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INTER-VMM: An Interrelation Approach in Virtual Machine Selection and Place-

ment for Virtual Machine Migration

XU Shengchao', SONG Juan®, PAN Huan®

(1. School of Date Science, Guangzhou HuaShang College, Guangzhou 511300, China; 2. School of Physics and Electronic-Elect
rical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: Low energy consumption and full utilization of physical resources are two primary objectives for
green cloud data construction, so a virtual machine migration model is required to complete the
optimization. An interrelation approach in virtual machine migration (INTER-VMM) is proposed in this
paper, which interrelated virtual machine selection and its placement. An energy consumption model based
on multi-dimensional physical resources for cloud data centers is designed in INTER-VMM. It is a virtual
machine migration strategy combining host detection, virtual machine selection and its placement. The
CPU utilization selection (HPS) is adopted in virtual machine selection, which selects the virtual machine
with the highest CPU utilization on the overloaded physical host and lets it enter the list of candidate
migration virtual machine. The space aware placement (SAP) is adopted in virtual machine placement,
considering the method of making full use of the spare time of the physical host. Simulation results show

that INTER-VMM has better performance indices than those of common virtual machine migration
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strategies in recent years, which is valuable for cloud service providers.
Key words: cloud data center; energy consumption model; virtual machine migration; virtual machine

placement; virtual machine selection
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AP B E ML RIS AT A — AR M fCFE (Local broker) , 78 B AR B ] LS B INTER-VMM K U HLIT #%
W, TAERSE W 1R .

( 4 A3 (Global broker) )
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Fig.1 Working environment of INTER-VMM
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B¥:1 Formation of INTER-VMM plan

Input: PHList

Output: vmMigrationMap

(1) for each PH in PHList do

(2) if PH overloaded(PH) then

(3) vmsToMigrate.add( getVmsToMigrate(PH) ) ;

(4) vmMigrationMap.add( getNewPlacement(Vms To Migrate) ) ;

(5) for each PH in PHList do

(6) if PH underloaded(PH) then

(7) vmsToMigrate.add(PH.getVmList() ) ;

(8) vmMigrationMap.add(getNewPlacement(Vms To Migrate) ) ;

(9) Return vmMigrationMap
2.3 INTER-VMM #1328 £ 41 51 54

£ Cloudsim v £ $ Hy 17— 264 31 3= AL G 806 00 59 3, Lo 2 Jsy 38 U3 29 46 I J5 ¥ (Local regression,
LR) &8 33 3 29460 7592 (Local regression robust, LRR) 4 X H{ii 2% #6175 ¥ (Median absolute de-
viation, MAD) . & 25 %% Y5 4l FH 5% % B (K6 I 2% ( Static threshold, ST) 1 PY 434 $5 X [6] 46 J5 325 (Inter
quartile range, IQR) . FR 2 A YA E2 ) 7 At — S 4 31 32 LA 00 5 W, 70 St 26 SOk b 4Rk oy ) 2
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Fig.3 HPS strategy in INTER-VMM
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FHLHEAG T H B2 5, Y3 EHL CPU By ] F MIPS {5 F1 b 38 = B L B0 >k e/, B2
A 1) 16 36 3T B K2 PUMIL B 5B K 58 LA Ik . INTER-VMM (9 SAP 5 i n] LA il 4 38 3 L 60 280 2 %
I FUAHILAE B8 U B, I [] 22 b 9 /1 2 5040 v o0 1) B Ak 3 FE

BanE 4 B3 = E s oA 4 G ENL, P AL TR A ECRAS I BE AT VM, Y AL PR R
AR RN 90% , VM ik HPS 9% £ 1ok, Faa i SAP il & 2 B L 2 2 [, 5 Sk 90 R s S bRk
B B RR AT BRI ECE . VML Z i R 38 = 0L 24 B AR AL, 2 O P AL 2 B AN
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=== 1
AT ) L S E—— ¥ I -
[ pp— NG "1~
=
VM,(50%)
Available
VM,(40%) Available MIPS=1 500
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Fig.4 SAP strategy in INTER-VMM

