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Virtual Machine Placement Algorithm Based on Peak Workload Characteristics

XU Si-Yao!, LIN Wei-Wei!, James Z. WANG?>

'(School of Computer Science & Engineering, South China University of Technology, Guangzhou 510006, China)
2(Sc:hool of Computing, Clemson University, Box 340974, Clemson, SC 29634-0974, USA)

Abstract: This paper proposes a novel method to allocate virtual machines by statistical resource multiplexing based on the
characteristics of virtual machine’s peak workloads. In a cloud environment, if the peak workloads of multiple virtual machines overlap,
the resource utilization of the cloud system can be significantly low when all these virtual machines enter the non-peak workload phases.
If the overlap of workload peaks among virtual machines can be avoided, resource utilization will not fluctuate so much (heavily loaded
during peak period and largely idle during non-peak period). Since the workload of an application usually follows a cyclic pattern,
historical data can be analyzed to predict future workload. This paper models the workload characteristics of virtual machines through
monitoring their peak workloads. A similarity matrix of VM’s workloads is used to allocate virtual machines so that their workload peaks
will not overlap. The performance study using CloudSim demonstrates that the proposed virtual machine allocation algorithm improves
the CPU utilization by 8.9% to 12.4% under different workloads compared to the random allocation algorithm. The number of hosts

needed by the algorithm is also reduced by 8.2% to 11.0% under the same workload requirements.

« HETH: FRARRFRAE(61402183); | RARHEHHI(2016A010101007, 2016B090918021, 2014B010117001, 2014A01010
3022,2014A010103008, 2013B010202001); /1 & 71 %1 55 H (201607010048, 201604010040); H 4 =4S RHIF L 45 % (201522003 8)
Foundation item: National Natural Science Foundation of China (61402183); Guangdong Provincial Science and Technology
Projects (2016A010101007, 2016B090918021, 2014B010117001, 2014A010103022, 2014A010103008, 2013B010202001); Guangzhou
Civic Science and Technology Project (201607010048); Fundamental Research Funds for the Central Universities, SCUT (2015ZZ0038)
W R I T): 2014-12-01; & BHF1A): 2015-04-09; SR I ] 2015-09-16

© TEBREEEEIEDT  htp/ www. jos. org. cn



BB R AT R SERIE R MK E F ik 1877

Key words: peak characteristics, similarity, resource multiplying, placement of virtual machine, cloud computing

2oV SR R TR 46 52 F SR I B A T R SO B AR 52 I 2 U S PR 1) T T Bl 0 R Ak
AR, 2 Bl oA R AU LG 2 ) BEL B 50t (1) 5 2, AP BRAL A 0 7R R FULAL, AR SUUMIL A e 7R 288 P I 55
D SO SR R RE T LIRS R AT T BT (K BIR 55 4% R 2 B o il T 3R OR . R
P9, 25 2 T XL IS5 DR AR B L MR 55 JoT A 22 U5 I AR SR SN 58 Y AH O, = B L BLAE
T A AR L A S e RE MBS Tl AL W 2 W - T T A 2 s b P B 50R P 305 3t AN v P 3 A 10% 48
AT LR 45 25 AE 8K —343 INF 1A) P A 238 RAR 25 B AR 55 28 b 78 RIR A A 2005 SR 86 AT E 60%6 1) 2 FE 1),
FLRIF, P8 23 1) 2 i m o B8 B 8 C R B K 22 2 A 110, 8¢ o 3 e P A e 1 R 5 48 A i R 0. SRR
[S]% 7%, IBM H0H0 et 1 1 45 4% (0 2 AR F 30 ANHE 11%~50% 2 18] 75 5 3K 1 9K 5l 8000 rhoc 1 i UL 2 i S
FIAE 0, AU LR £ B 305 JSEJ0I SR 158 ) 2% 6 A AT XA R UL G AR 10 2= S50 v, R UL L 1 i R 93
23 B P L P B 78 SR T 8 AR A B A 1 BRI R 23 C U5 AT AT 2 T BURSAL LB IR B ol B A AL 1
i 0, 138 e N L PR 20 2 5% U0 46 1) T DU 2 A 9 Sk e B A 3 o5 L ) R A 0 D8 ) R A L et
IT BERM AL 5 PR, SR BRI A R AR 55 J A, L IR I BRI A 55 5 o, A 224 il e ot o503 AR e 1)
L i) A BRI B YR S0 BE 75 S AN O RE I A AN TR P FRD A8 SR 3 R AR R P2 i v B USRI P 4 T e B 5
TSN B 2 vk 5 AR S8R P REAR R 2 iy R AUVBL B 50 52 SR 119 D18 55 DR 1) IAL b, 25 PR3 1) 8 M 58
PR AU BT E SRS ) RS 2 T = v SR P AR B R AN & KL 2B AT 2 R,
BRI LA [ Y A2 2 A8 2o v S5 58 U SRR R OUL W U5 S DA T T EAT T AN A RIS AR T, A I H ALAE
T30 2 VST AR DRI O i i b R, 7 2 B e () KL 0 T A3 8K 5 AR R 11 ) R AT
1) MERIHLGEUR 7 B0 -5 1 LR BE S BLIRT [0 N 1 B2 B G — B Internet W (K 75 ) $7 252 B I 1) 22 44
171 A2 A FRD, S KR4 17 P A7 B8R, &5 R UL L B 058 0 e A R AT RE S WL B2 05 00 22 H A LA, 3 i e
ARG R A R T3

