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Abstract: In cloud environment, all kinds of idle resources can be pooled to establish a resource pool, and different kinds of resources
can be combined as a service to the users through virtualization. Therefore, an effective scheme is necessary for managing and allocating
the resources. In this paper, economic and intelligent methods are employed to form an intelligent resource allocation scheme based on
double combinatorial auction with respect to the characteristics of resources in cloud environment. In the proposed scheme, a reputation
system on the basis of quality of experience (QoE) is devised, and the reputation attenuation coefficient and the user credit degree are
introduced to decrease the negative effects of malicious behaviors on resource auctions, providing QoE support to resource dealing. In
order to determine bidding price rationally, a bidding price decision mechanism based on back propagation (BP) neural network is
presented to comprehensively consider various influence factors to make price adapt to the fluctuating market. Finally, due to the fact that

the problem of winner determination in combinatorial auction is NP-complete, a group search optimization algorithm is adopted to find
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the specific resource allocation solution with market surplus and total reputation optimized. Simulation studies are conducted to
demonstrate the feasibility and effectiveness of the proposed scheme.

Key words: cloud computing; double combinatorial auction; quality of experience; reputation; back propagation neural network; group

search optimization
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S EIPAT; 2 R (20) KR CSC; TS5 3 IR EARE L 41L,R; AN Fe A Q21) & R IRL R, KR CSC, 1%
JRFESRELNT CSP; P Re 2 B0 2 5 5=, L b Ry R IRTE ¢ I ZI CSC, i %EU5 R M5 ,q,(R,0Z CSP 7T ¢ BT %I RE
U ERAL IR R B A x0(22) 2SS LR, KR CSC MBS E A 20 T, B A AT,

4 FIRMIERRHLF

FINTERRO M PRSI H AOLE T 1k PA NN CA 5 P 539 D07 WS 2. 5% Wi e 24 5 D DA 380 S % %2
AR M DA AR 3 4 T 2% H8 T A DR 35 1 5 A T A 2 2T B R O 8 UE B AT B B B T — A = 2 A 2R b 2% DU
R AT PE I AR S5 TN B A 10 408 SR A 2% 1) . 5 Dl A % S B0OE B IR, 0, S S U I HAR A
M 2 3D 2 F 5 PR B YRR A ARAE 2 2 5010 5 R, B8 S HUE M LRSS A RE A S R B
F 6] B AL, T AR PR A AEBEAL P AL AT AR FEA I, B A g R S AN B i T LR 1), 3207 )
WA BEAR T AR (R2), B 38 TT 46 I 1) AN BE 1L 400 3J2 28 48 24 7 I TR)(R3), 249 1IN Be AN g 1411 352 48 4824 i I 1)
(R4), 4 i S A BRI 28 8096 20 A B (RS) A8 30 o o il B U, 1 5l 530 6k AN 5 BB DR AR 5 B RO A A 1 i
FEATINAN BN LA S rp 35 13 B KA A K> 1 I 25 7 8 de 20 R A B, WU o A2 DA B e, T 2 D P AR 4 o (1
AHA D TIN5 B DR AR AL TN ZRRE AR X BP i 28 o0 25 L 4T I 25, DR A7 U 2R 17 160 BP o 22 ) 26 AL I
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YR UT I BP AP 28 ) 244 3R A5 K S2 XU I S RN . SE AR 45 IS K Se bR A S 2L W (R 5T N 2 5041 545 R [0 58 SE b B0 d
NG| VI Y SN S e (S 2l 2N IR = 2
4.1 WAk RTM
TR I R & s WM RUT SRR TR 22 22—, T R HE BT k=1 R385 T B4R 50 R TN 58 ke IRAE 5 I HA
fE sk BRSO, LUE T PA FI1 CA HEAT 354 v sk
ARICR ] — IRFEECE AT T3 R R R b RT3 TS S4, w2 X (23)Frs:
SAi=ysdi_+(1-y)S4; (23)
SUIE(HNIEGS
S4, =y Y (A-p)isd,_ +(1-p) S4, (24)
LA w0 <) P REsd 25k IRITSEFRAER I R sdo T SAo B A LD AR YILA N g sk R &
SN A Q24 TT LR LB ke RT3 ARk ¢ R PR 2 AT k=1 R SEBRALR C R TR E0mAL.
4.2 CAERRMMIGAR

