitudes and phases correspondifrg tQ
repf  : complex matrix. One row for each frequency response.

DESCRIPTION :
Same as Bode but plots only the magnitude.

EXAMPLE :
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s=poly(0,’s")
h=syslin(’c’,(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01))
gainplot(h,0.01,100,'(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01)’)
xbasc()
hl=h*syslin(’c’,(s"2+2*0.1*15.1*s+228.01)/(s"2+2*0.9*15*s+225))
gainplot([h1;h],0.01,100,['h1’;’h’])

SEEALSO: bode 90, black 89, nyquist 107 freq 225 repfreq 241, g_margin
226, p_margin 238

2.0.207 genfac3d convert 3d datas to four sided facets

CALLING SEQUENCE :

[xx,yy,zz]=genfac3d(x,y,zmat [,mask])
PARAMETERS :

zmat :a(mxn) matrix.

X X axis coordinates vector ( size )

y :y axis coordinates vector ( size )

mask : boolean optional matrix with same size as zmat used to select entries of zmat to be represented
by facets.

XX,YY,2Z . Three4x(n-1xm-1) matrices.xx(:,i),yy(:,i1),zz(:,i) are respectively the
x-axis,y-axis and z-axis coordinates of the ith facet

DESCRIPTION :
Converts 3d data (two vectoxsy and a matrixz which code the surfacei,j)=f(x(i),y()))
) to a four sided facets representation.

EXAMPLE :

t = linspace(0,2*%pi,10);
zmat=sin(t")*cos(t);
plot3d(t,t,zmat)
[xx,yy,zz]=genfac3d(t,t,zmat);
plot3d(xx,yy,zz)

plot3d([xx xx],[yy yyl[zz 4+zz])

SEEALSO: plot3d 112 eval3dp 95

2.0.208 geoma3d projection from 3D on 2D

CALLING SEQUENCE :
[X,y]=geom3d(x1,y1,z1)
PARAMETERS :

x1,y1,z1 :real matrices of the same size (points in R3)
X,y . real matrices of the same sizexdsyl orzl

DESCRIPTION :

After having used a 3d plotting function a#t3d , plot3dl andparam3d, this function gives the
correspondence between a point in R3 spadé),y1(i),z1(i)) and the corresponding point in
the projected graphic plai(i),y(j)) . all the graphical primitives working on (x,y) can then be used
for superposition on plot3d
EXAMPLE :
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deff("[z]=surf(x,y)","z=sin(x)*cos(y)");
t=%pi*(-10:10)/10;
fplot3d(t,t,surf,35,45,"X@Y@2");
/IGives a plot3d
/Inow (tt,sin(t).*cos(t) ) is a curve on the surface
/lwhich can be drawn using param3d or the following code
[X,y]=geom3d(t,t,sin(t).*cos(t));
xpoly(x,y,"lines")
/ladding a comment
[x,y]=geom3d([0,0],[0,0],[5,0]);
xsegs(x,y);
xstring(x(1),y(1)," The point (0,0,0)");

AuTHOR: J.Ph.C.

2.0.209 getcolor dialog to select color(s) in the current colormap

CALLING SEQUENCE :

c=getcolor(title [,cini])
c=getcolor()

PARAMETERS :

title . string, dialog title
cini  : vector of initial color indexes. Default value is xget('pattern’)
¢ : Vector of selected color indexes, or [] if user has clicked on "Cancel” button

DESCRIPTION :
getcolor opens a dialog choice box with as many palettesiais vector size. Palettes depends on
the current colormap.

SEEALSO: xset 135 xsetm 137

2.0.210 getsymbal dialog to select a symbol an its size

CALLING SEQUENCE :
c=getsymbol(title)
PARAMETERS :

title : string, dialog title
¢ : Vector with 2 entriegn,sz]

DESCRIPTION :
getsymbol  opens a dialog choice box where user may select a symbohtyped sizesz

SEEALSO: xset 135 xsetm 137

2.0.211 grmenu simple interactive graphic editor

CALLING SEQUENCE :

[sd1]=gr_menu([sd,flag,no_frame])

PARAMETERS :
sd : list (output ofgr _-menu), or vector of length foufxmin,ymin,xmax,ymax] (boundaries of
the plot).
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sdl : list (graphical objects created undgr_menu
flag,noframe . integers with 0, 1 value. Ustag=1 for non interactive mode (i.e to redraw saved
gr -menu graphics) andho_frame=1 to avoid a frame aroungr _-menu graphics.

DESCRIPTION :
gr _-menu is a simple interactive graphic editor. When you exeaytemenu() , three new menus,
Objects , Settings  andEdit are added to the current graphics window. Use the it of
menuEdit to exitgr _-menu.
The created graphics are saved as a list which can be giwnioenu as an entry value.

[sd]=gr _menu([xmin,ymin,xmax,ymax]) . enterggr _-menu with a fixed frame
[sd]=gr _menu(); :entersgr menu with the fixed frame [0 0 100 100].

[sd]=gr _menu(sd) : redraws the graphics stored in sd and enters interactive mode
[sd]=gr _menu(sd,1) : only draws the graphics storedsa .

[sd]=gr _menu(sd,1,1) . only draws the graphics storedsd and no frame is added.

AUTHOR: S.S. & J.Ph.C.

2.0.212 graduate pretty axis graduations

CALLING SEQUENCE :

[xi,xa,np]=graduate( xmi, xma,nl,n2)
[xi,xa,np]=graduate( xmi, xma)

PARAMETERS :

xmi,xma : real scalars

nl, n2 :integers with default values 3,10
xi, xa :real scalars

np :integer

DESCRIPTION :
graduate looks for the minimum intenjai,xa] and a number of ticep such that:
Xi <= xmi <= xma <= xa
xa - xi / np = k(10°n) Jk in[l 3 5] foranintegen
nl < np < n2
EXAMPLE :
y=(0:0.33:145.78)’;
xbasc();plot2d1(enn’,0,y)
[ymn,ymx,np]=graduate(mini(y),maxi(y))

rect=[1,ymn,prod(size(y)),ymx];
xbasc();plot2d1(enn’,0,y,1,'011"," ’,rect,[10,3,10,np])

SEEALSO: xsetech 136 plot2d 110
AUTHOR: S. Steer 1992

2.0.213 graycolormap Linear gray colormap

CALLING SEQUENCE :
cmap=graycolormap(n)
PARAMETERS :

n : an integer greater or equal than 1, the "colormap” size
cmap : matrix with 3 column|[R,G,B]  color definition
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DESCRIPTION :
Computes a colormap with grays colors varying linearly

SEEALSO: colormap 92, xset 135 plot3dl 113 hotcolormap 105
EXAMPLE :

xset(’colormap’,graycolormap(32))
plot3d1()

2.0.214 grayplot 2D plot of a surface using colors

CALLING SEQUENCE :
grayplot(x,y,z,[strf,rect,nax])
PARAMETERS :

X,y :real vectors of size respectively (1,n1) and (1,n2).
z : real matrix of size (n1,n2) (values b}

strf,rect,nax : optional arguments, ( sedot2d )
DESCRIPTION :
The surface is given by valuesi,j)=f(x(i),y(j)) on a grid defined by,y . Each rectangle on

the grid is filled with a gray level depending on the average valde oh the corners of the rectangle.
Enter the commangrayplot() to see a demo.

EXAMPLE :

x=-10:10;y=-10:10;m=rand(21,21);
grayplot(x,y,m,"111",[-20,-20,20,20]);

SEEALSO: Sgrayplot 88, Sfgrayplot 88, fgrayplot 98
AuTHOR: J.Ph.C..

2.0.215 hist3d 3D representation of an histogram

CALLING SEQUENCE :
hist3d(f [,theta,alpha,leg,flag,ebox])
PARAMETERS :

f :matrix or list :

- matrixf(i,j)= F(x(),y(j)) ,X andy takena®:m andO:n , ((m,n)is the size of f).

- list of size 3;list(f,x,y) where f is a matrix of size (m,n) and x and y two vectors of size (1,n+1)
and (1,m+1)

rest : seeplot3d

DESCRIPTION :

3 dimensional representation of an 2d histogram : the values associated to the ifpeiyaigi+1)[

X [y() y(@i+1)] Enter the commanhlist3d() to see a demo.

SEEALSO: plot3d 112
AUTHOR : Steer S. & JPhilippe C.
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2.0.216 histplot plot an histogram

CALLING SEQUENCE :
histplot(npoint,data,[style,strf,leg,rect,nax])
PARAMETERS :

npoint  : integer or a vector of increasing values of size (1,n1)
data :real vector
[rest ] : seeplot2d

DESCRIPTION :

- if npoint  is an integer, plots an histogram of the values stored in data npoigt -equally spaced
classes.

- if npoint  isavector plots an histogram of the values stored in data using the diegkpsci(k+1)]

Enter the commanhlistplot() to see a demo.

2.0.217 hotcolormap Yellow to red RGB colormap

CALLING SEQUENCE :
cmap=hotcolormap(n)
PARAMETERS :

n : an integer greater or equal than 3, the "colormap” size
cmap : matrix with 3 column|[R,G,B]  color definition

DESCRIPTION :

Computes a colormap with hots colors varying from red to yellow

SEEALSO: colormap 92, xset 135 plot3dl 113 graycolormap 103
EXAMPLE :

xset(’colormap’,hotcolormap(32))
plot3d1()

2.0.218 isoview set scales for isometric plot

CALLING SEQUENCE:

isoview(xmin,xmax,ymin,ymax)

PARAMETERS :

Xmin,xmax,ymin,ymax . four real values

DESCRIPTION :

isoview(xmin,xmax,ymin,ymax) is used to set the graphic scales in order to have isometric scales

on the X and Y axes. The requested valugsn, xmax, ymin, ymax must be contained in the
computed frame of the graphic window. This function sets the current graphic scales and can be used in
conjunction with graphic routines which request the current graphic seaie=(x0y" in plotad ).

This function does not modify the size of the graphic window.

EXAMPLE :

xbasc();
t=(0:0.1:2*%pi)’;
isoview(-1,1,-1,1);
plot2d(sin(t),cos(t),1,/001")
SEEALSO: square 118
AUTHOR : Steer S.
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2.0.219 locate mouse selection of a set of points
CALLING SEQUENCE :

[X]=locate([n,flag])

PARAMETERS :

n, flag . two integer values
X :vector (2,nl) ( n1=nif the parameter n is given)

DESCRIPTION :
This function is used to get the coordinates of one or more points selected with the mouse on a graphic
window. The coordinates are given using the current graphic scale.

x=locate(n) :if n>0, n points are selected and their coordinates are returned in x(2,n)

x=locate(n) . If n<=0 points are selected until the user click with the left button which stands for stop.
The last point ( clicked with the left button) is not returned.

x=locate() . same ag=locate(-1)

If flag = 1 acrossis drawn at location point each time the mouse is clicked.
SEEALSO: xclick 123
AUTHOR: S.S. & J.Ph.C

2.0.220 mcircle M-circle plot

CALLING SEQUENCE :

m_circle()
m_circle(gain)

PARAMETERS :

gain  : vector of gains (in DB). The default value is
gain =[-12-8-6-5-4-3-2-1.4-1-50.250.50.711.422.33456812]

DESCRIPTION
m.circle is used withnyquist

EXAMPLE :

/[Example 1 :
s=poly(0,’s’)
h=syslin(’c’,(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01))
nyquist(h,0.01,100,’(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01)")
m_circle();

/[Example 2:
xbasc();
hl=h*syslin('c’,(s"2+2*0.1*15.1*s+228.01)/(s"2+2*0.9*15*s+225))
nyquist([h1;h],0.01,100,[’h1’;’h’])
m_circle([-8 -6 -4]);

SEEALSO: nyquist 107, chart 91, black 89
AUTHOR: S.Steer.
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2.0.221 milkdrop
CALLING SEQUENCE :
[z]=milk_drop(x,y)
PARAMETERS :

X,y :two vectors of size (1,n1) and (1,n2)
Z . matrix of size (n1,n2)

DESCRIPTION :

milk _drop is afunctionz]=milk  _drop(X,y)

2.0.222 nyquist

test for plot3d

which can be used to test the functieval3d
AUTHOR : Steer S.

nyquist plot

CALLING SEQUENCE :

nyquist( sl,[fmin,fmax] [,step] [,comments] )
nyquist( sl, frqg [,comments] )
nyquist(frg,db,phi [,comments])
nyquist(frg, repf [,comments])

PARAMETERS :
sl :syslin list (SIMO linear system in continuous or discrete time )
fmin,fmax  : real scalars (frequency bounds (in Hz))

step : real (logarithmic discretization step)
comments : string vector (captions).

frq : vector or matrix of frequencies (in Hz) (one row for each outpugi of.

db,phi

: real matrices of modulus (in Db) and phases (in degree) (one row for each oughyt of

repf : matrix of complex numbers. Frequency response (one row for aech outguj of

DESCRIPTION :

Nyquist plot i.e Imaginary part versus Real part of the frequency resporsée of

For continous time systens(2*%i*%pi*w)
temssl(exp(2*%i*%opi*w*fd)
discretized systems)

sl can be a continuous-time or discrete-time SIMO systemggskn

outputs are plotted with different symbols.

The frequencies are given by the bourfién,fmax

output)frg .

step is the (logarithmic) discretization step. (seadfrq

is plotted. For discrete time system or discretized sys-
is used (fd=1 for discrete time systems arfid=sl(’dt’) for

). In case of multi-output the
(in Hz) or by a row-vector (or a matrix for multi-

for the choice of default value).

comments is a vector of character strings (captions).

db,phi

are the matrices of modulus (in Db) and phases (in degrees). (One row for each response).

repf is a matrix of complex numbers. One row for each response.

Default values fofmin
is discrete-time.

andfmax arel.d-3 ,1.d+3 ifsl

is continuous-time ot.d-3 ,0.5 if sl

Automatic discretization of frequencies is madedayfrq

EXAMPLE :

xbasc();
s=poly(0,’s);

h=syslin(’c’,(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01));
comm='(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01);

nyquist(h,0.01,100,comm);
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hl=h*syslin(’c’,(s"2+2*0.1*15.1*s+228.01)/(s"2+2*0.9*15*s+225))
xbasc();

nyquist([h1;h],0.01,100,['h1’;’h’])

xbasc();nyquist([h1;h])

SEE ALSO : bode 90, black 89, «calfrq 213 freq 225 repfreq 241, phasemag
239

2.0.223 param3d set of points or parametric curves in 3-D
CALLING SEQUENCE :

param3d(x,y,z,[theta,alpha,leg,flag,ebox]

PARAMETERS :

X,¥,z :three matrices of the same size (considered as vectors with the Fortran storage convention) (points
of the parametric curve)

theta, alpha : gives the coordinates in spherical angle of the observation point

leg : string describing the caption for each axis, the different fields in the string are separated by the
symbol @, for example : "X@Y@Z"

flag =[type,box] : where type and box have the same meaning atit3d

ebox : avectorof size (1,6) which gives the boundaries of the[gloin,xmax,ymin,ymax,zmin,zmax]
when the value of type i$

DESCRIPTION :

param3d is used to obtain a graphic of a parametric curve in R3. Enter the compaaacth3d() to
see a demo.

Look atparam3d1 for multi R3 parametric curves and R3 point drawing.

EXAMPLE :

t=0:0.1:5*%pi;
param3d(sin(t),cos(t),t/10,35,45,"X@Y@Z",[2,3])
xbasc();

xset("dashes",3)
param3d(rand(1,100),rand(1,100),rand(1,100),35,45,"X@Y@Z2",[2,3])

SEEALSO: param3dl 108
AUTHOR: J.Ph.C.

2.0.224 param3dl set of points or parametric curves in 3-D

CALLING SEQUENCE :

param3d1(x,y,z,[theta,alpha,leg,flag,ebox]
param3d1(x,y,list(z,colors),[theta,alpha,leg,flag,ebox]

PARAMETERS :

X,¥,z :three matrices of the same siménc] . Each column of the matrix code one curve except when
nl=1 andnc >0 in which case It is assumed that there’s only one curve. If colors is specified, it

must be a vector of sizec which gives for each curve its color (éblor]i] >0 ) or the mark
which is to be used ( i€olorf[i] <= 0).
theta, alpha : gives the coordinates in spherical angle of the observation point

leg : string describing the caption for each axis, the different fields in the string are separated by the
symbol @, for example : "X@Y@Z"
flag =[type,box] : where type and box have the same meaning atit3d
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ebox : avector of size (1,6) which gives the boundaries of the[gloin,xmax,ymin,ymax,zmin,zmax]
when the value of type i$

DESCRIPTION :
param3dl is used to obtain a graphic of a parametric curve in R3, and can also be used to see a set of
points in R3
Enter the commanparam3dl() to see a demo.
EXAMPLE :

t=0:0.1:5*%pi; t=t’;
param3d1([sin(t),sin(2*t)],[cos(t),cos(2*1)]....
list([t/10,sin(1)],[3,2]),35,45,"X@Y@Z",[2,3])

SEEALSO: param3d 108
AUTHOR: J.Ph.C.

2.0.225 param3di_____ parametric curves in 3-D with interactive view selection

CALLING SEQUENCE :
param3di(x,y,z,[theta,alpha,leg,flag,ebox]
PARAMETERS :

X,¥,z :three matrices of the same size (considered as vectors with the Fortran storage convention) (points
of the parametric curve)

theta, alpha : gives the coordinates in spherical angle of the observation point

leg : string describing the caption for each axis, the different fields in the string are separated by the
symbol @, for example : "X@Y@Z"

flag =[type,box] : where type and box have the same meaning atit3d

ebox : avectorof size (1,6) which gives the boundaries of the[gloin,xmax,ymin,ymax,zmin,zmax]
when the value of type i$

DESCRIPTION :
Draw the 3D curvé(x,y) and allow the user to change the view with the mouse :

Pick a point within the graphic window (Left mouse button) and drag the mouse (theta increases for left
to right move and alpha increases for down to up move). When view is ok click with the left button to have
the surface drawn. click right button to exit.

For Pos and Fig drivers plot3di works just like plot3d

Enter the commanparam3di()  to see a demo.

AUTHOR: S Steer INRIA

2.0.226 plot simple plot

CALLING SEQUENCE:

plot(x,y,[xcap,ycap,caption])
plot(y,[xcap,ycap,caption])

PARAMETERS :

X,y :two vectors.
caption, xcap, ycap . character strings or string matrices

DESCRIPTION :
ploty as function ofx. xcap andycap are captions for x-axis and y-axis respectively. Invoked with
one argumenplot(y) plots they vector or, ify is a matrix, its rows.

SEEALSO: plot2ad 110
AUTHOR: J.Ph.C..
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2.0.227 plot2d multiple plot of functions

CALLING SEQUENCE :

plot2d(x,y,[style,strf,leg,rect,nax])
plot2d(y);

PARAMETERS :

X,y :two matrices of the same siga,nc] . nc givesthe number of curves antl gives the number
of points for each curve. lil=1 , it's assumed that there’s only one curvenaf points.

nc :isthe number of curves

nl :isthe number of points of each curve forexampte[ 1:10;1:10],y= [ sin(1:10);cos(1:10)]

style :is areal vector of size (1,nc). the style to use for curve j is defined by size()).

- if style]i] is negative the curve is plotted using the mark o$tge[i] )

- if style][i] is strictly positive a dashed or plain line of id (or colabs(style[i]) is used.

- When only one curve is drawn style can be of size (IsB)le,pos] wherestyle is used to

specify the style anghos is an integer in the range 1,6 which specifies a position to use for the
caption (this can be useful when a user wants to draw multiple curves on a plot by calling the function
plot several times and wants to give a caption for each curve)

strf  :is a string of length 3xyz"

X : captions are displayedxf is the character 1. Captions are given by the strindlEgl @leg2@...."

y : controls the computation of the frame

: the current boundaries ( set by a previous call to an other high level plotting function ) are used.

: the argumentect  is used to specify the boundaries of the ptett=[xmin,ymin,xmax,ymax]

: the boundaries of the plot are computed using max and min valuesaofdy .

: like y=1 but produces isoview scaling

. like y=2 but produces isoview scaling

. like y=1 but the boundaries and nax can be changed to produce pretty graduations. This mode is

used when the zoom button is activated.

y=6 : like y=2 but the boundaries and nax can be changed to produce pretty graduations. This mode is
used when the zoom button is activated.

z : controls the display of information on the frame around the plot

z=1 : anaxisis drawn the number of tics can be specified by the nax argunaantis a vector with four
entries [nx,Nx,ny,Ny] wherex (ny) is the number of subgrads on the x (y) axis abd (Ny) is
the number of graduations on the x (y) axis

z=2 : the plotis only surrounded by a box

other value Nothing around the plot

TN AT
OB WNRO

DESCRIPTION :
plotzd  simultaneously plot a set of 2D curves which are given by a set of points using piecewise linear
plotting
Enter the commanplot2d() to see a demo.
EXAMPLE :

x=0:0.1:2*%pi;

/I[simple plot

plot2d(sin(x));

/Imultiple plot

xbasc();
plot2d([x;x;x]’,[sin(x);sin(2*x);sin(3*X)]");
/Imultiple plot with captions

xbasc();
plot2d([x;x;x]',[sin(x);sin(2*x);siN(3*X)]',...
[1,2,3],"111""L1@L2@L3",[0,-2,2*%pi,2],[2,10,2,10]);
Il isoview
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xbasc();
plot2d(x’,sin(x)’,1,'041")
/I auto scale

xbasc();
plot2d(x’,sin(x)’,1,/061")

SEEALSO: plot2adl 111, plot2d2 111, plot2d3 112 plot2d4 112
AUTHOR: J.Ph.C..

2.0.228 plot2dl multiple plot of functions
CALLING SEQUENCE :

plot2d1(str,x,y,[style,strf,leg,rect,nax])

PARAMETERS :

str :is a string of length thre&abc"

a : can have the following values: | o | g

e : means empty and specifies the fact that the value @fon’t be used (the values are supposed to be
regularly spaced) . The user must anyway give a value ta thgrameter when callinglot2dl
for exampleplot2d1(“enn”,1,y) .

o : stands for one. if there are many curves, they all have the same x-values ( x is of size x(n,1) and y of
size y(n,nl1). for exampleplot2d1("onn",(1:10)’,[sin(1:10);cos(1:10)])

g : stands for general. x and y must then have the same size

b,c :can have the valuesnorl.

b=l  :alogarithmic axis is used on the X-axis

c=l :alogarithmic axis is used on the Y-axis

DESCRIPTION :
plot2d1l  simultaneously plot a set of 2D curves. Sam@las2d  but with one more argumestr
which enables logarithmic axis, and less specification for x.

Enter the commanplot2d1() to see a demo.

SEEALSO: plot2d 110
AuTHOR: J.Ph.C..

2.0.229 plot2d2 multiple plot of functions (step function)
CALLING SEQUENCE :
plot2d2(str,x,y,[style,strf,leg,rect,nax])

PARAMETERS :
[]: seeplot2dl  andplot2d for a description of parameters.

DESCRIPTION :
Same aplot2d1l  but the functions given by the set of poirftsy)  which are to be drawn are sup-
posed to be piecewise constant.

Enter the commanplot2d2() to see a demo.

EXAMPLE :
plot2d2("gnn",(1:4)",(1:4)’,1,’111"'step function’,[0,0,5,5])

will plot a step function of valué on the segmertt,i+1) . the last segmentis not drawn.
SEEALSO: plot2ad 110 plot2dl 111, plot2d3 112
AUTHOR: J.Ph.C..
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2.0.230 plot2d3 multiple plot of functions (vertical bars)
CALLING SEQUENCE :
plot2d3(str,x,y,[style,strf,leg,rect,nax])

PARAMETERS :
seeplot2d  andplot2dl

DESCRIPTION :
Same aplot2dl  but curves are plotted using vertical bars.
Enter the commanplot2d3() to see a demo.

SEEALSO: plot2d 110 plot2dl 111, plot2ad2 111, plot2d4 112
AUTHOR: J.Ph.C..

2.0.231 plot2d4 multiple plot of functions
CALLING SEQUENCE :
plot2d4(str,x,y,[style,strf,leg,rect,nax])

PARAMETERS :
seeplot2zd  andplot2dl

DESCRIPTION :
Same aplot2dl  but curves are plotted using arrows style. This can be useful when plotting solutions
of ode in a phase space.

Enter the commanplot2d4() to see a demo.

SEEALSO: plot2d 110, plot2dl 111
AuTHOR: J.Ph.C..

2.0.232 plot3d surface plotting

CALLING SEQUENCE:

plot3d(x,y,z [theta,alpha,leg [,flag,ebox]])
plot3d(xf,yf,zf [theta,alpha,leg [,flag,ebox]])
plot3d(xf,yf list(zf,colors) [,theta,alpha,leg [,flag,ebox]])

PARAMETERS :

X,y . matrices of sizes (1,n1) and (1,n2) (point coordinates). These coordinates must be monotone.

z . matrix of size (n1,n2) &(i,)) . value of f at the point (x(i),y()))

xf,yf,zf . (nf,n) matrices. xf(:,i),yf(:,i),zf(:,i) are respectively the x-axis,y-axis and z-axis coordinates
of the ith facet. Wheraf is the size of the facet®i{ must be greater than 2) and the number
of facets. One can udist(zf,colors) , with colors a vector of size in order to give specific
colors for each facet.

theta, alpha : real values giving in degree the spherical coordinates of the observation point

leg : string (captions for each axis. this is string with @ as a field separator, for example : "X@Y@Z")

flag :is areal vector of size thrdag=[mode,type,box]

mode : string (treatment of hidden parts)

mode > 0 the hidden parts of the surface are removed and the surface is painted witmoaler

mode = 0 the hidden parts of the surface are drawn.

mode < 0 only the shadow of the surface is painted with color or patterode .

type  : scaling

if type = 0  the plot is made using the current 3D scaling ( set by a previous caatam3d,
plot3d, contour, plot3dl )

if type = 1  the boundaries are specified by the value of the parameter
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ebox=[xmin,xmax,ymin,ymax,zmin,zmax]

else the boundaries are computed with the given datas.

box : frame display around the plot.

box=0 nothingis drawn around the plot

box=1 unimplemented ( like box=0)

box=2 only the axes behind the surface are drawn

box=3 abox surrounding the surface is drawn and captions are added

box=4 a box surrounding the surface is drawn, captions are added and axes too.

DESCRIPTION :
plot3d(x,y,z,theta,alpha,leg [,flag,ebox]) draw the surface=f(x,y) defined by
a matrix of coordinates.
plot3d(xf,yf,zf,theta,alpha,leg [,flag,ebox]) draw the non projectable surface
0=f(x,y,z) defined by a set of facets. xf(:,i),yf(:,i),zf(:,i) are respectively the x-axis,y-axis and z-axis

coordinates of the ith facet.
Enter the commanplot3d() to see a demo.

EXAMPLE :

plot3d(1:10,1:20,10*rand(10,20),35,45,"X@Y@Z2",[2,2,3])

xbasc();

t=(0:0.3:2*%pi)’;zmat=sin(t)*cos(t’);

[xx,yy,zz]=genfac3d(t,t,zmat);

plot3d([xx xx],[yy yyl.[zz 4+zz]);

xbasc();

plot3d([xx xx],[yy yyllist([zz zz+4],[4*0ones(1,400) 5*ones(1,400)]))

SEEALSO: plot3dl 113 genfac3d 101, hist3d 104 geom3d 101, param3d 108
AUTHOR: J.Ph.C.

2.0.233 plot3dl gray or color level plotting of a surface.

DESCRIPTION :

plot3d1(x,y,z,[theta,alpha,leg,flag,ebox])
plot3d1(xf,yf,zf [,theta,alpha,leg [,flag,ebox]])

PARAMETERS :

seeplot3d  for a full description. There’s just a slight difference, the value ofrtiede parameter is
unused, only its sign. If the sign is negative the grid is not drawn.

DESCRIPTION :

plots a surface=f(x,y) (points) with colors depending on the z-level of the surface. Enter the com-
mandplot3d1() to see a demo dac3d1()

EXAMPLE :

plot3d1(1:10,1:20,10*rand(10,20),35,45,"X@Y@Z",[2,2,3]);

xbasc();

plot3d1(1:10,1:20,10*rand(10,20),35,45,"X@Y@Z2",[-2,2,3]);

xbasc();

t=(0:0.3:2*%pi)’;zmat=sin(t)*cos(t’);

[xx,yy,zz]=genfac3d(t,t,zmat);

plot3d1([xx xx],[yy yyl.[zz 4+zz]);

xbasc();

plot3d1([xx xx],[yy yyllist([zz zz+4],[4*ones(1,400) 5*ones(1,400)]))

AuTHOR: J.Ph.C.
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2.0.234 plotframe graphic frame with scaling and grids
CALLING SEQUENCE :

plotframe(rect,tics [,arg_optl,arg_opt2,arg_opt3])

PARAMETERS :
rect : vector[xmin,ymin,xmax,ymax] made of x and y bounds.
tics @ vector[nx,mx,ny,my] wheremx, nx (resp.my, ny ) are the number of x-axis (resp. y-

axis) intervals and subintervals.

arg _optX : optional arguments up to three and choosen among.

flags : vector[wantgrids,findbounds] wherewantgrids  is a boolean variablé/ft or %f)
which indicates griddingfindbounds  is a boolean variable. findbounds  is %t, the bounds
giveninrect are allowed to be slightly modified (in fact always increased ) in order to have simpler
graduations (thetics(2),tics(4) are ignored).

captions  : vector of 3 character stringstle, x-leg, y-leg]

subwin : a vector of size 4 (sub window definition) The sub wmdow is specified with the parameter
subwwin=[x,y,w,h] ( Upper-Left Width Height ). The values subwin are specified using
proportion of the width or height of the current graphic window ( $getech ).

DESCRIPTION :

This function is used with plotting functiondot2d , plot2d1l ... to set a graphic frame. This function
is used beforglot2d... which should be invoked with the "000” superposition mode.

EXAMPLE :

x=[-0.3:0.8:27.3]’;

y=rand(x);

rect=[min(x),min(y),max(x),max(y)l;

tics=[4,10,2,5]; /l4 x-intervals and 2 y-intervals

plotframe(rect,tics,[%f,%f],[My plot’,’x’,’y’],[0,0,0.5,0.5]);
plot2d(x,y,2,'000")

plotframe(rect,tics,[%t,%f],['My plot with grids’,’x’,’y’],[0.5,0,0.5,0.5]);
plot2d(x,y,3,’000’)

plotframe(rect,tics,[%ot,%!t]....

[My plot with grids and automatic bounds’,’x’,’y’],[0,0.5,0.5,0.5]);
plot2d(x,y,4,"000’)

plotframe(rect,tics,[%f,%!t],...

[My plot without grids but with automatic bounds’,’x’,'y],...
[0.5,0.5,0.5,0.5));

plot2d(x,y,5,’000%;

xset('default’);

SEEALSO: plot2d 110, graduate 103 xtitle 140 plot2dl 111, plot2d2 111

2.0.235 plzr pole-zero plot

CALLING SEQUENCE :
plzr(sl)

PARAMETERS :

sl :list(syslin )

DESCRIPTION :
produces a pole-zero plot of the linear syst&m (syslin  list)
EXAMPLE :
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s=poly(0,’s);

n=[1+s  2+3*s+4*s"2 5 0 1-s s];
d=[1+3*s  5-5"3 s+1;1+s 1+s+s72 3*s-1];
h=syslin(’c’,n./d);

plzr(h);

SEEALSO: trzeros 253 roots 361 syslin 197

2.0.236 printing printing scilab graphics
CALLING SEQUENCE :

Blatexpr xscale yscale filename.ps
BEpsf filename.ps
Blpr "Title" filenamel.ps filename2.ps ... filenamen.ps | Ipr

DESCRIPTION :
The scilab graphics can be saved with Xibasimp command into unix files. The Scilab command :

xbasimp(xx,’des.ps’,0)

will save the graphics recorded in the graphic window xx in thedids.ps.xx . This file can’t be directly
send to a Postscript printer and a set of programs ( irbthe Scilab directory ) are given with Scilab to
printit :

BEpsf : TheBEpsf command will create an Epsffile fromyodes.ps.xx  underthe namdes.epsf ,
this Epsf file can be printed on a Postscript printer or inserted into an other Postscript document.
Blatexpr : TheBlatexpr ~ command will create an Epsf file from yodes.ps.xx

mv des.ps.xx des.ps
Blatexpr 1.0 1.0 des.ps

under the namedes.epsf  and a LaTeX filedes.tex . The filedes.tex can be inserted in a
LaTeX file in order to get the latex figure as follows ( the postscript file is inserted withpbeial
command of LaTeX)

\input des.tex
\dessin{caption}{label}

Blpr : TheBlpr command is used to print a set of graphics on a same sheet of paper. For example to
print two graphics on a unique page, one can use :

Blpr "Two graphics" filel.ps.0 file2.ps.1 | Ipr

Blatexprs . The Blatexprs command is used to insert in a single LaTeX figure a set of Scilab
Graphics

Blatexprs res filel.ps.0 file2.ps.1

will create two filesres.ps andres.tex . The fileres.tex is used as in th@latexpr
command in order to get the figure.

SEEALSO: xbasimp 121
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2.0.237 rotate geometric rotation of a set of points
CALLING SEQUENCE :

[xyl]=rotate(xy,[theta,orig])

PARAMETERS :

Xy, xyl : matrices of size (2,.)

theta : real (angle en radian) , (default value=0)

orig : center of the rotation [0;0] if omitted

DESCRIPTION :

xyl(:,i) = M(theta) *xy(:,i) + orig whereM stands for a rotation matrix of angleeta
EXAMPLE :

xsetech([0,0,1,1],[-1,-1,1,1])
xy=[(0:0.1:10);sin(0:0.1:10)]/10;

for i=2*%pi*(0:10)/10,[xy1]=rotate(xy,i);
xpoly(xy1(1,:),xy1(2,:),"lines")

end

2.0.238 scaling affine transform of a set of points

CALLING SEQUENCE :
[xyl]=scaling(xy,factor,orig)
PARAMETERS :

Xy, xyl : matrices of size (2,.)
factor : real scalar (linear transform coef)
orig . shift vector (default value =[0;0])

DESCRIPTION :
xyl(:,i) = factor *xy(:,i) + orig

2.0.239 sd2sci gr_menu structure to scilab instruction convertor

CALLING SEQUENCE :
txt=sd2sci(sd [,sz [,orig]])
PARAMETERS :

sd : data structure build by gmenu.
sz : vector of number or strings with two components, give the x and y zoom factors
orig : vector of number or strings with two components, give the origin translation vector

DESCRIPTION :
given asd data structure generated gy _-menu sd2sci  forms a vector of scilab instructions corres-
ponding to the graphic edited lgy _menu.
The optional parametesz andorig allows to zoom and shift the initial graphic.
If sz ororig are given by strings generated instructions are relative use then as formal expressions.
AuUTHOR : Serge Steer INRIA 1988

SEEALSO: gr_menu 102 execstr 164
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2.0.240 secto3d 3D surfaces conversion

CALLING SEQUENCE:

[m[,x]]=secto3d(seclist,npas)
[m]=secto3d(seclist ,x)

PARAMETERS :

seclist . a list whose elements are (2,.) matrices
npas :aninteger

m : a matrix

X :avector

DESCRIPTION :
Considering a surface given through a $istlist of sectionsinthéx,z)  plane[m [,x]]=secto3d(seclist
[,npas]) returns a matrixn which contains a regular discretization of the surface.

- The i-th row of the matrix m corresponds to the i-th section
- The j-th column of m corresponds to the x(j)

Each sectioseclist(i) is described by a (2,.) matrix which gives respectively the x and z coordinates
of points.
[m]=secto3d(seclist ,x) . in that case the x-vector gives the discretization of the x-axis for all

the sections
SEEALSO: plot3d 112
AUTHOR : Steer S.

2.0.241 sgrid s-plane grid lines.

CALLING SEQUENCE :

sgrid()
sgrid('new’)
sgrid(zeta,wn [,color])

DESCRIPTION :
Used in conjonction with evans, plots lines of constant damping ra¢ia() and natural frequency).

sgrid() . add a grid over an existing continuous s-plane root with default valuesfar andwn.

sgrid('new’) . clears the graphic screen and then plots a default s-plane grid

sgrid(zeta,wn [,color]) : same asgrid() but uses the provided damping ratio and natural
frequency.

EXAMPLE :
H=syslin('c’,352*poly(-5,’s’)/poly([0,0,2000,200,25,1],’s’,’c"));
evans(H,100)

sgrid()

sgrid(0.6,2,7)

SEEALSO: evans 96
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2.0.242 square sets scales for isometric graphics

CALLING SEQUENCE :

square(xmin,ymin,xmax,ymax)

PARAMETERS :

Xmin,xmax,ymin,ymax : four real values

DESCRIPTION :

square(xmin,ymin,xmax,ymax) is used to set the graphic scales in order to have isometric scales

on the X and Y axes. The requested valdesn, xmax, ymin, ymax are the boundaries of the
graphic frame and this function changes the graphic window dimensions in order to get an isometric plot.
This function sets the current graphic scales and can be used in conjunction with graphic routines which
request the current graphic scalestff="x0y" inplotad ).

SEEALSO: isoview 105
AUTHOR : Steer S.

2.0.243 titlepage display a matrix of strings

CALLING SEQUENCE :
titlepage(str)
PARAMETERS :

str : matrix of strings

DESCRIPTION :
tittepage(str) displays the matristr  in the current graphic window with a size font as large as
possible

SEEALSO: xtitle 140
AUTHOR: S. S.

2.0.244  winsid return the list of graphic windows id
CALLING SEQUENCE :

[X]=winsid()

PARAMETERS :

X :arow vector

DESCRIPTION :
This function is used to get the list of graphic windows id.

2.0.245 xarc draws a part of an ellipsis

CALLING SEQUENCE :
xarc(x,y,w,h,al,a2)
PARAMETERS :

x,y,w,h  :real (rectangle def)
al,a2 :real (angle def)
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DESCRIPTION :

Draws a portion of an ellipsis contained in the rectarggle,w,h) (Upper-Left point, Width, Height),
and in the sector delimited by the anglphal andthe anglalphal+alpha2 .alphal andalpha2

are givenrespectively lg1/64 degreesand2/64 degrees. This function uses the current graphic state
and graphic scale. which can be set by calling a high level drawing function syttit2d

EXAMPLE :

/I isoview scaling
plot2d(0,0,-1,"031"," ",[-2,-2,2,2])
xset("dashes",3);
xarc(-1,1,2,2,0,90*64)
xarc(-1.5,1.5,3,3,0,360*64)

SEEALSO: xarcs 119 xfarc 124
AuTHOR: J.Ph.C..

2.0.246 xarcs drawing a set of ellipsis

CALLING SEQUENCE :
[][=xarcs(arcs,[style])
PARAMETERS :

arcs : matrix of size (6,n) (ellipsis description)
style : vector of size (1,n) giving the style to use ( gset("dashes",...)

DESCRIPTION :

draws a set of ellipsis describedancs . arcs= [ x,y,w,h,al,a2 ; x,y,w,h,al,a2 ;.....]
* . each ellipsis is defined by the 6 parameterg,w,h,al,a2) (seexarc )
style(i) gives the dash style which must be used to draw the ellipsis number
EXAMPLE :

plot2d(0,0,-1,"031",” ’[-1,-1,1,1])
set_arcs=[ -1.0 0.0 0.5 // upper left x

1.0 0.0 0.5 // upper left y

0.5 0.5 0.5 /I widths

0.5 0.5 0.5 /I height

0.0 0.0 0.0 /I angle 1

360*64 360*64 360*64] // angle 2
xarcs(set_arcs,[1,2,3])

AuTHOR: J.Ph.C.

2.0.247 xarrows draw a set of arrows

CALLING SEQUENCE :
[]=xarrows(nx,ny,[arsize,style])
PARAMETERS :

nx : real matrix of size (n1,n2)

ny : real matrix of size (n1,n2)

arsize :real scalar (size of the arrow head). The default value can be obtained by setting arsize to value
-1.0 .
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style : amatrix of sizen or a scalar. Istyle is a positive scalar it gives the dash style to use for all
arrows, if it is a negative scalar then current dash style is used, if it is a \stgtefi] gives the
style to use for arrow .

DESCRIPTION :
This function draws a set of arrows which are given by the vector or matriceandny . The ith arrow is
defined by(nx(i),ny(i))-- >(nx(i+1),ny(i+1)) .nx, ny can also be matrices:

nx=[ xi_1,x1 2,..; xf 1 xf 2,..]

ny=[ yi_1,yl 2,...; yf 1yf 2..]

in which case the arrows afei _K,yi _k)- >(xf Kkyf k)

This function uses the current graphic scale which can be set by calling a high level drawing function such
asplotad

EXAMPLE :

X=2*%pi*(0:9)/8;

x1=[sin(x);9*sin(X)];
yl1l=[cos(x);9*cos(X)];
plot2d([-10,10],[-10,10],[-1,-1],"022");
xset('clipgrf’)

xarrows(x1,y1,1,1:10);

xset(’clipoff’)

SEEALSO: plot2ad 110 xchange 122
AUTHOR: J.Ph.C..

2.0.248 xaxis draws an axis

CALLING SEQUENCE :
[]=xaxis(alpha,nsteps,size,init)
PARAMETERS :

alpha : real (slope in degree of the axis)
nsteps : real vector of size 2 (humber of big and small intervals)
size . areal vector of size 3 (size of the intervals, the small and big tics)

DESCRIPTION :

Draw an axis in thalpha (in degree ) directionpnsteps ([n1,n2] ) gives the number of big and
small intervals separated by ticsize=[s1,s2,c1] . s1 gives the size of the intervalss? gives
the size of the small tics along the axis as&fcl is the size of the big tics. The size are given using the
Scilab current x-scale and y-scale and are given as dimensions along the drawn axis.

ex : nl=3,n2=2,alpha =0
(s2*cl)
I (s2) | I I

[ [ I [ [ |
sl

EXAMPLE :

plot2d((1:0.1:10),sin(1:0.1:10))
xaxis(-90,[2,5],[0.1,0.1,2],[8,0])
xaxis(0,[2,3],[0.5,0.1,2],[5,0])

AuTHOR: J.Ph.C..
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2.0.249 xbasc__ clear a graphic window and erase associated recorded graphics
CALLING SEQUENCE :

xbasc([win_numy])

PARAMETERS :

win _num : integer scalar or vector

DESCRIPTION :

clears the graphic windowin _num and erase the recorded graphicswlfi _.num is omitted, it's the
current graphic windowwin _num can also be a vector of window Id to clear a set of windows

SEEALSO: Xxclear 122

2.0.250 xbasimp send graphics to a postscript printer or in a file

CALLING SEQUENCE :
xbasimp(win_num,[filen,printer])
PARAMETERS :

win _num : an integer scalar or vector

filen . string (Postscript file name). (default value=file). The window number is appended to the
filen

printer . string (Printer name). iprinter is present or if there’s only one argument in the calling
sequence, the created file is printed on priptanter

DESCRIPTION :

This function will send the recorded graphics of the windeiw _num in the Postscript fildlen  and
will print the Postscript file with the commarlpr . This function will work only if the selected driver is
"Rec"

If fwin _num is a vector several files are generated,one for each selected window (withfilames ),
and the files are printed on a unique page with the comrgdmd ,
The window number is appendedftien

SEEALSO: printing 115

2.0.251 xbasr redraw a graphic window

CALLING SEQUENCE :
xbasr(win_num)

DESCRIPTION :

This function is used to redraw the content of the graphic window efird_num. It works only with the
driver"Rec" .

SEEALSO: xtape 139 driver 93
AuTHOR: J.Ph.C.
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2.0.252 xchange coordinates transform

CALLING SEQUENCE :

[x1,y1,rect]=xchange(x,y,dir)

PARAMETERS :

X,y :two matrices of size (n1,n2) (coordinates of a set of points)

x1,yl :two matrices of size (n1,n2) (coordinates of the set of points)
rect : avector of size 4 (values in pixel of the coordinates of the rectangle in which the scale was fixed)

DESCRIPTION :
After having used a graphic function, this function allows one to change real coordinates into pixel coordin-
ates and vice-versa, according to the value of the parameterdir = 'f2i' or 'i2f (float to

int or int to float)x1,yl are the coordinates of the set of points described,py after the coordinate
change.

AuTHOR: J.Ph.C..

2.0.253 xclea erase a rectangle on a graphic window

CALLING SEQUENCE :

xclea(x,y,w,h)

PARAMETERS :

X,¥,w,h . four real values (rectangle def)
DESCRIPTION :

clears on the current graphic window the rectarig)g,w,h] ( Upper left point , width,height) using
the current graphic scale.

AuTHOR: J.Ph.C.

2.0.254 xclear clear a graphic window

CALLING SEQUENCE:

xclear(Jwindow-id])

PARAMETERS :

window-id  : integer vector

DESCRIPTION :

Without any argument, this function wipes out the current window. Otherwise it wipes out the graphic
windows whose numbers are included in the veatordow-id , for examplexclear(1:3) . If one of

the windows does not exist then it is automatically created.
Warning : in recording mode the graphic commawtear  wipes out the window, but it doesn’t wipe
out the recorded commands. In this case one must use the furbtiso .

SEEALSO: xbasc 121
AuTHOR: J.Ph.C.
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2.0.255 xclick wait for a mouse click

CALLING SEQUENCE:

[c_i,c_x,c_y]=xclick([flag])
[c_i,c_x,c_y,c_w]=xclick([flag])
[c_i,c_x,c_y,c_w,c_m]=xclick([flag])

PARAMETERS :

c_i :integer (button number)

c_x,c .y :realscalars (position)

c_w : integer (window number)

c_m : Character string (menu callback)

flag : aninteger. If present, the click event queue is not cleared when entering xclick

DESCRIPTION :

if called with 3 Ihs arguments waits for a mouse click in the current graphic window
if called with 4 or 5 Ihs arguments waits for a mouse click in any graphic window
returned values:

c_i :anintegerwhich gives the number of the mouse button that was pressed [0,1,2] (for [left,middle,right])
or i=-1in case of problems with xclick.

c_x,c .y :the coordinates in the current graphic scale of the position of the mouse click.

c_w : the window number where the click has occurred

c_m : Character string associated with a dynamic menu. If xclick returns due to a click on a enenu,
c.X,Cc.y, ¢ _w take arbitrary values.

KNOWN TROUBLES :
This function can return the messa@an’t grab the pointer if the graphic window is iconified
when calling the functiomclick

SEEALSO: locate 106
AuTHOR: J.Ph.C.

2.0.256 xclip set a clip zone

CALLING SEQUENCE :

xclip([x,y,w,h])
xclip(rect)

xclip(“clipgrf");
PARAMETERS :

x,y,w,h : four float values
rect : avector of size (1,4)

DESCRIPTION :

Sets a clip region given by the coordinates, in the current graphic scaling, of a redtaggieh)
(Upper-Left point,Width aba Height). If only one argument is used it stands for a rectangle specification
rect=[x,y,w,h]

xclip(“clipgrf") is used to clip the usual graphic rectangle.
To unclip a region use the commaxdlip()
EXAMPLE :
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x=0:0.2:2*%pi;

x1=[sin(x);100*sin(x)];

y1l=[cos(x);100*cos(X)];

yl=y1+20*ones(yl);

/I No clip
plot2d([-100,500],[-100,600],[-1,-1],"022");
xsegs(10*x1+200*ones(x1),10*y1+200*ones(y1));
xbasc()

1

/I Rect clip
xbasc();plot2d([-100,500],[-100,600],[-1,-1],"022");
xrect(150,460,100,150);

xclip(150,460,100,150);
xsegs(10*x1+200*ones(x1),10*y1+200*ones(yl));
I

/I usual graphic rectangle clip
xbasc();plot2d([-100,500],[-100,600],[-1,-1],"022");
xclip(“clipgrf");
xsegs(10*x1+200*ones(x1),10*y1+200*ones(yl));
/I clipping off

xclip()

AuTHOR: J.Ph.C.

2.0.257 xdel delete a graphic window

CALLING SEQUENCE :

xdel([win-num])

DESCRIPTION :
Deletes the graphic windowin-num if the name is specified or the current graphic window otherwise

AuTHOR: J.Ph.C.

2.0.258 xend ends a graphic session

CALLING SEQUENCE:

xend()

DESCRIPTION :
This command is used to end a graphic session. Under the Postscript or Xfig drivers this command closes
the current file which was opened by the commazimdt

AuTHOR: J.Ph.C.

2.0.259 xfarc fill a part of an ellipsis

CALLING SEQUENCE :
[]=xfarc(x,y,w,h,al,a2)
PARAMETERS :

x,y,w,h  :real scalars (rectangle def)
al,a2 :realscalars (angle def)
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DESCRIPTION :

Fills a portion of an ellipsis contained in the rectan@g/,w,h) (upper-left point, width, height), and

in the sector delimited by the angidphal and the anglalphal+alpha2 . alphal andalpha2

are givenrespectively lg1/64 degreesand2/64 degrees. This function uses the current graphic state
which can be set by calling a high level drawing function sucplatd

EXAMPLE :

/I isoview scaling
plot2d(0,0,-1,"031"," ",[-2,-2,2,2])
xfarc(-0.5,0.5,1,1,0,90*64)
xset("pattern”,2)
xfarc(0.5,0.5,1,1,0,360*64)

SEEALSO: xarcs 119 xarc 118
AuTHOR: J.Ph.C..

2.0.260 xfarcs filling a set of ellipsis

CALLING SEQUENCE :
[]=xfarcs(arcs,|[fill])
PARAMETERS :

arcs : matrix of size (6,n) (ellipsis description)
style : vector of size (1,n) giving the style to use ( gset("dashes",...)

DESCRIPTION :
filla set of ellipsis described byrcs . arcs= [ x,y,w,h,al,a2 ; x,y,w,h,al,a2 ;.....]
: each ellipsis is defined by the 6 parameterg,w,h,al,a2) (seexarc )
fill(i) gives the fill pattern or color which must be used to draw the ellipsis number
EXAMPLE :

plot2d(0,0,-1,"031"," ’[-1,-1,1,1])
set_arcs=[ -1.0 0.0 0.5 // upper left x

1.0 0.0 0.5 // upper left y

0.5 0.5 0.5 /I widths

0.5 0.5 0.5 /I height

0.0 0.0 0.0 // angle 1

360*64 360*64 360*64] // angle 2
xfarcs(set_arcs,[1,2,3])

AuTHOR: J.Ph.C.

2.0.261 xfpoly. fill a polygon

CALLING SEQUENCE :
[]=xfpoly(xv,yv,[close])
PARAMETERS :

Xv, yv :two vectors of size n (the points of the polygon)
close :aninteger

DESCRIPTION :
Fills a polygon with the current pattern.dfose is equal to 1 a pointis added to the polylixeyv to
define a polygon.

EXAMPLE :
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X=sin(2*%pi*(0:5)/5);
y=c0s(2*%pi*(0:5)/5);
plot2d(0,0,-1,"010"," ",[-2,-2,2,2])
xset("pattern”,5);

xfpoly(x,y)
xset("default™);

SEEALSO: xfpolys 126
AuTHOR: J.Ph.C.

2.0.262 xfpolys fill a set of polygons of the same size

CALLING SEQUENCE :
[I=xfpolys(xpols,ypols,][fill])
PARAMETERS :

Xpols,ypols . two matrices of size (n1,n2) (polygon def)
fill . vector of size n2 (number of polygons) (pattern id’s).

DESCRIPTION :

fills a set of polygons of the same size defined by the two matripeds,ypols . Xpols= |
xpoll;xpol2;...] , each column of the matrixpols gives the x-values of the points of a poly-
gon (i.eypols ).
fill(i) gives the id of the pattern for filling the polygon number i

- if Aill(i) < 0, the polygon is filled with patterfill(i)

- iffill)) == 0 , the polyline is only drawn with the current dash style ( or current color).

- if Aill(i) > 0, the polygon is filled with the patteffiil(i) . Then its contour is drawn with the
current dash (or color) and closed if necessary.

EXAMPLE :

plot2d(0,0,[-1],"012"," ",[0,-10,210,40]);
x1=[0,10,20,30,20,10,0];

y1=[15,30,30,15,0,0,15];

xpols=[x1;x1;x1;x1]’;xpols=xpols + [0,60,120,180].*.ones(x1)’;
ypols=[y1;y1,y1;y1];

Ipat=xget("lastpattern™);

/I setting the current dash (or line color)
xset("dashes",5);

xfpolys(xpols,ypols,[-1,0,1,2]);

xset("default");

AuTHOR: J.Ph.C.

2.0.263 xfrect fill a rectangle

CALLING SEQUENCE :
[]=xfrect(x,y,w,h)
PARAMETERS :

x,y,w,h  :real scalars (rectangle def)
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DESCRIPTION :
fills a rectanglgx,y,w,h] (upper-left point, width, height) using current scale and pattern

EXAMPLE :

plot2d(0,0,-1,"010"," ",[-2,-2,2,2])
xset("pattern”,5);

xfrect(-1,1,2,2)

xset("default");

AuTHOR: J.Ph.C.

2.0.264 xget gets current values of the graphic context
CALLING SEQUENCE :

[x1]=xget(str [,flag])
xget()

PARAMETERS :

str : string
flag : optional. Setto 1 gives a verbose mode

DESCRIPTION :

this function is used to get values from the graphic context on the topic specified by thesstringvhen

called no arguments, a choice menu is created showing the current values and changes can be performed
through toggle buttons

number=xget("alufunction") : used to get the logical function number used for drawing.
: function” 0",

: function ” src AND dst”

: function ” src AND NOT dst”

: function ” src 7, (Default value)

: function ” NOT src AND dst”

: function " dst ”,

: function ” src XOR dst”,

: function ” src OR dst ",

: function ” NOT src AND NOT dst”,
: function ” NOT src XOR dst”,

10 : function ” NOT dst ”,

11 : function” src OR NOT dst ",

12 : function ” NOT src ”,

13 : function ” NOT src OR dst ",

14 : function ” NOT src OR NOT dst ",
15 : function” 1",

str=xset("auto clear”) : to get the auto clear statlem{ or"off" ).

O©oo~NoOuULh WNEFEO

color=xget("background") : to get the background color of the current graphic window.

rect=xget("clipping") . get the clipping zone rectangle rect=[x,y,w,h] (Upper-Left point Width
Height).

cmap=xget("colormap") . get the colormap used for the current graphics window as a m x 3 RGB
matrix

dash=xget("dashes") : get the dash style dash=[dashmber,v] v contains the definition of the dash

font=xget("font") . get font=[fontid,fontsize] the current font and its current size.

color=xget("foreground") : to fix the foreground color of the current graphic window.

str=xget("fpf") : to get the floating point format for number display in contour functions. Note that
str==" when default format is used.
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color=xget("hidden3d") . set the color number for “hidden” faces in plot3d.

pat=xget("lastpattern") the id of the last available pattern or color, with the current colormap of
the current window. In fagbat+1 andpat+2 are also available and stand respectively for black
and white pattern.

type=xget("line mode"); This function is used to get the line drawing mode. type=1 :Absolute
mode,type=0 relative mode (Warning : the mode type=0 is buged )

mark=xget("mark") : mark=[markid,marksize] the current mark and current mark size.

pat=xget("pattern") : to get the current pattern or the current cgdat is an integer in the range
[1,last] . When one use a black and white Scilab, 0 is used for black filling and last for white.
The value olast  can be obtained withget("lastpattern™) .

value=xget("thickness") . get the thickness of lines in pixel (0 and 1 have the same meaning : 1
pixel thick)

dim=xget("wdim") . dim=[width,height] the width and height of the current graphic window.

pos=xget("wpos",x,y); . pos=[x,y] the position of the upper left point of the graphic window.

win=xget("window") Get the current window to the windowin

flag=xget("use color") if flag=1 then xset("pattern”,.) or xset("dashes”,.) will be used so as to

change the default color for drawing or for filling patterns. If flag=0 then we switch back to the gray
and dashes mode.

SEEALSO: xset 135 colormap 92
REFERENCE :
X11 documentation

AuTHOR: J.Ph.C.

2.0.265 xgetech get the current graphic 2d scale
CALLING SEQUENCE :

[frectl,frect,[logflag]]=xgetech()

PARAMETERS :

frectl, frect : real vectors (rect. def)
logflag . a string of size 2 "xy”".
DESCRIPTION :

This function returns the current graphic scale. If one uses the current graphic scale, the points in the
frect  rectangle [xmin,ymin,xmax,ymax] will be drawn in the the region of the current graphic window
specified byfrectl
frectl=[x,y,w,h] ( Upper-Left Width Height ) describes a region inside the graphic window. The
values inwrectl are specified using proportion of the width or height of the graphic window.
frect1=[0,0,1.0,1.0] means that all the graphic window will be used.
frect1=[0.5,0,0.5,1.0] means that the graphic region will be the right half of the graphic win-
dow. Thelogflag is a string of size 2 "xy”, where x and y can be "n” or "I". It gives information on the
log scale status for the current scale, "n” stands for normal and "I” for logscale. x is for the x-axis and y for
the y-axis.

SEEALSO: Xxsetech 136
AuTHOR: J.Ph.C.

2.0.266 xgetmouse get current position of the mouse
CALLING SEQUENCE :
rep=xgetmouse([flag])

PARAMETERS :
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rep : athree vector: [X,y,ibutton]
flag : aninteger. If present, the click event queue is not cleared when entering xclick

DESCRIPTION :

If the mouse is located in the current graphic window xgetmouse returns in rep the current mouse position
(x,y) and the value ibutton. The ibutton value indicate the button action at this point if ibutton==-1 then no
button clicked if ibutton==0,1 or 2 then the left, middle or right button clicked

If the mouse is not located in the current graphic window xgetmouse waits

EXAMPLE :

xselect();xbasc(); xsetech([0 0 1 1],[0 O 100 100])

xset('alufunction’,6)

xtitle( drawing a rectangle °);

[b,x0,y0]=xclick();rep=[x0,y0,-1];x=x0;y=y0

xrect(x0,y0,x-x0,y-y0);

while rep(3)==-1 then
rep=xgetmouse(0);
xrect(x0,y0,x-x0,y0-y);
x=rep(1);y=rep(2);
xrect(x0,y0,x-x0,y0-y);

end

xset('alufunction’,3)

SEEALSO: locate 106, xclick 123
AUTHOR: S. Steer

2.0.267 xgrid add a grid on a graphic
CALLING SEQUENCE :

xgrid([style])

PARAMETERS :

style :aninteger

DESCRIPTION :
Adds a grid on a 2D plotstyle  stands for the dash style or color to use for the grid plotting.
EXAMPLE :

plot2d()
xgrid()

SEEALSO: xset 135 plot2d 110
AUTHOR: J.Ph.C..

2.0.268 xinfo add an info string on a graphic window
CALLING SEQUENCE :

xinfo(string)

PARAMETERS :

string . a scilab string.

DESCRIPTION :
This function is used to add a sentence on the current graphic window.
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2.0.269 xinit initialisation of a graphic driver

CALLING SEQUENCE :

xinit([driver-name])

PARAMETERS :

driver-name . string (default value : DISPLAY value or 'unix:0.0")

DESCRIPTION :
Initialisation of a given driver.
For X-Window driver-name must be a string which gives the name of a display and this function
creates a new graphic window. If the argument is omitted the value of the environment variable DISPLAY
is used if it exists or the value 'unix:0.0’ is used.
For Postscript or Xfigiriver-name  is a name of a file. The graphics operations will be recorded in the
specified file.

AuTHOR: J.Ph.C.

2.0.270 xlfont load a font in the graphic context

CALLING SEQUENCE :
xlfont(font-name,font-id)
PARAMETERS :

font-name : string (name of the font family)
font-id : integer

DESCRIPTION :
This function is used to load an X11 font at different sizes inside the graphic context.

font-name  : can be of 2 types

- ifitcontains the character'%’, itis supposed to be an X11 font name with %s in the size field of the name,
for exampleont-name="-b&h-lucidabright-demibold-r-normal--%s-*-75-75-p-*-is08859-1"

- if it doesn't contain the character '%’ ,it is supposed to be an alias hame and the fonts aliased by
font-name08,...,font-name24 are loaded.

font-id . the fontfont-name  at sizes 08 10 12 14 18 24 is loaded in the graphic context with the
Scilab Idfont-id

SEEALSO: xset 135
REFERENCE :
X11 Font manual.

AuTHOR: J.Ph.C..

2.0.271 xload load a saved graphic

CALLING SEQUENCE :
xload(’file-name’ [, win-num] )
PARAMETERS :

win-num  : aninteger ( optional argument ) which stands for the graphic window in which the graphics
are to be loaded.

DESCRIPTION :
This function is used to reload the graphics contained in théfifikename’ in the graphic-window
win-num . The graphics are stored in a binary file in a machine independent way ( using the xdr library).

SEEALSO: Xxsave 134
AuTHOR: J.Ph.C..

Scilab Group April 1993 130



Xpolys Scilab Function

2.0.272 xnumbhb draw numbers on a graphic

CALLING SEQUENCE :
xnumb(x,y,nums,[flag,angle])

PARAMETERS :

X,y,nums : vectors or matrices of same size
flag . an integer value
angle : avector of the same size ay,nums

DESCRIPTION :

Displays the value ofiums|[i]  using the current number format at positiqii,y[i] in the current
scale. ifflag is 1 aframe box is added around the stringanflle is presentit's a vectoangle[i]
gives the slope in degree (clockwise) to use for the display of the string.

EXAMPLE :
plot2d([-100,500],[-100,600],[-1,-1],"022");
x=0:100:200;
xnumb(x,500*ones(x),[10,20,35],1);

AuTHOR: J.Ph.C.

2.0.273 xpause suspends Scilab

CALLING SEQUENCE :
Xpause(microsecs)

DESCRIPTION :

Synchronises the X11-display and suspends the current process for the number of microseconds specified
by the argument. The actual suspension time may be an arbitrary amount longer because of other activity
in the system, or because of the time spent in processing the call.

AuTHOR: J.Ph.C.

2.0.274 xpoly draw a single polyline

CALLING SEQUENCE :

[I=xpoly(xv,yv,dtype[,close])

PARAMETERS :

XV, YV : two matrices of the same size (p,n) (points of the polyline)

dtype : string (drawing style)
close :ifclose =1, the polyline is closed. (default value is 0)

DESCRIPTION :

draws a single polyline described byv,yv) . If xv andyv are matrices they are internally considered
as a vector using the Fortran internal storage conventitype can be'lines” for using the current
line style or'marks”  for using the current mark to draw the polyline.

EXAMPLE :
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X=sin(2*%pi*(0:5)/5);
y=c0s(2*%pi*(0:5)/5);
plot2d(0,0,-1,"010"," ",[-2,-2,2,2])
xset("dashes",5);
xpoly(x,y,"lines",1);
xset("default™);

SEEALSO: Xxpolys 132
AUTHOR: J.Ph.C.

2.0.275 xpolys draw a set of polylines

CALLING SEQUENCE :
[]=xpolys(xpols,ypols,[draw])
PARAMETERS :

xpols, ypols : matrices of size (p,n)
draw : vector of size n

DESCRIPTION :
Draws a set of polyline using marks or dashed lines, each polyline points are store in a cokpotspf
ypols . xpols =[ xpoll;xpol2;...] "’
The style is given bgraw :

If draw(i) is negative the mark of iddraw(i) is used to draw the polyline i ( marks are draw
using the current pattern)

If draw(i) is strictly positive the line style (or color) of idbs(draw(i)) is used to draw the
polyline i.

EXAMPLES :

plot2d(0,0,[-1],"012"," ",[0,0,1,1]);
rand('uniform’);

xset('pattern’,3)
xpolys(rand(3,5),rand(3,5),[-1,-2,0,1,2])
xset('default’)

AuTHOR: J.Ph.C.

2.0.276 xrect draw a rectangle

CALLING SEQUENCE :
[]=xrect(x,y,w,h)

PARAMETERS :

X,¥,w,h . four real values (rectangle def)

DESCRIPTION :

draws a rectanglg,y,w,h] (upper-left point, width, height) using current scale and style.
EXAMPLE :

plot2d(0,0,-1,"010"," ",[-2,-2,2,2])
xset("pattern”,5);

xrect(-1,1,2,2)

xset("default");

AuTHOR: J.Ph.C.
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2.0.277 xrects draw or fill a set of rectangles

CALLING SEQUENCE:

[I=xrects(rects,[fill])

PARAMETERS :

rects : matrix of size (4,n)

fill : vector of size n.

DESCRIPTION :

draws or fills a set of rectangle. each colummexdts  describes a rectangle ( Upper Left point, width,
height)

rects= [ x,y,w,h ; x,y,w,h ;....] ' Aill(n) gives the pattern to use for filling or
drawing the rectangle n.

if fill(n) <0 , therectangle is drawn using the line style (or colefiJl(n)

if fill(n) > 0 ,therectangle is filled using the pattern (or coldif)(n)

if fill(n)= 0 , the rectangl@ is drawn using the current line style (or color).

EXAMPLE :

plot2d([-100,500],[-50,50],[-1,-1],"022");
cols=[-34,-33,-32,-20:5:20,32,33,34];
step=20;

x=400%*(0:14)/14

step = (X(2)-x(1))/2
rects=[x;10*ones(x);step*ones(x);30*ones(x)];
xrects(rects,cols);

xnumb(x,15*ones(x),cols);

AuTHOR: J.Ph.C..

2.0.278 xrpoly draw a regular polygon
CALLING SEQUENCE :

[]=xrpoly(orig,n,r,[theta])

PARAMETERS :

orig : vector of size 2

n :integer (number of sides)

r :realscalar

theta : real (angle in radian) ( 0 is the default value )

DESCRIPTION :

draws a regular polygon af sides contained in the circle of diameterand with the origin of the circle

set at pointorig . theta specifies a rotation angle in radian. This function uses the current graphic
scales.

2.0.279 xs2fig send graphics to a file in Xfig syntax

CALLING SEQUENCE :
xs2fig(win_num,filen [, color])
PARAMETERS :

win _num : an integer scalar or vector
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filen : string (file name).
color :an optional integer (0 or 10. for black and white and for color. The default value is to use a
value compatible with the screen status.

DESCRIPTION :

This function will send the recorded graphics of the windeinm _num in the filefilen in Xfig syntax
This function will work only if the selected driver [ec"

2.0.280 xsave save graphics in a (reloadable) file.

CALLING SEQUENCE :

xsave('file-name’ [, win-num] )

PARAMETERS :

win-num  : an integer ( optional argument) which stands for the graphic window which is to be saved.

DESCRIPTION :

This function is used to save the graphics contained in the graphic-windmmum . The graphics are
stored in a binary file in a machine independent way ( using the xdr library) and can be reloaded in Scilab
with thexload command.

SEEALSO: xload 130
AuTHOR: J.Ph.C..

2.0.281 xsegs draw unconnected segments
CALLING SEQUENCE :

xsegs(nx,ny,[style])

PARAMETERS :

nx,ny :two matrices of the same si2&n

style . amatrix of sizen or a scalar. Istyle is a positive scalar it gives the dash style to use for all
segments, if it is a negative scalar then current dash style is used, if it is a sd&i] gives
the style to use for segmeint

DESCRIPTION :

this function draws a set of unconnected segments givemxtyyy which are internally considered as
vectors ( using the Fortran storage convention). The coordinates of the two points defining a segment are
given by two consecutive valuesiox andny.

(nx[i],ny[i])-- >(nx[i+1],nx[i+2])

Using matrices of size (2,.) the segments can be defined by

nx=[ xi_1,xi_
xf 1xf 2,... ]

ny=[ vi_1yi 2,.....;
yf 1yf 2,0 ]

the segments are théx _k,yi _k)- >(xf kyf k)
EXAMPLE :
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X=2*%pi*(0:9)/8;

x1=[sin(x);9*sin(x)];
yl=[cos(x);9*cos(X)];
plot2d([-10,10],[-10,10],[-1,-1],"022");
xset(’clipgrf’)

xsegs(x1,y1,1:10);

xset('clipoff’)

AuTHOR: C. J.Ph

2.0.282 xselect raise the current graphic window
CALLING SEQUENCE :
xselect()

DESCRIPTION :
raises the current graphic window and creates it if necessary. If the current graphic window is iconified
nothing is done.

AuTHOR: J.Ph.C.

2.0.283 xset set values of the graphic context

CALLING SEQUENCE:

xset(choice-name,x1,x2,x3,x4,x5)
xset()

PARAMETERS :

choice-name : string

x1,...,x5 : depending orchoice-name

xset("alufunction”,number) . used to set the logical function for drawing, it works only under
X11. The logical function used is set . The default value is 3.

: function” 0",

: function ” src AND dst”

: function ” src AND NOT dst”

: function ” src ”,

: function ” NOT src AND dst”

: function " dst ",

: function ” src XOR dst”,

: function ” src OR dst ”,

: function ” NOT src AND NOT dst”,

: function ” NOT src XOR dst”,

10 : function ” NOT dst ”,

11 : function” src OR NOT dst ",

12 : function ” NOT src ”,

13 : function ” NOT src OR dst ”,

14 : function ” NOT src OR NOT dst ",

15 : function” 17",

O©oo~NOOULAWNEO

xset("auto clear","on" |"off") : to switch on or off the auto clear mode for graphics. When the
auto clear mode is on atbasc()  operation is performed before each high level graphic function.

xset("background",color) : to fix the background color of the current graphic window.

xset("clipping”,x,y,w,h) . set the clipping zone to the rectangle (x,y,w,h) (Upper-Left point

Width Height). This function uses the current scale
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xset("colormap",cmap) . set the colormap as a m x 3 matrix. m is the number of colors. Color
number i is given as a 3-uple cmapli,1], cmapli,2], cmap]i,3] corresponding respectively to Red,
Green and Blue intensity between 0 and 1.

xset("default™) : reset the graphic context to default values

xset("dashes",i) . set the dash style to style i (0 for solid line)

xset("font",fontid,fontsize) : to fix the current font and its current size.

xset("foreground",color) : to fix the foreground color of the current graphic window.

xset("fpf",string) . to fix the floating point format for number display in contour functions.
string  is a string giving the format in C format syntax (for examgkeing="%3f" ), use
string=" to switch back to default format.

xset("hidden3d",colorid) . set the color number for “hidden” faces in plot3d.

xset("line mode" type); This function is used to fix the line drawing mode. Absolute mode is
fixed withtype=1 an relative mode with type=0. (Warning : the mode type=0 is bugged )

xset("mark",markid,marksize) . is used to set the current mark and current mark size.

xset("pattern”,value) : to set the current pattern for filling functions, value is an integer projected
in the interval [0,whiteid]. O is used for black filling and whiteid for white. The value of whiteid can
be obtained with xget("white”).

xset("thickness",value) . fixes the thickness of lines in pixel (0 and 1 have the same meaning :
1 pixel thick)

xset("wdim",width,height) . fixes the width and height of the current graphic window. This
option is not used by the postscript driver.

xset("wpos",x,y); : fixes the position of the upper left point of the graphic window.

xset("window",window-number) Set the current window to the windomindow-number  and
creates the window if it doesn't exists.

xset("use color",flag) if flag=1 then xset("pattern”,.) or xset("dashes”,.) will be used so as to

change the default Color for drawing or for filling patterns. If flag=0 then we switch back to the gray
and dashes mode.

xset("pixmap",flag) if flag=0 the graphics are directly displayed on the screen

if  flag=1 the graphics are done on a Pixmap and are send to the graphic window with the command
xset("wshow") . The Pixmap is cleared with the commaxset("wwpc") or with the usual
command xbasc().

xset("wshow") . seexset("pixmap",1) above
xset("wwpc") . seexset("pixmap",1) above
DESCRIPTION :

xset is used to set values of the graphic context. When called no arguments, a choice menu is created
showing the current values and changes can be performed through toggle buttons

SEEALSO: xget 127, colormap 92

REFERENCE :
X11 documentation

AuTHOR: J.Ph.C.

2.0.284 xsetech_____ set the sub window of a graphic window to use for graphics
CALLING SEQUENCE :

[]=xsetech(wrect [,frect,logflag])

PARAMETERS :

wrect : avector of size 4 (sub window definition)

frect  : avector of size 4 (just like the rect argumenpddt2d )

logflag . a string of size 2 "xy”, where x and y can be "n” or "I". "n” for normal and "I" for logscale. x
is for the x-axis and y for the y-axis.
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DESCRIPTION :

This function is mainly used to set the sub window of the graphic window which will be used for graphics.
The sub window is specified with the parameteect=[x,y,w,h] ( Upper-Left Width Height ). The
values inwrect are specified using proportion of the width or height of the current graphic window. for
example

wrect=[0,0,1.0,1.0] means that all the graphic window will be used.

wrect=[0.5,0,0.5,1.0] means that the graphic region will be the right half of the graphic window.
and can be used in conjunction with graphic routines which request the current graphic scale (for example
strf="x0y" in plot2d ). frect=[xmin,ymin,xmax,ymax] is used to set the graphic scale

and is just like theect argument oplot2d . Its default value i$0,0,1,1]

EXAMPLE :

/lIn this first example xsetech is used to split the graphic window
/lin two parts

/I xsetech is used to fix the first sub window

/I and the graphic scale

xsetech([0,0,1.0,0.5],[-5,-3,5,3));

/I then we call plot2d with the "001" option to use the graphic scale
/I set by xsetech

plot2d((2:10)’,(1:10)",1,"001"," °);

/I xsetech is used to fix the second sub window
xsetech([0,0.5,1.0,0.5]);

/I the graphic scale is set by xsetech to [0,0,1,1] by default

/l and we change it with the use of the rect argument in plot2d
plot2d((2:10)’,(1:10)",1,"011",” ',[-6,-6,6,6]);

/IA second example with four graphics on a single graphic window

xset("font’,2,0);

xsetech([0,0,0.5,0.5]);plot3d();
xsetech([0.5,0,0.5,0.5]);plot2d();
xsetech([0.5,0.5,0.5,0.5]);grayplot();
xsetech([0,0.5,0.5,0.5]);histplot();

/I back to default values for the sub window
xsetech([0,0,1,1]);

xset("default’);

AuTHOR: J.Ph.C.

2.0.285 xsetm dialog to set values of the graphic context

CALLING SEQUENCE :

xsetm()

DESCRIPTION :
xsetm is used to set values of the graphic context. A choice menu is created showing the current values
and changes can be performed through toggle buttons.

SEEALSO: xset 135

REFERENCE :
X11 documentation

AuTHOR: J.Ph.C.
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2.0.286  xstring display a matrix of strings
CALLING SEQUENCE :

[]=xstring(x,y,str,[angle,flag])

PARAMETERS :

X,y :real scalars (point coordinates)

str : matrix of strings

angle :real (angle in degree) (clockwise) (default value =0)
flag :integer

DESCRIPTION :

draws a matrix of strings ( each line of the matrix stands for a line of text and the line elements are separated
by a white space) at locationy ( lower-left point) in the current graphic scalangle if given gives

the slope in degree to use for drawing the stringframe=1 a box is drawn around the string (only if
angle=0 )

EXAMPLE :

plot2d([0;1],[0;1],0)
xstring(0.5,0.5,["Scilab","is" ; "Not","Basilc"])
/IOther example

alphabet=["a '’b ',c ')’d e 'Jf '/g ’,...

'h iy ke m n

‘o Vp g r s vt Yu

Voow x Yy Yz,
xset('default’); /ldefault graphic parameters
xset("window",1); /I[set window number to 1
xclear();
plot2d([0;1],[0;2],0);
xstring(0.1,1.8,alphabet) /lalphabet
xstring(0.1,1.6,alphabet,20) //angle
xset("font",1,1) /I[symbol fonts
xstring(0.1,0.1,alphabet)
xset('font’,1,3) /lchange size font

xstring(0.1,0.3,alphabet)
xset('font’,1,24);xstring(0.1,0.6,’a’); //big alpha
xset('default’)

AuTHOR: J.Ph.C..

2.0.287  xstringb draw a matrix of strings

CALLING SEQUENCE :
xstringb(x,y,str,w,h,[option])
PARAMETERS :

x,y,w,h  :real scalars (rectangle def)
str : matrix of strings

option  : string
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DESCRIPTION :
plots the matrix of stringstr  centred inside the rectangiect=[x,y,w,h] (Down left point , width
,height) in the current graphic scale. dption is given with the valuéfill" the character size is
computed so as to fill as much as possible of the rectangle.

Enter the commanxistringb() to see a demo.

EXAMPLE :

mat=['Scilab’,’is’;’'not’,’balicS’];
plot2d(0,0,[-1,1],’010"," ",[0,0,1,1]);
r=[0,0,1,0.5];
xstringb(r(1),r(2),mat,r(3),r(4),fill’);
xrect(r(1),r(2)+r(4),r(3),r(4))
r=[r(1),r(2)+r(4)+0.01,r(3),r(4)/2];
xrect(r(1),r(2)+r(4),r(3),r(4))
xstringb(r(1),r(2),mat,r(3),r(4),fill’);
r=[r(1),r(2)+r(4)+0.01,r(3),r(4)/2];
xrect(r(1),r(2)+r(4),r(3),r(4))
xstringb(r(2),r(2),mat,r(3),r(4),fill’);

SEEALSO:  xtitle 140, titlepage 118 xstring 138  xstringl 139
AuTHOR: J.Ph.C.

2.0.288 xstringl

CALLING SEQUENCE:

computes bounding box of the display of matrix of strings

[rect]=xstringl(X,y,str)
PARAMETERS :

X,y : real scalars (point coordinates)
str : matrix of strings

rect . vector of 4 real scalars (rectangle defy,w,h] )
DESCRIPTION :
returns inrect=[x,y,w,h] ( upper-left point, width, height) the size of a rectangle in the current
graphic scale. which if drawn would surround the stritilg  drawn at locationx,y .
REMARK :
The result can be approximative under the Postscript driver
EXAMPLE :

plot2d([0;1],[0;1])
rect=xstringl(0.5,0.5,["Scilab","is" ; "not","balicS"])

SEEALSO: xstring 138
AUTHOR: J.Ph.C..

2.0.289 xtape set up the record process of graphics
CALLING SEQUENCE :

xtape(str,num)

PARAMETERS :

str : string (’on’ or replay’ or 'clear’)
num : an integer
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DESCRIPTION :

xtape is used to set up the record process of graphics

xtape('on’) . just select the driver "Rec” which records all the graphics operations.

xtape('clear’, num) : clear the graphic windowum and clear the recorded graphics associated
with window num.

xtape(‘replay’,xx) . clear the windownum and redisplay all the recorded graphics in it ( used

when a user changes the size of a graphic window uxsiziab ).

AuTHOR: J.Ph.C.

2.0.290 xtitle add titles on a graphic window
CALLING SEQUENCE :

[]=xtitle(xtit,[xax,yax,encad])

PARAMETERS :

xtit, xax, yax : matrices of strings (global and x,y titles)
encad :integer value (if = 1 a framed box is added around each title).

DESCRIPTION :
Add titles on a 2D or 3D Scilab plotxtit  stand for a general title xax for a title on the X-axis
andyax for a title on the Y-axis. This function must be called after a call to the high level plotting

function (plot2d,plot3d,... ). If the arguments are matrices each line of the matrices is displayed on
a different line.
Enter the commanxtitie() to see a demo.

AuTHOR: J.Ph.C.

2.0.291 zgrid zgrid plot
CALLING SEQUENCE :
zgrid()

DESCRIPTION :

plots z-plane grid lines: lines of constant damping factor (zeta) and natural frequency (Wn) are drawn in
within the unit Z-plane circle.

Iso-frequency curves are shown in frequency*step on the interval [0,0.5]. Upper limit corresponds to Shan-
non frequency 1/dt > 2* )

SEEALsO: frep2tf 224, freson 226
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3.0.292 Gmake call make or nmake

CALLING SEQUENCE :

Rfiles=G_make(files,dllname)

PARAMETERS :

files . a character string or a vector of character string.

dliname . a character string.

Rfiles  : vector of character stringRfiles  can be used as a first argument when calddinter
function.

DESCRIPTION :

On Unix like systems (i.e unix or windows/gcwin3@make calls themake utility for building target

files and returns the value fifes in the variableRfiles . On windows platforms, (i.e when Scilab

was compiled with Microsoft VisualC++Ya.make calls thenmake utility for building targetdliname

and it returns the value @flname in the variableRfiles . Of courseG.make will work if apropriate
Makefiles are provided in the current Scilab directory.

G.make can be used to provide OS independant call to addinter. and such examples can be found in the
directorySCIDIR/examples/addinter-examples

files=G_make([TMPDIR+'/ex1cl.0’, TMPDIR+'/ex1c.0’],’ex1c.dIl);// compilation
addinter(files, foobar’,’foubare’); // link

SEEALSO: addinter 6

3.0.293 abs absolute value, magnitude

CALLING SEQUENCE :
t=abs(x)
PARAMETERS :

X :real or complex vector or matrix
t : real vector or matrix

DESCRIPTION :
abs(x) s the absolute value of the elementsxof Whenx is complex,abs(x) is the complex
modulus (magnitude) of the elementsxof

EXAMPLE :

abs([1,%i,-1,-%i,1+9%i])

3.0.294 acos element wise cosine inverse

CALLING SEQUENCE :
t=acos(x)
PARAMETERS :

X : real or complex vector
t :real or complex vector
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DESCRIPTION :
The components of vector are cosine inverse of the corresponding entries of vectBrefinition domain
is [-1, 1].
acos takesvaluesin:
0, 7[x] — 00 + o0

[0] x [0,400] and [7]x]—oc0,0] (realximag)

EXAMPLE :

x=[1,%i,-1,-%i]
cos(acos(x))

3.0.295 acosh hyperbolic cosine inverse

CALLING SEQUENCE :
[tl=acosh(x)
PARAMETERS :

X : real or complex vector
t :real or complex vector

DESCRIPTION :
the components of vector are the ArgCosh of the corresponding entries of vextdDefinition domain
is ]1,+infinity[. It takes his values in

10, +o0[x] = m, 7] and [0] x [0, 7]

EXAMPLE :

x=[0,1,%li];
cosh(acosh(x))

3.0.296 acoshm matrix hyperbolic inverse cosine

CALLING SEQUENCE :
t=acoshm(x)
PARAMETERS :

x,t :real or complex square matrix

DESCRIPTION :
acoshm is the matrix hyperbolic inverse cosine of the matrix x. Uses the fotato¢am (x+(x+eye())*sqrtm((x-eye())
For non symmetric matrices result may be inaccurate.

EXAMPLE :

A=[1,2;3,4];
coshm(acoshm(A))
A(1,1)=A(1,1)+%i;
coshm(acoshm(A))

SEEALSO: acosh 143 logm 174 sqrtm 191
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3.0.297 acosm matrix wise cosine inverse

CALLING SEQUENCE :
t=acosm(x)
PARAMETERS :

X :real or complex square matrix
t :real or complex square matrix

DESCRIPTION :

t are cosine inverse of the matrix. Diagonalization method is used. For nonsymmetric matrices result
may be inaccurate.One hias%i*logm(x+%i*sqrtm(eye()-x*x))

EXAMPLE :

A=[1,2;3,4];
cosm(acosm(A))

SEEALSO: acos 142 sqgrtm 191, logm 174

3.0.298 addt symbolic addition

CALLING SEQUENCE:

addf("a","b")
PARAMETERS :

"a","b" : character strings

DESCRIPTION :
addf("a","b") returns the character striig+b" . Trivial simplifications such aaddf("0","a")
oraddf("1",2") are performed.

EXAMPLE :
addf(’0’,'1")
addf(’1’,a’)
addf('1’,'2")
!a1+lb!

SEEALSO: mulf 177, subf 195 Idivf 172 rdivf 179 eval 164 evstr 21

3.0.299 addmenu interactive button or menu definition

CALLING SEQUENCE :

addmenu(button [,submenus] [,action])
addmenu(gwin,button [,submenus] [,action])

PARAMETERS :

button : a character string. The button name

submenus : avector of character string. The sotenus items names
action : alist with 2 elements action=list(flag,pro@ame)

flag :aninteger (default value is 0)

flag==0 : the action is defined by a scilab instruction

flag==1 :the actionis defined by a C or Fortran procedure
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proc _name : a character string which gives the name of scilab variable containing the instruction or the
name of procedure to call.
gwin : integer. The number of graphic window where the button is required to be installed

DESCRIPTION :
The function allows the user to add new buttons or menus in the main window or graphics windows
command panels.
If action is not given the action associated with a button must be defined by a scilab instruction given
by the character string variable which name is

button for a main window command
button _gwin for a graphic window command

If proc _-name designes a C or Fortran procedure, this procedure may be interfaced in Fortran sub-
routine default/foutn.f or dynamically linked with scilab using thik function

Actions associated with the kth subenu must be defined by scilab instructions stored in the kth element
of the character string variable which name is

button  for a main window command
button _gwin for a graphic window command

EXAMPLE :

addmenu(’foo’)
foo="disp(’hello”)’

addmenu(’Hello’,['Franck’;'Peter’])
Hello=['disp("hello Franck”)’;'disp("hello Peter”)]

addmenu(0,’Hello’,[Franck’;'Peter’])
Hello_0=['disp(’hello Franck”)’;'disp("hello Peter”)’]

addmenu('Bye’,list(0,'French_Bye"))
French_Bye="disp("Au revoir”)’

SEEALSO: setmenu 182 unsetmenu 202 delmenu 160

3.0.300 adj2sp converts adjacency form into sparse matrix.

CALLING SEQUENCE :
A = adj2sp(xadj,adjncy,anz) A = adj2sp(xadj,adjncy,anz,mn)
PARAMETERS :

TP 7

xadj
integer vector of length (n+1).

TP 7

adjncy
integer vector of length nz containing the row indices
for the corresponding elements in anz

TP 7

anz
column vector of length nz, containing the non-zero
elements of A

TP 7

mn

. row vector with 2 entries, \fVmn=size(A)\fR (optional).
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TP 7
A
real or complex sparse matrix (nz non-zero entries)

DESCRIPTION :

\fVsp2adj\fR converts an adjacency form representation of a matrix
into its standard Scilab representation (utility fonction).

\fVxadj, adjncy, anz\fR = adjacency representation of \fVA\R i.e:
.LP

\fVxadj(j+1)-xadj(j))\fR = number of non zero entries in row j.
\fVadjncy\fR = column index of the non zeros entries

in row 1, row 2,..., row n.

\fVanz\fR = values of non zero entries in row 1, row 2,..., row n.
\fVxadj\fR is a (column) vector of size n+1 and

\fVadjncy\fR is an integer (column) vector of size \fVnz=nnz(A)\fR.
\fVvanz\fR is a real vector of size \fVnz=nnz(A)\R.

EXAMPLE :

A = sprand(100,50,.05);
[xadj,adjncy,anz]= sp2adj(A);
[n,m]=size(A);

p = adj2sp(xadj,adjncy,anz,[n,m]);
A-p,

SEEALSO: sp2adj 185 spcompack 187

3.0.301 amell Jacobi’s am function

CALLING SEQUENCE :
[sn]=amell(u,k)
PARAMETERS :

u : real scalar or vector
k : scalar
sn : real scalar or vector

DESCRIPTION :
Computes Jacobi’s elliptic functicam(u,k)  wherek is the parameter and is the argument. 1 is
a vectorsn is the vector of the (element wise) computed values. Used in fun&ism

SEEALSO: delip 160 %sn307, %asn306

3.0.302 asin sine inverse

CALLING SEQUENCE :
[t]=asin(x)
PARAMETERS :

X : real or complex vector/matrix
t :real or complex vector/matrix
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DESCRIPTION :
The entries of are sine inverse of the corresponding entrieg.oDefinition domain is [-1, 1]. It takes
his values in sets

| —7/2,7/2[X] — 00 + o0

[-7/2] x [0, +0c0] and [r/2]x] —o00,0] (realximag)

EXAMPLE :

A=[1,2;3,4]
sin(asin(A))

SEEALSO: sin 183 sinm 184 asinm 148

3.0.303 asinh hyperbolic sine inverse

CALLING SEQUENCE :
[t]=asinh(x)
PARAMETERS :

X : real or complex vector/matrix
t :real or complex vector/matrix

DESCRIPTION :
The entries ot are the hyperbolic sine inverse of the corresponding entrigs diefinition domain is
]-1,i[ It takes his values in sets

| — 00 +00[x] — 7/2,7/2

[—00,0[x[-7/2] and [0,00] x [7/2] (realximag)

EXAMPLE :

A=[1,2;2,3]
sinh(asinh(A))

3.0.304 asinhm matrix hyperbolic inverse sine
CALLING SEQUENCE :

t=asinhm(x)

PARAMETERS :

x,t :real or complex square matrix

DESCRIPTION :
asinhm is the matrix hyperbolic inverse sine of the matrix x. Uses the formloigm (x+sqrtm(x*x+eye()))
Results may be not reliable for non-symmetric matrix.

EXAMPLE :

A=[1,2;2,3]
sinhm(asinhm(A))

SEEALSO: asinh 147, logm 174 sqrtm 191
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3.0.305 asinm matrix wise sine inverse

CALLING SEQUENCE :
t=asinm(x)
PARAMETERS :

X :real or complex square matrix
t :real or complex square matrix

DESCRIPTION :

t are sine inverse of the matrix. Diagonalization method is used. For non symmetric matrices result
may be inaccurate.

EXAMPLE :

A=[1,2;3,4]

sinm(asinm(A))

asinm(A)+%i*logm(%i*A+sqrtm(eye()-A*A))

SEEALSO: asin 146 sinm 184

3.0.306 atan tangent inverse

CALLING SEQUENCE :
[t]=atan(x)
PARAMETERS :

X :real or complex vector
t :real or complex vector

DESCRIPTION :

The components of vector are the arctangent of the corresponding entries of vector
atan(x,y) is the same aatan(x/y) buty is allowed to be zero.

EXAMPLE :

x=[1,%i,-1,%i]
phasex=atan(imag(x),real(x))

SEEALSO: tan 198 ieee 36

3.0.307 atanh hyperbolic tangent inverse

CALLING SEQUENCE :
t=atanh(x)
PARAMETERS :

X : real or complex vector/matrix
t :real or complex vector/matrix

DESCRIPTION :
The components of vector are the hyperbolic tangent inverse of the corresponding entries of vector
Definition domainis ]-1,1]
This function takes values in
| =00+ o0o[x] —m/2,7/2]

[00,0[x[-7/2] and ]0,o00[x[r/2] (realximag)
EXAMPLE :
x=[0,%i,-%i]
tanh(atanh(x))
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3.0.308 atanhm matrix hyperbolic tangent inverse

CALLING SEQUENCE :
t=atanhm(x)
PARAMETERS :

X :real or complex square matrix
t :real or complex square matrix

DESCRIPTION :

atanhm(x) is the matrix hyperbolic tangent inverse of matxixResults may be inaccuratexf is not
symmetric.

EXAMPLE :

A=[1,2;3,4];

tanhm(atanhm(A))

SEEALSO: atanh 148 tanhm 199

3.0.309 atanm square matrix tangent inverse

CALLING SEQUENCE :
[t]l=atanm(x)
PARAMETERS :

X :real or complex square matrix
t :real or complex square matrix

DESCRIPTION :
atanm(x) is the matrix arctangent of the matrix x. Result may be not reliable i not symmetric.
EXAMPLE :

tanm(atanm([1,2;3,4]))

SEEALSO: atan 148

3.0.310 besseli_ Modified | sub ALPHA Bessel functions of the first kind.

CALLING SEQUENCE :

y = besseli(alpha,x)
y = besseli(alpha,x,ice)

PARAMETERS :

x : real vector with non negative entries
alpha : real vector with non negative entries regularly spaced with increment equal &vee=alphaO+(n1:n2)
ice :integer flag, with default value 1

DESCRIPTION :
besseli(alpha,x) computes | sub ALPHA modified Bessel functions of the first kind, for real,
non-negative ordealpha and argument. alpha andx may be vectors. The outputigby-n with m
= size(x,™) ,n = size(alpha,™) whose(i,j) entry isbesseli(alpha(),x(i))
If ice is equal to 2 exponentialy scaled Bessel functions is computed
EXAMPLE :

besseli(0.5:3,1:4)
besseli(0.5:3,1:4,2)

SEEALSO : besselj 150, besselk 150
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3.0.311 bessell  Modified J sub ALPHA Bessel functions of the first kind.
CALLING SEQUENCE :

y = besselj(alpha,x)

PARAMETERS :

X . real vector with non negative entries

alpha : real vector with non negative entries regularly spaced with increment

equal to one alpha=alphaO+(nl:n2)
ice :integer flag, with default value 1

DESCRIPTION :
besselj(alpha,x) computes J sub ALPHA modified Bessel functions of the first kind, for real,
non-negative ordaalpha and argument. alpha andx may be vectors. The outputisby-n with m
= size(x,™) ,h = size(alpha,) whose(i,j) entry isbesselj(alpha(j),x(i))
EXAMPLE :

besselj(0.5:3,1:4)

SEEALSO: besseli 149 besselk 150

3.0.312 besselk___ Modified K sub ALPHA Bessel functions of the second kind.

CALLING SEQUENCE:

y = besselk(alpha,x)
y = besselk(alpha,x,ice)
PARAMETERS :

X : real vector with non negative entries
alpha : real vector with non negative entries regularly spaced with increment equal &vee=alpha0O+(n1:n2)
ice :integer flag, with default value 1

DESCRIPTION :

besselk(alpha,x) computes K sub ALPHA modified Bessel functions of the second kind, for
real, non-negative ordelpha and argumert. alpha andx may be vectors. The outputisby-n
withm = size(x,”™) ,n = size(alpha,*) whosg(i,)) entry isbesselk(alpha(j),x(i))

If ice is equal to 2 exponentialy scaled Bessel functions is computed
EXAMPLE :

besselk(0.5:3,1:4)
besselk(0.5:3,1:4,2)

SEEALSO : besselj 150, besseli 149, bessely 151
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3.0.313 bessely  Modified Y sub ALPHA Bessel functions of the second kind.
CALLING SEQUENCE :

y = bessely(alpha,x)
PARAMETERS :

X : real vector with non negative entries
alpha : real vector with non negative entries regularly spaced with increment
equal to one alpha=alphaO+(n1:n2)

DESCRIPTION :
bessely(alpha,x) computes K sub ALPHA modified Bessel functions of the second kind, for real,
non-negative ordealpha and argument. alpha andx may be vectors. The outputigby-n with m
= size(x,™) ,h = size(alpha,) whose(i,j) entry isbessely(alpha(j),x(i))
EXAMPLE :

bessely(0.5:3,1:4)

SEEALSO: besselj 150 besseli 149 besselk 150

3.0.314 Dbloc2exp block-diagram to symbolic expression

CALLING SEQUENCE :

[str]=bloc2exp(blocd)
[str,names]=bloc2exp(blocd)

PARAMETERS :

blocd : list
str : string
names : string

DESCRIPTION :

given a block-diagram representation of a linear sydtéon2exp  returns its symbolic evaluation. The
firstelement of the lidblocd must be the strinthlocd’” . Each other element of this litlocd(2),blocd(3),...)
is itself a list of one the following types :

list(transfer’,’name_of linear_system’)

listClink’,’name_of_link’,
[number_of upstream_box,upstream_box_port],
[downstream_box_1,downstream_box_1 porthumber],
[downstream_box_2,downstream_box_2_portnumber],

)

The strings'transfer’ and’links’ are keywords which indicate the type of element in the
block diagram.

Case 1 : the second parameter of the list is a character string which may refer (for a possible further
evaluation) to the Scilab name of a linear system given in state-space represestatiion ( list) or in
transfer form (matrix of rationals).
To each transfer block is associated an integer. To each input and output of a transfer block is also associated
its number, an integer (see examples)

Case 2 : the second kind of element in a block-diagram representation is a link. A link links one output
of a block represented by the pfilumber _of _upstream _box,upstream _box _port] , to different
inputs of other blocks. Each such inputis represented by thédmimstream _box _i,downstream _box _i _portnumber]
The different elements of a block-diagram can be defined in an arbitrary order.
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For example
[1] S1*S2  with unit feedback.

There are 3 transfe®&1 (numbem_s1=2),S2 (numbem_s2=3) and an adder (humbaradd=4) with

symbolic transfer functiofil’,’1’]

There are 4 links. The first one (namé&d ) links the input (port O of fictitious block -1, omitted) to port

1 of the adder. The second and third one link respectively (output)port 1 of the adder to (input)port 1 of

systemS1, and (output)port 1 a81 to (input)port 1 ofS2. The fourth link (namedy’ ) links (output)port
1 of S2 to the output (port O of fictitious block -1, omitted) and to (input)port 2 of the adder.

/Initialization

syst=list('blocd’); 1=1;

1

//Systems

I=I+1;n_s1=l;syst(l)=list(transfer’,’S1’); //System 1
I=I+1;n_s2=l;syst(l)=list(transfer’,'S2’); //System 2
I=1+1;n_adder=l;syst(l)=list('transfer’,['1’,'1"]); //adder
1

/ILinks

/I Inputs -1 --> input 1
I=I+1;syst(D=list(’link’,’U’,[-1],[n_adder,1]);

/I Internal

I=1+1;syst(l)=list(’link’,” ’,[n_adder,1],[n_s1,1]);
I=1+1;syst(l)=list(link’,” *,[n_s1,1],[n_s2,1]);

/I Outputs // -1 -> output 1
I=I+1;syst(D=list(’link’,’Y’,[n_s2,1],[-1],[n_adder,2]);
/[Evaluation call

w=bloc2exp(syst);

The result is the character string=-(s2*s1-eye())sl

Note that invoked with two output argumenfistr,names]= blocd(syst)

returns innames the

list of symbolic names of named links. This is useful to set names to inputs and outputs.

[2] second example

/lInitialization

syst=list('blocd’); 1=1;

1l

//System (2x2 blocks plant)
I=1+1;n_s=l;syst()=list('transfer’,[P11’,'P12’;’P21''P227);
I

/[Controller
I=I+1;n_k=l;syst(l)=list(transfer’,’k");

1

//Links
I=1+1;syst(l)=list(link’,'w’,[-1],[n_s,1]);
I=1+1;syst(l)=list(’link’,’z’,[n_s,1],[-1]);
I=I1+1;syst(D=list(’link’,’'u’,[n_k,1],[n_s,2]);
I=I+1;syst(D=list(’link’,’y’,[n_s,2],[n_k,1]);
//[Evaluation call

w=bloc2exp(syst);

In this case the result is a formula equivalent to the usual one:

P11+P12*invr(eye()-K*P22)*K*P21,
SEEALSO: bloc2ss 153
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3.0.315 bloc2ss block-diagram to state-space conversion
CALLING SEQUENCE :

[sl]=bloc2ss(blocd)

PARAMETERS :

blocd : list
sl list

DESCRIPTION :

Given a block-diagram representation of a linear sydtn2ss  converts this representation to a state-
space linear system. The first element of thelllestd must be the strintblocd’ . Each other element
of this list is itself a list of one the following types :

list(transfer’,’name_of linear_system’)

listClink’,’name_of_link’,
[number_of upstream_box,upstream_box_port],
[downstream_box_1,downstream_box_1 portnumber],
[downstream_box_2,downstream_box_2_portnumber],

)

The strings'transfer’ and’links’ are keywords which indicate the type of element in the
block diagram.

Case 1 : the second parameter of the list is a character string which may refer (for a possible further
evaluation) to the Scilab name of a linear system given in state-space represestatiion ( list) or in
transfer form (matrix of rationals).
To each transfer block is associated an integer. To each input and output of a transfer block is also associated
its number, an integer (see examples)

Case 2 : the second kind of element in a block-diagram representation is a link. A link links one output
of a block represented by the pfiumber _of _upstream _box,upstream _box _port] , to different
inputs of other blocks. Each such inputis represented by thédmimstream _box _i,downstream _box _i _portnumber]
The different elements of a block-diagram can be defined in an arbitrary order.

For example
[1] S1*S2 with unit feedback.
There are 3 transfe&1 (numbem_s1=2),S2 (numbem_s2=3) and an adder (humbaradd=4) with
symbolic transfer functiofil’,’1’"]
There are 4 links. The first one (nam'&d ) links the input (port 0 of fictitious block -1, omitted) to port
1 of the adder. The second and third one link respectively (output)port 1 of the adder to (input)port 1 of
systemS1, and (output)port 1 d81 to (input)port 1 ofS2. The fourth link (namedY’ ) links (output)port
1 of S2 to the output (port O of fictitious block -1, omitted) and to (input)port 2 of the adder.

/lInitialization

syst=list('blocd’); 1=1;

I

//Systems

I=1+1;n_s1=l;syst(l)=list('transfer’,’S1’); //System 1
I=1+1;n_s2=lI;syst(l)=list('transfer’,’S2’); //System 2
I=1+1;n_adder=l;syst(l)=list('transfer’,['1’,'1"]); //adder
I

/ILinks

/I Inputs -1 --> input 1
I=1+1;syst(l)=list(link’,’"U1’,[-1],[n_adder,1]);

/I Internal

I=I+1;syst(D=list(’link’,” ’,[n_adder,1],[n_s1,1]);
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I=1+1;syst()=list(link’,” *,[n_s1,1],[n_s2,1]);
/I Outputs // -1 -> output 1
I=1+1;syst()=list('link’,"Y’,[n_s2,1],[-1],[n_adder,2]);

With s=poly(0,’s’);S1=1/(s+1);S2=1/s; the result of the evaluation call=bloc2ss(syst);
is a state-space representationff{s"2+s-1)

[2] LFT example

[lInitialization
syst=list('blocd’); I=1;
I
//System (2x2 blocks plant)
I=I+1;n_s=l;syst(l)=list(transfer’,[P11’/'P12’;P21''P227);
1
/[Controller
I=1+1;n_k=l;syst(l)=list('transfer’,’k’);
1
/ILinks
I=1+1;syst(l)=list(link’,'w’,[-1],[n_s,1]);
I=1+1;syst(l)=list('link’,’z’,[n_s,1],[-1]);
I=1+1;syst(l)=list(link’,’u’,[n_k,1],[n_s,2]);
I=1+1;syst(l)=list(link’,’y’,[n_s,2],[n_k,1]);
With
P=syslin(’c’,A,B,C,D);
P11=P(1,1);
P12=P(1,2);
P21=P(2,1);
P22=P(2,2);
K=syslin('c’,Ak,Bk,Ck,Dk);
bloc2exp(syst) returns the evaluation the Ift & andK.
SEEALSO: bloc2exp 151
AUTHOR: S. S., F. D. (INRIA)

3.0.316 clink check dynamic link

CALLING SEQUENCE :

c_link(’routine-name’)
[test,ilib]=c_link('routine-name’)
test=c_link('routine-name’,num)

DESCRIPTION :

c.links is a boolean function which checks if the routimeutine-name’ is currently linked.
This function returns a boolean value true or false. When used with two return values, the fenlitilon
returns a boolean valuetfast  and the number of the shared library which cont&iostine-name’
inilib (whentest is true).

EXAMPLE :

if c_link('foo’) then link('foo.0’,’foo’);end
/I to unlink all the shared libarries which contain foo
a=%t; while a ;[a,b]=c_link('foo’); ulink(b);end

SEEALSO: link 43, fort 29
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3.0.317 calert computes error functions.

CALLING SEQUENCE :
y = calerf(x,flag)
PARAMETERS :

X : real vector

flag :integer indicator
y : real vector (of same size)

DESCRIPTION :
calerf(x,0) computes the error function:

y = 2/\/77/ exp(—t?)dt

0

calerf(x,1) computes the complementary error function:

y= 2/\/7_1'/ exp(—t?)dt

y=1—erf(z)
calerf(x,2) computes the scaled complementary error function:
1
= 2 for |
y = exp(x”)erfe(x) —o—forlargex

EXAMPLE :
deffCy=f(t)’,'y=exp(-t"2)’);
calerf(1,0)
2/sqrt(%pi)*intg(0,1,f)
SEEALso: erf 163 erfc 163 calerf 155
3.0.318 cmhlin symbolic linear combination
CALLING SEQUENCE:
[X]=cmb_lin(alfa,x,beta,y)
DESCRIPTION :
Evaluateslfa*x-beta*y .alfa, beta, x, y are character strings. (low-level routine)
SEEALSO: mulf 177, addf 144
3.0.319 conj conjugate

CALLING SEQUENCE :
[yl=conj(x)

PARAMETERS :

X,y  :real or complex matrix.

DESCRIPTION :

conj(x) is the complex conjugate af.
EXAMPLE :

X=[1+%i,-%i;%i,2*%i];

conj(x)

x'-conj(x) //X' is conjugate transpose
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3.0.320 convstr case conversion

CALLING SEQUENCE :
[y]=convstr(str-matrix, ["flag"])
PARAMETERS :

str-matrix, y : matrices of strings
"flag"  :string ('u" for upperor’l" for lower (default value))

DESCRIPTION :

converts the matrix of stringstr-matrix into lower case (fofl" ;default value) or upper case (for
"u" ).

EXAMPLE :

A=['this’,’is’;’my’,’'matrix];

convstr(A,'u’)

3.0.321 cos cosine function

CALLING SEQUENCE :

[yl=cos(x)

PARAMETERS :

X :real or complex vector/matrix

DESCRIPTION :
For a vector or amatrixgos(x) is the cosine of its elements . For matrix cosineesam(X) function.

EXAMPLE :

x=[0,1,%i]
acos(cos(x))

SEEALSO: cosm 157

3.0.322 cosh hyperbolic cosine

CALLING SEQUENCE :

[t]=cosh(x)

PARAMETERS :

x,t :real or complex vectors/matrices

DESCRIPTION :
The elements of are the hyperbolic cosine of the corresponding entries of vector

EXAMPLE :

x=[0,1,%i]
acosh(cosh(x))

SEEALSO: cos 156 acosh 143
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3.0.323 coshm matrix hyperbolic cosine

CALLING SEQUENCE :

t=coshm(x)

PARAMETERS :

x,t :real or complex square matrix

DESCRIPTION :
coshm is the matrix hyperbolic cosine of the matrixtx(expm(x)+expm(-x))/2 . Result may be
inaccurate for nonsymmetric matrix.

EXAMPLE :

A=[1,2;2,4]
acoshm(coshm(A))

SEEALSO: cosh 156 expm372

3.0.324 cosm matrix cosine function

CALLING SEQUENCE :

t=cosm(x)

PARAMETERS :

X : real or complex square matrix

DESCRIPTION :
cosm(x) is the matrix cosine of the x matrix=0.5*(expm(%i*x)+expm(-%i*x))

EXAMPLE :

A=[1,2;3,4]
cosm(A)-0.5*(expm(%i*A)+expm(-%i*A))

SEEALSO: cos 156 expm372

3.0.325 cotg cotangent

CALLING SEQUENCE :

[t]=cotg(x)

PARAMETERS :

x,t :real or complex vectors/matrices

DESCRIPTION :
The elements of are the cotangents of the corresponding entries ¢fcos(x)./sin(x)

EXAMPLE :

x=[1,%i];
cotg(x)-cos(x)./sin(x)

SEEALSO: tan 198
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3.0.326 coth hyperbolic cotangent
CALLING SEQUENCE :
[t]=coth(x)

DESCRIPTION :
the elements of vectdr are the hyperbolic cotangent of elements of the vector

EXAMPLE :

x=[1,2*%i]

t=exp(x);
(t-ones(x)./t).\\(t+ones(x)./t)
coth(x)

SEEALSO: cotg 157

3.0.327 cothm matrix hyperbolic cotangent
CALLING SEQUENCE :

[t]I=cothm(x)

DESCRIPTION :

cothm(x) is the matrix hyperbolic cotangent of the square matrix x.
EXAMPLE :

A=[1,2;3,4];

cothm(A)

SEEALSO: coth 158

3.0.328 cumprod cumulative product

CALLING SEQUENCE :

y=cumprod(x)
y=cumprod(x,’r’) or y=cumprod(x,1)
y=cumprod(x,’c’) or y=cumprod(x,2)

PARAMETERS :

X :vector or matrix (real or complex)
y :vector or matrix (real or complex)

DESCRIPTION :
For a vector or a matrix, y=cumprod(x)  returns iny the cumulative product of all the entriesf
taken columnwise.

y=cumprod(x,’c’) (or, equivalentlyy=cumprod(x,2) ) returnsiny the cumulative elementwise
product of the columns of: y(i,:)=cumprod(x(i,:))

y=cumprod(x,’r’) (or, equivalentlyy=cumprod(x,2) ) returnsiny the cumulative elementwise
product of the rows ox: y(:,i)=cumprod(x(:,i))

EXAMPLE :
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A=[1,2;3,4];

cumprod(A)

cumprod(A,’r’)

cumprod(A,’c’)

rand('seed’,0);

a=rand(3,4);

[m,n]=size(a);

w=zeros(a);

w(1,)=a(l,:);

for k=2:m;w(k,:)=w(k-1,:).*a(k,:);end;w-cumprod(a,’r’)

SEEALSO: cumprod 158 sum195

3.0.329 cumsum cumulative sum

CALLING SEQUENCE :

y=cumsum(X)

y=cumsum(x,’r’) or y=cumsum(x,1)
y=cumsum(x,’c’) or y=cumsum(x,2)
PARAMETERS :

X : vector or matrix (real or complex)
y : vector or matrix (real or complex)

DESCRIPTION :
For a vector or a matrix, y=cumsum(x) returnsiny the cumulative sum of all the entries:of taken
columnwise.

y=cumsum(X,’c’) (or, equivalentlyy=cumsum(x,2) )returnsiny the cumulative sum of the columns
of x: y(i,:)=cumsum(x(i,:))

y=cumsum(x,’r’) (or, equivalentlyy=cumsum(x,1) )returnsiny the cumulative sum of the rows
of x: y(:,i)=cumsum(x(:,i))

EXAMPLE :

A=[1,2;3,4];

cumsum(A)

cumsum(A,’r’)

cumsum(A,’c’)

a=rand(3,4)+%i;

[m,n]=size(a);

w=zeros(a);

w(l,)=a(l,);

for k=2:m;w(k,:)=w(k-1,:)+a(k,:);end;w-cumsum(a,’r’)

SEEALSO: cumprod 158 sum195

3.0.330 debug debugging level

CALLING SEQUENCE :
debug(level-int)
PARAMETERS :

level-int . integer (O to 4)

DESCRIPTION :
For the values 0,1,2,3,4 tdvel-int ,debug defines various levels of debugging. (For Scilab experts
only).
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3.0.331 dec2hex hexadecimal representation of integers
CALLING SEQUENCE :

h=dec2hex(d)

PARAMETERS :

d : matrix of non negative integers
h : matrix of character strings

DESCRIPTION :
dec2hex(x)  returns the hexadecimal representation of a matrix of integers

EXAMPLE :

dec2hex([2748 10;11 3])

3.0.332 delip elliptic integral

CALLING SEQUENCE :
[r]=delip(x,ck)
PARAMETERS :

X : real number (or real vector)
ck :real number between -1 and 1
r :real or complex number (or vector)

DESCRIPTION :
returns the value of the elliptic integral with parameter :

dx

— ‘ 1
o /0 V1= 2)(1 - cke2)

X real and positive. When called with a real vector is evaluated for each entry gf
EXAMPLE :

ck=0.5;

delip([1,2],ck)
deffCy=f(t)’,'y=1/sqrt((1-t"2)*(1-ck"2*t"2))")
intg(0,1,f) /IOK since real solution!

SEEALSO: amell 146 %asn306 %sn307

3.0.333 delmenu interactive button or menu deletion

CALLING SEQUENCE :

delmenu(button)
delmenu(gwin,button)

PARAMETERS :

button : a character string. The button name
gwin : integer. The number of graphic window where the button is required to be installed
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DESCRIPTION :
The function allows the user to delete buttons or menus creatdfgnenu in the main or graphics
windows command panels.

If possible, it is better to delete first the latest created button for a given window to avoid gaps in
command panels.

EXAMPLE :

addmenu(’foo’)
delmenu('foo’)

SEEALSO: setmenu 182 unsetmenu 202 addmenu 144

3.0.334 demos guide for scilab demos

CALLING SEQUENCE:

demos()

DESCRIPTION :
demos() is an interactive guide to execute various scilab demonstrations The source code of each demo
is in the directory SCIDIR/demos/...

3.0.335 diag diagonal including or extracting

CALLING SEQUENCE :
[yl=diag(vm, [k])
PARAMETERS :

vm : vector or matrix
k :integer (default value 0)
y :vector or matrix

DESCRIPTION :
for vm a (row or column) n-vectodiag(vm)  returns a diagonal matrix with entries wi along the
main diagonal.
diag(vm,k) is a(n+abs(k))x(n+abs(k)) matrix with the entries ofm along the kth diagonal.
k=0 is the main diagondd >0 is for upper diagonals and<0 for lower diagonals.
For a matrixvm, diag(vm,k) is the column vector made of entries of the kth diagonahafdiag(vm)
is the main diagonal ofm. diag(diag(x)) is a diagonal matrix.
To construct a diagonal linear system, sgediag
Note thateye(A).*A  returns a diagonal matrix made with the diagonal entries dhis is valid for any
matrix (constant, polynomial, rational, state-space linear system,...).
For example

diag(-m:m) + diag(ones(2*m,1),1) +diag(ones(2*m,1),-1)

gives a tri-diagonal matrix of ord&*m+1
EXAMPLE :

diag([1,2])
A=[1,2;3,4];
diag(A)
diag(A,1)

SEEALSO: sysdiag 196
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3.0.336 dlgamma derivative of gammaln function.

CALLING SEQUENCE :
y = dlgamma(x)
PARAMETERS :

x : real vector
y :real vector with same size.

DESCRIPTION :
digamma(x) evaluates the derivative of gammaln function at all the elements »f must be real.

EXAMPLE :

dlgamma(0.5)

SEEALSO: gammal65 gammaln 165

3.0.337 edit function editing

CALLING SEQUENCE :
newname=edit(functionname [, editor])
PARAMETERS :

functionname  : character string
editor  : character string

DESCRIPTION :
If functionname is the name of a defined scilab functalit(functionname ,[editor]) try to
open the associated fifanctionname.sci . If this file can’t be modifiecedit ~ first create a copy of

this file in the TMPDIR directory.
If functionname is the name of a undefined scilab funcédit  create a functionname.sci file in the
TMPDIR directory.
When leaving the editor the modified or defined function is loaded into Scilab under theneamame.
The editor character string can be used to specify your favourite text editor.
Default editor is Emacs. This function should be customized according to your needs.

EXAMPLE :

/Inewedit=edit(edit’) //opens editor with text of this function
/Imyfunction=edit('myfunction’) //opens editor for a new function

SEEALSO: manedit 175

3.0.338 emptystr. zero length string
CALLING SEQUENCE :

s=emptystr()
s=emptystr(a)
s=emptystr(m,n)

PARAMETERS :

a : any type of matrix
s : character string matrix
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m,n :integers

DESCRIPTION :

Returns a matrix of zero length character strings

With no input argument returns a zero length character string.

With a matrix for input argument returns a zero length character strings matrix of the same size.
With two integer arguments returns a mxn zero length character strings matrix

EXAMPLE :

x=emptystr();for k=1:10, x=x+',’+string(k);end

SEEALSO: part 56, length 41, string 74

3.0.339 erf The error function.

CALLING SEQUENCE :
y = erf(x)
PARAMETERS :

X : real vector
y : real vector (of same size)

DESCRIPTION :
erf computes the error function:

y=2/y/(n) / " erp(—)dt
EXAMPLE :

deffCy=f(t)’,'y=exp(-t"2)’);
erf(0.5)-2/sqrt(%pi)*intg(0,0.5,f)

SEEALSO: erfc 163 erfcx 164 calerf 155

3.0.340 erfc The complementary error function.

CALING SEQUENCE :
y = erfc(x)
PARAMETERS :

x : real vector
y :real vector (of same size)

DESCRIPTION :
erfc  computes the complementary error function:
o0
y= 2/\/(71')/ exp(—t?)dt
x
y=1—erf(z)

EXAMPLE :
erf([0.5,0.2])+erfc([0.5,0.2])

SEEALSO: erf 163 erfcx 164 calerf 155
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3.0.341 erfex scaled complementary error function.

CALING SEQUENCE :
y = erfcx(x)
PARAMETERS :

X : real vector
y :real vector (of same size)

DESCRIPTION :
erfcx  computes the scaled complementary error function:

y = exp(x®)er fe(x) (1/+/pi)1/zfor larger

SEEALSO: erf 163 erfc 163 calerf 155

3.0.342 eval evaluation of a matrix of strings

CALLING SEQUENCE :
[H]= eval(2)
DESCRIPTION :

returns the evaluation of the matrix of character strifigs
EXAMPLE :

a=1; b=2; z=['a’’sin(b)’] ; eval(Z) //returns the matrix [1,0.909];

SEEALSO: evstr 21, execstr 164

3.0.343 execstr ___ scilab instructions execution by evaluation of strings

CALLING SEQUENCE:

execstr(instr)
ierr=execstr(instr,’errcatch’)

PARAMETERS :

instr . vector of character strings, scilab instruction to be executed.
ierr  :integer, O or error number

DESCRIPTION :

executes the Scilab instructions given in argumastr  If an error is encountered while executing
instructions defined iimstr | if ’errcatch’ flag is presengéxecstr  issues an error message, abort exe-
cution of theinstr  instructions and resume witarr ~ equal to the error number,if 'errcatch’ flag is not
present, standard error handling works.

EXAMPLE :

execstr('a=1") // sets a=1.
execstr('1+1’) // does nothing (while evstr('1+1’) returns 2)

execstr(['if %t then’;
Toa=ly
' b=a+1’;
‘else’
1 b:0!
'end’])

execstr('a=zzzzzzz’',’errcatch’)

SEEALSO: evstr 21
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3.0.344  full sparse to full matrix conversion

CALING SEQUENCE :
X=full(sp)
PARAMETERS :

sp : real or complex sparse (or full) matrix
X & full matrix

DESCRIPTION :

X=full(sp) converts the sparse matrép into its full representation. (I§p is already full thenX
equalssp).

EXAMPLE :

sp=sparse([1,2;5,4;3,1],[1,2,3)]);

A=full(sp)

SEEALSO: sparse 186 sprand 190 speye 188

3.0.345 gamma The gamma function.

CALLING SEQUENCE :
y = gamma(x)
PARAMETERS :

x : real vector
y :real vector with same size.

DESCRIPTION :
gamma(x) evaluates the gamma function at all the elements of must be real.

y= / e — 1)exp(—t)dt
0
gamma(n+1) = n!
EXAMPLE :

gamma(0.5)
gammay(6)-prod(1:5)

SEEALSO: gammaln 165 dlgamma 162

3.0.346 gammaln The logarithm of gamma function.

CALLING SEQUENCE :
y = gammaln(x)
PARAMETERS :

x : real vector
y :real vector with same size.

DESCRIPTION :

gammaln(x) evaluates the logarithm of gamma function at all the elemenis afoiding underflow
and overflowx must be real.

EXAMPLE :

gammaln(0.5)

SEEALSO: gammal6s dlgamma 162
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3.0.347 getvalue xwindow dialog for data acquisition

CALLING SEQUENCE :

[ok,x1,..,x14]=getvalue(desc,labels,typ,ini)

PARAMETERS :

desc : column vector of strings, dialog general comment

labels : n column vector of stringdabels(i) is the label of the ith required value

typ  :list(typl,diml,..,typn,dimn)

typi : defines the type of the ith value, may have the following values:

"mat" : for constant matrix

"col" : for constant column vector

"row" :for constant row vector

"vec" :for constant vector

"str"  : for string

"lis" . for list

dimi  : definesthe size of the ith value it must be a integer or a 2-vector of integer, -1 stands for undefined
dimension

ini : n column vector of stringsni(i) gives the suggested response for the ith required value

ok : boolean %t if ok button pressed, %f if cancel button pressed

xi  : contains the ith value if ok=%t. If left hand side as one mxre than required values the last

contains the vector of answered strings.

DESCRIPTION :
This function encapsulate mdialog  function with error checking, evaluation of numerical response, ...

REMARKS :
All valid expressions can be used as answers; for matrices and vgetvedues  automatically adds [
] around the given answer before numeric evaluation.

EXAMPLE :

labels=["magnitude”;"frequency";"phase "
[ok,mag,freq,ph]=getvalue("define sine signal”labels,...
list("vec",1,"vec",1,"vec",1),["0.85";"10"2";"%pi/3"])

SEEALSO: x_mdialog 204 x_matrix 204, x_dialog 204
AUTHOR: S. Steer

3.0.348 gsort decreasing order sorting
CALLING SEQUENCE :

s, [K]]=gsort(v )
[s, [K]]=gsort(v,flagl)
[s, [K]]=gsort(v,flagl,flag2)

PARAMETERS :

v,s :real vector/matrix; character string vector/matrix
flagl :astringr ,’c /g IV and’lc’

flag2 :astringi’ forincreasingandd’ for decreasing order. k : vector or matrix of integers

DESCRIPTION :
gsort is similar tosort  with additional properties. The third argument can be used to chose between
increasing or decreasing order. The second argument can be used for lexical orders.
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[s,k]=gsort(a,'g’) and [s,k]=gsort(a,’'g’,'d") are the same afs,k]=gsort(a)
They perform a sort of the entries of matexa being seen as the stacked vec) (columnwise).
[s,k]=gsort(a,’q’,'1") performs the same operation but in increasing order.
[s,K]=gsort(a,’Ir") sort the rows of the matriint(a) (if a is areal matrix) oa (if a isa
character string matrix) in lexical decreasing orderis obtained by a permutation of the rows of matrix
int(a) (or @) given by the column vectdk) in such a way that the rows af verify s(i,:) >
s(j,?) if i <j.[s,k]=gsort(a,’Ir','i") performs the same operation for increasing lexical
order
[s,k]=gsort(a,’lc’) sort the columns of the matrixt(a) (if a is a real matrix) oa (if a
is a character string matrix) in lexical decreasing orderis obtained by a permutation of the columns of
matrix int(a) (ora) given by the row vectdk) in such a way that the columns ®f verify s(:,i) >
s(,) if i <j. [s,k]=gsort(a,’lc’,’i") performs the same operation for increasing lexical
order
EXAMPLE :
alr=[1,2,2;

1,2,1;

1,1,2;

1,1,1];

[alrl,K]=gsort(alr,’Ir','i")
[alr1,K]=gsort(alr,’lc’,'i")

SEEALSO: find 27

3.0.349 halt stop execution

CALLING SEQUENCE :
halt()

DESCRIPTION :
stops execution until something is entered in the keyboard.

SEEALSO: pause 56, return 65 exec 21

3.0.350 havewindow return scilab window mode

CALLING SEQUENCE :
havewindow()

DESCRIPTION :
returns %t if scilab has it own window and %f if not, i.e. if scilab has been invoked by "scilab -mw/". (
stands for "no-window”.

3.0.351 hex2dec___ converts hexadecimal representation of integers to numbers

CALLING SEQUENCE :
d=hex2dec(h)
PARAMETERS :

d : matrix of integers
h : matrix of character strings corresponding to hexadecimal representation

DESCRIPTION :
hex2dec(x)  returns the matrix of numbers corresponding to the hexadecimal representation.
EXAMPLE :

hex2dec([ABC’,'0’,'A’])
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3.0.352 input prompt for user input
CALLING SEQUENCE :

[X]=input(message,["string"])

PARAMETERS :

message : character string

"string" : the character strintgtring" (may be abbreviated " )

X : real number (or character string'8tring" is in the calling sequence)
DESCRIPTION :

input(message) gives the user the prompt in the text string and then waits for input from the keyboard.
The input can be expression which is evaluatee\astr
Invoked with two arguments, the output is a character string which is the expression entered at keyboard.

EXAMPLE :

[Ix=input("How many iterations?")
/Ix=input("What is your name?","string")

SEEALsO: file 26, read 63, write 83, evstr 21, x dialog 204 x _mdialog 204

3.0.353 integrate integration by quadrature

CALLING SEQUENCE :
[X]=integrate(expr,v,x0,x1 [,ea [,er]])
PARAMETERS :

expr : external Scilab

v : string (integration variable)

x0,x1 : real numbers (bounds of integration)

ea,er :real numbers (absolute and relative errors)

DESCRIPTION :
computes :

T = /:1 fw)dv

0

EXAMPLE :
integrate(’sin(x)’,’x’,0,%pi)
integrate(['if x==0 then 1,;
‘else sin(x)/x,end’],’x’,0,%pi)

SEEALSO: intg 288

3.0.354 interp interpolation

CALLING SEQUENCE :
[fo [f1 [f2 [f3]]=interp(xd,xf,d)
PARAMETERS :

xd : real vector
x,f,d  :real vectors from spline
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fi : vectors (derivatives)

DESCRIPTION :
given three vector&,f,d) defining a spline function (sesplin ) with fi=S(xi), di = S’'(xi)
this function evaluateS (resp.S’, S”, S ) atxd(i)

X :vectorofxi (x(1) < xX(2) < ..)
f :vector of S(xi)

d : vector ofS’(xi)

fO  : vector[S(xd(1),S(xd(2)),S(xd(3)),...]

f(1 2 3) . vector of first, second, third derivative 8f atxd=[xd(1),xd(2),...] i.e.

f1
f2

[S'(xd(1)),S'(xd(2)),...]
[S”(xd(1)),S”(xd(2)),...]

SEEALSO: splin 189 smooth 184, interpln 169

3.0.355 interpln linear interpolation
CALLING SEQUENCE :

[y]=interpln(xyd,x)

PARAMETERS :

xyd : 2 row matrix (xy coordinates of points)

X : vector (abscissae)
y : vector (y-axis values)

DESCRIPTION :
givenxyd a set of points in the xy-plane which increasing abscissa& aadet of abscissae, this function
computey the corresponding y-axis values by linear interpolation.

EXAMPLE :

x=[1 10 20 30 40];

y=[1 30 -10 20 40j;
plot2d(x’,y’,[-3],"011"," ",[-10,-40,50,50]);
yi=interpIn([x;y],-4:45);
plot2d((-4:45)",yi’,[3],"000");

SEEALSO: splin 189 interp 168 smooth 184

3.0.356 intsplin______ integration of experimental data by spline interpolation
CALLING SEQUENCE :

v = intsplin([x,] s)

PARAMETERS :

X : vector of increasing x coordinate data. Default valukgze(y,’)

s : vector of y coordinate data

v : value of the integral
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DESCRIPTION :
computes:

v= /:1 f(z)dzx

Where fis a function described by a set of experimental value:

and

xo = x(1), 21 = z(n)

Between mesh points function is interpolated using spline’s.
EXAMPLE :

t=0:0.1:%pi
intsplin(t,sin(t))

SEEALSO: intg 288 integrate 168 inttrap 170, splin 189

3.0.357 inttrap___ integration of experimental data by trapezoidal interpolation
CALLING SEQUENCE :

v = inttrap([x,] S)

PARAMETERS :

X : vector of increasing x coordinate data. Default valug sze(y,*’)

s : vector of y coordinate data
v : value of the integral

DESCRIPTION :
computes:

v = /:1 f(x)dx

Where fis a function described by a set of experimental value:

and

xo = x(1), 21 = z(n)

Between mesh points function is interpolated linearly.
EXAMPLE :

t=0:0.1:%pi
inttrap(t,sin(t))

SEEALSO: intg 288 integrate 168 intsplin 169 splin 189
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3.0.358 isdef check variable existence

CALLING SEQUENCE:

isdef(name [,where])

PARAMETERS :

name : a character string
where : an optional character string with default value "all’

DESCRIPTION :
isdef(name) returns%T if the variable'var-name’ exists andoF otherwise.

isdef(name,’local’) returns%T if the variablevar-name’ exists in the local environment
of the current function an#hbF otherwise.

EXAMPLE :
A=1;
isdef(’A")
clear A
isdef(’A’)

SEEALSO: exists 22, whereis 81, type 76, typeof 202 clear 14

3.0.359 isinf check for infinite entries

CALLING SEQUENCE :

r=isinf(x)

PARAMETERS :

X : real or complex vector or matrix r : boolean vector or matrix

DESCRIPTION :
isinf(x) returns a boolean vector or matrix which contains true entries corresponding with irfinite
entries and false entries corresponding with firitentries.

EXAMPLE :
isinf([1 0.01 -%inf %inf])

SEEALSO: isnan 171

3.0.360 isnan check for "Not a Number” entries

CALLING SEQUENCE :

r=isnan(x)

PARAMETERS :

X : real or complex vector or matrix r : boolean vector or matrix

DESCRIPTION :
isnan(x) returns a boolean vector or matrix which contains true entries corresponding with "Not a
Number’x entries and false entries corresponding with regxlantries.

EXAMPLE :
isnan([1 0.01 -%nan %inf-%inf])

SEEALSO: isinf 171
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3.0.361 isreal check if a variable as real or complex entries

CALLING SEQUENCE :

t=isreal(x)
t=isreal(x,eps)

PARAMETERS :

X @ vector or matrix with floating point entries or coefficients
t :aboolean

DESCRIPTION :

isreal(x) returns true if x is stored as a real variable and false if x stores complex numbers.
isreal(x,eps) returns true if X is stored as a real variable or if maximum absolute value of imaginary
floating points if less or equal than eps.

EXAMPLE :

isreal([1 2])
isreal(1+0*%i)
isreal(1+0*%:i,0)
isreal(1+%s)
isreal(sprand(3,3,0.1))

3.0.362 kron Kronecker product (.*.)

CALLING SEQUENCE:

kron(x,y)
X.*xy

DESCRIPTION :
Kronecker tensor product of two matricesandy. Same ag.*.y

EXAMPLE :

A=[1,2;3,4];
kron(A,A)
A*A
A(1,1)=%i;
kron(A,A)

3.0.363 Idivf left symbolic division
CALLING SEQUENCE :
divi(d’,’c’)

DESCRIPTION :
returns the stringc \d’ Trivial simplifications such a4 \c’ = 'c

EXAMPLE :

are performed.

Idivf('1’,'1")
Idivf('a’,’0")
Idivf(’a’,’x")
Idivf('2','4")
SEEALSO: rdivf 179 addf 144 mulf 177, evstr 21
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3.0.364 linspace linearly spaced vector
CALLING SEQUENCE :

[V]=linspace(x1,x2 [,n])

PARAMETERS :

x1,x2 :real or complex scalars
n : integer (humber of values) (default value = 100)
v . real or complex row vector

DESCRIPTION :
Linearly spaced vectolinspace(x1, x2) generates a row vector of n (default value=100) linearly
equally spaced points betwerh andx2.

EXAMPLE :
linspace(1,2,10)

SEEALSO: logspace 174

3.0.365 log natural logarithm
CALLING SEQUENCE :

y=log(x)

PARAMETERS :

X . constant vector or constant matrix

DESCRIPTION :
log(x) s the "element-wise” logarithmy(i,j)=log(x(i,)) . For matrix logarithm sekogm .
EXAMPLE :

exp(log([1,%i,-1,-%i]))

SEEALSO: exp 372 logm 174, ieee 36

3.0.366 loglQ logarithm

CALLING SEQUENCE :
y=log10(x)
PARAMETERS :

X :vector or matrix

DESCRIPTION :
decimal logarithm.Ik is a vectodogl0(x)=[log10(x1),...,10g10(xn)]

EXAMPLE :
10."log10([1,%i,-1,-%i])
SEEALSO: log 173 hat 34, ieee 36
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3.0.367 logm square matrix logarithm
CALLING SEQUENCE :

y=logm(x)

PARAMETERS :

X :square matrix

DESCRIPTION :

logm(x) s the matrix logarithm ok. The resultis complex i is not positive or definite positive. ¥

is a symmetric matrix, then calculation is made by schur form. Otherwisis,assumed diagonalizable.
One haexpm(logm(x))=x

EXAMPLE :

A=[1,2;3,4];
logm(A)
expm(logm(A))
AL=A*A’;
logm(Al)
expm(logm(Al))
A1(1,1)=%i;
expm(logm(A1l))

SEEALSO: expm372 log 173

3.0.368 logspace logarithmically spaced vector

CALLING SEQUENCE :
logspace(d1,d2, [n])
PARAMETERS :

d1,d2 :real or complex scalar (special meaning %opi)
n : integer (humber of values) (default value = 50)

DESCRIPTION :
returns a row vector af logarithmically equally spaced points betwedyid1l and107°d2 . If d2=%pi
then the points are betweé@0°d1 andpi .

