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Abstract QoS-aware cloud service composition is an challenge problem in the field of cloud computing, To solve this
problem, this paper first improved the social cognitive optimization, and then put the improved SCO algorithm into the
framework of Culture Algorithm, constructed a novel algorithm—culture social cognitive optimization(C-SCO) , finally,
used C-SCO to solve the QoS-aware cloud service composition problem, Experiment results show that C-SCO has stron-
ger searching ability and faster convergence speed when solving cloud service composition problem, At the same time,C-
SCO can also be used to solve other combination optimal problem.

Keywords Cloud computing, Cloud service composition, Quality of service, Social cognitive optimization, Culture algo-

rithm

1 5|8

=B R AR iTE (Distributed Computing) .78
(Parallel Computing) #1 @& (Grid Computing) 1 & & &
MR, B2 NET Internet WBRITEER., =1TER
A FAFIRE S B s N A R R AR A & Bk,
WA VR UR AN AR 5 4 P e — i, A AT I R TR . &
HHE RS, B BE L IR UL e R 1L
MEFHBRRASEHE AP, BXES, R4 E A
WA EIESIHHERRS RSB,
TR E KR 5 288 H 5 B IR % (Infrastructure as a
Service, [aaS) . & B iR % (Platform as a Service, PaaS) 1%k
4B AR 45 (Software as a Service)[*% |

ZRSCTEERERT EITREMS TR E RS, ol L
REEATEMHIATB =& NRS, WA BRESHE
HAZHRE EFAEFENSITENENTEIEL - &
RIS, Ll SaaS., HFTEARF AT LT HEZEAINS:
ZRFEE P BRELZENTRE—NHEMIRS RS BN
B HE RS .

B B #9.2012-07-04 381& B#:2012-10-27

ERTER NERE-NEREEEREREAFBN
Bl FHER, . KB ETEER LR E T E
FARXTE P AW L EAR AT 407 TR IR A P i g SE A
FEPagl R EEERF N Bl BITE RS
PR Ak 55 sh T B W S BUR B BUIR 55 SO L 5 IR 55 BT
fEIR% BB IR IR S BB IZ IR S LA RIRR IR IR S %,
Et, B—MERE B LERERX TR, RAREGERS T
ML TR & A BESE %L %, Bl @ H A BEA N RE B
- MEENAE RS R —TES.

FEE = HEE AR H 25 BB 8RB E M ECE N
IT WIRFR A R G S = RS54 P A8, (18 4% £ i
BT KE D REAE R T IR %5 B B (Quality of Service, QoS) A2
RAH = B S » Qe ¥ 82 Y BEAE T 2 P ) QoS ® R XA
Bt 2RRERENA ARG E— NP ELEE" . B
HEZHEREEEH X QoS AN Web IR % 4 & =B # AT
THFS, AN T — R X R BRI
U AR RSN R TRERSNY, Xy
BRRE—ERE LB ARKE QoS BN RS KL
HE B, BEFA—ERE .

AXZERARPSEET FESTE (61175066), HE HAB L E S HHELE ST H (6090

5041,61202136) , 1 [ 1 1 JE 2 B4 (20110490396) , BG4 B AL RHR GUHT A A R B HRI (2011GGIS-056) , VA R 3L T k¢t + G- W Bf.
X FE 1981, B 4, W, FEMR T W AREE . Z3TE B B E-mail: lzzmf @126, com,

+ 103 -



LB 7 3 7 SR e U e /1N e R 4528145 D) R 28
B T 24 ) R A KRS 3 Tk B B R 2 B4
BOB K, R REW R 5 IR % A SR ER 5

(2) AL A0 R A 10 REL B B3 K 1 PR R B B 1
RIBRR AR B B8, WS 8 R 25 R AR
s

(3 BB E AR BIRS B AR & M, AR A nE
B, B R v L B B AR BB B A B i ik 1
S 5

(4) 2F PSO B MRS 414 AL ik B AT H 8
4R TR RBE S R S B S AR IR
A& ASHBARERRMNSE,

£ F BT » QoS BRI 75 BR 45 RAL 4L & AR 2 — TP I
PEIRAE, & X5 — [ B, A 3CE S Xk 22 ik 1 8 B (Social
Cognitive Optimization, SCOY™* ™ $E 47 T de ik, SR J5 % ok
Fkt 2 A B B A Ui & B (Culture Algorithm, CA)P HE
Yy, M T BTSSR AR s, R R R
QoS R4 = R 45 1 AL 284 IR, B2 /558 5 SE R R T 1% 8
BB AR S

A 2 PR QoS AT IR 45 LA R 4 3 WA
3t SCO Bk BBGH TAE LA K SOk 2 A A8 8: (T B
B5 4 BIEMA HET U SN E RN S RSt
AEERR P 5 VB EAERRIF 7 A SCTIRE ST E
BRI AT R RO s B , A SO T A3 AT S 30 4 S S
B .

2 AR

CREAEGRBHEMES W HA RIS P ARNESE
AR FAMASERXTERIRTHESEM BRHEGSE
1 ITH S AW IEEE AW B TS DREXRRE
RS ERE—MEET AN~ ZREE: 2 RESH
EMBENAE 1R, REHEREHEAMFZIEMAR
QoS W= MEFARMMEES. ZRFMH QoS TR £ E
¥ 3 FH (Cost) | I Bt ] (Response Time) . A & ## (Relia-
bility) . AT it (Availability) PA & 4% 35 J& #4: (Domain QoS) % .
SRR 1814 HE T4 B4R B M M & Web RS QoSITHEF
B, XEREMAESGTRSH QS BEFERTHE.WE
Bk FISCER( 18I T B kT B A TR S QoS JRHE.

"1 %Hﬁ%’iﬁéﬁﬁ@

QoS BHIN = RS MAHEMENE N ZME R EH
—MNREHERSE , EB B XL RERERNAS RS
W R QSARXBEEREMLERRSRE. B—1
U H A WRBERASE m MESHRLES A T XL

+ 104 -

MZ=IRE #E CSG: A& n MBS AP REN2RE QS Y4
;ﬁ%#{:yg C= (Cl ,CZ ] Ck) ’ QOS E'ﬁmﬁﬁ}ﬁ W= ('LU1 ’

sy v, E S =1, SERA A AR QoS At
ORI R EL R P B R R AT A B B o R
SRR P BRI X BREAETRANTE. 8
AR QS REHN @ =(df g TBAHH 2
o QoS 24380 s 2 5 A 20 24 OO 3 U T L3
AT
R
Max f(CCS), f(CCS)=w1 * ¢ Fwp % g+ Fwr *
M
SRR
#<C,
E<C (2
#<C;
Ref1,CCS, