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ABSTRACT

Resource scheduling management design using Cloud computing is an important
problem. To eliminate such a problem, the factors to be focused are scheduling model, cost,
quality of service, time, and conditions of the request for access to services. A good task
scheduler should adapt its scheduling strategy to the environment changing and load balancing
Cloud task scheduling policy. In this research, Artificial Bee Colony (ABC) algorithm and
Heuristic scheduling algorithm are applied to optimize the scheduling task for Virtual Machine
(VM) on homogeneous and heterogeneous environment platforms on Cloud computing. The main
contribution of work is to analyze the difference of VMs load balancing algorithm and to reduce
the makespan of data processing time. The scheduling strategy was simulated using CloudSim
tools. The experimental results indicated that, in the case of homogeneous VMs environment, the
best result is the combination of the proposed ABC algorithm and the scheduling based on the
size of task with the Longest Job First (LJF) scheduling algorithm. On the other hand, in the case
of heterogeneous VMs environment, the best result is the combination of the proposed ABC
algorithm and the scheduling based on the size of task with the Shortest Job First (SJF)
scheduling a1§orithm. Both cases performed a good performance scheduling strategy in changing

environment and balancing work load which can reduce the makespan of data processing time.

Keywords: Cloud Computing, Virtualization Machine, Scheduling, L.oad Balance,
Artificial Bee Colony (ABC) Algorithm
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2. HUVTIFIST (Public Cloud)
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2.3 Yuneisoraniiaunuiien (Artificial Bee Colony Algorithm: ABC
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2.5 inse9ilenlFlumsad1auuudiase CloudSim-3.0.1 (CloudSim Tools)
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2.6.1.1 ANaaUANA (Arithmetic mean)
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N = Swudeyaninua

eene Jeya 14,16,14,17,16, 14, 18, 17

N
,f o Ei:i Xi

N
£ 14+16+14+174+16+14+18+17
X = p =15.75

X ] A 9/ agd 1 o
«+ ARTGVDIVBYALAUUAUNTIOU 15.75

2.6.1.2 {581 (Median)

ar =2 =

: y 1 H L o T
i5ug1 vnedls Mnnawedoyayady vismiiogludumisisnans

Z A

vasdoynyaii e lddatesmvestoyanindesfiga lnunafiganse 1insunniigaly

] 1

4 1 =g

t =~ w = = { 4 A
wianfesiige Misnanezdludunufiveashiidoyaniinadwaziesniilag s50%
3 o :%.J

msvmiseguvestayai liuanuesanud annson lddail

1. Gesteyaniniteslannn visvinun lilvles
o

o ' o N+1 ; o
2. H’lﬂ'lLLﬁuﬂﬂlﬂﬂﬂJﬁﬂﬁ’mmﬂT Lﬁﬁ]N Lmummwﬁ’ﬂmmwm

Q

daeen doya 9, 10,5,11,14,6, 16,17, 13

Foaeyandaioehga limdeyahiinunniigads 5, 6,9, 10, 11, 13, 14, 16, 17
N+l _ 9+ _ ¢

2 2
* inegTuvesteyaiing 11

AWMU 55
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daeena d3ya 40, 35, 24, 28, 26, 29, 36, 31, 42, 20, 23, 32
Fadoyanndoyaniianiesiigalimdeyaiiianiniigade 20, 23, 24, 26, 28, 29,

31,32, 35,36,40,42

N+1 1241
WM seg Y i = T+= 6.5

uﬁﬂﬁmﬂg“lummm i 6.5 D5zH™a 20 fu 31

o " o 29431
WEYFIULNY =30

S UBEFIUING 30

2.6.1.3 §1utian (Mode)

&

= ' i ¥ !
TIuilon nnede Arvsanziuuiissumniiganie masuuuiinudge

[ v
fiaaludoyagaiiu

q L' Kl

f30ee {oya 3,2,4,5,6,4,8,4,7, 10

[ 1
doyafsinuuInfigaio 4 S gutioudio 4

a

daede Foyaursyaealigiuiion 2 A1 19U 10, 14, 12, 10, 11, 13, 12, 14, 12, 10

3 = %" a = & Y] 4 o & ar
‘U'E]ﬂJﬂ'ﬂ“]f'lﬂulﬂﬂ‘l’]q@lﬂﬂ 10 N 12 < TIHUYN AD 10 DY 12

a4

w1 3t 12t o Y or
d0e1d Yoyau a1 luliguiends laun

) Al ra ¥ oo 1
Gllﬂﬁaﬂllwlli’lﬂﬂ'ﬁ“h"lﬂulﬁﬂ U 8,9,10,11, 13, 15

ar

(¥ 4
2.6.2 ANYAULVBININFTNEVDIVONA
4
An¥isv0ININIzTIsv st oyanIuL Imih 3 tuy Al

1. ﬁﬂﬂm"ﬂ'liﬂi°’%'IEJﬂ.IFJ\3‘fl’ﬂﬂJﬁLlﬂUﬂ”liﬂi““ﬂ'lﬂLl‘]J‘UﬁlJll'lﬂi (Symmetric

Dlstnbutlon) Aundemvadin Trog1u vazgufioufiduiaiy nieghyaReInufoyand

ATNAGITR LerAaRaUT 2.1

Mean
Median
Mode

b o e e s o o as

wmﬂ»n T e
represents a perfectly -
symmelrical. dlsmbullon

Ui 2.1 msnsenevestoyauuumsnszUUANNIAT [20]
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2. AN¥AUZNITNIZIIGVOITOYAUULNITNTZ18NIINI9VI1  (Right-Skewed
N . . =4 .n v = ) - = o a
Distribution ¥ §® Positive Curve) mmaamﬂ;ﬂmm3:Jmmﬂﬂqﬂﬁmmmaﬂuu‘ﬁaim UaEgIu

Hguauday uaneadgilin 2.12

U 2.12 mInsznevesteyaununITnsERIRAEinIgY [20]

