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pages.

Cloud computing has potentials to reduce energy consumption in the data center of

Cloud providers by consolidating virtual machines into as few servers as possible. The
important question then becomes which physical machines should be used first, because
machines from different company or different generation may not be equally efficient in energy
consumption. The energy efficiency of a server is characterized by its SPEC Power benchmark.
This research proposes two Greedy algorithms, ESO and FL-n, to determine the order of
physical machines to be used in a Cloud environment such that the overall energy consumption
is minimized. The experimental results show that ESO performed well when servers were from
the same generation, using energy not more than 10% over the optimal ordering. FL-n provided
good results even when servers were from different generation also, using energy not more than

5% over the optimal in all scenarios.
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SR b

Internet  J;
)/.
L )i
2 'I‘T"[ L = = Services accessed
I [ over Internet using
| — ‘—l \ [ shared or dedicated
J network resources

Individual customers
rentthe resources

= 9
P~ they require,
growing or shrinking

on demand

= [Infrastructure is
virtualized into

smaller, dynamic
-~ resources

Large, shared, x86-
based infrastructure,
plus storage and
network resources.

MNA 3 NNTINNTHINIUDY Cloud computing

3 The Technomax Group (2014)
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2.5.3 Resource pooling
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Physical Machine Virtual Machine
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N31: IT-Clever (2010)

2. CloudSim

v o [

Y
Cloud computing 3ngaLsngyatTagiuil Inquueinideldasealisunsuiiaes
° . s ) A o aw A
NITINNIUUDN Cloud computing ponuuilu Open source °l1fiz«)ﬁu“lwmum%wﬁu%mam

s 9
a1 Iranu laau

aw

J kY o 3 A @ A v Y o
ﬁ!ﬂﬂig?Nﬂ"u@\Tﬂ’l5ﬁi’l\jiﬂillﬂilﬁ]’la@\iﬂlwaiﬂ\iiﬂllwu\i']u'ﬁ]ﬂﬂﬁENGl"]f‘VlfiWU']ﬂi

1 = =) [ g‘/ KX o
ﬂ%il"lﬂ!lﬂﬂlmllllllﬂﬂﬂizllWmLWENW’E)ﬁluﬂWi%ﬂ@]QﬂWiﬂﬂa’ﬂQ mwmmaamﬂugﬂmm

%

o < ao o @ 1 o
TUsunsusrasauazidlu Open source 1¥1in3seannsnih livimuaeseald T1sunsudians
4' . . = = g o/ ! . .
9¥® CloudSim (Calheiros et al., 2010) mgmmﬂuﬂmuazwwuﬂﬂﬂﬂqn Grid Computing and

Distributed Systems (GRIDS) Laboratory 31nUH13N8188 Melbourne U5INA Australia

'
A o v Aav v @ 1

v Y
fgﬂ1Jiz’cN?ﬂumiwmumawwam%uﬁmeﬁuUﬁuuum%uazuﬂ AUITIITONUNNIT

q

o % v a <Y ! 2

a g A A o a g 9 a A Yy '
AAAUINDNITDDNLLUUN ﬂ'J‘ﬂﬂlﬁa'luuﬂﬂ\‘]ﬂ'ﬁ“l"lﬁ‘ﬂuﬂlﬂﬁﬂﬂﬂﬁ'lu‘ﬂﬁ%ﬂ']ﬁﬂﬂﬂllﬁﬂﬂllﬂ

U

o & Y =2 = o [ A A Y @
‘l]']L‘]_ICLW]fNﬁucl“'l]ﬂ\iﬁ']ﬂagl@ﬂﬂﬂ'ﬁvn\ﬂuigﬂlla']\ﬁl@\i Cloud NMHyIVDINY Infrastructures LA



19

Y Aa = ] o a a g a Y Y o ~ A
ﬂ']ﬁclfﬁﬂﬁﬂ'lﬁ aﬂmmﬁunammﬂﬂmimmumgm"lauamﬂﬂmammmwmu‘wm

g’u I A A o 9 9 a ~
Cloud uulﬂuliﬁlﬂﬂﬂﬂﬂﬂ1ﬂ WQINI1E5EUY Infrastructures V9415 191U Cloud 933921

2 A A o v v 1 =3 o 2
auganIeganimualingunsoveegIuves Infrastructures A 143 Famsimuail
g [ Y a 1 [ Y a 1 o 9 9 [ a’d' ]
WwAUNUR IFusmsnanasnudIiuimsedisls mldmaneassers lanadninli

Y [l
nanrae uazuenanil lumsnaaounenadounales auuagiuluszuuaTIINUANS

AUHUIIUIN
User code
Simulation . —— User Application
Specification Requirements *** | Configuration
Scheduling
Policy User or Datacenter Broker
CloudSim
User
Interface VMGridlet Virtual Machine
Structures
Virtual
Machine VMGridlet VM
Saliths Execution Management
Cloud VM CPU Memory | [ Storage | [Bandwidth
Services||Provisioning| | Allocation| |Allocation| | Allocation | | Allocation
Cloud
Resources Host Datacenter
GridSim
: Repiica Egiep ica
Data Sets Grid "
. . . Catalogue Job Manager
Grid Services > : Infsc>rm§t|on Descripti onm
eservation ervice Allocation
Core Traffic
Elements Resource Generator petiork
Simjava
Discrete-
Event Events Simulation -
Simulation Handling Entities Timing

' v
ﬂW‘Iﬁ 5 ﬁ?ﬂﬂ%uﬂlﬂﬂﬁﬂiﬁ@]ﬂﬂiiuﬂ]ﬂﬂ CloudSim

31: Calheiros et al. (2010)



20

v Y
UONWALAFY CloudSim HaINsaas 195z uUEioY (Virtual machines or VMs) e
] o Y 9 o 4 <} 9 k) o
1NN 1 @7 Mdsamnsaaduaziassguinamsnudeya ldunuesuazdaanso
o = [ 9 o . Yy 9 (3 a o o
Mvuau Teweinean Mg VMs 1agsi1 Auto Scaling Taonale dauewnangsugnian
Taen 111 Java wagnafiuwann lauiatiu Source code THunyanatauloamisoii luann
1 Y 1 ° . 1 o 9 Z
aouanlAee AMIMNUA (Configuration) #1499 TuTlsunsuenmsamnualdeanavua
% ] ] o = 9 g}z 1 1Y A = 9}4‘
gNAIDENNUTY ANITDMNUATIIALIDIAVDY VM IA10aaaasEalaeninil CPU 140 Core,
1 1 o I a oA { %

1% Ram 111113, MIPs ¥09m1391911 CPU ihunu T, denszuulfiamsnlduu vMs é

9
v

o . a oa I
U, 189nN1391914 Scheduling voeszuvliiams udu

| VMProws:bner Datacenter ll—| DatacenterCharacteristics
A

DatacenterTags
SimpleVMProvisioner
’_Ij"‘{VinualMachineHVMCharacteristics - Y VMScheduler
a)
1
1 1 1 1 P
i Host MemoryProvisioner | |
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VirtualMachineList
SANStorage
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CloudSim 1da313 Class 181 N9 1382950 Data Center, VMs, Networking, Memory {181& Class

{ [ 2 . I
wileuie Iimvuan Touienaluaiy Bandwidth, Memory, VM 1udiu

91 ° 1A Y @ (=) J ) v I 1 o v 9
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°]N’E]1fl]‘V]111'7ﬂ'I‘]J'Iﬂii!%’NTlLi'l@@QTlﬂﬂ@QmﬁJ’E]ll”ﬂ

UY5lasunsesuilge Code 114 Cloudsim & 19 nmanlasuai Tasassgadoadi 1

ad =S U 1 1
Tl?Jﬂ'liL‘]JﬁfJuLLﬂﬁQﬂ'I‘U@ﬂo] HALTITINITD

Wasulu Code Tsunsuliunih lWanduammmnuania 13 deuiu

25

26

27 public
28 public
25

30 public
31 public
3z

33 public
34 public
35

36C /*

final
final

final
final

final
final

static
static

static
static

static
static

boolean ENABLE_GL‘TPUT = trume;

boolean COUTPL!

T Cs

vV = false;

double SCHEDULING INTERVAL = 300:;//300;:
double SIMULATION LIMIT = 24 * &0 * &0;

int CLOUDLE
int CLOUDLE

* VM instance types:
= High-Memory Extra Large Instance: 3.25 EC2 Compute Units,

T IE
T_PE

15

= 1;

NGTH = 2500 * (int) SIMULATICON LIMIT;

8.55 GB // too much MIPS

i

39 * High-CPU Medium Instance: 2.5 EC2 Compute Units, 0.85 GB
= Extra Large Instance: 2 ECZ2 Compute Units, 3.75 GB
* Small Instance: 1 EC2Z Compute Unit, 1.7 GB
42 g Micro Instance: 0.5 EC2 Compute Unit, 0.633 GB
43 = We decrease the memory size two times to enable gversubscription
44 *®
45 *f
46= f* Initial
public final static int VM TYPES =
48 public final static int[] VM MIPS = { 2500, 2000, 1000, 500 };
public final static ipt[] VM PES =Y THrerl b=
public final static int[] VM RAM = { 870, 1740, 1740, €13 }:
public final static int VM BW = 100000; // 100 Mbit/s
52 public final static ing VM SIZE = 2500; // 2.5 GB
3 *
4 public final static int VM TYPES = 1;
55 public final static int[] VM MIFS = { 2500};
56 public final static int[] VM PES ={ 1}:
57 public final statiec int[] VM RAM = { 1024}:
58 public final static int VM BW = 2500; // 100 Mbit/s
3] public final static int VM SIZE = 2500; // 2.5 GB
(1a]

MNN 7 $19819 15UATULAAITI8aZIBIANITAMHUAAT Virtual machine 1 72

[J] PowerDatacenter.java (m HostDynamicWorkload. (m PowerHost.java (m PowerModelSpecPower. i

public class Constants {
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El Console 3

<terminated> Dwfs [Java Application] C:\Program Files\Java\jref\bin\javaw.exe (26 n.u. 2555, 0:52:23)
86100.10: [Host #4] utilization at &5800.10 was 0.00%, now iz 0.00%
86100.10: [Host #4] energy i=s 0.00 Wesec

86100.10: [Host #5] utilization at 85800.10 was 0.00%, now i=s 0.00%
86100.10: [Host #5] energy is 0.00 W*sec

86100.10: Data center's energy is 10136.29 W¥*sec

Simulation: Reached termination time.

CloudInformationService: Notify all CloudSim entities for shutting down.
Broker is shutting down...

Datacenter is shutting down...

Simunlation completed.

Received 0 cloudlets

Simwlation completed.

Experiment name: random dvis

Humber of hosts: &

Humber of VMs: 1

Total simulation time: 86400.00 sec

Energy consumption: 0.72 kWh
Number of VM migrations: 0
SLA: 0.00000%

51A perf degradation due to migration: 0.00%
S51A time per active host: 0.00%

Overall S5LA viclation: 0.00%

Average SLA viclation: 0.00%

Humber of host shutdowns: 5

Mean time before a host shutdown: 300.10 sec
5tDev time before a host shutdown: 0.00 sec
Mean time before a VM migration: NaN sec
StDev time before a VM migration: NaN sec

MWN 8 taaInaaniveIn13TuIsunsy CloudSim

o . Y x> 4
ﬁ%i}‘ﬂu CloudSim Ulﬂ’é)@ﬂlﬂﬁ\‘ll’)@‘i“]fu 3.03 Lﬁmﬁaquymﬂn NW.F1.2556 10170

@ V= .
a1 Inaaldsunsulan http://www.cloudbus.org/cloudsim/

I 44 9 e o o 4

dnntaunaNunneveany 11/sunsusiase CloudSim AvA1snaasuienaaoll
Y52 ANTAMN (Buyya et al., 2010) Vo33 1 50ATUNTANUUUTODOHT 0} TAeF@anunaNy
2 A @ 9 sAa o 1 a P
Haulefelenesian (Overhead) TumsaiialaaanisuIuNININUILEZIAINITAS 190N

i lwsuazgmireanudiign 1l lumsadaleadtiuu Tduilueda s



A1INAADI IaNAaBIUYU CPU Celeron 1.86 GHz, L2 cache IMB 1153 1GB ¥191U#18

Aa oA o cfgl.z 1
n‘uuﬂgmmi Ubuntu Linux version 8.04 mﬂaaﬂﬂﬂmammia%ﬁﬂaammgm 100 —

100,000 §17

200 |-

180 |-

i} = | | 1 1 1

time (seconds)

] 10000 20000 30000 40000 50000 60000 TOOOO  BOOOD  GOOO0 100000

machings

M ] S 2 1 Y .
a9 nsluaasnmnlduazsuauleadngnasayuninTisunsy CloudSim

fan: Buyya et al. (2010)
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1 H 4 o =
nnsnua g lumsadialaad 100,000 drlda1lszuna 3 W uagiins

2 @ o I .
LLﬂiWﬂWHﬁi\ﬁl@\ﬂ'}ﬁ1ﬂﬂﬂ1u3u1§]ﬁ@]ﬁﬁ%}1ﬂuﬂﬂ Exponential
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awfi 10 nsuaasmiteanuiinlfuaz suauTeaangnadniunn Tusunsy CloudSim

fan: Buyya et al. (2010)
Y ' o A A :3 @ o S Y é! & é! o
TuduvesnieanumuaunusiuIu Teaangnad 199uu Yumlswniuas
v Y
suunsiduasaazriteanun 1y 11dszana 75 MB aanamsnaaeand 2 asvlild
Y
1111918731 T)51n53 CloudSim aunsaiih luAadeuaz iy Personal computer ¥50
1o & S 4 ad P a A

Notebook 16 luguiludesdansunseadivinesntilseansainga
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2.1 M3USuud115unsy CloudSim 1Hon1INaAana

- Configuration of YMs and Hosts

- Powver profile of CPU utilization (MIPS, Ram, Bandwidth, Storage)

Server Power Model Constants

Load configuration

|

Allocation Policy Call
(DVFS)

Load configuration

Runner

W

3 & 5 oA v o 2.0 79 Y
cﬂTWﬁ 11 MMNVUADUNITNINIUUBY CloudSim 'J’l!;ﬁﬂ')ﬂl@\?ﬂﬂﬁﬂﬂ‘]fuslullwaalﬂﬂ'lﬁ

14 CloudSim 3 algorithm dm5umsiaenaIeueiiulszulana Feazriauaen

Ad' =1 o w 1 Ad' 9 g 1 [ 3',, 9 =3 [ 9 A
AT sIIMAINAI0dlagnadnvuluTlsunsuneu A neusuluuinsaen

A ¥ A \ A ya 2 2 yno q v Y o
inseliiaena 1w algorithm 2 nuniits1 lanaau lumsinaaesiigiseld luaansldndsanu

19411511054 CloudSim 11U DVFS (Dynamic Voltage and Frequency Scaling)
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ackage Explorer 23 = fp @ T = 8 m “Dvfsjava B2 m Constants.java [ PowerModelS... [7] PowerModelS... [7] PowerModels...
ZloudSimProject3.02 - o N . -

. 5 ® * A simulation of a heterogeneous power aware data center that only applied DVFS, bu
B sic public class Dvfs {

» 1 org.cloudbus.cloudsim [ ] public static int casenNo = 29; 1

- £ org.cloudbus.cloudsim.core
- 3 org.cloudbus.cloudsim.core.predicates private static int[][] sci_6_2H hostMIPS = {
- £ org.cloudbus.cloudsim.distributions { 3135, 3927, 3038, 3449, 3443, 3385 }, 2

» 1 org.cloudbus.cloudsim.examples { 3863, 3875, 3232, 3172, 3423, 3281 }
- £ org.cloudbus.cloudsim.examples.network

1 org.cloudbus.cloudsim.examples.network.datace
- 48 org.cloudbus.cloudsim.examples.power

.
1

i

private static int[][] hostMIPS = Dvfs.scl 6 2H hostMIPS;

. 8 org.cloudbus.cloudsim.examples.power.planetlal & - P“bléc ;tatic void main(str:tlng[] args) throws IOException { 3
- v oolean gnableQuiput = true;
4 BﬂEg.cloudbus.c\oudslm.examples.power.random L9 % boolean ToFile = fals;,'
> af] Dvfsjava o String i T
[ g inputFolder 3
. |4] IgrMc.java G Strin = "C:/workspace”; 4
qrivic, ke B P
. [ IgrMmtjava s string workload = "random”; // Random workload
. vy Strin i i = "dvfs™; // DVFS policy without VM migrations
> [3] IgrMujava = & P 2 g
G String ymselectionPolicy = "3
3 %iq;isg.ava % String =
y Mc.java
3 LrMmt.java 7% SimpleDateFormat = new SimpleDateFormat("yyyymmddHHmmss");
J P R P yyyy
> [3] LrMujava -
" [ LeMejova @ int[] define hostHIPS = hostIPscaseNo];
> @ erMm.t.java "' Powertodel[] define_hostPOMER = {
> [ LrMujava new PowerModelSpecPowerIbmX3208XeonX3478(),
> [3] LrrRsjava new PowerModelSpecPowerIbmX3258XeonX3478(),
. H S new PowerModelSpecPowerIbmX3258XeonX3488(),
[3] LRsjava P
[ I | b new PowerModelSpecPowerOracleTX18853pXeonE31248V2(),
A L - new PowerModelSpecPowerIbmGT118F2XeonE31278(),
new PowerModelSpecPowerIbmHAB@@ETS18XeonE31280()
tline &7 & [ laz | ew Y=0 1
H
o 5 caseMo: int - 2
L c ; ; - .
= € sc16.2H_hostMIPS : int1 ][] | % int[] define_hostRAM = {8192,8192,8192,8192,8192,8192};

71 12 1918 DVFS java nSuuddmsuldlumsnaass

Usuud1id DVES java Taofidrundniidrdymuminemadidsng lunwd 12 il
(1) ey 1
Ftl5 caseNo ludnlsiimmuaseufivesmsnaass FansnaAasananua
40 50U
(2) rivvaY 2
F11l5 hostMIPS Sludantlsit 138 muas MIPS 404 Host tdaze
(3) w3
§11l5 enableOutput ludmilsiitmuadeamsdeunadnioonilulils
vse lu
(4) vy 4
il outputFolder iSuautlsmmuatioglumsadia lldnadns madauls

o (] J v Y = “:9}
enableOutput TuaAiY True TWanadansazgnadauiiogh
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5anTaada lumandsnuued Host taeeTaan la3al3h pPackage
org.cloudbus.cloudsim.power.models WUABIT1AIN150819D49 Server profile 310 SPEC 1o

a1 lumsnaaosld

ackage Explorer £3 = <'===’:>| @ ~ =0 A *Dvfsjave 52 | [)] Constantsjava [J] PowerModelS... [1] PowerModelS... [1] PowerModelS...

B org.cloudbus.cloudsim.examples.power.random -

®

B org.cloudbus.cloudsim.lists public class Dvfs {

# org.cloudbus.cloudsim.network & public static int caseNo = 29;

# org.cloudbus.cloudsim.network.datacenter

# org.cloudbus.cloudsim.power = private static int[][] scl 6 2H hostMIPS = {

- { 3135, 3927, 3038, 3449, 3443, 3385 },
3863, 3875, 3232, 3172, 3423, 3281
gDrg.cIoudbus.cloud;\m.power.models | =~ 13 { ’ hy ’ ~ ’ ¥
— H

> [J] PowerModel java
> [J] PowerModelCubicjava
> [J] PowerModellinear java
- [7) PowerModelSpecPowerjava = public static void main(String[] args) throws IOException {

> [7] PowerModelSpecPowerHpProLisntMi10G3Pentiur f,;’ Ezﬂ::ﬁ enahleourtput ot N };;:EJ
> [J] PowerModelSpecPowerHpProLiantM110G4Xeon3( "% String inputFolder = "3

> [J] PowerModelSpecPowerHpProLianthM110G5Xeon3( String gutputFolder = "C:/workspace”;

> [] PowerModelSpecPowerlbmGT110F2XeonE31270,jan String workload = “random”; // Random workload o

& [J] PowerModelSpecPowerdbmHAB000TS10XeonE3128 g::i:g WQ’WWf,, d«f: // DVFS policy without VM migrations
» [J] PowerModelSpecPowerlbm¥3200XeonX3470 java String = T

> [J] PowerModelSpecPowerlbmX3250Xeoni3470 java

private static int[][] hestMIPS = Dvfs.scl 6 2H hostMIPS;

m
=

> [J] PowerModelSpecPowerlbmX3250XeonX3480.java i SimpleDateFormat sp = new SimpleDateFormat(™yyyymmddHHmmss™);
> [J] PowerModelSpecPowerlbmX3550XeonX5670 java -
L4 | : ; /8 . .
> [J] PowerModelSpecPowerlbmX3550XeonX5675.java b int[] define hostMIRs = hostMIPS[caseNo];
> @ PDwerModa\Spec.PDwarOracleT)ClUUBanDnBlEdl ' Powertiodel] ] i L
> [3] PowerModelSqrtjava new PowerModelSpecPowerIbmX3208XeonX3478(),
> [J] PowerModelSquarejava new PowerModelSpecPowerIbmX3258XeonX3478(),
$ org.cloudbus.cloudsim.provisioners - new PowerModelSpecPowerIbmX3258XeonX3488(),
[ M | b new PowerModelSpecPowerOracleTX18853pXeonE31248V2(),

new PowerModelSpecPowerIbmGT118F 2XeonE31278(),
new PowerModelSpecPowerIbmHABB@ETS18XeonE31280()

lutline 53 PEELZRY e w Y= A b
o 5 caseMNo:int - ,
o € <c16.2H_hostMIPS - int1 ] m % int[] define_hostRAM = {8192,8192,8192,8192,8192,8192]);

MNN 13 AIUMHUA TUAANAIUVDI Host

* A simulation of a heterogeneous power aware data center that only applied DVFS, bu
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Package Explorer 5% B <:==€'>| ® =0 A7) Dufsjava AT] Constants,java [1] *PowerModel... &2 | [J] PowerModelS.., [7] PowerModelS... [ PowerModelS...

B org.cloudbus.cloudsim.examples.power.random - S /=*

r model of an IBM System x3280 M3 (1 x [Xgqn X347@ 2933 MHz, 4 cores], 8GB).
spec.org/power_ssj2008/results/res2089g4/power_ssj2008-20091104-80213 . html

# org.cloudbus.cloudsim.lists
B org.cloudbus.cloudsim.network

& org.cloudbus.cloudsim.network datacenter “ If you are using any algorithms, policies or workload included in the power package, please cite

B org.cloudbus.cloudsim.power * the following paper:

# org.cloudbus.cloudsim.power lists -

1 org.cloudbus.cloudsim.power.models * Anten Bsleglazow, and Rajkumar. Buyya, "Optimal Online Deterministic Algorithms and Adaptive
> [T PowerModeljava m “ Heuristics for Energy and Performance Efficient Dynamic Consolidation of Virtual Machines in

“ Cloud Data Centers”, Concurrency and Computation: Practice and Experience, ISSN: 1532-8626, Wiley

> [J] PowerModelCubic java Press, Mew York, USA, 2811, DOI: 18.1882/cpe.1867

» [I] PowerModellinearjava

b [I] PowerModelSpecPower.java

> [I] PowerModelSpecPowerHpProLiantMI110G3Pentiur
> [ PowerModelSpecPowerHpProLianthMI110G4Xeon3(
> [] PowerModelSpecPowerHpProLiantMI110G5Xeon3(
> [I] PowerModelSpecPowerlbmGT110F2XeonE31270.ja1
> [I] PowerModelSpecPowerlbmHAS000TS10Xe0nE3128
> [] PowerModelSpecPowerdbmX3200Xeoni3470 java
» [§) PowerModelSpecPowerdbm33250XeonX3470 java
» [I] PowerModelSpecPowerbmX3250Xeon}3480 java
v [I] PowerModelSpecPowerlbmX3550Xeon5670 java
> [I] PowerModelSpecPowerlbmX3550Xeoni5675 java * private final double[][] scl_6_2N_power = {[]
» [§) PowerModelSpecPowerOracleTX10053pXeanE31241
> [I] PowerModelSqrtjava

Anton Beloglazoy
Cloudsim Toolkit 3.@

public class PowertlodelSpecPowerIbmX3288XeonX3478 extends PowertodelSpecPower {
private static int caseNo = Dvfs.caseNo;

m

private final double[][] sci_6_2H_pawer = {
f se.8,54.3,58.7,63.8,67.4,71.7,76.0,80.4,84.7,89.1,93.4 }

b

private final double[][] scPower = this.scl_6_2H_power;

/** The power. */
private final double[] power = scPower[caseNo];

» [I] PowerModelSquare java //{63, 71, 78.9, 86.9, 94.3, 102.8, 110.7, 118.7, 126.6, 134.6, 142.5};
B org.cloudbus.cloudsim.provisioners e
— ] ’ ® = (non-Javados)l]
o @override
Outline 53 B laz W .nfi e w =10 o protected double getPowerData(int index) {
C) N

return power[index];
c PowerModelSpecPowerlbmX3200Xeon3470 -
s

caseNo : int |
o F 5el 6 2H power: doublel 1N b

Ll

] v 9
MW 14 MIMUUAANAINUN Host 19 1umI1szunananaug 0% — 100% CPU utilization

TumsMnuAA1 Configuration Y84 VM wag Host 11t 1lud luii 1nld

[

H 1 4
Constants java 9 i 15 TasdaudAns fUsuud luiisail

ackage Explorer 32 EE|® =0 ] Dvfsjava UJ| *Constantsjava 32 | [J) PowerModelSpecPo... [J] PowerModelSpecPo... [J] PowerModelSpecPo... [3] Po
1dSimProject3.02 A @® = If you are using any algorithms, policies or workload included in the power package, please cite[]

T public class Constants {
private static int caseNo = Dvfs.caseNo;

T
B org.cloudbus.cloudsim

1 org.cloudbus.cloudsim.core = private static int[][] scl 6 24 Wi MIPS = {
B org.cloudbus.cloudsim.core.predicates a { 1188, 1759, 1954, 1296, 1823, 1650, 1366, 1075, 1898, 1762 } 1
B org.cloudbus.cloudsim.distributions - H
§ org.cloudbus.cloudsim.examples = private static int[][] scl & 2H HOST_MIPS = {
{ 3135, 3927, 3038, 3449, 3443, 3385 }

# org.cloudbus.cloudsim.exsmples.netwark - 3
B org.cloudbus.cloudsim.examples.network.datacenter| ’
private static int[][] WIMIPS = Constants.sci 6 2H VWM MIPS;

private static int[][] HOSTMIPS = Constants.scl 6_2H HOST_MIPS;

m

» [J] Helperjava L}

. m RunnerAbstractjava public final static boolean ENABLE_OUTPUT = true;

ublic final static boolean OUTPUT_CSV = false;
# org.cloudbus.cloudsim.examples.power.planetiab P 7
# org.cloudbus.cloudsim.examples.power.random public final static double SCHEQULING INTERVAL = 3@8; 2
# org.cloudbus.cloudsim.lists public final static double SIMULATION LIMIT = 24 * 68 * 6@;

1 org.cloudbus.cloudsim.network

B org.cloudbus.cloudsim.network datacenter public final static int CLOUDLET_LENGTH = 2580 * (int) SIMULATION LIMIT;

public final static int CLOUDLET PES =1;
# org.cloudbus.cloudsim.power
# org.cloudbus.cloudsim.powerlists public final static int VI TYPES 10;
j L ublic final static int[] Vi MIPS VrMIPS[ caseNo] ;
# org.cloudbus.cloudsim.power.models _ public final ic int[] v [ 15 3
1 org.cloudbus.cloudsim.provisioners public final static int[] VW PES {1,1,1,1,1,1,1,1, 1, 1};
o Joudbus.cloudsim util B public final static int[] WiRrAW = { l@24, 2048, 1024, 2048, 1024, 2048, 1024, 2048, 1024, 2048});
F orgeipuebus.coudsim. i public final static int V71 B = 1eeeee; //2508; // 188 Mbit/s
& workload.planetlab public final static int VWi SIZE = 250@; // 2.5 GB
RE System Library [JavaSE-1.6] =2
[ i ’ g public final static int HOST_TYPES = 6;
B public static int[] HOST MIPS = HOSTMIPS[caseNo];
Jutli A m e T B public final static int[] HOST_PES = {4,4,4,4,4,4}; 4
utline 53 eEL R = g B public final static int[] HOST RAM = {8192,8192,8192,8192,5192,8192};
&F YM_BW : int - public final static int HOST B = 1e@@ee08; // 18|1 Ghit/s
. N ublic final static int HOST_STORAGE = 10000000; // 18|1 GB
oF YM_SIZE : int public final ic i . P

3 J { o o 1 .
i 15 19d Constants java Ni¥ual51A1 Configuration Y89 Host 1Ay VM



29

(1) wuey 1
@ I @ o 1 Y 1 1 % g
dautls vMm_MIPS Hludalsmuuan MIPS 14iun vM uaazaa Tunmsnaaosil
v [ o
1% VM nanua 10 62
(2) nuaav 2
o I @ A o 1 Y
@au1ls SCHEDULING INTERVAL @ludauilsimviuanitial Interval 14iun
. . . & A = g = o (% ~ J 9
Simulation time %413/9991381 Interval 11514053 CloudSim &M IAIUIUNAINUNLA VM 1%
VYU Host ﬂ"w] ﬁwﬁ’smﬂu millisecond U84 Simulation time dn¥HIA1AD
SIMULATION_LIMIT (2uéaua)51f#uaa Simulation time N117813]1 millisecond
(3) w3
gaa11l5i1ua Configuration Y99 VM 1@ VM_TYPES ¥iaue3 VM,
VM. MIPS f1 MIPS, VM_PES 91194 CPU 11 VM, VM _RAM, VM_BW a2 VM_SIZE A1
U039 VM
(4) ey 4
gaa111l5ivua Configuration Y93 Host laltn HOST TYPES ¥iiaunq Host,
HOST MIPS A1 MIPS, HOST PES 311491 CPU 11 Host, HOST RAM, HOST BW uag

HOST_STORAGE A3149U93 Host

9 H 1
AIUMIMNMUUATIUIU Host LagIUIU VM mwmﬂ%’uu Cloud t31M%UAN

RandomConstants.java
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[# Package Explorer 53 S &% Y= 8 |[ Constantsjava PowerModels... PowerModels... PowerModels... PowerModels... Rand
;1 org.cloudbus.cloudsim.examples.network.datacenter « package org.cloudbus.cloudsim.examples.power.random;
> 4 org.cloudbus.cloudsim.examples.power
. f org.cloudbus.cloudsim.examples power planetiab
4t org.cloudbus.cloudsim.examples.power.random
> [l Duisjava
o [ IgrMc.java
. [) IgMmtjava
o [ IgrMujava
. [) IqRsjava
> [ LiMicjava
» [ LiMmtjava

5[] LrMujava s
) LoMcjave | public class RendomConstants {

m

d t"mmtdm | ‘ public final static int NUMBER_OF WIS = 1@;
s 1) LeMujava
N LrrRs.java public final static int MWIBER_OF HOSTS = 63
. [) LrRsjava
5 MadMec java public final static long CLOUDLET UTILIZATION SEED = 1;
> [ MadMmt,java % b
> MadMu java
» [ MadRs.java
S NonPowerAware.java
| > [J] RandomConstants.java
+ 1] RandomFielper.java
» [f] RandomRunnerjove -

mnn 16 Tild RandomConstants.java N/5uuAT1UIU VM 1ag Host 71501 Cloud

3. dszansmnmsdserdanasnu (Energy Efficiency)

= &

v Y A=K A o 79 Y o A A Y
anrtTeNnANy W szgna lg UMM Cloud ABITBIVDINNNANAN
Tumssgndandsaiu (Energy efficiency) (Barroso and Holzle, 2007) lawaineinudadiu

yoanasnui ¥ lumsilszunana Nildwddaglumsdsendandsaniiudivnes

o ) [ 1 ad d o a Jd 1
ﬂluﬂ‘ﬂﬂ'ﬂiwnﬂ”liﬁ”lﬁ')%ﬂ?iiﬁff}Wﬁ\‘lx‘l”luigﬁ'JNL“]ﬁ’V\ll'JﬂﬁﬂiJﬂ?JiJW'Jmﬂﬁﬁ'Juuﬂﬂﬂ
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WU'J1L°11‘51/\|L’J'E]§'3Jﬂ15ﬂ101u@gﬁﬁ@@ﬂﬁ1 mmﬂmmwqﬂmimdmmﬂ ﬁﬁllﬁlﬁ1ﬂ1\1°]ﬂ\1"ll@\1
=1 9 A 9 o Y Aad I3 v = o [l n Y
nmmmmmnwmﬂwaiumsﬂizmawammuu@ﬂ L“ﬂiﬂl@@iﬂﬂﬁﬂﬂlﬂﬂﬂTﬂu@g ]’l?J]’lﬂ‘]_]ﬂ
NTERGIAR S
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=2 o 9 Y o ad Jd v e . 1A v o J
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Algorithm 2: Power Aware Best Fit Decreasing (PABFD)

Input: hostList, vmList Output: allocation of VMs
vmList.sortDecreasingUtilization ()
foreach vm in vmList do
minPower +— MAX
allocatedHost +— NULL
foreach host in hostList do
if host has enough resources for vim then
power + estimatePower (host vm)
if power < minPower then
allocatedHost + host
minPower <« power
if allocatedHost £ NULL then
allocation.add(vm, allocatedHost)
return allocation
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NN 20 6anNBINY Power Aware Best Fit Decresing (PABFD)

fan: Beloglazov and Buyya (2011)

1 s
msfnumnasnuildimualulsunsusiass Cloudsim ldgasnmsmiuimas

% Y4 1 a v @
auns (1) Fa'ldnadnteaniunlumilevss nlatadaes 1ug (kW/h)

Z Power of Datacenter (D)

Energy = (kW/h)
3600 X 1000

Taoi
A o HAq 9 & ' a v @
Energy Aowasnun lnimua lunulen Tadaanos Tug
=) [ d' 1 9
2 Power of Datacenter ABHATINWAINUNIZUVYTZUIANALULNGUILN 1

Uszananaluniieing



36

FammasnunszuulszuaranuunguualFilszuiana NAnRATIMNA N TULA
o [ ~ 1 Ia 1 o 9 [ ]
azladd avaums ) lasiuaaz leddaanmmnasanlanngas asaums 3) niulwves

o dA v a =
HAaNTAD IAAUIUIN (W*sec)

2
Power of Datacenter = E Power of Host (W*sec) @
Tagh
A @ o [} v o a =1
Power of Datacenter ﬂﬁ]Wﬁi’)llWﬁ\N'IHGU’E]\?I?IEW]GI,UWH'JEJ')@G]QQA')H'WI
(toPower ; fromPower) (3)
Power of Host = | fromPower + X time (W*sec)
2
Tagn
A U [ ~ 1 9 Y ] v J a =
Power of Host ~Aomwasnuiuaas Tagaldlumstszuranalumidsiadgaium
(W*sec)

fromPower AoAmaInureInsszuanalusounmiun

toPower AoAmasuveImslszuianalusouilagiiu
. A ' a4 a2
time ﬂﬂwa@nfﬁl@\jL'JﬁTﬂLﬁﬂJ‘]Jﬁg3J'JﬁWallﬁgnﬁqﬂﬁuq@ﬂ'ﬁﬂjgﬂjaWﬁ

! v o o 1 e . S g}l
AMAINUURINTUTENIANAILAMUINIINMSTHIAT Utilization Yo Taeran 19 luns
g’/ [ [ X o
uue hldsununsims lduasnuaans i Idaninuainnasg1uves Standard Performance
Evaluation Corporation (SPEC) 118z 19ga 3131 IMa391191n Beloglazov and Buyya (2011) 18

[ ] v
gasaaaums (4) Tumidgdad (Wato)

ul

Power = powerl + delta x (u - —) x 100 (Watt)
10

(4)

=h.

Tag

o

A 1 [ d' X (] v J
Power foAmasnun laaaly lunsiseulamaluviuiedina

A 1 [ A o o = v
powerl ADMUDINAIIUNIALST ul hl‘]JWIEJ‘]Jﬂ‘]Jﬂ'iW\IBIJ@Q SPEC



power2
delta
(power2 — powerl)/10
u
ul

u2

@ [] o 1 [ d' [ G Y 1 v o
aregmsmuammwasnuiuaag laaaldlunsdssutanalunitsinagu

a ~ 9 2 1 [ QK 1 v d o 9 e 4
IUIN Glﬁ]\?ﬁlﬁnﬂﬂﬁ'ﬂ'lﬂTWﬁ\“I\‘H‘L!GU’GQTaﬁ@lﬂi%iuﬂuﬁ]ﬂ?ﬁﬁﬂﬂu myuali Utilization U84

A U [ d‘ o % = 7
AompInaanunIals w2 Tdiesununsinues SPEC

A P A . X A = ' o 1
ﬂﬂﬂuﬂaﬂiu‘ﬂ’]ﬁlwu Utilization NN UINUIY Iﬂﬂu']ﬂ1

)Y

4
foA Utilization V04 laaa

v
1A

Y
ApA1NI Utilization milaustb Mauadinmaeduy

)Y

A Ao > A X v Yy A
ABAINUN Utilization mﬂmﬁmuum@mmﬂﬁu

14 Y a1 g o [ P~ > A
Ié’li’f@l o ﬂ]mguuuﬂ’llﬂu 0.3187 MUIUNAINUNUTUNITN (4) AU

u =0.3187
ul =3

u2 =4
powerl =96.0
power2 =99.5

delta  =(99.5-96.0)/10

Y [
22 1damaaanu

Power =96.0+0.35x(0.3187 —3/10) x 100

=96.0 + 0.6545

=96.6545

=

Watt
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Y o % " o da v Y o 1 A Yo A
ma"l,@mwmﬂumaﬂaawiuwuaammaamamm mﬂm”l@mmmmnaumiﬂ 3)

A Yy Y1 [ v I Y ] v a A o Y- 4 g’; a1
ol ldmmasnuvesaaz Teaan 14 lumiteiaaguiunii fvualv Tedd o vaztiudia

(Y

J

=Dle

fromPower =96.6545

toPower =95.1568
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time (sec) =300
Y [
2z 1dAmaaay

Power of Host = (96.6545 + (95.1568 — 96.6545)/2) x 300
=(96.6545 + (-0.74885)) x 300

=28771.695  WHsec

wonng MAsemeTusaneifiuludiumalsendandandiauiiauenans
JUUDY DHINVNAIUYOI Quan ef al. (2012) finenowaangaan TaemsilamniosTeadi lild
14 Fesanesmunamsiiauiiy 2 $2efe
- FrausnazihinuTasds VM Miaueduu Teadig load i $1elusauiy Taadi

1 load guiteTanso Taaan 11414

(] A 9 o A 1 1 A 1 [
- FNNADINSY1Y VM ”l‘}JVlNmuumsmgu“lwmmumamgmm

v Ao v A ¥ A ' '
Quan et al. (2012) Tanaaeuu Cloud NNTNWUIATOUVDUAT O TIAANAUATOIFUIN
wazgu vy Fannmsanyuasosgulnununidszaninmunlumslszndanasnuani
9
' v v o a K

A [ [ ~ = o 9 [ A 1 1
NTBFUINT ANUUDANDIN Tuyaeieans Jihmsde VM "lﬂmmuuum‘smgu%mmu

A v
NTBIFUINT

3’, ) 1" ad 4 I o
ATAINTNABBIVBY Quan ef al. (2012) lautiaugsvineseaniu 4 uuumusiuiu
x g . . ' .
cores Y04 CPU &auitiarilu single core, dule cores, quad cores Lai¥ six cores €U scenarios VB
o A o ' < . o &
NININITNNINTNAADUUIDNT U 3 scenarios AT
I ] Y] A ad J o
- modern data centre 11lUNGUNTNEINTNVYTLANEIWIIDITIUIU core YD CPU

1 ad 4 A
a8 core 3J"IﬂﬂTJ”ILG]ﬁ’V\|L’Ji’35LL‘]J‘]Ji’Ju‘]

< J @ { ad J [
- normal data centre 1 unqunineInsNTUsznnEsWinesaaz il
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3 ' o A Ad oo Y
- old data centre 1JUnNgUNTWININUUTZAMFSHIDFTIUIY core YD CPU ool

" ad s A
UINNINUFILIDTUUUDUN

Scenario 1 2 3
Round robin(MW1) 61.23 48.45 41.89
Round robin + FAG-CG (MWt) 47.64 40.83 37.21
Greedy (MWT) 50.74 40.35 35.78
Greedy + F4G-CG (MW1t) 45.67 37.78 33.47
Load balance (MWt) 60.46 47.87 41.15
Load balance + F4G-CG (MW1) 46.56 39.67 36.85
FAG-CS (MWt 46.58 36.13 32.18
FAG-CS + FAG-CG (MW1) 4476 34.47 30.7

] 9
MNA 21 uaAIRamINaaeveslszansmumsUsendanasaIund 3 scenarios

An: Quan et al. (2012)

=K A

{y ¥ ' a a o [ . {
MnHamMsnaaee g Usingilszansnimmsiszndanaauues scenario Nnilall
] U J = | A & g [ Aa A ad J
ANGINIINN scenario &4 scenario N uTluMInaaoIuUNTHEININTIATDUTTHIIBITIU
' o v [ { 9 1 Y 4 Aad 14
Trigilismau CPU 1818 core HIATINUTA Quan et al. (2012) lanan Iiuasouginesuuy
a a A @ [ d‘d 1 [ é’, d' 9 . d' & =K A J
Tmifidse@nsnmmsdszndandsnuiana aaiunai 14910 scenario NiHeT9@NNN
scenario
9 9 A A (% a o dy A
UNAMWUDY Quan et al. (2012) Idnaavsuammadoniilounnuiveil fo
Ax ¥ A ad J 1 A ad Jd 1 1 o
NAADIVUITTUY Cloud NNUATDUFIVINOT FUM LAz TouT DT Fu Wi uamsihau

9

YosanosnuIzuanany Tuunanuweewdis v liihauuuniesgulninimus

[ [ a ' [ 9 U

A ao A - A ac ¢
luvaznnuIvetioanss nuazamnasnu lumsilszultanaveunieasinnosludinn 1

U 9

ad P a o 3 ad oA A o ) Y1 o
LG]ﬁ“V\IL’J’e‘)i‘ﬂﬂaiwaﬂumwmmiLﬂuLclfﬂ\lm)imuamﬂmmuuum Ul@ﬂ’lWﬁ\?\ﬂu'f]f]ﬂll'l

Y n Y A 1 A ad Jd A 1 1 A A 1 '
voo lildidenantlszinniuniesssdnesitluniosgunmiomsoaguln
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= ~ o A L a Y
9NUNAINUDY Kumar and Sahoo (2014) ‘VI‘V‘IEﬂfﬂllﬁﬂﬂTu'Julﬂﬁ'ﬁNTaﬁﬂiuﬂTilﬂﬂahf
a A 9 dy (Y a8 o a
\T'IuIﬂEJWfI]'Iﬁm'IfI]'Iﬂ\TIH (Task) NeU11UU Cloud Glu‘lJ‘Vlﬂ'J'liJu’E]ﬁﬂﬂiﬂﬂﬂzﬂ'l\i'luiﬂﬂw%'ﬁm'l
) o ° < L oad 1 1
910 task MAIWINNIUUU Cloud Tﬂfﬂﬂ task 1]']!ﬂ‘1JTﬁu@1i']\1 matrix NNUATTISHINNIAULAS

a Y

! 9 o A v =2 Ay a 9 A =
VM 71 task (lﬂglEl\?Tﬂ\ﬂU!'Jﬂflﬂﬂ“Lﬂi@Q‘lﬂ 2ANDINUNHVIUVNANNAANUY RENIHIRG)

m Consumers

)

e ¢

User User User User

Tasks

Service Scheduler

<L

VM Manager

Virtual
achine(VM)|

Physical
Machine

MWA 22 LAUAINAITINNUYEIBANeI N

#3: Kumar and Sahoo (2014)

3.1 FCFS to Random Utilized (FCFSRandomUtil)
2299 task MUMITIWINDUNEY (first come fisrt serve W39 FCES) taz1in 1)

allocate U4 VM uuugu 91435 m3guuu uniform distribution 11uNe3 1901 VM 92007
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o < 4 ES e . 1 a o 1 1
asradusaiio auniuldadauu VM 1dad threshold U943 utilization 13H1AY 100% A10819121

AFIANIU 20 NIUDHE VM 314U 10 67 21NN 23

Time/VvM| M1 |m2|m3| ma M5 | me| M7 | ms |ma|mio
1 T [2] [[1]) - = [51| (41 | B1[-] -
2 [11] | [2] [[1]] [10] (8] [51] [4] | [3]|[6]] -
3 [11,15]] [2] | [1]] [10] (8] [51] [4] | [3]|[6]] -
a |15 121 110,201 18,121 | 151 [14,131{13,71] 161 | 124]
5 [r1,151] 121 111 120,201 18,121 | (5] [14,131{13,71] 161 | [24]
6 |[1,1s]] - |11]ro,201] 18,121 | 151 |14,13113,71| 161 | [14]
7 |n,1s)]1e)|1a1{110,201| 18,121 | I5] |[4,131](3,71] 161 | [14]
8 |[111,15]|[1161]111]120,201|[8,12,191| 151 |14,131] 171 |161]124]
9 |[11,15]|1161] 111]120,201|[8,12,191| [5] |[4,131] (71 |16]]124]
10 (11 [ne11a1]0,201| 112,19 | - |[1a,131 171 [191|124]
11 1] |[1a61]111]110,20]| [12,19] 14,13]] (71 [191| 1141
12 i1 (e oy | 112,19 | - [14131] 1721 [191{ 1241
13 111 (el - | 1200 | 112,191 81| 1131 | 171 [191{127
14 [11] |[16]| - | [20] [12] |[18]| [13] | [7] [[91][17]
15 i1 (a6l - | 20) | 21 [msy| 31| - [e1|nn
16 i1 (mel - | oy | 2z [msi| ns | - [o1{on
17 11 [mel] - | o) | na |nsy| - - |17
18 1 [pel - | - [12] [[1s] - |17
19 A - | N 4 [12] [[as] - 191|127
20 : - |- | £B 121 |nsy| - 20 -1 117
21 - - | > |[ELl\ - =2 -5 i
22 g Dl | A= LR - WX F i
23 YIEI T - sy Y | A
24 s - z - [nn

