wfﬁ-’ffh?f*l'?

COMPUTER SCIENCE

ETFZBFRAHARIEHadoop B BMNME
MiE REFE, TIER, & FFER

5IAEX

MfE, REFE, TIER @i BFER ETZERMARNARIEHadoo p EREMNBMEN]. HHENRE
2026, 53(2): 387-395.

WEN Jia, WU Shuxia, YU Zhengxin, MIAO Wang, CHEN Zheyi. Multi-objective Optimization for Virtual
Machine Placement in Large-scale Hadoop Cluster [J]. Computer Science, 2026, 53(2): 387-395.

HUXEEE (SERXMEE IE JEREENE)

Similar articles recommended (Please use Firefox or IE to view the article)
HiE=E P E T UM BREIER R RS

Data Placement Strategy Based on Erasure Code in Data Space

HEMNREIEE, 2026, 53(2): 196-206. https://doi.org/10.11896/jsjkx.241200199

RRFERREHMAIRankHEFRESRERREE
Rank-sorting Hybrid Genetic Algorithm for Search High Quality Balanced Boolean Functions

HEHNRIE, 2025, 52(12): 351-357. https://doi.org/10.11896/jsjkx.241200039

BN GERFENET B REGEGE
Cooperative Defense Method for Network Space Object of Power Monitoring System

HENRIE, 2025, 52(11A): 241200158-7. https://doi.org/10.11896/jsjkx.241200158

ETRERKIENEERF B KIS

Demand Response Scheme for Low Voltage Users Based on Light Weight Blockchains

HEHNRIE, 2025, 52(11A): 250200125-8. https://doi.org/10.11896/jsjkx.250200125

ETFRUERNIME CREESEE SRR
MEC Network Task Offloading and Migration Strategy Based on Optimization Model

HEHNRIE, 2025, 52(11A): 241200215-6. https://doi.org/10.11896/jsjkx.241200215


https://www.jsjkx.com/CN/10.11896/jsjkx.241200020
https://www.jsjkx.com/EN/10.11896/jsjkx.241200020
https://www.jsjkx.com/CN/10.11896/jsjkx.241200199
https://doi.org/10.11896/jsjkx.241200199
https://www.jsjkx.com/CN/10.11896/jsjkx.241200039
https://doi.org/10.11896/jsjkx.241200039
https://www.jsjkx.com/CN/10.11896/jsjkx.241200158
https://doi.org/10.11896/jsjkx.241200158
https://www.jsjkx.com/CN/10.11896/jsjkx.250200125
https://doi.org/10.11896/jsjkx.250200125
https://www.jsjkx.com/CN/10.11896/jsjkx.241200215
https://doi.org/10.11896/jsjkx.241200215

0 'H‘ :ﬁ‘ *’h ﬁ‘*‘ ‘% http: /www. jsjkx. com

COMPUTER SCIENCE DOI. 10. 11896/jsjkx. 241200020

ET 2 BRI KME Hadoop S EMV N E

3‘: 1::51,2,3 EE%%EE]’Z’S :FIEfIﬁ’U ﬁ- HES %ﬁ%ﬁLZ,S

1 BMNAFIWTENE KEEFKE 48 M 350116

2 ABBEBLERFLEBIEARFL  FEMN 350002

SHAELAMBE T HEEHEHEEAEELLLEEMNAF) &M 350116

1 2R AFITESAEEZR HE 2 F&4 LA 1YW

SHREERAFIHANMFEER KE % EHF EX44QF
(1448341761@qq. com)

i E EMAHERRCARIFHERELEOE S LH., Hadoop A —FT 2o A TR PO AXAER, L EBMR MG
FTEMTRTORREEME, MARIE TS LA R B K, 4o T & AL E PP E 2 @ B 4% Hadoop % 4k 48 4%
FH R RA) B e b5 2 A5 ) E R TR A — AN A B A AEM, b, R H T #7 A 6 @ f Kk ALAE Hadoop 4 A R AL E 49
T E K E RS B4R S B AR AL (Multi-objective Optimization with Variable Length Double chromosome, MO-VLD) # %, & 4.
Wit AT K K &k L 3 & BBk A if 45 5 % (Non-dominated Sorting Genetic Algorithm-111, NSGA-1ID , % 3 T & % &, 1k
M, BEIANBAREIXIELFRMENEBZMR TR EFO IR, ATERERAFTETHBEENXZTERENR, MO-
VLD 7 ik 8 % A 8 w xF 2h A 69 TR % K IF#JF Hadoop £E M H R E A E, ML TR MEH %, MO-VLD 7 & E AL FR
) R A A7 P 3E R 77 @ ) R Ik B A AR AR GG M A