2) o T IBLN Y A AR SR RE AU P 1) A 52 A DY B AR SN T S EE R G R AL
WL B LWL 1] PR 25 B i S (NP X 0 0 ), L B0 AT %5 B8 R OUATL AR F5L 0 2 DS B R T AR L I
X IS P AR 075 1) (47 B ) 5 8 SRARE 2 LA B R AL P 0 0 i LG P O 3R 55 PR 3

3)  JEABULR SNG4 T 2R AT R ANLIT R8s T 90 3 22 5% i o R e s, Ll n CPUL A7 il
5 S8 (KR Y A2 DA K BEFE, B R 5 5 B B L S BHR /O (KI5 T8 Bt R 2% 18 R UM LA B AT IR A
SNA AT RE S P LR G 5 184 U5 T A 38, 7 0 KR AULIT RS B I BIL . 0 5 I 31, A DR A ) A
BRI ) A RES fR R ASUE .

BLE 3 A fi A0 PR AR AR Ji DAL R UL 8 8 50 SR AR ik 9 0 2 WL B 0 8 01 AN DL P, i DA, 2% R R UL
PRU T RAFAE S AL 1R W Y50 25 A 3O QU I G 2 28 DAL 3R 1) R 0L B8 50 A LR 5 ZEE T S ok 1) —
ANFER A ) 7.

b0 2 B T R REFRAHL B U5 T L ) R, 2 B A TAE SCRR (101317 48 17 3% 1 B I 52 1) R AU LB &5
UL 75 95, 4t K B 5 T T v AT LA P 2 A R OUATL 90 9 50 5 oK T A A1 B e b S B A BEUATL 9 st PR L Bt v
GRS P A0 GE U PR e 55 S5 . DAy 1 OXF R FOLAL B % 50 L A 3t 0B 5 U 2, s 40 08 R AU ML B8 90 97 2 1 LA
MR AT LLE AR A MR BB . ARG R, ok 4, XS R AE — e R L g g
JEAUL A7 B P EL A A ATt 2 i 3 4 R A3 AN B A DAL A R UL 1) 8 0 E b i 2 02 O T BRI oK
{1 i U R Y, 47 8 i Vg AN T B, gl R 2 1 0 1Y R T 3 i U, KR UL L S sy e 7 22 UL L 97 28 ) AR T 2
FRORFAIE. T DR PGB S o AT AR B AR A5 T S8 R AN B i S 3O S P ) o e v, 10 222 D) 1t ] A5 v 06 7
A5 A v e S A R T R AN 78 20 A B ) B () A P2 L S A O 0 R 7 8 BRI EL AN, AT B G
8 3 MR LI A 1 B, 2 AR SOORIE IR A

AT Sl G5 Hon REAUBL S BRR IR IO AN 78 40« ANHERS, B b SRR FOUL DR U 1) B2 P AR SR A T vl

© TEBREEEEIEDT  htp/ www. jos. org. cn



1878 Journal of Software #4F33k Vol.27, No.7, July 2016

T PG R0 DL LI 2 10 B S 9 5 48500 B 1 6 0L L0 A9 2, 5 DL LT 4
200 8 A ML 5 T 00 P 3.2 10 ) 0K LA ) 0 ] S 7 0 5 BB A A2
SH 5 ) DL 0 6 A0 KR 0 SR A B R s ] 50 b — A AL 1 B 6
oML S O VU W CPUL A7« 5 5 LI 6 1 5 A AT o 1 364 9 5 1 R
ARSCHE I CPU A BFERT B D S BIHLZ IR CPU SR 5K 3.1 /M S0 52 5 et 36 ] v B
P IR 15 6 B R 6 £ 90 0, 5 0L P 98 5045 5 68 T 46/ 0 0, R .06
B S 7 D DRI, 1R 355K UL 12 0 BKCRE . 500 A MR 0 5, S
A BN J SR SRR SR H1 T 6 5B 10 X
(1) LRS00 093 R L IR T T 0.5 10, BRANT U WA S0 e, 75 0
R i
(2 BRI (R LA A5 0 L 56 BB 9 51 £ L ISE VU6 0.2, Lo
SATBEA LSRRI T 0.2x1.520.3 10 0L B ML 5 4Rt 75 00 {7,

A T BB LA AL SR 0 A LR, A 3051 X R BAE 44 30,3502 SR 1 AR S AT L HE 24 SR 3
PS8 TR KR, A5 10 0 55 AL P00 b b 2 P S, 15 0
e L 5 S G 0 K LU 2 0 SE M H ORI FLIBAL €€ CloudSim _EHEFFBUSI0 JoE T S0
AT

A 1A AP AN SR, 0 A 4125 o SR VLI 25 VG0 S0 0 1y 415
L8 2 VLR T SRR RS L BLBC R SR I PEAT BV 50 3 154t 4R S B S0 5 S 4
59 4 T4 AR SO 4 LA BRI 35 (O ST B

1 HEXARIARK

2R B SR 2 UE B S I RASE S R B T i 11 DG BB AR 4 TR 2 Ut B B A PR, S B R A0 0 VR ) v
AR AT )2 A R R R DR M B v VR 0 R L 0, B T R A BRI 2 B 0 Y R R
12, R, T SR 2 R ST i AU L B T TR IT T T 2 .