SAP Mg ALHCE 5 s B H A  Oh ACAS ISk 2 R B 2 W 2R B O Cmn ), Horbvm Ry = 8K
Oy B R AL BB, 0 Ry 2 B PG UL K

¥ 2 SAP policy for VM placement

Input: PHList.vmList

Output: allocation

(1) MigrationVmList.sortDecreasingUtilization( )

(2) for each VM in MigrationVmList do

minAvailableMips = MAX;

(3) for each PH in PHList do

(4) if PH has enough resources for VM then
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(5) AvailableMips = estimate mipsAfterAllocation;
(6) if (mipsAfterAllocation << minAvailableMips)
minAvailableMips = mipsAfterAllocation;

(7) allocatedHost = PH;

(8) return allocation

3 INTER-VMM {FE 54T

3.1 FERERE
3.1.1 #lEYE A

= B R Y B T AR SRR AR S 56 Hh 22 SR Y CoMon project, 1E UNRT ST 134 , € & 1 plan-
etlab S % IT K B — AT H 02 F AT 2 ol oo LA 19 M 8 BenchMark B8 . IS8R 2% T
5% 279 v B B B4 R AUUHLAE B UK L SLA 3 ML R BE BT AR 2

£ Cloudsim T H w5 B (19 25 B 0 3 2wy 4 JEW) BLUIR 55 A4 2 0, 90 B8 = AL S K0 800, 4y B 4L
P BNk 2 B R o

R2 ZBEPLYEBEINEEHER

Table 2 Hardware configuration of physical host in cloud data centers

FHLA CPU #£{Lfig J) /MIPS WA RN/ GB i #2216 /GB I £ 9 /(GBes ')
200 1 600 4 1000 1
200 1600 4 500 1
200 1 600 8 500 1
200 2 200 8 500 1

3.1.2 A E WAL
22 3 I 2 S () oL YRR PV ] 2 B2 1) %3 INTER-VMM E#HIEBERRESH R
AT RPN, ARNFE RS ERALE CPURE /IR Table3  Configuration parameters of INTER-VMM
[, JF BN AA o frelc s . Sk g T 4 %0 i 0l

ML L& S5 3 .

BCEIU CPUREJI/ W/ 98/ BRK

i BUAIL A R MIPS MB  (Mbss'') /N/GB
AU BILA) G A R D 19 2 0 I 1
N N \ e 3 . ol 750 R 41 500 613 100 2.5
Jr it B VO R LI AR AL, gy LS ’
ST RO BB I O ST 0 2
' PRIREE AT RGERIAL 2000 1740 100 2.5

BLLBESL BB S ARSI R MM EI B S memm 2500 1740 100 2.5
A BTG 3E R RE . SRR G A A 2 AE S K 4
BLE R G4 B As ENL R By 2y 7T s i), — A
P9 A K R UL AR R 1A B 2 4 s .
3.2 MEELEBRMZK

7 Cloudsim z B 8L 2% th (1 ki $U AL AE B A 8 B 22 2 LRR-MMT-BFD 5 W%, 52 30 45 2R 7E Anton
Beloglazov 1 -+ 9 K G SClk ™ A & 22, IRV 9 K SCINTER-VMM 56 Wi 9 1 5 b At 42
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AR 33 5 3T A SR B HAth R AL T A A R AT
TR, i ok 3 UG Ak B UL IE B8 (Particle
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PSO-VMM) | 8 1% 55 3% 14 M S ML AT 8 3R 1% (Ge-
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GA-VMM) . & % VL [i¢ (Stable-matching) . % J& 3¢
M (Correlation-based)  CHE AR Ak 1 1 $UBL I B2

(Ant colony solution-virtual machine migration,

ACS-VMM) #l & s BE A8 46 19 kg 400 B G 7
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%4 INTER-VMM & B4 T B EEE (TR A
Table 4 Running time of INTER-VMM

