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Abstract: It is a challenging problem to provide QoS (quality of service) in the virtualization-based cloud computing environment.
Existing efforts have addressed this challenge based on either Cost-Oblivious approaches, or Cost-Aware approaches. However, both
approaches may suffer frequent QoS violations under typical flash crowd workload. For instance, both approaches ignore the benefit
gained after configuration changes. In this paper, a benefit-aware approach according to the profit rate maximization principle is
introduced to address this problem. Here, the benefit means the satisfaction percept of the duration that application continuously
guarantees the QoS in the new configuration. Experimental results based on TPC-W benchmark show that this benefit-aware approach can
save the costs of VM resources as much as 25% and can effectively reduce the QoS violations compared through a cost-aware approach.
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A R ) 2 O T s ) e R P R R R A 5 8 FH AR 1 H P H AT, Amazon EC2M,IBM
SmartCloud™,OpSource Cloud' ™% 3 7 1+ 511 4 4 45 K H 3L F g UL (virtual machine, R VM) )4 1 52 H
FAAE by I A R A A, BL VM AE A d5 /N B S 4 W B A IR 2% A X Bl S SR R AL Web
FHAR BB AT SCEEIREE Q] B % Web TSR 5 TR OPE L S 28 T AN 22 20 M 5 SR PR B Web 3 P B, iR 51l 2 PR B 5%

B4, 58T R AL 1) % U5 0 B A LA R I KRN RS S R R s, a0 AT 41 Web 3 H 1 QoS R H A Bk
m P SCHR[7-91 5 T 56 T A TR Y | 0 BB R RO Ge v 2% J5 VA AL g Web I FH 47 28015 0% R SR 2 TR PR i 2 56 2RO
R < 00 - - s > S e g R I 4 SR OR B Web Y ) QoS. AR T, 1 26 5 v I A7 250 2 sl N7 7 9 O o A
HRAE AR Bk Web I FH P 5 5% i BT DL 2O (K g R UL AGE F TR BRI 53R 1 451 T 2VCPU I 1G W71
EAUHLACE R, TPC-WIPIN F7E Shopping A1 100 I & F NPT VM 78 L3ERS 115056 45 3L, vl WL, Web 1
JEE k& #4144 A1 DB 45 s 4L AT 76 26 1T B8 4 18 I M B8 3 0 d 22 TT IR 300%, H. 578 BAE 28 1T 75 $ 4B I FE I
WM 30s £ 108s A% Kk, Jung! MW el iR T AT 25507 6 FUAEHE (It Web I ] Al M (B, 1T JE 0 Web
N FHAE SR T B A R P AR QoS AR B i W s AR SO 5 ok T U T T A5 AR IR A HL M A T DR TR A
B Wi A (transition cost).

Table 1 Performance impacts of VM live migration on Web components
F1 VM EZL Xt Web N H]41LAF1E B2

Component Response time (ms) Response time during action (ms) Time-Consuming (s)
WebServer 324 652 30
JEEServer 492 2442 62
DBServer 611 2 740 108

FC VK, Gartner 75 A B B3R T SRR 100 00 Y5 7 IR S5 R SR U 6 IO ) O e g 2 2 — 1L AR
IR 2 Frs:—J7 L BTS2 2 K2 1% 1 (B W01, Amazon EC2 = WF A & #2417 Small,High-CPU %5 £ Fii 25
RYR R AUML), 8 75056 42 Web [T QoS(quality of service) it 3K i HESUMLZH & BA 2 B0 53— J7 1, M SUMLUH 56
JIFO A% HAT AR e M OC 281X AT 159 0 ¢ tH 28 5 1) B FUATL 2 &5 30 AT B R4 465 T O B0k o A S KB UL % U ) #HL
BR85S (resource cost).

Table 2 VM price model
F2 RN ALY

Type Amazon EC2 cloud platform OpSource cloud platform
Configuration Cost/hr (§) Configuration Cost/hr (8)
Small 1ECU,1.7GB RAM, 320GB disk 0.05 Icore, 2GB RAM, 320GB disk 0.138
Large 4ECU,7.5GB RAM, 850GB disk 0.20 4core, 8GB RAM, 850GB disk 0.615
XLarge 8ECU, 15GB RAM, 1690GB disk 0.40 8core,16GB RAM, 1690GB disk 1.227
High-CPU | 5ECU,1.7GB RAM, 350GB disk 0.04 5core, 2GB RAM, 350GB disk 0.355

O I AR T —Fh e T35 -0 52 10 e U 8h 25 0 Wiy vV A% 0 4 L P Se e s A VML B8 364)
FC AR B, I T8 3] 25 T S 6 WA B KA R H b 56 T S5 =300 S R T VR R 8 75 18 30 480 b A R 0% Yt 1l A i A
T AR SRR Cost-Oblivious J7 i SCHR[15138 th T — Mk 1 22 i 52 1 s B A0 8 U ) 2 20 C U5 925 %07V
BEXSANT] Web 1V FH U E 8 2878 IR 1) b LA O PR AR )0 22 4> Web [ 2 VM BB FE 7] — P BEHL_E, AT
3 B> BRI A H AR SCHRIUTR T — Bk 20T S KA IR B8R B 25 70 WG U5 125,32 5 5 0 VML I 4
A ELAT 3 300 e A (R e ) 65 0 R R 58 Dl o i, S AR il - A8 5 e KA AR Dy B8 90 50 28 0 W 14 2 s A SRR
(1615t T b T~ S M LRI 1) B8 IR 2 A5 70 WE 75 ¥ % 77 5 R A% 2 - 2 Web [ ] B8 U5 SR AR AL IR At Sk 4% 2
AN e 4 i A B /N (K VML T AR AR IR Al PR AL QoS i SRk HL WU A I /N s K TR VM U
AT PG/ A SR % 18 T e B AR BBE IR AS (K PR Cost-Aware J5i4.

SR, L3R T7 IR AE SR (Flash crowd VR xR 34947 78 DI S8 ST B U5 T JE 5 45 A7F 1T 3 350 Web I HY QoS i
LIHIA R, WASCER 4 5 B0 A TR A S A SCHR T — Pl 2 AURK (benefit-aware) (4 9 U5 4% i 312 {1t U5 72
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Fle F— MR BB E T RET R 1965

ZJTVE T 56K Web [ FH 787 BC 2 A8 5 N1 QoS (R i B AR i A5 J88 15 3k Ay Wi 2, 8 i 22 T VA 24092 D DU
TR LA R e B AS 240 AR (1) 0% 90 T ) A A Ry 8 5 A R 0 R R R R ) A — A B R [ A 2k KR
Kl ] R DR b, AR ST T T AR /A B DR A [ B U A R Bk A R S DA P W AR SRR S b o
P B ) AL 5 T IE B PREE QoS £ S g /M Y5 e A 1) H A% 3T TPC-W AL v 1) s 30 5 L o, A
7755 Cost-Oblivious J7 kA L £ AE7T 240 25% 1) B2 U5 AR, T 5 Cost-Aware 77 VA AH LG BB 20k Web W
FTE S BRAR RN 1 QoS HE 4 AL

ASCE 1 RN GRS T AR 2 WA EA S TAE IR R G0 A B R R B 3 1 TR AN e i i
2 SR ) 4 T B A R B S OB RE R B 4 T I X B S 56 TE AR T VA A A B S TR AR O TAE A 4.
6 MG A SO AR TAE.

