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Abstract: Key-Value stores play an important role in today’s large-scale, high-performance cloud applications. Elastic scaling and load
rebalancing with low cost live data migration are critical to enabling the elasticity of Key/Value stores in the cloud. Learning how to
reduce the migration cost is one difficult problem that cloud providers are trying to solve. Many existing works try to address this issue in
non-virtual environments. These approaches, however, may not be well suited for cloud-based Key/Value stores. To address this challenge,
the study tackles the data migration problem under a load rebalancing scenario. The paper builds a one cost model that could be aware of
the underlying VM interference and trade-off between migration time and performance impact. A cost-aware migration algorithm is
designed to utilize the cost model and balance rate to guide the choice of possible migration actions. Our evaluation using Yahoo! Cloud

Serving Benchmark shows the effectiveness of the approach.
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SRR T — R EE T BB 1T R4S HGE . Al A AR, 2 B0 L 22 5 IR 45 L 22 BB
gh o RN R IREE N N T NG R R P I SR R B AR YA BB P T s 0 DK RIS R U [ 30 5 )
B Key/Value AFEH AT LLF I N S AU AERT & H S AT (48 o) s o7 i) IR 55 BE 45 % 48 OLTP W H &
Y5 A8 Sk B PR = 45 Ab 3 (extreme transaction processing) i 12 Key/Value 774 (1K) EE AR S H 2558 Y, R
=S RT N PR — R TR
X B A 23 v 1) Key/Value £7-ifi R G010 5 BRI 8% & S8 R30Stk S 38 i i D s R 22
FL3EITH% V1 il (migration plan)#iliE . B EE R D H PR R EEIE B E &0 AR BT EE
FE P AR B K EARAS R 20 5 45 R MR RE AT e — 5 52 M, R LG, el 28 BRAR I 8 T4 02 == IR 95 3R A1k s 75 2 00 i
LI ) AR T A7 R ARG E L B R AL IR . B A (R EC AE AR SR DL R D7 1 A7 48 1) AN W] T 42k
R 28 V45 B0 3T RS 7 oK 18T i Pk e, L AR BAE LR BN 7 P
o ELIREL R, VM PERE TPt BT A 72 A TV 2 5 L AR DR T B ot ) ik S Bl
ST SE LIS VM R BEAL T DC T Xen B 1 5 5075 ——Credit STVE4E VO 1 B A3 77 TH A7 4F
R B, T BRI A R FE AN DGR AN domain RPIR S, TN 5 RS L A 11 credit B A IR B I A&
— I3 SR A T R A SR T 2 AR domain T/O 4b B SRR A SR XRE, 24 B8 EAE W KL
VM S5 4715 s 38N, 17O 335 K BA 1 1 Bt bt 2 189, 5 SB0EC 0 AT 7% 45 4 A 4k BE g DRkt R
TEZIE VM 1 RET-HE K 26 18 7 2B 1) 52

o LS T4 MR ) G 1) P AN 4 BE T 4 A R 1T S N 1) 5 e e vk (B (R SCOHg 1 e SR AR e SR TS A
IEH S5 Wi SV IR [ ) ZE ), SR T — 35 2 Ta) B A — 58 B P & PR a0 SR B T H 9 A 5 B R 22 38 BB I ()
B A N R I I B B0 S, W ST B T A R I 2D I G ) BN AR I I R R A
BB AL T AR AR AL IR I SRS TR (0 A0 75 LA 3 2 1A R

ACHE I T VM PR T-HXT Key/Value 47t 5 28 £ 3T B 1052 0. Ay N6 1T SCHT I8 B PR 7 T Hk 1,
ISR R I 1) Al N SR8 1T 3 s R AR e (L T A N A g Serb i W RGBSR M T — AN T
MAPE 5 635 8 51 A M HEZE 42 T — P A BUK W B 1848 7 vk BT 5, 8 2 2 T 4ok 2% ) Orik i d it
fie T PR I IT 8 I 18] 5 P B 3 (B PN TR 7 D At b s 37 T — B T AR K A TR A 2 i T AT
RO B8 2L VR 5 3T A% I [R), [ I DA S A% U7 S8 (W B AR (AR 2 THZ B B 3Rt T — e T4 U ) £ i i 72
VR S b SR % T R T LU O R SR AR, 15D 0 AR NGB ST B T A

