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Hypervisors and containers

e (Container virtualization is a lightweight alternative to hypervisor-based
virtualization

e (Container runs on top of the same shared host OS kernel

e While VMs install a full Guest OS
e (Containers do not isolate resources as well as hypervisors
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The eftect of virtualization on energy and power
consumption is partially uncharted territory,

especially when it comes to comparing
hypervisors or containers
and their energy efficiency.

Any effort to create a greener cloud should take the
efficiency of hypervisors into consideration.
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Our focus

1. How do hypervisors and containers perform in terms of energy
efficiency?

2. s there a difference in power efficiency under a traditional
hypervisor-based virtualization versus Linux containers?

3. How do hypervisors and containers compare power-
efficiency-wise for different virtualization ratios”

UNIVERSITEIT VAN AMSTERDAM SL
X

System and Network
Engineering



Hypervisors

1. Energy estimation models
— Linear models estimate consumption when running hypervisors
— Use of hardware counters versus OS-provided counters

2. Energy efficiency methods regarding virtual machines
— Migration methods within data centers
e Using pre-copy algorithms
— Resource allocation methods
e Resources on different sites based on heuristics
— Frequency scaling methods

3. Comparison between hypervisors
— Very hard to chose an ‘optimal’ hypervisor.
Most (academic) research done on XEN and KVM.

— Performance costs (lower performances) needs to be weighted against lower
energy costs.
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VMs vs. containers

Containers achieve generally better performance compared to
traditional VMs
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Figure 4: Power Measurement Setup
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Senchmarks

Component  Benchmark # virtual units  Metric
tested
CPU Linpack Felter et al. [3] & Morabito 1 Performance
et al. [2]
CPU Sysbench Morabito [1] 8 Power
CPU
Memory Sysbench Morabito [1] 8 Power
MEM
Disk Bonnie++ Morabito et al. [2] 1 Performance
Disk DD Morabito et al. [2] 1 Performance

1) Roberto Morabito. Power consumption of virtualization technologies: an empirical investigation. arXiv preprint arXiv:1511.01232, 2015.

2) Roberto Morabito, Jimmy Kjallman, and Miika Komu. Hypervisors vs. lightweight virtualization: a performance comparison. In Cloud
Engineering (IC2E), 2015 IEEE International Conference on, pages 386-393. |IEEE,2015.

3) Wes Felter, Alexandre Ferreira, Ram Rajamony, and Juan Rubio. An updated performance comparison of virtual machines and linux
containers. In Performance Analysis of Systems and Software (ISPASS), 2015 IEEE International Symposium On, pages 171-1SE{2015.

UNIVERSITEIT VAN AMSTERDAM
X

System and Network
Engineering



|[dle power consumption

- 7.39 797

7 =3 6.63 6.56

4.93 4.87 4.86

Average Power Usage in Watt (W)

Xen running 1 Virtual Node Docker running 1 Container Native OS

OCPU OMemory OHDD

UNIVERSITEIT VAN AMSTERDAM SE
X

System and Network
Engineering



J

Total 1dle power consumption

20 19.57
18.88 18.68
18
4.93
16 4.87 4.86
=3
= 14
®©
=
c 12
)
> 6.91 6.63 655
»n 10
D
—
)
= 8
@)
ol
S 6
kel
4
7.73 738 797
2
0
Xen running 1 Docker running 1 Native OS

Virtual Node

UNIVERSITEIT VAN AMSTERDAM
X

Container

OHDD

UMemory

oCcPU

S\=

System and Network
Engineering



@

GREENING

Total idle per virtualization units

Average power [W]
=
(%]

0 1 2 4 8 16
Virtualization units

s Xen B Docker = Baseline

UNIVERSITEIT VAN AMSTERDAM S\=
X

System and Network
Engineering



v

CPU: Power/energy efficiency
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CPU: Energy efficiency per

N w N «n a ~
o o o =} =} o

Efficiency [# Primes tested/Joule]

=
o

4 8 16

Virtualization Units

o

1 2

UNIVERSITEIT VAN AMSTERDAM
X

W Docker

B@Xen

Efficiency [#Primes tested/Joule]

70

50

40

30 ¢

20

@

GREENING

virtualization units

HERH
1

Docker ——

Xen —a—

8 10 12 14 16 18
#Virtual units

S\=

System and Network
Engineering



@

ENING
LO )

Memory: energy efficiency
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4 docker containers achieve already the asymptotic behavior
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Results summary

Component Benchmark PE Xen vs. Docker
CPU Sysbench CPU No sign. difference
Memory Sysbench MEM write Docker

Disk DD read Docker?

Disk DD write No sign. difference

Need simple benchmark to identify the basic behaviour
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And now?

Still a number of open points:
e Investigate the energy footprint of the network component
e Performance evaluation of real life applications

Decision Framework

Initial Network related
QoS Traff i h
Requirements ratfic settlrjgs such as
Matrix architecture type
Scheduler

New packet, set path ) L
Retrieve statistical data

Controller Monitor
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Packet not matching Collect statistical data

Network architecture
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Integrate this knowledge with the cloud orchestration platforms.
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Thanks!

Dr. Arie Taal and myself would like to thank all our partners in the
Ioré)ject. A special thanks goes to Eric Hoekstra for his help in the SEF
ab.

This work is been made possible by (chronological order):
Yuri Tan, B.Sc.

Casper van der Poll, B. Sc.

Rene Aparicio Saez, M. Sc.

Martin Warnaar, M.Sc

Jeroen Kesse,l M.Sc.

Sam Ansmink, B.Sc.

More information at:
https://ivi.fnwi.uva.nl/sne/projects/greening-the-cloud/
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