1 MRMEREES S

WEPAMLAE 1y 820 H S8 R 0 i, LA e A B 3 o T SR 7 B RV S AL B B s MR &
P TR Bt 0 B N BRI AT ZR 2 A T R A DT 6 0 R LN ALY BT AN AL E B BE ) (AR SCHRR R AR UL
HUBLE S CPU ANECRI P 77 K /) 50 % 2 )2 — PR AR 2R P 96 & 490 U, [F) )2 Amazon EC2 = 1501 65 ¥ i SUWL G
EH XY Small 1 Large RS INUEL R, )G # 0 UF SRR RS R ATE Y 4 £ 2 RN AR B E LR RT# 1 4
516 T Small F1 High-CPU 5 F1 k2 LIS &, i 0L TH 58 00 R AR FELAN A% 1) 5% 38 01 IF S AR s kg UL A A
(S IR A 2 M R A 73 50 T 8 9050 A B /N P i e B A 1 I Bk .
[FIBS ERHAE S Web WA F218 47 308 PR B8, JLIS AT B IR B A 2 B2 0 2 Web T 8898 7 K A8
b {55 Web NI QoS i —Fh A 2T BLE 1 45 T 3 J83ET ki UKL A e It 7 e 2 4 1
(1) VM 53 (local resizing):il i iZ 1T I E 2 VCPU (AN BRI P A7 11 R/ SR Ik 381 o A8 98 Y Ak 2 1 o
{107 — i 0 1) 0 R A A, LA 5 R DAL S 481 (0 0 2 A, ST A 4 Sk 3 0 VML 95 R A ik
D> VM BRI AR SCRR[1 713403 T VM R 0 B IR R T VM R TR AT A
ST FEI IO BETT A WL A
(2) VM E (VM replica):iti 1 1247 5 3 I VML S5 £t 18 1) oo AR B R pE 4 o g2k () — oA ) % YR A 1
AR AT 53 R F VM SIAGIFT IR VML S AN AR SCHR[L 7190 R, VML S8 AR i R 3R AR 48 B AL A7
FEH Pk, T — 1 P A A5 4% 4 S o 5 5 A5 2 RO A S o I D 3 R P A A B A R JE P AT 30 Web B
FH i e ik
(3) VM {EZT#(live VM migration): il 1 18 AT I A% B Rz SUML P4 A7 (10 490 3RA BT AN 52 i) kg SUA LR 55 1)
— PP YR BB SR IR VM SR T (0 AR S A R B 0 5O SO R 181 A ek T P
TEREIE WAL IT AR5 Web I P R0 S B3 A R 1 A T HLIER
HLATFEIT R BE 20k 1 5250 45 L.
BRI, S T 5 T R DU L PR 8 U B 4 LA R IS R 1 T R T R 3B AT I 4 R A T R B A i it S %
PRI AR TR

s & &8 an &a an

Application Application | Application Application Application
Middlewarc Middleware | Middleware Middleware Middleware

T .
| |

HardwareB

Application

Application

Middleware

Middleware
[ .

HardwarcA

f————— 3

HardwareA

HardwareA

(a) VM i 1 (b) VM 5 (©) VM EITH

Fig.1 VM reconfiguration actions

1 JE TR AL B8 s P A
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Zx BT A ST FR) A 9 0 A AR A 45 i A 240 TS T R RL L 9 T % S 308 3 ) AL (T R A SR s i %
i ), BT, =4 Web 3 FH £ 48048 Ak 5 30 Web 3 FH 58 U8 S SR AS A0 IS, I 43 T 55 [0 e 22 20 kg 4ULBIL B8 05, LA B o e o %
5 PR AR AT BV 23 PO B DR AR, A e I IR AL B U A B /MG QoS DR B 1 B . — 7 T, B A5 43 A7
01, R PUHLAE 5 050 o i o R LA AR U A R U A e 0 A B AN B R 5 T T O R
P52 B 2 O AR S /M AT QoS IR B K — A OG0 B 2 58 SCHR [20] P 8 HA T B 1R 0 A B 2 e K AR AT R
Friendster FEy% Y T 38 JR (K 2 — |8 2 44 HY T Friendster 1155 68 7 L 45 T 5 Sk o< & L AT 401, Web 3 FH Y QoS 4
I e 45 R A P AL 2. DR e, R R UL 9 8 1 R LA i 2 e 2.

A

—Demand —Capacity

/ \ AN

T~
\ / NS =
\V

Response time

-

Days

Fig.2 Capacity provisioning and user demand of FreindSter
2 FreindSter X S48 FIH 7 F R K R

SRS 6 i) AR I 1 e AU PR 8 98 R A R A AL U SR ARG )L e O B R UL
R 5 T R A 1 3 B L AR Cost, RN 2R Benefit; S A5 7T 01 () AL 08 2 3 5 A0 Jir )20, G o e e 43¢
S
Benefit, — Cost,

Selected (i) = Cost
ost,

(M

2 KRG

AT Xen B EANE T HAT ML G U2 P AL RE 1K) Balloon V- & .i% 1 65 % 18 T R AL BE U5
A AR 5 8 T P R A PR S A A 2R
K 3 45t T Balloon 1 & HAK 5 44, 1 BAUHG Web NI PERERIAL . Web W P RETEDRAT AL . RESUANLAN A%
PR AN TR P U R 5 | 0K 4 MR S
o Web S PERERLY AT T Web J3 A7 2800 Wiy R I ) 2 i) (R 55 50 2R 2 5 Web T QoS 24
AT T AL S
o Web NFIERETE DR R v T DT BEU NG EARAE AT Web NI R REAR HH 2 TR (R R G G R
EAR T B B R A A ) D IR R,
o EAUBLUT RS BERLRE T RE UL B A LA M 2 TR (KRB O 2R, LR 2.2 A (34 1R R UL B8
VRIEAT S A
o GEUSTIA BT EE T SRR R 1 B 7 SR O VR (N OCBRBRER VE LB 3 1Y
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PEREAR
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REFUHL

BEIRIRHE 4
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Fig.3 Architecture of Balloon platform
& 3 Balloon V&R REEH

2.1 ETHBAIERIWeb L M BE 1

Web [V F P i G ARCR I SCHR[22,23] T 5 T2 1 1 77 sl 25 162 2 U 45 IR 4645 91, TPC- W 7 14
P A i 5271

4 4y T HE T B S R] 2% (feedback  circuits) BN 199 P AE ALY A SRR FQM(feedback based

queuing model )Y H i Web W FH 354518 3K I 21K 2N Aipeomer 1 5518 K 4 1E WebServer,JEEServer £l DBServer
IR JE AR P 85 K 22 1% (1) A2 A A B R b, A O a3E N Web I FH 1) 5 453 SRS BRIl B0 A7

ﬂ’i’ncome b4 j'incnme + (1 - Pexil) x ﬂ‘ilncome >
R
Z’i;'tcume = ncome (2)
Pexil
Aincome
‘ =P e
WebServer“
s
\ [\—‘
JEEServer ‘—b DBServer ‘ S. I

income

Pexi

Fig.4 Performance modeling of TPC-W
4 TPC-W PEBEEERL

MR 2= R B T A, R A R VEA H R u=28, .S ARG RS BELE 4 4 WebServer,JEEServer Fll
DBServer 1% Y8 B 2 0] 43 5 Ko H

/uWebServer E /Iilncame 4 Sa (3)
HptServer = Aincome X Sp 4)
IuDBServer = (1 - I)c’xit )Z’i’ncome X Sc (5)

Hodr,8,.8,.8. 735 WebServer,JEEServer #l DBServer [l 45 i 18]Il 45 B 18] & AN Z54% ¢, 10134 Ik 45 1) Ta)
(mean service time, i Fk MST)ZLELIKI A HE S = (S, .S, ,.... S, ), #0 Web N AE SR ENIE 2 Ay ome 55 WL I [8] 711 55
EVS)
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Sa Sb + Fint c (6)
AieoneSy 1= P

RT., (A )=
ﬁQM( lm,vmc) 1—p

exit

+
/’L S 1 -F income exit ﬂ' F, S

income™ a exit income™ exit™" ¢
2.2 ETFBEZMIKXAIWebR R RIER

A SR FH B 2 AR IR 7 1R Web W FH M BE 32 98 3R (performance degradation table, fii#% PDT). % J7 1LEF 5t
H Web N HALE comps BRINLE IR type R TAE 7 w BRI A 20 0 PAT 2 ER BERAE operate,
b compe {WebServer JEEServer,DBServer} typec {Small,Large, XLarge}, TYE 513 w 3 TPC-W [ Fh 4L Y 1 4%
1 we {Browsing,Shopping,Ordering}.

FESEIG IR AR A S BATHE I VM B & > VM SRS Bl VM SEfl. ER VM SEFIRT VM
ELTREIX 5 Fl operate $AE,C Wi N B (8] RT(comp,type,w)FIINAT B2 Y5 F N & H4E op 1L FE H (1) i N B[]
RT'(comp,type,w,op), v 5310 3 M B 1 (8] ZE IR AEART(w)=R T’ (comp,type,w,0p)—RT(comp,type,w).