ASCE 1 TR TR S5 AT 2R 2 14t OGN N A8 R T VR A T A A AR U
R BB TP BB T FOOMI AR 2 L 3 A% A A58 B S O S0 () A I B R0k 5 3 1 4 AR SO VR ) S B R 5 SR A i
554 9T PR SIS AR B 5 WA ST AR LA R 4.

1 BE=50EaHh

1.1 Xen /OZE#j

LA 1 RE BB AR 5 5 32 5243 S Wl - 4 R L4021 R L4018 15 0 3 4 L, 4 i 04 e AR B2 148 JE 2 A8 2 14
SEAMGA, LT L guest OS PIAZ, LA VmWare 483 SRR AT R K Xen [7] I S REF 5 40 A4 i FU4E,
AR RAG R T 2R R TN T )32 6, AR SO G TAE T Xen M EACK VR 12K B BIAL H AR AFAS guest
domain( X FA domU)H A 7E — /Ml i BR 3 (front-end  driver), 1 B3 H: 1/0 1E KL B AL T domO 1) )5 i K 3))
(back-end driver), — % 3T 3 5 1/O BRI 1 304738 450 B AR K 45 /F 44, Xen SR page-flipping L7
SEPLZEHE DL O A5 4. domO J& T4 B G AT 3 1) 1 4 05 1) JR A 1 & IR B (naive drivers), A8 LA
ERF A 58 i /O AL BR.CPU A . 98 VR B R R 480 T 4 B 45 T it VMM 58 Jik.
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1.2 E@aH

HWE TR RIS 2 VM PERE T IO SR TR 7= A 00 5 0, AR SR FAAE PR 1 25 R 25 kR T Yahoo!
Cloud Serving Benchmark(faij #% YCSB)%T 5t AN [ H 45 3T 4 37 S 3k 4703, YCSB = 32 [ SR P4/ NoSQL &R 4 i)
e R PED L, fe e P E kAN [ ) 2 500 B R BN 7] U7 ) R 2. T SRR LS (A 100/0,95/5,80/20,
50/50 £5). i KA ZE M (4 uniform,zipfian,latest 25). £ BN BRE B 25 S b IR0 A0 1 A8 4k VM BB,
ANF R TP, A VM S 3528 — AN E 0 m, BT B R 8 3R AL B B 35 3R 7 A 288 4 5l
%R 95/5 Fl zipfian). [ 1 FIE 2 45 H 7 B IT A 9 05 (CELRRIT H 49 sRE AT 202 A7 T [/ — P L EHLRIA
FEENLIS 5T 2 5T S0M,100M,200M A1 300M H8iE i H (i i) 1A A 20 303 2 L VM B0k 2 il
13 1T RS ] 1) Ry FEMEPAT B HEAL . T 2 op VM=, ) R R I T s RN ST B =L B T x 5 y
A VM, R EHE 3 DL vM=(1, 1) IS 45 (03 B I 1)k SEnE AT R0 B 3 45 th T 308 AN R B 1) v s 3080 3T
5N RE A

#Data_Size=50 S Data_Size=100 #Data_Size=50 S Data_Size=100
5 mData_Size=200 @ Data_Size=300 5 m Data_Size=200 @ Data_Size=300
Q o
£g g !
= N =N 3
£= 273
= sE 2
28 ZE 1
= =
0

(1,1) (3,3) (5,3) (5,5 3.7 (7,7
VM

Fig.1 Measured migration time (the same host)  Fig.2 Measured migration time (different hosts)
1 T I ) (A — 4 B 2 TR A R B L)
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Fig.3 Measured performance impact (the same host)