3. ANYMENITNIZIBUBINDYALUUNITNTZVIBANIN1EY  (Lefi-Skewed
e . . : o = = < as ' 1
Distribution ¥3® Negative Curve) §1uilonazlinmnhga sesasuuiiudsegiu uazaundo

wundinvzliniosige taadagii 2.13

Frequency

]
I
] X

NGB
31 2.13 msnsznrevesteyaununisnsziefininiede [20]

= s ¥

2.7 89N 1999 (Related Work)

)
s Ay o g/

Tuszeznamarwl ik ldigiausuusiuasuisnissaaisenud lgmiwenslu

1 P an 1 A o = a
seuunnlszurananuunguaEA0ITITA1e e lRszuulinsnsznensiiauuy
o Y ¥ ¥ o At 11 e ow A o Py
AugauazasIfuAINAsInITIDIgly meldniwanshliogadndina uazinedlumsiiu

UsEENTaumIimveszuuNsssIananuunguINs [21 151
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B. Mondal, K. Dasgupta 8% P. Dutta [21] ‘Iﬁﬁﬂ15ﬁ15’umuﬂ1ﬁuﬁ"lmﬂmuﬂ1ﬂﬁ'i‘Junn
Y030 INUAAAN (Stochastic Hill Climbing) M1 lunmssamsaunuvanaalussuums
Uszaarauuunguus

11il 2010 Y. Fang, F. Wang uag JI. Ge [22] Itauemisan1snenisiiauludlszuiana
mnguiva Tasdilsdsanudesmsvesdliaiifimsalfoundasnasanauasdiled
msnszenuuuaugaluanmuadenvesmstszuiamauuunguua iedldouuaz
armdesms lunsifiumiwennsinBinaufunniy

J. Hy, J. Gu, G. Sun 4a¢ T. Zhao [23] I8lauemssamstesmavnauiieldssuuiing
aszowuuvauaa Taoldimsilassadedu’ll (Tree Structure) I luduneusiis
WUEN3IY (Genetic Algorithm) tlolunisinsandansnaam Sailnsinsanddoyanon
wmhwesmsmauzanustagiufenouremshaudiemh fiisninadensiau
voakaszn edlinstouddymussmsdaanis hieugavesrzan

K. Li, G. Xu, G. Zhao, Y. Dong l1§ig D. Wang [24] [HUDTUABLTE LBACO Taomsth
aiy‘uﬂﬂuﬁ%mfhmmxﬁnﬁqﬂﬁ’aaszwmmﬁﬂim (Ant Colony Optimization) 1114 1UMI9A
msmatowieihldssuufaanumugalumsinuesasnasedihaluszm

D. Karaboga, B. Gorkemli, C. Ozturk 1i2% N. Karaboga [15] ﬁnyuﬁmﬁn%umauﬁ%mm
fnvdaieumazmnililszgnal9lumsudladymeie Suneustoraninuiafioudiy
yumms lumsmsfimingaufiqa ﬁxﬁammummﬂwqﬁﬂiiuiumimmmwmQaﬁa
uazdlunszuumsmnourianils fieglunguiifuurfnnannsBeutuunganssa
vosfausasiinshduneuizeranilnuiaiion dszynd 19 unisudlaTam s as
fummfimingau (Searching) n1sviwwilesdeya (Data Mining) iudu

T. Mizan [25] l&iaupmsdamsamsmauluszuumsdszuanauuungumanyy
WEY (ybrid  Cloud) Tttt uasu3iasesiauazsuneuislszinnas Tuy (Greedy
Algorithm) tieaanalumssansluszuulhlesaa

11l 2012 B. Bitam [1] 'I§ieuomathsuanu3399957q (Bees Life Algoritm: BLA) 'l1]
szgnd 19 lumsdamsamahaulumslssmananuundume Tao@ouuuunginssy
msfuiufuaznsfurunasemsvesia MevsaiudssAnsammadivanludas
niwnsvesszrumslszananauuungiua Tasjaniuieaanarlunisiauunzan

anuFudauluauiaueedssuy
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d s = ar =
luadteilidunsfnum3Farsauudnisinis lunstans1enisnaa lagee

3 = a

el a’l = 13 = roar o’ -] o
aeuifvunadninamsldtuaeuiioraniautiufiouarvgiunssadduaumansss

]
- o

@ o a Y oaw A - ¢ 4 = A
aan dwmiumdmenlumstassaulumsdilfinsesnouiunoiaiion vislunsdin
4 a ¢S M ¥ A w row
wnyssneNNIneTlpulamwiadsumelumieunuuazd1anuy Tuszuumstszaana
r ﬂg T = o 4 g o a’l e
wuungus Jyunilegnandegluuuvesiynivessudsell saunaninineuneuds
= g &~ 4 o Ll 1 o ar as Q
onaniaviuiion sweldlumsnidasudenan Tassrldanuddnsunaimsiaus
o o X o o m
(Makespan) 1JuA13 Il ss@NTA W
dyskhw Y oy @ ¥ 9 A ) 4 = |
Tuuniditeldiouedimsianssnulumsdildinsomenfiuneiiailon Tao
o't EJ‘c’:v ey =% 13 =% g @ o W = oa oa el A
Yszgnd lsuusouTsonanilaviuiisnnaugiumsiadauauuuiiaan 3 35 Ao
o' y = é’ v ar W @ A 1 ]
1. matlszgnd lsuseuTtoandauduiivaniugiunisdadinuauuunnuuneurh
AoU (ABC_FCFS)
Jq ¥ ¥ e oy, PONCR | o v o w o Ha
2. msdszgnaldiuneuisoranilaniuiionalugnumsdadidunuuuuianuii
& ¥ o '
VUIRRNNFAVININUNDY (ABC_SIF)

o 2 o ~ 3 T oo @ 6 A as e
3. mitdszynd lFauasuitondiasiuiiennugaunissadaunuuuudanund

e lnagadiiaunou (ABC_LIF)

o L)

3.1 mstlszgnal¥Tuneriteraninuilaiion (Artificial Bee Colony Algorithm)