%% 3y TPC-W JE6liill i JEEServer BEAT 71 21T B 4 4F 1 i k.

Table 3 Performance impacts table for JEE server during VM migration

£33 VM ELTB IR F JEEServer 2441 1 B FE U %

Configuration lcore 2.4GHz 2core 2.4GHz 4core 2.4GHz
Workload (request/s) | 100 300 500 100 300 500 100 300 500
ART (ms) 253 498 2100 | 198 471 1850 | 148 448 1400

TE S prig AT FE v, LU & 45 Web N AL comp MEFUNL VRIS TY type. 4T7 TAE fzk w A9 HE T
B operate 17 5 N L BETE IR (PDT)H A #8155 1 1 025 w S A A9 280w i o AR I e i s AR 5
T Web N AT B8 305 FLBC B 4524 op TR B i) -

RT yperate=RT(comp,type,w,operate)+ART(w") 7

3 —HMlEBURRIRERM X

W 3 o, BEUR R Sy GBI ORI AR R S Y RO 4 AN AL R S B A A
W BATE & T e e R R 1) Hyperic HQUS! 42 UM 41 14 3% T G -2 Jy 125, 3% F FF U 974 common-
math'®] 25 5 R 201 A2 6 50 R 1 A 1 e SR A O AL A I I LA A
ir#.

H RIS AR 0 A 0 R, 58 RN R UL AL I R 0 0 R R R AT ) A 32 P B 2 AR/ A i K A 2 A AL
IS b T AR g B 50 G 10 e 4t A YRR A A %, i AL - U R R FRR E R O, DR e AR O
ST B AR YT R R SRR A IO AR BT S, W B 5 PR SR A VEAR IR T WS R HoAn
JRAACT B BRI S T i e Ja 4 T AR/ A S KA PR A e P SR AR SV

S 95

~ Ts teady e
|

Tiarol
Fig.5 Relationship among Tiyur, Tiransi a0d Tiseqay
5 Toorats Toransi T Tyreaay Z AR KB
30 REERERKAY. HeEAHRMEERARTE
3001 BEYR R A AR S
Y5 NG A SR AL i Web N s AESEIN 2 ¢ S I S0BCh wy Wb [ HIAE SO TE] [w) — b,w) +b] FF
LLISTE) . H T Web B OB (LT ARG E . AR ME L BEALME . ARRLYE BEAE Web B E 54 X i)
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Fl8 A A AR R DT R AR E AR R 1969

[w) —b,w; +b] FREE I 1) A A0 T A 2 P AR A BE ALY 51110 ARMA A28 — Rtk P A3 BE WL 1) (1) 5
FHRRREIRY DR AR SR T ARMIA 5 R R T 5 3 P P B B A P30T Tt

FIET 3o Web NS 1008 5 T P B4 4 30 10 B0 8L BT 30 Web TSR 7 1 e U T G 5 8
AT U D S UL WU RR B e 2SI RS Web 37 5% T 0 A 2 ) 300,38 - ARMIA BT 55 Web [ 45 j+1 k8
(LB R NE R E TN W)

E[, = ARMA(l,k—1)=yx E}' + (2_ 71 ) zj"‘ E", (8)
Horh y BB OR, B ) Web I FH 224 117 9 U5 7T 5 4 ) S0 1) SE DU X Web B F T — A B U5 AT 8 4K R 3T 1Y)

it A5 25 SR R WK . 2 B e i SR LA DR AT SSCRY FY)  3E N 8 9% (adaptive filter) VAL SRR & U0 YR
T THC AR U 1 S DA RN B IR A 2 TR R 8 2
i=k—1

.
g =yx|E! —E] |+ﬁxzi:1 £ 9

E .
e (10)
max;_;, ¢

ASCHLE yAWIGRE A 0.5, 3R /R LE T Web BT 28 j+1 URE A R BT 1) 50 2 SO SR I 58 1 2 e I o e
A FE IV 4D SRR 7 S de— 1 0 o T 8 R R O s AP P B 2 — A 1.
3.1.2  HH R

FEHE SCHR[ 17,1814 VM. HE T 5 45 4 B FE IS 230 AT DA AR SCE 17560 VML TR0 8 45 R (R R, vl 49 4 4 8 Tt
(/N W

mem  disk

T =fx +——+b 11
trans f bw bw ( )

oo disk 78 VM BB K AN bw 7R 2750 7T A 9836 A& — AN B, B W3R 7R VM SEBIE 3 B 7] mem R 7R 1
TN AE R /N ow KR AT W2 58 of Fom — D08 1 TRIR AR 2 B R v R VML A 00 B 3 0 7
LRI AL IR [R] 52
3.1.3  FasE MW THE
FR 4 B 5 08 v T O B A R A A4 S AR E A O R AT U B4 HE Web Y AR e S A
Tsteady=Ttotar=Trans (12)

3.2 WaneRE

Wz 2 kR R TR R Web N 7R BT B R AR E I A IO AR T QoS LRI 13 R BE, LA R 11
JFHAE A 61 3 (flash crowd) N AT v QoS 2 A AN AL A SO IR 3 bR B ik Beneﬁt=sf><TSm¢v.ﬁ:'_h,Tsteady *
INARSE JE Y sf R R R T

SCHERI2719A 2y, P PR 2 B 5 B 8 A 1 L, BT 67 2808 O Y 7 0 24 i Wb 182 FH 1 £ B 18 i 25 58 8 v s A S
DUJ AR P 96T g U o TG A A ) S 1) B SR E(T) 4 b 1) 1 4 B i e e B

E(T)
b, T,

steady

T m
D by Ty < E(T), m>0
sf = Y (13)

= E(T)

o b RIRINEEIN TR BARGHONLIUE 5=100;

o m AR TR L D AR S A S A m=1, R TN Web N RRUE JA )5 0 B
S 3 AL T P Rl b O 2R, BRGS0 TN e B B o 3 30 300 B A, P 3 B vy

o E(TyH IR, Bl A S A B A /D AE 95% I 1] Y ZE AR B Web AT QoS, i 48 iad 15 24 il A B, %
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TR B B A B KRB 24 2 208, K L 1 58 E(T)=380s.

3.3 MAERE

MRAEATSCER 15190 A, DR IR L E B AR Crprar AT RI70 JA0 H H JELSYI T 5 5 B8 (R B R J A C s ANBSE (1041 10
Fﬁ%%%mﬁﬁﬁiﬁ Csteady %/l\bﬁ,aﬂ Ctotalzctrarzs+csteady-
331 B A A

o JR W2 4 50 R U T TG A 4 1) I )0 R Web ] QoS ARt L AT AN 7 1, 1T % 9050 o T 4B 11
A AL 7 A AN 2 W B8 2 T DAL TR, Crans =X Thranss 2o T Tieaay 3 HE 4 Y pf 37 4851 PR 3CHR[30)
WA B T A R v S R Web T QoS T i Ok i U 7 DAL B B R B I I A7 R,
JEE T DAL 19 BB il A AR S A8 38 SRR [307 1) SEAR A3 4 BECAE 31T e B

c, RT (trans) > QoS, k>0, W, <100
WY
of = [ﬁ] xc, RT(trans)>QoS, k>0, W, =100 (14)
0, RT(trans) < QoS
e,
o Wew 75 2T H1EK.

o RT(trans)FR 10 4 H AL Wy T AT 93 U5 T 0 B BRAE (10 W0 Y I [0, ]38 A SCES 2.2 W& R TS,
ok AR H T HIRE T R T ARAGEIAAR R k=1L R RN T ERUE S RO N R LR R,
BV 214 IR 4% J 8 3 &40 I, 14 T 7 80 O, A T R g K
o o FORNIE TR T E T VR A R A — RS LN Tora=Torans, BF Web N 75 4R 820 AT B2 U8
T JNC T A T A SC 2 8 T Web N IS RE 55T Web N 2 3 J8 A AR . |l T A SC S 38 ) oK B gk ok
2200 i 3K/, ORI 24 3K (14), BUE N =5,
332 FaE B
FasE SR HR B UM B U Web IR 25 9532 QoS LUK I, R Cyeua=fX|Apricex Typaay- 3 1,
Tyready B A E JA ;| Aprice| 36 R AT W8 U T TIC B 45 AE 5, 00 VR A0 AR IR AR AN of 87 B0 8 U 1A St ) Js AR ARANY
BRI F-, E P 8 5, BT AR 2 20(11.2) P 201, Web BV FH AT 25 o 8 A8 388 VR 10 2 46 i A Oy 0, BRI 12 40044, T U0 B i 5 5
VEAEAE— RIS DL R AW Toora=Tteaay T AR SCLYTE MG Web I W55 T Web B H B 2 A 3R AR, X T
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Algorithm 1. Planning algorithm based on BRM (benefit rate maximization)
Input: OpSet; VMConfSet; QoS; VMConfPrice; w; E(T).
Output: Op: OpeOpSet; VM: VM e VMConfSet.