MNA 23 913519 matrix ¥BIN1TIA task 11UV FCFSRandomUtil

#3: Kumar and Sahoo (2014)

3.2 FCFS to Maximum Utilized (FCFSMaxUtil)

T 9
9299 task @1mnm%’mmauwamazﬁw"lﬂ allocate U4 VM ﬁlﬁﬂ%ﬂ task uuué”;

M1dua11na1Re9 100% CPU utilization 10819131 MTIAIU 20 MUVU VM 311U 10 67

AUNINN 24



42

Time/vM| M1 |mM2| M3 [ma| ms| m6 |m7| M8 | m9 [m10
1 |3 |@am [s] -] - [-] - :
2 [1,3] |[21] (4] |[5]|le.8]f [7]1 [[9]| [10] | [11] -
3 |[13,151] 121 |14,121] 151 |16,81|17,231{191| (101 | (11 |r14)
a |,3151] 121 |1a,121] 151 |16.81|17,131] 191 | 110,201 {11,191 | [14]
5  |[1,3,15]| [2] |14,121] [5] |16,81]17,13]| 9] | (10,20] | [11,19] | [14]
6 |[1.3,15]|1161|14,121| 15 |16,81|17,131] (91 | 110,20 | (11,19 | [14]
7 [1,3,15]|[16]|[4,12]]| [5] |[6,8]|[7,13]|[9] |[10,20]|[11,19]]|[14]
[3 [1,15] [1161|14,121] 5] |16,81]17,131| [9] | [10,20] | [11,19] | [14]
9 [1,15] |r161|1a,121] 151 |16,81]17,131| 191 | 110,201 | 111,191 | 1141
10 (1 |nela121| 71| 1as1 17,231 191 {110,201 | (111 |[14)
11 i1 |nellis121| 1271 128y 17,231 191 {110,201 | (111 |[14]
12 (1 |nella121| 7] 181 17,131 - | 1200 | @
13 - el n21 lazfnsy | @3 | - | o | oy
14 16]] 1121 (a7 |mas1| 131 | - | r200 | rau
15 - el 21 laaf st | 31 | - | e | (u
16 - el n21 lazfns| - | -] e | nuy
i5 t16]] 1121 {az|nas| - |- | 200 | au
18 - | na loanfns| - | -] - [11]
19 - | n2 (aa|ns| - |- - a
20 : - - |(aalns| - |- i .
21 ! -1 - |nnl - o/ - .

ﬂTWﬁ 24 $19N matrix "U?Nﬂ']ﬁ%wﬂ task 11U FCFSMaxUtil
31: Kumar and Sahoo (2014)

3.3 Maximum to Maximum Utilized (MaxMaxUtil)

1 =

y 3 e A (ot
9290 task NABIN1IMI1F CPU utilization gaga 11l allocate 1 VM NiiA1 CPU

. . A A Y kS [ Y = [ @ a R dy Y A
utilization ZJQ‘VILWENWE]Glﬁ task “Ll‘Ll‘V]NTLlulﬂ FINTTNINIUVDIDANDINNUILAUN task N
) v e = ) e ST d A
@034N13n13 1% CPU utilization FANGAIIN task queue LAINT VM NUAT utilization GIUUSUUN

4 9 9 9 1 = . 1A (% ] ] 1 [
Lﬁ'ﬁ] task U19AU allocate LL'ﬁ’Jﬁ?ﬂ CPU utilization UliJ!ﬂ‘Ll 100% 911087190 U ﬂ'l‘l/‘lﬁ 25 NMITIANU

20 IUUE VM 914U 10 99
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Time/VM|ML[M2| M3 | M4 | M5 | M6 |M7| M8 | M9 |M10
1 [5] | [2] | [L3] | [4] g 2 z : g
2 [51 (2] | [n,3] | [4] | [11] |[10,8]| (6] | [71 | [9] -
3 [51 | [2] |[1,3,15]|[4,12]| [11] |[10,8]| [6] |[7.13]1| [9] |[14]
4 [51 | [2] |11,3,15]|14,12]|[11,19] |[10,8] | [6] |[7,13]|[9,201 | [14]
5 [51 | 2] |11.3,15]|[4,12] |[11,19] |[10,8] | [6] |[7,13]|[9,20]| [14]
6 [5] |[17]|[1,3,15]|[4,12] |[11,19] |[10,8] | [6] |[7,13]|[9,20] | [14]
o (51 |[17]|[1,3,15]|[4,12]|[11,19] |[10,8] | [6] |[7,13]|([9,20]] [14]
3 [51 |[17]| [115] |[4,12]|[11,19]|[10,8]| [6] |[7,13]|[9,201|[14]
9 [5]1 |[17]| [L15] |[4,12]|[11,19] |[10,8]| [6] |[7.13]|[9,200|[14]
10 [16]|[17)| [1] |[4,22]| [11] | [20] |[18]|[7,13]|[9,20]([14]
11 [161{[171| (1] |[4,22]| [11) | [10] |[18]|[7.13])|[9,20]([14]
12 [161{(271| (11 |[4.12]| [11] - |(18]|(7,13]] 201 | -
13 [16]|[17] - [12] | [11] - |18 1131 | [20]
14 [16]|[17] £ [12] | [11] - |[18]| 13] | [20]
15 [16]|[17] S [12] | [11] - |[18]] [13] | [20]
16 [16]|[17] - [12] | [11] - |l18]| - [20]
17 [16]|[17] . [12] | [11] - |18 - [20]
18 [18]] - £ [12] | [11] - |ns| - = 2
19 [1s]| - - [12] - - 18]
20 [16)| - - - - - |[18]
21 [16] .

NN 25 M3 matrix YDIN1TIA task UYL MaxMaxUtil

131: Kumar and Sahoo (2014)

HANMINAR09151n071N1591971UUY Maximum to Maximum Utilized 1A1/5z@n5am
@ [ aa v v A Y o <3 a a A
M3sEnIANAINUANGA INT1TNITUU task HazIATea I nIOIANsEANTAMINVOUATO
I 4 ' o 4 o I Aa a
VM 3o lazdisaniiuiuaiesmaauasiivealilszaniamveansly

wasaulagsiuanad

Y a K v A A 9 ey . A
#9980 NNIUNITIAITEY task NADINT CPU utilization E;Nllﬂ allocate UUIATOI VM
A . . ' o A o Y o ] a a
NU CPU utilization t;NL“lfuﬂu mmuwmmamﬂw VM “Vl']\‘]'lumuﬂigﬁﬂ‘ﬁﬂﬂ'lw 100% U8

4 1
CPU utilization azAd1enUmMiaulumsGesdiauvessanasnuluaudsed uaaianlu

MIEzEeadiaumuanasnuIntos luinueans IEnaa9u a 100% CPU utilization
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UNANUUDY Luo ef al. (2012) ldaadusanesnu Iag#ia13n1a1n task NAu1M19IULU Cloud

] Z ] 1 ] 1 '
iU task Yszinnla nviuuauen task usazedna limuuaas Policy 1@iA CPU, Memory,

Storage (11 Network

Typeof | Dependence | Typeof | Policy template
Job pohicy
Compute | 4 Network | Slow down network, turn off the
intensive Policy+ | extra module
Storage | Reduce the disk speed.
Policy memory status change
Storage * Wk CPU DVFS, VOVO
intensive Policy
ro * %k CPU DVFS, VOVO
intensive Policy
Compute | Network | Slow down network. turn
Storage * Policy off the extra module
Intensive
Compute | Storage | Reduce the disk speed,
T'o * Policy memory
Intensive status change
Storage * CPU DVFS, VOVO
'O * Policy
Intensive

MNA 26 A1519A20819NITULN task AULABZ 52N Policy

A3 Luo et al. (2012)

9 9 Y H
Tuunanumsneass 2 ﬂiﬂﬁ'ﬁ)ﬂi\uliﬂﬂﬂ task LlfU”iJlliJiJ Policy #agATINTDULDUY

9
Policy MiniuimfFouifieunu wails1n)i1nsse task uuud Policy vlddsgansnimms

ldwaaauTagsauanad INTIZNANNITHUN task 1HUVUATRINTUTZANTNINAT I8

aNudoImslumsdszananadadanald Idszaninmueams ldndanuTagsua



45

[

v Y
aalua1n3dei 1d'ldusaauany Policy uaz 13 1au14 task anaaedlaens
'o.l I~ ] o w [ 4 4 o
Usziraranunsuutugianamu udr ldmsGoesdidundanunniod Taad 191U

a ] A 9 = Aal A 7 A o I
aadulaiunseslanisgnldlumsiszurana Seauyaiunseslaadnnnso iy

Us5z@NEAIM (100% CPU utilization) sniiuin3esganie



46

J ada
gunsamazizms
gunsal

1. 1AT99A0NNUADS M11815¥1Iama Intel Core2 Duo processor T7300 2.00 GHz 13U
3 GB, 813AAan 120 GB
2. Tsunsusraneszuuilszuranauuunguus CloudSim version 3-0-0

3.9 $°1J‘1J‘]Jf]‘ﬂ’ami Microsoft Windows 7 Professional
ad
I5NI
1. Power Model

a v . 9 [ d’ Aad 14
910911398904 Barroso and Holzle (2007) Uunumslgnasnuvounsausinies
suumiazeuylnuims lFnaanuuanaany Taemnizya idle state 11347 workload 1u
1 A ad 14 1A 9 [ A 1 A ad 14 [}
MsUszurana WA T NI HILIMLMI TenasnunganIunseussWiesuuy v
4 o 1 [ 1 4 ad 4 1 [ o
(191512991AINAINUN SPEC ¥9aaazATouds Winosu1Man 1wy annusuve
[ [ [ ) <3 1 Aa A [ 4 ad 4
a3l lduanaresnuann unaaslddiundszaninmms lndsnuveauniousi wnes

[ 1 9};3 (Y] Y o o
puum T lduuegnumsldnwasauanlu idle state

o o Y o ad 2 = A ad s A s
’(,’fllﬂTif;’fTH‘i‘ng1JLlfUUﬂ1iiﬂﬂ/‘lﬁ\1\ﬂﬂﬂl@\ﬂ‘ﬂﬁﬂ!’)@5 Hi KN Hi ﬂf]!;%i"l/\ll’)’f]‘iﬂiflia’ﬁﬁﬂu

] Y
Cloud TUWN 27 UAUAUTAIAIBA e LAZUAUUDULAAIAITAT x TATUNT (5)

e=slx+Db, (%)
Taeh
A 1 o A 1 v o= Y
e Aommasnumasluriieiad aelduan SPEC
sl. AoAANUTUVDINT WA

A 1 . . SR A 1 =
X ADA1 CPU utilization V03 1aaa FaUAITLHIN 0% 93 100%
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b. Aoammasnumaslunineiaduae idle state

e=slix+ 1

=g

mwfi 27 aslaumsgduuums lenwasan

4 o [ 4 ad 4
Hoanadsr9ms lenaanuveunTaudsWines91n SPEC (Standard Performance
Evaluation Corporation, 1995) Tugenautazvasll a.6. 2007 WUNANNTUVINT NG

UADYIZNIN 0.4 — 0.8 AdaA Tua1s1an 1

H 1 @ @ 1 o 1 1 [
ﬂ1§1\‘iﬁ 1 minuﬁmmmmwﬂswlwaaa*uummmmﬂam”lumqﬂ@uuazwaﬁJ f.7.

