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Abstract: Resource placement of IaaS service model is essential to the cloud infrastructure resource placement. This
paper studies the virtual machine placement problem in the resource placement of the IaaS layer, presents quality of
service model of the SLA in laaS cloud resource placement, and then propose a muti-dimensional differential
evolutionary algorithm base on QoS. The Algorithm combined with the non-dominate sorting and the differential
evolution algorithm, and optimized speed sorting and filtering on progeny in the non-dominate, achieve taking into
account the many types of resource constraints and other objective constraints when the resource placement of IaaS.
Obtain more reasonable multiple types of resource placement result accordingly. Finally, the simulation results show
that, to compared with other traditional heuristic algorithms, the proposed muti-dimensional resource VM placement
algorithm is more faster in search, meanwhile the final result of the search get the minimum default rate, it has
better performance on QoS metric, thus verifying the validity of algorithm,

Key words: IaaS resource; SLA; Non-dominated sorting; VM placement

Vol. 34 No. 10
October 2017

1 58

IR A 2 IR 55 TaaS BATRE 27 T o
HBRBE PEGE IR (CPU L AT 2% A7 i 45D LU SLLAL
ML IE LS F & 55 PaaS J2 FIEFIR 5 SaaS
JZ. BEAF BT R AUOBIL Y W S O Sk HAR R
T B TERE IR 55 I .

S HER: 2017—02—10; {EEIHHA: 2017—03—22
HEWB: BEZR“/\N=Z"3H4H (2014AA01A302)

TaaS GEUFUICE KR 173 3 ZCE 5 3l
B SR R S AR SR EAT R R
Buyya 5 A\$ Hi 5 T 95 & REFE Y BT IO E e » 45
T — AT BRI IR B A RERE T U B I
JrgERL AL verma SF RN T T B IR T AEFEAE
TAMUE RS AR, $2 ) — R e XA REFE /M
RS A oo/ MUY 22 BRED . SCHRC4 42 2 H



6 P 2R SR

2017 4F

FRBEHLZ 4181 53k (RMRO) , SCRRCS 148 H 38
NSGAII A 5H 1 2 BRI sa 2, SCERL6 bk
FAZ B B & A ALY T3 B AE REAE TN M 25 7
RE_F AT,

AR SCER A R A 55 U5 A R FH 2R A = iR 55 1
55 it QoS MHE T AL T I 55 S K Mp L SLA (Serv-
ice-Level Agreement) 4 Y TaaS LML 2 4 %5
T R BRI SLA PR IR S5 H5 bR 4T HE
AR » F ST 1 2 BB AU g B IR0 1Y) H bR
R X R E e BT AR TS 5 A R R A A
JCE TR B R AT IR 55 38 A5 KT

2 EF SLA K laaS BRI EEE

MR 55 S SLA K P A B R = ik
55 BRI IR 55 ot IR 5 T # QoS) 4T 4k, ]
PMRIE A P RSB IR S5 R . SLA A I6 IR 5518
P 35 2 40 B DA B 5 T I s AN ) S22k ) 9 U
AR EACFE R, A SCHE = k55 TaaS SRS 2
WGI A SLA FEAVRETY , -3 1 AH I 0 9 5 & 3k
PRIEFH PR FUUBILI) 5% 5 R0 IR 55 o it 7 . 2% 1 25
T TaaS B HCE P9I AR SLA Z505 IR 55 52 1
F84% QoS WL Z.

F1 SLASHE QSHaEXRER

SLAMIAZH  HEREISHE 0 QoS 4547
AT WA Ve % 7E 2R
HEER CPU F:4ii HERE R BRI IR B 2
e R BN DL U R R i

‘ BES g

EEY 3 R
HER W o s ]

Hoft R 45 3 1K B 1 FEAE SN k= ¢ N €
PERERI(E R T

fis PR AL L R: R= { N, input, re-
sult}, Hdt N Fo8 FIP W8GR 4R s input fAR ] 4
NS HA SR I 3 gs I s F0 SLA Pl 2
B, result AL FRIR P AY 45 . input={ VM,, VM,,
VM 5} s VM, — U R 1 95 AR AL,

RGEVIHEAIAL VM Sy B0y 47 B IO, Horp
R 1 S A AT R A i T R R 2% T U — A
ARG PR AN B SETE SLA SHUKE I 16 20%
VioRate., fi k¥4 4; VLB FIAR S FX5m B a] ART
LY. R b S H R ST 2 T Y BE ik R
PR R L B P IRCE SLA 290 F (R 205K 3
YR T2 G A7 2k 24 s o) o b 1] 25 LA S .