1. Predict the workload w' and calculate out the response time r=RT" (")
2. IF w>w+b

3. //the predict total period is great than E(T)

4. IF 77, > E(T)

5. VM=minPrice(VMConfSet);

6. Op=minCost(VM,0OpSet);

7. ENDIF

8. ELSE //the predict total period is less than E(T)
9. Max=0;

10. FOR '7 > ET)

11. If (benefit—cost)/cost>Max

12. VM=selected(VM);

13. Op=selected(Op); Max=(benefit—cost)/cost
14. ENDIF

15. ENDFOR

16. ENDIF

17.  ENDIF

18.  ELSE IF w<w-b

19. //the predict total period is great than E(T)

20. IF 7" > E(T)

21. VM=maxPrice(VMConfSet);

22. Op=maxCost(VM,OpSet);

23. ENDIF

24. ELSE //the predict total period is less than E(T)
25. Op=minCost(OpSet);

26. VM=maxPrice(Op,VMConfSet);

217. ENDIF

28.  ENDIF

29. ELSE

30. Wait the total period timeout and go to Line 2;

31. ENDELSE

Fig.6 BRM-Based planning algorithm
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Table 4 VM price model
x4 RUHL AR

Balloon cloud platform

Type Configuration Cost/min ($) $/CPU ($)

Small 1core, 1IGB RAM 0.11 0.11
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Large 4core, 4GB RAM 0.53 0.133

Web ¥ I % F TPC-W FEHEIR U 15 Web 2% 2% 21 £13% | HttpServer 2.0, [8] JEE AR 4% #$ 41 £ 3% 1] tomcat
6.0.23, Ji7 ¥ K04 A 412 F] TBM DB2 9.2, %i4is 17 % BRABEE, BT 10 000 1Rl A1 1440 000 N A $1 8k
KU LAY ) Time-of-Day 1 Flash Crowd P 20 Time-of-Day f &0 2SI T 1998 45 12 [ HH: 5 AR j 35131,
Flash Crowd A% A0k | T HW A H — G & P RS a2
4.2 EFFQMIZE!WebR; A 14 §8 3 47 # MR 1%

FF FQM B Web I FH P REFHI BT B9 H 894320 PN 77 TH: (1) FQM A P B 5 A 1 v o 1 5 A 8 2 0 ) %
725(2) FQM #E 8Pk e A7 (R ol 1k 15 22 4% 1 D% 28 BRI, 7 47 2808 21 5 ThD, /R S0k H Time-of-Day A1l Flash Crowd
PR R B A X T 22 AR D T AR G 3R 4 B [¥) Small #1 Large PARHERILIAC &

8(a). & 8(b)43Jil /& Small Al Large P9 Fl i SUHLAC & 7F Time-of-Day $1 #4247 24 434tk 45
S, CAE GBI Tl 50 17 3K /A0 ¥ it =X Hh 385 0 21 240 17 3K /AP 1 B M BRI BT 45 R B R B R 22 3 0 6%
F112%. 14 8(c)~ K 8(d)7 il /& Small Fl Large P i HUNLEL % 7F Flash Crowd 820 T AT 24 40 0 il
S50, CAE SO IR T N 200 3 SKRAFPIIE 1) 500 15 5K/AD AR5 XA ETE 200 V8 K /FP IR I FR i KR 7R A A )

12%F1 21%.

© HEBEERAET hipd/ www, jos. org. cn



Xle F—APRE SRR ITRIE T R &

1973

ZF T IR FQM B BEAE 1R 47 MG H T 5 51 328 ), R Small B #UHLAL & 7E Flash Crowd #1205 45 K
R ZE[IE 12%, (H AT 5R 22 HNAT 7%40 45, FQM MR REAR U7 M@ F F 2 A% I R B8, 1 2 TR AR SCHR 2T
FQM K PERE I R RE % RE 2 A BRI 1 TR A SCSE IR IR B b B UMLIEC B B 2 A 4 AN B FRATTIA

3% FQM BERYIEAT Web [N H 1 e 54T A2 T 4232 1.

250
200

150 ¢
100

Monitor
———FQM

Response time (ms)

O i I 1 i L
0 10 20 30 40 50 60

Time (min)
(a) Time-of-Day H &AL 1 BT 1 sL8 45 R

550 T -
500 : i Monitor
450 :
400
350+
300
250+
200

Response time (ms)

0 10 20 30 40 50 60
Time (min)

(c) Flash Crowd f 3o N1E 1 AZIREE T 1 s i 25 1L

550
200
150
100 |-

Monitor
-—--FQM

Response time (ms)

0 10 20 30 40 50 60
Time (min)

(b) Time-of-Day #2044 R8T (1) 5250 45 4L

700
600 Ao Monitor
500 AW —--rQeM

400
300
200 :
100 : ; !

fffff

Response time (ms)

Time (min)

(d) Flash Crowd F# B HE 4 A% FREE T I s2 56 45 1

Fig.8 Prediction accuracy of FQM model under different workloads and different CPU cores
8 AN CPU RZE LA FQM A1 [ 0TI HEAff 1

43 ETARAMARE R EECE BOKE BTN A9 1 1

ASLLLEATAE Small MEAUMLACE L) JEE MRS &AL A B, L0 30 2 Bl R8s A fan A\, 23 5 i
ARAM KLAE Time-of-Day 1 Flash Crowd $ 23R % Y T #4004 J 3 T ) s .

WilEl 9(a)FT 7R, ARAM 5 RUAE Time-of-Day $ Hb 3N, B U5 i B R AR o J A S K TN AR 22 0 10%; 1T £
Flash Crowd 38~ ARMA BB F ) fz KR 22 1L 40%, 73 5 Y BLAE S 5 AN IIANES 15 4S8 5, 3L
REABRAZAHNES 6 D FAWIBI 14 4 0L, ARAM BTG 45 2R 5SS E A &, 3X 3] ARMA KR AAT

P s, an i 9(b) AT,

14
12
10
8
6
4
2

O MEHEREEE
15 9 13 17 21 25 29 33

(a) Time-of-Day it #4520 1) S5 56 45 1

= Monitored
® Estimated

Total interval (min)

= Monitored
® Estimated

Total interval (min)

2 4 6 8 10 12 14 16 18
(b) Flash Crowd it BT (i 5560 45

Fig.9 ARAM prediction accuracy for different workloads
K9 AR ARAM B TG00 14 A 1

© PEEEEBAITT

http:// www. jos. org. cn



1974 Journal of Software 333k Vol.24, No.8, August 2013

4.4 Benefit-Aware77 3£ F1Cost-Oblivious 75 5% X Lt S236

AL JEE R4 2L 4H 14 K461, 55 45 Time-of-Day F1 Flash Crowd p5Ff 3L (¥ 47 2 #5i N X Benefit-
Aware(BA)J7 721 Cost-Oblivious(CO) /7 VA ALl A& T I B A S5 /N 7 THT PR %) B S0 A1 152

(D) BRPLECE S CPU B HS HiH 568 01 i aF L, 91 CL 40 Small B & 14 i U0 LI 2 A& 2k 550 & sk/8D, )

Large fic & 1) ML 2 1T 7k 28 2 200 18 3k/8D;

(2) BN U A R AR L K

(3) ZeE 10 1 L F£oR Large Bt & B RIHL,S F7x Small Bl & 1) EHIHL.