2007
NOW/HA U anms
f.¢. 2007
noud a.4. Fujitsu Siemens Computers PRIMERGY RX300 S3 (Intel 0.7309x + 191.64
2007 Xeon L5335)

Fujitsu Siemens Computers PRIMERGY TX120 (Intel Xeon  0.4483x + 65.214
3070)
SuperMicro, Inc. Supermicro 6025B-TR+ (Intel Xeon 0.7891x + 197.73

processor L5335)



M3190 1 (7D)
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Saf =
=

NOW/HAY

A.fl. 2007

auN3

Fujitsu Siemens Computers PRIMERGY TX150 S6 (Intel
Xeon X3220)

Fujitsu Siemens Computers PRIMERGY TX150 S5 (Intel
Xeon 3070)

Colfax International CX2266-N2

0.5469x + 80.664

0.4231x + 89.9

0.9291x + 194.09

1adl A.A.  IBM System x3200 M3

2007 IBM System x3250 M3
IBM Corporation System x3250 M3
Fujitsu PRIMERGY TX100 S3p (Intel Xeon E3-1240V2)
Acer Incorporated Gateway GT110 F2 (Intel Xeon E3-1270)

Hitachi, Ltd. HA8000/TS10 (DL)

0.7082x +41.509
0.7369x + 38.127
0.7340x + 36.336
0.5533x + 11.364
0.8015x +20.473

0.7509x + 20.773

9 [ A ad 14 9 Y] ~ 1
‘VHﬂﬁ@Q’JW]ﬂiTWLLﬁ'ﬂQﬂﬁiﬂfWﬁNiuﬁllﬂﬂmﬁ’ﬂﬂL“D’iﬂl’)@iﬁ]%llﬂﬂﬁWﬂﬂﬂ”IWVl 28 9

VUNTINABAINEINU B 1AAZAIYDI CPU utilization HANNFUVEINT WM RIS 15

Ma ﬁ ¥U Linear Regreesion (Hester, 2006)
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Fujitsu PRIMERGY TX100 33p (Intel Xeon E3-1240V1)
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M1
4
.’,
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2. System Model
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2.3 Workload
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2.4 Allocation
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3.1 Simple Energy Slope Ordering (ESO)
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l. Order Hosts by ascending sl. and save in HOST_LIST
2. Calculate ALL MIPS VM = Z:jVM_MIPSj ,1<=j<=M
3. Find X _MIPS where X MIPS is the minimum integer that satisfies
miniZ:iH_MIPSi >= ALL MIPS VM, where 1 <= X MIPS <=H.
Thus, X MIPS is the minimum number of hosts to match the sum of MIPS of
all VMs.
4. Repeat step 2 and 3 to find X RAM, X BW, and X ST
5. Calculate X = MAX(X_MIPS, X RAM, X BW, X _ST).
X is the minimum number of hosts to serve all VMs.
6. Order hosts by ascending energy consumption at 100% CPU utilization,
select the first X-1 hosts and save them into NEW_HOST _LIST.
7. Order the rest of the hosts by ascending energy consumption at n% and append them to
NEW_HOST LIST

8. Return NEW_HOST LIST
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4.1.2 Host
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Q3 107.85 107.85 147.09 112.40 109.86 150.38 116.55 114.96 161.83

FL- Q1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

30 Med. 100.00 100.00 100.00 100.00 100.16 100.00 100.25 100.00 100.00

Q3 100.43 100.29 100.00 100.59 101.39 100.47 101.60 100.20 100.86

FL- Q1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

60 Med. 100.00 100.00 100.00 100.00 100.44 100.00 101.04 100.00 100.48

Q3 101.31 100.32 100.00 103.13 101.51 100.47 104.10 101.28 102.49



65

M15199 11 (919)

v A R ' d' Y v = U . .
2anNdINU AuRdemslFnasaneuny optimal ordering (%)

Jd d Jd
4 Jaan 5 Jaan 6 Jaan
\ \ \ \ \ \ \ \ \
U WM mEN ¥ WM Wan ¥ Jum waw

Tl Tl Tl

FL- Q1 100.00 100.00 100.00 100.00 100.00 100.00 100.14 100.00 100.00
100 Med. 100.00 100.29 100.00 100.58 100.86 100.00 102.75 100.54 101.87

Q3 105.27 105.27 100.81 106.25 103.57 100.92 107.51 103.66 107.49

= a {dy o Y I = Aa a o [ a R 1
%Qﬁ’li’l\“ﬂlﬂi’lgWu‘]/l’lclﬂlﬁuﬂQ‘]Jﬁgﬁﬂ‘ﬁﬂ'IWﬂ'liﬂ'lQ'lueUﬂﬁﬂﬁﬂ’E]TVIiJTILL'U'U FL-n

[
=~

o Y 1A a a a A A o Yy ' 9 1w 1 . .
1/]']\1']‘14!“1@@fJNiJ“]Ji%ﬁ"VI‘ﬁﬂ'IW@LEJFJiJ TITITGlﬂiJﬂQEJGUENGU’OiJ”ﬁTIWHﬂ’Uﬂ'I optimal ordering 99NN
= 1 A o A 91 9 a9 I 1
1N FINNNINVDI ESO VIWﬁ’dW‘ﬁ'Vlllﬂﬂ@u‘UNﬂigmﬂ ”liJﬂJﬂJﬂHaLLTJTJL‘]JuﬂQ‘JJLﬁEJ
& o a =R 9 A A o a =R
%”Iﬂ?f?ﬂﬂﬁﬂﬁ“l’lﬂﬁ’ﬂ\‘]sllﬂx‘]ﬂ\i 2 9anesny onlussuy Cloud UWUDANDINY
A (% A A ad 4 ' 2 @ @
LﬂEJ’Jﬂ’]JﬂTiLﬁ@ﬂlﬂi@\il%i?\lﬂﬂii@ﬂ@ﬂWﬂ Power profile M?%?ﬂiﬂﬂlﬂ@@ﬂﬂWiﬂﬂﬁiiﬂiW81ﬂ§
1 1 91 [ d' = = Y [ d’d ] gJJ = gJJ
%3GIf’JEJﬁﬂﬂﬂﬂf%”lfﬁl]@\iWﬁ\‘]\‘]”I‘L!Tﬂﬂi’lﬂﬂfmfﬂ]ulﬁﬂ"m ammmswmﬂsmag“luszuuuu UM

A ' ' A ' =] 1 o a A @ o [ a R 1
Lﬂi’EN?uiﬂhl!ﬁ&ﬂi’EN?uljﬂ'lﬂhliJiJWﬁﬂ‘]J‘]Ji%’(?fﬂ‘ﬁﬂ1WGluﬂﬁ'i]@’ﬁiiVIiW‘(’J'IﬂiGU’EN@aﬂ@‘i‘VHJLm

SRS
Y
YDA UBIUL

923N FL-n Jaantaulanon1ved n Ninanslsza@nsmmminauues

-1

v Y 9
@aﬂﬂiﬁhﬂ%@qh AT1UDN n ﬁﬂﬂ"iﬂﬂ"ﬁl&ﬂ?ﬂﬂ?iﬂﬂaﬂﬂuu 1’711I1%1ﬂﬂﬁﬂi%llﬁ,uiﬂflﬂﬂ’ﬂ‘nﬂ

A ad J o <3 a a A e . 1 A 9 g '
AT0UFINNFILINNUANYTLANTAINAD 100% CPU utilization E‘T'Jl!!,ﬂi’f)\if;fﬂﬂiﬂuullu

gIJ =KX o 1

1z Idnen3eilefio 50% CPU utilization #a1iTeMMuaI AT 0agaMe1nzIIY



66

152110 30% CPU utilization HaavInguanisnaaessny lanandmey uaivenuiulaly

a A @ a A { <
ﬂ§$ﬁT]‘ﬁﬂ'l‘WGU'EN’E]aﬂ@iﬁll%ﬂlWllﬂ'lTﬂﬂa@Qﬁ nu 60 1ag 100 @I1UUN

1 Y ] ]
HPNIITANINNANITNAADIUDI n N4 3 A1 WU WaN 19 a1 anuINioling
(% J ~ A 122 Y < 1 a Y1 y 12 1
NARIAUAT n 1 30, 60 30 100 uAnanszHiun liawrsadigad lana n uulilinase
U5 ANTMNANTINNUUDIOANDINVUIT INTIZHANINAABINBONUID1NAINATE 13 1&
U5unlasumdnraiealade 151 A1 MIPS Y04 host ¥38 VMs, 3143 workload NAINIAND

an

30 35MIFuUAIYDI MIPS 1duAaz VM uazuaag host 91989 1idne
[} g‘/ = d‘ o 9 1 d‘ [ d‘ (% d‘ d’
WUTIAIINIININMINAARIAIEAT n NaInvanenazlunlasudiuilsou tieq
% Aa R 1w o Y =\ Aa A (= 1 A .
HAYDIBANDs NUNGINHaL Inedelidsz@nTnwegnso lu nazarsasaiiy scenario Tu

Ao A g ) 2 o q ¥ Ay Yo A 2
N1TNADY YT IMUIUATOING VM LAY host Gl‘ﬁll']ﬂsllu 'E)W‘ﬂﬂ']iﬁﬁ?ﬂwaﬂllﬂ%ﬂlﬁ]u&ﬂﬂlu



67

PNAINAZ T 1919949

Wikipedia. 2014. Cloud Computing. Available Source:

http://en.wikipedia.org/wiki/Cloud_computing, 8 July 2014.

Markoff, John. 2010. Cloud Computing. Available Source:

http://programminggeeks.com/Cloud-computing/, 8 July 2014.

The Technomax Group. 2014. A Cloud Infrastructure. Available Source:

http://www.technomax.com/thecloud.html, 8 July 2014.

Peter Mell, Timothy Grance. 2011. The NIST Definition of Cloud Computing. NIST Special

Publication: 800-145.

Menascé, Daniel A. 2005. Virtualization: Concepts, Application, and Performance Modeling.

Int. CMG Conference.

IT-Clever. 2010. Virtualization. Available Source: http://www.it-clever.com/2010/11/, 8 July

2014.

Rodrigo N. Calheiros, Rajiv Ranjan, César A. F. De Rose, Rajkumar Buyya. 2010. CloudSim : A
Novel Framework for Modeling and Simulation of Cloud Computing
Infrastructures and Services. Pontifical Catholic University of Rio Grande do Sul Porto

Alegre, Brazil.



68

Rajkumar Buyya, Rajiv Ranjan, Rodrigo N. Calheiros. 2010. Modeling and Simulation of
Scalable Cloud Computing Environments and the CloudSim Toolkit: Challenges
and Opportunities. Pontifical Catholic University of Rio Grande do Sul Porto Alegre,

Brazil.

Shi, Y., Jiang, X., & Ye, K. September, 2011. An energy-efficient scheme for Cloud resource
provisioning based on Cloudsim. In Cluster Computing (CLUSTER), 2011 IEEE

International Conference on (pp. 595-599). IEEE.

Li, X., Jiang, X., Ye, K., & Huang, P. June, 2013. DartCSim+: Enhanced CloudSim with the
Power and Network Models Integrated. In Cloud Computing (CLOUD), 2013 IEEE

Sixth International Conference on (pp. 644-651). IEEE.

Luiz André Barroso, Urs Holzle. 2007. The Case for Energy-Proportional Computing. the

IEEE Computer Society: 0018-9162/07.