HEA LA B D3 =045 BATHI A /h
Jil— 1 000 800 24
JA— 1000 800 24
H = 1 000 800 24
JA 1000 800 24
JAH 1 000 800 24

(Glowworm swarm optimization-virtual machine migration, GSO-VMM )% , 43 H1 X 658 68 1H 55 4k Jr %

Xt Bl ol i TR e

%5 INTER-VMM E ML 7 5 w14 &

HASNE DL o AR SEE L I ) 84 HE FUUHIL I A% R 7 K A S BE T AN 2 5 BT/ o

ELb Bt &

Table 5 INTER-VMM performance comparison objects

B BUBLE B AR X AH & 1
INTER-VMM ARG R RLIE R S cE
LRR-MMT-BFD™ Cloudsim Tl [ J5{ i 452 15
PSO-VMM™ LSRR 0 UL % SR
GA-VMM™ it Bk ki LML 9 B Rk

Stable-matching"™”
Correlation-based™"
ACS-VMM"
GSO-VMM"™

T VE L HE LML 1 5 0
2 SRR HE LML e AR A
UCTHE B v M UL BIL A B BE AR A
K MRS T M AR A B BTG 16

3.3 hEHERSMHESN

R HH 17 SC 0 38 32 AL A0 R HULBIL 1 1 BN L 4R
= EAE DA EE T 1 0004 B BIAL, 2R 5 1L X s i
PLAL AT 2 000 4> = AF 55, AT 55 10 K 2
216 000 000 MI, % CloudSim ¥ & Y A5 ) i 1] S
24 h(86 400 s) o I )& , B W AR FF E R B EAE,
7 CloudSim HE L #5 v il i T (3 8 A SCHR L 7E N
1) 8 Fft kg FAHLAT R AT
3.3.1 mHJBPCHIRBEERAL

3 F INTER-VMM 1 5 81 #L i B 455 A0 1 J#]
ZNIRRBE R AE L ALK 6 s . K 6 7]
VVE A T AL 8 S B Bl A Ak s
INTER-VMM iT # ffﬁ A W Cloudsim 4
LRR-MMT-BFD iT #% %

F6 ZHIFEBPOBMBEEEHEFIERLILE
Table 6 Total energy consumption comparison in

cloud data centers kWh

B e A— W= H= Ep/ HI

INTER-VMM 118 98 115 114 122
LRR-MMT-BFD 155 122 135 175 145
PSO-VMM 131 128 133 121 141
GA-VMM 123 116 120 115 121
Stable-matching 135 100 115 150 131
Correlation-based 126 126 127 128 124
ACS-VMM 131 128 133 121 141
GSO-VMM 122 131 121 122 126

25250 B 3000 , L H A T 78 KA BEFE AR .
INTER*VMMT{ /I\EUM TR B BOAR A AL, e B2 AR A2 4 e B R ML A AR TSR

SR RE B AR LY

53 Bt i
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JIT A B AR 55 45 14 R R S T FE AR DD
3.3.2  EEMLE A K

RTVBRTAELHSKZ KW INTER-VMM M AL iE B K CE I8 T 3 b 56 0 o 5 B2
INTER-VMM 0 5231 17 HPS 6 45 58 s A1 SAP i & SR W, 2 18 10 9% U5 2 2 A 5 A B3 9 A7 R 2
I 28 47 B, 30 A A 7 70 20 R AR X A, DAY b i U0 AILSEE A U BB =2 BRI

RT BEREMNIHRBATIERBILE

Table 7 Migration times of different virtual machine migration strategies w

L 7% 5 Ji— i JA= JH JH 3
INTER-VMM 8 800 9 200 9 300 9 000 9600
LRR-MMT-BFD 11 000 12 000 11 000 11 000 11 500
PSO-VMM 12 000 12 000 13 000 19 000 16 000
GA-VMM 10 000 12 000 11 000 12 000 14 000
Stable-matching 11 000 9 000 11 000 11 000 10 000
Correlation-based 10 147 9 546 9 546 9792 9792
ACS-VMM 10 000 11 800 10 500 11 000 10 000
GSO-VMM 11 000 11 000 11 000 12 000 11 000

3.3.3 SLA#HLE 547

M 8T LAE H, WA — 2 Ji 1, INTER-VMM i & 5% s 1) SLA it %t LRR-MMT-BFD i %
s AR, LI IR SAP e W L 3o U0 A 0 0k 1 AR MG B ) R L A SR WS SR D DS A R R AR R L
SLA i ¥ R 7E B e i 2 8 O T INTER-VMM 5 .

