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Matching-based Virtual Machine Packing Algorithm for Lower Power Consumption

SATOSHI TAKAHASHI ,t ATSUKO TAKEFUSA ,t MAIKO SHIGENO,*
HIDEMOTO NAKADA,* TOMOHIRO KUDOH tt and AKIKO YOSHISEt

VM (Virtual Machine)-based flexible capacity management, which consolidates multiple VMs into few
physical machines and other physical machines are allowed to be put in “stand-by” mode, is an effective
scheme to reduce total power consumption in a datacenter. However, there have been the following issues,
reconcilement of power-saving and user experience, decision of VM packing in feasible calculation time and
collision avoidance of VM migration processes. In order to resolve these issues, we propose a matching-
based VM packing algorithm (MBA), which enables to decide a suitable VM packing plan in polynomial
time. In the experiments, we compare the proposed algorithm with 0-1 integer programming model, using
optimization solvers, and a greedy algorithm. The results show that 1) the proposed algorithm MBA reduces
the total power consumption by between 18% and 50% of when the packing plan does not work, 2) MBA
enable to provide an optimal packing plan in feasible calculation time, and 3) there is a trade-off between
the power-saving effect and the deterioration of the user experience.
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SIHIBELLLDEZH VS,

52 EBRBER

9, 73 260 1 G 72 OB
P & THETRINRI 2 T 5, fRER 21087, H
L, MBA i<y F ¥ 7 R—=2X7)L3Y XL, GREEDY
3270 =54 73y X4, 1P 1d VMPP ((3)-(10) )
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% CPLEX TRV 7R TH 5. 7721, VMPP Ol
8 1z & 2l DD 1 2 o I IWHEE ¢ Ric
VM k AEREI N L2 E%R T2 EE2FHL,

D (@i + aih — 2waah) <L, Vi€ P (20)

LLT0s, $7, FIX W, &UICHREETHA-
7GBAOERERT. MEPEFTARED £ &, MBA
P IP T, HEEZTHT, 1 WIRiOBEZHw 5,
—77, GREEDY Tli%, FETARRTH K22
BENEIWVNIC 2 L) ICHEEEZfT> T3, TP
TH FETREEREIC S FHFECE % 1T 9 & 9 12 VMPP Dl
F1(5) & (6) ZZznzh, HfyeEEL 282K Tk
E\gﬁpi,qi =

z)mwM—mwtheP @1
keV
Z vepTik — ¢ < qi, Vi € P 22)

keV
LEEHZ, HHBEK () %

Z(costi(z veRZik) + basesy;) + Zpi + Z Qi

1eP keV 1eP i€eP
(23)
DOEIME & U 7B E GRS L, 2% CPLEX T
R fER % TPr itk S, A X 300 DEIZDWT
13, EBOSET Lol z0, EREZIHRETVLRWL,
MBA | IP ® GREEDY R, %< OE&THEM
HENEIVNZLEHERDD S, MBA & IP DN e
BHEBELZ S TWBDIE, REMIEEE 354,
B Z2FIEICR S 205D, O IP TlE, FHER
I (600 ) PICEEEDR O & e \igs, WEfEsz
HOTWw372dThs, IPLIPr2iET2E, IPrd
FiDSPEIE BB HEIVNE LI S, FITARERGIC
S HALEZ 1T BRI OD 5. GHFREIX, GREEDY
DWHEENICFE S, MBA & IP ZEE§ 2% £, MBA @
J5 S EIER A3%E >, CPLEX |3 38 HE A5
FHERE I 2P Y LN E U TS A4 pE STl 73
EifibnTcw sy, REGEZIEEL, #Ya%IH
R T7 NI R L2 REET 2H T, FHRREZINA,
Rl EE N TR Lo, EIICEHITKEL
YA XM %E fiE\ 72 &£ D MBA & GREEDY % It
BL7=bD%RT, MBA IZ, MEY A X 700 TFH
SHERTIZF 4 #C, GREEDY D[ HEFIZIZE 3