EXAMPLE :
logspace(1,2,10)

SEEALSO: linspace 173

3.0.369 macr2lst function to list conversion

CALLING SEQUENCE:

[txt}=macr2Ist(function-name)

DESCRIPTION :
This primitive converts a compiled Scilab functiimction-name into a list which codes the internal
representation of the function. For use witlac2for .

SEE ALSO: macrovar 175
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3.0.370 macrovar variables of function

CALLING SEQUENCE:

vars=macrovar(function)

PARAMETERS :

vars : list list(in,out,globals,called,locals)
function : name of a function

DESCRIPTION :

Returns in a list the set of variables used by a functiears is a list made of five column vectors of
character strings

in :inputvariablesyars(1l) )

out : outputvariablesvars(2) )

globals  : global variables\ars(3) )

called : names of functions calledérs(4) )

locals :local variablesyars(5) )

EXAMPLE :

deff('y=f(x1,x2)",’'loc=1;y=a*x1+x2-loc’)
vars=macrovar(f)

SEEALSO: string 74, macr2lst 174

3.0.371 manedit editing a manual item

CALLING SEQUENCE :
manedit(manitem ,[editor])
PARAMETERS :

manitem : character string (usually, name of a function)
editor  : character string

DESCRIPTION :
edit(manitem ,[editor]) opens the filananitem in the editor given byditor
Default editor is Emacs. This function should be customized according to your needs.

EXAMPLE :
/I/manedit(’'lqg’)

SEEALSO: whereis 81, edit 162

3.0.372 mean mean (row mean, column mean) of vector/matrix entries
CALLING SEQUENCE :

y=mean(x)

y=mean(x,’r’)

y=mean(x,’c’)

PARAMETERS :

X : real vector or matrix
y : scalar or vector
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DESCRIPTION :

For a vector or a matrix, y=mean(x) returns in the scalar the mean of all the entries &f
y=mean(x,’r’) (or, equivalentlyy=mean(x,2) ) isthe rowwise mean. It returns in each entry of the
column vectoly the mean of each row of.

y=mean(x,’c’) (or, equivalentlyy=mean(x,1) ) is the columnwise mean. It returns in each
entry of the row vectoy the mean of each column gf

EXAMPLE :

A=[1,2,10;7,7.1,7.01];

mean(A)
mean(A,’r’)
mean(A,’c’)

SEEALSO: sum195 median 176 st deviation 192

3.0.373 median_ median (row median, column median) of vector/matrix entries

CALLING SEQUENCE :

y=median(x)
y=median(x,’r’)
y=median(x,’c’)

PARAMETERS :

X : real vector or matrix
y : scalar or vector

DESCRIPTION :

For a vector or a matrix, y=median(x)  returns in the scalar the median of all the entries &f
y=median(x,’r’) (or, equivalentlyy=median(x,2) ) is the rowwise median. It returns in each
entry of the column vector the median of each row of.

y=median(x,’c’) (or, equivalentlyy=median(x,1) ) is the columnwise median. It returns in
each entry of the row vectgr the median of each column gf

EXAMPLE :

A=[1,2,10;7,7.1,7.01];

median(A)
median(A,’r")
median(A,’c’)

SEEALSO: suml195 meanl75

3.0.374 modula arithmetic remainder modulo m

CALLING SEQUENCE :
i=modulo(n,m)

PARAMETERS :

n,m: integers

DESCRIPTION :

computes= n (modulo m) i.e. remainder oh divided bym (n andm integers).
i=n-m .*int (n ./ m)

EXAMPLE :

n=[1,2,10,15];m=[2,2,3,5];
modulo(n,m)
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3.0.375 mulf symbolic multiplication
CALLING SEQUENCE :
mulf('d’,’c’)

DESCRIPTION :
returns the stringc*d’  Trivial simplifications such ad*c’ =

EXAMPLE :

c are performed.

mulf(’1’,’a’)
mulf(’0’,’a")
‘a'+'b’  //Caution...

SEEALSO: rdivf 179 addf 144 subf 195

3.0.376 nnz number of non zero entries in a matrix

CALLING SEQUENCE :
n=nnz(X)
PARAMETERS :

X : real or complex sparse (or full) matrix
n :integer, the number of non zero elements in X

DESCRIPTION :
nnz counts the number of non zero entries in a sparse or full matrix

EXAMPLE :

sp=sparse([1,2;4,5;3,10],[1,2,3]);
nnz(sp)

a=[1 0 0 0 2];

nnz(a)

SEEALSO: spget 188

3.0.377 norm matrix norms

CALLING SEQUENCE :

[yl=norm(x [,flag])
PARAMETERS :

X : real or complex vector or matrix (full or sparse storage)
flag : string (type of norm) (default value =2)

DESCRIPTION :
For matrices

norm(x) :ornorm(x,2) is the largest singular value &f (max(svd(x)) ).
norm(x,1) : The L1 normx (the largest column summaxi(sum(abs(x),’r")) ).
norm(x,’inf"),norm(x,%inf) : The infinity norm ofx (the largest row summaxi(sum(abs(x),’c’))
).
norm(x,’'fro") : Frobenius norm i.esgrt(sum(diag(x*x)))
For vectors
norm(v,p) :l_pnorm 6um(v(i)"p))"(1/p)

Scilab Group April 1993 177



prod Scilab Function

norm(v) :=norm(v,2)  :1.2norm
norm(v,’inf") : max(abs(v(i)))

EXAMPLE :

A=[1,2,3];

norm(A,1)
norm(A,’inf")
A=[1,2;3,4]
max(svd(A))-norm(A)

A=sparse([1 0 0 33 -1])
norm(A)

SEEALSO: h_norm 265 dhnorm 259 h2norm 264, abs 142

3.0.378 pen2ea pencil to E,A conversion

CALLING SEQUENCE :
[E,A]=pen2ea(Fs)
PARAMETERS :

Fs : matrix pencils*E-A
E,A : two matrices such thdds=s*E-A

DESCRIPTION :
Utility function. Given the penciFs=s*E-A , returns the matriceés andA.

EXAMPLE :

E=[1,0];A=[1,2];s=poly(0,'s’);
[E,Al=pen2ea(s*E-A)

3.0.379 pertrans pertranspose

CALLING SEQUENCE :
[Y]=pertrans(X)
PARAMETERS :

X :real or complex matrix
Y : real or complex matrix

DESCRIPTION :
Y=pertrans(X) returns the pertransposeXfi.e. the symmetric ok w.r.t the second diagonal (utility
function).

EXAMPLE :

A=[1,2;3,4]
pertrans(A)
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3.0.380 prod product
CALLING SEQUENCE :
y=prod(x)

y=prod(x,’r’) or y=prod(x,1)
y=prod(x,’c’) or y=prod(x,2)

PARAMETERS :

X . real or complex vector or matrix
y : real or complex scalar or matrix

DESCRIPTION :
For a vector or a matrix, y=prod(x) returns in the scalay the prod of all the entries of, , e.g.
prod(1:n) is n!

y=prod(Xx,’r’) (or, equivalentlyy=prod(x,1)  )computes the rows elementwise produckof/ is
the row vectory(i)=prod(x(i,:)) .
y=prod(Xx,’c") (or, equivalentlyy=prod(x,2) ) computes the columns elementwise product of

y is the column vectory(i)=prod(x(:,i))

prod is notimplemented for sparse matrices.
EXAMPLE :

A=[1,2;0,100];

prod(A)

prod(A,’c")

prod(A,’r")

SEEALSO: sum195 cumprod 158

3.0.381 rdivf right symbolic division

CALLING SEQUENCE :
["r]=Idivi("d","c")
PARAMETERS :
"d","c",r" . strings
DESCRIPTION :

returns the stringc/d"  Trivial simplifications such a%&/1" = "c
EXAMPLE :

diviCc’,d)
div('1’,2")
divi(a’,0")

are performed.

SEEALSO: Idivf 172

3.0.382 readc read a character string

CALLING SEQUENCE:

[c]=readc_(unit)
[c]Freadc ()

DESCRIPTION :
readc _ reads a character string. This function allows one to interrupt an exec file wiphose ; the
exec file stops until carriage return is made.

SEEALSO: read 63
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3.0.383 readmps reads a file in MPS format

CALLING SEQUENCE :

[m,n,nza,irobj,namec,nameb,namran,nambnd,name,stavar,rwstat,hdrwcd,Inkrw,hdclcd,Inkcl,
=readmps (‘file-name’,maxm,maxn,maxnza,big,dlobnd,dupbnd);

PARAMETERS :

file-name : character string (Name of file file-name.mps’)

maxn : integer number (Maximum number of constraints). maxn : integer number (Maximum number of
variables).

maxnza : integer number (Maximum number of nonzeros entries in the LP constraint matrix).

big : large real number

dlobnd : real nymber (Default lower bound).

dupbnd : real number (Default upper bound).

m : integer number (Actual number of constraints+1).

n :integer number (Actual number of variables).

nza : integer number (Actual number of nonzeros entries in the LP constraint matrix).

irobj  :integer (Index of the objective row).

namec : character string (Name of the objective).

nameb : character string (Name of the right hand side).

namran : character string (Name of the ranges section).

nambnd : character string (Name of the bounds section).

name : character string (Name of the LP problem). stavar : integer vector ( variable status see hopdm.sci).

rwstat : integer vector ( see hopdm.sci - rdmps1.f)

hdrwed : real vector (Header to the linked list of rows with the same codes).

Inkrw : integer vector (Linked list of rows with the same codes).

hdclcd : integer vector (Header to the linked list of columns with the same codes).

Inkcl  : integer vector (Linked list of columns with the same codes).
rwnmbs : integer vector (Row numbers of nonzeros in columns of matrix A.)
clpnts  :integer vector (Pointers to the beginning of columns of matrix A).

acoeff  : real vector (Array of nonzero elements for each column).
rhs :real vector ( Right hand side of the linear program).

ranges : real vector of constraint ranges.

ubounds : full column vector of upper bounds

Ibounds  : full column vector of lower bounds

DESCRIPTION :
[m,n,nza,irobj,namec.nameb,namran,nambnd,name,stavar,rwstat,hdrwcd,Inkrw,hdclcd,rwnmbs,

= readmps ('file-name’,;maxm,maxn,maxnza,big,dlobnd,dupbnd) . Utility function: reads

file file-name.mps’ in mps format. Itis an interface with the programps1.f  of hopdm (J. Gondzio).
For a description of the variables, see the file rdmps1.f.

EXAMPLE :

/[File : test.mps (uncomment)

/INAME TESTPROB

IIROWS

/' N COST

/l L LIM1

/I G LIM2

/' E MYEQN

/ICOLUMNS

1 XONE COST 1 LIM1 1
1 XONE LIM2 1

1 YTWO COST 4 LIM1 1
1 YTWO MYEQN -1
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1 ZTHREE COST 9 LIM2 1
1 ZTHREE MYEQN 1

/IRHS

1 RHS1 LIM1 5 LIM2 10
1 RHS1 MYEQN 7

//IBOUNDS

/I UP BND1 XONE 4

/I LO BND1 YTWO -1

/I UP BND1 YTWO 1

//[ENDATA

/Il objective:

1 min XONE + 4 YTWO + 9 ZTHREE

/Il constraints:

/I LIM1: XONE + YTWO <=5

/I LIM2: XONE + ZTHREE > = 10

/I MYEQN: - YTWO + ZTHREE =7

/Il Bounds

/I 0 <= XONE <=4
/I -1 < =YTWO < =1
/Il End

maxm = 5;

maxn = 4;

maxnza = 9;

big = 10730;

dlobnd = 0O;

dupbnd = 10730;

1
/[[m,n,nza,irobj,namec,nameb,namran,nambnd,name,stavar,rwstat,hdrwcd,...
/Ninkrw,hdclcd,Inkcl,rwnmbs,clpnts,acoeff,rhs,ranges,ubounds,lbounds] = ...
/lreadmps (‘test’,maxm,maxn,maxnza,big,dlobnd,dupbnd);

3.0.384 sci2exp converts variable to expression
CALLING SEQUENCE :

t=scizexp(a [,nam] [,Imax])

PARAMETERS :

a :ascilab variable, may be

- constant,

- polynomial

- string matrix

- list

- boolean matrix

nam : character string

t . vector of string, contains the expression or instruction definition

Imax : integer, contains the maximum line length. default value isi®@x=0 indicate no line length
control a single string is returned

DESCRIPTION :
sci2exp  converts variable to an instructionrim is given or to an expression .

EXAMPLE :
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a=[1 2;3 4]

sci2exp(a,’aa’)
sci2exp(a,’aa’,0)
scizexp(ssrand(2,2,2))
scizexp(poly([1 0 3 4],’s),'fi")

3.0.385 sci2map Scilab to Maple variable conversion

CALLING SEQUENCE :

txt=sci2map(a,Map-name)

PARAMETERS :

a : Scilab object (matrix, polynomial, list, string)

Map-name : string (name of the Maple variable)

txt : vector of strings containing the corresponding Maple code
DESCRIPTION :

Makes Maple code necessary to send the Scilab varealie Maple : the name of the variable in Maple
is Map-name. A Maple procedurenaple2scilab can be found irSCIDIR/maple  directory.

EXAMPLE :

txt=[sci2map([1 2;3 4],’a);
sci2map(%s°2+3*%s+4,'p’)]

3.0.386 setmenu interactive button or menu activation

CALLING SEQUENCE :

setmenu(button [,nsub])
setmenu(gwin,button [,nsub])

PARAMETERS :

button : acharacter string. The button name

gwin : integer. The number of graphic window where the button is installed

nsub : integer. The number of submenu to de-activate (if any). If button has no sub-msutu, is
ignored

DESCRIPTION :

The function allows the user to make active buttons or menus createttioyenu in the main or graphics
windows command panels.

EXAMPLE :

addmenu(’foo’) /INew button made in main scilab window
unsetmenu(’foo’)  //button foo cannot be activated (grey string)
setmenu(’foo’) /Ibutton foo can be activated (black string)

SEEALSO: delmenu 160, unsetmenu 202 addmenu 144
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3.0.387 sin sine function

CALLING SEQUENCE :

[t]=sin(x)

PARAMETERS :

X : real or complex vector or matrix

DESCRIPTION :
For a vector or a matribsin(x) is the sine of its elements . For matrix sine ggam(X) function.

EXAMPLE :
asin(sin([1,0,%:i]))

SEEALSO: sinm 184

3.0.388 sinh hyperbolic sine

CALLING SEQUENCE :

[t]=sinh(x)

PARAMETERS :

x,t :real or complex vectors/matrices

DESCRIPTION :
the elements of vectdr are the hyperbolic sine of elements of vector

EXAMPLE :
asinh(sinh(J0,1,%:i]))

SEEALSO: asinh 147

3.0.389 sinhm matrix hyperbolic sine
CALLING SEQUENCE :

t=sinhm(x)

PARAMETERS :

x,t :real or complex square matrix

DESCRIPTION :
sinhm is the matrix hyperbolic sine of the matrixtx(expm(x)-expm(-x))/2

EXAMPLE :

A=[1,2;2,3]

asinhm(sinhm(A))

A(1,1)=%i;sinhm(A)-(expm(A)-expm(-A))/2  [IComplex case
SEEALSO: sinh 183
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3.0.390 sinm matrix sine function

CALLING SEQUENCE :

t=sinm(x)

PARAMETERS :

X : real or complex square matrix

DESCRIPTION :
sinm(x) is matrix sine of x matrix.

EXAMPLE :

A=[1,2;2,4];
sinm(A)+0.5*%i*(expm(%i*A)-expm(-%i*A))

SEEALSO: sin 183 asinm 148

3.0.391 smooth smoothing by spline functions

CALLING SEQUENCE:
[pt]=smooth(ptd [,step])
PARAMETERS :

ptd : (2xn) real vector
step : real (discretization step of abscissae) (defdulid*magnitude(v) )
pt :(2xn) real vector

DESCRIPTION :

this function computes interpolation by spline functions for a given set of points in the plane. The coordin-
ates arg(ptd(1,i),ptd(2,i)) . The componentptd(1,:) must be in ascending order. The
default value for the step ebs(maxi(ptd(1,:))-mini(ptd(1,:)))/100

EXAMPLE :

x=[1 10 20 30 40];

y=[1 30 -10 20 40},
plot2d(x’,y’,[3],"011",* ",[-10,-40,50,50]);
yi=smooth([x;y],0.1);
plot2d(yi(1,:)",yi(2,:)’,[1],"000");

SEEALSO: splin 189 interp 168 interpln 169

3.0.392 solve symbolic linear system solver
CALLING SEQUENCE :

[X]=solve(A,b)

PARAMETERS :

A,b,c : matrix (resp. vectors) of character strings

DESCRIPTION :
solvesA*x = b whenA is an upper triangular matrix made of character strings.

EXAMPLE :
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A=['1/a’;’0',’2'];  /lUpper triangular
b=[x"'y’l;

w=solve(A,b)

a=1,x=2;y=5;

evstr(w)

inv([1,1;0,2])*[2;5]

SEEALSO: trianfml 200

3.0.393 sort decreasing order sorting

CALLING SEQUENCE :

[s, [K]]=sort(v)
[s, [K]]=sort(v,'r")
[s, [K]]=sort(v,’c)

PARAMETERS :

v . real or complex vector/matrix; sparse vector; character string vector/matrix
s : real or complex vector or matrix; sparse vector; character string vector/matrix
k : vector or matrix of integers

DESCRIPTION :

s=sort(v) sortsv in decreasing order. N is a matrix, sorting is done columnwise, being seen
as the stacked vecto(:) . [s,k]=sort(v) gives in addition the indices of entries sf in v, i.e.
v(k(?)) is the vectors.

s=sort(v,’r’) sorts the rows of in decreasing order i.e. each columnsofis obtained from each
column ofv by reordering it in decreasing ordels,k]=sort(v,'r’) returns in addition in each
column ofk the indices such that(k(:,i),i)=s(:,i) for each column indek.

s=sort(v,’c’) sorts the columns of in decreasing order i.e. each rowfis obtained from each
row of v by reordering it in decreasing ord¢s,k]=sort(v,’c’) returns in addition in each row of
k the indices such thaf(i,k(i,:))=s(i,:) for each row index .

Complex matrices or vectors are sorted w.r.t their magnitude.

y=sort(A) is valid whenA is a sparse vector. Column/row sorting is not implemented for sparse
matrices.

EXAMPLE :

[s,p]=sort(rand(1,10));

/I[p is a random permutation of 1:10
A=[1,2,5;3,4,2];
[Asorted,q]=sort(A);A(q(:))-Asorted(:)
v=1:10;

sort(v)

sort(v’)

sort(v,’r") //Does nothing for row vectors
sort(v,'c’)

SEEALSsO: find 27

3.0.394 sp2adj converts sparse matrix into adjacency form

CALLING SEQUENCE :
[xadj,adjncy,anz]= sp2adj(A)
PARAMETERS :
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TP 7
A
real or complex sparse matrix (nz non-zero entries)
TP 7
xadj
integer vector of length (n+1).
TP 7
adjncy
integer vector of length nz containing the row indices
for the corresponding elements in anz
TP 7
anz
column vector of length nz, containing the non-zero
elements of A

DESCRIPTION :

\fVsp2adj\fR converts a sparse matrix into its adjacency form (utility
fonction).

\f'VA = n x m\fR sparse matrix. \fVxadj, adjncy, anz\fR = adjacency
representation of \fVA\R i.e:

.LP

\fVxadj(j+1)-xadj(j)\fR = number of non zero entries in row |.
\fVadjncy\fR = column index of the non zeros entries

in row 1, row 2,..., row n.

\fvanz\fR = values of non zero entries in row 1, row 2,..., row n.
\fVxadj\fR is a (column) vector of size n+l and

\fVadjncy\fR is an integer (column) vector of size \fVnz=nnz(A)\fR.
\fVanz\fR is a real vector of size \fVnz=nnz(A)\fR.

EXAMPLE :

A = sprand(100,50,.05);
[xadj,adjncy,anz]= sp2adj(A);
[n,m]=size(A);

p = adj2sp(xadj,adjncy,anz,[n,m]);
A-p,

SEEALSO: adj2sp 145 sparse 186 spcompack 187, spget 188

3.0.395 sparse sparse matrix definition

CALLING SEQUENCE:

sp=sparse(X)
sp=sparse(ij,v [,mn])

PARAMETERS :

X : real or complex full (or sparse) matrix

ij :two columns integer matrix (indices of non-zeros entries)

mn : integer vector with two entries (row-dimension, column-dimension)
Sp : sparse matrix

DESCRIPTION :

sparse is used to build a sparse matrix. Only non-zero entries are stored.

sp = sparse(X) converts a full matrix to sparse form by squeezing out any zero elementx. idf
already sparssp is X).
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sp=sparse(ij,v [,mn]) builds afmn(1) -by-mn(2) sparse matrix witlsp(ij(k,1),ij(k,2))=v(K)
ij andv must have the same column dimension. If optiamal parameter is not given thep matrix
dimensions are the max valueitf,1) andij(:,2) respectively.

Operations (concatenation, addition, etc,) with sparse matrices are made using the same syntax as for full
matrices.

Elementary functions are also availabdd$,maxi,sum,diag,... ) for sparse matrices.

Mixed operations (full-sparse) are allowed. Results are full or sparse depending on the operations.

EXAMPLE :

sp=sparse([1,2;4,5;3,10],[1,2,3])
size(sp)
x=rand(2,2);abs(x)-full(abs(sparse(x)))

SEEALsO: full 165 spget 188 sprand 190 speye 188 lufact 382

3.0.396 spcompack ____ converts a compressed adjacency representation

CALLING SEQUENCE :
adjncy = spcompak(xadj,xlindx,lindx)
PARAMETERS :

TP 7
xadj
integer vector of length (n+1).
TP 7
xlindx
integer vector of length n+1 (pointers).
TP 7
lindx
integer vector
TP 7
adjncy
integer vector

DESCRIPTION :

Utility fonction \fVspcompak\fR is used to convert a compressed adjacency
representation into standard adjacency representation.

EXAMPLE :

/Il A is the sparse matrix:
A=[1,0,0,0,0,0,0;
0,1,0,0,0,0,0;
0,0,1,0,0,0,0;
0,0,1,1,0,0,0;
0,0,1,1,1,0,0;
0,0,1,1,0,1,0;
0,0,1,1,0,1,1];
A=sparse(A);
/[For this matrix, the standard adjacency representation is given by:
xadj=[1,2,3,8,12,13,15,16];
adjncy=[1, 2, 3,4,5,6,7, 45,6,7, 5, 6,7, 7],
ll(see sp2ad)).
/I increments in vector xadj give the number of non zero entries in each
column
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/I ie there is 2-1=1 entry in the column 1

I there is 3-2=1 entry in the column 2

I there are 8-3=5 entries in the column 3

I 12-8=4 4
/letc

/[The row index of these entries is given by the adjncy vector

/I for instance,

/I adjncy (3:7)=adjncy(xadj(3):xadj(4)-1)=[3,4,5,6,7]

/I says that the 5=xadj(4)-xadj(3) entries in column 3 have row

/I indices 3,4,5,6,7.

/lin the compact representation, the repeated sequences in adjncy
/lare eliminated.

/[Here in adjncy the sequences 4,5,6,7 and 7 are eliminated.
/[The standard structure (xadj,adjncy) takes the compressed form (lindx,xlindx)
lindx=[1, 2, 3,4,5,6,7, 5, 6,7];

xlindx=[1,2,3,8,9,11];

/[(Columns 4 and 7 of A are eliminated).

/IA can be reconstructed from (xadj,xlindx,lindx).

[xadj,adjncy,anz]= sp2adj(A);

adjncy - spcompack(xadj,xlindx,lindx)

SEEALSO: sp2adj 185 adj2sp 145 spget 188

3.0.397 speye sparse identity matrix

CALING SEQUENCE :

Isp=speye(nrows,ncols)
Isp=speye(A)

PARAMETERS :

nrows : integer (number of rows)
ncols :integer (number os columns)
A : sparse matrix

sp : sparse identity matrix

DESCRIPTION :

Isp=speye(nrows,ncols) returns a sparse identity mattsp  with nrows rows,ncols columns.
(Non square identity matrix have a maximal number of ones along the main diagonal).

Isp=speye(A) returns a sparse identity matrix with same dimension#&.a [m,n]=size(A) ,
speye(m,n) andspeye(A) areequivalent. In particulapeye(3) is notequivalenttspeye(3,3)

EXAMPLE :
eye(3,3)-full(speye(3,3))

SEEALSO: sparse 186 full 165 eye 25 spzeros 190, spones 189

3.0.398 spget retrieves entries of sparse matrix

CALLING SEQUENCE :
[ij,v.mn]=spget(sp)

PARAMETERS :
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sp : real or complex sparse matrix

ij :two columns integer matrix (indices of non-zeros entries)

mn : integer vector with two entries (row-dimension, column-dimension)
v : column vector

DESCRIPTION :

spget is used to convert the internal representation of sparse matrices into the stigndard repres-
entation.

Non zero entries o§p are located in rows and columns with indicegjin.

EXAMPLE :

sp=sparse([1,2;4,5;3,10],[1,2,3])
[ij,v.mn]=spget(sp);

SEEALSO: sparse 186 sprand 190 speye 188 lufact 382

3.0.399 splin spline function

CALLING SEQUENCE :
d=splin(x,f [,"periodic"])
PARAMETERS :

X : real vector
f :real vector of same size as
"periodic” . string flag (a periodic spline is looked for)

DESCRIPTION :

Given valuedii of a function f at given pointsi  (fi=f(xi) ) this primitive computes a third or-
der spline function S which interpolates the function The components of must be in increasing
order. For a periodic splin€l) must equaf(n) ; S is defined through the tripl,f,d) where

d=spline(x,f) is the vector of the estimated derivatives of Kiat (fi=S(xi),di=S’(xi) ). This
function should be used in conjunction wittterp
EXAMPLE :

x=0:0.5:10;f=sin(x);
d=splin(x,f);
S=interp(0:0.1:10,x,f,d);
plot2d(x’,f',-1);
plot2d((0:0.1:10)’,S’,2,'000’)

SEEALSO: interp 168 smooth 184

3.0.400 spones sparse matrix

SYNTAX:
sp=spones(A)
PARAMETERS :

A : sparse matrix
Sp : sparse matrix

DESCRIPTION :

sp=spones(A) generates a matrix with the same sparsity structurk, &sit with ones in the nonzero
positions;

EXAMPLE :
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A=sprand(10,12,0.1);
sp=spones(A)

B = A=0

bool2s(B)

SEEALSO: sparse 186 full 165 eye 25 speye 188 spzeros 190

3.0.401 sprand sparse random matrix
CALING SEQUENCE :

sp=sprand(nrows,ncolsfill [,typ])

PARAMETERS :

nrows : integer (number of rows)

ncols :integer (number os columns)

fill - filling coefficient (density)

typ : character string'gniform’ (default) ornormal’ )
Sp : sparse matrix

DESCRIPTION :

sp=sprand(nrows,ncols,fill) returns a sparse matrsp with nrows rows,ncols columns
and approximatel§ill*nrows*ncols non-zero entries.

If typ="uniform’ uniformly distributed values are generatedtyip="normal’ normally distrib-
uted values are generated.

EXAMPLE :

W=sprand(100,1000,0.001);

SEEALSO: sparse 186 full 165 rand 62, speye 188

3.0.402 spzeros sparse zero matrix

SYNTAX:

sp=spzeros(nrows,ncols)
sp=spzeros(A)

PARAMETERS :

nrows : integer (number of rows)
ncols :integer (number os columns)
A : sparse matrix

Sp : sparse zero matrix

DESCRIPTION :

sp=spzeros(nrows,ncols,fill) returns a sparse zero matsp with nrows rows, ncols
columns. (Equivalent teparse(]],[],[nrow,ncols]) )

sp=spzeros(A) returns a sparse zero matrix with same dimensiors Hgm,n]=size(A) ,Spzeros(m,n)

andspzeros(A)  are equivalent. In particul@pzeros(3) is not equivalent tepzeros(3,3)
EXAMPLE :

sum(spzeros(1000,1000))
SEEALSO: sparse 186 full 165 eye 25 speye 188 spones 189
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3.0.403 sqrt square root
CALLING SEQUENCE :

y=sqrt(x)

PARAMETERS :

X : real or complex scalar or vector

DESCRIPTION :
sqrt(x) is the vector of the square root of tke elements. Result is complexif is negative.

EXAMPLE :

sqrt([2,4])
sqrt(-1)

SEEALSO: hat 34, sgrtm 191

3.0.404 sgrtm matrix square root

CALLING SEQUENCE :

y=sqrtm(x)

PARAMETERS :

X :real or complex square matrix

DESCRIPTION :

y=sqrt(x) is the matrix square root of the x matrix (x=y"2 ) Result may not be accuratexf is not
symmetric.

EXAMPLE :

x=[0 1;2 4]

w=sqrtm(x);

norm(w*w-x)

X(1,2)=%i;
w=sgrtm(x);norm(w*w-x,1)

SEEALSO: expm372 sqroot 399

3.0.405 ssprint pretty print for linear system

CALLING SEQUENCE :
ssprint(sl [,out])
PARAMETERS :

sl list (syslin list)
out : output (default valueut=%io(2) )

DESCRIPTION :
pretty print of a linear system in state-space falm(A,B,C,D) syslin list.
EXAMPLE :

a=[1 1;0 1];b=[0 1;1 0];c=[1,1];d=[3,2];
ssprint(syslin(’c’,a,b,c,d))
ssprint(syslin(’d’,a,b,c,d))

SEEALSO: texprint 618
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3.0.406 ssrand random system generator
CALLING SEQUENCE :

sl=ssrand(nout,nin,nstate)
[sl,U]=ssrand(nout,nin,nstate,flag)

PARAMETERS :

nout : integer (number of output)
nin : integer (number of input)
nstate : integer (dimension of state-space)

flag : list made of one character string and one or several integers

sl :list (syslin list)

U square (nstate x nstate) nonsingular matrix

DESCRIPTION :

sl=ssrand(nout,nin,nstate) returns a random strictly propeD€0) state-space system of size
[nout,nint] represented by syslin  list and withnstate  state variables.
[sl,U]=ssrand(nout,nin,nstate,flag) returns a test linear system with given properties spe-

cified byflag .flag can be one of the following:

flag=list('co’,dim_cont_subs)
flag=list(uo’,dim_unobs_subs)
flag=list('"ncno’,dim_cno,dim_ncno,dim_co,dim_nco)
flag=list('st’,dim_cont_subs,dim_stab_subs,dim_stab0)
flag=list('dt’,dim_inst_unob,dim_instb0,dim_unobs)
flag=list('on’,nr,ng,ng0,nv,rk)
flag=list(ui’,nw,nwu,nwui,nwuis,rk)

The complete description of tf&ys is given inthe code ofthesrand  function (inSCIDIR/macros/util ).
For example withlag=list('co’,dim _cont _subs) anon-controllable system is return atfich _cont _subs
is the dimension of the controllable subspac&ys . The character stringso’,’'uo’,'ncno’,’st’,’dt’,’on’,"ui’

stand for "controllable”, "unobservable”, "non-controllable-non-observable”, "stabilizable”,"detectable

nulling”,”"unknown-input”.
EXAMPLE :

,'output-

[Iflag=list('st’,dim_cont_subs,dim_stab_subs,dim_stabO0)
/l[dim_cont_subs<=dim_stab_subs<=dim_stab0
llpair (A,B) U-similar to:

// *,*,*7*; [*;
I [0,s*% [0;
IA= [0,0,i,*;  B=[O0;
/I [0,0,0,u] 0]

1

/I (A11,B1) controllable s=stable matrix i=neutral matrix u=unstable matrix
[Sl,U]=ssrand(2,3,8,list('st’,2,5,5));

w=ss2ss(Sl,inv(U)); //undo the random change of basis => form as above
[n,nc,u,sl]=st_ility(Sl);n,nc

SEEALSO: syslin 197

3.0.407 stdeviation__ standard deviation (row or column-wise) of vector/matrix
entries

CALLING SEQUENCE:
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y=st_deviation(x)
y=st_deviation(x,'r")
y=st_deviation(x,’c’)

PARAMETERS :

X : real vector or matrix
y : scalar or vector

DESCRIPTION :
st.deviation computes the "sample” standard deviation, that is, it is normalized by N-1, where N is the
sequence length.
For a vector or a matrix, y=st _deviation(x) returns in the scalay the standard deviation of all
the entries ok.
y=st _deviation(x,'r’) (or, equivalentlyy=st _deviation(x,2) ) is the rowwise standard de-
viation. It returns in each entry of the column vecyorthe standard deviation of each rowxaf

y=st _deviation(x,’c’) (or, equivalentlyy=st _deviation(x,1) ) is the columnwise stleviation.
It returns in each entry of the row vectpr the standard deviation of each columrxof

EXAMPLE :

A=[1,2,10;7,7.1,7.01];
st_deviation(A)
st_deviation(A,’r’)
st_deviation(A,’c’)

SEEALSO: suml195 median 176 meanl75

3.0.408 strcat catenate character strings

CALLING SEQUENCE :
[txt]=strcat(vstr [,strp])
PARAMETERS :

txt,strp . strings
vstr  : vector of strings

DESCRIPTION :

catenates character stringxt=strs(1)+...+strs(n)

txt=strcat(strs,opt) returngxt=strs(1)+opt+...+opt+strs(n) . The plus symbol does
the same'a"+"b" is the same astrcat(["a","b"])

EXAMPLE :

strcat(string(1:10),,)

SEEALSO: string 74, strings 74

3.0.409 strindex_____ search position of a character string in an other string.
CALLING SEQUENCE :

ind=strindex(strl,str2)

PARAMETERS :

strl : acharacter string. The string where to search occurrencasbf
str2 : acharacter string or character string vector . The string(s) to seasttiin
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ind : vector of indexes

DESCRIPTION :
strindex searches indexes whest2(i) is found instrl  for eachk it exist aishuch that
part(strl,ind(k)+(0:length(str2(i))-1)) is the same string thastr2(i)
When str2 is a vector and str2
EXAMPLE :

k=strindex('SCl/demos/scicos’,'")
k=strindex('SCl/demos/scicos’,’'SCI/")
k=strindex('SCIl/demos/scicos’,’!")
k=strindex('aaaaa’,’aa’)
k=strindex(’SCl/demos/scicos’,['SCI’,’sci’])

SEEALSO: string 74, strings 74

3.0.410 stripblanks strips leading and trailing blanks of strings

CALLING SEQUENCE:

txt=stripblanks(txt)

PARAMETERS :

txt . string or matrix of strings

DESCRIPTION :
stripblanks strips leading and trailing blanks of strings

EXAMPLE :

a=' 123
T+a+'l’
"'+stripblanks(a)+'!’
a=[ 123 ' xyz]
strcat(stripblanks(a))

3.0.411 strsubst__ substitute a character string by another in a character string.
CALLING SEQUENCE :
str=strsubst(strl,str2,str3)

PARAMETERS :

strl : a matrix of character string. The strings where to search occurrensgof

str2  : acharacter string. The string to searclsirl .

str3 : acharacter string. The replacement string.

str : a matrix of character string. The result of the substitutiostw® by str3  instrl

DESCRIPTION :
strsubst replaces all occurrencesstf2 instrl  bystr3 .
EXAMPLE :

strsubst(’'SCl/demos/scicos’,’SCI’,.")
strsubst('SCl/demos/scicos’,’/’, )

SEEALSO: string 74, strings 74
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3.0.412 subt symbolic subtraction
CALLING SEQUENCE :

["c"]=subf("a","b")

PARAMETERS :

"a","b","c" . strings

DESCRIPTION :
returns the character stricg"a-b"  Trivial simplifications such asubf("0","a") orsubf("1","2")
are performed.

EXAMPLE :
subf(’0’,’a’)
subf(’2’,'1")
subf(’a’,’0")

SEEALSO: mulf 177, |Idivf 172 rdivf 179 eval 164, evstr 21

3.0.413 sum sum (row sum, column sum) of vector/matrix entries

CALLING SEQUENCE :

y=sum(x)
y=sum(x,’r’) or y=sum(x,1)

y=sum(x,’c’) or y=sum(x,2)
PARAMETERS :

X : vector or matrix (real, complex, sparse or polynomial)
y : scalar or vector

DESCRIPTION :

For a vector or a matrix, y=sum(x) returns in the scalar the sum of all the entries of.

y=sum(x,’r") (or, equivalentlyy=sum(x,1) ) is the rowwise sum. It returns in each entry of the row
vectory the sum oftherows of (The sumis performed onthe row indicg(j)= sum(x(i,j),i=1,m) ).
y=sum(x,’c") (or, equivalentlyy=sum(x,2) ) is the columnwise sum. It returns in each entry of
the column vectoy the sum of the columns of (The sum is performed on the column indiggi)=
sum(x(i,j),j=1,n) )

EXAMPLE :

A=[1,2;3,4];

trace(A)-sum(diag(A))
sum(A,’c’)-A*ones(2,1)

sum(A+%i)
A=sparse(A);sum(A,’c’)-A*ones(2,1)
s=poly(0,'s’);

M=[s,%i+s;s"2,1];

sum(M),sum(M,2)

SEEALSO: cumsuml159 prod 179
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3.0.414 sysconv system conversion

CALLING SEQUENCE :
[s1,s2]=sysconv(sl,s2)

PARAMETERS :
s1,s2: list (lineasyslin ~ systems)
DESCRIPTION :

Convertssl ands2 into common representation in order that system interconnexion operations can be
applied. Utility function for experts. The conversion rules in given in the following table.

c : continuous time system

"d" : discrete time system

n : sampled system with sampling period n
[ :system with undefined time domain

For mixed systemsl ands2 are putin state-space representation.

s1\\s2| "c" | d" | n2 | 0 |
"c" | nothing luncompatible | c2e(s1,n2) | c(s2) |

"d" |[uncompatible| nothing | e(s1,n2) | d(s2) [
nl | c2e(s2,nl) | e(s2,nl) | n1<>n2 uncomp | e(s2,nl) |

| [ | n1=n2 nothing | |

1 | c(s1) | d(s1) | e(s1,n2) | nothing |

With the following meaning:
nil,n2 :sampling period
c2e(s,n) : the continuous-time system s is transformed into a sampled system with sampling period n.
c(s) : conversion to continuous (time domain'es )
d(s) :conversionto discrete (time domain'é' )
e(s,n) : conversion to samples system with period

EXAMPLE :
sl=ssrand(1,1,2);
s2=ss2tf(s1);

[s1,s2]=sysconv(sl,s2);

SEEALSO: syslin 197, ss2tf 249 tf2ss 252

3.0.415 sysdiag block diagonal system connection
CALLING SEQUENCE :
r=sysdiag(al,az,...,an)

DESCRIPTION :
Returns the block-diagonal system made with subsystems put in the main diagonal

ai  : subsystems (i.e. gains, or linear systems in state-space or transfer form)
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Used in particular for system interconnections.

REMARK :
At most 17 arguments.

EXAMPLES :
s=poly(0,’s’)
sysdiag(rand(2,2),1/(s+1),[1/(s-1);1/((s-2)*(s-3))])
sysdiag(tf2ss(1/s),1/(s+1),[1/(s-1);1/((s-2)*(s-3))])
s=poly(0,’s’)
sysdiag(rand(2,2),1/(s+1),[1/(s-1);1/((s-2)*(s-3))])
sysdiag(tf2ss(1/s),1/(s+1),[1/(s-1);1/((s-2)*(s-3))])

SEEALSO: brackets 11, insertion 38, feedback 222

3.0.416 syslin linear system definition

CALLING SEQUENCE:

[sl]=syslin(dom,A,B,C [,D [,x0] ])
[sl]=syslin(dom,N,D)
[sl]=syslin(dom,H)

PARAMETERS :

dom : character string’¢’ ,’d’ ),or[] orascalar.

A,B,C,D : matrices of the state-space representatidroptional with default value zero matrix). For
improper systemB is a polynomial matrix.

x0 : vector (initial state; default value &)

N, D : polynomial matrices

H : rational matrix or linear state space representation

sl :tlist ("syslin " list) representing the linear system

DESCRIPTION :

syslin  defines a linear system as a list and checks consistency of data.

dom specifies the time domain of the system and can have the following values:

dom='c’ for a continuous time systerdpm="d’ for a discrete time system, for a sampled system
with sampling periodh (in seconds).

dom=[] if the time domain is undefined

State-space representation:

sl=syslin(dom,A,B,C [,D [x0] ])

represents the system :

S X = A*x + B*u
y = C* + D*u
x(0) = x0

The output oByslin is a list of the following formsl=tlist(['lss’,’A’,'B’,’C’",'D’,’X0’,'dt'],A,B,C,D,
Note thatD is allowed to be a polynomial matrix (improper systems).
Transfer matrix representation:

sl=syslin(dom,N,D)
sl=syslin(dom,H)
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The outputoyslin  is alist of the following form sl=tlist(['r’,’num’,’den’,’dt'],N,D,dom)

or sl=tlist(['r’,’num’,’den’,’dt'],H(2),H(3),dom) .

Linear systems defined agslin ~ can be manipulated as usual matrices (concatenation, extraction, trans-
pose, multiplication, etc) both in state-space or transfer representation.

Most of state-space control functions receiv&yalin  list as input instead of the four matrices defining
the system.

EXAMPLES :

A=[0,1;0,0];B=[1;1];C=[1,1];

Sl1=syslin(’c’,A,B,C)  /ILinear system definition
S1("A") /IDisplay of A-matrix

S1("X0"), S1("dt*) /I Display of X0 and time domain
s=poly(0,'s’);

D=s;

S2=syslin(’c’,A,B,C,D)

H1=(1+2*s)/s"2, Slbis=syslin(’c’,H1)
H2=(1+2*s+s"3)/s"2, S2bis=syslin('c’,H2)

S1+S2

[S1,S2]

ss2tf(S1)-Slbis

S1bis+S2bis

S1*S2bis

size(S1)

SEEALSO: tlist 76, Isslist 46, rlist 66, ssrand 192 ss2tf 249 tf2ss 252
dscr 219 abcd 208

3.0.417 tan tangent

CALLING SEQUENCE :
[t]=tan(x)
PARAMETERS :

X : vector or matrix
t : vector or matrix

DESCRIPTION :
The elements of are the tangent of the elementsxof

EXAMPLE :

x=[1,%i,-1,-%i]
tan(x)
sin(x)./cos(x)

SEEALSO: atan 148 tanm 199

3.0.418 tanh hyperbolic tangent
CALLING SEQUENCE :
t=tanh(x)

DESCRIPTION :
the elements of are the hyperbolic tangents of the elements of
EXAMPLE :
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x=[1,%i,-1,-%i]
tanh(x)
sinh(x)./cosh(x)

SEEALSO: atanh 148 tan 198 tanhm 199

3.0.419 tanhm matrix hyperbolic tangent
CALLING SEQUENCE :

t=tanhm(x)

PARAMETERS :

x,t :real or complex square matrix

DESCRIPTION :
tanhm is the matrix hyperbolic tangent of the matrix x.

SEEALSO: tanh 198

3.0.420 tanm matrix tangent

CALLING SEQUENCE :
[tl=tanm(X)
PARAMETERS :

X :square real or complex matrix
t : square matrix

DESCRIPTION :
tanm(x) is the matrix tangent of the square matrix x

EXAMPLE :

A=[1,2;3,4];
tanm(A)

SEEALSO: tan 198 expm372 sinm 184 atanm 149

3.0.421 timer cpu time

CALLING SEQUENCE :
timer()

DESCRIPTION :
Returns the CPU time from the preceding caltitoer()

EXAMPLE :

timer();A=rand(100,100);timer()
SEEALSO: unix g 77
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3.0.422 toeplitz toeplitz matrix
CALING SEQUENCE :

A=toeplitz(c [,r])

PARAMETERS :

a,c,r :constant, polynomial or character chain matrices

DESCRIPTION :
returns the Toeplitz matrix whose first rowrs and first column ix. ¢(1) must be equal to(1)
toeplitz(c) returns the symmetric Toeplitz matrix.

EXAMPLE :

A=toeplitz(1:5);

1

T=toeplitz(1:5,1:2:7);T1=[1 3 5 7;2 1 3 53 2 1 3,4 3 2 15 4 3 2];
T-T1

I

s=poly(0,’s);

t=toeplitz([s,s+1,5"2,1-s]);
tl=[s,1+s,s*s,1-s;1+s,S,1+S,8*s;5*S,1+5,5,1+S;1-S,5*S,1+S,S]
t-tl

1

t=toeplitz(['1’,2’,’3’,'4"]);
t1=[1",2"3,4";,2'1',2''3";'3','2",'1','2';4''3','2"'1']

SEEALSO: matrix 47

3.0.423 trfmod poles and zeros display

CALLING SEQUENCE :
[hm]=trfmod(h [,job])

DESCRIPTION :
To visualize the pole-zero structure of a SISO transfer fundtion

job="p’ : visualization of polynomials (default)
job="f : visualization of natural frequencies and damping

Interactive simplification oh. trfmod  opens a dialog window.
SEEALSO: poly 57, simp 363

3.0.424 trianfml symbolic triangularization

CALLING SEQUENCE :
[f [,sexp]]=trianfml(f [,sexp])

DESCRIPTION :
Triangularization of the symbolic matrix ; triangularization is performed by elementary row operations;
sexp is a set of common expressions stored by the algorithm.

EXAMPLE :
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A=['127a’,’b]
W=trianfml([A,string(eye(2,2))])
U=w(:,3:4)

a=5;b=6;

A=evstr(A)

U=evstr(U)

U*A

evstr(W(:,1:2))

SEEALSO: addf 144 mulf 177, solve 184 trisolve 201

3.0.425 tril lower triangular part of matrix

CALLING SEQUENCE :
tril(x [,K])
PARAMETERS :

X : matrix (real, complex, polynomial, rational)
k :integer (default value 0)

DESCRIPTION :

Lower triangle part of a matrixtril(x,k) is made by entries below the kth diagonal>& (upper
diagonal) and k0 (diagonals below the main diagonal).

EXAMPLE :

s=poly(0,’s’);

tril([s,s;s,1])
tril([1/s,1/s;1/s,1])

SEEALSO: triu 202 ones 52, eye 25 diag 161

3.0.426 trisolve symbolic linear system solver

CALLING SEQUENCE :
[x [,sexp]] = trisolve(A,b [,sexp])
PARAMETERS :

A,b : matrices of strings

DESCRIPTION :

symbolically solve®A*x =b , A being assumed to be upper triangular.
sexp is a vector of common subexpression&inb, x .

EXAMPLE :

A=[X'y''0", 2 ]b=[ 0L,

w=trisolve(A,b)

X=5;y=2;z=4;

evstr(w)

inv(evstr(A))*evstr(b)

SEEALSO: trianfml 200 solve 184
AuTHOR: F.D, S.S
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3.0.427 triu upper triangle

DESCRIPTION :
Upper triangle. See tril.

3.0.428 typeof object type

CALLING SEQUENCE:

[t]=typeof(object)

PARAMETERS :

object : Scilab object

t :string

DESCRIPTION :

t=typeof(object) returns one of the following strings:
"constant" if object is a real or complex constant matrix
"polynomial” if object is a polynomial matrix

"function” if object is a function

"string” if object is a matrix made of character strings
"boolean" if object is a boolean matrix

"list" if object is a list

"rational” if object is a rational matrix (transfer matrix)
"state-space” if object is a state-space model (®eslin )
"sparse” if objectis a (real) sparse matrix.

"boolean sparse" if object is a boolean sparse matrix.
EXAMPLE :
typeof(1)

typeof(poly(0,’x?))
typeof(1/poly(0,’x"))
typeof(%t)
w=sprand(100,100,0.001);
typeof(w)

typeof(w==w)
deff(y=f(x)",'y=2"x’);
typeof(f)

SEEALSO: type 76, strings 74, syslin 197, poly 57

3.0.429 unsetmenu______ interactive button or menu or submenu de-activation
CALLING SEQUENCE :

unsetmenu(button,[nsub])
unsetmenu(gwin,button,[nsub])

PARAMETERS :

button : acharacter string. The button name

gwin : integer. The number of graphic window where the button is installed

nsub : integer. The number of submenu to de-activate (if any). If button has no sub-msutu, is
ignored
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DESCRIPTION :

The function allows the user to desactivate buttons or menus creagesttiyenu in the main or graphics
windows command panels.

EXAMPLE :

/laddmenu(’foo’)
/lunsetmenu(’foo’)
/lunsetmenu(File’,2)

SEEALSO: delmenu 160, setmenu 182 addmenu 144

3.0.430 xchoices______ interactive Xwindow choices through toggle buttons
CALLING SEQUENCE :

rep=x_choices(title,items)

PARAMETERS :

title : vector of strings, title for the popup window.

items  : alist of itemsitems=list(item1,...,itemn) , Where eaclitem is also a list of the
following type : item=list(label’,default _choice,choices) . default _choice

is an integer which gives the default toggle on entry elndices  is a row vector of strings which
gives the possible choices.

rep : an integer vector which gives for each item the number of the selected toggle. If user exits dialog
with "cancel” buttonrep is settq[] .

DESCRIPTION :
Select items through toggle lists and returmep the selected items
Typex_choices() to see an example.

EXAMPLE :

I1=list('choice 1',1,['toggle c1’,'toggle c2’,’toggle c37);
I12=list('choice 2’,2,['toggle d1’,’'toggle d2’,’'toggle d3’);
I3=list('choice 3’,3,['toggle el’,'toggle e2']);
rep=x_choices('Toggle Menu',list(I1,12,13));

3.0.431 xchoose interactive Xwindow choice

CALLING SEQUENCE :

[num]=x_choose(items,title [,button])

PARAMETERS :
items  : column vector of string, items to choose
title : column vector of string, comment for the dialog

button : string, text to appear in the button. Default value is 'Cancel’
num : integer, choosen item number or O if dialog resumed with "Cancel” button

DESCRIPTION :
Returns imum the number of the chosen item.

EXAMPLE :

n=x_choose(['item1’;item2’;’'item3’],['that is a comment’;’for the dialog’])
n=x_choose(['item1’;item?2’;’'item3’],['that is a comment’],’Return’)

SEEALSO: x_choices 203 x_mdialog 204, getvalue 166 wunix_g 77
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3.0.432 xdialog Xwindow dialog

CALLING SEQUENCE:

result=x_dialog(labels,valueini)

PARAMETERS :

labels : column vector of strings, comment for dialog

valueini : n column vector of strings, initial value suggested

result  :response: ncolumnvector of strings if returned with "Ok” button or [] if returned with "Cancel”
button

DESCRIPTION :

Creates an X-window multi-lines dialog

EXAMPLE :

/lgain=evstr(x_dialog('value of gain ?',’0.235"))
IIx_dialog(['Method’;’enter sampling period’],’1")
/Im=evstr(x_dialog(enter a 3x3 matrix ,['[0 0 0’0 0 0,0 0 QI'])

SEEALSO: x_mdialog 204, x_matrix 204, evstr 21, execstr 164

3.0.433 xmatrix Xwindow editing of matrix

CALLING SEQUENCE:

[result]=x_matrix(label,matrix-init)

PARAMETERS :

label : character string (name of matrix)
matrix-init : real matrix
DESCRIPTION :

For reading or editing a matrix .
EXAMPLE :

[Im=evstr(x_matrix('enter a 3x3 matrix ’,rand(3,3)))

SEEALSO: x_mdialog 204 x_dialog 204

3.0.434 xmdialog Xwindow dialog
CALLING SEQUENCE :

result=x_mdialog(title,labels,default_inputs_vector)
result=x_mdialog(title,labelsv,labelsh,default_input_matrix)

PARAMETERS :

title : column vector of strings, dialog general comment

labels : n column vector of stringdabels(i) is the label of the ith required value

default _input _vector : n column vector of stringgjefault _input _vector(i) is the initial
value of the ith required value

labelsv : n vector of stringslabelsv(i) is the label of the ith line of the required matrix

labelsh  : m vector of stringslabelsh(j) is the label of the jth column of the required matrix

default _input _matrix : n x m matrix of stringsdefault _input _matrix(i,j) is the initial

value of the (i,j) element of then required matrix
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result  : nxm matrix of string if returned with "Ok” button or [] if returned with "Cancel” button

DESCRIPTION :

X-window vector/matrix interactive input function
EXAMPLES :

txt=['magnitude’;'frequency’;'phase T;

sig=x_mdialog('enter sine signal’,txt,['1’;’10’;'0’])
mag=evstr(sig(1))

frg=evstr(sig(2))

ph=evstr(sig(3))

rep=x_mdialog(['System Simulation’;'with Pl regulator’],...
[P gain’;’l gain L[ " 1)

n=5;m=4;mat=rand(n,m);
row="row’;labelv=row(ones(1,n))+string(1:n)
col="col’;labelh=col(ones(1,m))+string(1:m)
new=evstr(x_mdialog('Matrix to edit’,labelv,labelh,string(mat)))

SEEALSO: x dialog 204, x choose 203 x message 205 getvalue 166 evstr
21, execstr 164

3.0.435 xmessage X window message
CALLING SEQUENCE :

[num]=x_message(strings [,buttons])

PARAMETERS :

strings . vector of characters strings to be displayed

buttons  : character string or 2 vector of character strings which specifies button(s) name(s). Default
value is "Ok”

num : number of button clicked (if 2 buttons are specified)

DESCRIPTION :
for displaying a message (diagnostic, user-guide ...)
EXAMPLES :

gain=0.235;x_message('value of gain is :+string(gain))
X_message(['singular matrix’;'use least squares’])

r=x_message(['Your problem is ill conditioned’,
‘continue ?'],['Yes’,’No’])

SEEALSO: x_dialog 204 x_mdialog 204

3.0.436 xgetfile dialog to get a file path

CALLING SEQUENCE:

path=xgetfile([title="string’])
path=xgetfile(file_mask,[title="string"])
path=xgetfile(file_mask,dir,[title="string’])
path=xgetfile(file_mask,dir,’string")
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PARAMETERS :

file  _mask : acharacter string which gives the file mask to use for file selectiien. _-mask is written
with Unix convention. the default value is "*'.

dir : a character string which gives the initial directory used for file search. by default xgetfile uses the
previously selected directory.

path : is the user selected file path if user answers "Ok” or the ” ” string if user answers "Cancel”

title="string’ :Optional arguments which gives the title for the xgetfile window.
DESCRIPTION :

Creates a dialog window for file selection

EXAMPLE :

xgetfile()

xgetfile("™.sci’,’SCl/macros/xdess’)
xgetfile(titte="Choose a file name ’)

SEEALSO: x_dialog 204, file 26, read 63 write 83 exec 21, getf 34

3.0.437 zeros matrix made of zeros

CALLING SEQUENCE :

[y]=zeros(m,n)
[y]=zeros(x)

PARAMETERS :

X,y @ matrices
m,n : integers

DESCRIPTION :
Matrix made of zeros (same @%ones ).

zeros(m,n) : foran(m,n)  matrix.
zeros(A) : for a matrix of same size &.
zeros(3) :iszeros(a) witha=3 i.eitis NOT a 3x3 matrix!

If x isasyslin list (linear system in state-space or transfer formayps(x) is also valid and returns
a zero matrix.

EXAMPLE :

zeros(3)
zeros(3,3)

SEEALSO: eye 25 ones 52, spzeros 190
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4.0.438 abcd state-space matrices
CALLING SEQUENCE :

[A,B,C,D]=abcd(sl)

PARAMETERS :

sl :linear systemgyslin list) in state-space or transfer form
A,B,C,D :real matrices of appropriate dimensions

DESCRIPTION :

returns theA,B,C,D  matrices from a linear syste8i .

Utility function. For transfer matriceS| is converted into state-space formtf®ss

The matrice\,B,C,D aretheelemen® to5 ofthesyslin  listSl,i.e.[AB,C,D] = SlI(2:5)

EXAMPLE :

A=diag([1,2,3]);B=[1,;1;1];C=[2,2,2];
sys=syslin('c’,A,B,C);
sys("A")

sys("'C")
[A1,B1,C1,D1]=abcd(sys);
Al

systf=ss2tf(sys);
[a,b,c,d]=abcd(systf)
spec(a)

c*b-C*B

c*a*b-C*A*B

SEEALSO: syslin 197, ssrand 192

4.0.439 abinv. AB invariant subspace
CALLING SEQUENCE :

[X,dims,F,U,k,Z]=abinv(Sl,alfa,beta)

PARAMETERS :

sl :syslin list containing the matricd#\,B,C,D]

alfa : real number or vector (possibly complex, location of closed loop poles)

beta : real number or vector (possibly complex, location of closed loop poles)

X : orthogonal matrix of size nx (dim of state space).

dims :integer row vectodims=[dimR,dimVg,dimV,noc,nos] with dimR <=dimVg <=dimV <=noc <=nos
F : real matrix (state feedback)

k :integer (normal rank o8l )

Z : non-singular linear systensyslin  list)

DESCRIPTION :
Output nulling subspace (maximal unobservable subspac§) for linear system defined by a syslin list
containing the matrices [A,B,C,D] &l . The vectodims=[dimR,dimVg,dimV,noc,nos] gives

the dimensions of subspaces defined as columds®dedimV first columnsoX i.eV=X(;,1.dimV)

span the AB-invariant subspaceSif i.e the unobservable subspacéAfB*F,C+D*F) . (dimV=nx iff
C"(-1)(D)=X).

ThedimR firstcolumnsoiX i.e. R=X(:,1:dimR) spansthe controllable part8f inV, (dimR <=dimV) .
(dimR=0 for a left invertible system)R is the maximal controllability subspace 8f in kernel(C)
ThedimVg firstcolumns oX spand/g=maximal AB-stabilizable subspace®ff. (dimR <=dimVg <=dimV) .
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F is a decoupling feedback: fa=[V,X2] (X2=X(:,dimV+1:nx)) one has<2*(A+B*F)*V=0
and (C+D*F)*V=0
The zeros o5l are given by :X0=X(:,dimR+1:dimV); spec(X0™*(A+B*F)*X0) i.e. there

aredimV-dimR closed-loop fixed modes.

If the optional parametealfa is given as input, thdimR controllable modes ofA+BF) inV are set
toalfa (or to[alfa(l), alfa(2), ...] . (alfa can be a vector (real or complex pairs) or a
(real) number). Default valugifa=-1

If the optional real parametdreta is given as input, th@oc-dimV  controllable modes ofA+BF)

"outside”V are set tbeta (or[beta(l),beta(2),...] ). Default valuebeta=-1
In the X,U bases, the matricgX™*(A+B*F)*X,X'*B*U;(C+D*F)*X,D*U] are displayed as fol-
lows:

[All,*,*,*,*,* [Bll * ]
[O,AZZ,*,*,*,* [O * ]
[0,0,A33*** [0 * ]
[0,0,0,A44*¥ [0 B42]
[0,0,0,0,A55% [0 O ]
[0,0,0,0,0,A66] [0 O ]

[0,0,0,*** [0 D2]

where the X-partitioning is defined lwims and the U-partitioning is defined k.

All is(dimR x dimR) and hasits eigenvalues setifa(i)’s . The paifAl11,B11) s control-
lable andB11 hasnu-k columns.A22 is a stablgdimVg-dimR x dimVg-dimR) matrix. A33
is an unstablédimV-dimVg x dimV-dimVQ) matrix (seest _ility ).

A44 is(noc-dimV x noc-dimV) and has its eigenvalues sebtieta(i)'s . The painA44,B42)

is controllable. A55 is a stablg(nos-noc x nos-noc) matrix. A66 is an unstablénx-nos x
nx-nos)  matrix (seest _lity ).

Z is a column compression & andk is the normal rank o5l i.e SI*Z is a column-compressed
linear systemk is the column dimensions &42,B52,B62 andD2. [B42;B52;B62;D2] is full
column rank and has rarkk

This function can be used for the (exact) disturbance decoupling problem.

DDPS:
Find u=Fx+Rd which reject Q*d and stabilizes the plant:

xdot=Ax+Bu+Qd

y=Cx+Du
DDPS has a solution iff Im(Q) is included in Vg + Im(B).
Let G=(X(:,dimVg+1:nx))'= left annihilator of Vg i.e. G*Vg=0;
B2=G*B; Q2=G*Q; DDPS solvable iff B2(;,1:k)*R1 + Q2 =0 has a solution.
R=[R1;*] is the solution (with F=output of abinv).
Im(Q2) is in Im(B2) means row-compression of B2=>row-compression of Q2
Then C*[(sl-A-B*F)"(-1)+DJ*(Q+B*R) =0  (<=>G*(Q+B*R)=0)

EXAMPLE :

nu=3;ny=4;nx=7;

nrt=2;ngt=3;ng0=3;nvt=5;rk=2;
flag=list('on’,nrt,ngt,ng0,nvt,rk);
Sl=ssrand(ny,nu,nx,flag);alfa=-1;beta=-2;
[X,dims,F,U,k,Z]=abinv(Sl,alfa,beta);
[A,B,C,D]=abcd(Sl);dimV=dims(3);dimR=dims(1);
V=X(:,1:dimV);X2=X(:,dimV+1:nx);
X2'*(A+B*F)*V

(C+D*F)*V
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X0=X(:,dimR+1:dimV); spec(X0*(A+B*F)*X0)

trzeros(Sl)

spec(A+B*F)  /Inr=2 evals at -1 and noc-dimV=2 evals at -2.
clean(ss2tf(SI*2))
A=diag(1:6);A(2,2)=-7;A(5,5)=-9;B=[1,2;0,3;0,4;0,5;0,0;0,0];C=[zeros(3,3),eye(3,3)];
sl=syslin(’c’,A,B,C);sl=ss2ss(sl,rand(6,6));

[X,dims,F,U,k,Z]=abinv(sl,alfa,beta);

[A,B,C,D]=abcd(sl);clean(X™*(A+B*F)*X)

clean(X*B*U)

AuTHOR: F.D.
SEEALSO: cainv 212 st ility 249 ssrand 192 ss2ss 247
4.0.440 arhnk Hankel norm approximant

CALLING SEQUENCE :
[slm]=arhnk(sl,ord,[tol])
PARAMETERS :

sl :linear systemgyslin  list)
ord :integer, order of the approximant
tol : threshold for rank determination equill

DESCRIPTION :

computesim , the optimal Hankel norm approximant of the stable continuous-time linear sgstemith
matrice§A,B,C,D]

EXAMPLE :

A=diag([-1,-2,-3,-4,-5]);B=rand(5,1);C=rand(1,5);
sl=syslin(’c’,A,B,C);

slapprox=arhnk(sl,2);

[nk,W]=hankelsv(sl);nk
[nkred,Wred]=hankelsv(slapprox);nkred

SEEALSO: equil 221, equill 221, hankelsv 266

4.0.441 arl2 SISO model realization by L2 transfer approximation

CALLING SEQUENCE :

h=arl2(y,den0,n [,imp])
h=arl2(y,den0,n [,imp],’all’)
[den,num,err]=arl2(y,den0,n [,imp])
[den,num,err]=arl2(y,den0,n [,imp],’all’)

PARAMETERS :

y : real vector or polynomial iz™-1 , it contains the coefficients of the Fourier’s series of the rational
system to approximate (the impulse response)

denO : a polynomial which gives an initial guess of the solution, it maybégy/(1,'z’,’c’)

n :integer, the degree of approximating transfer function (degree of den)

imp :integerin(0,1,2) (verbose mode)

h : transfer functiomum/den or transfer matrix (column vector) when flagl’ is given.

den : polynomial or vector of polynomials, contains the denominator(s) of the solution(s)
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num : polynomial or vector of polynomials, contains the numerator(s) of the solution(s)
err : real constant or vector , the 12-error achieved for each solutions

DESCRIPTION :
[den,num,err]=arl2(y,den0,n [,imp]) finds a pair of polynomialsum andden such that
the transfer functiomum/den is stable and its impulse response approximates (with a minimal 12 norm)
the vectoly assumed to be completed by an infinite number of zeros.

If: ) ™ )

y(2) =yM)() +y)" + . +ylwy) (D)™

then 12-norm ofnum/den - y(2) iserr .
n is the degree of the polynomidén.
Thenum/den transfer function is a L2 approximant of the Fourier’s series of the rational system.
Various intermediate results are printed accordinignp .
[den,num,err]=arl2(y,denO,n [,imp],’all’) returns in the vectors of polynomiatsim
andden a set of local optimums for the problem. The solutions are sorted with increasingenmrarsn
this caseden0 is already assumed to pely(1,'z’,'c’)
EXAMPLE :

v=ones(1,20);
xbasc();
plot2d1(’enn’,0,[v’;zeros(80,1)],2,/051"," ’,[1,-0.5,100,1.5])

[d,n,e]=arl2(v,poly(1,’z’,’c"),1)
plot2d1(enn’,0,ldiv(n,d,100),2,/000")
[d,n,e]=arl2(v,d,3)
plot2d1(’enn’,0,ldiv(n,d,100),3,’000")
[d,n,e]=arl2(v,d,8)
plot2d1(’enn’,0,ldiv(n,d,100),5,’000")

[d,n,e]=arl2(v,poly(1,’z’,’c"),4, all’)
plot2d1(’enn’,0,ldiv(n(1),d(1),100),10,'000")

SEEALSO: Idiv 358 imrep2ss 227, time_id 252 armax 344, frep2tf 224

4.0.442 balreal balanced realization

CALLING SEQUENCE :
[slb [,U] ] = balreal(sl)

PARAMETERS :

sl,slb . linear systemsdyslin  lists)

DESCRIPTION :

Balanced realization of linear systest=[A,B,C,D] . sl can be a continuous-time or discrete-time

state-space system. sl is assumed stable.
slb=[inv(U)*A*U ,inv(U)*B , C*U , D]

is the balanced realization.

slb isreturned as ayslin list.

EXAMPLE :
A=diag([-1,-2,-3,-4,-5]);B=rand(5,2);C=rand(1,5);
sl=syslin(’c’,A,B,C);

[slb,U]=balreal(sl);

Wc=clean(ctr_gram(slb))
WO0=clean(obs_gram(slb))

SEEALSO: ctr_gram 218 obs gram 235 hankelsv 266 equil 221, equill 221

Scilab Group April 1993 211



cainv Scilab Function

4.0.443 Dhilin general bilinear transform

CALLING SEQUENCE :
[sl1]=bilin(sl,v)
PARAMETERS :

sl,sll . linear systemsgyslin  lists)
v : real vector with 4 entries/E[a,b,c,d] )

DESCRIPTION :

Given alinear system in state space foshwsyslin(dom,A,B,C,D) (syslin list), sl1=bilin(sl,v)

returnsirsll alinear system with matricéa1,B1,C1,D1] such that the transfer functidtiL(s)=C1*inv(s*eye()-Al
is obtained fronH(z)=C*inv(z*eye()-A)*B+D by replacingz by z=(a*s+b)/(c*s+d) . One
hasw=bhilin(bilin(w,[a,b,c,d]),[d,-b,-c,a])

EXAMPLE :

s=poly(0,’s");z=poly(0,'z’);

w=ssrand(1,1,3);
wtf=ss2tf(w);v=[2,3,-1,4];a=v(1);b=v(2);c=v(3);d=v(4);
[horner(wtf,(a*z+b)/(c*z+d)),ss2tf(bilin(w,[a,b,c,d]))]
clean(ss2tf(bilin(bilin(w,[a,b,c,d]),[d,-b,-c,a]))-wtf)

SEEALSO: horner 355 cls2dls 215

4.0.444 cainv Dual of abinv

CALLING SEQUENCE :
[X,dims,J,Y,k,Z]=cainv(Sl,alfa,beta)

PARAMETERS :

sl :syslin list containing the matricd#\,B,C,D]

alfa : real number or vector (possibly complex, location of closed loop poles)

alfa : real number or vector (possibly complex, location of closed loop poles)

X : orthogonal matrix of size nx (dim of state space).

dims : integer row vectodims=[nd1,nul,dimS,dimSg,dimN] (5 entries, nondecreasing order)

J : real matrix (output injection)

Y : orthogonal matrix of size ny (dim of output space).
k :integer (normal rank o8l )

Z : non-singular linear systensyslin list)

DESCRIPTION :
cainv finds a basegX,Y) (of state space and output space resp.) and output injection rdatsixch
that the matrices of Sl in bases (X,Y) are displayed as:

[All,*,*,*,*,* [*]
[0,A22,*,*,*,* [*]
X*(A+J*C)*X = [0,0,A33***  X*B+J*D) = [*]
[010101A441*1* [O]
[0,0,0,0,A55,%] 0]
[0,0,0,0,0,A66] 0]
Y*C*X = [0,0,C13,*** Y*D = [¥]
[0,0,0,0,0,C26] [0]
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The partition ofX is defined by the vectatims=[nd1,nul,dimS,dimSg,dimN] and the partition
of Y is determined bxk.

EigenvaluesoAl1l (ndl1 x ndl) areunstable. EigenvaluesA®22 (nul-ndl x nul-ndl) are
stable.

The pair(A33, C13) (dimS-nul x dimS-nul, k x dimS-nul) is observable, and eigenval-
ues ofA33 are set talfa .

Matrix A44 (dimSg-dimS x dimSg-dimS) is unstable. MatribA55 (dimN-dimSg,dimN-dimSg)
is stable

The pair(A66,C26) (nx-dimN x nx-dimN) is observable, and eigenvaluesAi6 set tobeta .
ThedimS first columns ofX span S= smallest (C,A) invariant subspace which contains IndiB)}Sg
first columns ofX span Sg the maximal "complementary detectability subspac8' of

ThedimN firstcolumns ofX span the maximal "complementary observability subspacg&! o{dimS=0
iff B(ker(D))=0).

This function can be used to calculate an unknown input observer:

/[ DDEP: dot(x)=A x + Bu + Gd

1l y= Cx (observation)

1l z= Hx (z=variable to be estimated, d=disturbance)
/I Find: dot(w) = Fw + Ey + Ru such that

1 zhat = Mw + Ny

1l z-Hx goes to zero at infinity

/I Solution exists iff Ker H contains Sg(A,C,G) inter KerC

/li.e. H is such that:

/I For any W which makes a column compression of [Xp(1:dimSg,:);C]
/I with Xp=X" and [X,dims,J,Y k,Z]=cainv(syslin(c’,A,G,C));

Il [Xp(1:dimSg,:);C]*W = [0 | *] one has

/I H*W = [0 | *] (with at least as many aero columns as above).

SEEALSO: abinv 208 dt ility 220

4.0.445 calfrq frequency response discretization
CALLING SEQUENCE :

[frg,split]=calfrg(h,[fmin,fmax])

PARAMETERS :

h : SISO linear systensgslin list)

fmin,fmax : real scalars (min and max frequencies)

frq . row vector (discretization of interval)

split : vector of frq splitting points indexes

DESCRIPTION :

frequency response discretizatiofrq is the discretization offmin,fmax] such that the peaks in

the frequency response are well represented.

Default values fofmin andfmax arel.d-3 ,1.d+3 if h iscontinuous-timeot.d-3 ,1/(2*h('dt"))
if h is discrete-time.

Singularities are located betwegq(split(k)) andfrq(split(k)+1) fork>1.

EXAMPLE :

s=poly(0,’s’)
h=syslin(’c’,(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01))
hl=h*syslin(’c’,(s"2+2*0.1*15.1*s+228.01)/(s"2+2*0.9*15*s+225))
[f1,spl]=calfrq(h1,0.01,1000);

rf=repfreq(h1,f1);

plot2d(real(rf)’,imag(rf)")
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SEEALSO: bode 90, black 89, nyquist 107, freq 225 repfreq 241, logspace
174

4.0.446 canon canonical controllable form

CALLING SEQUENCE :
[Ac,Bc,U,ind]=canon(A,B)
PARAMETERS :

Ac,Bc : canonical form
U : current basis (square nonsingular matrix)
ind : vector of integers, controllability indices

DESCRIPTION :

gives the canonical controllable form of the pgi;B) .

Ac=inv(U)*A*U, Bc=inv(U)*B

The vectoiind is made of theepsilon _i 's indices of the pencilsl - A , B] (decreasing order).
For example withnd=[3,2] , Ac andBc are as follows:

[*’*’*,*,* [*]
[1,0,0,0,0] [0]
Ac= [0,1,0,0,0] Bc=[0]
[*,*,*,*,* [*]
[0,0,0,1,0] [0]

If (A,B) s controllable, by an appropriate choicefofthe* entries ofAc+Bc*F can be arbitrarily set
to desired values (pole placement).
EXAMPLE :

A=[1,2,3,4,5;

1,0,0,0,0;

0,1,0,0,0;

6,7,8,9,0;

0,0,0,1,0];
B=[1,2;

0,0;

0,0;

2,1,

0,0];
X=rand(5,5);A=X*A*inv(X);B=X*B; /IControllable pair
[Ac,Bc,U,ind]=canon(A,B); //Two indices --> ind=[3.2];
index=1;for k=1:size(ind,*")-1,index=[index,1+sum(ind(1:k))];end
Acstar=Ac(index,:);Bcstar=Bc(index,:);
s=poly(0,’s);
pl=s"3+2*s"2-5*s+3;p2=(s-5)*(s-3);
/lpl and p2 are desired closed-loop polynomials with degrees 3,2
cl=coeff(pl);cl=c1($-1:-1:1);c2=coeff(p2);c2=c2($-1:-1:1);
Acstardesired=[-c1,0,0;0,0,0,-c2];
/lAcstardesired(index,:) is companion matrix with char. pol=p1*p2
F=Bcstar\\(Acstardesired-Acstar);  //Feedbak gain
Ac+Bc*F /I Companion form
spec(A+B*F/U) /I F/U is the gain matrix in original basis.

SEEALSO: obsv_mat 237, cont_mat 216 ctr_gram 218 contrss 217, ppol 24Q
contr 216 stabil 250

AuTHOR: F.D.
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4.0.447 cls2dls bilinear transform

CALLING SEQUENCE :
[sl1]=cls2dIs(sI, T [,fp])
PARAMETERS :

sl,sll . linear systemsgyslin  lists)
T : real number, the sampling period
fp  : prevarping frequency in hertz

DESCRIPTION :

givensl=[A,B,C,D] (syslin list),a continuous time systeobs2dls  returns the sampled system
obtained by the bilinear transforex(2/T)*(z-1)/(z+1)

EXAMPLE :

s=poly(0,'s’);z=poly(0,'2");

sl=syslin(’c’,(s+1)/(s"2-5*s+2)); //Continuous-time system in transfer form
slss=tf2ss(sl); //Now in state-space form

sl1=cls2dlIs(slss,0.2); /Isll= output of cls2dls

sllt=ss2tf(sl1) // Converts in transfer form
sl2=horner(sl,(2/0.2)*(z-1)/(z+1))  //Compare sI2 and sl1

SEEALSO: horner 355

4.0.448 colregul removing poles and zeros at infinity
CALLING SEQUENCE :

[Stmp,Ws]=colregul(Sl,alfa,beta)

PARAMETERS :

SI,Stmp  :syslin  lists

alfa,beta : reals (new pole and zero positions)
DESCRIPTION :

computes a prefiltes such thaStmp=SI*Ws is proper and with full ranlo matrix.

Poles at infinity ofSI are moved talfa ;

Zeros at infinity ofSI  are moved tdeta ;

Sl is a assumed to be a left invertible linear systays(in  list) in state-space representation with
possibly a polynomiaD matrix.

SEEALSO: invsyslin 228 inv 379 rowregul 243 rowshuff 393
AuTHOR: F. D.,R. N.

4.0.449 contfrm transfer to controllable state-space

CALLING SEQUENCE :
[sl]=cont_frm(NUM,den)
PARAMETERS :

NUM: polynomial matrix
den : polynomial
sl :syslin list, sI=[A,B,C,D]
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DESCRIPTION :
controllable state-space form of the trandf&tM/den.

EXAMPLE :
s=poly(0,’s");NUM=[1+s,s];den=s"2-5*s+1;
sl=cont_frm(NUM,den);

slss=ss2tf(sl); /[Compare with NUM/den

SEEALSO: tf2ss 252 canon 214 contr 216

4.0.450 contmat controllability matrix

CALLING SEQUENCE:

Cc=cont_mat(A,B)
Cc=cont_mat(sl)

PARAMETERS :

a,b :two real matrices of appropriate dimensions
sl :linear systemgyslin  list)

DESCRIPTION :

cont _mat returns the controllability matrix of the pa#,B (resp. of the systersl=[A,B,C,D] ).

Cc=[B, AB, A2 B,.., A(n-1) B]

SEEALSO: ctr_gram 218 contr 216 canon 214 st ility 249

4.0.451 contr controllability, controllable subspace

CALLING SEQUENCE:

[n [,U]]=contr(A,B [,tol])
[A1,B1,U,ind]=contr(A,B [,tol])

PARAMETERS :

A, B :real matrices

tol : may be the constant rtol or the 2 vecfdol atol]

rtol  :tolerance used when evaluating ranks (QR factorizations).

atol :absolute tolerance (thH& matrix is assumed to be Oriform(B) <atol )

n : dimension of controllable subspace.

U : orthogonal change of basis which pgdsB) in canonical form.

Al : block Hessenberg matrix

Bl :isU”B.

ind  : vector associated with controllability indices (dimensions of subspacds+A*B,...=ind(1),ind(1)+ind(2),

DESCRIPTION :

[n,[U]]=contr(A,B,[tol]) gives the controllable form of a(A,B) pair.@dx/dt = A x +

B u orx(n+l) = A x(n) +b u(n) ). Then first columns ofU make a basis for the controllable
subspace.

If V=U(;,1:n) ,thenV*A*V andV*B give the controllable part of th@\,B) pair.
[A1,B1,U,ind]=contr(A,B) returns the Hessenberg controllable forn{AafB) .

EXAMPLE :
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W=ssrand(2,3,5,list('co’,3)); //cont. subspace has dim 3.
A=W('A");B=W("B");

[n,U]=contr(A,B);n

Al=U"*A*U,

spec(Al(n+1:$,n+1:$)) //uncontrollable modes
spec(A+B*rand(3,5))

SEEALSO: canon 214, cont_mat 216 wunobs 254 stabil 250

4.0.452 contrss controllable part

CALLING SEQUENCE:

[slc]=contrss(sl [,tol])

PARAMETERS :

sl :linear systemgyslin list)

tol . is a threshold for controllability (sezontr ). default value isqrt(%eps)
DESCRIPTION :

returns the controllable part of the linear systeihn= (A,B,C,D) in state-space form.
EXAMPLE :

A=[1,1,;0,2];B=[1;0];C=[1,1];sl=syslin(’c’,A,B,C); //INon minimal
slc=contrss(sl);
sl1=ss2tf(sl);sl2=ss2tf(slc); /ICompare sl1 and sl2

SEEALSO: cont_mat 216 ctr_gram 218 cont_frm 215 contr 216

4.0.453 csim simulation (time response) of linear system

CALLING SEQUENCE :
[y [x]l=csim(u,t,sl,[x0])
PARAMETERS :

u : function, list or string (control)
t : real vector specifying times witli(1)  is the initial time &O=x(t(1)) ).
sl :list(syslin )

y :amatrix such thag=[y(t(i)] =
1=

X @ amatrix such thax=[x(t(i)] i

1,..n
1,..n

DESCRIPTION :

simulation of the controlled linear systesh. sl is assumed to be a continuous-time system represented
by asyslin list.

u is the control ancO the initial state.

y isthe outputana the state.

The control can be:

1. a function :[inputs]=u(t)

2. alist :list(ut,parameterl,....,parametern) such thatinputs=ut(t,parameteril,....,parametern
(ut is afunction)

3. the strind'impuls”  for impulse response calculation (hesle is assumed SISO without direct feed
through and0=0)

4. the strind'step”  for step response calculation (hste is assumed SISO without direct feed-through
andx0=0)

EXAMPLE :
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s=poly(0,’s’);rand('seed’,0);w=ssrand(1,1,3);w('A)=w('A’)-2*eye();
t=0:0.05:5;

[limpulse(w) = step (s * w)
xbasc(0);xset("window",0);xselect();
plot2d([t’,t'],[(csim(’step’,t,tf2ss(s)*W))’,0*t"])
xbasc(1);xset("window",1);xselect();
plot2d([t’,t'],[(csim('impulse’,t,w))’,0*t'])

lIstep(w) = impulse (s™-1 * w)
xbasc(3);xset("window",3);xselect();
plot2d([t’,t'],[(csim('step’,t,w))’,0*t'])
xbasc(4);xset("window",4);xselect();
plot2d([t’,t'],[(csim('impulse’,t,tf2ss(1/s)*w))’,0*t"])

SEEALSO: syslin 197, dsimul 220 flts 223 ltitr 233 rtitr 244, ode 292
impl 284

4.0.454 ctrgram controllability gramian

CALLING SEQUENCE:

[Gc]=ctr_gram(A,B [,dom])
[Gc]=ctr_gram(sl)

PARAMETERS :

A,B : two real matrices of appropriate dimensions
dom : character string'¢’  (default value) otd’ )
sl :linear systemsyslin  list

DESCRIPTION :

Controllability gramian ofA,B) orsl (asyslin linear system).

dom character string giving the time domairid" for a discrete time system aid" for continuous
time (default case).

o0 o0
Ge = / BB eAtdt  Ge= Z A*BB' A
0 0

EXAMPLE :

A=diag([-1,-2,-3]);B=rand(3,2);
Wc=ctr_gram(A,B)
U=rand(3,3);A1=U*A/U;B1=U*B;
Wcl=ctr_gram(Al,B1) /INot invariant!

SEEALSO: equill 221, obs gram 235 contr 216 cont_ mat 216 cont frm 215
contrss 217

AUTHOR: S. Steer INRIA 1988

4.0.455  dbphi
CALLING SEQUENCE :
[db,phi] =dbphi(repf)

frequency response to phase and magnitude representation

PARAMETERS :
db,phi . vector of gains (db) and phases (degrees)
repf : vector of complex frequency response
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DESCRIPTION :

db(k) isthe magnitude akepf(k) expressed in dB i.alb(k)=20*log(abs(repf(k)))/log(10)
andphi(k) s the phase ofepf(k) expressed in degrees.

SEEALSO: repfreq 241 bode 90

4.0.456 des2tt descriptor to transfer function conversion
CALLING SEQUENCE :

[S]=des2tf(sl)
[Bfs,Bis,chis]=des2tf(sl)

PARAMETERS :

sl : list (linear system in descriptor form)
Bfs, Bis :two polynomial matrices
chis : polynomial

S : rational matrix

DESCRIPTION :
Given the linear system in descriptor form i®=list('des’,A,B,C,D,E) ,des2tf  convertssl
into its transfer function representation:

S=C*(S*E-A)(-1)*B+D

Called with 3 outputs argumenties2tf  returnsBfs andBis two polynomial matrices, andhis
polynomial such that:

S=Bfs/chis - Bis

chis s the determinant os*E-A)  (up to a xcative constant);
EXAMPLE :

s=poly(0,'s’);

G=[1/(s+1),5;1+572,3*s"3];

Descrip=tf2des(G); Tfl=des2tf(Descrip)
Descrip2=tf2des(G,"withD"); Tf2=des2tf(Descrip2)
[A,B,C,D,E]=Descrip2(2:6); Tf3=C*inv(s*E-A)*B+D

SEEALSO: glever 375 pol2des 359 tf2des 273 ss2tf 249 des2ss 259  rowshuff
393

AuTHOR: F. D.

4.0.457 dscr discretization of linear system
CALLING SEQUENCE :

[sld [,r]]=dscr(sl,dt [,m])

PARAMETERS :

sl :syslin list containing[A,B,C,D]

dt : real number, sampling period

m : covariance of the input noise (continuous time)(default value=0)

r : covariance of the output noise (discrete time) givam ifs given as input
sld : sampled (discrete-time) linear systesgslin  list
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DESCRIPTION :

Discretization of linear systensl is a continuous-time system:

dx/dt=A*x+B*u (+ noise)

sld is the discrete-time system obtained by sampshg with the sampling periodt .
EXAMPLE :

s=poly(0,’s’);
Sys=syslin('c’,[1,1/(s+1);2*s/(s"2+2),1/s])
ss2tf(dscr(tf2ss(Sys),0.1))

SEEALSO: syslin 197, flts 223 dsimul 220

4.0.458 dsimul state space discrete time simulation
CALLING SEQUENCE :

y=dsimul(sl,u)

PARAMETERS :

sl :syslin list describing a discrete time linear system
u : real matrix of appropriate dimension
y : output ofsl

DESCRIPTION :

Utility function. If [A,B,C,D]=abcd(sl) andx0=sl('X0") ,dsimul  returngy=C*ltitr(A,B,u,x0)+D*u
i.e. the time response sf to the inputu. sl is assumed to be in state space foays{in  list).

EXAMPLE :

z=poly(0,'z’);

h=(1-2*z)/(z°2-0.2*z+1);

sl=tf2ss(h);

u=zeros(1,20);u(1)=1,;
x1=dsimul(sl,u)  //Impulse response
u=ones(20,1);

x2=dsimul(sl,u); //Step response

SEEALSO: syslin 197, flts 223 ltitr 233

4.0.459  dtility detectability test

CALLING SEQUENCE :
[k, [n [U [,SId ] ] JJ=dt_ility(SI [,tol])
PARAMETERS :

Sl : linear systemgyslin  list)

n : dimension of unobservable subspace

k : dimension of unstable, unobservable subspace£n ).
U : orthogonal matrix

Sld : linear systemgyslin  list)

tol : threshold for controllability test.

DESCRIPTION :

Detectability test fosl , a linear system in state-space representatiois a basis whosk first columns
span the unstable, unobservable subspac® ofintersection of unobservable subspacdAiC) and
unstable subspace 8j. Detectability meank=0.

Sld = (U*A*U,U*B,C*U,D) displays the "detectable part” &=(A,B,C,D) ,i.e.
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[*,*,*
U’*A*U = [0,*1*

[0,0,]
C*U = [0,0,%]

with (A33,C3) observable (dimensiamx-n ), A22 stable (dimension-k ) andA11l unstable (dimen-
sionk).
EXAMPLE :

A=[2,1,1,;0,-2,1;0,0,3];

C=[0,0,1];
X=rand(3,3);A=inv(X)*A*X;C=C*X;
W=syslin('c’,A,[],C);
[k,n,U,W1]=dt_ility(W);

W1("A")

W1("C")

SEEALSO: contr 216 st_ility 249  unobs 254, stabil 250

4.0.460 equil balancing of pair of symmetric matrices

CALLING SEQUENCE :
T=equil(P,Q)
PARAMETERS :

P, Q :two positive definite symmetric matrices
T : nonsingular matrix

DESCRIPTION :
equil  returnst such that:
T*P*T’  andinv(T)*Q*inv(T) are both equal to a same diagonal and positive matrix.

EXAMPLE :

P=rand(4,4);P=P*P’;
Q=rand(4,4);Q=Q*Q’;
T=equil(P,Q)
clean(T*P*T")
clean(inv(T)*Q*inv(T))

SEEALSO: equill 221, balanc 367 ctr_gram 218

4.0.461 equill balancing (nonnegative) pair of matrices
CALLING SEQUENCE :

[T [siz]]=equill(P,Q [,tol])

PARAMETERS :

P, Q :two non-negative symmetric matrices
T : nonsingular matrix

siz : vector of three integers

tol : threshold
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DESCRIPTION :

equill  computesg such that:

P1=T*P*T" andQ1l=inv(T)*Q*inv(T) are as follows:

P1 = diag(S1,S2,0,0) andQ1 = diag(S1,0,S3,0) with S1,S2,S3 positive and diagonal
matrices with respective dimensiosig=[n1,n2,n3]

tol is athreshold for rank determination in SVD

EXAMPLE :

Sl=rand(2,2);S1=S1*S1’;
S2=rand(2,2);S2=S2*S2’;
S3=rand(2,2);S3=S3*S3’;
P=sysdiag(S1,S2,zeros(4,4));
Q=sysdiag(S1,zeros(2,2),S3,zeros(2,2));
X=rand(8,8);
P=X*P*X";Q=inv(X)*Q*inv(X);
[T,siz]=equill(P,Q);

Pl=clean(T*P*T’)
Ql=clean(inv(T)™*Q*inv(T))

SEEALSO: balreal 211, minreal 234, equil 221, hankelsv 266
AUTHOR: S. Steer 1987

4.0.462 feedback feedback operation

CALLING SEQUENCE :

SI=SI1/.S12

PARAMETERS :

SI1,SI2  : linear systemsgyslin  list) in state-space or transfer form, or ordinary gain matrices.
S| : linear systemgyslin  list) in state-space or transfer form

DESCRIPTION :

The feedback operation is denotedby (slashdot). This command retur@s=SI1*(I+SI2*SI1)"-1

i.e the (negative) feedback 811 andSI2 . SI isthetransfew - > y fory = SI1 u ,u = v -
SI2 y .

The result is the same &=LFT([0,l;l,-SI2],SI1)

Caution: do not use with decimal point (eXy.1 is ambiguous!)

EXAMPLE :

Sl=ssrand(2,2,3);S2=ssrand(2,2,2);

W=S1/.S2;

ss2tf(S1/.S2)

//[Same operation by LFT:
ss2tf(Ift([zeros(2,2),eye(2,2);eye(2,2),-S2],S1))
/IOther approach: with constant feedback
BigS=sysdiag(S1,S2); F=[zeros(2,2),eye(2,2);-eye(2,2),zeros(2,2)];
Bigclosed=BigS/.F;

W1=Bigclosed(1:2,1:2);  //IW1=W (in state-space).
ss2tf(W1)

/lInverting

ss2tf(S1*inv(eye()+S2*S1))

SEEALSO: Ift 267 sysdiag 196, augment 256 obscont 236
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4.0.463 flts time response (discrete time, sampled system)
CALLING SEQUENCE :

[y [x]]=flts(u,sl [,x0])
[y]=fits(u,sl [,past])

PARAMETERS :

u : matrix (input vector)

sl : list (linear systensyslin )

X0 : vector (initial state ; default valu@®}
past : matrix (of the past ; default valu€x
X,y : matrices (state and output)

DESCRIPTION :

State-space form:
sl isasyslin  list containing the matrices of the following linear system
sl=syslin(’'d’,A,B,C,D) (seesyslin ):

X[t+1] = A x[t] + B ulf]
ylt] = C x[t] + D u[t]

or, more generally, iD is a polynomial matrixiy = degree(D(z)) ):
D(z) = Dy + 2Dy + 2°Dy + .. + 22D,
yt = Cxy + Dous + Dyupyr + .. + Dpupyp
u = [ug, Uy, ...u) (input)
Y = [yo,y1, ---yn—pl(output)

T = Tn—ptl

(final state, used as x0 at next call to flts)

Transfer form:
y=flts(u,sl[,past]) . Heresl is alinear system in transfer matrix representation i.e
sl=syslin(’d’,transfer _matrix) (seesyslin ).
U—nd --- U—-1
ast =
P Yomd - U1

is the matrix of past values of u and y.
nd is the maximum of degrees of Icm’s of each row of the denominator matrix of sl.

u=[u0 ul ... un] (input)
y=[y0 yl1 ... yn] (output)

p is the difference between maximum degree of numerator and maximum degree of denominator
EXAMPLE :

sl=syslin(’d’,1,1,1);u=1:10;

y=flts(u,sl);

plot2d2("onn",(1:size(u,’c’))",y")
[y1,x1]=flts(u(1:5),sl);y2=flts(u(6:10),sl,x1);
y-lyl,y2]

[/With polynomial D:
z=poly(0,'z");
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D=1+z+z"2; p =degree(D);
sl=syslin(’d’,1,1,1,D);
y=flts(u,sl);[y1,x1]=flts(u(1:5),sl);
y2=flts(u(5-p+1:10),sl,x1); /I (update)
y-lyl.y2]

/[Delay (transfer form): flts(u,1/z)

/I Usual responses

z=poly(0,'2’);

h=(1-2*z)/(z°2+0.3*z+1)

u=zeros(1,20);u(1)=1;

imprep=flts(u,tf2ss(h));  //Impulse response
plot2d2("onn",(1:size(u,’c’))’,imprep’)
u=ones(1,20);

stprep=flts(u,tf2ss(h));  //Step response
plot2d2("onn",(1:size(u,’c"))’,stprep’)

1l

/I Other examples

A=[1 2 3;0 2 4;,0 0 1];B=[1 0;0 0;0 1];C=eye(3,3);Sys=syslin('d’,A,B,C);
H=ss2tf(Sys); u=[1;-1]*(1:10);

I

yh=flts(u,H); ys=flts(u,Sys);

norm(yh-ys,1)

//hot restart
[ys1,x]=flts(u(:,1:4),Sys);ys2=flts(u(:,5:10),Sys,X);
norm([ysl,ys2]-ys,1)

I
yh1=flts(u(:,1:4),H);yh2=flts(u(:,5:10),H,[u(:,2:4);yh(:,2:4)]);
norm([yh1,yh2]-yh,1)

[lwith D<>0

D=[-3 8;4 -0.5;2.2 0.9];
Sys=syslin('d’,A,B,C,D);

H=ss2tf(Sys); u=[1;-1]*(1:10);

rh=flts(u,H); rs=flts(u,Sys);

norm(rh-rs,1)

/Ihot restart
[ys1,x]=flts(u(:,1:4),Sys);ys2=flts(u(:,5:10),Sys,X);
norm([ysl,ys2]-rs,1)

[IWith H:
yh1=flts(u(:,1:4),H);yh2=flts(u(:,5:10),H,[u(:,2:4); yh1(:,2:4)]);
norm([yh1,yh2]-rh)

SEEALSO: ltitr 233 dsimul 220, rtitr 244
4.0.464 frep2tf____ transfer function realization from frequency response

CALLING SEQUENCE :

[h [,err]]=frep2tf(frq,repf,dg [,dom,tols,weight])

PARAMETERS :
frq : vector of frequencies in Hz.
repf  : vector of frequency response

dg : degree of linear system
dom :timedomainc’ or’d ordt)
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tols : avector of size 3 giving the relative and absolute tolerance and the maximum number of iterations
(default values argol=1.e-2; atol=1.e-4, N=10 ).

weight : vector of weights on frequencies

h : SISO transfer function

err  : error (for example idom="c’ sum(abs(h(2i*pi*frq) - rep) 2)/size(frq,*) )

DESCRIPTION :
Frequency response to transfer function conversion. The ordieriefa priori given indg which must be
provided. The following linear system is solved in the least square sense.

weight(k)*(n( phi_k) - d(phi_Kk)*rep_k)=0, k=1,..,n

wherephi k= 2*%i*%pi*frq whendom='c’ andphi _k=exp(2*%i*%pi*dom*frq if not. If
theweight vector is not given a default penalization is used (wbem='c’ ).
A stable and minimum phase system can be obtained by using furfatimms

EXAMPLE :

s=poly(0,'s’);
h=syslin('c’,(s-1)/(s"3+5*s+20))
frq=0:0.05:3;repf=repfreq(h,frg);
clean(frep2tf(frg,repf,3))

Sys=ssrand(1,1,10);

frg=logspace(-3,2,200);

[frg,rep]=repfreq(Sys,frq); //Frequency response of Sys
[Sys2,err|=frep2tf(frq,rep,10);Sys2=clean(Sys2)//Sys2 obtained from freq.
resp of Sys

[frg,rep2]=repfreq(Sys2,frq); //Frequency response of Sys2
xbasc();bode(frg,[rep;rep2])  //Responses of Sys and Sys2
[sort(trzeros(Sys)),sort(roots(Sys2(’num’)))] //zeros
[sort(spec(Sys('A’))),sort(roots(Sys2('den’)))] //poles

dom=1/1000; // Sampling time

z=poly(0,'z’);
h=syslin(dom,(z"2+0.5)/(z"3+0.1*z"2-0.5*z+0.08))
frg=(0:0.01:0.5)/dom;repf=repfreq(h,frq);
[Sys2,err]=frep2tf(frg,repf,3,dom);
[frg,rep2]=repfreq(Sys2,frq); //Frequency response of Sys2
xbasc();plot2d1("onn",frq’,abs([repf;rep2])’);

SEEALSO: imrep2ss 227, arl2 210 time_id 252 armax 344, frfit 321

4.0.465 freq frequency response

CALLING SEQUENCE :

[x]=freq(A,B,C [,D],f)
[X]=freq(NUM,DEN,f)

PARAMETERS :
A, B, C, D :real matrices of respective dimensiang1, nxp, mxn, mxp

NUM,DEN: polynomial matrices of dimensianxp
X : real or complex matrix
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DESCRIPTION :

x=freq(A,B,C [,D],f) returns a real or complaxxp*t matrix such that:

X(,k*p:(k+1)*p)= Crinv(f(k)*eye()-A)*B + D

Thus, forf taking values along the imaginary axis or on the unit cisclés the continuous or discrete
time frequency response (4,B,C,D)

x=freq(NUM,DEN,f) returns a real or complex matrix such that columnk*(p-1)+1 tok*p of

x contain the matriNUM(f(K))./DEN(f(k))

EXAMPLE :

s=poly(0,'s’);

sys=(s+1)/(s"3-5*s+4)
rep=freq(sys("num"),sys("den"),[0,0.9,1.1,2,3,10,20])
[horner(sys,0),horner(sys,20)]

1

Sys=tf2ss(sys);

[A,B,C,D]=abcd(Sys);
freq(A,B,C,[0,0.9,1.1,2,3,10,20])

SEEALSO: repfreq 241, horner 355

4.0.466 freson peak frequencies

CALLING SEQUENCE :

fr=freson(h)

PARAMETERS :

h :syslin list

fr : vector of peak frequencies in Hz

DESCRIPTION :

returns the vector of peak frequencies in Hz for the SISO plant
EXAMPLE :
h=syslin(’c’,-1+%s,(3+2*%s+%s"2)*(50+0.1*%s+%s"2))
fr=freson(h)

bode(h)

g=20*log(abs(repfreq(h,fr)))/log(10)

SEEALSO: frep2tf 224, zgrid 140, h_norm 265

4.0.467 gmargin gain margin
CALLING SEQUENCE :

[gm [,fr]l=g_margin(h)

PARAMETERS :

h :syslin list representing a linear system in state-space or transfer form

DESCRIPTION :

returnsgm, the gain margin in dB o (SISO plant) andr , the achieved corresponding frequency in hz.

The gain margin is values of the system gain at points where the nyquist plot crosses the negative real axis.
EXAMPLE :

h=syslin('c’,-1+%s,3+2*%s+%s"2)

[9,fr]=g_margin(h)
[9,fr]=g_margin(h-10)
nyquist(h-10)

SEEALSO: p_margin 238 black 89, chart 91, nyquist 107
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4.0.468 (gfrancis Francis equations for tracking
CALLING SEQUENCE :

[L,M,T]=gfrancis(Plant,Model)

PARAMETERS :

Plant :syslin list
Model :syslin list
L,M, T :real matrices

DESCRIPTION :
Given the the linear plant:

X= F*x + G*u
y = H* + J4u

and the linear model

xm'= A*xm + B*um
ym = C*xm + D*um

the goal is for the plant to track the modeliee.= y - ym --- > 0 while keeping stable the state x(t)
of the plant.u is given by feedforward and feedback

u = L*»m + M*um + K*(x-T*xm) = [K , L-K*T] *(x,xm) + M*um

The matrices T,L,M satisfy generalized Francis equations

F*T + G*L = T*A

HT + J*L = C
G*M = T*B
JM =D

The matrixK must be chosen as stabilizing the g&\)G) See example of use in directatgmos/tracking

EXAMPLE :

Plant=ssrand(1,3,5);
[F,G,H,J]=abcd(Plant);
nw=4;nuu=2;A=rand(nw,nw);
st=maxi(real(spec(A)));A=A-st*eye(A);
B=rand(nw,nuu);C=2*rand(1,nw);D=0*rand(C*B);
Model=syslin(’c’,A,B,C,D);
[L,M,T]=gfrancis(Plant,Model);
norm(F*T+G*L-T*A,1)
norm(H*T+J*L-C,1)

norm(G*M-T*B,1)

norm(J*M-D,1)

SEEALSO: lqg 231, ppol 240

4.0.469 imrep2ss state-space realization of an impulse response

CALLING SEQUENCE :
[sl]=imrep2ss(v [,deq])

PARAMETERS :
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v vector coefficients of impulse responsé¢, k) is the kth sample
deg : integer (order required)
sl :syslin  list

DESCRIPTION :
Impulse response to linear system conversion (one inputhust have an even number of columns.

EXAMPLE :

s=poly(0,'s’);

H=[1/(s+0.5);2/(s-0.4)]  /lstrictly proper
np=20;w=Idiv(H('num’),H('den’),np);

rep=[w(l:np);w(np+1:2*np)’];  //The impulse response
H1=ss2tf(imrep2ss(rep))

z=poly(0,'z’);

H=(2*z"2-3.4*z+1.5)/(z"2-1.6*z+0.8) /[Proper transfer function
u=zeros(1,20);u(1)=1,;

rep=rtitr(H('num’),H('den’),u);  //impulse rep.

Il <=> rep=Idiv(H('num’),H('den’),20)

w=z*imrep2ss(rep) //Realization with shifted impulse response
/I i.e strictly proper to proper

H2=ss2tf(w);

SEEALSO: frep2tf 224, arl2 210 time_id 252 armax 344 markp2ss 234, Idiv
358

4.0.470 invsyslin system inversion
CALLING SEQUENCE :

[sl2]=invsyslin(sl1)

PARAMETERS :

sl1,sl2 :syslin  lists (linear systems in state space representation)

DESCRIPTION :

Utility function. Computes the state form of the inved2 of the linear systensll (which is also
given in state form).
TheD-matrix is supposed to be full rank. Old stuff usediby(S)  whenS is asyslin list.

SEEALSO: rowregul 243 inv 379

4.0.471 kpure continuous SISO system limit feedback gain
CALLING SEQUENCE :

g=kpure(sys)

PARAMETERS :

sys : SISO linear system (syslin)
g :constant

DESCRIPTION :
kpure(sys) computes the gaing such that the systersys fedback by g (sys/.g) has
poles on imaginary axis.

EXAMPLE :
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s=poly(0,’s);
h=syslin(’c’,(s-1)/(1+5*s+s"2+s5"3))
xbasc();evans(h)

g=kpure(h)

hf=h/.g(1)

roots(denom(hf))

SEE ALSO : evans 96, krac2 229

4.0.472 krac2 continuous SISO system limit feedback gain

CALLING SEQUENCE :
g=krac2(sys)
PARAMETERS :

sys . SISO linear system (syslin)
g : constant

DESCRIPTION :
krac2(sys) computes the gaing such that the systersys fedback by g (sys/.g) has
2 real equal poles.

EXAMPLE :

h=syslin(’c’,352*poly(-5,’s’)/poly([0,0,2000,200,25,1],'s’,’c"));
xbasc();evans(h,100)

g=krac2(h)

hfl=h/.g(1);roots(denom(hfl))
hf2=h/.g(2);roots(denom(hf2))

SEEALSO : evans 96, kpure 228

4.0.473 lin linearization

CALLING SEQUENCE:

[A,B,C,D]=lin(sim,x0,u0)
[sl]=lin(sim,x0,u0)

PARAMETERS :

sim : function
x0, u0 : vectors of compatible dimensions
AB,C,D : real matrices

sl syslin list
DESCRIPTION :
linearization of the non-linear system [y,xdot]=sim(x,u) aroundx0,u0 .

sim is a function which computes andxdot .
The output is a linear systersyslin  list) sl or the four matrice¢A,B,C,D)  For example, ifitz
is the function passed to ode e.g.

[zd]=ftz(t,z,u)

and if we assume thgtx
[z]=ode(x0,t0,tf list(ftz,u) computex(tf)
If simula is the following function:
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deff(’[y,xd]=simula(x,u)’,’xd=ftz(tf,x,u); y=x;);
the tangent linear systesh can be obtained by:

[A,B,C,D]=lin(simula,z,u)
sl = syslin(’c’,A,B,C,D,x0)

EXAMPLE :

deff([y,xdot]=sim(x,u)’, xdot=[u*sin(x);-u*x"2];y=xdot(1)+xdot(2)")
sl=lin(sim,1,2);

SEEALSO: external 22, derivat 352

4.0.474 lge linear quadratic estimator (Kalman Filter)

CALLING SEQUENCE :
[K,X]=lge(P21)
PARAMETERS :

P21 :syslin list
K, X :real matrices

DESCRIPTION :

Ige returns the Kalman gain for the filtering problem in continuous or discrete time.
P21 isasyslin list representing the systeRR1=[A,B1,C2,D21]

The input toP21 is a white noise with variance:

[B1 ] [Q 9]
Bigv=[ ][ Bl D21 = | ]
[D21] [S'" R]

X is the solution of the stabilizing Riccati equation aheK*C2 is stable.
In continuous time:

(A-S*INV(R)*C2)*X+X*(A-S*inv(R)*C2)-X*C2"*inv(R)*C2*X+Q-S*inv(R)*S'=0
K=-(X*C2'+S)*inv(R)

In discrete time:
X=A*X*A-(A*X*C2'+B1*D21)*pinv(C2*X*C2'+D21*D21’)*(C2*X*A'+D21*B1’)+B1*B1’

K=-(A*X*C2'+B1*D21’)*pinv(C2*X*C2'+D21*D21’)
xhat(t+1)= E(x(t+1) | y(0),...,y(t) (one-step predictexl) satisfies the recursion:

xhat(t+1)=(A+K*C2)*xhat(t) - K*y(t).

SEEALSO: Igr 232

AuTHOR: F. D.
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4.0.475 1qg LQG compensator
CALLING SEQUENCE :

[K]=lag(P.r)

PARAMETERS :

P :syslin list (augmented plant) in state-space form
r : 1x2 row vector = (number of measurements, number of inputs) (dimension of the 2,2 Part of
K :syslin list (controller)

DESCRIPTION :
lgqg computesthe linear optimal LQG (H2) controller for the "augmented” fPastyslin(’c’,A,B,C,D)
(continuous time) oP=syslin('d’,A,B,C,D) (discrete time).

The functionlgg2stan  returnsP andr given the nominal plant, weighting terms and variances of
noises.

K is given by the following ABCD matrice§A+B*Kc+Kf*C+Kf*D*Kc,-Kf,Kc,0] whereKc=Iqr(P12)
is the controller gain angf=Iqe(P21) is the filter gain. See exampleligg2stan

SEEALSO: Igg2stan 231, lIgr 232 Ige 230, h_inf 264 obscont 236

AuTHOR: F.D.

4.0.476 lgg2stan LQG to standard problem

CALLING SEQUENCE :
[P,r]=lgg2stan(P22,bigQ,bigR)
PARAMETERS :

P22 :syslin  list (nominal plant) in state-space form

bigQ :[Q,S;S',N] (symmetric) weighting matrix

bigR : [R,T;T,V] (symmetric) covariance matrix

r :1x2 row vector = (number of measurements, number of inputs) (dimension of the 2,2 part of
P :syslin list (augmented plant)

DESCRIPTION :
lgg2stan  returns the augmented plant for linear LQG (H2) controller design.
P22=syslin(dom,A,B2,C2) is the nominal plant; it can be in continuous tinteh="c’ ) or dis-

crete time dom="d’" ).

Ax + wl + B2u
C2x + w2

X
y

for continuous time plant.

x[n+1]= Ax[n] + wl + B2u
y = C2x + w2

for discrete time plant.

The (instantaneous) cost functior¥ u’] bigQ [x;u]

The covariance dfiwl;w2] is E[wl;w2] [wl',w2’] = bigR

If [B1;D21] isafactor obigQ ,[C1,D12] isafactorofbigR and[A,B2,C2,D22] is a realiza-
tion of P22, therP is a realization ofA,[B1,B2],[C1,-C2],[0,D12;D21,D22] . The (negative)
feedback computed Hgg stabilizesP22, i.e. the poles ofl=P22/.K  are stable.

EXAMPLE :
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ny=2;nu=3;nx=4;

P22=ssrand(ny,nu,nx);
bigQ=rand(nx+nu,nx+nu);bigQ=bigQ*bigQ’;
bigR=rand(nx+ny,nx+ny);bigR=bigR*bigR’;
[P,r]=lgg2stan(P22,bigQ,bigR);K=Iqg(P,r); //K=LQG-controller

spec(h_cl(P,r,K)) /IClosed loop should be stable
/[Same as Cl=P22/.K; spec(CI(A")
s=poly(0,’s")

lgg2stan(1/(s+2),eye(2,2),eye(2,2))

SEEALSO: lgg 231 Igr 232 Ige 230 obscont 236 h_inf 264 augment 256
fstabst 261, feedback 222

AuUTHOR: F.D.

4.0.477 lqr LQ compensator (full state)

CALLING SEQUENCE :
[K,X]=Igr(P12)
PARAMETERS :

P12 :syslin list (state-space linear system)
K,X : two real matrices

DESCRIPTION :

Igr computes the linear optimal LQ full-state gain for the pleth2=[A,B2,C1,D12] in continuous
or discrete time.

P12 isasyslin list (e.g.P12=syslin(’c’,A,B2,C1,D12) ).

The cost function is 12-norm ot™*z  with z=C1 x + D12 u i.e. [x,u]’ * BigQ * [x;u]

where

[C1' ] [Q 9]
BigQ= [ ] *[Cl1D12] = | ]
[D127] [S" R]

The gainK is such thath + B2*K is stable.
X is the stabilizing solution of the Riccati equation.
For a continuous plant:

(A-B2*inv(R)*S")*X+X*(A-B2*inv(R)*S")-X*B2*inv(R)*B2"*X+Q-S*inv(R)*S'=0
K=-inv(R)*(B2*X+S)

For a discrete plant:
X=A*X*A-(A*X*B2+C1*D12)*pinv(B2*X*B2+D12"*D12)*(B2"*X*A+D12"*C1)+C1'*C1;
K=-pinv(B2"*X*B2+D12"*D12)*(B2"*X*A+D12'*C1)

An equivalent form foiX is

X=Abar*inv(inv(X)+B2*inv(r)*B2")*Abar+Qbar

with Abar=A-B2*inv(R)*S’ andQbar=Q-S*inv(R)*S’
The 3-blocks matrix pencils associated with these Riccati equations are:

discrete continuous
[l 0 0] | A 0 B2| Il 0 0] | A 0 B2|
zlo A 0] - -Q I -S| s|0 I 0 - |-Q A’ -S|
|0 B2 0| | S 0 R| |0 0 O | S -B2 R|
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Caution: It is assumed that matrix R is non singular. In particular, the plant must be tall (number of outputs
>= number of inputs).

EXAMPLE :

A=rand(2,2);B=rand(2,1); /Itwo states, one input
Q=diag([2,5]);R=2; //Usual notations x'Qx + u'Ru
Big=sysdiag(Q,R); //[Now we calculate C1 and D12

[w,wp]=fullrf(Big);C1=w(:,1:2);D12=w(;,3);  //[C1,D12]*[C1,D12]=Big
P=syslin(’c’,A,B,C1,D12); /[The plant (continuous-time)
[K,X]=lar(P)

spec(A+B*K) /lcheck stability
norm(A*X+X*A-X*B*inv(R)*B'*X+Q,1) //Riccati check
P=syslin('d’,A,B,C1,D12); /I Discrete time plant

[K.X]=lar(P)

spec(A+B*K) /lcheck stability
norm(A*X*A-(A*X*B)*pinv(B*X*B+R)*(B"*X*A)+Q-X,1) //Riccati check

SEEALSO: Ige 230 gcare 262 legr 266
AuTHOR: F.D.

4.0.478 ltitr discrete time response (state space)

CALLING SEQUENCE:

[X]=ltitr(A,B,U,[x0])
[xf,X]=ltitr(A,B,U,[x0])

PARAMETERS :

A,B :real matrices of appropriate dimensions
U,X :real matrices
X0, xf : real vectors (default value=0 fa0))

DESCRIPTION :
calculates the time response of the discrete time system

X[t+1] = Ax[t] + Bult].
The inputui 's are the columns of the matrix
U=[uO,ul,...,un];

X0 is the vector of initial state (default value : 0) ;
X is the matrix of outputs (same number of column&/as

X=[x0,x1,x2,...,xn]

xf is the vector of final statef=X[n+1]
EXAMPLE :

A=eye(2,2);B=[1;1];
x0=[-1;-2];
u=[1,2,3,4,5];
x=ltitr(A,B,u,x0)
x1=A*x0+B*u(1)
x2=A*x1+B*u(2)
x3=A*x2+B*u(3) /I....

SEEALSO:  rtitr 244  flts 223
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4.0.479 markp2ss Markov parameters to state-space

CALLING SEQUENCE :
[sl]l=markp2ss(markpar,n,nout,nin)
PARAMETERS :

markpar : matrix
n,nout,nin . integers
SI :syslin list

DESCRIPTION :
given a set oih Markov parameters stacked in the (row)-matmarkpar of size nout X(n*nin)
markp2ss returns a state-space linear syst#m (syslin  list) such that witjA,B,C,D]=abcd(sl)

C*B = markpar(1:nout,1:nin),
C*A*B =markpar(1l:nout,nin+1:2*nin),....

EXAMPLE :

W=ssrand(2,3,4); //random system with 2 outputs and 3 inputs
[a,b,c,d]=abcd(W);

markpar=[c*b,c*a*b,c*a"2*b,c*a"3*b,c*a"4*b];
S=markp2ss(markpar,5,2,3);

[A,B,C,D]=abcd(S);

Markpar=[C*B,C*A*B,C*A"2*B,C*A"3*B,C*A"4*B];
norm(markpar-Markpar,1)

/[Caution... c*a’5*b is not C*A'5*B !

SEEALsO: frep2tf 224, tf2ss 252 imrep2ss 227

4.0.480 minreal minimal balanced realization

CALLING SEQUENCE :
slb=minreal(sl [,tol])
PARAMETERS :

sl,slb :syslin - lists
tol : real (threshold)

DESCRIPTION :

[ae,be,ce]=minreal(a,b,c,domain [,tol]) returns the balanced realization of linear sys-
temsl (syslin list).

sl is assumed stable.

tol threshold used iequill

EXAMPLE :

A=[-eye(2,2),rand(2,2);zeros(2,2),-2*eye(2,2)];
B=[rand(2,2);zeros(2,2)];C=rand(2,4);
sl=syslin(’c’,A,B,C);

slb=minreal(sl);

ss2tf(sl)

ss2tf(slb)

ctr_gram(sl)

clean(ctr_gram(slb))

clean(obs_gram(slb))

SEEALSO: minss 235 balreal 211, arhnk 210 equil 221, equill 221
AUTHOR: S. Steer INRIA 1987
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4.0.481 minss minimal realization

CALLING SEQUENCE :
[slc]=minss( sl [,tol])
PARAMETERS :

sl,slc :syslin lists (linear systems in state-space form)
tol : real (threshold for rank determination (semtr ))

DESCRIPTION :
minss returnsinslc a minimal realization o$l .

EXAMPLE :

sl=syslin(’c’,[1 0;0 2],[1;0],[2 1]);
ssprint(sl);
ssprint(minss(sl))

SEEALSO: contr 216, minreal 234 arhnk 210 contrss 217, obsvss 238 balreal
211

4.0.482 obggram observability gramian
CALLING SEQUENCE :

Go=obs_gram(A,C [,dom])
Go=0obs_gram(sl)

PARAMETERS :

A,C : real matrices (of appropriate dimensions)
dom : string ('d’  or"c" (defaultvalue))
sl :syslin list

DESCRIPTION :
Observability gramian of the paiA,C)  or linear systensl (syslin  list). dom is the domain which
can be

¢" :continuous system (default)
"d" : discrete system
Go = / eNto'Cetdt Go=Y ATCICAF
0 0
EXAMPLE :

A=-diag(1:3);C=rand(2,3);

Go=obs_gram(A,C,'c"); /I <=> w=syslin(c’,A,[],C); Go=obs_gram(w);
norm(Go*A+A*Go+C'*C,1)

norm(lyap(A,-C'*C,’c’)-Go,1)

A=A/4; Go=obs_gram(A,C,d’); /ldiscrete time case
norm(lyap(A,-C*C,’d")-Go,1)

SEEALSO: ctr_gram 218 obsvss 238 obsv_mat 237, lyap 384
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4.0.483 obscont observer based controller

CALLING SEQUENCE:

[K]=0bscont(P,Kc,Kf)
[J,r]=obscont(P,Kc,Kf)

PARAMETERS :

P :syslin  list (nominal plant) in state-space form, continuous or discrete time
Kc : real matrix, (full state) controller gain

Kf : real matrix, filter gain

K :syslin list (controller)

J :syslin list (extended controller)

r :1x2 row vector

DESCRIPTION :

obscont returnsthe observer-based controller associated with a nominaPplasith matricedA,B,C,D]
(syslin list).

The full-state control gain i&c and the filter gain i&f. These gains can be computed, for example, by
pole placement.

A+B*Kc andA+Kf*C are (usually) assumed stable.

K is a state-space representation of the compenkatgr >u in:

xdot = A x + B u, y=C x + D u, zdot= (A + Kf C)z -Kf y +B u, u=Kc z

K is alinear systemsfyslin list) with matrices given byK=[A+B*Kc+Kf*C+Kf*D*Kc,Kf,-Kc]

The closed loop feedback systébh v - >y with (negative) feedbacK (i.e.y = P u, u = v
-Ky,orxdot = Ax+Buy=Cx+Du, zdot = (A+KFfC)z-Kfy + B

u, u =v -F z )isgivenbyCl = P/.(-K)

The poles ofCl (spec(cl(’A")) ) are located at the eigenvaluesffB*Kc andA+Kf*C .

Invoked with two output argumentdbscont  returns a (square) linear systéfnwhich parametrizes all
the stabilizing feedbacks via a LFT.

Let Q an arbitrary stable linear system of dimensi¢®) xr(1) i.e. number of inputs x number of
outputs inP. Then any stabilizing controllé¢ for P can be expressed Esft(J,r,Q) . The controller
which corresponds tQ=0 is K=J(1:nu,1:ny) (thisK is returned byK=obscont(P,Kc,Kf) ). r
issize(P) i.ethe vector [number of outputs, number of inputs];

EXAMPLE :

ny=2;nu=3;nx=4;P=ssrand(ny,nu,nx);[A,B,C,D]=abcd(P);
Kc=-ppol(A,B,[-1,-1,-1,-1]); //Controller gain
Kf=-ppol(A’,C’,[-2,-2,-2,-2]);Kf=Kf"; //Observer gain
cl=P/.(-obscont(P,Kc,Kf));spec(cl(A’))  /Iclosed loop system
[J,r]=obscont(P,Kc,Kf);
Q=ssrand(nu,ny,3);Q(A)=Q(A")-(maxi(real(spec(Q('A")))+0.5)*eye(Q('A"))
/IQ is a stable parameter

K=Ift(J,r,Q);

spec(h_cl(P,K)) /I closed-loop A matrix (should be stable);

SEE ALSO: ppol 240, Igg 231 Igr 232 Ige 230 h_inf 264 Ift 267 syslin
197, feedback 222 observer 236

AuTHOR: F.D.

4.0.484 observer observer design
CALLING SEQUENCE :

Obs=observer(Sys,J)
[Obs,U,m]=observer(Sys [,flag,alfa])
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PARAMETERS :

Sys :syslin  list (linear system)

J : nx X ny constant matrix (output injection matrix)

flag : character stringsgp’ or’st’ (default))

alfa : location of closed-loop poles (optional parameter, default=-1)

Obs : linear systemgyslin list), the observer

U : orthogonal matrix (sedt _ility )

m : integer (dimension of unstable unobservaklte)(or unobservablepp) subspace)

DESCRIPTION :

Obs=observer(Sys,J) returns the observ€¥bs=syslin(td,A+J*C,[B+J*D,-J],eye(A))

obtained fronSys by aJ outputinjection. (td is the time domain 8fys). More generallypbserver
returns inObs an observer for the observable part of linear sys&m: dotx=A x + Bu, y=Cx +
Du represented by gyslin  list. Sys hasnx state variablesyu inputs andny outputs.Obs is a
linear system with matricg#o,Bo,ldentity] ,whereAo isno x no,Bo isno x (nu+ny) ,Co
isno X no andno=nx-m.

InputtoObs is[u,y] and output oObs is:

xhat=estimate of x modulo unobservable subsp. (lage’'pp’ ) or

xhat=estimate of x modulo unstable unobservable subsp. flegsest’ )

casdlag="st’ : z=H*x can be estimated with stable observeHfU(:,1:m)=0 and assignable poles
of the observer are set &ifa(l),alfa(2),...
caseflag="pp’ : z=H*x can be estimated with given error spectrumHffU(:,1:m)=0 all poles of

the observer are assigned and sedlfa(1),alfa(2),...

If H satifies the constraint4*U(:;,1:m)=0 (ker(H) contains unobs-subsp. of Sys) one has H*U=[0,H2]
and the observer for z=H*x is H2*Obs with H2=H*U(;,m+1:nx) i.e. Co, the C-matrix of the observer for
H*x, is Co=H2.

In the particular case where the péf,C) of Sys is observable, one has=0 and the linear system
U*Obs (resp.H*U*Obs)is an observerfax (resp.Hx). The error spectrum elpha(1),alpha(2),...,alpha(nx)

EXAMPLE :

nx=5;nu=1;ny=1;un=3;us=2;Sys=ssrand(ny,nu,nx,list('dt’,us,us,un));

/Inx=5 states, nu=1 input, ny=1 output,

/lun=3 unobservable states, us=2 of them unstable.
[Obs,U,m]=observer(Sys); //Stable observer (default)
W=U";H=W(m+1:nx,:);[A,B,C,D]=abcd(Sys); //H*U=[0,eye(no,no)];
Sys2=ss2tf(syslin(’c’,A,B,H)) //Transfer u-->z
Idu=eye(nu,nu);Sys3=ss2tf(H*U(;,m+1:$)*Obs*[Idu;Sys])

[[Transfer u-->[u;y=Sys*u]-->Obs-->xhat-->HUxhat=zhat i.e. u-->output of
Obs

/lthis transfer must equal Sys2, the u-->z transfer (H2=eye).

SEEALSO: dt_ility 220, unobs 254, stabil 250
AuTHOR: F.D.

4.0.485 obsvmat observability matrix
CALLING SEQUENCE :

[O]=0bsv_mat(A,C)
[O]=0bsv_mat(sl)

PARAMETERS :

A,C,O :real matrices
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sl :syslin  list

DESCRIPTION :
obsv _mat returns the observability matrix:

O=[C; CA; CA"2;...; CA'(n-1) ]

SEEALSO: contrss 217, obsvss 238 obs gram 235

4.0.486 obsvss observable part

CALLING SEQUENCE :

[Ao,Bo,Co]=0bsvss(A,B,C [,tol])
[slo]=obsvss(sl [,tol])

PARAMETERS :
A,B,C,A0,Bo,Co : real matrices
sl,slo :syslin - lists

tol : real (threshold) (default valuED0*%eps )

DESCRIPTION :
slo=(A0,Bo,Co0) is the observable part of linear systsin(A,B,C) (syslin list)
tol threshold to test controllability (se®ntr ); default value Z100*%eps

SEEALSO: contr 216 contrss 217 obsv_mat 237 obs_gram 235

4.0.487 pmargin phase margin

CALLING SEQUENCE:

[phm,fr]=p_margin(h)
phm=p_margin(h)

PARAMETERS :

h : SISO linear systensgslin  list).
phm : phase margin (in degree)
fr ~ : corresponding frequency (hz)

DESCRIPTION :
The phase margin is the values of the phase at points where the nyquistiplatroéses the unit circle.

EXAMPLE :

h=syslin(’c’,-1+%s,3+2*%s+%s"2)
[p,fr]=p_margin(h)

[p,fr]=p_margin(h+0.7)

nyquist(h+0.7)
t=(0:0.1:2*%pi)’;plot2d(sin(t),cos(t),-3,’000")

SEEALSO: chart 91, black 89, g_margin 226 nyquist 107
AUTHOR: S. S.
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4.0.488 pfss partial fraction decomposition
CALLING SEQUENCE :

elts=pfss(Sl)
elts=pfss(Sl,rmax)
elts=pfss(Sl,’cord’)
elts=pfss(Sl,rmax,’cord’)

PARAMETERS :
Sl: syslin  list (state-space or transfer linear system) rmax : real number controlling the conditioning
of block diagoanalization cord : character string or’d’

DESCRIPTION :

Partial fraction decomposition of the linear syst8in (in state-space form, transfer matrices are automat-
ically converted to state-space formtigss ):

elts s the list of linear systems which add upSb i.e. elts=list(S1,S2,S3,...,Sn) with:

SI = S1 + S2 +... +Sn

EachSi contains some poles of S according to the block-diagonalization & tiheatrix of S.

For non proper systems the polynomial pargof is put in the last entry odlts

If SI is given in transfer form, it is first converted into state-space and each subsystdaathen conver-
ted in transfer form.

The A matrix is of the state-space is put into block diagonal form by fundithag . The optional para-
meterrmax is sent tobdiag . If rmax should be set to a large number to enforce block-diagonalization.

If the optional flagcord="c’ is given the elements ielts  are sorted according to the real part (resp.
magnitude ifcord="d’ ) of the eigenvalues of A matrices.
EXAMPLE :

W=ssrand(1,1,6);

elts=pfss(W);

W1=0;for k=1:size(elts), W1=W1+ss2tf(elts(k));end
clean(ss2tf(W)-W1)

SEEALSO: pbig 385 bhdiag 367, coffg 351 dtsi 260

AuTHOR: F.D.
4.0.489 phasemag phase and magnitude computation
CALLING SEQUENCE :
[phi,db]=phasemag(z [,mod])
PARAMETERS :
Zz : matrix or row vector of complex numbers.
mod : character string
mod="c’ : "continuous” representation between -infinity and +360 degrees (default)
mod="m’ : representation between -360 and 0 degrees
phi  : phases (in degree) af
db : magnitude (in Db)
DESCRIPTION :
phasemag computes the phases and magnitudes of the entries of a complex matrixnodeic’
phasemag computeghi(;,i+1) to minimize the distance witphi(:,i) , l.e. it tries to obtain a

"continuous representation” of the phase.
To obtain the phase between -%pi and %pi pisecatan(imag(z),real(z))

EXAMPLE :
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s=poly(0,’s);
h=syslin('c’,1/((s+5)*(s+10)*(100+6*s+s*s)*(s+.3)));
[frg,rf]=repfreq(h,0.1,20,0.005);

xbasc(0);

plot2d(frq’,phasemag(rf,’c’)’);

xbasc(1);

plot2d(frg’,phasemag(rf,’'m’)’);

SEEALSO: repfreq 241, gainplot 100 atan 148 bode 90

4.0.490 ppol pole placement

CALLING SEQUENCE :
[K]=ppol(A,B,poles)
PARAMETERS :

A,B : real matrices of dimensiomxn andnxm.
poles :real or complex vector of dimension
K : real matrix (negative feedback gain)

DESCRIPTION :

K=ppol(A,B,poles) returns a mxn gain matrik such that the eigenvalues AfB*K arepoles .
The pair(A,B) must be controllable. Complex numberdoles must appear in conjugate pairs.
An output-injection gairk for (A,C) is obtained as follows:

Ft=ppol(A’,C’,poles); F=Ft’

The algorithm is by P.H. Petkov.

EXAMPLE :
A=rand(3,3);B=rand(3,2);

F=ppol(A,B,[-1,-2,-3]);
spec(A-B*F)

SEEALSO: canon 214 stabil 250

4.0.491 projsl linear system projection
CALLING SEQUENCE :

[slp]=projsi(sl,Q,M)

PARAMETERS :

sl,slp :syslin - lists
Q,M : matrices (projection factorization)

DESCRIPTION :

slp = projected model ol whereQ*M is the full rank factorization of the projection.

If (A,B,C,D) is the representation af , the projected model is given l§y1*A*Q,M*B,C*Q,D)
Usually, the projectioi®*M is obtained as the spectral projection of an appropriate auxiliary matexg.
W = product of (weighted) gramians or product of Riccati equations.

EXAMPLE :
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rand('seed’,0);sl=ssrand(2,2,5);[A,B,C,D]=abcd(sl);poles=spec(A)
[Q,M]=pbig(A,0,'c’); /lkeeping unstable poles
slred=projsl(sl,Q,M);spec(slred('A’))

sl’D’)=rand(2,2); //making proper system

trzeros(sl) //zeros of sl

wi=inv(sl); //wi=inverse in state-space

[g,m]=psmall(wi('A"),2,'d"); //lkeeping small zeros (poles of wi) i.e. abs(z)<2
slred2=projsl(sl,q,m);

trzeros(slred2) //zeros of slred2 = small zeros of sl

/I Example keeping second order modes

A=diag([-1,-2,-3]);
sl=syslin(’c’,A,rand(3,2),rand(2,3));[nk2,W]=hankelsv(sl)
[Q,M]=pbig(W,nk2(2)-%eps,’'c’); /lkeeping 2 eigenvalues of W
slr=projsl(sl,Q,M); //reduced model

hankelsv(slr)

SEEALSO: pbig 385
AuTHOR: F. D.

4.0.492 repfreq frequency response

CALLING SEQUENCE:

[ [frq,] repf]=repfreq(sys,fmin,fmax [,step])

[ [fra,] repfl=repfreq(sys [.frq])

[ frg,repf,splitf]=repfreq(sys,fmin,fmax [,step])
[ frg,repf,splitf]=repfreq(sys [,frq])

PARAMETERS :

sys :syslin  list: SIMO linear system

fmin,fmax : two real numbers (lower and upper frequency bounds)
frq : real vector of frequencies (Hz)

step : logarithmic discretization step

splitf : vector of indexes of critical frequencies.

repf  : vector of the complex frequency response

DESCRIPTION :

repfreq  returns the frequency response calculation of a linear systesys(§) s the transfer func-
tion of Sys, repf(k) equalsys(s) evaluated as= %i*frq(k)*2*%pi for continuous time sys-
tems and aéxp(2*%i*%pi*dt*frq(k)) for discrete time systemsl{ is the sampling period).
db(k) is the magnitude ofepf(k) expressed in dB i.e.db(k)=20*log10(abs(repf(k)))

andphi(k) is the phase ofepf(k) expressed in degrees.

If fmin,fmax,step are input parameters, the response is calculated for the vector of frequieqcies
given by:frq=[10."((log10(fmin)):step:(log10(fmax))) fmax];

If step is not given, the output paramefeq is calculated byrg=calfrq(sys,fmin,fmax)

Vectorfrq is splitted into regular parts with theplit ~ vector.frg(splitf(k):splitf(k+1)-1)

has no critical frequencysys has a pole in the randéq(splitf(k)),frq(splitf(k)+1)]

and no poles outside.

EXAMPLE :

A=diag([-1,-2]);B=[1;1];C=[1,1];

Sys=syslin(’c’,A,B,C);

frq=0:0.02:5;w=frq*2*%pi; //frg=frequencies in Hz ;w=frequencies in rad/sec;
[frgl,rep] =repfreq(Sys,frq);

[db,phi]=dbphi(rep);
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Systf=ss2tf(Sys) /[Transfer function of Sys
x=horner(Systf,w(2)*sqgrt(-1)) /I x is Systf(s) evaluated at s = i w(2)
rep=20*log(abs(x))/log(10)  //magnitude of x in dB

db(2) /I same as rep

ang=atan(imag(x),real(x));  //in rad.

ang=ang*180/%pi /lin degrees

phi(2)

repf=repfreq(Sys,frq);

repf(2)-x

SEEALSO: bode 90, freq 225 calfrgq 213 horner 355 nyquist 107, dbphi 218

AUTHOR: S. S.

4.0.493 ricc Riccati equation

CALLING SEQUENCE :

[X]=ricc(A,B,C,"cont")
[X]=ricc(F,G,H,"disc")

PARAMETERS :

A,B,C :real matrices of appropriate dimensions
F,G,H :real matrices of appropriate dimensions
X : real matrix

"cont","disc

: imposed string (flag for continuous or discrete)

DESCRIPTION :
Riccati solver.
Continuous time:

X=ricc(A,B,C,’cont’)
gives a solution to the continuous time ARE
A*X+X*A-X*B*X+C=0 .

B andC are assumed to be nonnegative definileG) is assumed to be stabilizable wiBt*G’ a full
rank factorization oB.

(A,H) isassumed to be detectable wHH’ a full rank factorization oC.