Xiao, Z., Song, W., & Chen, Q. 2013. Dynamic resource allocation using virtual machines for
Cloud computing environment. Parallel and Distributed Systems, IEEE Transactions

on, 24(6), 1107-1117.

Roy, N., Dubey, A., & Gokhale, A. July, 2011. Efficient autoscaling in the Cloud using
predictive models for workload forecasting. In Cloud Computing (CLOUD), 2011

IEEE International Conference on (pp. 500-507). IEEE.

Quan, Dang Minh, et al. 2012. Energy efficient resource allocation strategy for cloud data

centres. Computer and Information Sciences II. Springer London, 2012. 133-141.



69

Anton Beloglazov, Rajkumar Buyya. 2011. Optimal Online Deterministic Algorithms and
Adaptive Heuristics for Energy and Performance Efficient Dynamic Consolidation
of Virtual Machines in Cloud Data Centers. CONCURRENCY AND
COMPUTATION: PRACTICE AND EXPERIENCE Concurrency Computat.: Pract.

Exper. 2011; 00:1-24.

Kumar, Dilip, and Bibhudatta Sahoo. 2014. Energy Efficient Heuristic Resource Allocation for

Cloud Computing. International Journal (2014).

Luo, Liang, et al. 2012. A resource scheduling algorithm of cloud computing based on energy
efficient optimization methods. Green Computing Conference (IGCC), 2012

International. IEEE, 2012.

Standard Performance Evaluation Corporation. 1995. SPECpower_ssj2008 Results. Available

Source: http://www.spec.org/power_ssj2008/results/, 8 July 2014.

Jerry Hester. 2006. Physics Tutorial: Linear Regression. Available Source:
http://www.clemson.edu/ces/phoenix/tutorials/regression/index.html, 8 July 2014.

Clemson University.

Stapel, Elizabeth. 2014. Box-and-Whisker Plots: Interquartile Ranges and Outliers.
Purplemath. Available Source: http://www.purplemath.com/modules/boxwhisk3.htm, 8

July 2014.



MANHIN

70



71

HAUANIW
1. Virtual Machine Allocation using Server Power Profile, The 11th International Joint
Conference on Computer Science and Software Engineering (JCSSE 2014), May 14-16, 2014. pp.

154-159 Pattaya city, Thailand



£V 14 11N Inernauondl Jorit Loreience on Lormnpu

Virtual Machine Allocation using Server Power
Profile

Monnapat Limrattanasilp

Department of Computer Science
Kasetsart University
Bangkok, Thailand
l.monnapat@gmail.com

Abstract— Cloud computing has potentials to reduce energy
consumption in the data center of Cloud providers by
lidating virtual hi into as few servers as possible.
The important question then becomes which physical machines
should be used first, because machines from different company
or different generation may not be equally efficient in energy
consumption. The energy efficiency of a server is characterized
by its SPEC Power benchmark. This paper proposes two Greedy
algorithms, ESO and FL-n, to determine the order of physical
machines to be used in a Cloud environment such that the overall
energy ption is minimized. The experimental results show
that ESO performed well when servers were from the same
generation, using energy not more than 10% over the optimal
ordering. FL-n provided good results even when servers were
from different generation also, using energy not more than 5%
over the optimal in all scenarios.

Keywords—Cloud computing; Graph of energy; Energy
efficiency; CloudSim; Power profile; VM allocation

¥ INTRODUCTION

Cloud computing is a new and interesting platform which
allows users to access resources, such as compute power,
storage, and software, in term of services. It provides easy and
fast configuration and setup through the Internet using only
web browser. The users of Cloud computing do not have to
procure and maintain the resources, but instead pay as they use.
The Cloud also has potentials to reduce cost and energy usage
for the Cloud providers. These benefits result in the Cloud
becoming a popular computing platform right now.

Many public cloud providers such as Amazon AWS or
Google App Engine aggregate Cloud resources into a virtual
machine (VM) unit, where one VM has specific configuration
consisting of a compute power, memory, and storage. When a
VM is instantiated, it is then allocated onto a physical machine.
Cloud providers can potentially reduce the overall energy
consumption by consolidating VMs onto as few physical
machines as possible and turning off the rest.

The important question then becomes which physical
machines should be used first, because machines from different
company may not be equally efficient in energy consumption.
Furthermore, since Cloud computing is a hot topic right now
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and demands for Cloud resources keep increasing, Cloyg
providers also need to expand their capacity by adding ney
servers into their system. The new and the old generation of
servers may also be different in energy efficiency.

This paper proposes two Greedy algorithms to determine
the order of physical machines to be used in a Cloyg
environment such that the overall energy consumption is
minimized. The power efficiency of a server is characterized
by its SPEC Power benchmark result, which measures energy
consumption of that server at every 10% CPU utilization
interval. The first algorithm, called Energy Slope Ordering
(ESO) simply arranges the servers according to the slope of the
SPEC benchmark result graph. However, this method
overlooks the idle power consumption of the servers. Thus, the
second algorithms, called Full-but-Last-n (FL-n), first tries to
estimate the number of physical machines that is sufficient for
accommodating all VMs and assumes that all machines are
driven to full capacity (100% CPU utilization) except the last
one which operates at n% CPU utilization. Then the algorithm
finds the best machines with that assumption.

To test the performance of our algorithms, we simulated the
energy consumption of the allocations that are the results of the
two algorithms in CloudSim. We also determined the optimal
ordering of the machines to be used by exhaustively simulated
all possible ordering and selected the one with the lowest
consumption. The results from our algorithm were compared
with the optimal solution. The experiment results showed that
The experiment results showed that the ESO algorithm
performed poorly when the hosts were a mixed of an old and
new generation machines, giving an allocation that used almost
50% more power than the optimal ordering in the worst case.
On the other hand, the FL-n performed well, giving @
allocation that used at most 5% more energy than the optimal-

This paper is divided into several sections as follows. The
second section describes works related to this paper. The third
section explains the energy model and system model of o
algorithms, while the fourth section outlines the algorithms
themselves. The fifth and sixth sections summarize (¢
experimental setup and results respectively. Finally the s
section discusses the work and offers the direction for futu®
work.
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II. RELATIVE WORKS

CloudSim is a Cloud simulator developed by Grid
ing and Distributed Systems (GRIDS) Laboratory from
Cospet? University, Australia. It is written in Java and is easy
Jare and manage cloud resources such as hosts, VMs, and
"Mmms. It also comes with basic host/VM migration and
ing algorithms. Researchers can extend CloudSim

ily by replacing its standard algorithms with new ones.
@ty % many works that use CloudSim as a testbed for their

ﬁmms, such as [3] and [4].

8 Server Power Model

In [2], the authors compared the power consumption of
ers manufactured in the year 2005 and 2007 and found that

| (he servers built in 2005 consumed much more power at idle.

H

e=shix+b

Fig. 1. Graph equation of power model

We survey the energy of the server from SPEC, in the years
before and after 2007 of Host and found that the slope of the
graph has the energy range between 0.4 - 0.8 as shown in Table

L

wud | Thus, the idle power contributed a large factor into energy cost  TABLE 1. THE EQUATION OF POWER MODEL OF HOST FROM SPEC
lew «fthe whole data center and should be considered when trying
' of 1 save energy. However, many works such as [10], [11] ignore Hostbefore 2007 Host after 2007

the idle power and aim to consolidate VMs into as few hosts as By tane mw;ﬂ {I;%E)RGY RX300 TBM System x3200 M3
S ible. This method may lead to sub-optimal allocations if o
:; | e data center has a mix of old and new generation machines 0.7309% + 191,64 0.7082x + 41509

3 ith di wer profile.
L is wih differeat power p Fujitsu Siemens Computers PRIMERGY TX 120 TBM System x3250 M3
M (Intel Xeon 3070)
I1I. MODEL
'EY 0.4483x + 65214 0.7369x + 38.127
tion |
‘ing A Power Model SuperMicro, I Supermiera gcgi?m» {intel TBM Corporation System x3250 M3
con processor

‘the | In (3], power model of old and new generation servers were

different. During an idle state with no workload, an old 0.7891x+197.73 07340x + 36336

generation servers used higher energy consumption than a new
generation servers. Furthermore, by arbitrarily selecting an old
and new generation servers from SPEC power benchmark and
plotted the power consumption graph, we found that the slope
of old generation servers do not differ much from new

| isserver or host in cloud, is shown in Fig 1. The vertical axis is

Fujitsu Siemens Computers PRIMERGY TX150
6 (Intel Xeon X3220)

Fujitsu PRIMERGY TX100 S3p (Intel Xeon E3-
1240V2)

0.5469x + 80.664

0.5533x + 11364

Fujitsu Siemens Computers PRIMERGY TX 150

‘Acer Incorporated Gateway GT110 F2 (Intel Xeon
E3-1270)

. generation servers. It means that energy efficiency of old 55 fiasliXedn 3070)
ofgmemnon tsz?:j'*l/ers are not as good only because they use a lot Siri 8o T
energy at idle.
3 5 Colfax International CX2266-N2 Hitachi, Ltd. HAB000/TS10 (DL)
The equation of the power model for a server Hi, where H;
0.9291x + 194.09 0.7509x +20.773
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f eand horizontal axis is x. The equation is e = slix + b that is: For example, the power usage in 2008 SPEC benchmark of
“Fujitsu PRIMERGY TX100 S3p (Intel Xeon E3-1240V2)” [6]

e is the average active power in Watt (W), which is ° are plotted as in Fig 2.

| rported in SPEC
sl is the slope of energy graph of the server H; ) s Erilrs TRDIEROY TO0 20 ot Yoo B2NOT)
*
. X isaCPU utilization of server in percent (%), the value L L e ok
isbetween 0% (Idle state) to 100% © o

b is average active power in Watt (W) at idle state (CPU
ttilization (%)

Jast ° 2 10 60 30 100
E: CPU urilization (36)

Fig. 2. Energy graph of Fujitsu Primergy TX100S3p (Intel Xeon E3-1240V2)
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Each dot is the average power at each CPU utilization level.
To find the slope of energy graph, we compared the linear
regression line by using a function in Excel [9] that calculated
the slope and the value of y-intercept.

B. System Model

1) Hosts
In this model, the number of hosts in the Cloud is given as

H. Each host is denoted by H;, where 1 <= i <= H. The host H;
is capable of processing MIPS; million instruction per second
and has RAM; amount of memory, BW; amount of bandwidth
and ST, amount of Storage. It also has the energy graph with
slope sl; and b; intercept as in power model.

2) Virtual Machine (VM)

In this model, the number of VMs in the Cloud is given as
M. Each VM is denoted by V;, where 1 <= j <= M. The VM V;
is capable of processing MIPS; million instruction per second
and has RAM; amount of memory, BW; amount of bandwidth
and ST; amount of Storage.

3) Workload

Workload in CloudSim is declared in term of period (1
day, 2 days or 15 hours) which is the same value of simulation
time. Every 300 simulated seconds, CloudSim calculates
energy spent to process workload on each host. The CPU
utilization on each host is calculated from the total of MIPS; of
VM running on that host. For example, if the cloud has 3 VMs
with 100, 100 and 200 MIPS; running on one host with MIPS;
equals 500, the CPU utilization of that host will be (100 + 100
+ 200)/500 = 80% and then calculated energy by using this
CPU utilization in [4] to calculate power of host.

4) Allocation

Before CloudSim starts simulation, it allocates VMs onto
Hosts sequentially using a simple Greedy heuristic. Firstly, the
VMs and Hosts are ordered arbitrarily. Each VM is allocated to
the first available Host with enough MIPS, RAM, BW, and ST
to accommodate that VM. When a VM is allocated to a Host,
the resources of that Host are deducted accordingly. If a VM
cannot be allocated to the first host on the list, the host is
removed from the list and the next one is considered. The
process is repeated until there is no more VM left. Note that we
may not use all Hosts in the Cloud.