- oo Y o % = = X o &g 9k o [ ar
Tuadteldduetuaeuiteraniauiufovaiszgnalslumsnisinen dmsy
o A gy 4 = ¢ A ¥ o Y k4
Jeymmstamsienuien ldaissnsuinaunedriou iz aunuaamuadou N9l
P a ¢ M oa [y A Y o w
asdliaTesneuiunesiglioulianmadounielumiounuuaza1eiu vuszuuNs
. o 2 Y
Usznanauuungua sazlumsiemrenuinezdssoguuiugiuvesmsnizateauiy
¥ f 8
sruuuuTaugatazanahiemsm iiesa [26, 27] Tasllvuneudse 11l
fMuuald VM = (VMy, VM, VM,, ..., VM3 Wi N fedmiuveunissnoufiunes
9 1 ]
wiounanuanilussvunas Task = {task,, tasky, tasks, .., tasky} 110 K A03119U909
2 Y o =] Iy Ay 1 o A
nuisrualuszoy alupumsdhaulussvudumsiaui ldeunsedatanienie

o 9 . Qs g’a ol a 53 9
UNTNNAAU 1A (Non-Preemptive Process) 3911103 UasuIEMstaa1nanulumsdld
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2 a g 4 Veu q w & s
wysIneuiImeTialion e lnimsnszneauluszuuiuuruga Taodssendldiuaeuss

a 3 o o i
UUANANALY LaAeagala 3.1

)

v

Initialize a popufation of n scout bees and
initializc the

fitness of VM

IL (Stopping critcrion
is not mct)

Evaluate the fitness of the population

Select m sites for n

cighborhood scarch

Y

{morc bees for

Recruit bees for sclected sites

the best ¢ sites)

h

Select the best fitness bees from cach patch

h 4

Neighborhood

Assign lask to VM

Calculate load balance

Cw )

71 31 Aaanueasmsiemnsuiedhldniesneufiuno fiaiiounayszuuiimg

dq W o P - S
ﬂigﬁ]-lﬂﬁ-luuﬂllﬁllﬂﬁ TﬂEl']_l53ﬂqﬂﬁclﬁlf"“uﬂﬂu?ﬁﬂ'lm'luﬂﬁp\[{llﬂﬂil



32

1
L

1. Muualsd13298 119 n &2 gezsiruammnz oy (Fimess) SudulBfuudas
A a & A
nseIneNRuA S NaY
o o 3 -3 ] o i ﬂld
MAUATIUIUNIE1529 (Scout Bees) $117U n 7 e 19 lum vM filla vz ey
uazmMuuamAanzay (Fimess) Suauldnuudaz vM arfiminzanawnsesiuinlden

aumsh (3.1)

Fitness; = pe_num; X pe_mips; + vm_bw; (3.1)

]
=~

11 Fitness (SNAHUDS VM d1dui j

o F itnessj

pe_num; = 91U Processor 11 VM §1@ 141 j
pe_mips; = Million Instructions Per Second U84 Processor 14 VM
AIAUN j
gy . 0w o .
vm_bw; = U NLUUATS (Bandwidth) 499 VM §1AU7 j

1 ; a . o T 4

2. aResd s ldds VM sagfananiionngay
v X . ° ™ ' [ A o o o
AHIT1529519u n @ wuudy hldluszuudieden vM imnzay uazmuiy

ATIMUE RN AIaNNITN (3.2)

i1 task_lengthy;

Fitness;; = (3.2)

Evaluate capacity of VM; (capacity))

i Fitness;; = ehfmangeuves VM deuitj mndadisaedaf i
| (Capacity of VM; with bee number of 1)
Yioitask length;; =  WOSINYDIVUIAUDI9TU (Task) ﬁ'ﬁwwﬂﬁﬁ'mﬂu
VM S8 §
capacity; - arwannsalun1sianues VM §ui jauen

A ldnnaunisi (3.3)

capacity; = pe_num; X pe_mips; + vm_bw; (3.3)
A [} o ar < .
We  pe_num; = 119U Processor 14 VM (A1 j
pe_mips; = Million Instructions Per Second 994 Processor 14 VM
0o o n=:. .
WIAUN j

vm_bw; = Buwauuudis (Bandwidth) Y94 VM §16U7 §
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3

A

A A1 e o 4
3. @an VM NNANKNSaNNang HADIUIU m AT

X 1 At . a s o o & 4
Nd!.lif’]@ (Onlooker Bee) %m@mmmmmimm Fitness ANFATIUIU M 67 H3 m

£ dd 4 £ dd
gniflensznmediu Select Bee uayRUif Seleot Bee Tilifoumn veBondluiuiingniden
(Neighborhood Search)

T A . ) A dd A
4. mmﬁnmumnwmum‘]uwu‘nmnmﬂﬂ

L1
¥ ]

0 & o Y ¥ A Ad P + A, ' oA °

MuualhuNAEART ILRURTgNEon daMIs NN e Nidan S1uau
5 1 ! or o r tﬂ’. s 1
HI71E19 nep A7 UAZANIUATMNIZAN AaaumIh (3.4)

Fit __ i, task_length; + InputFile_length 34
= Evaluate capacity of VM; j (Capaatyj) K

(§J9 InputFile_length = vy1avesnufinesnadileanu vM

oy o

5. man VM nanga

idon VM fifie fimess Aiftga 1 VM inzdsamy 1 ijertivhanly v figniden

6. Mnuany 1 9y weiihauly vM figaden

fae1u 1 9 e lu vM Agniden

7. ﬁm’;mﬁagmiﬂszmmmnw“lumju (Load Balance)

¥
MawINAMIANMs  task  IWdvhowly vM eglimsdunumszaunoualy
k4 - [
1991Uv84 VM nvna Tasf1uiaainaaandleuiuinasg1y (Standard Deviation: S.D.)

' ) ¥
Wodamszamunianualy vM munsednaldderumsii G5 3.7

D.= J%Z};U(Xj —X)? (3.5)

a5 IuAT I UYDLAaE VM -

task_length;
)(j 21_1 gin; (3.6)
Capa(.'lty}

_— . 2
AmaseaInTw lunsauss vM nanualuseu .