Discrete time:

X=ricc(F,G,H, disc’)
gives a solution to the discrete time ARE
X=F*X*F-F*X*G1*((G2+G1*X*G1)™-1)*G1*X*F+H

F is assumed invertible ar@ = G1*inv(G2)*G1’

One assumef~,G1) stabilizable andC,F) detectable withC’*C full rank factorization ofH. Use
preferablyric _desc .

EXAMPLE :

//[Standard formulas to compute Riccati solutions
A=rand(3,3);B=rand(3,2);C=rand(3,3);C=C*C’;R=rand(2,2);R=R*R’+eye();
B=B*inv(R)*B’;

X=ricc(A,B,C, cont’);

norm(A*X+Xx*A-X*B*X+C,1)
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H=[A -B;-C -A7;
[T,d]=gschur(eye(H),H,’cont’);T=T(:,1:d);
X1=T(4:6,:)/T(1:3,2);

norm(X1-X,1)

[T,d]=schur(H, cont’);T=T(:,1:d);
X2=T(4:6,:)IT(1:3,:);

norm(X2-X,1)

I Discrete time case
F=A;B=rand(3,2);G1=B;G2=R;G=G1/G2*G1";H=C;
X=ricc(F,G,H, disc);
norm(F*X*F-(F*X*G1/(G2+G1*X*G1))*(G1*X*F)+H-X)
Hl=[eye(3,3) G;zeros(3,3) F'];

H2=[F zeros(3,3);-H eye(3,3)];
[T,d]=gschur(H2,H1,'disc’); T=T(:,1:d);X1=T(4:6,:)/T(1:3,3);
norm(X1-X,1)

Fi=inv(F);

Hami=[Fi Fi*G;H*Fi F'+H*Fi*G]J;
[T,d]=schur(Hami,’d’);T=T(:,1:d);

Fit=inv(F’);

Ham=[F+G*Fit*H -G*Fit;-Fit*H Fit];
[T,d]=schur(Ham,'d");T=T(:;,1:d);X2=T(4:6,:)/T(1:3,:);
norm(X2-X,1)

SEEALSO: riccati 271, ric_desc 271, schur 394 gschur 376

4.0.494 rowregul removing poles and zeros at infinity

CALLING SEQUENCE :
[Stmp,Ws]=rowregul(Sl,alfa,beta)
PARAMETERS :

SI,Stmp  :syslin  lists
alfa,beta : real numbers (new pole and zero positions)

DESCRIPTION :

computes a postfiltaVs such thaStmp=Ws*SI is proper and with full ranl® matrix.
Poles at infinity ofSI are moved talfa ;

Zeros at infinity ofSI  are moved tdeta ;

Sl is a assumed to be a right invertible linear systeyslin  list) in state-space representation with
possibly a polynomiaD matrix.

This function is the dual of colregul (see function code).

EXAMPLE :

S=%s;

w=[1/s,0;s/(s"3+2),2/s];

SlI=tf2ss(w);
[Stmp,Ws]=rowregul(Sl,-1,-2);
Stmp('D’) /I D matrix of Stmp
clean(ss2tf(Stmp))

SEEALSO: invsyslin 228 colregul 215
AuTHOR: F. D., R. N.
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4.0.495  rtitr discrete time response (transfer matrix)
CALLING SEQUENCE :

[y]=rtitr(Num,Den,u [,up,yp])

PARAMETERS :

Num,Den : polynomial matrices (resp. dimensionsxm andnxn)

u : real matrix (dimensiomx(t+1)

up,yp :real matricesyp dimensiomx (maxi(degree(Den))) (default values®) ,yp dimen-
sionnx (maxi(degree(Den))) )

y :real matrix

DESCRIPTION :

y=rtitr(Num,Den,u [,up,yp]) returns the time response of the discrete time linear system with
transfer matrix®en”-1 Num for the inputu, i.ey andu are such thaben y = Num u att=0,1,...

If d1=maxi(degree(Den)) , andd2=maxi(degree(Num)) the polynomial matriceBen(z) and

Num(z) may be written respectively as:

D@=DO0 +D1 z+..+Ddl zdl
NZz=NO + N1 z+..+Nd2 zd2

andDen y = Num u is interpreted as the recursion:
D(O)y(t)+D(1)y(t+1)+...+ D(d1)y(t+d1)= N(O) u(t) +....+ N(d2) u(t+d2)

Itis assumed thdd(d1) is non singular.
The columns of u are the inputs of the system at t=0,1,...,T:

u=[u(0) , u(l),...,u(T)]
The outputs at=0,1,..., T+d1-d2 are the columns of the matrix
y=[y(0), y(1), ... y(T+d1-d2)]

up andyp define the initial conditions for& Oi.e

up=[u(-d1), ..., u(-1) ]
yp=[y(-d1), ... y(-1) ]

Depending on the relative valuesaf andd2, some of the leftmost componentsugd, yp are ignored.
The default values afp andyp are zeroup = 0*ones(m,dl1), yp=0*ones(n,dl)
EXAMPLE :

z=poly(0,'2’);

Num=1+z;Den=1+z;u=[1,2,3,4,5];

rtitr(Num,Den,u)-u

/IOther examples

/Isiso

/lcausal

nl=1;d1=poly([1 1],’z’,'coeff); I y()=-y(-1)+u(-1)
ri=0 1 010101010
r=rtitr(n1,d1,ones(1,10));norm(r1-r,1)

/Ihot restart

r=rtitr(n1,d1,ones(1,9),1,0);norm(r1(2:11)-r)

/Inon causal

n2=poly([1 1 1],’z',’coeff’);d2=d1,; 11 y(§)=-y(-1)+u(j-1)+u(j)+u(+1)
r2=[2 12121212
r=rtitr(n2,d2,ones(1,10));norm(r-r2,1)
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//hot restart
r=rtitr(n2,d2,ones(1,9),1,2);norm(r2(2:9)-r,1)
I

[IMIMO example

/lcausal

dl=dl*diag([1 0.5]);n1=[1 3 1;2 4 1};r1=[5;14]*r1,;
r=rtitr(n1,d1,ones(3,10));norm(rl-r,1)

I

r=rtitr(n1,d1,ones(3,9),[1;1;1],[0;0));
norm(rl(;,2:11)-r,1)

/Ipolynomial n1 (same ex.)
nl(1,1)=poly(1,’z’,’c’);r=rtitr(n1,d1,0nes(3,10));norm(rl-r,1)
1

r=rtitr(n1,d1,ones(3,9),[1;1;1],[0;0));
norm(rl(;,2:11)-r,1)

/Inon causal
d2=d1;n2=n2*n1;r2=[5;14]*r2;
r=rtitr(n2,d2,ones(3,10));norm(r2-r)

1

r=rtitr(n2,d2,0nes(3,9),[1;1;1],[10;28]);
norm(r2(:,2:9)-r,1)

I

/I State-space or transfer

a =[021, 063, 056, 023, 0.31
0.76 , 0.85 , 0.66 , 0.23 , 0.93
0,069,073, 022,021
0.33, 0.88 , 0.2 , 0.88 , 0.31
0.67 , 0.07 , 0.54 , 0.65 , 0.36];

b = [0.29 , 0.5, 0.92
0.57 , 0.44 , 0.04
0.48 , 0.27 , 0.48
0.33 , 0.63 , 0.26
0.59 , 0.41 , 0.41];

c = [0.28 , 0.78 , 0.11 , 0.15 , 0.84
0.13 , 0.21 , 0.69 , 0.7 , 0.41];

d = [0.41 , 0.11 , 0.56

0.88 , 0.2 , 0.59];
s=syslin('d’,a,b,c,d);

h=ss2tf(s);num=h('num’);den=h('den’);den=den(1,1)*eye(2,2);

u=1;u(3,10)=0;r3=flts(u,s);
r=rtitr(num,den,u);norm(r3-r,1)

SEEALSO: ltitr 233 exp 372 flts 223

4.0.496 sm2des

CALLING SEQUENCE :
[Des]=sm2des(Sm);
PARAMETERS :

Sm : polynomial matrix (pencil system matrix)
Des : descriptor systemiét('des’,A,B,C,D,E) )

DESCRIPTION :
Utility function: converts the system matrix:
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Sm = [-sE + A B;
[ c D]

to descriptor systerdes=list('des’,A,B,C,D,E) ).
SEEALSO: ss2des 247, sm2ss 246

4.0.497 sm2ss system matrix to state-space

CALLING SEQUENCE :
[SI]l=sm2ss(Sm);
PARAMETERS :

Sm : polynomial matrix (pencil system matrix)
Sl : linear systemgyslin  list)

DESCRIPTION :
Utility function: converts the system matrix:

Sm = [-sl + A B;
[ c D]

to linear system in state-space representasgslin ) list.
SEEALSO: ss2des 247

4.0.498 specfact spectral factor

CALLING SEQUENCE :
[WO,L]=specfact(A,B,C,D)

DESCRIPTION :
Given a spectral density matmphi(s)

1 -1
R + C*s*l-A) * B+ B*(s*l-A) * C' with R=D+D’ > 0

specfact computeswO andL such thatW(s)=WO0+L*(s*I-A)"-1*B is a spectral factor of of
PHI(s) ,i.e.

phi(s)=W'(-s)*W(s)

EXAMPLE :

A=diag([-1,-2]);B=[1;1];C=[1,1];D=1;s=poly(0,’s");
W1=syslin('c’,A,B,C,D);

phi=gtild(W1,’c)+W1,

phis=clean(ss2tf(phi))

clean(phis-horner(phis,-s)’);  //check this is O...
[A,B,C,D]=abcd(W1);

[WO,L]=specfact(A,B,C,D);
W=syslin('c’,A,B,L,W0)

Ws=ss2tf(W);

horner(Ws,-s)*Ws

SEEALSO: gtild 263 sfact 362 fspecg 260
AuTHOR: F. D.
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4.0.499 ss2des (polynomial) state-space to descriptor form
CALLING SEQUENCE :

S=ss2des(Sl)
S=ss2des(Sl,flag)

PARAMETERS :

Sl :syslin  list: proper or improper linear system.
flag : character stringwithD"
S :list

DESCRIPTION :

Given the linear system in state-space represent&fiorfsyslin  list), with aD matrix which is either
polynomial or constant, but not zess2des returns a descriptor systemlag('des’,A,B,C,0,E)

such that:

SI=C*(s*E-A)(-1)*B

If the flag"withD" is given,S=list('des’,A,B,C,D,E) with aD matrix of maximal rank.
EXAMPLE :

s=poly(0,'s’);
G=[1/(s+1),s;1+s°2,3*s"3];SI=tf2ss(G);
S=ss2des(Sl)

S1=ss2des(Sl,"withD")
Des=des2ss(S);Des(5)=clean(Des(5))
Desl=des2ss(S1)

SEEALSO: pol2des 359 tf2ades 273 des2ss 259
AuUTHOR: F. D.

4.0500 ss2ss  state-space to state-space conversion, feedback, injection
CALLING SEQUENCE :

[SI1,right,left}=ss2ss(SI, T, [F, [G , [flag]]])

PARAMETERS :

Sl : linear systemgyslin list) in state-space form

T . square (non-singular) matrix

SI1, right, left : linear systems (syslin lists) in state-space form
F : real matrix (state feedback gain)

G : real matrix (output injection gain)

DESCRIPTION :

Returns the linear syste8i1=[A1,B1,C1,D1] whereAl=inv(T)*A*T, Bl=inv(T)*B, C1=C*T,
D1=D.

Optional parametens andG are state feedback and output injection respectively.

For exampleSl1=ss2ss(SI,T,F) returnsSI1  with:
S — T Y(A+BF)T T '(B)
a (C+DF)T D
andright  is a non singular linear system such t&t=SI*right
Sl1*inv(right) is a factorization oSl .
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Sl1=ss2ss(SI,T,0*F,G) returnsSI1  with:

Sl — T-Y A+ GOC)T T-Y(B+GD)
- CT D

andleft  is a non singular linear system such t&ét=left*S| (right=Id if F=0).
When bothF andG are givenSl1=left*Sl*right

- Whenflag isusedandlag=1 an outputinjection as follows is used

qp — (T HA+GOT T71(B+GD,~G)
= CT (D,0)

and then a feedback is perform&d,must be of sizédm+p,n) (zisin R", yin RP,uin R™).
right andleft  have the following property:

SI1 = left*sysdiag(sys,eye(p,p))*right

- Whenflag isused andlag=2 a feedbackk must be of sizdm,n) ) is performed and then the
above outputinjection is appliedght  andleft  have the following property:

SI1 = left*sysdiag(sys*right,eye(p,p)))

EXAMPLE :

Sl=ssrand(2,2,5); trzeros(Sl) /I zeros are invariant:
Sl1=ss2ss(Sl,rand(5,5),rand(2,5),rand(5,2));

trzeros(Sl1), trzeros(rand(2,2)*Sl1*rand(2,2))

/I output injection [ A + GC, (B+GD,-G)]

I [ C , (D , 0)]
p=1,m=2,n=2; sys=ssrand(p,m,n);

/I feedback (m,n) first and then output injection.

Fl=rand(m,n);

G=rand(n,p);

[sys1,right,left]=ss2ss(sys,rand(n,n),F1,G,2);

/I SI1 equiv left*sysdiag(sys*right,eye(p,p)))
res=clean(ss2tf(sysl) - ss2tf(left*sysdiag(sys*right,eye(p,p))))
/I output injection then feedback (m+p,n)

F2=rand(p,n); F=[F1;F2];
[sys2,right,left]=ss2ss(sys,rand(n,n),F,G,1);

/I SI1 equiv left*sysdiag(sys,eye(p,p))*right
res=clean(ss2tf(sys2)-ss2tf(left*sysdiag(sys,eye(p,p))*right))
/I when F2= 0; sysl and sys2 are the same
F2=0*rand(p,n);F=[F1;F2];
[sys2,right,left]=ss2ss(sys,rand(n,n),F,G,1);
res=clean(ss2tf(sys2)-ss2tf(sysl))

SEEALSO: projsl 240 feedback 222
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4.0.501 ss2tf conversion from state-space to transfer function
CALLING SEQUENCE :

[h]=ss2tf(sl)
[Ds,NUM,chi]=ss2tf(sl)

PARAMETERS :

sl :linear systemgyslin  list)
h : transfer matrix

DESCRIPTION :
Called with three outpuf®s,NUM,chi]=ss2tf(sl) returns the numerator polynomial mathbJM
the characteristic polynomiahi and the polynomial paids separately i.e.:

h=NUM/chi + Ds

Method:
One uses the characteristic polynomial det{ A+Eij)=det(A)+C(i,j) whereC is the adjug-
ate matrix ofA.

EXAMPLE :

s=poly(0,’s);
h=[1,1/s;1/(s"2+1),s/(s"2-2)]
sl=tf2ss(h);
h=clean(ss2tf(sl))
[Ds,NUM,chi]=ss2tf(sl)

SEEALSO: tf2ss 252 syslin 197, nlev 384 glever 375

4.0.502 stility stabilizability test

CALLING SEQUENCE :
[ns, [nc, [LU [,Slo] ]l]=st_ility(SI [tol])
PARAMETERS :

Sl :syslin  list (linear system)

ns :integer (dimension of stabilizable subspace)

nc :integer (dimension of controllable subspae <= ns)

U : basis suchthatitss (resp.nc) first components span the stabilizable (resp. controllable) subspace
Slo : alinear systemdyslin  list)

tol : threshold for controllability detection (see contr)

DESCRIPTION :
Slo=( U*A*U, U*B, C*U, D, U™*x0 ) (syslin list) displays the stabilizable form & .
Stabilizability meansis=nx (dim. of A matrix).
[*’*’* [*]
U*A*U = [0,** U*B = [0]
[0,0.1] [0]

where (A11,B1) (dim(All)=nc) is controllable andA22 (dim(A22)=ns-nc ) is stable. ”Stable”
means real part of eigenvalues negative for a continuous linear system, and magnitude of eigenvalues lower
than one for a discrete-time system (as definedysfin ).

EXAMPLE :
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A=diag([0.9,-2,3]);B=[0;0;1];SI=syslin(’c’,A,B,[]);
[ns,nc,U]=st_ility(SI);

U*A*U

uU*B

[ns,nc,U]=st_ility(syslin('d’,A,B,[]));

U*A*U

u*B

SEEALSO: dt_ility 220, contr 216 stabil 250 ssrand 192
AUTHOR: S. Steer INRIA 1988

4.0.503 stabil stabilization

CALLING SEQUENCE:

F=stabil(A,B,alfa)
K=stabil(Sys,alfa,beta)

PARAMETERS :

A : square real matribxnx x nx )

B : real matrix fx X nu)

alfa, beta : real or complex vector (in conjugate pairs) or real number.
F :realmatrix ix x nu)

Sys : linear systemgyslin  list) (m inputs,p outputs).

K : linear systemy inputs,m outputs)

DESCRIPTION :

F=stabil(A,B,alfa) returns a gain matrig such thatA+B*F is stable if pairfA,B) s stabiliz-
able. Assignable poles are setdifa(1),alfa(2),... . If (A,B) s not stabilizable a warning is
given and assignable poles are setlfa(1),alfa(2),... .If alfa  is a number all eigenvalues are
setto thisalfa (default value isalfa=-1 ).

K=stabil(Sys,alfa,beta) returnsK, a compensator f@ys suchthafA,B) -controllable eigen-

values are settalfa and(C,A) -observable eigenvalues are sebtda .
All assignable closed loop poles (which are given by the eigenvaluésloed=h _cl(Sys,K) are
settoalfa(i)  ’'sandbeta(j) ’s.

EXAMPLE :

/I Gain:

Sys=ssrand(0,2,5,list(’st’,2,3,3));
A=Sys('A");B=Sys('B’);F=stabil(A,B);

spec(A) //2 controllable modes 2 unstable uncontrollable modes
/land one stable uncontrollable mode

spec(A+B*F) //ithe two controllable modes are set to -1.

/I Compensator:

Sys=ssrand(3,2,5,list(’st’,2,3,3)); //3 outputs, 2 inputs, 5 states
/[2 controllables modes, 3 controllable or stabilizable modes.
K=stabil(Sys,-2,-3); //Compensator for Sys.

spec(Sys('A’))

spec(h_cl(Sys,K))  //K Stabilizes what can be stabilized.

SEEALSO: st ility 249 contr 216 ppol 240
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4.0.504 svplot singular-value sigma-plot
CALLING SEQUENCE :

[SVM]=svplot(sl,[w])

PARAMETERS :

sl :syslin list (continuous, discrete or sampled system)
w : real vector (optional parameter)

DESCRIPTION :
computes for the systesi=(A,B,C,D) the singular values of its transfer function matrix:

G(jw) = C(w*-A)B™-1+D

or
G(exp(jw)) = C(exp(jw)*I-A)B™-1+D
or
G(exp(jwT)) = C(exp(jw*T)*I-A)B"-1+D
evaluated over the frequency range specifieavbyT is the sampling periodi=sl('dt’) for sampled
systems).

sl isasyslin list representing the systefA,B,C,D] in state-space fornsl can be continous or
discrete time or sampled system.
Thei -th column of the output matri®VM contains the singular values &f for thei -th frequency value

w(i) .

SVM = svplot(sl)

is equivalent to

SVM = svplot(sl,logspace(-3,3)) (continuous)
SVM = svplot(sl,logspace(-3,%pi)) (discrete)
EXAMPLE :

x=logspace(-3,3);

y=svplot(ssrand(2,2,4));
xbasc();plot2d1("oln",x’,20*log(y’)/log(10));
xgrid(12)

xtitle("Singular values plot","(Rd/sec)", "Db");

AuTHOR: F.D

4.0.505 syssize size of state-space system

CALLING SEQUENCE :
[r,nx]=syssize(Sl)
PARAMETERS :

Sl : linear systemgyslin  list) in state-space
r :1x2real vector
nx :integer

DESCRIPTION :
returns inr  the vector [number of outputs, number of inputs] of the linear sySemx is the number
of states oSl .

SEEALSO: size 71
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4.0.506 tf2ss transfer to state-space
CALLING SEQUENCE :
sl=tf2ss(h [,tol])

PARAMETERS :

h : rational matrix

tol : may be the constant rtol or the 2 vecfdol atol]

rtol  :tolerance used when evaluating observability.

atol :absolute tolerance used when evaluating observability.
sl :linear systemgyslin list sI=[A,B,C,D(s)] )

DESCRIPTION :

transfer to state-space conversion:
h=C*(s*eye()-A)"-1*B+D(s)
EXAMPLE :

s=poly(0,'s’);
H=[2/s,(s+1)/(s"2-5)];
Sys=tf2ss(H)
clean(ss2tf(Sys))

SEEALSO: ss2tf 249 tf2des 273 des2tf 219

4.0.507 timeid SISO least square identification

CALLING SEQUENCE :
[H [,err]]=time_id(n,u,y)
PARAMETERS :

n : order of transfer

u : one of the following

ul : avector of inputs to the system

"impuls”  :ifyis animpulse response

"step” :ifyis a step response.

y :vector of response.

H : rational function with degree n denominator and degree n-1 numerator if y(1)==0 or rational function
with degree n denominator and numerator if (0.

err : |y - impuls(H,npt) ["2 , whereimpuls(H,npt) are thenpt first coefficients of im-
pulse response ¢

DESCRIPTION :

Identification of discrete time response.ylfis strictly proper ¥(1)=0 ) thentime _id computes the
least square solution of the linear equatiDen*y-Num*u=0 with the constraintoeff(Den,n):=1
if y(1)™=0 then the algorithm first computes the proper part solution and then add y(1) to the solution

EXAMPLE :

z=poly(0,'z’);

h=(1-2*z)/(z"2-0.5*z+5)
rep=[0;ldiv(h('num’),h(’den’),20)]; //impulse response
H=time_id(2,'impuls’,rep)

/I Same example with flts and u
u=zeros(1,20);u(1)=1;

rep=flts(u,tf2ss(h)); /limpulse response
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H=time_id(2,u,rep)

I/l step response

u=ones(1,20);

rep=flts(u,tf2ss(h)); /Istep response.

H=time_id(2,’step’,rep)

H=time_id(3,u,rep) /lwith u as input and too high order required

AUTHOR : Serge Steer INRIA
SEEALSO: imrep2ss 227, arl2 210 armax 344 frep2tf 224

4.0.508 trzeros transmission zeros and normal rank

CALLING SEQUENCE :

[tr]=trzeros(SI)
[nt,dt,rk]=trzeros(SI)

PARAMETERS :

S| :linear systemgyslin  list)
nt :complex vectors

dt : real vector

rk :integer (normal rank of Sl)

DESCRIPTION :

Called with one output argumettitzeros(Sl) returns the transmission zeros of the linear syssm
S| may have a polynomial (but squat®@) matrix.

Called with 2 output arguments;zeros  returns the transmission zeros of the linear sysg&mas
tr=nt./dt ;

(Note that some componentsatf may be zeros)

Called with 3 output argumentds is the normal rank o8l

Transfer matrices are converted to state-space.

If SI is a (square) polynomial matrixzeros  returns the roots of its determinant.

For usual state-space systémreros  uses the state-space algorithm of Emami-Naeni & Van Dooren.
If D is invertible the transmission zeros are the eigenvalues ofAhmatrix” of the inverse systemA -
B*inv(D)*C ;

If C*B is invertible the transmission zeros are the eigenvalubgAfM whereM*N is a full rank factor-
ization ofeye(A)-B*inv(C*B)*C ;

For systems with a polynomi&l matrix zeros are calculated as the roots of the determinant of the system
matrix.

Caution: the computed zeros are not always reliable, in particular in case of repeated zeros.

EXAMPLE :

W1l=ssrand(2,2,5);trzeros(W1) /lcall trzeros
roots(det(systmat(W1))) /lroots of det(system matrix)
s=poly(0,’s’);W=[1/(s+1);1/(s-2)]|;W2=(s-3)*W*W’;[nt,dt,rk]=trzeros(W2);
St=systmat(tf2ss(W2));[Q,Z,Qd,Zd,numbeps,numbeta]=kroneck(St);
St1=Q*St*Z;rowf=(Qd(1)+Qd(2)+1):(Qd(1)+Qd(2)+Qd(3));
colf=(Zd(1)+zd(2)+1):(zd(1)+zd(2)+Zd(3));

roots(St1(rowf,colf)), nt./dt /By Kronecker form

SEEALSO: gspec 377, kroneck 380
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4.0.509 unobs unobservable subspace
CALLING SEQUENCE :

[n,[U]]=unobs(A,C,[tol])

PARAMETERS :

A, C :real matrices

tol : tolerance used when evaluating ranks (QR factorizations).
n : dimension of unobservable subspace.

U : orthogonal change of basis which pg#&sB) in canonical form.

DESCRIPTION :

[n,[U]]=unobs(A,C,[tol]) gives the unobservable form of é4,C) pair. Then first columns
of U make a basis for the controllable subspace.

The(2,1) block (made of lastx-n  rows andh first columns) olU™*A*U is zero and and the first
columns ofC*U are zero.

EXAMPLE :

A=diag([1,2,3]);C=[1,0,0];

unobs(A,C)

SEE ALSO : contr 216 contrss 217, canon 214, cont_mat 216 spantwo 397,
dt_ility 220

4.0.510 zeropen zero pencil

CALLING SEQUENCE :
[Z,U]=zeropen(SI)
PARAMETERS :

Sl :alinear systemdgyslin list in state-space forfA,B,C,D] )
Z : matrix pencilZ=s*E-A
U : square orthogonal matrix

DESCRIPTION :
Z = sk - F isthe zero pencil of the linear syste®h with matricedA,B,C,D] . Utility function.
With U row compression diB;D] i.e, U*[B;D]=[0;*] ; one has:

U*[-sI+A |B; [ Z |0
C IBI=1*1M

The zeros oZ are the zeros d$l .
SEEALSO: systmat 364, kroneck 380
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5.0.511 augment augmented plant
CALLING SEQUENCE :

[P,rl=augment(G)
[P,r]=augment(G,flagl)
[P,r]=augment(G,flagl,flag?)

PARAMETERS :

G : linear systemgyslin list), the nominal plant

flagl : one of the following (upper case) character strit§j: ,’'R’ ,'T’ 'SR’ , ST ,'RT
'SRT’

flag2 : one of the following character stringp’  (stands for 'output’, this is the default value)’'or
(stands for ’input’).

P : linear systemgyslin list), the “augmented” plant

r : 1x2 row vector, dimension 22 = G

DESCRIPTION :
If flagl="SRT’ (default value), returns the "full” augmented plant
[1] -G -->¢
[0O] I >R
P=[0] G ->T
------- ]
[ 1] -G]
'S” ,’R” ,'T"  referto the first three (block) rows & respectively.
If one of these letters is absentflagl , the corresponding row iR is missing.
If G is given in state-space form, the returieds minimal.P is calculated byjl,0,0;0,1,0;-1,0,1;1,0,0]*[1,-G; (

The augmented plant associated with input sensitivity functions, namely

[ 1] -1 -->'S’  (input sensitivity)
[ G| -G] -->'R’ (G*input sensitivity)
[ O

P = [ 1 -->'T" (K*G*input sensitivity)

[-]

[ G| -G]
is obtained by the commar,rJ=augment(G,flag,’i’) . For state-spac®, thisP is calculated
by: [l,-1;0,0;0,1;0,0]+[0;1;0;1]*G*[l,-1] and is thus generically minimal.

Note that weighting functions can be introduced by left-multiplyihdy a diagonal system of appropriate

dimension, e.gP = sysdiag(W1,W2,W3,eye(G))*P

Sensitivity functions can be calculated ity . One has:

For output sensitivity functions [P,r]J=augment(P, SRT"): Ift(P,r,K)=[inv(eye()+G*K);K*inv(eye()+G*K);G*K*inv(eye()+G*K)]
For input sensitivity functions [P,r]=augment(P,SRT’,1"): Ift(P,r,K)=[inv(eye()+K*G);G*inv(eye()+K*G);K*G*inv(eye()+G*K’

EXAMPLE :

G=ssrand(2,3,2); //Plant

K=ssrand(3,2,2); //Compensator
[P,rl=augment(G,'T");

T=Ift(P,r,K); /IComplementary sensitivity function
Ktf=ss2tf(K); Gtf=ss2tf(G);

Ttf=ss2tf(T); T11=Ttf(1,1);

Oloop=Gtf*Kitf;

Tn=0Oloop*inv(eye(Oloop)+Oloop);
clean(T11-Tn(1,1));

1
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[Pi,r]=augment(G,'T",'’);

T1=Ift(Pi,r,K); T1tf=ss2tf(T1); //Input Complementary sensitivity function
Oloop=Kitf*Gtf;

T1n=0Oloop*inv(eye(Oloop)+Oloop);

clean(T1tf(1,1)-T1n(1,1))

SEEALSO: Ift 267, sensi 272

5.0.512 Dbstap hankel approximant

CALLING SEQUENCE:

[Ql=bstap(Sl)
PARAMETERS :

sl :linear systemgyslin  list) assumed continuous-time and anti-stable.
Q : best stable approximation 8 (syslin list).

DESCRIPTION :
Computes the best approximaptof the linear systensl

151 = Qll = IITl

where is the H-infinity norm of the Hankel operator associated ®iith
SEEALSO: syslin 197

5.0.513 ccontrg central H-infinity controller

CALLING SEQUENCE :
[K]=ccontrg(P,r,gamma);
PARAMETERS :

P :syslin list (linear system in state-space representation)
r : 1x2 row vector, dimension of the 2,2 part®f
gamma: real number

DESCRIPTION :

returns a realizatioK of the central controller for the general standard problem in state-space form.
Note that gamma must he gopt (ouput ofgamitg )

P contains the parameters of plant realizafi@B,C,D)  (syslin list) with

B=(Bl1,B2), c=(cC1), D = ( D11 D12)
(C2) ( D21 D22)

r(1) andr(2) arethe dimensions @22 (rows x columns)
SEEALSO: gamitg 261, h_inf 264
AUTHOR : P. Gahinet (INRIA)
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5.0.514 colinout inner-outer factorization

CALLING SEQUENCE :
[Inn,X,Gbar]=colinout(G)
PARAMETERS :

G :linear systemgyslin list) [A,B,C,D]
Inn : inner factor §yslin  list)

Gbar : outer factor §yslin  list)

X :row-compressor o6 (syslin list)

DESCRIPTION :

Inner-outer factorization (and column compression) of (Bp)[A,B,C,D]  with I<=p.

G is assumed to be fak &=p) without zero on the imaginary axis and witlDamatrix which is full row
rank.

G must also be stable for havirggpbar stable.

Dual ofrowinout

SEEALSO: syslin 197, rowinout 272

5.0.515 copfac right coprime factorization

CALLING SEQUENCE :
[N,M,XT,YT]=copfac(G [,polf,polc,tol])
PARAMETERS :

G :syslin list (continuous-time linear system)

polf, polc : respectively the poles fT andYT and the poles ofi andM (default values =-1).
tol : real threshold for detecting stable poles (default vdlo@*%eps )

N,M,XT,YT : linear systems represented §yslin  lists

DESCRIPTION :

[N,M,XT,YT]=copfac(G,[polf,polc,[tol]]) returns a right coprime factorization &f
G = N*M™-1 whereN andM are stable, proper and right coprime. (i.fN M] left-invertible with
stability)
XT andYT satisfy:
[XT -YTL.IM NJ' = eye (Bezout identity)
G is assumed stabilizable and detectable.

SEEALSO: syslin 197, Icf 266

5.0.516 dct double coprime factorization

CALLING SEQUENCE :
IN,M,X,Y,NT,MT,XT,YT]=dcf(G, [polf,polc,[tol]])
PARAMETERS :

G :syslin list (continuous-time linear system)

polf, polc : respectively the poles ofT andYT and the poles o andM (default values =1 ).
tol : real threshold for detecting stable poles (default valo@*%eps ).

N,M,XT,YT,NT,MT,X,Y  :linear systems representedfyslin lists
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DESCRIPTION :
returns eight stable systerfid,M,X,Y,NT,MT,XT,YT) for the doubly coprime factorization

XT  =YT\ (M Y\ _
_NT MT M ox ) e
G must be stabilizable and detectable.
SEEALSO: copfac 258

5.0.517 des2ss descriptor to state-space

CALLING SEQUENCE :

[Sl]=des2ss(A,B,C,D,E [,tol])
[Sl]=des2ss(Des)

PARAMETERS :

A,B,C,D,E :real matrices of appropriate dimensions
Des : list

Sl :syslin  list

tol : real parameter (threshold) (default valL@*%eps ).

DESCRIPTION :

Descriptor to state-space transform.

Sl=des2ss(A,B,C,D,E) returns alinear syste®l equivalentto the descriptor systémA,B,C,D)
Forindex ondE,A) pencil, explicit formula is used and for higher index penoishuff  is used.
Sl=des2ss(Des) with Des=list('des’,A,B,C,D,E) returns alinear systel in state-space
form with possibly a polynomidD matrix.

A generalized Leverrier algorithm is used.

EXAMPLE :

s=poly(0,'s");G=[1/(s-1),s;1,2/5"3];
S1=tf2des(G);S2=tf2des(G,"withD");
W1=des2ss(S1);W2=des2ss(S2);
clean(ss2tf(W1))

clean(ss2tf(W2))

SEEALSO: des2tf 219 glever 375 rowshuff 393

5.0.518 dhnorm discrete H-infinity norm

CALLING SEQUENCE:

hinfnorm=dhnorm(sl,[tol],[normax])

PARAMETERS :

sl : the state space systesyélin  list) (discrete-time)
tol : tolerance in bisection step, default valu@1
normax : upper bound for the norm , default valueli800
hinfnorm : the discrete infinity norm o8l

DESCRIPTION :
produces the discrete-time infinity norm of a state-space system (the maximum over all frequencies on the
unit circle of the maximum singular value).

SEEALSO: h_norm 265 linfn 268
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5.0.519 dtsi stable anti-stable decomposition
CALLING SEQUENCE :

[Ga,Gs,Gi]=dtsi(G,[tol])

PARAMETERS :

G : linear systemgyslin list)

Ga : linear systemgyslin  list) antistable and strictly proper

Gs : linear systemgyslin  list) stable and strictly proper

Gi : real matrix (or polynomial matrix for improper systems)

tol : optional parameter for detecting stables poles. Default valDe*%eps

DESCRIPTION :

returns the stable-antistable decompositiofsof

G = Ga + Gs + Gi,(Gi = G(00))

G can be given in state-space form or in transfer form.

SEEALSO: syslin 197, pbig 385 psmall 389 pfss 239

5.0.520 fourplan augmented plant to four plants
CALLING SEQUENCE :

[P11,P12,P21,P22]=fourplan(P,r)

PARAMETERS :

P :syslin list (linear system)
r : 1x2 row vector, dimension d?22
P11,P12,P21,P22 : syslin lists.

DESCRIPTION :
Utility function.
P being partitioned as follows:

P=[ P11 P12;
P21 P22]

with size(P22)=r this function returns the four linear systef$1,P12,P21,P22
SEEALSO: lqg 231, Igg2stan 231, Igr 232 Ige 230 It 267

5.0.521 fspecg stable factorization
CALLING SEQUENCE:

[gm]=fspecg(9).

PARAMETERS :

g,gm :syslin lists (linear systems in state-space representation)

DESCRIPTION
returnsgm with gm andgm™1 stable such that:

gtild(g)*g = gtild(gm)*gm

g andgm are continuous-time linear systems in state-space form.
Imaginary-axis poles are forbidden.
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5.0.522 fstabst Youla’s parametrization
CALLING SEQUENCE :

[J]=fstabst(P,r)

PARAMETERS :

P :syslin list (linear system)
r : 1x2 row vector, dimension d#22
J :syslin  list (linear system in state-space representation)

DESCRIPTION :
Parameterization of all stabilizing feedbacks.
P is partitioned as follows:

P=[ P11 P12;
P21 P22]

(in state-space or transfer form: automatic conversion in state-space is done for the computations)
r =size ofP22 subsystem, (2,2) block &t

J =[ J11 J12;
J21 J22]
K is a stabilizing controller foP (i.e. P22) iff K=Ift(J,r,Q) with Q stable.
The central partod ,J11 is the lqg regulator foP
ThisJ is such that defining as the 2-porift  of P andJd : [T,rt]=Ift(P,r,J,r) one has that
T12 isinnerandl2l is co-inner.

EXAMPLE :

ny=2;nu=3;nx=4;

P22=ssrand(ny,nu,nx);
bigQ=rand(nx+nu,nx+nu);bigQ=bigQ*bigQ’;
bigR=rand(nx+ny,nx+ny);bigR=bigR*bigR’;
[P,r]=lgg2stan(P22,bigQ,bigR);
J=fstabst(P,r);
Q=ssrand(nu,ny,1);Q(A)=-1; //Stable Q
K=Ift(3,r,Q);

A=h_cl(P,r,K); spec(A)

SEEALSO: obscont 236 Ift 267 Igg 231 Igg2stan 231

5.0.523 gamitg H-infinity gamma iterations

CALLING SEQUENCE :
[gopt]=gamitg(G,r,prec [,options]);
PARAMETERS :

G :syslin list (plant realization)

r : 1x2 row vector (dimension d622)

prec : desired relative accuracy on the norm
option : string’t’

gopt : real scalar, optimal H-infinity gain

DESCRIPTION :
gopt=gamitg(G,r,prec [,options]) returns the H-infinity optimal gaigopt .
G contains the state-space matriggd$3,C,D] of the plant with the usual partitions:

Scilab Group April 1993 261



gtild Scilab Function

B=(Bl,B2), c=(cC1), D = ( D11 D12)
(C2) ( D21 D22)

These partitions are implicitly givenin: r(1) andr(2) are the dimensions @22 (rows x columns)
With option="t’ ,gamitg traces each bisection step, i.e., displays the lower and upper bounds and the
current test point.

SEEALSO: ccontrg 257, h_inf 264
AUTHOR : P. Gahinet

5.0.524 (gcare control Riccati equation
CALLING SEQUENCE :

[X,F]=gcare(Sl)

PARAMETERS :

S| :linear systemgyslin  list)

X @ symmetric matrix
F : real matrix

DESCRIPTION :
Generalized Control Algebraic Riccati Equation (GCARE)= solution ,F = gain.
The GCARE forSI=[A,B,C,D] is:

(A-B*Si*D™*C)*X+X*(A-B*Si*D’'*C)-X*B*Si*B*X+C"*Ri*C=0

whereS=(eye()+D*D) ,Si=inv(S) ,R=(eye()+D*D’) ,Ri=inv(R) andF=-Si*(D'*C+B’*X)
is such thalA+B*F is stable.

SEEALSO: (fare 262

5.0.525 (¢fare filter Riccati equation

CALLING SEQUENCE :
[Z,H]=gfare(Sl)

PARAMETERS :

S| :linear systemgyslin  list)

Z : symmetric matrix
H : real matrix

DESCRIPTION :
Generalized Filter Algebraic Riccati Equation (GFARE).= solution,H = gain.
The GFARE forSI=[A,B,C,D] is:

(A-B*D*Ri*C)*Z+Z*(A-B*D*Ri*C)’-Z*C*Ri*C*Z+B*Si*B'=0

whereS=(eye()+D*D) ,Si=inv(S) ,R=(eye()+D*D’) ,Ri=inv(R) andH=-(B*D’+Z*C’)*Ri
is such thalA+H*C is stable.

SEEALSO: gcare 262
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5.0.526 gtild tilde operation

CALLING SEQUENCE:

Gt=gtild(G)
Gt=gtild(G,flag)

PARAMETERS :
G : either a polynomial or a linear systesy§lin ~ list) or a rational matrix

Gt :sameas G
flag : character string: eithéc’ or’d’ (optional parameter).

DESCRIPTION :

If G is a polynomial matrix (or a polynomial)Gt=gtild(G,’c’) returns the polynomial matrix
Gt(s)=G(-s)’

If G is a polynomial matrix (or a polynomiakgt=gtild(G,'d") returns the polynomial matrigt=G(1/z)*z"n
where n is the maximum degree @f

For continuous-time systems represented in state-spacesyslia  list, Gt = gtild(G,’c’) re-
turns a state-space representatio®¢fs)’  i.e theABCD matrices oiGt areA’,-C’, B’, D’ JAfFG

is improper (D= D(s) ) theD matrix of Gt is D(-s)’

For discrete-time systems represented in state-spacsysjia  list, Gt = gtild(G,'d") returns a
state-space representatiorGif 1/z)’ i.e the (possibly improper) state-space representatieatGtinv(z*A-B)*C
+ D(1/z)

For rational matriceszt = gtild(G,’c’) returns the rational matrigt(s)=G(-s) andGt =
gtild(G,'d") returns the rational matrigt(z)= G(1/z)’

The parameteitag  is necessary whegtild  is called with a polynomial argument.
EXAMPLE :

/[Continuous time
s=poly(0,'s");G=[s,s"3;2+s"3,5"2-5]

Gt=gtild(G,’c")

Gt-horner(G,-s)’  //continuous-time interpretation
Gt=gtild(G,'d");

Gt-horner(G,1/s)'*s"3  //discrete-time interpretation
G=ssrand(2,2,3);Gt=gtild(G);  //State-space (G is cont. time by default)
clean((horner(ss2tf(G),-s))’-ss2tf(Gt))  //Check
/I Discrete-time

z=poly(0,'z’);

Gss=ssrand(2,2,3);Gss('dt")="d"; //discrete-time
Gss(5)=[1,2;0,1]; //With a constant D matrix
G=ss2tf(Gss);Gtl=horner(G,1/z)’;

Gt=gtild(Gss);

Gt2=clean(ss2tf(Gt)); clean(Gt1-Gt2) //Check
/llmproper systems

z=poly(0,'z’);

Gss=ssrand(2,2,3);Gss(7)='d"; //discrete-time
Gss(5)=[z,2°2;1+z,3]; /ID(z) is polynomial
G=ss2tf(Gss);Gtl=horner(G,1/z)’; //Calculation in transfer form
Gt=gtild(Gss); /l..in state-space
Gt2=clean(ss2tf(Gt));clean(Gt1-Gt2) //Check

SEEALSO: syslin 197, horner 355 factors 353
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5.0.527 h2norm H2 norm

CALLING SEQUENCE :
[n]J=h2norm(SI [,tol])
PARAMETERS :

Sl : linear systemgyslin  list)
n : real scalar

DESCRIPTION :

produces the H2 norm of a linear continuous time sys&m

(ForSl in state-space form2norm uses the observability gramian and &ir in transfer formh2norm
uses a residue method)

5.0.528 hcl closed loop matrix

CALLING SEQUENCE :

[Acl]=h_cl(P,r,K)
[Acl]=h_cl(P22,K)

PARAMETERS :

P, P22 :linear systemgyslin list), augmented plant or nominal plant respectively
r :1x2 row vector, dimensions of 2,2 part®f (r=[rows,cols]=size(P22) )

K : linear systemgyslin list), controller

Acl : real square matrix

DESCRIPTION :

Given the standard plaft (with r=size(P22) ) and the controlleK, this function returns the closed
loop matrixAcl .

The poles ofAcl must be stable for the internal stability of the closed loop system.

Acl is theA-matrix of the linear systerfi -P22;-K 1]"-1 i.e. theA-matrix of Ift(P,r,K)

SEEALSO: Ift 267
AuTHOR: F. D.

5.0.529 hinf H-infinity (central) controller
CALLING SEQUENCE :

[Sk,ro]=h_inf(P,r,romin,romax,nmax)
[Sk,rk,ro]=h_inf(P,r,romin,romax,nmax)

PARAMETERS :

P : syslin list : continuous-time linear system (“augmented” plant given in state-space form or in
transfer form)

r :size oftheP22 planti.e. 2-vector [#outputs,#inputs]

romin,romax :apriori bounds omo with ro=1/gama™2 ; (romin=0 usually)

nmax :integer, maximum number of iterations in the gama-iteration.

DESCRIPTION :

h_inf  computes H-infinity optimal controller for the continuous-time plant

The partition ofP into four sub-plants is given through the 2-veatowhich is the size of th@2 part of
P.
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P is given in state-space e.gP=syslin(’c’,A,B,C,D) with A,B,C,D = constant matrices or
P=syslin(’c’,H) with H a transfer matrix.
[Sk,ro]=H_inf(P,r,romin,romax,nmax) returnsro in [romin,romax] and the cent-

ral controllerSk in the same representations
(All calculations are made in state-space, i.e conversion to state-space is done by the function, if necessary).

Invoked with three LHS parameters, [Sk,rk,ro]=H_inf(P,r,romin,romax,nmax) re-
turnsro and the Parameterization of all stabilizing controllers:
a stabilizing controlleK is obtained byK=Ift(Sk,r,PHI) wherePHI is alinear system with dimen-

sionsr’ and satisfy:

H.norm(PHI) < gamma rk (=r) is the size of theSk22 block andro = 1/gama™2  after
nmax iterations.

Algorithm is adapted from Safonov-Limebeer. Note tRats assumed to be a continuous-time plant.

SEEALSO: gamitg 261, ccontrg 257, leqr 266
AUTHOR: F.D. (1990)

5.0.530 hinf_st static H_infinity problem

CALLING SEQUENCE :
[Kopt,gamaopt]=h_inf_stat(D,r)
PARAMETERS :

D : real matrix

r :1x2vector
Kopt : matrix

DESCRIPTION :
computes a matrikopt such that largest singular value of:
Ift(D,r,K)=D11+D12* K*inv(I-D22*K)* D21 is minimal (Static H-infinity four blocks prob-
lem).
D is partionned aB=[D11 D12; D21 D22] wheresize(D22)=r=[r1 r2]

AuTHOR: F.D.
5.0.531 hnorm H-infinity norm

CALLING SEQUENCE:

[hinfnorm [,frequency]]=h_norm(sl [,rerr])

PARAMETERS :

sl : the state space systesyélin  list)

rerr : max. relative error, default valuie-8

hinfnorm . the infinity norm ofSl

frequency : frequency at which maximum is achieved
DESCRIPTION :

produces the infinity norm of a state-space system (the maximum over all frequencies of the maximum
singular value).

SEEALSO: linfn 268 linf 268 svplot 251
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5.0.532 hankelsv Hankel singular values
CALLING SEQUENCE :

[nk2,W]=hankelsv(s| [,tol])
[nk2]=hankelsv(sl [,tol])

PARAMETERS :

sl :syslin list representing the linear system (state-space).
tol : tolerance parameter for detecting imaginary axis modes (default val0®@s%eps ).

DESCRIPTION :

returnsnk2 , the squared Hankel singular valuessbf andW = P*Q = controllability gramian times
observability gramian.

nk2 is the vector of eigenvalues o¥

EXAMPLE :

A=diag([-1,-2,-3]);
sl=syslin(’c’,A,rand(3,2),rand(2,3));[nk2, W]=hankelsv(sl)
[Q,M]=pbig(W,nk2(2)-%eps,'c’);
slr=projsl(sl,Q,M);hankelsv(slr)

SEEALSO: balreal 211, equil 221, equill 221

5.0.533 lcf normalized coprime factorization

CALLING SEQUENCE :
IN,M]=Icf(s])
PARAMETERS :

sl :linear system given in state space or transfer functsgslin list)
N,M :two linear systemssfyslin list)

DESCRIPTION :
Computes normalized coprime factorization of the linear dynamic systtem
sl = M1 N
AuTHOR: F. D.
5.0.534 leqr H-infinity LQ gain (full state)

CALLING SEQUENCE :
[K,X,err]=leqr(P12,Vx)
PARAMETERS :

P12 :syslin list

VX : symmetric nonnegative matrix (should be small enough)
K,X :two real matrices

err :areal number (I1 norm of LHS of Riccati equation)

DESCRIPTION :

leqr computes the linear suboptimal H-infinity LQ full-state gain for the pRti2=[A,B2,C1,D12]
in continuous or discrete time.

P12 isasyslin list (e.g.P12=syslin(’c’,A,B2,C1,D12) ).
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[C1 ] [Q 3]
[ ] *[C1D12] = [ ]
[D12] [S' R]

Vx is related to the variance matrix of the noweperturbingx; (usuallyVx=gama™-2*B1*B1’ ).
The gainK is suchthaA + B2*K is stable.

X is the stabilizing solution of the Riccati equation.

For a continuous plant:

(A-B2*inV(R)*S’)*X+X*(A-B2*inv(R)*S")-X*(B2*inv(R)*B2"-VX)*X+Q-S*inv(R)*S'=0
K=-inv(R)*(B2*X+S)

For a discrete time plant:

X-(Abar*inv((inv(X)+B2*inv(R)*B2’-Vx))*Abar+Qbar=0

K=-inv(R)*(B2™*inv(inv(X)+B2*inv(R)*B2’-Vx)*Abar+S’)

with Abar=A-B2*inv(R)*S’ andQbar=Q-S*inv(R)*S’
The 3-blocks matrix pencils associated with these Riccati equations are:
discrete continuous
[ -vx 0] | A 0 B2| |l 0 0 | A VX B2|
zo A Q] - |-Q I -S| s|0 I o -1Q@ -A -S|
[0 B2 0] | S O R| [0 0 0 | S -B2 R|

SEEALSO: Igr 232
AuTHOR: F.D.

5.0.535 Ift linear fractional transformation

CALLING SEQUENCE :

[P1]=LFT(P,K)
[P1]=LFT(P,r,K)
[P1,r1]=LFT(P,r,P#r#)

PARAMETERS :

P : linear systemgyslin  list), the “augmented” plant, implicitly partitioned into four blocks (two input
ports and two output ports).

K : linear systemgyslin list), the controller (possibly an ordinary gain).

r : 1x2 row vector, dimension d?22

P# : linear systemgyslin list), implicitly partitioned into four blocks (two input ports and two output
ports).

r# : 1x2 row vector, dimension d?#22

DESCRIPTION :
Linear fractional transform between two standard pl&tandP# in state space form or in transfer form
(syslin lists).
r= size(P22) r#=size(P22#)
LFT(P,r, K) is the linear fractional transform betwefnand a controlleK (K may be a gain or a
controller in state space form or in transfer form);
LFT(P,K) isLFT(P,rK) with r =size ofK transpose;
P1= P11+P12*K* (I-P22*K)™-1 *P21
[P1,r1]=LFT(P,r,P#,r#) returns the generalized (2 ports) IftBf andP#.
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P1 is the pair two-port interconnected plant and the partitioRdf into 4 blocks in given byl which
is the dimension of the2 block of P1.
P andR can be PSSDs i.e. may admit a polynonilamatrix.

EXAMPLE :

s=poly(0,’s);

P=[1/s, 1/(s+1); 1/(s+2),2/s]; K= 1/(s-1);
Ift(P,K)

Ift(P,[1,1],K)
P(1,1)+P(1,2)*K*inv(1-P(2,2)*K)*P(2,1)  //Numerically dangerous!
ss2tf(Ift(tf2ss(P),tf2ss(K)))

Ift(P,-1)

f=[0,0;0,1];w=P/.f; w(1,1)

[limproper plant (PID control)
W=[1,1:1,1/(s"2+0.1*s)];K=1+1/s+s
Ift(W,[1,1],K); ss2tf(Ift(tf2ss(W),[1,1],tf2ss(K)))

SEEALSO: sensi 272, augment 256 feedback 222 sysdiag 196

5.0.536 linf infinity norm
CALLING SEQUENCE:

linf(g [,eps],[tol])

PARAMETERS :

g :isasyslin linear system.

eps :iserrortolerance on n.
tol : threshold for imaginary axis poles.

DESCRIPTION :
returns the Linfinity norm ofg.

n=sup [sigmax(g(jw)]
w

(sigmax largest singular value).
SEEALSO: h_norm 265 linfn 268

5.0.537 linfn infinity norm

CALLING SEQUENCE :
[x,freq]=linfn(G,PREC,RELTOL,options);
PARAMETERS :

G :isasyslin list

PREC : desired relative accuracy on the norm

RELTOL : relative threshold to decide when an eigenvalue can be considered on the imaginary axis.
options  : available options arérace’ or’'cond’

X is the computed norm.

freq : vector
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DESCRIPTION :
Computes the Linf (or Hinf) norm d& This normis well-defined as soon as the realiza@s{A,B,C,D)
has no imaginary eigenvalue which is both controllable and observable.

freq is alist of the frequencies for whidhG|| is attained,i.e., suchth§G (j om) || = [|G].

If -1 is in the list, the norm is attained at infinity.

If -2 is in the list, G is all-pass in some direction so th#&b (j omega) || = ||G]| for all frequencies
omega.

The algorithm follows the paper by G. Robel (AC-34 pp. 882-884, 1989). Thel@aBeis not treated
separately due to superior accuracy of the general method (#hBrC)  is nearly non minimal.

The'trace’ option traces each bisection step, i.e., displays the lower and upper bounds and the current
test point.

The'cond”  option estimates a confidence index on the computed value and issues a warning if compu-
tations are ill-conditioned

In the general cas&\( neither stable nor anti-stable), no upper bound is prespecified.

If by contrastA is stable or anti stable, lower and upper bounds are computed using the associated Lya-
punov solutions.

SEEALSO: h_norm 265
AUTHOR : P. Gahinet

5.0.538 Iqgltr LQG with loop transform recovery

CALLING SEQUENCE :

[kf,kc]=lqg_ltr(sl,mu,ro)

PARAMETERS :

sl :linear system in state-space forgy§lin list)

mu,ro : real positive numbers chosen “small enough”
kf,kc  : controller and observer Kalman gains.

DESCRIPTION :
returns the Kalman gains for:

X = a*x + b*u + I*wl
(sl)

y = C*X + mu**w2

zZ = h*X

Cost function: .
Jigg = E(/0 [2(t) % 2(t) + ro® x u(t) *u(t)]dt)

The Iqg/ltr approach looks fdr,mu,H,ro  such that: J(Iqg) = J(freq) where

Jfreq = / tT[SWW*S*] + tT[TT*]d’LU
0

and
S = (I + G*K)(-1)
T = G*K*(I+G*K)(-1)

SEEALSO: syslin 197
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5.0.539 macglov Mac Farlane Glover problem

CALLING SEQUENCE :
[P,r]l=macglov(Sl)
PARAMETERS :

S| : linear systemgyslin  list)

P : linear systemgyslin list), “augmented” plant
r : 1x2 vector, dimension d?22

DESCRIPTION :
[P,r]=macglov(Sl) returns the standard plaRt for the Glover-McFarlane problem.
For this problem rcoptimal = 1-hankehorm(N,M] ) with [N,M]=Icf(sl) (Normalized coprime fac-

torization) i.e.
gamaoptimal =1/sqrt(ro  _optimal)

AuTHOR: F. D.

5.0.540 nehari Nehari approximant

CALLING SEQUENCE :
[X]=nehari(R [,tol])
PARAMETERS :

R : linear systemgyslin list)
X : linear systemgyslin  list)
tol : optional threshold

DESCRIPTION :

[X]=nehari(R [,tol]) returns the Nehari approximant Bf
R =linear system in state-space representasgalin  list).
R is strictly properand R™ is stable (i.eR is anti stable).

| R - X Jloo = min || R -Y |loo
Y in Hoo

5.0.541 parrot Parrot’s problem
CALLING SEQUENCE :

K=parrot(D,r)

PARAMETERS :

D,K : matrices
r : 1X2 vector (dimension of the 2,2 part Dj

DESCRIPTION :

Given a matribXD partionned afD11 D12; D21 D22] wheresize(D22)=r=[r1,r2] compute
a matrixK such that largest singular value[@f11 D12; D21 D22+K] is minimal (Parrot’s problem)

SEEALSO: h_inf st 265
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5.0.542 ricdesc Riccati equation
CALLING SEQUENCE :

X=ric_desc(H [,E))
[X1,X2,zero]=ric_desc(H [,E])

PARAMETERS :

H.E : real square matrices
X1,X2 :real square matrices
zero : real number

DESCRIPTION :

Riccati solver with hamiltonian matrices as inputs.

In the continuous time case calling sequence is (one input)ric_descr(H)
Riccati equation is:

(Ec) A*X + X*A + X*R*X -Q = 0.

Defining the hamiltonian matrikl by:

H=[A R;
Q -A]
with the calling sequend&X1,X2,zero]=ric _descr(H) , the solutionX is given byX=X1/X2 .

zero =L1norm of rhs of Ec)
The solutionX is also given byX=riccati(A,Q,R,’c")
In the discrete-time case calling sequence is (two inputs):ric_descr(H,E)
The Riccati equation is:
(Ed) A*X*A-(A*X*B*(R+B™*X*B)"-1)*(B*X*A)+C-X = 0.

DefiningG=B/R*B’ and the hamiltonian pendiE,H) by:

E=[eye(n,n),G; H=[A, O*ones(n,n);
0*ones(n,n),A’] -C, eye(n,n)];
with the calling sequendX1,X2,err]=ric _descr(H,E) ,the solutionX is given byX=X1/X2 .
zero = L1 norm of rhs of Ed)
The solutionX is also given byX=riccati(A,G,C,'d’) with G=B/R*B’

SEEALSO: riccati 271

5.0.543 riccati Riccati equation

CALLING SEQUENCE:

X=riccati(A,B,C,dom,[typ])
[X1,X2]=riccati(A,B,C,dom,[typ])

PARAMETERS :

A,B,C :real matrices nxrB andC symetric.
dom :’'c’ or’'d forthetime domain (continuous or discrete)

typ : string :’eigen’ for block diagonalization oschur’  for Schur method.
X1,X2,X :square real matrices (X2 invertible), X symmetric

DESCRIPTION :
X=riccati(A,B,C,dom,[typ]) solves the Riccati equation:

A*X+X*A-X*B*X+C=0
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in continuous time case, or:
A*X*A-(A*X*B1/(B2+B1*X*B1))*(B1*X*A)+C-X

with B=B1/B2*B1’ in the discrete time case. If called with two output argumendsati returns
X1,X2 such thaX=X1/X2 .

SEEALSO: ric_desc 271

5.0.544  rowinout inner-outer factorization

CALLING SEQUENCE :
[Inn,X,Gbar]=rowinout(G)
PARAMETERS :

G :linear systemgyslin  list) [A,B,C,D]
Inn : inner factor §yslin  list)

Gbar : outer factor §yslin  list)

X i row-compressor o (syslin  list)

DESCRIPTION :

Inner-outer factorization (and row compression)latg) G =[A,B,C,D]  with| >=p.

G is assumed to be tall (-=p) without zero on the imaginary axis and withDa matrix which is full
column rank.

G must also be stable for havirigpar stable.

G admits the following inner-outer factorization:

G =[Inn] | Gbar |
| 0 |

wherelnn is square and inner (all pass and stable) @hér square and outer i.e: Gbar is square bi-
proper and bi-stable (Gbar inverse is also proper and stable);
Note that:

[ Gbar ]
XG=[ - ]
[ 0 ]
is a row compression @& whereX =Inn inverse is all-pass i.e:

T
X (-s) X(s) = Identity

(for the continous time case).
SEEALSO: syslin 197, colinout 258

5.0.545 sensi sensitivity functions

CALLING SEQUENCE:

[Se,Re, Te]=sensi(G,K)
[Si,Ri, Ti]=sensi(G,K,flag)

PARAMETERS :

G : standard plantsfyslin  list)
K :compensatordyslin  list)
flag : characterstringp’ (default value) o’
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Se : output sensitivity functiorfl+G*K)™-1
Re : K*Se
Te : G*K*Se (output complementary sensitivity function)

DESCRIPTION :

sensi computes sensitivity functions. & andK are given in state-space form, the systems returned
are generically minimal. Calculation is made lfty , e.g.,Se can be given by the commanés =
augment(G,’S’) , Se=lIft(P,K) Jdfflag =1, [Si,Ri, Ti]=sensi(G,K,'I") returns the
input sensitivity functions.

[Se;Re;Te]= [inv(eye()+G*K);K*inv(eye()+G*K);G*K*inv(eye()+G*K)];
[Si;Ri;Ti]= [inv(eye()+K*G);G*inv(eye()+K*G);K*G*inv(eye()+K*G)];

EXAMPLE :

G=ssrand(1,1,3);K=ssrand(1,1,3);
[Se,Re, Te]=sensi(G,K);
Sel=inv(eye()+G*K); //Other way to compute

ss2tf(Se) //ISe seen in transfer form
ss2tf(Sel)

ss2tf(Te)

ss2tf(G*K*Sel)

[Si,Ri, Ti]=sensi(G,K,'1");

w1=[ss2tf(Si);ss2tf(Ri);ss2tf(Ti)]
w2=[ss2tf(inv(eye()+K*G));ss2tf(G*inv(eye()+K*G));ss2tf(K*G*inv(eye () +K*G))];
clean(wl-w2)

SEEALSO: augment 256 It 267, h_cl 264

5.0.546 tf2des transfer function to descriptor
CALLING SEQUENCE :

S=tf2des(G)
S=tf2des(G,flag)

PARAMETERS :

G : linear systemgyslin  list) with possibly polynomiaD matrix
flag : character stringwithD"
S :list
DESCRIPTION :
Transfer function to descriptor forng=list('d’,A,B,C,D,E)
E*xdot = A*x+B*u
y = C*x + D*u

Note thatD=0 if the optional parameter flagwithD" is not given. Otherwise a maximal raBk matrix
is returned in the fifth entry of the i§

EXAMPLE :

s=poly(0,'s’);
G=[1/(s-1),s;1,2/s"3];
S1=tf2des(G);des2tf(S1)
S2=tf2des(G,"withD");des2tf(S2)

SEEALSO: pol2des 359 tf2ss 252 ss2des 247, des2tf 219
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6.0.547 bvode boundary value problems for ODE
CALLING SEQUENCE :

[z]=bvode(points,ncomp,m,aleft,aright,zeta,ipar,ltol,tol fixpnt,...
fsubl,dfsubl,gsubl,dgsubl,guessl)

PARAMETERS :

z The solution of the ode evaluated on the mesh given by points

points an array which gives the points for which we want the solution
ncomp number of differential equations (ncoragp= 20)

m a vector of sizexcomp. m(j)  gives the order of the j-th differential equation

ncomp

mstar = Y (i) <40
i=1

aleft left end of interval

aright  right end of interval

zeta zeta()) gives j-th side condition point (boundary point). must haeéa (j) < zeta (j + 1).
all side condition points must be mesh points in all meshes used, see descrifyiar{f) and
fixpnt below.

ipar aninteger array dimensioned at least 11. a list of the parametgerin and their meaning follows
some parameters are renamed in bvode; these new names are given in parentheses.

ipar(1) (=nonlin)

= 0 ifthe problemis linear

= 1 if the problem is nonlinear ipar(2) = number of collocation points per subinterval (= k
) wheremaxm(i) < k£ < 7. if ipar(2)=0  then bvode sets = max(maxm(i) + 1,5 — maxm(i))

ipar(3) = number of subintervals in the initial mesh (=n)igar(3) = 0 then bvode arbitrarily
setsn = 5.

ipar(4) = number of solution and derivative tolerances. ( = ntol ) we reduientol < mstar .

ipar(5) =dimension ofspace (=ndimf) a real work array. its size provides a constraint on nmax.

choose ipar(5) according to the formula
ipar (5) > nmaxn, where ng =4+ 3mstar + (5+ kq)kqm + (2mstar — nrec )2mstar

ipar(6) = dimension of ispace (= ndimi )an integer work array. its size provides a constraint on nmax,
the maximum number of subintervals. chogss (6) according to the formula

ipar (6) > nmaxn; wherey; =3+ kgm  kgm = kg + mstar kg = kncomp

ipar(7) output control ( = iprint)

-1 for full diagnostic printout

0 for selected printout

1 for no printout

ipar(8) (=iread)

0 causes bvode to generate a uniform initial mesh.

xx  Other values are not implemented yet in Scilab

1 ifthe initial mesh is provided by the user. it is defined in fspace as follows: the mesh

(I L T A LI R |

aleft =2(1) <z(2) <...<z(n) <z(n+1)=aright

will occupyfspace(1), ..., fspace(n+1) . the user needs to supply only the interior mesh
pointsfspace(j) = x(j), j = 2, ..., n.
= 2 if the initial mesh is supplied by the user as withipar(8)=1 , and in addi-

tion no adaptive mesh selection is to be done.
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0 if noinitial guess for the solution is provided.

1 if aninitial guess is provided by the user in subroutjuess .

2 if an initial mesh and approximate solution coefficients are provided by the user in fspace. (the
former and new mesh are the same).

3 if a former mesh and approximate solution coefficients are provided by the user in fspace, and the
new mesh is to be taken twice as coarse; i.e.,every second point from the former mesh.

4 ifin addition to a former initial mesh and approximate solution coefficients, a new mesh is provided
in fspace as well. (see description of output for further details on iguess = 2, 3, and 4.)

ipar(9) (=iguess)

ipar(1® 0 if the problem is regular
= 1 ifthe first relax factor is =rstart, and the nonlinear iteration does not rely on past covergence (use for
an extra sensitive nonlinear problem only).
2 if we areto return immediately upon (a) two successive nonconvergences, or (b) after obtaining error
estimate for the first time.
ipar(11) = number of fixed points in the mesh other treeft  andaright . (= nfxpnt, the dimen-
sion of fixpnt ) the code requires that all side condition points other thiaft — andaright
(see description of zeta ) be included as fixed poinfipnt
Itol  an array of dimensioipar(4) . Itol(j) = | specifies that the j-th tolerance in tol controls
the error in the I-th component afu) . also require that

1<ltol (1) <ltol (2) <..<ltol (ntol) < mstar

tol an array of dimensioipar(4) . tol(j) is the error tolerance on thml(j) -th component
of z(u) . thus, the code attempts to satisfy for j=1,...,ntol on each subinterval

|2(v) = 2(W)1p () StOI (G) % 2(w)litol ;) + 101 ()

if v(x) s the approximate solution vector.

fixpnt  an array of dimensiofipar(11) . it contains the points, other thaaleft  andaright
which are to be included in every mesh.
externals The functionfsub,dfsub,gsub,dgsub,guess are Scilab externals i.e. functions

(see syntax below) or the name of a Fortran subroutine (character string) with specified calling se-
quence or a list. An external as a character string refers to the name of a Fortran subroutine. The
Fortran coded function interface to bvode are specified in théchilief

fsub name of subroutine for evaluating

f(@,z(u(@))) = (fi,-- -, fncomp)*

at a point x in(aleft,aright) . it should have the headirff=fsub(x,z) wheref is the
vector containing the value fx,z(u)) in the i-th component and
z(u(x)) = (21,- ., 2mstar )’

is defined as above under purpose .
dfsub name of subroutine for evaluating the Jacobiam(xz(u)) at a point x. it should have the
heading[df]=dfsub (x , z ) wherez(u(x)) is defined as fofsub and the ficomp)
by (mstar ) array df should be filled by the partial derivatives of f, viz, for a particular call one
calculates
df(i,j) =dfi/dz;, i=1,...,ncomp j=1,...,mstar .

gsub name of subroutine for evaluating the i-th component of
9(x, z(u(z))) = gi(zeta(i), z(u(zeta(i))))

at a pointx = zeta(i) wherel < ¢ < mstar . it should have the headifgj=gsub (i ,
z) wherez(u) s as for fsub, and i and g=gi are as above. note that in contrast to f in fsub , here
only one value per call is returned in g.
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dgsub name of subroutine for evaluating the i-th row of the Jacobiag(®fu(x)) . it should have the
headinddg]=dgsub (i , z ) wherez(u) is as for fsub, i as for gsub and the mstar-vector
dg should be filled with the partial derivatives of g, viz, for a particular call one calculates

dg(i,j) = dg;/dz;, j=1,...,mstar .

guess name of subroutine to evaluate the initial approximatiorefoi(x)) and fordmval(u(x)) =
vector of the mj-th derivatives af(x) . it should have the headirjg,dmval]l= guess (x )
note that this subroutine is used onlypar(9) = 1, and then almstar components of z and
ncomp components of dmval should be specified for amjeft < 2 < aright

DESCRIPTION :
this package solves a multi-point boundary value problem for a mixed order system of ode-s given by

W™D = f(asz(u(z)) i=1,...,ncomp aleft <z < aright
ncomp
gj(zeta(j); z(u(zeta(j)))) =0 j=1,...,mstar mstar = Z m(7)
i=1
whereu = (uy,us, ..., uncomp)" is the exact solution vectcuf.m(")) is the mi=m(i) th derivative of

Uj.

mi1— (m 71)
2(u(@)) = (@), 0t @), u™ (@), uncomp T (@)
fi(z, z(w)) is a (generally) nonlinear function afu) = z(u(x)). g;(zeta(j); z(u)) is a (generally)
nonlinear function used to represent a boundary condition. the boundary points satisfy

aleft <zeta (1) <...<zeta (mstar ) < aright
the orders mi of the differential equations satisfix m (i) < 4.

function [z,z1]=col1()

fixpnt=0

m=[4]

ncomp=1

aleft=1

aright=2

zeta=[1,1,2,2]

ipar=0*ones(1,11)
ipar(3)=1;ipar(4)=2;ipar(5)=2000;ipar(6)=200;ipar(7)=1
Itol=[1,3]

tol=[1.e-11,1.e-11]

res=aleft:0.1:aright
z=bvode(res,ncomp,m,aleft,aright,zeta,ipar,ltol,tol,fixpnt,...
fsub,dfsub,gsub,dgsub,guess)

z1=[]

for x=res,z1=[z1,trusol(x)]; end;

function [df]=dfsub(x,z)
df=[0,0,-6/x**2,-6/X]

function [f]=fsub(x,z)
f=(1 -6*x**2*z(4)-6*x*z(3))/x**3

function [g]=gsub(i,z)
9=[2(1),z(3),2(1),z(3)]
g=9(i)
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function [dg]=dgsub(i,z)
dg=[1,0,0,0;0,0,1,0;1,0,0,0;0,0,1,0]
dg=dg(i,’)

function [z,mpar]=guess(x)
/I unused here

z=0

mpar=0

function [u]=trusol(x)
u=0*ones(4,1)
U(l) = .25* (10.*LOG(2.)-3.) * (1.-X) +0.5* (1./X+ (3.+X)*LOG(X) -

X)

U@2) = -.25% (10.*LOG(2.) - 3.) + .5 * (-1./XIX + LOG(X) + (3.+X)/X
- 1)

U@B) = .5 * (2/X**3 + 1./X -3./XIX)

U@) = .5 * (-6./X*4 - LIXIX + 6./X*3)

AUTHOR : U. ascher, department of computer science, university of british columbia, vancouver, b. c.,
canada v6t 1wb
g. bader, institut f. angewandte mathematik university of heidelberg im neuenheimer feld 294d-6900
heidelberg 1
Fotran subroutine colnew.f

SEEALSO: fort 29, link 43 external 22, ode 292 dassl 281

6.0.548 colnew boundary value problems for ODE

CALLING SEQUENCE :
This function has been renamed bvode.

6.0.549 dasrt DAE solver with zero crossing

CALLING SEQUENCE :

[r,nn,[,hd]]=dasrt(x0,t0,t [,atol,[rtol]],res [,jac],ng, surf, info [,hd])

PARAMETERS :

X0 : is eithery0 (ydotO is estimated bydassl with zero as first estimate) or the matiix0
ydotO] . g(t,y0,ydot0) must be equal to zero. If you only know an estimatgddtO0 set
info(7)=1

y0 : real column vector of initial conditions.

ydotO  : real column vector of the time derivative pf att0 (may be an estimate).

t0 :real number is the initial instant.
t :real scalar or vector. Gives instants for which you want the solution. Note that you can get solution at
each dassl’s step point by settiimfo(2)=1

nn : a vector with two entrieftimes num] times is the value of the time at which the surface is
crossednum is the number of the crossed surface
atol,rtol : real scalars or column vectors of same sizg aatol,rtol give respectively absolute

and relative error tolerances of solution. If vectors the tolerances are specified for each component of

y.
res : external (function or list or string). Computes the valug(ify,ydot)

function . Its calling sequence must leires]=res(t,y,ydot) andres must return the
residuer=g(t,y,ydot) and error flagres .ires = 0 if res succeedsto compute =-1
if residue is locally not defined fdt,y,ydot) ,=-2 if parameters are out of admissible range.
list it mustbe as follows:
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list(res,x1,x2,...)
where the calling sequence of the functies is now

r=res(t,y,ydot,x1,x2,...)

res still returnsr=g(t,y,ydot) as a function oft,y,ydot,x1,x2,...) .

string it must refer to the name of a fortran subroutine (see source cddesofff ).

jac : external (function or list or string). Computes the valuedgfdy+cj*dg/dydot for a given
value of parametegj

function . Its calling sequence must lpejac(t,y,ydot,cj) and thgac function must return
r=dg(t,y,ydot)/dy+cj*dg(t,y,ydot)/dydot wherecj is areal scalar

list it mustbe as follows

list(jac,x1,x2,...)
where the calling sequence of the functjao is now

r=jac(t,y,ydot,x1,x2,...)

jac still returnsdg/dy+cj*dg/dydot as a function oft,y,ydot,cj,x1,x2,...)
character string . it must refer to the name of a fortran subroutine (see source cgdedd. f ).
surf : external (function or list or string). Computes the value of the column vectdt,y) with
ng components. Each component defines a surface.
function  : Its calling sequence must lserf(t,y)
list it mustbe as follows

list(surf,x1,x2,...)
where the calling sequence of the functganf is now

r=surf(t,y,x1,x2,...)

character string . it must refer to the name of a fortran subroutine (see source cddaréd.f )
in directorySCDIR/default

info : list which contain elements:

info(1) : real scalar which gives the maximum time for whighis allowed to be evaluated or an empty
matrix[] if no limits imposed for time.

info(2) : flag which indicates iflassl  returns its intermediate computed valuéag=1 ) or only
the user specified time point valudgag=0 ).

info(3) : 2 components vector which give the definitipnl,mu]  of band matrix computed hgc ;
ri - j + ml + mu + 1j) = "dg(i)/dy(j)+cj*dg(i)/dydot(j)" . If jac  re-
turns a full matrix seinfo(3)=[] .

info(4) : real scalar which gives the maximum step size.isei(4)=[] if no limitation.

info(5) : real scalar which gives the initial step size. Béo(4)=[] if not specified.

info(6) : setinfo(6)=1 if the solution is known to be non negative, elseiné(6)=0

info(7) : setinfo(7)=1 if ydotO s just an estimatiorinfo(7)=0 if g(t0,y0,ydot0)=0

hd : real vector which allows to store tliassl context and to resume integration

r : real matrix . Each column is the vector [t;x(t);xdot(t)] where t is time index for which the solution had
been computed

DESCRIPTION :
Solution of the implicit differential equation

g(ty.ydot)=0
y(t0)=y0 and ydot(t0)=ydot0
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Returns the surface crossing instants and the number of the surface reached in
Detailed examples can be found in SCIDIR/tests/dassldasrt.tst

EXAMPLE :

/ldy/dt = ((2*log(y)+8)/t -5)*y, y(1) = 1, 1<=t<=6
llgl = ((2*log(y)+8)/t - 5)*y

/g2 = log(y) - 2.2491

y0=1;t=2:6;t0=1;y0d=3;

info=list([],0,[1,[1.[1,0,0);

atol=1.d-6;rtol=0;ng=2;

deff(’[delta,ires]=resl(t,y,ydot)’,'ires=0;delta=ydot-((2*log(y)+8)/t-5)*y’)
deff([rts]=grl(t,y)’, rts=[((2*log(y)+8)/t-5)*y;log(y)-2.2491]")

[yy,nn]=dasrt([y0,y0d],t0,t,atol,rtol,res1,ng,grl,info);
/[(Should return nn=[2.4698972 2])

SEEALSO: ode 292 dassl 281 impl 284 fort 29, link 43 external 22

6.0.550 dassl differential algebraic equation

CALLING SEQUENCE :
[r [[hd]]=dassl(x0,t0,t [,atol,[rtol]],res [,jac],info [,hd])

PARAMETERS :

X0 : is eithery0 (ydotO is estimated bydassl with zero as first estimate) or the matiix0
ydotO] . g(t,y0,ydot0) must be equal to zero. If you only know an estimatg@ddt0 set
info(7)=1

y0 : real column vector of initial conditions.

ydotO  : real column vector of the time derivative pf att0 (may be an estimate).

t0 :real number is the initial instant.
t . real scalar or vector. Gives instants for which you want the solution. Note that you can get solution at
each dassl’s step point by settimfo(2)=1

atol,rtol : real scalars or column vectors of same sizg aatol,rtol give respectively absolute
and relative error tolerances of solution. If vectors the tolerances are specified for each component of
y.

res : external (function or list or string). Computes the valugify,ydot)

function . Its calling sequence must leires]=res(t,y,ydot) andres must return the
residuer=g(t,y,ydot) and error flagres .ires = 0 if res succeedsto compute =-1
if residue is locally not defined fdt,y,ydot) ,=-2 if parameters are out of admissible range.

list it mustbe as follows:

list(res,x1,x2,...)
where the calling sequence of the functies is now

r=res(t,y,ydot,x1,x2,...)

res still returnsr=g(t,y,ydot) as a function oft,y,ydot,x1,x2,...) .

string it must refer to the name of a fortran subroutine (see source cddesofff ).

jac : external (function or list or string). Computes the valuedgfdy+cj*dg/dydot for a given
value of parameteg]

function . Its calling sequence must lpejac(t,y,ydot,cj) and thgac function must return
r=dg(t,y,ydot)/dy+cj*dg(t,y,ydot)/dydot wherecj is areal scalar
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list it mustbe as follows
list(jac,x1,x2,...)
where the calling sequence of the functjao is now

r=jac(t,y,ydot,x1,x2,...)

jac still returnsdg/dy+cj*dg/dydot as a function oft,y,ydot,cj,x1,x2,...)

character string . it must refer to the name of a fortran subroutine (see source cgdeadt. f ).

info  : list which containg elements:

info(1) : real scalar which gives the maximum time for whighis allowed to be evaluated or an empty
matrix[]  if no limits imposed for time.

info(2) . flag which indicates iflassl  returns its intermediate computed valuéag=1 ) or only
the user specified time point valudgag=0 ).

info(3) : 2 components vector which give the definitijonl,mu]  of band matrix computed bgc ;
ri - j+ ml + mu + 1) = "dg(i)/dy(j)+cj*dg(i)/dydot(j)" . If jac re-
turns a full matrix seinfo(3)=[] .

info(4) : real scalar which gives the maximum step size.i&ei(4)=[] if no limitation.

info(5) : real scalar which gives the initial step size. Béo(4)=[] if not specified.

info(6) . setinfo(6)=1 if the solution is known to be non negative, elseiaéi(6)=0

info(7) . setinfo(7)=1 if ydotO s just an estimatiorinfo(7)=0 if g(t0,y0,ydot0)=0

hd : real vector which allows to store tliassl context and to resume integration

r :real matrix . Each column is the vector [t;x(t);xdot(t)] where t is time index for which the solution had
been computed

DESCRIPTION :
Solution of the implicit differential equation

g(ty,ydot)=0
y(t0)=y0 and ydot(t0)=ydot0

Detailed examples are given in SCIDIR/tests/dassldasrt.tst
EXAMPLES :

deff([r,ires]=chemres(t,y,yd)’,[
'r(1)=-0.04*y(1)+1d4*y(2)*y(3)-yd(1);’;
'1(2)=0.04*y(1)-1d4*y(2)*y(3)-3d7*y(2)*y(2)-yd(2);’
T(3)=y(1)+y(2)+y(3)-1;

'ires=0"]);
deff(’[pd]=chemjac(x,y,yd,cj)’.[
'pd=[-0.04-cj , 1d4*y(3) , 1d4*y(2);;
'0.04 -1d4*y(3)-2*3d7*y(2)-cj ,-1d4*y(2);;
1 o1 , 1 )

y0=[1,0;0];
yd0=[-0.04;0.04:0];
t=[1.d-5:0.02:.4,0.41:.1:4,40,400,4000,40000,4d5,4d6,4d7,4d8,4d9,4d10];

info=list([],0,[],[1.[1,0,0);
y=dassl([y0,yd0],0,t,chemres,info);

info(2)=1,;
y=dassl([y0,yd0],0,4d10,chemres,info);
y=dassl([y0,yd0],0,4d10,chemres,chemjac,info);

SEEALSO: ode 292 dasrt 279 impl 284 fort 29, link 43 external 22
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6.0.551 fitdat Parameter identification based on measured data
CALLING SEQUENCE :

[p,err]=fit_dat(G,p0,Z [[W] [,pmin,pmax] [,DG])

PARAMETERS :

G : Scilab function (e=G(p,z), e: nex1, p: npx1, z: nzx1)

pO : initial guess (size npx1)

Z : matrix [2.1,2.2,...zn] where zi (nzx1) is the ith measurement
W : weighting matrix of size nexne (optional; default 1)

pmin : lower bound on p (optional; size npx1)

pmax : upper bound on p (optional; size npx1)

DG : partial of G wrt p (optional; S=DG(p,z), S: nexnp)

DESCRIPTION :

fit _dat isused for fitting data to a model. For a given function G(p,z), this function finds the best vector
of parameters p for approximating G(p)zO0 for a set of measurement vectors 2V/ector p is found by
minimizingG(p,z _1))WG(p,z _1)+G(p,z 2)WG(p,z 2)+...+G(p,z N)YWG(p,z n)

EXAMPLE :

deff(y=FF(x)’,'y=a*(x-b)+c*x.*x’)

X=[I;Y=[I;

a=34;b=12;c=14;for x=0:.1:3, Y=[Y,FF(x)+100*(rand()-.5)];X=[X,x];end
Z=[Y;X];
deff(e=G(p,z)','a=p(1),b=p(2),c=p(3).y=2(1),x=2(2),e=y-FF(x)")
[p,err]=fit_dat(G,[3;5;10],2)

xset('window’,0)

xbasc();

plot2d(X’,Y’,-1)

plot2d(X’,FF(X)’,5,'002")
a=p(1),b=p(2),c=p(3);plot2d(X’,FF(X)’,12,'002")

a=34;b=12;c=14;
deff(s=DG(p,z)’,'y=2(1),x=2(2),5=-[X-p(2),-p(1),x*X]")
[p,err]=fit_dat(G,[3;5;10],Z,DG)

xset('window’,1)

xbasc();

plot2d(X’,Y’,-1)

plot2d(X’,FF(X)’,5,'002")
a=p(1),b=p(2),c=p(3);plot2d(X’,FF(X)’,12,'002")

SEEALSO: optim 298

6.0.552 fsolve find a zero of a system of n nonlinear functions
CALLING SEQUENCE :

[x [v [,info]]]=fsolve(x0,fct [,fiac] [,tol])

PARAMETERS :

x0 : real vector (initial value of function argument).

fct : external (i.e function or list or string).

flac : external (i.e function or list or string).

tol : real scalar. precision tolerance: termination occurs when the algorithm estimates that the relative
error between x and the solution is at most tal£1.d-10 is the default value).
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X real vector (final value of function argument, estimated zero).
Vo real vector (value of function at x).

info  : termination indicator

0 : improper input parameters.

1 : algorithm estimates that the relative error between x and the solution is at most tol.
2 number of calls to fcn reached

3 :tolistoo small. No further improvementin the approximate solution x is possible.
4 :iteration is not making good progress.

DESCRIPTION :
find a zero of a system of n nonlinear functions in n variables by a modification of the powell hybrid
method. Jacobian may be provided.

0 = fet(x) w.r.t x.

fct is an”external”’. This external returnsfct(x) givenx.
The simplest calling sequence fiot  is:

[V]=fet(x).

If fct is a character string, it refers to a fortran routine which must be linked to Scilalis@eéf
for the calling sequence). Dynamic link is possible (Heig ).

jac is an"external”. This external returnsd(fct)/dx (X) givenx.

The simplest calling sequence fac is:

[VI=jac(x).

If jac is a character string, it refers to a fortran routine which must be linked to Scilalis@egf
for the calling sequence). Dynamic link is possible (Helg ).

EXAMPLES :

/I A simple example with fsolve
a=[1,7;2,8];b=[10;11];
deff([y]=fsol1(x)’,'y=a*x+b");
deff([y]=fsolj1(x)"'y=a’);
[xres]=fsolve([100;100],fsoll);
a*xres+b
[xres]=fsolve([100;100],fsol1,fsolj1);
a*xres+b

/I See routines/default/Ex-fsolve.f
[xres]=fsolve([100;100],’fsoll’,'fsolj1’,1.e-7);
a*xres+b

SEEALSO: external 22, quapro 300 linpro 290 optim 298

6.0.553 impl differential algebraic equation
DESCRIPTION :

y=impl([type],y0,ydot0,t0,t [,atol, [rtol]],res,adda [,jac])

PARAMETERS :

y0,ydot0 : real vectors or matrix (initial conditions).

t0  :real scalar (initial time).

t :real vector (times at which the solution is computed).
res,adda : externals (function or character string or list).

type :string’adams’  or’stiff’

atol,rtol : real scalar or real vector of the same size ag.as
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jac  : external (function or character string or list).

DESCRIPTION :

Solution of the linear implicit differential equation

A(ty) dy/dt=g(ty), y(t0)=y0

t0 is the initial instantyO is the vector of initial conditions VectordotO  of the time derivative of/

att0 must also be given. r The inprgs is an external i.e. a function with specified syntax, or the name
a Fortran subroutine or a C function (character string) with specified calling sequence or a list.

If res is a function, its syntax must be as follows:

r = res(t,y,ydot)

wheret is a real scalar (time) ang andydot are real vector (state and derivative of the state). This
function must returm=g(t,y)-A(t,y)*ydot

If res isacharacterstring, it refers to the name of a Fortran subroutine or a C functiocBCHekR/routines/default
for an example to do that.

res can also be a list: see the helpanfe .

The inputadda is also an external.
If adda is a function, its syntax must be as follows:

r = addaf(t,y,p)

and it must returm=A(t,y)+p wherep is a matrix to be added t&(t,y)

If adda is a character string, it refers to the name of a Fortran subroutine or a C function. See
SCIDIR/routines/default/Ex-impl.f for an example to do that.

adda can also be a list: see the helpaafe .

The inputjac is also an external.
If adda is a function, its syntax must be as follows:

j = jac(ty,ydot)

and it must return the Jacobianrefg(t,y)-A(t,y)*ydot with respect toy.

If jac is acharacter string, it refers to the name of a Fortran subroutine or a C functiocBCHekR/routines/default
for an example to do that.

jac can also be a list: see the helpanfe .

EXAMPLES :

y=impl([1,0;0],[-0.04,0.04,0],0,0.4,’resid’,'aplusp’);

/I Using hot restart
1[x2,w,iw]=impl([1;0;0],[-0.04;0.04,0],0,0.2, resid’,’aplusp’);
/I hot start from previous call
//[x1]=impl([1;0;0],[-0.04;0.04;0],0.2,0.4,’resid’,’aplusp’,w,iw);
//maxi(abs(x1-x))

SEEALSO: dassl 281 ode 292 external 22

6.0.554 inta2d_____ definite 2D integral by quadrature and cubature method
CALLING SEQUENCE :

[l,err]=int2d(X,Y,f [,params])

PARAMETERS :

X :a3byN array containing the abscissae of the vertices of the N triangles.

Y :a3byN array containing the ordinates of the vertices of the N triangles.

f : external (function or list or string) defining the integreffulv) ;

params : real vectoftol, iclose, maxtri, mevals, iflag] . default value i§1.d-10,
1, 50, 4000, 1]
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tol :the desired bound on the error.iftag=0 ,tol is interpreted as a bound on the relative error; if
iflag= 1, the bound is on the absolute error.

iclose :an integer parameter that determines the selection of LQMO or LQM1 methaddksk=1
then LQML1 is used. Any other value aflose  causes LQMO to be used. LQMO uses function
values only at interior points of the triangle. LQML1 is usually more accurate than LQMO but involves
evaluating the integrand at more points including some on the boundary of the triangle. It will usually
be better to use LQM1 unless the integrand has singularities on the boundary of the triangle.

maxtri  :the maximum number of triangles in the final triangulation of the region

mevals : the maximum number of function evaluations to be allowed. This number will be effective in
limiting the computation only if it is less than 9dtaxtri  when LQML1 is specified or 56haxtri
when LQMO is specified.

iflag

| :the integral value

err : the estimated error

DESCRIPTION :
int2d  computes the two-dimensional integral of a functforover a region consisting af triangles.
A total error estimate is obtained and compared with a toleramale - - that is provided as input to the
subroutine. The error tolerance is treated as either relative or absolute depending on the input value of
iflag . A’Local Quadrature Module’ is applied to each input triangle and estimates of the total integral
and the total error are computed. The local quadrature module is either subroutine LQMO or subroutine
LQM1 and the choice between them is determined by the value of the input vadkaisie

If the total error estimate exceeds the tolerance, the triangle with the largest absolute error is divided
into two triangles by a median to its longest side. The local quadrature module is then applied to each of the
subtriangles to obtain new estimates of the integral and the error. This process is repeated until either (1)
the error tolerance is satisfied, (2) the number of triangles generated exceeds the input panarigter
(3) the number of integrand evaluations exceeds the input parametes , or (4) the function senses
that roundoff error is beginning to contaminate the result.

EXAMPLES :

X=[0,0;1,1;1,0];

Y=[0,0;0,1;1,1];

deff('’z=f(x,y)’,’z=cos(x+y)")

[l,e]=int2d(X,Y,f)

/I computes the integrand over the square [0 1]x[0 1]

SEEALSO: intc 288 intl 289 int3d 286 intg 288 mesh2d 431

REFERENCES :
Fortran routine twodg,Authors: Kahaner,D.K.,N.B.S., Rechard,0.W.,N.B.S., Barnhill,Robert,Univ. of
UTAH

6.0.555 int3d___ definite 3D integral by quadrature and cubature method
CALLING SEQUENCE :
[result,err]=int3d(X,Y,Z,f [,nf[,params]])

PARAMETERS :

X a4 byNUMTETarray containing the abscissae of the vertices oNOMTETtetrahedrons.

Y :a4byNUMTETarray containing the ordinates of the vertices of fM&MTETtetrahedrons.

Z :a4byNUMTETarray containing the third coordinates of the vertices oNREMTETtetrahedrons.

f : external (function or list or string) defining the integrdidyz,nf) , Wherexyz is the vector of a
point coordinates and nf the number functions

nf : the number of function to integate (default is 1)
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params : real vectofminpts, maxpts, epsabs, epsrel] . defaultvalue i$0, 1000, 0.0,
1.d-5]

epsabs : Desired bound on the absolute error.

epsrel : Desired bound on the relative error.

minpts : Minimum number of function evaluations.

maxpts : Maximum number of function evaluations. The number of function evaluations over each
subregion is 43

result  :theintegral value,or vector of the integral values.

err : Estimates of absolute errors.

DESCRIPTION :

The function calculates an approximation to a given vector of definite integrals

I 1 (F,F,..F) dx(3)dx(2)dx(1),
1 2 numfun

where the region of integration is a collection of NUMTET tetrahedrons and where

F = F (X(1),X(2),X@)), J = 1,2,....NUMFUN.
J J

A globally adaptive strategy is applied in order to compute approximartesust(k) hopefully sat-
isfying, for each component of |, the following claim for accura®S(I(K)-RESULT(K)) <=MAX(EPSABS,EPSREL*ABE

int3d  repeatedly subdivides the tetrahedrons with greatest estimated errors and estimates the integrals
and the errors over the new subtetrahedrons until the error request is MAXS TS function evaluations
have been used.

A 43 point integration rule with all evaluation points inside the tetrahedron is applied. The rule has
polynomial degree 8.

If the values of the input parametde®SABS or EPSREL are selected great enough, an integration
rule is applied over each tetrahedron and the results are added up to give the approxiRES0HST (K) .
No further subdivision of the tetrahedrons will then be applied.

Whenint3d computes estimates to a vector of integrals, all components of the vector are given the
same treatment. That i§Fj) andI(Fk)  for

j not equal tok, are estimated with the same subdivision of the region of integration. For integrals
with enough similarity, we may save time by applyimg3d to all integrands in one call. For integrals
that varies continuously as functions of some parameter, the estimates product&tiby will also vary
continuously when the same subdivision is applied to all components. This will generally not be the case
when the different components are given separate treatment.

On the other hand this feature should be used with caution when the different components of the integ-
rals require clearly different subdivisions.

EXAMPLES :

X=[0;1;0;0];

Y=[0;0;1;0];

Z=[0;0;0;1];

deff('v=f(xyz,numfun)’,'v=exp(xyz"*xyz)")
[RESULT,ERROR]=int3d(X,Y,Z,'int3dex’)

/I computes the integrand exp(x*x+y*y+z*z) over the
/ltetrahedron (0.,0.,0.),(1.,0.,0.),(0.,1.,0.),(0.,0.,1.)

SEEALSO: intc 288 intl 289 int3d 286

REFERENCES :
Fortran routine dqtet.f
Authors:
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6.0.556 intc Cauchy integral
CALING SEQUENCE :

[y]=intc(a,b,f)

PARAMETERS :

a,b :two complex numbers
f :”external” function

DESCRIPTION :
If f is a complex-valued functiorintc(a,b,f) computes the integral frora to b of f(z)dz
along the straight lin@ b of the complex plane.

SEEALSO: intg 288 intl 289
AuTHOR: F. D.

6.0.557 intg definite integral

CALLING SEQUENCE :
[v,err]=intg(a,b,f [,ea [,er])
PARAMETERS :

a,b :realnumbers

f : external (function or list or string)

ea, er : real numbers

ea : absolute error required on the result. Default value: 0
er : relative error required on the result. Default value: 1.d-8
err  : estimated absolute error on the result.

DESCRIPTION :
intg(a,b,f) evaluates the definite integral fraantob of f(t)dt . The evaluation hopefully satis-
fies following claim for accuracyabs(l-v) <= max(ea,er*abs(l)) where | stands for the exact
value of the integral.

f isanexternal:
If f is function its definition must be as follows = f(t)
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If f is a list the list must be as followdist(f,x1,x2,...) wheref is a function with calling
sequenc(t,x1,x2,...) .

If f isa string it refers to a the name of a Fortran subroutine (see source cfiatg 6f )

EXAMPLE :

deff([y]=f(x)’,'y=x*sin(30*x)/sqrt(1-((x/(2*%pi))"2))")

exact=-2.5432596188;

abs(exact-intg(0,2*%pi,f))

/I See file routines/default/Ex-intg.f

abs(exact-intg(0,2*%pi, intgex’))

SEEALSO: intc 288 intl 289

6.0.558 intl Cauchy integral

CALLING SEQUENCE :
[y]=intl(a,b,z0,r,f)
PARAMETERS :

z0 : complex number
a,b :two real numbers
r : positive real number
f :’external” function

DESCRIPTION :
If f isacomplex-valued functiomtl(a,b,z0,r,f) computes the integral dfz)dz  along the
curve in the complex plane defined B9 + r.exp(%i*t) for a<=t <=b .(part of the circle with

centerzO and radiug with phase betweea andb)
SEEALSO: intc 288
AuTHOR: F. D.

6.0.559 karmarkar karmarkar (test program)

CALLING SEQUENCE :
[x1]=karmarkar(a,b,c,x0)
PARAMETERS :

a : matrix (n,p)

b :n-vector

c :p-vector

x0 :initial vector

eps :threshold (default value : 1.d-5)

gamma : descent step<gamma<l , default value : 1/4
x1 : solution

crit : value of c™*x1
DESCRIPTION :
Computex which minimizes
Cc*X
under constraints:
a*x = b
x>=0
EXAMPLE :
/I n=10;p=20;

/I a=rand(n,p);c=rand(p,1);x0=abs(rand(p,1));b=a*x0;x1=karmarkar(a,b,c,x0);
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6.0.560 linpro linear programming solver
CALLING SEQUENCE :

[x,lagr,fl=linpro(p,C,b [,x0])
[x,lagr,fl=linpro(p,C,b,ci,cs [,x0])
[x,lagr,fl=linpro(p,C,b,ci,cs,mi [,x0])
[x,lagr,fl=linpro(p,C,b,ci,cs,mi,x0 [,imp])

PARAMETERS :

p :real (column) vector (dimensiam)

C :real matrix (dimensiofimi + md) x n ) (If no constraints are given, you can €&t= [] )
b : RHS vector (dimensiofh x (mi + md) )

ci  : (column) vector of lower-bounds (dimensia If there are no lower bound constraints, put=
[] . If some components of are bounded from below, set the other (unconstrained) valueis of
to a very large negative number (eaifj) = -(% eps)(-1)

cs : (column) vector of upper-bounds. (Same remarks as above).

mi  : number of equality constraints (i.€(1:mi,:)*x = b(1:mi) )

X0 : either aninitial guess for or one of the character strings  or’g’ . If x0="v’  the calculated
initial feasible pointis a vertex. K0="g’  the calculated initial feasible point is arbitrary.

imp : verbose option (optional parameter) (Tnyp=7,8,... )

X : optimal solution found.

f : optimal value of the cost function (i.&p™*x ).

lagr . vector of Lagrange multipliers. If lower and upper-boucgss  are providedlagr hasn
+ mi + md components ankhgr(1:n) is the Lagrange vector associated with the bound con-
straints andagr (n+1 : n + mi + md) is the Lagrange vector associated with the linear
constraints. (If an upper-bound (resp. lower-bound) constraiig activelagr(i) is > 0 (resp.
<0). If no bounds are providethgr  has onlymi + md components.

DESCRIPTION :
[x,lagr,f]=linpro(p,C,b [,x0])
Minimize p™*x
under the constraints

C*x <= b

[x,lagr,fl=linpro(p,C,b,ci,cs [,x0])
Minimize p™*x
under the constraints

C*x <= b Ci <= X <= cs

[x,lagr,fl=linpro(p,C,b,ci,cs,mi [,x0])
Minimize p"*x
under the constraints

C(@,)) x = b@), j=1,....mi
C(,)) x <= b(j), j=mi+1,...,mi+md
Ci <= X <= ¢s

If no initial point is given the program computes a feasible initial point which is a vertex of the region of
feasible points ik0="v’

If x0="g" , the program computes a feasible initial point which is not necessarily a vertex. This mode
is advisable when the quadratic form is positive definite and there are a few constraints in the problem
or when there are large bounds on the variables that are security bounds and very likely not active at the
optimal solution.

EXAMPLE :
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/[Find x in R"6 such that:
/IC1*x = bl (3 equality constraints i.e mi=3)
Cl= [1,-1,1,0,3,1;
-1,0,-3,-4,5,6;
2,5,3,0,1,0];
b1=[1;2;3];
[IC2*x <= b2 (2 inequality constraints)
C2=[0,1,0,1,2,-1;
-1,0,2,1,1,0];
b2=[-1;2.5];
/lwith  x between ci and cs:
¢i=[-1000;-10000;0;-1000;-1000;-1000];cs=[10000;100;1.5;100;100;1000];
/land minimize p™x with
p=[1,2;3;4,5,6]
/INo initial point is given: x0="v’;
C=[C1;C2]; b=[bl;b2] ; mi=3; x0="v’;
[x,lagr,fl=linpro(p,C,b,ci,cs,mi,x0)
/I Lower bound constraints 3 and 4 are active and upper bound
/I constraint 5 is active --> lagr(3:4) < 0 and lagr(5) > 0.
/I Linear (equality) constraints 1 to 3 are active --> lagr(7:9) <> 0

SEEALSO: quapro 300
AuTHOR: E. Casas, C. Pola Mendez

6.0.561 Imisolver linear matrix inequation solver
CALLING SEQUENCE :
[XLISTF[,OPT]] = Imisolver(XLISTO,evalfunc [,options])

PARAMETERS :

XLISTO : alist of containing initial guess (e.KLISTO=list(X1,X2,..,Xn) )

evalfunc  : a Scilab function ("external” function with specific syntax)

XLISTF : alist of matrices (e.gXLISTO=list(X1,X2,..,Xn) )

options  : optional parameter. If givemptions  is a real row vector with 5 componeiiidbound,abstol,nu,maxiter

The syntax the functioavalfunc ~ must be as follows:

[LME,LMI,OBJ]=evalfunct(X) whereX is alist of matrices,.ME, LMI are lists and®BJ areal
scalar.

DESCRIPTION :

Imisolver solves the following problem:

minimizef(X1,X2,...,Xn) a linear function of Xi's

under the linear constraint§i(X1,X2,...,Xn)=0 for i=1,...,p and LMI (linear matrix inequalities)
constraints:

Hj(X1,X2,...,Xn) > 0 forj=1,...,q

The functions f, G, H are coded in the Scilab functeralfunc  and the set of matrices Xi’s in the list

X (i.e. X=list(X1,...,Xn) ).

The functiorevalfun  mustreturnin the listME the matrice$1(X),...,Gp(X) (i.e. LME(i)=Gi(X1,...,Xn),
i=1,...,p).evalfun  mustreturninthelistMI the matrice$i1(X0),...,Hq(X) (i.e. LMI(j)=Hj(X1,...,Xn)
j=1,...,q).evalfun  mustreturn inOBJ the value off(X) (i.e. OBJ=f(X1,...,Xn) ).

Imisolver returns inXLISTF, a list of real matrices, i. eXLIST=list(X1,X2,..,Xn) where

the Xi's solve the LMI problem:

DefiningY,Z andcost by:

[Y,Z,cost]=evalfunc(XLIST) ,Y isalist of zero matrice®(=list(Y1,...,Yp) ,Y1=0, Y2=0,
.., Yp=0
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Z is a list of square symmetric matriceg-list(Z1,...,2q) , Which are semi positive definite
Z1>0, Z2 >0, ..., Zg >0 (i.e.spec(Z())) > 0),

cost is minimized.

Imisolver can also solve LMI problems in which tb@’s  are not matrices but lists of matrices. More
details are given in the documentation of LMITOOL.

EXAMPLE :

/I[Find diagonal matrix X (i.e. X=diag(diag(X), p=1) such that
[IAT*X+X*A1+Q1l < 0, A2*X+X*A2+Q2 < 0 (g=2) and trace(X) is maximized
n=2;Al=rand(n,n);A2=rand(n,n);

Xs=diag(1:n);Q1=-(A1l*Xs+Xs*A1+0.1*eye());

Q2=-(A2'*Xs+Xs*A2+0.2*eye());
deff([LME,LMI,OBJ]=evalf(Xlist)’,’X=Xlist(1),LME=X-diag(diag(X));...
LMI=list(-(A1"*X+X*A1+Q1),-(A2"*X+X*A2+Q2)),0BJ= -sum(diag(X)) );
X=Imisolver(list(zeros(Al)),evalf); X=X (1)

[Y,Z,c]=evalf(X)

SEEALSO: Imitool 292

6.0.562 Imitool tool for solving linear matrix inequations
CALLING SEQUENCE :

Imitool()
Imitool(filename)

txt=Imitool(probname,varlist,datalist)

PARAMETERS :

filename : astring referringto asci  function

probname : a string containing the name of the problem

varlist : a string containing the names of the unknown matrices (separated by commas if there are more
than one)

datalist . a string containing the names of data matrices (separated by commas if there are more than
one)

txt : astring providing information on what the user should do next

DESCRIPTION :
Imitool() or Imitool(filename) is used to define interactively a LMI problem. In the non
interactive modetxt=Imitool(probname,varlist,datalist) generates a file in the current

directory. The name of this file is obtained by addisgi  to the end ofprobname . This file is the
skeleton of a solver function and the corresponding evaluation function neediadsbiver

SEEALSO: Imisolver 291

6.0.563 ode ordinary differential equation solver

CALLING SEQUENCE :

[y]=ode(yO0,t0,t,f)

[y,w,iw]=ode([type],y0,t0,t [,rtol [,atol]],f [jac] [,w,iw])
[y,rd,w,iw]=ode(’root’,y0,t0,t [,rtol [,atol]],f [jacl,ng,g [,w,iw])
[y]=ode('discrete’,y0,k0,kvect,f)

PARAMETERS :
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y0 : real vector or matrix (initial conditions).

t0, :real scalar (initial time).

t : real vector (times at which the solution is computed).

f : external (function or character string or list).

type :oneof the following character strinadams’ ’stiff’ 'rk’ 'rkf’ 'fix’ 'discrete’
‘roots’

rtol,atol : real constants or real vector of the same sizg.as

jac  :external (function or character string or list).

w,iw  : real vectors.

ng :integer.

g : external (function or character string or list).

kO :integer (initial time). kvect : integer vector.

DESCRIPTION :

ode is the standard function for solving explicit ODE systems defined by:

dy/dt=f(t,y) , y(t0)=yO0.

Itis an interface to various solvers, in particular to ODEPACK. The type of problem solved and the method
used depends on the value of the first optional arguttyget which can be one of the following strings:

<not given >: Isoda solver of package ODEPACK is called by default. It automatically se-
lects between nonstiff predictor-corrector Adams method and stiff Backward Differentiation Formula
(BDF) method. It uses nonstiff method initially and dynamically monitors data in order to decide
which method to use.

"adams": This is for nonstiff problemslsode  solver of package ODEPACK is called and it uses
the Adams method.

"stiff"; This is for stiff problemslsode solver of package ODEPACK is called and it uses the
BDF method.

"rk": Adaptive Runge-Kutta of order 4 (RK4) method.

"rkf": The Shampine and Watts program based on Fehlberg’s Runge-Kutta pair of order 4 and 5

(RKF45) method is used. This is for non-stiff and mildly stiff problems when derivative evaluations
are inexpensive. This method should generally not be used when the user is demanding high accuracy.
Same solver as rkf’, but the user interface is very simple, i.e. doly andatol para-
meters can be passed to the solver. This is the simplest method to try.
"root": ODE solver with rootfinding capabilities. THsodar  solver of package ODEPACK is
used. Itis a variant of the Idlsodg solver where it finds the roots of a given vector function.
"discrete": Discrete time simulation.

"fix":

In this help we only describe the use @de for standard explicit ODE systems. Other helps are
available for root finding (odeoot help) and discrete time simulation (adiscrete help).

The simplest call obde is: y=o0de(y0,t0,t,f) whereyO is the vector of initial conditions,
t0 is the initial time,t is the vector of times at which the solutign is computed ang is the
solution vectory=[y(t(1)),y(t(2)),...]

The inputf to ode is an external i.e. a function with specified syntax, or the name a Fortran
subroutine or a C function (character string) with specified calling sequence or a list.

If f is a function, its syntax must be as follows:

ydot = f(ty)

wheret is a real scalar (time) angl a real vector (state). This function is the RHS of the differential
equation dy/dt=f(t,y).

If f isacharacter string, it refers to the name of a Fortran subroutine or a C functionpde(yD,t0,t, fex’)
is the command, then the subroutifex is called. This routine must have the following calling se-

quencein,t,y,ydot) . It can be dynamically linked to Scilab by ttiek  function. Examples of
such programs can be seen in the f8€3DIR/routines/default/README andSCIDIR/routines/default/Ex-0
Thef argument can also be a list: afde(y0,t0,t,Ist) is the command, thelst must be a

list with the following structure:
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Ist=list(f,ul,u2,...un)
wheref is a function with syntax:
ydot = f(t,y,ul,u2,...,un)

this allows to use parameters as the argumenits of
The functionf canreturng@ X q matrix instead of a vector. With this matrix notation, we solve the
n=p+q ODE’s system Y/dt=F(t,Y) wherg isap X g matrix. Then initial conditionsy0, must also be
ap X g matrixandtheresultaide isthep X g(T+1) matrix[Y(t _0),Y(t _1),..,Y(t N .
Optional parameters can be given for the error of the solutioh: andatol are threshold for relat-
ive and absolute estimated errors. The estimated errg(ipn is rtol(i)*abs(y(i))+*atol(i)
and integration is carried out as far as this error is small for all components of the statd. If and/or
atol is a constanttol(i) and/oratol(i) are set to this constant value. Default valuesrfor
andatol are respectivelytol=1.d-5 andatol=1.d-7 for most solvers andol=1.d-3 and
atol=1.d-4 for 'rfk’ and’fix’
For stiff problem, it is better to give the Jacobian of the RHS function as the optional argjament
It is an external i.e. a function with specified syntax, or the name a Fortran subroutine or a C function
(character string) with specified calling sequence or a list.
If jac is function the syntax should be as follows:

J=jac(ty)

wheret is areal scalar (time) angd a real vector (state). The result matdix must evaluate to df/dx i.e.
J(k,j) = d fk /d xi with fk = kth component of f.

If jac is a character string it refers to the name of a Fortran subroutine or a C function, with the following
calling sequencejac(n,t,y,ml,mu,J,nrpd)) . In most cases you have not to refat, mu and

nrpd (see source code BCIDIR/routines/default/Ex-ode.f for an example) .

If jac is a list the same conventions as forapply.

Optional argument& andiw are vectors for storing information returned by the integration routine.
When these vectors are provided in RH®dE the integration re-starts with the same parameters as in its
previous stop.

More options can be given to ODEPACK solvers by usiti@DEOPTIONSariable. See odeoptions
help.

EXAMPLE :

/I Simple one dimension ODE

/I dy/dt=y"2-y sin(t)+cos(t), y(0)=0
deff(’[ydot]=f(t,y)’,'ydot=y"2-y*sin(t)+cos(t)’)
y0=0;t0=0;t=0:0.1:%pi;

y=0de(y0,t0,t,f)

plot(t,y)

/I Simulation of dx/dt = A x(t) + B u(t) with u(t)=sin(omega*t),
/I x0=[1;0] ;

/I solution x(t) desired at t=0.1, 0.2, 0.5 ,1.

/I A and u function are passed to RHS function in a list.
/I B and omega are passed as global variables
deff(’[xdot]=linear(t,x,A,u)’,’xdot=A*x+B*u(t)")
deff(’[ut]=u(t)’,’'ut=sin(omega*t)’)

A=[1 1,0 2];B=[1;1];,0mega=>5;
o0de([1;0],0,[0.1,0.2,0.5,1],list(linear,A,u))

1

/I Matrix notation

/I Integration of the Riccati differential equation

Il Xdot=A*X + X*A - X*B*X + C , X(0)=Identity
/I Solution at t=[1,2]
deff('[Xdot]=ric(t,X)’,’Xdot=A"*X+X*A-X"*B*X+C’)
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A=[1,1,;0,2]; B=[1,0;0,1]; C=[1,0;0,1];
X=ode(eye(A),0,t,ric)

I

/I Computation of exp(A)
A=[1,1;0,2];
deff(’[xdot]=f(t,x)’,’xdot=A*x");
ode(eye(A),0,1,f)
ode('adams’,eye(A),0,1,)

/I with stiff matrix, Jacobian given
A=[10,0;0,-1];
deff('[J]=Jacobian(t,y)’,’"J=A")
ode('stiff’,[0;1],0,1,f,Jacobian)

SEEALSO: odedc 296 dassl 281 csim 217, expm372 external 22, impl 284
Ititr 233 rtitr 244

6.0.564 odediscrete_ ordinary differential equation solver, discrete time
simulation

CALLING SEQUENCE :
[y]=ode('discrete’,y0,k0,kvect,f)
PARAMETERS :

y0 : real vector or matrix (initial conditions).
t0, :real scalar (initial time).
f : externali.e. function or character string or list. kO : integer (initial time). kvect : integer vector.

DESCRIPTION :
With this syntax (first argument equal’thscrete’ )ode computesrecursively(k+1)=f(k,y(k) )
from an initial statey(k0) and returng(k) for k in kvect . kvect(1) must be greater or equal to
ko.

Other arguments and other options are the same aslforsee the ode help.

EXAMPLE :

y1=[1;2;3];deff(yp=a_function(k,y)’,'yp=A*y+B*u(k)’)
A=diag([0.2,0.5,0.9]);B=[1;1;1];u=1:10;n=5;
y=ode('discrete’,y1,1,1:n,a_function);
y(:,2)-(A*y1+B*u(1))

/I Now y evaluates at [y3,y5,y7,y9]
y=ode('discrete’,y1,1,3:2:9,a_function);

SEEALSO: ode 292

6.0.565 odeoot____ ordinary differential equation solver with root finding
CALLING SEQUENCE :

[y,rd,w,iw]=o0de('root’,y0,t0,t [,rtol [,atol]],f [jac],ng,g [w,iw])

PARAMETERS :

y0 : real vector or matrix (initial conditions).

t0, :real scalar (initial time).

t :real vector (times at which the solution is computed).
f : externali.e. function or character string or list.
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rtol,atol : real constants or real vector of the same size asy. as
jac  :externali.e. function or character string or list.

w,iw  : real vectors.

ng :integer.

g :externali.e. function or character string or list.

DESCRIPTION :
With this syntax (first argument equal'toot’ ) ode computes the solution of the differential equation
dy/dt=f(t,y) until the statey(t)  crosses the surfaggt,y)=0

g should give the equation of the surface. Itis an external i.e. a function with specified syntax, or the
name a Fortran subroutine or a C function (character string) with specified calling sequence or a list.
If g is function the syntax should be as follows:

z=g(t,y)

wheret is areal scalar (time) and areal vector (state). It returns a vector of sige which corresponds
totheng constraints. Iy is a character string it refers to the name of a Fortran subroutine or a C function,

with the following calling sequencey(n,t,y,ng,gout) . whereng is the number of constraints and
gout is the value ofy (output of the program). If is a list the same conventions a$ fapply (see ode
help).

Ouputrd is alxk vector. The first entry contains the stopping time. Other entries indicate which
components of) have changed sigrk larger than two indicates that more than one surfae®) has
been simultaneously traversed.

Other arguments and other options are the same aslforsee the ode help.

EXAMPLE :

/I Integration of the differential equation

/I dy/dt=y , y(0)=1, and finds the minimum time t such that y(t)=2
deff(’[ydot]=f(t,y)’,'ydot=y’)

deff([z]=g(ty)",'z=y-2’)

y0=1;ng=1,

[y,rd]=ode(roots’,y0,0,2,f,ng,q)

SEEALSO: dasrt 279 ode 292

6.0.566 odedc discrete/continuous ode solver

CALLING SEQUENCE :
yt=odedc(y0,nd,stdel t0,t,f)
PARAMETERS :

y0 :real column vector (initial conditiong)0=[yOc;y0d] whereyOd hasnd components.

nd : integer, dimension of0d

stdel : real vector with one or two entriestdel=[h, delta] (with delta=0  as default value).
t0 : real scalar (initial time).

t :real (row) vector, instants wheye is calculated

f . Scilab”external”i.e. function or character string or list with calling sequengef(t,yc,yd,flag)

DESCRIPTION :

y=odedc([yOc;y0d],nd,[h,delta],t0,t,f) computes the solution of a mixed discrete/continuous
system. The discrete system state k is embedded into a piecewise constadft) time function as
follows:yd(t)= yd _k for t in[t _k=delay+k*h,t  _(k+1)=delay+(k+1)*h[ (with delay=h*delta

The simulated equations are now:
dyc/dt=f(t,yc(t),yd(t),0) , for t in [tk,t_(k+1)[ yc(t0)=yOc
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and at instants _k the discrete variablgd is updated by:

yd(tk+)=f(yc(tk-),yd(tk-),1)

Note that, using the definition d(t)  the last equation gives

yd_k =f (t_k,yc(tk-),yd(t(k-1)),1) (yc is time-continuous: ycit-)=yc(tk))

The calling parameters d¢f are fixed: ycd=f(t,yc,yd,flag) ; this function must return either the
derivative of the vectoyc if flag=0 or the update oyd if flag=1

ycd=dot(yc) must be a vector with same dimensionyas if flag=0 and ycd=update(yd)

must be a vector with same dimensioryas if flag=1

t is a vector of instants where the solutipnis computed.

y is the vectory=[y(t(1)),y(t(2)),...] . This function can be called with the same optional
parameters as thede function (providednd andstdel are given in the calling sequence as second
and third parameters). It particular integration flags, tolerances can be set. Optional parameters can be set
by theodeoptions  function.

An example for calling an external routine is given in directdefault/fydot2.f External routines
can be dynamically linked (sdiak ).

EXAMPLE :

/[Linear system with switching input

deff('xdu=phis(t,x,u,flag)’,’if flag==0 then xdu=A*x+B*u; else xdu=1-u;end’);
x0=[1;1];A=[-1,2;-2,-1];B=[1;2];u=0;nu=1;stdel=[1,0];u0=0;t=0:0.05:10;
xu=odedc([x0;u0],nu,stdel,0,t,phis);x=xu(1:2,:);u=xu(3,:);

nx=2;

plot2d1(onn’,t’,x’,[1:nx],’161");

plot2d2(onn’,t’,u’,[nx+1:nx+nu],’000’);

/[Fortran external( see fydot2.f):
norm(xu-odedc([x0;u0],nu,stdel,0,t,’phis’),1)

/ISampled feedback
1

Il | xcdot=fc(t,xc,u)
Il (system) |

Il | y=hc(t,xc)

I

I

I | xd+=fd(xd,y)

/I (feedback) |

I | u=hd(t,xd)

1
deff(’xcd=f(t,xc,xd,iflag)’, ...
['if iflag==0 then ’
xcd=fc(t,xc,e(t)-hd(t,xd));’

‘else ’

'’ xcd=fd(xd,hc(t,xc));’

‘end’);
A=[-10,2,3;4,-10,6;7,8,-10];B=[1;1;1];C=[1,1,1];
Ad=[1/2,1;0,1/20];Bd=[1;1];Cd=[1,1];
deff('st=e(t)’,'st=sin(3*t)")
deff(’xdot=fc(t,x,u)’,’xdot=A*x+B*u’)
deff(’'y=hc(t,x)’,'y=C*x’)
deff(xp=fd(x,y)’,’xp=Ad*x + Bd*y’)
deffCu=hd(t,x)’,'u=Cd*x’)
h=0.1;t0=0;t=0:0.1:2;
x0c=[0;0;0];x0d=[0;0];nd=2;
xcd=odedc([x0c;x0d],nd,h,t0,t,f);
norm(xcd-odedc([x0c;x0d],nd,h,t0,t,'fcd1’)) // Fast calculation (see fydot2.f)
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plot2d([t’,t',t],xcd(1:3,)");
xset("window",2);plot2d2("gnn",[t’,t'],xcd(4:5,));
xset("window",0);

SEEALSO: ode 292 odeoptions 298 csim 217, external 22

6.0.567 odeoptions sets options for ode solvers

CALLING SEQUENCE :
odeoptions()

DESCRIPTION :
This functions interactively displays a command which should be executed to set various options of ode
solvers. The global variablé@ODEOPTIONSets the options. CAUTION: thede function checks if this
variable exists and in this case uses it. For using default values you should clear this variable. Note that
odeoptions  does not create this variable. To create it you must execute the command line displayed by
odeoptions

The variableoODEOPTIONSs a vector with the following elementgtask,tcrit,n0,hmax,hmin jactyp,mxst
ml,mu] The default value is: [1,0,0,%inf,0,2,500,12,5,0,-1,-1] .

The meaning of the elements is described below.

itask 1 : normal computation at specified times 2 : computation at mesh points (given in first row
of output ofode) 3 : one step at one internal mesh point and return 4 : normal computation without
overshootindcrit 5 : one step, without passirigrit , and return

terit assumegstask  equals 4 or 5, described above

hO first step tried

hmax max step size

hmin min step size

jactype  0: functionaliterations, no jacobian useadams’  or’stiff’ only) 1: user-supplied
full jacobian 2 : internally generated full jacobian 3 : internally generated diagonal jaccadan(s’
or 'stiff’ only)) 4 : user-supplied banded jacobiaeé mlandmu below) 5 : internally generated

banded jacobiarsee mlandmu below)

maxordn maximum non-stiff order allowed, at most 12

maxords maximum stiff order allowed, at most 5

ixpr printlevel,0or 1

ml, mu If jactype  equals 4 or 5;nl andmu are the lower and upper half-banwidths of the banded
jacobian: the band is the i,j's with i-mt=j <= ny-1 If jactype  equals 4 the jacobian function must
return a matrix J which is ml+mu+1 x ny (where ny=dim of y in ydot=f(t,y)) such that column 1 of J is
made of mu zeros followed by dfl/dy1, df2/dy1, df3/dy1,... (1+ml possibly non-zero entries) column 2 is
made of mu-1 zeros followed by df1/dx2, df2/dx2,etc’

SEEALSO: ode 292

6.0.568 optim non-linear optimization routine

CALLING SEQUENCE:

[f,xopt]=optim(costf,x0)
[f,[xopt,[gradopt,[work]][]]=optim(costf,[contr],x0,['algo’],[dfO,[mem]],
[work],[stop],['in’],[imp=iflag])

PARAMETERS :

costf  : external, i.e Scilab function or stringdstf  is the cost function: see below its calling sequence
(Scilab or Fortran)).

X0 :real vector (initial value of variable to be minimized).

f : value of optimal costfEcostf(xopt) )
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xopt : bestvalue ok found.

contr . ’b’,binf,bsup with binf  andbsup real vectors with same dimension &3. binf
andbsup are lower and upper bounds gn
"algo" :’gn’ or’'gc’ or’nd . This string stands for quasi-Newton (default), conjugate gradient

or non-differentiable respectively. Note thatl’ does not accept bounds &n).

df0  : real scalar. Guessed decreasing oét first iteration. ¢f0=1 is the default value).

mem : integer, number of variables used to approximate the HessilgoF'gc’ or 'nd’ ). Default
value is around 6.

stop  :sequence of optional parameters controlling the convergence of the algdnfiwiop-1stop=
‘ar’,nap, [iter [,epsg [,epsf [,epsx]]]]

ar' : reserved keyword for stopping rule selection defined as follows:

nap : maximum number of calls toostf  allowed.

iter : maximum number of iterations allowed.

epsg :threshold on gradient norm.

epsf  : threshold controlling decreasing bf

epsx : threshold controlling variation af. This vector (possibly matrix) of same sizex® can be
used to scal&.

"in : reserved keyword for initialization of parameters used weesif  in given as a Fortran routine
(see below).
"imp=iflag" . named argument used to set the trace moiflag=0 nothing (execpt errors) is

reportedjflag=1 initial and final reportsiflag=2 adds a report per iteratioiflag >2 add
reports on linear search. Warning, most of these reports are written on the Scilab standard output.
gradopt : gradient ofcostf  atxopt
work : working array for hot restart for quasi-Newton method. This array is automatically initialized by
optim whenoptim is invoked. It can be used as input parameter to speed-up the calculations.

DESCRIPTION :
Non-linear optimization routine for programs without constraints or with bound constraints:

min costf(x) w.r.t x.

costf  is an "external” i.e function, or list or Fortran routine (see "external”). This external must return
(costf(x) )andg (gradient ofcostf ) givenx.
If costf is afunction, the calling sequence frstf  must be:

[f,g,ind]=costf(x,ind).

Here,costf  is a function which return§, value (real number) of cost function at andg, gradient
vector of cost function at. The variablénd is used byoptim and is described below.

If ind=2 (resp.3, 4 ),costf mustprovidd (resp.g, f andg).

If ind=1 nothing is computed (used for display purposes only).

On outputjnd <0 meansthat cannot be evaluated at andind=0 interrupts the optimization.

If costf is a character string, it refers to the name of a Fortran routine which must be linked to Scilab
(see examples in the routinfegptim. f and e.ggenros.f in the directory SCIDIR/default)

Dynamic link of Fortran routine is also possible (héfik ).

Here, the generic calling sequence for the Fortran subroutifigistion costf(ind,n,x,f,g,ti,tr,td)

ind has the same meaning as above if sed, b2 but the valuesnd=10 andind=11 are now

valid. These values are used for initializations (see below).

n isthe dimension ok, x is ann vectorti,tr,td are working arrays.

The Fortran functiomostf  must returrf and the vectog, givenx, ind, n, ti, tr, td

If costf  is given as a Fortran routine, it is possible to initialize parameters or to send Scilab variables to
this routine.

This facility is managed by the parametier .

If the string’in’  is present, initialization is done by Fortranptim makes two calls to the Fortran
functioncostf , once withind=10 and once withnd=11 . In this case, fomd=10 , costf  must set

the dimensionsiti, ntr, ntd of ti, tr, td in the common/nird/nti, ntr, ntd and,
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forind=11 , costf  mustinitialize the vectors , tr, td (integer vector, real vector, double pre-
cision vector respectively).

Inthe calling sequence optim , the stringin’  can be replaced bi’, valti ,'td’ , valtd

Then, the Fortran functiooostf(ind, x, f, g, ti, tr, td) is evaluated withti=valti
andtd=valtd whatever the value ahd . Thus, the Scilab variableslti andvaltd  (integer vec-
tor and real vector) are sent to the Fortran functiostf

It is also possible to save the content of of the working artaysandtd . This is possible by adding the
strings 'si’ and/or 'sd’ at the ned of the calling sequencepfim . Then, the output variables must be:
[f.[x.[g]. [to]1L[ti], [td]]

EXAMPLES :

xref=[1;2;3];x0=[1;-1;1]
deff(’[f,g,ind]=cost(x,ind)’,'f=0.5*norm(x-xref)"2,g=x-xref’);
[f,xopt]=optim(cost,x0) /ISimplest call

[f,xopt,gopt]=optim(cost,x0,’gc’) // By conjugate gradient
[f,xopt,gopt]=optim(cost,x0,'nd’) //Seen as non differentiable
[f,xopt,gopt]=optim(cost,’b’,[-1;0;2],[0.5;1;4],x0) // Bounds on x
[f,xopt,gopt]=optim(cost,’b’,[-1;0;2],[0.5;1;4],x0,’gc’) // Bounds on X
[f,xopt,gopt]=optim(cost,’b’,[-1;0;2],[0.5;1;4],x0,’gc’,’ar’,3)

/I Here, 3 calls to cost are allowed.

/I Now calling the Fortran subroutine "genros" in SCIDIR/default/Ex-optim.f
/I See also the link function for dynamically linking an objective function
[f,xopt,gopt]=optim('genros’,[1;2;3]) /IRosenbrock’s function

SEEALSO: external 22, quapro 300, linpro 290

6.0.569 quapro linear quadratic programming solver

CALLING SEQUENCE :

[x,lagr,fl=quapro(Q,p,C,b [,x0])
[x,lagr,fl=quapro(Q,p,C,b,ci,cs [,x0])
[x,lagr,fl=quapro(Q,p,C,b,ci,cs,mi [,x0])
[x,lagr,fl=quapro(Q,p,C,b,ci,cs,mi,x0 [,imp])

PARAMETERS :

Q : real symmetric matrix (dimensiam x n).

p :real (column) vector (dimensiam)

C :real matrix (dimensiofmi + md) x n ) (If no constraints are given, you can §&t= [] )

b : RHS vector (dimensioh x (mi + md) )

ci  : (column) vector of lower-bounds (dimensi@anx n). If there are no lower bound constraints, put
ci = [] . If some components of are bounded from below, set the other (unconstrained) values
of ci to avery large negative number (eqayj) = -(% eps)’(-1)

cs : (column) vector of upper-bounds. (Same remarks as above).

mi : number of equality constraints (i.€(1:mi,:)*x = b(1:mi) )

x0 : either an initial guess for or one of the character strings  or’g’ . If x0='v’  the calculated
initial feasible point is a vertex. K0="g’  the calculated initial feasible point is arbitrary.

imp : verbose option (optional parameter) (Tnyp=7,8,... ).

X optimal solution found.

f . optimal value of the cost function (i.&p*x ).

lagr . vector of Lagrange multipliers. If lower and upper-bountss  are providedlagr hasn
+ mi + md components anlhgr(1:n) is the Lagrange vector associated with the bound con-
straints andagr (n+1 : n + mi + md) is the Lagrange vector associated with the linear
constraints. (If an upper-bound (resp. lower-bound) constraiig activelagr(i) is > 0 (resp.
<0). If no bounds are providethgr  has onlymi + md components.
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DESCRIPTION :
[x,lagr,fl=quapro(Q,p,C,b [,x0])

Minimize 0.5*x*Q*x + p'*x
under the constraint

C*x <= b

[x,lagr,fl=quapro(Q,p,C,b,ci,cs [,x0])
Minimize 0.5*x*Q*x + p'*x
under the constraints

C*x <= b Ci <= X <= cs

[x,lagr,fl=quapro(Q,p,C,b,ci,cs,mi [,x0])
Minimize 0.5*X*Q*x + p’*x
under the constraints

C(@,)) x = b(), j=1,....mi
C(,:) x <= b(j), j=mi+1,...,mi+md
Ci <= X <= cs

If no initial point is given the program computes a feasible initial point which is a vertex of the region of
feasible points ik0="v’

If X0="g’ , the program computes a feasible initial point which is not necessarily a vertex. This mode is
advisable when the quadratic form is positive definite and there are few constraints in the problem or when
there are large bounds on the variables that are just security bounds and very likely not active at the optimal
solution.

Note thatQ is not necessarily non-negative, i@.may have negative eigenvalues.

EXAMPLE :

/I[Find x in R°6 such that:
/IC1*x = bl (3 equality constraints i.e mi=3)
Ci= [1,-1,1,0,3,1;

-1,0,-3,-4,5,6;

2,5,3,0,1,0];
b1=[1;2;3];
[IC2*x <= b2 (2 inequality constraints)
C2=[0,1,0,1,2,-1;

-1,0,2,1,1,0];
b2=[-1;2.5];
/lwith  x between ci and cs:
¢i=[-1000;-10000;0;-1000;-1000;-1000];cs=[10000;100;1.5;100;100;1000];
/land minimize 0.5*x™*Q*x + p™x with
p=[1;2;3;4;5;6]; Q=eye(6,6);
//No initial point is given;

c=[C1;,C2] ; /I
b=[b1;b2] ; //
mi=3;

[x,lagr,fl=quapro(Q,p,C,b,ci,cs,mi)
/[Only linear constraints (1 to 4) are active (lagr(1:6)=0):
[x,lagr,fl=quapro(Q,p,C,b,[],[I,mi)  //Same result as above

SEEALSO: linpro 290
AuTHOR: E. Casas, C. Pola Mendez

Scilab Group April 1993 301



semiaeft Scilab Function

6.0.570 semidef semidefinite programming

CALLING SEQUENCE :
[x,Z,ul,info]=semidef(x0,Z0,F,blck_szs,c,options)
PARAMETERS :

X0 : mx 1 real column vector (must be strictly primal feasible, see below)

Z0 : L x 1 real vector (compressed form of a strictly feasible dual matrix, see below)

F : L x (m+1) real matrix

bick _szs : p x 2 integer matrix (sizes of the blocks) defining the dimensions of the (square) diagonal
blockssize(Fi(j)=blck szs(j) j=1,....m+1

¢ : mx1real vector

options  : row vector with five entriefnu,abstol,reltol,0,maxiters]

ul : row vector with two entries

DESCRIPTION :
[X,Z,ul,info]=semidef(x0,Z0,F,blck _szs,c,options) solves semidefinite program:
minimize C™*X

subject to F_ O + x 1*F 1 + ... + x m*F_m >=0

and its dual
maximize -Tr F O Z
= c_i, i=1,...,m

subject to  Tr F_i z

Z>=0

exploiting block structure in the matricesiF

It interfaces L. Vandenberghe and S. Boyd sp.c program.

TheFi's  matrices are stored columnwisefnin compressed format: if ¥j, i=0,..,m, j=1,...,L denote
the jth (symmetric) diagonal block of E-then

[ pack(F_0"1) pack(F_1"1) ... pack(F_m"1) ]
[ pack(F_0"2) pack(F_1"2) ... pack(F_m"2) ]
F= [ .

[ pack(F_O°L) pack(F_1°L) ... pack(F_m"L) ]

wherepack(M) , for symmetridV is the vectofM(1,1);M(1,2);...;M(1,n);M(2,2);M(2,3);...;M(2,n);...;
(obtained by scanning columnwise the lower triangular pakof

blck _szs gives the size of block, ie, size(F _i"j)=blck szs(j)

Zis a block diagonal matrix with L block&™0, ..., Z° {L-1 }.Z"}] hassizévlck _szs[j] times

blck _szs[j] . Every block is stored using packed storage of the lower triangular part.

The 2 vectoul contains the primal objective vale&x  and the dual objective valuér F _0*Z.

The entries obptions  are respectivelynu = a real parameter which ntrols the rate of convergence.
abstol = absolute toleranceeltol = relative tolerance (has a special meaning when negative).
target value, only referencedrigltol < 0.iters  =onentry: maximum number of iterations= 0,

on exit: the number of iterations taken.

info  returns 1 if maxiters exceeded, 2 if absolute accuracy is reached, 3 if relative accuracy is reached, 4
if target value is reached, 5 if target value is not achievable; negative values indicate errors.
Convergence criterion:

(1) maxiters is exceeded
(2) duality gap is less than abstol
(38) primal and dual objective are both positive and
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duality gap is less than (reltol * dual objective)

or primal and dual objective are both negative and

duality gap is less than (reltol * minus the primal objective)
(4) reltol is negative and

primal objective is less than tv or dual objective is greater

than tv

EXAMPLE :

F0=[2,1,0,0;

1,2,0,0;

0,0,3,1

0,0,1,3];
F1=[1,2,0,0;

2,1,0,0;

0,0,1,3;

0,0,3,1]
F2=[2,2,0,0;

2,2,0,0;

0,0,3,4;

0,0,4,4];
blck _szs=[2,2];
F01=F0(1:2,1:2);F02=F0(3:4,3:4);
F11=F1(1:2,1:2);F12=F1(3:4,3:4);
F21=F2(1:2,1:2);F22=F2(3:4,3:4);
x0=[0;0]
Z0=2*F0;
Z01=70(1:2,1:2);202=20(3:4,3:4);
FF=[[FO1(:);FO2(:)],[F11(:);F12(:)],[F21(:);F22(:)1]
ZZ0=[[Z01(:);Z02(:)11;
c=[trace(F1*Z0);trace(F2*Z0)];
options=[10,1.d-10,1.d-10,0,50];
[x,Z,ul,info]=semidef(x0,pack(ZZ0),pack(FF),blck_szs,c,options)
w=vec2list(unpack(Z,blck_szs),[blck_szs;blck_szs]);Z=sysdiag(w(1),w(2))
c*x+trace(F0*2)
spec(FO+F1*x(1)+F2*x(2))
trace(F1*Z)-c(1)
trace(F2*Z)-c(2)
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7.0.571 %asn elliptic integral
CALLING SEQUENCE :

[y]=%asn(x,m)

PARAMETERS :

X : upper limit of integral X >0) (can be a vector)
m : parameter of integraD<m<1)
y : value of the integral

DESCRIPTION :

Calculates the elliptic integral
dt

T
K=
/0 [(1 =) (1 —me?)]'/2
If X isavectory is a vector of same dimensionas
EXAMPLE :

m=0.8;z=%asn(1/sqrt(m),m);K=real(z);Ktilde=imag(z);
x2max=1/sqrt(m);
x1=0:0.05:1;x2=1:((x2max-1)/20):x2max;x3=x2max:0.05:10;
x=[x1,x2,x3];

y=%asn(x,m);

rect=[0,-Ktilde,1.1*K,2*Ktilde];
plot2d(real(y)’,imag(y)’,1,'011’," ’,rect)

I

deffCy=f(t)’,'y=1/sqrt((1-t"2)*(1-m*t"2))");
intg(0,0.9,f)-%asn(0.9,m) //Works for real case only!

AuTHOR: F. D.

7.0.572 %k Jacobi’'s complete elliptic integral

CALLING SEQUENCE :
[K]=%k(m)
PARAMETERS :

m : parameter of the elliptic integr@l<m<1 (m can be a vector)
K : value of the elliptic integral from 0 to 1 on the real axis

DESCRIPTION :
Calculates Jacobi’'s complete elliptic integral of the first kind :

! dt
" ‘/0 (=&)L me)?

EXAMPLE :

m=0.4;
%asn(1,m)
%k(m)
REFERENCES :
Abramowitz and Stegun page 598
SEEALSO: %asn306
AuTHOR: F.D.
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7.0.573  %sn Jacobi ’s elliptic function
CALLING SEQUENCE :

[yl=%sn(x,m)

PARAMETERS :

X : a point inside the fundamental rectangle defined by the elliptic integrak a vector of complex
numbers

m : parameter of the elliptic integrad Km<1)

y :result

DESCRIPTION :
Jacobi ’s sn elliptic function with parameter the inverse of the elliptic integral for the paramater
The amplitude am is computed in fortran and the addition formulas for elliptic functions are applied

EXAMPLE :

m=0.36;

K=%k(m);

P=4*K; //Real period

real_val=0:(P/50):P;
plot(real_val,real(%sn(real_val,m)))

xbasc();

KK=%k(1-m);

Ip=2*KK;

ima_vall1=0:(Ip/50):KK-0.001;
ima_val2=(KK+0.05):(Ip/25):(Ip+KK);
z1=%sn(%i*ima_vall,m);z2=%sn(%i*ima_val2,m);
plot2d([ima_vall’jima_val27,[imag(z1)’,imag(z2));

xgrid(3)
SEEALSO: %asn306 %k306

AuTHOR: F. D.
7.0.574 Signal Signal manual description

FILTERS :

analpf : analog low-pass filter

buttmag : squared magnitude response of a Butterworth filter

casc : creates cascade realization of filter

cheblmag : square magnitude response of a type 1 Chebyshev filter
cheb2mag : square magnitude response of a type 1 Chebyshev filter
chepol : recursive implementation of Chebychev polynomial

convol : convolution of 2 discrete series

elll mag : squared magnitude of an elliptic filter

edfir ~ : minimax multi-band, linear phase, FIR filter

eqiir  : design of iir filter

faurre  : optimal lqg filter.

lindquis . optimal Iqg filter lindquist algorithm

ffilt : FIR low-pass,high-pass, band-pass, or stop-band filter

filter : compute the filter model

find _freq : parameter compatibility for elliptic filter design

findm : for elliptic filter design

frmag : magnitude of the frequency responses of FIR and IIR filters.
fsfirlin . design of FIR, linear phase (frequency sampling technique)
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fwiir ~ : optimum design of IIR filters in cascade realization,

iir :designs an iir digital filter using analog filter designs.

iirgroup : group delay of iir filter

iirlp . Lp lIR filters optimization

group : calculate the group delay of a digital filter

optfir . optimal design of linear phase filters using linear programming

remezb : minimax approximation of a frequency domain magnitude response.
kalm : Kalman update and error variance

lev :resolve the Yule-Walker equations :

levin  : solve recursively Toeplitz system (normal equations)

srfaur  : square-root algorithm for the algebraic Riccati equation.

srkf  : square-root Kalman filter algorithm

sskf : steady-state Kalman filter

system : generates the next observation given the old state

trans : transformation of standardized low-pass filter into low-pass, high-pass, band-pass, stop-band.
wfir  : linear-phase windowed FIR low-pass, band-pass, high-pass, stop-band
wiener : Wiener estimate (forward-backward Kalman filter formulation)
wigner : time-frequency wigner spectrum of a signal.

window : calculate symmetric window

zpbutt  : Butterworth analog filter

zpchl : poles of a type 1 Chebyshev analog filter

zpch2 : poles and zeros of a type 2 Chebyshev analog filter

zpell  : poles and zeros of prototype lowpass elliptic filter

SPECTRAL ESTIMATION :

corr : correlation coefficients

cspect : spectral estimation using the modified periodogram method.
czt : chirp z-transform algorithm

intdec  : change the sampling rate of a 1D or 2D signal

mese : calculate the maximum entropy spectral estimate

pspect : auto and cross-spectral estimate

wigner : Wigner-Ville time/frequency spectral estimation

TRANSFORMS :

dft : discrete Fourier transform

fft . fast flourier transform

hilb  : Hilbert transform centred around the origin.

hank : hankel matrix of the covariance sequence of a vector process
mfft : fft for a multi-dimensional signal

IDENTIFICATION :

lattn, lattp : recursive solution of normal equations
phc : State space realisation by the principal hankel component approximation method,
rpem : identification by the recursive prediction error method

MISCELLANEOUS :

Igfft : computes p = ceil (lo@(x))

sinc : calculate the function sin(2*pi*fl*t)/(pi*t)

sincd : calculates the function Sin(N*x)/Sin(x)

%k : Jacobi’'s complete elliptic integral

%asn : .TP the elliptic integral :

%sn : Jacobi s elliptic function with parameter m

bilt  : bilinear transform or biquadratic transform.

jmat : permutes block rows or block columns of a matrix
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7.0.575 analpf create analog low-pass filter
CALLING SEQUENCE :

[hs,pols,zers,gain]=analpf(n,fdesign,rp,omega)

PARAMETERS :

n : positive integer : filter order

fdesign  : string : filter design method’butt’ or'chebl’ or’cheb2’ or’ellip’

rp : 2-vector of error values for chebl, cheb2 and ellip filters where gn{§) is used for chebl
case, onlyrp(2) is used for cheb2 case, ang(1l) andrp(2) are both used for ellip case.
0<rp(1),rp(2) <1

- for chebl filtersl-rp(1) <ripple <1 in passband

- for cheb2 filterd<ripple <rp(2) in stopband

- forellip filters1-rp(1) <ripple <1 inpassban@<ripple <rp(2) in stopband

omega : cut-off frequency of low-pass filter in Hertz

hs : rational polynomial transfer function

pols : poles of transfer function

zers : zeros of transfer function

gain : gain of transfer function

DESCRIPTION :

Creates analog low-pass filter with cut-off frequency at omega.
hs=gain*poly(zers,’s")/poly(pols,’s’)

EXAMPLE :

/[Evaluate magnitude response of continuous-time system
hs=analpf(4,'chebl’,[.1 0],5)

fr=0:.1:15;
hf=freq(hs(2),hs(3),%i*fr);
hm=abs(hf);
plot(fr,hm)
AuTHOR: C. B.
7.0.576 buttmag response of Butterworth filter

CALLING SEQUENCE :
[h]=buttmag(order,omegac,sample)
PARAMETERS :

order :integer: filter order

omegac : real : cut-off frequency in Hertz

sample : vector of frequency whereuttmag is evaluated
h : Butterworth filter values at sample points

DESCRIPTION :

squared magnitude response of a Butterworth fdteegac = cutoff frequency sample = sample of
frequencies

EXAMPLE :

/lsquared magnitude response of Butterworth filter
h=buttmag(13,300,1:1000);

mag=20*log(h)’/log(10);
plot2d((1:1000)’,mag,[2],"011"," ",[0,-180,1000,20])

AuTHOR: F. D.
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7.0.577 casc cascade realization of filter from coefficients

CALLING SEQUENCE :
[cels]=casc(x,z)
PARAMETERS :

X : (4xN)-matrix where each column is a cascade element, the first two column entries being the numerator
coefficients and the second two column entries being the denominator coefficients

Z . string representing the cascade variable

cels : resulting cascade representation

DESCRIPTION :
Creates cascade realization of filter from a matrix of coefficients (utility function).

EXAMPLE :

x=[1,2,3;4,5,6;7,8,9;10,11,12]
cels=casc(x,’z’)

7.0.578 cepstrum cepstrum calculation
CALLING SEQUENCE :

fresp = cepstrum(w,mag)

PARAMETERS :

w : positive real vector of frequencies (rad/sec)
mag : real vector of magnitudes (same sizends
fresp : complex vector

DESCRIPTION :

fresp = cepstrum(w,mag) returns a frequency responfesp(i) whose magnitude at fre-
quencyw(i) equalsmag(i) and such that the phasefoéq corresponds to a stable and minimum
phase systenw needs not to be sorted, but minimal entry should not be close to zero and all the entries of
w should be different.

EXAMPLE :
w=0.1:0.1:5;mag=1+abs(sin(w));
fresp=cepstrum(w,mag);
plot2d(Jw’,w’],[mag(:),abs(fresp)])

SEEALSO:  frfit 321

7.0.579 cheblmag response of Chebyshev type 1 filter

CALLING SEQUENCE :
[h2]=cheblmag(n,omegac,epsilon,sample)
PARAMETERS :

n :integer : filter order

omegac : real : cut-off frequency

epsilon  :real: ripple in pass band

sample : vector of frequencies wherheblmag is evaluated
h2 : Chebyshev [ filter values at sample points
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DESCRIPTION :
Square magnitude response of a type 1 Chebyshev filter.
omegac=passband edge.

epsilon : such thatl/(1+epsilon™2) =passband ripple.
sample : vector of frequencies where the square magnitude is desired.
EXAMPLE :

/IChebyshev; ripple in the passband
n=13;epsilon=0.2;omegac=3;sample=0:0.05:10;
h=cheblmag(n,omegac,epsilon,sample);
plot(sample,h,’ frequencies’,’magnitude’)

SEEALSO: buttmag 309

7.0.580 cheb2mag response of type 2 Chebyshev filter
CALLING SEQUENCE :

[h2]=cheb2mag(n,omegar,A,sample)

PARAMETERS :

n :integer ; filter order

omegar : real scalar : cut-off frequency

A : attenuation in stop band

sample : vector of frequencies where cheb2mag is evaluated
h2 : vector of Chebysheuv Il filter values at sample points

DESCRIPTION :

Square magnitude response of a type 2 Chebyshev filter.

omegar = stopband edgsample = vector of frequencies where the square magnihieis desired.
EXAMPLE :

/IChebyshev; ripple in the stopband
n=10;omegar=6;A=1/0.2;sample=0.0001:0.05:10;
h2=cheb2mag(n,omegar,A,sample);

plot(sample,log(h2)/log(10), frequencies’,’magnitude in dB’)
/[Plotting of frequency edges

minval=(-maxi(-log(h2)))/log(10);
plot2d([omegar;omegar],[minval;0],[2],"000");

/[Computation of the attenuation in dB at the stopband edge
attenuation=-log(A*A)/log(10);
plot2d(sample’,attenuation*ones(sample)’,[5],"000")

SEEALSO: cheblmag 310

7.0.581 chepoal Chebychev polynomial

CALLING SEQUENCE :
[Tn]=chepol(n,var)
PARAMETERS :

n :integer : polynomial order
var : string : polynomial variable
Tn : polynomial in the variablear
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DESCRIPTION :
Recursive implementation of Chebychev polynomfal=2*poly(0,var)*chepol(n-1,var)-chepol(n-2,var)
with TO=1 andT1=poly(0,var)

EXAMPLE :
chepol(4,’x")

AuTHOR: F. D.
7.0.582 convol convolution

CALLING SEQUENCE :

[y]=convol(h,x)
[y,el]=convol(h,x,e0)

PARAMETERS :

x,h input sequence#( is a "short” sequence;, a "long” one)
e0 : old tail to overlap add (not used in first call)

y : output of convolution

el : new tail to overlap add (not used in last call)

DESCRIPTION :

calculates the convolutiope h*x  of two discrete sequences by using the fft. Overlap add method can

be used.

USE OF OVERLAP ADD METHOD: For x=[x1,x2,...,xXNm1,xN] First call is [y1,el]=convol(h,x1); Sub-
sequentcalls : [yk,ek]=convol(h,xk,ekm1); Final call : [yN]=convol(h,xN,eNm1); Finally y=[y1,y2,...,yNm1,yN]

EXAMPLE :

x=1:3;
h1=[1,0,0,0,0];h2=[0,1,0,0,0];h3=[0,0,1,0,0];
x1=convol(h1,x),x2=convol(h2,x),x3=convol(h3,x),
convol(h1+h2+h3,x)

pl=poly(x,’x’,’coeff’)

p2=poly(h1+h2+h3,’x’,’coeff’)

pl*p2

SEEALSO: corr 312 fft 319 pspect 333
AuTHOR: F. D, C. Bunks Date 3 Oct. 1988

7.0.583 corr correlation, covariance

CALLING SEQUENCE:

[cov,Mean]=corr(x,[y],nlags)
[cov,Mean]=corr(’fft’,xmacro,[ymacro],n,sect)

[w,xu]=corr(updt’,x1,[y1],wO0)
[w,xu]=corr(updt’,x2,[y2],w,xu)

[wk]=corr('updt’,xk,[yk],w,xu)
PARAMETERS :

X : areal vector
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y : areal vector, default value x.

nlags :integer, number of correlation coefficients desired.
Xxmacro : ascilab external (see below).

ymacro : a scilab external (see below), default value xmacro
n : an integer, total size of the sequence (see below).

sect : size of sections of the sequence (see below).

xi :areal vector

yi : areal vector,default value xi.

cov : real vector, the correlation coefficients

Mean : real number or vector, the mean of x and if given y

DESCRIPTION :
Computes
n-m
\\ 1
covim) = > (x(k) - xmean) (y(m+k) - ymean) * ---
/ n
k=1

cov(m) = 1/n Y (x(k) — E(x))(y(m + k) — E(y))
1
for m=0,..nlag-1  and two vectorg=[x(1),..,x(n)] y=[y(1),..,y(n)]
Note that if x and y sequences are differents corr(x,y,...) is different with corr(y,x,...)
Short sequences:

[cov,Mean]=corr(x,[y],nlags) returns the first nlags correlation coefficients and Mean =
mean(x) (mean of[x,y] if y is an argument). The sequence(resp. y) is assumed real, and
andy are of same dimension n.

Long sequences:

[cov,Mean]=corr(’fft’,xmacro,[ymacro],n,sect)
Herexmacro is either

- afunction of typgxx]=xmacro(sect,istart) which returns a vectotx  of dimensiomsect
containing the part of the sequence with indices fistart to istart+sect-1

- afortran subroutine which performs the same calculation. (See the source adglebof for an ex-
ample).n = total size of the sequencsect = size of sections of the sequensect must be a
power of 2.cov has dimensiogect . Calculation is performed by FFT.

"Updating method”:

[w,xu]=corr(updt’,x1,[y1],wO0)
[w,xu]=corr('updt’,x2,[y2],w,xu)

wk=corr('updt’,xk,[yk],w,xu)
With this calling sequence the calculation is updated at each cedirto .

w0 = 0*ones(1,2*nlags);
nlags = power of 2.

x1,x2,... are parts ok such thak=[x1,x2,...] and sizesoki apower of 2. To getlags
coefficients a final fft must be performedfft(w,1)/n ; cov=c(1nlags) (n isthe size ok (y) ).
Caution: this calling sequence assumes xna¢an = ymean = 0.

EXAMPLE :
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x=%pi/10:%pi/10:102.4*%pi;
rand('seed’);rand(’normal’);
y=[.8*sin(x)+.8*sin(2*x)+rand(x);.8*sin(x)+.8*sin(1.99*x)+rand(x)];
c=[l;

for j=1:2,for k=1:2,c=[c;corr(y(k,:),y(j,:),64)];end;end;
c=matrix(c,2,128);cov=[];

for j=1:64,cov=[cov;c(:,(j-1)*2+1:2%)];end;
rand('unif’)

1

rand(’normal’);x=rand(1,256);y=-x;
deff(’'[z]=xx(inc,is)’,’z=x(is:is+inc-1)’);
deff([z]=yy(inc,is)’,’z=y(is:is+inc-1)’);
[c,mxy]=corr(x,y,32);
x=x-mxy(1)*ones(x);y=y-mxy(2)*ones(y); //centring
cl=corr(x,y,32);c2=corr(x,32);

norm(cl+c2,1)

[c3,m3]=corr(’fft’,xx,yy,256,32);

norm(c1-c3,1)

[c4,m4]=corr(’fft’,xx,256,32);
norm(m3,1),norm(m4,1)
norm(c3-c1,1),norm(c4-c2,1)
x1=x(1:128);x2=x(129:256);
y1=y(1:128);y2=y(129:256);

w0=0*ones(1:64); /132 coeffs
[wi,xu]=corr('u’,x1,y1,w0);w2=corr('u’,x2,y2,wl,xu);
zz=real(fft(w2,1))/256;c5=2z(1:32);

norm(c5-c1,1)
[wl,xu]=corr('u’,x1,w0);w2=corr('u’,x2,wl,xu);
zz=real(fft(w2,1))/256;c6=22(1:32);

norm(c6-c2,1)

rand("unif’)

/I test for Fortran or C external

I

deff(’[y]J=xmacro(sec,ist)’,'y=sin(ist:(ist+sec-1))");
x=xmacro(100,1);

[ccl,mm1l]=corr(x,2"3);
[cc,mm]=corr(fft’,xmacro,100,2"3);
[cc2,mm2]=corr(’fft’,’corexx’,100,2"3);
[maxi(abs(cc-ccl)),maxi(abs(mm-mm1)),maxi(abs(cc-cc2)),maxi(abs(mm-mmz2))]

deff(’[y]J=ymacro(sec,ist)’,'y=cos(ist:(ist+sec-1))");

y=ymacro(100,1);

[ccl,mm1l]=corr(x,y,2°3);

[ce,mm]=corr(’fft’,xmacro,ymacro,100,2"3);
[cc2,mm2]=corr(fft’,’corexx’,’corexy’,100,2"3);
[maxi(abs(cc-ccl)),maxi(abs(mm-mm1)),maxi(abs(cc-cc2)),maxi(abs(mm-mmz2))]

SEEALSO: fft 319

7.0.584 cspect spectral estimation (periodogram method)

CALLING SEQUENCE :

[sm,cwp]=cspect(nlags,ntp,wtype,X,y,wpar)
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PARAMETERS :

X : data if vector, amount of input data if scalar

y : data if vector, amount of input data if scalar

nlags : number of correlation lags (positive integer)

ntp : number of transform points (positive integer)

wtype : string :'re’,’tr’,;’hm’,’hn’’kr’,’ch’ (window type)

wpar : optional window parameters fartype="kr’, wpar >0 andforwtype='ch’, 0 < wpar(1)
< .5, wpar(2) >0

sm : power spectral estimate in the interval [0,1]

cwp : calculated value of unspecified Chebyshev window parameter

DESCRIPTION :
Spectral estimation using the modified periodogram method. Cross-spectral estimasmdy is calcu-
lated when botlx andy are given. Auto-spectral estimateyofis calculated ify is not given.

EXAMPLE :

rand('normal’);rand('seed’,0);
x=rand(1:1024-33+1);

/Imake low-pass filter with eqfir
nf=33;bedge=[0 .1;.125 .5];des=[1 O];wate=[1 1];
h=eqfir(nf,bedge,des,wate);

/ffilter white data to obtain colored data

hl=[h O*ones(1l:maxi(size(x))-1)I;

x1=[x O*ones(l:maxi(size(h))-1)];

hf=fft(h1,-1); xf=fft(x1,-1);yf=hf.*xf;y=real(fft(yf,1));
sm=cspect(100,200,'tr',y);
smsize=maxi(size(sm));fr=(1:smsize)/smsize;
plot(fr,log(sm))

SEEALSO: pspect 333
AUTHOR: C. Bunks

7.0.585 czt chirp z-transform algorithm

CALLING SEQUENCE :
[czx]=czt(x,m,w,phi,a,theta)
PARAMETERS :

X :input data sequence

m : czt is evaluated ah points in z-plane
w : magnitude multiplier

phi : phase increment

a : initial magnitude

theta : initial phase

czx : chirp z-transform output

DESCRIPTION :

chirp z-transform algorithm which calcultes the z-transform on a spiral in the z-plane at the points
[a*exp(j*theta)][w kexp(j*k*phi)] fork=0,1,...,m-1

EXAMPLE :
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a=.7*exp(%i*%pi/6);

[ffr,bds]=xgetech(); //preserve current context
rect=[-1.2,-1.2*sqrt(2),1.2,1.2*sqrt(2)];
t=2*%pi*(0:179)/179;xsetech([0,0,0.5,1]);
plot2d(sin(t)’,cos(t)’,[2],"012"," ’,rect)

plot2d([O0 real(@)]’,[0 imag(a)]’,[3],"000")
xsegs([-1.0,0;1.0,0],[0,-1.0;0,1.0])
w0=.93*exp(-%i*%pi/15);w=exp(-(0:9)*log(w0));z=a*w;
zr=real(z);zi=imag(z);

plot2d(zr’,zi’,[5],"000")

xsetech([0.5,0,0.5,1));
plot2d(sin(t)’,cos(t)’,[2],"012"," " ,rect)

plot2d([0 real(a)],[0 imag(a)]’,[-1],"000")
xsegs([-1.0,0;1.0,0],[0,-1.0;0,1.0])
wO0=w0/(.93*.93);w=exp(-(0:9)*log(w0));z=a*w;
zr=real(z);zi=imag(z);

plot2d(zr’,zi’,[5],"000")

xsetech(ffr,bds); //restore context

7.0.586 dft

CALLING SEQUENCE :
[xfl=dft(x,flag);
PARAMETERS :

X :inputvector
flag :indicates dft (flag=-1) or idft (flag=1)
xf : output vector

DESCRIPTION :
Function which computes dft of vectar

EXAMPLE :

n=8;omega = exp(-2*%pi*%i/n);
j=0:n-1;F=omega.”(j"*j); //Fourier matrix
x=1:8;x=x(%);

F*x

fft(x,-1)

dft(x,-1)

inv(F)*x

fft(x,1)

dft(x,1)

SEEALSsO: fft 319

7.0.587 elllmag

CALLING SEQUENCE :
[v]=elllmag(eps,m1,z)

PARAMETERS :
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discrete Fourier transform

AuTHOR: C. B.

magnitude of elliptic filter
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eps : passband rippleH(1+eps™2)

m1 : stopband ripple®/(1+(eps™2)/m1)

z : sample vector of values in the complex plane
v : elliptic filter values at sample points

DESCRIPTION :

Function used for squared magnitude of an elliptic filter. Usually=eps*eps/(a*a-1) . Returns
v=real(ones(z)./(ones(z)+eps*eps*s.*s)) for s=%sn(z,m1) .

EXAMPLE :

deff(’'[alpha,beta]=alpha_beta(n,m,m1)’,...

if 2*int(n/2)=n then, beta=K1,; else, beta=0;end;...
alpha=%k(1-m1)/%k(1-m);")

epsilon=0.1;A=10; /Iripple parameters
m1=(epsilon*epsilon)/(A*A-1);n=5;0megac=6;
m=find_freq(epsilon,A,n);omegar = omegac/sqrt(m)
%k(1-m1)*%k(m)/(%k(m21)*%k(1-m))-n  //Check...
[alpha,beta]=alpha_beta(n,m,m1)
alpha*%asn(1,m)-n*%k(m1) /ICheck
sample=0:0.01:20;

/INow we map the positive real axis into the contour...
z=alpha*%asn(sample/omegac,m)+beta*ones(sample);
plot(sample,elllmag(epsilon,m1,z))

SEEALSO: buttmag 309

7.0.588 edfir minimax approximation of FIR filter

CALLING SEQUENCE :
[hn]=edgfir(nf,bedge,des,wate)
PARAMETERS :

nf : number of output filter points desired

bedge : Mx2 matrix giving a pair of edges for each band
des : M-vector giving desired magnitude for each band
wate : M-vector giving relative weight of error in each band
hn : output of linear-phase FIR filter coefficients

DESCRIPTION :
Minimax approximation of multi-band, linear phase, FIR filter

EXAMPLE :

hn=eqfir(33,[0 .2;.25 .35;.4 .5],[0 1 O],[1 1 1]);
[hm,fr]=frmag(hn,256);
plot(fr,nm),

AuTHOR: C. B.

7.0.589 eqiir Design of iir filters

CALLING SEQUENCE :
[cells,fact,zzeros,zpoles]=eqiir(ftype,approx,om,deltap,deltas)

PARAMETERS :
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ftype : filter type (Ip’,’hp’,’sb’,’bp’ )

approx : design approximatioriqutt’,’chebl’,’cheb2’, ellip’ )

om : 4-vector of cutoff frequencies (in radiarep=[om1,o0m2,o0m3,0m4] ,0 <= oml <= om2 <=
om3 <= om4 <= pi . Whenftype =’Ip’or’hp’, om3 andom4 are not used and may be set to
0.

deltap :ripple inthe passhan@®<= deltap <=1

deltas :rippleinthe stopband)<= deltas <=1

cells : realization of the filter as second order cells

fact : normalization constant

zzeros : zerosin the z-domain

zpoles : poles in the z-domain

DESCRIPTION :

Design of iir filter interface with eqiir (syredi)

The filter obtained ifi(z)=fact  *product of the elements afells
That ishz=fact*prod(cells(2))./prod(cells(3))

EXAMPLE :

[cells,fact,zzeros,zpoles]-=...
eqiir(lp’,ellip’,[2*%pi/10,4*%pi/10],0.02,0.001)
transfer=fact*poly(zzeros,’z’)/poly(zpoles,’z’)

SEEALsO: eqfir 317, iir 324

7.0.590 faurre filter

CALLING SEQUENCE :

[Pn,Rt,T]=faurre(n,H,F,G,r0)
PARAMETERS :

n : number of iterations.

H, F, G : estimated triple from the covariance sequenceg.of
r0 : E(yk*yk’)

Pn : solution of the Riccati equation after n iterations.

Rt, T : gain matrix of the filter.

DESCRIPTION :
function which computes iteratively the minimal solution of the algebraic Riccati equation and gives the
matricesRt andTt of the filter model.

AUTHOR: G. Le V.

7.0.591 ffilt coefficients of FIR low-pass

CALLING SEQUENCE:
[x]=ffilt(ft,n,fl,fh)
PARAMETERS :

ft : filter type wherdt can take the values
"Ip" : for low-pass filter

"hp" : for high-pass filter

"bp" : for band-pass filter

"sb" : for stop-band filter

n : integer (humber of filter samples desired)
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fl:real (low frequency cut-off)
fh : real (high frequency cut-off)
X : vector of filter coefficients

DESCRIPTION :

Getn coefficients of a FIR low-pass, high-pass, band-pass, or stop-band filter. For low and high-pass
filters one cut-off frequency must be specified whose value is givéin inFor band-pass and stop-band
filters two cut-off frequencies must be specified for which the lower valuefis irand the higher value is
in fh

AuTHOR: C. B.
7.0.592 fft fast Fourier transform.
CALLING SEQUENCE :
[X]=fft(a,-1)
[x]=fft(a,1)
x=fft(a,-1,dim,incr)
x=fft(a,1,dim,incr)
PARAMETERS :
X : real or complex vector. Real or complex matrix (2-dim fft)
a : real or complex vector.
dim : integer
incr  :integer
DESCRIPTION :
Short syntax (one or two dimensional fft):
x=fft(a,-1) gives adirect transform (th& refers to the sign of the exponent..., NOT to "inverse”),
that is .
z(k) = a(m)exp(—2im(m — 1)(k — 1)/n)
m=1
for k varying from 1 to n (n=size of vecta).
a=fft(x,1) performs the inverse transform normalizedlsy .
(Ffe(fft(.,-1),1) is identity).
When the first argument given ffi  is a matrix a two-dimensional FFT is performed.
Long syntax (multidimensional FFT): x=fft(a,-1,dim,incr) allows to perform an multidimen-
sional fft.
If ais a real or complex vector implicitly indexed bt,x2,..,xp i.e.a(x1,x2,..,xp) wherex 1
liesinl..diml, x2 inl.. dim2,... one gets a p-dimensional FFT p by calling p tinfiés
as follows

al=fft(a ,-1,dim1,incrl)
a2=fft(al,-1,dim2,incr2) ...

wheredimi  is the dimension of the current variable w.r.t which one is integrating and incri is the increment
which separates two successiie elements ira.

In particular,ifa is an nxm matrixx=fft(a,-1) is equivalent to the two instructions:

al=fft(a,-1,m,1) andx=fft(al,-1,n,m)

if a is an hypermatrix (see hypermat) fft(a,flag) performs the N dimensional fft of a.

EXAMPLE :

a=[1;2;3];n=size(a,™");
norm(1/n*exp(2*%i*%pi*(0:n-1)".*.(0:n-1)/n)*a -fft(a,1))
norm(exp(-2*%i*%pi*(0:n-1)".*.(0:n-1)/n)*a -fft(a,-1))

SEEALSO: corr 312
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7.0.593 filter modelling filter
CALLING SEQUENCE :

[y, xt]=filter(n,F,H,Rt,T)

PARAMETERS :

n : number of computed points.

F, H :relevant matrices of the Markovian model.
Rt, T :gain matrices.

y :output of the filter.

xt : filter process.

DESCRIPTION :
This function computes the modelling filter

SEEALSO: faurre 318
AUTHOR: G. Le V.

7.0.594 findfreq parameter compatibility for elliptic filter design

CALLING SEQUENCE :
[m]=find_freq(epsilon,A,n)
PARAMETERS :

epsilon  : passband ripple
A : stopband attenuation

n : filter order
m : frequency needed for construction of elliptic filter

DESCRIPTION :

Search for m such that=K(1-m21)K(m)/(K(m1)K(1-m)) with

ml=(epsilon*epsilon)/(A*A-1) ;

If m = omegar"2/omegac™2 ,the parameterspsilon,A,omegac,omegar andn are then com-

patible for defining a prototype elliptic filter. Her&=%k(m) is the complete elliptic integral with para-
meterm

SEEALSO: %k306

AuTHOR: F. D.
7.0.595 findm for elliptic filter design
CALLING SEQUENCE :
[m]=findm(chi)
DESCRIPTION :
Search fom such thathi = %k(1-m)/%k(m) (For use withfind _freq ).
SEEALSO:  %k306

AuUTHOR: F. D.
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7.0.596  frfit frequency response fit

CALLING SEQUENCE:

sys=frfit(w,fresp,order)
[num,den]=frfit(w,fresp,order)
sys=frfit(w,fresp,order,weight)
[num,den]=frfit(w,fresp,order,weight)

PARAMETERS :

w : positive real vector of frequencies (Hz)

fresp : complex vector of frequency responses (same sizg as
order :integer (required order, degreedxn)

weight : positive real vector (default valumnes(w) ).

num,den : stable polynomials

DESCRIPTION :

sys=frfit(w,fresp,order,weight) returns a bi-stable transfer functi@{s)=sys=num/den

of of givenorder such thatits frequency resporGén(i)) matchedresp(i) ,i.e.freq(num,den,%i*w)
should be close tlresp . weight(i) is the weight given tov(i) .

EXAMPLE :

w=0.01:0.01:2;s=poly(0,’s’);
G=syslin('c’,2*(s"2+0.1*s+2), (s"2+s+1)*(s"2+0.3*s+1));
fresp=repfreq(G,w);

Gid=frfit(w,fresp,4);

frespfit=repfreq(Gid,w);

bode(w,[fresp;frespfit])

SEEALsSO: frep2tf 224, factors 353 cepstrum 310 mrfit 331, freq 225 calfrg
213

7.0.597 frmag magnitude of FIR and IIR filters

CALLING SEQUENCE :
[xm,fr]=frmag(num[,den],npts)
PARAMETERS :

npts : integer (number of points in frequency response)

xm : mvector of magnitude of frequency response at the péints

fr : points in the frequency domain where magnitude is evaluated

num : if den is omitted vector coefficients/polynomial/rational polynomial of filter
num : if den is given vector coefficients/polynomial of filter numerator

den : vector coefficients/polynomial of filter denominator

DESCRIPTION :
calculates the magnitude of the frequency responses of FIR and IIR filters. The filter description can be
one or two vectors of coefficients, one or two polynomials, or a rational polynomial.

AuTHOR: C. B.
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7.0.598 fsfirlin_ design of FIR, linear phase filters, frequency sampling technique
CALLING SEQUENCE :

[hst]=fsfirlin(hd,flag)

PARAMETERS :

hd : vector of desired frequency response samples
flag :isequalto 1 or 2, according to the choice of type 1 or type 2 design
hst : vector giving the approximated continuous response on a dense grid of frequencies

DESCRIPTION :
function for the design of FIR, linear phase filters using the frequency sampling technique

AUTHOR: G. Le Vey
EXAMPLE :

1

/[Example of how to use the fsfirlin macro for the design
/lof an FIR filter by a frequency sampling technique.

1

/[Two filters are designed : the first (response hstl) with
/labrupt transitions from 0 to 1 between passbands and stop
/Ibands; the second (response hst2) with one sample in each
/ltransition band (amplitude 0.5) for smoothing.

1

hd=[zeros(1,15) ones(1,10) zeros(1,39)];//desired samples
hstl=fsfirlin(hd,1);//filter with no sample in the transition
hd(15)=.5;hd(26)=.5;//samples in the transition bands
hst2=fsfirlin(hd,1);//corresponding filter
pas=1/prod(size(hstl))*.5;

fg=0:pas:.5;//normalized frequencies grid

plot2d([1 1].*.fg(1:257)',[hstl’ hst27);

/I 2nd example

hd=[0*ones(1,15) ones(1,10) O*ones(1,39)];//desired samples
hst1=fsfirlin(hd,1);//filter with no sample in the transition
hd(15)=.5;hd(26)=.5;//samples in the transition bands
hst2=fsfirlin(hd,1);//corresponding filter
pas=1/prod(size(hstl))*.5;

fg=0:pas:.5;//normalized frequencies grid

n=prod(size(hstl))

plot(fg(1:n),hstl);

plot2d(fg(1:n)’,hst2’,[3],"000");

SEEALSO: ffilt 318 wfir 339

7.0.599 group group delay for digital filter

CALLING SEQUENCE :
[tg,fr]l=group(npts,ali,a2i,bli,b2i)
PARAMETERS :

npts : integer : number of points desired in calculation of group delay

ali : in coefficient, polynomial, rational polynomial, or cascade polynomial form this variable is the
transfer function of the filter. In coefficient polynomial form this is a vector of coefficients (see
below).
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a2i :in coeff poly form this is a vector of coeffs

bli :in coeff poly form this is a vector of coeffs

b2i :in coeff poly form this is a vector of coeffs

tg : values of group delay evaluated on the grid fr

fr . grid of frequency values where group delay is evaluated

DESCRIPTION :

Calculate the group delay of a digital filter with transfer function h(z).

The filter specification can be in coefficient form, polynomial form, rational polynomial form, cascade
polynomial form, or in coefficient polynomial form.

In the coefficient polynomial form the transfer function is formulated by the following expression
h(z)=prod(ali+a2i*z+z**2)/prod(bli+b2i*z+z"2)

EXAMPLE :

z=poly(0,'z’);

h=z/(z-.5);

[tg,fr]=group(100,h);

plot(fr,tg)

AuTHOR: C. B.

7.0.600 hank covariance to hankel matrix

CALLING SEQUENCE :
[hk]=hank(m,n,cov)
PARAMETERS :

m : number of bloc-rows

n : number of bloc-columns

cov : sequence of covariances; it must be given as :[RO R1 R2...RK]
hk : computed hankel matrix

DESCRIPTION :
this function builds the hankel matrix of siZen*d,n*d)  from the covariance sequence of a vector
process

AuTHOR: G. Le Vey
EXAMPLE :

[[Example of how to use the hank macro for

//building a Hankel matrix from multidimensional

/ldata (covariance or Markov parameters e.g.)

1

/[This is used e.g. in the solution of normal equations

/by classical identification methods (Instrumental Variables e.g.)

I

/[1)let's generate the multidimensional data under the form :

/I C=[c_.0c1c?2.. cn

/lwhere each bloc ¢ _k is a d-dimensional matrix (e.g. the k-th correlation
/lof a d-dimensional stochastic process X(t) [c_k = E(X(t) X'(t+K)], ’
/lbeing the transposition in scilab)

1

/lwe take here d=2 and n=64

1

c=rand(2,2*64)
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I

/lgenerate the hankel matrix H (with 4 bloc-rows and 5 bloc-columns)
/lfrom the data in ¢

1

H=hank(4,5,c¢);

1

SEEALSO: toeplitz 200

7.0.601 hilb Hilbert transform

CALLING SEQUENCE :

[xh]=hilb(n[,wtype][,par])

PARAMETERS :

n : odd integer : number of points in filter

wtype : string : window typg’re’,’tr’,’hn’,’hm’,’kr’,’ch’) (default="re’ )

par : window parameter fowtype="kr’ or 'ch’ defaultpar=[0 0] see the function window

for more help
xh : Hilbert transform

DESCRIPTION :

returns the first n points of the Hilbert transform centred around the origin.
That is,xh=(2/(n*pi))*(sin(n*pi/2))"2

EXAMPLE :

plot(hilb(51))

AuTHOR: C. B.

7.0.602 iir iir digital filter
CALLING SEQUENCE :

[hz]=iir(n,ftype,fdesign,frq,delta)

PARAMETERS :

n : filter order (pos. integer)

ftype : string specifying the filter typ#ép’,’hp’,’bp’,’sb’

fdesign  : string specifying the analog filter desigfbutt’,’chebl’,’cheb2’’ellip’

frg : 2-vector of discrete cut-off frequencies (i.8<xfrg <.5). Forlp andhp filters onlyfrg(1)
is used. Fobp andsb filtersfrq(1) is the lower cut-off frequency arfdg(2) is the upper
cut-off frequency

delta : 2-vector of error values fochebl, cheb2 , andellip  filters where onlydelta(1) is
used forchebl case, onlydelta(2) is used foicheb2 case, andelta(1) anddelta(2)
are both used foellip  caseO<delta(1),delta(2) <1

- forchebl filters1-delta(l) <ripple <1 in passband

- forcheb2 filtersO<ripple <delta(2) in stopband

- for ellip filters 1-delta(1) <ripple <1 in passband an@<ripple <delta(2) in stop-
band

DESCRIPTION :
function which designs an iir digital filter using analog filter designs.

EXAMPLE :
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hz=iir(3,’bp’,’ellip’,[.15 .25],[.08 .03]);

[hzm,fr]=frmag(hz,256);

plot2d(fr’,hzm’)

xtitle('Discrete IR filter band pass 0.15<fr<0.25 ') ') );
g=poly(0,'q"); /lto express the result in terms of the ...
hzd=horner(hz,1/q) //delay operator q=z"-1

SEEALSO: edfir 317, eqiir 317
AuTHOR: C. B.

7.0.603 iirgroup group delay Lp IIR filter optimization
CALLING SEQUENCE :

[It,grad]=iirgroup(p,r,theta,omega,wt,td)
[cout,grad,ind]=iirlp(x,ind,p,[flag],lambda,omega,ad,wa,td,wt)

PARAMETERS :

r : vector of the module of the poles and the zeros of the filters

theta : vector of the argument of the poles and the zeros of the filters
omega : frequencies where the filter specifications are given

wt : weighting function for and the group delay

td : desired group delay

It, grad . criterium and gradient values

DESCRIPTION :
optimization of IIR filters for the Lp criterium for the the group delay. (Rabiner & Gold pp270-273).

7.0.604 iirlp Lp lIR filter optimization

CALLING SEQUENCE :
[cost,grad,ind]=iirlp(x,ind,p,[flag],lambda,omega,ad,wa,td,wt)
PARAMETERS :

X : 1X2 vector of the module and argument of the poles and the zeros of the filters

flag :string:’a’ foramplitude, 'gd’ for group delay; default case for amplitude and group delay.
omega : frequencies where the filter specifications are given

wa,wt : weighting functions for the amplitude and the group delay

lambda : weighting (withl-lambda ) of the costs’@’ and'gd’ for getting the global cost.

ad, td : desired amplitude and group delay

cost, grad . criterium and gradient values

DESCRIPTION :
optimization of IR filters for the Lp criterium for the amplitude and/or the group delay. (Rabiner & Gold
pp270-273).

7.0.605 intdec Changes sampling rate of a signal

CALLING SEQUENCE :
[y]=intdec(x,lom)
PARAMETERS :

X :input sampled signal
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lom : For a 1D signal this is a scalar which gives the rate change. For a 2D signal this is a 2-Vector of
sampling rate changésm =(col rate change,row rate change)
y : Output sampled signal

DESCRIPTION :
Changes the sampling rate of a 1D or 2D signal by the rates in lom

AuTHOR: C. B.

7.0.606 jmat row or column block permutation
CALLING SEQUENCE :

[i]=jmat(n,m)

PARAMETERS :

n : number of block rows or block columns of the matrix
m : size of the (square) blocks

DESCRIPTION :
This function permutes block rows or block columns of a matrix

7.0.607 kalm Kalman update
CALLING SEQUENCE :

[x1,p1,x,p]=kalm(y,x0,p0,f,g,h,q,r)

PARAMETERS :

f,g,h  : current system matrices

g, r :covariance matrices of dynamics and observation noise

x0,p0 : state estimate and error variance at t=0 based on data up to t=-1

y : current observation Output from the function is:

x1,p1 : updated estimate and error covariance at t=1 based on data up to t=0
X : updated estimate and error covariance at t=0 based on data up to t=0

DESCRIPTION :
function which gives the Kalman update and error variance

AuTHOR: C. B.

7.0.608 lattn recursive solution of normal equations

CALLING SEQUENCE :
[la,Ib]=lattn(n,p,cov)
PARAMETERS :

n : maximum order of the filter
p : fixed dimension of the MA part. Ip= -1 , the algorithm reduces to the classical Levinson recursions.
cov : matrix containing th&kk’s (d*d matrices for a d-dimensional process).It must be given the follow-
ing way
Ry
Ry
cov = Ry

Rnlag
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la : list-type variable, giving the successively calculated polynomials (degree 1 to degree n),with coeffi-
cients Ak

DESCRIPTION :
solves recursively on (p being fixed) the following system (normal equations), i.e. identifies the AR
part (poles) of a vector ARMA(n,p) process

Ry Rpyo cee Rpin
R R, . Ryin

(I A, —As ... —An]| 7 " " —0
Rysion Rpion ... R,

where{Rk;k=1,nlag } is the sequence of empirical covariances
AUTHOR: G. Le V.

7.0.609 lattp lattp
CALLING SEQUENCE :

[la,Ib]=lattp(n,p,cov)

DESCRIPTION :
see lattn

AuTHOR: G.Levey
7.0.610 lev Yule-Walker equations (Levinson’s algorithm)

CALLING SEQUENCE :
[ar,sigma2,rc]=lev(r)
PARAMETERS :

r : correlation coefficients

ar : auto-Regressive model parameters
sigma2 : scale constant

rc : reflection coefficients

DESCRIPTION :
resolve the Yule-Walker equations

Ro R1 e RN,1 ary g9
R1 Ro RN72 ars 0
RNfl RN*Z Ro arnN—i 0

whereR; = r(i — 1). using Levinson’s algorithm.

AuTHOR: C. B.
7.0.611 levin_ Toeplitz system solver by Levinson algorithm (multidimensional)
CALLING SEQUENCE :
[la,sig]=levin(n,cov)

PARAMETERS :
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n : maximum order of the filter
cov : matrix containing the&?;, (d x d matrices for a d-dimensional process). It must be given the following

way :
Ro
Ry
R»
Rnlag
la : list-type variable, giving the successively calculated Levinson polynomials (degree 1 to n), with
coefficientsAk

sig : list-type variable, giving the successive mean-square errors.

DESCRIPTION :
function which solves recursively on n the following Toeplitz system (normal equations)

Ry R, ... R,
Ry Ry ... Ry,
R, Ry ... R, -
([—Al...—An) . . . =0
Ry , R3 v ... Ry
Ri_n Ro—n ... Ry

where{Rk;k=1,nlag } is the sequence aflag empirical covariances
AUTHOR: G. Le Vey
EXAMPLE :

//We use the ’levin’ macro for solving the normal equations

/lon two examples: a one-dimensional and a two-dimensional process.
//[We need the covariance sequence of the stochastic process.

/IThis example may usefully be compared with the results from

/lthe 'phc’ macro (see the corresponding help and example in it)

1

1

//1) A one-dimensional process

1
1
/[/We generate the process defined by two sinusoids (1Hz and 2 Hz)

/lin additive Gaussian noise (this is the observed process);

/lthe simulated process is sampled at 10 Hz (step 0.1 in t, underafter).

1

t1=0:.1:100;rand(’normal’);

y1=sin(2*%pi*t1l)+sin(2*%pi*2*tl);yl=yl+rand(yl);plot(tl,y1);

1

/lcovariance of yl

1

nlag=128;

cl=corr(yl,nlag);

cl=cl’;/lcl needs to be given columnwise (see the section PARAMETERS of this
help)

1

[lcompute the filter for a maximum order of n=10

lNa is a list-type variable each element of which

/lcontaining the filters of order ranging from 1 to n; (try varying n)

/lin the d-dimensional case this is a matrix polynomial (square, d X d)
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/Isig gives, the same way, the mean-square error

I

n=15;

[lal,sigl]=levin(n,cl);

1

[Iverify that the roots of ’la’ contain the

/llfrequency spectrum of the observed process y

/l[(remember that y is sampled -in our example

/lat 10Hz (T=0.1s) so that we need to retrieve

/lthe original frequencies (1Hz and 2 Hz) through

/lthe log and correct scaling by the frequency sampling)

/lwe verify this for each filter order

1

for i=1:n, sl=roots(lal(i));s1=log(s1)/2/%pil.1;

1l

/Inow we get the estimated poles (sorted, positive ones only !)

1

sl=sort(imag(sl));s1=s1(1:i/2);end;

1

/lthe last two frequencies are the ones really present in the observed
/lprocess ---> the others are "artifacts” coming from the used model size.
/[This is related to the rather difficult problem of order estimation.

1

/12) A 2-dimensional process

1
/(4 frequencies 1, 2, 3, and 4 Hz, sampled at 0.1 Hz :

1l ly_1] y_1=sin(2*Pi*t)+sin(2*Pi*2*t)+Gaussian noise
Il y=| | with :

I ly_2| y_2=sin(2*Pi*3*t)+sin(2*Pi*4*t)+Gaussian noise
1

I

d=2;dt=0.1;

nlag=64;

t2=0:2*%pi*dt:100;
y2=[sin(t2)+sin(2*t2)+rand(t2);sin(3*t2)+sin(4*t2)+rand(t2)];

c2=[];

for j=1:2, for k=1:2, c2=[c2;corr(y2(k,:),y2(j,:),nlag)];end;end;
c2=matrix(c2,2,128);cov=[];

for j=1:64,cov=[cov;c2(;,(j-1)*d+1:j*d)];end;//covar. columnwise

c2=cov,

I

/lin the multidimensional case, we have to compute the

/lroots of the determinant of the matrix polynomial

/ll(easy in the 2-dimensional case but tricky if d>=3 !).

//We just do that here for the maximum desired

/ffilter order (n); mp is the matrix polynomial of degree n

I

[la2,sig2]=levin(n,c2);
mp=la2(n);determinant=mp(1,1)*mp(2,2)-mp(1,2)*mp(2,1);
s2=roots(determinant);s2=log(s2)/2/%pi/0.1;//same trick as above for 1D process
s2=sort(imag(s2));s2=s2(1:d*n/2);//just the positive ones !

1

/[There the order estimation problem is seen to be much more difficult !
/I/many artifacts ! The 4 frequencies are in the estimated spectrum
/lbut beneath many non relevant others.
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I

SEEALSO: phc 332

7.0.612 Igfft utility for fft

CALLING SEQUENCE :
[yI=lgfft(x)

PARAMETERS :

X :real or complex vector

DESCRIPTION :
returns the lowest power of 2 larger thsime(x) (for FFT use).

7.0.613 lindquist Lindquist’s algorithm
CALLING SEQUENCE :

[Pn,Rt, T]=lindquist(n,H,F,G,r0)

PARAMETERS :

n : number of iterations.

H, F, G : estimated triple from the covariance sequenceg.of
r0 : E(yk*yk’)

Pn : solution of the Riccati equation after n iterations.

RtP Tt : gain matrices of the filter.

DESCRIPTION :
computes iteratively the minimal solution of the algebraic Riccati equation and gives the mRtricasd
Tt of the filter model, by the Lindquist's algorithm.

AUTHOR: G. Le V.

7.0.614 mese maximum entropy spectral estimation
CALLING SEQUENCE :

[sm,frl=mese(x [,npts]);

PARAMETERS :

X : Input sampled data sequence

npts : Optional parameter giving number of pointsfof andsm (default is 256)

sm : Samples of spectral estimate on the frequencyfgrid

fr : npts equally spaced frequency samplefirb)

DESCRIPTION :
Calculate the maximum entropy spectral estimate of

AuTHOR: C. B.
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7.0.615 mfft multi-dimensional fft

CALLING SEQUENCE :
[xk]=mfft(x,flag,dim)
PARAMETERS :

X o X(i,),k,...) input signal in the form of a row vector whose values are arranged so that the i
index runs the quickest, followed by the j index, etc.

flag :(-1) FFT or (1) inverse FFT

dim : dimension vector which gives the number of valueg ofor each of its indices

xk : output of multidimensional fft in same format as for

DESCRIPTION :
FFT for a multi-dimensional signal

For example for a three dimensional vector which has three points along its first dimension, two points
along its second dimension and three points along its third dimension the row vector is arranged as follows

x=[x(1,1,1),x(2,1,1),x(3,1,1),
x(1,2,1),x(2,2,1),x(3,2,1),
x(1,1,2),x(2,1,2),x(3,1,2),
x(1,2,2),x(2,2,2),x(3,2,2),
x(1,1,3),x(2,1,3),x(3,1,3),
x(1,2,3),x(2,2,3),x(3,2,3)]

and thedim vector is:dim=[3,2,3]
AuTHOR: C. B.

7.0.616 mrfit frequency response fit

CALLING SEQUENCE :

sys=mrfit(w,mag,order)
[num,den]=mrfit(w,mag,order)
sys=mrfit(w,mag,order,weight)
[num,den]=mrfit(w,mag,order,weight)

PARAMETERS :

w : positive real vector of frequencies (Hz)

mag : real vector of frequency responses magnitude (same size as
order :integer (required order, degreed¢n)

weight : positive real vector (default valumnes(w) ).

num,den : stable polynomials

DESCRIPTION :

sys=mrfit(w,mag,order,weight) returns a bi-stable transfer functi@(s)=sys=num/den
of of givenorder  such that its frequency response magnitads(G(w(i))) matchesnag(i) i.e.
abs(freq(num,den,%i*w)) should be close tmag. weight(i) is the weigth given tov(i) .
EXAMPLE :

w=0.01:0.01:2;s=poly(0,’s’);
G=syslin('c’,2*(s"2+0.1*s+2),(s"2+s+1)*(s"2+0.3*s+1)); // syslin('c’,Num,Den);
fresp=repfreq(G,w);

mag=abs(fresp);

Gid=mrfit(w,mag,4);

frespfit=repfreq(Gid,w);

plot2d([w’,w’],[mag(:),abs(frespfit(:))])

SEEALSO: cepstrum 310  frfit 321, freq 225 calfrq 213
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7.0.617 phc Markovian representation
CALLING SEQUENCE :

[H,F,G]=phc(hk,d,r)

PARAMETERS :

hk : hankel matrix

d : dimension of the observation

r : desired dimension of the state vector for the approximated model
H, F, G :relevant matrices of the Markovian model

DESCRIPTION :

Function which computes the matricds F, G of a Markovian representation by the principal hankel
component approximation method, from the hankel matrix built from the covariance sequence of a stochastic
process.

EXAMPLE :

1

/[This example may usefully be compared with the results from
/lthe ’levin’ macro (see the corresponding help and example)
1

/[IWe consider the process defined by two sinusoids (1Hz and 2 Hz)
/lin additive Gaussian noise (this is the observation);

/lthe simulated process is sampled at 10 Hz.

1

t=0:.1:100;rand(’normal’);
y=sin(2*%pi*t)+sin(2*%pi*2*t);y=y+rand(y);plot(t,y)

1

/lcovariance of y

1

nlag=128;

c=corr(y,nlag);

1

/lhankel matrix from the covariance sequence

/l(we can choose to take more information from covariance
/by taking greater n and m; try it to compare the results !
1

n=20;m=20;

h=hank(n,m,c);

I

/lcompute the Markov representation (mh,mf,mg)

//We just take here a state dimension equal to 4 :

/Ithis is the rather difficult problem of estimating the order !
[[Try varying ns !

/I(the observation dimension is here equal to one)

ns=4;

[mh,mf,mg]=phc(h,1,ns);

1

[Iverify that the spectrum of mf contains the

/lfrequency spectrum of the observed process y
/l[(remember that y is sampled -in our example

/lat 10Hz (T=0.1s) so that we need

/lto retrieve the original frequencies through the log

/land correct scaling by the frequency sampling)

1
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s=spec(mf);s=log(s);

$=s/2/%pil.1;

I

/Inow we get the estimated spectrum
imag(s),

1

SEEALSO: levin 327

7.0.618 pspect cross-spectral estimate between 2 series

CALLING SEQUENCE :
[sm,cwp]=pspect(sec_step,sec_leng,wtype,X,y,wpar)
PARAMETERS :

X : data if vector, amount of input data if scalar

y : data if vector, amount of input data if scalar

sec _step : offset of each data window

sec _leng : length of each data window

wtype : window type(re,tr,hm,hn,kr,ch)

wpar : optional parameters favtype="kr’, wpar >0 forwtype='ch’, 0 <wpar(l) <.5, wpar(2)
sm : power spectral estimate in the interj@J1]

cwp : unspecified Chebyshev window parameter

DESCRIPTION :
Cross-spectral estimate betweenandy if both are given and auto-spectral estimatexobtherwise.
Spectral estimate obtained using the modified periodogram method.

EXAMPLE :

rand(’normal’);rand('seed’,0);

x=rand(1:1024-33+1);

/Imake low-pass filter with eqfir

nf=33;bedge=[0 .1;.125 .5];des=[1 O];wate=[1 1];
h=eqfir(nf,bedge,des,wate);

/ffilter white data to obtain colored data

hl=[h 0*ones(l:maxi(size(x))-1)];

x1=[x O0*ones(1l:maxi(size(h))-1)];

hf=fft(h1,-1);  xf=fft(x1,-1);yf=hf.*xf;y=real(fft(yf,1));

/lplot magnitude of filter

/Ih2=[h 0*ones(1:968)];hf2=fft(h2,-1);hf2=real(hf2.*conj(hf2));
/Ihsize=maxi(size(hf2));fr=(1:hsize)/hsize;plot(fr,log(hf2));
/lpspect example
sm=pspect(100,200,'tr',y);smsize=maxi(size(sm));fr=(1:smsize)/smsize;
plot(fr,log(sm));

rand('unif’);

SEEALSO: cspect 314
AuTHOR: C. B.

7.0.619 remez Remez’s algorithm

CALLING SEQUENCE:

[an]=remez(nc,fg,ds,wt)
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PARAMETERS :

nc : integer, number of cosine functions
fg,ds,wt : real vectors

fg : grid of frequency points in [0,.5)

ds : desired magnitude on grid

wt : weighting function on error on grifty

DESCRIPTION :

minimax approximation of a frequency domain magnitude response. The approximation takes the form
h = sum[a(n)*cos(wn)]

for n=0,1,...,nc. An FIR, linear-phase filter can be obtained from the the outpenwéz by using the

following commands:

hn(1nc-1)=an(nc-12)/2;
hn(nc)=an(1);
hn(nc+12*nc-1)=an(2nc)/2;
wherean = cosine filter coefficients
SEEALSO: remezb 334

7.0.620 remezh Minimax approximation of magnitude response
CALLING SEQUENCE :

[an]=remezb(nc,fg,ds,wt)

PARAMETERS :

nc : Number of cosine functions

fg : Grid of frequency points in [0,.5)
ds : Desired magnitude on grifg

wt : Weighting function on error on grift)
an : Cosine filter coefficients

DESCRIPTION :
Minimax approximation of a frequency domain magnitude response. The approximation takes the form
h = sum[a(n)*cos(wn)] for n=0,1,...,nc. An FIR, linear-phase filter can be obtained from the the

output of the function by using the following commands

hn(1:nc-1)=an(nc:-1:2)/2;
hn(nc)=an(1);
hn(nc+1:2*nc-1)=an(2:nc)/2;

EXAMPLE :

/I Choose the number of cosine functions and create a dense grid
/I in [0,.24) and [.26,.5)

nc=21;ngrid=nc*16;

fg=.24*(0:ngrid/2-1)/(ngrid/2-1);
fg(ngrid/2+1:ngrid)=fg(1:ngrid/2)+.26*ones(1:ngrid/2);

/I Specify a low pass filter magnitude for the desired response
ds(1:ngrid/2)=ones(1:ngrid/2);

ds(ngrid/2+1:ngrid)=zeros(1:ngrid/2);

/I Specify a uniform weighting function

wt=ones(fg);

/I Run remezb
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an=remezb(nc,fg,ds,wt)

/I Make a linear phase FIR filter
hn(1l:nc-1)=an(nc:-1:2)/2;

hn(nc)=an(1);
hn(nc+1:2*nc-1)=an(2:nc)/2;

/I Plot the filter's magnitude response
plot(.5*(0:255)/256,frmag(hn,256));
M

/I Choose the number of cosine functions and create a dense grid in [0,.5)
nc=21; ngrid=nc*16;
fg=.5*(0:(ngrid-1))/ngrid;

/I Specify a triangular shaped magnitude for the desired response
ds(1:ngrid/2)=(0:ngrid/2-1)/(ngrid/2-1);
ds(ngrid/2+1:ngrid)=ds(ngrid/2:-1:1);

/I Specify a uniform weighting function
wt=ones(fg);

/I Run remezb

an=remezb(nc,fg,ds,wt)

/I Make a linear phase FIR filter
hn(1l:nc-1)=an(nc:-1:2)/2;

hn(nc)=an(1);
hn(nc+1:2*nc-1)=an(2:nc)/2;

/I Plot the filter's magnitude response
plot(.5*(0:255)/256,frmag(hn,256));

AuTHOR: C. B.
SEEALsO: edfir 317

7.0.621 rpem RPEM estimation

CALLING SEQUENCE :
[wl,[v]]=rpem(wO0,u0,y0,[lambda,[k,[c]]])

PARAMETERS :
a,b,c :a=[a(l),...,a(n)], b=[b(1),...,b(n)], c=[c(1),...,c(n)]
wO : list(theta,p,phi,psi,|) where:

theta :[a,b,c]is areal vector of ord&*n
p : (3*nx 3*n) real matrix.
phi,psi,! : real vector of dimensioB*n

During the first call on can take:
theta=phi=psi=I=0*ones(1,3*n). p=eye(3*n,3*n)

u0 : real vector of inputs (arbitrary size) (if no input tak@=[ ] ).
yO : vector of outputs (same dimension® if u0 is not empty). y0(1) is not used by rpem).

If the time domain igt0,t0+k-1) theuO vector contains the inputs
u(t0),u(t0+1),..,u(t0+k-1) andyO the outputs
y(t0),y(t0+1),..,y(t0+k-1)

DESCRIPTION :

Recursive estimation of parameters in an ARMAX model. Uses Ljung-Soderstrom recursive prediction
error method. Model considered is the following:

y()+a(1)*y(t-1)+...+a(n)*y(t-n)=
b(1)*u(t-1)+...+b(n)*u(t-n)+e(t)+c(1)*e(t-1)+...+c(n)*e(t-n)
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The effect of this command is to update the estimation of unknown parathetar[a,b,c] with
a=[a(1),...,a(n)], b=[b(2),...,b(n)], c=[c(1),...,c(n)]
OPTIONAL PARAMETERS :

lambda : optional parameter (forgetting constant) choosed close to 1 as convergence occur:
lambda=[lambda0,alfa,beta] evolves according to :
lambda(t)=alfa*lambda(t-1)+beta

with lambda(0)=lambda0
k : contraction factor to be chosen close to 1 as convergence occurs.
k=[kO,mu,nu] evolves according to:

k() =mu*k(t-1)+nu

with k(0)=kO0
¢ : large parametec€1000 is the default value).
OUTPUT PARAMETERS: :

wl: update fowO.

v: sum of squared prediction errors 08, y0 .(optional).

In particularw1(l) is the new estimate dheta . If a new sampleil, y1 is available the update is
obtained by:

[w2,[V]]=rpem(wl,ul,yl,[lambda,[k,[c]]]) . Arbitrary large series can thus be treated.

7.0.622 sinc samples of sinc function
CALLING SEQUENCE :

[X]=sinc(n,fl)

PARAMETERS :

n : number of samples
fl: cut-off frequency of the associated low-pass filter in Hertz.
X : samples of the sinc function

DESCRIPTION :
Calculate n samples of the functiain(2*pi*fl*t)/(pi*t) for t=-n/2:n/2 (i.e. centred
around the origin).

EXAMPLE :
plot(sinc(100,0.1))

SEEALSO: sincd 336
AuTHOR: C. B.

7.0.623 sincd sinc function

CALLING SEQUENCE :
[s]=sincd(n,flag)
PARAMETERS :

n :integer
flag :ifflag = 1 thefunctionis centred around the originfldg = 2  the function is delayed by
%pi/(2*n)
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s : vector of values of the function on a dense grid of frequencies

DESCRIPTION :
function which calculates the functi@in(N*x)/Sin(x)
EXAMPLE :

plot(sincd(10,1))

AUTHOR: G. Le V.

7.0.624  srfaur square-root algorithm

CALLING SEQUENCE :
[p,s.t,lrt tt]=srfaur(h,f,g,r0,n,p,s,t,)
PARAMETERS :

h, f, g :convenient matrices of the state-space model.

r0 : E(yk*yk)).

n : number of iterations.

p : estimate of the solution after n iterations.

s, t, | . intermediate matrices for successive iterations;

rt, tt : gain matrices of the filter model aftar iterations.

p, s, t | . may be given as input if more than one recursion is desired (evaluation of intermediate
values ofp).

DESCRIPTION :
square-root algorithm for the algebraic Riccati equation.

7.0.625  srkf square root Kalman filter

CALLING SEQUENCE :
[x1,p1]=srkf(y,x0,p0,f,h,q,r)
PARAMETERS :

f, h : current system matrices

g, r :covariance matrices of dynamics and observation noise

x0, pO : state estimate and error variance at t=0 based on data up to t=-1

y : current observation Output from the function is

x1, pl :updated estimate and error covariance at t=1 based on data up to t=0

DESCRIPTION :
square root Kalman filter algorithm

AuTHOR: C. B.
7.0.626  sskf steady-state Kalman filter

CALLING SEQUENCE :
[xe,pe]=sski(y,f,h,q,r,x0)
PARAMETERS :

y :datain formly0,y1,...,yn] , Yk a column vector
f : system matrix dim(NxN)

Scilab Group April 1993 337



wilir Scilab Function

h : observations matrix dim(MxN)

g : dynamics noise matrix dim(NxN)

r : observations noise matrix dim(MxM)
x0 :initial state estimate

xe : estimated state

pe : steady-state error covariance

DESCRIPTION :
steady-state Kalman filter

AuTHOR: C. B.
7.0.627 system observation update

CALLING SEQUENCE :
[x1,y]=system(x0,f,g,h,q,r)
PARAMETERS :

X0 : input state vector

: system matrix

: input matrix

: Output matrix

. input noise covariance matrix

: output noise covariance matrix
x1 : output state vector

y :output observation

-0 -SKQ

DESCRIPTION :
define system function which generates the next observation given the old state. System recursively calcu-
lated
x1=f*x0+g*u
y=h*x0+v
whereu is distributed\(0,q) andv is distributeN(O,r)
AuTHOR: C. B.

7.0.628 trans low-pass to other filter transform
CALLING SEQUENCE :

hzt=trans(pd,zd,gd,tr_type,frq)

PARAMETERS :

hz : input polynomial

tr _type : type of transformation

frg : frequency values
hzt : output polynomial

DESCRIPTION :
function for transforming standardized low-pass filter into one of the following filters: low-pass, high-pass,
band-pass, stop-band.

AUTHOR: C. Bunks
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7.0.629  wfir linear-phase FIR filters
CALLING SEQUENCE :

[wft,wfm, fr]=wfir(ftype,forder,cfreq,wtype,fpar)

PARAMETERS :

ftype :string :’lp’,’hp’,’bp’,’sb’ (filter type)

forder : Filter order (pos integer)(odd fdtype="hp’ or'sb’ )

cfreq : 2-vector of cutoff frequencie®& cfreq(l),cfreq(2) <.5)onlycfreq(1) is used when
ftype='Ip’ or’hp’

wtype : Window type (re’,’tr’,’hm’,’hn’,’kr’,’ch’ )

fpar : 2-vector of window parameters. Kaiser windfpar(1) >0 fpar(2)=0 . Chebyshevwindow
fpar(1) >0, fpar(2) <O orfpar(l) <0, 0 <fpar(2) <.5

wft : time domain filter coefficients

wfm : frequency domain filter response on the grid fr

fr : Frequency grid

DESCRIPTION :
Function which makes linear-phase, FIR low-pass, band-pass, high-pass, and stop-band filters using the
windowing technique. Works interactively if called with no arguments.

AUTHOR: C. Bunks

7.0.630 wiener Wiener estimate

CALLING SEQUENCE :

[xs,ps,xf,pfl=wiener(y,x0,p0,f,g,h,q,r)

PARAMETERS :

f, g, h :system matrices in the intenf0,tf]

f =[f0,f1,...,ff] ,andfk is a nxn matrix

g =[g0,91,...,0f] ,andgk is a nxn matrix

h =[h0,h1,...,hf] ,andhk is a mxn matrix

g, r :covariance matrices of dynamics and observation noise

g =[q0,q1,...,df] ,andgk is a nxn matrix

r =[r0,rl,...,rf] ,andgk is a mxm matrix

x0, p0 :initial state estimate and error variance

y : observations in the intervftD,tf] .y=[y0,y1,...,yf] ,andyk is a column m-vector

Xs : Smoothed state estimate= [xs0,xs1,...,xsf] , andxsk is a column n-vector

ps : Error covariance of smoothed estimate=[p0,p1,...,pf] ,andpk is a nxn matrix

xf : Filtered state estimatd= [xf0,xf1,...,xff] ,andxfk is a column n-vector

pf : Error covariance of filtered estimapé=[pO0,p1,...,pf] ,andpk is a nxn matrix

DESCRIPTION :

function which gives the Wiener estimate using the forward-backward Kalman filter formulation
AuTHOR: C. B.

7.0.631 wigner 'time-frequency’ wigner spectrum

CALLING SEQUENCE :
[tab]=wigner(x,h,deltat,zp)

PARAMETERS :
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tab : wigner spectrum (lines correspond to the time variable)
X :analyzed signal

h : data window

deltat  : analysis time increment (in samples)

zp :length of FFT's.%pi/zp gives the frequency increment.

DESCRIPTION :
function which computes the 'time-frequency’ wigner spectrum of a signal.

7.0.632 window symmetric window

CALLING SEQUENCE :
[win_l,cwp]=window(wtype,n,par)
PARAMETERS :

wtype : window type (e,tr,hn,hm kr,ch )

n : window length

par : parameter 2-vector (kaiser windowar(1l)=beta  >0) (Chebychev windowpar =[dp,df]) ,
dp =main lobe width Q<dp <.5 ), df =side lobe heightdf >0)

win : window

cwp : unspecified Chebyshev window parameter

DESCRIPTION :
function which calculates symmetric window

AuTHOR: C. B.
7.0.633 yulewalk least-square filter design

CALLING SEQUENCE :
Hz = yulewalk(N,frq,mag)
PARAMETERS :

N : integer (order of desired filter)

frg : real row vector (non-decreasing order), frequencies.

mag : non negative real row vector (same size as frq), desired magnitudes.
Hz : filter B(z)/A(z)

DESCRIPTION :
Hz = yulewalk(N,frq,mag) finds the N-th order iir filter

n-1 n-2
B(z) b(1)z + b(2)z + ... + b(n)
H(z)= - =

n-1 n-2
A(2) z + a(2)z + ... + an

which matches the magnitude frequency response given by vectors frqg and mag. Vectors frqg and mag
specify the frequency and magnitude of the desired frequency response. The frequencies in frg must be
between 0.0 and 1.0, with 1.0 corresponding to half the sample rate. They must be in increasing order and
start with 0.0 and end with 1.0.

EXAMPLE :
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f=[0,0.4,0.4,0.6,0.6,1];H=[0,0,1,1,0,0];Hz=yulewalk(8,f,H);
fs=1000;fthz = f*fs/2;
xbasc(0);xset('window’,0);plot2d(fhz’,H");

xtitle('Desired Frequency Response (Magnitude)’)
[frq,repf]=repfreq(Hz,0:0.001:0.5);
xbasc(1);xset('window’,1);plot2d(fs*frq’,abs(repf’));
xtitle('Obtained Frequency Response (Magnitude)’)

7.0.634  zpbutt Butterworth analog filter

CALLING SEQUENCE :
[pols,gain]=zpbutt(n,omegac)
PARAMETERS :

n : integer (filter order)

omegac : real (cut-off frequency in Hertz)
pols : resulting poles of filter

gain : resulting gain of filter

DESCRIPTION :
computes the poles of a Butterworth analog filter of ordeaind cutoff frequency omegac transfer function
H(s) is calculated by H(s) = gain/real(poly(pols,’s’))

AuTHOR: F.D.

7.0.635 zpchl Chebyshev analog filter

CALLING SEQUENCE :
[poles,gain]=zpchl1(n,epsilon,omegac)
PARAMETERS :

n : integer (filter order)

epsilon  :real: ripple in the pass ban@{epsilon <1)
omegac : real : cut-off frequency in Hertz

poles : resulting filter poles

gain : resulting filter gain

DESCRIPTION :
Poles of a Type 1 Chebyshev analog filter. The transfer function is given by :

H(s)=gain/poly(poles,’s’)

AuTHOR: F.D.

7.0.636 zpch2 Chebyshev analog filter

CALLING SEQUENCE :
[zeros,poles,gain]=zpch2(n,A,omegar)
PARAMETERS :

n :integer : filter order
A :real : attenuation in stop band¥$1)
omegar : real: cut-off frequency in Hertz
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zeros : resulting filter zeros
poles : resulting filter poles
gain : Resulting filter gain

DESCRIPTION :
Poles and zeros of a type 2 Chebyshev analog filter gain is the gain of the filter

H(s)=gain*poly(zeros,’s’)/poly(poles,’s’)

AuTHOR: F.D.
7.0.637 zpell lowpass elliptic filter
CALLING SEQUENCE :
[zeros,poles,gain]=zpell(epsilon,A,omegac,omegar)
PARAMETERS :
epsilon  :real: ripple of filter in pass ban@&epsilon <1)
A :real : attenuation of filter in stop band$1)
omegac : real : pass band cut-off frequency in Hertz
omegar : real: stop band cut-off frequency in Hertz
zeros : resulting zeros of filter
poles : resulting poles of filter
gain : resulting gain of filter
DESCRIPTION :
Poles and zeros of prototype lowpass elliptic filgain is the gain of the filter
SEEALSO: elllmag 316 eqiir 317
AuTHOR: F.D.
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7.0.638 arma Scilab arma library

DESCRIPTION :

armac : this function creates a description as a list of an ARMAX process A(z™-1)y= B(z™-1)u + D(z"-
1)sig*e(t)

armap : Display in the file out or on the screen the armax equation associated with ar

armax : is used to identify the coefficients of a n-dimensional ARX process A(z"-1)y= B(z"-1)u +
sig*e(t)

armaxl :armaxl is used to identify the coefficients of a 1-dimensional ARX process A(z™-1)y=B(z"-1)u
+ D(z"-1)sig*e(t)

arsimul  : armax trajectory simulation

arspec : Spectral power estimation of armax processes. Test of mese and arsimul

exarl : An Example of ARMAX identification ( K.J. Astrom) The armax process is described by : a=[1,-
2.851,2.717,-0.865]b=[0,1,1,1] d=[1,0.7,0.2]

exar2 : ARMAX example ( K.J. Astrom). A simulation of a bi dimensional version of the example of
exarl.

exar3 : Spectral power estimation of arma processes from Sawaragi et all where a value of m=18 is
used. Test of mese and arsimul

gbruit  : noise generation

narsimul  : armax simulation (using rtitr)

odedi : Simple tests of ode and arsimul. Tests the option 'discret’ of ode

prbs _a : pseudorandom binary sequences generation

reglin : Linear regression

AuTHOR: J.P.C

7.0.639 armac Scilab description of an armax process

CALLING SEQUENCE:

[ar]=armac(a,b,d,ny,nu,sig)

PARAMETERS :

a=[ld,al,..,a 1] s a matrix of size (ny,r*ny)
b=[b0,.....,b s] :is amatrix of size (ny,(s+1)*nu)
d=[ld,d1,..,d -p] :isamatrix of size (ny,p*ny);

ny :dimension of the outputy
nu : dimension of the outputu
sig  : amatrix of size (ny,ny)

DESCRIPTION :
this function creates a description as a list of an ARMAX process

A(z7 Yy = B(z7Hu + D(27)sig x e(t)

EXAMPLE :

a=[1,-2.851,2.717,-0.865].*.eye(2,2)
b=[0,1,1,1].*.[1;1];
d=[1,0.7,0.2].*.eye(2,2);
sig=eye(2,2);
ar=armac(a,b,d,2,1,sig)

SEEALSO: arma 343 armax 344, armaxl 344, arsimul 345
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7.0.640 armax armax identification

CALLING SEQUENCE :
[arc,la,lb,sig,resid]=armax(r,s,y,u,[bOf,prf])
PARAMETERS :

y :output process y(ny,n); ( ny: dimension of y, n: sample size)

u :input process u(nu,n); ( nu: dimension of u, n: sample size)

r and s :auto-regression orders=0 et s>=-1

bOf : optional parameter. Its default value is 0 and it means that the coefficient bO must be identified. if
bof=1 the b0 is supposed to be zero and is not identified

prf  : optional parameter for display control. If prf =1, the default value, a display of the identified Arma
is given.

arc : a Scilab arma object (see armac)

la :isthe list(a,a+eta,a-eta) (la = a in dimension 1) ; where eta is the estimated standard deviation. ,

a=[ld,al,a2,...,ar] where each ai is a matrix of size (ny,ny)

Ib : is the list(b,b+etb,b-etb) (Ib =b in dimension 1) ; where etb is the estimated standard deviation.
b=[b0,.....,bs] where each bi is a matrix of size (nu,nu)

sig : isthe estimated standard deviation of the noise and resid=[ sig*e(t0),....] (

DESCRIPTION :
armax is used to identify the coefficients of a n-dimensional ARX process

A(Z-1)y= B(zZ™-1)u + sig*e(t)
where e(t) is a n-dimensional white noise with variance I. sig an nxn matrix and A(z) and B(z):

A2)
B(z)

1+al*z+..+a_r*z’r; ( r=0 => A(2)=1)
b0+bl*z+...+b s z's ( s=-1 => B(z)=0)

for the method see Eykhoff in trends and progress in system identification, page 96. with z(t)=[y(t-1),..,y(t-
r),u(t),...,u(t-s)] and coef= [-al,..,-ar,b0,..spwe can write y(t)= coef* z(t) + sig*e(t) and the algorithm
minimises sum{t=1}"N ( [y(t)- coef’z(t)]"2) where tO=maxi(maxi(r,s)+1,1))).

EXAMPLE :

[arc,a,b,sig,resid]=armax(); // will gives an example in dimension 1

AuTHOR: J-Ph. Chancelier.
SEEALSO: imrep2ss 227, time_id 252 arl2 210 armax 344, frep2tf 224

7.0.641 armaxl armax identification

CALLING SEQUENCE :
[a,b,d,sig,resid]=armax1(r,s,q,y,u,[bOf])
PARAMETERS :

y : output signal

u :input signal

r,s,g : autoregression orders with>=0, s>=-1.

bOf : optional parameter. Its default value is 0 and it means that the coefficient bO must be identified. if
bof=1 the b0 is supposed to be zero and is not identified

a :isthevector[l,al,....qd

b :isthe vector [bO,......,8]

d :isthe vector[1,d1,....,d]

sig : resid=[ sig*echap(l),....,];
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DESCRIPTION :
armaxl is used to identify the coefficients of a 1-dimensional ARX process:

A(z*-1)y= B(z"-1)u + D(z"-1)sig*e(t)

e(t) is a 1l-dimensional white noise with variance 1.
A(z)= l+al*z+..+a_r*z'r; ( r=0 => A(2)=1)

B(z)= bO+bl*z+...+b_s z's ( s=-1 => B(2)=0)

D(z)= 1+d1*z+..+d_g*z°q ( g=0 => D(2)=1)

for the method, see Eykhoffin trends and progress in system identification) page 96. with z(t)=[y(t-1),..,y(t-
N,u(t),..., u(t-s),e(t-1),...,e(t-q)] and coef=[-al,..,-ar,b0,s,dd,...,dq]’ y(t)= coef™ z(t) + sig*e(t).

a sequential version of the AR estimation where e(t-i) is replaced by an estimated value is used (RLLS).
With q=0 this method is exactly a sequential version of armax

AUTHOR: J.-Ph.C

7.0.642 arsimul armax simulation

CALLING SEQUENCE :

[z]=arsimul(a,b,d,sig,u,[up,yp,ep])
[z]=arsimul(ar,u,[up,yp,ep])

PARAMETERS :

ar :anarmax process. See armac.

a :is the matrix[ld,al,...,a] of dimension (n,(r+1)*n)

b :is the matrix[bO0,...... 18] of dimension (n,(s+1)*m)

d :isthe matrix[ld,d1,......,dt] of dimension (n,(t+1)*n)

u :is a matrix (m,N), which gives the entry u(:,j)3u

sig :isa(n,n) matrix e{k} is an n-dimensional Gaussian process with variance |

up, yp :optional parameterwhich describe the past. up8[w{-1},...,u{s-1}]; yp=[y-0,y_{-1},...,y{r-
1}]; ep=[ e0,e{-1},...,e{r-1}]; if they are omitted, the past value are supposed to be zero

z :z=[y(1),.....y(N)]

DESCRIPTION :
simulation of an n-dimensional armax process A(z"-1) z(k)= B(z"-1)u(k) + D(z"-1)*sig*e(k)
A(z)= Id+al*z+...+ar*z"r; ( r=0 => A(z)=Id) B(z)= bO+b1*z+...+bs z"s; ( s=-1 = B(2)=0) D(2)=
Id+d1*z+...+dt z°t; (t=0 => D(z)=Id)
zeteareinR'netuin R™'m
METHOD :
a state-space representation is constructed and ode with the option "discret” is used to compute z

AuTHOR: J-Ph.C.

7.0.643 narsimul armax simulation ( using rtitr)

CALLING SEQUENCE:

[z]=narsimul(a,b,d,sig,u,[up,yp,ep])
[z]=narsimul(ar,u,[up,yp,ep])

DESCRIPTION :
ARMAX simulation. Same as arsimul but the method is different the simulation is made with rtitr

AUTHOR : J-Ph. Chancelier ENPC Cergrene
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7.0.644 noisegen noise generation
CALLING SEQUENCE :

[][=noisegen(pas, Tmax,sig)

DESCRIPTION :
generates a Scilab functigb]=Noise(t) whereNoise(t) is a piecewise constant function ( con-
stant on[k*pas,(k+1)*pas] ). The value on each constant interval are random values from i.i.d

Gaussian variables of standard deviation sig. The function is constantfedd andt >=Tmax.
EXAMPLE :

noisegen(0.5,30,1.0);
x=-5:0.01:35;
y=feval(x,Noise);
plot(x.y);

7.0.645 odedi test of ode

CALLING SEQUENCE :
[]=odedi()

DESCRIPTION :
Simple tests of ode and arsimul. Tests the option 'discret’ of ode

7.0.646 prbsa pseudo random binary sequences generation

CALLING SEQUENCE :
[u]=prbs_a(n,nc,[ids])

DESCRIPTION :

generation of pseudo random binary sequencgs0,ul,...,u (n-1)]; u takes values ig-1,1}

and changes at most nc times its sign. ids can be used to fix the date at which u must change its sign ids is
then an integer vector with values(itin]

EXAMPLE :

u=prbs_a(50,10);
plot2d2("onn",(1:50)",u’,1,"151",” ’,[0,-1.5,50,1.5]);

7.0.647 reglin Linear regression
CALLING SEQUENCE :
[a,b,sig]=reglin(x,y)

DESCRIPTION :

solve the regression problem y=a*x+ b in the least square sends. #ig standard deviation
of the residual. X andy are two matrices of size x(p,apd y(q,n), so the estimator
ais a matrix of size (q,p) and bis a vector of size (9,1)

EXAMPLE :
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/I simulation of data for a(3,5) and b(3,1)
x=rand(5,100);
aa=testmatrix('magi’,5);aa=aa(1:3,:);
bb=[9;10;11]

y=aa*x +bb*ones(1,100)+ 0.1*rand(3,100);
/I identification

[a,b,sig]=reglin(x,y);

maxi(abs(aa-a))

maxi(abs(bb-b))

/I an other example : fitting a polynom
f=1:100; x=[f.*f; f];

y= [ 2,3]*x+ 10*ones(f) + 0.1*rand(f);
[a,b]=reglin(x,y)
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8.0.648 bezout Bezout equation for polynomials
CALLING SEQUENCE :

[thegcd,U]=bezout(p1,p2)

PARAMETERS :

pl, p2 : two real polynomials

DESCRIPTION :
[thegcd,U]=bezout(p1,p2) computes GCD thegcd of p1 andp2 and in addition a
(2x2) unimodular matri}J such that:
[p1,p2]*U = [thegcd,0]
The lcm ofpl andp2 is given by:
pl*U(1,2) (or-p2*U(2,2) )
EXAMPLE :

x=poly(0,’x’);
pl=(x+1)*(x-3)"5;p2=(x-2)*(x-3)"3;
[thegcd,Ul=bezout(pl,p2)

det(V)

clean([p1,p2]*V)
thelem=p1*U(1,2)

lem([p1,p2])

SEEALSO: poly 57, roots 361 simp 363 clean 350, Icm 357

8.0.649 clean cleans matrices (round to zero small entries)

CALLING SEQUENCE :
[B]=clean(A [,epsa [,epsr]])
PARAMETERS :

A :anumerical matrix (scalar, polynomial, sparse...)
epsa,epsr : real numbers (default values resp. 1.d-10 and 1.d-10)

DESCRIPTION :

This function eliminates (i.e. setto zero) all the coefficients with absolute vakpgsa and relative value

< epsr (relative means relative w.r.t. 1-norm of coefficients) in a polynomial (possibly matrix polynomial
or rational matrix).

Default values arepsa=1.d-10  andepsr=1.d-10;

For a constant (non polynomial) matdlean(A,epsa) sets to zero all entries & smaller tharepsa .

EXAMPLE :

x=poly(0,’x);
w=[x,1,2+x;3+X,2-X,X"2;1,2,3+X]/3;
w*inv(w)

clean(w*inv(w))

Scilab Group April 1993 350



daenom Scilab Function

8.0.650 cmndred common denominator form

CALLING SEQUENCE :
[n,d]=cmndred(num,den)
PARAMETERS :

num, den :two polynomial matrices of same dimensions

DESCRIPTION :
[n,d]=cmndred(num,den) computes a polynomial matrix and a common denominator poly-
nomiald such that:
n/d=num./den
The rational matrix defined byum./den isn/d

SEEALSO: simp 363 clean 350

8.0.651 coffg inverse of polynomial matrix
CALLING SEQUENCE :

[Ns,d]=coffg(Fs)

PARAMETERS :

Fs : square polynomial matrix

DESCRIPTION :

coffy computes-s™1 whereFs is a polynomial matrix by co-factors method.
Fs inverse =Ns/d

d =common denominatoNs = numerator (a polynomial matrix)

(For large matrices,be patient...results are generally reliable)

EXAMPLE :

s=poly(0,’s")

a=[ s, s72+1; s s°2-1];
[al,d]=coffg(a);
(a1/d)-inv(a)

SEEALSO: determ 352 detr 353 invr 357 penlaur 386 glever 375
AuTHOR: F. D.

8.0.652 colcompr column compression of polynomial matrix

CALLING SEQUENCE :
[Y,rk,ac]=colcompr(A);
PARAMETERS :

A : polynomial matrix

Y :square polynomial matrix (right unimodular basis)
rk  :normal rank ofA

Ac : Ac=A*Y, polynomial matrix

DESCRIPTION :
column compression of polynomial matéx (compression to the left)

EXAMPLE :
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s=poly(0,’s);
p=[s;s*(s+1)"2;2*s"2+s"3];
[Y,rk,ac]=colcompr(p*p’);
p*p™Y

SEEALSO: rowcompr 361

8.0.653 denom denominator

CALLING SEQUENCE :
den=denom(r)
PARAMETERS :

r : rational or polynomial or constant matrix.
den : polynomial matrix

DESCRIPTION :

den=denom(r) returns the denominator of a rational matrix.
Since rationals are internally represented=dst(['r’,’num’,’den’,’dt’],num,den,[]) ,
denom(r ) is the same ag3) orr(’'den’)

SEEALSO: numer 358

8.0.654 derivat rational matrix derivative

CALLING SEQUENCE :
pd=derivat(p)

PARAMETERS :

p : polynomial or rational matrix

DESCRIPTION :
computes the derivative of the polynomial or rational function matrix w.r.t the dummy variable.
EXAMPLE :

s=poly(0,'s’);
derivat(1/s) /I -1/s72;

8.0.655 determ determinant of polynomial matrix
CALLING SEQUENCE :

res=determ(W [,K])

PARAMETERS :

W : real square polynomial matrix
k :integer (upper bound for the degree of the determinant of W)

DESCRIPTION :

res=determ(W [,k]) returns the determinant of a real polynomial matrix (computation made by
FFT).
k is aninteger larger than the actual degree of the determin&fit of
The default value ok is the smallest power of 2 which is larger thammaxi(degree(W))
Method: evaluate the determinantwffor the Fourier frequencies and apply inverse FFT to the coefficients
of the determinant.

EXAMPLE :
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s=poly(0,’s);
w=s*rand(10,10);
determ(w)
det(coeff(w,1))*s"10

SEEALSO: det 371, detr 353 coffg 351
AuTHOR: F.D.

8.0.656 detr polynomial determinant

CALLING SEQUENCE :
d=detr(h)
PARAMETERS :

h : polynomial or rational square matrix

DESCRIPTION :
d=detr(h) returns the determinait of the polynomial or rational function matrix. Based on
Leverrier's algorithm.

SEEALSO: det 371, determ 352

8.0.657 diophant diophantine (Bezout) equation
CALLING SEQUENCE :

[x,err]l=diophant(p1p2,b)

PARAMETERS :

plp2 : polynomial vectoplp2 = [pl p2]
b : polynomial
X : polynomial vector [x1;x2]

DESCRIPTION :

diophant  solves the bezout equation:

pl*x1+p2*x2=b  with plp2 a polynomialvector. If the equation is not solvable = ||plz1+p222—
b||/||b|| elseerr=0

EXAMPLE :

s=poly(0,’s");p1=(s+3)"2;p2=(1+s);
x1=s;x2=(2+s);
[x,err]=diophant([p1,p2],p1*x1+p2*x2);
pl*x1+p2*x2-p1*x(1)-p2*x(2)

8.0.658 factors numeric real factorization

CALLING SEQUENCE :

[Inum,g]=factors(pol [,'flag’)
[Inum,lden,g]=factors(rat [,’flag’])
rat=factors(rat,’flag’)

PARAMETERS :

pol : real polynomial
rat : real rational polynomialrat=pol1/pol2 )
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Inum : list of polynomials (of degrees 1 or 2)
Iden : list of polynomials (of degrees 1 or 2)
g : real number

flag : characterstringc’ or’d’

DESCRIPTION :

returns the factors of polynomipbl in the listinum and the "gain” g.

One has pol= g times product of entries of thelietm (if flag is not given). Ifflag="c’ is given,

then one hagpol(i omega) | = |g*prod(Inum _j(i omega) |. If flag="d’ is given, then one
has|pol(exp(i omega)) | =|g*prod(lInum _i(exp(i omega)) |. If argument offactors  is

a 1x1 rationalrat=pol1/pol2 , the factors of the numerat@oll and the denominatquol2 are

returned in the listthum andlden respectively.

The "gain” is returned ag,i.e. one has: rat= g times (product entries in Inum) / (product entries in Iden).
If flag is’'c’ (resp.’d’ ), theroots ofpol are refected wrt the imaginary axis (resp. the unit circle),
i.e. the factors innum are stable polynomials.

Same thing iffactors is invoked with a rational arguments: the entrietnam andlden are stable
polynomials ifflag is given. R2=factors(R1,’c’) or R2=factors(R1,'d") with R1 a ra-
tional function or SISGsyslin  list then the outpuR2 is a transfer with stable numerator and denomin-
ator and with same magnitudeR4 along the imaginary axisqd’ ) or unit circle (d’ ).

EXAMPLE :

n=poly([0.2,2,5],'z");

d=poly([0.1,0.3,7],’2");

R=syslin('d’,n,d);

R1=factors(R,'d")

roots(R1(’num’))

roots(R1(’'den’))
w=exp(2*%i*%pi*[0:0.1:1]);
norm(abs(horner(R1,w))-abs(horner(R,w)))

SEEALSO: simp 363

8.0.659 gcd gcd calculation

CALLING SEQUENCE :
[pged,UJ=gcd(p)

PARAMETERS :

p : polynomial row vectop=[p1,..,pn]

DESCRIPTION :
[pgcd,ul=gcd(p) computes the gcd of componentgofand a unimodular matrix (with polyno-
mial inverse)J, with minimal degree such that
p*U=[0 ... 0 pgcd]
EXAMPLE
s=poly(0,’s’);
p=[s,s*(s+1)"2,2*s"2+s"3];
[Pgcd,ul=gcd(p);
p*u
SEEALSO: bezout 350 lecm 357 hermit 355
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8.0.660 hermit Hermite form

CALLING SEQUENCE :
[Ar,U]=hermit(A)
PARAMETERS :

A : polynomial matrix
Ar : triangular polynomial matrix
U : unimodolar polynomial matrix

DESCRIPTION :

Hermite form:U is an unimodular matrix such thAtU is in Hermite triangular form:
The output variable i&ir=A*U .

Warning: Experimental version

EXAMPLE :

s=poly(0,'s’);

p=[s, s*(s+1)2, 2*s"2+s"3];
[Ar,U]=hermit(p™*p);
clean(p™*p*U), det(U)

SEEALSO: hrmt 356 htrianr 356

8.0.661 horner polynomial/rational evaluation

CALLING SEQUENCE :
horner(P,x)
PARAMETERS :

P : polynomial or rational matrix
X : real number or polynomial or rational

DESCRIPTION :

evaluates the polynomial or rational matix= P(s) whenthe variable of the polynomialis replaced
by x:

horner(P,x) =P(x)

Example (Bilinear transform): Assunie = P(s) is arational matrix then the rational matBX(1+s)/(1-s))
is obtained byhorner(P,(1+s)/(1-s))

To evaluate a rational matrix at given frequencies use preferabfyahe primitive.

EXAMPLES :
s=poly(0,'s’);M=[s,1/s];
horner(M,1)

horner(M,%i)
horner(M,1/s)

SEEALSO: freq 225 repfreq 241, evstr 21
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8.0.662 hrmt gcd of polynomials
CALLING SEQUENCE :

[pg,Ul=hrmt(v)

PARAMETERS :

v : row of polynomialsi.elxk polynomial matrix

pg : polynomial
U : unimodular matrix polynomial

DESCRIPTION :

[pg,U]=hrmt(v) returns a unimodular matri¥d andpg = gcd of row of polynomialy such that
v*U = [pg,0]

EXAMPLE :

x=poly(0,x’);

VE[XH(x+L), X 2% (x+1), (X-2)(x+1), (3*X 2+2)*(x+1)];
[pg,Ul=hrmt(v);U=clean(V)

det(U)

SEEALSO: gcd 354  htrianr 356

8.0.663 htrianr triangularization of polynomial matrix

CALLING SEQUENCE :
[Ar,U,rk]=htrianr(A)
PARAMETERS :

A : polynomial matrix

Ar : polynomial matrix

U : unimodular polynomial matrix
rk :integer, normal rank oA

DESCRIPTION :

triangularization of polynomial matrii.

A is[m,n] ,m <= n.

Ar=A*U

Warning: there is an elimination of "small” terms (see function code).
EXAMPLE :

x=poly(0,’x’);
M=[x;x"2;2+X"3]*[1,x-2,X"4];
[Mu,U,rk]=htrianr(M)

det(V)

M*U(:,1:2)

SEEALSO: hrmt 356 colcompr 351
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8.0.664 invr inversion of (rational) matrix
CALLING SEQUENCE :

F = invr(H)

PARAMETERS :

H : polynomial or rational matrix
F : polynomial or rational matrix

DESCRIPTION :
If H is a polynomial or rational function matrixavr  computeH”(-1)  using Leverrier’'s algorithm
(see function code)

EXAMPLE :

s=poly(0,’s")

H=[s,s*s+2;1-s,1+s]; invr(H)
[Num,den]=coffg(H);Num/den
H=[1/s,(s+1);1/(s+2),(s+3)/s];invr(H)

SEEALSO: glever 375 coffg 351, inv 379

8.0.665 Icm least common multiple
CALLING SEQUENCE :

[pp.fact]=lcm(p)

PARAMETERS :

p:
fact : polynomial vector
pp : polynomial

DESCRIPTION :

pp=lcm(p) computesthe Icnpp of polynomial vectop.
[pp.fact]=lcm(p) computes in addition the vectéact  such that:
p.*fact=pp*ones(p)

EXAMPLE :

s=poly(0,'s’);

p=[s,s*(s+1)"2,5"2*(s+2)];

[pp.fact]=lcm(p);

p.*fact, pp

SEEALSO: gcd 354 bezout 350

8.0.666 Icmdiag least common multiple diagonal factorization
CALLING SEQUENCE :

[N,D]=lcmdiag(H)
[N,D]=lcmdiag(H.flag)

PARAMETERS :

H : rational matrix
N : polynomial matrix
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D : diagonal polynomial matrix
flag : character stringrow’ or’col’ (default)

DESCRIPTION :

[N,D]=lcmdiag(H,’ row’) computes a factorizatidd*H=N, i.e. H=D"(-1)*N where D is a diagonal
matrix with D(k,k)=lcm of kth row of H('den’).

[N,D]=lcmdiag(H) or[N,D]=lcmdiag(H, col) returns H=N*D"(-1) with diagonal D and D(k,k)=lcm
of kth col of H('den’)

EXAMPLE :

s=poly(0,’s);
H=[1/s,(s+2)/s/(s+1)"2;1/(s"2*(s+2)),2/(s+2)];
[N,D]=lcmdiag(H);

N/D-H

SEEALSO: Icm 357, gcd 354, bezout 350

8.0.667 Idiv polynomial matrix long division

CALLING SEQUENCE :
[x]=Idiv(n,d,k)

PARAMETERS :

n,d :two real polynomial matrices

k :integer

DESCRIPTION :

x=Idiv(n,d,k) gives thek first coefficients of the long division af byd i.e. the Taylor expansion
of the rational matrixnij(z)/dij(z)] near infinity.

Coefficients of expansion aiij/dij are stored ix((i-1)*n+k,j) k=1:n

EXAMPLE :

wss=ssrand(1,1,3);[a,b,c,d]=abcd(wss);
witf=ss2tf(wss);
x1=Idiv(numer(wtf),denom(wtf),5)
x2=[c*b;c*a*b;c*a"2*b;c*a"3*b;c*a"4*h]
wsshis=markp2ss(x1’,5,1,1);
wtfbis=clean(ss2tf(wssbis))
x3=Idiv(numer(wtfbis),denom(wtfbis),5)

SEEALSO: arl2 210 markp2ss 234 pdiv 359

8.0.668 numer. numerator

CALLING SEQUENCE :
NUM=numer(R)
PARAMETERS :

R : rational matrix

DESCRIPTION :
Utility fonction. NUM=numer(R) returns the numerat®dUM of a rational function matrbR (R may
be also a constant or polynomial matrirumer(R) is equivalenttdr(2) or R('num’)

SEEALSO: denom 352
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8.0.669 pdiv polynomial division
CALLING SEQUENCE :

[R,Q]=pdiv(P1,P2)
[Ql=pdiv(P1,P2)

PARAMETERS :
P1 : polynomial matrix

P2 : polynomial or polynomial matrix
R,Q : two polynomial matrices

DESCRIPTION :

Element-wise euclidan division of the polynomial matfix by the polynomiaP2 or by the polynomial
matrix P2. Rij is the matrix of remainder®ij is the matrix of quotients anB1lij = Qij*P2 +

Qij orP1lij = Qij*P2ij + Qij

EXAMPLE :

x=poly(0,’x);

pl=(1+x"2)*(1-x);p2=1-X;
[r,q]=pdiv(p1,p2)
p2*g-pl

p2=1+x;

[r,q]=pdiv(p1,p2)
p2*q+r-pl

SEEALSO: Idiv 358 gcd 354

8.0.670 pol2des polynomial matrix to descriptor form

CALLING SEQUENCE :
[N,B,C]=pol2des(Ds)
PARAMETERS :

Ds : polynomial matrix
N, B, C :threereal matrices

DESCRIPTION :

Given the polynomial matris=D0 +D_.1 s +D_2 s"2 +... +D _k s'k ,pol2des returnsthree
matricesN, B, C, with N nilpotent such that:

Ds = C (s*N-eye())-1 B

EXAMPLE :

s=poly(0,’s’);

G=[1,s;1+s72,3*s"3];[N,B,C]=pol2des(G);

Gl=clean(C*inv(s*N-eye())*B),G2=numer(G1)

SEEALSO: ss2des 247, tf2des 273
AuUTHOR: F.D.
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8.0.671 pol2str polynomial to string conversion
CALLING SEQUENCE :

[str]=pol2str(p)

PARAMETERS :

p : real polynomial
str : character string

DESCRIPTION :
converts polynomial to character string (utility function).

SEEALSO: string 74, pol2tex 617

8.0.672 polfact minimal factors
CALLING SEQUENCE :

[f]=polfact(p)

PARAMETERS :

p : polynomial

f :vector[f0 f1 ... fn] such thap=prod(f)

fO : constant
fi . polynomial

DESCRIPTION :
f=polfact(p) returns the minimal factorsof pi.&[f0 f1 ... fn] such thap=prod(f)

SEEALSO: lcm 357, cmndred 351, factors 353

8.0.673 residu residue

CALLING SEQUENCE :
[V]=residu(P,Q1,Q2)
PARAMETERS :

P, Q1, Q2 : polynomials or matrix polynomials with real or complex coefficients.

DESCRIPTION :
V=residu(P,Q1,Q2) returns the matri®yy such thatv(i,)) is the sum of the residues of the
rational fractionP(i,j)/(QL1(i,j)*Q2(i,))) calculated at the zeros Qf1(i,j)
QL(,)) andQ2(i,)) must not have any common root.
EXAMPLE :
s=poly(0,’s);

H=[s/(s+1)"2,1/(s+2)];N=numer(H);D=denom(H);
w=residu(N.*horner(N,-s),D,horner(D,-s)); //N(s) N(-s) / D(s) D(-s)
sgrt(sum(w)) //This is H2 norm

h2norm(tf2ss(H))

I

p=(s-1)*(s+1)*(s+2)*(s+10);a=(s-5)*(s-1)*(s*s)*((s+1/2)**2);
b=(s-3)*(s+2/5)*(s+3);

residu(p,a,b)+531863/4410 /[Exact
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z=poly(0,'z’);a=z"3+0.7*2"2+0.5*z-0.3;b=2"3+0.3*2"2+0.2*2+0.1;
atild=gtild(a,’d");btild=gtild(b,'d");
residu(b*btild,z*a,atild)-2.9488038  //Exact
a=a+0*%i;b=b+0*%i;

real(residu(b*btild,z*a,atild)-2.9488038) //Complex case

SEEALSO: pfss 239 bdiag 367 roots 361, poly 57, gtild 263
AuTHOR: F.D.

8.0.674 roots roots of polynomials

CALLING SEQUENCE :
[X]=roots(p)
PARAMETERS :

p : polynomial with real or complex coefficients

DESCRIPTION :

X=roots(p) returns in the complex vector x the roots of the polynonpial Degree ofp must be
<=100.

EXAMPLE :

p=poly([0,10,1+%i,1-%i],’x’);

roots(p)

A=rand(3,3);roots(poly(A,’x’)) /I Evals by characteristic polynomial
spec(A)

SEEALSO: poly 57

8.0.675 routht Routh’s table

CALLING SEQUENCE :
r=routh_t(h [K]).
PARAMETERS :

h : square rational matrix

DESCRIPTION :
r=routh _t(h,k) computes Routh’s table of denominator of the system described by transfer matrix
SISOh with the feedback by the galn

If k=poly(0,’k’) we will have a polynomial matrix with dummy variabke formal expression of the
Routh table.
8.0.676 rowcompr. row compression of polynomial matrix

CALLING SEQUENCE :
[X,rk,Ac]=rowcompr(A)
PARAMETERS :

A : polynomial matrix
Y :square polynomial matrix (left unimodular basis)
rk  : normal rank ofA
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Ac : Ac=X*A, polynomial matrix

DESCRIPTION :

row compression of polynomial matrix .

X is a left polynomial unimodular basis which row compressed thee rowsiif is the normal rank of
A.

Warning: elimination of "small” terms (use with care!).

SEEALSO: colcompr 351

8.0.677 sfact discrete time spectral factorization

CALLING SEQUENCE :
F=sfact(P)
PARAMETERS :

P : real polynomial matrix

DESCRIPTION :
FindsF, a spectral factor d?. P is a polynomial matrix such that each root®fhas a mirror image w.r.t
the unit circle. Problem is singular if a root is on the unit circle.
sfact(P) returns a polynomial matrik(z) which is antistable and such that
P = F(@2)* F(1/z) *z'n
For scalar polynomials a specific algorithm is implemented. Algorithms are adapted from Kucera’s book.
EXAMPLE :

//Simple polynomial example

z=poly(0,'z’);

p=(z-1/2)*(2-z)

w=sfact(p);

w*numer(horner(w,1/z))

//matrix example
F1=[z-1/2,z+1/2,2°2+2;1,2,-7;2"3+2%*2,2,1/2-7];
P=F1*gtild(F1,'d"); //P is symmetric

F=sfact(P)

roots(det(P))

roots(det(gtild(F,’d"))) //The stable roots
roots(det(F)) /[The antistable roots

clean(P-F*gtild(F,’d")

[[Example of continuous time use

s=poly(0,'s’);
p=-3*(s+(1+%:i))*(s+(1-%i))*(s+0.5)*(s-0.5)*(s-(1+%:i))*(s-(1-%:i));p=real(p);
/lp(s) = polynomial in s”2 , looks for stable f such that p=f(s)*f(-s)
w=horner(p,(1-s)/(1+s)); /I bilinear transform w=p((1-s)/(1+s))

wn=numer(w); /ltake the numerator
fn=sfact(wn);f=numer(horner(fn,(1-s)/(s+1))); //Factor and back transform
f=f/sqrt(horner(f*gtild(f,’c’),0));f=f*sqrt(horner(p,0)); /Inormalization

roots(f) /If is stable
clean(f*gtild(f,’c’)-p) 1f(s)*f(-s) is p(s)

SEEALSO: gtild 263 fspecg 260
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8.0.678 simp rational simplification

CALLING SEQUENCE :

[N1,D1]=simp(N,D)
H1=simp(H)

PARAMETERS :

N,D :real polynomials or real matrix polynomials
H : rational matrix (i.e matrix with entries/d ,n andd real polynomials)

DESCRIPTION :

[n1,d1]=simp(n,d) calculates two polynomialsl anddl suchthanl/dl = n/d

If N andD are polynomial matrices the calculation is performed element-wise.

H1=simp(H) is also valid (each entry ¢f is simplified inHZ1).

Caution:

-no threshold is given i.esimp cannot forces a simplification.

-For linear dynamic systems which include integrator(s) simplification changes the staticH@n. for
continuous systems ¢t(1) for discrete systems)

-for complex datasimp returns its input(s).

-rational simplification is called after nearly each operations on rationals. It is possible to toggle simplific-
ation on or off usingsimp _-mode function.

EXAMPLES :

s=poly(0,'s’);
[n,d]=simp((s+1)*(s+2),(s+1)*(s-2))

simp_mode(%F);hns=s/s
simp_mode(%T);hns=s/s

SEEALSO: roots 361, trfmod 200 poly 57, clean 350 simp_mode 363

8.0.679 simpmode toggle rational simplification

CALLING SEQUENCE :

mod=simp_mode()
simp_mode(mod)

PARAMETERS :

mod : a boolean

DESCRIPTION :
rational simplification is called after nearly each operations on rationals. It is possible to toggle simplifica-
tion on or off usingsimp _mode function.
simp _-mod(%t) set rational simplification mode on
simp _-mod(%f) set rational simplification mode off
mod=simp _-mod() returnsin mod the current rational simplification mode
EXAMPLES :
s=poly(0,'s’);
mod=simp_mode()
simp_mode(%f);hns=s/s
simp_mode(%t);hns=s/s
simp_mode(mod);

SEEALSO: simp 363
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8.0.680 sylm Sylvester matrix
CALLING SEQUENCE :

[S]=sylm(a,b)

PARAMETERS :

a,b :two polynomials
S : matrix

DESCRIPTION :

sylm(a,b) gives the Sylvester matrix associated to polynomaalandb, i.e. the matriXS such that:
coeff( a*x + b*y ) = S * [coeff(X)’;coeff(y)]

Dimension ofS is equal todegree(a)+degree(b)

If a andb are coprime polynomials then

rank(sylm(a,b))=degree(a)+degree(b)) and the instructions

u
X

y

sylm(a,b) \\ eye(na+nb,1)
poly(u(1:nb),’z’,’coeff’)
poly(u(nb+1:na+nb),’z’,’coeff’)

compute Bezout factors andy of minimal degree such thatx+b*y = 1

8.0.681 systmat system matrix

CALLING SEQUENCE :
[Sm]=systmat(SlI);
PARAMETERS :

S| :linear systemgyslin  list) or descriptor system
Sm : matrix pencil

DESCRIPTION :
System matrix of the linear syste®& (syslin  list) in state-space form (utility function).

Sm = [-sl + A B;
[ C D]

For a descriptor systens(=list('des’,A,B,C,D,E) ),systmat  returns:

Sm = [-sE + A B;
[ C D]

SEEALSO: ss2des 247, sm2des 245 sm2ss 246
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9.0.682 aff2ah linear (affine) function to A,b conversion
CALLING SEQUENCE :

[A,b]=aff2ab(afunction,dimX,D [,flag])

PARAMETERS :

afunction : a scilab functiory =fct(X,D) whereX, D, Y arelist of matrices
dimX : ap x2integer matrixg is the number of matrices i)

D :alist  of real matrices (or any other valid Scilab object).

flag : optional parameteflag="f' orflag="sp’ )

A : areal matrix

b : areal vector having same row dimensiorfas

DESCRIPTION :

aff2ab  returns the matrix representation of an affine function (in the canonical basis).

afunction is a function with imposed syntaX:=afunction(X,D) whereX=list(X1,X2,...,Xp)

is a list of p real matrices, and=list(Y1,...,YQ) is a list of g real real matrices which depend lin-

early of theXi 's. The (optional) inpuD contains parameters needed to compute Y as a function of X. (It
is generally a list of matrices).

dimX is a p x 2 matrix:dimX(i)=[nri,nci] is the actual number of rows and columns of ma¥ix
These dimensions determina, the column dimension of the resulting matAxna=nrl*ncl +...+

nrp*ncp .

If the optional parametdtag="sp’ the resultingA matrix is returned as a sparse matrix.

This function is useful to solve a system of linear equations where the unknown variables are matrices.
EXAMPLE :

/I Lyapunov equation solver (one unknown variable, one constraint)
deff(’Y=lyapunov(X,D),JA,Q]=D(:);Xm=X(:); Y=list(A"*Xm+Xm*A-Q)")
A=rand(3,3);Q=rand(3,3);Q=0Q+Q’;D=list(A,Q);dimX=[3,3];
[Aly,bly]=aff2ab(lyapunov,dimX,D);

[Xl,kerA]=linsolve(Aly,bly); Xv=vec2list(Xl,dimX); lyapunov(Xv,D)
Xm=Xv(:); A*Xm+Xm*A-Q

/I Lyapunov equation solver with redundant constraint X=X’

/I (one variable, two constraints) D is global variable
deff("'Y=ly2(X,D)",'[A,Q]=D(:);Xm=X(:); Y=list(A"*Xm+Xm*A-Q,Xm"-Xm)")
A=rand(3,3);Q=rand(3,3);Q=0Q+Q’;D=list(A,Q);dimX=[3,3];
[Aly,bly]=aff2ab(ly2,dimX,D);

[Xl,kerA]=linsolve(Aly,bly); Xv=veczlist(Xl,dimX); ly2(Xv,D)

/I Francis equations

/I Find matrices X1 and X2 such that:

/I A1*X1 - X1*A2 + B*X2 -A3 = 0

/I D1*X1 -D2 = 0
deff('Y=bruce(X,D)’,'[A1,A2,A3,B,D1,D2]=D()),...
[X1,X2]=X(:);Y=list(A1*X1-X1*A2+B*X2-A3,D1*X1-D2)’)
Al1=[-4,10;-1,2];A3=[1;2];B=[0;1];A2=1;D1=[0,1];D2=1;
D=list(A1,A2,A3,B,D1,D2);
[n1,m1]=size(Al);[n2,m2]=size(A2);[n3,m3]=size(B);
dimX=[[m1,n2];[m3,m2]];
[Af,bf]=aff2ab(bruce,dimX,D);
[Xf,KerAfl=linsolve(Af,bf); Xsol=vec2list(Xf,dimX)
bruce(Xsol,D)

/I Find all X which commute with A
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deff(y=f(X,D)",'y=list(D(:)*X(:)-X(:)*D(:))")
A=rand(3,3);dimX=[3,3];[Af,bf]=aff2ab(f,dimXlist(A));
[Xf,KerAf]=linsolve(Af,bf);[p,q]=size(KerAf);
Xsol=vec2list(Xf+KerAf*rand(q,1),dimX);

C=Xsol(:); A*C-C*A

SEEALSO: linsolve 381

9.0.683 balanc matrix or pencil balancing

CALLING SEQUENCE :

[Ab,X]=balanc(A)
[Eb,Ab,X,Y]=balanc(E,A)

PARAMETERS :

A: areal square matrix

X: areal square invertible matrix

E: areal square matrix (same dimensionAys
Y: areal square invertible matrix.

DESCRIPTION :
Balance a square matrix to improve its condition number.
[Ab,X] = balanc(A) finds a similarity transformatiod suchthat Ab = inv(X)*A*X has

approximately equal row and column norms.
For matrix pencils,balancing is done for improving the generalized eigenvalue problem.

[Eb,Ab,X,Y] = balanc(E,A) returns left and right transformatioXsandY suchthat Eb=X*E*Y
Ab=X*A*Y
REMARK :
Balancing is made in the functiohsliag andspec .
EXAMPLE :

A=[1/2"10,1/2"10;2"10,2710];
[Ab,X]=balanc(A);
norm(A(1,:))/norm(A(2,:))
norm(Ab(1,:))/norm(Ab(2,:))

SEEALSO: bdiag 367

9.0.684 bdiag block diagonalization, generalized eigenvectors

CALLING SEQUENCE :
[Ab [.X [bs]l]=bdiag(A [rmax])
PARAMETERS :

A : real or complex square matrix
rmax :real number

Ab : real or complex square matrix

X : real or complex non-singular matrix
bs : vector of integers

DESCRIPTION :

[Ab [[X [,bs]]]=bdiag(A [,rmax])
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performs the block-diagonalization of matéx bs gives the structure of the blocks (respective sizes of the
blocks).X is the change of basisi.e Ab = inv(X)*A*X is block diagonal.

rmax controls the conditioning oX; the default value is the |11 norm &

To get a diagonal form (if it exists) choose a large valuerfoax (rmax=1/%eps for example). Gen-
erically (for real random A) the blocks are (1x1) and (2x2) &nds the matrix of eigenvectors.

EXAMPLE :

/IReal case: 1x1 and 2x2 blocks
a=rand(5,5);[ab,x,bs]=bdiag(a);ab
/IComplex case: complex 1x1 blocks
[ab,x,bs]=bdiag(a+%i*0);ab

SEEALSO: schur 394, sylv 400 spec 398

9.0.685 chfact sparse Cholesky factorization
CALLING SEQUENCE :

spcho=chfact(A)

PARAMETERS :

A : square symmetric positive sparse matrix
spcho : list containing the Cholesky factors in coded form

DESCRIPTION :

spcho=chfact(A) computes the sparse Cholesky factors of sparse n¥stegsumed symmetric pos-

itive definite. This function is based on the Ng-Peyton programs (ORNL). See the Fortran programs for a
complete description of the variablesspcho . This function is to be used witthsolve

SEEALSO: chsolve 369 sparse 186 Iufact 382 Iluget 383 spchol 398

9.0.686 chol Cholesky factorization

CALLING SEQUENCE :
[R]=chol(X)
PARAMETERS :

X 1 asymmetric positive definite real or complex matrix.

DESCRIPTION :

If X is positive definite, theR = chol(X) produces an upper triangular matRxsuch thaR*R =

X.

chol(X)  uses only the diagonal and upper triangleXoT he lower triangular is assumed to be the (com-
plex conjugate) transpose of the upper.

EXAMPLE :

W=rand(5,5)+%i*rand(5,5);

X=W*W’;

R=chol(X);

norm(R™*R-X)

SEEALSO: spchol 398 qgr 390, svd 400, bdiag 367 fullrf 373
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9.0.687 chsolve sparse Cholesky solver
CALLING SEQUENCE :
sol=chsolve(spcho,rhs)

PARAMETERS :

spcho : list containing the Cholesky factors in coded form returned by chfact
rhs, sol : full column vectors

DESCRIPTION :

sol=chsolve(spcho,rhs) computes the solution @bl=A*rhs , with A a symmetric sparse pos-

itive definite matrix. This function is based on the Ng-Peyton programs (ORNL). See the Fortran programs
for a complete description of the variablessipcho .

EXAMPLE :

A=sprand(20,20,0.1);
A=A*A’+eye();
spcho=chfact(A);
sol=(1:20)";rhs=A*sol;
spcho=chfact(A);
chsolve(spcho,rhs)

SEEALSO: chfact 368 sparse 186 lufact 382 luget 383 spchol 398

9.0.688 coff resolvent (cofactor method)

CALLING SEQUENCE :
[N,d]=coff(M [,var])
PARAMETERS :

M : square real matrix

var : character string

N : polynomial matrix (same size &4

d : polynomial (characteristic polynomipbly(A,’s’) )

DESCRIPTION :

coff computes Ré&s*eye()-M) -1 for M a real matrix. R is given bi{/d .
N = numerator polynomial matrix.

d =common denominator.

var character string €’ if omitted)

EXAMPLE :

M=[1,2;0,3];

[N,d]=coff(M)

N/d

inv(%s*eye()-M)

SEEALSO: coffg 351, ss2tf 249 nlev 384 poly 57

Scilab Group April 1993 369



cona Scilab Function

9.0.689 colcomp column compression, kernel, nullspace
CALLING SEQUENCE :

[W,rk]=colcomp(A [,flag] [,tol])

PARAMETERS :

A : real or complex matrix

flag : character string

tol :real number

W : square non-singular matrix (change of basis)
rk :integer (rank ofd)

DESCRIPTION :
Column compression &k Ac = A*W is column compressed i.e
Ac=[0,Af] with Af  full column rank, rank@f ) = rank@®) =rk .

flag andtol are optional parameteriag = 'qr or'svd’ (defaultis’'svd’ ).
tol =tolerance parameter (of ordéreps as default value).

Thema-rk first columns ofW span the kernel oA whensize(A)=(na,ma)

EXAMPLE :

A=rand(5,2)*rand(2,5);
[X,r]=colcomp(A);
norm(A*X(:,1:$-r),1)

SEEALSO: rowcomp 393 fullrf 373  fullrfk 374, kernel 379
AuTHOR: F.D.

9.0.690 companion companion matrix

CALLING SEQUENCE :
A=companion(p)
PARAMETERS :

p : polynomial or vector of polynomials
A : square matrix

DESCRIPTION :

Returns a matriXA with characteristic polynomial equal f@ if p is monic. Ifp is not monic the
characteristic polynomial o4 is equal top/c where ¢ s the coefficient of largest degreepn

If p is a vector of monic polynomial®) is block diagonal, and the characteristic polynomial of the ith
block isp(i)

EXAMPLE :

s=poly(0,'s’);

p=poly([1,2,3,4,1],’s’,'C’)

det(s*eye()-companion(p))

roots(p)

spec(companion(p))

SEEALSO: spec 398 poly 57, randpencil 391
AuTHOR: F.D.
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9.0.691 cond condition number

CALLING SEQUENCE :

cond(X)

PARAMETERS :

X : real or complex square matrix

DESCRIPTION :
Condition number in 2-norntond(X) s the ratio of the largest singular valueXfto the smallest.

EXAMPLE :

A=testmatrix(’hilb’,6);
cond(A)

SEEALSO: rcond 392 svd 400

9.0.692 det determinant

CALLING SEQUENCE :

det(X)
[e,m]=det(X)

PARAMETERS :

X :real or complex square matrix, polynomial or rational matrix.
m : real or complex number, the determinant base 10 mantissae
e : integer, the determinant base 10 exponent

DESCRIPTION :

det(X) (m*10%e isthe determinant of the square matxix
For polynomial matrixdet(X) is equivalent taleterm(X)

For rational matricedet(X) is equivalent tadetr(X)

EXAMPLE :

x=poly(0,’x);

det([x,1+x;2-x,X"2])

w=ssrand(2,2,4);roots(det(systmat(w))),trzeros(w)  //zeros of linear system
A=rand(3,3);

det(A), prod(spec(A))

SEEALSO: detr 353 determ 352

9.0.693 ereduc__ computes matrix column echelon form by gz transformations
CALLING SEQUENCE :

[E,Q,Z [,stair [,rk]]]=ereduc(X,tol)

PARAMETERS :

X : m x n matrix with real entries.
tol : real positive scalar.

E : column echelon form matrix
Q : m x m unitary matrix

Z . nXnunitary matrix
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stair  : vector of indexes,

* ISTAIR()) = + j if the boundary elemert(i,j) is a corner point.

* ISTAIR(®) = - ] if the boundary elemert(i,j) is not a corner point.
(i=1,...,M)

rk . integer, estimated rank of the matrix

DESCRIPTION :

Given anm X n matrix X (not necessarily regular) the function ereduc computes a unitary transformed
matrix E=Q*X*Z which is in column echelon form (trapezoidal form). Furthermore the rank of mxtrix
is determined.

EXAMPLE :
X=[1 2 3;4 5 6]
[E,Q,Z ,stair ,rk]=ereduc(X,1.d-15)

SEEALsO: fstair 373
AUTHOR: Th.G.J. Beelen (Philips Glass Eindhoven). SLICOT

9.0.694 exp element-wise exponential

CALLING SEQUENCE :
exp(X)
PARAMETERS :

X : scalar,vector or matrix with real or complex entries.

DESCRIPTION :

exp(X) isthe (element-wise) exponential of the entrieXof
EXAMPLE :

x=[1,2,3+%i];

log(exp(x)) /lelement-wise

2°x

exp(x*log(2))

SEEALsO: coff 369 log 173 expm372

9.0.695 expm square matrix exponential

CALLING SEQUENCE :
expm(X)
PARAMETERS :

X : square matrix with real or complex entries.

DESCRIPTION :

X is a square matriexpm(X) is the matrix
exp(X) =T+ X +X?/2+ ...

The computation is performed by first block-diagonalizagand then applying a Pade approximation on
each block.

EXAMPLE :
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X=[1 2;3 4]
expm(X)
logm(expm(X))

SEEALSO: logm 174, bdiag 367 coff 369 log 173 exp 372

9.0.696 fstair

CALLING SEQUENCE:

computes pencil column echelon form by gz transformations

[AE,EE,QE,ZE,blcks,muk,nuk,muk0,nuk0,mnei]=fstair(A,E,Q,Z,stair,rk,tol)
PARAMETERS :

A : m x n matrix with real entries.

tol : real positive scalar.

E : column echelon form matrix

Q : m x m unitary matrix

Z . nXnunitary matrix

stair  : vector of indexes (see ereduc)

rk :integer, estimated rank of the matrix

AE : m x n matrix with real entries.

EE : column echelon form matrix

QE : m x m unitary matrix

ZE : n X n unitary matrix

nblcks :is the number of submatrices having full row rank 0 detected in matrix A.

muk: integer array of dimension (n). Contains the column dimensions mu(k) (k=1,...,nblcks) of the sub-
matrices having full column rank in the pencil sE(eps)-A(eps)

nuk: integer array of dimension (m+1). Contains the row dimensions nu(k) (k=1,...,nblcks) of the sub-
matrices having full row rank in the pencil sE(eps)-A(eps)

mukO: integer array of dimension (n). Contains the column dimensions mu(k) (k=1,...,nblcks) of the
submatrices having full column rank in the pencil SE(eps,inf)-A(eps,inf)

nuk: integer array of dimension (m+1). Contains the row dimensions nu(k) (k=1,...,nblcks) of the sub-
matrices having full row rank in the pencil se(eps,inf)-A(eps,inf)

mnei: integer array of dimension (4). mnei(1) = row dimension of sE(eps)-A(eps)

DESCRIPTION :

Given a pencilsE-A where matrixE is in column echelon form the functioistair computes
according to the wishes of the user a unitary transformed p@i($EE-AE)ZE which is more or less
similar to the generalized Schur form of the persi-A . The function yields also part of the Kronecker
structure of the given pencil.

Q,Z are the unitary matrices used to compute the pencil where E is in column echelon form (see
ereduc)

AuTHOR: Th.G.J. Beelen (Philips Glass Eindhoven). SLICOT
SEEALSO: quaskro 390, ereduc 371

9.0.697 fullrf full rank factorization

CALLING SEQUENCE :
[Q,M,rk]=fullrf(A, [tol])
PARAMETERS :

A : real or complex matrix
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tol : real number (threshold for rank determination)
Q.M : real or complex matrix
rk :integer (rank ofd)

DESCRIPTION :

Full rank factorization :fullrf returnsQ andM such thatA = Q*M with rangeQQ=rangef)) and
ker(M=ker(A), Q full column rank ,M full row rank,rk =rank() = #columnsQ) = #rows\).
tol is an optional real parameter (default valusast(%eps) ). The rankrk of A is defined as the
number of singular values larger thaarm(A)*tol

If A is symmetric,fullrf returnsM=Q’.

EXAMPLE :

A=rand(5,2)*rand(2,5);
[Q,M]=fullrf(A);
norm(Q*M-A,1)
[X,d]=rowcomp(A);Y=X";

svd([A,Y(:,1:d),Q)) llspan(Q) = span(A) = span(Y(:,1:2))
SEEALSO: svd 400 qgr 390 fullrfk 374, rowcomp 393 colcomp 370

AuTHOR: F.D.
9.0.698 fullrfk full rank factorization of Ak

CALLING SEQUENCE :
[Bk,CK]=fullrfk(A k)
PARAMETERS :

A : real or complex matrix
k :integer
Bk,Ck : real or complex matrices

DESCRIPTION :

This function computes the full rank factorization Atk i.e. Bk*Ck=A"k whereBk is full column
rank andCk full row rank. One has rangBk)=rangefQ’k ) and kerCk)=ker(Ak ).

Fork=1, fullrfk is equivalent tdullrf

EXAMPLE :

A=rand(5,2)*rand(2,5);[Bk,CKk]=fullrfk(A,3);
norm(Bk*Ck-A"3,1)

SEEALSO:  fullrf 373 range 392
AUTHOR: F.D (1990)

9.0.699 givens Givens transformation

CALLING SEQUENCE :

U=givens(xy)
U=givens(x,y)
[U,c]=givens(xy)
[U,c]=givens(x,y)

PARAMETERS :

X,y :two real or complex numbers
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Xy :real or complex size 2 column vector
U : 2x2 unitary matrix
¢ : real or complex size 2 column vector

DESCRIPTION :

U = givens(x, Y) or U = givens(xy) with xy = [x;y] returns a2x2 unitary matrixU
such that:

U*xy=[r;0]=c

Note thatgivens(x,y) andgivens([x;y]) are equivalent.

EXAMPLE :

A=[3,4;5,6];

U=givens(A(:,1));

U*A

SEEALSO: qgr 390

9.0.700 (glever inverse of matrix pencil

CALLING SEQUENCE :
[Bfs,Bis,chis]=glever(E,A [,s])
PARAMETERS :

E, A :two real square matrices of same dimensions
s : character string (default valus”)

Bfs,Bis  : two polynomial matrices

chis : polynomial

DESCRIPTION :
Computation of sE — A) ! by generalized Leverrier's algorithm for a matrix pencil.

(s*E-A)™-1 = (Bfs/chis) - Bis.

chis = characteristic polynomial (up to a multiplicative constant).
Bfs = numerator polynomial matrix.

Bis = polynomial matrix ( - expansion ¢6*E-A)"-1 at infinity).
Note the - sign beforBis .

CAUTION :

This function usesleanp to simplify Bfs,Bis  andchis .

EXAMPLE :

s=%s;F=[-1,s,0,0;0,-1,0,0;0,0,s-2,0;0,0,0,s-1];
[Bfs,Bis,chis]=glever(F)
inv(F)-((Bfs/chis) - Bis)

AUTHOR: F. D. (1988)

SEE ALsO: rowshuff 393 det 371 invr 357 coffy 351, pencan 386 penlaur
386
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9.0.701 gschur generalized Schur form (matrix pencils).
CALLING SEQUENCE :

[As,Es]=gschur(A,E)
[As,Es,Q,Z]=gschur(A,E)
[As,Es,Z,dim] = gschur(A,E,flag)
[As,Es,Z,dim]= gschur(A,E,extern)

PARAMETERS :

A, E :two real square matrices

flag : characterstring¢’ or’d’ )

extern : Scilab “external” function (usual case). Could be also a list or a character string
As,Es :two real square matrices

Q, Z :two non-singular real matrices

dim : integer (dimension of subspace)

DESCRIPTION :

Schur form of matrix pencils (QZ algorithm):
[As,Es] = gschur(AE)

produces a quasi triangulAs matrix and a triangulaEs matrix which are the generalized Schur form of
the pairA, E.

[As,Es,Q,Z] = gschur(A,E)

returns in addition two unitary matric€ andZ such thatAs=Q*A*Z andEs=Q*E*Z.
Ordered stable form:

[As,Es,Z,dim] = gschur(A,E,’c)

returns the real generalized Schur form of the pestd-A . In addition, the dim first columns & span a
basis of the right eigenspace associated with eigenvalues with negative real parts (stable "continuous time”
generalized eigenspace).

[As,Es,Z,dim] = gschur(AE,'d)

returns the real generalized Schur form of the pesi@-A . In addition, the dim first columns & make

a basis of the right eigenspace associated with eigenvalues with magnitude lower than 1 (stable "discrete
time” generalized eigenspace).

General subspace:

[As,Es,Z,dim] = gschur(A,E,extern)

returns the real generalized Schur form of the pesid-A . In addition, the dim first columns & make
a basis of the right eigenspace associated with eigenvalues of the pencil which are selected according to a
rule which is given by the scilab function extern. (3e@ur for definition of this function).

EXAMPLE :

S=%s;

F=[-1,s,0,0;0,-1,0,0;0,0,2+s,0;0,0,0,-2+s];
roots(det(F))

[E,Al=pen2ea(F);

[As,Es,zZ,dim] = gschur(AE,'c)

/I Other example
a=rand(4,4);b=rand(4,4);[as,bs,qs,zs]=gschur(a,b);
norm(gs*a*zs-as)
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norm(gs*b*zs-bs )

clear a;
a(8,8)=2;a(1,8)=1;a(2,[2,3,4,5])=[0.3,0.2,4,6];a(3,[2,3])=[-0.2,.3];
a(3,7)=.5;
a(4,4)=.5;a(4,6)=2;a(5,5)=1;a(6,6)=4;a(6,7)=2.5;a(7,6)=-10;a(7,7)=4;
b=eye(8,8);b(5,5)=0;

[al,be]=gspec(a,b);

[bs,as,q,n]=gschur(b,a,’disc’);n-4

SEEALSO: external 22, gspec 377, pencan 386, penlaur 386 coffg 351 kroneck
380

9.0.702 gspec eigenvalues of matrix pencil

CALLING SEQUENCE :

[al,be]=gspec(A,E)
[al,be,Z]=gspec(A,E)

PARAMETERS :

A, E :real square matrices
al, be :realvectors
Z : real square non-singular matrix

DESCRIPTION :

[al,be] = gspec(A,E) returns the spectrum of the matrix pencil s E - A, i.e. the roots of the
polynomial matrix s E - A. The eigenvalues are giverdbybe  andifbe(i) = 0  the ith eigenvalue
is at infinity. (ForE = eye(A), al./be isspec(A) ).

[al,be,Z] = gspec(A,E) returns in addition the matriX of generalized right eigenvectors of
the pencil.
EXAMPLE :
A=rand(3,3);

[al,be,Z] = gspec(A,eye(A));al./be

clean(inv(2)*A*Z) [ldisplaying the eigenvalues (generic matrix)
A=A+%i*rand(A);E=rand(A);

roots(det(%s*E-A))  //lcomplex case

SEEALSO: gschur 376 balanc 367 spec 398 kroneck 380

9.0.703 hess Hessenberg form

CALLING SEQUENCE :

H = hess(A)
[U,H] = hess(A)

PARAMETERS :

A :real or complex square matrix
H : real or complex square matrix
U : orthogonal or unitary square matrix

DESCRIPTION :

[U,H] = hess(A) produces a unitary matri¥ and a Hessenberg matitik so thatA = U*H*U’
andU™*U = Identity. By itself,hess(A) returnsH.