XK . =+ s Hadoops B MAMAAKE ; $ B ARteAb; 455 %

FESES TP393

Multi-objective Optimization for Virtual Machine Placement in Large-scale Hadoop Cluster

WEN Jia""** ,WU Shuxia'**,YU Zhengxin' , MIAO Wang® and CHEN Zheyi'***

1 College of Computer and Data Science, Fuzhou University, Fuzhou 350116, China

2 Key Laboratory of Spatial Data Mining & Information Sharing, Ministry of Education, Fuzhou 350002, China

3 Fujian Provincial Key Laboratory of Networking Computing and Intelligent Information Processing,Fuzhou 350116 ,China
4 School of Computing and Communications, Lancaster University, Lancaster LA1 4YW, UK

5 Department of Computer Science, University of Exeter,Exeter EX4 4QF, UK

Abstract Virtualization technology has become the core support for the rapid development of cloud computing. As a popular dis-
tributed framework in cloud environments, the performance of the Hadoop cluster is usually limited by the low efficiency of re-
source management. With the increasing data volume and cluster scale,it is challenging to efficiently optimize Virtual Machine
(VM) placement in the Hadoop cluster to reduce energy consumption,increase resource utilization,and lessen file access latency.
To address this important challenge, this paper proposes a novel Multi-objective Optimization with Variable Length Double chro-
mosome(MO-VLD) method for VM placement in the large-scale Hadoop cluster. Firstly,a double chromosome structure is de-
signed by combining the variable length chromosome with NSGA-III. Next, two-stage crossover and mutation operations are in-
troduced to enhance the exploration diversity of solution space. Using the real-world runtime datasets of the Google cluster,ex-
tensive simulation experiments demonstrate that the proposed MO-VLD method can effectively handle the dynamic resource de-
mands and improve the resource management efficiency of the Hadoop cluster. Compared to benchmark methods, the MO-VLD

method shows superior performance in terms of energy consumption,resource utilization,and file access latency.
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b AR v, ) A 0 B AL T vk A RO R R AR B B 7 AT
VIR e 4R 1) 2 . B35 X 18 SUUMIL A e e 0 0k A7 B 00
28 S FF AT N [ 14 78 5 45 0 B a2 4 188 I R 22 0
(58 8—947), WG, PPAh J5 A8 N BE OF 5 5 I A B AT &
JECGE 10—11 49, LIRS AR BT 3 . O 1 51 S A0 i 52
Fem LA S8 AR SCHI A T B 2E UM 275 00 1 i R 4R
PR B 8 22 5 1, $EAT AR SCC HE R BT EE B A 15, BE
AR 38 PR 25 QI B e e 2 T — AU BE (58 12— 13 71, AR
UE 77 3% 1 W S3ME 0 4 R 1 R BE ), TE D B Ak B B OR A W0 b
HE 038 N BE Il 2 WO AR TR B . 2 L NG T b
o 28 2 Joe O A O T — AR, IR ORAE XY 1 0 M A AT Uy
B 14—1517) . o il 7 —4k, SRUEA B 08 4k B 45 2 15
B T 1 0 R A 1 B BT 5 B SR (3 17— 18 47).,
ik 1 MO-VLD i
A I F replication_factor, 5 He K /N block _size. Bl 4 %5 &t
rack_num, YEHLEE pm, B AIHLE E v, P4k HARALCE ener-
gy_weight,res_weight,latency_weight
i - i AR A KR LML SR
1B IR AL B R B T e R AR B X R R/ N
2. AR SRR BE RO AR P s OO B 3
3.FOR t=1,2,--+,T DO
4. WAL RGEIRBL env. con_system( ) ;