3 PEREREI(FE M E L)

VM BT P04 0 Haht i B 1 [a) 7= AR O W ] 1 B s, BEE VML B0 IR K, &1 ORI 2% 1/0 B8R
) 5 4 AN T IR, /O BHL 23 A 45 B ok AU A I 11, VML 7R 25455 BA A1 1) I ) gk — 22 AR K 40T 4% 50M T 300M %L
PEIT R B 2 BB 2 VM=2 B 1) 1.74 £5~2.95 £5F0 1.19 £5~1.8 £5. X 5T 1,1 2 FIE 47 soRE AT
RO TS R4 B2 = AL, B8 5090 75 0 3ok 1 0L D A7 R A7) 3 D 0 3 TR IS g BT A A7 it =1 a8 A I 25 1) A 354
P, X AR T I T3 1O 364+ a0 2 FioR, T8 50M F1 300M B 1,38 7 1 18] 20 10 389 K 25 v=(1,1) I )
2.02 f5~4.02 f5F1 1.45 £5~2.06 £5.

T Ik RE L IRAE 5 VM I BTt 8] [ FE A2 70 S % Ok 181 3 45 th T M RE Sy (EL b VML 20 (AR A0 R0
AT RUE ), 38 B — R AR 1 00 R .2 VM B B/ I, VML TR 8 TP 2 B 3, B0 3T B 454 T 78 4y
I BRAT 7 8 SR, TS N T 8 e (K 1R BE SRS E (VML B0 2 I PR BB RSB 30. 1ms); B VML Bt (1 19 0 A
VO B8 6 R B 0000 Rl P R Al o 9 R 52 B T — o B o, PR R S VR H I T Bt 1 3 o, VML 20 5 IR
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TEPRAR B fIR). 2 3E— 2B M VM SR I, 1/O B 52 Tk I A K ) B 3 A8 L M IR 55 1 SRl B 28 HE ) T
1 A T U AEL AR 1 0.

BT FRME, AN, VM PERE T P08 e 3T B (B 45 1T 7 I 18] A0 1 B 324 ) FAT TG v s (1) 52 i, [
U 7 T 52 I RS VR I i % RO R FRATTRE B I A 1) i 3 A )

o WFTAEZG S VM PERE T LA AT T PN RS B T A8 45 A1 1) 455 B2 I 1) 5 1 B8 S i B2

o U R IEIT AL JT A B S 0F 3 AT A O A 2

o WAL T A ST TR A TR A v M IS TR 2

ARSCF H S8 B8 3 A1 )8R TFIE 5T

2 K

AT R BT AL ) LA SR T — AN T MAPE(monitor-analyze-plan-execute) 44 il #4147 2 1) iy
HEZLCUNIE 4 Jr ), iR SR 1 S B B A A JA 48 67 2 o0 A, () I DAk 5008 S % o, 0, % M MU A B g 8 S A
By B IE R SR AR B R P A T AR B S A O e IS B B 67 ST EE dom 0. VML B ATAE 1Y AU MR RE S
)10 S AT WU A B T B AN A7 i B T T 7 2 380 1 R, 21 35 4 A T — o L P o A B T X A A s AR AT
B e SR A TR v RI ) 2 G E RN AR A 0 AR RS S 0 A AT A T
BEANATAE Y AL 50 5T B0 1T AT 0 T RN 7T g 00 450 1T B B AR, 1 56 SR FH P B T A A F N A R )
TEFE I 1) R0 fi 2 ok (L, R 5 TV ST B P4 AT v SR VAR U 320 18 RN AT B8 A A 1B BN — R A1 e A 1 200 H AT

B
Migration time Perf. impact
prediction model prediction model
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_— " detection planning
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-
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=}
. .

J UM VM VM

( o 1|
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~——
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<
Node
Node

MM J

Fig.4 Rebalancing framework
K4 G s fiE e
2.1 GEIEERN
Key-Value {71 2 48 1 ZEAEAE RN 1 B4 U R} (data skew) R MIRL (load skew). 0 T~ s 5144, H #i
E AT AN b AR 56 AR, 3 S 3o S e 25 e S AL 0 DK £ Bt 50 0 A ) 110938 5 43 A S T A i R A T A 4R
RASC R BE% T8 A 2 JEANE iy, R 5y G B0V ek 28100 AR 3R, Il I 8 2 0 S LA R R 1y AN i BAT S e

EOE TR BRI L ek SO 201 R AR AR HEAL AL B ABUE p={p1.papss. . pa} AARHELL
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Ja FT A AR (n BB 220, MR 3 Shannon HIHES, {5 S (information entropy) W 1F 4 & 48 Jr AL FlYy &) F
BT A B 3 L BT R SR P A5 JE 00 0 0 AE AR ARE 11 0 28 40 A 17 00, v 5 T oL 2 2 (2) . i Bk o, 2R W £
I3 AT EEA T A4 T A R AT, T 2 1 47 2 0 AR 4y 1)

P =1 zl,- )]
=1

H(P)= *i p;-log p, @)

AR, 2 p=1/n(i=1,2,3,...,n), BI5GB G0 BV i KIRAE. H(P)max=log(n). 4 7 50 EL W 4t
TR IR AL, AT T — AN EE TG 0~1 B354 15 3R K F, 0L A 2 (3). 2 1 1R %k b A 30 () v 5 46
W5 d KR (E 1 LU AR, B AR #4E 40 8 {8 (normalized entropy) 2k £ 7.

=—Zp, log p, /H(P)max Zp, log p, / logf 3)

2.2 MHRETHMH RN RE

J VP BT A A I TR RS AN SO T A B8 T A B0 190 T AR 2R, R 3 A W (1] Y0 A R 0 P e e
JRAE TR o S IR B T VM ZSCEEPERES 2, WK 10X Ee S 40T DU I 1 S W JeK J2 45 1 40 1 %0 e 1
THRESE L ok B guest domain FIPERESH = B CPU FIH R . SERFT ). BH ZE I [a) A AT IR 0SS 25 18
F| dom0 1’??79?75 guest domain 1/O #AE UMK 21,4 E O BUITE, 2K B domO HIPERE S Bt e B0 S e A v
A 1B IZATE dom0 [¥] XenMon W T H 58 Bk fE 2 U ISR (e i TN 1%~2% [0 P i FF )1 L

Table 1 System-Level metrics
F1 VM EMERESH

CPU utilization of the domain
The percent of waiting time when the domain is in runnable state
The percent of blocked time when the domain is in blocked state
The number of execution periods per second for the domain
Waiting time for each execution of the domain
The number of VM switches per second over the measurement interval in domain 0
Total time blocked over the measurement interval in domain 0
The number of wakeups over the measurement interval in domain 0

The number of page mapping operations over the measurement interval in domain 0

Rk B B b B8 2 1) 1 22 e ok AR I R P AR (RS AR SR Z bR A T 30T W T M D A 3
ATTALBE.Z FRUEAL AR GETE 2% v A b i FH R S A v A 5 vk b A (D T A5 A 8 D 0040 7 000l 2 AT v R A
A7 VBT LA 3K (4), o x A bR AE A I FE AR EL, 11 o3 ) 28 7 BT A RE A IR 3 (E R 22

X=(x-p)e 4)

S P A TR ) g A SCIR R T3 R R 1 22 G AU 4 W O T 4 1 3 AU [F] ) 3% (stepwise linear
regression, fij FX SLR). £k 3= il 43 M2 (PCA-based linear regression,fii#% PLR)FIH[E £k P[] J47% (non-linear
regression, fij /i NLR). F4 & (45 45 82 BB B (A TR Y o =fi(v,s,0), 2L v Fll s 73 B0k VM JE P e S H0R1
TR HAR 2,6 RIS EAR T nT ) 85 KA1 96 M RE S I TR B c=fi(v, 1), Ho | SRIORIER S i 48,y H1 b
& IR L. 2% BE BT RS 9 5 wT BEAL T[] — (condition 1) BA [ 4 B 3= Hl (condition 2), PIFF 4L, Bdl IE# K
)AL BT TR A [, DT b, A S ) 2 T A 28 I S0 Sk P A R A T 10— B X 40 38 2 45 T R Rl A B 1) =X
AERIE, A VM, T VM, 53 SR R BRI W AR AN ST AE VM 13 M RES 4, dom0, ; Fl dom 0,
A3 R R IT T ST AN U E ) B L dom O TREE i AMERESHL