The Hessenberg form of a matrix is zero below the first subdiagonal. If the matrix is symmetric or
Hermitian, the form is tridiagonal.
EXAMPLE :
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A=rand(3,3);[U,H]=hess(A);
and( abs(U*H*U’-A)<1.d-10 )

SEEALSO: gr 390, contr 216 schur 394

9.0.704 householder Householder orthogonal reflexion matrix
CALLING SEQUENCE :

u=householder(v [,w])

PARAMETERS :

v : real or complex column vector
w : real or complex column vector with same sizeva®efault value iye(v)
u : real or complex column vector

DESCRIPTION :
given 2 column vectorg, w of same sizehouseholder(v,w) returns a unitary column vectar such
that (eye()-2*u*u’)*v is proportional tow. (eye()-2*u*u’) is the orthogonal Householder
reflexion matrix .

w defaultvalue i®ye(v) . Inthis case vectqeye()-2*u*u’)*v is the vectoeye(v)*norm(v)

SEEALSO: gr 390, givens 374

9.0.705 iminv inverse image

CALLING SEQUENCE:

[X,dim]=im_inv(A,B [,tol])
[X,dim,Y]=im_inv(A,B, [,tol])

PARAMETERS :

A,B : two real or complex matrices with equal number of columns

X : orthogonal or unitary square matrix of order equal to the number of colunis of
dim : integer (dimension of subspace)

Y : orthogonal matrix of order equal to the number of rowg\o&ndB.

DESCRIPTION :

[X,dim]=im_inv(A,B) computesA—!(B) i.e vectors whose image throughare in range)
Thedim first columns ofX spanA~!(B).
tol is a threshold used to test if subspace inclusion; default valt@ is 100*%eps . If Y is re-
turned, thefY*A*X,Y*B] is partitioned as follows:

[A11,A12;0,A22],[B1;0]
whereB1 has full row rank (equalgank(B) )andA22 has full column rank and ham columns.

EXAMPLE :

A=[rand(2,5);[zeros(3,4),rand(3,1)]];B=[[1,1;1,1];zeros(3,2)];
W=rand(5,5);A=W*A;B=W*B;

[X,dim]=im_inv(A,B)

svd([A*X(;,1:dim),B])  //vectors A*X(:,1:dim) belong to range(B)
[X,dim,Y]=im_inv(A,B);[Y*A*X,Y*B]

SEEALSO: rowcomp 393 spaninter 396 spanplus 396 linsolve 381
AuTHOR: F. D.
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9.0.706 inv matrix inverse

CALLING SEQUENCE :
inv(X)
PARAMETERS :

X :real or complex square matrix, polynomial matrix, rational matrix in transfer or state-space represent-
ation.

DESCRIPTION :

inv(X) isthe inverse of the square matixA warning message is printedif is badly scaled or nearly
singular.

For polynomial matrices or rational matrices in transfer representatie(fx)  is equivalent tonvr(X)

For linear systems in state-space representagigsii list), invr(X) is equivalent tanvsyslin(X)

EXAMPLE :

A=rand(3,3);inv(A)*A
1

x=poly(0,'x’);
A=[X,1,x;x"2,2,1+x;1,2,3];inv(A)*A
I
A=[1/x,2;2+Xx,2/(1+X)]
inv(A)*A

1

A=ssrand(2,2,3);
W=inv(A)*A
clean(ss2tf(W))

SEEALSO: slash 71, backslash 7, pinv 387, qgr 390 Iufact 382 Ilusolve 383
invr 357, coff 369 coffg 351

9.0.707 kernel kernel, nullspace

CALLING SEQUENCE :
W=kernel(A [,tol,[,flag])

PARAMETERS :

A : full real or complex matrix or real sparse matrix
flag : character stringgvd’  (default) orqr’

tol :real number

W : full column rank matrix

DESCRIPTION :

W=kernel(A) returns the kernel (nullspace) Af

flag andtol are optional parameteriag = 'qr or’'svd’ (defaultis’'svd’ ).
tol =tolerance parameter (of ord#reps as default value).

EXAMPLE :

A=rand(3,1)*rand(1,3);

A*kernel(A)

A=sparse(A);
clean(A*kernel(A))

SEEALSO: colcomp 370, fullrf 373 fullrfk 374, linsolve 381
AuTHOR: F.D.
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9.0.708 kroneck Kronecker form of matrix pencil

CALLING SEQUENCE:

[Q,Z,Qd,Zd,numbeps,numbeta]=kroneck(F)
[Q,Z,Qd,Zd,numbeps,numbeta]=kroneck(E,A)

PARAMETERS :

F : real matrix penciF=s*E-A

E,A :two real matrices of same dimensions
Q,Z : two square orthogonal matrices
Qd,zd : two vectors of integers
numbeps,numeta : two vectors of integers

DESCRIPTION :
Kronecker form of matrix pencilkroneck computes two orthogonal matric€s Z which put the
pencilF=s*E -A into upper-triangular form:

| sE(eps)-A(eps) | X I X I X I

I I I I I

| (0] | sE(inf)-A(inf) | X | X |
Q(sE-A)Z = | I I

I I I I I

I 0 I 0 | sE(H)-A®) | X I

| I

| I I I |

| 0 | 0 | 0 | sE(eta)-A(eta)|

The dimensions of the four blocks are given by:
eps=Qd(1) x Zd(1) ,inf=Qd(2) x Zd(2) ,f = Qd3) x Zd(3) ,eta=Qd(4)xZd(4)
Theinf  block contains the infinite modes of the pencil.
Thef block contains the finite modes of the pencil
The structure of epsilon and eta blocks are given by:
numbeps(l) =# of eps blocks of size 0 x 1
numbeps(2) =# of eps blocks of size 1 x 2
numbeps(3) =# of eps blocks of size 2 x 3 etc...

numbeta(l) =# of eta blocks of size 1 x0

numbeta(2) =# of eta blocks of size 2 x 1

numbeta(3) = # of eta blocks of size 3 x 2 etc...
The code is taken from T. Beelen (Slicot-WGS group).
EXAMPLE :

F=randpencil([1,1,2],[2,3],[-1,3,1],[0,3]);
Q=rand(17,17);Z=rand(18,18);F=Q*F*Z;

/lrandom pencil with epsl=1,eps2=1,eps3=1; 2 J-blocks @ infty
/lwith dimensions 2 and 3

/I3 finite eigenvalues at -1,3,1 and etal=0,eta2=3
[Q,Z,Qd,Zd,numbeps,numbeta]=kroneck(F);

[Qd(1),zd(1)] lleps. part is sum(epsi) x (sum(epsi) + number of epsi)
[Qd(2),2d(2)] /linfinity part

[Qd(3),2d(3)] /ffinite part

[Qd(4),zd(4)] /leta part is (sum(etai) + number(etal)) x sum(etai)
numbeps

numbeta

SEEALSO: gschur 376, gspec 377, systmat 364, pencan 386 randpencil 391
trzeros 253
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9.0.709 linsolve linear equation solver
CALLING SEQUENCE :

[x0,kerA]=linsolve(A,b [,x0])

PARAMETERS :

A :ana x ma real matrix (possibly sparse)
b :ana x 1 vector(same row dimension &3
x0 : areal vector

kerA :ama x k real matrix

DESCRIPTION :

linsolve computes all the solutions #*x+b=0 .

X0 is a particular solution (if any) ankerA= nullspace ofA. Any x=x0+kerA*w  with arbitraryw
satisfiesA*x+b=0 .

If compatiblex0 is given on entryx0 is returned. If not a compatibk®, if any, is returned.
EXAMPLE :

A=rand(5,3)*rand(3,8);

b=A*ones(8,1);[x,kerA]=linsolve(A,b);A*x+b  //compatible b
b=ones(5,1);[x,kerA]=linsolve(A,b);A*x+b  /luncompatible b
A=rand(5,5);[x,kerA]=linsolve(A,b), -inv(A)*b //x is unique

SEEALSO: inv 379 pinv 387 colcomp 370 im_inv 378

9.0.710 lu LU factors of Gaussian elimination

CALLING SEQUENCE:

LU= lu(A)
[L,U.E]= Iu(A)

PARAMETERS :

A : real or complex square matrix (n x n).
L,U : two real or complex matrices (n x n).
E : a (n x n) permutation matrix.

DESCRIPTION :
[L,U]= lu(A) produces two matricds andU such thatA = L*U with U upper triangular and
E*L lower triangular for a permutation matrix E.
If A hasrankk, rowsk+1 ton ofU are zero.
[L,U,E]= lu(A) produces three matricés U andE such thaBE*A = L*U with U upper tri-
angular and&*L lower triangular for a permutation matri

REMARK :

If A is a real matrix, using the functidnfact  and luget it is possible to obtain the permutation
matrices and also wheh is not full rank the column compression of the matrix

[h,rk]=lufact(sparse(a)) // lufact works with sparse real matrices
[P,L,U,Q]=luget(h)

ludel(h)

P=full(P);L=full(L);U=full(U);Q=full(Q);

/I P,Q are permutation matrices P*L*U*Q=A

SEEALSO: lufact 382 luget 383 lusolve 383 qr 390 svd 400
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9.0.711 ludel utility function used with lufact
CALLING SEQUENCE :
ludel(hand)

PARAMETERS :

hand : handle to sparse lu factors (output of lufact)

DESCRIPTION :

This function is used in conjunction witlhifact . It clears the internal memory space used to store the
result oflufact

The sequence of commanjgsr]=lufact(A);x=lusolve(p,b);ludel(p); solves the sparse
linear systemA*x = b and clearp.

SEEALSO: sparse 186 lufact 382 luget 383

9.0.712 |ufact sparse lu factorization
CALLING SEQUENCE :

[hand,rk]=lufact(A,prec)

PARAMETERS :

A : square sparse matrix
hand : handle to sparse lu factors
rk :integer (rank of A)

prec : avector of size twgrec=[eps,reps] giving the absolute and relative thresolds.
DESCRIPTION :
[hand,rk]=lufact(A) performs the lu factorization of sparse mattixhand (no display) is used

bylusolve  (for solving linear system) arldget  (for retrieving the factors)iand should be cleared

by the commandludel(hand) ;

The A matrix needs not be full rank but must be square (since A is assumed sparse one may add zeros if
necessary to squaring down A).

eps : The absolute magnitude an element must have to be considered as a pivot candidate, except as
a last resort. This number should be set significantly smaller than the smallest diagonal element that
is is expected to be placed in the matrix. the default valdéeps.

reps : This number determines what the pivot relative threshold will be. It should be between zero
and one. If it is one then the pivoting method becomes complete pivoting, which is very slow and
tends to fill up the matrix. If it is set close to zero the pivoting method becomes strict Markowitz with
no threshold. The pivot threshold is used to eliminate pivot candidates that would cause excessive
element growth if they were used. Element growth is the cause of roundoff error. Element growth
occurs even in well-conditioned matrices. Setting the reps large will reduce element growth and
roundoff error, but setting it too large will cause execution time to be excessive and will result in a
large number of fill-ins. If this occurs, accuracy can actually be degraded because of the large number
of operations required on the matrix due to the large number of fill-ins. A good value seems to be
0.001 which is the default value. The default is chosen by giving a value larger than one or less than
or equal to zero. This value should be increased and the matrix resolved if growth is found to be
excessive. Changing the pivot threshold does not improve performance on matrices where growth is
low, as is often the case with ill-conditioned matrices. reps was choosen for use with nearly diagonally
dominant matrices such as node- and modified-node admittance matrices. For these matrices it is
usually best to use diagonal pivoting. For matrices without a strong diagonal, it is usually best to use
a larger threshold, such as 0.01 or 0.1.

EXAMPLE :
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a=rand(5,5);b=rand(5,1);A=sparse(a);
[h,rk]=lufact(A);

x=lusolve(h,b);a*x-b

ludel(h)

SEEALSO: sparse 186 lusolve 383 luget 383

9.0.713 luget sparse lu factorization
CALLING SEQUENCE :

[P,L,U,Q]=luget(ptr)

PARAMETERS :

ptr : pointer, output ofufact

P : sparse permutation matrix

L : sparse matrix, lower triangulargftr  is obtained from a non singular matrix

U : square non singular upper triangular sparse matrix with ones along the main diagonal
Q : sparse permutation matrix

DESCRIPTION :

[P,L,U,Q]l=luget(ptr) with ptr  obtained by the commarjptr,rk]=lufact(A) with A a

sparse matrix returns four sparse matrices suchRHatU*Q=A .

The A matrix needs not be full rank but must be square (since A is assumed sparse one may add zeros if
necessary to squaring down A).

If A is singular, thd. matrix is column compressed (witk independent nonzero columns): the nonsin-
gular sparse matriQ*inv(U) column compresses

EXAMPLE :

a=rand(5,2)*rand(2,5);A=sparse(a);
[ptr,rk]=lufact(A);[P,L,U,Q]=luget(ptr);
full(L), P*L*U*Q-A
clean(P*L*U*Q-A)

ludel(ptr)

SEEALSO: sparse 186 lusolve 383 Iluget 383 clean 350

9.0.714 lusolve sparse linear system solver
CALLING SEQUENCE :

lusolve(hand,b)
lusolve(A,b)

PARAMETERS :

b : full real matrix
A : real square sparse invertible matrix
hand : handle to a previously computed sparse lu factors (output of lufact)

DESCRIPTION :

x=lusolve(hand,b) solves the sparse linear systétx = b .
[hand,rk]=lufact(A) is the output of lufact.

x=lusolve(A,b) solves the sparse linear system \fVA*x = b\fR.
EXAMPLE :
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non_zeros=[1,2,3,4];rows_cols=[1,1;2,2;3,3;4,4];
sp=sparse(rows_cols,non_zeros);
[h,rk]=lufact(sp);x=lusolve(h,[1;1;1;1]);ludel(h)
rk,sp*x

non_zeros=[1,2,3,4];rows_cols=[1,1;2,2;3,3;4,4];
sp=sparse(rows_cols,non_zeros);
x=lusolve(sp,-ones(4,1));

Sp*x

SEEALSO: sparse 186 lufact 382 slash 71, backslash 7

9.0.715 lyap Lyapunov equation

CALLING SEQUENCE :

[X]=lyap(A,C,’c’)
[X]=lyap(A,C,'d)

PARAMETERS :

A, C :real square matrice€ must be symmetric

DESCRIPTION :
X = lyap(A,C,flag) solves the continuous time or discrete time matrix Lyapunov matrix equa-
tion:
A*X + X*A = C ( flag='c’ )
A*X*A - X = C ( flag="d" )

Note that a unique solution exist if and only if an eigenvalue of A is
not an eigenvalue of -A (flag='c’) or 1 over an eigenvalue of A
(flag="d).

EXAMPLE :
A=rand(4,4);C=rand(A);C=C+C;
X=lyap(A,C,'c’);

A*X + X*A -C
X=lyap(A,C,'d");

A*X*A - X -C

SEEALSO: sylv 400 ctr_gram 218 obs gram 235

9.0.716 nlev Leverrier’s algorithm

CALLING SEQUENCE :
[num,den]=nlev(A,z [,rmax])
PARAMETERS :

A : real square matrix
z : character string
rmax : optional parameter (sdmliag )

Scilab Group April 1993 384



pbig Scilab Function

DESCRIPTION :
[num,den]=nlev(A,z [,rmax]) computes(z — A)~! by block diagonalization of A followed
by Leverrier’s algorithm on each block.
REMARK :
This algorithm is better than the usual leverrier algorithm but still not perfect!
EXAMPLE :
A=rand(3,3);x=poly(0,’x’);
[NUM,den]=nlev(A,’X’)
clean(den-poly(A,’x))
clean(NUM/den-inv(x*eye()-A))

SEEALSO: coff 369 coffyg 351, glever 375 ss2tf 249
AuTHOR: F. D., S. S.

9.0.717 orth orthogonal basis

CALLING SEQUENCE :
Q=orth(A)
PARAMETERS :

A : real or complex matrix
Q : real or complex matrix

DESCRIPTION :

Q=orth(A) returnsQ an orthogonal basis for the spanfofRange)) = Rangef) andQ™*Q=eye .
The number of columns @ is the rank ofA as determined by the QR algorithm.
EXAMPLE :

A=rand(5,3)*rand(3,4);
[X,dim]=rowcomp(A);X=X';
svd([orth(A),X(:,1:dim)])

SEEALSO: gr 390 rowcomp 393 colcomp 370 range 392

9.0.718 pbig eigen-projection
CALLING SEQUENCE :

[Q,M]=pbig(Athres,flag)

PARAMETERS :

A : real square matrix

thres : real number

flag : character string¢’ or’'d )
Q,M : real matrices

DESCRIPTION :
Projection on eigen-subspace associated with eigenvalues with realptimes  (flag='c’ ) or with
magnitude>=thres (flag="d’ ).

The projection is defined b®*M Q is full column rankM is full row rank andvi*Q=eye.
If flag="c’ , the eigenvalues d¥I*A*Q = eigenvalues oA with real part>=thres
If flag="d” , the eigenvalues d¥I*A*Q = eigenvalues oA with magnitude>= thres

If flag="c’ andif[Q1,M1] =fullrankfactorizationfullrf  )ofeye()-Q*M then eigenvalues
of M1*A*Q1 = eigenvalues ofA with real part< thres .
If flag="d’ and if[Q1,M1] =full rank factorizationfullrf ) of eye()-Q*M  then eigenvalues of
M1*A*Q1 = eigenvalues oA with magnitude< thres .
EXAMPLE :
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A=diag([1,2,3]);X=rand(A);A=inv(X)*A*X;
[Q,M]=pbig(A,1.5,d’);

spec(M*A*Q)

[Q1,M1]=fullrf(eye()-Q*M);
spec(M1*A*Q1)

SEEALSO: psmall 389 projspec 388 fullrf 373
AuTHOR: F. D. (1988)

9.0.719 pencan canonical form of matrix pencil
CALLING SEQUENCE :

[Q,M,il]=pencan(Fs)
[Q,M,i1]=pencan(E,A)

PARAMETERS :

Fs : aregular penc*E-A

E,A :two real square matrices

Q,M : two non-singular real matrices
il :integer

DESCRIPTION :

Given the regular penchs=s*E-A , pencan returns matrice® andM such tharM*(s*E-A)*Q is
in "canonical” form.

M*E*Q is a block matrix

[1,0;
O,N]

with N nilpotentandl =size of the matrix above.
M*A*Q is a block matrix:

[Ar,0;
0,1]

EXAMPLE :

F=randpencil([],[1,2],[1,2,3],[]);
F=rand(6,6)*F*rand(6,6);
[Q,M,il]=pencan(F);
W=clean(M*F*Q)
roots(det(W(1:i1,1:i1)))
det(W($-2:$,$-2:%))

SEEALSO: glever 375  penlaur 386 rowshuff 393
AuTHOR: F. D.

9.0.720 penlaur Laurent coefficients of matrix pencil

CALLING SEQUENCE:

[Si,Pi,Di,order]=penlaur(Fs)
[Si,Pi,Di,order]=penlaur(E,A)

PARAMETERS :

Scilab Group April 1993 386



polar Scilab Function

Fs : aregular penc$*E-A

E, A :two real square matrices
Si,Pi,Di : three real square matrices
order :integer

DESCRIPTION :
penlaur  computes the first Laurent coefficients(efE-A) -1 at infinity.
(s*E-A)™-1 = ... + Si/ls - Pi - s*Di + ... ats =infinity.

order = order of the singularity (order=index-1).
The matrix penciFs=s*E-A should be invertible.

For a index-zero penciRi, Di,... are zero an&i=inv(E)

For a index-one pencil (order=0), =0.

For higher-index pencils, the terrs2 Di(2), -s"3 Di(3),... are given by:
Di(2)=Di*A*Di  , Di(3)=Di*A*Di*A*Di (up toDi(order) ).

REMARK :

Experimental version: troubles when bad conditioning@fE-A

EXAMPLE :

F=randpencil([],[1,2],[1,2,3].[]);
F=rand(6,6)*F*rand(6,6);[E,A]=pen2ea(F);
[Si,Pi,Di]=penlaur(F);
[Bfs,Bis,chis]=glever(F);
norm(coeff(Bis,1)-Di,1)

SEEALSO: glever 375 pencan 386 rowshuff 393
AUTHOR: F. D. (1988,1990)

9.0.721 pinv pseudoinverse

CALLING SEQUENCE :
pinv(A,[tol])
PARAMETERS :

A :real or complex matrix
tol :real number

DESCRIPTION :
X = pinv(A) produces a matriX of the same dimensions & such that:
A*X*A = A, X*A*X = X and bothA*X andX*A are Hermitian .
The computation is based on SVD and any singular values lower than a tolerance are treated as zero: this
tolerance is accessed My=pinv(A,tol)

EXAMPLE :

A=rand(5,2)*rand(2,4);
norm(A*pinv(A)*A-A,1)

SEEALSO: rank 392 svd 400 gr 390
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9.0.722 polar
CALLING SEQUENCE:
[Ro, Theta]=polar(A)
PARAMETERS :

A : real or complex square matrix
Ro, Theta : real matrices

DESCRIPTION :
[Ro,Theta]=polar(A) returns the polar form oA i.e.:

A=Ro*expm(%i*Theta) Ro symmetric>=0 andTheta hermitian>=0.

EXAMPLE :

A=rand(5,5);

[Ro, Theta]=polar(A);
norm(A-Ro*expm(%i*Theta),1)

SEEALSO: expm372 svd 400

9.0.723  proj

polar form

AuTHOR: F. D.

projection

CALLING SEQUENCE :
P = proj(X1,X2)
PARAMETERS :

X1,X2 : two real matrices with equal number of columns
P : real projection matrixR 2=P)

DESCRIPTION :
P is the projection orX2 parallel toX1.

EXAMPLE :

X1=rand(5,2);X2=rand(5,3);
P=proj(X1,X2);

norm(P"2-P,1)

trace(P) /I This is dim(X2)
[Q,M]=fullrf(P);

svd([Q,X2]) /I span(Q) = span(X2)

SEEALSO: projspec 388 orth 385 fullrf 373

9.0.724  projspec
CALLING SEQUENCE:
[S,P,D,i]=projspec(A)
PARAMETERS :

A : square matrix
S, P, D :square matrices
i :integer (index of the zero eigenvalueAyt
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DESCRIPTION :

Spectral characteristics &f at O.

S =reduced resolvent at &( = -Drazininversef)).

P = spectral projection at 0.

D = nilpotent operator at O.

index =index of the O eigenvalue.

One hags*eye()-A)"(-1) = D°(i-1)/s"i +... + DI/s2 + P/s - S - s*S"2 -...
around the singularity s=0.

EXAMPLE :

deff(j=jdrn(n)’,’j=zeros(n,n);for k=1:n-1;j(k,k+1)=1;end")
A=sysdiag(jdrn(3),jdrn(2),rand(2,2));X=rand(7,7);
A=X*A*inv(X);

[S,P,D,index]=projspec(A);

index  //size of J-block

trace(P) //sum of dimensions of J-blocks
A*S-(eye()-P)

norm(D"index,1)

SEEALSO: coff 369
AuUTHOR: F. D.

9.0.725 psmall spectral projection

CALLING SEQUENCE :
[Q,M]=psmall(A,thres,flag)
PARAMETERS :

A : real square matrix

thres : real number

flag : character string¢’ or’'d )
Q,M : real matrices

DESCRIPTION :
Projection on eigen-subspace associated with eigenvalues with real gags (flag="c’ ) or with
modulus< thres  (flag='d’ ).
The projection is defined b@*M Q is full column rankM is full row rank andvi*Q=eye.
If flag="c’ , the eigenvalues dfI*A*Q = eigenvalues oA with real part< thres .
If flag="d’” ,the eigenvalues df1*A*Q = eigenvalues oA with magnitude< thres .

If flag="c’ andif[Q1,M1] =fullrankfactorizationfullf  )ofeye()-Q*M then eigenvalues
of M1*A*Q1 = eigenvalues oA with real part>=thres
If flag="d’ and if[Q1,M1] =full rank factorizationfullrf ) of eye()-Q*M  then eigenvalues of
M1*A*Q1 = eigenvalues oA with magnitude>=thres

EXAMPLE :
A=diag([1,2,3]);X=rand(A);A=inv(X)*A*X;
[Q,M]=psmall(A,2.5,'d");

spec(M*A*Q)

[Q1,M1]=fullrf(eye()-Q*M);
spec(M1*A*Q1)

SEEALSO: pbig 385 proj 388 projspec 388
AuUTHOR: F. D. (1988)

Scilab Group April 1993 389



quaskro Scilab Function

9.0.726 qr QR decomposition

CALLING SEQUENCE:

[Q.R]=ar(X)
[Q.R.E]=qr(X)
[Q,R,rk,E]=qr(X [,tol])

PARAMETERS :

X :real or complex matrix

tol : nonnegative real number

Q : square orthogonal or unitary matrix
R : matrix with same dimensions &s

E : permutation matrix

rk :integer (QR-rank oK*E)

DESCRIPTION :

[Q,R] = qgr(X) produces an upper triangular matRx of the same dimension a6 and a unitary
matrixQ sothatX = Q*R

[Q,R,E] = qr(X) produces a (column) permutation matixan upper triangulaR with decreasing
diagonal elements and a unita@yso thatX*E = Q*R.

[Q,R,rk,E] = qgr(X ,tol) returnsk = rank estimate oX i.e.rk isthe number of diagonal
elements irR which are larger thatol .

[Q,R,rk,E] = ar(X) returnsrk = rank estimate oK i.e. rk is the number of diagonal ele-
ments inR which are larger thaR(1,1)*%eps*max(size(R)
EXAMPLE :

A=rand(5,2)*rand(2,5);

[Q,R,rk,E] = gr(A,1.d-10);

norm(Q*A-R)

svd([A,Q(:,1:rk)]) [Ispan(A) =span(Q(:,1:rk))

SEEALSO: rank 392 svd 400 rowcomp 393 colcomp 370

9.0.727 quaskra quasi-Kronecker form
CALLING SEQUENCE :

[Q,Z,Qd,Zd,numbeps,numbeta]=quaskro(F)
[Q,Z,Qd,Zd,numbeps,numbeta]=quaskro(E,A)
[Q,Z,Qd,Zd,numbeps,numbeta]=quaskro(F,tol)
[Q,Z,Qd,Zd,numbeps,numbeta]=quaskro(E,A,tol)

PARAMETERS :

F : real matrix penciF=s*E-A (s=poly(0,’s") )
E,A : two real matrices of same dimensions

tol : areal number (tolerance, default value=1.d-10)
Q,Z : two square orthogonal matrices

Qd,Zd : two vectors of integers

numbeps : vector of integers

DESCRIPTION :
Quasi-Kronecker form of matrix pencifjuaskro  computes two orthogonal matric€ Z which put
the pencilF=s*E -A into upper-triangular form:
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I sE(eps)-A(leps) | | X | | X |

| 0 | SE(inf)-Adinf) | X |
Q(SE-A)Z = |:|::::: |:| | |

| O | SE(n)-A(r) |

The dimensions of the blocks are given by:
eps=Qd(1) x Zd(1) ,inf=Qd(2) x Zd(2) ,r = Qd(3) x Zd(3)
Theinf  block contains the infinite modes of the pencil.
Thef block contains the finite modes of the pencil
The structure of epsilon blocks are given by:
numbeps(l) =# of eps blocks ofsize 0 x 1
numbeps(2) =# of eps blocks of size 1 x 2
numbeps(3) =# of eps blocks of size 2 x 3 etc...
The complete (four blocks) Kronecker form is given by the funckimmeck  which callsquaskro on
the (pertransposed) pensk(r)-A(r)
The code is taken from T. Beelen

SEEALSO: kroneck 380, gschur 376 gspec 377

9.0.728 randpencil random pencil
CALLING SEQUENCE :

F=randpencil(eps,infi,fin,eta)

PARAMETERS :

eps : vector of integers

infi  : vector of integers

fin : real vector, or monic polynomial, or vector of monic polynomial
eta : vector of integers

F : real matrix penciF=s*E-A (s=poly(0,’s’) )

DESCRIPTION :

Utility function. F=randpencil(eps,infi,fin,eta) returns a random pendil with given Kro-
necker structure. The structure is given leps=[epsl,...,epsk] . structure of epsilon blocks (size
epslx(epsl+l),...fin=[I1,...,In] set of finite eigenvalues (assumed real) (possiblinfix[k1,...,kp]
size of J-blocks at infinitki >=1 (infi=[] if no J blocks). eta=[etal,...,etap] . structure ofeta
blocks (size etal+1)xetal,...)

epsi 's should be>=0,etai ’s should be>=0,infi s should be>=1.

If fin is a (monic) polynomial, the finite block admits the rootdinf as eigenvalues.

If fin is a vector of polynomial, they are the finite elementary divisorg dfe. the roots op(i) are
finite eigenvalues of.

EXAMPLE :

F=randpencil([0,1],[2],[-1,0,1],[3]);
[Q,Z,Qd,Zd,numbeps,numbeta]=kroneck(F);
Qd, zd

s=poly(0,’s);

F=randpencil([],[1,2],5°3-2,[]); //regular pencil
det(F)

SEEALSO: kroneck 380 pencan 386 penlaur 386
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9.0.729 range range (span) of A’k

CALLING SEQUENCE :
[X,dim]=range(A,k)
PARAMETERS :

A : real square matrix

k :integer

X : non-singular real matrix

dim : integer (dimension of subspace)

DESCRIPTION :
Computation of RangA&’k ; the first dim columns oK span the range &tk .

SEEALsO:  fullrfk 374, rowcomp 393

AuTHOR: F. D.
9.0.730 rank rank
CALLING SEQUENCE :
[i]=rank(X)
[i]=rank(X,tol)
PARAMETERS :

X : real or complex matrix
tol : nonnegative real number

DESCRIPTION :
rank(X) is the numerical rank oK i.e. the number of singular values of X that are larger than
norm(size(X),’inf) * norm(X) * %eps .

rank(X,tol) is the number of singular values Xf that are larger thatol
REMARK :

Note that the default value ¢dl is proportional tanorm(X) . As a consequence
rank([1.d-80,0;0,1.d-80]) is2!.

EXAMPLE :

rank([1.d-80,0;0,1.d-80])
rank([1,0;0,1.d-80])

SEEALSO: svd 400 qgr 390 rowcomp 393 colcomp 370, Ilu 381

9.0.731 rcond inverse condition number

CALLING SEQUENCE :

rcond(X)

PARAMETERS :

X : real or complex square matrix

DESCRIPTION :
rcond(X) is an estimate for the reciprocal of the conditionofin the 1-norm.
If X is well conditionedrcond(X) s close to 1. If notrcond(X) s close to O.

[r,z]=rcond(X) setsr torcond(X) andreturng such that

norm(X*z,1) = r*norm(X,1)*norm(z,1) Thus, ifrcond is smallz is avector in the ker-
nel.
EXAMPLE :
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A=diag([1:10]);
rcond(A)
A(1,1)=0.000001;
rcond(A)

SEEALSO: svd 400 cond 371 inv 379

9.0.732 rowcomp row compression, range
CALLING SEQUENCE :
[W,rk]=rowcomp(A [,flag] [,tol])

PARAMETERS :

A : real or complex matrix

flag : character string

tol :real number

W : square non-singular matrix (change of basis)
rk :integer (rank ofd)

DESCRIPTION :
Row compression oA. Ac = W*A is a row compressed matrix: i.éAc=[Af;0] with Af full row
rank.
flag andtol are optional parameterag="qr’ or'svd’ (default’'svd’ ).
tol is atolerance parameter (of ord&rt(%eps)  as default value).
Therk first columns oW’ span the range @&
Therk first (top) rows ofW span the row range &.

REMARK :
A non zero vectok belongs to rangd) iff W*x is row compressed in accordance wikh i.e the norm
of its last components is small w.r.t its first components.

EXAMPLE :

A=rand(5,2)*rand(2,4); // 4 col. vectors, 2 independent.
[X,dim]=rowcomp(A);Xp=X;

svd([Xp(:,1:dim),A]) [Ispan(A) = span(Xp(:,1:dim)
x=A*rand(4,1); /Ix belongs to span(A)
y=X*X

norm(y(dim+1:$))/norm(y(1:dim)) /I small

SEEALSO: colcomp 370, fullrf 373 fullrfk 374
AuUTHOR: F. D.

9.0.733 rowshuff shuffle algorithm
CALLING SEQUENCE :

[Ws,Fsl]=rowshuff(Fs, [alfa])

PARAMETERS :

Fs :square real pencits = s*E-A

WSs : polynomial matrix

Fsl :squarereal pencitls = s*E1 -Al with E1 non-singular
alfa :realnumberdlfa = 0 is the default value)
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DESCRIPTION :
Shuffle algorithm: Given the pendiis=s*E-A , returns Ws=W(s) (square polynomial matrix) such that:
Fsl = s*E1-Al = W(S)*(S*E-A) is a pencil with non singulgE1l matrix.

This is possible iff the pencifs = s*E-A s regular (i.e. invertible). The degreeWfs is equal to the
index of the pencil.

The poles at infinity ofs are puttoalfa and the zeros dlVs are atalfa .

Note that(s*E-A)™-1 = (s*E1-A1)™-1 * W(s) = (W(S)*(S*E-A))™-1 *W(s)

EXAMPLE :

F=randpencil([],[2],[1,2,3].[]);

F=rand(5,5)*F*rand(5,5); // 5 x 5 regular pencil with 3 evals at 1,2,3
[Ws,F1]=rowshuff(F,-1);

[E1,Al]=pen2ea(F1);

svd(El) /[E1 non singular

roots(det(Ws))

clean(inv(F)-inv(F1)*Ws,1.d-7)

SEEALSO: pencan 386 glever 375 penlaur 386
AuTHOR: F. D.

9.0.734  rref computes matrix row echelon form by lu transformations
CALLING SEQUENCE :

R=rref(A)

PARAMETERS :

A : m X n matrix with scalar entries
R : m x n matrix,row echelon form of a

DESCRIPTION :

rref  computes the row echelon form of the given matrix by left lu decomposition. If ones need the
transformation used just call=rref([A,eye(m,m)]) the row echelon forniR is X(:,1:n) and

the left transformatioh is given byX(;,n+1:n+m) such a4 *A=R

EXAMPLE :

A=[1 2;3 4;5 6],
X=rref([A,eye(3,3)]);
R=X(:,1:2)
L=X(:,3:5);L*A

SEEALSO: lu 381, qgr 390

9.0.735 schur [ordered] Schur decomposition

CALLING SEQUENCE :

[U,T] = schur(A)
[U,dim]=schur(A,flag)
[U,dim]=schur(A,myfunction)

PARAMETERS :

A : real or complex matrix. For ordered formsis assumed real.
flag : characterstring¢’ or’d’ )
myfunction  : an “external” function (this parameter can also be a list or character string)
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U : orthogonal or unitary square matrix
T : matrix
dim : integer

DESCRIPTION :
Schur forms, ordered Schur forms
USUAL SCHUR FORM :

[U,T] = schur(A) produces a Schur matrix and a unitary matrixJ so thatA = U*T*U’ and
U™*U = eye(U) .Byitself, schurf) returnsT. If A is complex, the Complex Schur Form is returned in
matrix T. The Complex Schur Form is upper triangular with the eigenvalués oh the diagonal. 1A is
real, the Real Schur Form is returned. The Real Schur Form has the real eigenvalues on the diagonal and
the complex eigenvalues in 2-by-2 blocks on the diagonal.

ORDERED STABLE FORM :

[T,dim]=schur(A,’c") returns an unitary matriX which transformsA into schur form. In
addition, the dim first columns of T make a basis of the eigenspaée a$sociated with eigenvalues with
negative real parts (stable "continuous time” eigenspace).

[T,dim]=schur(A,'d") returns an unitary matriX which transforms into schur form. In ad-
dition, thedim first columns ofT span a basis of the eigenspacetofissociated with eigenvalues with
magnitude lower than 1 (stable "discrete time” eigenspace).

GENERAL EIGENSPACE :

[T,dim]=schur(A,a_function) returns an unitary matrix T which transfornds into schur
form. In addition, thedim first columns ofT span a basis of the eigenspacefofassociated with the
eigenvalues which are selected by the functiafunction
This function must be of the following type (heaefunction is "rule "):

function [flag]=rule(x)

flag=...

X is a vector with three components which characterizes either a real eigenvalue or a pair of complex
conjugate eigenvalues.

If x(1)=1 , areal eigenvalue is considered and this eigenvaluEgx(3)

If Xx(1)=2 , a pair of complex conjugate eigenvalues is considered. The sum of these two eigenvalues (twice
the real part) ix(2) and the product (squared magnitudej(3) .

On return, flag should be 1 if the real eigenvalue is selected or the pair of eigenvalues is selected and 0
otherwise.

EXAMPLE OF FUNCTION :

function [flag]=disc(x)

Is =x(1);flag=0;

select Is
case 1 then if abs(x(2)) < ro*abs(x(3)) then flag=1;end
case 2 then if x(3) < ro*ro then flag=1;end

end

The functiondisc  selects the eigenvalues with magnitude lower than a given swalaAnd for ro=1
the calling sequendd ,dim]=schur(A,'d") and[T,dim]=schur(A,disc) are equivalent.
Another useful example Bochoose (see function code iBCIDIR/macros/percent )

EXAMPLE :

A=diag([-0.9,-2,2,0.9]);X=rand(A); A=inv(X)*A*X;
[U,d]=schur(A,’c));

Al=U"*A*U;

spec(Al(1:d,1:d)) /Istable cont. eigenvalues
[U,d]=schur(A,’c’);

Al=U"*A*U;

spec(Al(1:d,1:d)) /Istable disc. eigenvalues

SEEALSO: gschur 376 ricc 242 pbig 385 psmall 389
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9.0.736 spaninter. subspace intersection
CALLING SEQUENCE :

[X,dim]=spaninter(A,B [,tol])

PARAMETERS :

A, B :two real or complex matrices with equal number of rows
X : orthogonal or unitary square matrix
dim : integer, dimension of subspace randfter rangeB)

DESCRIPTION :

[X,dim]=spaninter(A,B) computes the intersection of rangg¢and ranges).
The firstdim columns ofX span this intersection i.&(:,1:dim) is an orthogonal basis f® (A) N R(B)
IntheX basisA andB are respectively represented by:

X*A andX™*B .

tol is athresholdgqgrt(%eps) s the default value).
EXAMPLE :

A=rand(5,3)*rand(3,4); /I Ais 5 x 4, rank=3

B=[A(:,2),rand(5,1)]*rand(2,2);
[X,dim]=spaninter(A,B);

X1=X(:,1:dim); /IThe intersection
svd(A),svd([X1,A]) /I X1 in span(A)
svd(B),svd([B,X1]) // X1 in span(B)

SEEALSO: spanplus 396 spantwo 397
AuTHOR: F. D.

9.0.737 spanplus sum of subspaces

CALLING SEQUENCE :
[X,dim,dima]=spanplus(A,B][,tol])
PARAMETERS :

A, B :two real or complex matrices with equal number of rows
X : orthogonal or unitary square matrix

dim, dima :integers, dimension of subspaces

tol : nonnegative real number

DESCRIPTION :
[X,dim,dima]=spanplus(A,B) computes a basis X such that:
the firstdima columns ofX span Range&) and the following {im-dima ) columns make a basis 6fB
relative toA.
Thedim first columns ofX make a basis foA+B.
One has the following canonical form fpk,B]

[*,*] (dima rows)
X*[A,B]=[0,*] (dim-dima rows)
[0,0]

tol is an optional argument (see function code).
EXAMPLE :
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A=rand(6,2)*rand(2,5); /I rank(A)=2
B=[A(;,1),rand(6,2)]*rand(3,3);  //two additional independent vectors
[X,dim,dimA]=spanplus(A,B);

dimA

dim

SEEALSO: spaninter 396 im_inv 378 spantwo 397

AuTHOR: F. D.

9.0.738 spantwa sum and intersection of subspaces

CALLING SEQUENCE :
[Xp,dima,dimb,dim]=spantwo(A,B, [tol])
PARAMETERS :

A, B :two real or complex matrices with equal number of rows
Xp : square non-singular matrix

dima, dimb, dim . integers, dimension of subspaces

tol : nonnegative real number

DESCRIPTION :
Given two matrice®s andB with same number of rows, returns a square ma¢gx (non singular but not
necessarily orthogonal) such that :

[Al, 0] (dim-dimb rows)

Xp*[A,B]=[A2,B2] (dima+dimb-dim rows)
[0, B3] (dim-dima rows)
[0, 0]

The firstdima columns ofinv(Xp)  span rangey).

Columnsdim-dimb+1 todima ofinv(Xp) span the intersection of range(A) and range(B).
Thedim first columns oinv(Xp)  span rangeX)+rangeB).

Columnsdim-dimb+1 todim ofinv(Xp) span rangdg).

Matrix [A1;A2] has full row rank (=rank(A)). MatriYB2;B3] has full row rank (=rank(B)). Mat-
rix [A2,B2] has full row rank (=rank(A inter B)). MatrixA1,0;A2,B2;0,B3] has full row rank
(=rank(A+B)).

EXAMPLE :

A=[1,0,0,4;

5,6,7,8;

0,0,11,12;

0,0,0,16];
B=[1,2,0,0]’;C=[4,0,0,1];
Sl=ss2ss(syslin(’c’,A,B,C),rand(A));
[no,X]=contr(SICA’),SI(B’));CO=X(;,1:n0); //Controllable part
[uo,Y]=unobs(SI(A’"),SI(C’));UO=Y(;,1:u0); //Unobservable part
[Xp,dimc,dimu,dim]=spantwo(CO,UQ); /IKalman decomposition
Slcan=ss2ss(Sl,inv(Xp));

SEEALSO: spanplus 396 spaninter 396

AuTHOR: F. D.
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9.0.739 spchol sparse cholesky factorization

CALLING SEQUENCE :
[R,P] = spchol(X)
PARAMETERS :

X : symmetric positive definite real sparse matrix
P : permutation matrix
R : cholesky factor

DESCRIPTION :
[R,P] = spchol(X) produces a lower triangular matix such thaP*R*R*P’ = X
EXAMPLE :

X=[

3, 0, 0, 2, 0, O, 2, 0, 2, 0, O.;
0, 5, 4, o, 0, O, O, O, O, O, O.;
0., 4, 5, 0, 0, O, O, O, O, 0, O.;
2, 0, 0, 38, 0, 0, 2, 0, 2, 0, 0. ;
0, o0, o0, 0,5, 0, O, O, O, O, 4 ;
0, o0, o0, o0, O, 4, 0, 3, 0, 3, O0.;
2, 0, 0, 2, 0, O, 3, 0, 2, 0, 0. ;
o, o0, o0, O, O, 3, 0, 4, 0, 3, O0.;
2, 0, 0, 2, 0, 0, 2, 0, 3, 0, 0. ;
o, o0, 0, O, O, 3, 0, 3, 0, 4, 0.;
o, o0, o0, 0, 4, 0, O, O, O, O, 5]
X=sparse(X);[R,P] = spchol(X);

max(P*R*R™*P’-X)
SEEALSO: sparse 186 lusolve 383 luget 383 chol 368

9.0.740 spec eigenvalues

CALLING SEQUENCE :
evals=spec(A)
PARAMETERS :

A :real or complex square matrix
evals :real or complex vector

DESCRIPTION :

evals=spec(A) returnsin vectoevals the eigenvalues .
Eigenvectors are obtained bgiag .
EXAMPLE :

A=diag([1,2,3]);X=rand(3,3);A=inv(X)*A*X;
spec(A)

1

x=poly(0,’x’);

pol=det(x*eye()-A)

roots(pol)

1

[Ab,X,bs]=bdiag(A);

Ab

clean(inv(X)*A*X)

SEEALSO: poly 57, det 371 gspec 377 schur 394 bdiag 367 colcomp 370
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9.0.741 sqroot W*W’ hermitian factorization
CALLING SEQUENCE :

sqroot(X)

PARAMETERS :

X . symmetric non negative definite real or complex matrix

DESCRIPTION :
W=sqroot(X) returns W such thaXx=W*W’ (uses SVD).

EXAMPLE :

X=rand(5,2)*rand(2,5);X=X*X";
W=sqgroot(X)

norm(W*W’-X,1)

1
X=rand(5,2)+%i*rand(5,2);X=X*X";
W=sqgroot(X)

norm(W*W’-X,1)

SEEALSO: chol 368 svd 400

9.0.742 sva singular value approximation
CALLING SEQUENCE :

[U,s,V]=sva(A k)
[U,s,V]=sva(A,tol)

PARAMETERS :
A : real or complex matrix

k :integer
tol : nonnegative real number

DESCRIPTION :
Singular value approximation.

[U,S,V]=sva(Ak) with k aninteger-=1, returndJ,S andV such thaB=U*S*V’ is the best
L2 approximation ofA with rankB)=k.

[U,S,V]=sva(A,tol) withtol areal number,returng,S andV suchthaB=U*S*V’ such
that L2-norm ofA-B is at mostol .
EXAMPLE :

A=rand(5,4)*rand(4,5);
[U,s,V]=sva(A,2);
B=U*s*V’;

svd(A)

svd(B)
clean(svd(A-B))

SEEALSO: svd 400
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9.0.743 svd singular value decomposition

CALLING SEQUENCE:

s=svd(X)
[U,S,V]=svd(X)
[U,S,V]=svd(X,0)
[U,S,V,rk]=svd(X [,tol])

PARAMETERS :

X :areal or complex matrix

s : real vector (singular values)

S : real diagonal matrix (singular values)

U,V : orthogonal or unitary square matrices (singular vectors).
tol :real number

DESCRIPTION :

[U,S,V] = svd(X) produces a diagonal matrk , of the same dimension a6 and with non-
negative diagonal elements in decreasing order, and unitary mdtrieeslV so thatX = U*S*V’ .

[U,S,V] = svd(X,0) produces the "economy size" decomposition. IX is m-by-nwith
m > n, then only the first n columns &f are computed an8 is n-by-n.

s = svd(X) by itself, returns a vectas containing the singular values.

[U,S,V,rk]=svd(X,tol) givesin additiorrk , the numerical rank of i.e. the number of singular
values larger thatol .
The default value ofol  is the same as irank .

EXAMPLE :

X=rand(4,2)*rand(2,4)
svd(X)
sqrt(spec(X*X’))

SEEALSO: rank 392 qgr 390, colcomp 370, rowcomp 393 sva 399 spec 398

9.0.744 sylv Sylvester equation.

CALLING SEQUENCE :
sylv(A,B,C,flag)
PARAMETERS :

A,B,C : three real matrices of appropriate dimensions.
flag character string¢ or’'d )

DESCRIPTION :
X = sylv(A,B,C,’c) computesX, solution of the "continuous time” Sylvester equation

A*X+X*B=C

X=sylv(A,B,C,'d) computesX, solution of the "discrete time” Sylvester equation
A*X*B-X=C
EXAMPLE :

A=rand(4,4);C=rand(4,3);B=rand(3,3);
X = sylv(A,B,C,'c);
norm(A*X+X*B-C)

X=sylv(A,B,C,'d")

norm(A*X*B-X-C)

SEEALSO: lyap 384
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9.0.745 trace trace

CALLING SEQUENCE :

trace(X)

PARAMETERS :

X :real or complex square matrix, polynomial or rational matrix.

DESCRIPTION :
trace(X) is the trace of the matriX.
Same asum(diag(X))

EXAMPLE :

A=rand(3,3);
trace(A)-sum(spec(A))

SEEALSO: det 371
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10.0.746 addedge adds an edge or an arc between two nodes
CALLING SEQUENCE :

gl = add_edge(i,j,0)

PARAMETERS :

i :integer, number of start node

j :integer, number of end node

g : graph list

gl : graph list of the new graph with the added edge

DESCRIPTION :
add _edge returns the grapgl with a new edge from node numbierto node numbey . If the graph
is directed, the edge is an arc. The number of edges plus 1 is taken as the name of the new edge.

EXAMPLE :

ta=[1 1 22234557889 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
he=[2 10 357 42468697711 15 12 13 9 10 14 11 16 1 17 14 15];
g=make_graph('foo’,1,17,ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

g=add_edge(1,7,9);

g(edge_color)=[ones(ta) 11];

show_graph(g);

SEEALSO: add_node 404, delete_arcs 414, delete_nodes 414

10.0.747 addnode adds a disconnected node to a graph
CALLING SEQUENCE :

gl = add_node(g,[xy,name])

PARAMETERS :

g : graph list

Xy : optional row vector of coordinates of new node
name : optional name of the added node

gl : graph list of the new graph with the added node

DESCRIPTION :
add _node adds a disconnected node to grapland returns the new gragji.

The coordinates of the new node can be given as a row vector of coordinadgs ifithe nodes of
graphg have no coordinates (elememtsde x andnode_y are[] ), to givexy has no effect. If the
nodes of graply have coordinates ang/ is not given, the new node h&3,0)  as coordinates.

If name is given, it is the name of the new node, otherwise the number of nodes plus 1 is taken as the
name of the new node.

EXAMPLE :

ta=[1 1 22234557889 10 10 10 11 12 13 13 13 14 15 16 16 17 17],
he=[2 10 357 4246869771115 12 13 9 10 14 11 16 1 17 14 15];
g=make_graph(’foo’,1,17,ta,he);
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g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

n=g('node_number’);

gl=add_node(g,[270 140]);

gl(node_color’)=[ones(1,n) 11];

show_graph(gl);

SEEALSO: add_edge 404, delete_arcs 414, delete_nodes 414

10.0.748 adilists computes adjacency lists

CALLING SEQUENCE:

adj_lists(g)
adj_lists(directed,n,tail,head)

[Ip,la,ls]
[Ip,la,ls]

PARAMETERS :

g : graph list
directed . integer, O (undirected graph) or 1 (directed graph)
n : integer, the number of nodes of the graph

tail  : the row vector of the numbers of the tail nodes of the graph (its size is the number of edges of the
graph)

head : the row vector of the numbers of the head nodes of the graph (its size is the number of edges of the
graph)

Ip :row vector, pointer array of the adjacency lists description of the graph (its size is the number of nodes
of the graph + 1)
la :row vector, arc array of the adjacency lists description of the graph (its size is the number of edges of

the graph)

Is : row vector, node array of the adjacency lists description of the graph (its size is the number of edges
of the graph)

DESCRIPTION :

adj _lists computes the row vectors of the adjacency lists description of the graipls also possible
to givead] _lists the description of the graph given by the number of nadeand the row vectors
tail  andhead.

EXAMPLE :

taz[2 3 3 53 4 45 8]

he=[1 2 42667 7 4]
g=make_graph('foo’,1,8,ta,he);

g(’node_x')=[129 200 283 281 128 366 122 333];
g(’node_y’)=[61 125 129 189 173 135 236 249];
show_graph(g);

[Ip,la,Is]=ad]_lists(qg)
[Ip,la,Is]=adj_lists(1,g(’node_number’),ta,he)

SEEALSO: chain_struct 409 graph_2 mat 420

10.0.749 arcgraph graph with nodes corresponding to arcs

CALLING SEQUENCE :
gl = arc_graph(g)
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PARAMETERS :

g : graph list of the old graph
gl : graph list of the new graph

DESCRIPTION :
arc _graph returnsthe directed grag/ll with the nodes corresponding to the arcs of the directed graph
g. g1 is defined in the following way:

- its nodes correspond to the arcsgf- 2 nodes of the new graph are adjacent if and only if the
corresponding arcs of the graghare consecutive.

The coordinates of the nodesg@if are given by the middle points of the corresponding edges of

If such an arc graph does not exist, an empty vector is returned.
EXAMPLE :

ta=[1 1 244567 2351

he=[2 6 36 788847 3 5]
g=make_graph('foo’,1,8,ta,he);

g(node_x')=[281 284 360 185 405 182 118 45];
g(node_y)=[262 179 130 154 368 248 64 309];
show_graph(g);

gl=arc_graph(g);

show_graph(gl,’new’);

SEEALSO: line_graph 426

10.0.750 arcnumber number of arcs of a graph

CALLING SEQUENCE :
ma = arc_number(g)
PARAMETERS :

g : graph list
ma : integer, number of arcs

DESCRIPTION :
arc _number returns the numbena of arcs of the graph. If the graph is directed, it is the number of
edges. If the graph is undirected, it is twice the number of edges.

SEEALSO: edge number 415 node_number 440

10.0.751 atrticul finds one or more articulation points

CALLING SEQUENCE :

nart = articul([i],g)

PARAMETERS :
g : graph list
i :integer

nart :integer row vector

DESCRIPTION :

articul finds one or more articulation points (if they exist) of the grgpmmart is the row vector of
numbers of articulation nodes: deleting one of these nodes increases the number of connected components
of the graph.i is the optional node number from which the algorithm starts. The defaultis 1. Note that

the result depends strongly on this starting node.

EXAMPLE :
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ta=[2 13224456738
he=[1 10 257 324586
g=make_graph(’foo’,1,17,ta,he);
g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g(’node_diam’)=[1:(g('node_number"))]+20;

show_graph(g);

nart = articul(g)

show_nodes(nart);

9 10 10 10 10 11 12 13 14 15 16 17 17];
77

8
9 11 13 15 12 13 14 11 16 17 14 15];

10.0.752  bandwr. bandwidth reduction for a sparse matrix

CALLING SEQUENCE:

[iperm,mrepi,profile,ierr]
[iperm,mrepi,profile,ierr

bandwr(sp,[iopt])
bandwr(lp,Is,n,[iopt])

PARAMETERS :

Sp : sparse matrix

Ip :integer row vector

Is :integer row vector

n :integer

iopt :integer

iperm : integer row vector
mrepi : integer row vector
profile . integer row vector
ierr  :integer

DESCRIPTION :

bandwr solves the problem of bandwidth reduction for a sparse matrix: the matrix is supposed to be
upper triangular with a full diagonal (it is easy to complete a non symmetric matrix, and then discards the
added terms).

In the first calling sequencsep denotes a sparse matrix; the optional argunptt is 0 or 1: 1 if redu-

cing the profile of the matrix is more important than reducing the bandwidth and 0 if bandwidth reduction
is most important.
The second calling sequence corresponds to the description of a dpapis: a row vector, pointer array

of the adjacency lists description of a graph (its size is the number of nodes of the graph + i)a row
vector, node array of the adjacency lists description (its size is the number of edges of the graph i.e. the
number of non-zero terms of the corresponding sparse matrixs the number of nodes (dimension of

sp).

iperm is the permutation vector for reordering the rows and columns which reduces the bandwidth and/or
profile (new numbering of the nodes of the graphjepi is the inverse permutation (mrepi(iperm) is the
identity). profile is the array giving the profile of the sparse matrix after the bandwidth reduction if
iopt is 1. Ifiopt is O this array is zero except for the first term giving the bandwidth. The simple
commandmax(profile(2:$)-profile(1:($-1))) returns the bandwidth of the matriierr

is an integer indicating an error if its value is not zero.

EXAMPLE :

ta<[2 132244567
he=[1 10 257 324538
g=make_graph('foo’,0,17,ta,he);

g('node_x)=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

8 8 9 10 10 10 10 11 12 13 13 14 15 16 16 17 17];
6 97 7 11 13 15 12 13 9 14 11 16 1 17 14 15];
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g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

/I THE GRAPH

show_graph(g);

a=graph_2_mat(g,’node-node");

ww=tril(a)'+eye();

ww1=full(ww);

xset('window’,0)
hist3d((ww1+tril(ww1’,-1)+tril(wwl,-1)"),52,85);

// BANDWIDTH REDUCTION FOR THE MATRIX
[iperm,mrepi,profile,ierr]l=bandwr(ww);
max(profile(2:$)-profile(1:($-1)))

/I GRAPH WITH THE NEW NUMBERING
g2=g;92('node_name’)=string(iperm);
show_graph(g2,’new’)

/I NEW MATRIX

n=g('node_number?);

yy=wwl(mrepi,mrepi);

xset('window’,1)
hist3d((yy+tril(yy’,-1)+tril(yy,-1)"),52,85);

/I STARTING WITH THE SAME MATRIX
[ij,v.mn]=spget(ww);
gl=make_graph(’foo’,0,n,ij(:,1)",ij(:,2)’);
gl(’node_x")=g(’node_x");gl(’'node_y’)=g('node_y");
/I GRAPH

/Ishow_graph(gl,’rep”);

[Ip,la,Is] = adj_lists(1,n,g1(’tail’),gl(’head));
[iperm,mrepi,profile,ierr]l=bandwr(Ip,Is,n,0);
g2=g;g2('node_name’)=string(iperm);
show_graph(g2,'new’);

10.0.753 besmatch best matching of a graph

CALLING SEQUENCE :

[card,match] = best_match(g)

PARAMETERS :

g : graph list
card :integer
match : integer row vector

DESCRIPTION :

best _match finds an optimal matching for the gragh The output areard and the vectomatch .
card isthe cardinality of an optimal matchingatch(i) is the node adjacent to nodein the optimal
matching or O ifi is unmatched.

EXAMPLE :

ta=[27 27 3 12 11 12 27 26 26 25 25 24 23 23 21 22 21 20 19 18 18];
ta=fta 16 15 15 14 12 9 10 6 9 17 8 17 10 20 11 23 23 12 18 28];
he=[ 1 22 4 5 11 13 1 25 22 24 22 22 19 13 13 14 16 16 9 16];
he=he 10 10 11 12 26 557 87 9 611 4 18 13 3 28 17];
n=28;

g=make_graph(’foo’,0,n,ta,he);

xx=[46 120 207 286 366 453 543 544 473 387 300 206 136 250 346 408];

Scilab Group September 1996 408



chainstruct Scilab function

g(’node_x')=[xx 527 443 306 326 196 139 264 55 58 46 118 513];
yy=[36 34 37 40 38 40 35 102 102 98 93 96 167 172 101 179];
g(’node_y")=[yy 198 252 183 148 172 256 259 258 167 109 104 253];
show_graph(g);

[card,match] = best_match(g);

sp=sparse([ta’ he’],[1:size(ta,2)]’,[n,n]);

spl=sparse([[1:n] match’],ones(1,size(match,2))’,[n,n]);
[ij,v,mn]=spget(sp.*spl);

show_arcs(Vv');

1

/I WITH A LARGER GRAPH
g=load_graph(SCl+'/demos/metanet/mesh1000’);

g('directed")=0;

ta=g(’tail');he=g(’head’);n=node_number(qg);
show_graph(g,’new’,[3000,1000]);

[card,match] = best_match(g);

sp=sparse([ta’ he’],[1:size(ta,2)]’,[n,n]);

spl=sparse([[1:n] match’],ones(1,size(match,2))’,[n,n]);
[ij,v,mn]=spget(sp.*spl);

show_arcs(Vv');

SEEALSO: perfect_match 442

10.0.754 chainstruct ___ chained structure from adjacency lists of a graph

CALLING SEQUENCE :

[fe,che,fn,chn]
[fe,che,fn,chn]

chain_struct(g)
chain_struct(lp,la,ls)

PARAMETERS :

g : graph list

Ip : row vector, pointer array of the adjacency lists description of the graph (its size is the number of nodes
of the graph + 1)

la :row vector, arc array of the adjacency lists description of the graph (its size is the number of edges of
the graph)

Is : row vector, node array of the adjacency lists description of the graph (its size is the number of edges
of the graph)

fe : row vector of the numbers of the first edges starting from nodes (its size is the number of nodes of the
graph)

che : row vector of the numbers of the chained edges (its size is the number of edges of the graph)

fn : row vector of the numbers of the first nodes reached by the eddes dfits size is the number of
nodes of the graph)

chn : row vector of the nodes reached by the edgeshef

DESCRIPTION :
chain _struct  computes the row vectors of the edge chained structure description of thegyrkfi
also possible to give directshain _struct  the adjacency lists of the graph. This is more efficient if the
adjacency lists are already available siobain _struct  uses them to make computations.

The vectorde , che,fn andchn describe the chained structure in the following way:

fe(i)) is the number of the first edge starting from node i

che(fe(i)) is the number of the second edge starting from nod@e(che(fe(i))) is the
number of the third edge starting from node i and so on until the value is 0

fn(i) is the number of the first node reached from node i

ch(i) isthe number of the node reached by edge(i)
EXAMPLE :
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taz=[1 1 2354677 33885

he=[2 354667 4328174
g=make_graph(’foo’,1,8,ta,he);

g(’node_x")=[116 231 192 323 354 454 305 155];
g(’node_y")=[118 116 212 219 117 185 334 316];
show_graph(g);

[fe,che,fn,chn] = chain_struct(g)

SEEALSO: adj_lists 405 graph_2 mat 420

10.0.755 checlgraph checks a Scilab graph list

CALLING SEQUENCE:

check_graph(g)
PARAMETERS :
g : graph list to check

DESCRIPTION :
check _graph checks its argumerg to see if it is a graph list. The checking is not only syntactic
(number of elements of the list, compatible sizes of the vectors), but also semantic in the sense that
check _graph checks thahode _number, tail andhead elements of the list can really represent
a graph.

Moreover, the names of the node must be different. In fact, this do not give errors in Scilab, but strange
behaviour can appear when using the Metanet window. So, this is not checkbddly graph because
it is time consuming. Itis only checked when loading, saving or showing a graph.

SEEALSO: graph-list 417

10.0.756 circuit finds a circuit or the rank function in a directed graph
CALLING SEQUENCE :

[p,r] = circuit(g)

PARAMETERS :

g : graph list
p : row vector of integer numbers of the arcs of the circuit if it exists
r :row vector of rank function if there is no circuit

DESCRIPTION :

circuit tries to find a circuit for the directed gragh It returns the circuip as a row vector of the
corresponding arc numbers if it exists and it returns the empty vfctootherwise. If the graph has no
circuit, the rank function is returned m otherwise its value is the empty vecfpr.

EXAMPLE :

/I graph with circuit

tas[1 1 23546 7 7 3 38 8 5]
he=[2 354667 432817 4]
g=make_graph(’foo’,1,8,ta,he);

g(’node_x')=[116 231 192 323 354 454 305 155];
g(node_y")=[ 118 116 212 219 117 185 334 316];
show_graph(g);

p=circuit(g)

show_arcs(p)

/I graph without circuit

g=make_graph(foo’,1,4,[1 2 2 3],[2 3 4 4)]);
[p,r]=circuit(g)
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10.0.757 comodes set of nodes of a connected component
CALLING SEQUENCE :

ns = con_nodes(i,g)

PARAMETERS :

i :integer, number of the connected component
g : graphlist
ns : row vector, node numbers of the connected component

DESCRIPTION :
con _nodes returns the row vectons of the numbers of the nodes which belong to the connected
component number. If i is not the number of a connected component, the empty vgctais returned.

EXAMPLE :

taz[1 1 222344577910 12 12 13 13 14 15];

he=[2 6 345135189811 10 11 11 15 13 14j;
g=make_graph('foo’,1,15,ta,he);

g(’node_x')=[197 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[76 181 276 278 276 83 174 281 177 86 175 90 290 397 399];
show_graph(g);

con_nodes(2,9)

x_message('Displaying the nodes of component #2');

n=g('node_number’);

nodecolor=0*ones(1,n);

nodecolor(1,con_nodes(2,9))=11*ones(con_nodes(2,9));

g('node_color’)=nodecolor;

nodediam=20.*ones(1,n);

nodediam(1,con_nodes(2,9))=30*ones(con_nodes(2,9));

g(’node_diam’)=nodediam;

show_graph(g);

SEEALSO: connex 411, is_connex 425 strong_connex 451, strong_con_nodes
450

10.0.758 connex connected components

CALLING SEQUENCE :
[nc,ncomp] = connex(qg)

PARAMETERS :

g : graph list
nc : integer, number of connected components
ncomp : row vector of connected components

DESCRIPTION :

connex returns the numbarc of connected components of graghand a row vectoncomp giving
the number of the connected component for each node. For instancesia node numbencompli]

is the number of the connected component to which node numbdezlongs.

EXAMPLE :
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ta=[1 1 22234456777
he=[2 6 34513517589
g=make_graph(’foo’,1,15,ta,he);
g(’node_x')=[197 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[76 181 276 278 276 83 174 281 177 86 175 90 290 397 399];
show_graph(g);

[nc,ncomp]=connex(g)

g(’node_color’)=10+ncomp;

g(’node_diam’)=10+10*ncomp;

Xx_message('Displaying the connected components of this graph’);

show_graph(g);

10 12 12 13 13 14 15];

89
58 11 10 11 11 15 13 14];

SEEALSO: con_nodes 411, is_connex 425 strong_connex 451, strong_con_nodes
450

10.0.759 contractedge contracts edges between two nodes

CALLING SEQUENCE :
gl = contract_edge(i,j,9)
PARAMETERS :

i :integer, number of start or end node of edge
j :integer, number of end or start node of edge
g : graph list

gl : graph list of the new graph

DESCRIPTION :

contract _edge returnsthe graphl, the edges between the nodes numbendj being deleted, the
nodes being reduced to one node with the same name as nade located at the middle point between
the 2 previous nodes.

EXAMPLE :

ta=[1 1 22234557889 10 10 10 10 10 11 12 13 13 13 14 15 16 16 17
17];

he=[2 10 357 42468697711 13 13 15 12 13 9 10 14 11 16 1 17 14
15];

g=make_graph('foo’,1,17, ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

gl=contract_edge(10,13,9);

show_graph(gl,’new’);

SEEALSO: add_edge 404, add _node 404, delete_arcs 414 delete_nodes 414

10.0.760 convexull convex hull of a set of points in the plane

CALLING SEQUENCE :
[nhull,ind] = convex_hull(xy)

PARAMETERS :
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Xy :2xnreal matrix
nhull  : integer
ind : integer row vector

DESCRIPTION :

convex _hull  finds the convex hull of a given set of n points in the plaxe. is the 2 x n matrix of the
(x,y) coordinates of the given pointsonvex _hull  returns innhull  the number of the points of the
boundary of the convex hull and ind the row vector (of sizeahull ) giving the indices irky of the
points of the boundary. The orderimd corresponds to consecutive points on the boundary.

EXAMPLE :

ta=[27 27 3 12 11 12 27 26 26 25 25 24 23 23 21 22 21 20 19 18 18];
ta=fta 16 15 15 14 12 9 10 6 9 17 8 17 10 20 11 23 23 12 18 28];
he=[ 1 22 4 51113 1 2522 24 22 22 19 13 13 14 16 16 9 16];
he=[he 10 10 11 12 26 557 87 9 6 11 4 18 13 3 28 17];
g=make_graph(’foo’,0,28,ta,he);

xx=[46 120 207 286 366 453 543 544 473 387 300 206 136 250 346 408];
g(’node_x')=[xx 527 443 306 326 196 139 264 55 58 46 118 513];
yy=[36 34 37 40 38 40 35 102 102 98 93 96 167 172 101 179];
g(’node_y')=[yy 198 252 183 148 172 256 259 258 167 109 104 253];
show_graph(g);

xy=[g('node_x’);g('node_y")];

[nhulljind] = convex_hull(xy)

show_nodes(ind);

10.0.761 cycledasis basis of cycle of a simple undirected graph

CALLING SEQUENCE :
spc = cycle_basis(g)
PARAMETERS :

g : graph list
Spc : sparse matrix

DESCRIPTION :
First a spanning tree is found by usingn _weight _tree and then used to find all fundamental cycles
with respect to this tree. They are returned as a set of cycles, each cycle being represented by a set of edges.
These cycles are returned in a sparse mafpix: each line of this matrix corresponds to a cycle.
The graphg is supposed to be a simple undirected and connected gcgple ( _basis does not
check that the graph is simple, up@ph _simp before calling it if necessary).
EXAMPLE :

taz[1 1 22234557889 10 10 10 10 10 11 12 13 13 13 14 15 16 16 17
17];

he=[2 10 357 42468697711 13 13 15 12 13 9 10 14 11 16 1 17 14
15];

gt=make_graph(’foo’,1,17,ta,he);

gt(node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

gt(node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187
151 301];

gt(edge_color)=modulo([1:(edge_number(gt))],15)+1;
gt('node_diam”)=[1:(gt('node_number"))]+20;

show_graph(gt);

g=graph_simp(gt);
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g(edge_color)=modulo([1:(edge_number(g))],15)+1;

g(’node_diam’)=gt('’node_diam’);

g(default_edge_hi_width")=12;

show_graph(g);

spc=cycle_basis(g);

for kk=1:(size(spc,l)),
aaa=spc(kk,:);aaa=full(aaa);aaa(aaa==0)=[];
show_arcs(aaa);

end,;

SEEALSO: min_weight_tree 438 graph_simp 423

10.0.762 deletearcs_____ deletes all the arcs or edges between a set of nodes
CALLING SEQUENCE :

gl = delete_arcs(ij,g)

PARAMETERS :

ij : matrix of integers (hnumber of nodes)
g : graph list
gl : graph list of the new graph without the arcs or edges defined by ij

DESCRIPTION :
If g is adirected graptgelete _arcs returnsthe grappgl with the arcs defined by matrix being
deleted.ij must be a n x 2 matrix afiode numbers: the n arcs to be deleted are defined by couples of
nodes {j(i,1) ,ij(1,2) ).

If g is an undirected graph, the edges corresponding to niptrixare deleted.
EXAMPLE :

ta=[1 1 22234557889 10 10 10 10 10 11 12 13 13 13 14 15 16 16 17
17];

he=[2 10 357 42468697711 13 13 15 12 13 9 10 14 11 16 1 17 14
15];

g=make_graph(’foo’,1,17,ta,he);

g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

ij=[13 10;8 6;5 4;4 2];

gt=delete_arcs(ij,q);

show_graph(gt,'new’);

g('directed’)=0;

gt=delete_arcs(ij,q);

show_graph(gt,’new’);

SEEALSO: add_edge 404, add_node 404, delete nodes 414

10.0.763 deletenodes deletes nodes

CALLING SEQUENCE :
gl = delete_nodes(v,Q)

PARAMETERS :
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v : vector of integers, numbers of nodes to be deleted
g : graph list
gl : graph list of the new graph with deleted nodes

DESCRIPTION :
delete _nodes returns the grappbl, with the nodes given by the vector being deleted.
EXAMPLE :

taz[1 1 22234557889 10 10 10 10 10 11 12 13 13 13 14 15 16 16 17
17];

he=[2 10 357 42468697711 13 13 15 12 13 9 10 14 11 16 1 17 14
15];

g=make_graph('foo’,1,17,ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

v=[10 13 4j;

gt=delete_nodes(v,q);

show_graph(gt,’new);

SEEALSO: add_edge 404, add_node 404, delete_arcs 414

10.0.764 edgenumber number of edges of a graph

CALLING SEQUENCE :
ma = edge_number(g)
PARAMETERS :

g : graph list
m : integer, number of edges

DESCRIPTION :

edge _.number returns the numbemn of edges of the graph. If the graph is directed, it is the number
of arcs. If the graph is undirected, it is half the number of edges. It is always equal to the dimension of
g(’tail’) andg(’head’)

SEEALSO: arc_number 406 node_number 440

10.0.765 findpath finds a path between two nodes

CALLING SEQUENCE :
p = find_path(i,j,g)
PARAMETERS :

i :integer, number of start node

j :integer, number of end node

g : graph list

p : row vector of integer numbers of the arcs of the path if it exists

DESCRIPTION :
find _path returnsapatp fromnode number tonode number if one exists, and the empty vector
[ otherwise.

EXAMPLE :
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10 10 10 11 12 13 13 13 14 15 16 16 17 17];

ta=[1 122234557 838
6 7 7 11 15 12 13 9 10 14 11 16 1 17 14 15];

he=[2 10 357 42 46 8
g=make_graph(’foo’,1,17,ta,he);
g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

p=find_path(1,14,9);

edgecolor=1*ones(ta); edgecolor(p)=11*ones(p); g('edge_color’)=edgecolor;
show_graph(g); show_arcs(p);

9
9

SEEALSO: nodes_2 path 440, shortest path 447

10.0.766 gemet generation of a network

CALLING SEQUENCE :

g = gen_net(name,directed,v)
g = gen_net()
PARAMETERS :

name : string, the name of the graph

directed . integer, O (undirected graph) or 1 (directed graph)
v : row vector with 12 values for defining the network

g : graph list

DESCRIPTION :
gen_net generates a netwok The arguments are the name of the graph, a flag equal to 0 (undirected
graph) or to 1 (directed graph) and a vector describing the network (see below).

If no argument are given, a dialog box for the definition of all the arguments is opened.

v must be a row vector with 12 values. The meaning of the values are:

Seed for random: used for initialization of random generation

Number of nodes

Number of sources

Number of sinks

Minimum cost

Maximum cost

Input supply

Output supply

Minimum capacity

Maximum capacity

Percentage of edges with costs: between 0 and 100

Percentage of edges with capacities: between 0 and 100

The cost of edges without cost are put to minimum cost. The maximum capacity of edges without
capacity are put to maximum upply

The resultis a networlg built on a planar connected graph, by using a triangulation method. Moreover,
computations are made in order to have a coherent network. Values of costs and maximum capacities are
put on the edges. Minimum capacities are reduced to 0.
EXAMPLE :

v=[1,10,2,1,0,10,100,100,0,100,50,50];
g=gen_net(foo’,1,v);

show_graph(g)

/I generating using dialogs
g=gen_net();

show_graph(g)
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SEEALSO: mesh2d 431

10.0.767 girth girth of a directed graph
CALLING SEQUENCE :

d = qirth(g)

PARAMETERS :

g : graph list
d :integer

DESCRIPTION :
girth  computes the length (number of arcs) of the shortest cycle in an unweighted directed graph

EXAMPLE :

ta=[1 6 247 56 8435 1]

he=[2 1 36 4887 27 3 5]
g=make_graph('foo’,1,8,ta,he);

g(node_x)=[285 284 335 160 405 189 118 45];
g(node_y)=[266 179 83 176 368 252 64 309];
show_graph(g);

d=girth(g)

10.0.768 glist graph list creation

CALLING SEQUENCE:

g = glist(al, ... ,a34)

DESCRIPTION :

glist(al,....a34) is a shortcut to tdlist(['graph’,’name’, directed’,'node _number’,'tail’,;’he E

'node _name’,’node _type'’node  x',/node y'/’node _color,.. ’node _diam’,’node  _border’,’nod €

‘edge _name’,’edge _color’,’edge _width’,’edge _hi _width’,.. ’edge _font _size’,’edge Jlength’; |

‘edge _min _cap’,’edge _maxcap’’edge _q_weight’,’edge _q-orig’,.. ’edge _weight’,’default _node

‘default  _edge _width’,’default _edge _hi _width’,.. ’default _font _size’,’node _label’,’edge da k
,a34) It is a low level function to create graph lists, mainly used by programmers. No checking

is done. For standard creation of graph lists, msée_graph .
SEEALSO: check _graph 410, graph-list 417, make_graph 427

10.0.769 graph-list description of graph list

DESCRIPTION :
A graph in Scilab is represented by a Scilab typed list. We call it a graph list.

You will find below the complete description of the list. Each element is described by one or more lines.
The first line gives the name of the element and its definition. Additional informations, such as the default
for elements that can have one, are given in the other lines. Indeed, only the 5 first elements must have a
value in the list, all the others can be given the empty vefgtoras a value, and then the default is used
when it is needed by functions or by the Metanet window. For instance, you can define a graph list by

g=make_graph('min’,1,1,[1],[1]);

which is the simplest graph you can create in Metanet (it is directed, has one node and one loop arc on this
node).

The name of the element in the list is very important because it is used to access the elements of the list.
For instance, ify is a graph list, to get the name of the graph, you only have to do:
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g(’name’)
and if you want to change the name of the graphdtm’ , you have to do:
g(’name’)="toto’;

Moreover, you can get the number of edges and the number of arcs of the graph ldggngumber(g)
andarc _number(g) (these names do not correspond to elements of the list). For compatitmlitg,_number(g)
can also be used insteadgi{fnode _number’)

A graph list can be syntactically correct but not represent a good graph. You can use the function
check _graph to checkit. Moreover it is a good idea to give nodes different names. In fact, this does not
give errors in Scilab, but strange behaviour can appear when using the Metanet window. This is not checked
by check _graph because it is time consuming. It is only checked when loading, saving or showing a
graph.

The elements of a graph list are given below:

name: -the name of the graph

- itis a string with a maximum of 80 characters

directed: - flag giving the type of the graph

- itis equalto 1 (graph directed) or equal to O (graph undirected)
node _number: - number of nodes

tail: - row vector of the tail node numbers

head: -row vector of the head node numbers

node _name: - row vector of node names

- the names of the nodes must be different

- defaultis the node numbers as node names

node _type: - row vector of the node types

- thetype is an integer from 0 to 2, default is O (plain node):
- 0 =plain node

- 1=sink node

- 2 =source node

node x: - row vector of the x coordinate of the nodes

- defaultis computed

node _y: -row vector of the y coordinate of the nodes

- default is computed

node _color: - row vector of the node colors

- the coloris an integer from 0 to 16, default is O (default foreground):
- 0= default foreground

- 1=navyblue

- 2=Dblue

- 3 =skyblue

- 4 =aquamarine

- 5 =forestgreen

- 6=green

- 7 =lightcyan

- 8=cyan

- 9=orange

- 10=red

- 11 =magenta

- 12 =violet

- 13 =yellow

- 14=gold

- 15=beige

- 16 = background

node _diam: - row vector of the size of the node diameters in pixels
- anodeis drawn as a circle
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- defaultis the value of elemedefault _node _diam

node _border: - row vector of the size of the node borders in pixels

- anodeis drawn as a circle

- default is the value of elemedefault _node _border

node font _size: - row vector of the size of the font used to draw the name of the node
- you can choose 8, 10, 12, 14,18 or 24

- defaultis the value of elemedefault _font _size

node _.demand: - row vector of the node demands

- defaultis 0

edge _name: - row vector of the edge names

- itis better that the names of the edges are different, but this is not an error

- defaultis the edge numbers as edge names

edge _color: - row vector of the edge colors

- the coloris an integer from O to 16 (seede _color )

- defaultis 0 (default foreground)

edge _width: - row vector of the size of the edge widths in pixels

- default is the value of elemedefault _edge _width

edge _hi _width: - row vector of the size of the highlighted edge widths in pixels
- defaultis the value of elemedefault _edge _hi _width

edge font _size: - row vector of the size of the fonts used to draw the name of the edge
- you can choose 8, 10, 12, 14, 18 or 24

- default is the value of elemedefault _font _size

edge _length: - row vector of the edge lengths

- defaultis 0

edge _cost: - row vector of the edge costs

- defaultis O

edge _min_cap: -row vector of the edge minimum capacities
- defaultis 0

edge _max_cap: -row vector of the edge maximum capacities
- defaultis 0

edge _g_weight: - row vector of the edge quadratic weights
- defaultis O

edge _g_orig: - row vector of the edge quadratic origins

- defaultis 0

edge _weight: - row vector of the edge weights

- defaultis O

default _node _diam: - default size of the node diameters of the graph

- defaultis 20 pixels

default _node _border: - default size of the node borders of the graph

- defaultis 2 pixels

default _edge _width: - default size of the edge widths of the graph

- defaultis 1 pixel

default _edge _hi _width: - default size of the highlighted edge widths of the graph
- defaultis 3 pixels

default _font _size: - default size of the font used to draw the names of nodes and edges
- defaultis 12

node _label: - row vector of node labels

edge _label: - row vector of edge labels

EXAMPLE :

g=load_graph(SCl+'/demos/metanet/mesh100’);
g('node_color)=int(rand(1:g('node_number’))*16);
g('edge_color’)=int(rand(1:edge_number(g))*16);
show_graph(g)
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SEEALSO: arc_number 406 check_graph 410 edge_number 415 glist 417, make_graph
427, node_number 440

10.0.770 graph2-mat node-arc or node-node incidence matrix of a graph

CALLING SEQUENCE :

a = graph_2_mat(g,mat)
PARAMETERS :

g : graph list

mat : optional string, 'node-arc’ or 'node-node’ matrix
a : sparse node-arc or node-node incidence matrix

DESCRIPTION :
graph _2_mat computes the node-arc or the node-node incidence matrix corresponding to thg graph
If the optional argumentat is omitted or is the stringnode-arc’ , the node-arc matrix is com-

puted. Ifmat is the stringnode-node’ , the node-node matrix is computed.

If n isthe number of nodes of the graph ands the number of edges of the graph, the node-arc matrix
is a Scilab sparse matrix of sife,m) .

Itis defined as follows. If the graph is directed:

a(i,j) = +1 if nodei isthe tail of arg af(i,j) = -1 if nodei isthe head of arg If the
graph is undirected:
a(i,jy =1 if nodei is the tail or the head of ajc If n is the number of nodes of the graph, the

node-node matrix is a Scilab sparse matrix of ¢iz@)
Itis defined as follows:
a@ij =1 if there is an arc from nodie to nodej

EXAMPLE :
g=load_graph(SCIl+'/demos/metanet/colored’);
a=graph_2_mat(g)
a=graph_2_mat(g,'node-node’)

SEEALSO: mat 2 graph 428

10.0.771 graphcenter center of a graph
CALLING SEQUENCE :

[no,rad] = graph_center(g)

PARAMETERS :

g : graph list
no : integer
rad :integer

DESCRIPTION :

graph _center computes the center of the graghi.e. the node for which the largest of the shortest
paths to all the other nodes is minimum. The lengths of the arcs are supposed to be integer (and the default
value is 1). The output is the valuad of the length of the radius amtb which is the node number of

the center of the graph.

EXAMPLE :
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taz=[1 1 22234557188
he=[2 10 357 42 4686
g=make_graph('foo’,0,17,ta,he);

g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757

642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g(’node_diam’)=[1:(g('node_number"))]+20;

show_graph(g);

[no,rad] = graph_center(g)

show_nodes(no);

9 10 10 10 10 11 12 13 13 14 15 16 16 17 17];
97 7 11 13 15 12 13 9 14 11 16 1 17 14 15];

SEEALSO: graph_diameter 421

10.0.772 graphcomplement complement of a graph
CALLING SEQUENCE :

gl = graph_complement(g,[gmax])

PARAMETERS :

g : graph list
gmax : graph list
gl : graph list of the new graph

DESCRIPTION :

graph _complement returns the undirected gragfi which is the complement of the gragh with
respect to the corresponding complete graph. Wfmax is given, the complement is made with respect to
gmax. g andgmax are supposed to be simple graphs @seh _simp before callinggraph _.complement
if necessary) and to have the same number of nodes.

EXAMPLE :

taz[1 1 22234557889 10 10 10 10 11 12 13 13 13 14 15 17 17 16 16];
he=[2 10 357 4246869771113 15 12 13 9 10 14 11 16 14 15 1 17];
g=make_graph(’foo’,1,17,ta,he);

g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g(’edge_color)=modulo([1:(edge_number(g))],15)+1,;
g(’node_diam’)=[1:(g('node_number’))]+20;

show_graph(g);

gl=graph_complement(g);

show_graph(gl,’ new’);

g=graph_complement(gl);

show_graph(g);

SEEALSO: graph_sum 423 graph_simp 423

10.0.773 graphdiameter diameter of a graph

CALLING SEQUENCE :
[d,p] = graph_diameter(g)

PARAMETERS :
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g : graph list
d :integer
p :integer row vector

DESCRIPTION :

graph _diameter computes the diameter of the graghi.e. the largest shortest path between two
nodes. The length of the arcs are supposed to be integer (and the default value is 1). The output is the value
d of the length of the diameter amd is the corresponding path.

EXAMPLE :

ta=[1 1 222345578
he=[2 10 357 42 468
g=make_graph(’foo’,0,17,ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g(’node_diam’)=[1:(g('node_number’))]+20;

show_graph(g);

[d,p] = graph_diameter(g)

show_arcs(p);

8 9 10 10 10 10 11 12 13 13 14 15 16 16 17 17];
6 97 7 11 13 15 12 13 9 14 11 16 1 17 14 15];

SEEALSO: graph_center 420

10.0.774 graphpower kth power of a directed 1-graph

CALLING SEQUENCE :
gl = graph_power(g,k)
PARAMETERS :

g : graph list of the graph
k :integer
gl : graph list of the new graph

DESCRIPTION :
graph _power computes the directed gragfl which is the kth power of directed 1-gragh There
is an arc between two nodes @i if there exists a path between these nodes of length at mosgk in
graph _power(g,1) is graphg.

If such a graph does not exist, an empty vector is returned.

EXAMPLE :

ta=[1 1 244567 2351

he=[2 6 36 788847 3 5]
g=make_graph('foo’,1,8,ta,he);

g(node_x)=[285 284 335 160 405 189 118 45];
g(node_y)=[266 179 83 176 368 252 64 309];
show_graph(g);

gl=graph_power(g,2);

show_graph(gl,’new’);
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10.0.775 graphsimp converts a graph to a simple undirected graph
CALLING SEQUENCE :

gl = graph_simp(g)

PARAMETERS :

g : graph list of the old graph
gl : graph list of the new graph

DESCRIPTION :
graph _simp returns the simple undirected gragh corresponding to multigrapd. It deletes loops in
g, replaces directed edges with undirected edges and replaces multiple edges with single edges.

EXAMPLE :

ta=[1 1 122234445567 788991010 10 10 10 11 12 12 13 13
13 14 15 16 16 17 17];

he=[1 2103574299466826974 711 13 13 15 12 11 13 9 10 14
11 16 1 17 14 15];

g=make_graph('foo’,1,17, ta,he);

g(node_x)=[283 163 63 98 164 162 273 235 267 384 504 493 409 573 601
627 642];

g(’node_y’)=[ 59 133 223 311 227 299 221 288 384 141 209 299 398 383 187
121 301];

show_graph(g);

gl=graph_simp(g);

show_graph(gl,’ new’);

10.0.776 graphsum sum of two graphs

CALLING SEQUENCE :
g2 = graph_sum(g,gl)
PARAMETERS :

g : graph list
gl : graph list
g2 : graph list of the new graph

DESCRIPTION :

graph _sum creates a grapp2 with an adjacency matrix equal to the sum of the adjacency matrices of
the two graphg andgl.g andgl are supposed to be simple graphs (@sgph _simp before calling
graph _complement if necessary) and to have the same number of nodes.

EXAMPLE :

ta=[1 1 222345578
he=[2 10 357 42 468
g=make_graph('foo’,1,17, ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g(‘edge_color’)=modulo([1:(edge_number(g))],15)+1;
g('edge_width’)=ones(1,(edge_number(qg)));

g('node_diam’)=[1:(g('node_number’))]+20;

8 9 10 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
6 97 7 11 13 15 12 13 9 10 14 11 16 1 17 14 15];
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g(node_name’)=[A’ 'B’ 'C’ 'D’ 'E’ 'F' 'G’ 'H" 'I' ' 'K’ 'L’ 'M’ 'N' 'O’

P QT

show_graph(g);

taz[2 3 4 5 11 12 1];

he=[10 5 6 7 15 17 7];

gl=make_graph(’foo’,1,17,ta,he);

gl('node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

gl(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187
151 301];

gl(’edge_color)=modulo([1:(edge_number(gl))],15)+1;
gl(edge_width’)=10*ones(1,(edge_number(gl)));
g1(’node_diam’)=[1:(g1('’node_number"))]+20;

gl('node_name’)=[A’ 'B’ 'C’ 'D’ 'E' '"F’ 'G’ 'H" 'I' ') 'K’ L' 'M' 'N’

0P Q]

show_graph(gl,’new’);

g2=graph_sum(g,gl);

show_graph(g2,’new’);

SEEALSO: graph_complement 421, graph_union 424

10.0.777 graphunion union of two graphs

CALLING SEQUENCE :
g2 = graph_union(g,g1)
PARAMETERS :

g : graph list
gl : graph list
g2 : graph list of the new graph

DESCRIPTION :

graph _union creates a new gragi?. The node set o2 is the union (in the usual sense) of the node
sets ofg andgl. g2 has an edge for each edgegpfand an edge for each edgegdf. The edges of
andgl having the same endpoints are kept and in this g@sénas multiple edges.

EXAMPLE :

taz[1 1 22234557889 10 10 10 10 10 11 12 13 13 13 14 15 16 16 17
17];

he=[2 10 357 42468697711 13 13 15 12 13 9 10 14 11 16 1 17 14
15];

g=make_graph('foo’,1,17,ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g(edge_color’)=modulo([1:(edge_number(g))],15)+1;
g('node_diam’)=[1:(g('node_number))]+20;

g(inode_nameV):[iAl iBI iCI 1D1 1E1 1F1 1G7 1H1 7|7 iJI IKI 1L7 !M! iNI loi

P QT;

show_graph(g);

I=netwindows(); nw=I(2);

v=[7 8 9 10 11 12 13];

show_nodes(v);
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gl=subgraph(v,’nodes’,g);
show_graph(gl,'new’);
v=[1 2 56 7 8 9 10];
netwindow(nw);
show_nodes(v);
g2=subgraph(v,’'nodes’,q);
show_graph(g2,'new’);
g=graph_union(g1,92);
show_graph(g,’ new’);

SEEALSO: supernode 452 subgraph 451

10.0.778 hamilton hamiltonian circuit of a graph

CALLING SEQUENCE :
cir = hamilton(g)
PARAMETERS :

g : graph list
cir :integer row vector

DESCRIPTION :
hamilton  finds an hamiltonian circuit (if it exists) of the directed graph
EXAMPLE :

ta=2 132244567
he=[1 10 257 324538
g=make_graph('foo’,1,17,ta,he);

g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g('node_diam’)=[1:(g('node_number’))]+20;

show_graph(g);

cir=hamilton(g)

show_arcs(cir);

8 8 9 10 10 10 10 11 12 13 13 14 15 16 16 17 17];
697 7 11 13 15 12 13 9 14 11 16 1 17 14 15];

10.0.779 isconnex connectivity test

CALLING SEQUENCE :
res = is_connex(q)
PARAMETERS :

g : graph list
res :integer, result of the test

DESCRIPTION :
is _connex returns 1 if the graply is connected and 0 otherwise.
EXAMPLE :

g=make_graph(’foo’,1,3,[1,2,3,1],[2,3,1,3]);
is_connex(g)
g=make_graph(’foo’,1,4,[1,2,3,1],[2,3,1,3]);
is_connex(g)

SEEALSO: con_nodes 411, strong_connex 451
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10.0.780 knapsack solves a 0-1 multiple knapsack problem
CALLING SEQUENCE :

[earn,ind] = knapsack(profit,weight,capa,[bck])

PARAMETERS :

profit . integer row vector
weight : integer row vector
capa : integer row vector
bck : integer

earn : integer

ind : integer row vector

DESCRIPTION :
knapsack solve a 0-1 multiple knapsack problem with nX¥m 2) items and m knapsacks (= 1).
profit is the vector of the (integer) profits of the n items aveght  is the vector of the corresponding
(integer) weightscapa is the vector of the (integer) capacities of the m knapsabkk. is an optional
integer: the maximum number of backtrackings to be performed, if heuristic solution is required. If the
exact solution is requiredck can be omitted or can have a negative valearn is the value of the
criterium for the "optimal” solution anéhd is a vector giving the optimal locatiomd(i) gives the
number of the knapsack where item i is inserted and this value is 0 if the item i is not in the optimal solution.
We recall that the problem to be solved is the followipgi) andw denote respectively the profit
and the weight of the itern 1=1,...,n;c(j)  denotes the capacity of the knaps@ck=1,...,m;q(j,i)
denotes the quantity of item in knapsack (in fact O or 1).
We want to maximize the global proEt E=p(1)*[x(1,1)+...+x(m,1)]+...+p(n)*[x(1,n)+...+x(m,n)]

under the constraintpav(1)*x(j,1)+...+w(n)*x(j,m)] <= c(j) ; jF1,....m [x(1,i)+...+x(m,i)]
<=1 ; i=1,...,n x(,i)= 0 or 1 p(),w(),c() are positive integers.
EXAMPLE :

weight=ones(1,15).*.[1:4];
profit=ones(1,60);

capa=[15 45 30 60];
[earn,ind]=knapsack(profit,weight,capa)

SEEALSO: gassign 445

10.0.781 linegraph graph with nodes corresponding to edges

CALLING SEQUENCE :
gl = line_graph(g)
PARAMETERS :

g : graph list of the old graph
gl : graph list of the new graph

DESCRIPTION :
line _graph returns the graplgl with the nodes corresponding to the edges of the gapgl is
defined in the following way: - its nodes correspond to the edges ef2 nodes of the new graph are
adjacent if and only if the corresponding edges of the grapdre adjacent.

The coordinates of the nodes@f are given by the middle points of the corresponding edges of

EXAMPLE :
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ta=[1 1244567235 1]

he=[2 6 36 788847 3 5]
g=make_graph(’foo’,0,8,ta,he);

g(node_x')=[281 284 360 185 405 182 118 45];
g(node_y")=[262 179 130 154 368 248 64 309];
show_graph(g);

gl=line_graph(g);

show_graph(gl,’new’);

SEEALSO: arc_graph 405

10.0.782 loadgraph loads a graph

CALLING SEQUENCE :
g = load_graph(name)
PARAMETERS :

name : string, the path of the graph to load
g : graphlist

DESCRIPTION :

name is the name of a graph file which contains the ASCII description of a graph. Such a file must have
the"graph" extensionname can be the name or the pathname of the file; if'tp@ph"  extension

is missing inname, it is assumedlioad _graph returns the corresponding graph list.

EXAMPLE :

g=load_graph(SCIl+'/demos/metanet/mesh100.graph’);
show_graph(g);
g=load_graph(SCl+'/demos/metanet/colored’);
show_graph(g,’new’);

SEEALSO: save_graph 446

10.0.783 makegraph makes a graph list
CALLING SEQUENCE :

g = make_graph(name,directed,n,tail,head)

PARAMETERS :

name : string, the name of the graph

directed  :integer, O (undirected graph) or 1 (directed graph)

n : integer, the number of nodes of the graph

tail  : row vector of the numbers of the tail nodes of the graph (its size is the number of edges of the
graph)

head : row vector of the numbers of the head nodes of the graph (its size is the number of edges of the
graph)

g : graph list

DESCRIPTION :

make_graph makes a graph list according to its arguments which are respectively the name of the graph,
a flag for directed or undirected, the number of nodes and the row vectors tail and head. These are the
minimal data needed for a graph.
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If n is apositive number, gragh hasn nodes; this number must be greater than or equakx(max(tail), max(head)
If it is greater than this number,gragh has isolated nodes. The nodes names are taken as the nodes num-
bers.

If n isequalto O, graph has no isolated node and the number of nodes is computeddibm and
head . The nodes names are taken from the numbetaiin andhead .

EXAMPLE :

/I creating a directed graph with 3 nodes and 4 arcs.
g=make_graph(foo’,1,3,[1,2,3,1],[2,3,1,3]);

/I creating a directed graph with 13 nodes and 14 arcs.

taz[1 1 2 7 8 9 10 10 10 10 11 12 13 13];

he=[2 10 7 8 9 7 7 11 13 13 12 13 9 10];
g=make_graph('foo’,1,13,ta,he);

g(node_x)=[120 98 87 188 439 698 226 127 342 467 711 779 477];
g(’node_y")=[ 21 184 308 426 435 428 129 360 435 55 109 320 321];
show_graph(g)

/I creating same graph without isolated node and 14 arcs.
g=make_graph('foo’,1,0,ta,he);

g(node_x)=[120 98 226 127 342 467 711 779 477];

g(node_y")=[ 21 184 129 360 435 55 109 320 321];
show_graph(g, new’)

SEEALSO: graph-list 417

10.0.784 mat2_graph _____ graph from node-arc or node-node incidence matrix
CALLING SEQUENCE :

g = mat_2_ graph(a,directed,[mat])

PARAMETERS :

a : sparse node-arc or node-node incidence matrix

directed  :integer, O (undirected graph) or 1 (directed graph)
mat : optional string, 'node-arc’ or 'node-node’ matrix

g : graph list

DESCRIPTION :

mat _2_graph computes the grapp corresponding to the node-arc or the node-node incidence matrix
a. Note that a checking is made to insure thais a sparse node-arc or node-node incidence matrix of
a directed directed = 1 ) or undirecteddirected = 0 ) graph. If the optional argumentat is
omitted or is the stringnode-arc’ , a must be a node-arc matrix.rifat is the stringnode-node’

a must be a node-node matrix.

EXAMPLE :

g=load_graph(SCIl+'/demos/metanet/colored’);
show_graph(g);

a=graph_2_mat(qg);

gl=mat_2_graph(a,l);

gl(’node_x)=g(’node_x’); gl(’node_y’)=g(’node_y");
show_graph(gl,’ new’);
a=graph_2_mat(g,'node-node’);
gl=mat_2_graph(a,1,’node-node’);
gl('node_x)=g('node_x’); gl(’node_y’)=g(’node_y’);
show_graph(gl,’new’);

SEEALSO: adj_lists 405 chain_struct 409 graph_2 mat 420
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10.0.785 maxcap_path maximum capacity path
CALLING SEQUENCE :

[p,cap] = max_cap_path(i,j,q)

PARAMETERS :

i,j :integers, node numbers

g : graph list

p : row vector of integer numbers of the arcs of the path if it exists
cap : value of the capacity of the path

DESCRIPTION :
max_cap -path returns the path with maximum capacity from ndadeto nodej for the graphg if it
exists and returns the empty vecfpr otherwise.

The capacities of the edges are given by the eleredgé _max cap of the graph list. If its value is
not given (empty vectd ), max.cap _path returns the empty vectdr . The capacities must be strictly
positive, i.e negative capacities are considered as equal to 0 (no capacity at all).

EXAMPLE :

taz[1 1 2223455738
he=[2 10 357 42 4638
g=make_graph('foo’,1,17,ta,he);
g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];
g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];
show_graph(g);
ma=edge_number(g);
g(edge_max_cap’)=int(rand(1,ma)*16)+5;
[p,cap]=max_cap_path(1,14,9);
edgecolor=1*ones(1,ma); edgecolor(p)=11*ones(p); g(’edge_color’)=edgecolor;
X_message(['The maximum capacity is: '+string(cap);

'Showing the corresponding path’]);
show_graph(g); show_arcs(p);

8 9 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
697 7 11 15 12 13 9 10 14 11 16 1 17 14 15];

10.0.786 maxclique maximum clique of a graph

CALLING SEQUENCE :
[size,nodes] = max_clique(g,[ind])
PARAMETERS :

g : graph list

ind : integer (optional)
size :integer

nodes : integer row vector

DESCRIPTION :

maxcligue  computes the maximum clique of the gragphi.e. the complete subgraph of maximum
size. ind is a parameter for the choice of the methodind is 0 the method is a partial enumerative
algorithm and ifind is 1 the algorithm is based on quadratic zero-one programming. The defaultis 0. The
outputsize is the number of the nodes of the clique found by the algorithmrenaes is the vector of

the corresponding nodes.

EXAMPLE :
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tas[1 2 3456 6 78 910 16 16 10 11 11 12 12 11 14 15 15 13 7 13 13];
he=Z[2 3456 78891016 2 311 12 13 1 14 14 15 5 9 12 4 14 15];
g=make_graph(’foo’,0,16,ta,he);

g(’node_x")=[106 199 369 467 470 403 399 347 308 269 184 108 199 268 345
272];

g(’node_y")=[341 420 422 321 180 212 286 246 193 244 243 209 59 134 51
348];

g(’node_diam’)=[1:(g('node_number"))]+20;

show_graph(g);

[ns,no] = max_clique(qg);

show_nodes(no);

gl=graph_complement(qg);

[ns,no] = max_clique(gl);

show_nodes(no);

10.0.787 maxflow maximum flow between two nodes

CALLING SEQUENCE :
[v,phi,flag] = max_flow(i,j,q)
PARAMETERS :

i :integer, number of start node

j :integer, number of end node

g : graph list

v : value of the maximum flow it is exists

phi : row vector of the value of the flow on the arcs
flag : feasible problem flag (0 or 1)

DESCRIPTION :
max_flow returns the value of maximum flow from node number to node numbey if it exists,
and the value of the flow on each arc as a row veptor. All the computations are made with integer
numbers. The graph must be directed. If the problem is not feadifate, is equal to 0, otherwise it is
equal to 1.
The bounds of the flow are given by the elemesdge _-min _cap andedge _-max.cap of the graph
list. The value of the maximum capacity must be greater than or equal to the value of the minimum capacity.
If the value ofedge _-min _cap or edge _max.cap is not given (empty row vectdt ), it is assumed to
be equal to 0 on each edge.

EXAMPLE :

ta=[1 1 2233445555666 7 7 15 15 15 15 15 15];

ta=[ta, 15 8 9 10 11 12 13 14],

he=[10 13 9 14 8 11 9 11 8 10 12 13 8 9 12 8 11 1 2 3 4];

he=[he, 5 6 7 16 16 16 16 16 16 16];

n=16;

g=make_graph('foo’,1,n,ta,he);

g(’node_x")=[42 615 231 505 145 312 403 233 506 34 400 312 142 614 260 257];
g(node_y")=[143 145 154 154 147 152 157 270 273 279 269 273 273 274 50 376];
ma=edge_number(g);

g('edge_max_cap’)=ones(1,ma);

g(edge_min_cap’)=zeros(1,ma);

source=15; sink=16;

nodetype=0*ones(1,n); nodetype(source)=2; nodetype(sink)=1;

g(’node_type’)=nodetype;

nodecolor=0*ones(1,n); nodecolor(source)=11; nodecolor(sink)=11;
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g(’node_color’)=nodecolor;

show_graph(g);

[v,phi,ierr]l=max_flow(source,sink,g);

ii=find(phi<>0); edgecolor=phi; edgecolor(ii)=11*ones(ii);
g(’edge_color’)=edgecolor;

edgefontsize=8*ones(1,ma); edgefontsize(ii)=18*ones(ii);
g(edge_font_size’)=edgefontsize;
g(’edge_label’)=string(phi);

show_graph(g);

10.0.788 mesh2d triangulation of n points in the plane
CALLING SEQUENCE :

[nutr,A] = mesh2d(x,y,[front])
PARAMETERS :

X : real row array

y :real row array

front  :integer row array
nutr : integer matrix

A : sparse 0-1 matrix

DESCRIPTION :

The arrayx andy are the coordinates of n pointsin the plamesh2d returns a matrixautr(3,nbt)

of the numbers of the nodes of thbt triangles of the triangulation of the points. It returns also a sparse
matrix A representing the connections between the nodl@g)El if (i,)) is a side of one of the
triangles ori=j ). In the case of 3 parametefront  is the array defining the boundary: it is the array

of the indices of the points located on the boundary . The boundary is defined such that the normal to the
boundary is oriented towards outside. The boundary is given by its connected components: a component is
the part(i1,i2) such thatfront(il)=front(i2) (the external boundary is defined in the coun-
terclockwise way, see the examples below). The error cases are the following: err = 0 if no errors were
encountered; err = 3 all nodes are collinear.

If the boundary is given, the other error cases are: err = 2 some points are identical; err = 5 wrong
boundary array; err = 6 crossed boundary; err = 7 wrong orientation of the boundary; err = 10 an interior
pointis on the boundary; err = 8 size limitation; err = 9 crossed boundary; err = 12 some points are identical
or size limitation.

EXAMPLE :

I/l FIRST CASE
theta=0.025*[1:40]*2.*%pi;
x=1+cos(theta);
y=1.+sin(theta);
theta=0.05*[1:20]*2.*%pi;
x1=1.3+0.4*cos(theta);
y1=1.+0.4*sin(theta);
theta=0.1*[1:10]*2.*%pi;
x2=0.5+0.2*cos(theta);
y2=1.+0.2*sin(theta);
x=[x x1 x2];

y=ly y1 y2j;

1

nu=mesh2d(x,y);
nbt=size(nu,?2);

ji=[nu(d,:)’” nu(2,:);nu(2,:) nu(3,:);nu(3,:)’ nu(l,)7;
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as=sparse(jj,ones(size(jj,1),1));
ast=tril(as+abs(as’-as));
[ij,v,mn]=spget(ast);

n=size(x,2);
g=make_graph(’foo’,0,n,jj(:,1)",ji(:,2)");
g('’node_x")=300%*x;
g(’node_y")=300*y;
g('default_node_diam”)=10;
show_graph(g)

/I SECOND CASE !I! NEEDS x,y FROM FIRST CASE
x3=2.*rand(1:200);
y3=2.*rand(1:200);
wai=((x3-1).*(x3-1)+(y3-1).*(y3-1));
ii=find(wai >= .94);

x3(ii)=[1;y3(i)=[I;
wai=((x3-0.5).*(x3-0.5)+(y3-1).*(y3-1));
ii=find(wai <= 0.055);
x3(i)=[;y3(i)=[I;
wai=((x3-1.3).*(x3-1.3)+(y3-1).*(y3-1));
ii=find(wai <= 0.21);
x3(ii)=[1;y3(i)=[I;

xnew=[x x3];ynew=[y y3];

fr1=[[1:40] 1];fr2=[[41:60] 41];fr2=fr2($:-1:1);
fr3=[[61:70] 61];fr3=fr3($:-1:1);
front=[fr1 fr2 fr3];

I

nu=mesh2d(xnew,ynew,front);
nbt=size(nu,2);

jJ=lnu(d,:)’ nu(2,:);nu(2,:)’ nu(3,:);nu(3,:)’ nu(l,)];
as=sparse(jj,ones(size(jj,1),1));
ast=tril(as+abs(as’-as));
[ij;,v,mn]=spget(ast);

n=size(xnew,2);
g=make_graph(’foo’,0,n,jj(:,1)",ji(:,2));
g(’node_x")=300*xnew;
g('node_y’)=300*ynew;
g('default_node_diam’)=10;
show_graph(g)

/I REGULAR CASE !l NEEDS PREVIOUS CASES FOR x,y,front
xx=0.1*[1:20];

yy=xx.*.ones(1,20);

zz= ones(1,20).*.xx;

x3=yy;y3=zz;
wai=((x3-1).*(x3-1)+(y3-1).*(y3-1));
ii=find(wai >= .94);

x3(it)=[T;y3(i)=[I;
wai=((x3-0.5).*(x3-0.5)+(y3-1).*(y3-1));
ii=find(wai <= 0.055);
x3(i=[1y3(i)=[;
wai=((x3-1.3).*(x3-1.3)+(y3-1).*(y3-1));
ii=find(wai <= 0.21);
x3(i=[1y3(i)=;

xnew=[x x3J;ynew=[y y3]J;
nu=mesh2d(xnew,ynew,front);
nbt=size(nu,2);
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jiE[nu(d,:)’ nu(2,:);nu(2,:))’ nu(3,:);nu(3,:)’ nu(l,));
as=sparse(jj,ones(size(jj,1),1));
ast=tril(as+abs(as’-as));

[ii,v.mn]=spget(ast);

n=size(xnew,2);
g=make_graph(’foo’,0,n,jj(:,1)",ji(:,2)";
g(’node_x')=300*xnew;

g(’node_y")=300*ynew;

g('default_node_diam’)=3;

show_graph(g)

10.0.789 metanet opens a Metanet window

CALLING SEQUENCE :
window = metanet([path,winsize])

PARAMETERS :

path : string, directory where graph files are searched
winsize : row vector defining the size of Metanet window
window : integer, window number

DESCRIPTION :
This function is used to open a Metanet window from Scilab.

path is an optional argument; it is the directory where graph files are searched. If this path is the
pathname of a graph, this graph is displayed in the Metanet window and the directory of this pathname
becomes the default directory. By defapiath is the working directory.

winsize is an optional argument; it is a row vecfovidth height] giving the size in pixels of
Metanet window. The default {4000 1000]

Usually,show_graph is used andnetanet is seldom used.

Each timemetanet is executed, a new window is created and its number is incremented by 1.

SEEALSO: netclose 439 netwindow 439 netwindows 440 show_graph 448

10.0.790 metaneskync asynchronous or synchronous mode in Metanet
CALLING SEQUENCE :

res = metanet_sync([flag])

PARAMETERS :

res :integer
flag :integer

DESCRIPTION :

By default Metanet windows work with Scilab in asynchronous mode, ie Scilab proceeds without wait-
ing for graphics commands sent to Metanet window to terminate: these commanstsoaragraph ,
show_arcs andshow_nodes . This mode is the most efficient. But when running a lots of such graph-
ical commands, problems can arise.

metanet _sync(0) changes to asynchronous mode (default).
metanet _sync(l) changes to synchronous mode.
metanet _sync() returns the current mode (0 = asynchronous, 1 = synchronous).
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10.0.791 minlcost.cflow minimum linear cost constrained flow

CALLING SEQUENCE :
[c,phi,v,flag] = min_lcost_cflow(i,j,cv,q)
PARAMETERS :

i :integer, source node number

j :integer, sink node number

cv : scalar, value of constrained flow

g : graph list

¢ :value of cost

phi : row vector of the values of flow on the arcs
v : value of flow from source to sink

flag : feasible constrained flow flag (0 or 1)

DESCRIPTION :
min _Ilcost _cflow computes the minimum cost flow in the netwaykwith the value of the flow from
source nodé to sink nodg constrained to be equal tw .

min _lcost _cflow returns the total cost of the flows on the accsghe row vector of the flows on
the arcgphi  and the value of the flow on the virtual arc from sink to source. ¥f is less tharcv, a
message is issued, but the computation is done: in thisfleagse is equal to 0, otherwise it is equal to 1.

The bounds of the flows are given by the elemewtge _min _cap andedge -max.cap of the graph
list. The value of the minimum capacity must be equal to zero, and the value of the maximum capacity must
be non negative and must be integer numbers. If the valedg@é _min _cap oredge _max.cap is not
given (empty row vectol] ), it is assumed to be equal to 0 on each edge.

The costs on the edges are given by the eleradgeé _cost  of the graph list. The costs must be non
negative. If the value oédge _cost is not given (empty row vectdt ), it is assumed to be equal to 0 on
each edge.

The demands, elemenbde _demand of the graph list, must be equal to zero.

This function uses the algorithm of Busacker and Goven.

EXAMPLE :
ta=[1 122234456667 77891012 12 13 13 13 14 15 14 9 11 10];
he=[2 6 34513517 10115895811 10 11 9 11 15 13 14 4 6 9 1]

g=make_graph('foo’,1,15,ta,he);

g(’node_x')=[194 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[56 181 276 278 276 103 174 281 177 86 175 90 290 397 399];
show_graph(g);

gl=g; ma=arc_number(gl); n=gl(’node_number’);
gl(’edge_min_cap’)=0*ones(1,ma);

rand('uniform’);

g1(’edge_max_cap’)=round(20*rand(1,ma))+ones(1,ma);
gl(’edge_cost)=10*rand(1,ma)+ones(1,ma);

source=15; sink=1; cv=5;

[c,phi,v]=min_lcost_cflow(source,sink,cv,gl);

X_message(['The cost is: '+string(c);

'Showing the flow on the arcs’]);
nodetype=0*ones(1,n); nodetype(source)=2; nodetype(sink)=1;
gl(’node_type’)=nodetype;
ii=find(phi<>0); edgecolor=phi; edgecolor(ii)=11*ones(ii);
g1('edge_color’)=edgecolor;
edgefontsize=8*ones(1,ma); edgefontsize(ii)=18*ones(ii);
nodecolor=0*ones(1,n); nodecolor(source)=11; nodecolor(sink)=11;
g1l(’'node_color’)=nodecolor;
gl(’edge_font_size’)=edgefontsize;
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gl(edge_label)=string(phi);
show_graph(gl);

SEEALSO: min_lcost_flowl 435 min_lcost_flow2 436 min_qgcost_flow 437

10.0.792 minlcostflowl minimum linear cost flow

CALLING SEQUENCE :
[c,phi,flag] = min_Icost_flow1(g)
PARAMETERS :

g : graph list

¢ :value of cost

phi : row vector of the value of flow on the arcs
flag : feasible problem flag (0 or 1)

DESCRIPTION :

min _lcost _flowl computes the minimum linear cost flow in the netwgrklt returns the total cost
of the flows on the arcs and the row vector of the flows on the agds . If the problem is not feasible
(impossible to find a compatible flow for instanc#dg is equal to 0, otherwise it is equal to 1.

The bounds of the flow are given by the elemeasdge _-min _cap andedge _-max.cap of the graph
list. The value of the minimum capacity and of the maximum capacity must be non negative and must be
integer numbers. The value of the maximum capacity must be greater than or equal to the value of the
minimum capacity. If the value addge _min _cap or edge _max.cap is not given (empty row vector
[1 ), itis assumed to be equal to 0 on each edge.

The costs on the edges are given by the eleradge _cost  of the graph list. The costs must be non
negative. If the value afdge _cost is not given (empty row vectdt ), it is assumed to be equal to 0 on
each edge.

The demands, elemenbde _demand of the graph list, must be equal to zero.

This function uses the out-of-kilter algorithm.

EXAMPLE :

taz[1 1 22234456667 77891012 12 13 13 13 14 15 14 9 11 10
18]
he=Z[2 6 34513517 1011589581110 11 9 11 1513 1446 9 1 12
14];
g=make_graph(’foo’,1,15,ta,he);
g(’node_x')=[194 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[56 221 316 318 316 143 214 321 217 126 215 80 330 437 439];
show_graph(g);
gl=g;ma=arc_number(gl);
rand('uniform’);
while %T then
gl(’edge_min_cap’)=round(20*rand(1,ma));
g1('edge_max_cap’)=round(20*rand(1,ma))+gl(’edge_min_cap’)+33*ones(1,ma);
g1(’edge_cost’)=round(10*rand(1,ma))+ones(1,ma);
[c,phi,flag]l=min_lIcost_flow1(g1);
if flag==1 then break; end;
end;
X_message(['The cost is: '+string(c);
'Showing the flow on the arcs ’]);
ii=find(phi<>0); edgecolor=phi; edgecolor(ii)=11*ones(ii);
gl(’edge_color’)=edgecolor;
edgefontsize=8*ones(1,ma); edgefontsize(ii)=18*ones(ii);
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gl(edge_font_size’)=edgefontsize;
gl(edge_label)=string(phi);
show_graph(gl);

SEEALSO: min_lcost_cflow 434, min_lcost_flow2 436 min_qgcost_flow 437

10.0.793 minlcost flow2 minimum linear cost flow

CALLING SEQUENCE :
[c,phi,flag] = min_lcost_flow2(g)
PARAMETERS :

g : graph list

¢ :value of cost

phi : row vector of the value of flow on the arcs
flag : feasible problem flag (0 or 1)

DESCRIPTION :

min _lcost _flow2 computes the minimum linear cost flow in the netwgrklt returns the total cost
of the flows on the arce and the row vector of the flows on the aps . If the problem is not feasible
(impossible to find a compatible flow for instanc#dg is equal to 0, otherwise it is equal to 1.

The bounds of the flow are given by the elemezdge _min _cap andedge -max.cap of the graph
list. The value of the minimum capacity must be equal to zero. The values of the maximum capacity must
be non negative and must be integer numbers. If the valedg@é _min _cap oredge _max.cap is not
given (empty row vectol] ), it is assumed to be equal to 0 on each edge.

The costs on the edges are given by the eleradgé _cost  of the graph list. The costs must be non
negative and must be integer numbers. If the valuedgfe _cost is not given (empty row vectdt ), it
is assumed to be equal to 0 on each edge.

The demand on the nodes are given by the elemede _.demand of the graph list. The demands
must be integer numbers. Note that the sum of the demands must be equal to zero for the problem to be
feasible. If the value ofiode _.demand is not given (empty row vectdt ), it is assumed to be equal to 0
on each node.

This functions uses a relaxation algorithm due to D. Bertsekas.

EXAMPLE :

ta=[1 1 22234456667 778910 12 12 13 13 13 14 15 14 9 11 10
18];
he=<[2 6 34513517 1011589581110 11 9 11 1513 14 46 9 1 12
14];
g=make_graph('foo’,1,15,ta,he);
g(’node_x)=[194 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[56 221 316 318 316 143 214 321 217 126 215 80 330 437 439];
show_graph(g);
gl=g; ma=arc_number(gl); n=gl(’node_number’);
g1(’edge_min_cap’)=0.*ones(1,ma);
X_message(['Random generation of data’;
'The first(s) generated problem(s) may be unfeasible’]);
while %T then
rand('uniform’);
g1('edge_max_cap’)=round(20*rand(1,ma))+20*ones(1,ma);
g1('edge_cost’)=round(10*rand(1,ma)+ones(1,ma));
rand(’normal’);
dd=20.*rand(1,n)-10*ones(1,n);
dd=round(dd-sum(dd)/n*ones(1,n));
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dd(n)=dd(n)-sum(dd);
gl(node_demand’)=dd;
[c,phi,flag]=min_Icost_flow2(g1l);

if flag==1 then break; end,

end;

x_message(['The cost is: '+string(c);

'Showing the flow on the arcs and the demand on the nodes’));
ii=find(phi<>0); edgecolor=phi; edgecolor(ii)=11*ones(ii);
g1('edge_color’)=edgecolor;
edgefontsize=8*ones(1,ma); edgefontsize(ii)=18*ones(ii);
gl(’edge_font_size’)=edgefontsize;
gl(edge_label)=string(phi);
g1('node_label')=string(g1l('node_demand’));
show_graph(gl);

SEEALSO: min_lcost_cflow 434, min_Icost_flowl 435 min_qgcost_flow 437

10.0.794 mingcostflow minimum quadratic cost flow

CALLING SEQUENCE :
[c,phi,flag] = min_qcost_flow(eps,q)
PARAMETERS :

eps : scalar, precision

g : graphlist

¢ :value of cost

phi : row vector of the value of flow on the arcs
flag : feasible problem flag (0 or 1)

DESCRIPTION :

min _gcost _flow computes the minimum quadratic cost flow in the netwgrkt returns the total cost
of the flows on the arcs and the row vector of the flows on the apsi . eps is the precision of the
iterative algorithm. If the problem is not feasible (impossible to find a compatible flow for instdiacg),
is equal to O, otherwise it is equal to 1.

The bounds of the flow are given by the elemasdge _-min _cap andedge _-max.cap of the graph
list. The value of the maximum capacity must be greater than or equal to the value of the minimum capacity.
If the value ofedge _min _cap or edge _-max_cap is not given (empty row vectdt ), it is assumed to
be equal to 0 on each edge.

The costs on the edges are given by the elemsnige _q_orig andedge _q_weight of the graph
list. The cost on ara is given by:

(1/2)*edge  _g_weight[u](phi[u]-edge _q-orig[u])"2 The costs must be non negative.
If the value ofedge _q_orig or edge _q-weight is not given (empty row vectdt ), it is assumed to
be equal to 0 on each edge.

This function uses an algorithm due to M. Minoux.

EXAMPLE :

ta=[1 1 22234456667 778910 12 12 13 13 13 14 15 14 9 11 10
18];

he=<[2 6 34513517 1011589581110 11 9 11 1513 14 46 9 1 12
14];

g=make_graph('foo’,1,15,ta,he);

g(’node_x)=[194 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[56 221 316 318 316 143 214 321 217 126 215 80 330 437 439];
show_graph(g);
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gl=g; ma=arc_number(gl);

rand('uniform’);

while %T then
gl(’edge_min_cap’)=round(5*rand(1,ma));
gl(’edge_max_cap’)=round(20*rand(1,ma))+30*ones(1,ma);
gl(’edge_qg_orig’)=0*ones(1,ma);
g1(’edge_q_weight’)=ones(1,ma);
[c,phi,flag]=min_gcost_flow(0.001,91);

if flag==1 then break; end,

end;

x_message(['The cost is: '+string(c);

'Showing the flow on the arcs’);
ii=find(phi<>0); edgecolor=phi; edgecolor(ii)=11*ones(ii);
g1('edge_color’)=edgecolor;
edgefontsize=8*ones(1,ma); edgefontsize(ii)=18*ones(ii);
gl(’edge_font_size’)=edgefontsize;
gl(’edge_label)=string(phi);
show_graph(gl);

SEEALSO: min_lcost_cflow 434,  min_lcost_flowl 435 min_lcost_flow2 436

10.0.795 minweight tree minimum weight spanning tree

CALLING SEQUENCE :
t = min_weight_tree([i],9)
PARAMETERS :

i :integer, node number of the root of the tree
g : graphlist
t : row vector of integer numbers of the arcs of the tree if it exists

DESCRIPTION :

min _weight _tree triesto find a minimum weight spanning tree for the grgpfhe optional argument

i is the number of the root node of the tree; its default value is node number 1. This node is meaningless
for an undirected graph.

The weights are given by the elemeige _weight of the graph list. If its value is not given (empty
vector[] ), it is assumed to be equal to 0 on each edge. Weigths can be positive, equal to 0 or negative.
To compute a spanning tree without dealing with weights, give to weights a value of 0 on each edge or the
empty vectof] .

min _weight _tree returns the tre¢ as a row vector of the arc numbers (directed graph) or edge
numbers (undirected graph) if it exists or the empty veftorotherwise. If the tree exists, the dimension
oft is the number of nodes less 1.t(i) is the root of the tree: - for i, t(j) is the number of the
arc in the tree after nod€) -forj >, t()) is the number of the arc in the tree before nt@e

EXAMPLE :

ta=[1 1 2223455788
he=[2 10 357 42 46 86
g=make_graph(foo’,1,17,ta,he);
g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

t=min_weight_tree(1,9);

9 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
97 7 11 15 12 13 9 10 14 11 16 1 17 14 15];
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gl=g; ma=arc_number(gl); n=gl(’'node_number’);

nodetype=0*ones(1,n); nodetype(1)=2; gl('node_type’)=nodetype;
edgecolor=1*ones(1,ma); edgecolor(t)=11*ones(t); gl('edge_color’)=edgecolor;
edgewidth=1*ones(1,ma); edgewidth(t)=4*ones(t); gl(edge_width)=edgewidth;
Xx_message('Minimum weight tree from node 1');

show_graph(gl);

10.0.796 neighbors nodes connected to a node
CALLING SEQUENCE :

a = neighbors(i,g)

PARAMETERS :

i :integer
g : graphlist
a : vector of integers

DESCRIPTION :
neighbors  returns the numbers of the nodes connected with node i for grafitirected or not).

EXAMPLE :

tazf[1l 6 2 4 7 5 6
he=<2 1 3 6 4 8 8
g=make_graph('foo’,1,8,ta,he);
g(node_x)=[285 284 335 160 405 189 118 45];
g(node_y")=[266 179 83 176 368 252 64 309];
show_graph(g);
a=neighbors(6,9)
show_nodes(a);

8 4 5 1J;
7 2 3 5]

SEEALSO: predecessors 444, successors 452
"Scilab function”

10.0.797 netclose closes a Metanet window

CALLING SEQUENCE :
netclose(window)

PARAMETERS :

window : integer, window number

DESCRIPTION :
Each Metanet window has a window number returned byntletganet andshow_graph functions.
This function is used to close the Metanet window with numbiedow .

SEEALSO: metanet 433 netwindow 439 netwindows 440 show_graph 448

10.0.798 netwindow chooses a Metanet window

CALLING SEQUENCE :

netwindow(window)

PARAMETERS :
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window : integer, window number

DESCRIPTION :

This function is used to change the Metanet window. Each Metanet window has a window number returned
by themetanet andshow_graph functions. To use the Metanet window associated to window num-
berwindow , usenetwindow(window) . The numbers of existing windows are given by the function
netwindows

SEEALSO: metanet 433 netclose 439 netwindows 440, show graph 448

10.0.799 netwindows gets the numbers of Metanet windows
CALLING SEQUENCE :

| = netwindows()

PARAMETERS :

| list

DESCRIPTION :

This function returns a lidt. Its first element is the row vector of all the Metanet windows and the second
element is the number of the current Metanet window. This number is equal to 0 if no current Metanet
window exists.

SEEALSO: metanet 433 netclose 439 netwindow 439 show_graph 448

10.0.800 nodenumber number of nodes of a graph

CALLING SEQUENCE :
n = node_number(g)
PARAMETERS :

g : graph list
n :integer, number of nodes

DESCRIPTION :
node _number returns the number of nodes of the graph.

SEEALSO: arc_number 406 edge_number 415

10.0.801 node2_path path from a set of nodes
CALLING SEQUENCE:

p = nodes_2_path(ns,g)

PARAMETERS :

ns : row vector of integer numbers of the set of nodes

g : graphlist

p : row vector of integer numbers of the arcs of the path if it exists

DESCRIPTION :
nodes _2_path returns the patip corresponding to the node sequense given by its node numbers
if it exists ; it returns the empty vect@f otherwise.

EXAMPLE :
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10 10 10 11 12 13 13 13 14 15 16 16 17 17];

ta=[1 122234557 838
6 7 7 11 15 12 13 9 10 14 11 16 1 17 14 15];

he=[2 10 357 42 46 8
g=make_graph(’foo’,1,17,ta,he);
g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

ns=[1 10 15 16 17 14 11 12 13 9 7 8 6];

gl=g; nodecolor=1*ones(g('node_x’)); nodecolor(ns)=11*ones(ns);
g1(’node_color’)=nodecolor;

show_graph(gl); show_nodes(ns);

p=nodes_2_path(ns,q);

gl=g; edgecolor=1*ones(ta); edgecolor(p)=11*ones(p);

gl(’edge_color’)=edgecolor;

show_graph(gl); show_arcs(p);

show_nodes(ns,’sup’);

9
9

SEEALSO: path_2_nodes 441

10.0.802 nodeslegrees degrees of the nodes of a graph

CALLING SEQUENCE :
[outdegree,indegree] = graph_degree(g)
PARAMETERS :

g : graph list
outdegree : row vector of the out degrees of the nodes
indegree : row vector of the in degrees of the nodes

DESCRIPTION :
nodes _degrees returns the 2 row vectors of the out and in degrees of the nodes of thegraph

EXAMPLE :

ta=[1 1 222345578
he=[2 10 357 42 468
g=make_graph('foo’,1,17,ta,he);

g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

[outdegree,indegree]=nodes_degrees(q)

8 9 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
6 97 7 11 15 12 13 9 10 14 11 16 1 17 14 15];

SEEALSO: adj_lists 405

10.0.803 path2_nodes set of nodes from a path

CALLING SEQUENCE :
ns = path_2 nodes(p,g)
PARAMETERS :

p : row vector of integer numbers of the arcs of the path
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g : graph list
ns : row vector of integer numbers of the set of nodes

DESCRIPTION :
path _2_nodes returns the set of nodes corresponding to the pafh given by its arc numbers ;
is not a path, the empty vectfr is returned.

EXAMPLE :

taz[1 1 22234557889 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
he=[2 10 357424686977 1115 12 13 9 10 14 11 16 1 17 14 15];
g=make_graph('foo’,1,17, ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

p=[2 16 23 25 26 22 17 18 19 13 10 11];

gl=g; edgecolor=1*ones(ta); edgecolor(p)=11*ones(p);

gl(’edge_color’)=edgecolor;

show_graph(gl); show_arcs(p);

ns=path_2 nodes(p,g);

gl=g; nodecolor=1*ones(gl('node_number’)); nodecolor(ns)=11*ones(ns);
gl(’node_color’)=nodecolor;

show_graph(gl);show_nodes(ns);

show_arcs(p,’sup’);

SEEALSO: nodes_2 path 440

10.0.804 perfecimatch min-cost perfect matching

CALLING SEQUENCE:

[est,nmatch] = perfect_match(g,arcost)

PARAMETERS :

g : graph list
arcost : integer row vector
cst :integer
nmatch : integer row vector

DESCRIPTION :

perfect _match finds a perfect min-cost matching for the gragphg must be an undirected graph
with an even number of nodearcost is the vector of the (integer) costs of the arcs (the dimension of
arcost is twice the number of edges of the graph). The output is the vectatch of the perfect
matching and the corresponding cost .

EXAMPLE :

ta=[27 27 3 12 11 12 27 26 26 25 25 24 23 23 21 22 21 20 19 18 18];
ta=[ta 16 15 15 14 12 9 10 6 9 17 8 17 10 20 11 23 23 12 18 28];
he=s[ 1 22 4 511 13 1 25 22 24 22 22 19 13 13 14 16 16 9 16];
he=[he 10 10 11 12 26 557 87 9 6 11 4 18 13 3 28 17];
n=28;

g=make_graph('foo’,0,n,ta,he);

xx=[46 120 207 286 366 453 543 544 473 387 300 206 136 250 346 408];
g(’node_x')=[xx 527 443 306 326 196 139 264 55 58 46 118 513];
yy=[36 34 37 40 38 40 35 102 102 98 93 96 167 172 101 179];
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g(’node_y")=[yy 198 252 183 148 172 256 259 258 167 109 104 253];
show_graph(g);m2=2*size(ta,2);

arcost=round(100.*rand(1,m2));

[cst,nmatch] = perfect_match(g,arcost);

sp=sparse([ta’ he’],[1:size(ta,2)]’,[n,n]);

spl=sparse([[1:n]’ nmatch’],ones(1,size(nmatch,2))’,[n,n]);
[ij,v,mn]=spget(sp.*spl);

show_arcs(Vv');

SEEALSO: best_match 408

10.0.805 pipenetwork solves the pipe network problem

CALLING SEQUENCE :
[X,pi] = pipe_network(g)
PARAMETERS :

g : graph list
x : row vector of the value of the flow on the arcs
pi :row vector of the value of the potential on the nodes

DESCRIPTION :
pipe _network returns the value of the flows and of the potentials for the pipe network problem: flow
problem with two Kirchhoff laws. The graph must be directed. The problem must be feasible (the sum of
the node demands must be equal to 0). The resistances on the arcs must be strictly positive and are given as
the values of the element 'edgeeigth’ of the graph list.

The problem is solved by using sparse matrices LU factorization.

EXAMPLE :

taz[1 1 2233445555666 77 15 15 15 15 15 15];

ta=[ta, 15 8 9 10 11 12 13 14];

he=[10 13 9 14 8 11 9 11 8 10 12 13 8 9 12 8 11 1 2 3 4];

he=[he, 5 6 7 16 16 16 16 16 16 16];

n=16;

g=make_graph(’foo’,1,n,ta,he);

g(’node_x')=[42 615 231 505 145 312 403 233 506 34 400 312 142 614 260 257];
g(node_y")=[143 145 154 154 147 152 157 270 273 279 269 273 273 274 50 376];
show_graph(g);

g(node_demand)=[0 0 0 0 0 000 0000 0 O -100 100};
w=[1326478122247892357325825 38
g('edge_weight)=[w, 6 4 3 5 6];

[x,pi] = pipe_network(g)

10.0.806 plotgraph general plot of a graph

CALLING SEQUENCE :
plot_graph(g,[rep,repl])
PARAMETERS :

g : graph list

rep :row vector of 13 values for the parameters of the plot
repl :row vector of 4 values defining the plotting rectangle
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DESCRIPTION :
plot _graph plots graphg in a Scilab graphical window. The optional argumergp andrepl
define the parameters of the plot. If there are not given, a dialog box for the definition of these parameters
is opened.
rep must be a row vector with 13 integer numbers which must be 1 or 2. The meaning of the values
ofrep are:
Frame definition: 1 = Automatic 2 = Given (see below)
Plotting arrows: 1 =yes, 2 =no
Plotting sink and source nodes: 1 =yes, 2 =no
Plotting node names: 1 =yes, 2 = no
Plotting node labels: 1 =yes, 2 =no
Plotting arc names : 1 =yes, 2 =no
Plotting arc labels: 1 =yes, 2 =no
Plotting node demand: 1 =yes, 2 =no
Plotting edge length: 1 =yes, 2 =no
Plotting edge cost: 1 =yes, 2=n0
Plotting edge min cap: 1 =yes, 2=no0
Plotting edge max cap: 1 =yes, 2 =no
Plotting edge weight: 1 = yes, 2 =no
If rep(1) is 2, the frame definition must be given gpl . Otherwiseyepl can be omittedrepl

must be a row vectdjorx,ory,w,h] giving respectively the coordinates of the upper-left point, the
width and the height of the plotting rectangle.
EXAMPLE :

/I simple graph with different choices for the plot
ta=[2 2 1 1 2 4 3 3 4]

he=[2 2 323212 1]
g=make_graph('foo’,1,4,ta,he);

g(node_type’)=[1 1 1 2];g('node_name’)=string([1:4]);
g(’node_x")=[73 737 381 391]; g('node_y")=[283 337 458 142];
g(’node_color)=[3 3 3 11];

g(’node_diam’)=[30 30 30 60];

g(edge_color)=[10 0 2 6 11 11 0 O 11];

rep=[2 211222222222,

repl=[100 -400 650 300];

xbasc(); plot_graph(g,rep,repl);

rep=[2 111222222222,
x_message('plot the graph with different parameters’);
xbasc(); plot_graph(g,rep,repl);

/I plotting using dialogs

xbasc(); plot_graph(g);

xset("thickness",4);

xbasc();

plot_graph(g);

xset('default’);

SEEALSO: show_graph 448

10.0.807 predecessors tail nodes of incoming arcs of a node

CALLING SEQUENCE :
a = predecessors(i,g)

PARAMETERS :

Scilab Group September 1996 444



salesman Scilab function

i :integer
g : graph list
a : row vector of integers

DESCRIPTION :
predecessors returns the row vector of the numbers of the tail nodes of the incoming arcs td node
for a directed graply .