bDD, THICERNLIEETH 2 Ebh b,
5, EHGHERE VMPP % f#<{ o1 GLPK %
JAv 3 b, PBE RS VM B0 B 10 0 & F,
YEIER DS 0.168(sec.) TH b, VI (=VM
B 520 o & =%, 200 WikF, 600 LN TR %
e <, EEMRLH F D RO IR E L0
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YIBREH R +iimfi§* PRI (sec.)
(=VM %0 FIX MBA IP  GREEDY IPr | MBA IP  GREEDY IPr
50 | 3814.716 1951.501 2817311  2892.781 2736334 | 0.018  0.659 0.002 0.484
100 | 7623.835  3959.415  5925.185  5643.225  5400.173 | 0.076  13.243 0.004 2.753
150 | 11469.435  5841.630  9395.015  8369.995  8101.466 | 0.157 12360 0.007 12.107
200 | 15259.594  7752.674 11755764  11087.964  10736.924 | 0.280  22.335 0.010  48.862
250 | 19055.052  9579.447  14552.893  13688.537  13313.994 | 0.433  21.358 0.014  239.831
300 | 22840991 11423201  17479.776  16385.326  15976.583 | 0.625  48.815 0.017  530.083
i 5 71
=3 1 W® 7 h O E I e & PRI o Hoik VBRI l@ﬁ“%ﬂciﬁ(
] . (=VM ¥) | MBA IP GREEDY IPr
ZEii P ERIK
e Y e $ﬁ(s'f) T 50 134 805 3.67 143
(=VM %0 FIX MBA  GREEDY | MBA GREEDY 100 121 18.39 852 2.87
400 | 30507.199  15273.144  21826.859 | 1.145  0.026 130 116 2347 1380421
| : oLl '” o 4‘16 ]' : 200 | 065  34.66 1844 527
Zgg i§83233? 2291461'89? %;423'58? 253? g'gig 250 041 3668 2432637
: : o : . 300 | 061  48.11 29.14  7.67
700 | 53408342  26723.107  37835.882 | 3.892  0.061
j% %‘%v:’)xw&mwf*%‘ﬂﬁﬁmﬂhlﬁj; DKL BYEREA I I3k A R ERDHEA TV B0, C
FEIGIS. | MBA TP GREEDY  IPr R
VM 20 2T, MERESLE RS LT, CPU B LU
50 049 026 024 0.28 Y DR BERZBZ T2 EE2RT
100 048 022 026 029 24) RCEBZ S N B MRS EE T, Hlfsk S <
150 049 018 027 0.29 . . i .
200 049 023 097 0.30 &6?&1 FEREEDHILT H2HEEERL T3, &
250 050 024 028 030 PIBGEIER (e P) IS LT, fRIFFL TV 2% VM D%
0 050 023 028 00 BEVI TS, CorE, MERAE
””””” o : max{0, E vek — Ci /¢
‘,‘, Y 4.),\ "‘t"‘ ‘,‘,,n W e ,IA.‘....‘, l“n'." ul« '.‘, ‘u,““?p\)ﬁ Z { k 1}/ i
' i€P kevi
+ E max{0, E vmg — mg}/m; (24)
i€EP keVvi . N
TEHEINDG, X5HKETLITY RL2HOEGEED

nnnnn

++ + « GREEDY

YIBGEHRBEEL (=VM #0250 @ & ¥ D FIX, MBA, GREEDY, IP,
IPr DL ROHER
HBThot-,
RICI 2 1Y A4 X 250 DIRFD FIX & MBA,
GREEDY, IP, IPr DiH&EEEOHR 2T, ik
I %, M 2 o ToNBENREET, 2L
A EDHIRITED 7L ) X LG HEE = ORI
DAL THh 2 HE1bP S, Fi, FIX LR
& MBA, GREEDY, IP, IPr & & I KIRICH 2 E IR %
HIRCE TV 2HEBbL S, R4BFETNLITY LD
LB NOHIREZRL ToC, HREZ Laro%k
BAICHR, EO7LTY XL LHEBEHEIE 18905
50%HIRTE TV 5HBZbLD S

BiRIC, FRCE I ;aﬁ%ﬂm%¢v¢a Z—
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HEEZOHES LB D2 T, %5%%5&
MBA DD 7L 3 X L CTIEREY A4 Zoighnc

B LTS LB L Tw 5, —J5T, Mmui
b BB IS 2o 72, _ni FZ Lk
HEaREZ RO AR EBbNS, F7, IPLIPr T
&, TPr DA BEREA LB E W23, T UIFATA
BROMILEOREEELZTIRL Tw5, MEDZ E &

D, MBA IZXLTYH, FEITARERICHHEELTH
EHETNTY RLRBIET 5 T L I3MERES (L b UG
T3 EF/RINSG,

RET 2y F v I/ R=2 713 X LIYHEEHHE
BEBeNF a7 DETNREICSGZDEFIETE S,
—HT, BEEEHEE RT3 -1 1 DDFHHEE
PREZET2 VM B EREZ 1 LLTED, wvF
Vf&—x7wﬁUfAi’®ﬁE%ﬂmwaﬁ

EREKE 2L EE LT D IHEET OHIE %A
2778 bFE 2 5N DD, EZEHDI 2 MM LE2FFTE
&, IRy X v JREE, 3-aEIlEE A
IHLHETNP-WEEEEZRE S, koT, wvF v
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R=ZAT7NITY LD &I BN LEITEDT, 3
TCE Z R BEGHEREE Y LS TiR WD, 7Y —
TA—TNVNIYVALDEIBea—YRT4vITT
o—F9nRW, F7, BEFEE VM LD AT LD
oI A LERRNBICT 272DICEHA R Far—
RA L= arvEHAOE VM ARy ¥V TV AT A
DFEHZHRL T3, FLat—<Af 7L —a
VEEHRE LY AT AICBLTHHEHTES, S
A=A L= 3 vTiE, XEYA X =Y DR
W2 VM LD ZF LD & 4 SIS TEREE
INB 70, RET 2 EEMIEE AL L - FHREIC X
DEHE X E ) A A—VBENAREE 2D, V¥
AL EFMHTHIENTES,

