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Satit Chinprasertsuk 2014: Methodology for Analyzing Power Model of Virtual
Machines in Cloud Computing. Master of Science (Computer Science), Major Field:
Computer Science, Department of Computer Science. Thesis Advisor:

Mr. Sethavidh Gertphol, Ph.D. 71 pages.

Cloud computing has potentials to reduce energy consumption cost for the providers by
intelligently allocating virtual machines to energy efficient servers. This paper proposes a new
method to create an energy model that describes a direct relationship between resource
utilization in the VM and the energy consumption by the host. With the model it is possible to
estimate how much energy a server will consume if it accommodates a specific number of VMs,
each with a specific resource utilization. This work also investigated the power consumption of
a server when different combinations of VMs with different utilization are running on it. The
result shows that the energy consumption varies non-linearly with the number of VMs allocated

on that host.
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Main Thread:

N € No of Threads

CALL mpac_int();

CALL mpac_bogo_arg_handler();

arg <« user_input;

CALL mpac_thread_manager_startj(N,arg,Routine);
Process Output;

CALL mpac_bogo_output();

Thread_local_processing (Routine):

Loops (1==12);
WHILE incrementing Loops
ticks clock();
CALL delay(Loops);
ticks clock() - ticks;
IF ticks
break;
ENDIF

END WHILE

RETURN Loops

MNA 13 1A Pseudo code ¥0IAIIALUTLANTAIN CPU
A
N31: M.H. (2009)

M31Ads2ANENINYDITTUUATEUBUDI MPAC 1911055 1U1R8INY Netperf
(Hewlett-Packard Company, 1995) Tagfin151/5uuaamn1sa1usie aw library 7t Netpref
THuariimsasinaeninlsz@nsninues MPAC Benchmark 118U Netpref Benchmark 1ag
UMTNUUATAINIARINYDITZUUNINAABIANAY 3 LU A0 Intel, AMD 1ag Cavium 1%

imsasdeyaszniunuluusazanminadon lananisnaaseninisg



M 1 I NLaaIRan15IalseansnInued Network laaifSouonusening Netpref

oy MPAC

22

Netpref Benchmark MPAC Benchmark
Intel 7986 7203
AMD 4483 4200
Cavium 2709 2369




23

U

a d' d' v
NHIVYNNYIVOI

%

1. MIWANEINUMIIAMNMNMITITNAINHVBA cloud computing

Y] . A~ 9 t:' 1 da! 9 1Y
Tul9917u cloud computing [FUUMT IFNUNUWIHAWUINYL N3 TFWAINIUVOI data
] Y Aa . A J Aa . g A A Y
center “1mmgmmpj’°lwmmﬁ cloud computing H390INNTNY cloud computing wWuaanzaod
° a J. [ a o & { o
1R HDIAUNUMTHIIULAEMIINURUET N TUDUIAA AIHUMSTIITIIEa ISR
v ' 1
ANAIIUUDITZVY cloud computing 141N 1de1n8aI1i09910 virtual machine 19 1u0gU
o » r AP : .
gunsaiivanvateuaziimanlasunilaslyizosn @alu data center a9 MIvILUDS
1 o Y Y oq¥ A A Adqyo Y o
52011191992 UMM T IFNEIUV4 data center 1A T 1vinTosllon ¥ Iams ldnaeanu
. . Yy a 9 X A 2
VYD virtual machine hlﬂg]ﬂﬂﬂﬂuﬂluslu% 871 “Joulmeter” (Hewlett-Packard Company, 1995) 19u
Software N42015210 U3 1§WAI9IUVD Virtual Machine 1119110gUU Cloud Computing
Tagd Software HinannslumsandaauIaetins 19 Model Learning $43aa1n3 14
WU UAILITAT workload A15¥197U 3 @IUAB CPU memory Lag Disk Iaaly Software
SPEC CPU 2006 118z IOMeter 1415 generate workload ttaz Jaa1ms lenaaau dadie ldan
o <3 a 1 o
1UM3 Learning 191AMINATOUMMIINAIUAIN SPEC DUMIAAAMS IFndeauanms

o ' 4 a Jd @ 1
M9IMUV09 Workload araepiie 14 1 sun3uiimsdasieiaims 19nasauues workload Laaz

Uszinnieiinmuuans 1¥naauves vMm

@ [ 1 a P
mseenuuuTUsunsudwanndunaiinsly resource vosnouNUADI NAIHANTZND
1 @ g’/ 4 U gJ/ Y] o
ApMs Igwasauiuglnsaliaiufe CPU, memory 1o disk Tasnan Tsunsu1dvins
S l¥nasamuve9nT04 Dell PowerEdge tiaznelu 0S Jaa1ns 1414 utilization Y94

o 1 A I (% A
CPU, memory a2 disk tazihai ldnagiiilunsmlasninh 4



220 +

Power (W)

120

100

CPU (%)

100

Mem 10 (%)

100

Disk 10 (%)
3

d‘ o v ' o [ P~
MNN 14 gﬂllﬁﬂﬂﬂﬁ’lllﬁllWuﬁigﬂ’]'l\i'ﬁzﬂﬂimllazWﬁﬂﬂ’lumgﬂi%

131 Shekhar (2008)

Phasel Phase Il Phase IIl

[ Sy
| IO N
R P ™

Yy

24

A o v Ay o a o ' Y o s Y sl
LﬂJ@u1ﬂ'l‘V]"lﬂi]1ﬂﬂ1§"JﬂiJ1mEI‘LI'EWIiﬂﬁ’]‘L!ﬂ151%1/‘!ﬁ\1\11uﬁ]1ﬂQ1Jﬂ5mﬁ]$ulﬂLﬂ65L“Buﬁ3u

9 [ v d'
M3 lEnasnuveIgUnsalainIng 15

Power (W)

60 -
40 -
20
ﬂ -
CPU

RAM Disk HCPU EMemory M Disk

d' = 9 [ 4 1 a
MNN 15 Naﬂ”lil’l_ﬁﬂ‘]JmeiJﬂ”ISGlGIfWﬁN"IH"IJ?NQﬂﬂimlma‘éﬁ%uﬂ

131: Shekhar (2008)



25

914398V 049 Shekhar (2008) 141 1a10ITMITAAINGIIUVDITLVY cloud computing
Tagin91n0AT1M 3 1% CPU utilization NV disk utilization Taeriioyania lasunuSeuiion
[ 1 ] 9 [ [] A o [] A o a o
nuluugazaavesms lsnuaeriieved Isunsunvnuegluszu et insgim
mamnzanlunsauveanInaiv1ef CPU utilization f disk utilization (M.H.,
o [] =1 9 [ Y d' = gﬂ v A o o
2009) Tudumis Inuiimsldwasnuiosiga Snnsdsnamuiuanuamuvesnsiaulu

4 ad ARl o (% y 1 1Y {
1AT9UE3 W05 1NMINTMITITDINSNEINT 13N 20% tdraziians gwasaaou

o ! o o & R S Q.
AIMINN 16 HAAIDINTAAUUYUVD Throughput AUNVVYUIEIO CPU utilization LAY

A 2
Disk utilization INNGIVUU

mO0-10 © 10-20 m20-30 30-40 m4050 ' 50-60 WE0-70 © 70-80 m 8090

60

30

% degradation in throughput

20
10

ﬂ1Wﬁ 16 ﬂ‘i11/\ltlﬁﬂ\flﬂi$t?f1/l%ﬂ'lwellﬂﬂi$°1J°1Jlﬁﬁm‘i%‘ﬁ’j'l\i CPU utilization 8% Disk utilization
131 Shekhar (2008)