Li=1Xj

X = ” (3.7)
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&' n L} d'
e SD. = adudouuunngu
k1
N = SUIUIUTIMLA luszuY
X; - a5 UM sMONTewaa: VM 91son1uas 1a9n

aunsn (3.6)
1 b
X - aunasveans I lunsiauees vM navualuszuy

gunsomuan ldunaumsn (3.7)

&1 SD. veamszanves vM fiadesndmienitusmasudafie|dh sruuegly
annzauga uazlunenduiy &1 8.0, Sannnnnawndendisyfon svuueglusazaes

msvhaun hisuga
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nInNAadlazNan1INaAag

4 1 o’g =y g 4

nnund 3 Idnanddimalszgndiuneuitoraninuie ot 19l unmsud ludym

or ] d‘l [~ T 3’, d‘d‘. d‘
msvamIImIniauveussouaionlumslssuanaununguua nalunsiinnio

Y

wiouligamundeunmelumilounuuazediany luunilvzuaaesivazdealunsnaas
Ly 4 a o A o
anvauzvesyadeyaflFlunsnassulsz@niam uaeTBmsnaaen edunsnageu

8 [ ) 3
sgansamusuaouIsAsn lmiuaue' il Filiseazduasene 1

41 Yeyaildlumanaaovyszindam

o =l I = . = o w ¥ o
%ﬂﬂgﬂﬂi‘ﬂuﬂ'ﬁﬂﬂﬁEl‘]JL‘}Ju"‘U’e'JQﬂ‘I’IﬂJ‘{l’]ﬂm'i’qu‘Uliﬂﬁ‘ix Iﬂﬂgﬂﬁnﬂﬂﬂ’wﬂju']ﬂﬁ.lﬂﬂ'mw

M lumsnaovilssaniam lunmsnaaeusz@niamldlmsusayadayasenidlu 10 ya
foya uiazgaazlinissadiuauvessiuseniiiugan az 100,200, 300, 400, 500, 600 1A 700
UL udazgadeyarzivnavesras pluuunisnsenedeyauaastanined 4.1

iz gATRYaAIDI1AAIAINIAMLIA N

mail 4.1 gedoyaild lumsnaseutlsydniam

yadoya VAV (M) msnszaindeya

1 5000 - 20000 qudnTY
2 5000 — 20000 Juodse
3 5000 - 20000 qudasy
4 15000 - 35000 gudaIy
5 25000 - 45000 quonse
6 35000 - 55000 qudnsy
7 45000 - 65000 quanIy
8 5000 - 20000 Talnd
9 5000 - 20000 NiLTRY

10 5000 - 20000 widne

Hueyie: MI = Million Instruction
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¥ ]
Tuduusnvesmnaaeudssdntnweihnsdaitecdoyn dinsefi 42 Tasutams

o A 3|
tnizvedeyadiy 3 jluny fio

=

1. Saffvadeyanuddunsanideuesau (FCFS)

€

= 9 = g/ g A '
2. i]ﬂl‘iﬂ\?“l]f)uuﬂﬂ1ﬂilu1ﬂﬂﬂﬁﬁ'lu IﬂfJLﬁfN‘llﬂﬂu'ﬂi]']ﬂLﬂﬂﬂi:fﬂulﬂﬂ1°ll1J']ﬂclﬂﬂJ

o e o/

7
o~ 9 1l g A
3. daifvavoyamuvinavesny TasGastoyanlnahigalUvvmadni

d' ar ] Qr = gt
1131491 4.2 ﬁl"J’E]U'Ni‘l«lﬂﬁ‘l'lﬂﬁEN‘Uﬂlﬁla

FCFS SJF LJF
5163 5163 11965
7832 5322 11290
11290 7256 10897
10897 7832 9159
7256 9159 7832
11965 10897 7256
5322 11290 5322
915¢ 11965 5163

4.3 1930930 NI lHaddey

& -~ o = 1
iwspsnpuiunes A lFlumsnanoy Hguaniadail

49 (SIF)
49 (LIF)

Notebook : HP ProBock 6450b

Nuw1lszuIananal (CPU) : Intel® Core™ i5-450M Processor 2.40 GHz
VUWANUIHEN (RAM) : 8 GB DDR3

NUWANNTIH1509 (Hard Disk) 320 GB

seuulgians (0S) : Windows 7 Enterprise

Tlsunsuildlunmssraesssuumsilssuananuungusa ©  ClondSim-3.0.1
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- A a d M o~ o M s
4.4 NﬁfnTﬂﬂﬁﬂﬁﬂﬁmlﬂﬁi’]QﬂﬂqulﬂﬂﬂﬁuauNﬁﬂ]ﬂ!nﬂﬁ@'ﬂﬂ“ﬂulﬂﬂ@uﬂu

:’J ' =Y d b7
4.4.1 mssiamnsdiwesaninntenlumsnaase

3’, 1 = o o y = a o
mIdnmsmmesuuuiasudelsziivilsz@ninmansszuumalszutana
1 4 - 4 o ¥ 1o
HULNFuUE nIdATosnanRunesaleulanminadoumelumiousunanua uaasifg

15199 4.3

4 1 ~ o o 1 i = o
ﬂ'li'l\lﬁ 4.3 ﬂ']‘V\l'I5'11!Lﬂﬂ3‘UENLL’U‘Uﬁ!”l’é‘]ﬂﬁﬂ'l‘iﬂizﬂ'}’ﬁﬂﬁuﬂﬂﬂijllmm ﬂﬁ{ﬁ&ﬂ%ﬂ\‘lﬂﬂﬂwmﬂﬂi

) = Vv ) ar ?J
Lﬁm}unam‘wumawmﬂiummuﬂumﬂm

Type Parameter Value
Datacenter Number of Datacenter 10
Number of Host 5
Type of Manager Space_Shared, Time Shared
Number of PE per Host 4
MIPS of PE 2000
Host Memory (RAM) (MB) 10240
Datacenter Cost (The cost of using 10

processing in this resource)

Virtual Machine Total number of VM 30-210
(VM) MIPS of PE 2000
Number of PE per VM 1
VM Memory (RAM) (MB) 1024
Bandwidth 1000 Bit
Type of Manager Time Shared
Task Total number of Task 100 - 700
Length of Task (MTI) 5000 - 20000
Number of PE per requirement 1
Type of Manager Space Shared