10(a)2 JEE MR %5 #4141 4F Time-of-Day F AT, 80\ 550 1% /B0 ik U B 2 2 200 i 3K /#0
(S0 245 9 45 ) R, 55 Cost-Oblivious(CO)Jy i AH L, Benefit-Aware(BA) J5 14 g 5 47 2015 L B IR A 10%. 3L
JRE S AE 63 FA ], B Large Fit & (V15 g ) IE 47 52 Small AL & FESIHLH 4 £%,{5 Cost-Oblivious(CO) /5 ¥ o ik
JEHNE 1/ Large B & W REFANLEAFD 4 /> Small Be & 1) REFIHLSA 2 8] 1) 2 5.

10(b)s JEE M55 #% 414175 Flash Crowd $ X T, 5125 M 300 13 SKR/FD ISR 1 I 3] 2 200 ¥ 3K/A8 8 J5
FEAE 300 35 R/BD A S0 45 5 45 B 7R, 5 Cost-Oblivious(CO) /7 % AH L, Benefit-Aware(BA) J5 v Ag i 4 3T
ZIEPRRA 25%. HJFURIE N 22 AL, 1 T Web B F QoS ZU3R A #3E &, M Ik Cost-Oblivious J7 A& T %
AEEE: 2,

A $0.75 A $0.75
CO approach -
2 1800 Z 1800
8 8 $0.11
3 3
g 1200 g 1200
= = $0.53
o o
& 900 & 900 CO approach
E 300 SJSISI [STSISTS]
= 300 S &S| BA approach
$0.11 $0.66 $0.44  $0.33 $0.11
tl n 3 t4 Time 11 ? 3 t4  Time
(a) Time-of-Day f A F 1) 550 45 1L (b) Flash Crowd 1 Z A F (1) 5256 45 3

Fig.10 Comparison between the Benefit-Aware approach and the Cost-Oblivious approach
10 Benefit-Aware Jj ¥2:F1 Cost-Oblivious J7 %] kb

4.5 Benefit-Aware/7 3% F1Cost-AwareJ5 34X bt 3216

4.5.1 Benefit-Aware J5 %1 Infrastructure-Cost-Aware 77755 L 5256
AL JEE R4 8 AU1E A 1,5 5IAE Time-of-Day FI Flash Crowd s () 57 855 X R I3 Benefit-
Aware(BA)J7 1 fl Infrastructure-Cost-Aware(ICA) 77 V2 7 19 AL e 01 78 5l A $5c /ML AT QoS 5 5 THI ) of b SIZ 565
PAUL AT s
(1) BRPLELE S CPU #2405 Hh 568 Jy Bk e, JF EL40 Small B & 1R SINLE 2 A& 2 550 i Rk/F0, 0
Large P& 1B N LR 2 v] 7&K 2 2 200 15 3K /5.
(2)  7F Time-of-Day ff x0T, B4 B Y5t e & 48 44 ] 40 AL 1% 4 1 7 Flash Crowd $7 g 2T ) 1 4
.
(3) ZETEE 11 HL RIRx Large FC & B HINL,S F£78 Small B E KL,
11(a)~ B 11(b)73 52 JEE BR 55 %% 41057 Time-of-Day 51 80 (58 550 175 Rk /B0 1k 2 b 44 i 51
2 200 1# 3R /AP G AR S H T QoS DB I S B 45 AL
W YR, 5 Infrastructure-Cost-Aware(ICA) /5 V44 Lt ,Benefit- Aware(BA) /7 i BE % 1F T Fit %5 5 1 A e /M
F Al B 80 QoS £ dd I H R B HLJR A2 Infrastructure-Cost-Aware(ICA) 77 72 % H H 2 S % P Ak 25

© HEBEERAET hipd/ www, jos. org. cn



R 18— MR SR A R TR AR E RAR T % 1975

.

11(c)« B 11(d)%> /2 JEE JIR45 %5 41 - 4E Flash Crowd #3545 30 R (52 M 300 5 =R/AD SR B £ 2 200
VSR /FD ARG FREAE 300 13 SR /FD) B U5 A SZ R QoS AR it 1) S 6 45 W 45 B i Uk, 5 Infrastructure-Cost-
Aware(ICA)JTVEAMLE, AR 2 S04 T 20 8% Bt Uit il A 1HL i 8 A7 2k /> QoS 24 o ids Jse 1 1 e L Ji P12 -7 2 JA)
JAFN 14 JH 3, Benefit-Aware(BA) 7 V2 B % 8% i1 1] 12 0 Y o JIC 15 4 A ) S0 L AT ) A8 P W07 SR P e e A /N F %

FEEREREGET VM AR R Small B E RAINLY 4 Large BC & KR LHL).

A $0.66 90 i T T
-—-ICA I
ICA approach ,é 80’——‘]3/?5/4: ‘{\\“ , |
@ ~ ——SLA Y] '{t h
Z 1800 2 ol L f»ll Lyt it
- B N . i
g 1200 BA approach 2 60 il i) i
= g T I
2 2, y i 1l
S 900 @ P it RN
% &) 50 i /1\}:} /1,\//\:”“\/\ /,.\:H.‘I.\.l.;./,‘\
S (y 4t ; AAA AL
= 30 a0 AT I VR VR
0 10 20 30 40 50 60
tl ? 3 t4 Time Time (min)
(a) Time-of-Day 7 T (1) %% 5 sl A X Lk (b) Time-of-Day 5% T 1) QoS frFFX| Lt
A $0.66  $0.44  $0.66 LU —reyy
[SIS[S] [S[S[S] — p—
_ $0.11 [SIS[S|™[S[S >[SISIS a 30 C.]_}. K
< 1800 by N | . :
g £ 70 h i\ f\l l : ]
g 1200 % 0 h [/\ i i ik
=g 5 T i H m
?é 900 {S]ICA approach % | ! I :l . :l:
= Y 50¢ Ly E ] 1 1
- M SRR NVIE AR B Y ISPV ATRN VA IS
= 30 [SIS}—a[LIS[S “»[S|BA approach 40 A A A A AR A
$0.11  $0.75 $0.44  $0.75  $0.11 0 10 20 30 40 50 60 70
1 P 3 4 Time Time (min)
(c) Flash Crowd #1#RE T 1 B U5 A X L (d) Flash Crowd 1 #Bx0F 1 QoS LREFXS LE
Fig.11 Comparison between the Benefit-Aware approach and the Infrastructure-Cost-Aware approach

K 11  Benefit-Aware Jj i Hl Infrastructure-Cost-Aware Jr kXt th
4.5.2 Benefit-Aware J7 %1 Transition-Cost-Aware J7 2% Eb 5256
AL JEE RS S ALE R 61,5 5IAE Time-of-Day Fl Flash Crowd P L5 1y 5 5 A0 F I Benefit-
Aware(BA) /77 Hl Transition-Cost-Aware(TCA) J7 ¥ 7F 1 A& 3 it 7 Y e A B /IMEF] QoS {R Bt 5 T A% BE 52 3
BAIM L &

(1) BRNEEF CPU % H 5 H AT 518 ) e IE e, 7F B0 Small Bt & 19 B NI 2 A& % 550 1% kA,
Large I % BB RN LI 2 AT k4K 2 200 15 3K /72,

(2)  FEAN R YR L AR AR L K

(3) ZwK 12 L £IR Large FL & BB IIAL,S =78 Small BC #1821

Kl 12(a)- &l 12(b)4> /& JEE R4S 28411 7F Time-of-Day H1 2545 30 T (2 M 550 1 3R /#5281 18 i 21
2 200 TER/AP) TR A S AT QoS P Y S I 45 R .45 R WK, 55 Transition-Cost-Aware(TCA) J7 ik AH L,
Benefit-Aware(BA) /7 % AE 8 7E L% QoS 2y R LAl 75 20 10% Y % Y5 A JL IR IR 02 76 ¢3 J8I 3], B8R Large Fid
BB AE S IR I 52 Small B & ERIHLA 4 44,15 Transition-Cost-Aware(TCA) J5 VAT VEK SN F) 1 4 Large Bt &
BN AS A 4 A Small B I LRRAS 22 18] {0 22 5 1k

© PEEEEBAITT

http:// www. jos. org. cn



1976

Journal of Software #4F53% Vol.24, No.8, August 2013

12(c)~ & 12(d)%> 5 & JEE JIR 5% 23 41 #E7F Flash Crowd ft # k2T (730 300 185 3 /F0 5 SR 18 hn £ 2 200
WK /FD SR G R EAE 300 SR/ BV A H A QoS PR 1) S 45 . 45 R /R, 5 Transition-Cost-Aware
(TCA) /5 ¥2:4H Lt . Benefit-Aware(BA) /7 72 RE WS 7E {1 QoS 2 A YL fitt 135 £ 25% 1) 88 IR e A, He I IR ] L.