CA FIH] BP #4428 EAT S8 M o SIS ] T 2 2 ) 25 R AT LU AL 7R
Samplec,={(supply_demand,latest start_time,budget,current _period,reputation,risk_preference),bid _price}.
TFEA L B — 4L NN — A 208 S S 5B CA T BP s SR 1 A I B N S 501 R 5 CA vk
H AT I 2% R ) 2 B A 3R A
(1)  supply_demand(fit=R I FR): 25 BT 3R, DT 24 B H A o, D)4 v HE A
(2) latest_start_time(35 IR FFUF BT ] ): S s [v) 5 224 i F [ i) B3 66, A 28 75 Sk 2, AN IR v
(3)  budger(TE):H A1 L BR.
(4)  current_period(4Ti I B ): iy W INF B 1) HH AN B2 1.
(5)  reputation( 115 B3 ): [ G R AR s, AR AL 23 K, A TR
(6) risk_preference(JARS LT ): B [ # bbbk B H AN
SR B M AR R LA A R A T T R 22 k) %
43 PARIRMERER
N PA U BP 08 I AT SR S SRS P U 45 022 B (OB AT LB AL Ry Samplep—
{(supply_demand,current_load,cost,current_period,reputation,risk_preference),ask_price},tj Samplec, 145 ¥
AEL. % tH 2 B PA T IS BP g SR AR A T AN S B0 D 520 PA SRR I 5 18K B R BR T current_load
CART AR BOM cost(A) LM HAR 4 MSEINE L5 Samplec, T IIAH .
PA 5 CA PSRN M R 2 AL 7E T+ B A 2 (22) AT AR T CA S5 1 3K 5 AR IR, B4 56 42 i B A A N AL
EJ2 5T PA S AT IR 22 77 b 1), Fu vVt B0 406 A2 A5G 00, B0, A8 B PA BT AT B2 05 AR — 8 43 S b i D I ks A
SVE A NFEA K 22, )T I b 22 0 5.

5 BRMERE

X I 2L 1S5 P P ol 5 ) B R UE A NP 58 A I ), 5 2R i R o s A R A A v ok i, 3 e
DU A AR 2 T B0, A SCIE T GSO SR B 5 i) L.
5.1 FREGULBEEL

VX, SEIEHERR, IR X, X X, PRI SR ST
TS(X,)-TS(X,) +ﬂUS(Xb)—US(Xa) N TR(X,)-TR(X,)
TS(X,) US(X,) TR(X,)

e TS,US Rl TR 43 53R 7R total surplus,unit_surplus F total _reputation;a+f+y=1,327~ 3 NFahn B IR,

(25)

b,a
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5.2 AFRIFE
PR A3 I 7 58 A A 2 TR AR At A A T S DRI 3K BT 7 A A RS AR AR £ TR A% A R U 4 B
HORERE A R S
(1) ARIERAERCT G WRIZIAR A 20 R g B 2 R AT VR 3 SRR MR R R A A 0, Hoi%
TG 3T I 1 43 T T S AN AL 20 A AT % 70 3 b B B 43 (R0 AT Ay T 3 A A IV 240 SR F) 467 5, o AR 74
A XA E R 10 F 0.
(2) AR B W PEAT PR A R HRE W —ATHETEAR R 0 BTNt EZ BAN 0 WTHERHEZ T
partition;, W% R. 1 R, 7y 5 RS 1ZAT I6 R W e MEMUKME, A R, =R, + R.,R. =0, BRIZD K,
HR AL FIZR.
() M YL R BEAT M 4. CSP I IS F5006 . CSC AR5 A B SR 0 T35 R WA R e £ B i%c & b
PR o 23 1R AT SHAth R A 0% 905 240 o 0 7 8, 0 R e A IR W 7 8, MK %0 K 0
(4) MR 55 29 SREAT PR A R B R — AT U R Z AR 1LINZAT JC R A 0.
53 BREREMK
53.1 HEAREAH