EXAMPLE :
tas[l 6 2 4 7 5 6 8 4 3 51]
hes2 1 3 6 4 8 8 7 2 7 35|

g=make_graph('foo’,1,8,ta,he);

g(node_x)=[285 284 335 160 405 189 118 45];
g(node_y")=[266 179 83 176 368 252 64 309];
show_graph(g);

a=predecessors(8,9)

show_nodes(a);

SEEALSO: neighbors 439 successors 452

10.0.808 (gassign solves a quadratic assignment problem

CALLING SEQUENCE :
[crit,order] = gassign(c,f,d)
PARAMETERS :

¢ :real matrix

f :real matrix

d : real matrix

crit  :real scalar

order :integer row vector

DESCRIPTION :

gassign  solvesthe quadratic assignment problemi.e. minimize the global critecitim= e(1)+...+e(n)
wheree(i) = c(i,I(i))+ fd(i) wherefd(i) = f(i,1)*d(1(i),I(1))+...+f(i,n)*d(I(i),I(n))

c,f andd arenxnreal arrays; their djanal entries are zero.

EXAMPLE :

n=15;

d=100*rand(15,15);
d=d-diag(diag(d));
c=zeros(n,n);f=c;
f(2:n,1)=ones(1:n-1)’;
[crit,order]=gassign(c,f,d)

SEEALSO: knapsack 426

10.0.809 salesman solves the travelling salesman problem

CALLING SEQUENCE:

cir = salesman(g,[nstac])

PARAMETERS :

g : graph list
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nstac : integer
cir :integer row vector

DESCRIPTION :

salesman solves the travelling salesman problagm.s a directed grapmstac is an optional integer
which is a given bound for the allowed memory size for solving this problem. Its value is 100*n*n by
default where n is the number of nodes.

EXAMPLE :

tas[2 132244567
he=[1 10 257 324538
g=make_graph(’foo’,0,17,ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g('node_diam’)=[1:(g('node_number))]+20;

show_graph(g);

gl=make_graph(’fool’,1,17,[ta he],[he ta]);

m=arc_number(gl);

g1(edge_length’)=5+round(30*rand(1,m));

cir = salesman(gl);

ii=find(cir > edge_number(q));

if(i <> []) then cir(ii)=cir(ii)-edge_number(g);end;

show_arcs(cir);

8 8 9 10 10 10 10 11 12 13 13 14 15 16 16 17 17];
6 97 7 11 13 15 12 13 9 14 11 16 1 17 14 15];

10.0.810 savegraph saves a graph

CALLING SEQUENCE :
save_graph(g,path)
PARAMETERS :

g : graph list
name : string, the path of the graph to save

DESCRIPTION :

save _graph saves the graph in a graph file.path is the name of the graph file where the graph
will be saved path can be the name or the pathname of the file; iflaph”  extension is missing in

path , itis assumed. Ipath is the name of a directory, the name of the graph is used as the name of the
file.

EXAMPLE :

g=load_graph(SCl+'/demos/metanet/mesh100’);
show_graph(g);

unix('rm mymesh100.graph’)
save_graph(g,’mymesh100.graph’);
g=load_graph('mymesh100;
show_graph(g, new);

SEEALSO: load_graph 427
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10.0.811 shortespath shortest path

CALLING SEQUENCE :
[p,Ip] = shortest_path(i,j,g,[typ])
PARAMETERS :

i :integer, number of start node

j :integer, number of end node

g : graph list

typ : string, type of shortest path

p : row vector of integer numbers of the arcs of the shortest path if it exists
Ip :length of shortest path

DESCRIPTION :
shortest _path returns the shortest pagh from nodei to nodej if it exists, and the empty vector
[ otherwise. The optional argumeyp is a string which defines the type of shortest path, 'arc’ for the
shortest path with respect to the number of arcs and 'length’ for the shortest path with respect to the length
of the edgegdge _length

For the shortest path with respect to the length of the edges, the lengths are given by the element
edge _length  of the graph list. If its value is not given (empty vecfpr), it is assumed to be equal to 0
on each edge. Lengths can be positive, equal to 0 or negative.

When a shortest path existp, is the length of this path.

EXAMPLE :
ta=[1 122234456667 77891012 12 13 13 13 14 15 14 9 11 10];
he=[2 6 34513517 10115895811 10 11 9 11 15 13 14 4 6 9 1]

g=make_graph('foo’,1,15,ta,he);

g(’node_x')=[194 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[56 181 276 278 276 103 174 281 177 86 175 90 290 397 399];
show_graph(g);

gl=g;ma=prod(size(gl(head’)));

rand('uniform’);

gl(edge_length’)=int(20*rand(1,ma));

[p,Ip]=shortest_path(13,1,91,'length’);

p

Xx_message(['Showing the arcs of the shortest path ’;

‘Choose ™ in the Graph menu to see arc names’]);
gl(edge_name’)=string(g1l(’edge_length’));
edgecolor=ones(1:ma);edgecolor(p)=11*ones(p);
g1('edge_color’)=edgecolor;
edgefontsize=12*ones(1,ma);edgefontsize(p)=18*ones(p);
gl(’edge_font_size’)=edgefontsize;
show_graph(gl);

SEEALsO: find_path 415 nodes_2 path 440

10.0.812 showarcs highlights a set of arcs
CALLING SEQUENCE :

show_arcs(p,[sup])

PARAMETERS :

p : row vector of arc numbers (directed graph) or edge numbers (undirected graph)
sup : string, superposition flag
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DESCRIPTION :
show_arcs highlights the set of arcs or edgesof the displayed graph in the current Metanet window.
If the optional argumendup is equal to the string 'sup’, the highlighting is superposed on the previous
one.

By default, this function works in asynchronous mode (®&tanet _sync ).

EXAMPLE :

taz[1 1 2223455738
he=[2 10 357 42 4638
g=make_graph('foo’,1,17, ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

t=min_weight_tree(1,9); gl=g; ma=edge_number(gl);

edgecolor=1*ones(1,ma); gl(’edge_color’)=edgecolor;

edgewidth=1*ones(1,ma); edgewidth(t)=4*ones(t); gl(’edge_width’)=edgewidth;

for i=8:12,

edgecolor(t)=i*ones(t); gl('edge_color)=edgecolor;

unix('sleep 2’); show_graph(gl);

show_arcs(t);

end;

8 9 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
697 7 11 15 12 13 9 10 14 11 16 1 17 14 15];

SEEALSO: metanet_sync 433 show_nodes 449

10.0.813 showgraph displays a graph

CALLING SEQUENCE :

nw
nw

show_graph(g,[smode,scale])
show_graph(g,’new’,[scale,winsize])

PARAMETERS :

g : graph list

smode : string, mode value

winsize  : row vector defining the size of Metanet window
scale :realvalue, scale factor

nw : integer

DESCRIPTION :

show_graph displaysthe grapb inthe current Metanet window. If there is no current Metanet window,
a Metanet window is created. The return vahve is the number of the Metanet window where the graph
is displayed.

If the optional argumergmode is equal to the string 'rep’ or is not given and if there is already a graph
displayed in the current Metanet window, the new graph is displayed instead.

If the optional argumergmode is equal to the string 'new’, a new Metanet window is created. In this
case, if the optional argumentinsize is given as a row vectdwidth height] , it is the size in
pixels of Metanet window. The default[j$000 1000]

The optional argumerdcale is the value of the scale factor when drawing the graph. The default
valueis 1.

The labels of the nodes and edges, if they exist, are displayed.

By default, this function works in asynchronous mode (®eg¢anet _sync ).

EXAMPLE :
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taz=[1 1 22234557188
he=[2 10 357 42 4686
g=make_graph(’foo’,1,17,ta,he);
g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g,2);

show_graph(g,0.5);

show_graph(g,1);

9 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
97 7 11 15 12 13 9 10 14 11 16 1 17 14 15];

SEEALSO: metanet_sync 433

10.0.814 shownodes highlights a set of nodes

CALLING SEQUENCE:

show_nodes(nodes,[sup])

PARAMETERS :

nodes : row vector of node numbers
sup : string, superposition flag

DESCRIPTION :
show_nodes highlights the set of nodewdes of the displayed graph in the current Metanet window.
If the optional argumergup is equal to the string 'sup’, the highlighting is superposed on the previous
one.

By default, this function works in asynchronous mode (®etanet _sync ).

EXAMPLE :

ta=[1 1 222345578
he=[2 10 357 42 468
g=make_graph('foo’,1,17,ta,he);

g(’node_x)=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(node_y')=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

for i=2:3:g('node_number’), show_nodes([i]); end;

for i=1:3:g(’'node_number’), show_nodes([i],’sup’); end;

8 9 10 10 10 11 12 13 13 13 14 15 16 16 17 17];
6 97 7 11 15 12 13 9 10 14 11 16 1 17 14 15];

SEEALSO: metanet sync 433 show_arcs 447

10.0.815 splitedge splits an edge by inserting a node

CALLING SEQUENCE :
gl = split_edge(i,j,g,name)
PARAMETERS :

i :integer, number of start node of edge
j :integer, number of end node of edge
g : graph list

name : optional name of the added node
gl : graph list of the new graph
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DESCRIPTION :

split _edge returns the graphgl, the edge from node number to node numbey being splitted: a

new node is created and located at the middle point between the 2 previous nodes. This new node is linked
with the 2 nodes andj . If name is given, it is the name of the new node, otherwise the number of nodes
plus 1 is taken as the name of the new node.

EXAMPLE :

ta=[1 1 22234557889 10 10 10 10 10 11 12 13 13 13 14 15 16 16 17
17];

he=[2 10 357 42468697711 13 13 15 12 13 9 10 14 11 16 1 17 14
15];

g=make_graph(’foo’,1,17,ta,he);

g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

show_graph(g);

gt=split_edge(1,2,9);

show_graph(gt,'new’);

SEEALSO: add_edge 404, add _node 404, delete_arcs 414 delete nodes 414

10.0.816 strongconnodes_____ set of nodes of a strong connected component
CALLING SEQUENCE :

ns = strong_con_nodes(i,g)

PARAMETERS :

i :integer, number of the strong connected component

g : graphlist
ns : row vector, node numbers of the strong connected component

DESCRIPTION :
strong _con _nodes returns the row vectars of the numbers of the nodes which belong to the strong
connected component number

EXAMPLE :
ta=[1 1 22234456667 778910 12 12 13 13 13 14 15];
he=[2 6 34513517 10115895811 10 11 9 11 15 13 14];

g=make_graph('foo’,1,15,ta,he);

g(’node_x')=[197 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[76 181 276 278 276 83 174 281 177 86 175 90 290 397 399];
show_graph(g);

ncomp=strong_con_nodes(3,9);

n=g('’node_number’);

nodecolor=0*ones(1,n); nodecolor(ncomp)=11*ones(ncomp);
g('node_color’)=nodecolor;

nodediam=20*ones(1,n); nodediam(ncomp)=40*ones(ncomp);
g(’node_diam’)=nodediam;

X_message('Set of nodes of the strong connected component #3);
show_graph(g);

SEEALSO: connex 411, con_nodes 411, strong_connex 451
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10.0.817 strongconnex strong connected components
CALLING SEQUENCE :

[nc,ncomp] = strong_connex(g)

PARAMETERS :

g : graph list
nc : integer, number of strong connected components
ncomp : row vector of strong connected components

DESCRIPTION :

strong _connex returns the numbarc of strong connected components for the grgpland a row
vectorncomp giving the number of the strong connected component for each node. For instanas, if
a node numbencompli]  is the number of the strong connected component to which notlelongs.

EXAMPLE :

ta=[1 1 22 2344566677738
he=[2 6 34513517 1011589
g=make_graph(’foo’,1,15,ta,he);
g(’node_x')=[197 191 106 194 296 305 305 418 422 432 552 550 549 416 548];
g(’node_y")=[76 181 276 278 276 83 174 281 177 86 175 90 290 397 399];
show_graph(g);

[nc,ncomp]=strong_connex(g);

gl=g; gl(’node_color)=8+ncomp; gl(’node_diam’)=10+5*ncomp;
Xx_message('Connected components of the graph’);

show_graph(gl);

9 10 12 12 13 13 13 14 15];
58 11 10 11 9 11 15 13 14];

SEEALSO: connex 411, con_nodes 411, strong_con_nodes 450

10.0.818 subgraph subgraph of a graph

CALLING SEQUENCE :
gl = subgraph(v,ind,g)
PARAMETERS :

v : row vector, numbers of nodes or edges
ind : string, 'nodes’ or 'edges’

g : graph list

gl : graph list of the new graph

DESCRIPTION :
subgraph returns the graphl, built with the numbers given by the the row vectar If ind is the
string’nodes’ , gl is built with the node numbers given by and the connected edges of these nodes in
g. Ifind isthe stringedges’ , gl is built with the edge numbers given by and the tail-head nodes
of these edges ig.

All the characteristics of the old nodes and edges adre preserved.

EXAMPLE :

ta=[1 1 22234557889 10 10 10 10 10 11 12 13 13 13 14 15 16 16 17
17];

he=[2 10 357 42468697711 13 13 15 12 13 9 10 14 11 16 1 17 14
15];

g=make_graph(foo’,1,17,ta,he);
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g(’node_x")=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g('edge_color’)=modulo([1:(edge_number(g))],15)+1;
g(’node_diam’)=[1:(g('node_number’))]+20;

show_graph(g);

metanet_sync(1);

v=[2 3 4 5 17 13 10];

show_nodes(v);

gl=subgraph(v,’nodes’,g);

show_graph(gl);

v=[10 13 12 16 20 19];

show_graph(g);

show_arcs(v);

gl=subgraph(v,’edges’,g);

show_graph(gl);

metanet_sync(0);

SEE ALSO: add_edge 404, add _node 404, delete_arcs 414, delete_nodes 414
supernode 452

10.0.819 successors head nodes of outgoing arcs of a node

CALLING SEQUENCE :

a = successors(i,g)

PARAMETERS :

i :integer
g : graph list
a : row vector of integers

DESCRIPTION :
successors  returns the row vector of the numbers of the head nodes of the outgoing arcs from node i
for a directed graply .

EXAMPLE :

tazf[1l 6 2 4 7 5 6
he=<2 1 3 6 4 8 8
g=make_graph('foo’,1,8,ta,he);
g(node_x')=[285 284 335 160 405 189 118 45];
g(node_y")=[266 179 83 176 368 252 64 309];
show_graph(g);
a=successors(6,9)
show_nodes(a);

8 4 5 1J;
7 2 3 5]

SEEALSO: neighbors 439 predecessors 444

10.0.820 supernode replaces a group of nodes with a single node

CALLING SEQUENCE :
gl = supernode(v,g)

PARAMETERS :
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vV : row vector, nodes numbers
g : graph list
gl : graph list of the new graph

DESCRIPTION :
supernode returns the grapgl with the nodes with numbers given by the veatoibeing contracted
in a single node. The number of the supernode is the lowest numiverTime characteristics of the old
nodes and edges are preserved. The supernode is located at the mean centsrdddmeter and border
are twice the previous of the replaced node.

The demand of the new node, if it exists, is the sum of the demands of the shrunken nodes.

EXAMPLE :

ta=[1 1 22234557889 10 10 10 10 10 11 12 13 13 13 14 15 16 16 17
17];

he=[2 10 357 42468697711 13 13 15 12 13 9 10 14 11 16 1 17 14
15];

g=make_graph('foo’,1,17, ta,he);

g(’node_x')=[283 163 63 57 164 164 273 271 339 384 504 513 439 623 631 757
642];

g(’node_y")=[59 133 223 318 227 319 221 324 432 141 209 319 428 443 187 151
301];

g(edge_color’)=modulo([1:(edge_number(g))],15)+1;
g(’node_diam’)=[1:(g('node_number’))]+20;

show_graph(g);

v=[7 10 13 9j;

show_nodes(v);

gl=supernode(v,qQ);

show_graph(gl,’new’);

SEEALSO: add_edge 404, add _node 404, delete_arcs 414 delete_nodes 414

10.0.821 transclosure transitive closure

CALLING SEQUENCE :

gl = trans_closure(g)
PARAMETERS :

g : graph list
gl : graph list

DESCRIPTION :

trans _closure returns as a new graph ligiL the transitive closure of the gragh This graph must
be directed and connected {hame> if the name of graply, <name>_trans _closure isthe name
of the transitive closure.

EXAMPLE :

ta=z[2 3 353 4 45 8]

he=[1 2 42667 7 4]
g=make_graph(’foo’,1,8,ta,he);

g(’node_x')=[129 200 283 281 128 366 122 333];
g(’node_y’)=[61 125 129 189 173 135 236 249];
show_graph(g);

gl=trans_closure(qQ);

vv=1*ones(ta); aa=sparse([ta’ he’],v);
tal=gl1(’tail’); hel=gl(head’);
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ww=1*ones(tal); bb=sparse([tal’ hel’],ww’);
dif=bb-aa; lim=size(tal); edgecolor=0*ones(tal);

for i=1:lim(2)
if dif(tal(i),hel(i))==1 then edgecolor(i)=11; end;
end;

gl(’edge_color’)=edgecolor;
Xx_message('Transitive closure of the graph’);
show_graph(gl);
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11.1 Scicos editor

11.1.1 scicos_ Block diagram editor and GUI for the hybrid simulator scicosim

CALLING SEQUENCE :

sys=scicos()
sys=scicos(sys,[menus])
sys=scicos(file,[menus])

PARAMETERS :

sys : a Scicos data structure

file  : acharacter string. The path of a file containing the image of a Scicos data structure. These files
may havecos or.cosf extensions.

menus : a vector of character strings. It allows to select some of the Scicos menusenifis==[]
Scicos draws the diagram and the contents of each super blocks in separate windows without menu
bar. This option is useful to print diagrams.

DESCRIPTION :

Scicos is a visual editor for constructing models of hybrid dynamical systems. Invoking Scicos with no
argument opens up an empty Scicos window. Models can then be assembled, loaded, saved, compiled,
simulated, using GUI of Scicos. The input and ouput arguments are only useful for debugging purposes.
Scicos serves as an interface to the various block diagram compilers and the hybrid simulator scicosim.

SEEALSO: scicosim 483 scicos_main 477, scicos_menus 456

11.1.2 scicosnenus Scicos menus description

DESCRIPTION :
Here is a list of operations available in Scicos:

Main menus :

Edit : Opens the diagram/palette edition menu.

Simulate : Opens the compilation/execution menu.

Diagram : Opens the diagram/file management menu.

Block : Opens the block management menu.

Misc : Opens miscellaneous menu items.

Diagram/palette edition menu. : This menu allows to edit diagram and palettes

Palettes  : opensup a selection dialog where user may select a desired palette among all defined palettes.

Context : opens up a dialog where user may enter and modify Scilab instructions to be executed when
diagram is loadedHdit../Load menu) or evaluatedSimulate../Eval menu) (of course
instructions are also evaluated when dialog returns).These instructions may be used to define Scilab
variables whose names are used in the block parameters definition expressions.

Move : To move a block in main Scicos window, select first the Move menu item, then click on the
selected block, drag the mouse to the desired block position and click again to fix the position.

Copy To copy a block in main Scicos window, select first the Copy menu item, then click left on the
to-be-copied block (in Scicos window or in a palette) , and finally click where you want the copy to
be placed in Scicos window. This menu item remains active until user choose an other one

Copy Region: To copy a region in main Scicos window, select first the Copy menu item, then click
right on a corner of the desired region (in Scicos window or in a palette) , drag to select the desired
region, click to fix the selected region and finally click where you want the copy to be placed in Scicos
window. If source diagram is a big region, selection may take a while.

Replace : To replace a block in the active editor Scicos window select first the Replace menu item,
then select the replacement block (in Scicos window or in a palette) , and finally click on the to-be-
replaced block. It is not possible to replace a connected block with another block with different port
locations.

Scilab Group Janvier 1996 456



scicosmenus Scicos GUI

Align : To obtain nice diagrams, you can align ports of different blocks, vertically and horizontally.
select first the Align menu item, then on the first port and finally on the second port. The block
corresponding to the second port is moved. Connected blocks cannot be aligned.

AddNew :To add a newly defined block to the current palette or diagram select first this menu item, a dialog
box will pop up asking for the name of the GUI function associated with the block. If this function
is not already loaded it is searched in the current directory. The user may then click at the desired
position of the block in the palette or diagram .

Link  : This menu item is defined only in diagram edition mode. To connect an output port to an input
port, select first the Link menu item, then on the intermediate points, if necessary, and finally on the
input port. Scicos tries to draw horizontal and vertical lines to form links.

To split a link, select first the Link menu item, then on the link where the split should be placed, and
finally on an input port. Only one link can go from and to a port. Link color can be changed directly
by clicking on the link.

This menu item remains active until user choose an other one

Delete : To delete a block or a link, select first the Delete menu item, then click left on the selected
object. If you delete a block all links connected to it are deleted as well. This menu item remains
active until user choose an other one.

Delete Region :To delete a region in main Scicos window select first the Delete Region menu item,
then click right on a corner of the desired region (in Scicos window or in a palette), drag to select de
desired region, click to fix the selected region. If source diagram is a big region, selection may take a
while.

Flip : To reverse the positions of the (regular) inputs and outputs of a block placed on its sides, click on
the Flip menu item first and then on the selected block. This does not affect the order, nor the position
of the input and output event ports which are numbered from left to right. A connected block cannot
be flipped.

Undo : Click on the Undo menu item to undo the last edit operation.

Simulation menu

Setup : Inthe main Scicos window, clicking on the Setup menu item invokes a dialog box that allows you
to change integration parameters: absolute and relative error tolerances for the ode solver, the time
tolerance (the smallest time interval for which the ode solver is used to update continuous states), and
the maximum time increase realized by a single call to the ode solver.

Compile : This menu item need never be used since compilation is performed automatically, if necessary,
before the beginning of every simulatioRyn menu item).

Normally, a new compilation is not needed if only system parameters and internal states are modified.
In some cases however modifications are not correctly updated and a manual compilation may be
needed before a Restart or a Continue. Click on this menu item to compile the block diagram. Please
report if you encounter such a case.

Eval : blocks dialogs answers can be defined using Scilab expressions. These expressions are evaluated
immediately and they are also stored as character strings. Click on the Eval menu item to have
them re-evaluated according to the new values of underlying Scilab variables defined by context for
example.

Run : To start the simulation. If the system has already been simulated, a dialog box appears where you
can choose to Continue, Restart or End the simulation. You may interrupt the simulation by clicking
on the "stop” button, change any of the block parameters and continue or restart the simulation with
the new values.

Diagram menu

Replot : Scicos window stores the complete history of the editing session. Click on the Replot menu item
to erase the history and replot the diagram or palette. Replot diagram before printing or exporting
Scicos diagrams.

New : Clicking on the New menu item creates an empty diagram in the main Scicos window. If the previous
content of the window is not saved, it will be lost.

Purge : Suppress deleted blocks out of Scicos data structure. This menu changes block indexing and
implies compilation of the diagram before compilation.

Rename : Click on this menu item to change the diagram or palette’s name. A dialog window will pop up.
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Make block : Click on this menu item to save the Super Block as a new Scicos block. A Scilab function
is generated and saved4dtwindow_name>.sci file in the desired directorgxwindow_name> is the
name of the Super Block appearing on top of the window. A dialog allows choosing the directory.
This block may be added to a palette uskdjt/AddNew  menu item.

Save : Saves the block diagram in the current binary file selected by a previous &l®As orLoad
menu item. If no current binary file, diagramis saved in the current directeoyv@sdow _-name>.cos .

Save As : Saves the block diagram in a binary file. A file selection dialog will pop up.

FSave : Save the diagram in a formatted ascii file. A dialog box allows choosing the file name which
must have a .cosf extension.

Formatted save is slower than regular save but has the advantage that the generated file is system
independent (usefull for exchanging data on different computers.

Load : Loads an ascii or binary file containing a saved block diagram. A file selection dialog will pop
up.

Save as Palette . select the Save as Palette menu item to save the block diagram as a palette in a
binary file. A dialog box allows choosing the file which must have a .cos extension. The palette takes
the name of the file (without the extension).

.scilab user file is updated.

FSave as Palette . select the FSave as Palette menu item to save the block diagram as a palette in
an ascii formatted file. A dialog box allows choosing the file which must have a .cosf extension. The
palette takes the name of the file (without the extension).

Load as Palette :select the Load menu item to load an ascii or binary file containing a saved block
diagram as a palette. A dialog box allows user choosing the file.

Exit : Click on the Exit menu item to close current diagram. If current diagram is not a Super block Exit
menu item leave Scicos and return to Scilab session. Save your diagram or palette before leaving.

Object menu

Set :To change the parameters of a regular block or link, to open a super block, select first this menu
item, click next on the desired object. A dialog or edition window appear that allows you to modify
object

Resize : To change the size of a block , select first this menu item, click next on the desired block. A
dialog appears that allows you to change the width and/or height of the block shape.

Icon : To change the icon of a block drawn lsyandard _draw, select first this menu item, click
next on the desired block. A dialog appears that allows you to enter Scilab instructions used to draw
the icon. These instructions may referdog andsz variables and more generaly to the block
data structure nameal in this context (sescicos _block ). If lcon description selects colors for
drawing, it is necessary to get it throughs _color  function to haveColor menu item work
properly.

Color : To change the background of a block drawnstgndard _draw , or color of a link select first
this menu item, click next on the selected object. A color palette appears where user may select the
block background color.

Label : To change or define the blocks label, select first this menu item, click next on the desired block.
A dialog appears that allows you to enter the desired label. Labels may be used within blocks com-
putational functions as an identification (ggstlabel function).

Miscellaneous menu

Window : Clicking on the Window menu item invokes a dialog box that allows you to change the editor
window dimensions.

Shift  :To shift the diagram to left, right, up or down, select this menu item, then click on the point you
want to appear in the middle of the graphics window.

Zoom in : When you select this menu item the diagram is zoomed in by a factor of 10%

Zoom out : When you select this menu item the diagram is zoomed out by a factor of 10%

Options : Select this menu item to set display options.

Help : To get help on an object or menu menu items, select first Help menu item and then on the selected
object or menu item.

Calc: : When you click on this menu item you switch Scilab to the pause mode (see the help on pause).
In the Scilab main window and you may enter Scilab instructions to compute whatever you want. to
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go back to Scicos you need to enter "return™ or "[...]=return(...)” Scilab instruction. ’ If you use
"[...]Freturn(...)” Scilab instruction take care not to modify Scicos variables such asistscs gc”,

"menus”,"datam”,... ' If you have modified Scicos graphic window you may restore it using the

Scicos "Replot” menu.

SEEALSO: scicos 456

11.2 Blocks
11.2.1 ABSBLKf Scicos abs block

DIALOGUE PARAMETERS :

None.

DESCRIPTION :

This block realizes element-wise vector absolute value operation. This block has a single input and a single
output port. Port dimension is determined by the context.

11.2.2 AFFICHf Scicos numerical display

DIALOGUE PARAMETERS :

font :integer, the selected font number (see xset)

fontsize . integer, the selected font size (set xset)

color :integer, the selected color for the text (see xset)

Total numer of digits . an integer greater than 3, the maximum number of digits used to represent
the number (sign, integer part and rational part)

rational part number of digits . an integer greater than or equal 0, the number of digits used
to represent the rational part

DESCRIPTION :
This block displays the value of its unique input inside the block (in the diagram) during simulation. The
block must be located in the main Scicos window.

Warning: each time the block is moved user must click on it to set its parameters. The display position
is then automatically updated.

SEEALSO: SCOPE_f473

11.2.3 ANDLOG.f Scicos logical AND block

DIALOGUE PARAMETERS :

None.

DESCRIPTION :

This block, with two event inputs and a regular output, outputs +1 or -1 on its regular ouput depending on
input events.

+1 : When events are synchronously present on both event input ports
-1 : When only one event is present.

SEEALSO: IFTHEL_f 468

11.2.4 ANIMXY _f Scicos 2D animated visualization block

DESCRIPTION :
This block realizes the visualization of the evolution of the two regular input signals by drawing the second
input as a function of the first at instants of events on the event input port.

DIALOGUE PARAMETERS :
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Curve colors  :aninteger. Itis the color numbes£0) or marker type<€0) used to draw the evolution
of the input port signal. Seeset()  for color (dash type) definitions.

Line or mark size . an integer.

Output window number : The number of graphic window used for the display. It is often good to
use high values to avoid conflict with palettes and Super Block windows. If you have more than one
scope, make sure they don’t have the same window numbers (unless superposition of the curves is
desired).

Output window position . a 2 vector specifying the coordinates of the upper left corner of the
graphic window. Answer [] for default window position.

Output window size . a 2 vector specifying the width and height of the graphic window. Answer []
for default window dimensions.

Xmin, Xmax : Minimum and maximum values of the first input; used to set up the X-axis of the plotin
the graphics window.

Ymin, Ymax : Minimum and maximum values of the second input; used to set up the Y-axis of the plot
in the graphics window.

Buffer size . an integer. In order to minimize the number of graphics outputs, data may buffered.

REMARKS :

Output window number, Output window size, Output window position are only taken into account at the
initialisation time of the simulation.

SEEALSO: SCOPE_f473 EVENTSCOPE_#65 SCOPXY_f474

11.2.5 BIGSOMf Scicos addition block

DIALOGUE PARAMETERS :

Input signs : avectorsgn of weights (generaly +1 or -1). The number of input signs fix the number
of input ports.

DESCRIPTION :

This block realize weighted sum of the input vectors. The output is vittocomponent is the sum of the
kth components of each input ports weightedsign(k)

SEEALSO: GAIN_f 466 SOM_f474

11.2.6 CLINDUMMY f___ Scicos dummy continuous system with state

DESCRIPTION :
This block should be placed in any block diagram that contains a zero-crossing block but no continuous
system with state. The reason for that is that it is the ode solver that find zero crossing surfaces.

SEEALSO: ZCROSS f477

11.2.7 CLKINV f Scicos Super Block event input port

DESCRIPTION :
This block must only be used inside Scicos Super Blocks to represent an event input port.
In a Super Block, the event input ports must be numbered from 1 to the number of event input ports.

DIALOGUE PARAMETERS :

Port number : an integer defining the port number.
SEEALSO: IN_f 469 OUT f470 CLKOUTV_f461
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11.2.8 CLKIN f Scicos Super Block event input port

DESCRIPTION :
This block must only be used inside Scicos Super Blocks to represent an event input port.
In a Super Block, the event input ports must be numbered from 1 to the number of event input ports.

DIALOGUE PARAMETERS :

Port number : an integer defining the port number.

SEEALSO: IN_f 469 OUT_f470 CLKOUT_f461

11.2.9 CLKOUTV f Scicos Super Block event output port

DESCRIPTION :
This block must only be used inside Scicos Super Blocks to represent an event output port.
In a SuperBlock, the event output ports must be numbered from 1 to the number of event output ports.

DIALOGUE PARAMETERS :

Port number : aninteger giving the port number.

SEEALSO: IN_f 469 OUT_f470 CLKINV_f 460

11.2.10 CLKOUT f Scicos Super Block event output port

DESCRIPTION :
This block must only be used inside Scicos Super Blocks to represent an event output port.
In a SupemBlock, the event output ports must be numbered from 1 to the number of event output ports.

DIALOGUE PARAMETERS :

Port number : aninteger giving the port number.

SEEALSO: IN_f 469 OUT f470 CLKIN_f 461

11.2.11 CLKSOMV.f Scicos event addition block

DIALOGUE PARAMETERS :

None.

DESCRIPTION :

This block is an event addition block with up to three inputs. The output reproduces the events on all the
input ports. Strictly speaking, CLKSOMYV is not a Scicos block because it is discarded at the compilation
phase. The inputs and output of CLKSOMV are synchronized.

11.2.12 CLKSOMf Scicos event addition block

DIALOGUE PARAMETERS :

None.

DESCRIPTION :

This block is an event addition block with up to three inputs. The output reproduces the events on all the

input ports. Strictly speaking, CLKSOM is not a Scicos block because it is discarded at the compilation
phase. The inputs and output of CLKSOM are synchronized.
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11.2.13 CLKSPLIT_f Scicos event split block

DIALOGUE PARAMETERS :
None.

DESCRIPTION :
This block is an event split block with an input and two outputs. The outputs reproduces the event the input
port on each output ports. Strictly speaking, CLKSPLIT is not a Scicos block because it is discarded at the
compilation phase. This block is automatically created when creating a new link issued from a link.

The inputs and output of CLKSPLIT are synchronized.

11.2.14 CLOCKf Scicos periodic event generator

DESCRIPTION :
This block is a Super Block constructed by feeding back the output of an event delay block into its input
event port. The unique output of this block generates a regular train of events.

DIALOGUE PARAMETERS :

Period : scalar. One over the frequency of the clock. Period is the time that separates two output events.
Init time : scalar. Starting date. if negative the clock never starts.

SEEALSO: EVTDLY_f 465

11.2.15 CLRf___ Scicos continuous-time linear system (SISO transfer function)
DIALOGUE PARAMETERS :

Numerator : a polynomialin s.
Denominator : a polynomial in s.

DESCRIPTION :
This block realizes a SISO linear system represented by its rational transfer fuxictimrator/Denominator
The rational function must be proper.

SEEALSO: CLSS f462 INTEGRAL_f 468

11.2.16 CLSSf Scicos continuous-time linear state-space system

DESCRIPTION :
This block realizes a continuous-time linear state-space system.

xdot=A*x+B*u
y  =C*x+D*u

The system is defined by the (A,B,C,D) matrices and the initial state x0. The dimensions must be compat-

ible.
DIALOGUE PARAMETERS :

A : square matrix. The A matrix

B : theB matrix,[] if system has no input
C : theC matrix,[] if system has no output
D : theD matrix,[] if system has n@ term.
x0 : vector. The initial state of the system.

SEEALSO: CLR_f 462 INTEGRAL_f 468
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11.2.17 CONSTf Scicos constant value(s) generator

DIALOGUE PARAMETERS :

constants  : areal vector. The vector size gives the size of the output port. The sahstants(i)
is assigned to the ith component of the output.

DESCRIPTION :
This block is a constant value(s) generator.

11.2.18 COSBLKf Scicos cosine block
DIALOGUE PARAMETERS :

None.

DESCRIPTION :

This block realizes vector cosine operatigi)=cos(u(i)) . The port input and output port sizes are

equal and determined by the context.
SEEALSO: SINBLK f 474, GENSIN_f 467

11.2.19 CURVf Scicos block, tabulated function of time

DIALOGUE PARAMETERS :
Tabulated function is entered using a graphics curve editor (seewdiin Scilab documentation)
DESCRIPTION :
This block defines a tabulated function of time. Between mesh points block performs a linear interpolation.
Outside tabulation block outputs last tabulated value.

User may define the tabulation of the function using a curve editor.

11.2.20 DELAYVf Scicos time varying delay block

DIALOGUE PARAMETERS :

Number inputs : size of the delayed vector (-1 not allowed)

Register initial state . register initial state vector. Dimension must be greater than or equal to
2

Max delay : Maximum delay that can be produced by this block

DESCRIPTION :
This block implements a time varying discretized delay. The value of the delay is given by the second input
port. The delayed signal enters the first input port and leaves the unique output prot.

The first event output port must be connected to unique input event port if auto clocking is desired.
But the input event port can also be driven by outside clock. In that case, the max delay is size of initial
condition times the period of the incoming clock.

The second output event port generates an event if the second input goes above the maximum delay
specified. This signal can be ignored. In that case the output will be delayed by max delay.

SEEALSO: DELAY_f463 EVTDLY_f465 REGISTER_f472

11.2.21 DELAY f Scicos delay block

DIALOGUE PARAMETERS :

Discretization time step . positive scalar, delay discretization time step

Register initial state . register initial state vector. Dimension must be greater than or equal to
2
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DESCRIPTION :
This block implements as a discretized delay. It is in fact a Scicos super block formed by a shift register
and a clock.

value of the delay is given by the discretization time step multiplied by the number of states of the
register minus one

SEEALSO: DELAYV_f463 EVTDLY_f465 REGISTER_f472

11.2.22 DEMUXf Scicos demultiplexer block
DIALOGUE PARAMETERS :

number of output ports . positive integer less than or equal to 8.

DESCRIPTION :

Given a vector valued input this block splits inputs over vector valued outpuis=[g;y2....;yn] ,
whereyi are numbered from top to bottom. Input and Output port sizes are determined by the context.

SEEALSO: MUX f470

11.2.23 DLRADAPT f Scicos discrete-time linear adaptive system

DIALOGUE PARAMETERS :

Vector of p mesh points . a vector which defineg2 mesh points. Numerator roots : a matrix,
each line gives the roots of the numerator at the corresponding mesh point.

Denominator roots . a matrix, each line gives the roots of the denominator at the corresponding
mesh point.

gain : avector, each vector entry gives the transfer gain at the corresponding mesh point.

past inputs . a vector of initial value of pastegree(Numerator) inputs

past outputs . a vector of initial value of pastegree(Denominator) outputs

DESCRIPTION :

This block realizes a SISO linear system represented by its rational transfer function whose numerator and
denominator roots are tabulated functions of the second block input. The rational function must be proper.
Roots are interpolated linearly between mesh points.

SEEALSO: DLSS f 464 DLR_f 464

11.224 DLRf___ Scicos discrete-time linear system (transfer function)
DIALOGUE PARAMETERS :

Numerator : a polynomialin z.
Denominator : a polynomial in z.

DESCRIPTION :
This block realizes a SISO linear system represented by its rational transfer function (in the symbolic
variable z). The rational function must be proper.

SEEALSO: DLSS f 464, DLRADAPT_f464

11.2.25 DLSSf Scicos discrete-time linear state-space system

DESCRIPTION :

This block realizes a discrete-time linear state-space system. The system is defined by the (A,B,C,D)
matrices and the initial state x0. The dimensions must be compatible. At the arrival of an input event on the
unique input event port, the state is updated.

DIALOGUE PARAMETERS :
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A : square matrix. The A matrix

B : the B matrix

C : the C matrix

X0 : vector. The initial state of the system.

SEEALSO: DLR_f 464 INTEGRAL_f 468 CLSS_f 462 DLSS_f 464

11.2.26 EVENTSCOPEf Scicos event visualization block

DESCRIPTION :
This block realizes the visualization of the input event signals.

DIALOGUE PARAMETERS :

Number of event inputs . an integer giving the number of event input ports colors : a vector of
integers. The i-th element is the color numberQ) or dash type<0) used to draw the evolution of
the i-th input port signal. Seeset for color (dash type) definitions.

Output window number : The number of graphic window used for the display. It is often good to
use high values to avoid conflict with palettes and Super Block windows. If you have more than one
scope, make sure they don’t have the same window numbers (unless superposition of the curves is
desired). Output window position : a 2 vector specifying the coordinates of the upper left corner of
the graphic window. Answer [] for default window position.

Output window size : a 2 vector specifying the width and height of the graphic window. Answer []
for default window dimensions.

Refresh period : Maximum value on the X-axis (time). The plot is redrawn when time reaches a
multiple of this value.

REMARKS :
Output window number, Output window size, Output window position are only taken into account at the
initialisation time of the simulation.

SEEALSO: SCOPXY_f474, SCOPE_f473 ANIMXY_f 459

11.2.27 EVTDLYf Scicos event delay block

DESCRIPTION :
One event is generat&klay after an event enters the unique input event port. Block may also generate
an initial output event.

DIALOGUE PARAMETERS :

Delay : scalar. Time delay between input and output event.
Auto-exec : scalar. IfAuto-exec >=0 block initially generates an output event at datgo-exec

SEEALSO: CLOCK_f462

11.2.28 EVTGENf Scicos event firing block

DESCRIPTION :
One event is generated on the unique output event p&ieht time s larger than equal to zero, if
not, no event is generated.

DIALOGUE PARAMETERS :

Event time : scalar. date of the initial event
SEEALSO: CLOCK f462 EVTDLY_f 465
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11.2.29 EXPBLKf Scicos a"u block

DIALOGUE PARAMETERS :

a : real positive scalar

DESCRIPTION :
This block realizey(i)=a"u(i) . The input and output port sizes are determined by the compiler.
11.2.30 GAINBLK f Scicos gain block

DIALOGUE PARAMETERS :

Gain : areal matrix.

DESCRIPTION :
This block is a gain block. The output is the Gain times the regular input (vector). The dimensions of Gain
determines the input (number of columns) and output (number of rows) port sizes.

11.2.31 GAINf Scicos gain block

DIALOGUE PARAMETERS :

Gain : areal matrix.

DESCRIPTION :
This block is a gain block. The output is the Gain times the regular input (vector). The dimensions of Gain
determines the input (number of columns) and output (humber of rows) port sizes.

This block is obsolete. Use GAINBLKblock instead of it

11.2.32 GENERALTf Scicos general zero crossing detector

DESCRIPTION :

Depending on the sign (just before the crossing) of the inputs and the input numbers of the inputs that
have crossed zero, an event is programmed (or not) with a given delay, for each output. The number of
combinations grows so fast that this becomes unusable for blocks having more than 2 or 3 inputs. For the
moment this block is not documented.

DIALOGUE PARAMETERS :

Size of regular input . integer.
Number of output events . integer.
the routing matrix : matrix. number of rows is the number of output events. The columns corres-

pond to each possible combination of signs and zero crossings of the inputs. The entries of the matrix
give the delay for generating the output even®(no event is generated).

SEEALSO: NEGTOPOS_#70, POSTONEG_#71, ZCROSS_f 477

11.2.33 GENERICf Scicos generic interfacing function

DESCRIPTION :
This block can realize any type of block. The computational function must already be defined in Scilab,
Fortran or C code.

DIALOGUE PARAMETERS :

simulation function . a character string, the name of the computational function
function type . a non negative integer, the type of the computational function
input port sizes . a vector of integers, size of regular input ports.
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output port sizes : a vector of integers, size of regular output ports.

input event port sizes . a vector of ones, size of event input ports. The size of the vector gives
the number of event input ports.

output event port sizes . a vector of ones, size of event output ports. The size of the vector
gives the number of of event output ports.

Initial continuous state : a column vector.

Initial discrete state : a column vector.

System type :astring: c,d, z or | (CBB, DBB, zero crossing or synchro).

Real parameter vector : column vector. Any parameters used in the block can be defined here as
a column vector.

Integer parameter vector . column vector. Any integer parameters used in the block can be
defined here as a column vector.

initial firing . vector. Size of this vector corresponds to the number of event outputs. The value

of the i-th entry specifies the time of the preprogrammed event firing on the i-th output event port. If
less than zero, no event is preprogrammed.
direct feedthrough : character”y” or"n”, specifies if block has a direct input to output feedthrough.
Time dependance : charactery” or "n”, specifies if block output depends explicitly on time.

SEEALSO: scifunc_block 477

11.2.34 GENSINf Scicos sinusoid generator

DESCRIPTION :
This block is a sine wave generator: M*sin(F*t+P)

DIALOGUE PARAMETERS :
Magnitude : a scalar. The magnitude M.

Frequency : ascalar. The frequency F.
Phase : ascalar. The phase P.

SEEALSO: GENSQR_#67, RAND f471, SAWTOOTH 473

11.2.35 GENSQRf Scicos square wave generator

DESCRIPTION :
This block is a square wave generator: output takes vaMeandM Every time an event is received on
the input event port, the output switches frelh toM orM to -M.

DIALOGUE PARAMETERS :

Amplitude : ascalaM

SEEALSO: GENSIN_f 467, SAWTOOTH_473 RAND_f471

11.2.36 HALTf Scicos Stop block

DIALOGUE PARAMETERS :

State on halt . scalar. A value to be placed in the state of the block. For debugging purposes this
allows to distinguish between different halts.

DESCRIPTION :
This block has a unique input event port. Upon the arrival of an event, the simulation is stopped and the
main Scicos window is activated. Simulation can be restarted or continued (Run button).
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11.2.37 IFTHEL-f Scicos if then else block

DIALOGUE PARAMETERS :
None.
DESCRIPTION :
One eventis generated on one of the output event ports when an input event arrives. Depending on the sign
of the regular input, the event is generated on the first or second output.
This is a synchro block, i.e., input and output event are synchronized.

11.2.38 INTEGRAL_f Scicos simple integrator

DESCRIPTION :
This block is an integrator. The output is the integral of the input.

DIALOGUE PARAMETERS :

Initial state . a scalar. The initial condition of the integrator.

SEEALSO: CLSS f462 CLR_f 462

11.2.39 INTRP2BLK_f Scicos 2D linear interpolation block

DIALOGUE PARAMETERS :

X coord. : an n-vector (strictly increasing)
Y coord. :an m-vector (strictly increasing)
Z values :an mxn matrix

DESCRIPTION :

The output of this block is a function of the inputs obtained by bilinear interpolation. This block has two
scalar inputs and a single scalar output. The X(i) and Y(i) give respectively the X coordinate and the Y
coordinate of the i-th data point to be interpolated and Z(Y (i),X(i)) its value.

11.2.40 INTRPLBLK_f Scicos linear interpolation block
DIALOGUE PARAMETERS :

X coord. : avector (strictly increasing)
Y coord. : avector (same size as X coord)

DESCRIPTION :

The output of this block is a function of the input obtained by linear interpolation. This block has a single
scalar input and a single scalar output port. The X coord. and Y coord. give respectively the X coordinate
and the Y coordinate of the data points to be interpolated. X coord must be strictly increasing.

11.2.41 INVBLKf Scicos inversion block
DIALOGUE PARAMETERS: :

None.

DESCRIPTION :

This block computeg(i)=1/u(i) . The input (output) size is determined by the context
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11.2.42 INf Scicos Super Block regular input port
DESCRIPTION :
This block must only be used inside Scicos Super Blocks to represent a regular input port. The input size

is determined by the context.
In a Super Block, regular input ports must be numbered from 1 to the number of regular input ports.

DIALOGUE PARAMETERS :

Port number : aninteger giving the port number.

SEEALSO: CLKIN_f 461, OUT f470 CLKOUT f461

11.2.43 LOGBLK_f Scicos logarithm block

DIALOGUE PARAMETERS :

a : real scalar greater than 1

DESCRIPTION :

This block realizey(i)=log(u(i))/log(a) . The input and output port sizes are determined by the
context.

11.2.44 LOOKUPf Scicos Lookup table with graphical editor
DESCRIPTION :

This block realizes a non-linear function defined using a graphical editor.

11.2.45 MAXT Scicos max block
DIALOGUE PARAMETERS :

None.

DESCRIPTION :

The block outputs the maximum of the input vectge=max(ul,...un) . The input vector size is

determined by the compiler according to the connected blocks port sizes.
SEEALSO: MIN_f 470

11.2.46 MCLOCK_ f Scicos 2 frequency event clock

DESCRIPTION :

This block is a Super Block constructed by feeding back the outputs of an MFCLCK block into its input
event port. The two outputs of this block generate regular train of events, the frequency of the first input
being equal to that of the second output divided by an integer n. The two outputs are synchronized (this is
impossible for standard blocks; this is a Super Block).

DIALOGUE PARAMETERS :

Basic period : scalar. equals 1/f, f being the highest frequency.
n :anintger>1. the frequency of the first output event is f/n.

SEEALSO: MFCLCK_f470 CLOCK_f462
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11.2.47 MFCLCK.f____ Scicos basic block for frequency division of event clock

DESCRIPTION :

This block is used in the Super Block MCLOCK. The input event is directed once every n times to output
1 and the rest of the time to output 2. There is a delay of "Basic period” in the transmission of the event. If
this period>0 then the second output is initially fired. It is not if this period=0. In the latter case, the input
is driven by an event clock and in the former case, feedback can be used.

DIALOGUE PARAMETERS :

Basic period . positive scalar.
n :aninteger greater than 1.

SEEALSO: MCLOCK 469 CLOCK f462

11.2.48 MINf Scicos min block
DIALOGUE PARAMETERS :

None.

DESCRIPTION :

The block outputs the minimum of the input vector=min(ul,...un) . The input vector size is

determined by the compiler according to the connected blocks port sizes.
SEEALSO: MAX_f469

11.2.49 MUX{ Scicos multiplexer block

DIALOGUE PARAMETERS :

number of output ports . integer greater than or equal to 1 and less than 8

DESCRIPTION :
Givenn vectorvalued inputs this block merges inputs in an single output vectg=[8t;u?2....;un] ,
whereui are numbered from top to bottom. Input and Output port sizes are determined by the context.

SEEALSO: MUX f470

11.2.50 NEGTOPOSf Scicos negative to positive detector

DESCRIPTION :
An output event is generated when the unique input crosses zero with a positive slope.

SEEALSO: POSTONEG_#71, ZCROSS_f477, GENERAL_f466

11.2.51 OUTf Scicos Super Block regular output port
DIALOGUE PARAMETERS :

Port number : aninteger giving the port number.

DESCRIPTION :

This block must only be used inside Scicos Super Blocks to represent a regular output port.

In a Super Block, regular output ports must be numbered from 1 to the number of regular output ports.
size of the output is determined by the compiler according to the connected blocks port sizes.

SEEALSO: CLKIN_f 461, IN_f 469 CLKOUT_f461
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11.2.52 POSTONEGf Scicos positive to negative detector

DESCRIPTION :
An output event is generated when the unique input crosses zero with a negative slope.

SEEALSO: NEGTOPOS #70 ZCROSS_f477, GENERAL_f466

11.2.53 POWBLKf Scicos u”a block

DIALOGUE PARAMETERS :

a : real scalar

DESCRIPTION :
This block realizes/(i)=u(i)"a . The input and output port sizes are determined by the compiler
according to the connected blocks port sizes.

11.2.54 PRODf Scicos element wise product block

DESCRIPTION :
The output is the element wize product of the inputs.

11.2.55 QUANTS Scicos Quantization block

DIALOGUE PARAMETERS :

Step : scalar, Quantization step

Quantization method . scalar with possible values 1,2,3 or 4
1 : Round method

2 : Truncation method

3 : Floor method

4 : Ceil method

DESCRIPTION :
This block outputs the quantization of the input according to a choice of methods
for Round method

y(i)=Step*(int(u(i)/Step+0.5)-0.5) if u(i) <oO.

y(i)=Step*(int(u(i)/Step-0.5)+0.5) Jifu@) >=0.
For truncation method

y(i)=Step*(int(u(i)/Step+0.5)) if u(i) <O.

y(i)=Step*(int(u(i)/Step-0.5)) if u@) >=0.

For floor method
y(i)=Step*(int(u(i)/Step+0.5))

For ceil method
y(i)=Step*(int(u(i)/Step-0.5))

11.2.56 RANDf Scicos random wave generator

DESCRIPTION :

This block is a random wave generator: each output component takes piecewise constant random values.
Every time an event is received on the input event port, the outputs take new independent random values.
output port size is given by the size Af andB vectors

DIALOGUE PARAMETERS :

flag :0or 1. 0foruniform distribution opA,A+B ] and 1 for normal distributiotN(A,B*B) .
A : scalar
B : scalar

SEEALSO: GENSIN_f 467, SAWTOOTH_#73 GENSQR_#67
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11.2.57 REGISTERf Scicos shift register block

DESCRIPTION :
This block realizes a shift register. At every input event, the register is shifted one step.

DIALOGUE PARAMETERS :

Initial condition : a column vector. It contains the initial state of the register.

SEEALSO: DELAY_f463 DELAYV_f463 EVTDLY_f 465

11.2.58 RELAYf Scicos relay block

DIALOGUE PARAMETERS :

number of inputs . a scalar. Number of regular and event inputs.
initial connected input . an integer. It must be between 1 and the number of inputs.
DESCRIPTION :

This block routes one of the regular inputs to the unique regular output. the choice of which input is to be
routed is done, initially by the "initial connected input” parameter. Then, every time an input event arrives
on the i-th input event port, the i-th regular input port is routed to the regular output.

11.2.59 RFILEf Scicos "read from file” block

DIALOGUE PARAMETERS :

Time record Selection . an empty matrix or a positive integer. If an integeris given thei th
element of the read record is assumed to be the date of the output event. If empty no output event
exists.

Output record selection . a vector of positive integefkl,..,kn] ,Theki th element of the
read record gives the value ioth output.

Input file name . a character string defining the path of the file

Input Format : a character string defining the Fortran format to use or nothing for an unformatted
(binary) write

Buffer size : To improve efficiency it is possible to buffer the input data. read on the file is only done
after eactBuffer size call to the block.

size of output . a scalar. This fixes the number of "value” read.

DESCRIPTION :

This block allows user to read datas in afile, in formatted or binary m@dgut record selection

andTime record Selection allows the user to select data among file records.

Each call to the block advance one record in the file.
SEEALSO: WFILE_f 476

11.2.60 SAMPLEHOLD._f Scicos Sample and hold block

DIALOGUE PARAMETERS :
None.

DESCRIPTION :
Each time an input event is received block copy its input on the output and hold it until input event. For
periodic Sample and hold, event input must be generateddigck .

SEEALSO: DELAY_f463 CLOCK_f462
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11.2.61 SATf Scicos Saturation block

DESCRIPTION :
This block realizes the non-linear function: saturation.

DIALOGUE PARAMETERS :

Min : a scalar. Lower saturation bound

Max : a scalar. Upper saturation bound

Slope : a scalar. The slope of the line going through the origin and describing the behaviour of the
function around zero.

SEEALSO: LOOKUP_f469

11.2.62 SAWTOOTHf Scicos sawtooth wave generator

DESCRIPTION :
This block is a sawtooth wave generator: output isiftftom ti to t_(i+1) where ti and t(i+1) denote the
times of two successive input events.

DIALOGUE PARAMETERS :
None.

SEEALSO: GENSIN f 467, GENSQR_f67 RAND f471

11.2.63 SCOPH Scicos visualization block

DESCRIPTION :
This block realizes the visualization of the evolution of the signals on the standard input port(s) at instants
of events on the event input port.

DIALOGUE PARAMETERS :

Curve colors  : avector of integers. The i-th element is the color numbd})(or dash type<0) used
to draw the evolution of the i-th input port signal. Sget2d  for color (dash type) definitions.

Output window number : The number of graphic window used for the display. It is often good to
use high values to avoid conflict with palettes and Super Block windows. If you have more than one
scope, make sure they don’t have the same window numbers (unless superposition of the curves is
desired).

Output window position . a 2 vector specifying the coordinates of the upper left corner of the
graphic window. Answer [] for default window position.

Output window size . a 2 vector specifying the width and height of the graphic window. Answer []
for default window dimensions.

Ymin, Ymax : Minimum and maximum values of the input; used to set up the Y-axis of the plot in the
graphics window.

Refresh period : Maximum value on the X-axis (time). The plot is redrawn when time reaches a
multiple of this value.

Buffer size . To improve efficiency it is possible to buffer the input data. The drawing is only done
after eactBuffer size call to the block.

Accept herited events . if 0 SCOPHE draws a new point only when an event occurs on its event
input port. if LSCOPE draws a new point when an event occurs on its event input port and when
it's regular input changes due to an event on an other upstrem block (herited events).

REMARKS :
Output window number, Output window size, Output window position are only taken into account at the
initialisation time of the simulation.

SEEALSO: SCOPXY_f474 EVENTSCOPE_#65 ANIMXY_f 459
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11.2.64 SCOPXYf Scicos visualization block

DESCRIPTION :
This block realizes the visualization of the evolution of the two regular input signals by drawing the second
input as a function of the first at instants of events on the event input port.

DIALOGUE PARAMETERS :

Curve colors : an integer. Itis the color numbesr Q) or dash type<0) used to draw the evolution of
the input port signal. Sgglot2d  for color (dash type) definitions.

Line or mark size . an integer.

Output window number : The number of graphic window used for the display. It is often good to
use high values to avoid conflict with palettes and Super Block windows. If you have more than one
scope, make sure they don’t have the same window numbers (unless superposition of the curves is
desired).

Output window position . a 2 vector specifying the coordinates of the upper left corner of the
graphic window. Answer [] for default window position.

Output window size : a 2 vector specifying the width and height of the graphic window. Answer []
for default window dimensions.

Xmin, Xmax : Minimum and maximum values of the first input; used to set up the X-axis of the plot in
the graphics window.

Ymin, Ymax : Minimum and maximum values of the second input; used to set up the Y-axis of the plot
in the graphics window.

Buffer size : To improve efficiency it is possible to buffer the input data. The drawing is only done
after eactBuffer size call to the block.

REMARKS :
Output window number, Output window size, Output window position are only taken into account at the
initialisation time of the simulation.

SEEALSO: SCOPE_f473 EVENTSCOPE_#65 ANIMXY_f 459

11.2.65 SELECTf Scicos selector block
DIALOGUE PARAMETERS :

number of inputs : a scalar. Number of regular and event inputs.

initial connected input : an integer. It must be between 1 and the number of inputs.
DESCRIPTION :

This block routes one of the regular inputs to the unique regular output. the choice of which input is to be
routed is done, initially by the "initial connected input” parameter. Then, every time the block is activated
through its i-th input activation port, the i-th regular input value port is put to the regular output.

11.2.66 SINBLK f Scicos sine block
DIALOGUE PARAMETERS :

None.

DESCRIPTION :

This block realizes vector sine operatiori)=sin(u(i)) . The input and output port sizes are equal

and determined by the context.

11.2.67 SOMf Scicos addition block

DIALOGUE PARAMETERS :

Input signs . a (1x3) vector of +1 and -1. If -1, the corresponding input is multiplied by -1 before
addition.
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DESCRIPTION :
This block is a sum. The output is the element-wise sum of the inputs.

Input ports are located at up, left or right and down position. You must specify 3 gain numbers but if
only two links are connected only the first values are used, ports are numbered anti-clock wise.

SEEALSO: GAIN_f 466

11.2.68 SPLITf Scicos regular split block

DIALOGUE PARAMETERS :
None.

DESCRIPTION :
This block is a regular split block with an input and two outputs. The outputs reproduces the input port on
each output ports. Strictly speaking, SPLIT is not a Scicos block because it is discarded at the compilation
phase. This block is automatically created when creating a new link issued from a link.

Port sizes are determined by the context.

11.2.69 STOPf Scicos Stop block
DIALOGUE PARAMETERS :

State on halt . scalar. A value to be placed in the state of the block. For debugging purposes this
allows to distinguish between different halts.

DESCRIPTION :
This block has a unique input event port. Upon the arrival of an event, the simulation is stopped and the
main Scicos window is activated. Simulation can be restarted or continued (Run button).

11.2.70 SUPEK Scicos Super block

DESCRIPTION :
This block opens up a new Scicos window for editing a new block diagram. This diagram describes the
internal functions of the super block.
Super block inputs and outputs (regular or event) are designated by special (input or output) blocks.
Regular input blocks must be numbered from 1 to the number of regular input ports. Regular input ports of
the super block are numbered from the top of the block shape to the bottom.

Regular output portss must be numbered from 1 to the number of regular output ports. Regular output
ports of the super block are numbered from the top of the block shape to the bottom.

Event input blocks must be numbered from 1 to the number of event input ports. Event input ports of
the super block are numbered from the left of the block shape to the right.
Event output ports must be numbered from 1 to the number of event output ports. Event output ports of the
super block are numbered from the left of the block shape to the right.

SEEALSO: CLKIN_f 461, OUT_f470 CLKOUT_f461, IN_f 469

11.2.71 TANBLK_f Scicos tan block

DIALOGUE PARAMETERS :
None.

DESCRIPTION :
This block realizes vector tangent operation. input (output) port size is determined by the compiler.

SEEALSO: SINBLK_ f 474
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11.2.72 TCLSSf___ Scicos jump continuous-time linear state-space system

DESCRIPTION :

This block realizes a continuous-time linear state-space system with the possibility of jumps in the state.
The number of inputs to this block is two. The first input is the regular input of the linear system, the second
carries the new value of the state which is copied into the state when an event arrives at the unique event
input port of this block. That means the state of the system jumps to the value present on the second input
(of size equal to that of the state). The system is defined by the (A,B,C,D) matrices and the initial state xO0.
The dimensions must be compatible. The sizes of inputs and outputs are adjusted automatically.
DIALOGUE PARAMETERS :

A : square matrix. The A matrix

B : the B matrix

C : the C matrix

D : the D matrix

x0 : vector. The initial state of the system.

SEEALSO: CLSS_ f462 CLR_f 462

11.2.73 TEXTS Scicos text drawing block

DIALOGUE PARAMETERS :

txt : acharacter string, Text to be displayed
font : a positive integer less than 6, number of selected font (see xset)
siz : apositive integer, selected font size (see xset)

DESCRIPTION :
This special block is only use to add text at any point of the diagram window. It has no effect on the
simulation.

11.2.74 TIME-f Scicos time generator

DIALOGUE PARAMETERS :

None.

DESCRIPTION :

This block is a time generator. The unique regular output is the current time.

11.2.75 TRASHTf Scicos Trash block

DIALOGUE PARAMETERS :

None

DESCRIPTION :

This block does nothing. It simply allows to safely connect the outputs of other blocks which should be
ignored. Useful for sinking outputs of no interest. The input size is determined by the compiler.

11.2.76 WFILEf Scicos "write to file” block
DIALOGUE PARAMETERS :

input size : a scalar. This fixes the input size

Output file name : a character string defining the path of the file

Output Format : a character string defining the Fortran format to use or nothing for an unformatted
(binary) write

Buffer size : To improve efficiency it is possible to buffer the input data. write on the file is only done
after eactBuffer size calls to the block.
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DESCRIPTION :
This block allows user to save data in a file, in formatted and binary mode. Each call to the block corres-
ponds to a record in the file. Each record has the following fgtid1,...,Vn] wheret is the value

of time when block is called andi is the ith input value
SEEALSO: RFILE_f 472

11.2.77 ZCROSYHS Scicos zero crossing detector

DESCRIPTION :
An output event is generated when all inputs (if more than one) cross zero simultaneously.

DIALOGUE PARAMETERS :

Number of inputs . a positive integer.

SEEALSO: POSTONEG_#71, GENERAL_f466

11.2.78 scifuncblock Scicos block defined interactively

DESCRIPTION :

This block can realize any type of Scicos block. The function of the block is defined interactively using
dialogue boxes and in Scilab language. During simulation, these instructions are interpreted by Scilab;
the simulation of diagrams that include these types of blocks is slower. For more information see Scicos
reference manual.

DIALOGUE PARAMETERS :

number of inputs . a scalar. Number of regular input ports

number of outputs : a scalar. Number of regular output ports
number of input events . a scalar. Number of input event ports
number of output events . a scalar. Number of output event ports
Initial continuous state : a column vector.

Initial discrete state : a column vector.

System type : astring: c or d (CBB or DBB, other types are not supported).

System parameter : column vector. Any parameters used in the block can be defined here a column
vector.

initial firing . vector. Size of this vector corresponds to the number of event outputs. The value
of the i-th entry specifies the time of the preprogrammed event firing on the i-th output event port. If
less than zero, no event is preprogrammed.

Instructions : other dialogues are opened consecutively where used may input Scilab code associated
with the computations needed (block initialization, outputs, continuous and discrete state, output
events date, block ending),

SEEALSO: GENERIC_f466

11.3 Data Structures

11.3.1 scicosnain Scicos editor main data structure

DEFINITION :

scs_m=list(params,o_1,....,0_n)

PARAMETERS :

params : Scilab list,params=list(wpartitle,tol,tf,context,void,options,void,void,doc))
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wpar : viewing parametergw,h,Xshift,Yshift]
w : real scalar,Scicos editor window width
h : real scalar,Scicos editor window height

Xshift : real scalar, diagram drawing x offset within Scicos editor window

Y shift : real scalar, diagram drawing y offset within Scicos editor window

title : character string, diagram title and default name of save file name

tol : 1 x 4 vector[atol,rtol,ttol,maxt] , Whereatol , rtol are respectively absolute and

relative tolerances for the ode solvital  is the minimal distance between to different events time
andmaxt is maximum integration time interval for a single call to the ode solver.

tf  : real scalar, final time for simulation.

context : vector of character strings, Scilab instructions used to define Scilab variables used in block
definitions as symbolic parameters.

void  : unused fields

options  : list(With3D,Color3D)

With3D : boolean, true for 3D shape blocks

Color3D : vector with three entrieR,G,B] . defines the color of 3D shape

doc : user defined diagram documentation structure, default valist()s

o.i : blockor link or deleted object data structure.

Seescicos _block andscicos _link ).

Deleted object data structure is marHist{’Deleted’)
SCS _m : main Scicos structure

DESCRIPTION :
Scicos editor uses and modifies the Scicos editor main data structure to keep all information relative to the
edited diagram. Scicos compiler uses it as a input.

SEEALSO: scicos 456 scicos_block 478 scicos_link 480
11.3.2 scicoslock Scicos block data structure
DEFINITION :

blk=list('Block’,graphics,model,void,gui)
PARAMETERS :

"Block™ : keyword used to define list as a Scicos block representation

graphics : Scilab list, graphic properties data structure

model : Scilab list, system properties data structure.

void : unused, reserved for future use.

gui : character string, the name of the graphic user interface function (generally written in Scilab) associ-
ated with the block.

blk : Scilab list, Scicos block data structure

DESCRIPTION :

Scicos editor creates and uses for each block a data structure containing all information relative to the
graphic interface and simulation part of the block. Each of them are stored in the Scicos editor main data
structure. Index of these in Scicos editor main data structure is given by the creation order.

For Super blocksnodel(8)  contains a data structure similar to #@cos _main data structure.

SEEALSO: scicos_graphics 478 scicos_model 479

11.3.3 scicographics Scicos block graphics data structure

DEFINITION :

graphics=list(orig,sz,flip,exprs,pin,pout,pein,peout,gr_i)
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PARAMETERS :

orig :2x 1 vector, the coordinate of down-left point of the block shape.

sz :vector[w,h] , wherew is the width anch the height of the block shape.

flip  : boolean, the block orientation. if true the input ports are on the left of the box and output ports are
on the right. if false the input ports are on the right of the box and output ports are on the left.

exprs : column vector of strings, contains expressions answered by the user at block set time.

pin : column vector of integers. ifin(k) <>0 thenkth input port is connected to then(k) <>0
block, else the port is unconnected. If no input port egist=[]

pout : column vector ofintegers. ffout(k) <>0 thenkth outputportis connectedtotpeut(k) <>0
block, else the portis unconnected. If no output port exastt==[] .

pein : columnvectorof ones. ffein(k) <>0 thenkth eventinputportis connectedto thein(k) <>0
block, else the portis unconnected. If no event input port @asi==[]

peout : column vector of integers. peout(k) <>0 thenkth event output port is connected to the
epout(k) <>0 block, else the port is unconnected. If no event output port pristit==[]

gr _i : column vector of strings, contains Scilab instructions used to customize the block graphical aspect.
This field may be set withlcon"  suh.menu.

graphics  : Scilab list, Scicos block graphics data structure.

DESCRIPTION :
Scicos block graphics data structure contains all information relative to graphical display of the block and
to user dialogue. Fields may be fixed by block definition or set as a result of user dialogue or connections.

SEEALSO: scicos 456 scicos_model 479  scicos_main 477

11.3.4 scicosnodel Scicos block functionality data structure

DEFINITION :

model=list(sim,in,out,evtin,evtout,state,dstate,..
rpar,ipar,blocktype,firing,dep_ut,label,import,ID)

PARAMETERS :

sim : list(fun,typ) or fun. In the latest case typ is supposed to be 0.
fun : character string, the name of the block simulation function (a linked C or Fortran procedure or a
Scilab function).
typ : integer, calling sequence type of simulation function (see documentation for more precision).
in : column vector of integers, input port sizes indexed from top to bottom of the block. If no input port
existin==[]
out : column vector of integers, output port sizes indexed from top to bottom of the block. If no output
port existin==[]
evtin  : column vector of ones, the size efitin  gives the number of event input ports. If no event
input port existevtin - must be equal tf] .
evtout : column vector of ones, the size@ftout  gives the number of event output ports. If no event
output port existevtout  must be equal tf .
state : column vector, the initial continuous state of the block. Musf]beif no continuous state.
dstate : column vector, the initial discrete state of the block. Musf]be if no discrete state.
rpar : column vector, the vector of floating point block parameters. Mudfj beif no floating point
parameters.
ipar : column vector, the vector of integer block parameters. Mug} baf no integer parameters.
blocktype : acharacter with possible values:
. 'c’ block output depend continuously of the time.
'd’ block output changes only on input events.
'z’ zero crossing block
'I" logical block
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firing . a vector whose size is equal to the sizeesfout > It contains output initial event dates
(Events generated before any input event arises). Negative values stands for no initial event on the
corresponding port.

dep_ut : 1x 2 vector of booleafdep _u, dep _t] ,dep_u mustbe true if output depends continuously
of the input,dep _t must be true if output depends continuously of the time.

label : acharacter string, used as a label

import : Unused.

ID : acharacter string, used as an identifier.

model : Scilab list, Scicos block model data structure.

DESCRIPTION :
Scicos block model data structure contains all information relative to the simulation functionality of the
block. Fields may be fixed by block definition or set.

If block is a super block, the fieldstate ,dstate ,ipar ,blocktype firing ,dep_ut, are un-
used.

Therpar field contains a data structure similar to #@cos _main data structure.

SEEALSO: scicos 456 scicos_model 479 scicos_main 477

11.3.5 scicodink Scicos link data structure

DEFINITION :
Ink=list('Link’,xx,yy, drawlink’,id,[0,0],ct,from,t0)
PARAMETERS :

"Link"  : keyword used to define list as a Scicos link representation
xx : vector of x coordinates of the link path.

yy : vector of y coordinates of the link path.

id : Character string, the link id

ct : 2 x 1 vector,[color,typ] wherecolor  defines the color used for the link drawing atyg
defines its type (0 for regular link ,1 for event link).

from : 2 x 1 vector,[block,port] whereblock is the index of the block at the origin of the link
andport is the index of the port.

to : 2 x 1 vector,[block,port] whereblock s the index of the block at the end of the link and

port s the index of the port.

DESCRIPTION :

Scicos editor creates and uses for each link a data structure containing all information relative to the graphic
interface and interconnection information. Each of them are stored in the Scicos editor main data structure.
Index of these in Scicos editor main data structure is given by the creation order.

SEEALSO: scicos 456 scicos_main 477, scicos_graphics 478 scicos_model
479

11.3.6 scicogpr Scicos compiled diagram data structure
DEFINITION :

cpr=list(state,sim,cor,corinv)

PARAMETERS :

state : Scilabtlist contains initial state.
state('x’) . continuous state vector.
state('z") . discrete state vector.
state('tevts’) . vector of event dates
state(‘evtspt’) . vector of event pointers
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state('pointi’) . pointer to next event state('npoint’) : not used yet state('outtb’) : vector of in-
puts/outputs initial values.
sim : Scilabtlist . Usually generated by Scic&ompile menu. Some useful entries are:

sim(’rpar’) . vector of blocks’ floating point parameters
sim(’rpptr’) . (nblk+1) x 1 vector of integers,
sim(’rpar’)(rpptr(i):(rpptr(i+1)-1)) is the vector of floating point parameters of
thei th block.
sim(’ipar’) . vector of blocks’ integer parameters
sim(’ipptr’) . (nblk+1) x 1 vector of integers,
sim(ipar’)(ipptr(i):(ipptr(i+1)-1)) is the vector of integer parameters of thi
block.
sim('funs’) : vector of strings containing the names of each block simulation function
sim(’xptr’) . (nblk+1) x 1 vector of integers,
state('x")(xptr(i):(xptr(i+1)-1)) is the continuous state vector of théh block.
sim(’zptr’) . (nblk+1) x 1 vector of integers,
state("z’)(zptr(i):(zptr(i+1)-1)) is the discrete state vector of théh block.
sim(’inpptr’) . (nblk+1) x 1 vector of integers,
inpptr(i+1)-inpptr(i) gives the number of input portspptr(i) th points to the begin-
ning ofi th block inputs within the indirection tablaplnk
sim(’inpInk’) : nblink x 1 vector of integers,
inplnk(inpptr(i)-1+j) is the index of the link connected to theh input port of thei th
block. wherg goes froml to inpptr(i+1)-inpptr(i))
sim('outptr’) . (nblk+1) x 1 vector of integers,
outptr(i+1)-outptr(i) gives the number of output porteutptr(i) th points to the be-
ginning ofi th block outputs within the indirection tabteitink
sim('outink’) : nblink x 1 vector of integers,
outink(outptr(i)-1+j) is the index of the link connected to tpeh output port of the th
block. wherg goes froml to outptr(i+1)-outptr(i))
sim(’Inkptr’) . (nblink+1) x 1 vector of integers,
kth entry points to the beginning of region withdttb  dedicated to link indexekl.
sim(’'funs’) . vector of strings containing the names of each block simulation function
sim(‘funtyp’) . vector of block block types.
cor :is a list with same recursive structure as_steach leaf contains the index of associated block in
cpr data structure.
corinv : corinv(i) is the path of th block defined ircpr  data structure in thecs _.m data structure.
DESCRIPTION :

Scicos compiled diagram data structure contains all information needed to simulate the systemcdsea ).

SEEALSO: scicos 456 scicos_model 479 scicos_main 477, scicosim 483

11.4 Useful Functions

11.4.1 standarddefine Scicos block initial definition function

CALLING SEQUENCE :
o=standard_define(sz,model,dlg,gr_i)
PARAMETERS :

0 : Scicos block data structure (see scitibsck)
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sz : 2 vector, giving the initial block width and height

model : initial model data structure definition (see scicusdel)

dlg : vector of character strings,initial parameters expressions

gr _i : vector of character strings, initial icon definition instructions

DESCRIPTION :
This function creates the initial block data structure given the initial szzethis initial model definition
model , the initial parameters expressiailg and initial icon definition instructiongr _i

SEEALSO: scicos_model 479

11.4.2 standarddraw Scicos block drawing function

CALLING SEQUENCE :

standard_draw(o)

PARAMETERS :

0 : Scicos block data structure (see scitibsck)

DESCRIPTION :

standard _draw is the Scilab function used to display standard blocks in interfacing functions.

It draws a block with a rectangular shape with any number of regular or event input respectively on the left
and right faces of the block (if not flipped), event input or output respectively on the top and bottom faces

of the block. Number of ports, size, origin, orientation, background color, icon of the block are taken from
the block data structure.

SEEALSO: scicos_block 478

11.4.3 standardinput get Scicos block input port positions

CALLING SEQUENCE :
[X,y,typ]=standard_input(o)
PARAMETERS :

0 : Scicos block data structure (see scitibsck)

X : vector of x coordinates of the block regular and event input ports
y : vector of y coordinates of the block regular and event output ports
typ : vector of input ports types (+1 : regular port; -1:event port)

DESCRIPTION :

standard _input is the Scilab function used to get standard blocks input port position and types in
interfacing functions.

Port positions are computed, each time they are required, as a function of block dimensions.

SEEALSO: scicos_block 478

11.4.4 standardorigin Scicos block origin function

CALLING SEQUENCE :
[x,y]=standard_draw(o)
PARAMETERS :

0 : Scicos block data structure (see scitack)
X : x coordinate of the block origin (bottom left corner)
y :y coordinate of the block origin (bottom left corner)

DESCRIPTION :
standard _origin  is the Scilab function used to get standard blocks position in interfacing functions.

SEEALSO: scicos_block 478

Scicos function Scilab Group 482



curblock

11.4.5 standardoutput get Scicos block output port positions

CALLING SEQUENCE :
[X,y,typ]=standard_output(o)
PARAMETERS :

0 : Scicos block data structure (see scitibsck)

X : vector of x coordinates of the block regular and event output ports
y : vector of y coordinates of the block regular and event output ports
typ : vector of output ports types (+1 : regular port; -1:event port)

DESCRIPTION :

standard _output is the Scilab function used to get standard blocks output port position and types in
interfacing functions.

Port positions are computed, each time they are required, as a function of block dimensions.

SEEALSO: scicos_block 478

11.4.6 scicosim Scicos simulation function

CALLING SEQUENCE :

[state,t]=scicosim(state,0,tf,sim,’start’ [,tol])
[state,t]=scicosim(state,tcur,tf,sim,’run’ [,tol])
[state,t]=scicosim(state,tcur,tf,sim,’finish’ [,tol])

PARAMETERS :

state : Scilabtlist contains scicosim initial state. Usually generated by Sc@osipile  or Run
menus (see scicaspr for more details).

tcur : initial simulation time

tf : final simulation time (Unused with optiorstart’ andfinish’

sim : Scilabtlist . Usually generated by Scic&ompile menu (see scicaspr for more details).

tol : 4 vector[atol,rtol,ttol,deltat] whereatol ,rtol  are respectively the absolute and

relative tolerances for ode solver (see odi®), is the precision on event datedeltat  is max-
imum integration interval for each call to ode solver.
t :final reached time

DESCRIPTION :
Simulator for Scicos compiled diagram. Usuagicosim  is called byscicos  to perform simulation
of a diagram.

But scicosim  may also be called outside Scicos. Typical usage in such a case may be:

1 Use Scicos to define a block diagram, compile it.
2 Save the compiled diagram usiBgve,SaveAs Scicos menus .
3 In Scilab, load saved file usirigad function. You get variablescicos _ver ,scs _m cpr

scs _m is the diagram Scicos main data structure.
cpr isthe data structurést(state,sim,cor,corinv) if the diagram had been compiled before
saved, elsepr=list()

4 Extractstate ,sim out ofcpr

5 Executdstate,t]=scicosim(state,0,tf,sim,’start’ [,tolerances]) forinitial-
isation.

6 Executdstate,t]=scicosim(state,0,tf,sim,’run’ [,tolerances]) for simulation
from0Q totf . Many successives such calls may be performed changing initial and final time.

7 Executdstate,t]=scicosim(state,0,tf,sim,’finish’ [,tolerances]) atthe very

end of the simulation to close files,...
For advanced user it is possible to "manually” change some parameters or state values

SEEALSO: scicos 456 scicos_cpr 480
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11.4.7 curblock______ get current block index in a Scicos simulation function

CALLING SEQUENCE :
k=curblock()

PARAMETERS :

k :integer, index of the block corresponding to the Scilab simulation function where this function is called.

DESCRIPTION :
During simulation it may be interesting to get the index of the current block to trace execution, to get its
label, to animate the block icon according to simulation...
For block with a computational function written in Scilab, Scilab primitive functiarblock() allows
to get the index of the current block in the compiled data structure.
To obtain path to the block in the Scicos main structure user may useerihg  table (see scicaspr).
For block with a computational function written in C user may uses the C funkti@2F(getcurblock)()
WhereC2F is the C compilation macro defined {0SCIDIR >/routines/machine.h
For block with a computational function written in Fortran user may uses the integer fuksgietcurblock()

SEEALSO: getblocklabel 484, getscicosvars 484, setscicosvars 485  scicos_cpr
480, scicos_main 477

11.4.8 getblocklabel get label of a Scicos block at running time
CALLING SEQUENCE :

label=getblocklabel()
label=getblocklabel(k)

PARAMETERS :

k :integer, index of the block. & is omittedkis supposed to be equal¢arblock()
label :acharacter string, The label bth block (sed.abel button inBlock menu.

DESCRIPTION :
For display or debug purpose it may be usefull to give label to particular blocks of a diagram. This may be
done using Scicos editokébel button inBlock menu). During simulation, value of these labels may

be obtained in any Scilab block witletblocklabel Scilab primitive function.
For C or fortran computational functions, user may @2F(getlabel) to get a block label. See
routines/scicos/import.c file for more details

Block indexes are those relative to the compile strucipire
SEEALSO: curblock 484, getscicosvars 484, setscicosvars 485

11.4.9 (getscicosvars get Scicos data structure while running

CALLING SEQUENCE :
v=getscicosvars(name)

PARAMETERS :

name : a character string, the name of the required structure
v vector of the structure value

DESCRIPTION :

This function may be used in a Scilab block to get value of some particular global data while running. It
allows to write diagram monitoring blocks.

for example the instructiodisp(getscicosvars(’x’)) displays the entire continuous state of the
diagram.
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x=getscicosvars('x");
xptr=getscicosvars(’xptr’);
disp(x(xptr(k):xptr(k+1)-1))

displays the continuous state of theblock

name| data structure definition
X' | continuous state
'Xptr’ | continuous state splitting vector
'z’ | discrete state
'zptr’ | discrete state splitting vector
‘rpar’ | real parameters vector
rpptr’ | rpar splitting vector
'ipar’ | integer parameters vector
‘ipptr’ | ipar splitting vector
‘outtb’ | vector of all input/outputs values
‘inpptr’ | inplnk splitting vector
‘outptr’ | outlnk splitting vector
'inpInk’ | vector of input port values address in Inkpt
‘outlnk’ | vector of output port values address in Inpkpr
'Inkptr’ | outtb splitting vector

Seescicos _cpr for more detail on these data structures.

For C or fortran computational function the C procedDgé-(getscicosvars) may used. Semutines/scicos/impor
file for more details.

SEEALSO: setscicosvars 485  scicosim 483 curblock 484 scicos _cpr 480
getblocklabel 484

11.4.10 setscicosvars set Scicos data structure while running

CALLING SEQUENCE :
setscicosvars(hame,Vv)

PARAMETERS :

name : a character string, the name of the required structure
v : vector of the new structure value

DESCRIPTION :

This function may be used in a Scilab block to set value of some particular global data while running. It
allows to write diagram supervisor blocks.

for example the instructions

x=getscicosvars(x’);
xptr=getscicosvars(’xptr’);
x(xptr(k):xptr(k+1)-1)=xk
setscicosvars(’x’,x)

Changes the continuous state of kheblock toxk .
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name| data structure definition
X’ | continuous state
'Xptr’ | continuous state splitting vector
'z’ | discrete state
'zptr' | discrete state splitting vector
‘rpar’ | real parameters vector
‘rpptr’ | rpar splitting vector
‘ipar’ | integer parameters vector
'ipptr’ | ipar splitting vector
‘outtb’ | vector of all input/outputs values
'inpptr’ | inplnk splitting vector
‘outptr’ | outlnk splitting vector
'inplnk’ | vector of input port values address in Inkpt
‘outlnk’ | vector of output port values address in Inpkpr
'Inkptr’ | outtb splitting vector
Seescicos _cpr for more detail on these data structures.
For C or fortran computational function the C procedDgé-(setscicosvars) may used. Semutines/scicos/impor
file for more detalils.
Warning: The use of this function requires a deep knowledge on how scicosim works, it must be used very
carefully. Unpredicted parameters, state, link values changes may produce erroneous simulations.

SEEALSO: getscicosvars 484, scicosim 483 curblock 484, scicos_cpr 480
getblocklabel 484
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12.0.11 analyze frequency plot of a sound signal

CALLING SEQUENCE :

analyze (w [,fmin,fmax,rate,points])

PARAMETERS :

fmin,fmax,rate,points : scalars. default values fmin=100,fmax=1500,rate=22050,points=8192;
DESCRIPTION :

Make a frequency plot of the sigmal with sampling rateate . The data must be at legsbints  long.
The maximal frequency plotted will fenax , the minimalfmin .

EXAMPLE :

/I At first we create 0.5 seconds of sound parameters.
t=soundsec(0.5);

/I Then we generate the sound.
s=sin(440*t)+sin(220*t)/2+sin(880*t)/2;

[nr,nc]=size(t);

s(nc/2:nc)=sin(330*t(nc/2:nc));

analyze(s);

12.0.12 loadwave load a sound<<wav>> file into scilab

CALLING SEQUENCE :
x=loadwave('file-name’);

PARAMETERS :
X 1 vector

DESCRIPTION :
Read a wav sound file into Scilab. you can transform other sound files into wav file withstheorogram.

SEEALSO: savewave 489 analyze 488 mapsound 488

12.0.13 mapsound Plots a sound map

CALLING SEQUENCE :
mapsound (w,dt,fmin,fmax,simpl,rate)

PARAMETERS :
dt,fmin,fmax,simpl,rate: : scalars. default values dt=0.1,fmin=100,fmax=1500,simpl=1,rate=22050;

DESCRIPTION :
Plots a sound map for a sound. It does FFT at time incrementai#. is the sampling ratesimpl
points are collected for speed reasdnsin  andfmax are used for graphic boundaries.

EXAMPLE :

/I At first we create 0.5 seconds of sound parameters.
t=soundsec(0.5);

/I Then we generate the sound.
s=sin(440*t)+sin(220*t)/2+sin(880*t)/2;

[nr,nc]=size(t);

s(nc/2:nc)=sin(330*t(nc/2:nc));

mapsound(s);
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12.0.14 savewave save data into a soundk <wav>> file.

CALLING SEQUENCE :
savewave('file-name’,x [, rate ]);
PARAMETERS :

X :vector
rate : ascalar. 22050 is the default value.

DESCRIPTION :
save x into a wav sound file. you can transform other sound files into wav file wigotheprogram.

SEEALSO: loadwave 488 analyze 488 mapsound 488
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13.0.15 cdfbet cumulative distribution function Beta distribution

CALLING SEQUENCE :

[P,Q]=cdfbet("PQ",X,Y,A,B)
[X,Y]=cdfbet("XY",A,B,P,Q)
[A]=cdfbet("A",B,P,Q,X,Y)
[B]=cdfbet("B",P,Q,X,Y,A)

PARAMETERS :

P,Q,X,Y,A,B : five real vectors of the same size.

P,Q (Q=1-P) : The integral from 0 to X of the beta distribution (Input range: [0, 1].)

Q:1-P

X,Y (Y=1-X) : Upper limit of integration of beta density (Input range: [0,1], Search range: [0,1]) A,B :
The two parameters of the beta density (input range: (0, +infinity), Search range: [1D-300,1D300])

DESCRIPTION :

Calculates any one parameter of the beta distribution given values for the others (The beta density is
proportional tat"(A-1) * (1-t)"(B-1)

Cumulative distribution function (P) is calculated directly by code associated with the following reference.
DiDinato, A. R. and Morris, A. H. Algorithm 708: Significant Digit Computation of the Incomplete Beta
Function Ratios. ACM Trans. Math. Softw. 18 (1993), 360-373.

Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.

13.0.16 cdfbin cumulative distribution function Binomial distribution
CALLING SEQUENCE :

[P,Q]=cdfbin("PQ",S,Xn,Pr,Ompr)
[S]=cdfbin("S",Xn,Pr,Ompr,P,Q)
[Xn]=cdfbin("Xn",Pr,Ompr,P,Q,S)
[Pr,Ompr]=cdfbin("PrOmpr",P,Q,S,Xn)

PARAMETERS :

P,Q,S,Xn,Pr,Ompr . six real vectors of the same size.

P,Q (Q=1-P) : The cumulation from O to S of the binomial distribution. (Probablility of S or fewer
successes in XN trials each with probability of success PR.) Input range: [0,1].

S : The number of successes observed. Input range: [0, XN] Search range: [0, XN]

Xn : The number of binomial trials. Input range: (0, +infinity). Search range: [1E-300, 1E300]

Pr,Ompr (Ompr=1-Pr) : The probability of success in each binomial trial. Input range: [0,1]. Search
range: [0,1]

DESCRIPTION :

Calculates any one parameter of the binomial distribution given values for the others.

Formula 26.5.24 of Abramowitz and Stegun, Handbook of Mathematical Functions (1966) is used to reduce
the binomial distribution to the cumulative incomplete beta distribution.

Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.
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13.0.17 cdfchi___ cumulative distribution function chi-square distribution

CALLING SEQUENCE:

[P,Ql=cdfchi("PQ",X,Df)
[X]=cdfchi("X",Df,P,Q);
[Df|=cdfchi("Df",P,Q,X)

PARAMETERS :

P,Q,Xn,Df : four real vectors of the same size.

P,Q (Q=1-P) : The integral from 0 to X of the chi-square distribution. Input range: [0, 1].

X 1 Upper limit of integration of the non-central chi-square distribution. Input range: [0, +infinity). Search
range: [0,1E300]

Df : Degrees of freedom of the chi-square distribution. Input range: (0, +infinity). Search range: [ 1E-300,
1E300]

DESCRIPTION :

Calculates any one parameter of the chi-square distribution given values for the others.

Formula 26.4.19 of Abramowitz and Stegun, Handbook of Mathematical Functions (1966) is used to reduce
the chisqure distribution to the incomplete distribution.

Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.

13.0.18 «cdfchn_____ cumulative distribution function non-central chi-square
distribution

CALLING SEQUENCE:

[P,Q]=cdfchn("PQ",X,Df,Pnonc)
[X]=cdfchn("X",Df,Pnonc,P,Q);
[Df]=cdfchn("Df*,Pnonc,P,Q,X)
[Pnonc]=cdfchn("Pnonc",P,Q,X,Df)

PARAMETERS :

P,Q,X,Df,Pnonc . five real vectors of the same size.

P,Q (Q=1-P) : The integral from 0 to X of the non-central chi-square distribution. Input range: [0,
1-1E-16).

X Upper limit of integration of the non-central chi-square distribution. Input range: [0, +infinity).
Search range: [0,1E300]

Df : Degrees of freedom of the non-central chi-square distribution. Input range: (0, +infinity). Search
range: [ 1E-300, 1E300]

Pnonc : Non-centrality parameter of the non-central chi-square distribution. Input range: [0, +infinity).
Search range: [0,1E4]

DESCRIPTION :

Calculates any one parameter of the non-central chi-square distribution given values for the others.
Formula 26.4.25 of Abramowitz and Stegun, Handbook of Mathematical Functions (1966) is used to com-
pute the cumulative distribution function.

Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

The computation time required for this routine is proportional to the noncentrality parameter (PNONC).
Very large values of this parameter can consume immense computer resources. This is why the search
range is bounded by 10,000.

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.
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13.0.19 cdff cumulative distribution function F distribution

CALLING SEQUENCE :

[P,Ql=cdff("PQ",F,Dfn,Dfd)
[F]=cdff("F",Dfn,Dfd,P,Q);

[Dfn]=cdff("Dfn",Dfd,P,Q,F);
[Dfd]=cdff("Dfd",P,Q,F,Dfn)

PARAMETERS :

P,Q,F,Dfn,Dfd . five real vectors of the same size.

P,Q (Q=1-P) : Theintegral from O to F of the f-density. Input range: [0,1].

F : Upper limit of integration of the f-density. Input range: [0, +infinity). Search range: [0,1E300]

Dfn : Degrees of freedom of the numerator sum of squares. Input range: (0, +infinity). Search range: [
1E-300, 1E300]

Dfd : Degrees of freedom of the denominator sum of squares. Input range: (0, +infinity). Search range: [
1E-300, 1E300]

DESCRIPTION :

Calculates any one parameter of the F distribution given values for the others.

Formula 26.6.2 of Abramowitz and Stegun, Handbook of Mathematical Functions (1966) is used to reduce
the computation of the cumulative distribution function for the F variate to that of an incomplete beta.
Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

The value of the cumulative F distribution is not necessarily monotone in either degrees of freedom. There
thus may be two values that provide a given CDF value. This routine assumes monotonicity and will find
an arbitrary one of the two values.

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.

13.0.20 cdffnc____ cumulative distribution function non-central f-distribution
CALLING SEQUENCE :

[P,Q]=cdffnc("PQ",F,Dfn,Dfd,Pnonc)
[F]=cdffnc("F",Dfn,Dfd,Pnonc,P,Q);
[Dfn]=cdffnc("Dfn",Dfd,Pnonc,P,Q,F);
[Dfd]=cdffnc("Dfd",Pnonc,P,Q,F,Dfn)
[Pnonc]=cdffnc("Pnonc”,P,Q,F,Dfn,Dfd);

PARAMETERS :

P,Q,F,Dfn,Dfd,Pnonc . six real vectors of the same size.

P,Q (Q=1-P) The integral from O to F of the non-central f-density. Input range: [0,1-1E-16).

F : Upper limit of integration of the non-central f-density. Input range: [0, +infinity). Search range:
[0,1E300]

Dfn : Degrees of freedom of the numerator sum of squares. Input range: (0, +infinity). Search range: [
1E-300, 1E300]

Dfd : Degrees of freedom of the denominator sum of squares. Must be in range: (0, +infinity). Input
range: (0, +infinity). Search range: [ 1E-300, 1E300]

Pnonc : The non-centrality parameter Input range: [0,infinity) Search range: [0,1E4]

DESCRIPTION :

Calculates any one parameter of the Non-central F distribution given values for the others.

Formula 26.6.20 of Abramowitz and Stegun, Handbook of Mathematical Functions (1966) is used to com-
pute the cumulative distribution function.
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Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

The computation time required for this routine is proportional to the noncentrality parameter (PNONC).
Very large values of this parameter can consume immense computer resources. This is why the search
range is bounded by 10,000.

The value of the cumulative noncentral F distribution is not necessarily monotone in either degrees of
freedom. There thus may be two values that provide a given CDF value. This routine assumes monotonicity
and will find an arbitrary one of the two values.

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.

13.0.21 cdfgam cumulative distribution function gamma distribution
CALLING SEQUENCE :

[P,Q]=cdfgam("PQ",X,Shape,Scale)
[X]=cdfgam("X",Shape,Scale,P,Q)
[Shape]=cdfgam("Shape",Scale,P,Q,X)
[Scale]=cdfgam("Scale",P,Q,X,Shape)

PARAMETERS :

P,Q,X,Shape,Scale . five real vectors of the same size.

P,Q (Q=1-P) The integral from 0 to X of the gamma density. Input range: [0,1].

X @ The upper limit of integration of the gamma density. Input range: [0, +infinity). Search range:
[0,1E300]

Shape : The shape parameter of the gamma density. Input range: (O, +infinity). Search range: [1E-
300,1E300]

Scale : The scale parameter of the gamma density. Input range: (0, +infinity). Search range: (1E-
300,1E300]

DESCRIPTION :

Calculates any one parameter of the gamma distribution given values for the others.

Cumulative distribution function (P) is calculated directly by the code associated with:

DiDinato, A. R. and Morris, A. H. Computation of the incomplete gamma function ratios and their inverse.
ACM Trans. Math. Softw. 12 (1986), 377-393.

Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

The gamma density is proportionalT6*(SHAPE - 1) * EXP(- SCALE * T)

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.

13.0.22 cdfnbn_ cumulative distribution function negative binomial distribution
CALLING SEQUENCE :

[P,Q]=cdfnbn("PQ",S,Xn,Pr,Ompr)
[S]=cdfnbn("S",Xn,Pr,Ompr,P,Q)
[Xn]=cdfnbn("Xn",Pr,Ompr,P,Q,S)
[Pr,Ompr]=cdfnbn("PrOmpr",P,Q,S,Xn)

PARAMETERS :

P,Q,S,Xn,Pr,Ompr . six real vectors of the same size.

P,Q (Q=1-P) : The cumulation from 0 to S of the negative binomial distribution. Input range: [0,1].

S : The upper limit of cumulation of the binomial distribution. There are F or fewer failures before the
XNth success. Input range: [0, +infinity). Search range: [0, 1E300]
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Xn : The number of successes. Input range: [0, +infinity). Search range: [0, 1E300]
Pr : The probability of success in each binomial trial. Input range: [0,1]. Search range: [0,1].
Ompr : 1-PR Input range: [0,1]. Search range: [0,1] PR + OMPR = 1.0

DESCRIPTION :

Calculates any one parameter of the negative binomial distribution given values for the others.

The cumulative negative binomial distribution returns the probability that there will be F or fewer failures
before the XNth success in binomial trials each of which has probability of success PR.

The individual term of the negative binomial is the probability of S failures before XN successes and is
Choose( S, XN+S-1) * PR*(XN) * (1-PR)"S

Formula 26.5.26 of Abramowitz and Stegun, Handbook of Mathematical Functions (1966) is used to reduce
calculation of the cumulative distribution function to that of an incomplete beta.

Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.

13.0.23 cdfnor cumulative distribution function normal distribution
CALLING SEQUENCE :

[P,Q]=cdfnor("PQ",X,Mean,Std)
[X]=cdfnor("X",Mean,Std,P,Q)
[Mean]=cdfnor("Mean",Std,P,Q,X)
[Std]=cdfnor('Std",P,Q,X,Mean)

PARAMETERS :

P,Q,X,Mean,Std  : six real vectors of the same size.

P,Q (Q=1-P) : The integral from -infinity to X of the normal density. Input range: (0,1].
X :Upper limit of integration of the normal-density. Input range: ( -infinity, +infinity)
Mean : The mean of the normal density. Input range: (-infinity, +infinity)

Sd : Standard Deviation of the normal density. Input range: (0, +infinity).

DESCRIPTION :
Calculates any one parameter of the normal distribution given values for the others.
A slightly modified version of ANORM from Cody, W.D. (1993). "ALGORITHM 715: SPECFUN - A
Portabel FORTRAN Package of Special Function Routines and Test Drivers” acm Transactions on Math-
ematical Software. 19, 22-32. is used to calulate the cumulative standard normal distribution.
The rational functions from pages 90-95 of Kennedy and Gentle, Statistical Computing, Marcel Dekker,
NY, 1980 are used as starting values to Newton’s Iterations which compute the inverse standard normal.
Therefore no searches are necessary for any parameter.

For X < -15, the asymptotic expansion for the normal is used as the starting value in finding the inverse
standard normal. This is formula 26.2.12 of Abramowitz and Stegun.

The normal density is proportional to exp( - 0.5 * (( X - MEAN)/SD)**2)
From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.

13.0.24 cdfpoi cumulative distribution function poisson distribution
CALLING SEQUENCE :

[P,Q]=cdfpoi("PQ",S,Xlam)
[S]=cdfpoi("S",Xlam,P,Q)
[Xlam]=cdfpoi("Xlam",P,Q,S);

PARAMETERS :
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P,Q,S,Xlam : four real vectors of the same size.

P,Q (Q=1-P) : The cumulation from 0 to S of the poisson density. Input range: [0,1].

S :Upper limit of cumulation of the Poisson. Input range: [0, +infinity). Search range: [0,1E300]
Xlam : Mean of the Poisson distribution. Input range: [0, +infinity). Search range: [0,1E300]

DESCRIPTION :
Calculates any one parameter of the Poisson distribution given values for the others.

Formula 26.4.21 of Abramowitz and Stegun, Handbook of Mathematical Functions (1966) is used to
reduce the computation of the cumulative distribution function to that of computing a chi-square, hence an
incomplete gamma function.

Cumulative distribution function (P) is calculated directly. Computation of other parameters involve a
seach for a value that produces the desired value of P. The search relies on the monaotinicity of P with the
other parameter.

From DCDFLIB: Library of Fortran Routines for Cumulative Distribution Functions, Inverses, and Other
Parameters (February, 1994) Barry W. Brown, James Lovato and Kathy Russell. The University of Texas.

13.0.25 cdft___ cumulative distribution function Student’s T distribution
CALLING SEQUENCE :

[P,Q]=cdft("PQ", T,Df)
[T]=cdft("T",Df,P,Q)
[Df]=cdft("Df",P,Q,T)

PARAMETERS :

P,Q,T,Df : six real vectors of the same size.

P,Q (Q=1-P) : Theintegral from -infinity to t of the t-density. Input range: (0,1].

T : Upper limit of integration of the t-density. Input range: ( -infinity, +infinity). Search range: [ -1E150,
1E150]

DF: Degrees of freedom of the t-distribution. Input range: (0, +infinity). Search range: [1e-300, 1E10]

DESCRIPTION :

Calculates any one parameter of the T distribution given values for the others.

Formula 26.5.27 of Abramowitz and Stegun, Handbook of Mathematical Functions (1966) is used to reduce
the computation of the cumulative distribution function to that of an incomplete beta.

Computation of other parameters involve a seach for a value that produces the desired value of P. The search
relies on the monotinicity of P with the other parameter.

13.0.26 grand Random number generator

CALLING SEQUENCE:

Y=grand(m,n,’option’ [,argl,..,argn])
Y=grand(x,’option’ [,argl,....,argn])

Y=grand('option’)

Y=grand('option’ [,argl,....,argn])

PARAMETERS :

grand('advnst’,K) : Advances the state of the current generator by 2°K values and resets the initial
seed to that value.

Y=grand(m,n,’bet’,A,B), Y=grand(x,’bet’,A,B) : Returns random deviates from the

beta distribution with parameters A and B. The density of the betids1) * (1-x)"(b-1)
/ B(a,b) for0 < x < 1 Method: R. C. H. Cheng Generating Beta Variables with Noninteg-
ral Shape Parameters Communications of the ACM, 21:317-322 (1978) (Algorithms BB and BC)
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Y=grand(m,n,’bin’,N,P), Y=grand(x,’bin’,N,P) : Generates random deviates from a
binomial distribution whose number of trials is N and whose probability of an event in each trial is P.
N is the number of trials in the binomial distribution from which a random deviate is to be generated.
P is the probability of an event in each trial of the binomial distribution from which a random deviate
is to be generated. (09=P <=1.0)

Method: This is algorithm BTPE from: Kachitvichyanukul, V. and Schmeiser, B. W. Binomial Ran-
dom Variate Generation. Communications of the ACM, 31, 2 (February, 1988) 216.

Y=grand(m,n,’chi’,Df), Y=grand(x, chi’,Df) : Generates random deviates from the dis-
tribution of a chisquare with DF degrees of freedom random variable. Uses relation between chisquare
and gamma.

Y=grand(m,n,’def’), Y=grand(x, def’) . Returns random floating point numbers from a
uniform distribution over 0 - 1 (endpoints of this interval are not returned) using the current generator

Y=grand(m,n,’exp’,Av), Y=grand(x,’exp’,Av) . Generates random deviates from an ex-

ponential distribution with mean AV. For details see: Ahrens, J.H. and Dieter, U. Computer Methods
for Sampling From the Exponential and Normal Distributions. Comm. ACM, 15,10 (Oct. 1972), 873
- 882.

Y=grand(m,n,’f',Dfn,Dfd), Y=grand(x,'f’,Dfn,Dfd) : Generates random deviates from
the F (variance ratio) distribution with DFN degrees of freedom in the numerator and DFD degrees
of freedom in the denominator. Method: Directly generates ratio of chisquare variates

Y=grand(m,n,’gam’,Shape,Scale), Y=grand(x,'gam’,Shape,Scale) : Generates ran-
dom deviates from the gamma distribution whose density is (Scale**Shape)/Gamma(Shape) * X**(Shape-
1) * Exp(-Scale*X) For details see:

(Case R >= 1.0) : Ahrens, J.H. and Dieter, U. Generating Gamma Variates by a Modified Rejection
Technique. Comm. ACM, 25,1 (Jan. 1982), 47 - 54. Algorithm GD

(Case 0.0 < R < 1.0) :Ahrens,J.H.andDieter, U. Computer Methods for Sampling from Gamma,
Beta, Poisson and Binomial Distributions. Computing, 12 (1974), 223-246/ Adapted algorithm GS.

G=grand('getcgn’) : Returns in G the number of the current random number generator (1..32)
Sd=grand('getsd’) : Returns the value of two integer seeds of the current generator Sd=[sd1,sd2]
grand('initgn’,l) : Reinitializes the state of the current generator

| = -1 . sets the state to its initial seed

| = 0 : setsthe state to its last (previous) seed
| 1 : setsthe state to a new seed 2°w values from its last seed

Y=grand(m,n,’Igi"),Y=grand(x,’Igi") : Returns random integers following a uniform dis-
tribution over (1, 2147483562) using the current generator.

Y=grand(M,’mn’,Mean,Cov) :Generate M Multivariate Normal random deviates Mean must be a
Nx1 matrix and Cov a NxN positive definite matrix Y is a NxM matrix

Y=grand(n,’'markov’,P,x0) Generates successive states of a Markov chain described by the
transition matrixP. Initial state is given b0

Y=grand(M,' mul’,N,P) Generate M observation from the Multinomial distribution. N is the Number

of events that will be classified into one of the categories 1..NCAT P is the vector of probabilities.
P(i) is the probability that an event will be classified into category i. Thus, P(i) must be [0,1]. P(i)
is of size NCAT-1 ( P(NCAT) is 1.0 minus the sum of the first NCAT-1 P(i). Y(:,i) is an observation
from multinomial distribution. All Y(:,i) will be nonnegative and their sum will be N. Y is of size
NcatxM

Algorithm from page 559 of Devroye, Luc. Non-Uniform Random Variate Generation. Springer-
Verlag, New York, 1986.

Y=grand(m,n,’nbn’,N,P),Y=grand(x,'nbn’,N,P) . Generates random deviates from a neg-
ative binomial distribution. N is the required number of events{). P is The probability of an
event during a Bernoulli trial (0.& P < 1.0).

Method: Algorithm from page 480 of Devroye, Luc. Non-Uniform Random Variate Generation.
Springer-Verlag, New York, 1986.

Y=grand(m,n,’'nch’,Df,Xnon), Y=grand(x,'nch’,Df,Xnon) : Generates random deviates
from the distribution of a noncentral chisquare with DF degrees of freedom and noncentrality para-
meter XNONC. DF is he degrees of freedom of the chisquare (Musthé&.0) XNON the Non-
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centrality parameter of the chisquare (Mustbe 0.0) Uses fact that noncentral chisquare is the sum
of a chisquare deviate with DF-1 degrees of freedom plus the square of a normal deviate with mean
XNONand standard deviation 1.

Y=grand(m,n,’nf',Dfn,Dfd,Xnon), Y=grand(x,'nf’,Dfn,Dfd,Xnon) : Generates ran-
dom deviates from the noncentral F (variance ratio) distribution with DFN degrees of freedom in the
numerator, and DFD degrees of freedom in the denominator, and noncentrality parameter XNONC.
DFN is the numerator degrees of freedom (Must>be 1.0) DFD is the Denominator degrees of
freedom (Must be positive) XNON is the Noncentrality parameter (Must be nonnegative) Method:
Directly generates ratio of noncentral numerator chisquare variate to central denominator chisquare
variate.

Y=grand(m,n,’nor’,Av,Sd), Y=grand(x,’'nor’,Av,Sd) : Generates random deviates from
a normal distribution with mean, AV, and standard deviation, SD. AV is the mean of the normal
distribution. SD is the standard deviation of the normal distribution. For details see: Ahrens, J.H.
and Dieter, U. Extensions of Forsythe’s Method for Random Sampling from the Normal Distribution.
Math. Comput., 27,124 (Oct. 1973), 927 - 937.

Sd=grand(’phr2sd’,’string’) : Uses a phrase (character string) to generate two seeds for the
RGN random number generator. Sd is an integer vector of se=2Sd1,Sd2]
Y=grand(m,n,’poi’,mu), Y=grand(x,’ poi’,mu) : Generates random deviates from a Pois-

son distribution with mean MU. MU is the mean of the Poisson distribution from which random
deviates are to be generated (Mt+ 0.0). For details see: Ahrens, J.H. and Dieter, U. Computer

Generation of Poisson Deviates From Modified Normal Distributions. ACM Trans. Math. Software,
8, 2 (June 1982),163-179

Mat=grand(M, prm’,vect) : Generate M random permutation of column veatect . Mat is of
size(size(vect)xM)

grand(’'setall’,ISEED1,ISEED?2) . Sets the initial seed of generator 1 to ISEED1 and ISEED2.
The initial seeds of the other generators are set accordingly, and all generators states are set to these
seeds.

grand('setcgn’,G) : Sets the current generator to G. All references to a generator are to the current
generator.

grand(’setsd’,ISEED1,ISEED?2) : Resets the initial seed and state of generator g to ISEED1 and
ISEED2. The seeds and states of the other generators remain unchanged.

Y=grand(m,n,’uin’,Low,High), Y=grand(x, uin’,Low,High) : Generates integers uni-

formly distributed between LOW and HIGH. Low is the low bound (inclusive) on integer value to be
generated. High is the high bound (inclusive) on integer value to be generated. If (HIGH-LOW)
2,147,483,561 prints error message

Y=grand(m,n,’'unf’,Low,High),Y=grand(x,'unf’,Low,High) : Generates reals uniformly
distributed between LOW and HIGH. Low is the low bound (exclusive) on real value to be generated
High is the high bound (exclusive) on real value to be generated

DESCRIPTION :

Interface fo Library of Fortran Routines for Random Number Generation (Barry W. Brown and James
Lovato, Department of Biomathematics, The University of Texas, Houston)

This set of programs contains 32 virtual random number generators. Each generator can provide
1,048,576 blocks of numbers, and each block is of length 1,073,741,824. Any generator can be set to
the beginning or end of the current block or to its starting value. The methods are from the paper cited
immediately below, and most of the code is a transliteration from the Pascal of the paper into Fortran.

P. UEcuyer and S. Cote. Implementing a Random Number Package with Splitting Facilities. ACM
Transactions on Mathematical Software 17:1, pp 98-111.

Most users won'’t need the sophisticated capabilities of this package, and will desire a single generator.
This single generator (which will have a non-repeating length of 2.3 X 10°18 numbers) is the default. In
order to accommodate this use, the concept of the current generator is added to those of the cited paper;
references to a generator are always to the current generator. The current generator is initially generator
number 1; it can be changed by 'setcgn’, and the ordinal number of the current generator can be obtained
from 'getcgn’.
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The user of the default can set the initial values of the two integer seeds with 'setall’. If the user does
not set the seeds, the random number generation will use the default values, 1234567890 and 123456789.
The values of the current seeds can be achieved by a call to 'getsd’. Random number may be obtained as
integers ranging from 1 to a large integer by reference to option 'lgi’ or as a floating point number between
0 and 1 by a reference to option 'def’. These are the only routines needed by a user desiring a single stream
of random numbers.

CONCEPTS:

A stream of pseudo-random numbers is a sequence, each member of which can be obtained either as an
integer in the range 1..2,147,483,563 or as a floating point number in the range [0..1]. The user is in charge
of which representation is desired.

The method contains an algorithm for generating a stream with a very long period, 2.3 X 10°18. This
stream in partitioned into G (=32) virtual generators. Each virtual generator contains 2720 (=1,048,576)
blocks of non-overlapping random numbers. Each block is 2730 (=1,073,741,824) in length.

The state of a generator is determined by two integers called seeds. The seeds can be initialized by the
user; the initial values of the first must lie between 1 and 2,147,483,562, that of the second between 1 and
2,147,483,398. Each time a number is generated, the values of the seeds change. Three values of seeds
are remembered by the generators at all times: the value with which the generator was initialized, the value
at the beginning of the current block, and the value at the beginning of the next block. The seeds of any
generator can be set to any of these three values at any time.

Of the 32 virtual generators, exactly one will be the current generator, i.e., that one will be used to
generate values for ’Igi’ and 'def’. Initially, the current generator is set to number one. The current generator
may be changed by calling 'setcgn’, and the number of the current generator can be obtained using 'getcgn’.

TEST EXAMPLE :

An example of the need for these capabilities is as follows. Two statistical techniques are being compared
on data of different sizes. The first technique uses bootstrapping and is thought to be as accurate using less
data than the second method which employs only brute force.

For the first method, a data set of size uniformly distributed between 25 and 50 will be generated. Then
the data set of the specified size will be generated and alalyzed. The second method will choose a data set
size between 100 and 200, generate the data and alalyze it. This process will be repeated 1000 times.

For variance reduction, we want the random numbers used in the two methods to be the same for each
of the 1000 comparisons. But method two will use more random numbers than method one and without
this package, synchronization might be difficult.

With the package, it is a snap. Use generator 1 to obtain the sample size for method one and generator 2
to obtain the data. Then reset the state to the beginning of the current block and do the same for the second
method. This assures that the initial data for method two is that used by method one. When both have
concluded, advance the block for both generators.

INTERFACE :
A random number is obtained either as a random integer between 1 and 2,147,483,562 by using option
'Igi’ (large integer) or as a random floating point number between 0 and 1 by using option 'def’.

The seed of the first generator can be set by using option 'setall’; the values of the seeds of the other 31
generators are calculated from this value.

The number of the current generator can be set by using option 'setcgn’ The number of the current
generator can be obtained by using option 'getcgn’.
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14.0.27 artest arnold dynamical system
CALLING SEQUENCE :

artest(f_I,Jodem,xdim,npts])
arnold(t,x)
iarf([a])

PARAMETERS :

f I : can be "arnold” or arnold. It is the name of the external for the arnold systein.l Ifis set to
"arnold” a Fortran coded version of the arnold system where a(1:6)=1 will be usedfarid if set
to arnold a Scilab coded version will be useatnold  is a Scilab macro coding the Arnold system.
This macro is loaded when calliragtest

iarf . is used to fix the values @f in the Scilab coded case. is a vector of size 6.

odem,xdim,npts . are optional arguments. Their meaning and syntax can be found pottr&d
help

DESCRIPTION :

A call to the functiorartest() will interactively display a phase portrait of a the following dynamical
system :

ydot(1)=a(1)*cos(y(2)) +a(2)*sin(y(3))
ydot(2)=a(3)*cos(y(3)) +a(4)*sin(y(1))
ydot(3)=a(5)*cos(y(1)) +a(6)*sin(y(2))

SEEALSO: portr3d 507 ode 292 chaintest 503 lotest 505

14.0.28 bifish__ shows a bifurcation diagram in a fish population discrete time
model

CALLING SEQUENCE :
bifish([f_ch])
PARAMETERS :

f_ch :canbeonedfish ,fishr andfishr2 . This option selects the population model.

DESCRIPTION :
The dynamical systeifiish  is the following :

y=b*exp(-0.1*(x(k)_1+x(k)_2));
X(k+1)=[ y 2%y ; s 0.01*x(k);

and the parametess evolves to show the bifurcation diagrafishr ~ andfishr2  are constructed as
above but with added white noises.

fishr
y=b*exp(-0.1*(xk(1)+xk(2)))
xkpl=[ y 2*y ; s*(1+0.1*(rand()-0.5)) 0.0]*xk

fishr2
z=exp(-0.1*(xk(1)+xk(2)))
xkpl=[ b*z**(1+0.1*(rand()-0.5)) 2*b*z**(1+0.1*(rand()-0.5)) ; s 0.0]*xk

The three macrofish, fishr, fishr2 are loaded in Scilab when callirmgfish
SEEALSO: ode 292
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14.0.29 boucle phase portrait of a dynamical system with observer
CALLING SEQUENCE :

[]=boucle(fch,[abruit,xdim,npts,farrow])

PARAMETERS :

fch : Scilab macro.fch is supposed to be an observed-controlled system with noisy output of state
dimension 4 ( [x;xchap] is of dimension 4¢h can be created with the maocobscontl  or can
be set to one of the two following string which gives pre computed examples

"bcomp" : for a non-linear competition model.

"lcomp" : for alinear example.

abruit  : give the noise variance.

xdim,npts,farrow . See portrait

DESCRIPTION :
Phase portrait of dynamical systems.

SEEALSO: portrait 507, ode 292 obscontl 506

14.0.30 chaintest a three-species food chain model

CALLING SEQUENCE :

chaintest([f_|,b1,odem,xdim,npts])
[xdot]=chain(t,x)

[z1]=ch_f1(u)

[z2]=ch_f2(u)

PARAMETERS :
f _I : the name of the macro which code the three-species food chain model (defaulthailue).
odem,xdim,npts . are optional arguments. Their meaning and syntax can be found poth&d
help
DESCRIPTION :
A call to the functionchaintest() will interactively display a phase portrait of a three-species food

chain model given by:

ff1= f1(x(1))
fio= f2(x(2))

xdotl= x(1)*(1-x(1)) - ff1*x(2)
xdot2= ff1*x(2) - ff2*x(3) - 0.4*x(2)
xdot3= ff2*x(3) - 0.01*x(3)

and

f1(u)=5*u/(1+b1*u)
f2(u)z2=0.1*u/(1+2*u)

The default value fobl is 3.0.
The Scilab macroshain(t,x) [f1(u),f2(u) code the dynamical system

SEEALSO: portr3d 507, ode 292
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14.0.31 gpeche a fishing program

CALLING SEQUENCE :

[xk,ukpl]=gpeche(uk,pasg)
[ut]=peche(t)
[pdot]=pechep(t,p)

DESCRIPTION :
gpeche lIterates a gradient method on a fishing problem Computes the trajectory associated to the com-
mand lawuk prints the cost value and computes a new control.

14.0.32 fusee a set of Scilab macro for a landing rocket problem

FUSEE :
[xdot]=fusee(t,x)

Dynamical motion equation for the rocket
FINIT :

finit()
Initialises the following parameters for rocket landing.

k : The acceleration of the rocket engines

gamma : The moon gravity acceleration.

umax : the gaz ejection flow out.

mcap : the mass of the space capsule.

cpen : penalisation in the cost function of the final state.

FUSEEGRAD :
[ukpl]=fuseegrad(niter,ukpl,pasg)

niter  : number of gradient iteration steps.
ukpl : initial control value ( vector of sie 135)
pasg : the gradient step value.

DESCRIPTION :
Iterate a gradient method and returns the computed control.

FUSEEP :

[pdot]=fuseep(t,p)

DESCRIPTION :
adjoint equation for the landing rocket problem.

POUSSE :
[ut]=pousse(t)

return the value of a piece wise constant control build on the discrete caktrol
UBANG :

[uk]=ubang(tf,tcom)

returns a bang-bang control, 0 form time 0 to tcom and 1 form tcom to tf.
FCOUT :
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[c,xk,pk,ukpl1]=fcout(tf,uk,pasg)

DESCRITION :
optimise the following cost function by gradient iterations.

c = -m(tf) + C*( h(th**2 + v(tf)**2)
SFUSEE :
[]=sfusee(tau,h0,v0,m0,Tf)

DESCRIPTION :
computes the rocket trajectory when a bang-bang control istasedis the commutation time.

hO : The initial position (high)

vO : The initial speed ( negative if the rocket is landing )
mO : The total initial mass ( capsule and fuel).

Tf : Time horizon.

EQUAD :

DESCRIPTION :
[xk,pk]=equad(tf,uk)

Computes the state and adjoint state of the rocket system for a given aantrol
TRAJ:

[xt]=traj(t)

returns a piece wise value of the mass evolution.

14.0.33 lotest demo of the Lorenz attractor

CALLING SEQUENCE :

[]=lotest([f_I,odem,xdim,npts,pinit])
[y]=lorenz(t,x)

[I=ilo(sig,ro,beta)
[I=ilof(sig,ro,beta)

PARAMETERS :

f_ I : can be'loren" orlorenz . it is the name of the external for the Lorenz systéioren”
will use a Fortran coded version of the lorenz system and arnold willeaed  will use a Scilab
coded versioforentz is the Scilab macro which code the lorenz system. This macro is loaded
when callinglotest

ilof, ilo :are used to fix the parameters of the Fortran and Scilab code version of the Lorenz system.

odem,xdim,npts . are optional arguments. Their meaning and syntax can be found in the portr3d
help

DESCRIPTION :

A call to the functiorlotest() will interactively display a phase portrait of a the following dynamical

system

y(1)=sig*(x(2)-x(1));
y(2)=ro*x(1) -x(2)-x(1)*x(3);
y(3)=-beta*x(3)+x(1)*x(2);

SEEALSO: portr3d 507, ode 292 chaintest 503 lotest 505
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14.0.34 mine a mining problem

CALLING SEQUENCE :
[cout,feed]=mine(n1,n2,uvect)
PARAMETERS :

nl : Number of discrete point for the state.

n2 : Number of time step

uvect  :arow vectorwhich gives the possible control value (integer values). for example0,1]
means that at each step we come down one step or stay at the same level or rise one step ).

cout(nl,n2) : The Bellman values.

feed(nl,n2) : The feedback Law.

DESCRIPTION :

Dynamic programming applied to an optimal extraction of ore in an opencast mine. The extraction is done
as follows : the steam shovel move forward for (k=1,2,...,n2) at each step it takes the ore, then move up
or down (or stay at the same level) according to the control value to reach another level at next step. The
extraction process must maximise the following cost :

-- n2-1

\\

/ fx(K).K) + V_F(x.n2)
- k=1

with x(k+1)=x(k) + u .x(k) is the trajectory depth at stép (x=1 is the ground level).
The instantaneous cost f(i,g)ands for the benefit of digging at depth i at po-
sitionk. It must be given as a Scilab madfo_o

[y]=ff_o(x,k)

and for efficiencyff _o must accept and return column vectorsxXomndy.
V_F(i,n2) is a final cost which is set so as to impose the steam shovel to be at ground level at position
n2

FF.O:
SHOWCOST :

CALLING SEQUENCE :
[][=showcost(n1,n2,teta,alpha)

DESCRIPTION :
Shows a 3D representation of the instantaneous cost.

14.0.35 obscontl a controlled-observed system

CALLING SEQUENCE :
[macr]=obscontl(sysn)
PARAMETERS :

sysn : A Scilab string which gives the name of the controlled system.
gaincom,gainobs : column vectors giving the requested gains
macr : anew Scilab function which simulates the controlled observed system.
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[x1dot]=macr(t,x1,abruit,pas,n)
x1=[x;xchap],

DESCRIPTION :
This macros return a new function which computes the controlled observed version of a linearised system
around thexe,ue)  point.
before calling this function, a noise vector should be created. the equilibrium poiwxe,ue)
should be given as a global Scilab. the linearised system $f,g,h$ and the two gain nhittricase returned
as global Scilab data.

14.0.36 portr3d 3 dimensional phase portrait.
CALLING SEQUENCE :

[]=portr3d(f,Jodem,xdim,npts, pinit])

PARAMETERS :

f :aScilab external which gives the field of the dynamical system. Hence it can be a macro name which
computes the field at time t and point x [y]=f(t,x,[u]) or a list list(f1,ul) where f1 is a macro of type
[y]=f1(t,x,u) or a character string

rest : The other parameters are optional. If omitted they will be asked interactively

odem : gives the integration method to use. The value "default” can be used, otherwise see ode for a
complete set of possibilities

npts : a vector of size (2,10) [number-of-points,step] gives the step for integration and the number of re-
quested points. The solution will be calculated and drawn for time=0:step:(step*[number-of-points])

xdim : [xmin,xmax,ymin,ymax,zmin,zmax] the boundaries of the graphic frame.

pinit  : initial values for integration. A set of initial points can be given in a matrix

pinit = [x0(1), x1(1),...., xn(1)
x0(2), x1(2),...., xn(2)
x0(3), x1(3),...., xn(3)].

DESCRIPTION :
Interactive integration and display of a 3 dimensional phase portrait of a dynamical system dx/dt=f(t,x,[u])
(where u is an optional parameter)

SEEALSO: ode 292

14.0.37 portrait 2 dimensional phase portrait.

CALLING SEQUENCE :
[]=portrait(f,[odem,xdim,npts,pinit])
PARAMETERS :

f :aScilab external which gives the field of the dynamical system. Hence it can be a macro name which
computes the field at time t and point x [y]=f(t,x,[u]) or a list list(f1,ul) where f1 is a macro of type
[y]=f1(t,x,u) or a character string. The macro can be used to simulate a continuous or discrete system
and in case of discrete system the second parameter must be set to 'discrete’

rest : The other parameters are optional. If omitted they will be asked interactively

odem : gives the integration method to use. The value "default” can be used, otherwise see ode for a
complete set of possibilities

npts : a vector of size (2,10) [number-of-points,step] gives the step for integration and the number of re-
quested points. The solution will be calculated and drawn for time=0:step:(step*[number-of-points])

xdim : [xmin,xmax,ymin,ymax,zmin,zmax] the boundaries of the graphic frame.
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pinit  : initial values for integration. A set of initial points can be given in a matrix

pinit = [x0(1), x1(1),...., xn(1)
x0(2), x1(2),...., xn(2)
x0(3), x1(3),...., xn(3)].

DESCRIPTION :
Interactive integration and display of a 2 dimensional phase portrait of a dynamical system dx/dt=f(t,x,[u])
(where u is an optional parameter)

EXAMPLE :

a=rand(2,2)
deff(’[ydot]=I_s(t,y)’,'ydot=a*y’)
portrait(l_s)

SEEALSO: ode 292

14.0.38 recur a bilinear recurrent equation

CALLING SEQUENCE:

[y]=recur(x0,var,k,n)
[integr]=logr(k,var)

DESCRIPTION :
computes solutions of a bilinear recurrent equation

x(i+1)=-x(i)*(k + sqrt(var)*br(i))

with initial valuex0 and driven by a white noise of variancar .

Trajectories are drawn and the empirical Lyapunov exponentis retuxggd ( is notto much different
from exp(y*i) )

A theoretical computation of the Lyapunov exponent is given by

[integr]=logr(k,var)

14.0.39 systems a collection of dynamical system

CALLING SEQUENCE :
[]=systems()

DESCRIPTION :
A call to this function will load into Scilab a set of macros which describes dynamical systems. Their
parameters can be initiated by calling the routine tdinit().

BIOREACT :
[ydot]=biorecat(t,x)
a bioreactor model,

X(1) isthe biomass concentration
X(2) s the sugar concentration

xdot(1)=mu_td(x(2))*x(1)- debit*x(1);
xdot(2)=-k*mu_td(x(2))*x(1)-debit*x(2)+debit*x2in;

where mutd is given by
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mu_td(x)=x/(1+x);

COMPET :
[xdot]=compet(t,x [,u])

a competition modelx(1),x(2) stands for two populations which grows on a same resource. is
the level of that resource ( 1 is the default value).

xdot=0*ones(2,1);
xdot(1) = pprx(1)*(1-x(1)/ppk) - u*ppa*x(1)*x(2) ,
xdot(2) = pps*x(2)*(1-x(2)/ppl) - u*ppb*x(1)*x(2) ,

The macrdxe]=equilcom(ue) computes an equilibrium point of the competition model and a fixed
level of the resource ue ( default value is 1)

The macrdf,g,h,linsy]=lincomp([ue]) gives the linearisation of the competition model ( with
output y=x) around the equilibrium point xe=equilcom(ue). This macro returns [f,g,h] the three
matrices of the linearised system. and linsy which is a Scilab macro [ydot]=linsy(t,x) which computes
the dynamics of the linearised system

CYCLLIM :

[xdot]=cycllim(t,x)

a model with a limit cycle
xdot=a*x+qeps(1-||x||**2)x

LINEAR :

[xdot]=linear(t,x)

a linear system
BLINPER :

[xdot]=linper(t,x)

a linear system with quadratic perturbations.
POP :

[xdot]=pop(t,x)
a fish population model
xdot= 10*x*(1-x/K)- peche(t)*x

PROIE :
a Predator prey model with external insecticide.

[xdot]=p_p(t,x,[u]

X(1)  The prey (that we want to kill )
X(2)  the predator ( that we want to preserve)
u mortality rate due to insecticide which destroys both prey and predator ( default value u=0)

xdot(1) = ppr<x(1)*(1-x(1)/ppk) - ppa*x(1)*x(2) - u*x(1);
xdot(2) = -ppm*x(2) + ppb*x(1)*x(2) - u*x(2);
The macro[xe]=equilpp([ue]) computes the equilibrium point of thep system for the

valueue of the command. The default value foe is O.
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xe(1)
xe(2)

(ppm-+ue)/ppb;
(ppr+(1-xe(1)/ppk)-ue)/ppa;

LINCOM :

[xdot]=lincom(t,x,k)

linear system with a feedback
xdot= a*x +b*(-k*x)

SEEALSO: tdinit 510

14.0.40 tangent____ linearization of a dynamical system at an equilibrium point
CALLING SEQUENCE :

[f,g,newm]=tangent(ff,xe,[ue])

PARAMETERS :

ff  :astring which gives the name of the Scilab macro which codes the system

xe : column vector which gives the equilibrium point for the value ue of the parameter

ue : real value.

f, g : two matrices for the linearised systemdot=f.dx + g.du

newm : Anew macro of type [y]=newm(t,x,u) which computes the field of the linearised system (newm(t,xe,ue)=0)

DESCRIPTION :

linearises around the equilibrium poifxe,ue)  the vector field of the dynamical system given by a
Scilab macrdf , xdot=ff(t,x,[u]) . The dynamical system is supposed to be autonomous.
14.041 tdinit___ interactive initialisation of the tdcs dynamical systems

CALLING SEQUENCE :
tdinit()

DESCRIPTION :
This macro can be used to interactively define the parameters needed by the dynamical systems described
in systems

bioreactor model

competition model

system with limit cycle

linear system

quadratic model

linear system with a feedback

SEEALSO:  portrait 507, systems 508
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15.0.42 AtanH Arctangent variation

Author: Paulo Goncalves

Generates an arc-tangent trajectory

USAGE :

prey predatory modeHt=AtanH(N,h1,h2,shape);

INPUT PARAMETERS :

N : Positive integer Sample size of the trajectory

hl: Real scalar First value of the arc-tangent trajectory

h2 : Real scalar Last value of the arc-tangent trajectory

shape : real in [0,1] smoothness of the trajectory shape = 0 : constant piecewise (step function) shape
=1:linear

O O OO

OUTPUT PARAMETERS :

0 Ht: real vector [1,N] Time samples of the arc-tangent trajectory

SEE ALSO: :

EXAMPLE: :
[Ht] = AtanH(1024,0,1,0.9,0.01) ;

15.0.43 FWT 1D Forward Discrete Wavelet Transform

Author: Bertrand Guiheneuf

This routine computes discrete wavelet transforms of a 1D real signal. Two transforms are possible :
Orthogonal and Biorthogonal

USAGE :
[wt,index,length]=FWT (Input,Nblter,f1,[f2])
INPUT PARAMETERS :

Input : real matrix [1,n] or [n,1] Contains the signal to be decomposed.

Nblter : real positive scalar Number of decomposition Levels to compute

f1: Analysis filter

f2 : real unidimensional matrix [m,n] Synthesis filter. Useful only for biorthogonal transforms. If not
precised, the filter f1 is used for the synthesis.

O O OO

OUTPUT PARAMETERS :
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0 wt: real matrix Wavelet transform. Contains the wavelet coefficients plus other informations.

0 index : real matrix [1,Nblter+1] Contains the indexes (in wt) of the projection of the signal on the
multiresolution subspaces

o length : real matrix [1,Nblter+1] Contains the dimension of each projection

DESCRIPTION :

INTRODUCTION :

The discrete wavelet transform of Input is a projection on multiresolution Spaces. The number of scales
Nblter tells how many convolutions are computed. Each convolution is followed by a downsampling of
the output. For example, if the original signal size is 500, the resulting size of the projection after the
first iteration is 250. Each iteration consists then in two convolution/downsampling steps. One is high-
pass (H) and the other one is low-pass (L). Except for the last iteration, the low-pass output is used as
the input of the next iteration. Thus, only the high-pass is stored in wt except at the last iteration where
both the outputs are stored. This explains why the wti array dimension is equal to Nblter+1. The last
index index(Nblter+1) is the index of firts element of the last low-pass projection. Two types of filters are
available : Quadrature Mirror Filters (Orthogonal) or Conjugate Quadrature Filters (Biorthogonal). Each
one allows perfect reconstruction of the signal but only CQF pairs can be symetric. The advantage of QMF
is that synthesis and reconstruction filters are the same.

PARAMETERS :

Input must be a real unidimensional matrix. Nblter is the number of scales computed. It must be a positive
integer greater than one and should be smaller than log2(max(size(Input))) but this is not necessary. f1 is
the linear FIR filter used for the analysis and might be obtained with MakeQMF() or MakeCQF() f2 is the
linear FIR filter to use for the reconstruction. It is only necessary if f1 has been obtained with MakeCQF().
wt is the wavelet decomposition structure. The next two parametres must be used to read the wavelet
coefficients. index contains the indexes of the first coefficient of each output. length contains the dimension
of each output.

ALGORITHM DETAILS :

Convolutions are computed through discrete linear convolutions in time domain. No FFT is used. The sig-
nal is mirrored at its boundaries. The wavelet structure contains all the informations for the reconstruction:
wt(1) : size of the original signal wt(2) : Number of iterations wt(3) : Number of causal coefficients of
the synthesis filter wt(4) : Number of anticausal coefficients of the synthesis filter then the Synthesis filter
coefficients and finaly the wavelet coefficient are stored .