= o 9 o . v 3 @ 1 Y o
3Jﬂ'l'i’Jﬂﬂ1iGlGBWQQQ1H6U@\1 CPU uag disk Tﬂﬂﬂﬂ!ﬂuﬁ]ﬁ‘i'lﬁ')uﬂ'lii%?‘lﬁﬁﬁ'luﬂl@ﬁ

ginsalmsaretna Tlsunsuildou dwaasluani 7



26

HQ-1  1-2 m2-3 34 W45 H5-6 HET

o =~

IS

Energy (1) per transaction

M 17 nsmuaaandanunlsieuaemstszutana 1 Talsunsy
3 Shekhar (2008)

A A 9 [ zg Aou A [ . n 9y
9N IFNUUNT AU ULUININTIVOITOINAINTUVD S cloud computing Illlllﬂ
9
ngaun CPU Lag disk (MU AUFUNIUIVYVDN Kliazovich and Dzmitry (2012) m'i“lﬁff’wawm
1 A Aa 19 3 | o 1 a 4 2
AN vounsesnaaaeu lussuuntuandeterialumsiinimsey TaofSeumey
A a J ad o W A 0 o A . . A <
Lﬂﬁ'ENﬂ’E]llW'JL@]ﬂil]ﬂﬁ‘ifl"llg‘ll‘lﬂ”lmuﬁ?uﬂ\ﬂu miaﬂu@ummzmsm Thin Client tWo1u 1y
% A o 9 @ 4 9 1 1 o A a [
ﬁ?tlﬂﬁﬂ“ﬁﬁﬂiﬂﬂ?iﬂ?ﬂﬁ]mﬂTii“KWﬁQQTHﬂJ@Q'ﬂQﬂﬂiulﬂ'f)ﬂ”lx‘llmufﬂlJTﬂ W1 s UNAIY
v { g 4 <3 av A a @
druidu Terminal ¥301A309 Thin Client ldnTigiaueuitenz)sziiunasnuves data
4 1
center N5V simulation 31UIU 2 G]’Jﬁlﬂﬂﬂuul(:{uﬂ GreenCloud tt8¢ CloudSim (Shi et al.,
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- Data-Intensive Workloads (DIWs) 11u)sz1nniiagiin1s 19911 network foud1aga
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4 4
1. #13A1133 (Hardware)
1.1 Server : Intel Core i7 3770 3.4 GHz, RAM 8 GB

1.2 Client : Intel Core 17 4770 3.4 GHz, RAM 8 GB

2. A5 (Software)
2.1 Microsoft Windows 7 Professional Service Pack 1 (64-bit)
2.2 Oracle VirtualBox 4.2.14
2.3 CentOS 6.3
2.4 VMWare ESXi 5.0.0.623860

2.5 MPAC Benchmark 1.2

{ o S Y
M3 2 dylpaauiiavesginsanlslunminaass

SERVER CLIENT
CPU Intel Core 17 3770 3.4 GHz Intel Core 17 4770
Memory 8 GB 8 GB
Network adapter 4 x Gigabit LAN 2 x Gigabit LAN
Operating system VMWare ESXi 5.0.0.623860 Windows 7 SP1
Software Oracle VM VirtualBox 4.2.14,Cent

0S 6.3
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A3RALULNTNAABUNDIAAINT FNEI91UY8Y Virtual Machine 11 Cloud
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Computing {191111UATIZHN TUAAUDINT IFNEIIUVDY Virtual Machine 311 ua0 9l
9
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W03 AYDINT IFNAIIUV04 Virtual Machine Tuszaumsinauueginssinll Workload 3o

Utilization #1997

4 . .
1. Y5219MA504 Virtual Machine N¥lunsnaasg

(2

[ Y " s { ' o '
ﬂ1§3ﬂﬂ151°ﬁw NIUVDY virtual machine ﬂﬁ%kﬂﬂﬁ!t@]ﬂ@%ﬁﬂu LITLUINTITNA QDN

[

Y
poniilu 3 uuudall

1.1 CPU-Only VMs
1 I [

Virtual Machine Niim31szuanalagldann cPU dluvdn danudoanslunms
AanazszylranaIudIUIULIN IUN1INAABI9LIIIUIN virtual machine NNAFTOUIIUIU 1,

A 1 A a Y - . 2 4 <
2,3 1Ay 4 105049 1UuAaLINIB92N15 19 Utilization Y89 CPU U virtual machine 13J4 11
SEAUAD 0% , 10%, 20%, 30%, 40%, 50%, 60%., 70%, 80%, 90% taz 100% laglunsnaana

' Z ] Yy . o & ~ @ = Y o

ueazna92 1978119 virtual machine 11911171 30 WINLAZTUNNAINIT IFNAINUVDI

1AT94 server N virtual machine 19U luAazMINaaoU

1.2 Network-Only VMs
Virtual Machine NiN5AAADALIATOUIE 15U Web Server, Streaming Server Tagil
o 1 Y o g i . AqY & Yo i
M33AA1M13 1¥NAINUYRITEVUNHNA 1AY Virtual Machine 1119592131131 Connection 917

AlFnudnunaaeg nulaenadoununiodies WAN 1ag LAN Nu1aaua1ee) nu

1.3 Hybrid VMs
< A o . . 2 A Yy g
!,‘]JuﬂTiﬂﬂa@\iq‘i.ﬂ!L‘]J‘]JN’L‘T?JT]HTL’E]T virtual machine N3 2 sznnnnauveau

umaaoulunsod Server
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2. pMaNUAYDY virtual machine NiMATDY

Tumsnagouns 19Wa391uve4 virtual machine ApaTiMImmuanuaNIAVEUATO

Tunaazdszinnvesmsldan udiissdromsnaassiiniwensidinademvuanaainia

. . Yy v A v A
U9 virtual machine nﬂﬂﬁxmﬂwmmﬁummuauﬂummﬁm 3

v wa & 1
ms19h 3 aglpuaviavesglnsainldlumsneass

Virtual Machine
CPU Single Core 3400 MHz
Memory 1 GB
Network adapter 1 x Gigabit LAN
Operating system CentOS 6.3
Software MPAC Benchmark 1.2

¢ d o U o
3. %ﬂﬁ‘l/\l!ni!!ﬂz‘gﬂﬂ1ﬁﬁm‘aﬂuﬂ1ﬁ‘i’lﬂﬁﬂﬂ

[ Y
ﬂ”l'iVlﬂﬁ’t]‘]JmiﬂlGIgf}WﬁNWu"U@Q virtual machine ‘uum%a server HU ﬁmiﬁ’%)N master
disk Tﬂﬂmizwﬂﬁﬂ’ﬁms (Operating System) f® Linux CentOS 6.3 1182 MPAC Benchmark
A , A L e & g v
1.2 Tun304 virtual machine NAI09 Taslumsnaasussgamaanlyslumsaiig

< "o A
utilization 11 2 NYUAL

3.1 Virtual Machine workload by CPU utilization Tumsnaaealyd MPAC Benchmark

' Y
1.2 Tumsadhs utilization ¥09 CPU Tasldmidadail

J/mpac_cpu_bm —n #A -r #B
LT

#A A091UIUVDY thread TUAITMIUUDI CPU

v
o v

#B AoTuauveImIuihnuvesgamid i 14nuSum utilization
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3.2 Virtual Machine workload by Network utilization Tumsnaassld MPAC
J . 1og o ) .
Benchmark 1.2 Tun13a314 utilization Y949 Network Tagtuilumaausans server 118 client