GSO &% HARF T #E B8R H AR 2 8 R MR H I — i se 5L SN R AT 0 S
Y PR BRI 22 B R A S AL R 2 5 10— R AT O AR A IO T 3 AN 5T e R R
I TP % 58 A N W) 01 4% i) b 89 23 A s FC IR SR AN 8 S A7 B U5 ) 68 0 5 i A T A i I 30 s S PR S AR A R B g A
SR (A8 2R SR AT AR A AR 43 2 L BRBE E R L3 Bl 0 B AT AN R (R AT N A TS & 3L R 58
BRAY AT 55
532 KBELHE

£ GSO RS A RE AR A (1 — AN R BALAE ¢ 4R R R 58 y DO INEE g SR AL E D X, 4D
0, = (@383t s 5 g NIRRT 10 D) (8)) = (dyd, oo ) AN SRR R T 1) i) B PR 4 T LR
A R IR AR B 4 23 SORTE S 4 (26)~ 22 K (28) i

d, =ﬁcos<¢§q> (26)

défh = sin(¢;(h7” )ﬁ cos(¢g;] ),h=(2,....c—1) (27)
q=h

d,, =sin(g, ) (28)

(1) WFHEITH

B AR MU X, A2 BT A r O e AN 0 D ek B s 1) 1, L5 A B X 400 AT
TR ERAE, SR R AE A7 Y FL AR AR LE T T A O AN T 1 4 R e A A I T 1) AR A R N
(K 552 KA 1 A9 O, B K IHE R BTN L. 22 Q2O ~ A BN 7P IR /R W IERT R A EIE A
Tr R R AL fig e AL — A7 R,

Xz = X;); + rllmaxD;;(¢y) (29)
Xigh = X; + rllmaxDl’; (" +10,./2) (30)
X[eft = Xj}; + rilmaxD;;(¢}’ =150, /2) 3D

by MR N(0,1) 2347, IR A U(0,1) 53 .

ST HAEIX 3 AT 1) R R B B U G e S e ) IR SRR X i O L RS B B A ), 4k 1 Y
TE T AL B IR L — A HT AN @' =7 T Thnax. 0 55K R0 £ G0 SREA005 31 @ IR R AT AR AN 5
SO IR AL, e R A A R 31 0.
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(2) IRBEHAT N

BT 05 2 A TEFRE o B L B8 22 AN RAE D SRR 5 PR ] S0 o T T SE 48 & B S R
Tk 8 A8, LA B T g A N (32) B

XM =X+ (X - X)) (32)

rprs IR U0,1) 23 AR,

(3) WrkEEATH

Bk Q0 38 0 BB 5 2 A, oA I 03 78 2 A A A £, L9 2R SR D B LU

TSP R AN BENLEE BS L= o g, SR 10012 B 2y, A7 8 50 7 ¥ 24 3(33) i

XM =X +1.D)(¢") (33)

533 HIEGRE

Step 1. WIAHALTE R A i . S KIEARIR S R BE & Rt & L) 55 S 40

Step 2. BEALAZ B UE B U5 /3 TR FE B, AR 58 5.2 5 AT 00 B2 f 8 3 Bt LG Y 0L — 4 by Rk /M

Step 3. T ELET A AT FEUEA P R0 R 50, M B8 D0 ek Hio6) B AN A B AT HE 7 38 140 5

Step 4. WA M HTIEACIREGE T B K IEARIREL, % Step 9.

Step 5. HR#EAKXQH~AXBHPATH FEATA.

Step 6. M2 3 H I A FE L 5 16 LU AG) B ATL I HE PR It 2 AR A A SR (B2) BT B BE & 1T

Step 7. R#E A X GB3)PATIHELEFAT A,

Step 8. HRHEHT 5.2 0 TE U4 WA BEFEAT 0 EE 0 TR 4L, 5 Step 3.

Step 9. % H 415 A by ] AR, SR 4 OR.
6 HEZRHSMHEITN
6.1 FEINEIRE

ALHT SimJava2.0 T HALHH] IDK1.6 HEAT 07 20 SE I 45 570 2 I 1300 25 7 511 6 P21 5 44l
VEHIRFLRE )1 2 B TeraGrid %1 H A7 SR AR PG 52 M ks 2 I 5 3 25 & PP DR 4 15 52 BP St
PREMLHI S S I SCIR[35] 2, LR 1,GSO Z 5 e SCk[27]1% 2, L3R 2.