Guest
domains

Domain 0
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Table 2 Formal presentations for linear models

eI AR TSNP WS 2

5 5 4
c=c+y.a VM +> B VM, + .8 -dom O, + p-s+w-b (condition 1)
Time i=l i=1 i=1
model 5 5 4 4 o
c=c+ Yo VM + Y B VM, +>.8,-dom 0+ z,-dom 0,, + pi-s+e-b  {condition 2)
i=1 i=1 i=1 i=1
5 5 4 .
c=c+y.o VM +> B VM, + .5 -dom O, + p- 1+ w-b (condition 1)
Impact i=1 i=1 i=1
model 5 5 4 4 .
=c+ )0 VM +D B VM, + D .5, -dom 0+ z,-dom Oy, + pu-1+ - b (condition 2)
i=1 i=1 i=1 i=1

* o, Biy 6, i, and o are coefficients and c is a constant.

SLR SR A0 [l Y 30 Ay g 4 A ASE AR 181,y A8 o A A 22 LA AN A8 o 10 TN A T AN IR A e [ A7 AE 1R 2
L 4G 1k (multi-collinearity)! 115 £ B I A5 B4 RS 15 3% 25 0] ) (stepwise regression) & — Fft & I ) 10 B £ T JL 46
PE R A AL IR A (1 vk AR AR R F A58 (F-test) 2 AN ST\ AR 5 5l A i H AR B A F R
REEMN AN DAL, TES CEANERSITRE RO A TRl THERMNGINTEHATEE,
oK LB X AN TR R ST AT, H B A T AR R Bl 3 N B B A b SR A B 3 (least squares fitting) SR fif

SR A AE P — ) S AR 1A, T S B b s D SR 0 I AN i — (200, ISk S B DA A7 A .

2 18 3 v 4 s 1 U 2k 2 S BUL BERULA (overfitting) 1] 8, [R) B 25 5 | N IR T SR A5, PLR. 7 V23R 32 ik
4343 Mi (principal component analysis, K PC A2 44 i 448 E kAT B 4k i B8 LA FEARRE AW U4 B rpr 4R
I 5 BLAT o B ARRE RE ) (00 4556 78 B OUR Ry I 47, 36 2 &35 72 8 Fh ) 2 70 4 T S A 38, T e e K
A B R RS A (B A AR AT B I (B A 43 T 19 B0 e E TR BY PCA SR IR I 4 L B8 TR,
TCE VPR S T 7 i — A BOR i 4 R R O R YRR i, AR A R A B O 1) AR T T A
& 5L T B AT N A P R A0 K I TR AR xR R AR NI B S 4 A A ok e B,
F A o WD 5 IR T R4 2 L M I R i B4 2 i N — SR G 25 10 AR R N, 22 EAR DGR 2 I 1) R R B A
o T 5200 43 AT 45 T MR L DR, 3 3 o0 T A T LR TR AR DGR B T AR 2 2 ai i AN PCA B iy 25
T A A B T 20 % S T AR DGR R

/O SEAFHUH] S B AT (0 B P 2503 Uiy ia) B iy a0 A58 1) ) 288 1 A 75 2 PR AR TR 5 A WL 8 (E AR A AN AR G BB 5,
FEE 1N e (4TI A 5 2% TR L, A SC R SR T AR 1 IR1UA U792 NLR SRR g i ess 72 =L A4 &5 p i — A
T 1) 25 B3 R 58 4 IR %2 T X e 3 (quadratic polynomial function), U1

m=1 m

DY NI NS Y )
i=1 i=1

i=1 j=i+1
Hot 8,6 TS H e 8 PO <i<m)h R m 355 5o (AN $0 35k 2 7 86 357 -2 151 Gaussi-
Newton) 2 7 5/ — Fedil 4.