[T

At
3.2.1 Server
Jmpac_net bm —c #A -e #B -b #C -1 #D -t #E

2
Taeh
#A Aodszianvyeamsmauves Isunsud 2 Usznnaedasunazas
Y X 9 o v ¥ o 9
Joya Tagluds server 92 1da)s R Fanaasdedssdoya
A o o o A A °
#B 9152 NUDITLELNTINNUVDIAFIN 2 UTENNAD TIUAIN

A o o 9 Ay @ y Y (J A
I2YSLINTINNTIHUALUASATUITUIUVDYANADINITIUY I@]EJSLLWQI{I server Gl"lﬁ]%ﬁﬂllﬂi T AvLIAN

A dy 91 = g [
#C ADUUIAVDY buffer TuMINAaIllFa 16,384 Fulluauasgiu
voalisunsu
A o d' o a (% 9 . dy
#D ADTIUIUVDA thread NNNUAIATUTDYADIN client TUMINAADIL

145 1m9u 1 thread
HE Ao13z1ANU4 protocol N 1FluMssuLazdtoyadl 2 Uszianio

= 1 9 g Il 0 ]
TCP uaz UDP #alumsnaassis 1y UDP 299 uilu 1
3.2.2 Client
J/mpac_net bm —c #A -d #B -s #C -t #D -1 #E -i #F

Tagh
=) o = A ¥ o 1
#A AoszinnvesmahauvesTisunsull 2 dszinaeiiunazda
Joya TaoTuds client vz 196 01l5 S Fauaasdamsaedoya
A o a AA Y Yy 9 dy o AR
#B AT uIniindesms Iddedoya Tumsnaasaiiiiam 30 1

1481 3,600 U1
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= v A9 : A 9 oA A X 4
#C ﬂ@muWﬂm@N@ﬂﬁﬂﬂﬂWiﬁﬂTﬂﬂﬁuﬁiﬁﬂSOU@$UWMm1Mi®ﬂﬂﬁ1M

utilization U9 network

#D Av13zinNua protocol N1 uMssuLAzddoyadl 2 Uszianio

~ 1t 9 = ¥ g
TCP uaz UDP &alumsnaassii 1y UDP 299 uilu 1

v 9
#E ADTIUIUVDA thread NT1MTATUVOYAIN client Tumsnaasail

%8117 1 thread

A A Ay vy
#F 19 IP Address UDLAT DN server ﬂﬂ']ﬂ%']iﬂ@ﬁ]ﬂﬂ']iﬁiﬂlﬁ]ﬂua

] neungz@localhost:~/Desktop/Mpac_1.2/benchmarks/net _ o x

File Edit View 5Search Terminal

[neungz@localhost net]$ ./mpac net bm -c R -e T -b 16384 -1 1 -t 1[~

mpac_net bm configuration

Communication side
Size of receive buffer
Size of send buffer
Number of threads
Protocol

Port number

IP address

Core Affinity Support
Message Size
Execution mode

Test duration

: UDP
1 54321

. Disabled

: Time-based

: Reciever

16384 Bytes
16384 Bytes
1

127.0.0.1

16384 Bytes

<[ T

10

MNA 19 dedramslFmdaunonaaoy Network utilization 1URY server

neungz@localhost:~/Desktop

File Edit View Search Terminal

Help

[neungz@localhost Desktop]$ ./mpac net bm -c S -d 3600

-5 50 -t 1 -1 1 -i 192.168.56.6

MW 20 f19819M3 1FMFUNoNAT0U Network utilization 114 client
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4. MIAAAININAABIAZMTVUNNHE

Tumstan1ns lEwa91194 virtual machine luugazlsznn Faunianinaass
) .
poniu 3 1wafo CPU-Only VMs, Network-Only VMs tiag Hybrid VMs Taod CPU-Only VMs
1ag Network-Only 11N15NAA099LTIUINYO virtual machine $1UIU 1,2,3 uae 4 150911
Ty Y
ueazMINAaoIrziaaIms lenaaanu TagNiz uan utilization Y8UILANMINARLINUY N
A X < [ o
0% INNAUNAL 10% IUNTZNIDT 100% tiaz 1umsIaa1m s 1$nWa391Uu04 virtual machine
Y o 1 ¥y = ~ o Y o . .
waeannInaasdluuaazasuilumnal 30 i laedaa1n s 1¥Waa911Ue 9 virtual machine
v KX 9 9 o o dy J A o 1 A Y
91N ampmeter Loz uNndoyansIdnasau uuull 3 soude 1 Mminaass ethaA1n 14
o 1 J . 4 o a d [ .
U 3 AR median 11911 113A 512 Tueaaum I N3 1WA 391194 virtual

machine 1AaLILIAN

CPU

\J \l

T

M M M M
y y X y TIMER & MONITORING

AMPMETER ﬁ ‘® s
o0 ‘ CLIENT

NA 21 diagram UEAAINTIAAINAINIUVON virtual machine Yszian CPU
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Network

AMPMETER

MW 22 diagram UEAAINTIAATNAIIUVDN virtual machine U521AN Network
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AIUTUNTNAADILD D Hybrld-VMs uu%umﬂamﬂu 3 ﬂ1§'ﬂﬂﬁﬂ\ﬂﬂﬂﬁlu!mﬁ$ﬂ15
S . o A 1 A dy ~ .
NP0V virtual machine T1UIU 4 AT O u@ﬂu 4 m‘immzummﬁmmﬂizmw virtual
3 oA A, . A ag A

machine NA1AB 1UNITNABDUITNILY virtual machine 1 1AT99N11]1 CPU VM 11ag 3 1A309
3 A A . A Aag A
1)U Network VMs N15naaodNaed9¢dl virtual machine 2 1A3999011)1 CPU VMs Lag 2 1A304
3 9 A . A Aag A
13)u Network VMs MINAADIFANIYISY virtual machine 3 1A399N11)1 CPU VMs 1ag 1 1A304

I c . v Y o
Lﬂu Network VMs Gluﬂ’lﬁ‘ﬂﬂﬁﬂﬂllllﬂ Hybrid-VMs ‘ﬁ!,mazmfiﬂﬂam%mmmﬂ%wawm

Y
a

2 A X
Iﬂﬂﬁﬁu%1ﬂ utilization GUENﬂ‘i%m‘ﬂ virtual machine NITNAADIUUVIN 0% meuﬁaz 10%

< Y Y o 2 . Y o
%uﬂizmﬁd 100% Lla&’cluﬂ’lfl")ﬂﬂ’lﬂ’lii“]fwaﬂxﬂuﬂﬁ]ﬂ virtual machine ‘Ugﬂﬂ\?‘ﬂ'lﬂ'li‘ﬂﬂa'ﬂﬂlu

9
[

1 I~ [ Y o . .
Lmazmuﬂunm 30 mm%mmmﬂmwawmmm virtual machine 91 ampmeter HaA

@ 9

Y 1 '
uiindoyams Idwasan vuuuil 3 seuae 1 Msnaasd ie1hnN 1as1uIu 3 A
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w | |vm| [vm| | vm v | |wm | |vm
VMWare ESXi Virtual BOX
:| = TIMER & MONITORING

SERVER

¢) b

AMPMETER

N 23 diagram LEAINTIAAINAIIUVON virtual machine VY Hybrid
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1. waminaasy CPU-Only VMs

4 Y o o . ona .
M3190 4 M3 1FNAINUVDI virtual machine U520 CPU utilization

VM Utilization Number of VM
1 2 3 4

0% 63.40 63.40 63.40 63.40
10% 65.37 67.27 69.60 73.93
20% 67.73 72.40 76.27 80.03
30% 69.73 76.17 82.17 85.67
40% 71.43 80.10 86.27 89.50
50% 73.70 83.13 90.13 94.00
60% 75.80 86.00 93.47 98.63
70% 77.63 90.20 96.77 101.53
80% 79.70 92.07 99.77 105.63
90% 83.17 93.40 102.33 110.03
100% 87.90 98.53 107.33 115.73