HNEA: PE = Processing Element, MIPS = Million Instructions Per Second,

MB = Megabyte, MI = Million Instruction



38

¥ T oy < o s o n§ =1
4.4,2 fﬂiﬂ\‘iﬂ1W151N!ﬂi’]§1umuﬂﬂu?ﬁ‘61m1uﬂﬂﬂd!ﬂﬂi~l

g =y o 1 A = .3 &5 1 oar 1
msmmwnmmaﬁlumuwawumaﬁ%mmmﬂummau Llﬁ'ﬂﬁﬂ']ﬂﬂﬁl'l‘iﬂ‘ﬁ 44

§ 1 = o g e = 5
M3 4.4 AsilmeivesuneuIFeaniiauiadion (Homogenous)

Symbol Parameter Value
n Number of scout bees 2000
m Number of sites selected out of n visited sites 5
e Number of best site out of m selected sites 1
nep Number of bees recruited for best ¢ sites 1600
nsp Number of bees recruited for other (m-e) selected sites 400

4.4.3 samsnageviszanininnsamaaevanyasalumsnnuBaumsusy

o n‘ld 4:;
Sununamsnlamsnlag

- =] ar i oy 4
nsdseiinlszansamiumssanstsauluasesnouiiunesiailon Tagld
?/ S = é’ t g o o - =)
TuneuitoMIlANHUNNAIUYNUNSIASINLOULDUEITaAN (ABC_FCES, ABC SIF
uag ABC_LJF) inmsufFeuneusunisdasauauiungiadnfiesedadsn (FCFS, SIF
o o A ~ o o o 2 ~ 1 o A ]
4az LIF) H1YUATIMINIATOIR0URBADT R AADS @l oulia 1N 50 1A509 LazuUin1g
o) =]
nagovvenu 10 nsal Ao

4.4.31 wanmsnageulssanEa I eyaveyaiimanlamunlag
NITNATDUANNEINTE IMTTuaRsuMe iU uINYes U RIS
P Ao E = 4 2 T P 9 9 = 1
wWasunlas e wuasesnauiun oo ulaind lumsnaassesldyadoyahueasn
#9n15199 4.5 wevhnsuFeuRounnuansa lumsiinuessnissanisianisynau lag

g’ = 3 = ¥ ar 22 o o ) -
1"]?‘1]Hﬁﬂua%ﬂ'lﬂl']uﬂwN\ﬂﬁ’lE!?Jﬂ'JﬂJﬂﬂ‘]Jﬂ’!‘iﬁ]ﬂﬁ'lﬂl]ﬂuu'UUﬂ?if‘l’ﬂﬂ

M1af 4.5 yadoyaild lumsnageuilssdniamusansain 4.4.3.1

ar

yavoya VHAVBINY (MI) MInszaIadeya
1 5000 - 20000 quddse
2 5000 - 20000 qudase
3 5000 - 20000 qudsy

Hinenea: MI = Million Instruction
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Nﬁﬂﬁ‘ﬂﬂﬁ"E)‘Uﬂ’NiJﬁ']ﬂJ']iﬂiuﬂ']iﬁ"lﬂuﬁﬁiﬂﬂl‘ﬁﬁlﬂﬁﬂﬁ'luﬁuﬂ?ﬂllﬁ"‘h’ﬂ

doya ail#lumsnareuimanldountas nsdindesneuiiunefiadiouanmunadounoly

mioufuiimue Taounu Y uaaanaiaus e (Average Processing Time) U9933 U1

uazun X uaaaduuanulussuy udasnagii 4.1 - 4.3

HMFNOH Q)

1

ﬂ?lﬂﬁﬂ‘ﬂﬂ\‘l!']ﬁ1i'33\l

120

100

80

60

40

20

——FCES
—8—LJF
—a&—SIF
- < - ABC FCFS
—%— ABC_LJF
—e— ABC SIF

T T T T T

100 200 300 400 500 600
Smanvesnuluszuy

ﬂﬁ 4.1 nmmammmnaﬂmawamﬂmﬂ 1 mmmuﬂ?mmmmu (Homogenous)
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Type Parameter Value
Virtual Machine | Total number of VM 30-180
(VM) MIPS of PE 2000
Number of PE per VM 1
VM Memory (RAM) (MB) 1024
Bandwidth 1000 Bit
Type of Manager Time shared

HIBHA: PE = Processing Element, MIPS = Million Instructions Per Second,

MB = Megabyte
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Type Parameter Value
Datacenter Number of Datacenter 10
Number of Host 5
Type of Manager Space_Shared, Time Shared
Number of PE per Host 4
MIPS of PE 2000
Host Memory (RAM) (MB) 10240
Datacenter Cost 10
Virtual Machine Total number of VM 20-120
(VM) MIPS of PE 1000 - 2000
Number of PE per VM 1-6
VM Memory (RAM) (MB) 512 -2048
Bandwidth 1000 - 2000 Bit
Type of Manager Time Shared
Task Total number of Task 100 - 700
Length of Task (MI) 5000 - 20000
Number of PE per requirement 1
Type of Manager Space Shared

HNENE: PE = Processing Element, MIPS = Million Instructions Per Second,

MB = Megabyte, MI = Million Instruction
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Symbol Parameter Value
n Number of scout bees 2000
m Number of sites selected out of n visited sites 5
e Number of best site out of m selected sites 1
nep Number of bees recruited for best e sites 1600
nsp Number of bees recruited for other (m-e) selected sites 400
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Virtual Machine Scheduling Management on
Cloud Computing Using Artificial Bee Colony

B. Kruekaew and W, Kimpan

Abstraci—Resource scheduling management design on
Cloud computing is an important problem, $cheduling model,
cost, quality of service, time, and conditions of the request for
access to services are factors to be focused, A good task
scheduler should adapt its scheduling strategy to the changing
environment and lead balancing Clond task scheduling policy.
Therefore, in this paper, Artificial Bee Colony (ABC) is applied
to optimize the scheduling of Virtual Machine (VM) on Cloud
computing, The main contribution of work is to analyze the
difference of VM load balancing algorithm and to reduce the
makespan of data processing time. The scheduling strategy was
simulated wusing CloudSim tools. Experimental results
indicated that the combination of the proposed ABC algorithm,
scheduling based on the size of tasks, and the Longest Job First
(LJF) scheduling algorithm performed a good performance
scheduling strategy in changing environment and balancing
work load which can reduce the makespan of data processing
time,

Index Terms—Artificial Bee Colony, Cloud Computing,
Scheduling Management, Virtualization Machine

I. INTRODUCTION

ECENTLY, internet communication has become one of

the most important factors in daily life activities.
Consequently, internet is the center of data sharing. Due to
the large amount of increasing users, the data is often
changed or modified. This causes the heavy task scheduling
for computers while less services can be processed to serve
numerous users. However, this problem can be solved by
using new technology of Cloud computing which focuses on
networking and computing, storage, and data service
resources.