FUH 47 8 (5 B AR AL 525 b 95/5,80/20 i 50750, 17 3K 43 #i 8 Y zipfruniform/hotspot/latest, 2k T2 & il i >k
s K/ 512B/1K/AK/10K) G AR 4L VM $es 5 678, n R4S AN R RR B2 19 Pk R 503 T v (% Jse KATy
HVE R K dls i 53 i 15 8Mbps~100Mbps, I M~400M. 24 £ i RIS 28 (147 4 Aff 2, AR SCR FH 26 AR 5 125 56 AR 7 11
WINEREO) L oA FEARUI: 308 BN 23 B0 30 A 21 4 A Mo i N 38 AT S 36 I WA SRR B0t 38 ke, B WL 34 i 5 1l 14
A5 T ALE TR UE Dby i N U 2 B0 ot DI 5 43 A8 0 000 8 358 2 R AT DAl SR i 1 1 1 BB (A 30%),
VUV E— 20 5 B tH AR A0 43, 0 W A A DX W) 4D 8 06 15 O SR8 A 7 5, DU 884 7 £ 6 2 14D 7 5 3K 4 DX i) f N
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2.3 TRFTHEER

TTFE T4 A5 T 56 3T A% W) 110) L5 1 B S8 R AR P B , TR A Ak BA G RS o E R sl ce 2 B A B A SCK T
% TR AE o 23 ) A 2R o e X AR S N TR0, Y 25 42 g 1 1] 8] 6 AT 78— IR BRI 75, 45 i@ i B ) 1] ¢, Al
P B8 TEVRAH 3T 7% T 8Y 1T 28 7 g 5 N P 8 T TR R (B P 5 o 1 B 5% 358 40 T AR, He 31585 20K cost=c,c; AN TR 8L
PEIE AL A X DA [F) 1 RE T SO RS T A5 (8, X FE B4 G 22 R BUAET v 850 3% A, g 6 T ) 86 1) 80, an 161 5 BT,

7 lPerformance impact

%/_)

:Migration time
]

A

Response time (ms)

1
h Time (s)

A\ 4

~

Fig.5 Rectangular area-based cost model
Bl 5 LT AR T A
FRATGE H AP AR 2 10 B 8 WD S B W9 R S S ) 0 12 1) 1 e 23 310 A, () A (1), S BRI AT S
I 151 151 B8 A Ay 5 TR AR A 2 M5 TRUINT 8] 20591 Ay R, U OO AR ST )1 22 Wy 57 I T 53 5310 4
=] fd 1)
n=" fod fe 1)
S8 W I i) — 5 R b s T B AT RS 0 FR G A ) B M e [ I T K, 3 T A O B O XA
TR AT 14 109 LA A A - 25 o [ I 1] FR) BB B 11 5 3o B 7 O 800 3 A% KT B S 350 20 Ti A7 30 A S,
Sy, BARE T 5 22 L T A O S, F AR 3 AR T 459 210 R 4% 5K

[Frde=5,+5

(6)

, %)
[jfh(x)dz:s,, +S

T8 5 (6) 125 2 (7), T VKR T 1 S840 i 5 I [ b — 25 375 by
1= (S, +8)/t,~1,) ®

1, =(S, + S)/(t, ~ 1)
52 002X (1 28 6 B8 43 AT 550 I 6 1 2 J 24 2 4k 1 56 B 40 4 T TR T L 2
2.4 FEBBEEIE T E

ST S 280 M 0 A B 8 P B ST A 9 2 T G T AT AN AR B RR AL S T 5 A U TR
RO HVANENT LS MI set FIIE T HES MO_set, M1 _set B T MBAEAR T 1/n (7 15,MO_set NI
G SR T Un B ST R (migration plan) 6 & — 2 91 05U T B 4505 A9 AN SO ST R B b — A
PUTEAL Cu, w, T, b) Fm 36rh u Rl w 43 92 RAT W S AT AT 5, T T 40 X, b RoRiT Bl 56 IR,
BATR 2 55 5 Bl 8 1) B2l — A NP R A (bin-packing) i 82— 34 x5 00 49 X 208 A 38749
S rh 2 R BR A A3 16 MU, VRO T A5 T A 00 B B AE JE AN AT AT 15 2800 i ) A SO — R T
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BT T2 BT A S SRR vF 55T A% T A 1A e IBUR) P8 B U BT A% #R4  WA0 1.