1NA1T19N 4 LAAIHANTIAAINT IF AUV virtual machine 152N CPU
Y ' ¥
utilization 1A8131UIY virtual machine AQLA 1 D4 4 1AIDAALUADEATNAADINAT Y
1] Y v ) v
utilization Y99 CPU MILAUATIAL 10% LASNAADINTAIAE 3 ATILAZIIAT 3 A lduan
. A ° o 9 [ o 1 9 (2 . .
median 10113 TuAan1s 1lEnad1y Tagiia1ns 1¥waaa1uved virtual machine 1u

HABZIAANINATOULIHITUNS lincar regression lansluazaums lunaazinaaagll



Virtual Machine Power Consumption (CPU Workload)
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70
60
50

40

Power Consumption{Watt)

30
20

10

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Virtual Machine Utilization (1 viM)

e Power Consumption  sssses Linear (Power Consumption)

MW 24 1aaIm 3 1FNWa19UU04 virtual machine U5£1AN CPU $112U 1 19304

Virtual Machine Power Consumption (CPU Workload)

120

y=0.18947x+ 63.4

100%

y =0.31715x + 63.4

100

80

60

40

Power Consumption(Watt)

20

0% 10% 20% 30% 40% S50% 60% 70% B0% 90%
Virtual Machine Utilization (2 VM)

—#— Power Consumption ++sses Linear (Power Consumption)

MNA 25 LLﬁﬂQﬂTii%Wﬁﬂ\ﬂHﬂl’éN virtual machine Y3£100 CPU $147U 2 17509

100%
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Virtual Machine Power Consumption (CPU Workload)
140

y=0.48375x+ 63.4

120

100

80

60

Pow er Consumption{Watt)

40

20

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Virtual Machine Utilization (4 VM)

= Power Consumption s+ +s++ |inear (Power Consumption)

NT 26 uﬁmmﬂ%'wﬁ’wmmm virtual machine U52100 CPU 31174 3 1304

Virtual Machine Power Consumption (CPU Workload)
120

100%

y=0.4107x+63.4

100

80

60

40

Power Consumption(Watt)

20

0% 10% 20% 30% 40% 50% 60% 70% 80% 0%
Virtual Machine Utilization (3 Viv)

=@ Power Consumption = s 25 Linear (Power Consumption)

MW 27 Llﬁﬂ\‘lﬂ'lislfls)'lWﬁJNWHGU@\‘] virtual machine Y3£100 CPU $1U7U 4 17509
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Y
22 Iaaunsms l¥wa1911u94 virtual machine Usz1an CPU luudazinaaail

Virtual machine 3149 1 17394

E=0.18947 x U, + 63.4 (2)
Virtual machine $11491 2 10304

E=0.31715x Uy, + 63.4 3)
Virtual machine $1191 3 19394

E=0.41070 x U,,, + 63.4 4)
Virtual machine $1142% 4 1A304

E =0.48375x U,,, + 63.4 (5)

d o Y o 1 Y < 4 @ Y o
uamﬁamﬁumim 4 ﬁiJﬂWiuWﬂ'lﬂ’J'lll‘]fuu'lWﬁE]@!JJuﬂi'lﬂlﬁﬁ]@jﬁ]@]i'lﬂ1icl°]ﬁ/‘lﬁ\1\ﬂu
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Virtual Machine Power Consumption (CPU Workload)

60
y = 0.21074In(x) + 0.18283
50

a0

30

Slope

20

10

1 2 3 4

Number of Virtual Machine (units)

—@— Slope Virtual Machine Power Consumption = sseses Log. (Slope Virtual Machine Power Consumption)

MW 28 NIMLAAIANUTUUDINT IFWAIITUVDY virtual machine
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haumsnldanns v ldunua luaumsi ) a2 ld Tuaavesns lFndanuves

virtual machine U5210M CPU f41!
E = {[(0.21074 x In(N))+0.18283] x U,,,} + E, (6)

Taen E fip wasnunldliveounsed server
N A9 31UIUIAT 09 virtual machine
Uim 9 YU1AUDY workload Y9I CPU VU virtual machine

A o A 9 A AN 1 °
E 19 Wa\j\ﬂulﬁil@]uslla\nﬂﬁ@Qiuﬂlmgﬂllilllﬂ'ﬁﬂ']\ﬂu

2. HaN1INAa9d Network-Only VMs

d' Y o . L .1 .
M5190 5 N3 1FWAI9IUUB virtual machine 159N network utilization

VM Utilization Number of VM
1 2 3 4
0% 63.40 63.40 63.40 63.40
10% 89.03 91.27 96.03 97.53
20% 89.57 91.70 96.53 97.87
30% 90.10 91.93 96.47 98.40
40% 90.40 92.27 97.27 98.50
50% 90.23 92.53 97.67 98.77
60% 90.60 92.83 97.90 99.30
70% 91.33 93.63 97.60 99.70
80% 92.73 93.77 99.33 100.10
90% 93.23 94.30 99.67 100.93

100% 93.40 94.73 100.23 101.57
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utilization YD network INNVUATIAE 10% LLAZNADDINTUAL 3 ATILUAZUIAT 3 ﬂTV]llﬂiJ']ﬁ']ﬂT

. A o o Y o o 1 Y o . .
median 101U TuAan1s 1nada1y 1agtiia1ns 1¥Waaa1uve virtual machine 11

UABZIAANTNATOUNINIGUNTS linear regression 1nMsnaoans Maslu Microsoft Excel
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y = 0.2907x + 89.03
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Virtual Machine Utilization (1 VM)
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Virtual Machine Power Consumption (Network Workload)
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o y=0216x + 91,27
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Virtual Machine Utilization (2 VMs)

==\ M 2Units e+ sse Linear (VM 2 Units)
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Virtual Machine Power Consumption (Network Workload)

105

y = 0.2463x +96.03
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Virtual Machine Utilization (3 VMs)
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Virtual Machine Power Consumption (Network Workload)

105
y=0.2253x + 97.53

100
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20
85
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Power Consumption(\Watt)
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Virtual Machine Utilization (4 VMs)

VM 4 Units e« e« Linear (VM 4 Units)

MNA 32 1aaIm 3 I FNaI9UU0 virtual machine 52N network 31UIU 4 1AT D4
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22 1daumsns 19na 3911994 virtual machine U520 Network luaazinaaail

Virtual machine $1149% 1 10504

E=0.2907 x Uy, + 89.03
Virtual machine $1142% 2 1A304

E=0.2160 x Uy, +91.27
Virtual machine $11491 3 1A304

E =0.2463 x U, + 96.03
Virtual machine $1149% 4 19394

E =0.2253 x Uy, + 97.53
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Virtual Machine Power Consumption (Network Workload)

0.35
0.3
0.25
02 y =-0.041In(x) + 0.2773
o .
a
-]
@
0.15
0.1
0.05
0
1 2 3 4
Number of Virtual Machine (units)
—8— Slope Virtual Machine Power Consumption ~ «-oeeee Log. (Slope Virtual Machine Power Consumption)

N 33 ﬂi"l‘l/\ll!ﬁﬂ\‘]ﬂ’J"I'JJG]?}u‘llf]\iﬂﬁGl%}Wﬁ’\‘]\‘]"luﬂJﬂQ virtual machine

Virtual Machine Power Consumption (Network Workload)

40

y = 6.3934In(x) + 24.985

35

30
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Energy

15
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1 2 3 4

Number of Virtual Machine (units)

Energy oo Log. (Energy)
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haumsnldanns v ldunua luaumsi (7) a2 1d Tuaavesms ldndanuves

virtual machine U5£1AN network A41
E = {[(0.0245 x N) x Uy, I-6.255 x In(N)]}+35.035+E, (11)

Taen E fip wasnunldliveounsed server
N A9 31UIUIAT 09 virtual machine
Uy A9 YUIAUDY workload DY network U virtual machine

A o A 9 A AN 1 °
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VM Utilization Number of VM
CPU2/ CPU3/ CPU1/
NETWORK 2 NETWORK 1 NETWORK 3

0% 63.40 63.40 63.40
10% 88.03 82.37 92.87
20% 89.80 86.80 94.40
30% 92.40 90.70 95.57
40% 95.60 94.53 96.50
50% 98.60 97.37 97.77
60% 101.40 100.67 98.73
70% 104.67 103.23 99.20
80% 107.03 106.57 100.77
90% 108.40 109.43 101.80

100% 110.60 113.53 102.93
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Power Model for Virtual Machine in Cioud
Computing
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Abstract— Cloud computing has potentials to reduce energy
consumption cost for the providers by intelligently allocating
virtual machines to energy efficient servers. This paper proposes
a new method to create an energy model that describes a direct
relationship between resource utilization in the VM and the
energy consumption by the host. With the model it is possible to
estimate how much energy a server will consume if it
accommodates a specific number of VMs, each with a specific
resource utilization. This work also investigated the power
consumption of a server when different combinations of VMs
with different utilization are running on it. The result shows that
the energy tion varies li ly with the number of

P

VMs allocated on that host.

Keywords—Cloud Computing;
effeciency; Power Consumption

Virtual Machine; Energy

I INTRODUCTION

Cloud computing [1], [2] has become an interesting and
exciting platform for computing nowaday. Cloud providers

‘leverage the resource pooling and distribution of virtual

machines in the Cloud to support end users with quick
configuration and deployment, together with elastic scaling
with regards to changing workload.

The Cloud has potentials to reduce energy consumption
cost for the providers by several techniques, such as virtual
machines consolidation or allocation algorithms that move
virtual machines to more energy efficient servers. Usually a
server can be measured for its energy consumption at several
physical resource utilization levels [3]. This information can be
combined to create a power profile of that server.

However, since the working unit of Cloud computing is a
virtual machine (VM), the relationship between energy
consumption of a physical server and the utilization of virtual
machine resource is less clear. Furthermore, there could be
many VMs running on the same server using different
resources. Without a direct model, an administrator who wants
to move a VM to a new machine cannot know how much
energy the server has to spend to accommodate that VM.

This paper proposes a new method to evaluate and create
an energy model that describes a direct relationship between

978-1-4799-5822-1/14/$31.00 ©2014 IEEE
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resource utilization in the VM and the energy consumption b
the host. With the model it is possible to estimate how muc
energy a server will consume if it accommodates a specifi
number of VMs each with a specific resource utilization. Th
model is correct with respect to specific configurations of th
VMs; however, there can be many VM configurations. Th
method creates a model by testing several combinations ¢
VMs allocation on a single host for its energy consumption an
deriving energy consumption equation from the results.

Another purpose of this work was to investigate the pow:
consumption of a server when different combinations of Vv
with different utilization are running on it. We focused on tw
types of resources: CPU and network. The result shows that tt
relationship between energy consumption and the number ¢
VMs allocated on that host is not linear but follows a natur
logarithm function. Furthermore, a network resource has a hig
energy consumption even with low utilization, but addition
utilization does not increase energy consumption as much.

This paper is organized as follows. Section II describe
some work related to this paper. Section IIT and IV explains tt
tools used to measure energy consumption and tt
experimental  setup, respectively. Section V  shov
experimental results, while Section VI discusses the result
Section VII concludes the paper.

II.  RELATE WORK

Srikantaiah et. al. [5] measured an energy usage p
transaction of a host at several CPU and disk utilization level
At low utilization levels, the energy consumed per transactic
was very high because there was few transactions. Also whe
the utilizations were high the server consumed a lot energy ar
caused the energy per transaction to be high, even though the
were many transactions. The paper concluded that there was
"sweet spot" around 50-70% utilization where the energy ust
per transaction was lowest. The resources considered in tF
paper is CPU and Disk utilization.

Joulemeter [9] is a tool that can be used to estimate tl
energy consumption of a virtual machine in Cloud computin
It uses a model learning technique to adjust and refine the ba
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odel according to workload generated by SPEC CPU 2006
:cnchmark and IOMeter. It considers 3 resources: CPU,

Memory, and 1/0.

There are several benchmarks used to measure specific area
of computer. For example, STREAM [4] is a tool used to
measure the memory usage of a single core CPU or Netperf [7]
. ysed to measure the amount of data transferred in the
network. MPAC [4] is another tool that can measure CPU and
network performance. This paper makes use of the MPAC
penchmark.

The VMWare VMMark [11] is a benchmark used to
measure the performance of consolidated virtual servers. A tile
is a collection of six servers: Mail, Java, Web, Database, File,
and Standby servers. The virtual machines for each server and
its workload are pre-configured according to the benchmark
criteria. A tile is allocated to one physical machine. Then the
workload is introduced to the servers and the performance of
each server is recorded. Comparing to our work, VMMark
categorizes a server based on its role, while our work
differentiates the servers by resources used. Furthermore, this
work is concern with performance, while our work focuses on
energy consumption.

Recently the newest tool is cpufreq [12]. It’s a utilities
designed to manage with CPU frequency scaling. It is
unfortunately while we setup this experiment we only known
MPAC tool.

III. TooLs

A. Hardware

b The server which was to be measured for energy
| consumption was an Intel Core i7 3770 with 3.4 GHz clock
frequency and 8 GB of RAM. It had two 80GB hard disk
mounted in RAID O configuration and four Gigabit LAN

. tards. We installed VMWare ESXi 5.0.0.623860 as the

- hypervisor. The server received electrical power from an
outlet with a multi-function mini Watt attached. The Watt
E :::measured the actual amount of energy used by that

A virtual machine was configured with a single core CPU

. 3.4 GHz clock, 1GB RAM, and 1 Gigabit LAN card.
Please note that the CPU clock frequency of the VM matches

E CPU clock frequency of the server. CentOS6.3 was
|} stalled as an OS for the VM. We also installed a standard C
; E}" MPAC benchmark, iptraf, and cpufreq tools on the

To evaluate the power consumption when the server
mn‘}!'l'ucau’.d with other host, we setup another client
with an Intel Core i7 4770 CPU, 8GB RAM, two
 hard disks in RAID 0 configuration, and two Gigabit
" card. We installed Windows 7 SP1 as a host OS and
CentOS 6.3 as a guest OS using Oracle VM
X. MPAC tool was also installed in the guest OS.

We implemented VMWare ESXi version 5.0 on server,
CentOS Operating System in virtual machine and MPAC
Benchmarking Suite version 1.2 [4] on each virtual machine.

TABLE I. SUMMARIZES THE HARDWARE SPECIFICATIONS OF
SERVER, CLIENT AND VIRTUAL MACHINE

Server Virtual Machine Client
CPU Intel Core 17 3770/ Single Core 3400 Intel Core i7 4770
34GHz MHz
Memory 8GB 1GB 8GB
Harddisk | 80 GB x2 Raid 0 20GB 80GBx2
Network | 4 x Gigabit LAN | 1 x Gigabit LAN 2 x Gigabit LAN
Card
oS VMWare ESXi | CentOS 6.3, iptraf Windows 7 SP1
5.0.0.623860
Software - MPAC Benchmark | Oracle VM VirtualBox
1.2 4.2.14Cent OS 6.3
B. Software

The installation of virtual machine on server is done by
creating master disk from the CentOS 6.3 32 bits operating
system then installs MPAC Benchmark, C Library, iptraf ,and
cpufreq tools. The experiment is divided into cases based on
the utilization as listed below.