A

1800
1200

900

Workload (request/s)

300
S $033
$0.11

$0.75

TCA approach
53 —

t1 2

13

\

t4 Time

(a) Time-of-Day §it #4578 I e A< %) L

A $0.75

$0.53

$0.75

$0.11

1800

1200

900

Workload (request/s)

300

./+

¥
TCA approach

S[S
SISS Isyss
'S[SIS|—*{S/BA approach
$0.66 $0.44

$0.66 $0.11

t1 2

3

o
-

t4 Time

(c) Flash Crowd 43485 2 1) 9 V5 il A % LG

Response time (ms)

Response time (ms)

90 T T
-—-TCA '
80”7 BA, f ~
—sidd
| i
" N
I i
° R !
50 p h
"l [ »
Sl IAN Al g
AT VOGN AN RO
40 v iv ] ¥ it Vi 3
0 10 20 30 40 50 60
Time (min)

(b) Time-of-Day £ #4552\ T 1) QoS fiExf Lk

90

---TCA ;
!
gor——~B ]
— I | I I
;I T R
o e
! \ i }:
I
60 ! R R
! ||||ll| i I !
50+ \|I Akt alt ~ \/ =
Aol N Ay / Vi
FEPAN WA I AR B
40 [ | L TN [T, S T
0 10 20 30 40 50 60 70
Time (min)

(d) Flash Crowd ft #8450 1) QoS fREF XS Lk

Fig.12 Comparison between the Benefit-Aware approach and the Transition-Cost-Aware approach
12 Benefit-Aware 752 Hl Transition-Cost-Aware 777X} Lt

4.5.3 Benefit-Aware J7 51 Both-Cost-Aware J7 V%] Lt S8

Upendra T 111Vl i 2 58 1 3% Y50 1 AR R 48 R AR 1 A B 3 L AR % 0 34 B2 4 J AR e /I8 A F) % 3050 o i 75
PRAE AE LS R B A B /) ) R UL B U, A8 SRR A Both-Cost-Aware 75 V5. SEH6 DL JEE JIR 25 2 4L 4F 4
11,43 5 7 Time-of-Day Fl Flash Crowd 4 Fi 8L 714 1) 47 245 20 F Ml Benefit-Aware(BA) 77 72: Fil Both-Cost-Aware
(BCA) J7 A 19 A2 S 1001 58 Y5 il AR de /MBI QoS i Jy T o) %o bb S 36 B AT T LA R A e

M

Large it & ¥ HE U0H L 5 22 ) 7K 3 2 200 155K /8.

2
M.
3

295 B 13 1 L i Large e & HEAIHLLS K7 Small Bie E ) HE AL,

REAUMLBC B CPU M8 vk SR8 ) GIE B, 250 Small BS # 1 RSB B 2 7k 8k 550 55K /F5, 01

1E Time-of-Day Gt #4520, A5 7 Y5 B8 I B 4 A J) U 40 42 9% 4K 1T 7E Flash Crowd Ft 238 =0 R I 1 47

13(a). & 13(b)%> 5142 JEE MR 45 2% 40 £ 7E Time-of-Day 7 20T (F gk M 550 75 3R /0 i 3t 20 3th 18 o 21
2 200 iR /FP) PP A I H AT QoS P If S 55 25 3L 45 W B R, 5 Both-Cost-Aware(BCA)J7 4 Eb:(1) Benefit-
Aware(BA) FiEBARZ &) T — IRIRSS it 29 B AR 501308 2 0 2 IR 45 o i 20 R KR AR SC AR 95% I
5] A B Web N FH AR 45 0 &, 110 22 Al £3 FA 338 AL 95 K .(2) Benefit-Aware(BA) J7 15 RES 5 20 25% 1) B 5 o A H:
JR DR 2 2 AR (R B e A B VML S IR 3 AR Both-Cost-Aware(BCA) J7 78 12 J8 W44t 2 i% % i
FRA F /N B 2R BV AR, N 1A Small B (¥ 85 SUDL R 32 21 Large Bl E 09 58 SN, A 2 B i vM &2 35 31
T A RE i AL T SR A 3 AN Small it B EE AL,

© FEREEB T

http:// www. jos. org. cn



=4

Rle F—FI AR B RIET AT & 1977

4 13(c)- & 13(d)Z3 51/ JEE R 45 #8204 7F Flash Crowd $ #8045 2R (F7 25 M 300 335 R /AP SR 14 %) 2 200
T SRAD SR G FETELE 300 15 K/FD) 5 Y5 R A S H T QoS R Bt (1) 52 36 45 R 45 I 27K, 55 Both-Cost-Aware(BCA) Ji
VEAA (1) Benefit-Aware(BA) J5 575 22 S04 10% M0 % 8 A, SR A 2,63 FI1 ¢4 J& 10 2 9% %5 Benefit-
Aware(BA)J7 2 7E IR 7% 5 BRI I 25 25 R 40 ) 300 45 A% SN2 IR DG 22, 28 3.2 19 AC & bR B3P R . DR ot
Benefit-Aware(BA) /71443 5K F « 8 YR 50 A8 2 8 A 1) 56 w6 S DL %% Y 4L 45 ;7 Both-Cost-Aware(BCA) J7 72 U7 453
JAAAAAT — ¥k U B R AR, DR R 8 A 1T 40 B R AR .(2) Benefit-Aware(BA)REMS A R0k D Ik 45 i 4
UKL EL R R 2 - Benefit-Aware(BA) J7 12 22 STAT I WS IR BAS S48 12,63 1 ¢4 J5 30305 2 Web I FH B 0 7 sk, A 75 22
AT 8 U5 RN A B A T RS R 451 Both-Cost-Aware(BCA) 7 72 ) £ P AT %8 U5 7 I 5 484 5 S3UIR
& ey,

4 $0.75 85

80+ ; i
5053  L{SISIBCA approach Z st |.-—-BA g
Z 1800 E ol ——sLA |
= o i I
- I [— .'. f
g 1200 BA approach 2 60 I i !
< g i I |
g 900 2 55 ! i !
) S 50L- el | ! I\
= ~ v, M Ay VAL Ad
£ 300 45 TABAR IR ‘h’X{a’fé*‘U A0 Wn‘
40 i I \
0 10 20 30 40 50 60
tl ? 3 t4 Time y Time (min)
(a) Time-of-Day 713 T 1) %% I AR L (b) Time-of-Day %13 T 1) QoS ffFixt Lk
A $0.75  $0.53  $0.75 W p———ye
[LISIS] [LISIS] 2 sol~~"BA. . _ _
Z 1800 H/, S :
g $0.11 g 70 e Il . . L ]
g 1200 ng = It |
= $0.11 2 60 : ! 1 H
& 900 {SIBCA approach é ! :
-~ 5] il 1
B [SIS] 2 50 BRI -
s 8 STy } .’ ! W
\‘ *. BA approach 40 | “
$0.11  $0.75 $0.75 $0.75 $0.11 _ 0 10
tl 2] 3 4 Time - Time (min)
(c) Flash Crowd 43485 2 1) 9 V5 i A % LG (d) Flash Crowd & H 5 R (# QoS f kxS H
Fig.13 Comparison between the Benefit-Aware approach and the Both-Cost-Aware approach
13 Benefit-Aware Jj 1% Fl Both-Cost-Aware J7 755 Lb
5 MEXIME