(1) B 55 P24 g ) ] ART G 2 ms) -

ART = RST+ NTD

SIRST,
RST =~ .

P RST & P30 U508 B 8] s NTD J2& W 458 1% 4
B 42 5

RST, ZHEAL ¢ 15 U500 B 0] s 0 S R 43 L B
BLEL. GEUR 8 BE B ) RST MRS 1 9% 50 B 303
T S v X e 1 S R 74 5 M) s K.

(2) HZ9% VioRate (BAf ; %)

ViolRate = N,/ Nreg toul

A Noo s 15 2935 KRB 5 Nieg o S8 S0 H 2K

() I VLB,
VLH,‘}/1§jﬂ4p—L”)

n—1
VllBi - Pi,cpu * VllBi,cpu + Pi,mem * VllBi,mem +

Pi e ¥ VLB i
AP P W B fB0 - BB A A 5
VLB &P 3 50 1 - ZEB TR A B 3 1
Lo RPN 0 1Y - RBIGEIRAI R .

3 ETF SLAR laaS BiRMEE XIZT

B AR TaaS BT E LR FE T SLA 1)
TaaS B YT EATU SR 1A% L. BEIR B A E %
A READIR AR U g A 3k 25 0 e U
5. 2200 AT (DEAD JE 3 TR e U BEHL
R B 22800 By s L &
BRI A R B A WS P HL 5 AR B
UAGF TRD R 3t I AR SO 5125 A e ) el
3.1 HEikHid

FAZE LI 1L AL S S S R e
SRR TR FOA I RRE T SRR N A
S g G T B I A AR ) B U AR L A
SR A A AR SCECHE R 73 J2 1 AR B A A
R E R AL,

(D itk 9 22 73 AL 2 IR

B 1AL IR FR AR Py X B AR L
A
5 2 40 NN R B ORI 7 2 U Bk
¥ 9. Ak S AT

o5 3 X RRRE AT AR 5L 2 3L TE A I A
fER,.

AL PR P, SRR, SR MECE N 2N



108

SIEW A T SLA ZYTHY TaaS K IALHY 22 4 V5 U5 i B 7

IFPHE Q. 4 Q WAL AE L ILf#ER Fy ik < Ay O.

55 B IR H AR EE P, + 1 MAEGE R
IRE N kR 7 25,

B 60 AR IR R FL AP, 1 o T
ROFI A (8], X Fy A A2k o S B 43 i T 4
AR S SR B /NS AR B 25 ke i 3 1 )=y 1R, 3 T
MEKA P, + L HFAEFHE Q— F, BIFIRAA
R 221> 24 o bR R B3 0T SR AR I A Al S A 4R
F, 41,135 5 2.

578 e A P, + 1 AR AR
AR SCRCAR Fi 15348 I %) 3 1 (B fe /N> A B 8
IR S E AR K TR AR BB 2 R A
FIHE Po i1 | P [= N

55 8L R A SR MG X A AE P 5 P, MK
UGk BRI B FERAR B MA I A Py TERK
BSCACTIIE Bkt 2128 2 25

55 9 2 TR R A 03 0L B A S5 R

LYt J S B

(2) gt J S8

1t laaS = F-EH . & RGEWA m DY)
#m { PM,.PM,,PM,,---,PM,, } ,PM, = { C;,
G G} BN BRI G e A & A RIS 2
X R E R =PRI AAE AR : cpu, NAF mem Al
457 i net.

h T ReR 2 AL AN B PM = { PM, | 0
<i<<m} M VM= {VM, | 0<i<n}. . FaxHEHL
SNRFNY BN RAET D rh #EA TR B T{VM, |
0<Ci<<n) WHMEN THESHCE RN A1E 1 PM |,
TSR FR G R 2 Y AT PM 3 3R 25l
L SCREREAS PMgl AT iz 380 85 20 v i — A~ B Y
ThRRGI.