Cloud computing is an emerging concept of information
technology service. It consists of both infrastructure as well
as the application services and focuses on types of users’
requirements. The users can identify their needs through the
software in Cloud.

Cloud computing [1], [2] is a terminology used in
describing various computing concepts that involve a large
number of computers connected through a real-time
communication network such as the internet. Cloud
computing is the result of evolution and adoption of existing
technologies and paradigms. Its goal is to allow the users to

Manuscript received November 21, 2013; revised December 3, 2013.

B. Kruekaew is with the Department of Computer Science, Faculty of
Science, King Mongkut’s Institute of Technology Ladkrabang (KMITL),
Chalongkrung Rd,, Ladkrabang, Bangkok, 10520, Thailand (e-mail:
$3650853@kmitl.ac.th).

W. Kimpan is with the Department of Computer Science, Faculty of
Science, King Mongkut’s Institute of Technology Ladkrabang (KMITL),
Chalongktung Rd, Ladkrabang, Bangkok, 10520, Thailand (e-mail:
knwarang@kmitl.ac.th).

ISBN: 978-988-19252-5-1
TSYN- 20780052 (Printir TOQN: 207200546 fOmlinay

take advantages from these technologies without the
requirements of deep knowledge or expertise. The Cloud
aims to reduce costs and to provide the ease of resource
management. Virtualization is the principle technology for
Cloud computing. It provides the agility in operations, and
reduces cost by increasing infrastructure utilization. On the
other hand, Cloud computing automates the process through
which the users can utilize resources on-demand,

Virtualization [3], [4] is critical to Cloud computing
because it delivers services by providing a platform for
optimizing complex Information Technology resources in a
scalable manner. The main aim of the virtualization is an
ability to run the multiple VMs on a single machine by
sharing all the resources that belong to the hardware.

The problem of load balancing services occurs when the
services from the users make a request to access to the same
server while other servers have no request from the services,
This phenomenon is called distributed load imbalance
system. In this situation, it can be solved by scheduling the
tasks or the services before using the system. Therefore, a
good task scheduler can increase the performance of
resource utilization and can reduce the makespan of
assigned tasks which is called distributed load balance
system.

Task scheduling in distribution system such as Cloud is
used for balancing work load. It requires some conditions
for example, stability of the system, makespan of work,
ability to adapt to the environment changing, and etc. Those
conditions in task management are similar to the behaviors
of Artificial Bee Colony algorithm (ABC algorithm). ABC
is inspired by the behavior of a honey bee colony in nectar
collection. Bee colony based on the social behavior has the
ability to adapt to the environment changing.

The suggestion for enhancing the performance of cloud
task scheduling is to reduce the makespan of a given task set
and increate performance of resource utilization by using
improved ABC algorithm. It can be used to solve the
problem and the appropriate value can be found. Moreover,
it has the ability to adapt to the environment changing [5]-
7.

The structure of this paper is organized as follows: the
section II presents an overview of the related work. The
Artificial Bee Colony is presented in section IIL. Section IV
presents Artificial Bee Colony inspired scheduling and load
balancing algorithm. Section V is the experimental results
and discussion. Finally the conclusion and future work are
presented in section VI,
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II. RELATED WORK

Scheduling and load balancing techniques are crucial for
implementing the efficient parallel and distributed
applications in making the appropriate use of parallel and
distributed system. Task scheduling can increase the
efficiency of Cloud computing if it is able to work under the
reasonable resources [4], [8], [9].

Li ef al. [10] proposed the tree structure method in order
to solve Job-Shop Scheduling in supporting the needs of a
complex and flexibility to Job-Shop Scheduling problem. It
also appropriately managed the specific features of model
management and scheduling algorithm by using Reusable
Scheme and Multi-Agent system. Later, Fang er al. [11]
presented task scheduling in Cloud computing considering
the requirements of the users and load balance in Cloud
environment when the users increase and change the
environment. The scheduling strategy was simulated by
using CloudSim toolkit package.

Calheiros et al. [12], [13] developed the CloudSim
simulation for modeling and simulation of virtualized
Cloud-based datacenter environments, including dedicated
management interface for VMs, memory, storage, and
bandwidth. Simulation-based approaches can evaluate
Cloud computing system and application behaviors offering
significant benefits.

Mondal et al. [14] proposed troubleshoot of load balance
in Cloud computing using Stochastic Hill Climbing. In
2011, Hsu et al. [9] presented a focus on energy efficiency
in datacenter by considering the task scheduling to physical
server and reducing energy in the system. The criterion used
to measure the performance of an energy loss was to prepare
computer exceeds the requirement of the job. Experiment
strategies for allocating server to a sequence of jobs were a
largest machine first heuristic, a best fit method, and a
mixed method. The experiment results indicated that all
three algorithms waste less energy consumption in over-
provision.

In 2010, Hu et al. [15] introduced the scheduling strategy
on load balancing of VM resource in Cloud computing
environment by adopting a tree structure using Genetic
algorithm for scheduling. It considered previous data and the
current state of work in advance to the performance
behavior of the system which can solve the problem of load
imbalance in Cloud computing.

In 2012, Wei et al. [16] presented Genetic algorithm for
scheduling in Cloud computing to increase the system
performance. Li ef al. [17] proposed a Load Balancing Ant
Colony Optimization (LBACQO) Algorithm. ACO was use to
schedule on load balancing and reduce makespan in Cloud.