EXAMPLES :

a=rand(1,250); g=MakeQMF('daubechies’,4); wt,wti,wtl = FWT(a,6,q); M=WTMultires(wt); plot(M(2,:));
Then to suppress the Lowest Frequency component and then reconstruction: for i=1:wtl(6), wt(wti(6)+i-
1)=0; end; result=IWT (wt);

REFERENCES :

Meyer Y. : Wavelets, Algorithms & Applications, SIAM. Meyer Y. : Ondelettes et Operateurs (I) : Her-
mann, Paris Daubechies I. : Ten Lectures on Wavelets, CBMS-NSF Regional conference series in applied
mathematics.

SEE ALSO :
IWT, MakeQMF, MakeCQF, WTStruct, WTNbScales, WTMultires

15.0.44 FWT2D 2D Forward Disrete Wavelet Transform

Author: Bertrand Guiheneuf

This routine computes discrete wavelet transforms of a 2D real signal. Two transforms are possible :
Orthogonal and Biorthogonal
USAGE :
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[wt,index,length]=FWT2D(Input,Nblter,f1,[f2])

INPUT PARAMETERS :

0 Input: real matrix [m,n] Contains the signal to be decomposed.
0 Nblter: real positive scalar Number of decomposition Levels

o fl1: Analysis filter

o f2: real unidimensional matrix [m,n] Synthesis filter

OUTPUT PARAMETERS :

o0 wt: real matrix Wavelet transform. Contains all the datas of the decomposition.

0 index : real matrix [Nblter,4] Contains the indexes (in wt) of the projection of the signal on the mul-
tiresolution subspaces

o length : real matrix [Nblter,2] Contains the dimensions of each projection

DESCRIPTION :

INTRODUCTION :

The 2D discrete wavelet transform of Input is a projection on 2D multiresolution Spaces. The number of
scales Nbilter tells how many convolutions are computed. Each convolution is followed by a downsampling
of the signal in both direction. For example, if the original matrix is (256,512), a resulting projection after
the firstiteration is (128,256). In 2D, there are 4 projections for each iteration corresponding to 2 projections
in the row directions and 2 in the column direction. In each direction, the 2 projections are obtained through
the convolutions with a low-pass filter and its associated high-pass filter. The projections are then HL
HH LH LL where the first letter represents the filter used for the row filtering and the second letter is
the filter used for column filtering. H is High-Pass filter and L Low-pass filter. Except for the last level
where the four convolutions are kept, the LL output is always used as the input of the following iteration.
Two types of filters are available : Quadrature Mirror Filters (Orthogonal) or Conjugate Quadrature Filters
(Biorthogonal). Each one allows perfect reconstruction of the signal but only CQF pairs can be symetric.
The advantage of QMF is that synthesis and reconstruction filters are the same.

PARAMETERS :

Input must be a real matrix. All dimensions are allowed but for a 1D vector, FWT is best suited. Nblter is
the number of scales computed. It must be a positive integer greater than one and should be smaller then
log2(max(size(Input))) but this is not necessary. fl is the linear FIR filter used for the analysis and might be
obtained with MakeQMF() or MakeCQF() f2 is the linear FIR filter to use for the reconstruction. It is only
necessary if f1 has been obtained with MakeCQF(). wt is the wavelet decomposition structure. The next two
parametres must be used to read the wavelet coefficients. index contains the indexes of the first coefficient
of each output. At each scale Scale, the output indexes are: index(Scale,1) : HL index(Scale,2) : LH
index(Scale,3) : HH index(Scale,4) : LL on the last scale and 0 otherwise length contains the dimensions
(height, width) of each output at a given Iteration.

ALGORITHM DETAILS :

Convolutions are computed through discrete linear convolutions in time domain. No FFT is used. The
signal is mirrored at its boundaries. The wavelet structure (wt) is a vector and NOT a 2D matrix. It contains
all the informatiosn for the reconstruction: wt(1) : height of the original signal wt(2) : width of the original
signal wt(3) : Number of iterations wt(4) : Number of causal coefficients of the synthesis filter wt(5) :
Number of anticausal coefficients of the synthesis filter then the Synthesis filter coefficients and finaly the
wavelet coefficient are stored .

EXAMPLES :

a=rand(256,256); g=MakeQMF('daubechies’,4); wt,wti,wtl = FWT2D(a,3,q); V=WT2Dext(wt,1,2); view-
mat(V); Then to suppressthe Lowest Frequency componentand then reconstruction: index=0; for i=1:wtl(3,1),
for j=1:wtl(3,2), wt(wti(3,4)+index)=0; end; end; result=IWT2D(wt);

REFERENCES:
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Meyer Y. : Wavelets, Algorithms & Applications, SIAM. Meyer Y. : Ondelettes et Operateurs (1) : Her-
mann, Paris Daubechies I. : Ten Lectures on Wavelets, CBMS-NSF Regional conference series in applied
mathematics.

SEE ALSO:

IWT2D, MakeQMF, MakeCQF, WT2Dext, WT2DVisu, WT2DStruct

15.0.45 GeneWeli Generalized Weierstrass function

Author: Paulo Goncalves

Generates a Generalized Weierstrass function

USAGE :

[x,Ht]=GeneWei(N,ht,lambda,tmax,randflag)

INPUT PARAMETERS :

o

N : Positive integer Sample size of the synthesized signal
o0 ht: Real vector or character string ht : real vector of size [1,N]: each element prescribes the local
Holder regularity of the function. All elements of ht must be in the interval [0,1]. ht : character string
. contains the analytic expression of the Holder trajectory (e.g. '0.5*sin(16*t) + 0.5)
o0 lambda : positive real Geometric progression of the Weierstrass function. Default value is lambda = 2.
tmax : positive real Time support of the Weierstrass function. Default value is tmax = 1.
o randflag : flag 0/1 flag = 0 : deterministic Weierstrass function flag = 1 : random Weierstrass process
Default value is randflag =0

o

OUTPUT PARAMETERS :

o0 x: real vector [1,N] Time samples of the Weierstrass function
o Fj: real vector [1,N] Holder trajectory of the Weierstrass function

SEE ALSO: :

EXAMPLE: :
[X,Ht] = GeneWei(1024,abs(sin(16*t))’,2,1,0) ;

15.0.46 IWT 1D Inverse Discrete Wavelet Transform

Author: Bertrand Guiheneuf
This routine computes inverse discrete wavelet transforms of a real signal. Two inverse transforms are

possible : Orthogonal and Biorthogonal

USAGE :
[result]=IWT2D(wt,[f])
INPUT PARAMETERS :
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o wt: real unidimensional matrix [m,n] Contains the wavelet transform (obtained with FWT).
o f: real unidimensional matrix [m,n] Synthesis filter.

OUTPUT PARAMETERS :

o result: real unidimensional matrix Result of the reconstruction.

DESCRIPTION :

INTRODUCTION :

The wavelet transform is an invertible linear transform. This routines is the inverse transform. For details
on the algorithm procedure, see FWT.
PARAMETERS :

Input must be a real matrix. It's generally obtained with FWT but can be created "by hand”. In that
case, it's strongly recommended to decompose a null signal with FWT. f is the linear FIR filter to use for
the reconstruction. It is only necessary if the analysis filter had been obtained with MakeCQF() and the
reconstruction filter had not been passed to FWT. If not specified the filter given in the synthesis is used.
(See FWT). result is the reconstructed signal. It has the same dimension as the original one.

ALGORITHM DETAILS :

Convolutions are computed through discrete linear convolutions in time domain. No FFT is used. The
signal is mirrored at its boundaries. .SH Example a=rand(1,256); g=MakeQMF('daubechies’,4); wt,wti,wtl
= FWT(a,8,q); wt=abs(wt); result=IWT(wt);.SH References Meyer Y. : Wavelets, Algorithms & Applic-
ations, SIAM. Meyer Y. : Ondelettes et Operateurs (l) : Hermann, Paris Daubechies I. : Ten Lectures on
Wavelets, CBMS-NSF Regional conference series in applied mathematics.

SEE ALSO:
FWT, MakeQMF, MakeCQF, WTMultires, WTStruct

15.0.47 IWT2D 2D Inverse Disrete Wavelet Transform

Author: Bertrand Guiheneuf

This routine computes inverse discrete wavelet transforms of a 2D real signal. Two inverse transforms
are possible : Orthogonal and Biorthogonal

USAGE :
[result]=IWT2D(wt,[f])
INPUT PARAMETERS :

o0 wt: real unidimensional matrix [m,n] Contains the wavelet transform (obtained with FWT2D).
o f: real unidimensional matrix [m,n] Synthesis filter.

OUTPUT PARAMETERS :

o result: real matrix Result of the reconstruction.

DESCRIPTION :

INTRODUCTION :

The wavelet transform is an invertible linear transform. This routines is the inverse transform. For details
on the algorithm procedure, see FWT2D.
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PARAMETERS :

Input must be a real matrix. It's generally obtained with FWT2D but can be created "by hand”. In that
case, it's strongly recommended to decompose a null signal with FWT2D. f is the linear FIR filter to use
for the reconstruction. It is only necessary if the analysis filter had been obtained with MakeCQF() and the
reconstruction filter had not been passed to FWT2D. If not specified the filter given in the synthesis is used.
(See FWT2D). result is the reconstructed signal. It has the same dimensions as the original one.
ALGORITHM DETAILS :

Convolutions are computed through discrete linear convolutions in time domain. No FFT is used. The sig-
nal is mirrored at its boundaries. .SH Example a=rand(256,256); g=MakeQMF('daubechies’,4); wt,wti,wtl
= FWT2D(a,8,q); wt=abs(wt); result=IWT2D(wt);.SH References Meyer Y. : Wavelets, Algorithms & Ap-
plications, SIAM. Meyer Y. : Ondelettes et Operateurs (I) : Hermann, Paris Daubechies I. : Ten Lectures
on Wavelets, CBMS-NSF Regional conference series in applied mathematics.

SEE ALSO:
FWT2D, MakeQMF, MakeCQF, WT2Dext, WT2DVisu

15.0.48 Koutrouvelis_ Stable Law parameters estimation (Koutrouvelis method)

Author: Lotfi Belkacem

This routine estimates parameters of a stable law using the Koutrouvelis (1985) method.

USAGE :
[alpha,beta,mu,gamma]=Koutrouvelis(data)

INPUT PARAMETERS :

0 proc: real vector [size,1] corresponding to the data sample.

OUTPUT PARAMETERS :

o alpha: real positive scalar between 0 and 2. This parameter is often referred to as the characteristic
exponent.

0 beta: real scalar between -1 and +1. This parameter is often referred to as the skewness parameter.

o0 mu: real scalar This parameter is often referred to as the location parameter. It is equal to the expecta-
tion when alpha is greater than 1.

0 gamma : real positive scalar. This parameter is often referred to as the scale parameter. It is equal to
the standard deviation over two squared when alpha equal 2.

EXAMPLE :

[procl,incl]=simstable(1,0,0,1,10000); generates a standard 1-stable motion (Cauchy process). [alpha,beta,mu,gammg
estimates parameters of the previous simutated 1-stable random variable inc1.

REMARQUE :

Skewness and location parameters are badly estimated with this methode.

15.0.49 McCulloch

Stable law parameters estimation (McCulloch method)

Author: Lotfi Belkacem
This routine estimates parameters of a stable law using the Mc-Culloch (1985) method.

Fractales Group 1 April 1997 517



WT2DStruct Scilab Function

USAGE :
[param,sdparam]=McCulloch(data)

INPUT PARAMETERS :

o0 data: real vector [size,1] corresponding to the data sample.

OUTPUT PARAMETERS :

o0 param: real vector [4,1] corresponding to the four estimated parameters of the fited stable law. the order
is respectively alpha (characteristic exponent), beta (skewness parameter), mu (location parameter),
gamma (scale parameter)

0 sdparam : real vector [4,1] corresponding to estimated standard deviation of the four previous para-
meters.

EXAMPLE :

[procl.5,incl.5]=sinstable(1.5,0,0,1,10000); generates a standard 1.5-stable motion. [papamasg=McCulloch(incl.5);
estimates parameters of the previous simutated 1.5-stable random variable inc1.5 To visualize the estim-

ates parameters or their sd-deviations use respectively paranparaah. alpha=param(1), beta=param(2),
mu=param(3), gamma=param(4).appha=sdparam(1), schlphabeta=sgharam(2), schlphamu=scparam(3),
sd.gamma=scharam(4).

REMARQUE :

Skewness parameter and its sd-deviation estimations are not very accurate. Specially when the character-

istic exponentis arround 2.

15.0.50 WT2DStruct Retrieve the Structure of a 2D DWT

Author: Bertrand Guiheneuf

This routine retrieve the structure informations contained in a 2D Wavelet Transform.

USAGE :
[Scindex, ScLength]=WT2DStruct(wt)
INPUT PARAMETERS :

o0 wt: real unidimensional matrix [m,n] Contains the wavelet transform (obtained with FWT2D).

OUTPUT PARAMETERS :

0 index : real matrix [Nblter,4] Contains the indexes (in wt) of the projection of the signal on the mul-
tiresolution subspaces

o length : real matrix [Nblter,2] Contains the dimensions of each projection

DESCRIPTION :

INTRODUCTION :

This routine is used to retreive the structure information of a wavelet transform. It must be used in all
routine that might work on a wavelet transform whose structure is not passed as an imput parameter. (That
should be the case of all routines taking a Wavelet Transform as input parameter to minimize the input).see
FWT2D.
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PARAMETERS :

Input must be a real matrix. It's generally obtained with FWT2D. It contains the wavelet transform. index
contains the indexes of the first coefficient of each output. At each scale Scale, the output indexes are:
index(Scale,1) : HL index(Scale,2) : LH index(Scale,3) : HH index(Scale,4) : LL on the last scale and O
otherwise length contains the dimensions (height, width) of each output at a given Iteration.

EXAMPLE :
a=rand(256,256); g=MakeQMF('daubechies’,4); wt = FWT2D(a,8,q); (a few days pass...) wti, wtI=WT2DStruct(wt);
wil
SEE ALSO:

FWT2D, IWT2D, WT2Dext, WT2DVisu

15.0.51 WT2DVisu Visualise a 2D Multiresolution

Author: Bertrand Guiheneuf

This routine constructs a matrix that shows all the wavelet coefficients of a 2D matrix.

USAGE :
[V]=WT2DVisu(wt)
INPUT PARAMETER :

0 wt: real unidimensional matrix [m,n] Contains the wavelet transform (obtained with FWT2D).

OUTPUT PARAMETER :

0 V:real matrix [m,n] Contains a matrix to be visualized directly

DESCRIPTION :

INTRODUCTION :

This routine is used to display all the scales and all the frequency components of a wavelet transform.
PARAMETERS :

wt must be a real matrix. It's generally obtained with FWT2D. V the wavelet coefficents.

EXAMPLE :

a=rand(256,256); g=MakeQMF('daubechies’,4); wt = FWT2D(a,8,q); V=WT2DVisu(wt); viewmat(V);
SEE ALSO:

FWT2D, IWT2D, WT2Dext,

15.0.52 WT2Dext Extract a Projection from a 2D WT

Author: Bertrand Guiheneuf

This routine extracts a projection from the wavelet transform of a 2D matrix.

USAGE :
[VI=WT2Dext(wt, Scale, Num)

INPUT PARAMETER :
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0 wt: real unidimensional matrix [m,n] Contains the wavelet transform (obtained with FWT2D).
0 w Scale : real scalar Contains the scale level of the projection to extract.
o w Num : real scalar Contains the number of the output to extract in level Scale (between 1 and 4)

OUTPUT PARAMETER :

0 V:real matrix [m,n] Contains the matrix to be visualized directly
DESCRIPTION :

INTRODUCTION :
At each scale, a wavelet transform contains 4 outputs (HL, HH, LH and HH at the last scale). This routine
is used to extract a particular component at a desired scale.

PARAMETERS :

wt must be a real matrix. It's generally obtained with FWT2D. It contains the wavelet transform coef-
ficients. Num is 1,2,3, or 4 (at the last scale). Each number coresponds to a particular 2D frequency
component.

: HL High frequency in row direction, Low in column direction.

: HH High frequency in row direction, High in column direction.

: LH Low frequency in row direction, High in column direction.

: LL Low frequency in row direction, Low in column direction. Only for the last scale (equals O for
the other scales).

O O O o
A WN PR

V the wavelet coefficents at scale Scale with fequency component given by Num
EXAMPLE :
a=rand(256,256); g=MakeQMF('daubechies’,4); wt = FWT2D(a,8,q); V=WT2Dext(wt,2,2); viewmat(V);

SEE ALSO:
FWT2D, IWT2D, WT2DVisu,

15.0.53 WTMultires______ Construct a 1D Multiresolution Representation

Author: Bertrand Guiheneuf
This routine constructs a matrix that shows the projections of the signal on each multiresolution sub-

space

USAGE :
[VI=WTMultires(wt)
INPUT PARAMETER :

0 wt: real unidimensional matrix Contains the wavelet transform (obtained with FWT).

OUTPUT PARAMETER :

o V. real matrix [Nbiter,n] Contains the projections on the Multiresolution. Each line is a projection on
a subspace different "low-pass” space V]
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DESCRIPTION :

INTRODUCTION :

This routine is used to display all the scales of a wavelet transform. The projections are different from the
wavelet coefficients as they represent "filtered” signals. Here each projection

PARAMETERS :

wt must be a real matrix containing the wavelet coefficients but also misc informations such as the original
signal dimension and the reconstruction filter. It's generally obtained with FW. V Is the matrix containing
the projection of the signal (decomposed in wt) on each Multiresolution subspace. The Nbiter first ones are
the projections on the details subspaces. The last one is the projection on the last trend subspace.
EXAMPLE :

x=0.1:0.005:1; s=(x.0.7) .* sin( x.(-2)) ; q1 q2=MakeCQF(1); wt = FWT(s,3,q1,92); V=WTMultires(wt);
plot(V’);

SEE ALSO:

FWT, IWT, WTStruct,

15.0.54 WTStruct Retrieve a 1D Discrete Wavelet Structure.

Author: Bertrand Guiheneuf

This routine retrieves the structure informations contained in a 1D Wavelet Transform.

USAGE :
[ScIindex, ScLength]=WT2DStruct(wt)

INPUT PARAMETERS :

o wt: real unidimensional matrix [1,n] Contains the wavelet transform (obtained with FWT).

OUTPUT PARAMETERS :

0 index : real matrix [1,Nblter] Contains the indexes (in wt) of the projection of the signal on the mul-
tiresolution subspaces
o length : real matrix [1,Nblter] Contains the dimensions of each projection

DESCRIPTION :

INTRODUCTION

This routine is used to retreive the structure information of a wavelet transform. It must be used in all
routine that might work on a wavelet transform whose structure is not passed as an imput parameter. (That
should be the case of all routines taking a Wavelet Transform as input parameter to minimize the input).
PARAMETERS

Input must be a real matrix. It's generally obtained with FWT. It contains the wavelet transform. index
contains the indexes of the first coefficient of each output. The first "Nblter” indexes are the indexes (in
wt) of the "high-pass” subspaces projections (Wj), the last one is the last "low-pass” projection (Vj); length
contains the dimension of each output.

EXAMPLE :

a=rand(1,256); g=MakeQMF('daubechies’,4); wt = FWT2D(a,8,q); wti, wtl=WTStruct(wt); wtl
SEE ALSO :

FWT2D, IWT2D, WT2Dext, WT2DVisu
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15.0.55 alphagifs Holder function estimation using IFS

Author: Khalid Daoudi

Estimates the pointwise Holder exponents of a 1-D real signal using the GIFS method.

USAGE :
[Alpha, Ci]=wave2gifs(sig, limtype)
INPUT PARAMETERS :

0 sig: Real vector [1,n] or [n,1] Contains the signal to be analysed.
o limtype : Character string Specifies the type of limit you want to use. You have the choice between
'slope’ and 'cesaro’.

OUTPUT PARAMETERS :

o0 Alpha: Real vector Contains the estimated Holder function of the signal.
o Ci: Real matrix Contains the GIFS coefficients obtained using the Schauder basis.

DESCRIPTION :

PARAMETERS :

0 sigis areal vector [1,n] or [n,1] which contains the signal to be analysed.

o limtype is a character string Specifies the type of limit you want to use. You have the choice between
'slope’ and 'cesaro’.

0 Alpha is a real vector which contains the estimated Holder function of the signal i.e the estimated
pointwise Holder exponent a each point of the given signal.

o Ciis areal matrix which contains the GIFS coefficients obtained as the ration between (synchrounous)
Schauder basis coefficients at succesive scales.

ALGORITHM DETAILS :

The algorithm uses the GIFS method to estimate the Holder exponent at each point of a given signal. The
first step of this method consists in computing the coefficients of the GIFS whose attractor is the given
signal. In the second step, we replace each coefficient which absolute value is greater than 1 (resp. smaller
than 1/2) by 1 (resp. by 1/2). We then perform the computation of the limit that yields the estimated Holder
function using the chosen type of limit.

SEE ALSO: :

gifs and prescalpha

EXAMPLE: :

Synthesis of an fom with exponent H=0.7 (of size 1024 samples) : x = fmblevinson(1024,0.7) ; Estimation
of The Holder function : Alpha = alphagifs(x,'slope’); plot(Alpha)

15.0.56 bbch beneath-beyond concave hull

Author: Christophe Canus

This C_.LAB routine determines the concave hull of a function graph using the beneath-beyond al-
gorithm.
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USAGE :
[rx,rux]=bbch(x,ux)
INPUT PARAMETERS :

o0 X real vector [1,N] or [N,1] Contains the abscissa.
0 ux: real vector[1,N] or [N,1] Contains the function to be regularized.

OUTPUT PARAMETERS :

0 rx: real vector [1,M] Contains the abscissa of the regularized function.
0 rux: real vector [1,M] Contains the regularized function.

DESCRIPTION :

PARAMETERS :

The abscissa x and the functiorxuo be regularized must be of the same size [1,N] or [N,1]. The abscissa
rx and the concave regularized functionxare of the same size [1,M] with M=N.

ALGORITHM DETAILS :

Standard beneath-beyond algorithm.

EXAMPLES :

MATLAB :

h=.3;beta=3;

N=1000;

% chirp singularity (h,beta)
x=linspace(0.,1.,N);
u_x=abs(x)."h.*sin(abs(x)."(-beta));
plot(x,u_x);

hold on;

[rx,ru_x]=bbch(x,u_x);
plot(rx,ru_x,’rd");
plot(x,abs(x)."h,’k’);

SCILAB:

I

REFERENCES :
None.SH See Also linearlt (CAB routine).

15.0.57 binom binomial measure synthesis

Author: Christophe Canus

This C_LAB routine synthesizes a large range of pre-multifractal measures related to the binomial
measure paradigm (deterministic, shuffled, pertubated, and mixing of two binomials: lumping and sum)
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and computes linked theoretical functions (partition sum function, Reyni exponents function, generalized
dimensions, multifractal spectrum).

USAGE :

[varargout,[optvarargout]]=binom(p0,str,varargin,[optvarargin])

INPUT PARAMETERS :

o0 pO: strictly positive real scalar Contains the weight of the binomial.

0 str: string Contains the type of ouput.

0 varargin : variable input argument Contains the variable input argument.

0 optvarargin : optional variable input arguments Contains optional variable input arguments.

OUTPUT PARAMETERS :

0 varargout: variable output argument Contains the variable output argument.
0 optvarargout : optional variable output argument Contains an optional variable output argument.

DESCRIPTION :

PARAMETERS :

The binomial measure is completly characterized by its weight p0. This first parameter mu8t be
and<1. (the case of p0=.5 corresponds to the Lebesgue measure). The second parameter str is a variable
string used to determine the desired type of output. There are six suffix strings ('meas’ for measure, 'cdf’
for cumulative distribution function, , ’pdf’ for probability density function, 'part’ for partition sum func-
tion, 'Reyni’ for Reyni exponent function , 'spec’ for multifractal spectrum) for the deterministic binomial
measure and a lot of possibly composed prefix strings for related measures ('shuf’ for shuffled, 'pert’ for
pertubated, 'lump’ for lumping , 'sum’ for sum, 'sumpert’ for sum of pertubated, and so on) which can be
added to the first ones to form composed strings. For example, 'lumppertmeas’ is for the synthesis of the
lumping of 2 pertubated binomial pre-multifractal measures and 'sumspec’ is for the computation of the
multifractal spectrum of the sum of two binomials. Note that all combinaisons of strings are not implemen-
ted yet. When a string containing suffix string 'meas’ is given as second input, a pre-multifractal measure
mu_n (first output argument) is synthesized on the dyadic intervalgsecond optional output argument)
of the unit interval. In that case, the third input argument is a strictly positive real (integer) scalar n which
contains the resolution of the pre-multifractal measure. The size of the output real vectar&ama Ln
if used) is equal to 2n (so be aware the stack size ;-)). This option is implemented for the deterministic
('meas’), shuffled ('shufmeas’) and pertubated ('pertmeas’) binomial, and also for the mixing (lumping or
sum) of two deterministic ('lumpmeas’ and 'summeas’) or pertubated (lumppertmeas’ and 'sumpertmeas’)
binomial measures. When a string containing prefix 'shuf’ is given as second input, the synthesis is made
for a shuffled binomial measure. At each level of the multiplicative cascade and for all nodes of the corres-
ponding binary tree, the weight is chosen uniformly among p0 and 1-p0. This option is implemented only
for the binomial measure ('shufmeas’). When a string containing prefix 'pert’ is given as second input, the
synthesis is made for a pertubated binomial measure. In that case, the fourth input argument is a strictly
positive real scalar epsilon which contains the pertubation around weights. The weight is an independant
random variable identically distributed between p0-epsilon and pO+epsilon which must.pel. This
option is implemented only for the binomial measure ('pertmeas’) and the mixing (lumping and sum) of
two binomial measures (lumppertmeas’ and 'sumpertmeas’). When replacing suffix string 'meas’ with
suffix string 'cdf’, respectively suffix string 'pdf’, the cumulative distribution functiomFrespectively
the probability density function_p, related to this pre-multifractal measure is computed (first output argu-
ment). When string 'part’ is given as second input, the partition sum function znq of multifractal measure is
computed as sole output argument. In that case, the third input argument is a strictly positive real (integer)
vector vn which contains the resolutions, and the fourth input argument is a real vector g which contains
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the measure exponents. The size of the output real matrix znq is equal to size(g)*size(vn). This option is
implemented only for the binomial measure. When string 'Reyni’ is given as second input, the Reyni ex-
ponents function tg (and the generalized dimensions Dq if used) of the multifractal measure is computed as
first output argument (and second optional output argument if used). In that case, the third input argument
is a real vector q which contains the measure’s exponents. The size of the output real vector tq is equal to
size(q)). This option is implemented only for the binomial measure. When a string containing suffix string
'spec’ is given as second input, the multifractal spectruatpha (second output argument) is synthesized

on the Hoelder exponents alpha (first output argument). In that case, the third input argument is a strictly
positive real (integer) scalar N which contains the number of Hoelder exponents. The size of both output
real vectors alpha anddlpha is equal to N. This option is implemented only for the binomial measure
('spec’) and the mixing (lumping and sum) of two binomial measures (lumpspec’ and sumspec’).

ALGORITHM DETAILS :

For the deterministic binomial, the pre-multifractal measure synthesis algorithm is implemented is a
iterative way (supposed to run faster than a recursive one). For the shuffled or the pertubated binomial, the
synthesis algorithm is implemented is a recursive way (to be able to pick up a i.i.d. r.v. at each level of the
multiplicative cascade and for all nodes of the corresponding binary tree w.r.t. the given law). Note that the
shuffled binomial measure is not conservative.

EXAMPLES :

MATLAB :

p0=.2;

n=10;

% synthesizes a pre-multifractal binomial measure
[mu_n,l_n]=binom(p0,’meas’,n);

plot(l_n,mu_n);

% synthesizes the cdf of a pre-multifractal shuffled binomial measure
F_n=binom(p0,’'shufcdf’,n);

plot(l_n,F_n);

e=.19;

% synthesizes the pdf of a pre-multifractal pertubated binomial measure
p_n=binom(p0,’'pertpdf’,n,e);

plot(l_n,p_n);

vn=[1:1:8];

q=[-5:.1:+5];

% computes the partition sum function of a binomial measure
zng=binom(p0,’part’,vn,q);

plot(-vn*log(2),log(znq));

% computes the Reyni exponents function of a binomial measure
tg=binom(p0,’Reyni’,q);

plot(q,ta);

N=200;

q0=.4;

% computes the multifractal spectrum of the lumping of two binomial measures
[alpha,f_alpha]=binom(p0, lumpspec’,N,q0);

plot(alpha,f_alpha);

SCILAB :
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p0=.2;
n=10;
/I synthesizes a pre-multifractal binomial measure
[mu_n,l_n]=binom(p0,' meas’,n);
plot(l_n,mu_n);
/I synthesizes the cdf of a pre-multifractal shuffled binomial measure
F_n=binom(p0,’shufcdf’,n);
plot(l_n,F_n);
e=.19;
/I synthesizes the pdf of a pre-multifractal pertubated binomial measure
p_n=binom(p0,’'pertpdf’,n,e);
plot(l_n,p_n);
xbasc();
vn=[1:1:8];
q=[-5:.1:+5];
/I computes the partition sum function of a binomial measure
zng=binom(p0,’part’,vn,q);
mn=zeros(max(size(q)),max(size(vn)));
for i=1:max(size(q))
mn(i,:)=-vn*log(2);
end
plot2zd(mn’,log(znq));
/I computes the Reyni exponents function of a binomial measure
tg=binom(p0,’Reyni’,q);
plot(q,ta);
N=200;
q0=.4;
/I computes the multifractal spectrum of the lumping of two binomial measures
[alpha,f_alpha]=binom(p0, lumpspec’,N,q0);
plot(alpha,f_alpha);

REFERENCES :

"Multifractal Measures”, Carl J. G. Evertsz and Benoit B. MandelBrot. In Chaos and Fractals, New Fronti-
ers of Science, Appendix B. Edited by Peitgen, Juergens and Saupe, Springer Verlag, 1992 pages 921-953.
"A class of Multinomial Multifractal Measures with negative (latent) values for the "Dimension” f(alpha)”,
Benoit B. MandelBrot. In Fractals’ Physical Origins and Properties, Proceeding of the Erice Meeting,
1988. Edited by L. Pietronero, Plenum Press, New York, 1989 pages 3-29. .SH See also shinom, multim1d,
multim2d, smultim1d, smultim2d (CAB routines). MFASmeasures, MFASlimensions, MFASspectra

(Matlab and/or Scilab demo scripts).

15.0.58 contwt Continuous L2 wavelet transform

Author: Paulo Goncalves

Computes a continuous wavelet transform of a 1-D signal (real or complex). The scale operator is
unitary with respect to the L2 norm. Two closed form wavelets are available: the Mexican Hat or the
Morlet Wavelet (real or analytic). For arbitrary analyzing wavelets, numerical approximation is achieved
using a Fast Mellin Transform.

USAGE :
[wt,scale,f,scalo,wavescaled]=contwt(x,[fmin,fmax,N,welhgth])

INPUT PARAMETERS :
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0 X : Real or complex vector [1,nt] or [nt,1] Time samples of the signal to be analyzed.

o fmin: real scalar in [0,0.5] Lower frequency bound of the analysis. When not specified, this parameter
forces the program to interactive mode.

o fmax: real scalar [0,0.5] and fmax Upper frequency bound of the analysis. When not specified, this
parameter forces the program to interactive mode.

o0 N positive integer. number of analyzing voices. When not specified, this parameter forces the program
to interactive mode.

o wvlt_length : scalar or vector specifies the analyzing wavelet: 0: Mexican hat wavelet (real) Positive
real integer: real Morlet wavelet of size 2*wMingth+1) at finest scale 1 Positive imaginary integer:
analytic Morlet wavelet of size 2*wvllength+1) at finest scale 1 Real valued vector: waveform
samples of an arbitrary bandpass function.

OUTPUT PARAMETERS :

o wt: Real or complex matrix [N,nt] coefficients of the wavelet transform.

o0 scale: real vector [1,N] analyzed scales

o f:realvector[1,N] analyzed frequencies

0 scalo : real positive valued matrix [N,nt] Scalogram coefficients (squared magnitude of the wavelet
coefficients wt )

0 wavescaled : Scalar or real valued matrix [length(wavelet at coarser scale)+1,N]

Dilated versions of the analyzing wavelet

DESCRIPTION :

PARAMETERS :

0 X: signal to be analyzed. Real or complex vector

o fmin: lower frequency bound of the analysis. fmin is real scalar comprised in [0,0.5]

o fmax: upper frequency bound of the analysis. fmax is a real scalar comprised in [0,0.5] ang fmax
fmin

o N : number of analyzing voices geometrically sampled between minimum scale fmax/fmax and max-
imum scale fmax/fmin.

o wvlt_length : specifies the analyzing wavelet: 0: Mexican hat wavelet (real). The size of the wave-
let is automatically fixed by the analyzing frequency Positive real integer: real Morlet wavelet of
size 2*wvltlength+1) at finest scale (1) Positive imaginary integer. analytic Morlet wavelet of size
2*|wvlt_lengtH+1) at finest scale 1. The corresponding wavelet transform is then complex. May be
usefull for event detection purposes. Real valued vector: corresponds to the time samples waveform
of any arbitrary bandpass function viewed as the analyzing wavelet at any given scale. Then, an ap-
proximation of the scaled wavelet versions is achieved using the Fast Mellin Transform (see dmt and
dilate).

o wt: coefficients of the wavelet transform. X-coordinated corresponds to time (uniformly sampled),
Y-coordinates correspond to frequency (or scale) voices (geometrically sampled between fmax (resp.
1) and fmin (resp. fmax /fmin ). First row of wt corresponds to the highest analyzed frequency (finest
scale).

0 scale: analyzed scales (geometrically sampled between 1 and fmax /fmin

o f: analyzed frequencies (geometrically sampled between fmax and fmin . f corresponds to fmax/scale

o0 scalo : Scalogram coefficients (squared magnitude of the wavelet coefficients wt )

o wavescaled : If wvllength is a real or Imaginary pure scalar, then wavescaled equalength . If

wvlt_length is a vector (containing the waveform samples of an arbitrary analyzing wavelet), then
wavescaled contains columnwise all scaled version of Yevigth used for the analysis. In this latter
case, first element of each column gives the effective time support of the analyzing wavelet at the
corresponding scale. wavescaled can be used for reconstructing the signal (see icontwt)
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ALGORITHM DETAILS :

The wavelet transform of x is computed via convolutions of dilated and translated versions of a single
function called the "mother wavelet”. The scales are given by the dilatation factor. As the scales are not
absolute, the scale factor is determined through the specification of the minimum and maximum frequency
of the decomposition considered as a time/frequency transform. The maximum frequency might not be
greater than the Nyquist Frequency i.e. 0.5 as the wavelet at this scale would be undersampled (and therefore
would create aliasing). The number of scales tells how many convolutions are computed. The bigger it is,
the slower the transform is. The frequency (or scale) axis is geometrically sampled. The resulting scales
and frequencies values can be obtained as output parameters. The meaning of the wavelet length parameter
is manyfold. When non zero integer, it tells the routine to use a real Morlet Wavelet and gives its length
at scale 1 (maximum frequency). When it is a positive imaginary integer, the analytic Morlet wavelet is
used. If wvitlength = 0, the Mexican Hat is used. The resulting wavelet transform is then real but has
a quite poor frequency resolution. If wMkngth is a real vector, it corresponds to the analyzing wavelet
waveform in time at any arbitrary scale. Dilated and compressed version of it (according to the range [ fmin
, fmax] are computed directly from wvlength using a Fast Mellin Transform. For all choices of wavelet,
approximative reconstruction of the decomposed signal is possible (see icontwt).

SEE ALSO: :

icontwt, contwtmir and cwt
EXAMPLE: :

Signal synthesis

X = morlet(0.1,128) ;
A Morlet (of size 2*8+1 samples ) wavelet transform

[wtMorlet,scale,f,scaloMorlet] = contwt(x,0.01,0.5,128,8) ;
viewmat(scaloMorlet,[1 1 24]) ;

Compared with a Mexican hat wavelet transform

[wtMex,scale,f,scaloMex] = contwt(x,0.01,0.5,128,0) ;
viewmat(scaloMex,[1 1 24]) ;

15.0.59 contwtmir—__ Continuous L2 wavelet transform with mirroring

Author: Paulo Goncalves

Computes a continuous wavelet transform of a mirrored 1-D signal (real or complex). The scale operator
is unitary with respect to the L2 norm. Two closed form wavelets are available: the Mexican Hat or the
Morlet Wavelet (real or analytic). For arbitrary analyzing wavelets, numerical approximation is achieved
using a Fast Mellin Transform.

USAGE :
[wt,scale,f,scalo,wavescaled]=contwtmir(x,[fmin,fmax,N,welhgth])
INPUT PARAMETERS :
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o

x : Real or complex vector [1,nt] or [nt,1] Time samples of the signal to be analyzed.

o fmin: real scalar in [0,0.5] Lower frequency bound of the analysis. When not specified, this parameter
forces the program to interactive mode.

o fmax: real scalar [0,0.5] and fmax Upper frequency bound of the analysis. When not specified, this
parameter forces the program to interactive mode.

o0 N positive integer. number of analyzing voices. When not specified, this parameter forces the program
to interactive mode.

o wvlt_length : scalar or vector specifies the analyzing wavelet: 0: Mexican hat wavelet (real) Positive

real integer: real Morlet wavelet of size 2*wMingth+1) at finest scale 1 Positive imaginary integer:

analytic Morlet wavelet of size 2*wvllength+1) at finest scale 1 Real valued vector: waveform

samples of an arbitrary bandpass function.

OUTPUT PARAMETERS :

o wt: Real or complex matrix [N,nt] coefficient of the wavelet transform.

0 scale: real vector [1,N] analyzed scales

o f:realvector[1,N] analyzed frequencies

o scalo : real positive valued matrix [N,nt] Scalogram coefficients (squared magnitude of the wavelet

coefficients wt )

0 wavescaled : Scalar or real valued matrix [length(wavelet at coarser scale)+1,N]
Dilated versions of the analyzing wavelet

DESCRIPTION :

PARAMETERS :

0 X: signal to be analyzed. Real or complex vector

o fmin: lower frequency bound of the analysis. fmin is real scalar comprised in [0,0.5]

o fmax: upper frequency bound of the analysis. fmax is a real scalar comprised in [0,0.5] ang fmax
fmin

o N : number of analyzing voices geometrically sampled between minimum scale fmax/fmax and max-
imum scale fmax/fmin.

o wvlt_length : specifies the analyzing wavelet: 0: Mexican hat wavelet (real). The size of the wave-
let is automatically fixed by the analyzing frequency Positive real integer: real Morlet wavelet of
size 2*wvltlength+1) at finest scale (1) Positive imaginary integer. analytic Morlet wavelet of size
2*|wvlt_lengtH+1) at finest scale 1. The corresponding wavelet transform is then complex. May be
usefull for event detection purposes. Real valued vector: corresponds to the time samples waveform
of any arbitrary bandpass function viewed as the analyzing wavelet at any given scale. Then, an ap-
proximation of the scaled wavelet versions is achieved using the Fast Mellin Transform (see dmt and
dilate).

o wt: coefficient of the wavelet transform. X-coordinated corresponds to time (uniformly sampled), Y-
coordinates correspond to frequency (or scale) voices (geometrically sampled between fmax (resp. 1)
and fmin (resp. fmax / fmin ). First row of wt corresponds to the highest analyzed frequency (finest
scale).

scale : analyzed scales (geometrically sampled between 1 and fmax /fmin

f: analyzed frequencies (geometrically sampled between fmax and fmin . f corresponds to fmax/scale

scalo : Scalogram coefficients (squared magnitude of the wavelet coefficients wt )

wavescaled : If wvllength is a real or Imaginary pure scalar, then wavescaled equalengdth . If
wvlt_length is a vector (containing the waveform samples of an arbitrary analyzing wavelet), then
wavescaled contains columnwise all scaled version of Yevigth used for the analysis. In this latter
case, first element of each column gives the effective time support of the analyzing wavelet at the
corresponding scale. wavescaled can be used for reconstructing the signal (see icontwt)

O O OO
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ALGORITHM DETAILS :

The overall details of the algorithm are similar to those of contwt . The difference stems from the mirror
operation applied to the signal before computing the wavelet transform to minimize border effects. At each
scale j the analyzed signal is mirrored at its both extremities. The number of added samples at both sides
is equal to scale(j)* wvliength (the half length of the analyzing wavelet at this particular scale). After
convolution of the mirrored signal with the analyzing wavelet, the result is truncated to the actual size of
the initial signal.

SEE ALSO: :
contwt, icontwt and cwt

EXAMPLE: :

Signal synthesis x =fbmlevinson(1024,0.8) ; Regular Wavelet transformdwtirror,scale,f] = contwt(x,2(-
6),2(-1),128,8) ; viewmat(abs(wiomirror),[1 1 24]) ; Compared with a mirrored wavelet transform fitror,scale,f]
= contwtmir(x,2(-6),2(-1),128,0) ; viewmat(abs(wtirror),[1 1 24]) ;

15.0.60 contwtspec____ Continuous L2 wavelet based Legendre spectrum

Author: Paulo Goncalves

Estimates the multifractal Legendre spectrum of a 1-D signal from the wavelet coefficients of a L2
continuous decompaosition

USAGE :

[alpha,f_alpha,logpart,tau] = contwtspec(wt,scale,Q[,FindMax,ChooseReq])

INPUT PARAMETERS :

o0 wt: Real or complex matrix [Nscale,N] Wavelet coefficients of a continuous wavelet transform (output
of contwt or contwtmir))

o0 scale : real vector [1,Mécale] Analyzed scale vector

o Q:real vector [1,NQ] Exponents of the partition function

o FindMax : 0/1 flag. FindMax = 0 : estimates the Legendre spectrum from all coefficients FindMax
=1 : estimates the Legendre spectrum from the local Maxima coefficients of the wavelet transform
Default value is FindMax = 1

0 ChooseReg : 0/1 flag or integer vector [1;80], (N.reg <= N_scale) ChooseReg = 0 : full scale range
regression ChooseReg = 1 : asks online the scale indices setting the range for the linear regression
of the partition function. ChooseReg = [n1 ... m&Yg] : scale indices for the linear regression of the
partition function.

OUTPUT PARAMETERS :

o alpha : Real vector [1,MlIpha], Nalpha<= N_Q Singularity support of the multifractal Legendre
spectrum

o f.alpha: real vector [1,Mlpha] Multifractal Legendre spectrum

logpart : real matrix [Nscale,NQ] Log-partition function

o tau: real vector [1,MQ] Regression function

o]
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SEE ALSO: :
contwt, cwtspec, cwt, dwtspec, FWT

EXAMPLE: :

N = 2048 ; H = 0.7 ; Q = linspace(-4,4,11) ;

[x] = fbmlevinson(N,H) ;

[wt,scale] = contwtmir(x,27(-8),27(-1),16,8) ;
[alpha,f_alpha,logpart,tau] = contwtspec(wt,scale,Q,1,1) ;
plot(alpha,f_alpha),

15.0.61 cwt Continuous Wavelet Transform

Author: Bertrand Guiheneuf

This routine computes the continuous wavelet transform of a real signal. Two wavelets are available:
the Mexican Hat or the Morlet Wavelet.

USAGE :
[wt,scales,freqs]=cwt(sig,fmin,fmax,nbscales,[welgth])
INPUT PARAMETERS :

sig : real vector [1,n] or [n,1] Contains the signal to be decomposed.

fmin : real positive scalar Lowest frequency of the wavelet analysis

fmax : real positive scalar Highest frequency of the wavelet analysis

nbscales : integer positive scalar Number of scales to compute between the lowest and the highest
frequencies.

wvlt_length : real positive scalar (optionnal) If equal to 0 or not specified, the wavelet is the Mexican
Hat and its length is automaticaly choosen. Otherwise, Morlet's wavelet is used and it's length at
scale 1 is given by wvltength

O O o0 O

o

OUTPUT PARAMETERS :

0 wt: complex matrix [nbscales,n] Wavelet transform. The first line is the finer scale (scale 1). Itis real
if the Mexican Hat has been used, complex otherwise.

0 scales: real vector [1,nbscales] Scale corresponding to each line of the wavelet transform.

o fregs: real vector [1,nbscales] Frequency corresponding to each line of the wavelet transform.

DESCRIPTION :

PARAMETERS :

The wavelet transform of sig is computed via convolutions of dilated and translated versions of a single
function called the "wavelet”. The scales are given by the dilatation factor. As the scales are not absolute,
the scale factor is determined through the specification of the minimum and maximum frequency of the
decomposition considered as a time/frequency transform. The maximum frequency might not be greater
than the Nyquist Frequency i.e. 0.5 as the wavelet at this scale would be undersampled. The number
of scales tells how many convolutions are computed. The bigger it is, the slower the transform is. The
frequency (or scale) axis is logarithmicaly sampled. The resulting scales and frequencies values can be
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obtained as output parameters. The meaning of the wavelet length parameter is twofold. If non zero, it tells
the routine to use a Morlet Wavelet and gives its length at scale 1 (maximum frequency). Otherwise (zero
or not specified), the Mexican Hat is used. The resulting wavelet transform is then real but has a quite poor
frequency resolution.

ALGORITHM DETAILS :
Convolutions are computed through discrete linear convolutionsin time domain. No FFT is used. The linear
filters are obtained by a sampling of the wavelet after dilatation. The signal is mirrored at its boundaries.

15.0.62 cwtspec Continuous L1 wavelet based Legendre spectrum

Author: Paulo Goncalves

Estimates the multifractal Legendre spectrum of a 1-D signal from the wavelet coefficients of a L1
continuous decompaosition

USAGE :

[alpha,f_alpha,logpart] = cwtspec(wt,scale,Q[,FindMax,ChooseReq])

INPUT PARAMETERS :

o0 wt: Real or complex matrix [Nscale,N] Wavelet coefficients of a continuous wavelet transform (output
of cwt)

o0 scale : real vector [1,M¢cale] Analyzed scale vector

o Q:realvector [1,NQ] Exponents of the partition function

o FindMax : 0/1 flag. FindMax = 0 : estimates the Legendre spectrum from all coefficients FindMax
=1 : estimates the Legendre spectrum from the local Maxima coefficients of the wavelet transform
Default value is FindMax = 1

0 ChooseReg : 0/1 flag or integer vector [1;80], (N.reg <= N_scale) ChooseReg = 0 : full scale range
regression ChooseReg = 1 : asks online the scale indices setting the range for the linear regression
of the partition function. ChooseReg = [n1 ... m&Yg] : scale indices for the linear regression of the
partition function.

OUTPUT PARAMETERS :

o alpha : Real vector [1,Mlpha], Nalpha<= N_Q Singularity support of the multifractal Legendre
spectrum

o f.alpha: real vector [1,Mlpha] Multifractal Legendre spectrum

logpart : real matrix [Nscale,NQ] Log-partition function

o tau: real vector [1,MQ] Regression function

o

SEE ALSO: :
cwt, contwtspec, contwt, dwtspec

EXAMPLE: :
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N = 2048 ; H = 0.7 ; Q = linspace(-4,4,11) ;

[x] = fbmlevinson(N,H) ;

[wt,scale] = cwt(x,27(-8),27(-1),16,8) ;
[alpha,f_alpha,logpart,tau] = cwtspec(wt,scale,Q,1,1) ;
plot(alpha,f_alpha),

15.0.63 cwttrack_____ Continuous L2 wavelet based Holder exponent estimation

Author: Paulo Goncalves

Estimates the local or global Holder exponent of a 1-D signal from its L2 continuous wavelet transform
(output of contwt(mir) ). In some cases, the global Holder exponent can also be refered to as the long range
dependance parameter

USAGE :

[HofT] = cwttrack(wt,scale,whichT,FindMax,ChooseReg,radius,DeepScale,Show)

INPUT PARAMETERS :

o0 wt: Real or complex matrix [Nscale,N] Wavelet coefficients of a continuous wavelet transform (output
of contwit)

o0 scale : real vector [1,Mdcale] Analyzed scale vector

o whichT : Integer whichT, when non zero specifies the time position on the signal where to estimate
the local Holder exponent. When whichT is zero, the global scaling exponent (or LRD exponent) is
estimated.

o FindMax: 0/1 flag. FindMax =0 : estimates the Holder exponents (local or global) from all coefficients
of the wavelet transform FindMax = 1 : estimates the Holder exponents (local or global) from the
local Maxima coefficients of the wavelet transform Default value is FindMax = 1

0 ChooseReg : 0/1 flag or integer vector [Ir&y], (N.reg <= N_scale) ChooseReg = 0 : full scale
range regression ChooseReg = 1 : scale range is choosed by the user, clicking with the mouse on a
regression graph. ChooseReg =[nl .._@g] : imposes the scale indices for the linear regression of
the wavelet coefficients versus scale in a log-log plot Default value is ChooseReg = 0

o radius : Positive integer. The local maxima line search is restricted to some neighbourhood of the
analyzed point. Basically, this region is defined by the cone of influence of the wavelet. radius allows
to modulate the width of the cone. Default value is cone =8 .

0 DeepScale : strictly positive integer. DeepScale tells the maxima line procedure how depth in scale to
scan from step to step. Default value is DeepScale = 1

o Show 0/1 flag. Show = 1 : display the maxima line trajectory and the log-log regression graph Show =
0 : no display

OUTPUT PARAMETERS :

0 HofT : Real scalar. Local or global Holder exponent estimated

ALGORITHM DETAILS :
The maxima line search follows the two steps:
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o alllocal maxima are found using a standard gradient technique
o local maxima are connected along scales by finding the minimum Lobatchevsky distance between two
consecutive maxima lying beneath the cone of influence.

SEE ALSO: :
cwttrackall, contwtspec, contwt, dwtspec
EXAMPLE: :

= 1024 ;
[x] = GeneWei(N,[ones(1,N/2)*0.2 ones(1,N/2)*0.8],2,1,1) ;
[wt,scale] = contwtmir(x,2°(-8),2"°(-1),64,8%) ;
HofT_1 = cwittrack(wt,scale,N/4,1,1)
HofT_2 = cwittrack(wt,scale,3*N/4,1,1)

15.0.64 cwittrackall __ Continuous L2 wavelet based Holder function estimation

Author: Paulo Goncalves

Estimates the Holder function of a signal from its continuous wavelet transform (L2 contwt). cwétiiack
merely runs cwttrack as many times as there are time samples to be analyzed

USAGE :

[HofT,whichT] = cwittrack_all(wt,scale,FindMax,ChooseReg,radius,DeepScale,dT)

INPUT PARAMETERS :

o0 wt: Real or complex matrix [Nscale,N] Wavelet coefficients of a continuous wavelet transform (output
of contwt)

o0 scale: real vector [1,Mécale] Analyzed scale vector

o whichT : Integer whichT, when non zero specifies the time position on the signal where to estimate
the local Holder exponent. When whichT is zero, the global scaling exponent (or LRD exponent) is
estimated.

o FindMax: 0/1 flag. FindMax =0 : estimates the Holder exponents (local or global) from all coefficients
of the wavelet transform FindMax = 1 : estimates the Holder exponents (local or global) from the
local Maxima coefficients of the wavelet transform Default value is FindMax = 1

0 ChooseReg : 0/1 flag or integer vector [Ir&y], (N.reg <= N_scale) ChooseReg = 0 : full scale
range regression ChooseReg = 1 : scale range is choosed by the user, clicking with the mouse on a
regression graph. ChooseReg = [n1 ...@g] : imposes the scale indices for the linear regression of
the wavelet coefficients versus scale in a log-log plot Default value is ChooseReg = 0

o radius : Positive integer. The local maxima line search is restricted to some neighbourhood of the
analyzed point. Basically, this region is defined by the cone of influence of the wavelet. radius allows
to modulate the width of the cone. Default value is cone =8 .

0 DeepScale : strictly positive integer. DeepScale tells the maxima line procedure how depth in scale to
scan from step to step. Default value is DeepScale = 1

o0 dT 01 Integer. Sampling period for the Holder function estimate
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OUTPUT PARAMETERS :

0 HofT : Real scalar. Local or global Holder exponent estimated
o whichT Integer vector Time sampling vector

SEE ALSO: :
cwttrack

EXAMPLE: :

N = 2048 ;

[X] = GeneWei(N,linspace(0,1,N),1.2,1,1) ;

[wt,scale] = contwtmir(x,2°(-6),2°(-1),64,8*) ;
[HofT,whichT] = cwttrack_all(wt,scale,1,0,8,1,(N/64)) ;

15.0.65 dilate Dilation of a signal

Author: Paulo Goncalves
Computes dilated/compressed version of a signal using Fast Mellin transform.
USAGE :

[sscaled,mellin,beta] = dilate(s,a,[fmin,fmax,N])
INPUT PARAMETERS :

o

s : real vector [1,nt] or [nt,1] Time samples of the signal to be scaled.
a : real strictly positive vector [1,cale] Dilation/compression factors<al corresponds to compres-
sion in time

o fmin: real scalar in [0,0.5] Lower frequency bound of the signal (necessary for the intermediate com-
putation of the Mellin transform)

o fmax: real scalar [0,0.5] and fmax Upper frequency bound of the signal (necessary for the interme-
diate computation of the Mellin transform)

o N positive integer. number of Mellin samples.

o

OUTPUT PARAMETERS :

0 sscaled: Real matrix with Mcale columns Each columnj (forj=1._$tale) contains the dilated/compressed
version of s by scale a(j). First element of each column gives the effective time support for each scaled
version of s.

o mellin: complex vector [1,N] Mellin transform of s.

0 beta: real vector [1,N] Variable of the Mellin transform mellin.

DESCRIPTION :

PARAMETERS :
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0 s: signal to be analyzed. Real or complex vector. Size of s should be odd. If even, a zero sample is
appended at the end of the signal

0 a scale factor. Maximum allowed scale is determined by the spectral extent of the signal to be com-
pressed: the spectral extent of the compressed signal can not go beyond the Nyquist frequency (1/2).
There is no theoretical limit for the minimum allowed scale, other than the computational cost.

o fmin: lower frequency bound of the analysis. fmin is real scalar comprised in [0,0.5]

o fmax: upper frequency bound of the analysis. fmax is a real scalar comprised in [0,0.5] ang fmax
fmin

o0 N : number of Mellin samples. This number must be greater than some ammount determined by the
spectral extent of the signal, to avoid aliasing in the Mellin domain.

ALGORITHM DETAILS :
This algorith uses a Fast Mellin Transform (dmt) to diagonalize the Scale operator. The algorithm runs as
follows

o compute the Fourier-Mellin transform of the signal
0 Multiply the result by a(-i.beta) (beta is the Mellin variable), for each values of scale a
0 compute the inverse Fourier-Mellin transform to get the a-dilated version of s

SEE ALSO: :

dmt, idmt
EXAMPLE: :
Signal synthesis

x = morlet(0.1,32) ;
plot(x)

Dilation by a factor 2

[sscaled,mellin,beta] = dilate(x,2,0.01,0.5,256) ;
plot(sscaled(2:sscaled(1)))

Compression by a factor 2

[sscaled,mellin,beta] = dilate(x,1/2,0.01,0.5,256) ;
plot(sscaled(2:sscaled(1)))

15.0.66 dimR2d______ Regularization dimension of the surface of a 2d function

Author: Francois Roueff
Computes the regularization dimension of the surface of a 2d function. Two kernels are available: the

Gaussian or the Rectangle.

USAGE :
[dim, handlefig]=dimR(x,sigma,voices,Nmin,Nmax,kernel,mirror,reg,graphs)
INPUT PARAMETERS :
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x : Real or complex matrix [nt,pt] Space samples of the signal to be analyzed.

sigma : Real positive number Standard Deviation of the noise. Its default value is null (noisefree)

voices : Positive integer. number of analyzing voices. When not specified, this parameter is set to 128.

Nmin : Integerin [2,nt/3] Lower scale bound (lower width) of the analysing kernel. When not specified,
this parameter is set to around nt/12.

Nmax : Integer in [Nmin,2nt/3] Upper scale bound (upper width) of the analysing kernel. When not
specified, this parameter is set to nt/3.

o kernel : String specifies the analyzing kernel: "gauss”: Gaussian kernel (default) "rect”: Rectangle

kernel
0 mirror : Boolean

O O o0 O

o

specifies wether the signal is to be mirrorized for the analyse (default: 0).
0 reg: Boolean

specifies wether the regression is to be done by the user or automatically (default: 0).

o0 graphs: Boolean:
specifies wether the regularized graphs have to be displayed (default: 0).
OUTPUT PARAMETERS :

o dim: Real Estimated regularization dimension.
o handlefig : Integer vector Handles of the figures opened during the procedure.

DESCRIPTION :

This function is the same as dimR but adapted to 2d signals. For a more complete explanation of the
regularization dimension, one can refer to: "A regularization approach to fractionnal dimension estimation”,

F. Roueff, J. Levy-Vehel, submitted to Fractal 98 conference. The regularized graphs of x are computed
via convolutions of x with dilated versions of the kernel at different scales. The lengths of the regularized
graphs are computed via convolutions of x with the derivatives of the dilated versions of the kernel. The
regularization dimension is computed either via an automatic range regression or via a regression by hand on
the loglog plot of the lengths versus scales. If sigmais strictly positive, an estimation of the lengths without
noise is used for the regression. These lengths are displayed in red while those of the noisy signal are in
black. They should seperate at fine scales. When one specifies the range regression, the loglog plot of the
lengths versus scales appears. Above are either increments (when sigma is null) or a loglog plot of the noise
prevalence in the lengths. One selects the scale range of the regression. In the case of noisefree signals,
select a scale region with stable increments. In the case of a strictly positive sigma, select a scale region
where the noise prevalence is not too close to 1 (0 in log10): it should correspond to an approximately linear
region for the red estimations. The number of scales (voices) tells how many convolutions are computed.
The bigger it is, the slower the computation is. The scale axis is geometrically sampled (i.e. its log is
arithmetically sampled). The gaussian kernel should give a better result but the rectangle is faster. As a
general rule, be careful of the size of the input signal and of the maximal size of the kernel (Nmax x Nmax)
to avoid too long computing times.

SEE ALSO: :

cwttrack, cwtspec.

EXAMPLE: :

Signal synthesis

x = GeneWei(100,0.6,2,1.0,0);
y = GeneWei(100,0.4,3,1.0,1);
w = X™y,
mesh(w);

Dimension of the graph with a regression by hand
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[dim,H] = dimR2d(w,0,25,5,30,'gauss’,0,1,0);

Close the figures

close(H)

15.0.67 dmt Discrete Mellin transform of a vector

Author: Paulo Goncalves

Computes the Fast Mellin transform of a signal.

USAGE :

[mellin,beta] = dmt(s,[fmin,fmax,N])

INPUT PARAMETERS :

o s:realvector[1,nt] or [nt,1] Time samples of the signal to be transformed.
o fmin: real scalar in [0,0.5] Lower frequency bound of the signal

o fmax: real scalar [0,0.5] and fmax Upper frequency bound of the signal

0 N: positive integer. number of Mellin samples.

OUTPUT PARAMETERS :

o mellin: complex vector [1,N] Mellin transform of s.
0 beta: real vector [1,N] Variable of the Mellin transform mellin.

DESCRIPTION :

PARAMETERS :

o

s : signal to be transformed. Real or complex vector.

fmin : lower frequency bound of the analysis. fmin is real scalar comprised in [0,0.5]

fmax : upper frequency bound of the analysis. fmax is a real scalar comprised in [0,0.5] and- fmax
fmin

0 N : number of Mellin samples. This number must be greater than some ammount determined by the

spectral extent of the signal, to avoid aliasing in the Mellin domain.

[elNe]

ALGORITHM DETAILS :
The fast Mellin transform can be simply interpreted as a FFT applied to a geometrically sampled vector.

SEE ALSO: :
idmt, dilate
EXAMPLE: :
Signal synthesis

x = morlet(0.1,32) :
plot(x)
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Computation of the Mellin transform

[mellin,beta] = dmt(x,0.01,0.5,128) ;
plot(beta,abs(mellin))

15.0.68 dwtspec Discrete wavelet based Legendre spectrum

Author: Paulo Goncalves

Estimates the multifractal Legendre spectrum of a 1-D signal from the wavelet coefficients of a discrete
decomposition

USAGE :

[alpha,f_alpha,logpart] = dwtspec(wt,Q[,ChooseReq])

INPUT PARAMETERS :

o wt: Real vector [1,N] Wavelet coefficients of a discrete wavelet transform (output of FWT)

o Q:realvector [1,NQ] Exponents of the partition function

0 ChooseReg: 0/1 flag or integer vector [1;80], (N.reg <= N_scale) ChooseReg = 0 : full scale range
regression ChooseReg = 1 : asks online the scale indices setting the range for the linear regression
of the partition function. ChooseReg = [n1 ... m&Yg] : scale indices for the linear regression of the
partition function.

OUTPUT PARAMETERS :

o alpha : Real vector [1,MlIpha], Nalpha<= N_Q Singularity support of the multifractal Legendre
spectrum

o f.alpha: real vector [1,Mlpha] Multifractal Legendre spectrum

0 logpart: real matrix [Nscale,NQ] Log-partition function

o tau: real vector [1,MQ] Regression function

SEE ALSO: :

cwtspec, FWT, WTStruct, MakeQMF, flt, iflt
EXAMPLE: :

N 2048 ; H = 0.3 ; Q = linspace(-4,4,11) ;

[x] = fbmlevinson(N,H) ;

gmf = MakeQMF('daubechies’,2) ;

[wt] = FWT(x,log2(N),gmf) ;
[alpha,f_alpha,logpart,tau] = dwtspec(wt,Q,1) ;
plot(alpha,f_alpha),
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15.0.69 fbmfwt Discrete wavelet based synthesis of a fBm

Author: Paulo Goncalves

Generates a 1/f Gaussian process from a discrete wavelet transform

USAGE :

[X] = fomfwt(N,H,[noctave,Q,randseed)]) ;

INPUT PARAMETERS :

N : Positive integer Sample size of the fBm

H : Real in [0,1] Holder exponent

noctave : integer Maximum resolution level (should not exceeed log2(N))
Q : real vector. Analyzing QMF (e.g. Q = MakeQMF('daubechies’,4))
randseed : real scalar Random seed generator

O OO0 OO

OUTPUT PARAMETERS :

o0 X real vector [1,N] Time samples of the 1/f Gaussian process

ALGORITHM DETAILS :

Generates a 1/f Gaussian process by inverting a discrete wavelet transform. Step 1: generatesy a [1,N] i.i.d.
standard Gaussian noise Step 2: computes the discrete wavelet coefficients y Step 3: weigth the wavelet
coefficients y with the corresponding scale power law Step 4: invert the weighted discrete wavelet transform

SEE ALSO: :

fomlevinson, synth2, FWT, MakeQMF
EXAMPLE: :

Q = MakeQMF('daubechies’,4) ;

[x] = fbmfwt(1024,0.5,10,Q) ;

[wt,scale,f] = contwt(x,2°(-8),27(-1),64,8) ;
[H] = cwttrack(wt,scale,0,1,1,8,1,1) ;

15.0.70 fbmlevinson______ Levinson synthesis of a fractional Brownian motion

Author: Paulo Goncalves

Generates a Fractional Brownian Motion (fBm) using Cholesky/Levinson factorization

USAGE :
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[x,y,r] = fomlevinson(N,H,[seed])

INPUT PARAMETERS :

0 N : Positive integer Sample size of the fBm
0 H:Realin[0,1] Holder exponent
0 seed: real scalar Random seed generator

OUTPUT PARAMETERS :

o x: real vector [1,N] Time samples of the fBm

o y:realvector [1,N] Vector of N i.i.d. white standard Gaussian r.v.'s (input process of the generator)

o r: real vector [1,N] First row of the var/cov Toeplitz matrix R of the increment process w[k] = x[k+1]
- X[K].

ALGORITHM DETAILS :

Generates a Fractional Brownian Motion using Levinson algorithm to triangularize the covariance matrix.
R = E W * W’ being the variance/covariance matrix of the fBm increment W([n ; shift] = X[n+shift] - X[n-
shift], R = L*L’, with L the lower left triangle matrix (Choleski or Levinson factorization). Then, we pose
Z=L(-1)*W <=> W =L * Z with Rz the var/cov matrix of the process Z, Rz ={EZ * 2’ } Rz = E{
L-1)*W*W' * (L(-1)) }Rz=L(-1)*R*(L(-1))) Rz =L(-1) *L *L * (L(-1))’ Rz = | (identity) Thus,

Z is a white Gaussian noise with unit variance.

SEE ALSO: :

mbmlevinson

EXAMPLE: :

[x,y,r] = fbmlevinson(1024,0.8) ;

15.0.71 fftld Operates a column-wise direct or inverse FFT

Author: Paulo Goncalves

Operates a column-wise direct or inverse FFT on a matrix

USAGE :

Y = fft1d(X,Dirlnv) ;

INPUT PARAMETERS :

0 X:Real or complex valued matrix [rx,cX]
o Dirlnv: +1/-1 flag -1 Direct Fast Fourier Transform +1 Inverse Fast Fourier Transform
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OUTPUT PARAMETERS :

0 Y : Real or complex valued matrix [rx,cx] Each column of Y contains the FFT (resp IFFT) of the
corresponding column of X

SEE ALSO: :

fft

EXAMPLE: :
Matrix synthesis:

= linspace( 0,1,128 ) ;

[4 8 16 32]

sin( 2*%pi*t(:)*f0 ) ;
abs( fftld( X , -1 ) ) ;
[Y(65:128,)) ; Y(1:64,)] ;
f = linspace(-64,63,128) ;
plot2d(f(ones(4,1),))",Y) ;

t
fo =
X =
Y
Y

15.0.72 findWTLM Finds local maxima lines of a CWT

Author: Paulo Goncalves

Finds the local maxima of a continuous wavelet transform

USAGE :

[maxmap] = findWTLM(wt,scale[,depth])

INPUT PARAMETERS :

o wt: Complex matrix [Nscale,N] Wavelet coefficients of a continuous wavelet transform (output of
FWT or contwt)

0 scale : real vector [1,Mcale] Analyzed scale vector

0 depth: realin [0,1] maximum relative depth for the peaks search. Default value is 1 (all peaks found)

OUTPUT PARAMETERS :
0 maxmap : 0/1 matrix [Nscale,N] If maxmap(m,n) = 0 : the coefficient wt(m,n) is not a local maximum
If maxmap(m,n) = 1 : the coefficient wt(m,n) is a local maximum

SEE ALSO: :
contwt, cwt

EXAMPLE: :
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N = 2048 ; H = 0.3 ; Q = linspace(-4,4,11) ;
[x] = fbmlevinson(N,H) ;

[wt,scale] = cwt(x,27(-6),27(-1),36,0) ;

[maxmap] = findWTLM(wt,scale) ;

Vizualisation in Matlab:

viewWTLM(maxmap,scale,wt) ,
axis([1024 - 64 1024 + 64 0 log2(max(scale))]) ,

Vizualisation in Scilab: Not implemeted yet!...

15.0.73 fit Fast Legendre transform

Author: Paulo Goncalves

Computes the Legendre transform of y y*(s) = sppin X}[s.x - y(X)]

USAGE :

[us] = fit(x,y[,ccv])

INPUT PARAMETERS :

0 X real valued vector [1,N] samples support of the function y

o0 vy : realvalued vector [1,N] samples of function y = y(x)

0 ccv : optional argument to choose between convex (ccv = 0) and concave (ccv = 1) envelope. Default
value is ccv = 1 (concave)

OUTPUT PARAMETERS :
o0 u: real valued vector [1,M] Legendre transform of input y. Note that, since u stems from the envelope
of y, in general M<= N.

0 s:real valued vector [1,M] Variable of the Legendre transform of y.

SEE ALSO: :

EXAMPLE: :
Function synthesis

S5, ml =1 - mO ;
95 : m3 =1-m2;
g = linspace(-20,20,201) ;

mO
m2

taul = - log2(exp(g.*log(m0)) + exp(g.*log(m1l))) ;
tau2 = - log2(exp(q.*log(m2)) + exp(g.*log(m3))) ;
tau3 = min(taul , tau2) ;
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Legendre Transforms

[ul,s1] = fit(q,taul) ;
[u2,s2] = flt(q,tau2) ;
[u3,s3] = flt(q,taul) ;

Vizualisation - Matlab

plot(sl,ul,’g’,s2,u2,’b’,s3,u3,’r) ; grid ;
legend(u(taul(q))’,'u(tau2(q))’,'u(tau3(q))’) ;

Vizualisation - Scilab

plot2d(s3,u3,17) ; plot2d(s1,u1,18,001) ; plot2d(s2,u2,19,001’) :

15.0.74 gauss Gaussian window

Author: Paulo Goncalves

Returns a Gaussian window

USAGE :

Win = gauss(N[A])
INPUT PARAMETERS :

0 N : Positive integer Number of points defining the time support of the window
0 A:Real positive scalar Attenuation in dB at the end of the window (10(-A)). Default value is A = 2.

OUTPUT PARAMETERS :

0 Win: real vector [1,N] Gaussian window in time.

SEE ALSO: :
mexhat, morlet

EXAMPLE: :

t = linspace(-1,1,128) ;
Winl = gauss(128,2) ;
Win2 = gauss(128,5) ;
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Vizualisation - Matlab

plot(t,winl,’b’,t,win2,’r’) ;
legend('Gaussian window 1'’Gaussian window 2)

Vizualisation - Scilab

plot2d([t(:) t(:)],[Winl(:) Win2(:)],[17 19])

15.0.75 (gifs2wave wavelet coefficients from new GIFS coefficients

Author: Khalid Daoudi

Computes the wavelet cOefficients of the synthetic 1-D real signal from its new GIFS coefficients.

USAGE :
[wt_new]=gifs2wave(Cihew,wt,wtidx,wt_Ig)

INPUT PARAMETERS :

o Ci_new : Real matrix Contains the new GIFS coefficients

wt : Real matrix contains the wavelet coefficients (obtained using FWT)

o0 wt.idx : Real matrix [1,n] contains the indexes (in wt) of the projection of the signal on the multiresol-
ution subspaces

o wt.lg: Real matrix [1,n] contains the dimension of each projection

o

OUTPUT PARAMETERS :

0 wi_new : Real matrix Contains the new wavelet coefficients plus other informations.

DESCRIPTION :

PARAMETERS :

ALGORITHM DETAILS :

SEE ALSO: :

wave2gifs.
EXAMPLE: :
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15.0.76 gifseg__ Replaces nodes of the diadic tree by a ceratin unique value.

Author: Khalid Daoudi

Replaces at each scale the left (resp. right) nodes of the diadic tree, associated to the GIFS coefficients,
that belong to [cmin,cmax] by a ceratin unique value.

USAGE :

[Ci_new, marks, L]=gifseg(Ci,[cmin,cmax,epsilon])

INPUT PARAMETERS :

o Ci: Real matrix Contains the GIFS coefficients (obtained using FWT)

0 cmin: Real scalar [1,n] Specifies the minimal value of the Ci’s to be considered (cmin=0 by default)
0 cmax: Real scalar [1,n] Specifies the maximal value of the Ci’s to be considered (cmin=0 by default)
o epsilon : real scalar Specifies the maximal error desied on the Ci’s approximation.

OUTPUT PARAMETERS :

o Ci_new : Real matrix Contains the the new GIFS coefficients.

o marks : Real vector Contains the segmentation marques. length(marks)-1 is the number of segmented
parts.

0 L : Real matrix A structure containing the left and right lambdacorresponding to each segmented
part.

DESCRIPTION :
PARAMETERS :
ALGORITHM DETAILS :

SEE ALSO: :

hist, waveZ2gifs.
EXAMPLE: :

15.0.77 holder2d___ holder exponents of a measures defined on 2D real signal

Author: Pascal Mignot - Bertrand Guiheneuf

This routine computes holder exponents of a measures defined on 2D real signal. Several measures and
capacities are available.

USAGE :
[holder]=holder2d(Input,[Meas],[Res],[Ref],[RefMeas])

INPUT PARAMETERS :

0 Input: real matrix [m,n] Contains the signal to be analysed.
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0 Meas : string Analysing measure. Must choosen b€ &um”, "var”, "ecart”,
"riso”, "asym”, "aplat”, "contrast”, "lognorm”, "varlog”, "rho”, "pow”, ”
min”, "diffh”, "diffv”, "diffmin”, "diffmax” } (default: "sum”)

o res: Number of resolutions used for the computation. (default : 1)

o Ref: real matrix [m,n] Contains the reference signal i.e. the signal on which the reference measure will
be computed. Input and Ref must have the same dimensions.

0 RefMeas : string Reference measure. (default : "sum”)

min", "maX“, "iSO",

logpow”, "frontmax”, "front-

OUTPUT PARAMETERS :

o holder : real matrix [m,n] Contains the Holder exponents.

DESCRIPTION :

INTRODUCTION :

This routines computes holder exponents by regressing an analysing measure (in a log-log plot) at different
scales. Given a pixel, one defines a (square) window around it. The window size is called the resolution.
The specified measure (or capacity) is then evaluated on the set defined by the window. For example, in
the case of the "sum” measure, at resolution 2, a 5x5 square center on a pixel p0 is extracted from the input
image. The mean of the gray levels of the obtained pixels defines the measure at pixel pO and resolution
2. The measure type is thus given by the input parameter Meas whereas the actual measure is obtained
through the input signal. In the case of a simple measure analysis, the regression is computed with respect
to the size of the window, this corresponds to comparing the analysing measure to the Lebesgue measure.
Nevertheless, it is possible to compute the regression by comparison with a reference measure given by the
last two parameters.

SEE ALSO:

15.0.78 icontwt Inverse Continuous L2 wavelet transform

Author: Paulo Goncalves

Computes the inverse continuous wavelet transform: reconstructs a 1-D signal from its wavelet coeffi-
cients. The scale operator is unitary with respect to the L2 norm.

USAGE :

[x_back]=icontwt(wt,f,wl_length)

INPUT PARAMETERS :

o wt: Real or complex matrix [N,nt] coefficient of the wavelet transform

o f: real vector of size [N,1] or [1,N] which elements are in /[0,0.5], in decreasing order.

o wl_length: scalar or matrix specifies the reconstruction wavelet: 0: Mexican hat wavelet (real) Positive
real integer: real Morlet wavelet of size 2*Wdngth+1) at finest scale 1 Positive imaginary integer:
analytic Morlet wavelet of size 2*wlength+1) at finest scale 1 Real valued matrix with N columns:
each column contains a dilated versions of an arbitrary synthesis wavelet.
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OUTPUT PARAMETERS :

0 x-_back: Real or complex vector [1,nt] Reconstructed signal.
DESCRIPTION :

PARAMETERS :

o wt: coefficient of the wavelet transform. X-coordinated corresponds to time (uniformly sampled), Y-
coordinates correspond to frequency (or scale) voices (geometrically sampled between fmax (resp. 1)
and fmin (resp. fmax / fmin). First row of wt corresponds to the highest analyzed frequency (finest
scale). Usually, wt is the output matrix wt of contwt .

0 scale : analyzed scales (geometrically sampled between 1 and fmax /fmin. Usually, scale is the output
vector scale of contwt .

o wl_length : specifies the synthesis wavelet: 0: Mexican hat wavelet (real). The size of the wave-
let is automatically fixed by the analyzing frequency Positive real integer: real Morlet wavelet of
size 2*wllength+1) at finest scale (1) Positive imaginary integer: analytic Morlet wavelet of size
2*|wl_length+1) at finest scale 1. The corresponding wavelet transform is then complex. May be
usefull for event detection purposes. Real valued matrix: usually, for reconstructiength is the
output matrix wavescaled from contwt.

ALGORITHM DETAILS :

The reconstruction algorithm Inverse Wavelet Transform , proceeds by convolving the wavelet coefficients
(obtained from contwt ) by the synthesis wavelet. As we deal with continuous wavelet decomposition, the
analyzing wavelet and its dual for reconstruction are the same (continuous basis). This operation is iterated
at each analyzed scale j yielding N corresponding band-passed signal versions. The reconstructed signal is
the scale weighting sum of these N vectors.

SEE ALSO: :

contwt, contwtmir

EXAMPLE: :

Signal synthesis

X = morlet(0.1,64) ;
t = 1:129 ;

A Morlet (of size 2*8+1 samples ) wavelet transform

[wtMorlet,scale,f,scaloMorlet] = contwt(x,0.01,0.5,128,8) ;
viewmat(scaloMorlet,1:129,f,[1 1 24]) ;

Reconstruction with the same synthesis wavelet

[x_back] = icontwt(wtMorlet,f,8) ;
plot([t(:) t()][x() x_back()]) ;
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15.0.79 idmt Inverse Discrete Mellin transform

Author: Paulo Goncalves

Computes the Inverse Fast Fourier-Mellin transform of a signal.

USAGE :
[X,t] = idmt(mellin,beta,[M])
INPUT PARAMETERS :

o mellin : complex vector [1,N] Fourier-Mellin transform to be inverted. For a correct inversion of the
Fourier-Mellin transform, the direct Fourier-Mellin transform mellin must have been computed from
fmin to 0.5 cycles per sec.

0 beta: real vector [1,N] Variable of the Mellin transform mellin.

0 M positive integer. Number of time samples to be recovered from mellin.

OUTPUT PARAMETERS :

0 Xx:complex vector [1,M] Inverse Fourier-Mellin transform of mellin.
o0 t:time variable of the Inverse Fourier-Mellin transform x.

DESCRIPTION :

The Inverse Fourier-Mellin transform can be viewed as an Inverse Fast Fourier Transform which result is
assumed geometrically sampled. To recover the initial time signal, a Discrete Inverse Fourier Transform
is applied to this geometrically Fourier representation. Important The Inverse Fourier-Mellin transform is
correct only if the direct Fourier-Mellin transform has been computed from fmin to 0.5 cycles per sec.

SEE ALSO: :
dmt, dilate

EXAMPLE: :
Signal synthesis

x = morlet(0.1,32) ;
plot(x)

Computation of the Mellin transform

[mellin,beta] = dmt(x,0.01,0.5,128) ;
plot(beta,abs(mellin))

Computation of the Inverse Mellin transform

[y,t] = idmt(mellin,beta,65) ;
plot(t,abs(x-y))
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15.0.80 integ Approximate 1-D integral

Author: Paulo Goncalves

Approximate 1-D integral. integ(y,x) approximates the integral of y with respect to the variable x

USAGE :

SOM = integ(y[,X])
INPUT PARAMETERS :

o Y : real valued vector or matrix [ry,cy] Vector or matrix to be integrated. For matrices, integ(Y) com-
putes the integral of each column of Y
0 Xx:row-vector [ry,1] Integration path of y. Default value is (1:cy)

OUTPUT PARAMETERS :

0 SOM :real valued vector [1,cy] Finite sum approximating the integral of y w.r.t the integration path x

SEE ALSO: :

integ2d

EXAMPLE: :

Cumulative Normal Distribution

sigma = 1 ; N = 100 ;
X logspace(log10(0.001),log10(3),N/2) ;
X [ -fliplr(x) x ] ;
y = 1/sqgrt(2*pi) * exp( -(x."2)./2 ) ;
plot(x,y)
for n = 1:N

PartialSom(n) = integ( y(1:n),x(1:n) ) ;
end

Vizualisation Matlab

plot(x,PartialSom,x,PartialSom,’or’)
grid ; xlabel(’x’) ; title(\int_{-\infty}"{x} g(u) du’)

Vizualisation Scilab

xbasc()
plot2d(x,PartialSom,-1)
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15.0.81 isempty Checks if a matrix is empty

Author: Paulo Goncalves

isempty True for empty matrix. isempty(x) returns %T if x is an empty array and %F otherwise. An
empty array has no elements, that is prod(size(X))==0.

USAGE :

isempty(x)

INPUT PARAMETERS :

0 X: Real or complex valued matrix [rx,cx]

SEE ALSO: :
all

15.0.82 lambdak k’s lambda functions for pseudoAW

Author: Paulo Goncalves

Computes the parametrizing function lambdak defining the Affine Wigner distributions.

USAGE :
[y] = lambdak(u,k)

INPUT PARAMETERS :

0 u: real vector [1,n] Argument of the function lambdak.

0 k: real scalar Parameter of the lambdak function. K=-1 corresponds to the Unterberger distribution;
K=0 corresponds to the Bertrand distribution; K=0.5 corresponds to the D-Flandrin distribution; K=2
corresponds to the Wigner-Ville distribution on analytic signals.

OUTPUT PARAMETERS :

o0 vy : realvector [1,n] Result of the function lambdak .

SEE ALSO: :
pseudoAW

EXAMPLE: :
x = linspace(-10,10,101) ; yO = lambdak(x,-1) ; y1 = lambdak(x,2) ; plot(y0) plot(y1)
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15.0.83 lepskiiap lepskii adaptive procedure

Author: Christophe Canus

This C.LAB routine is an implementation of the Lepskii's adaptive procedure. This algorithm selects
the "best” estimator which balances the bias-variance tradeoff in a sequence of noisy and biased estimators
thetahatj of a non-random parameter theta with the assumption that when j increasesj biasdases as
variance sigma2 decreases.

USAGE :
[K_star,jhat,l.c_j-min,l_c_j.max,Ec_j_hatmin,E_c_j_hatmax]= lepskiiap(thetdatj,[sigma2j,K])
INPUT PARAMETERS :

o thetahatj: real vector [1,J] or [J,1] Contains the sequence of estimators.
0 sigmaz2j: strictly positive real vector [1,J] or [J,1] Contains the sequence of variances.
o K strictly positive real scalar Contains the confidence constant.

OUTPUT PARAMETERS :

o0 K_star: strictly positive real scalar Contains the optimal confidence constant.

o0 j_hat: strictly positive real (integer) scalar Contains the selected index.

0 l_cj_min: real vector [1,J] Contains the minimum bounds of the confidence intervals.

o I.cj-max: real vector [1,J] Contains the maximum bounds of the confidence intervals.

0 E_cj_hatmin: real scalar Contains the minimum bound of the selected intersection interval.
o0 E_cj_hatmax: real scalar Contains the maximum bound of the selected intersection interval.

DESCRIPTION :

PARAMETERS :

The sequence of variances sigjrmaust be stricly positive, decreasing when j increases and of the same
size than thetdnatj. When no sequence of variances is given as input or when it is uniformly equal to 0,
the algorithm computes the sequence of variances as siggiap The default value for epsilon is 1./[1:J].
The confidence constant K must bel. For the meaning of the ouput parameters, see next section.
ALGORITHM DETAILS :

Define the sequence of confidence intervatsjt[theta hatj-K*sigma_j,thetahatj+K*sigma/j], the se-
quence of their decreasing intersections_Fand jhat as the largest index j such as that_is non void.

The best estimator with respect to the Lepskii’'s adaptive procedure is selected dsttjetat in E.c_j_hat.

The two parameters to be handled are the sequence of variances gignththe confidence constant K.
sigma2j can be any sequence dominating the estimator variance. Choosing a smaller K speeds up the
selection and results to smallehat.

EXAMPLES :

MATLAB :

T=33;

% linear model

f t=linspace(0,1,T);

% jump for t=floor(3/4*T)
f_t(floor(3/4*T):T)=2*f_t(floor(3/4*T):T);
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% Wiener process
W_t=randn(1,T);
sigma=.1;
Y_t=f t+sigma*W _t;
subplot(2,1,1);
plot(f_t);hold on;plot(Y_t);
titte("White noise model Y(t)));
xlabel(index: t);
ylabel(Y (t)=f(t)+\sigma W(t)");
% estimation for t=t_0=floor(T/2)
t_O=floor(T/2)+1;
Y_t=f_t+sigma*W_t;
for t=1:floor(T/2)
f_hat_t(t)=mean(Y_t(t_O-t:it_0+t));
end
% Lespkii's adaptive procedure
[K_star,t hat,l ¢ t min,l_c t max,E_c_t hat min,E_c_t hat max]=lepskiiap(f_hat_t,.005*1
% plot and disp results
plot(t_0,Y_t(t_0),’k*);
plot(t_O-t_hat,Y_t(t O-t_hat),’kd");
plot(t_O+t_hat,Y_t(t_O+t_hat),’kd’);
subplot(2,1,2);
plot(f_hat _t);
hold on;
plot(l_c_t max,'r™);
plot(l_c_t_min,’gV’);
title(['estimator \theta_t(t_0) vs. index t with t 0=",num2str(floor(T/2)+1)]);
xlabel(index: t);
ylabel('estimator: \theta_t(t_0)’);
plot(t_hat,E_c_t hat _min,’ko");
plot(t_hat,E_c_t_hat _max,’ko");
disp([linear estimation of f_t for t=t_0=",num2str(t_0)]);
disp(['selected index t=",num2str(t_hat)]);
disp(['estimated f t O in [,num2str(E_c_t _hat min),’,,num2str(E_c_t_hat min),T]);

SCILAB :

I

REFERENCES :
To be published..SH See Also monolr_{@&B routine).

15.0.84 linearlt linear time legendre transform

Author: Christophe Canus

This C_LAB routine the Legendre transform of a function using the linear time Legendre transform
algorithm.
USAGE :
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[s,ustars]=linearlt(x,ux)
INPUT PARAMETERS :

o x: real vector [1,N] or [N,1] Contains the abscissa.

o Y realvector[1,N] or [N,1] Contains the function to be transformed.
OUTPUT PARAMETERS :

o0 s: real vector [1,M] Contains the abscissa of the regularized function.
0 u.stars: real vector [1,M] Contains the Legendre conjugate function.

DESCRIPTION :

PARAMETERS :
The abscissa x and the functionxudo be transformed must be of the same size [1,N] or [N,1]. The abscissa
s and the Legendre conjugate functiastars are of the same size [1,M] with #/=N.

ALGORITHM DETAILS :

The linear time Legendre transform algorithm is based on the use of a concave regularization before slopes’
computation.

EXAMPLES :

MATLAB :

x=linspace(-5.,5.,1024);

u_x=-1+log(6+x);

plot(x,u_x);

% looks like a Reyni exponents function, isn’t it ?
[s,u_star_s]=linearlt(x,u_x);

plot(s,u_star_s);

SCILAB :

1

REFERENCES :
None..SH See Also bbch (CAB routine).

15.0.85 mbmlevinson_ Levinson synthesis of a multifractional Brownian motion

Author: Paulo Goncalves

Generates a Multi-Fractional Brownian Motion (mBm) using Cholesky/Levinson factorization

USAGE :
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[X,y,/] = mbmlevinson(N,H,[seed])
INPUT PARAMETERS :

0 N : Positive integer Sample size of the fBm

o0 H: Real vector [1,N] of character string H real vector: contains the Holder exponents at each time.
Each elementin [0,1]. H character string: analytic expression of the Holder function (e.g. 'abs(0.5 *
(1+sin(161))))

0 seed: real scalar Random seed generator

OUTPUT PARAMETERS :

o0 x: real vector [1,N] Time samples of the mBm

o vy :realvector[1,N] Vector of N i.i.d. white standard Gaussian r.v.’s (input process of the generator)

o r: real matrix [N,N] Matrix containing columnwise each first row of the var/cov Toeplitz matrices R(n)
of the non-stationary increment process w[n] = x[n+1] - x[n].

ALGORITHM DETAILS :

For each time n, a fbom process with constant Holder exponent H[n/] is synthesized over N points (see
fomlevinson). Only the sample at rank n is kept. As a result of this computationally expensive procedure,
only small sample sizes of mBms can be generated (typically less than 1024 samples).

SEE ALSO: :
mbmlevinson

EXAMPLE: :

[x,y,ry] = mbmlevinson(512,AtanH(512,2,1,0.5)) ;
plot(x) ;

15.0.86 mcfgld. Continuous large deviation spectrum estimation on 1d measure

Author: Christophe Canus

This C_.LAB routine estimates the continuous large deviation spectrum on 1d measure.

USAGE :
[alpha,fgcalpha,[pcalpha,epsilorstar,eta,alpha&tax]]= mcfgld(mun,[S.min,S max,J],progstr,ballstr,N,epsilon,contstr,ada|

INPUT PARAMETERS :

0 mun : strictly positive real vector [1,M] or [N_n,1] Contains the 1d measure.

o0 S.min: strictly positive real scalar Contains the minimum size.

0 S.max: strictly positive real scalar Contains the maximum size.

o J:strictly positive real (integer) scalar Contains the number of scales.

0 progstr : string Contains the string which specifies the scale progression.

o ballstr: string Contains the string which specifies the type of ball.

o0 N strictly positive real (integer) scalar Contains the number of Hoelder exponents.
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o epsilon : strictly positive real vector [1,N] or [N,1] Contains the precisions.

0 contstr : string Contains the string which specifies the definition of continuous spectrum.

0 adapstr: string Contains the string which specifies the precision adaptation.

o0 kernstr : string Contains the string which specifies the kernel form.

0 normstr : string Contains the string which specifies the pdf’s normalization.

o0 |_n: strictly positive real vector [1,M] or [N_n,1] Contains the intervals on which the pre-multifractal
1d measure is defined.

OUTPUT PARAMETERS :

o alpha: real vector [1,N] Contains the Hoelder exponents.

o fgc_alpha : real matrix [J,N] Contains the spectrum(a).

0 pc.alpha: real matrix [J,N] Contains the pdf(’s).

o0 epsilonstar : strictly positive real matrix [J,N] Contains the optimal precisions.

0 eta: strictly positive real vector [1,J] Contains the sizes.

0 alphaetax: strictly positive real matrix [J,M] Contains the coarse grain Hoelder exponents.

DESCRIPTION :

PARAMETERS :

The continuous large deviation spectrum (alphadipha) is estimated for J sizes gtand for the precision

vector epsilon by taking into account the resolution of the 1d measure.Mbe minimum size $nin sets

the equivalent size eth in the unit interval at which the first spectrum is estimated._lets equal to
S_min*etan where etan is related to the resolution of the 1d measure_(ethl_n{-1} when all intervals

are of equal size else it is mgkf|{-1}). It must be>=1. The default value for #in is 1. The maximum

size Smax sets the equivalent size etan the unit interval at which the last spectrum is estimated.Jeta

is equal to Smax*etan. It must be>=S.min. The default value for $nax is 1. The number of scales J

sets the number of computed spectra. The bigger J is, the slower the computation is. It padt Gde

default value for J is 1. The scale progression string progstr specifies the type of scale discretization. It
can be 'dec’ for decimated, ’log’ for logarithmic or ’lin’ for linear scale. The default value for progstr is
'dec’. The ball string ballstr specifies the type of balleBa(x). It can be 'asym’ for asymmetric, 'cent’ for
centered or 'star’ for three times bigger asymmetric ball. The default value for ballstr is 'asym’. The number
N sets the discretization of the Hoelder exponents interval. They are linearly spaced betwesstaatpina

and alphaestamax which are the minimum and maximum values of the coarse grain Hoelder exponents
at size eta. The bigger N is, the slower the computation is. It mustdie The default value for N is

100. The precision vector epsilon sets the precisions at which the spectrum is estimated. It must be of size
[1,N] or [N,1]. When no precision vector is given as input or when it is uniformly equal to 0, the algorithm
determines the optimal precisions vector epsiter. The default value for epsilon is zeros(1,N). The
continuous string contstr specifies the definition of continuous spectrum. It can be equal to 'hnokern’ for
definition without precision and kernel or 'hkern’ for definition with precision and kernel. The default value
for contstr is 'hkern’. The precision adaptation string adapstr specifies the local adaptation of the precision
w.r.t. the Hoelder exponents alpha. It can be equal to 'maxdev’ for maximum deviation or 'maxadaptdev’
for maximum adaptive deviation. The default value for adapstr is 'maxdev’. The kernel string kernstr
specifies the kernel. It can be equal to 'box’ for boxcar, 'tri’ for triangle, 'mol’ for mollifier, 'epa’ for
epanechnikhov or 'gau’ for gaussian kernel. The default value for kernstr is 'gau’. The normalization string
normstr specifies the type of pdf's normalization conducted before double log-normalization. It can be
equal to 'nonorm’ for no normalization conducted, 'suppdf’ for normalization w.r.t the supremum of pdf’s,
'infsuppdf’ for normalization w.r.t the infimum and the supremum of pdf’s. The default value for normstr is
'suppdf’. The intervals vectorh can be useful when the intervals on which the pre-multifractal 1d measure

is defined are not of equal size (notimplemented yet). The pdf of the coarse grain Hoelder exponents matrix
or vector pcalpha, the optimal precisions matrix or vector epsiar, the sizes vector eta and the coarse
grain Hoelder exponents matrix or vector algitax can be obtained as outputs parameters.

ALGORITHM DETAILS :
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The coarse Hoelder exponents are estimated on each point x of the unit interval discretization by summing
interval measures into a sliding window of size eta containing x (which corresponds to e&(8). The
probability density function palpha is obtained by integrating horizontal sections.

EXAMPLES :

MATLAB :

% synthesis of pre-multifractal binomial measure: mu_n

% resolution of the pre-multifractal measure

n=10;

% parameter of the binomial measure

p_0=.4;

% synthesis of the pre-multifractal beiscovitch 1d measure
mu_n=binom(p_0,'meas’,n);

% continuous large deviation spectrum estimation: fgc_alpha
% minimum size, maximum size & # of scales
S_min=1;S_max=8;J=4;

% # of hoelder exponents, precision vector
N=200;epsilon=zeros(1,N);

% estimate the continuous large deviation spectrum
[alpha,fgc_alpha,pc_alpha,epsilon_star]J=mcfgld(mu_n,[S_min,S_max,J],’dec’,’cent’,N,epsi
% plot the continuous large deviation spectrum
plot(alpha,fgc_alpha);

title(Continuous Large Deviation spectrum’);

xlabel(\alpha);

ylabel('f_{g,\eta}*{c,\epsilon}(\alpha)’);

SCILAB:

/I computation of pre-multifractal besicovitch measure: mu_n

/I resolution of the pre-multifractal measure

n=10;

/I parameter of the besicovitch measure

p_0=.4;

/I synthesis of the pre-multifractal besicovitch 1d measure
[mu_n,lI_n]=binom(p_0,’meas’,n);

/I continuous large deviation spectrum estimation: fgc_alpha

/[ minimum size, maximum size & # of scales
S_min=1;S_max=8;J=4;

/I # of hoelder exponents, precision vector
N=200;epsilon=zeros(1,N);

/I estimate the continuous large deviation spectrum
[alpha,fgc_alpha,pc_alpha,epsilon_star]J=mcfgld(mu_n,[S_min,S_max,J],’dec’,’cent’,N,epsi
/I plot the Continuous Large Deviation spectrum

plot2d(a,f,[6]);

xtitle(["Continuous Large Deviation spectrum”;" "],"alpha”,"fgc(alpha)");

REFERENCES :
To be published..SH See Also mchld, fchld, fcfgld, cfgLdAB routines). MFAG continuous, MFAGepsilon,
MFAG_eta, MFAGepsiloneta (Matlab and/or Scilab functions).
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15.0.87 mdflild____ Discrete Legendre spectrum estimation on 1d measure

Author: Christophe Canus

This routine estimates the discrete Legendre Spectrum on 1d measure.

USAGE :
[alpha,talpha]=mdflld(mun,N,n)
INPUT PARAMETERS :

0 mu.n: strictly positive real vector [1,na] Contains the pre-multifractal measure.
o N strictly positive real (integer) scalar Contains the number of Hoelder exponents.
0 n: strictly positive real (integer) scalar Contains the final resolution.

OUTPUT PARAMETERS :

o alpha: real vector [1,N] Contains the Hoelder exponents.
o f_alpha: real vector [1,N] Contains the dimensions.

DESCRIPTION :

PARAMETERS :
The discrete Legendre spectruralpha is estimated on the finite finer resolution of the pre-multifractal 1d
measure mun. The three steps of the estimatation are:

0 estimation of the partition function;
0 estimation of the Reyni exponents;
o estimation of the Legendre transform.

ALGORITHM DETAILS :

The discrete partition function is estimated by coarse-graining massesmia non-overlapping boxes
of increasing diameter (box method). If mis a power of 2, 2n corresponds to the coarser scale. The reyni
exponents are estimated by least square linear regression. The Legendre transform of the mass exponent
function is estimated with the linear-time Legendre transform.

SEE ALSO:
mdzqld,mdzq2d,reynitqg,linearlt,mdfl2d.

15.0.88 mdflad_____ Discrete Legendre spectrum estimation on 2d measure

Author: Christophe Canus

This routine estimates the discrete Legendre spectrum on a pre-multifractal 2d measure.

USAGE :
[alpha,flalpha]=mdfl2d(mu,N,n)
INPUT PARAMETERS :

0 mun : strictly positive real matrix [nux,nuy.n] Contains the pre-multifractal measure.
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o N strictly positive real (integer) scalar Contains the number of Hoelder exponents.
0 n: strictly positive real (integer) scalar Contains the final resolution.

OUTPUT PARAMETERS :
o alpha: real vector [1,N] Contains the Hoelder exponents.
o fl_alpha: real vector [1,N] Contains the dimensions.

DESCRIPTION :

PARAMETERS :

The discrete Legendre spectrumafpha is estimated on the finite finer resolution of the 2d measure
mu_n. The three steps of the estimation are:

o0 estimation of the discrete partition function;

0 estimation of the Reyni exponents;
0 estimation of the Legendre transform.

ALGORITHM DETAILS :
The discrete partition function is estimated by coarse-graining massesimiol non-overlapping boxes of
increasing diameter (box method). If nmxand nuyn are power of 2, 2n corresponds to the coarser scale.

The Reyni exponents are estimated by least square linear regression. The Legendre transform of the mass
exponent function is estimated with the linear-time Legendre transform.

SEE ALSO:
mdzngld,mdzng2d,reynitq,linearlt,mdfl1d.

15.0.89 mdzngqld_____ Discrete partition function estimation on 1d measure

Author: Christophe Canus
This routine computes the discrete partition function on a pre-multifractal 1d measure.
USAGE :

[mzng]=mdzngld(mun,n,q)
INPUT PARAMETERS :

0 mun : strictly positive real vector Contains the pre-multifractal measure.
0 n: strictly positive real (integer) vector Contains the resolutions.
0 (: strictly positive real vector Contains the exponents.

OUTPUT PARAMETERS :

0 mznq: real matrix [size(q),size(n)] Contains the partition function.

DESCRIPTION :

PARAMETERS :
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The discrete partition function mznq is computed on the pre-multifractal 1d measune Tie vector
of resolutions n and the vector of exponents q sets the size of the output real matrix mznq to size(q)*size(n).

ALGORITHM DETAILS :

The discrete partition function mznq is computed by coarse-graining masses$mwnon-overlapping
boxes of increasing diameter (box method). Ifmis a power of 2, n corresponds to the resolution.

SEE ALSO:
mdzq2d,reynitq,linearlt,mdfl1d,mdfl2d.

15.0.90 mdzng2d_____ Discrete partition function estimation on 2d measure

Author: Christophe Canus
This routine computes the discrete partition function on a pre-multifractal 2d measure.
USAGE :

[mzng]=mdzng2d(mun,n,q)
INPUT PARAMETERS :

0 mu.n : strictly positive real matrix Contains the pre-multifractal measure.
0 n: strictly positive real (integer) vector Contains the resolutions.
0 (: strictly positive real vector Contains the exponents.

OUTPUT PARAMETERS :

0 mznq: real matrix [size(q),size(n)] Contains the discrete partition function.

DESCRIPTION :

PARAMETERS :

The discrete partition function mznq is computed on the pre-multifractal 2d measune Tine vector
of resolutions n and the vector of exponents q sets the size of the output real matrix mznq to size(q)*size(n).

ALGORITHM DETAILS :

The discrete partition function mznq is computed by coarse-graining masses$mwnon-overlapping
boxes of increasing diameter (box method). If mwand nuyn are power of 2, n corresponds to the
resolution.

SEE ALSO:
mdznqld,reynitq,linearlt,mdfl1d,mdfl2d.

15.0.91 mexhat Mexican hat wavelet

Author: Paulo Goncalves
Computes a Mexican Hat wavelet (seconde derivative of the gaussian).
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USAGE :
[wavelet,alpha] = mexhat(nu)
INPUT PARAMETERS :

0 nu: real scalar between 0 and 1/2 Central (reduced) frequency of the wavelet.

OUTPUT PARAMETERS :

0 wavelet : real vector [1,2*N+1] Mexican Hat wavelet in time.
o alpha: real scalar Attenuation exponent of the Gaussian enveloppe of the Mexican Hat wavelet.

SEE ALSO: :
morlet, contwt
EXAMPLE: :
wavelet synthesis

waveletl = mexhat(0.05) ;
wavelet2 = mexhat(0.2) ;
plot(waveletl) ; pause
plot(wavelet2)

15.0.92 monolr monovariate linear regression

Author: Christophe Canus

This C_LAB routine provides six different algorithms to proceed linear regression on monovariate data:
least square, weighted least square, penalized least square, multiple least square, maximum likelyhood and
Lepskii's adaptive procedure least square, in one sole routine.

USAGE :

[a_hat,[lhat,y.hat,ehat,sigmaZe_hat,optvarargout]= monolr(x,y,[Irstr,optvarargin])

INPUT PARAMETERS :

o x: real vector [1,J] or [J,1] Contains the abscissa.

o vy :realvector[1,J] or[J,1] Contains the ordinates to be regressed.

o lIrstr: string Contains the string which specifies the type of linear regression to be used.

0 optvarargin: Contains optional variable input arguments. Depending on the choice of linear regression,

the fourth parameter can be
w : strictly positive real vector [1,J] or [J,1] If weighted least square is chosen, contains the weights.
| : strictly positive real (integer) scalar If penalized least square is chosen, contains the number of
iterations.
0 sigmazj : strictly positive real vector [1,J] or [J,1] If Lepskii’s adaptive procedure least square is
chosen, contains the sequence of variances.

o O

The fifth parameter can be

m : real scalar If penalized least square is chosen, contains the mean of the normal weights.

K : strictly positive real scalar If Lepskii’s adaptive procedure least square is chosen, contains the
confidence constant.

The sixth parameter can be

[elNe]
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0 s: strictly positive real scalar If penalized least square is chosen, contains the variance of the normal
weights.

OUTPUT PARAMETERS :

ahat : real scalar or vector [1,J] Contains the estimated slope.

b_hat : real scalar or vector [1,J] Contains the estimated ordimate at the origin.

y_hat : real vector [1,J] or [1,(J+2)*(J-1)/2] Contains the regressed ordinates.

e_hat : real vector [1,J] or [1,(J+2)*(J-1)/2] Contains the residuals.

sigma2e_hat : real scalar Contains the residuals’ variance (that is, the mean square error).

optvarargout: Contains optional variable output arguments. If Lepskii's adaptive procedure least square
is chosen, the parameters are

K _star : strictly positive real scalar Contains the optimal confidence constant.

j-hat : strictly positive real (integer) scalar Contains the selected index.

I_c_j_min : real vector [1,J] Contains the minimum bounds of the confidence intervals.

I_c_j_max : real vector [1,J] Contains the maximum bounds of the confidence intervals.

E_c_j_hatmin : real scalar Contains the minimum bound of the selected intersection interval.

E_cj_hatmax : real scalar Contains the maximum bound of the selected intersection interval.

O O O0OO0OO0Oo

O O O0OO0oO0oOo

DESCRIPTION :

PARAMETERS :

The abscissa x and the ordinate y to be regressed with must be of the same size [1,J] or [J,1]. The linear
regression string Irstr specifies the type of linear regression used. It can be ’Is’ for least square, 'wls’ for
weighted least square, ’'pls’ for penalized least square, 'mls’ for multiple least square (that is for j varying
from 1 to J), 'ml’ for maximum likelyhood, 'lapls’ for Lepskii’'s adaptive procedure least square. The default
value for Irstris ’Is’. The weights w or the sequence of variances signmaizst be strictly positive and of

size [1,J] or [J,1]. For the meaning of the variable optional input parameters siganak, see lepskiiap
(Lepskii's Adaptive Procedure) CAB routine’s help. The number of iterations | must be=2. The
variance of the normal weights s must be strictly positive. If multiple least square, maximum likelyhood or
Lepskii's adaptive procedure least square is chosen, the estimated diaparad the ordinate at the origin

b_hat are vectors of size [1,J], resp. the regressed ordinates gnd the residualsteat vectors are of size
[1,(3+2)*(J-1)/2] (as they contains results for multiple linear regression, be aware of that when vizualising
them :-), see examples), otherwise there are scalars, resp. vectors of size [1,J]. For maximum likelyhood,
multiple least square linear regressions are proceeded in order to obtain variance estimates. Then maximum
likelyhood linear regression is proceeded (corresponding results are fourtthi1d, hhat(1), yhat(1:J),
e_hat(1:J) and sigma2_hat(1), see examples). For the meaning of the variable optional output parameters
K_star, jhat, Lc_j_min, l_c_j_max, Ec_j_max, and Ec_j_max, see lepskiiap (Lepskii's Adaptive Procedure)
C_LAB routine’s help.
ALGORITHM DETAILS :

For the details of the Lepskii's adaptive procedure, see lepskiiap (Lepskii's Adaptive Procedudd C
routine’s help.

EXAMPLES :

MATLAB :

J=32;
x=1+linspace(0,1,J);
% Wiener process
W=randn(1,J);
epsilon=.1;
y=x+epsilon*W,
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% least square
[a_hat,b_hat,y hat,e _hat,sigma2_e_hat]=monolr(x,y);
plot(x);hold on;plot(y);plot(y_hat,'kd’);
plot(epsilon.*W);hold on;plot(e_hat);
title(least square”);
disp(type return’);
pause;
clf;
% weighted least square
epsilon=linspace(.05,.5,J);
y=x+epsilon.*W;
[a_hat,b_hat,y hat,e _hat,sigma2_e hat]=monolr(x,y,'wls’,1./epsilon);
plot(x);hold on;plot(y);plot(y_hat,’kd’);
plot(epsilon.*W);hold on;plot(e_hat);
title('weighted least square’);
disp(type return’);
pause;
clf;
% penalized least square
[a_hat,b_hat,y hat,e_hat,sigma2_e_hat]=monolr(x,y, pls’,30);
plot(x);hold on;plot(y);plot(y_hat);
titte('penalized least square’);
disp(type return’);
pause;
clf;
% multiple least square
[a_hat,b_hat,y hat,e_hat,sigma2_e_hat]=monolr(x,y,' mls’);
plot(x);hold on;plot(y)
start_j=0;
hold on;
for j=2:J
plot([1:j],y_hat(start_j+1:start j+j),’k’);
disp(['estimated slope a_hat =’,num2str(a_hat(j))]);
disp(type return’);
pause;
start_j=start_j+j;
=ity
end
clf
% maximum likelyhood
[a_hat,b_hat,y hat,e _hat,sigma2_e_hat]=monolr(x,y,’'ml’);
plot(x);hold on;plot(y_hat(1:J),’kd");
plot(epsilon.*W);hold on;plot(e_hat(1:J));
clf;
% Lespkii's adaptive procedure
epsilon=.01;
y(1:16)=x(1:16)+epsilon*W(1:16);
y(16:32)=2*x(16:32)+epsilon*W(16:32);
[a_hat,b_hat,y hat,e hat,sigma2_e_hat,K_star,j_hat,|_c_j _min,l_c_j max,E_c_j _hat min,E
plot(a_hat);
hold on;
plot(l_c_j_max,r™);
plot(l_c_j_min,’gV’);
title(LAP: estimator vs. index’);
xlabel(index: j);
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ylabel('estimator: \theta_j’);
plot(j_hat,E_c_j hat min,’ko");
plot(j_hat,E_c_j hat max,’ko");

SCILAB :

I

REFERENCES :
To be published..SH See Also lepskiiap (BB routine).

15.0.93 morlet Morlet wavelet

Author: Paulo Goncalves

Computes a Morlet wavelet.

USAGE :
[wavelet,alpha] = morlet(nu,[N,analytic])
INPUT PARAMETERS :

0 nu: real scalar between 0 and 1/2 Central (reduced) frequency of the wavelet

o N : Positive integer Half length of the wavelet transform. Default value corresponds to a total length of
4.5 periods.

0 analytic : boolean (0/1) under Matalb or (%F/%T) under Scilab. 0 or %F : real Morlet wavelet 1 or %T
: analytic Morlet wavelet

OUTPUT PARAMETERS :

o0 wavelet : real or complex vector [1,2*N+1] Morlet wavelet in time.
o alpha: real scalar Attenuation exponent of the Gaussian enveloppe of the Morlet wavelet.

SEE ALSO: :
mexhat, contwt
EXAMPLE: :
wavelet synthesis

waveletl morlet(0.1,64) ;
wavelet2 = morlet(0.1) ;
plot(waveletl) ; pause
plot(wavelet2)
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15.0.94 mtlbdiff

Scilab Function

Difference and approximate derivative
Author: Paulo Goncalves

Difference and approximate derivative. If x is a matrix, the differences are computed columnwise.
USAGE :

[yl = mtlo_diff(x[,order])

INPUT PARAMETERS :

0 Xx: real valued vector or matrix [rx,cx]

o0 order: positive integer specifying the difference order. Default value is order = 1.
OUTPUT PARAMETERS :
0 vy : real valued vector or matrix [rx-order,cx]y = x(order+1:rx,:) - x(1:rx-order,:) ;
SEE ALSO: :

EXAMPLE: :
Matrix synthesis:

100 ;

N
t = O:N-1 ;
X =

sin(2*%pi*0.05*t) ;
approximate 1-st order derivative

y = mtlb_diff(x) ;
plot2d([t(:) t()] , [x(:) [y(:):01) ;

15.0.95 mitlhfftshift

Move zeroth lag to center of spectrum
Author: Paulo Goncalves

Move zeroth lag to center of spectrum. Shift FFT. For vectors MIREBISHIFT(X) returns a vector
halves.

with the left and right halves swapped. For matrices, MTEBTSHIFT(X) swaps the upper and the lower

USAGE :
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y = mt'b_fftShlft(X) )

INPUT PARAMETERS :

0 X: Real or complex valued matrix [rx,cx]

OUTPUT PARAMETERS :

0 v : Real or complex valued matrix [rx,cx]

SEE ALSO: :

fft

EXAMPLE: :
Matrix synthesis:

t = linspace( 0,1,128 ) ;
X = sin( 2*%pi*t*16 ) ;
SpectX = abs( fft( x,-1 ) ) ;

FFT-SHIFT

xsetech([0 0 0.5 1)) ; plot2d( Freq,SpectX ) ;
SwapSpectX = mtlb_fftshift( SpectX ) ;

Freq = linspace( -0.5,0.5,128 ) ;

xsetech([0.5 0 0.5 1]) ; plot2d( Freq,SwapSpectX )

15.0.96 mtlafliplr Flip matrix in left/right direction

Author: Paulo Goncalves

Flip matrix in left/right direction. For matrices, mtltiplr(x) returns x with row preserved and columns
flipped in the left/right direction.

USAGE :

y = mtlb_fliplr(x) ;

INPUT PARAMETERS :

0 X: Real or complex valued matrix [rx,cx]

OUTPUT PARAMETERS :
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0 v : Real or complex valued matrix [rx,cx]

SEE ALSO: :
flipud, fftshift
EXAMPLE: :
Matrix synthesis:

Xx=[123;45 6]
Left - Right flip

FlipX = mtlb_fliplr(x)

15.0.97 mtlbflipud Flip matrix in up/down direction

Author: Paulo Goncalves

Flip matrix in up/down direction. For matrices, fliplr(x) returns x with columns preserved and rowa
flipped in the up/down direction.

USAGE :

y = mtlb_flipud(x) ;

INPUT PARAMETERS :

0 X: Real or complex valued matrix [rx,cx]

OUTPUT PARAMETERS :

0 v : Real or complex valued matrix [rx,cx]

SEE ALSO: :
fliplr, fftshift
EXAMPLE: :
Matrix synthesis:

XxX=[14;25; 3 6]

Up - Down flip

FlipX = mtlb_flipud(x)
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15.0.98 mitlhhilbert Hilbert transform of a signal

Author: Paulo Goncalves

Hilbert transform of a signal. mtlhilbert(x) is the Hilbert transform of the real part of vector X. The
real part of the result is the original real data; the imaginary part is the actual Hilbert transform.

USAGE :

y = mtlb_hilbert(x) ;

INPUT PARAMETERS :

0 X: Real or complex valued vector [1,N]

OUTPUT PARAMETERS :

o0 y: Complex valued vector [1,N] Analytic signal corresponding to the real part of the input x.

SEE ALSO: :

fft

EXAMPLE: :
Matrix synthesis:

t = linspace( -1,1,128 ) ;

X = cos( 2*%pi*t*16 ) ;
SpectX = abs( fft(( X , -1 ) ) ;
SpectX = fftshift( SpectX ) ;

Hilbert Transform

AnalyticX = mtlb_hilbert(X) ;

SpectAnalyticX = abs( fft( AnalyticX , -1 ) ) ;
SpectAnalyticX = fftshift( SpectAnalyticX ) ;

Freq = linspace( -0.5,0.5,128 ) ;

xsetech([0 0 0.5 1]) ; plot2d( Freq,SpectX ) ;
xsetech([0.5 0 0.5 1]) ; plot2d( Freq,SpectAnalyticX )

15.0.99 mtlhisreal Checkis anrarry is real

Author: Paulo Goncalves

mtlb_isreal True for real array. mtlisreal(x) returns %T if all elements in x have zero imaginary part
and %F otherwise.
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USAGE :

mtlb_isreal(x)

INPUT PARAMETERS :

0 Xx: Real or complex valued matrix [rx,cx]

SEE ALSO: :
isempty, real, imag

15.0.100 mitlhlog2 Base 2 logarithm.

Author: Paulo Goncalves

Base 2 logarithm. y = mtllog2(x) is the base 2 logarithm of the elements of x.

USAGE :

y = mtlb_log2(x) ;

INPUT PARAMETERS :

0 X : Realvalued array [rx,cx]

OUTPUT PARAMETERS :

0 Yy: Complex valued matrix [rx,cx] Base 2 logarithm of the input array x.

SEE ALSO: :
log, exp

15.0.101 mtlhmean rithmetic mean.

Author: Paulo Goncalves

Arithmetic mean. y = mtlbmean(x) is the arithmetic mean of the elements of x.

USAGE :

y = mtlb_mean(x) ;
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INPUT PARAMETERS :

0 Xx:Complex valued vector [1,N]

OUTPUT PARAMETERS :

0 Yy : Complex scalar Arithmetic mean of the elements of input vector x.

SEE ALSO: :
sum

15.0.102 mtlhrem Remainder after division

Author: Paulo Goncalves
SYNTAX:

leftover = mtlb_rem(x,q)
PARAMETERS :

X : Real number
g : Real number , Divider of x
leftover : Real number , Remainder of the division of x by q

DESCRIPTION :
Remainder after division. MTLEREM(X,y) is X - y.*int(x./y) if y "= 0. The input x and y must be real
arrays of the same size, or real scalars.

15.0.103 multim1d multinomial 1d measure synthesis

Author: Christophe Canus

This C_LAB routine synthesizes a large range of pre-multifractal measures related to the multinomial
1d measure (deterministic, shuffled, pertubated) and computes linked theoretical functions (partition sum
function, Reyni exponents function, generalized dimensions, multifractal spectrum).

USAGE :
[varargout,[optvarargout]]=multim1d(b,p,str,varargin,[optvarargin])
INPUT PARAMETERS :

o0 b : strictly positive real (integer) scalar Contains the base of the multinomial.
0 p: strictly positive real vector [1,b] Contains the weights of the multinomial.

0 str: string Contains the type of ouput.

0 varargin : variable input argument Contains the variable input argument.

0 optvarargin : optional variable input arguments Contains optional variable input arguments.

OUTPUT PARAMETERS :

0 varargout : variable output argument Contains the variable output argument.
0 optvarargout : optional variable output argument Contains an optional variable output argument.

Fractales Group July 5th 1997 570



multimla Scilab Function

DESCRIPTION :

PARAMETERS :

The multinomial 1d measure is completly characterized by its base b and its weights p(i) (i=1 to b). The
first parameter b must bel. The second parameter must be a vector of size equal to b. The weights p(i)
must be>0., <1. and their sum must be =1. (the case of p(i)=1/b corresponds to the Lebesgue measure) (i=1
to b). The third parameter str is a variable string used to determine the desired type of output. There are six
suffix strings ('meas’ for measure, 'cdf’ for cumulative distribution function , 'pdf’ for probability density
function, 'part’ for partition sum function, 'Reyni’ for Reyni exponent function , 'spec’ for multifractal
spectrum) for the deterministic multinomial measure and two prefix strings for related measures (‘'shuf’
for shuffled , 'pert’ for pertubated) which can be added to the first ones to form composed strings. For
example, 'shufmeas’ is for the synthesis of a shuffled multinomial 1d pre-multifractal measure. Note that
all combinaisons of strings are not implemented yet. When a string containing suffix string 'meas’ is given
as third input, a pre-multifractal measure myfirst output argument) is synthesized on the b-adic intervals
I_n (second optional output argument) of the unit interval. In that case, the fourth input argument is a
strictly positive real (integer) scalar n which contains the resolution of the pre-multifractal measure. The
size of the output real vectors mu(and Ln if used) is equal to bn (so be aware the stack size ;-)). This
option is implemented for the deterministic ‘'meas’), shuffled ('shufmeas’) and pertubated (‘pertmeas’)
multinomial 1d measure. When a string containing prefix 'shuf’ is given as third input, the synthesis is
made for a shuffled multinomial measure. At each level of the multiplicative cascade and for all nodes of
the corresponding binary tree, the vector of weights p is shuffled. This option is implemented only for the
multinomial 1d measure ('shufmeas’). When a string containing prefix 'pert’ is given as third input, the
synthesis is made for a pertubated multinomial measure. In that case, the fifth input argument is a strictly
positive real scalar epsilon which contains the pertubation around weights. The weights are independant
random variables identically distributed between p(i)-epsilon and p(i)+epsilon which mus0 he1.

(i=1 to b). This option is implemented only for the multinomial 1d measure ('pertmeas’). When replacing
suffix string 'meas’ with suffix string 'cdf’, respectively suffix string 'pdf’, the cumulative distribution
function En, respectively the probability density functiomp related to this pre-multifractal measure is
computed (first output argument). When string 'part’ is given as third input, the partition sum function
znq of multifractal measure is computed as sole output argument. In that case, the fourth input argument
is a strictly positive real (integer) vector vn which contains the resolutions, and the fifth input argument is
a real vector g which contains the measure exponents. The size of the output real matrix znq is equal to
size(q)*size(vn). This option is implemented only for the multinomial 1d measure. When string 'Reyni’

is given as third input, the Reyni exponents function tq (and the generalized dimensions Dq if used) of the
multifractal measure is computed as first output argument (and second optional output argument if used).
In that case, the fourth input argument is a real vector g which contains the measure’s exponents. The
size of the output real vector tq is equal to size(q)). This option is implemented only for the multinomial
1d measure. When string 'spec’ is given as third input, the multifractal spectalph& (second output
argument) is synthesized on the Hoelder exponents alpha (first output argument). In that case, the fourth
input argument s a strictly positive real (integer) scalar N which contains the number of Hoelder exponents.
The size of both output real vectors alpha aradgha is equal to N. This option is implemented only for the
multinomial 1d measure.

ALGORITHM DETAILS :

For the deterministic multinomial, the pre-multifractal measure synthesis algorithm is implemented is a
iterative way (supposed to run faster than a recursive one). For the shuffled or the pertubated multinomial,
the synthesis algorithm is implemented is a recursive way (to be able to pick up a i.i.d. r.v. at each level
of the multiplicative cascade and for all nodes of the corresponding binary tree w.r.t. the given law). In the
case of the pertubated multinomial, the weights of each node are normalised by their sum for the measure
to remain conservative. Note that the shuffled multinomial 1d measure is not conservative.

EXAMPLES :

MATLAB :
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3;
[.1 .3 .6];
8;

50T T
I

% synthesizes a pre-multifractal multinomial 1d measure
[mu_n,l_n]=multim1d(b,p,'meas’,n);

plot(l_n,mu_n);

% synthesizes the cdf of a pre-multifractal shuffled multinomial 1d measure
F_n=multim1d(b,p, shufcdf’,n);

plot(l_n,F_n);

e=.09;

% synthesizes the pdf of a pre-multifractal pertubated multinomial 1d measure
p_n=multim1d(b,p, pertpdf’,n,e);

plot(l_n,p_n);

vn=[1:1:8];

g=[-5:.1:+5];

% computes the partition sum function of a multinomial 1d measure
zng=multim1d(b,p,’part’,vn,q);

plot(-vn*log(2),log(znq));

% computes the Reyni exponents function of a multinomial 1d measure
tg=multim1d(b,p,'Reyni’,q);

plot(q,ta);

N=200;

% computes the multifractal spectrum of a multinomial 1d measure
[alpha,f_alpha]=multim1d(b,p, spec’,N);

plot(alpha,f_alpha);

SCILAB :

/I synthesizes a pre-multifractal multinomial 1d measure
[mu_n,l_n]=multim1d(b,p,'meas’,n);
plot(l_n,mu_n);
/I synthesizes the cdf of a pre-multifractal shuffled multinomial 1d measure
F_n=multim1d(b,p, shufcdf’,n);
plot(l_n,F_n);
e=.09;
/I synthesizes the pdf of a pre-multifractal pertubated multinomial 1d measure
p_n=multim1d(b,p, pertpdf’,n,e);
plot(l_n,p_n);
xbasc();
vn=[1:1:8];
q=[-5:.1:+5];
/I computes the partition sum function of a multinomial 1d measure
zng=multim1d(b,p, part’,vn,q);
mn=zeros(max(size(q)),max(size(vn)));
for i=1:max(size(q))
mn(i,:)=-vn*log(2);
end
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plot2d(mn’,log(znQq));

/I computes the Reyni exponents function of a multinomial 1d measure
tq=multim1d(b,p,'Reyni’,q);

plot(q,tq);

N=200;

/I computes the multifractal spectrum of a multinomial 1d measure
[alpha,f_alpha]=multim1d(b,p,'spec’,N);

plot(alpha,f_alpha);

REFERENCES :

"Multifractal Measures”, Carl J. G. Evertsz and Benoit B. MandelBrot. In Chaos and Fractals, New Fronti-
ers of Science, Appendix B. Edited by Peitgen, Juergens and Saupe, Springer Verlag, 1992 pages 921-953.
"A class of Multinomial Multifractal Measures with negative (latent) values for the "Dimension” f(alpha)”,
Benoit B. MandelBrot. In Fractals’ Physical Origins and Properties, Proceeding of the Erice Meeting, 1988.
Edited by L. Pietronero, Plenum Press, New York, 1989 pages 3-29.

SEE ALSO:

binom, sbinom, multim2d, smultim1d, smultim2d{@\B routines). MFASmeasures, MFASlimensions,

MFAS _spectra (Matlab and/or Scilab demo scripts).

15.0.104 multim2d multinomial 2d measure synthesis

Author: Christophe Canus

This C LAB routine synthesizes a large range of pre-multifractal measures related to the multinomial
2d measure (deterministic, shuffled, pertubated) and computes linked theoretical functions (partition sum
function, Reyni exponents function, generalized dimensions, multifractal spectrum).

USAGE :
[varargout,[optvarargout]]=binom(bx,by,p,str,varargin,[optvarargin])
INPUT PARAMETERS :

bx : strictly positive real (integer) scalar Contains the abscissa base of the multinomial.

by : strictly positive real (integer) scalar Contains the ordonate base of the multinomial.

p : strictly positive real vector [by,bx] Contains the weights of the multinomial.

str : string Contains the type of ouput.

varargin : variable input argument Contains the variable input argument.

optvarargin : optional variable input arguments Contains optional variable input arguments.

O O O0OO0oOO0oOo

OUTPUT PARAMETERS :

0 varargout: variable output argument Contains the variable output argument.
0 optvarargout : optional variable output argument Contains an optional variable output argument.

DESCRIPTION :
PARAMETERS :

The multinomial 2d measure is completly characterized by its abscissa base bx, ordonate base by and its
weights p(i) (i=1 to bx*by). The first two parameters bx and by mustfie The third parameter must be

a vector of size equal to bx*by. The weights p(i) musth@, <1. and their sum must be =1. (the case of
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p(i)=1/(bx*by) corresponds to the Lebesgue measure) (i=1 to bx*by). The fourth parameter str is a variable
string used to determine the desired type of output. There are six suffix strings ('meas’ for measure, 'cdf’
for cumulative distribution function , 'pdf’ for probability density function, "part’ for partition sum function,
'Reyni’ for Reyni exponent function , 'spec’ for multifractal spectrum) for the deterministic multinomial
measure and two prefix strings for related measures ('shuf’ for shuffled , ’pert’ for pertubated) which can be
added to the first ones to form composed strings. For example, 'shufmeas’ is for the synthesis of a shuffled
multinomial 2d pre-multifractal measure. Note that all combinaisons of strings are not implemented yet.
When a string containing suffix string 'meas’ is given as fourth input, a pre-multifractal measune mu
(first output argument) is synthesized on the bx-adic and by-adic intervedgihd Lny (second and third
optional output argument) of the unit square. In that case, the fifth input argument is a strictly positive real
(integer) scalar n which contains the resolution of the pre-multifractal measure. The size of the output real
matrix mun is equal to bxn*byn and the one of the output real vectarg &nd Lny (if used) is equal

to bxn and byn (so be aware the stack size ;-)). This option is implemented for the deterministic (‘meas’),
shuffled ('shufmeas’) and pertubated (‘pertmeas’) multinomial 2d measure. When a string containing prefix
'shuf’ is given as fourth input, the synthesis is made for a shuffled multinomial measure. At each level
of the multiplicative cascade and for all nodes of the corresponding binary tree, the vector of weights
p is shuffled. This option is implemented only for the multinomial 2d measure ('shufmeas’). When a
string containing prefix 'pert’ is given as fourth input, the synthesis is made for a pertubated multinomial
measure. In that case, the fifth input argument is a strictly positive real scalar epsilon which contains the
pertubation around weights. The weights are independant random variables identically distributed between
p(i)-epsilon and p(i)+epsilon which must bed., <1. (i=1 to bx*by). This option is implemented only

for the multinomial 2d measure ('pertmeas’). When replacing suffix string 'meas’ with suffix string 'cdf’,
respectively suffix string 'pdf’, the cumulative distribution functiomFrespectively the probability density
function pn, related to this pre-multifractal measure is computed (first output argument). When string 'part’
is given as fourth input, the partition sum function zng of multifractal measure is computed as sole output
argument. In that case, the fifth input argument is a strictly positive real (integer) vector vn which contains
the resolutions, and the sixth input argument is a real vector q which contains the measure exponents. The
size of the output real matrix znq is equal to size(q)*size(vn). This option is implemented only for the
multinomial 2d measure. When string 'Reyni’ is given as third input, the Reyni exponents function tq (and
the generalized dimensions Dq if used) of the multifractal measure is computed as first output argument
(and second optional output argument if used). In that case, the fifth input argument is a real vector g
which contains the measure’s exponents. The size of the output real vector tq is equal to size(q)). This
option is implemented only for the multinomial 2d measure. When string 'spec’ is given as fourth input, the
multifractal spectrum_flpha (second output argument) is synthesized on the Hoelder exponents alpha (first
output argument). In that case, the fifth input argument is a strictly positive real (integer) scalar N which
contains the number of Hoelder exponents. The size of both output real vectors alphalpimal it equal

to N. This option is implemented only for the multinomial 2d measure.

ALGORITHM DETAILS :

For the deterministic multinomial, the pre-multifractal measure synthesis algorithm is implemented is a
iterative way (supposed to run faster than a recursive one). For the shuffled or the pertubated multinomial,
the synthesis algorithm is implemented is a recursive way (to be able to pick up a i.i.d. r.v. at each level
of the multiplicative cascade and for all nodes of the corresponding binary tree w.r.t. the given law). In the
case of the pertubated multinomial, the weights of each node are normalised by their sum for the measure
to remain conservative. Note that the shuffled multinomial 2d measure is not conservative.

EXAMPLES :

MATLAB :

bx=2;
by=3;
p=[.05 .1; .15 .2; .24 .26];
n=>5;
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% synthesizes a pre-multifractal multinomial 2d measure
[mu_n,I_nx,l_ny]=multim2d(bx,by,p,’meas’,n);

mesh(l_nx,l_ny,mu_n);

% synthesizes the cdf of a pre-multifractal shuffled multinomial 2d measure
F_n=multim2d(bx,by,p, shufcdf’,n);

mesh(l_nx,l_ny,F_n);

e=.049;

% synthesizes the pdf of a pre-multifractal pertubated multinomial 2d measure
p_n=multim2d(bx,by,p, pertpdf’,n,e);

mesh(l_nx,l_ny,p_n);

vn=[1:1:8];

g=[-5:.1:+5];

% computes the partition sum function of a multinomial 2d measure
zng=multim2d(bx,by,p, part’,vn,q);

plot(-vn*log(2),log(znq));

% computes the Reyni exponents function of a multinomial 2d measure
tg=multim2d(bx,by,p,’'Reyni’,q);

plot(q,tq);

N=200;

% computes the multifractal spectrum of a multinomial 2d measure
[alpha,f_alpha]=multim2d(bx,by,p, spec’,N);

plot(alpha,f_alpha);

SCILAB :

bx=2;
by=3;
p=[.05 .1; .15 .2; .24 .26];
n=5;
/I synthesizes a pre-multifractal multinomial 2d measure
[mu_n,l_nx,l_ny]=multim2d(bx,by,p,’'meas’,n);
plot3d(l_nx,l_ny,mu_n);
/I synthesizes the cdf of a pre-multifractal shuffled multinomial 2d measure
F_n=multim2d(bx,by,p, shufcdf’,n);
plot3d(l_nx,l_ny,F_n);
e=.049;
/I synthesizes the pdf of a pre-multifractal pertubated multinomial 2d measure
p_n=multim2d(bx,by,p, pertpdf’,n,e);
plot3d(l_nx,l_ny,p_n);
xbasc();
vn=[1:1:8];
q=[-5:.1:+5];
/I computes the partition sum function of a multinomial 2d measure
zng=multim2d(bx,by,p, part’,vn,q);
mn=zeros(max(size(q)),max(size(vn)));
for i=1l:max(size(q))
mn(i,:)=-vn*log(2);
end
plot2d(mn’,log(znq"));
/I computes the Reyni exponents function of a multinomial 2d measure
tg=multim2d(bx,by,p,’'Reyni’,q);
plot(q,ta);
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N=200;

/I computes the multifractal spectrum of a multinomial 2d measure
[alpha,f_alpha]=multim2d(bx,by,p,’spec’,N);

plot(alpha,f_alpha);

REFERENCES :

"Multifractal Measures”, Carl J. G. Evertsz and Benoit B. MandelBrot. In Chaos and Fractals, New Fronti-
ers of Science, Appendix B. Edited by Peitgen, Juergens and Saupe, Springer Verlag, 1992 pages 921-953.
"A class of Multinomial Multifractal Measures with negative (latent) values for the "Dimension” f(alpha)”,
Benoit B. MandelBrot. In Fractals’ Physical Origins and Properties, Proceeding of the Erice Meeting,
1988. Edited by L. Pietronero, Plenum Press, New York, 1989 pages 3-29. .SH See also binom, shinom,
multim1d, smultim1d, smultim2d (CAB routines). MFASmeasures, MFASIimensions, MFASspectra

(Matlab and/or Scilab demo scripts).

15.0.105 nextpowQ___ Rounds a number to the up-nearest power of an integer

Author: Paulo Goncalves

Rounds a number x to the up-nearest power of an integer Q

USAGE :

[xup2Q,powQ] = nextpowQ(x[,Q])
INPUT PARAMETERS :

0 Xx: Real positive number
0 Q: Positive integer. Default value is Q = 2

OUTPUT PARAMETERS :

0 xup2Q : Positive integer x rounded to the closest power of Q
0 powQ : Positive integer xup2Q = powQQ.