A A T A VM X R E] PM T FRE 4 %
AIECALAE R — ke S AR, ] DA E

(DFFA VM X0 E] PM T b5 B 2H B £ 28
R— AT RS R — A

(BRI T 2] e fig AR N R
FREGIE IZAE X N { PM H R BAR PM A7

(3) 2 A R 09 ARG B — PP 2
BT e R i T R BT IR R — A,
B RITEA R ZAT GERARTT R hi% 1) (B
FLRG]D By FE

SRS PRS-

intput; population: F

maxGap: i K ICEL

list U VML R HEBLE1 2
list_PM. ¥ B HLS1] 2
output: bestFitness: Hf¥id
1 gap = 0 //4A0
2 While(gap << maxGap)

3 For each indual in population do
4 calculate_fitness(indual)
5 Endfor
6 If (check_Density(population) <C Density_indicator)
then
7 mutation_Random(population)  ///MA7AF R
8 Endif
9 tempPop < {} //Iif Firit
10 For each indual in poplation do / /75 S
11 tempPop. put(mutation_Random(indual) )
12 Endfor
13 For each indual in population do /&
14 For each indualTemp in tempPop do
15 indual Temp < cross_Random(indual, indu-
alTemp)
16 Endfor
17 Endfor
18 newpop < {}
19 mergePop < merge(pop, tempPop)
20 While(newpop. size() < N)
21 nextDomain <— getNondomain(mergePop) //%k
PE IS
22 If (nextDomain. size() < N - newpop. size())
then
23 newpop. add(nextDomain)
24 Endif
25 EndWhile
26 newpop. add (getlargeDistance (nextDomain))  //
FRES R AR IEAFIRE
27 population <— elitist(population, newpop) /P
BARA AL BT R
28 gap+ -+
29 EndWhile
30 allocation ( Transboundary_ VM) /AR g5 SRR
HEHL
//E R R @ AR

bestFitness+ = calculate_fitness( Transboundary_VM, new_
PM)

return bestFitness

33 End
3.2 BEEXREFMRMNET
(LAERET

Rk 22 73 AR5 1 A2 S 1R A DE/



8 P 2R SR

2017 4F

best/2/bin FEHE , RIFE R A2 S o #0504
25 IXFERE S VR #2273 AL B AE AL R S Y
WS 12 1 15 0. DE/best/2/bin 5 1 A 740 F
YN W

v = ufy + F o (ufy —ub)
Ko™ 28 g + 1 ARAESME 5 ANEEEGF
SRR T s ube B g MR 0 5 7 AT uf
T g AR W3R 5 A IEI sl 256 g UM R e 1Y
557 AL

(2) ZEXH T

LA I EIEM R 2R B N R
— BEAR 25 S AR SR ) A8 SR — RO R A Y, B
— B EE e U Je 2 ik it f v AN 2 bl
AR E AR AR A, o8 T 1k 38 XA T RE W e E
AR A 3 P b A SO 2R 1) R AR B s X
¥ CR &4

CR — CRmx . (G_I)Z . (CRmax

— CRuin)
GZ

P : CRuax A2 38 MEFE I RAE 5 CR A2 58 AR
Fi/ME G R RIS « 2 AT AL

2T B A L AR 5L R R A FREEAL
WA ARG KM R, CR R LB AR
77 RBOE 3R BB 5 RN b AR S A R 1Y
WE RS TG O B ol A0 5 I A A ISR DR —
EFREE I Z R

B IEFEH T

A S LA SV E TR IR B0+ b A e HE i
PRSI Z HAR ALY A 3R, 2 H bRl fb 57k
LA 5 e QAR — A0 T i PR WS S ) R 5 4 g
2R m] .

1 B AR SCRCHE P S RE AR SOR R TR RE 43
ey gy SO A SCRE AT PR HE o T B A 4
TR BRI AL N A HERP R Q WA 2N A
AN ST AT XFPRE Q 43 R I 43 T e 4. W] AT
B SR A PR 4345 A R SCRC AR AR HOE ASE I, —
WO e A PR AR KRR 2L 27 R G
XTI PR 5345 I E oK — URAE SO A 5 » e AR S
PC e B U Ry AT Q S — AR LR 4R Z, 38
TR 7 D T A S ECHE 1 EL B R B R B AT
DAAR TR bR HE I Sl e A 4. IR S e b e A
WK 1 Frs.

FEXF TR EER AR S L 4R 27 il LR R &
AT R I e SCC A - 475 B 1A A 1A R 7 Xof
B 196 2 R S 4 1 A TR A R S e 2

o-P I

1 IEXEREHEF R E

I 2 AR AR SR S HAL R U R BETT 1L
B2 LB — AN 2 A S IE 249 SR 5 B3k A S
fif e 7' GBI R 5 1 S B YA SCCHE I DR i 15
14 FEB RSO EOHF 22 I S Dk 2D

5 1k AR BB T A B A R SIS A i
& SO i B LY 1 JVA R U T B A [ W
5 20 REMBII 200 A LACR R M A BRI Al 2=
[ )RR 4 SRR AR BB 1. A SCR F X3 3 M
LR T3 3 T AR B /N A AR B A R A S A
B RHEATIRE. (& 2 02 DU KB 2R
ORI AR A1 LA B o A S HE T2 i B2 14 i 2 /s 1.