Table 1 Parameter setting of BP bidding price decision mechanism
F 1 BP EM i SEHLHI S O E

24 WOEAH i
theta 0.5 IR &% 27 2 BT
hiddenNodeNum 3 (SR Nt
initialSampleNum 30 BB A2 4] a5 R A< 5L
neededSampleNum 15 IR it d5e D REAS L
trainTimes 10 UER/E

Table 2 Parameter setting of GSO
%2 GSOZH&HE

ZH WEAE B
iterations 20 BRI
animalNum 20 BB
SCR_RATE 0.3 WL # 5 BB LA

iDim mxn A RN e NN

® [ Sqre(iDim)] BN T ) AR
O PI/( o ) R B KA A7
Tnax iDimxiDim S ENIITON

AL HEAT PR RE X H3e A R AL SCHIR ST H O R 5 % 42 XU I7) 471 32 (stable continuous double auction, 7
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FK SCDAYWUHI, R LG IR Bt 7B 2 AR 45 2 158 T R HLEIEAT 20 IRECEELRR B J5 S0 3~ 8 1, A AL KR K
BRI BB R B P — A8 1, LA Bm 38 AR AR SO B AR (AT 45 RS . i bRk R AT 3%
RS S REAT T %143, DIME A5 5 R0 5 8 N 58 4 1 b 36 UE AL ) 10 M i, 2 Wb 84756 Bb 23 A 4% BT 45 % W5 5 1
TR IOAT S5 20 R /ANRLRE . TE RS RORL BEIX 3 T 28 20 PR T 48 57 2% BIAG v At SR 6 R A by 5 ) 2 S2 X0y
AT S FOT 3 0 A% 10 DG B TR 25 3 ] LAAR A8 77 3% B 45 R0 %5 3K 2 IR 45 2R A7 49 O AN sl L it sk 3 g A it ok T
SR AR ST LA Ry A AL A R A I A AR i 1 D0 SR O R RIS 4 RIS EY I 2 OCHR 3610 H AR 4k
AT 8, L3 3.7E L B F HR h T 3 MU R 7R W S 3 N 5505 - LA 52 07 U AL 800 B kB 40 == 1T 3%, i T4
T FF ) CSC Al LLARATS 2 AMT- 55, R A SC MT 25 30 AF CSC BE R X143 T 3 USSR K3 A 8 5 5, —
BT ASERI r R K By ZNIX 3 RS Sk T SRS 40 M 3 A AR SCATL T B, DAtk A Sk K 11 3 AR AN 4y
Ji 6 FhREL IS M SCER[3 7107 BN AR S5 SR CSP BT WCE, WaE 4. AR AR Q)T T Ry
2 CHR[38], %4 0.5.

Table 3 Supply-Demand relation division
F3 PERCARKD

kK &R P FLALSR P
fit T3k [0.4,0.9)
Bt [0.9,1.1]
R Tk (1.1,2]

PR R T A (2,4)

Table 4 Market scale division
F 4 GBS
NEEZE i BAT 55 B0 CSP ik &

NS 8 {1.45,4CSP
BN 16 11:4%,4CSP
o AR AR 32 {1:4%,4CSP
BRI 64 11:45,4CSP

KA 128 {1:4%,4CSP
R AR 128 {T:45,8CSP

6.2 REMRER THIMAL L

I 7 AT 95 6L 2 49 R JSE 117 3 AR R B R, 1] 3 R 4 2 A SCHLTRI(BL R 7 9d 5 DCA_GSO)#1 SCDA
FEAN R SR OG22 TR T 37 S 48 A0 R BT I TR] 71 7 4% PR 0 B 0.