SEE ALSO: :

log, log2

15.0.106 oscillsing Oscillating Singularity synthesis

Author: Paulo Goncalves

Generates oscillating singularities located in the interval [0 .. 1]

USAGE :
[x,Fj,Fs] = oscillsing(alpha,beta,simmps,N,show) ;
INPUT PARAMETERS :
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alpha : Real positive vector [1sing] or [n.sing,1] Holder strenghts of the singularities

beta : Real positive vector [1ging] or [n.sing,1] Chirp exponents of the singularities

sing pos : Real vector [1,8ing] or [n.sing,1] Location of the singularities in the interval [0 .. 1]

N : Integer Sample size for the synthesized signal

show : flag 0/1 flag = 0 : no display flag = 1 : displays the instantaneous frequencies and the synthesized
signal

O OO0 0o

OUTPUT PARAMETERS :

o x: real vector [1,N] Time samples of the synthesized signal

o Fj: real matrix [N,nsing] instantaneous frequencies (each column of Fj contains the frequency chirp
of each singularity)

o0 Fs: real sampling frequency

SEE ALSO: :

EXAMPLE: :
[x,Fj,Fs] = oscillsing([1/2 1 2],[1 2 4],[-0.5 0 0.5],256,1) ;

15.0.107 prescrin___ Generation of signals with prescribed Holder function

Author: Khalid Daoudi

Using the GIFS method, this routine generates a continous function with prescribed Holder function,
while interpolating a set of point.

USAGE :
[x,y]=prescrib(Interppts, Holderfunct, nbriter)

INPUT PARAMETERS :

0 Interppts : Real matrix [n,2] Contains the interpolation points in the format : abscissa-ordinate.

0 Holderfunct : Character string Specifies the Holder function you want to prescribe. It must have the
form of compositions of matlab functions of variable t ("2*sqrt(1-t)’ for instance). The use of the
variable t is crucial. For shake of simplicity, this variable t is supposed to vary in [0,1].

o nbr.iter : integer Number of iteration wanted in the generation process of the GIFS attractor.

OUTPUT PARAMETERS :

0 X: Real vector Contains the abscissa of the attractor graph.
0 v : Real vector Contains the ordinates of the attractor graph.

DESCRIPTION :

PARAMETERS :

0 Interpptsis a real matrix [n,2] containing the cordinates of the interpolation points.

0 Holderfunct is a character string specifying the Holder function you want to prescribe. This means
that GIFS attrcator will have, at a pointt, a Holder exponent equal to the value of this function at pint
t.
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0 nbriteris the number of iteration wanted in the generation process of the GIFS attractor.
0 xandy contain the cordinates of the GIFS attractor.

ALGORITHM DETAILS :

Generalized Iterated Functions Systems (GIFS) are a generalization of the usual IFS. This generalization
consists in allowing the contarations to change at each step (scale) of the attractor generation process.
We also allow their number and their support to change. Here, we use the GIFS to construct continuous
function with prescribed local regularity. More precisely, if H(t) is the prescribed Holder function, then
for each j=1,...,nhiter-1, and for each k=0,...,pow(m,j)-1, the GIFS coefficiekj ¢ definied as : &j =
pow(m,H(k*pow(m,-)))), where m+1 is the number of interpolation points. The resulting attractor is the
graph of a continuous function F such that the Holder exponent of F, at each point t, is H(t). Moreover, if
{(td, y4), i=1,...,m+1} is the set of interpolation points, then Fty.i for each i=1,...,m+1.

SEE ALSO: :

gifs and alphagifs

EXAMPLE: :

I =[0 0 10]; [x,y] = prescrib(l,abs(sin(3*pi*t))’,10); plot(x,y) [x,y] is the graph of a continuous function

F which interpolateq(0,0); (0.5 1); (1,0) and such that the Holder exponent of F, at each point t, is
abs(sin(3*pi*t)).

15.0.108 pseudoAW Pseudo affine Wigner distribution

Author: Paulo Goncalves

Computes a Pseudo Affine Wigner Distributions of a 1-D signal (real or complex).

USAGE :
[tfr,scale,f,wt] = pseudoAW(x,K,[wave,smooth,fmin,fmax,N]);

INPUT PARAMETERS :

o

x : Real or complex vector [1,nt] or [nt,1] Time samples of the signal to be analyzed.
K : real scalar Parameter of the pseudo affine Wigner distributions. K = -1 : pseudo Unterberger K =0
: pseudo Bertrand K = 1/2 : pseudo D-Flandrin K = 2 : pseudo affine Wigner-Ville, etc ...

o wvlt_length : positive integer specifies the analyzing wavelet: 0: Mexican hat wavelet (real) Positive
real integer: real Morlet wavelet of size 2*wukngth+1) at finest scale 1 Positive imaginary integer:
analytic Morlet wavelet of size 2*wvltength+1) at finest scale 1 Default value is the Mexican hat
wavelet (wvltlength=0)

0 smooth : positive integer half length of the time smoothing window. SMOOTH = 0 corresponds to the
Pseudo affine Wigner distribution with no time-smoothing. Default value is mooth = 0.

o fmin: realin[0,0.5] Lower frequency bound of the analysis. When not specified, this parameter forces
the program to interactive mode.

o fmax: real in [0,0.5] and fmax- Upper frequency bound of the analysis. When not specified, this
parameter forces the program to interactive mode.

o N: positive integer. number of analyzing voices. When not specified, this parameter forces the program

to interactive mode.

o

OUTPUT PARAMETERS :

o tfr: Real matrix [N,nt] time-frequency distribution

0 scale: real vector [1,N] analyzed scales

o f:realvector[1,N] analyzed frequencies

o wt: real or complex matrix [N,nt] matrix of the wavelet coefficients (intermediate step)
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DESCRIPTION :

PARAMETERS :

o K : fixes the function lambd#&(u) = K ( (exp(-u)-1)/(exp(-Ku)-1) )(1/(k-1)) used in the generalized
affine convolution to define the K-order pseudo affine Wigner distribution.

o0 smooth : fixes the ammount of smooth in time of the distribution. This ammount can vary continuously
from an unsmoothed pseudo affine Wigner distribution up to a maximum smoothness corresponding
to a scalogram (squared magnitude of the intermediate wavelet coefficients)

o N : number of analyzing voices geometrically sampled between minimum scale fmax/fmax and max-
imum scale fmax/fmin.

o tfr: Samples of the pseudo affine Wigner distribution. X-coordinated corresponds to time (uniformly
sampled), Y-coordinates correspond to frequency (or scale) voices (geometrically sampled between
fmax (resp. 1) and fmin (resp. fmax / fmin ). First row of tfr corresponds to the highest analyzed
frequency (finest scale).

0 scale: analyzed scales (geometrically sampled between 1 and fmax /fmin

f: analyzed frequencies (geometrically sampled between fmax and fmin . f corresponds to fmax/scale

o wt: coefficients of the intermediate-step wavelet transform. X-coordinated corresponds to time (uni-
formly sampled), Y-coordinates correspond to frequency (or scale) voices (geometrically sampled
between fmax (resp. 1) and fmin (resp. fmax / fmin ). First row of wt corresponds to the highest
analyzed frequency (finest scale).

o

ALGORITHM DETAILS :

A pseudo affine Wigner distribution requires to compute a continuous wavelet transform first. For each
time, the corresponding column of the wavelet transform is affine convolved (generalized affine convolution
defined through function lambd&(u) ) with itself.

SEE ALSO: :
contwt, cwt and lambdak

EXAMPLE: :
Signal synthesis

x = morlet(0.35,32)+morlet(0.1,32) ;

K = -1 pseudo affine Wigner distribution with no time smoothing

[tfr,scale,f,wt] = pseudoAW(x,-1,12*,0,0.01,0.5,128) ;
viewmat(tfr,1:length(x),f,[1 0 .5]) ;

K = -1 time smoothed pseudo affine Wigner distribution

[tfr,scale,f,wt] = pseudoAW(x,-1,12*,3,0.01,0.5,128) ;
viewmat(tfr,1:length(x),f,[1 0 0]) ;
15.0.109 regdim___ Estimate the regularization dimension of a 1d or 2d sample.

Author: Francois Roueff
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Computes the regularization dimension of the graph of a 1d or 2d sampled function. Two kernels are
available: the Gaussian or the Rectangle.

USAGE :

dim = regdim(x,sigma,voices,Nmin,Nmax,kernel,mirror,reg,graphs)

INPUT PARAMETERS :

0 Xx:1d: Real vector [1,nt] or [nt,1] 2d: Real matrix [nt,pt] Time samples of the signal to be analyzed.

0 sigma: Real positive number Standard Deviation of the noise. Its default value is null (noisefree)

0 voices : Positive integer. number of analyzing voices. When not specified, this parameter is set to 128.
o Nmin: Integerin [2,nt/3] Lower scale bound (lower length) of the analysing kernel. When not specified,

this parameter is set to 2.
Nmax : Integer in [Nmin,2nt/3] Upper scale bound (upper length) of the analysing kernel. When not
specified, this parameter is set to nt/3.
o kernel : String specifies the analyzing kernel: "gauss”: Gaussian kernel (default) "rect”: Rectangle
kernel
0 mirror : Boolean

o

specifies wether the signal is to be mirrorized for the analyse (default: 0).
0 reg: Boolean

specifies wether the regression is to be done by the user or automatically (default: 0).
o0 graphs: Boolean:

for one dimensional signals, it specifies wether the regularized graphs have to be displayed (default:
0). In two dimensional sugnals and for matlab only, all the regularized samples contours are plotted
on a same figure.

OUTPUT PARAMETERS :

o dim: Real Estimated regularization dimension.
o handlefig (for Matlab only): Integer vector Handles of the figures opened during the procedure.

DESCRIPTION :

For a more complete explanation of the regularization dimension, one can refer to: "A regularization ap-
proach to fractionnal dimension estimation”, F. Roueff, J. Levy-Vehel, submitted to Fractal 98 conference.
The regularized graphs of x are computed via convolutions of x with dilated versions of the kernel at differ-
ent scales. The lengths of the regularized graphs are computed via convolutions of x with the derivatives of
the dilated versions of the kernel. The regularization dimension is computed either via an automatic range
regression or via a regression by hand on the loglog plot of the lengths versus scales. If sigma is strictly
positive, an estimation of the lengths without noise is used for the regression. These lengths are displayed in
red while those of the noisy signal are in black. They should seperate at fine scales. When one specifies the
range regression, the loglog plot of the lengths versus scales appears. Above are either increments (when
sigma is null) or a loglog plot of the noise prevalence in the lengths. One selects the scale range of the
regression. In the case of noisefree signals, select a scale region with stable increments. In the case of a
strictly positive sigma, select a scale region where the noise prevalence is not too close to 1 (0 in log10): it
should correspond to an approximately linear region for the red estimations. The number of scales (voices)
tells how many convolutions are computed. The bigger it is, the slower the computation is. The scale axis
is geometrically sampled (i.e. its log is arithmetically sampled). The gaussian kernel should give a better
result but the rectangle is faster.

SEE ALSO: :
cwttrack, cwtspec.

EXAMPLE: :
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I 1D:

/I Signal synthesis

X = GeneWei(1024,0.6,2,1.0,0);

plot(x);

/[Dimension of the graph with a regression by hand
dim = regdim(x,0,128,10,500,'gauss’,0,1,1);

I 2D

/I Signal synthesis

z = GeneWei(200,0.6,2,1.0,0);

y = GeneWei(200,0.4,3,1.0,0);

w = z'*y;
plot3d(linspace(0,1,200),linspace(0,1,200),w);
/[Dimension of the graph with a regression by hand
dim = regdim(w,0,25,10,50,'gauss’,0,1);

15.0.110 reynitq Reyni exponents estimation

Author: Christophe Canus

This routine estimates the Reyni exponents on a partition function.

USAGE :
[tg,[Dq]]=reynitq(zng,n,q)
INPUT PARAMETERS :

0 znq: strictly positive real matrix Contains the partition function.
0 n: strictly positive real (integer) vector Contains the resolutions.
0 (Q: strictly positive real vector Contains the exponents.

OUTPUT PARAMETERS :

o0 tq: real vector [1,size(q)] Contains the discrete Legendre Spectrum.
o Dq: real vector [1,size(q)] Contains the generalized dimensions.

DESCRIPTION :

PARAMETERS :

The mass exponents tq and the generalized dimensions Dq (if used) are computed on the partition
function zng. The input real matrix zng must be of height size(q) and of width size(n).
The output real vectors tg and Dq (if used) are of size size(q).

ALGORITHM DETAILS :

The mass exponent function tq by least mean square linear-fit.

SEE ALSO:
mdzqld,mdzq2d,linearlt,mdfl1d,mdfl2d.
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15.0.111 shinom stochastic binomial measure synthesis

Author: Christophe Canus

This C_LAB routine synthesizes two types of pre-multifractal stochastic measures related to the bino-
mial measure paradigm (uniform law and lognormal law) and computes linked multifractal spectrum.

USAGE :
[varargout,[optvarargout]]=sbinom(str,varargin,[optvarargin])
INPUT PARAMETERS :

0 str: string Contains the type of ouput.
0 varargin : variable input argument Contains the variable input argument.
0 optvarargin : optional variable input arguments Contains optional variable input arguments.

OUTPUT PARAMETERS :

0 varargout : variable output argument Contains the variable output argument.
0 optvarargout : optional variable output argument Contains an optional variable output argument.

DESCRIPTION :

PARAMETERS :

The first parameter str is a variable string used to determine the desired type of output. There are four
suffix strings ('meas’ for measure, 'cdf’ for cumulative distribution function , 'pdf’ for probability density
function, 'spec’ for multifractal spectrum) and a two prefix strings for the type of stochastic measure ('unif’
for uniform and 'logn’ for lognormal) which must added to the first ones to form composed. For example,
‘'unifmeas’ is for the synthesis of a uniform law binomial pre-multifractal measure and ’lognspec’ is for
the computation of the multifractal spectrum of a lognormal binomial measure. When a string containing
suffix string 'meas’ is given as second input, a pre-multifractal measure ffiust output argument) is
synthesized on the dyadic intervala (second optional output argument) of the unit interval. In that case,
the third input argument is a strictly positive real (integer) scalar n which contains the resolution of the
pre-multifractal measure. The size of the output real vectorsirfand Ln if used) is equal to 2n (so be
aware the stack size ;-)). This option is implemented for the uniform law ('unifmeas’) and the lognormal
law ('lognmeas’) binomial measures. When a string containing prefix 'unif’ is given as second input, the
synthesis or the computation is made for a uniform law binomial measure. In that case, the optional fourth
input argument s a strictly positive real scalar epsilon which contains the pertubation around weight .5. The
weight is an independant random variable identically distributed between epsilon and 1-epsilon which must
be >0., <1. The default value for epsilon is 0. When a string containing prefix ’logn’ is given as second
input, the synthesis or the computation is made for a lognormal law binomial measure. In that case, the
optional fourth input argument is a strictly positive real scalar sigma which contains the standard deviation
of the lognormal law. When replacing suffix string ‘'meas’ with suffix string 'cdf’, respectively suffix string
'pdf’, the cumulative distribution function Ia, respectively the probability density functiomprelated to
this pre-multifractal measure is computed (first output argument). When a string containing suffix string
'spec’ is given as second input, the multifractal spectrualpha (second output argument) is synthesized
on the Hoelder exponents alpha (first output argument). In that case, the third input argument is a strictly
positive real (integer) scalar N which contains the number of Hoelder exponents. The size of both output
real vectors alpha anddlpha is equal to N. This option is implemented for the uniform law ('unifspec’)
and the lognormal law ('lognspec’) binomial measures.

ALGORITHM DETAILS :
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For the uniform and lognormal law binomial, the synthesis algorithm is implemented is a recursive
way (to be able to pick up a i.i.d. r.v. at each level of the multiplicative cascade and for all nodes of
the corresponding binary tree w.r.t. the given law). Note that the lognormal law binomial measure is not
conservative.

EXAMPLES :

MATLAB :

n=10;

% synthesizes a pre-multifractal uniform Law binomial measure
[mu_n,l_n]=sbinom(unifmeas’,n);

plot(l_n,mu_n);

s=1,;

% synthesizes the cdf of a pre-multifractal lognormal law binomial measure
F_n=sbinom(’logncdf’,n,s);

plot(l_n,F_n);

e=.19;

% synthesizes the pdf of a pre-multifractal uniform law binomial measure
p_n=sbinom(unifpdf’,n,e);

plot(l_n,p_n);

N=200;

s=1,;

% computes the multifractal spectrum of the lognormal law binomial measure
[alpha,f_alpha]=sbinom(lognspec’,N,s);

plot(alpha,f_alpha);

SCILAB :

n=10;

/I synthesizes a pre-multifractal uniform Law binomial measure
[mu_n,l_n]=sbinom(unifmeas’,n);

plot(l_n,mu_n);

s=1,;

/I synthesizes the cdf of a pre-multifractal lognormal law binomial measure
F_n=sbinom(’logncdf’,n,s);

plot(l_n,F_n);

e=.19;

/I synthesizes the pdf of a pre-multifractal uniform law binomial measure
p_n=sbinom(unifpdf’,n,e);

plot(l_n,p_n);

N=200;

/I computes the multifractal spectrum of the lognormal law binomial measure
[alpha,f_alpha]=sbinom(lognspec’,N,s);

plot(alpha,f_alpha);

REFERENCES :
"A class of Multinomial Multifractal Measures with negative (latent) values for the "Dimension” f(alpha)”,
Benoit B. MandelBrot. In Fractals’ Physical Origins and Properties, Proceeding of the Erice Meeting,
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1988. Edited by L. Pietronero, Plenum Press, New York, 1989 pages 3-29. "Limit Lognormal Multifractal
Measures”, Benoit B. MandelBrot. In Frontiers of Physics, Landau Memorial Conference, Proceeding of
the Tel-Aviv Meeting, 1988. Edited by Errol Asher Gotsman, Yuval Ne’eman and Alexander Voronoi, New
York Pergamon, 1990 pages 309-340.

SEE ALSO:
binom, multim1d, multim2d, smultim1d, smultim2d (CA\B routines). MFASmeasures, MFASIimensions,
MFAS_spectra (Matlab and/or Scilab demo scripts).

15.0.112 sgifs Semi Generalized IFS generation

Author: Khalid Daoudi
This routine generates stochastical Semi-Generalized Iterated Functions Systems (SGIFS) attractors.
USAGE :

[, y, Cil=sgifs(Interppts, coefs, nhiter,law_type,var)
INPUT PARAMETERS :

o0 Interppts : Real matrix [n,2] Contains the interpolation points in the format : abscissa-ordinate.

0 coefs: Real vector Contains the fundamental contractions ratios.

0 nbriter: Integer Number of iterations wanted in the generation process of the SGIFS attractor.

o law_type : Character string Specifies the type of law desired. You have the choice between 'uniform’
and 'normal’.

o0 var : Real scalar Rules the variance decrease across scales. At each scale j, the variance would be
1/pow(j,var).

OUTPUT PARAMETERS :

0 X : Real vector Contains the abscissa of the attractor graph.
0 v : Real vector Contains the ordinates of the attractor graph.
o Ci: Real vector Contains all the coefficients of the so generated GIFS.

DESCRIPTION :

PARAMETERS :

0 Interppts is a real matrix [n,2] containing the interpolation points.

0 coefsis areal vector containing the fundamental contractions ratios, i.e. coefs(1) (resp. coef(2)) would
be the mean of the even (resp. odd) ceofficients.

0 nbriteris the number of iterations wanted in the generation process of the SGIFS attractor.

o law_type is a character string which specifies the type of law desired for the GIFS coefficients.

0 var is areal scalar ruling the variance decrease across scales. At each step j of the attractor generation,
the variance of the chosen law would be 1/pow(j,var).

0 [x,y] contains the resulting attractor.

o Ciis areal vector containing all the coefficients of the so generated GIFS.

ALGORITHM DETAILS :
Semi-Generalized Iterated Functions Systems (SGIFS) are a generalization of the usual IFS. This gen-
eralization consists in allowing the contarations to change at each step (scale) of the attractor generation
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process. Here, we use GIFS to construct stocastical SGIFS. More precisely, at each scale j, the GIFS coeffi-
cients ckj, for k even (resp. odd), are a random variable of law_tsgpe, of mean coefs(1) (resp. coefs(2))

and of variance 1/pow(j,var) Moreover{ift.i, y_i), i=1,...,n+1} is the set of interpolation points, then any
realisation of the attractor is the graph of a continuous function F such that)=F(tfor each i=1,...,n+1.

SEE ALSO: :

fif, alphagifs and prescrib

EXAMPLE: :

I =[0 0 1 0]; coefs = [.3 -.9]; [x,Y,Ci] = sgifs(l,coefs, 10, uniform’,1); plot(x,y)

15.0.113 simstable Generation of stable random processes

Author: Lotfi Belkacem

This routine generates a stable random process and its increments using the Chambers, Mallows and
Stuck (1976) algorithm.

USAGE :
[proc,inc]=simstable(alpha,beta,mu,gamma,size)
INPUT PARAMETERS :

o0 alpha: real positive scalar between 0 and 2. This parameter is often referred to as the characteristic
exponent.

0 beta: real scalar between -1 and +1. This parameter is often referred to as the skewness parameter.

0 mu: real scalar This parameter is often referred to as the location parameter. It is equal to the expecta-
tion when alpha is greater than 1.

0 gamma : real positive scalar. This parameter is often referred to as the scale parameter. It is equal to
the standard deviation over two squared when alpha equal 2.

0 size: integer positive scalar. size of the simulated sample.

OUTPUT PARAMETERS :

o0 proc: real vector [size,1] corresponding to the stable random process.
0 inc: real vector [size,1] corresponding to the increments of the simulated process.

EXAMPLES :

EXAMPLE 1:

[proc,inc]=simstable(2,0,0,1.4142136,5000); generates a standard stable random process with alpha=2,
beta=0 (symmetric), mu=0 and gamma=1.4142 which coinside with a standard gaussian process (Brownian
motion). To visualize the process or the increments use plot(proc) or plot(inc).

EXAMPLE 2 :
[proc,inc]=simstable(1.5,0,0,1,5000); generates a standard 1.5-stable motion

15.0.114 smultim1d multinomial 1d measure synthesis -

Author: Christophe Canus

This C_.LAB routine synthesizes two types of pre-multifractal stochastic measures related to the multi-
nomial 1d measure (uniform law and lognormal law) and computes linked multifractal spectrum.
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USAGE :

[varargout,[optvarargout]]=sbinom(b,str,varargin,[optvarargin])

INPUT PARAMETERS :

o0 b : strictly positive real (integer) scalar Contains the base of the multinomial.

0 str: string Contains the type of ouput.

0 varargin : variable input argument Contains the variable input argument.

0 optvarargin : optional variable input arguments Contains optional variable input arguments.

OUTPUT PARAMETERS :

0 varargout: variable output argument Contains the variable output argument.
0 optvarargout : optional variable output argument Contains an optional variable output argument.

DESCRIPTION :

PARAMETERS :
The stochastic multinomial 1d measure is completly characterized by its base b. This first parameter must
be>1.

The second parameter str is a variable string used to determine the desired type of output. There are
four suffix strings ('meas’ for measure, 'cdf’ for cumulative distribution function q, 'pdf’ for probability
density function, 'spec’ for multifractal spectrum) and a two prefix strings for the type of stochastic measure
(unif’ for uniform and ’logn’ for lognormal) which must added to the first ones to form composed. For
example, 'unifmeas’ is for the synthesis of a uniform law multinomial 1d pre-multifractal measure and
‘lognspec’ is for the computation of the multifractal spectrum of a lognormal multinomial 1d measure.
When a string containing suffix string ‘'meas’ is given as second input, a pre-multifractal measmre mu
(first output argument) is synthesized on the b-adic interval§¢decond optional output argument) of the
unitinterval. In that case, the third input argument is a strictly positive real (integer) scalar n which contains
the resolution of the pre-multifractal measure. The size of the output real vectongamd Ln if used) is
equal to bn (so be aware the stack size ;-)). This option is implemented for the uniform law (‘'unifmeas’)
and the lognormal law ('lognmeas’) multinomial 1d measures. When a string containing prefix 'unif’ is
given as second input, the synthesis or the computation is made for a uniform law multinomial 1d measure.
In that case, the optional fourth input argument is a strictly positive real scalar epsilon which contains
the pertubation around weight .5. The weight is an independant random variable identically distributed
between epsilon and 1-epsilon which musth@.,, <1. The default value for epsilon is 0. When a string
containing prefix 'logn’ is given as second input, the synthesis or the computation is made for a lognormal
law multinomial 1d measure. In that case, the optional fourth input argument is a strictly positive real
scalar sigma which contains the standard deviation of the lognormal law. When replacing suffix string
'meas’ with suffix string 'cdf’, respectively suffix string 'pdf’, the cumulative distribution functiam,F
respectively the probability density functionmp related to this pre-multifractal measure is computed (first
output argument). When a string containing suffix string 'spec’ is given as second input, the multifractal
spectrum falpha (second output argument) is synthesized on the Hoelder exponents alpha (first output
argument). In that case, the third input argument is a strictly positive real (integer) scalar N which contains
the number of Hoelder exponents. The size of both output real vectors alphakboidfis equal to N. This
option is implemented only for the lognormal law ('lognspec’) multinomial 1d measures.

ALGORITHM DETAILS :

For the uniform and lognormal law multinomial 1d, the synthesis algorithm is implemented is a recurs-
ive way (to be able to pick up a i.i.d. r.v. at each level of the multiplicative cascade and for all nodes of the
corresponding binary tree w.r.t. the given law). Note that the lognormal law multinomial 1d measure is not
conservative.

EXAMPLES :

Fractales Group July 5th 1997 586



smultimla__SUBTITLE__=stochastic multinomial 1d measure synthesis Scilab Function

MATLAB :

n=10;

% synthesizes a pre-multifractal uniform Law multinomial 1d measure
[mu_n,l_n]=smultim1d(b, unifmeas’,n);

plot(l_n,mu_n);

s=1,;

% synthesizes the cdf of a pre-multifractal lognormal law multinomial 1d
measure

F_n=smultim1d(b, logncdf,n,s);

plot(l_n,F_n);

e=.19;

% synthesizes the pdf of a pre-multifractal uniform law multinomial 1d measure
p_n=smultim1ld(b, unifpdf’,n,e);

plot(l_n,p_n);

N=200;

s=1,;

% computes the multifractal spectrum of the lognormal law multinomial 1d
measure

[alpha,f_alpha]=smultim1d(b,’lognspec’,N,s);

plot(alpha,f_alpha);

SCILAB :

n=10;

/I synthesizes a pre-multifractal uniform Law multinomial 1d measure
[mu_n,l_n]=smultim1d(b, unifmeas’,n);

plot(l_n,mu_n);

s=1,;

/I synthesizes the cdf of a pre-multifractal lognormal law multinomial 1d
measure

F_n=smultim1d(b, logncdf,n,s);

plot(l_n,F_n);

e=.19;

/I synthesizes the pdf of a pre-multifractal uniform law multinomial 1d measure
p_n=smultim1d(b, unifpdf’,n,e);

plot(l_n,p_n);

N=200;

/I computes the multifractal spectrum of the lognormal law multinomial 1d
measure

[alpha,f_alpha]=smultim1d(b,’lognspec’,N,s);

plot(alpha,f_alpha);

REFERENCES :

"A class of Multinomial Multifractal Measures with negative (latent) values for the "Dimension” f(alpha)”,
Benoit B. MandelBrot. In Fractals’ Physical Origins and Properties, Proceeding of the Erice Meeting,
1988. Edited by L. Pietronero, Plenum Press, New York, 1989 pages 3-29. "Limit Lognormal Multifractal
Measures”, Benoit B. MandelBrot. In Frontiers of Physics, Landau Memorial Conference, Proceeding of
the Tel-Aviv Meeting, 1988. Edited by Errol Asher Gotsman, Yuval Ne’eman and Alexander Voronoi, New
York Pergamon, 1990 pages 309-340.
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SEE ALSO:
binom, sbinom, multim1d, multim2d, smultim2d (GAB routines). MFASmeasures, MFASlimensions,
MFAS _spectra (Matlab and/or Scilab demo scripts).

15.0.115 smultim2d multinomial 2d measure synthesis -

Author: Christophe Canus

This C_LAB routine synthesizes two types of pre-multifractal stochastic measures related to the multi-
nomial 2d measure (uniform law and lognormal law).

USAGE :
[varargout,[optvarargout]]=sbinom(bx,by,str,varargin,[optvarargin])
INPUT PARAMETERS :

bx : strictly positive real (integer) scalar Contains the abscissa base of the multinomial.

by : strictly positive real (integer) scalar Contains the ordonate base of the multinomial.

str : string Contains the type of ouput.

varargin : variable input argument Contains the variable input argument.

optvarargin : optional variable input arguments Contains optional variable input arguments.

O O O oo

OUTPUT PARAMETERS :

0 varargout : variable output argument Contains the variable output argument.
0 optvarargout : optional variable output argument Contains an optional variable output argument.

DESCRIPTION :

PARAMETERS :
The stochastic multinomial 2d measure is completly characterized by its abscissa base bx, ordonate base
by. These first two parameters mustbe.

The third parameter str is a variable string used to determine the desired type of output. There are
four suffix strings ('meas’ for measure, 'cdf’ for cumulative distribution function g, 'pdf’ for probability
density function, 'spec’ for multifractal spectrum) and a two prefix strings for the type of stochastic measure
(unif’ for uniform and ’logn’ for lognormal) which must added to the first ones to form composed. For
example, 'unifmeas’ is for the synthesis of a uniform law multinomial 2d pre-multifractal measure and
'lognspec’ is for the computation of the multifractal spectrum of a lognormal multinomial 2d measure.
When a string containing suffix string 'meas’ is given as third input, a pre-multifractal measungfinst
output argument) is synthesized on the bx-adic and by-adic intermalaind Lny (second and third optional
output argument) of the unit square. In that case, the fourth input argumentis a strictly positive real (integer)
scalar n which contains the resolution of the pre-multifractal measure. The size of the output real matrix
mu_n is equal to bxn*byn and the one of the output real vectars &nd Lny (if used) is equal to bxn and
byn (so be aware the stack size ;-)). This option is implemented for the uniform law ('unifmeas’) and the
lognormal law (lognmeas’) multinomial 2d measures. When a string containing prefix 'unif’ is given as
third input, the synthesis or the computation is made for a uniform law multinomial 2d measure. In that case,
the optional fourth input argument is a strictly positive real scalar epsilon which contains the pertubation
around weight .5. The weight is an independant random variable identically distributed between epsilon
and 1-epsilon which must be0., <1. The default value for epsilon is 0. When a string containing prefix
'logn’ is given as third input, the synthesis or the computation is made for a lognormal law multinomial
2d measure. In that case, the optional fifth input argument is a strictly positive real scalar sigma which
contains the standard deviation of the lognormal law. When replacing suffix string 'meas’ with suffix string

Fractales Group July 5th 1997 588



smultim2ad__SUBTITLE__=stochastic multinomial 2d measure synthesis Scilab Function

‘cdf’, respectively suffix string 'pdf’, the cumulative distribution functionrk respectively the probability
density function pn, related to this pre-multifractal measure is computed (first output argument).

ALGORITHM DETAILS :

For the uniform and lognormal law multinomial 2d, the synthesis algorithm is implemented is a recurs-
ive way (to be able to pick up a i.i.d. r.v. at each level of the multiplicative cascade and for all nodes of the
corresponding binary tree w.r.t. the given law). Note that the lognormal law multinomial 2d measure is not
conservative.

EXAMPLES :

MATLAB :

n=5;

bx=2;

by=3;

% synthesizes a pre-multifractal uniform Law multinomial 2d measure
[mu_n,l_nx,1_ny]=smultim2d(bx,by, unifmeas’,n);

mesh(l_nx,l_ny,mu_n);

s=1,;

% synthesizes the cdf of a pre-multifractal lognormal law multinomial 2d
measure

F_n=smultim2d(bx,by, logncdf’,n,s);

mesh(l_nx,l_ny,F_n);

e=.19;

% synthesizes the pdf of a pre-multifractal uniform law multinomial 2d measure
p_n=smultim2d(bx,by, unifpdf’,n,e);

mesh(l_nx,l_ny,p_n);

SCILAB :

n=5;

bx=2;

by=3;

/I synthesizes a pre-multifractal uniform Law multinomial 2d measure
[mu_n,l_nx,1_ny]=smultim2d(bx,by, unifmeas’,n);

mesh(l_nx,|_ny,mu_n);

s=1,;

/I synthesizes the cdf of a pre-multifractal lognormal law multinomial 2d
measure

F_n=smultim2d(bx,by, logncdf’,n,s);

mesh(l_nx,l_ny,F_n);

e=.19;

/I synthesizes the pdf of a pre-multifractal uniform law multinomial 2d measure
p_n=smultim2d(bx,by, unifpdf’,n,e);

mesh(l_nx,l_ny,p_n);

REFERENCES :
"A class of Multinomial Multifractal Measures with negative (latent) values for the "Dimension” f(alpha)”,
Benoit B. MandelBrot. In Fractals’ Physical Origins and Properties, Proceeding of the Erice Meeting,
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1988. Edited by L. Pietronero, Plenum Press, New York, 1989 pages 3-29. "Limit Lognormal Multifractal
Measures”, Benoit B. MandelBrot. In Frontiers of Physics, Landau Memorial Conference, Proceeding of
the Tel-Aviv Meeting, 1988. Edited by Errol Asher Gotsman, Yuval Ne’eman and Alexander Voronoi, New
York Pergamon, 1990 pages 309-340.

SEE ALSO:
binom, sbinom, multim1d, multim2d, smultim1d (GAB routines). MFASmeasures, MFASlimensions,
MFAS _spectra (Matlab and/or Scilab demo scripts).

15.0.116 sortup Sorts the elements of an array in increasing order

Author: Paulo Goncalves

Sorts the elements of an array in increasing order

USAGE :

[yup,kup] = sortup(x[,how])

INPUT PARAMETERS :

0 X : Realvalued array [rx,cx]

o0 how : option argument '*' : X is treated as x(:). sortup returns a [rx,cx] array 'c’ : X is treated column-
wise. sortup returns a [rx,cx] array which columns are sorted in increasing order r’ : x is treated in
row. sortup returns a [rx,cx] array which rows are sorted in increasing order Default value is "*'

OUTPUT PARAMETERS :

0 yup : Real matrix [rx,cx] Sorted elements of x
0 kup : Integer matrix [rx,cx] Indices of the sorted elements of x

SEE ALSO: :
sort

EXAMPLE: :

[y,x] = sort(rand(4,4)) ;
X

xSortAll = sortup(x,™*’)
xSortCol = sortup(x,’c’)
xSOrtRow = sortup(x,’r’)
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15.0.117 stablecov_ Covariation of two jointly symmetric Alpha-Stable random
variables

Author: Lotfi Belkacem

This routine estimates the covariation of two jointly symmetric alpha-stable random variables.

USAGE :
[cov]=stablecov(datal,data?2)

INPUT PARAMETERS :

o datal: real vector [size,1] corresponding to the the first data sample.
o0 data2: real vector [size,1] corresponding to the second data sample.

OUTPUT PARAMETERS :

0 sm: real scalar corresponding to the estimation the covariation of datal on data2.

DESCRIPTION :

The covariation of two jointly symmetric alpha stable random variables is defined only for alpha between
1 and 2. It designed to replace the covariance when the latter is not defined<(@)phanfortunately, it

lacks some of the desirable properties of the covariance (not symmetric, ...). It is however, a useful quantity
and appears naturally in many settings, for example, in the context of linear regression..SH Example for
two given signals S1 and S2, cov=stabla/(S1,S2); estimates the covariation of S1 on S2.

15.0.118 stablesm____ Spectral measure of a bivariate Stable random vector

Author: Lotfi Belkacem

This routine estimates a hormalized spectral measure of a bivariate stable random vector.

USAGE :
[theta,sm]=stablsm(datal,data2)
INPUT PARAMETERS :

o0 datal: real vector [size,1] corresponding to the the first data sample.
0 data2: real vector [size,1] corresponding to the second data sample.

OUTPUT PARAMETERS :

o theta: real vector corresponding to the the input argument of the estimated spectral measure. Compon-
ents of the vector theta are varying between 0 and 2*PI.

o0 sm : real vector corresponding to the estimation of the normalized spectral measure of the bivariate
vector (datal,data2).

EXAMPLE :
for two given signals S1 and S2, [theta,sm]=stadit®g(S1,S2); estimates the normalized spectral measure
of the data vector (S1,S2). To visualize it use plot(theta,sm).
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15.0.119 stablgest stable law conformicy test

Author: Lotfi Belkacem

This routine tests the stability property of a signal.

USAGE :
[param,sdparam]=stabldgest(maxr,data)
INPUT PARAMETERS :

0 maxr : integer positive scalar. maximum resolution witch depend on the size of the sample.
0 data: real vector [size,1] corresponding to the data sample (increments of the signal).

OUTPUT PARAMETERS :

o param : real matrix [maxr,4] corresponding to the four estimated parameters of the fited stable law
at each level of resolution. param(i,:), for i=1, ...maxr, gives respectively alpha(characteristic expo-
nent), beta (skewness parameter), mu (location parameter), gamma (scale parameter) estimated at the
resolution i.

0 sdparam: real matrix [maxr,4] corresponding to the estimated standard deviations of the four previous
parameters at each level of resolution._mam(i,:), for i=1, ...maxr, gives respectively standard
deviation of alpha, beta, mu and gamma estimated at the resolution i.

DESCRIPTION :

The stability test consists on estimating parameters of a fited alpha-satble law at different level of resolu-
tion. the variable is said to be stable if the charateristic exponent alpha remains approximatively constant at
different resolution, and the scale parameter follows a scaling law with exponent (1/alpha)-1. .SH Example
under scilab type: [proch,incl5]=simstable(1.5,0,0,1,20000); [paramsdram]=stablaest(7,inc15);
alpha=param(:,1); m=(1:7)’; Inm=log(m); plot2d(m,alpha,1,111’’alpha’,[1,0,7,2]); gamma=param(:,4);
Ingamma=log(gamma); plot(Inm,Ingamma); [a,b,sig]=reglin(Inm’,Ingamma’); slopeskope=1/1.5-1

0 we generate a standard 1.5-stable motion and its increments.

0 we test the stability property of the previous simutated 1.5-stable random variable5"iat X resol-
utions.

o0 we list estimated alpha at different scales.

0 we visualize the stability of the shape parameter alpha.

o we list estimated gamma at different scales.

0 we visualize the scaling law of the scale parameter gamma with a log-log plot in the space (scale,scale
parameter).

0 we compute the slope "a” of the fited line which will be compared to (1/alpha-1).

15.0.120 strfom Structure Function of a Brownian Field

Author: B. Pesquet-Popescu (ENS-Cachan)

Creates the structure function of an isotropic fBm

USAGE :
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[Y] = strfbm(x,y,H)

INPUT PARAMETERS :

0 X : Real vector[1,N] vertical coordinate
0 v : Realscalar [1,M] horizontal coordinate
0 H:Realin[0,1] Hurst parameter

OUTPUT PARAMETERS :

o0 Y : Matrix [N,M] Matrix containing the values of the structure function

SEE ALSO: :
synth2

EXAMPLE: :

X 1:128 ;
y 1:128 ;
[Y] = strfbm(x,y,0.8) ;

15.0.121 symcori__ Symmetrization of a periodic 2D correlation field

Author: B. Pesquet-Popescu (ENS-Cachan)

Symmetrization of a periodic 2D correlation field

USAGE :

Ss = symcori(S) ;

INPUT PARAMETERS :

0 S:Matrix [N/2+1, N] Periodic 2D correlation field S(1:N/2+1,1:N) of a complex 2D NxN field. Values
of S(1,N/2+2:N) may be arbitrary.

OUTPUT PARAMETERS :

0 Ss: Matrix [N, N] Symetrized correlation field
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SEE ALSO: :
synth2, strfobm

EXAMPLE: :

15.0.122 synth2 Stationary Increments 2D Process

Author: B. Pesquet-Popescu (ENS-Cachan)

Incremental Fourier synthesis method for processes with stationary increments of order (0,1) and (1,0)

USAGE :

[B] = synth2(M,H,core)

INPUT PARAMETERS :

o M Positive integer Vertical/Horizontal dimension of the generated field
0 H:Realin[0,1] parameter of the structure function (e.g. : Hurst parameter)
o0 core: string Name of the structure function of type core(x,y,H) with x,y : vertical/horizontal coordinates

OUTPUT PARAMETERS :

0 B :real matrix [N,N] Synthesized random field

REFERENCES :
L.M. Kaplan, C.C. J Kuo : IEEE Tran. on IP, May 1996 (extended version).

SEE ALSO: :
fbmlevinson, fomcwt, fomfwt, mbmlevinson

EXAMPLE: :

[B] = synth2(128,0.8,'strfom’) ;
viewmat(B)
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15.0.123 viewWTLM Vizualises the local maxima lines of a CWT

Author: Paulo Goncalves

Displays the local maxima of a continuous wavelet transform

USAGE :

viewWTLM(maxmapl[,scale,wt])

INPUT PARAMETERS :

o0 maxmap : 0/1 matrix [Nscale,N] Indicator matrix of the local wavelet coefficients maxima

0 scale: real vector [1,Mcale] Analyzed scale vector

o wt: Complex matrix [Nscale,N] Wavelet coefficients of a continuous wavelet transform (output of
FWT or contwt)

SEE ALSO: :

findWTLM, viewmat, contwt, cwt
EXAMPLE: :

N = 2048 ; H = 0.3 ; Q = linspace(-4,4,11) ;
[x] = fbmlevinson(N,H) ;

[wt,scale] = cwt(x,27(-6),27(-1),36,0) ;

[maxmap] = findWTLM(wt,scale)

Vizualisation in Matlab:

viewWTLM(maxmap,scale,wt) ,
axis([1024 - 64 1024 + 64 0 log2(max(scale))]) ,

Vizualisation in Scilab: Not implemeted yet!...

15.0.124 viewmat Vizualisation of a matrix

Author: Paulo Goncalves - Bertrand Guiheneuf

Two dimensional display of a matrix

USAGE :

viewmat(Z [,X,Y])
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INPUT PARAMETERS :

0 Z:Real valued matrix [ny,nx] 2-D matrix to be displayed

0 X:Real vector [1,nx] or [nx,1] x-axis

0 Y : Real vector [1,ny] or [ny,1] Controls the vertical axis. y forces the vertical axis to be numbered
from bottom to top in the increasing order. When not specified, the coordinate system is set to
its "Cartesian” axes mode. The coordinate system origin is at the lower left corner. The x axis is
horizontal and is numbered from left to right. The y axis is vertical and is numbered from bottom to
top.

o type=0:image

o0 type=1: pseudo color

0 type=2: contour plot

0 type=3: mesh plot

0 type =4 : shaded surface with lighting

0 scale =0: linear dynamic

0 scale =1: logarithmic dynamic

o0 level: scalar setting the minimum level of the display:Qevel < +1 for linear scale 0 dB< level <
Infty dB for logarithmic scale
Scilab version: cmd is ineffective and frozento [1 0 0] .

REMARK :

viewmat changes the color map

SEE ALSO: :

plot3d, grayplot

EXAMPLE: :

/[Signal synthesis:

x = oscillsing(1,1,0,128) ;
X = x(x()

[IMatrix vizualisation:

viewmat(abs(X))

15.0.125 waveZ2gifs. Computation of IFS coef. with Discrete Wavelet coefficients

Author: Khalid Daoudi

Computes the GIFS cefficients of a 1-D real signal as the ratio between (synchrounous) wavelets coef-
ficients at successive scales. You have to compute the wavelet coefficients of the given signal (using FWT)
before using waveZ2gifs.

USAGE :
[Ci, Ci.idx, Ci_lg, pc0, pcab]=wave2gifs(wt, wiidx, wt_lg, [MO, a, b])
INPUT PARAMETERS :

o wt: Real matrix [1,n] Contains the wavelet coefficients (obtained using FWT).

0 wt.idx : Real matrix [1,n] Contains the indexes (in wt) of the projection of the signal on the multiresol-
ution subspaces (obtained also using FWT).

o wt.lg: Real matrix [1,n] Contains the dimension of each projection (obtained also using FWT).

o MO : Real positive scalar If specified, each GIFS coefficient whose absolute value belong to ]1,MO[
will be replaced by 0.99 (keeping its signe).
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(]

a,b : Real positive scalars The routine gives the percentage of the Ci's whose absolute value belong to
]a,b[ (if not specified, Ja,b[=]0,2]).

OUTPUT PARAMETERS :

o Ci: Real matrix Contains the GIFS coefficients plus other informations.

o Ci.idx : Real matrix Contains the the indexes of the first Ci at each scale (the finest scale is 1).

o Ci_lg: Real matrix Contains the length of Ci’s at each scale.

0 pcO: Real scalar Gives the percentage of vanishing Ci's

0 pcab: Real scalar Gives the percentage of Ci's which belong to ]a,b[

DESCRIPTION :

PARAMETERS :

0 wtis a real matrix which is a structure containg the wavelet coefficients and other informations. It is
obtained using FWT.

0 wt.idx is a real vector which contains the indexes (in wt) of the first wavelet coefficient a each scale.
For instance, wt(widx(1) : wtidx(2)-1) is a vector containing the wavelet coefficients a the finest
scale.

o wt.lg is a real vector which contains the length of wavelet coefficients a each scale. For instance,
wt_Ig(1) is the number of the wavelet coefficients a the finest scale.

o0 MO is areal positive scalar such that each GIFS coefficient (ci) whose absolute value belong to ]1,MO[
will be replaced by 0.99*signe(ci).

0 aand b are two real positive scalars. The routine gives the percentage of the Ci’'s whose absolute values
belong to ]Ja,b] (if not specified, ]a,b[=]0,2[).

o Ciis areal matrix which contains the GIFS coefficients, the size of the signal in Ci(lenght(Ci)) and the
number of scales used in the wavelet decomposition in Ci(lenght(Ci)-1).

o Ci.dx is a real matrix which ontains the the indexes of the first Ci at each scale. For instance,
Ci(Ci-idx(j) : Ci.-idx()+ Cilg(j) - 1) is a vector containing the GIFS coefficients at scale j (the
finest scale is j=1).

o Cilgis areal vector which contains the length of GIFS coefficients a each scale. For instaly{g) Ci
is the number of the wavelet coefficients a the finest scale.

0 pcOis a real scalar which gives the percentage of vanishing GIFS coefficients.

0 pcabis areal scalar which gives the percentage of GIFS coefficients which belong to ]a,bl.

ALGORITHM DETAILS :

SEE ALSO: :

FWT and MakeQMF.

EXAMPLE: :
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16.0.126 ScilabEval __ tcl instruction : Evaluate a string with scilab interpreter

Author: Bertrand Guiheneuf

This routine is used inside tcl/tk script executed from scilab. It allows to evaluate any string from the
scilab interpreter. It's mainly used to execute callbacks from tk widgets.

USAGE :
ScilabEval str

INPUT PARAMETER :

0 str: tcl string character Contains the string to evaluate with the current scilab interpreter.

OUTPUT PARAMETERS :

None
DESCRIPTION :

This function must be called in a tcl/tk script executed from scilab. It allows to associate scilab actions to
tcl/tk widgets (graphic objects). The string str is put in the scilab interpreter buffer which then evaluates it.
This has in general no border effect in the tcl/tk interpreter.

EXAMPLE (TCL/TK SCRIPT) :

# this text must be saved into a file, for instance

# TMPDIR+'/test.tcl’

# then launch scilab and type TK_EvalFile(TMPDIR+'/test.tcl’);

toplevel .wl

button .wl.b -text "Click here to see a new Scilab Graphic Window"\
-command {ScilabEval "xselect()"}

pack .wl.b

SEE ALSO:
TK_EvalFile, TK EvalStr, TK GetVar, TK.Setvar

16.0.127 TKEvalFile Reads and evaluate a tcl/tk file

Author: Bertrand Guiheneuf

With this routine, one can read and evaluate the content of a file containing tcl/tk scripts. This allows to
create powerful tk interfaces.

USAGE :
TK_EvalFile(filename)

INPUT PARAMETER :

o filename : string character Contains the name of the file to read and evaluate.

OUTPUT PARAMETERS :

None

DESCRIPTION :

The filename might be relative or absolute. It is absolute if begining with a leading slash (/). When relative,
the specified path refers to the directory where scilab was launched.
ADVANTAGES AND DRAWBACKS OF THIS FUNCTIONALITY :

Fractales Group 02 June 1998 600



TK_EvalStr Scilab Function

This routines allows to use directly tcl/tk scripts. This thus allows, for instance to use Interface Builders
such as SpecTcl to design the interface. The interfaces built directly with tcl/tk scripts are much faster than
th ones built with the Scilab Graphic Object library provided with tksci (see uicontrol for example). Indeed,
those Objects are warpings around tk graphic widgets. Nevertheless, this way of creating graphic user
interface sould only be used when one aims at adressing directly specific tk/tcl features. There are two main
reasons for this. First of all, there is no simple way to manipulate scilab objects from within a tcl/tk script.
Thus, the interface designer has to write two sets of callbacks routines. One to describe the changes occuring
in the interface when the user acts on the widgets. The second set of call routines will perform the (pure)
scilab reactions to the user actions. Here is an example: Suppose you design a scrollbar corresponding to a
spline tension value. You want the spline to be displayed in a graphic windows and updated each time the
user moves the scrollbar. At the same time, you want the value of this tension parameter to be displayed
within the Interface. You will have to write a first tcl/tk (callback) function which will be automatically
called by the tk scrollbar ("-command’ option). This callback function will update the displayed value of
the parameter in the interface and will then call the scilab routine ('ScilabEval’ command) to update the
graph.

REMARKS ON THE TCL/TK SCRIPT STYLE :

Because Scilab manages the tcl/tk events, it creates the root window ., this window should not be des-
troyed nor directly used by your tcl/tk scripts. You should thus always create your own toplevel windows.
Moreover, since this module was written at a time when namespaces didn’t exist, some variables defined
by scilab tcl/tk scripts could bother your code. It is generaly a good idea to take a look to the tcl/tk scripts
evaluated when scilab is lauched. They are located in the directory $(SCl)/routines/tksci/SCRIPTS.

SEE ALSO:
ScilabEval, TKEvalStr, TK. GetVar, TK Setvar

16.0.128 TKEvalStr____ Evaluate a string whithin the tcl/tk interpreter

Author: Bertrand Guiheneuf

This routine allows to evaluate tcl/tk instructions with the tcl/tk interpreter launched with scilab.

USAGE :
TK_EvalStr(str)

INPUT PARAMETER :

o0 str: string character Contains the string to evaluate within tcl/tk

OUTPUT PARAMETERS :

None

DESCRIPTION :

When tcl/tk support is enabled in scilab, you can evaluate tcl/tk expression from scilab interpreter. In
fact, scilab launches a slave tcl/tk interpreter. The scilab instructiafeV&Str() can be used to evaluate
expression without having to write a tcl/tk in a separated file (this is done usingVvedFile).

EXAMPLE :

TK_EvalStr('toplevel .foo’);

I/l creates a toplevel TK window.

TK_EvalStr(label .foo.l -text "™TK married Scilab "),
/I create a static label

TK_EvalStr(’pack .foo.l’);

/I pack the label widget. It appears on the screen.
text="button .foo.b -text close -command {destroy .foo}’
TK_EvalStr(text);

TK_EvalStr('pack .foo.b’);
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SEE ALSO:
ScilabEval, TKEvalFile, TK . GetVar, TK Setvar

16.0.129 TKGetVar Get a tcl/tk variable value

Author: Bertrand Guiheneuf

This routine allows to get a tcl/tk variable value.

USAGE :
valueTK SetVar(varname)

INPUT PARAMETER :

0 varname : string character Contains the name of the tcl/tk variable.

OUTPUT PARAMETERS :

o0 value : string character Contains the value of the tcl/tk variable 'varname’.

DESCRIPTION :
When tcl/tk support is enabled in scilab, this routine can be used to retreive the value of a tcl/tk variable.

EXAMPLE :

TK_EvalStr('toplevel .foo’);

/I creates a toplevel TK window.

TK_EvalStr(entry .foo.e -textvariable tvar’);

/I create an editable entry

TK_EvalStr('set tvar foobar’);

/I set the entry value

TK_EvalStr('pack .foo.e");

/I pack the entry widget. It appears on the screen.
text=TK_GetVar(tvar’)

/I retrieve the variable value

/I change the entry text and repeat the last command ...

SEE ALSO:
ScilabEval, TKEvalFile, TK EvalStr, TK. SetVar

16.0.130 TKSetVar Set a tcl/tk variable value

Author: Bertrand Guiheneuf

This routine allows to set a variable within the tcl/tk interpreter.

USAGE :
TK_SetVar(varname, value)

INPUT PARAMETER :

0 varname : string character Contains the name of the tcl/tk variable to set.
0 value : string character Contains the value to set up in the tcl/tk variable

Fractales Group 04 June 1998 602



figure Scilab Function

OUTPUT PARAMETERS :
None

DESCRIPTION :

When tcl/tk support is enabled in scilab, this routine can be used to set up the value of a tcl/tk variable.
This can be useful to change some value in the tcl/tk without having to build a tcl/tk instruction (and use
TK_EvalStr).

EXAMPLE :

TK_EvalStr('toplevel .foo’); // creates a toplevel TK window. TRvalStr(’label .foo.l -textvariable tvar’);

/l create a static label TEvalStr('pack .foo.l); // pack the label widget. It appears on the screenSé®/ar('tvar’, This
text has been set directly within scilab’);

SEE ALSO:

ScilabEval, TKEvalFile, TK EvalStr, TK GetVar

16.0.131 close close a figure

Author: Bertrand Guiheneuf

This routine allows to close a tksci figure (window).

USAGE :
close([h])

INPUT PARAMETER :

0 h:integer Handle of the window to close

OUTPUT PARAMETERS :
None

DESCRIPTION :
This routine close a tksci figure (toplevel window). If a handle is given, the figure corresponding to this
handle is closed. Otherwise, the current (active) figure is closed.

EXAMPLE :

h=figure();

/I creates figure number 1.

uicontrol( h, ’style’,text’, ...

'string’,’scilab is great’, ...

'position’,[50 70 100 100], ...

'fontsize’,15);

/Il put a clever text in figure 1

figure();

I/l create figure 2

uicontrol( 'style’,'text’, ...

'string’,’Really great’, 'position’,[50 70 100 100], ’fontsize’,15);
/I put a text in figure 2

close();

/I close the current graphic window (ie fig. 2)
close(h);

/I close figure 1

SEE ALSO:
figure, gcf
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16.0.132 figure create a figure

Author: Bertrand Guiheneuf

This routine allows to create a tksci figure (window).

USAGE :
figure([h[, [propl, valuel| ...
INPUT PARAMETER :

o h:integer Handle of the window to create. If not specified, the first free handle is used
o prop{1, 2 ..} : character string name of a property to set
o val{1,2..}: scilab object value to give to the corresponding property

OUTPUT PARAMETERS :
handle of the newly created window

DESCRIPTION :
This routine creates a tksci figure (toplevel window). If a handle is given, the figure corresponding to this
handle is created . Otherwise, the window is created with the first free handle, that is the lowest integer not
already used by a window. The property named 'position’ allows to control the geometrical aspect of the
control. Itis a [ 1,4] real vector x y w h where the letters stand for the x location of the left bottom corner,
the y location of the left bottom corner, the width and the height of the uicontrol.

One can also set this property by giving a string where the fields are separateld g/ |y|w|h”.

EXAMPLE :

h=figure(3);

/I creates figure number 1.
uicontrol( h, ’style’,text’, ...
'string’,’This is a figure’, ...
'position’,[50 70 100 100], ...
'fontsize’,15);

/I put a text in figure 3
figure();

/I create figure 1

uicontrol( 'style’,'text’, ...
'string’,’Another figure’, ...
‘position’,[50 70 100 100], ...
‘fontsize’,15);

/I put a text in figure 1
close();

/Il close the current graphic window (ie fig. 1)
close(h);

/I close figure 3

SEE ALSO:
close, gcf

16.0.133 findobj find an object with specified property

Author: Bertrand Guiheneuf

Allows to find a graphic tksci object testing the value of one of its properties.
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USAGE :
h=findobj(prop,value)
INPUT PARAMETER :

0 prop: string character Name of the property to test.
o0 value : string character specify the value the tested propoerty should be equal to.

OUTPUT PARAMETERS :
handle of the found object.

DESCRIPTION :

This routine is currentlyt used to find objects knowing their 'tag’ property. It returns handle of the first
found object which property 'prop’ is equal to 'value'. If such an object does not exist, the function returns
a void matrix.

EXAMPLE :

h=figure();

/I creates figure number 1.

uicontrol( h, ’style’text’, ...

'string’,’This is a figure’, ...

‘position’,[50 70 100 100], ...

‘fontsize’,15, ...

'tag’,’Alabel’);

/I put a text in figure 1
lab=findobj('tag’,’Alabel’);

/I find the object which ’'tag’ value is 'Alabel
disp('the handle of the label is ’+string(lab));
close();

SEE ALSO:
uicontrol, uimenu, set, get

16.0.134 gcf gets the current figure

Author: Bertrand Guiheneuf

Retrieve the current active tksci figure (toplevel window).

USAGE :

h=gcf()

INPUT PARAMETER :

None

OUTPUT PARAMETERS :

handle of the current figure.

DESCRIPTION :

The current figure is the last created (and still existent) figure.
EXAMPLE :

figure(5);
figure();
figure();
gct()

/I returns 2
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close(gcf());
/I close figure 2

gcf()
/I returns 1

close(l);

gcf()
/I returns 5

close(5);

SEE ALSO:
figure, close

16.0.135 get get an Ul object property value

Author: Bertrand Guiheneuf

Retrieve a property value from an User Interface object.

USAGE :
val=get(h,prop)
INPUT PARAMETERS :

o h:integerthe handle of the object to retrieve a property
0 prop : character string name of the property

OUTPUT PARAMETER :

o val: scilab object value of the property

DESCRIPTION :

This routine can be used to retrieve a specified property from a GUI object. Property name are character
strings like 'style’, 'position’ .... This routine returns the value associated to the specified property. Ob-
viously, the type of the returned object depends on the property one aims at querying. For example, the
'style’ property which represents the kind of Object the Ul control is (ie button, label, list, ..... ) will be
represented as a string. On the contrary, the 'position’ property, which represents the geometrical aspect of
the Ul control, will be coded as a [1,4] vector.

EXAMPLE :

h=uicontrol(’string’, 'Button’);

/I Opens a window with a button.
p=get(h, position’);

/I get the geometric gspect of the button
disp('Button width: ’ + string(p(3)));

/I print the width of the button

close();

/I close figure

SEE ALSO:
uicontrol, uimenu, set
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16.0.136 set set an Ul object property value

Author: Bertrand Guiheneuf

set a property value of a User Interface object.

USAGE :
get(h,prop,val)
INPUT PARAMETERS :

o h: integer the handle of the object which to set a property up
0 prop : character string name of the property
o val: scilab object value to give to the property

OUTPUT PARAMETER :
None

DESCRIPTION :

This routine can be used to set a GUI object specified property. Property name are character strings like
'style’, 'position’ .... The type of the value field depends on the property one aims at setting. For example,
the 'style’ property which represents the kind of Object the Ul control is (ie button, label, list, ..... ) will be
represented as a string. On the contrary, the ’position’ property, which represents the geometrical aspect of
the Ul control, will be coded as a [1,4] vector.

EXAMPLE :

h=uicontrol(’string’, 'Button’);

/I Opens a window with a button.
set(h,’position’,[ 50 50 100 100]);

/I set the geometric aspect of the button
close();

/I close figure

SEE ALSO:
uicontrol, uimenu, get

16.0.137 uicontrol create a Graphic User Interface object

Author: Bertrand Guiheneuf

This routine is the one which enventualy creates the Graphich User Interface Controls in the figures.
This is a scingle instruction, but in conjonction with set(), it allows to create button, lists, ....

USAGE :
h=uicontrol([ propl, vall] [, prop2, val2] ...) or h=uicontrol(f, [ propl, vall] [, prop2,val2]...)

INPUT PARAMETER :
o f:integer handle of the figure which will contain the control

o prop{l, 2..}: character string name of a property to set
o val{1,2..}: scilab object value to give to the corresponding property
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OUTPUT PARAMETERS :
handle of the created object

DESCRIPTION :

this routine creates an object in a figure. If the handle of the figure is given (as the first parameter), the
uicontrol is created in this figure. If no handle is given, the uicontrol is created in the current figure (
which may be obtained with a call to gcf() ). If there is no current figure, then one is created before the
creation of the uicontrol. Then when the control is created, the properties given as parameters are set with
the coresponding values. It is equivalent to create the uicontrol, and then set its properties with the set()
command. Nevertheless, it generally more efficient to set the properties in the call to uicontrol(). This is
particularly true coincerning the 'style’ field. Indeed, the default value for this property is 'pushbutton’. So

if you do not set it at creation time, a button will be created, and will be transformed to another uicontrol
when you call the get(h,style’, ... ) instruction. Scilab and all the graphic objects communicate through
the property mechanism. Thus, to create adapted uicontrol, one has to know the use of the property fields.
Those are descibed under:

PROPERTIES :

BACKGROUNDCOLOR:

[ 1,3] real vector or string Background color of the uicontrol. A color is specified as Red, Green and Blue
values. Those values are realin[0,1]. The color can be given as areal vector, ie [ R,G,B ] or a string where
each value is separated by, & "R|G|B”

CALLBACK :

string String evaluated by the scilab interpreter when an usicontrol is activated. (for example when you
click on a button).

FONTANGLE :

string : {'normal’} | italic | oblique For a control containing some text, this property sets the slant of the
font.

FONTSIZE :

real For a control containing some text, this property sets the size of the font in FontUnits.

FONTUNITS :

string : {points} | pixels| normalized For a control containing some text, this property sets the units with
which the fontsize is specified.

FONTWEIGHT :

string : light| {normal} | demi| bold For a control containing some text, this property sets the weight of
the used font

LISTBOXTOP :

integer For a ListBox, this property tells which item of the list appears on the first line of the visible area
of the list.

MAX:

scalar Specifies the largest value the 'value’ property can be set to. It has however differnet meaning on
each uicontrol:

0 Check Boxes : Max is the value the 'value’ property take when control is checked
o Silders : Maximinum value of the slider
o List boxes: if (Max-Min)}>1 the list allows multiple selection, Otherwise not.

MAX :
scalar Specifies the lowest value the 'value’ property can be set to. It has however differnet meaning on
each uicontrol:

0 Check Boxes : Min is the value the 'value’ property take when control is unchecked

o Silders : Mininum value of the slider
o List boxes: if (Max-Min)}>1 the list allows multiple selection, Otherwise not.
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PARENT :

integer Handle of the control parent. Changing this property allows to move a control from a figure to
another.

POSITION :

[ 1,4] real vector or string This property is used to set or get the geometrical configuration of a control. Itis
areal; vector : x y w h where the letters stand for the x location of the left bottom corner, the y location of the
left bottom corner, the width and the height of the uicontrol. The unit is determined by the 'Unit’ property.
One can also set this property by giving a string where the fields are separateld bg/"& |y|w|h”.

SLIDERSTEP :

[ 1,2] real vector or string small big This property represents the step a slider is moved when the user click
on the arrow (small step) or on the slide bar (big step).

STRING :

string Generally, this property represents the text appearing in a uicontrol. Its exact meaning sometimes
depends on the uicontrol style:

o List Boxes, Popup Menu the value can be a vector of string or a string where the items are separated by
a’'l.

STYLE:
string : {pushbutton | radiobutton checkbox edit| text| slider| framellistbox | popupmenu Style of the
uicontrol. Here is a short description of each one:

0 pushbutton A rectangular button generally used to run a callback.

o radiobutton A button whith to states : on or off.

0 checkbox a small uicontrol that have to state : on or off

0 edit an editable string control

0 text atext control (generally static).

o slider a scale control, that is a scrollbar use to set values between in range with the mouse.

o frame a control representing a zone used to group of related controls.

o listbox a control representing a list of item that can be scrolled. The item can be selected with the
mouse.

0 popupmenu a button which make a menu appear when clicked.

TAG :

string this property is generally used to identify the control. It allows to give it a "Tname”. Mainly used in
conjontion with findobj().

UNITS :

string : {points} | pixels| normalized Set the units used to specify the 'position’ property.

USERDATA :
scilab object this can be used to associate any scilab object to an uicontrol.

VALUE :
Value of the uicontrol. The eact meaning depends on the style of the uivontrol.

o Check boxes, Radio buttons value is set to Max (see above) when on and Min when off.

o List Boxes, Popu Menu value is a vector of indexes corresponding to the index of the selected entry in
the list. 1 is the first item of the list.

o Sliders value indicated by the slider bar.

EXAMPLE :

f=figure();

/I create a figure
h=uicontrol(f,'style’,'listbox’, ...
‘position’, [10 10 150 160]);

/I create a listbox

set(h, 'string’, "item 1]item 2|item3");
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/I fill the list

set(h, 'value’, [1 3]);

/I select item 1 and 3 in the list
close();

/I close the figure

f=figure();

Il create a figure
h=uicontrol(f,'style’,'listbox’, ...
‘position’, [10 10 150 160]);

/I create a listbox

set(h, 'string’, "item 1]item 2|item3");
/I fill the list

set(h, 'value’, [1 3]);

/I select (highlight) the item 1 and 3 in the list
close();

/[close the figure

SEE ALSO:
figure, set, get, uimenu

16.0.138 uimenu Create a menu or a submenu in a figure

Author: Bertrand Guiheneuf

This routine allows to add a menu or a submenu to the menu bar of a figure

USAGE :
h=uimenu(parent,propl, vall, prop2, valu2 ...)

INPUT PARAMETER :

0 parent: integer Handle of menu’s parent
0 prop? : string character name of a propoerty to set up
o val?? : scilab object value to affect to the corresponding property

OUTPUT PARAMETERS :

o h:integer handle of the corresponding menu

DESCRIPTION :

This allows to create menus in a figure. If ‘parent’ is a figure, then the menu item will be added to the menu
bar of the figure. If ‘parent’ is a menu item , then the new item will be added to the parent item, allowing
to create cascaded submenu. The 'callback’ property allows to set up the scilab instruction to call when the
item is selected by the user. The ’label’ property allows to set up the text appearing for the item.

EXAMPLE :

f=figure('position’, [10 10 300 200]);

/I create a figure

m=uimenu(f,’'label’, 'windows’);

/I create an item on the menu bar

ml=uimenu(m,’label’, 'operations’);

m2=uimenu(m,’label’, 'quit scilab’, 'callback’, "exit");
llcreate two items in the menu "windows"
mll=uimenu(ml,’label’, 'new window’, 'callback’,"xselect()");
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ml12=uimenu(ml,’label’, 'clear window’, 'callback’,"xbasc()");
/I create a submenu to the item "operations"

close(f);

/I close the figure

SEE ALSO:
figure, uicontrol, set, get
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17.0.139 ascii string ascii conversions
CALLING SEQUENCE :

a=ascii(txt)
txt=ascii(a)

PARAMETERS :

txt : character string.
a : vector of integer ascii codes

DESCRIPTION :
This function convert Scilab string to a vector of ascii code or vector of ascii code to Scilab strings

SEEALSO: code2str 15 str2code 73

17.0.140 excel2sci reads ascii Excel files

CALLING SEQUENCE :
M=excel2sci(fname [,sep])
PARAMETERS :

fname : character string. The file path
sep : character string. Excel separator used, default value is ”,”
M : matrix of strings

DESCRIPTION :
Given an ascii file created by Excel using "Text and comma” forexai2sci(fname) returns the
corresponding Scilab matrix of strings. Useel2sci(fname,sep ) for an other choice of separator.

Note: You may eval all or part &1 using functionevstr
SEEALSO: read 63, evstr 21

17.0.141 mfile2sci Matlab M _file to scilab translation function

CALLING SEQUENCE :

mfile2sci(M_file_path [,result_path [,Imode [,Recmode]]])

PARAMETERS :

Mfile _path : a character string which gives the path of MatlatfiM to translate

result _path : a character string which gives the directory where the result has to be written. Default
value is current directory.

Imode : Boolean flag, If true mfile2sci ask user for variable type and sizes when he cannot infer them.
Default value : %f

Recmode : Boolean flag, used by translatepaths function. Must be %f to translate a single mfile.

DESCRIPTION :
mfile2sci, is Matlab M-file to Scilab function traduction tools. It tries whenever possible to replace call to
Matlab functions by the equivalent scilab primitives and functions.

To translate a Matlab M-file just enter the scilab instruction: mfile2sci(file)

where file is a character string giving the path name of the M-file mfile2sci will generate three files in
the same directory

<functionname>.sci : the scilab equivalent of the_file

<functionname>.cat : the scilab help file associated to the function
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sci<functionname>.sci : the scilab function required to translate the calls to this Matlafilévin
other Matlab Mfiles. this function may be improved "by hand”.
Some functions like eye, ones, size, sum,... behave differently according to the dimension of their argu-
ments. When mfile2sci cannot infer dimensions it replaces these function call by a call to an emulation
function named mtlb<functionname-. For efficiency these functions may be replaced by the proper
scilab equivalent instructions.
Some other functions like plot, has no straightforward translation in scilab. They are also replaced by an
emulation function named mtlkfunctionname>.
When translation may be incorrect or may be improved mfile2sci adds a comment which began by "//!”

REMARKS :
This function is a still under developpement and is delivered as beta test.

Some Matlab4 basic functions are not yet translated. Itis quite simple to add k. S&®IR>/macros/m2sci/README
for more details.

KNOWN BUGS :

1- : m-files scripts are translated but scMatlab function namg replaces the call to the iiile by an
exec of an exec (.sce) file, the .sce file path may be incorrect.

2- : eval function instructions passed as strings are not translated.

3- : most of plot function are not yet translated

4- : globals are not translated

5- :if, for, endded by the end of file produce an error, add the closing end’s

6- : Loop variable of for clause is available afterwards if loops terminates normally in matlab; it is
cleared in Scilab generated code.

7-  :inequality comparison which implies complex numbers produce a run time error such as "undefined
variable : %s2_s”. User can define these operation with Matlab meaning with the following function
definition:

deff(r=%s_1_s(a,b)’,/r=real(axreal(b)’)
deff(r=%s 2 s(a,b)’,r=real(a)real(b)))
deff('r=%s.3_s(a,b)’,r=real(ax=real(b)’)

deff('r=%s4_s(a,b)’,r=real(a)-=real(b)’)
8- : Wheniis a vector, Matlab allows insertions like a(i)=v for any v. In scilab v must have the same
shape as a(i). This produces run time errors "submatrix incorrectly defined”. Rewrite them as a(i)=v.’

EXAMPLE :

/lcreate a simple m_file
write(TMPDIR+rot90.m’,['function B = rot90(A,k)’
‘Im,n] = size(A);

if nargin == 1’

, K= 1

‘else’

’ k = rem(k,4);

' if k<O

’ k = k + 47
' end’

‘end’

if k== 1

' A=A

' B = A(n:-1:1,)7
‘elseif k == 2’

' B = A(m:-1:1,n:-1:1);
‘elseif k == 3

' B = A(m:-1:1,5);
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’ B
‘else’

, B = A
‘end’]);

/I translate it dor scilab
mfile2sci(TMPDIR+'rot90.m’, TMPDIR)

/I show the new code
write(%io(2),read(TMPDIR+'rot90.sci’,-1,1,'(a)’))
/I get it into scilab

getf(TMPDIR+'rot90.sci’)

/lexecute it

m=rand(4,2);rot90(m,1)

B.”;

SEEALSO: translatepaths 618
AUTHOR : Serge Steer, INRIA

17.0.142 mtlhload load variables from file with matlab4 format.

CALLING SEQUENCE:

mtlb_load fname
mtlb_load xxx.yyy
mtlb_load fname -ascii

PARAMETERS :

fname : afile name
xxx.yyy : afile name with extension

DESCRIPTION :
mtlb_load load variables on file with matlab4 formats.

mtlb _load fname loads in scilab all variables stored in file bindname.mat

mtlb _load fname -ascii loads in scilab variable stored in ascii filgame , which must contain
a rectangular array of numeric data, arranged in m lines with n values in each line. The result is an
m-by-n matrix namedhame

mtlb _load xxx.yyy reads the ascii filexx.yyy , which must contain a rectangular array of numeric
data, arranged in m lines with n values in each line. The result is an m-by-n matrix xamed

"stdio" value for fname doesnt redirect load from standard input.

SEEALSO: mtlb_save 616 save 66, load 45

17.0.143 mtlhsave save variables on file with matlab4 format.

CALLING SEQUENCE:

mtlb_save fname

mtlb_save fname X

mtlb_save fname X Y Z

mtlb_save fname X Y Z -ascii

mtlb_save fname X Y Z -ascii -double
mtlb_save fname X Y Z -ascii -double -tabs

PARAMETERS :

fname : afile name
X Y Z :variable names
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DESCRIPTION :
mtlb_save save variables on file with matlab4 formats.

mtlb _save fname saves all the current scilab variables which have corresponding matlab type to the
binary "MAT-file” namedfname.mat . The data may be retrieved withtlb _load .

mtlb _save fhname X  saves only variabl¥.

mtlb _save fname X Y Z saves variableX, Y, andZ.

mtlb _save fhname X Y Z -ascii uses 8-digit ASCII form instead of binary.
mtlb _save fname X Y Z -ascii -double uses 16-digit ASCII form.
mtlb _save fname X Y Z -ascii -double -tabs delimits with tabs.
"stdio" value for fname doesnt redirect save to standard output.

SEEALSO: mtlb_load 616 save 66, load 45

17.0.144 pol2tex convert polynomial to TeX format

CALLING SEQUENCE :
[y]=pol2tex(x)
PARAMETERS :

X : polynomial
y :list

DESCRIPTION :
Latex source code for the polynomial (For use withtexprint )
EXAMPLE :

s=poly(0,’s’);
p=s"3+2*s-5;
pol2tex(p)

SEEALSO: texprint 618

17.0.145 sci2for scilab function to Fortran routine conversion

CALLING SEQUENCE :
txt=sci2for(fun,nam,vtps)
PARAMETERS :

fun : Scilab function

nam : character string, the name of generated subroutine
vips : list

txt : string, text of the subroutine Fortran code

DESCRIPTION :

The elements of the listtps  give the type and dimensions of variables of the calling sequence :
vtps(i)=list(typ,row_dim,col_dim)
where :

typ :is a character string giving the type of the variable :
"0"  :constant,integer vector or matrix
"1" . constant,double precision vector or matrix
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"10" : character string

row _dim : character string (row dimension)

col _dim : character string (column dimension)
txt : Fortran code

Generated code may use routines of scilab libraries and some others whose source code may be found in
< SCIDIR>/util/sci2for.f

REMARKS :

This function is just a try. Only simple function may be translated. Many function calls have not yet Fortran
equivalent, to add the translation of a new function call you may define a scilab function. whose name is
f_<name of function-. see<SCIDIR>/macros/sci2for/f.sci files for examples.

The following keywords :

work,iwork,ierr
iw*iiw*
ilbN (N integer)

may not appear in the function code.
SEEALSO: function 32

17.0.146 texprint TeX output of Scilab object

CALLING SEQUENCE :
[text]= texprint(a)
PARAMETERS :

a : Scilab object
text :list

DESCRIPTION :

returns the Tex source code of the Scilab variable is a matrix (constant, polynomial, rational) or a
linear systemgyslin  list).

EXAMPLE :

s=poly(0,’s’);
texprint([1/s,s72])

SEEALSO: pol2tex 617, pol2str 360

17.0.147 translatepaths____ translate a set of Matlab M_file directories to scilab
CALLING SEQUENCE :

translatepaths(dirs_path [,res_path])

PARAMETERS :

dir _path : acharacter string vector which gives the paths of MatlaKil¥directories to translate
res _path : a character string which gives the path of the directory where the scilab functions are written
to.

DESCRIPTION :
translatepaths, translate all Matlab M-file contained in a set of directories to Scilab functions. Each function
is translated by mfile2sci.

SEEALSO: mfile2sci 614
AUTHOR : Serge Steer, INRIA
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"Scilab description”

18.0.148 AdCommunications____ advanced communication toolbox for parallel
programming

DESCRIPTION :
This the beta version of the Advanced Communications Toolbox (ACT).

This toolbox is based on existing libraries, such as

PVM - Parallel Vitual Machine

PBLAS - Message Passing Library dedicated to Matrix

Scalapack - Parallel linear algebra Library

ACT manage remote executions of softwares and allow efficient exchanges of messages between those
softwares. It offers the possibility to exploit numerous machines on a network, as a virtual computer, by
creating a distributed group of independent softwares.

SEEALSO: Example 620

18.0.149 Example just to test the environment

DESCRIPTION :

We are the knights who say ni!

18.0.150 pvm__ communications with other applications using Parallel Virutal
Machine

DESCRIPTION :
PVM is a software system that enables a collection of heterogeneous computers to be used as a coherent
and flexible concurrent computational resource.

The individual computers may be shared- or local-memory multiprocessors, vector supercomputers,
specialized graphics engines, or scalar workstations, that may be interconnected by a variety of networks,
such as ethernet, FDDI.

Daemon programs (pvmd3) provide communication and process control between computers (see PVM
manpage and manual for more details).

Most important functions of the PVM communication library are included in Scilab.

WARNING :

PVM must be installed in your envriromnent before using it in Scilab. PVM scilab have been developped
using the version 3.3.7 of the PVM library.

AUTHORS :

PVM have been developped by A. L. Beguelin, J. J. Dongarra, G. A. Geist, W. C. Jiang, R. J. Manchek, B.
K. Moore, V. S. Sunderam (see http://www.netlib.org/pvm3)

SEE ALSO : pvm_barrier 621, pvm_mytid 627, pvm_bcast 621, pvm_parent 627,
pvm_config 622 pvm_delhosts 623 pvm_recv 628 pvm_exit 623 pvm_send
628 pvm_getinst 624, pvm_spawn 629 pvm_gettid 624 pvm_spawn_independent
630 pvm_gsize 625 pvm_tasks 631, pvm_joingroup 626 pvm_tidtohost  633pvmLkill,
pvm.lvgroup, pvmstart, pvmhalt

18.0.151 pvmaddhosts add hosts to the virtual machine.

CALLING SEQUENCE :

[infos] = pvm_addhosts(hosts)

PARAMETERS :
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hosts : row of strings, naming the hosts to be added.
infos  : row of integer, corresponding to the status for each host.

DESCRIPTION :

pvm_addhosts adds the computers named in hosts to the configuration of computers making up the
virtual machine. The names should have the same syntax as lines of a pvmd hostfile (see man page for
pvmd3): A hostname followed by options of the form xx=y.

The array infos can be checked to determine the status for each host. Values less than zero indicate an
error, while positive values are TIDs of the new hosts.

The status of hosts can be requested by the application usingcprfig. If a host fails it will be
automatically deleted from the configuration. Using paddhosts a replacement host can be added by the
application, however it is the responsibility of the application developer to make his application tolerant of
host failure. Another use of this feature would be to add more hosts as they become available, for example
on a weekend, or if the application dynamically determines it could use more computational power.

EXAMPLE :

info = pvm_addhosts(["isostar","loop"])

SEEALSO: pvm_delhosts 623 pvm_config 622

18.0.152 pvmbarrier blocks the calling process until all processes

in a group have called it.
CALLING SEQUENCE :

[info] = pvm_barrier(group,count)
PARAMETERS :

type : string, name of an existing group.

count : integer, specifying the number of group members that must calllpamier before they are all
released.

info  : integer, status code returned by the routine.

DESCRIPTION :
pvm_barrier blocks the calling process until count members of the group have calledpuner. The
count argument is required because processes could be joining the given group after other processes have
called pvmbarrier. Thus PVM doesn’t know how many group members to wait for at any given instant.
Although count can be set less, it is typically the total number of members of the group. So the logical
function of the pvmbarrier call is to provide a group synchronization. During any given barrier call all
participating group members must call barrier with the same count value. Once a given barrier has been
successfully passed, pvbarrier can be called again by the same group using the same group name.

If pvm_barrier is successful, info will be 0. If some error occurs then info wilkb@.

EXAMPLE :

info = pvm_barrier( "worker", pvm_gsize("worker") )

SEEALSO: pvm_joingroup 626

18.0.153 pvmbcast broacasts a message to all members of a group

CALLING SEQUENCE :
[info] = pvm_bcast(group, buff, msgtag)
PARAMETERS :

group : string, string group name of an existing group.
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buff : datato be send.
msgtag : integer, message tag supplied by the user.
info  :integer,

DESCRIPTION :
pvm_bcast broadcasts a message to all the members of group. In PVM 3.2 and later the broadcast

message is not sent back to the sender. Any PVM task can calbgast(), it need not be a member of the
group. The content of the message can be distinguished by msgtag. gashis successful, info will be
0. If some error occurs then info will be 0.

pvm_bcast is asynchronous. Computation on the sending processor resumes as soon as the message is
safely on its way to the receiving processors. This is in contrast to synchronous communication, during
which computation on the sending processor halts until a matching receive is executed by all the receiving
processors.

pvm_bcast first determines the tids of the group members by checking a group data base. A multicast is
performed to these tids. If the group is changed during a broadcast the change will not be reflected in the
broadcast. Multicasting is not supported by most multiprocessor vendors. Typically their native calls only
support broadcasting to all the user’s processes on a multiprocessor. Because of this omissimrggtvm
may not be an efficient communication method on some multiprocessors.
EXAMPLE :

info = pvm_bcast( "worker",[12+%i,4,5;3,4+%i,5],10)

SEEALSO: pvm_joingroup 626

18.0.154 pvmconfig sends a message

CALLING SEQUENCE :
res = pvm_config()
PARAMETERS :

res, list of 7 elements such that:

res(1): integer returning the number of hosts (pvmds) in the virtual machine.
res(2): integer returning the number of different data formats being used.
res(3): integer returning pvmd task ID for host.

res(4): character string returning name of host.

res(5): character string returning architecture name of host

res(6): integer returning relative speed of host. Default value is 1000.

res(7): integer status code returned by the routine.

DESCRIPTION :
pvm.config  returns information about the present virtual machine. The information returned is similar
to that available from the console command conf.
Thepvm_config  function returns information about the entire virtual machine in one call.
If pvm_config is successful, info will be 0. If some error occurs then info wilkb®.
EXAMPLE :

res = pvm_config()

SEEALSO: pvm_tasks 631
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18.0.155 pvmdelhosts deletes hosts from the virtual machine.

CALLING SEQUENCE :
infos = pvm_delhosts(hosts)
PARAMETERS :

hosts : row of strings, containing the names of the machines to be deleted.
infos  : row of integers, contains the status code returned by the routine for the individual hosts.

DESCRIPTION :

pvm_delhosts  deletes the computers of hosts from the existing configuration of computers making

up the virtual machine. All PVM processes and the pvmd running on these computers are killed as the
computer is deleted. The array infos can be checked to determine the status of each host. Values less than
zero indicate an error, while zero values indicate a success.

If a host fails, the PVM system will continue to function and will automatically delete this host from

the virtual machine. It is the responsibility of the application developer to make his application tolerant of
host failure.

EXAMPLE :

info = pvm_delhosts(["isostar","loop"])

SEEALSO: pvm_addhosts 620

18.0.156 pvmexit___ tells the local pvmd that this process is leaving PVM.
CALLING SEQUENCE :

[info] = pvm_exit()

PARAMETERS :

info  :integer

DESCRIPTION :
pvm_exit  tells the local pvmd that this process is leaving PVM. This routine does not kill the process,
which can continue to perform tasks just like any other serial process.

pvm_exit should be called by all PVM processes before they stop or exit for good. It must be called by
processes that were not started with pspawn.

EXAMPLE :
pvm_exit()

SEEALSO: pvm620

18.0.157 pvmgettimer ____ Gets the system’s notion of the current time.
CALLING SEQUENCE :

[time] = pvm_get_timer()

PARAMETERS :

time : scalar
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DESCRIPTION :

pvm_get _timer returnsthe time elapsed since the last call of pyehtimer or the last call of pvisettimer.

The time is expressed in elapsed microseconds. The resolution of the system clock is hardware dependent;
the time may be updated continuously or in clock ticks. timer wilbbh@. If some error occurs then timer

will be -1.

EXAMPLE :

B rand(100,100);
A = rand(100,100);
pvm_set_timer();C=A*B;t=pvm_get_timer()

SEEALSO: pvm_set_timer 629

18.0.158 pvmgetinst_ returns the instance number in a group of a PVM process.
CALLING SEQUENCE :

[inum] = pvm_getinst(group, tid)

PARAMETERS :

group : string, string group name of an existing group.
tid :integer, task identifier of a PVM process.
inum : integer, instance number returned by the routine.

DESCRIPTION :

pvim_getinst takes a group name group and a PVM task identifier tid and returns the unique instance
number that corresponds to the input. It can be called by any task whether in the group or notgktavsh

is successful, inum will be-= 0. If some error occurs then inum will be 0.

EXAMPLE :
inum = pvm_getinst( "worker", pvm_mytid() )

SEEALSO: pvm_joingroup 626, pvm_gettid 624

18.0.159 pvmgettid returns the tid of the process identified by a

group name and instance number.
CALLING SEQUENCE :

[tid] = pvm_gettid(group, inum)
PARAMETERS :

group : string, string that contains the name of an existing group.
inum : string, instance number of the process in the group.
tid :integer

DESCRIPTION :
pvim_gettid returns the tid of the PVM process identified by the group name group and the instance
number inum. If pvmgettid is successful, tid will be- 0. If some error occurs then tid will be 0.

EXAMPLE :
tid = pvm_gettid("worker",0)
SEEALSO: pvm_joingroup 626 pvm_getinst 624
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18.0.160 pvmgsize_____ returns the number of members presently in the named
group.

CALLING SEQUENCE :
[nb] = pvm_gsize(group)
PARAMETERS :

group : string, string group name of an existing group.
nb : integer, returning the number of members presently in the group.

DESCRIPTION :
pvim_gsize returns the size of the group named group. If there is an error nb will be negative.

Since groups can change dynamically in PVM 3.0, this routine can only guarantee to return the instant-
aneous size of a given group.

EXAMPLE :

nb_worker = pvm_gsize( "worker" )

SEEALSO: pvm_joingroup 626

18.0.161 pvmhalt stops the PVM daemon
CALLING SEQUENCE :

[info] = pvm_halt()

PARAMETERS :

info  : integer, status code returned by the routine. Values less than zero indicate an error.

DESCRIPTION :

pvm_halt  kills all PVM tasks, all the remote daemons, and the local daemon. If the master pvmd is
killed manually it should be sent a SIGTERM signal to allow it to kill the remote pvmds and clean up
various files.

The pvmd can be killed in a manner that leaves the file /tmp/pvmd.uid behind on one or more hosts. Uid
is the numeric user ID (from /etc/passwd) of the user. This will prevent PVM from restarting on that host.
Deletion of this file will fix this problem:

rm ‘( grep $user /etc/passwhypmatch $user passwd awk -F: '{print "tmp/pvmd."$3; exit

For example:

-->pvm_halt()
ans =

0.

-->pvm_halt()
ans =

- 14.

Error -14 means: pvohalt(): Can't contact local daemon
SEEALSO: pvm_start 631 pvm_addhosts 620 pvm_config 622
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18.0.162 pvmjoingroup — enrolls the calling process in a named group.
CALLING SEQUENCE :

[inum] = pvm_joingroup(group)

PARAMETERS :

group : string, string group name of an existing group.
inum : integer, instance number returned by the routine.

DESCRIPTION :
pvm_joingroup enrolls the calling task in the group named group and returns the instance number inum
of this task in this group. If there is an error inum will be negative.

Instance numbers start at 0 and count up. When using groups a (group, inum) pair uniquely identifies
a PVM process. This is consistent with the PVM 2.4 naming schemes. If a task leaves a group by calling
pvm.lvgroup and later rejoins the same group, the task is not guaranteed to get the same instance number.
PVM attempts to reuse old instance numbers, so when a task joins a group it will get the lowest available
instance number. A task can be a member of multiple groups simultaneously.

EXAMPLE :
inum = pvm_joingroup( “worker" )

SEEALSO: pvm_lvgroup 626

18.0.163  pvmikill Terminates a specified PVM process.

CALLING SEQUENCE :
[infos] = pvm_Kill(tids)
PARAMETERS :

tids : row of integer, task identifier of the PVM process to be killed (not yourself).
infos  : row of integer, status code returned by the routine. Values less than zero indicate an error.

DESCRIPTION :
pvm_kill sends a terminate (SIGTERM) signal to the PVM process identified by tids. In the case of
multiprocessors the terminate signal is replaced with a host dependent method for killing a process. If
pvmokill is successful,

The array infos can be checked to determine the status for each process. Values less than zero indicate
an error, while zero values indicate a success.

pvmkill is not designed to kill the calling process. To Kill yourself in C call pwaxit() followed by

quit().
EXAMPLE :

info = pvm_kill(262153)

SEEALSO: pvm_exit 623

18.0.164 pvmlvgroup ____ Unenrolls the calling process from a named group.
CALLING SEQUENCE :

[info] = pvm_Ivgroup(group)

PARAMETERS :

group : string, group name of an existing group.
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info  : integer, status code returned by the routine.

DESCRIPTION :
pvm_lvgroup  unenrolls the calling process from the group named group. If there is an error info will
be negative.
If a process leaves a group by calling either plgroup or pvmexit, and later rejoins the same group,
the process may be assigned a new instance number. Old instance numbers are reassigned to processes
calling pvmjoingroup.
EXAMPLE :

info = pvm_Ivgroup( "worker" )

SEEALSO: pvm_joingroup 626

18.0.165 pvmmytid returns the tid of the calling process.

CALLING SEQUENCE :
[tid] = pvm_mytid()
PARAMETERS :

tid : integer, the task identifier of the calling PVM process. Values less than zero indicate an error.

DESCRIPTION :

pvm_mytid enrolls this process into PVM on its first call. It also generates a unique tid if this process
was not created by pvispawn. pvromytid returns the tid of the calling process and can be called multiple
times in an application.

Any PVM system call (not just pvomytid) will enroll a task in PVM if the task is not enrolled before
the call.

The tid is a 32 bit positive integer created by the local pvmd. The 32 bits are divided into fields that
encode various information about this process such as its location in the virtual machine (i.e. local pvmd
address), the CPU number in the case where the process is on a multiprocessor, and a process ID field.
This information is used by PVM and is not expected to be used by applications. Applications should not
attempt to predict or interpret the tid with the exception of calling tidtohost()

If PVM has not been started before an application calls puptid the returned tid will be< 0.

EXAMPLE :

tid = pvm_mytid()

SEEALSO: pvm_tidtohost 633 pvm_parent 627

18.0.166 pvmparent returns the tid of the process that spawned

the calling process.
CALLING SEQUENCE :

tid = pvm_parrent()
PARAMETERS :
tid :integer, the task identifier of the parent of the calling process.

DESCRIPTION :

pvm_parent returns the tid of the process that spawned the calling process. If the calling process was
not created with pvispawn, then tid is set to PvmNoParent=-23

EXAMPLE :

tid = pvm_parent()

SEEALSO: pvm_spawn 629
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18.0.167 pvmrecv receive a message.

CALLING SEQUENCE :

[buff, info] = pvm_recv(tid, msgtag)

PARAMETERS :

tid : integer, task identifier of sending process supplied by the user.

msgtag : integer, message tag supplied by the user. msgtag should be >=
0.

buff : scilab variable, where the received message will be stored.
info : integer, status code returned by the routine. Values less than zero indicate an error.

DESCRIPTION :
pvm_recv  blocks the process until a message with label msgtag has arrived from tid.rgmunthen
places the message in buff.

A -1 in msgtag or tid matches anything. This allows the user the following options. If tid = -1 and
msgtag is defined by the user, then pveacv will accept a message from any process which has a matching
msgtag. If msgtag = -1 and tid is defined by the user, then_paa will accept any message that is sent
from process tid. If tid = -1 and msgtag = -1, then pvetv will accept any message from any process.

The PVM model guarantees the following about message order. If task 1 sends message A to task 2,
then task 1 sends message B to task 2, message A will arrive at task 2 before message B. Moreover, if both
messages arrive before task 2 does a receive, then a wildcard receive will always return message A.

info will be the status code returned by the routine. If some error occurs then info willlhe

pvim.recv is blocking which means the routine waits until a message matching the user specified tid
and msgtag values arrives at the local pvmd. If the message has already arrived thescpveturns
immediately with the message.

Once pvmrecv returns, the data in the message can be unpacked into the user's memory using the
unpack routines.

EXAMPLE :

[b,info] = pvm_recv(pvm_parent(),100)
g = pvm_recv(pvm_parent(),200)

SEEALSO: pvm_send 628 pvm_bcast 621

18.0.168 pvmsend immediately sends (or multicast) data.

CALLING SEQUENCE :
[info] = pvm_send(tids,buff,msgtag)
PARAMETERS :

tids : row of integers, contains the task IDs of the tasks to be sent to.

buff : scilab variable.

msgtag : integer, message tag supplied by the user. msgtag should be >=
0. It allows the user’s program to distinguish between different kinds of messages .

info  : integer, status code returned by the routine. Values less than zero indicate an error.

DESCRIPTION :
pvm_send sends (or multicasts) a message to the PVM process identified in the tids array. Note that the
message is not sent to the caller even if listed in the array of tids. msgtag is used to label the content of the
message. If pvnsend is successful, info will be 0. If some error occurs then info wik@

The pvmsend routine is asynchronous. Computation on the sending processor resumes as soon as the
message is safely on its way to the receiving processor. This is in contrast to synchronous communication,
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during which computation on the sending processor halts until the matching receive is executed by the
receiving processor.

If a multicast is performed, pvmend first determines which other pvmds contain the specified tasks.
Then passes the message to these pvmds which in turn distribute the message to their local tasks without
further network traffic.

The PVM model guarantees the following about message order. If task 1 sends message A to task 2,
then task 1 sends message B to task 2, message A will arrive at task 2 before message B. Moreover, if both
messages arrive before task 2 does a receive, then a wildcard receive will always return message A.

Terminating a PVM task immediately after sending a message or messages from it may result in those
messages being lost. To be sure, always call jgxit() before stopping.

EXAMPLE :

A = rand(5,5)*(1+%i);

deffC[x]=f(y)",’x = 1/y)

info = pvm_send([262150, 262152], A(1:2:5,:), 100)
pvm_send(262146,f,200)

SEEALSO: pvm_recv 628 pvm_bcast 621

18.0.169 pvmsettimer Sets the system’s notion of the current time.
CALLING SEQUENCE :

[info] = pvm_set_timer()

PARAMETERS :

info  : scalar

DESCRIPTION :
pvm.set _timer initialized the timer. info will be 0. If some error occurs then info will be -1.

EXAMPLE :
pvm_set_timer()

SEEALSO: pvm_get timer 623

18.0.170 pvmspawn Starts new Scilab processes.
CALLING SEQUENCE :

[tids, numt] = pvm_spawn(task, ntask, [where])

PARAMETERS :

task : string, which is the file name of the scilab script (see exec) to be
started. The Scilab script must already reside on the host on which it is to be started. The name must
an absolute path.

ntask : integer, specifying the number of copies of the scilab script to start.

where : string (optional), can be a host name such as “tequila.ens-lyon.fr” or a PVM architecture class
such as “SUN4".

numt : integer, the actual number of tasks started. Values less than zero indicate a system error. tids : row
of integers, array of the tids of the PVM processes started by thisgpawn call.

DESCRIPTION :

pvm_spawn starts ntask copies of the scilab script task. On systems that support environment, spawn
passes selected variables from parent environment to children tasks. If set, the env@&@X¥PORT is
passed. If PVMEXPORT contains other names (separated by ":") they will be passed too. This is useful
fore.g.:
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setenv DISPLAY myworkstation:0.0
setenv MYSTERYVAR 13
setenv PVM_EXPORT DISPLAY:MYSTERYVAR

The hosts on which the PVM processes are started are determined by the where arguments. On return
the array tids contains the PVM task identifiers for each process started.

If pvm_spawn starts one or more tasks, numt will be the actual number of tasks started. If a system error
occurs then numt will be< 0. If numt is less than ntask then some executables have failed to start and the
user should check the last ntask - numt locations in the tids array which will contain error codes (see below
for meaning). The first numt tids in the array are always valid.

When the argument where is omitted a heuristic (round-robin assignment) is used to distribute the ntask
processes across the virtual machine.

In the special case where a multiprocessor is specified by wherespamn will start all ntask copies
on this single machine using the vendor’s underlying routines.

EXAMPLE :

/I create an exec file (script)
write(TMPDIR+'/foo.sce’,['a=1";'plot2d()'])

/I start a new Scilab on the same host to execute the script
[tids, numt] = pvm_spawn(TMPDIR+'/foo.sce’,1)

pvm_kill(tids) //terminate the new scilab

SEEALSO: pvm620 pvm_spawn_independent 630

18.0.171 pvmspawn.independent Starts new PVM processes.
CALLING SEQUENCE :

[tids, numt] = pvm_spawn_independent(task, ntask, [where])

PARAMETERS :

task: string, which is the executable file name of the PVM process to be started. The executable must
already reside on the host on which itis to be started. The name may be a file in the PVM search path
or an absolute path. The default PVM search path is SHOME/pvm3/bin/SRRKIH/ .

ntask: integer, specifying the number of copies of the executable file to start.

where: string (optional), can be a host name such as “tequila.ens-lyon.fr” or a PVM architecture class
such as “SUN4".

numt: integer, the actual number of tasks started. Values less than zero indicate a system error. tids:

row of integers, array of the tids of the PVM processes started by thisgpawnindependent call.

DESCRIPTION :

pvm_spawn_independent  starts ntask copies of the executable named task. On systems that support
environment, spawn passes selected variables from parent environment to children tasks. If set, the envar
PVM_EXPORT is passed. If PVMEXPORT contains other names (separated by ") they will be passed
too. This is useful for e.g.:

setenv DISPLAY myworkstation:0.0
setenv MYSTERYVAR 13
setenv PVM_EXPORT DISPLAY:MYSTERYVAR

The hosts on which the PVM processes are started are determined by the where arguments. On return
the array tids contains the PVM task identifiers for each process started.

If pvm_spawnindependent starts one or more tasks, numt will be the actual number of tasks started. If
a system error occurs then numt will ke0O. If numt is less than ntask then some executables have failed
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to start and the user should check the last ntask - numt locations in the tids array which will contain error
codes (see below for meaning). The first numt tids in the array are always valid.

When the argument where is omitted a heuristic (round-robin assignment) is used to distribute the ntask
processes across the virtual machine.

In the special case where a multiprocessor is specified by wherespamnindependent will start all
ntask copies on this single machine using the vendor’s underlying routines.

EXAMPLE :
[tids, numt] = pvm_spawn_independent("a.out",2)

SEEALSO: pvm620 pvm_spawn 629

18.0.172 pvmstart Start the PVM daemon

CALLING SEQUENCE :
[info] = pvm_start()
PARAMETERS :

info  : integer, status code returned by the routine. Values less than zero indicate an error.

DESCRIPTION :
pvm.start  starts the Pvmd3 which is a daemon process which coordinates unix hosts in a virtual ma-
chine. One pvmd3 must run on each host in the group. They provide the communication and process control
functions needed by the user’'s PVM processes. The local and remote pvmds can also be started from the
PVM console program pvm.

For example:

pvm_start()
ans =

0.
-->pvm_start()
ans =

- 28.

Error -28 means: pvistartpvmd(): Duplicate host
SEEALSO: pvm_halt 625 pvm_addhosts 620, pvm_config 622

18.0.173 pvmtasks returns information about the tasks running

on the virtual machine.
CALLING SEQUENCE :

res = pvm_tasks([where 0])
PARAMETERS :
where (optional) . integer, specifying what tasks to return information about. The options are:

O(default) for all the tasks on the virtual machine
pvmd tid for all tasks on a given host
tid for a specific task
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res,

res(1):
res(2):
res(3):
res(4):
res(5):
res(6):

res(7):

integer returning task ID of one task

integer returning parent task 1D

integer returning pvmd task ID of host task is on

integer returning status of task

string returning the name of spawned task. Manually started tasks return blank.
integer returning the number of tasks being reported on.

integer status code returned by the routine.

DESCRIPTION :

pvm_tasks

returns information about tasks presently running on the virtual machine. The information

returned is the same as that available from the console command pgvittiasks function returns
information about the entire virtual machine in one call.
If pvm_tasks is successful, info will be 0. If some error occurs then info wilki@

for example:
-->res = pvm_tasks()
res =
res(1)
! 262148. 262151. 262152. !
res(2)
! 262147. 0. 262151. !
res(3)
! 262144, 262144. 262144. !
res(4)
! 6. 6. !
res(5)
Ipvmgs /home/ubeda/SCILAB/scilab-2.4/bin/scilex !
res(6)
3.
res(7)
0.
SEEALSO: pvm_config 622 pvm_tidtohost 633

Scilab // Group May 1998 632



pvmd3 pvm daemon

18.0.174 pvmtidtohost ___ returns the host of the specified PVM process.
CALLING SEQUENCE :

[dtid] = pvm_tidtohost(tid)

PARAMETERS :

tid :integer, task identifier of the PVM process in question.
dtid : integer, the tid of the host's pvmd3 or a negative value if an error.

DESCRIPTION :

pvm_tidtohost returns the host id on which the process identified by tid is located.
EXAMPLE :

dtid = pvm_tidtohost(pvm_mytid())

SEEALSO: pvm_config 622 pvm_tasks 631

18.0.175 pvmd3 PVM daemon

SYNOPSIS :
pvmd3 [ -options ] [ hostfile ] &
DESCRIPTION :
pvmd3 is a daemon process which coordinates hosts in a virtual machine. One pvmd must run on each host
in the group. They provide the communication and process control functions needed by the user's PVM
processes. The daemon can be started manually with a host file argument that will automatically start the
remote pvmds. The local and remote pvmds can also be started from the PVM console program pvm.
The name of the daemon executable is pymda3. Itis usually started by a shell script, RRPXZNI/lib/pvmd.
Local daemon may also be started by the scilab instruction.gtam() and remote daemons may also
be started by the scilab function pvaddhosts
OPTIONS :
The following options may be specified on the command line when starting the master pvmd or PVM
console:

- dmask Set pvmd debug mask. Used to debug the pvmd or libpvm (not intended to be used to debug
application programs). Mask is a hexadecimal number which is the sum of the following bits: Bit
Information

1 Packet routing

2 Message routing and entry points

4 Task management

8 Slave pvmd startup

10 Host table updates

20 Select loop (below packet layer)

40 IP network

80 Multiprocessor port debugging

100 Resource manager interface

200 Application (messages with no destination, etc.)

-nname  Specify an alternate hostname for the master pvmd to use. Useful when gethostname() returns
a name not assigned to any network interface.

The following options are used by the master pvmd when starting slaves and are only of interest to someone
writing a hoster. Don’t just go using them, now.

-s  Start pvmd in slave mode. Hostfile cannot be used, five additional parameters must be supplied:
master pvmd index, master IP, master MTU, slave pvmd index, and slave IP.
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-S Same as -s, but slave pvmd doesn’t wait for its stdin to be closed after printing its parameters. Used
for manual startup.

-f  Slave doesn't fork after configuration (useful if the slave is to be controlled or monitored by some
process).

Lines beginning with a splat ( # ), optionally preceded by whitespace, are ignored.
A simple host file might look like:

# my first host file
thud

fred

wilma

barney

betty

This specifies the names of five hosts to be configured in the virtual machine.

The master pvmd for a group is started by hand on the localhost, and it starts slaves on each of the
remaining hosts using the rsh or rexec command. The master host may appear on any line of the hostfile,
but must have an entry.

The simple format above works fine if you have the same login name on all five machines and the name
of the master host in your .rhosts files on the other four.

There are several host file options available:

lo=NAME Specifies an alternate login name (NAME) to use.

so=pw Thisis necessary when the remote host cannot trust the master. Causes the master pvmd to prompt
for a password for the remote host in the tty of the pvmd (note you can't start the master using the
console or background it when using this option) you will see: Password (honk.cs.utk.edu:manchek):
you should type your password for the remote host. The startup will then continue as normal.

dx=FILE  Specifies the path of the pvymd executable. FILE may be a simple filename, an absolute path-
name, or a path relative to the user’s home directory on the remote host. This is mainly useful to aid
in debugging new versions of PVM, but may have other uses.

ep=PATH Specifies a path for the pvmd to search for executable program components when spawning a
new process. The path may have multiple elements, separated by colons (:).

wd=PATH Specifies a working directory in which all spawned tasks on this host
will execute.

sp=VALUE Specifies the relative computational speed of this host compared to other hosts in the config-
uration. VALUE is an integer in the range [1 - 17000000]

bx=PATH Specifies the debugger program path. Note: the environment variablePBUGGER can
also be set.

so=ms Rarely used. Causes the master pvmd to request user to manually perform the startup of a pvmd
on a slave host when rsh and rexec network services are disabled but IP connectivity exists. See
section "MANUAL STARTUP”.

A dollar sign ( $) in an option introduces a variable name, for example $FARCH. Names are
expanded from environment variables by each pvmd.

Each of the flags above has a default value. These are:
lo The loginname on the master host.
so Nothing
dx $PVM_ROOT/lib/pvmd (or environment variable PVIRIPATH)
ep pvm3/bin/$PVMARCH:$PVM_ROOT/bin/$PVMARCH
wd $HOME
sp 1000
bx $PVM_ROOT/lib/debugger

You can change these by adding a line with a star ( *) in the first field followed by the options, for
example:
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* lo=afriend so=pw This sets new default values for ‘lo’ and ‘so’ for the remainder of the host file,
or until the next *’ line. Options set on the last **' line also apply to hosts added dynamically using
pvm.addhosts().

Host options can be set without starting the hosts automatically. Information on host file lines beginning
with ‘&’ is stored, but the hosts are not started until added using_pdathosts().
Example hostfile:

# hostfile for testing on various platforms fonebone
refuge
# installed in /usr/local/here

sigi.cs
dx=/usr/local/pvm3/lib/pvmd # borrowed accts, "guest", don't trust fonebone

* lo=guest so=pw sn666.jrandom.com cubie.misc.edu # really painful one, must start it b
hand and share a homedir & igor.firewall.com lo=guest2 so=ms ep=bob/pvm3/bin/HROH

MANUAL STARTUP :

When adding a host with this option set you will see on the tty of the pvmd:
*** Manual startup ***
Login to "honk” and type:

$PVM_ROOT/lib/pvmd -S -d0 -nhonk 1 80a9ca95:0ch6 4096 2 80a95c43:0000 Type
response:

after typing the given command on host honk, you should see a line like:
ddpro<2312> arch<ALPHA> ip<80a95c43:0a8e> mtu<4096>

type this line on the tty of the master pvmd. You should then see:
Thanks

and the two pvmds should be able to communicate.
Note you can’t start the master using the console or background it when using this option.

STOPPING PVMD3 :

The preferred method of stopping all the pvmds is to give the halt command in the PVM console. This
kills all pvm tasks, all the remote daemons, the local daemon, and finally the console itself. If the master
pvmd is killed manually it should be sent a SIGTERM signal to allow it to kill the remote pvmds and clean
up various files.

The pvmd can be killed in a manner that leaves the file /tmp/pvmd.uid behind on one or more hosts. Uid
is the numeric user ID (from /etc/passwd) of the user. This will prevent PVM from restarting on that host.
Deletion of this file will fix this problem:

rm ‘( grep $user /etc/passwd || ypmatch $user passwd ) | \\
awk -F: {print "tmp/pvmd."$3; exit}"
18.0.176 Communications. communications with other applications using GeCi

DESCRIPTION :
This the beta version of the Communications Toolbox.

GeCi manages communications between Scilab and other applications (included Scilab itself) by using
GeCi.
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GeCl is an interactive communication manager created in order to manage remote executions of soft-
wares and allow exchanges of messages between those softwares. It offers the possibility to exploit numer-
ous machines on a network, as a virtual computer, by creating a distributed group of independent softwares.

In order to communicate, the other applications must have been prepared for, by including a commu-
nication library in them. The way to do this is described in the Communication Toolbox documentation.

SEEALSO: CreateLink 636, DestroyLink 636 ExecAppli 636 GetMsg 637, SendMsg
638 WaitMsg 638

18.0.177 CreateLink creates a link between two applications
CALLING SEQUENCE :

CreateLink(applil,appli2)

PARAMETERS :

applil, name of an application . string
appli2 : string, name of an application

DESCRIPTION :
CreateLink  creates a link fromapplil ~ to appli2 . Note that this link is directed. This link being
createdapplil  can send messagesdppli2  andappli2  can receive messages frapplil

If the name ofapplil  orappliz is"SELF" , it corresponds to the name of the application where
we executeCreatelLink

If the name ofapplil  orappli2 is "XGeCl" , it corresponds to the name of the first Scilab ap-
plication started.

SEEALSO: DestroyLink 636 GetMsg 637, SendMsg 638

18.0.178 DestroyLink destroys the link between two applications
CALLING SEQUENCE :

DestroyLink(applil,appli2)

PARAMETERS :

applil, name of an application . string
appli2  : string, name of an application

DESCRIPTION :
DestroyLink destroys the link fronapplil  to appli2

If the name ofapplil  orappliz is"SELF" , it corresponds to the name of the application where
we executdestroyLink

If the name ofapplil  orappli2 is"XGeCl" , it corresponds to the name of the first Scilab ap-
plication started.

SEEALSO: CreateLink 636

18.0.179 ExecAppli executes an application

CALLING SEQUENCE :
ExecAppli(command,h,appli)
PARAMETERS :

command : string, command of the application
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h : string, host name
appli  : string, name of the application

DESCRIPTION :
ExecAppli  executes the application described dymmand on the hosth and gives it the name
appli . Arguments of the application can be also given in the sttmgmand
After executingexecAppli , it is necessary to create links wittreateLink  to be able to send
messages between applications.

EXAMPLE :

h=unix_g("hostname")
ExecAppli(SCI+"/bin/scilex",h,"Scilab2")
CreateLink("SELF","Scilab2")
ExecAppli(SCI+"/bin/scilex -ns",h,"Scilab3")

SEEALSO: CreateLink 636 ExecScilab 637 ExeclScilab 637

18.0.180 ExecScilah executes another local Scilab

CALLING SEQUENCE :
ExecScilab(appli)
PARAMETERS :

appli  : string, name of new Scilab

DESCRIPTION :
ExecScilab  executes a new Scilab application on the same host.

After executingexecScilab , it is necessary to create links wi@reateLink  to be able to send
messages to new Scilab.

UseExecAppli  to execute a new Scilab application on a remote host.

SEEALSO: CreateLink 636 ExecAppli 636 ExeclScilab 637

18.0.181 ExeclScilah executes another linked local Scilab

CALLING SEQUENCE :
ExeclScilab(appli)

PARAMETERS :

appli  : string, name of new Scilab

DESCRIPTION :
ExecScilab  executes a new Scilab application on the same host and creates links between them.
UseExecAppli  to execute a new Scilab application on a remote host.

SEEALSO: CreateLink 636 ExecAppli 636 ExecScilab 637

18.0.182 GetMsg gets a pending message

CALLING SEQUENCE :
[type,msg,appli] = GetMsg()
PARAMETERS :

type : string
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msg : string
appli  : string, name of an application

DESCRIPTION :
GetMsg gets, in an asynchronous way, a message sent by another application. The type of the message
is string  and the message itself iesg. The name of the application which has sent the message is

appli
SEEALSO: SendMsg 638 WaitMsg 638

18.0.183 SendMsg sends a message

CALLING SEQUENCE :
SendMsg(type,msg)
PARAMETERS :

type : string
msg : string

DESCRIPTION :
SendMsg sends a message to ALL applications linked to this application.

SEEALSO: CreateLink 636 SendMsg638 WaitMsg 638

18.0.184 WaitMsg waits for a message
CALLING SEQUENCE :

[type,msg] = WaitMsg(appli)

PARAMETERS :

appli  : string, name of an application
type : string
msg : string

DESCRIPTION :
WaitMsg waits for a message sent by another application. As long as any message has not been sent,
WaitMsg waits. This is a way to send and get messages in a synchronous way. The type of the message
is string and the message itselfrissg.

By default the name of the first application (the one executed by GeCi) is "XGeCl".

SEEALSO: GetMsg 637, SendMsg 638
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abs,142
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acoshm]143
acosm144
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addedge404
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adj2sp,145
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AFFICH_f, 459
alphagifs 522
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arma,343
armac,343
armax,344
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arsimul,345
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articul,406
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cainv,212 coff, 369
calerf,155 coffg, 351
calfrg,213 colcomp,370
call, 11 colcompr,351
canon214 colinout,258
casc,310 colnew,279
casel3 colon,15
ccontrg,257 colormap92
cdfbet,492 colregul,215
cdfbin, 492 comma,l6
cdfchi, 493 comments16
cdfchn,493 Communication$535
cdff, 494 comp,16
cdffnc,494 companion370
cdfgam, 495 connodes411
cdfnbn,495 cond,371
cdfnor,496 conj,155
cdfpoi, 496 connex4ll
cdft, 497 CONSTH, 463
ceil, 13 contfrm, 215
cepstrum310 contmat,216
chainstruct,409 contour,92
chaintest503 contour2d93
champ 90 contr,216
champ191 contractedge412
chart,91 contrss217
chdir, 14 contwt,526
cheblmag310 contwtmir,528
cheb2mag311 contwtspec530
checkgraph,410 convexhull, 412
chepol,311 convol,312
chfact,368 convstr,156
chol, 368 copfac,258
chsolve 369 corr,312
circuit, 410 co0s,156
clean,350 COSBLK f, 463
clear,14 cosh,156
clearfun,14 coshm,157
CLINDUMMY _f, 460 cosm,157
CLKIN _f, 461 cotg,157
CLKINV _f, 460 coth,158
CLKOUTf, 461 cothm,158
CLKOUTV f, 461 CreatelLink,636
CLKSOMf, 461 csim,217
CLKSOMV f, 461 cspect314
CLKSPLIT_f, 462 ctrgram,218
CLOCK_f, 462 cumprod,158
close,603 cumsum159
CLR_f, 462 curblock,484
cls2dls,215 CURV_f, 463
CLSSHf, 462 cwt, 531
cmblin, 155 cwtspecp32
cmndred351 cwttrack,533
code2strl5 cwttrackall, 534
coeff, 15 cyclebasis 413
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czt, 315 else,19
elseif,19
D empty,19
dasrt,279 emptystr,162
dassl281 end,19
dbphi, 218 eqfir,317
dcf, 258 eqiir, 317
debug,159 equal, 19
dec2hex160 equil,221
deff, 16 equill,221
degreel7 ereduc371
DELAY _f, 463 erf, 163
DELAYV _f, 463 erfc,163
delbpt,17 erfcx, 164
deletearcs,414 errbar,94
deletenodes414 errcatch20
delip,160 errclear20
delmenul160 error,20
demos,161 eval,164
DEMUX_f, 464 eval3d,95
denom352 eval3dp95
derivat,352 evans96
des2ss259 EVENTSCOPEf, 465
des2tf,219 evstr,21
DestroyLink,636 EVTDLY _f, 465
det,371 EVTGEN.f, 465
determ 352 Example 620
detr,353 excel2scipl4
dft, 316 exec,21
dhnorm,259 ExecAppli,636
diag,161 ExeclScilabs37
diary,17 ExecScilabp37
dilate,535 execstr164
dimR2d,536 exists,22
diophant353 exit, 22
disp,18 exp,372
dispbpt,18 EXPBLK_f, 466
dlgamma,162 expm,372
DLR_f, 464 external 22
DLRADAPT_f, 464 extraction,23
DLSSf, 464 eye,25
dmt,538
dot, 18 F
driver,93 fac3d,96
dscr,219 factors,353
dsimul,220 faurre,318
dtility, 220 fomfwt, 540
dtsi, 260 fomlevinson 540
dwtspec539 fchamp,97
fcontour,97
E fcontour2d 98
edgenumber415 fec,98
edit, 162 feedback222
editcurv,94 feval, 25
elllmag,316 ffilt, 318
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fft, 319

fftld, 541
fgrayplot,98
figure, 604
file, 26

filter, 320
find, 27
find_freq, 320
find_path,415
findm, 320
findobj, 604

findWTLM, 542

fit_dat,283
fix, 27
floor, 28

flt, 543

flts, 223
for, 28
format,28
fort, 29
fourplan,260
fplot2d, 99
fplot3d, 99
fplot3d1,100
fprintf, 30
frep2tf,224
freq,225
freson,226
frfit, 321
frmag,321
fscanf,31
fsfirlin, 322
fsolve,283
fspecg,260
fstabst,261
fstair, 373
full, 165
fullrf, 373
fullrfk, 374
funcprot,31
function,32
funptr,32
fusee 504
FWT, 512
FWT2D,513

G
G_make,142
g-margin,226
GAIN_f, 466

GAINBLK _f, 466

gainplot,100
gamitg,261
gamma,l65
gammaln,165
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gaussp44

gcare 262
gcd,354

gcf, 605
gennet,416
GENERAL, 466
GENERICT, 466
GeneWei515
genfac3d]101
GENSINST, 467
GENSQRY, 467
geom3d,101
get,606
getblocklabel484
getcolor,102
getcwd,32
getd,33
getenv33
getf,34
GetMsg,637
getpid,34
getscicosvars}84
getsymbol, 102
getvalue, 166
gfare,262
gfrancis,227
gifs2wave 545
gifseg,546

girth, 417
givens,374
glever,375

glist, 417
gpeche504
gr-menu,102
graduate103
grand,497
graph-list417
graph2.mat,420
graphcenter420
graphcomplement421
graphdiameter421
graphpower,422
graphsimp,423
graphsum,423
graphunion,424
Graphics86
graycolormapl103
grayplot,104
group,322
gschur376
gsort,166
gspec377

gtild, 263
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h2norm,264 intersci,40
h_cl, 264 intg, 288
h_inf, 264 intl, 289
h_inf_st, 265 INTRP2BLK f, 468
h_norm,265 INTRPLBLK_f, 468
halt, 167 intsplin, 169
HALT _f, 467 inttrap,170
hamilton,425 inv, 379
hank,323 INVBLK _f, 468
hankelsv266 invr, 357
hat,34 invsyslin,228
havewindow,167 is.connex425
help,35 isdef,171
hermit,355 isempty,551
hess377 iserror,40
hex2dec167 isinf, 171
hilb, 324 isnan,171
hist3d,104 isoview,105
histplot,105 isreal, 172
holder2d 546 IWT, 515
horner,355 IWT2D, 516
host,35
hotcolormap105 J
householdei378 jmat, 326
hrmt, 356
htrianr,356 K
hypermat36 kalm, 326
hypermatrices36 karmarkar289
kernel,379
I keyboard41
icontwt, 547 knapsack426
idmt, 549 Koutrouvelis 517
ieee,36 kpure,228
if, 37 krac2,229
IFTHEL f, 468 kron,172
iir, 324 kroneck,380
iirgroup, 325
iirlp, 325 L
im_inv, 378 lambdak 551
imag,37 lattn, 326
impl, 284 lattp, 327
imrep2ss227 Icf, 266
IN_f, 469 Icm, 357
input, 168 lcmdiag,357
insertion,38 Idiv, 358
int, 40 [divf, 172
int2d, 285 left, 41
int3d, 286 length,41
intc, 288 lepskiiap,552
intdec,325 leqr,266
integ,550 less,42
INTEGRAL f, 468 lev, 327
integrate 168 levin, 327
interp, 168 Ift, 267
interpln, 169 Igfft, 330
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lib, 42 max,47

lin, 229 maxcappath,429

lindquist, 330 maxclique,429

line_graph, 426 MAX _f, 469

linearlt,553 maxflow, 430

lines,43 maxi, 48

linf, 268 mbmlevinson554

linfn, 268 McCulloch,517

link, 43 mcfgld,555

linpro, 290 MCLOCK _f, 469

linsolve,381 mdfl1d,558

linspace,173 mdfl2d,558

list, 45 mdznqld559

Imisolver,291 mdzng2d 560

Imitool, 292 mean,175

load,45 median,176

load graph,427 mese 330

loadwave 488 mesh2d431

locate,106 metanet433

log, 173 metanetsync,433

log10,173 mexhat 560

LOGBLK f, 469 MFCLCK_f, 470

logm,174 mfft, 331

logspacel74 mfile2sci,614

LOOKUPf, 469 milk _drop,107

lotest,505 min, 49

Ige, 230 MIN _f, 470

lqg, 231 min_lcost cflow, 434

lgg2stan231 min_lcost flowl, 435

lqg_ltr, 269 min_lcost flow2, 436

Igr, 232 min_qcostflow, 437

Isslist, 46 min_weighttree,438

Istcat,46 mine,506

Ititr, 233 mini, 49

lu, 381 minreal,234

ludel, 382 minss,235

lufact, 382 minus,50

luget,383 mode,50

lusolve,383 modulo,176

lyap, 384 monolr,561
morlet,564

M mrfit, 331

m_circle, 106 mtlb_diff, 565

macglov,270 mtlb_fftshift, 565

macr2lst,174 mtlb_fliplr, 566

macro,46 mtlb_flipud, 567

macrovar175 mtlb_hilbert, 568

makegraph,427 mtlb_isreal,568

manedit,175 mtlb_load,616

mapsound488 mtlb_log2,569

markp2ss234 mtlb_mean 569

mat2_graph,428 mtlb_mode,51

Matplot, 87 mtlb_rem,570

matrices47 mtlb_save,616

matrix, 47 mulf, 177
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multim1d,570 part,56
multim2d,573 path2_nodesg441
MUX _f, 470 pausep6

pbig, 385
N pdiv, 359
namespl pen2eal’8
narsimul,345 pencan386
NEGTOPOST, 470 penlaur386
nehari, 270 percents6
neighbors439 perfectmatch,442
netclose439 pertrans;178
netwindow,439 pfss,239
netwindows 440 phasemag?39
newfun,51 phc,332
nextpowQ 576 pinv, 387
nlev,384 pipe.network,443
nnz,177 plot, 109
nodenumber440 plot2d,110
nodes2_path,440 plot2d1,111
nodesdegrees441 plot2d2,111
noisegen346 plot2d3,112
norm,177 plot2d4,112
not,52 plot3d,112
null, 52 plot3d1,113
numer,358 plot graph,443
nyquist,107 plotframe,114

plus,57
@) plzr, 114
obsgram,235 pol2des359
obscont236 pol2str,360
obscont1506 pol2tex,617
observer236 polar,388
obsvmat,237 polfact,360
obsvss?238 poly, 57
ode,292 portr3d,507
odediscrete 295 portrait,507
oderoot, 295 POSTONEGf, 471
odedc,296 POWBLKf, 471
odedi,346 power,58
odeoptions298 ppol,240
ones52 prbsa, 346
optim, 298 predecessorg44
or,53 predef,58
orth,385 prescrib 577
oscillsing,576 print, 59
OUTf, 470 printf, 59
overloading53 printf_conversion59

printing, 115
P prod,179
p_margin,238 PRODf, 471
param3d;108 proj, 388
param3d1108 projsl, 240
param3di109 projspec388
parents55 pseudoAW578
parrot,270 psmall,389
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pspect333 regdim,579
pvm, 620 REGISTERf, 472
pvm,addhosts620 reglin, 346
pvm_barrier,621 RELAY _f, 472
pvm_.bcast,621 remez,333
pvm.config,622 remezb334
pvm.delhostsf23 repfreq,241
pvm.exit, 623 residu,360
pvm.gettimer, 623 resumegs
pvm.getinst,624 return,65
pvm_gettid, 624 reynitq,581
pvm.gsize,625 RFILE_f, 472
pvm_halt,625 ric.desc,271
pvm_joingroup,626 ricc, 242
pvmkill, 626 riccati, 271
pvm.lvgroup,626 rlist, 66
pvm.mytid, 627 roots,361
pvm_parent627 rotate,116
pvm.recv,628 round,66
pvmsend,628 routht, 361
pvm.settimer, 629 rowcomp,393
pvim.spawn 629 rowcompr,361

pvim_spawnindependen30
pvm.start,631
pvm_tasks,631
pvm.tidtohost,633
pvmd3,633

pwd, 61

Q
gassign445s
qr, 390
QUANT_f, 471
quapro,300
quaskro390
quit, 61
quote,61

R

rand,62
RAND_f, 471
randpencil391
range 392
rank,392
rat,62
rational,63
rcond,392
rdivf, 179
read,63
read4bp4
readb 64
readc, 179
readmps180
real,65
recur,508
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rowinout,272
rowregul,243
rowshuff,393
rpem,335
rref, 394

rtitr, 244

S

salesman445
SAMPLEHOLDf, 472
SAT f, 473

save 66
savegraph446
savewave489
SAWTOOTHS, 473
shinom,582
scaling,116
scanf,67
scanfconversiong7
schur,394
sci2exp,181
sci2for,617
sci2map,182
sciargsp8
scicos456
scicosblock, 478
scicoscpr, 480
scicosgraphics478
scicoslink, 480
scicosmain,477
scicosmenus456
scicosmodel, 479
scicosim483
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scifuncblock, 477
scilab,68
ScilabEval,600
scilink, 69
SCOPEf, 473
SCOPXY.f, 474
sd2sci,116
secto3d117
select,69
SELECT.Sf, 474
semicolumny0
semidef,302
SendMsg638
sensiz272
set,607
setbpt,70
setmenul82
setscicosvargi85
sfact,362
Sfgrayplot,88
sgifs,584
Sgrayplot38
sgrid, 117
shortestpath,447
showarcs,447
showgraph,448
shownodes449
sign, 70
Signal,307
signm,70
sim_stable 585
simp,363
simp.mode,363
sin, 183
SINBLK _f, 474
sinc,336
sincd,336
sinh,183
sinhm,183
sinm,184
size,71
slash,71
sm2des245
smM2ss246
smooth,184
smultim1d,585
smultim2d,588
solve,184
SOM, 474
sort,185
sortup,590
sp2adj,185
spaninter396
spanplus396
spantwo,397
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sparsel86
spchol,398
spcompackl87
spec,398
specfact246
speye 188

spget, 188

splin, 189
splitedge 449
SPLITf, 475
spones189
sprand,190
sprintf, 72
spzeros190
sqroot, 399

sqrt, 191
sqrtm,191
squarel18
srfaur,337

srkf, 337
ss2des247
SS2ss247
ss2tf,249
sscanf,72
sskf,337
ssprint,191
ssrand;192

st deviation,192
stility, 249
stabil,250
stablecov,591
stablesm,591
stabletest,592
stacksizey3
standarddefine, 481
standarddraw, 482
standardnput, 482
standardorigin, 482
standardoutput,483
star,73

startup,73

STORf, 475
str2code/3
strcat,193
strfbm,592
strindex,193
string, 74
strings,74
stripblanks 194
strongconnodes450
strongconnex451
strsubst194
subf,195
subgraph451
successorsis2
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sum,195 trzeros,253
SUPERT, 475 type, 76
supernode452 typeof,202
sva,399 U
svd,400
svplot, 251 uicontrol,607
sylm, 364 uimenu,610
sylv, 400 ulink, 77
symbols,74 unix, "
symcori,593 unix-g, [
synth2,594 unpes, 8
sysconv,196 UnBCWw, /8
sysdiag;196 unix-x, 79
syslin,197 unobs 254
syssize251 unsetmenu?02
system338 user.79
systemsH08 Vv
systmat364 .
varargin,79
T varargout80
tan,198 ﬁvﬂ}ﬁgt 595
;’;’;Ek;—l“b‘% ViewWTLM, 595
tanh,198 W
tanhm,199 WaitMsg, 638
tanm,199 warning,80
TCLSSf, 476 wave2gifs 596
tdinit, 510 WFILE_f, 476
testmatr|x,75 wfir, 339
texprint,618 what,81
TEXT_f, 476 where,81
tf2des,273 whereamiB1
tf2ss,252 whereis 81
t_hen,75 while, 82
tilda, 75 who, 82
T_IME__f, 476 whos,82
time_id, 252 wiener,339
timer, 199 wigner,339
tittepage,118 window, 340
TK_EvalFile,600 winsid, 118
TK_EvalStr,601 writb, 82
TK_GetVar,602 write, 83
T'K_SetVar,602 write4b,83
tlist, 76 WT2Dext,519
:oeplliz(,)ioo WT2DStruct,518
race, WT2DVisu,519
trans,338 WTMultires, 520
transclosure 453 WTStruct,521
translatepath€18
TRASH.f, 476 X
trfmod, 200 x_choices203
trianfml, 200 x_choose203
tril, 201 x_dialog,204
trisolve, 201 x_matrix, 204
triu, 202 x_mdialog,204
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X-message205
xarc,118
xarcs,119
xarrows,119
xaxis, 120
xbasc,121
xbasimp,121
xbasr,121
xchange 122
xclea,122
xclear,122
xclick, 123
xclip, 123
xdel, 124
xend,124
xfarc,124
xfarcs,125
xfpoly, 125
xfpolys, 126
xfrect, 126
xget,127
xgetech,128
xgetfile,205
xgetmousel28
xgrid, 129
xinfo, 129
xinit, 130
xIfont, 130
xload,130
xnumb,131
xpause131
xpoly, 131
xpolys,132
xrect,132
xrects,133
xrpoly, 133
xs2fig,133
xsave,134
xsegs,134
xselect,135
xset,135
xsetech,136
xsetm,137
Xstring,138
xstringb,138
xstringl, 139
xtape,139
xtitle, 140

Y
yulewalk,340

Z
ZCROSST, 477
zeropen254
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zeros,206
zgrid, 140
zpbutt,341
zpchl,341
zpch2,341
zpell, 342
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	Programming
	 abort
	 addinter
	 and
	 ans
	 apropos
	 argn
	 backslash
	 binary
	 bool2s
	 boolean
	 brackets
	 break
	 call
	 case
	 ceil
	 chdir
	 clear
	 clearfun
	 code2str
	 coeff
	 colon
	 comma
	 comments
	 comp
	 deff
	 degree
	 delbpt
	 diary
	 disp
	 dispbpt
	 dot
	 else
	 elseif
	 empty
	 end
	 equal
	 errcatch
	 errclear
	 error
	 evstr
	 exec
	 exists
	 exit
	 external
	 extraction
	 eye
	 feval
	 file
	 find
	 fix
	 floor
	 for
	 format
	 fort
	 fprintf
	 fscanf
	 funcprot
	 function
	 funptr
	 getcwd
	 getd
	 getenv
	 getf
	 getpid
	 hat
	 help
	 host
	 hypermat
	 hypermatrices
	 ieee
	 if
	 imag
	 insertion
	 int
	 intersci
	 iserror
	 keyboard
	 left
	 length
	 less
	 lib
	 lines
	 link
	 list
	 load
	 lsslist
	 lstcat
	 macro
	 matrices
	 matrix
	 max
	 maxi
	 min
	 mini
	 minus
	 mode
	 mtlb_mode
	 names
	 newfun
	 not
	 null
	 ones
	 or
	 overloading
	 parents
	 part
	 pause
	 percent
	 plus
	 poly
	 power
	 predef
	 print
	 printf
	 printf_conversion
	 pwd
	 quit
	 quote
	 rand
	 rat
	 rational
	 read
	 read4b
	 readb
	 real
	 resume
	 return
	 rlist
	 round
	 save
	 scanf
	 scanf_conversion
	 sciargs
	 scilab
	 scilink
	 select
	 semicolumn
	 setbpt
	 sign
	 signm
	 size
	 slash
	 sprintf
	 sscanf
	 stacksize
	 star
	 startup
	 str2code
	 string
	 strings
	 symbols
	 testmatrix
	 then
	 tilda
	 tlist
	 type
	 ulink
	 unix
	 unix_g
	 unix_s
	 unix_w
	 unix_x
	 user
	 varargin
	 varargout
	 varn
	 warning
	 what
	 where
	 whereami
	 whereis
	 while
	 who
	 whos
	 writb
	 write
	 write4b

	Graphic Library 
	 Graphics
	 Matplot
	 Sfgrayplot
	 Sgrayplot
	 addcolor
	 black
	 bode
	 champ
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	 chart
	 colormap
	 contour
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	 driver
	 edit_curv
	 errbar
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	 eval3dp
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	 fcontour2d
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	 augment
	 bstap
	 ccontrg
	 colinout
	 copfac
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