TE KB FUMUIE A W B 1) 1) b, — M (B v 2 B0l O I BB m, B RUALECH n, ) 0 AN B RIALES S 2] m
AP ERH R A AL mxn, T LA 5 A R S L B0 10 70 1A 2B A ) 83X 2 — A~ NP e[ 4B Ak 1) /L IR e
B, AR 2 R — 88 3 e s a0 A7 SR A U481 Sk [ 1448 P 3 A% 5000, DA FRML AR H o IR 45 25 2 B i
(service level agreement). MEFUNLITHE RECH UL B bR AT SKAR DK A 5 1B Y LN I SR 4 i SOk 1510
CPU. PN A7 B U5 2 0 A58 E I  EAT Sl A, 25 18 R HRLML 14D TR 5 ) [0 RS 7 W i) P A BT 38, ST = B U 1) 49 . 3
FBR[ L6148 FH 43 4 3804 005, DA 43 KB DUNLAS AR 2510 D 29 R 4% 1 SR it e JIR 45 38 1 2 5 o) 30 SCHR [ L7048 HH T — b 2
THSCRE BV T I 25 4 AR 83 4 T v, ol T — UM IR T K 1 ) 4 SR AR TR SO B2 R S T, 5 BUR
WSC IO ok M SRR [ 18148t T — ol 2 T 38 A R0 T SR 83 AT AL B0 B 1% T TR A KR P LB IR R
A0 3 5 s, LA AR G 10 S ST 4 D DA A T 78 AR R & AR T T, SCRR[ 10048 H 77— 284 1) e UL %
A TE 7, e 0 T A B B G i R UL ) S 3 [ 1 = SR R Bl & Sl R G IR S AR Bk &
VB AUZE AR 1) 8, 32 T 38 T R0 3R SRR S vk SCHR (112 LT — Rl (10 45 2 P A i AL £ 4304 B A
SR FR) R A B 1 HEAT R AL S O SR ST fe. Sk A A R (1) AR T M T R 2 AR YR N A
FP A3 (2) 70 LS L 1 ) 2R 50 49 B S0 S 38 25 R W iZ O ESEIL T 13.7% )75 REFH 15.6% K QoS
R4 o 2 SCHR 1204 H T — ol 25 1 T A 7 80 TR0 1 R UL 4 500, TU S 280 56 ) 19 (] = 0 00 A8 250 R g
Fer i W R, f H CloudSim #EAT 07 ELASALL, 45 5L o, 52 e A7 80l /b 40 38R 45 45 1R 48 FH it L SR B2
BRI R 45 35 A BOE W) e 26, SCHR[13148 tH T — A6 B SN B PR T A5 200 A8 2R s i JOUATL I 7 s A7 48 s o3
h FEFAES S RO AL 23, FH IR 18] 5 200 6) £ 28 3dE A7 T00, 88 I vl 7 28R DG 28 000 Pl e 38 0 28 T M2k v 1 R FEL ML 7
PRTC AT, 18 380 B A T 5 PR 280 R AR R S LR 5 SR BT PR PR TRE X

© PEBEBPHIFST  hip:/www, jos. org. cn



BB R AT R SERIE R MK E F ik 1879

AE T b R AL ™ i 77 T, Amazon 2 H BTN N ) HERE B 2 B by B B Al 22— AR i i =
5% (elastic compute cloud, i EC2). Amazon Kt I 4 HI /= A (K B8 20 A 8 8,5 73 Il 5t W 3 W St 2 2
P AKHE B Ok 5 75 SR AR T R E 23R A8 Bl v I R SRR T A AL A5 T ) B8 R 2
B0 N IR 1) 28 G 4 8 0 P Bl o W U K B L R R T P A A A Amazon 1) 2 BEURR BEREA
G55 T AL S CRIT A7) M3 AR AN [+ PR WA 38 U P62 70 TC S )+ 306 A AN [ FH P 5 S (56 T 5 4 st 2 1 1) g4
BUIIRESE o A AF R L SR T S 8 P S R E) . SR i CR i ) S Sk L1220,
AR SR FTBLAR T BT, 7T LR 45 25 v S B U L H i 32 AR AR LUR LA [ i
(1) SRS B O i B0 P I P B 50K 8 SR 4 20 . o 1 2 0 O 1 ) B B AT A
K SRR SR IS L, T B BN 8] SR AN i, B 1 ) B B R P 1R A, BRI AR P A B
P SR A R B0 1, 2 s o K 4 BEATL At AN W7 386 0, 28 S0 RS L 28 47 K, 0 BEATL o A7 A£E 10 5% U5 R
J1RE 5 B B 0 B K IR 9

(2) KBRS H A4 1R RE S ATLIDE 5 U S8 S0 AT ISl () Jeg R VR, AT £ 45 755 18 5 BER ) 22 18, 38 TV 1
N EAT ORI LA et 22 1), 9 ELGH [R]— 0 BEAL A (1 5 288 1 25 e A 2D

() BUA IR R S ATLIER £ 1 3 5532 K P8 230 % 18 Hf i 18y RE FOUL B 0 oK, BEAT T 15 7% 18 22 1 R FULATL 14 W Ut
LM AR SCRR (1310 W 5 T REAT R AU MLIDR 5 ) 22, N R JBE b ek 17 R SUULIBR 35 1 2 R,
{ELREAUBILIBR 75 A0 =) B T 1 A TC X, e A1 2% 18 22 A REAUUMIL 2 8] B 8 5 SR T 4B