1o ——DCA_GSO SCDA 1 —6—DCA_GSO SCDA

1.0 ’/,/k/"*‘i 1.0 PE—— e

0.8 — 0.8

0.6 0.6

0.4 0.4

0.2 0.2

0.0 ! ! ! 0.0 . . \

LA b NS S T N 2 8T B PONFSR fkordr gk rok B A
Fig.3 Comparison on total market surplus Fig.4 Comparison on unit time market surplus
with different supply-demand relations with different supply-demand relations
K3 AFEEROGR 78R X 4 AFPERICER T AL R T3 4 400 b

M 3 AT LLE HL,DCA GSO HIPERE B AR T SCDAZE A IR LK 1 444 7, DCA_GSO M REEUTF SCDA,
T HL 24 SRR K, 26 BE B W S 5 £SO WU 78 A2 R 45 AF 1, P 3 P B R A 17 32 1h - W R 78 2 1 DCA_GSO (¥ i
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2 FRT GSO I BEHLYE, X LAGRAEAS H BAT 454 B0 15 50 B 4 R 3 4 Bt el 2 e 3 2 ) Z2 R T K — 23X
KM 7E DCA_GSO I R4s 1] 43 B 10 HAT AT, I 75 B 1) B .

6.3 TEMESHIE THIMERERS LL
IF5 2 117 3 A by B K, T 7 SR 5 28 D (SR~ 4, B 5 R 6 52 PR BLIRIAE AN TR A 5500 2 (11173 18
T8t A% N SR I [ 117 3% 48 4R PR RT LU A7 10

ODCA_GSO HESCDA ODCA_GSO HESCDA
1.0 1.0
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0.0 0.0 L L
ANRLEE IERRIE KR ANRLEE IEWRIE KR
Fig.5 Comparison on total market surplus Fig.6 Comparison on unit time market surplus
with different task granularities with different task granularities

K5 AR KL T 376 8 AR E Bl 6 AN R T 5L I [R] 737 400 b

M 5 FTLLE HAE 3 ML SR R, DCA_GSO IPEREERIL T SCDA; M H B 75 T 45 i 5 4 K, PERE 2= i b
R T T R TR AT 45 K, 3 T I 3 R IR 2 R B WL A it 2 48 K ,CSC T 75 SR AR IR 45 4 43 i 3] o —
CSP WA E B AR 6 7l LG H,DCA_GSO 5 SCDA FA i 18] Ti7 3% je J 4% 22 B B KX [R] B 2 (R A 7
DCA_GSO F 145 1] LA# 2 A~ CSP 4311y [F) B S0 AT, T 7 B 18] &4 o, 7= A= (1) A ) 1) 1o 3% B 4 FLAR L L SCDA
FiRZ%.

6.4 AETHIHMET BIEGEXT L

[ 7 A 45 RS kg 1R B T 3 sk O R g R skSP AT, 1 7 RO 8 & I R AL I AEAS [R) i 34 HUBE T 1K T 3

o A% R B, I TR 715 3 8 AR S LA O

R —4—DCA_GSO SCDA —4—DCA_GSO SCDA

e DD { T L0 0—-—”_"—_‘\0\'_
0.8— 0.8 —g
0.6 0.6 —
0.4 0.4
0.2 0.2
0.0 ' ! ' ‘ ' 0.0 : : ‘ : :
ZONE N I SO NI NI PN ZN N S ' NI N DN
Fig.7 Comparison on total market surplus Fig.8 Comparison on unit time market surplus
with different market scales with different market scales

B 7 AT 5 R & AT Bl 8 IRIAITIT 3% ML B IS R] 117 3 2 45 Eb
M7 RIE 8 0f LAE HEAE 6 R L N ,DCA_GSO PEBEHI L T SCDA AH A&, K5 T B3k, DCA_
GSO VEfg R W B34 I TR g B 1) ARS8 K, G SO SRAE AL LAk 1) J8 )RR AR
6.5 INK ZEXTLE
T8 5 T 37 BB Ay 68 R FIABE A 25 R N TE R R B I 9 o T M R LABIAE AS [F) 4 sR 56 &R R ih 28 2 B ot
ELAE L.
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ODCA_GSO HESCDA
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50
40

20
10 ¢ .
0

PONFR PR Rk

PIHAL
Fig.9 Comparison on successful transaction number with different supply-demand relations
K9 ARMESRIGER T Eh AL 5 Hont L