5. FOR x=1,2,++,X DO
6 W1 4R AL B : InitializePopulation( ) ;

7. F K FABIL e Y €0 4 347 B0 2838 L ; SinglePointCrossoverO) 5
8 AT 28 S A - MutationOperation( ) ;

9 VAR J5 A B9 38 B ¥ : EvaluateFitness( ) ;

10. 5 JE G Fh#E G I . PopulationMerge( ) 5
11. 47 HE X FEHEY : NonDomSort( ) ;
12. BB . crowdedComparisonOrder( ) ;

13. A IR e B N — 1R Selection( )
14. AT 26 Y A SRR 5

15.  END FOR

16.  DRAFARELS S

17—k 5 1 BURAE 14 5 S DL B S
18. END FOR

5 SRR

5.1 IWiHE

SITER 45 T Intel™® Xeon™ Silver 4208 CPU I NVIDIA
Geforce GTX 3090 GPU Ay T 4E ¥ b JF )&, H CPU #i R H
2. 1GHz . W% H 32GB, FH T Python 3. 9,58 T KM
# Hadoop £E#EH 855, Ho it & 22 T R = 800 o 0, O
AT A WA B DY BRI RET 7 B
Borg HLIGCARBUAYIZ AT I 5040, I W T = 04 vho0 v AT 55 R
IR A GO . AR B i B 9 AE 55 0 B35 15 DL R 40 i 1k
BT, DB EA shAS AR fuak i g 5 . W BEALAN B S 19 L
W E MR 1ML 2 T, SO RGN E MR 3 s, it
A MO-VLD i 5RUF 5 R kb 47 T L,

D28 2 AR A SBEHE )Y 33t £% 5375 (Non-dominated Sorting
Genetic Algorithm 11, NSGA-TD™) ;3 it 4 37 e HE 77 A 9 %
AT R .

2) % H tr B F B 8 1L B ¥ (Multi-Objective Particle
Swarm Optimization, MOPSO) " . | JHBL 1 #E 1 42 J5) 18 &R g
Ikt ZA BFR .

3) % H bR R kB ¥ (Multi-Objective Simulated An-
nealing, MOSA) ™7 . 58 13 1 B 45 1 19 3% 26 1B o #2 4% 3138
S AL i

4) Fe AE 3 T BB (Best-Fit Decreasing, BFD) : {Ii: 56 %
R FEL AL ) ol LR R T SR A W AL

5) T U E b K FE 54 vE (First-Fit Decreasing, FFD) ; 18 #f¢
WU £ 5 H B 400 AL B A T A A R 9 VR T OR Y A B
Bl

FESCE v, T 5 1 AN R/ 1R B 200, 35 AR KB
K300 IR, SR F 46 3 A B ML SR W 36 AT AP ERT 4R L. MO-VLD
HINSGA-T J7 2% F W B BL 28 3R m i#F 47 28 X AE . MO-
VLD J5 ¥ 38 o J UMY U2 L 43 e D R Bk i ke S AR
AR NSGA-TL J5 B A Gl i e a4 O A8 e 44, A8 52 W
FHH 0.25, MOPSO J7 ik 9 158 P AL EE L A AL 2 R At 25 A
T B E N 0.5,1.5 f 1.5, lk B EUL B L F Clerc A1 Ken-
nedy 2 H P ABMEAE 55 24 35 IR 1) B30 SR AL R M A R R
THREAR Y 0. 5, P X 42 Jr) 5 Jmy F 48 2% 10 G 1 B L LA 7E 08
BN ARAR 0 1) B PR 47 — 2 IR R B8 I . MOSA J7 % M) 46
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TR B 1A UL 9 B 00 S 100 A1 0. 99, DUFE ST 3 BN 4R It 75 4y
4 L 205 5 91 2 G A T 950 2 25 8
L IE 2 1 A
F1 PEPLA R
Table 1 Settings of PMs 2!

% # PM, PM,;
Ai 0.12 0.12
a; 5.29 4.33
Bi 0.68 0.47
Y 0.05 0.05
8; 0.1 0.1
U;;§21;1, /Cores 24 12
U pi/ (MB/ ) 17800 15000
Uhypmi/ (MB/s) 76 800 38400

2o EMHLEY R E

Table 2 Settings of VMs!?!

