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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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Table 2 Formal presentations for linear models
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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
TN p IR IETT KGR 9 AT~55 11 47). 8 PR S0 7 SR 2 IT R A5 (0 H AR Y sl 0 TR 80870 AR 4
FE VM 2 W25 T8 Bl A OB R T B R SE T S AT AR T BN o B BRAE b LAY R B
AN TR oSty B IF IR COStrmngun S8 NEIHY 7 w A TE AN 2, VT B B AR AR 52 (3 12 1738
19 A7) BEAN IR A AT LA — N PYTT AL G 5 AT RGIE R Al 9 AT 70 Xk s B i A
Wk A R R Sl T A E &k

BRI T SR O(m(n(1+logn+w)+p/n)), et ,m A 8Hs 53 X8 n A BERETY i, of O vH 5571 56 1
B F I T A2 R E.

% 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] |, —1; >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,,. ) to S; T=J
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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3.1 LWINMEFIRE

SLY ERBE ARG 4 65 10 E AT [ 1R )0 7 IR %5 %% (2xIntel Xeon Quad-Core E5620 2.4GHz,16G P4 A7), i U4k 5 #1
AR Citrix Xen-server 6.0,Key/Value 171ifi 2 4K H o B Bl 2% B A 0F 57 BT 844 T FE 0 %5 T memcached
il /% 1) ElastiCamel R40.1% R 48t 30 N EHEAFAE T AU 1 AN FEAY A4 A, 3 Key/Value 774 A 35 B4 5
s M55 S BRIT R (AT A E0 Y A AR DT T A B SR YR S A A D R A TR A o e 4
HHE 2% R FH 2 i BRI (B % 7 i TG A S B P G SR e A B H bR RS 285 ) A B T IR S5 v
W VR A R IRAG . PSS RSN T R L A R X B A X AR SR A Amazon 42 H R —
Pk S A5 RV VRSN T R L A AR A, AR SRR B A 0A 75 5 R 40 S A T KON O AR B 4y X
(R A HE T ,0>>N,N 45 s 330, B UM H AR B 6E ) 73 TEAS [m) 50 1) 500 3 DX R AR St v A7 Ak 10
RECR 30,00 DR EBEA 512, K AN AEA 1Y RFI ZMAC 16~18 A2 XA BT 3L T IMX 52 1 GErHIE B %
T R B ) Mk e A (B 4G CPUL I AE AT 2% YRR F 3 L 25 2508 20 DX 10 S 38005 8058 ) A AN SR T 10 1k i
ME.IZATLE dom 0 1) agent 51 5T AFHT XenMon 1 H AL it H 25 SO 4 AR A% I R 2 Mk e 34T 8 1) 42

WAEBAHE 3 SR 55 4% L7 a8 15,10 A 6 A7tk DR HE LR 1 25 e 25 S B T YCSB,
P YCSB % ) i BB AE 55 4 6 7)) g5 s PR HC B IR 3. 90107 7 o 2 A DA SRA) D 5 95 AT

K JF2 L H) ElastiCamel F8 48, 4555 ShAT [ BOIR 8 TG 90 B2 4 1) S0 0 A0 2 52 5 975 K.

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 RhJ7i%k
) F TN A TR Stsf T 455 A U0 A TR AR 4 3 RS Y AL B AN [

R AR A S 0 — (| . DR S R 6 P

S B

(B2 T[] —(condition 1)ELA [F]## 3 Hl (condition 2)) 435Il 14 - § B SLR
k) <

AR VAT B VP BB [ b fle AL R RS TR 3 \ FhLR
3 N
: \
- \

2

7~time_ 1 F time 2 36753 I 0] T A5 584 43 Sl £F condition 1

— «

) N | i N

1 condition 2 W H T8I impact 1 1 impact 2 FKRVERERE S 2 § §

Vol AR T 4SS 78 23 55 4E condition 1 A condition 2 B} [#) 75 Y. £ S
6 Xt T PR time 1 K impact 1,4 Ff] SLR JriktE Prediction models

BRI (PO A 15 A% T 10%); 1T 6 T time_2 # impact 2, NLR Fig.6 Evaluation of prediction models
iR AR R T PLR 7 Vb R (R U K 6 TS o
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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
0.727. %} F SLR FEMIEE time_1 5 impact 1 FHAUM &, guest domain Y BHFE NS A& — M EH EE IS4,
K domO [ BE S BRI ARE 45 0P A 2 1 BB 7= A2 JG$E RS M NLR J5 V6] T #4537 5 2 A 2% 11 VO B3 4 b g
A R TN R AL T 10%, BARHEZE BAK.

3.3 FMER RSN

YN GBI SRR AE S I OIS TR (1 M 5 2 AN IR T 1180 3 9, 3K T ik g ot i S )
YRS A ST RY WA ST M, AN S S i S TOUIIASE 25 11 5 5% o4 [R] A o 50 e b B S 20 Ay i s Pk e R AL, B
oy 72 AR get,put Tk SRR R SIS [, [ o 00 R 306 28 4 BN PR BRI AE T BT W R o= @ Lt L 3L
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AT 2B H bR VR TN AR T R E S HE N YCSB SCRE R R SO e OB B R OR
W05 Ll it SR B 1 ) O, A iz i SCIR P RO S AR UL 4(3 75 9 Workload-1 il Workload-2). Pl it
FRAT B ABAT X PR A A8 2, [ IS 3 SR ABE 28 ) ol 8 13 22

Table 4 Details of new YCSB workloads
F4 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 TR R I AT 1 SRR R AR B A L time 1 R impact 1 B time 2 R impact 2
B 43 531 K SLR HI NLR J7 VAR 6T PR time 1 F1 impact 1, BT 31 57 380RFAE 10 HH I, 400 46 B 90000 4 352
I8 63.75%F 56.52%. I T AE AL FF AR 1B AT I G vk B, 0 4G B AN IT B A5 A B Rr BRI RD S o) 1.
8], BBAE BN 4 AR 58 90 AN B0 AU OIS R A A5G 21— O B B 7 o, B SRR S 11
AN, T 5 R R A I IR AR PSSR 2 10%~15%. 75 45 HA 102 41 L T~ SLR ZRPE A8 NLR J7 kA 22 1)
Al e AT R YR S B A FL AT B 4 1 8 12
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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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