IV. ALGORITHM

The purpose of our allocation is to decrease the total cost of
energy consumption by all Hosts in processing the workload.
Because there are many type of machines with different energy
profile, if we order the Hosts to be used appropriately, an
energy efficient host will be used before an inefficient one and
thus should result in a better energy consumption. We
developed two algorithms to order the hosts. The first one is a
simple Energy Slope Ordering (ESO) Algorithm which sorts
hosts according to increasing energy slopes. This algorithm
allows hosts with less steep slopes, and thus better energy
consumption with regards to CPU utilization, to be used first.

The second algorithm is called Full-but-Last-n (FL-n). In
this algorithm, we first estimate X, the number of hosts that
would be used in the allocation, by adding up the capacity of

hosts until the sum is greater than the sum of all VM capacj
We assume that all hosts but the last one would be used tg 5
full capacity (resulting in 100% CPU utilization, while the Jag;
host used n% utilization. Consequently, the sorting step wijj
select x-1 hosts with increasing energy consumption at 1009,
capacity. We then sort the rest of the hosts with increasing the
energy consumption at n% capacity. The pseudo-code of FL.
algorithm is shown in Table II.

Comparing the two algorithms, we can see that the Energy
Slope Ordering is simpler, but it does not take into account the
energy consumption of host at idle (which is the y-intercept of
the energy graph). The Full-but-Last-n does consider the
energy consumption at idle, but it may give sub-optimal
allocation if it mis-predicts the number of hosts used. The valye
of n is arbitrary set, and may also impact the quality of the
solution provided FL-n too.

TABLE I1. PROCESS OF ALGORITHM FL-N

BEGIN
1. Order Hosts by ascending sl; and save in HOST LIST
2. Calculate ALL_MIPS VM =Y;VM MIPS;, | <=j <=M

3. Find X MIPS where X_MIPS is the minimum integer that
satisfies min;y;H _MIPS; >= ALL MIPS VM, where 1 <=
X_MIPS <= H. Thus, X_MIPS is the minimum number of hosts
to match the sum of MIPS of all VMs.

4. Repeat step 2 and 3 to find X RAM, X BW, and X_ST

5. Calculate X = MAX(X_MIPS, X RAM,X BW, X ST).Xis
the minimum number of hosts to serve all VMs.

6. Order hosts by ascending energy consumption at 100%
select the first X-1 hosts and save them intc
NEW_HOST LIST.

7. Order the rest of the hosts by ascending energ)
consumption at n% and append them to NEW_HOST _LIST

8. Return NEW_HOST _LIST
END

v V. EXPERIMENT

A. The Optimal Ordering

To evaluate our algorithms, we compare the total energ
used by both our orderings with an optimal ordering. Th
optimal ordering is the one with the lowest total energy use:
when simulated in CloudSim. The optimal ordering is found b:
an exhaustive search; testing the energy used of every possibl
ordering. For example, if we have 4 hosts, all possible orderin
in Table I1I are tested to find the one with the lowest energ
consumption. The energy used by our orderings is the
compared with the optimal ordering as percentage over th
optimal.
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TABLE IIl. ALL POSSIBLE ORDERING OF 4 HOSTS

1,2,3.4] B.1,2,4]
[1,2,4,3] 3,1,4,2)
[1,3,2,4] 3.2,1,4]
1,3,4,2] 3.2.4,1]
1,4,2,3] 3.4,1,2]
[1,4,3,2] 3,4,2,1]
2,1,3.4] [4,1,2,3]
2,1,4,3] [4,1,3,2)
2.3,1,4] [4,2,1,3]
2.3,41) [4,2,3,1]
2,4,1,3] [4,3,1,2)
2,4,3,1] [4,3,2,1]

- ®Xperiment  without c:
algorithms.

B. Experiment Setup

The slope and intercept of the energy profile of each host is
randomly selected. We differentiate between two types of host,
anew and an old generation host. The slope of a new
generation host is randomly determined to be between 0.4 to
0.8, while its intercept is randomly determined to be between 0
to 40. On the other hand, the slope of an old generation host is
randomly selected between 0.4 to 0.8, while the intercept is
randomly selected between 40 to 80. According to our quick
check of the SPEC energy benchmark, the energy slope of the
old and new hosts is roughly the same while the power
consumption at idle is vastly different between the old and new
hosts. Table IV summarizes the randomly selected parameters
of energy profile.

TABLE IV. SUMMARY THE RANDOM PARAMETERS OF HOST
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randomly selected parameters according to that scenario.
Consequently, two samples belonging to the same scenario
have the same number of VMs and hosts, but each host and
VM may have different MIPS and energy profile.

For each scenario, we randomly selected 40 samples. With
each sample, the energy used by optimal ordering is found by
exhaustive search and simulation. In the same sample we also
simulate to find the energy consumption of ESO, FL-30 and
FL-60 algorithms. The energy used by our orderings is then
compared with the optimal ordering as percentage over the
optimal. The results of 40 samples are then averaged to
determine the effectiveness of our algorithms in that scenario.
We then change the scenario and repeat the process until all
scenarios are examined.

VI. RESULTS

In this experiment, we set on Intel Core 2 Duo processor
T7300 2.00 GHz, RAM 3 GB, HDD 120 GB and OS Microsoft
Windows 7 Professional. One iteration of testing, we random
MIPS of 10 VMs, random MIPS of all Hosts, random slope
graph power of all Hosts and idle power of all Hosts. In this
iteration, we run 2 times - to find a result from algorithm and to
find an optimum result. The details of experiment are in Table
V.

TABLE V. THE DETAILS OF SET UP EXPERIMENT

Host Type sk b
| | 0id Generation 04-038 5080
| New Generation 04-08 20-40
Ak

Each VM is randomly selected to use between 1000 to

2000 MIPS while the MIPS of a host is randomly selected to be

between 3000 to 4000. There is no difference between the
of old and new generation machines. Furthermore, we do
0t consider RAM, BW, and ST of VMs and Hosts. Since
eS¢ parameters are just additional dimensions in our
ﬂgﬂnﬂuns (in addition to MIPS), leaving them out simplify the
ing effects on the result of the

 The experimenis set up with 10 VMs and 4, 5 and 6 Hosts
ively. We have 3 types of host mix: all new generation
all old generation hosts, and mix generation hosts. The

3 Wmber of old and'new hosts in each host mix for 4, 5, and 6

_are shown in Table V. A scenario is a particular
Smbination of VM ‘and host mix, for example, 10 VMs, 6
all new generation (a scenario corresponds to a row in
V). One sample in a scenario is an experiment setup with

Number Number of random slope Total VMs
of Hosts graph power of Hosts
.;?i:g Host Ooud New
Mix
Old 4 0
4 New 0 4 10
Mix % 2
Old “] 0
5 New 0 5 10
Mix 2 3
O1d 6 0
6 New 0 6 10
Mix 3 3

In Fig 3, 4 and 5 shows the results of the Energy Slope
Ordering algorithm. The vertical axis of the graphs show the
average percentage (over 40 samples) of the energy used by
each algorithm over the optimal ordering. The horizontal axis
represent each scenario in the experiment setup. The Energy
Slope Ordering gave good results when hosts in data centers
are from similar generation, providing solutions with energy
consumption no more than 10% on the average over the
optimal ordering. Furthermore, the ESO algorithm was equally
effective in both data centers with all old generation machines
and all new generation machines, providing allocations with
less than 2% difference on the average.
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However, when servers are from different generations, the To evaluate the effect of the value n in FL-n algorithm, we
ESO algorithm fared pretty badly, giving out orderings that  also conducted the same experiment where n = 100% (FL-
used 30% more energy than the optimal ordering on the  100). In FL-100 algorithm, we assume that hosts used for
average and up to almost 50% more in the case of 10 VM - 6 allocation will use all their capacity at 100% and thus using
hosts. This is because new servers and old servers have  maximum power. The results in Fig 3, 4 and 5 show that FL-
different idle power, which the ESO algorithm does not take 100 had a slight performance decrease of around 1-5% from
into account. In addition, when the number of hosts were FL-30 due to this over-estimation.
increased, the ESO algorithm worsen. This effect did not
materialize when hosts were from the same generation.

il = e = 130.00%
| =ESO. 3
i *FLAD b
] 2 2 13000 +————
| L= 28
{ i
{ = T
| £ 120004 Sl TSI B !
it 1 H
§, imw. -
PRI M R e T . -
; 3 3 120.00%
| [
g 2 w00
N @4 b o
2 o0

O geazason Now graecation 4 \ox gensason
Type of Hont generation

O grerton S gaciiox Fig. 5. Energy Consumption over Optimal of 6 hosts and group by Type of

New gemenagon
Type of Host generation fiot
&

Fig. 3. Energy Consumption over Optimal of 4 hosts and group by Type of
host generation

Table VI, VII, VIII and IX show the accuracy of the ESO,
FL-100, FL-30 and FL-60 to find the optimal ordering. The
accuracy is defined as the percentage that an algorithm
produces the same ordering as the optimal ordering. The ESO
algorithm did very badly, finding the optimal solution less than
20% of the time in mix generation servers. The FL-n was much
better and found the optimal ordering unto 80% of the time ir
10 VMs - 4 mixed hosts scenarios. Interestingly, the FL-1
algorithm was better at producing the optimal solution wher
the data center has mixed generation hosts. Furthermore, FL-3(
was better than FL-100 and FL-60 at finding the optima
-------- ordering also.
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TABLE VI. ACCURACY OF ESO ALGORITHM

The average of Energy Consumption over Optimal (%)

Ol gensnaicn. New grmecation Mix generation .
Type of Hont generarion New | Old | Mix | New | Old Mix | New | Old Mix
. . . 9
Flg 4. Energy Consumption over Op(lmﬂl of 5 hosts and group by Type of 10599 104.77 13005 107.61 10583 13441 109.13 109.42 146:
host generation The standard deviation of Energy Consumption over Optimal (%)

589 6.03 2147 ' 632 512 1 23.62 ‘ 732 l 135 2883

The algorith %!
Fig 3, 4 and 5 show the result of Full-but-Last-n where n ANt sc Ry LT

equals 100%, 30% and 60% respectively. It is clear from the e [ o e | e P R
Figures that FL-n performed very well, giving orderings that 4 Hosts 5 Hosts 6 Hosts
consume energy no more than 103% over the optimal ordering
on average. Furthermore, there is no evidence of poor
performance from the algorithm when the number of hosts
increase. In addition, there is not much performance difference
when we changed the value n from 30% to 60% too.

132




TABLE VIL ACCURACY OF FL-N ALGORITHM AT N IS 100%

/Wge of Energy Consumption over Optimal (%)

New old Mix New old Mix
10351 10241 101.74 10439 10223 105.15
The standard deviation of Energy Consumption over Optimal (%)
T REA RS I 453 353 393 506 | 325 I 732
The algorithm accuracy (%)
‘1 { = 700 | 4250 3000 | 6000 2500 | 4000 40,00
3 Hosts 5 Hosts 6 Hosts

&< TABLE VIIL. ACCURACY OF FL-N ALGORITHM AT N IS 30%

— The average of Energy Consumption over Optimal (%)
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from mixed generations with different idle power, while FL-n
performed very well in all situations.

One interesting question is whether the estimated CPU

utilization of the last host (n) has any effects on the quality of
solution of FL-n or not. From the experiment, there seems to be
not much different, but it should be verified with more values
of n and more scenarios. Furthermore, the optimal ordering
found may not be the allocation with lowest power
consumption because there might be a better allocation that
uses more hosts but with low utilization on each host. If that is
the case, a new algorithm that does not use Greedy Heuristic
should be developed.
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