1) Virtual Machine workload by CPU utilization

We used MPAC benchmark suite to generate CPU and
Network workload for each VM. The CPU workload can be
created by the following command.

./mpac_cpu_bm —n <#4> -r <#B>

e #A is the number of threads which was set to 1 in our
case

e #B is the number of iterations to execute the workload,
which is set to 10000000 in our case

MPAC benchmark will use all available CPU clock cycles
to execute the workload. We can limit the amount of CPU
utilization that the benchmark can use by a tool called cpufreq.
The cpufreq tool was developed to control dynamic CPU
frequency scaling in Linux platform. It can adjust the CPU
frequency automatically according to workload and,
specifically for our work, can also fix the frequency of the CPU
at the user-specific level. The syntax of cpufreq is as follows.

cpupower frequency-set --min <#C> --max <#D>

®  #C is the number of minimum frequency which was set
to 1 in our case

e #D is the number of maximun frequency which was set
up based on CPU Utilization and CPU frequency

Thus, if we want to limit the CPU utilization to 10% on our
VM, we can issue the following command.

cpupower frequency-set —min 1 --max 340000

2) Virtual Machine workload by Network utilization

MPAC benchmark can also be used to create workload for
network. We have to run the MPAC benchmark on both the
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VM and the client to test the network. On the VM which was
the receiving end, we issued the following command.

a) Server
/mpac_net bm —c <#4> -¢ <#B> -b <H#C> -l <#D> -t <HE>
e #A is the type of communication on the receiving
side, which was R in our case

e #B is the execution mode, which was T (Time-Based)
in our case

e #C is the size of receiving buffer, which was 16,384
Bytes in our case

e #D is the number of thread, which was set to 1

e #E is a protocol identifier, which was set to 1it’s
mean UDP.

b) Client

Then the client will send packet to the running server in
virtual machine by using below command.

Jmpac_net_bm —c <#A4> -d <#B> -s <H#C> -t <#D> -1 <#E> -i
<HF>

e #A is the type of communication for the sender, which
was set to S

e #B is the test duration in seconds, which was set to
3600

e  #Cis the size of message in byte, which was set to 50
e #Dis the protocol identifier, which was set 1 to UDP
e #E is the number of threads, which was set to 1

e #F is the IP address of the receiver

E neungz@localhost:~/Desktop
e B Views Search Jerminal HEID 2% .

[neungz@localhost Desktop]s ./mpac_net ba -¢ S -d 3608 =
-5 50 -t 1 -1 1 -1 192.168.56.6]

Eile Edt View Search Jerminal Help :
[neungz8localhost net)s ./mpac_net bm -c R -e T -b 16384 -1 1 -t 13
mpac_net_ba configuration i

Communication side : Reciever
Size of receive buffer : 16384 Bytes
Size of send buffer : 16384 Bytes
Nusber of threads ok

Protocol : UDP.

Port nusber : 54321

1P adéress : 127.6.0.1
Core Affinity Support : Disabled
Message Size : 16384 Bytes
Execution =ode : Time-based
Test duration s 18

Fig. 1 Send and Receive command workload packet of virtual machine

To limit the network utilization, we manually set the size of
message such that the network utilization remained at the level
we required. We used the tool "iptraf” on the VM to measure
the network utilization.

When using MPAC benchmark to test network

performance, there was a slight CPU utilization of the VM at

around 3-7% only. This small CPU usage should have a very
little impact to the energy consumption measurement.

IV. EXPERIMENT SETUP

To measure energy consumption of different type of VMs,
we divided the experiment into three sets: CPU-only VMs,
network-only VMs, and hybrid VMs. For CPU-only and
network-only experiments, we created 4 scenarios with 1, 2, 3,
and 4 VMs instantiated on the server. In each scenario, we
conducted 11 tests, each at every 10% interval of the VM's
CPU or network utilization (including the idle or 0%
utilization). For each test, we let the VMs run for 30 minutes
and recorded the total power used as reported by the Watt
meter. Each test was repeated tIhree times.

—

sEss ssen

Be8s

Fig. 2 Experiment setup diagram for CPU (left side) and Network (right side)
scenarios

For the hybrid experiment, we created 3 scenarios with 4
VMs each, but the VMs used different resources. Namely, the
first scenario had 1 CPU VM and 3 network VMs, the second
scenario had 2 CPU VMs and 2 network VMs, and the third
scenario had 3 CPU VMs and 1 network VM. The tests were
conducted at every 10% VM utilization interval (CPU and
network utilizations were increased in lock-step.) The VMs
were left to run for 30 minutes and the amount of power used
were recorded. Again, each test was repeated 3 times.

Please note that the number recorded from each test will be
multiply by 2 to get the power usage in Watt. We reduce the
running time of VM to 30 minutes instead of 1 hour to save
time.

V. RESULT

A. CPU-only VMs

Table 11 shows the result of the CPU-only experiment with
1 to 4 VMs at each 10% CPU utilization interval. The values
shown are the median of the energy consumption at each
interval if we let the VMs run for 1 hour. We used the median
value because the number of repeated tests is small (onl)f3
tests) so the median value is more robust with regard“tﬂ
possible measurement errors. For example, three tests with 2
CPU-only VMs running at 50% CPU utilization resulted in the
energy consumption of 83.13, 83.13, and 86.6 Watts. Ifwe
used an average, the value would be 84.28. However, itis
highly likely that the value 86.6 Watts of the third run might.
contain a measurement error. Thus, a median of 83.13 is‘ﬂ‘l?"'
reasonable. Note that SPEC also uses median [10] as
representative value in their benchmark too.
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TABLEIL ENERGY Csm?mmggg&gpu UTILIZATION ON Virtual Machine Power Consumption (CPU Workload)

Power Ci ption (Watt) s 0.410?» %
Number of VM 1 2 3 3
1
i £
VM e 6340 | 6340 | 6340 | 6340 i
10% 65.37 67.27 69.60 73.93 é
—20% 67.73 72.40 7627 80.03 -
— 30% 69.73 76.17 82.17 85.67 :
0% 7143 8010 | 8627 89.50 »
50% 73.70 83.13 90.13 94.00
0% 7580 | 8600 | 9347 9863 ety il = e = I =i
70% 71.63 90.20 96.77 101.53 Virtusl Mackine UtiEaation (3 8
— 80% 7970 | 9207 | 99.77 105.63 PP R A )
= % 83.17 93.40 102.33 110.03
t’/m 87.90 98.53 107.33 11573 |  Fig. 3 The graph shows the energy of the virtual machine level of CPU
Virtual Machine Power Consumption (CPU Workload) utilization.
‘: Fig 3 plot the energy consumption as the CPU utilization
e e At of VMs increases in 1, 2, 3, and 4 VMs experiment
3% ¥=0.18947x+ 63.4 respectively. We also inserted the linear regression [8] line
- estimating the energy consumption slope of each experiment.
” From the Fig 3 we determine the slope to be 0.18947, 0.31715,
“ 0.41070, and 0.48375 for 1,2, 3, and 4 VMs respectively. The
i y-intercept of all Figures is 63.4, which is the power
5 consumption at idle (0% CPU utilization). The four equations
s are listed as follows.
s wm mh oM e wm @M e ok W% ek 1 unit E =0.18947 x Uym + 63.4 (1)
Vitual Machine Usization {1 VW) 2 units E=0.31715 x Uym +63.4 (2)
""" 3 units E =0.41070 x Uym + 63.4 3)
Virtusl Machine Power Consumption {CPU Workioad) 4 units E =0.48375 x Uvm +63.4 @
| = Virtual Machine Power Consumption (CPU Workload)
i 8 ¥=0.31715x+ 63.4 2
i1 @ 1 - gt = ¥ = 0.21074in(x) + 0.18283
3 3
e -
: i

ie : /

O% % 2% 0% W% ST 6% M B S0% 100w °
Virtal Mathine Uniration (2 VM) : ¥ $
Humber of Vietua! Machina {units)