6. HH O

AWHFETIE, GRSy X o JREIC L T,
LIEAEE T LTV RLD2y Fr I R—2 7)Y
Abt, Ca—YRTAY I TNIYVRLDTY) —T 4
TN ALEEREL 2, FHEEE T, ik v
NEHIEL, v v F Vv I R=A7 NI ZLIET Y —
T4 7Y X LITIFFELTRE TS 2 b oD, EH
M7 IR & D 2SN S BB OIS HTEETH b,
MRS BN EWERR L, £/, BHYANKD
bR THROER 2 S o N 52 R L7,

S%13, EEIBROTTLE, FL AT LISED
TPV RADOEERGET 2 2 &, KZaiHE
B DO HIIEEN R % G T B 72 01 2 A G SR
ANy ¥V IR L, #2703 X 50K
PERERHII AR (TS, Fi, REFEEE VM Ay ¥
ZY AT LMSHEA L, CPU R X T Y HEOEFDHEH
BICHOCEEHBICNZ TEEDET? 7Y r— a
VICBIT ARSI O WTHE L, REFHOEM
E N

BE AWFZED—TRIZ, CREST(E®H Y 27 LDl
BB L% HIE U 7- Bl dogr & i a bt 8 X
O, BHIFE (22510135) DB % 2\ L 7=,

R

1) T. Hirofuchi, H. Nakada, S. Itoh and S. Sekiguchi.
Reactive Consolidation of Virtual Machines En-
abled by Postcopy Live Migration, Proc. of the 5th
Int. Workshop on Virtualization technologies in dis-
tributed computing, pp.11-18, (2011).

2) H.Nakada, T. Hirofuchi, H. Ogawa and S. Itoh. To-
ward Virtual Machine Packing Optimization Based
on Genetic Algorithm, Distributed Computing, Ar-
tificial Intelligence, Bioinformatics, Soft Computing,

£
=

ait
¢

340

SACSIS2012
2012/5/18

and Ambient Assisted Living (Proc. of Int. Sympo-
sium on Distributed Computing and Artificial Intel-
ligence), LNCS, Vol. 5518, pp.651-654, Springer,
(2009).

3) THFEE, WEHOF, RHRE, G A, B
I, AR Sy F v T O RGELFED
W, ETEAEE AR E (CPSY: 2
YEa—% T AT L), Vol.110, No.167, pp. 55-60,
(2010).

4) MEHOT, hHEE, INHEE, JUERE, B
CEH, BB T ARG R Ry v 0
TNTY X LD, BT HREE B
S (CPSY: 2 Ea—% 3 25 L), Vol.l110,
No.167, pp.73-78, (2011).

5) T. Hirofuchi, H. Nakada, S. Itoh and S. Sekiguchi.
Enabling Instantaneous Relocation of Virtual Ma-
chines with a Lightweight VMM Extension, The
10th IEEE/ACM Int. Conference on Cluster, Cloud
and Grid Computing (CCGrid2010), pp. 73-83,
(2010).

6) IEWISEE, hHFERE, GUEE, BOEm. &
HeA 7L —va v 2L R v EE
s 2 7 L OBE, HRLHE AR ER &
(2010-0S-115), pp. 1-13, (2010).

7) T. Hirofuchi, H. Nakada, S. Itoh and S. Sekiguchi.
Making VM Consolidation More Energy-efficient
by Postcopy Live Migration, Proc. of the 2nd Int.
Conference on Cloud Computing, GRIDs, and Vidu-
alization, pp.195-204, (2011).

8) B.H.Korte, and J. Vygen. Combinatorial optimiza-
tion: theory and algorithms, Springer, (2004).

9) Z. Galil. Efficient Algorithms for Finding Maxi-
mum Matching in Graphs. ACM Conputing Serveys,
Vol.18, 1, pp.23-38, (1986).

10) J. Edmonds. Paths, trees, and flowers, Canadian
Journal Mathematics, Vol. 17, pp449-467, (1965).

11) J. van Rantwijk. “Joris_-VR”,
http://jorisvr.nl/maximummatching.html

12) M.R. Garey and D.S. Johnson. Computeres and
Intractability - A Guide to the Theory of NP-
Cpmpleteness, A Series of Books in the Mathemati-
cal Science, 22nd printing, W.H. Freeman and Com-
pany, New York, (2000)

13) “IBM ILOG CPLEX”, http://www-01.ibm.com/
software/integration/optimization/cplex-optimizer/.

14) “GLPK”, http://www.gnu.org/software/glpk/

15) F. Hermenier, X. Lorca, J-M. Menaud, G. Muller
and J. Lawall. Entropy: a consolidation manager for
clusters, Proc. of the 5th Int. Conference on Virtual
Execution Environments, pp.41-50, (2009).

16) M.L.Stillwell, F. Vivien and H. Casanova. Dynamic
Fractional Resource Scheduling for HPC Work-
loads. Proc. of Int. Parallel and Distributed Process-
ing Symposium (IPDPS), pp.1-12, (2010).

(© 2012 Information Processing Society of Japan