A A o

O
c 0]
D
®
(¢]
O
o

E ©G
©)

e H

1o

2 ZHARMBESHTREE

A AT AT M o 2R 8 B R i 2 » A 1T B B 450 1Y
A, B ARSI 2 BN S TS SCH A A i i i
DR EISN o= v 7S N [ 0F 58T X2 3 OE | o5 A H N
AR5 G 5 B I AT LR AR B A e
F A eR R I J AR 40 P A~ AR i/ s R R 22 (L
PR AR Y 8 L

FEAR SO SR AR B X 28 H AR R B0 AR
SCHCARE AR A F AR R BUE AT HE Y O
A BRI IS ASASTRLEA T P LA I AR 30 i3 A9 1
A B LA R R e PSR SR R AR SIS B AR E 1%
FAR BB 158 L SR K X 28 A AE I A H A e
B AT BN A AR IR % . fm
XARSCRCARAE Zo A PRARE foc ) ) 4 B2 2R 4T — I
HEFP - 7253 BEHEIY 5 1) i S8 v ) DRCRE B R 19 4 /)
WKL Zo PRI B I A B0 A



108

SIEW A T SLA ZYTHY TaaS K IALHY 22 4 V5 U5 i B 9

4 LWERSHN

4.1 SKIRINE

S R R CloudSim T B yE 47 5 B A
1 CloudSim J&—~38 ] . 3247 To 4% BAD AT EE A5 1)
AT ERA B R R SR IR A R AT &
) — AT IR HAs.

4.2 HMEEEMERIERX

Shy 3 TE AR R R PR R K R IS 1 25 40 kAL
B SRS FCEE D R AA Z2 AR 3R NS-
GA BEHATXS Fl » 2 B 1 WS B | W sl
RAEAZER A0 . R A A E s
Gy RIEZA D b R AT 2K S8 78 T A I 5 1
Je AT B Y fE A 4

(D eg— ., B H bR AT SE TR S T 51k
SEIRINEE R L.

SR A 400 AL, B 57557 F 24 0.5,
L FAF AL FH CRux A 0. 7,CRu A 0. 3.

& 3 25 B H s 52 g0t bl 2 vl B L 0 S 1Y
SR S AT s R BB MG R R A R
b et s B SGE BE bR 53 Ak BAT BRI 6 bR
{H ] HE AW SR 2 B A i 4 SR 2R B8 ). kil

A HEAARER I N, = Fh 5 2 BRI SR g fE 1Y R
.
300
250 —e— it A5 1L
—a AR S A
200 —A— ik 72 43 AL

150 H
=100 |
50 |

100 200 300 400
AR S

=50

3 BEREEXILL

(2) 5256 = ARG IR BT 50k il sios
BEXTLE.

P 4 25 AR SRR O T i RS RO
FUREAR U5 T BCas 1) 5 0 A 1 O B B AL T
NSGA 3% 11 22 73 A 5 vk W 08 e e, 32 %8
PR 22 0 AL R 2% R o F AR DAL IR AR 2%
JE 5 HARRE AN LRI M0 22 H AR S0 L3 AR 3
DLEEHEFE ) — 28,

(3) S5 = AN [R]BE PR D0 0 i e sl
RHIRS .

B 5 gyt AN TR) B IR 0 o oz fEL £1 A8

200
180
160
o 140
= 120
gloo
< 80
60
40
20

5 8 15 25 35
AR

4 BRI AR

XFECHZR U] . 2 H R BRI T 22 0 oA Sk O F e A
PRBVARAF AU B2 2R A OR B 2%, it s 5
NSGA 2 AR AL B ECSCE AR L MRS ]
A IS T NGSA ik i 2 K # i 5 NGSA
HHIE S X5t TAESEAL 2t 5k L NGSA BA7
A BRATE RRN » 308 o HE R R — i AR S E A K
TSR P R A,

4001

350+ - SO

300k -m- NSGA
asol - Emitk

200t
150
100}
sof

0

5 8 ‘ 15 l 25 ‘ 35 ‘
AL
B5 ERME /i Wesxttt

(DY, UL OL T LS AL R
AR LE.

Bl 6 25 i 2980 BE 23 A1 X E U A ) )
RVEAE R AR o3 A D7 T AE 0-2 IXIH] | o FEAER
1 NSGA RIEW Z 0 Aife 1-2 X J8] L (25892 77 it
PRTE RS R A S o EE 5. i L i 950 s
T ACHE i 1% 3t B o 24 19 D L G Al 7 A 530
H.