Virtual Machine Power Consumption {CPU Workload) Fig. 4 Slope for the energy analysis of the Virtual Machine

4 ¥=0.48375x+ 63.4 In Fig 4, we plotted the slope determined in Fig 3 against
e the number of VMs. It is very interesting to see that the data
points do not follow a linear line, but instead have a slight
downward curve. By best-fitting an equation to estimate the
slope, we arrived at a natural logarithm function, y = 0.21074
In(N) + 0.18283 where N is the number of VMs. Thus,
combining this new equation with the previous one, we have
an equation to estimate the energy used by the server running
N virtual machine and U CPU utilization as follows.

e B e e e e i E = {[(0.21074 x In(N))+0.18283] x Uym} + Ei  (5)
E = The energy usage of host.

N = Number of VM

Uym= Virtual Machine CPU Utilization
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E; = Energy on idle status
B. Network-only VMs

Table Il shows the median value of the energy
consumption of the Network-only experiment with 1 to 4 VMs
at every 10% network utilization interval. Fig 5 plots the value
into the graph. The most interesting feature of Fig 5 is the
huge jump of energy consumption from 0 to 10% network
utilization together with relatively shallow slopes after 10%
onward. This means that the actual use of network weighs
much more than how much we use the network when
determining the energy consumption. Specifically, an increase
from 10% to 100% network utilization only increases the
energy consumption by less than 5 Watts, but a use of network
at all (from 0% utilization to 10%) increases energy
consumption by almost 30 Watt.

By inserting linear regression lines to determine the slope
and plotting the slope against the number of VMs, we can
derive the energy consumption equation with N virtual
machines and Uy network utilization as follows. Note that the
equation is not very accurate at low network utilization and
especially at 0% due to the aforemention jump.

TABLE 11l ENERGY CONSUMPTION OF NETWORK UTILIZATION ON

In Fig 5, Network utilization since 0% to 10% has high of
slope in graph. It means that in idle state of network utilization
to working state, server use a lot of power to change state and
after that state it use a little of power in increasing network
utilization. According to the result in graph, we analyze each
line of graph and summarize it in formula by using logarithm
function to create a standard equation of this graph. The
equation is

E = {[(0.0245 x N) X Upet ]{6.255 x In(N)]}+35.035+E; (6)

E = The energy usage of host.
N = Number of VM

Uner = Network Utilization

E; = Energy on idle status

C. Hybrid VMs

Table IV shows the energy consumption of server with
CPU-only and network-only VMs running side-by-side. The
total number of VMs is fixed at 4 VMs, but the CPU/Network
number of VMs were from 2/2, 3/1, and 1/3, respectively. The
VM CPU and Network utilization were increased together.
Namely, a 30% utilization resulted in 30% CPU utilization on
the CPU-only VM and 30% network utilization on the
Network-only VM.

TABLE IV. ENERGY CONSUMPTION OF HYBRID UTILIZATION ON
VIRTUAL MACHINE

VIRTUAL MACHINE
Power Consumption (Watt)
Number of VM 1 2 3
Network Utilization

0% 63.40 3.40 63.40 63.40
10% 89.03 1.27 96.03 97.53
20% .57 91.70 6.53 97.87
30% 90.10 91.93 96.47 98.40
40% 90.40 92.27 97.27 98.50
50% 90.23 92.53 97.67 98.77
60% 90.60 92.83 97.90 99.30
70% 91.33 93.63 97.60 99.70
80% 92.73 93.77 9933 )0.10
90% 93.23 94.30 99.67 0.93
100% 93.40 94.73 10023 1.57

Virtual Machine Power Consumption { Network Workload)

oot
i —

P

Power Consumption{watt)
2 8

o%  10% 20% 0% W% N% &% % 0% W% 100
Virtual Machine Utifization (14 VM)

ey 1 UnRs

Fig. 5 The graph shows the energy of the virtual machine level of Network
utilization

Power Consumption (Watt)

Number of VM 212 ‘ﬁp_" 13
CPU/NETWORK

VM Utilization
0% 3.40 3.40 63.40
10% 8.03 2.37 92.87
20% 9.80 6.80 94.40
30% 92.40 0.70 95.57
40% 95.60 94.53 96.50
50% 98.60 97.37 97.77 |
60% 101.40 00.67 98.73 |
70% 104.67 03.23 99.20
80% 07.03 )6.57 00.77
90% 08.40 09.43 01.80
100% 10.60 3.53 02.93

Virtual Machine Power Consumption

Power Consumption(Watt)

W W e S 6% W X% 0% 10N
Wirtasl Machine Utilizatian (3 VM Hynrid Type)

- JCPUS2NOWORE 43U/ INETWORK  —umd CPU/ S HETWORK

Fig. 6 The graph shows the energy of the virtual machine level of H
utilization
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Fig 6 plots the data point from Table IV. At low
ilization @ server with 3 CPU/ 1 Network VMs used less
uilZ? L nan the one with 1 CPU/3 Network VMs, but at high
5 utilization the server with 3 CPU/ 1 Network VMs used more
q This is due to the jump of energy consumption of
| erk VM from 0% uilization and the relatively shallow
energy USage slope of Network-only VMs
By using linear regression and determining an equation for
we derived an equation to estimate the energy used
based, on the number and type of VMs and their utilization as

follows.

E= {[(0.012 X Nue)) X Unet 1-[3.1 X In(Noe))+17.5} + {[(0.1 x
In(Nepu))+0.1] X Ugpu} +Ei (7)

E = The energy usage of host.
Nepu = Number of CPU VM
Uqpu = CPU Utilization

Niet = Number of Network VM
Unet = Network Utilization

Ei = Energy on idle status

VI. DISCUSSION

‘We believe that there are two important findings from this
earch. The first one is the fact that allocating additional VMs
o a server does not increase the power consumption linearly.
The equation derived from our experiment shows a natural
logarithm relation between the number of VMs and energy
mption. This relationship is the same whether VMs use
or Network resources or both. This finding strongly
orts the consolidation strategy because allocating two
on the same server results in less than twice the energy
compared to allocating only one VM. Thus, it is better to
VMs on one server instead of one VM on two servers
This is true even if we do not turn off any server at all.

second important finding is the huge jump of energy
mption and shallow energy used slope when network
is used. This implies that we should group VMs that
ork resources together, because the increase in
Y om‘:sumption is not much even when network
Is much higher. Additionally, we should not mix
CPU with a VM using network, because only 1
ng VM can increase the energy consumption of
y a large amount.

VII. CONCLUSION

Proposes a new method to measure energy
0 of a server based on the utilization of virtual
Tunning on that server. This method tries to establish
elationship between energy used and virtual
ization instead of relying on server's utilization.

trators using our method can create a power
It servers based on VM utilizations and thus can
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calculate how much energy this server will use if we allocate a
VM with specific utilizations on that server.