1 PSRN MO _ser Th B IRIEIC AN Y R w AT X p(peu) SR N MI_ser "R IUE T BE
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% 1. Cost-Aware migration algorithm for load rebalancing.

Input: MI set, MO _set;

Output: A migration plan consisting of a set of actions.

1: initialize a migration plan S={}, a temporary partition set 7={}.
2: let /.4, be the mean load value among the cluster nodes
3: repeat
4: let u be the cache node with maximum load value in MO _set
5 let I, be the load on partition g (gu)
6 p=argmax{l] |l I} >1 .}
geu
7: addptoT
8: if 7#J then
9: sort the nodes in M/ set in an ascending order by load
10: for each node v in MI set do
11: if [+ 1 <lyeqn pT then
12: let cost,, py be the cost of action that migrates p
from u to v, cost,, py=c,c~f(v,s,b)-fi(v,l,b)
13: bﬂw_p> =arg min{costw’vsp)}
b
14: costmin<uyvypﬁf,(v,s,bw,v‘m)xﬁ(v,l,bwv,m)
15: else
16: break
17: end if
18: end for
19: w=argmin{cos, .., . »
veMI _set
20: add (u,w,T,b,,.p) to S; T=
21: update the state of u and w
22:  else
23: return
24:  end if

25: until the current imbalance rate F>threshold
3 KBS
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M T SR TR () A P R W 2B 3.4 T U0 UE T A MUK K BT A v A R B 3.5 TR S T TR TH AR Y
TR 5 A T AR HEAT T LLAE 56 3.6 5% SO iR (AR L 45 A0 BT A8
3.1 LWINMEFIRE

SZUGIAET RS 4 & HCE M F I 1A R4S 2% (2xIntel Xeon Quad-Core E5620 2.4GHz,16G A 17), i Sk & H
AR Citrix Xen-server 6.0,Key/Value 171ifi 2 4K H 1 B Bl 2% B R A 0F 57 BT B4 T FE 0 %5 T memcached
il /% 1) ElastiCamel ZR40.1% R 48t 30 N EHEAFAE T AU 1 AN FEAY A4 A, HL  Key/Value 774 A 35 B4 5
Bl 055 K BT B AT A B 0 B TR A Bl R R A I RE R R A o v
HHE 2% R FH 2 i i BRI (B 2 7 i TG A S B P G SR e A R H bR RS 28 ) A B T IR S5 v
¥ VR R ARG . PSS TR AN T R L A R B A X AR SR A Amazon 42 H R —
SOPE s A5 IRV R EVE S I T R R A AR A, AR SRR A 7 A R 40 S A T KON O AR B 4y X
(AR A LT SL0>>NN 745 s 30, 5N AU YR JC AR PRAE 7 43 BCAS [R50 1 3048 43 DX B A s i o A7 i 15
RECK 30,55 X B HE R 512,50 AN T R AT 16~18 A3 IUE BT AR T IMX A gHE R %
T R B ) Mk e A (B 4G CPUL I AE AT 2% B R 3 L 25 2508 20 DX 10 S 38005 8058 ) A AN SR T 10 1k i
ME.JE4TE dom 0 [¥] agent 7 TFAAT XenMon THAE i) H & SC4F i B RE 6% 2 LS )2 1 RE T3 AT 2 10 1k

BEAS VM SEI(1 M4 CPU,800M A £,100Mbps iff %5 )1 &5 5& — A Key/Value 74 17 5, I 24 H 41 AT 500M
WAETRANTE 3 GWRLIRS 2% B2 0 15,10 1 6 ANAAfifi 9 s IR A MO8 1) 2= IR 45 S5 T H YCSB,
JiH YCSB % it ¥ ¥R E AL 4 607 IR S5 a5 PRANIC B W3R 303/ o i AN 2 DA ) I3 485 7R fE AT

K P22 H) ElastiCamel F8 48, 4555 SR AT [ BOIR 8 TG 90 B2 4 1) S0 0 A0 26 i 52 5 975 oK.