Cost-Oblivious 753X Z 777k A e PLIREE Web N 1) QoS A2 H bi, 24 Web N H 1 IR 75 5k /N T
V-5 BRI B B I T VAN 23 (Bl A 95 A8 A, SCHR (333514 H TR T sm - HA S I SR IR B A A I A Y
ZIT A FUE R T s B 0t U5 AL AR SR .ol J7 2 ) A A S ST A R 45 4% i U5 52 B PR T 4
PR LR i) R A R T U A G T I A T AN S P AR A T R e IR 45 4 i 1 U e A AR R T Web )3 B R
F) 4% T B L i)

Infrastructure-Cost-Aware 75 3% 28 7710 [ A 5 A& 7E FR B Web [ H QoS £ s ¥ [R] B, T 5 AR 35 Web [V H 1)
U A SRR FH 4 75 AL 45 1) S, DT 328 1) 8 VIR A B /N ) B B A i, SCR[36-3 8142 H T A T PRI B R B oK
A R U543 TS 7 v, B0 g S A A I PR 11 5 38 20 P 3 K A B 0N 22 A 7 Y 194 JR 280 4 KA B8 8. Chandral® 42 H

© PEBEBSAITT  hip:/ www. jos. org. cn



1978 Journal of Software 333k Vol.24, No.8, August 2013

T HE T I SR B R £ 9 U 43 C 7 2%, S ST A R B Y SR Tl R R 5 AR SR < M - e o - 0 S
Pan S PR B Web W T QoS. F3d 7 VA AR BE 25 18 B M BAR DI ] T+ 38 1 B U5 (L RE 550 A 42 7 S 03t TR A g 40
BRI AL AT FE I I 4 B R B8 T8 0 FKDBT R, 10, 22 B 80 B A 2 3 BBUPIV B 10 I 55 JoUiE 1 240, 0 35 4.5.1 7 A 5K
K.

Transition-Cost-Aware J7 23X 38 772 I A 5T 2 71 0% U5 T 50 0 0ok it o 2% 8 R 2 460 i A %) e oo BAeA1
B ORI D QoS Hi 4491 1, Gueyoung!! ' O HY T T B A WBURK (1 5 BN A8 0 G 7 VR AZ T VR B R IE T R
BLIR BE Y5 o P 5 B A LA 4 0 PSS TR AR A, LA 32 il - 24 0 3k R e R AR R R YR B & 20 BB 1 48 . SC R [ 12,1448
T 2 53 T I IR BN A AN 0 5 VR Z T I AN TR Web S P I 67 38 B T b JEL A O I e i T 2
ZIE 2 A Web N H KIL VM 5P BRLI IR 56 2R, Web B ) B8 U5 75 SR AS A0 INE, R A VR BRAT 4 Hh 9% U5 T 4,
T L 3E e 4 A (¥ K. B3R D7 iR A B T e 55 IR 20K Web W R T8CE A6 1) A8, >4 Web
I FH A7 kb 3 BRI R SR AR AN IX T VLI A S AT Web N B B 45 AE, P BUSHIR AR 9, 11 56 4.5.2
TS TR

Both-Cost-Aware ﬁ?Z:Upendra“O]TT’E 5 AR TAEFAL I8 T BIH A B 5 F AL e il AR B 38 % T R
P v L D N AN N N /0 EN LT e (I - i 7 s B 00 NS N L DS 0 1 (S MR B S
A $5 JR 300 45 A A 3 2 ) ) R 3R 7E B B TR AR RS A AR R 55 T i 29 AN A2 N B 4.5.3 5 IR S 38 I

Benefit-Aware /7 I A BT 2 W 7 s Ak T 6 Jft Jo 0145 2 5 ) 3002 ) PR I A O 3R, DL B8 1R A ) AR A
A BEUR R 10 A A A AR BB S I AR A 1) R LA, B U e T A 6 A IR 25 5 R 440 R 1) B IR A IR /)
A H b LR U, 1% 05 0 H RT3 BE5GTE CPU BEUE IV AR, 1 Web I FH I W 4 1 F6 22 PSR 2 10 B8 35, LG 41 I 2% AT
Tab A 5 X e G Y R T R Rl kLS. BRL b 1% 5 vk B R T s H T G Sk [12,14, 18111 10 #5427 Web & H 17 5¢. )
A 2T VEAE RS I B E(T) A 8 0, SE B 3 5t A ST A% R ARG N 7B SCRR[33145 1 1 A I AR AR Ja i 2 4%
TUAAFRE I DR, 1] % F SR P 4 e B0 VR AT el

6 SEMT—HHIME

ARSI FEZETTER RS T — P AR 2R Web [ (934 75 SRR (4 U Y, R A5 T A8l S R AR B ANk
Fl QoS ik H b, & vT gk L5

(1) H S R i Web B ZE RS 5 A T QoS W38, A 2 9 Lk I3 F 7 97 3 S AR 458 38R A% 145 I QoS
2.

(2)  ARAB VAL SE I T FE T A R AN I B U S S BRI B ORI T PR AR e M IR H 1.

(3) HATTENH B TPC-W Tl EEE S 45 3 7R, A7 % 5 Cost-Oblivious J7 VA4t £ g 15
2y 25% 1 AR, M55 Cost-Aware 77 VLA LU 87T 25008 /> Web B FH E F1 358 X T 1) QoS
21U

[ IS, AR SC3E A7 7E U0 R A 435 o0t 1) 1) B 1 2 76 Web [ P R BE S50 07 T, A S0 R R IR N 2% 1 2 M R R UL

TTY ()53 T, 552 56 &85 SR S s, EC 000 35 222 B e 0UATL A 80888 o v 358 0. R okt TR 1) 22 A R0 LA T B BRI5E 1) Web Y
F A BB AR S AR SO — 25 AR I T 5 3LV 7 BRI B9 T T B B P A 2 M JIT A o UL G R % T
BEAEA A PR L QoS PR K IR Y5 A Fi /M T SR (1 B AL AL A 77 B2 AR T, 4 9% 9050 T I AU e 2
PIHTHR N IR 2R 7% ) 5 R DAL 5 i S8 B R 006 & R, BRI BV E AR A AR R AR SO — 20 TARE I e

References:
[1] Vaquero LM, Rodero-Merno L, Caceres J, Lindner M. A break in the clouds: Towards a cloud definition. ACM SIGCOMM
Computer Communication, 2008,39(1):50-55. [doi: 10.1145/1496091.1496100]
[2] Armbrust M, Fox A, Griffith R, Joseph AD, Katz R, Konwinski A, Lee GH, Patterson D, Rabkin A, Stoica I, Zaharia M. Above the
clouds: A Berkley view of cloud computing. Technical Report, EECS-2009-28, Berkley: University of California Press, 2009.
http://www.eecs.berkeley.edu/Pubs/TechRpts/2009/EECS-2009-28.pdf