Of course, each server and VM configuration combination
will result in different power profile and there can be
enormous combinations. To create a profile for every
combination may prove too time-consuming. However, most
Cloud providers do not allow users to create any type of VMs
freely, but instead let users choose from preconfigured VMs
instead. Furthermore, there is a movement to standardize VM
types, for example, a VM for a database server or a VM for a
web server. These two choices can help reduce the number of
profiles to be created substantially.

Our model is limited due to the large amount of time
required for testing. The most limiting is that the model does
not allow VM utilization to be different from one another.
From the experimental results, it might be possible to derive
an equation allowing different utilization of the same resource,
however, there probably needs to be additional experiments to
derive energy consumption equation with different utilization
of more than one resource.
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MIWNHINT V12 @151\1’31ﬂ?’1'1ﬂ1515]95)1/!5\1\11u5]]®\1 virtual machine 1521a0 CPU $11U 1 IA504

VM Utilization i1 MIN il MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 65.18 65.37 65.80
20% 67.50 67.73 67.80
30% 69.60 69.73 70.20
40% 71.41 71.43 71.44
50% 73.50 73.70 74.00
60% 75.50 75.80 75.80
70% 77.28 77.63 78.01
80% 79.10 79.70 80.10
90% 83.00 83.17 83.43

100% 87.90 87.90 88.12

MINEUINN Y13 @151\15@1?hﬂ151619$}1/‘lﬁ!\1\11u6116\1 virtual machine U521A0 CPU $1147U 2 Lﬂ%ﬁ]\‘l

VM Utilization i1 MIN fil MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 67.00 67.27 67.50
20% 72.13 72.40 72.80
30% 76.00 76.17 76.47
40% 79.92 80.10 80.70
50% 83.10 83.13 83.13
60% 85.60 86.00 86.10
70% 90.10 90.20 90.30
80% 92.02 92.07 92.30
90% 93.30 93.40 93.90

100% 98.50 98.53 98.88




65

MINNUINT V14 @151\1’31ﬂ?’1'1ﬂ1515]95)1/!5\1\11u5]]®\1 virtual machine 1521a0 CPU 311U 3 IA504

VM Utilization i1 MIN il MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 69.20 69.60 69.68
20% 76.03 76.27 76.50
30% 80.01 82.17 82.50
40% 86.10 86.27 88.07
50% 89.90 90.13 90.23
60% 93.20 93.47 93.50
70% 96.75 96.77 96.90
80% 99.64 99.77 99.80
90% 102.10 102.33 102.66
100% 107.13 107.33 107.40

MINEUINN Y15 @151\15@1?hﬂ151619$}1/‘lﬁ!\1\11u6116\1 virtual machine Y5211 CPU 911U 4 Lﬂ%ﬁ]\‘l

VM Utilization i1 MIN fil MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 73.40 73.93 74.40
20% 79.33 80.03 80.98
30% 85.50 85.67 85.70
40% 89.49 89.50 91.00
50% 93.60 94.00 94.50
60% 98.60 98.63 98.80
70% 101.50 101.53 101.88
80% 105.40 105.63 105.95
90% 110.01 110.03 110.37

100% 114.23 115.73 116.20




q' v Y o . . °
MINNHUINN V16 A1319IANINT IFNAINUVD virtual machine U5£10N network 31UIU 1

Lﬂ%@\i
VM Utilization i1 MIN fil MEDIAN Al MAX

0% 63.30 63.40 63.50
10% 88.90 89.03 89.40
20% 89.49 89.57 89.59
30% 89.68 90.10 90.11
40% 90.29 90.40 90.41
50% 90.21 90.23 90.43
60% 90.60 90.60 90.84
70% 91.02 91.33 91.39
80% 91.90 92.73 92.77
90% 93.01 93.23 93.38
100% 93.35 93.40 93.86

MINNUINN V17 1519391015 1FWA 91914 virtual machine UTLNN network 311U 2

304
VM Utilization i1 MIN fil MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 91.20 91.27 91.28
20% 91.70 91.70 92.00
30% 91.80 91.93 92.05
40% 92.10 92.27 92.36
50% 92.45 92.53 92.55
60% 92.81 92.83 92.83
70% 93.56 93.63 93.77

80% 93.68 93.77 93.90
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M5 1INUINT V6 (A1D)

VM Utilization A MIN A1 MEDIAN A MAX
90% 93.95 94.30 94.75
100% 94.70 94.73 94.85

A519HUINT V18 ﬁWﬁWQﬁjﬂﬁWﬂﬁi%}Wﬁjﬁﬂuﬂlﬂﬁ virtual machine U321AN network 31UIU 3

304
VM Utilization i1 MIN fil MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 95.89 96.03 96.30
20% 96.35 96.53 96.55
30% 96.45 96.47 96.70
40% 97.21 97.27 97.50
50% 97.58 97.67 97.68
60% 97.70 97.90 97.92
70% 97.59 97.60 97.69
80% 99.09 99.33 99.80
90% 99.64 99.67 100.20

100% 100.20 100.23 100.65




68

q' v Y o . . °
MINNHUINN V19 A1319IANINT IFNAINUVD virtual machine U5E10N network 91U 4

Lﬂ%@\i

VM Utilization i1 MIN fil MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 97.09 97.53 97.60
20% 97.81 97.87 97.87
30% 98.30 98.40 98.45
40% 98.48 98.50 98.56
50% 98.70 98.77 98.79
60% 99.22 99.30 99.36
70% 99.63 99.70 100.02
80% 100.05 100.10 100.30
90% 100.90 100.93 101.00
100% 101.35 101.57 101.69

MINEUINN V20 @151\15@1?hﬂ151619$}1/‘lﬁ!\1\11u6116\1 virtual machine U521a0 CPU $119uU 3 Lﬂ%@\‘l

1az521nN network 31U 1 Lﬂdi?N

VM Utilization il MIN fil MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 82.30 82.37 82.40
20% 86.59 86.80 87.00
30% 90.50 90.70 91.05
40% 94.39 94.53 94.78
50% 97.34 97.37 97.68
60% 100.40 100.67 100.70
70% 102.95 103.23 103.63

80% 106.33 106.57 106.90
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M51INUINT V9 (A1D)

VM Utilization A MIN A1 MEDIAN A MAX
90% 109.16 109.43 109.80
100% 113.39 113.53 113.96

MIIWUINT V21 @151@’31ﬂ?1'1ﬂ151%)w5\1\11u5]]®\1 virtual machine 1/521A0 CPU 31424 2 IA504

1182152197 network 91U 2 Lﬂ%ﬁ]\i

VM Utilization i1 MIN fil MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 88.00 88.03 88.10
20% 89.55 89.80 89.93
30% 92.25 92.40 92.74
40% 95.30 95.60 96.00
50% 98.42 98.60 98.89
60% 101.00 101.40 101.75
70% 104.39 104.67 104.69
80% 106.93 107.03 107.28
90% 108.11 108.40 108.66

100% 110.40 110.60 111.41
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MINWNHINT V22 @151\1’31ﬂ?’1'1ﬂ1515]95)1/!5\1\11u5]]®\1 virtual machine 1521a0 CPU $11U 1 IA504

1Az 52N network 311U 3 1ATDI

VM Utilization i1 MIN fil MEDIAN Al MAX
0% 63.30 63.40 63.50
10% 92.50 92.87 93.02
20% 94.34 94.40 94.50
30% 95.50 95.57 96.01
40% 96.42 96.50 96.59
50% 97.71 97.77 97.90
60% 98.58 98.73 99.03
70% 99.10 99.20 99.30
80% 100.53 100.77 100.89
90% 101.36 101.80 101.97

100% 102.80 102.93 103.30
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