M9 TT LA HH A B8 U 70 AL I, 1 2 (K058 o P D A )38 3 s KA A8 Fe Al (1SR 5C &R R ,DCA_GSO (¥ i)
AT oy B 22 3K 2 PR A B RE R 45 JEAT 2331, S o v A M) P 0% 9, DT 68 5 2 1D 5 SR A9 213l A2
6.6 B &) FF $H X bE

I8 52 A 55480 2 kg T HORE FE, 17 3 (1SR 96 28 0 (IS, 181 101 2 A Al WL #6I7 AS (7 113 37 RS T IR 1) I 485 £ % L
00369, B 10(a)Fs DCA_GSO HANZE 0 28 I 2R I 0] Th IS 1) T4, T 10(b) A2 o i 42 199 296 SR T 8 2 11 25 1
LT (RIS T 45 LU 3R, B DCA_GSO RIS T 45 A A0 45 41 22 199 2% 1) 1 ZR IR TR

—e—DCA_GSO SCDA —e—DCA_GSO SCDA
25000 4000
~ 20000 Wd ~ R
o 2 3000 //v
= i
il / 2000
= 10000 = /
= o — £ 1000 —
E 5000 = pa—
0— L L L L L — i — 1 I I | |
O N L = N NI - /N N NS == N NI < DN

(2) (®)

Fig.10 Comparison on runtime with different market scales

10 AN T 37 RUASE T (K9 IS TR T4 6 L

M 10(a) 1 10(b) ] LA tH,DCA_GSO [FI [H] FF 4 15 T SCDA.IX S R 4 B A& T 4 BB 4, H 1IN Zrpl
2 W0 28 L S R B S0 A e b S R B T D S 0 AR 7 PR T P 9 0 T O 0T BT IS SR AN AR
PR T HL 24 SR ECB RS I ZRAE A UG, R 48 mT LR 8 e 07 s Zoph 22 90 28 70 4 B AT A & 4 55407
IXFE,DCA_GSO FIF ] T4 45 KA FRAR, an 181 10(b) 7.

2545 7% 18 LR A SCHUR ¥ R B 23 1 LA R 5 B HENL 2 1) (8 1R e L 45 R AT LA o AE AN SR OC R L AE
SERLIE . TR BT AR SOHLRI TR P e B AR O T~ BE AL A, AR IR 8] R R 40 0 T SRR FH 88 2 07 2 ol 22 0 5%, )
SR AR I 1) T4 T 35 PR A L MWL o) B AR ek A 2 T W S S 2 A S s AL I T T4 5 AU A S L sk 7 2
LRI OB A B TR A TR g s S s R 1 SE O R SRR BB IR P AR v XA AR

7 % g

2o NI I T X 45006 43 U 8 U R A R, o P SR E IR 45 AT v 2 kb 43 TIE B SR AT ()L QoE AR i A% i) R i
REAAR A SCHE TR0 B S BL T — b 2 B 5 20 B AT )2 1 001w 40 A FA Sz AL, 08 5B 0 5 R 2% 38 AE A 1 v
PBR A AR B, Z5 A 5 R A 52 W SE bR AN A% 1 IR 25, ok B REAC B, R I 26T BP & 0 48 O T A A s R SR ML
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1, B 2 SEAR TN T M BRI QOB SCHR, ASCIR Y T AT QoB MU RS, 5IN T B e vl AR KA
28 5, AR AL T AT 0 X 58 90 2 P 89 AN R 52 A1 SE2 v 1 ) A 10 52 AR UG E U5 1 38 0 22 e 41 52,
P 7 2 1) B B RAT . Lhk O B, 2 RS T B e A AR, B IR 8] T 3 48 AR A S A B B A R AT R T
L1 X0 1) A5 411 S PR AR A TR R NP 5e 4 0, DRI, A SCHE T GSO SRAR % 17 8 153 B0 A 1) 8 U0 70 B T 56
17 EAIEFTET R AR AZ AL RS AT AT 2000 6k AR SCH H AL 2E 4T J5t 24 S B, A 5 B 8 48 mFon LUK T, LA
FLS A S A4 TR AT 9T 5 IR R TAR R A
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