(4)  HATBIE T R ADUNLIBE 75 U8 2 S0 00 R FOUAL 11 S 8 B e A T S0 A5 B 1 8 A AT O R B S F b A 4
TR B 10 22 BT B I A A AN TR P 10 S N B SR R A 4 A B DN GBI TR A L e
SRR A DL B U5 Y T AN 08 1T S 4 AR T R AL 5 R

DAy W, A SN A AR R A () 200N 30 3 2 A B0 AT DR ST IR OUMILIER 5 2. A1) A5 B AN [ R AL
(1 570 28 e WA T A (7] FRY I ) BT 50 3 A 0 A O L 28 v Vg F R, 58 0 28 ey U £ R FOLHTLIBR 5 18 158 o A A
FHI A S T T 7 8 vy WA AR AL R REAOUATL T B B30 T Lk 22 4 R UL L B 2 e G = BRBIL B 50 R 2 oy B U5 .

2 ETHHEESIEMNERNEE R LRI

2.1 HWSIERME

FRATTEERIE TR AV 57310 i VR R 0, I 1 5 2 T v WA g S v W AR SC T T R S i U I vk

EX EESUESRFL). 715 R X R 44558 PO<P<1),47 t; I ZI 205 R H A8 X>P, 0 55 (6, X) FR 4
o DA P, 5 SR Sy A v Ve

R M, A AT e R R AL I S — BERST ) Y — LA 3 I P AR IR A XA AL AS A7 7E v 0 R
AR S, T AN B AL G 38— 1 LR, P AR SR A /N I A I FUL ML IR JIT AT 0 o e 5

EX 2(EE Sl L), EFA IR ] P, I TR %0k % 4508 — WAl (o> 1), 45 & I8 Z10 B8 05 R %
8 X> px, WU RT(2, X PR A v U i, 75 DUV Ay Al e e .

W pbb B K BRI 15 D px PEE KT 1L,IB A2 SEORA w0 2 A8 T o> 1,07 LA AR s i sT L R A7 7

XHL) P ORIl /N O SIS TR SE 3 25 45 ORI PN pfi 5 kB LA &5 (0 5 i B 2% y=P,
y=px HRKA o L2k,

DX o3 T U a5 A e AU TR T B LR A R AR I 47 8 5 ARAB A 2 e AT B e e i 5 B A A
A0 P S T vy 0 S SR P o ) 8 T 5, K AL 8 g T AR ST I N AR B AR AL T B 75 1 9 HL R 17 58 v U i
T FRATTRE v Vg Ik > 7 B K A L, 5 38 A v Ve A A B (R v AR LR I T B A K

D 2.0
}/_\/Z" uZXZZ" V_ZY2 (1)
i=10 8 L=y T

Horb XY, 93 R R =i N HEAUBL 4,B 15038, ) CPU ORI 50, 7R X AOBLEE v, AL A 1 52 SEAR X

© PEBEBPHIFST  hip:/www, jos. org. cn



1880 Journal of Software M3 3R Vol.27, No.7, July 2016

AN R A O T VR A IR T G 4 R A e R TR R O, WA v e i 1K) BB Dy (1-0). 0 T AR e U g
Y- 223 73 P s B (1-0), RILEAT AN AR iy 0 1, WIIX A ey e 15D’J+X$%BE—Q S T e e e, DU R A L g

X, —-P

W o3 Fi 2 1 22 /D J2 LA 9 I s AT Q, LU G e g 3 L6 g P v U 053 X R BT Dy Qm

JHO b S0
REBRATL T
o P S FOEAT I S L, I R AR LU0 BT ) 0=

X,-P

o 4 P RS /NEEX T A R AT R a5 U e R A RO T N e AT ABR AR N D
ZX,EH(X)(X’ -P)
1 O=1.
0 y=E Ay iV g3 Sk, sE SCH I A A 3 e e KA B B B YT w(X, P) R AR i KB H
E\= 1, x<E 9
e T @
N E AT LS
-p
Qxl
(X, -P)
=] 2 1 3
1_ -
( Q)Z_ w(X,,P)