© PEBEBSAITT  hip:/ www. jos. org. cn



Rle F—FI AR B RIET AT & 1979

[3] Gartner Company. Gartner maps out the rapidly evolving market for cloud infrastructure as a service. 2011. http://www.gartner.
com/it/page.jsp?id=1622514
[4] Amazon Team. Amazon EC2. 2013. http://aws.amazon.com/ec2/
[5] IBM Team. IBM SmartCloud. 2013. http://www.ibm.com/cloud-computing/social/us/en/
[6] OpSource Team. OpSource cloud. 2013. http://cloud-vpn.net/
[7] Bennani M, Manesce D. Resource allocation for autonomic data centers using analytic performance models. In: Proc. of the IEEE
ICAC. 2005. 229-240. [doi: 10.1109/ICAC.2005.50]
[8] Zhang Q, Cherkasova L, Smirni E. A regression-based analytic model for dynamic resource provisioning of multi-tier applications.
In: Proc. of the IEEE ICAC. 2007. 27-36. [doi: 10.1109/ICAC.2007.1]
[91 Urgaonkar B, Shenoy P, Chandra A, Goyal P, Wood T. Agile dynamic provisioning of multi-tier internet applications. ACM Trans.
on Autonomous and Adaptive Systems, 2008,3(1):1-39. [doi: 10.1145/1342171.1342172]
[10] Sharma U, Shenoy P, Sahu S, Shaikh A. A cost-aware elasticity provisioning system for the cloud. In: Proc. of the Int’l Conf. on
Distributed Computing Systems. 2011. 559-570. [doi: 10.1109/ICDCS.2011.59]
[11] Jung G, Joshi K, Hiltunen M, Schlichting R, Pu C. A cost-sensitive adaptation engine for server consolidation of multitier
applications. In: Proc. of the ACM/IFIP/USENIX Int’l Middleware Conf. 2009.
[12] Gartner Company. Gartner maps out the rapidly evolving market for cloud infrastructure as a service. 2011. http://www.gartner.
com/it/page.jsp?id=1622514
[13] TPC Transaction Processing Performance Council. TPC-W benchmark. 2005. http://www.tpc.org/tpcw/
[14] Clifton C, Leavens GT, Chambers C, Millstein T. MultiJava: Modular open classes and symmetric multiple dispatch for Java.
ACM SIGPLAN Notices, 2000,35(10):130—-145. [doi: 10.1145/354222.353181]
[15] Jung G, Joshi K, Hiltunen M, Schlichting R, Pu C. Generating adaptation policies for multi-tier applications in consolidated server
environments. In: Proc. of the IEEE ICAC. 2008. 23-32. [doi: 10.1109/ICAC.2008.21]
[16] Jung GY, Hiltunen MA, Joshi KR, Schlichting RD, Pu C. Mistral: Dynamically managing power, performance, and adaptation cost
in cloud infrastructures. In: Proc. of the Int’l Conf. on Distributed Computing Systems. 2010. 62-73. [doi: 10.1109/ICDCS.2010.
88]
[17] Xen Team. Linux foundation. 2013. http://www.xenproject.org/
[18] Xu J, Zhao M, Fortes J, Carpenter R, Yousif M. On the use of fuzzy modeling in virtualized data center management. In: Proc. of
the IEEE ICAC. 2007. 25-34. [doi: 10.1109/ICAC.2007.28]
[19] Dornemann T, Juhnke E, Freisleben B. On-Demand resource provisioning for BPEL workflows using Amazon’s elastic compute
cloud. In: Proc. of the 9th IEEE/ACM Int’l Symp. on Cluster Computing and the Grid (CCGRID 2009). IEEE, 2009. 140-147.
[20] Zhang Q, Cherkasova L, Smirni E. A regression-based analytic model for dynamic resource provisioning of multi-tier applications.
In: Proc. of the IEEE ICAC. 2007. 27-36. [doi: 10.1109/ICAC.2007.1]
[21] Hoff T. Friendster lost lead because of a failure to scale. 2007. http://highscalability.com/blog/2007/11/13/friendster-lost-lead-
because-of-a-failure-to-scale.html
[22] Krishnamurthy D, Rolia J, Majumdar S. A synthetic workload generation technique for stress testing session-based systems. IEEE
Trans. on Software Engineering, 2006,32(11):868-882. [doi: 10.1109/TSE.2006.106]
[23] Cherkasova L, Phaal P. Session-Based admission control: A mechanism for peak load management of commercial Web sites. IEEE
Trans. on Software Engineering, 2002,51(6):669-685. [doi: 10.1109/TC.2002.1009151]
[24] Ming Z, Yin JF, Yang W, Wang H, Xiao ZJ. A Web performance testing framework and its mixed performance modeling process.
Journal of Computer Research and Development, 2010,47(7):1192—1200 (in Chinese with English abstract).
[25] SpringSource Team. Hepric HQ. 2013. http://www.hyperic.com/
[26] Apache Foundation. Apache commons. 2013. http://commons.apache.org/proper/commons-math/
[27] Jung G, Joshi K, Hiltunen M, Schlichting R, Pu C. Generating adaptation policies for multi-tier applications in consolidated server
environments. In: Proc. of the IEEE ICAC. 2008. 23-32. [doi: 10.1109/ICAC.2008.21]
[28] Bagnall AJ, Janacek GJ. Clustering time series from ARMA models with clipped data. In: Proc. of the 10th ACM SIGKDD Int’l
Conf. on Knowledge Discovery and Data Mining. 2004. 49-58. [doi: 10.1145/1014052.1014061]

© HEBEERAET hipd/ www, jos. org. cn



1980 Journal of Sofiware ¥}A% %3k Vol.24, No.8, August 2013

[29] Zhu XY, Wang ZK, Singhal S. Utility-Driven workload management using nested control design. In: Proc. of the American
Control Conf. 2006. 6033-6038.

[30] Rolia J, Cherkasova L, McCarthy C. Configuring workload manager control parameters for resource pools. In: Proc. of the 10th
IEEE/IFIP Network Operations and Management Symp. 2006. 127—-137. [doi: 10.1109/NOMS.2006.1687545]

[31] Arlitt M, Jin T. A workload characterization study of the 1998 world cup web site. IEEE Network, 2000,14(3):30-37.

[32] Dilley JA. Web server workload characterization. Technical Report, HPL-96-160, Hewlett-Packard Laboratories, Technical
Publications Department, 1996.

[33] Clark C, Fraser K, Hand S, Hansen JG, Jul E, Limapch C, Pratt I, Warfield A. Live migration of virtual machines. In: Proc. of the
ACM/Usenix NSDI. 2005. 273-286.

[34] Norris J, Coleman K, Fox A, Candea G. OnCall: Defeating spikes with a free-market application cluster. In: Proc. of the Ist Int’]
Conf. on Autonomic Computing (ICAC 2004). 2004. 198-205.

[35] Huang T, Chen NJ, Wei J, Zhang WB, Zhang Y. OnceAS/Q: A QoS-enabled Web application server. Ruan Jian Xue Bao/Journal of
Software, 2004,15(12):1787—-1799 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/15/1787.htm

[36] Liu X, Zhu X, Singhal S, Arlitt M. Adaptive entitlement control of resource containers on shared servers. In: Proc. of the
IFIP/IEEE Int’l Symp. on Integrated Network Management. 2005. 163—176. [doi: 10.1109/INM.2005.1440783]

[37] Urgaonkar B, Pacifici G, Shenoy P, Spreitzer M, Tantawi A. An analytical model for multi-tier internet services and its
applications. In: Proc. of the ACM Int’] Conf on Measurement and Modeling of Computer Systems. 2005. 291-302. [doi: 10.1145/
1064212.1064252]

[38] Kim M, Noble B. Mobile network estimation. In: Proc. of the AAACM Conf. on Mobile Computing & Network. 2001. 298-309.
[doi: 10.1145/381677.381705]

[39] Wu H, Zhang W, Wei J, Huang T. A benefit-aware on-demand provisioning approach for multi-tier applications in cloud
computing. Frontiers of Computer Science, http://link.springer.com/article/10.1007/s11704-013-2201-8

Bt 32 5% SRk

[24] BAfPTHEI B, TR M. Web R AR IUHE 52 2 IR A @ BUL R oF SOMLIF 9T 5k €,2010,47(7):1192-1200.

[35] B4, 14 T 10, B0, 5K SC I, 5K B3 .Once AS/Q:— M HI ] QoS [¥) Web I IR 45 2. 5k 1122 4%,2004,15(12):1787-1799. http://www jos.
org.cn/1000-9825/15/1787.htm

RAE(1983—), 55,1 B i BTN B4 7,
TEWFF AN W 288 3 A sCok 57, 0 T AR

E-mail: wuheng09@otcaix.iscas.ac.cn

3 3L (1976 —), Y, 1 -+ FIHJF 5T 53 ,CCF
23 5, B U 9 4% o3 A 2B K
PETRE.

E-mail: zhangwenbo@otcaix.iscas.ac.cn

B4 (1983—), 05 L4 ,CCF 2 i, &
R RSN E T (TN - 9 QL =

E-mail: zhangjianhua07@otcaix.iscas.ac.cn

RIS (1970 —), 1, 1+ W 9% 51 ,CCF i 2%
45 17, B SR b 9 4% o3 A X E B
TR,

E-mail: wj@otcaix.iscas.ac.cn

HEiF(1965—), 5, 1 L 05 b R
Jili,CCF i 2 2% b3, 22 BB 5 Ul Ay 9 2% 53
A B TR

E-mail: tao@otcaix.iscas.ac.cn

© HEBEERAET hipd/ www, jos. org. cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