B %tk INSGA @A X H %

100
90
X 6
g 5
g 4
o

=
COOOOOOOO

BANK

B 6 FAHSEDmIILE
A ASCER Y UE T Sk 0 R E R AR A
WSS B SIS AN 2 3 A 25 3 E R L s
AR ) B R SRR U REZ H
PR SO HE R NSGA S B T 1 42



10 P 2R SR

2017 4F

JEy 45 2R IR PR 4 AL S
5 ZERIE

ARSCEE R TaaS JZ HEHLCE WAL, 45 1 T 2T
SLA K QoS M N FE AR - I 1L M HEAL b 4R ) T3 T
QoS Z 4k JSE Bt 1 22 73 HE AL B3k O B ORI B A
SEAZE 7 AL O JE R 45 NSGA #9 AR SIS
HEFP R AR 5 0 A S BCHE R i it AR B
4 JR A SEBL 2 AE LY AT IR AR S e
QoS FEFRE T A I 290 Bk 1 A SCIR A
GEURCE i AR b Al LA v R AL A R R
HOR.

B 30K :

(1] X 5K 50 2228 58, TaaS B4R — AP RIE SLA
9 GE S BE SR ms L ] T RPL T, 2013, 38(7) :51-54.

[2] Buyya R, Beloglazov A, Abawaiy ] H. Energy-effi-
cient management of data center resources for cloud
computing: a vision, architectural elements, and open
challenges[ J]. Eprint Arxiv, 2010, 12(4).6-17.

[3] Verma A, Ahuja P, Neogi A. pMapper: Power and

migration cost aware application placement in virtual-

ized systems[ C]// International Conference on Middle-
ware, New York, NY, USA,2008.

[4] RN FRENAN A, S5, 33 v i ) REAEFAAIC A E UL
WL BEUCE L ] A LN 545 2015, 22(12) .
4133-4137. DOI; 10. 1109/ICACCS. 2013. 6938749,

(5] s, oy, BAIR. 55, st L E /i A
WIS Z HAREALL) ] TR AL, 2011, 34
(12) :2253-2256.

(6] R, £ R, 2, 55, TaaS FREEN Bk RE IR
IR0 28 1 RE Y e AUBIL S T VA LT ). Gl AR 2741 . 2014, 34
(1):72-80.

[7] Rodrigo N Calheiros, Rajiv Ranjan. Cloudsim:a novel
framework for modeling and simulation of cloud com-
puting infrastructures and services [ R]. Australia,

The University of Melbourne, 2010.

feEEN
SiEE 9. (1991 8L B0 I AR Eh 2
E-mail: sr71tao@sina. com.

BAEY B, (19580, B g TR W12k S0, BF5E 751
w25 Je oy A 2R

BREERR 5. (1994 L. BFFE T 1 AR B

KER . (1963 72k TR, BFIEr 1 L RE T AT

(E3#EF 470

[4] Moorandi D, Sicari S, Pellegrini F D, et al. Internet
of things: vision, applications and research challenges
[J]. Ad Hoc Networks, 2012, 10(9): 1497-1516.

[5] Gubbi I, Buyya R, Marusic S, et al. Internet of
Things (1oT): a vision, architectural elements, and
future directions [ J]. Future Generation Computer
Systems, 2013, 29(9):1645-1660.

[6] Piguet C, Renaudin M, Omnes J T, et al. Special ses-
sion on low-power systems on chips (SoCs) [C] //
Design, Automation and Test in Europe. Conference
and Exhibition. Germany, Munich, 2001. 488-494.

[7] Keating M, Flynn D, Aitken R, et al. Low power
methodology manual for system-on-chip design [ M].
New York, USA: Springer, 2007 33-40.

[8] Singhal V K, Menezes V, Chakravarthy S, et al. A

10. 5 uA/MHz at 16 MHz single-cycle non-volatile
memory access microcontroller with full state retention
at 108na in a 90nm process [ C] // International of
Solid- State Circuit Conference. San Francisco, CA,
USA, 2015:1-3.

fEEE T

HEW B, (1991, BN AR, HF5E 5 18] AR T#E SoC
it

FEREL GEIFEE) 5,981, T4, BB 5. #9871
ARIFEE A 1 i Ll D & AF 4

E-mail; giaoshushan(@ime. ac. cn.

= B 9,985 18 4. BT AR AR FE 4 A
HL B BTk