1 A G AT LTS A AN AL, AN 23 501, ROV AT v S50 7 A R FOUATL 10 57 280 7 v U A AL
22 ERNBEEMERE

PRIV A O 2 B B R B 1) AU LA A B e B P R UL L 1Y g U AR ABLE (80 AT e /N BRI — A, 2 — A
EHUAREHHBCE UL, AR5 5 R R A EHL R SNLEPRZS AT B 0 R TRCE . Bk b A2 A, 2
NS AU AR BB B IR PR . AR, DI E SR

BAMER B A EHIIA TR —FE AHE CPU M. WA, A sE S5 BEUR, HIR T CPU,HAt Bt 2 7 2 11,
HER R E 1 PR,

Input: HostList, vimList, Workload Data Output:Allocation of VMs
calculate the peak similarity between VMs to get the similarity matrix V;
put all virtual machines in the unplaced set';
while there exist VMs unplaced;
foreach vm in unplaced set
calculate the V; of each v in the unplaced set, find the minimum one Vj;
remove the VM k from the unplaced set, add it to the temporary selection set’;
if the VM in the temporary selection set does not meet the SLA® then
| remove the VM k from the temporary selection set, add it to the incompatible set*;
0 all the VMs in unplaced set has conducted SLA check, then provision the VMs in the temporary selection
set together in a host physically;
11 put the VMs in the femporary selection set in the placed ser’, empty the temporary selection set;
12 put the VMs in the incompatible set in the unplaced set, empty the incompatible set,
13 return the allocation of VMs

— O 001NN A W~

Fig.1 Virtual machine placement algorithm based on peak workload characteristics
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Fig.2 Classification of VM sets Fig.3 Similarity matrix of VMs
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N A A R ) AL R R AU AT I
T Y N VmdllocationPolicy FY FER] Vm 1 &AL A,
public class VmAllocationPolicySimilarity extends VmAllocationPolicySimple {
public boolean allocateHostsForVmList(List ExtendedVm)vmlist) {
for (int i=0; i<numOfVms; i++) {
if (\searchVmforHost(vmlist,ymSimilarity,vmUsedSign,numOfHostUsed,selVmList)) {
IIsearchVmforHost() % —A> AT $RJ3CE 70 I v 1) k2 FUAL
List{ ExtendedVm)theVmlist=getHostList().get(numOfHostUsed).getVmList();
numOfHostUsed++;
selVmlList.clear();
i—;
TIAE R RE AR R A — A WL, 2 HBCE AL F (R B AS B o O 2 AT KB UL g A T
HEREENT

private boolean searchVmforHost(List{ ExtendedVm)yvmlist,
double vmSimilarity[][],int vmUsed|[|,int hostld,List( ExtendedVm)selVmList) {
/Ivmlist 275 BT A (B SUNLA AL
/IvmSimilarity 7~ MBI AR ABLSE B
IlvmUsed F75 HEFUNLIPIRAS,3 PR ATRCE . AMHE . DA,
/hostld F7= AL 1d.
/lselVmList 37— v Bl £ 10 RE UL
for (int i=0; i<numOfVms; i++) {
intidx=findMinVmSimilarity(vmSimilarity,ymUsedMark); /T3 ¥ B/NKI V;
if (idx!=-1) {
selVmlList.add(vmlist.get(idx));
if (allocateAHostForVmList(selVmList)) {
/KA selVmList "1 HEAUHL CPU FIF 22 75k H 100%
1A ) WO TRCE RE A BLIE b A, 28 g T I 3 70 A G
return true;
}else {
selVmlList.remove(selVmlList.size()—1);
1148 AN BT, WHE B I — AN TSR 1) R ULt i by AN AR 2 4K 2248
HZE LA EIIHL, B 2P A LAY R — 3, R R A s T A,
b
} else
break;
i

return false;
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Fig.6 Situation 3 of the algorithm effect under dirrerent peak lines
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