K8 BEEMVNIBRMHSLATMERLR

Table 8 SLA violation comparison of different virtual machine migration strategies %
R Jil— JA = i = Ji R

INTER-VMM 0.000 8 0.000 9 0.000 8 0.001 1 0.001 0
LRR-MMT-BFD 0.001 8 0.001 4 0.002 3 0.0019 0.001 8
PSO-VMM 0.001 2 0.001 4 0.002 1 0.001 8 0.001 5
GA-VMM 0.001 5 0.001 2 0.001 3 0.001 5 0.001 4
Stable-matching 0.001 4 0.0011 0.002 0 0.002 0 0.001 2
Correlation-based 0.001 1 0.000 9 0.001 3 0.001 0 0.000 9
ACS-VMM 0.001 2 0.001 4 0.002 1 0.001 8 0.000 7
GSO-VMM 0.000 9 0.000 9 0.000 9 0.001 1 0.000 9

3.3.4 #% L5 SLA# AW BEE 4 ESV

M 9T LA INTER-VMM i # 5 s 1) ESV 1 Z L T LRR-MMT-BFD i # 5 s , 3¢ W 75 i
LI E G B i A 53 7 A0 T X 25 5000 v B 7 3 0 U R 80 4 v 1 J 2 L ACS- VMM 8 R
(1 ESV R AL, FE L5 & PERE 1 S, (H2 & 2 LA L b Jy 1T (4 4 A o AR 19 L 10 INTER-VMM 7 B &t
THAE EPEfe sy
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K9 BEEMNIHRBENEKSIERESY

Table 9 Joint indicator ESV of different virtual machine migration strategies

RS Jil— JH = Ji = Ji JA .
INTER-VMM 0.08 0.04 0.06 0.04 0.07
LRR-MMT-BFD 0.23 0.18 0.32 0.34 0.27
PSO-VMM 0.06 0.07 0.05 0.04 0.04
GA-VMM 0.08 0.11 0.13 0.12 0.13
Stable-matching 0.13 0.09 0.25 0.19 0.15
Correlation-based 0.07 0.09 0.14 0.13 0.14
ACS-VMM 0.04 0.05 0.05 0.04 0.04
GSO-VMM 0.21 0.19 0.28 0.25 0.21

4 ZWRIE

IR AE I AR 5 e IR 55 B0 A J2 = 50 TP O R 38 9 258 E B, T N AR AT 5 32 R T B UL IE

B AL BX WA H bR o 7640 3 32 B G0 4000 00 3 B2, R SOAPIL 6 8 o A R 4RU WL I 3 R 8 T D4R o
AR IO 1 P61 SR s, {F 2 e 2 B AT Tk 3 = B8l v o0 9 45 A F8 b Pl o AR SCHR T — i A R 0
WLIEFEF i B AT B INTER-VMM ., INTER-VMM A L4z I 286 = o, 5% JH HPS B BL R #%
R SAP HE ML B S B B AR A, 07 BSE IR R B INTER-VMM Fe I JLAE A 0L A4 3 20 HE U ML
TR A A PERETR AR . A SCR FH B HPS A SAP S o %5 17 B Ay e Ak S s, F — A8 1 % i 401
B 48 R0 v SR FH B0 S a2 4 480 R A 0 o o LG Ak L 91 G 7R 52 A Bk R B Ak 2 o 1 AR DL iR AR
73 B0 H 0 1 B R DR R R ROR
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