Karaboga e al., in 2012 [7], presented ABC algorithm
which was used to solve the problem and find the most
appropriate value within environment changing. ABC
algorithm based on the swarm-based optimization algorithm
and it is used to solve the optimization problems in
searching, electrical engineering, data mining, and etc. In
the same year, Bitam et al. [18] proposed Bee Life
algorithm which was used for scheduling in Cloud
computing. Bee Life algorithm is inspired by the behavior
and reproduction of bee to find food source. The algorithm
evaluated the performance of the resources and it has the
aim to reduce time and complexity of work.
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ISSN- 2078-0958 (Print): ISSN- 2072-0066 (Onlinea)

Mizan et al. [19] presented job scheduling in Hybrid
cloud by modifying Bee Life algorithm and Greedy
algorithm to achieve an affirmative response from the end
users and utilize the resources.

III. ARTIFICIAL BEE COLONY ALGORITHM

Artificial Bee Colony (ABC) algorithm was proposed by
Karaboga [5], [6], [20], [21]. It is the method to find the
appropriate value. This method is inspired by the foraging
behavior of honey bees. In ABC model, there are three kinds
of honey bee to search food sources, which include scout
bees search for food source randomly, employed bees search
around the food source and share food information to the
onlooker bees, and onlooker bees calculate the fitness and
select the best food source. In the nature, bees can extend
themselves over long distances in multiple directions. After
scout bees find the food source and return to the hive, they
compare the quality of food source and go to the dance floor
to perform a dance known as “waggle dance”. The waggle
dance is the communication of bees to shares the
information about direction of the food source, distance
from the hive, and the nectar amount of the food source.
While sharing information, bees evaluate the nectar quality
and energy waste. After sharing information on the dance
floor, onlooker bees select the best food source and then
scout bees will return to the food source to bring nectar back
to the hive. A pseudo code of ABC algorithm is described in
Fig. 1.

Begin
Initialize the population of the scout bees, generate
randomly scout bees into the food sources and caleulate the
fitness values.
Repeat
# Each the employed bees search around the food
sources and update the new fitness, if the new
fitness is better than the old values.
¢ Select employed bees and recruit onlocker bees to
search around the food sources and caleulate on their
fitness values.
¢ Choose the onlooker bees with have the best fitness
value.
o Send scout bees into the food sources to discover
new food sources.
Until (Stopping criterion is not met)
End

Fig. 1. Basic of ABC algorithm.

IV. ARTIFICIAL BEE COLONY INSPIRED SCHEDULING AND
LoAD BALANCING ALGORITHM

Cloud computing provides a dynamic resource pool of
VM according to different requirements from the users or
the system. The routing of services which request to the
diverse servers, depend on the Cloud management policies
based on load of individual server. Scheduling management
on Cloud computing is different degrees of loads on each
and every VM. This may lead to different load among the
VMs. Load balancing techniques are effective in reducing
the makespan and response time.
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Let VM = {(VM,VM,, VM, ...,VMy} is a set of N virtual
machines and Task = {task,, task,, task, ..., task,} is a
set of K task to be scheduled and processed in VM. All the
machines are unrelated but are paralleled. Scheduling is
non-preemptive which means that the processing of the
tasks on VMSs cannot be interrupted. The flowchart of the
VM scheduling and load balancing using ABC algorithm is

shown in Fig. 2.
C Slant )
v

Inilialize a population of n scout bees

ONTIL (Stopping criteriof
not meet)

Evaluate the fitness of the population

Sclect m sites for neighborhood scarch

|

| |
| |
| |
[ . s |
.- Recruit bees for selected sites !
(S {more bees for the best ¢ sites) l
K !
| |
| = Select the best fitness bees from each patch :
I

| v !
|

| Assign task to VM I
|

. Y- . W . o QL 0 P10 |

Caleulate load balance

$
=D

Fig. 2. Flowchart of the VM scheduling and load balancing using ABC
algorithm.

A, Initialize Population

At the beginning, the initial n scout bees are placed
randomly in VMs on Cloud computing and n is the number
of scout bees.

B, Evaluate the Fitness of the Population
Fitness is calculated based on (1).

T, task_length;;
Evaluate capacity of VM; (capacity;)

fit; = )]
Where fit;; is the fitness of the bees population of i in
VM; or capacity of VM; with bee number of i. task_length
is the length of the task that has been submitted in VM; and
capacity; is the capacity of VM; calculating based on (2).
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capacity; = pe_num; X pe_mipsj + vm_bw; (2)

Where capacity; is a capacity of VM, pe_num;
(processing element) is the number processor in VM;,
pe_mips; is million instructions per second of ecach
processor in VM;, and vm_bw; is the network bandwidth
ability of VM;.

C. Select m Sites for Neighborhood Search

Scout bees with the highest fitness are chosen as
“Selected Bee” and the sites visiting by them are chosen
from neighborhood of m Vs,

D.  Recruit Bees for Selected Site

Send more bees to neighborhood of the best ¢ VM, then
evaluate the fitness based on (3).

, *  task_tength; + InputFile_length
fity = Zitg _tength; + Inp g 3)

Evaluate capacity of VM; (capacity;)

Where InputFile_length is the length of the task before
execution.

E. Select the Best Fitness Bees from Each Patch and
Assign Task to VM,

For each round, the bee with the best fitness will be
chosen to assign task in VM;.

F. Calculate Load Balance

After submitting tasks to the under loaded VM;, the
current workload of all available VMs can be calculated by
using the information that received from the datacenter.
Thus, Standard Deviation (S.D.) is calculated in order to
measure the deviations of load on VMs, Standard deviation
of load can be defined as (4):

1 —
S.D.= J;):};O(Xj - X)* 4)
Processing time of a VM:

_ Eﬁ‘m task_length;

Xj capacity; (5)
Mean of processing time of all VMs:
— nX;
%= 2=k (6)

n

Where S.D. is Standard deviation of load, n is number of
all VM. X; is processing time of VM; which can be
calculated based on (5) and X is mean processing time of
N virtual machines which can be calculated based on (6).