FE AL 2 AL W% % AT/ (MB/s) B4 # %/ (MB/s)

c3. xlarge 4 250 100
c3. 2xlarge 8 320 240
c3. 4xlarge 16 400 200
ma3. xlarge 4 320 100
m3. 2xlarge 8 400 200

£3 IMRGEMKE"

Table 3 Settings of file system''®

%% o i1
fbSize/MB e KN 64
fRfu ZHHEF 3

[1600,1623,1646,1671,1696,1723,1750,
1779,1809,1839,1872,1905,1941,1977,
2016,2056,2099,2143,2190,2239,2292,
fSize/MB Xk 2347,2406,2468,2535,2606,2681,2763,
2851,2946,6049,3161,3283,3418,3567,
3733,3918,4128,4367,4643,4965,5347,
5810,6382,7113,8087,9462,15412,25101]
[128.21,78.97,58.46,48.21,41.03,35. 90,
31.79,29.74,26. 67,24. 62,23.59,21. 24,
20.51,19.49,18. 46,17. 44,17. 44,16. 41,
15.38,15. 38,14. 36, 14. 36,13. 33,13. 33,
13.33,12. 31,12, 31,12, 31,11. 28,11. 28,
11.28,10. 26,10. 26,10. 26,10. 26,9. 23,9.
23,9.23,9.23,9.23,9.23,8.21,8.21,8. 21,
8.21,8.21,8.21,8.21,7.18]

fRate/ms™ ! i 8] 3

5.2 HRHWm
5.2.1 ksME L e R ARG A Atk

AL X TR s A S S iH R AR A, R
B RCE A 200, W BHLECE R 40,120 FT 200, HE T HLEEAS
[l 7 i SOk S R i, 181 3 — &1 5 A i L T 7E 40,
120 A1 200 MY FRHLYG 5 T AW kil sitk:, W LUE
R A UE R 3G T, BT A T UE Y B WIS . MO-VLD J5 i
il % 7F 50 20 1 3% AR IR B A P I B, 9T L H: e & A AR U AR
FHAB T, X R MO-VLD 771 % 1 T WY 8 14 45 14
FW B B A8 SUAS S 4 BN T R AR R T TR A
SR E . R, MO-VLD F k5] A T 2% S R BHLH , Be
1 T 47 b 7 5 2 A0 Ak B AR B0 R 45 U0 Ak B AR 2 RE 1S B4 Ak
Ak, AL Z T NSGA-TI J7 i SR 1E 26 A R0 B A B e iy
W SGH AP H 3 AR SRR I i T B R BOE S WA
B i — 25 . MOPSO 75 1 5 i A Jmy 3 s AL, 1 MOSA 7

kB AR AR LT AR s ) BOAS A e A L (HE JGE R S BOHNIR
SN, BRI L WE 3 R, Y EALECE N 40 B M T
NSGA-II, MOPSO #1 MOSA J5 # . MO-VLD Jr ¥ 7& € # 7

T

SR BIREAR T £493.12%, 7. 9% Al 4. 3%, 16 ¥ IR I 4 5 T

SRR TET 29 1. 4967, 6 06 F1 9 %0 o £ SCPF VT IR 3B 5 T 43 51

K

BT 250.7%,17. 2% F 22.2% ., tI& 4 FF7R 5 9 FAHLEL

H#h 120 B, A . NSGA-IT, MOPSO fl MOSA 75 ¥, MO-
VLD J7 ik 7E Ge#E 07 1 43 BB AR T 29 4. 47%,6. 70 % 19, 3%
e 9% VR S 07 1 43 AR FH T 2 5. 14 %, 5. 25 % F113. 04 %
FE SO 1) 48 3R T T8 43 B REAR T 2491, 37 %6, 4. 17 %6 f16. 91 %,
WK 5 FrR, S BEHLECE N 200 BF L4 L NSGA-TT, MOPSO
H MOSA J5 3%, MO-VLD J7 i 7€ fig #€ J7 i 40 0 BE AR T 24

1.
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Fig. 3 Convergence comparison of different methods under the

scenario with 40 PMs
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Fig.4 Convergence comparison of different methods under the

scenario with 120 PMs
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Fig. 7 Performance comparison of different methods under scenarios

with various numbers of PMs
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Fig. 8 Impact of various numbers of files on the performance of different methods
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