Table 3 Implementation details of the testbed
w3 CLRHBIWAE

Physical host 2xIntel Xeon Quad-Core E5620, 2.4GHz, RAM 16G

Hardware Storage VM 1 virtual CPU and 800M memory
Test client 1 virtual CPU and 800M memory
Virtualization software Citrix Xenserver V6.0
oS Cent OS V5.5
Software Key-Value store ElastiCamel V1.0
JVM Java Hotspot V1.6.0-b105

Test client (s) Yahoo! Cloud Serving Benchmark (YCSB)

Network 1Gbps ethernet

3.2 FUMARELEM

FeA IR 5 2.3 A5 ik ) SLR,PLR Al NLR iX 3 FhJ7ik

OB A P BB KRB S BB RF 5
(7 T i) —(condition 1)EA[A]4) 38 3 Hl(condition 2))43 7l 44 c B SLR
R T HUL VO BB b e A i e T 5 O EPLR
B R 1 SR AT (R s o 6 2 O

7,time 1 Rl time 2 33T # I (8] T AL 23 53 /E condition 1 0.0

~ S
1 condition 2 W HI T impact 1 1 impact 2 F£RVERETE g 2 g g‘
Vol AR T 4SS 78 23 55 4E condition 1 A condition 2 B} [#) 75 Y. - - B H

6 Xt T PR time 1 K impact 1,4 Ff] SLR JriktE Prediction models
AR (I A 5% A% T 10%); 110 % T time_2 Al impact 2,NLR Fig.6 Evaluation of prediction models
TERA— N A E R LT PLR 5 vE M () PO s 2 7 K Bl6 TR PO
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RGO HA BRI HON A 3R 258 T impact 2. AT AT T 2087 R I, AR impact 2(PLR)[ Bt 75 Z 51
ifik % (the cumulative fraction of total variance)# &1, 4 85.86%,1H Jx WA Y 48] & FE A5 1) R-square {HZN A A K
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3.3 FMER RSN
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Table 4 Details of new YCSB workloads
F 4 YCSB HE Ui
Workload-1 Workload-2

Read/Write ratio 70/30 100/0

Request distribution  hotspot (30%) latest
Request size 100KB 100KB
Thread count 800X 5 1000 X5
Duration time 15 min 15 min

7 25 T P00 R AT SRR R AR A B A L time 1 R impact 1 B time 2 R impact 2
B 43 531 K SLR R NLR J7 VAR 6T PR time 1 F1 impact 1, BT 351 57 380HF AE B0 HH I, 400 46 1 90000 4 35
215 63.75%F 56.52%. F1 I T AE AL FF AR 1B AT I G v B, 0 4G B AN IT B 45 A B0 Re SR I R] 7 S 7 1.
8], SRR AT A AR 58 90 AN B0 AU TN R A4S 21— B B 7 Jnos, B SRR S 11
AN, T 5 R RR A I IR AR PSSR 2 10%~15%. 75 T4 HA 102 A1 B T~ SLR ZRPE A7 NLR J7 kA 22 1)
Al e AT R YR S B A FL AT B 4 1 8 12

1.0
- —&—time_1
g 0.8 —&— time_2
o .
« 064 & —m— impact_1
2 ."“a::-..___ —x—impact 2
S 047 ¥ T
£ 02l Ty
A ==
040 1 1 1 1 1 1 1
90 270 450 630

Number of new sampling data

Fig.7 Robustness of prediction models
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XA S N zipfian 5 latest 5347, 305 LG A 95:5, 1 R AUHE KN Ay 4K, A28 LBz AT 15 4y
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Fig.8 Measured imbalance rate during data migration
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Fig.9 Measured response time Fig.10 Measured throughput for different approaches
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Fig.11 Measured response time for different cost models
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Fig.12 Measured throughput for different cost models
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