If the S.D. of the loaded VM is less than or equal to the
mean, then the system is in a balance state. On the other
hand, if the S.D. is higher than the mean, then the system is
in an imbalance state.
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V. EXPERIMENTAL RESULTS

A, Implementation Environment

According to the algorithm described above, the
simulation using CloudSim-3.0.1 Tools will be addressed.
The experiments consist of 10 datacenters and 100-700 tasks
under the simulation platform. The parameters setting on the
ClondSim-3.0.1 is shown in Table I.

TABLEI
PARAMETERS SETTING OF CLOUD SIMULATOR
Type Parameter Value
Datacenter Number of Datacenter 10
Number of Host ]
Type of Manager Space_shared,
Time_shared
Number of PE per Host 2-4
Bandwidth 2000
Host Memory (MB?) 2048 - 10240
Datacenter Cost (The cost of using 10
processing in this resource)
Virtual Total number of VMs 30-210
%ﬁ;i“e MIPS® of PE® 1000 - 2000
Number of PE per VM 1
VM Memory (MB) 512-2048
Bandwidth (Bit) 1000
Type of Manager Time_shared
Task Total number of Tasks 100 - 700
Length of Task (MI%) 5000 - 20000
Number of PE per requirement 1
Type of Manager Space_shared
"MB = Megabyte, "PE = Processing Element, “MIPS (Million

Instructions Per Second) is a measure of the processing speed of the
computer, MI%is Million Instruction.
B. Parameters Setting of ABC Algorithm

The parameters setting of improved ABC algorithm is
shown in Table IL

TABLE II

PARAMETERS SETTING OF IMPROVED ABC ALGORITHM
Symbol Parameter Value
n Number of scout bees 1000
m Nurber of sites selected out of n 5

visited site }

¢ Number of best site out of m select site 1
nep Number of bees recruited for beste site 800
nsp Number of bees recruited for other 200

(m-e) selected sites

C. Experimental Results

The evaluation of the performance of the proposed
method can be described and compared with the scheduling
algorithm as the followings:

- First Come First Serve (FCFS) is considering the

sequence of arrival of the job.

- Shortest Job First (SJF) is considering the size of the

job by selecting the shortest job first,

- Longest Job First (LJF) is considering the size of the

job by selecting the longest job first,
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There are two experiments; the first experiment is the
comparison of the average makespan with the number of
requests changing, the second phase is the comparison of the
average makespan with the number of VMs changing.

In the first experiment, the comparison of the average
makespan with the number of requests changing from the
different scheduling algorithm is performed. The number of
VMs is fixed as 50 VMs and the number of requests
gradually increased between 100 — 700 tasks. The x axis
shows the effect on performance of increased requests as
shown in Fig, 3.

o B P

200 4
E350-
Emo-
2
E
&

m.

0 T .

100 200 300 400 500 &0 o
Number of Submitted Tzsks

Fig. 3. Comparison of average makespan among FCFS, LJF, SIF,

ABC _FCFS, ABC LJF, and ABC_SJF algorithm based on the fixed
Number of VMs and the increased number of the requests.

Fig. 3 shows the average makespan of the scheduling
using improved ABC algorithm with FCFS, LJF, and SJF
(ABC_FCFS, ABC_LJF, and ABC_SJF), comparing with
the original scheduling (FCFS, LIF, and SIF) which was
based on 50 fixed VMs and the number of increasing
requests. The experimental results indicated that, while the
number of requests was increasing, the average makespan
consequently increased. It can be concluded that ABC_LJF
performed the effective results in the optimal scheduling on
the loaded system.

In the second experiment, the comparison of the average
makespan with the number of VMs changing from the
different scheduling algorithm is performed. The number of
tasks was fixed as 500 tasks and gradually increased the
number of VMs from 30 to 210 VMs, The x axis shows the
effect on performance in increasing the system size (VMs).

Fig. 4 shows the average makespan of the scheduling
using ABC_FCFS, ABC LJF, and ABC SJF comparing
with FCFS, LJF, and SJF which was based on the fixed
number of tasks and the number of increasing VMs. It can
be concluded that ABC LJF performed better than all
methods and its performance is more prominent in
scalability.
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Fig. 4. Comparison of average makespan between FCFS, LJF, SJF,
ABC_FCFS, ABC_LJF, and ABC_SJF algorithm based on the fixed
number of the requests and the increased number of VMs,

VI. CONCLUSION AND FUTURE WORK

This paper presents ABC optimization algorithm which
can solve the Virtual machine scheduling management
under the environmental changing of the number of VMs
and requests on Cloud computing. Even in changing
environment, Cloud computing needs to be operated in a
stable system. Therefore, ABC algorithm is suitable for
Cloud computing environment because the algorithm is able
to effectively utilize the increased system resources and
reduce makespan. The experimental results illustrated that
the proposed methods of ABC LIJF performed effective
results than all methods and its performance is more
prominent in scalability, Under the circumstance of
increasing or decreasing the number of servers, the load
balancing algorithm should be done by using ABC LJF
algorithm in order to maintain system  stability and
scheduling and to prevent the system crash, For further
studies, the preemptive Virtual machine scheduler operating
with independent and heterogeneous tasks on Cloud
computing will be focused.
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Abstract

Virtual Machine is a key component of Cloud
computing Technology. Therefore, the developing an
optimal scheduling mechanism for balancing Virtual
Machines operations at Cloud computing framework is
an Intriguing issue for Cloud computing services

performance. This paper proposed Artificial Bee Colony

700

(ABC) algorithm and Heuristic scheduling algorithms
which are applied to optimize the scheduling tasks for
Virtual Machines on homogeneous and heterogeneous
environment platforms on Cloud computing. The main
contribution of this work is to analyze the difference of
The

experimental vesults demonstrated the comparison of

Virtual Machines load balancing algorithms.

many algorithms fto find the suitable one for task
scheduling on Virtual Machines and to reduce the
makespan of data processing time. The scheduling
strategy was simulated by using CloudSim tool.
Keyword: Cloud Computing, Load Balance, Scheduling,
Artificial Bee Colony Algorithm, Heuristics.
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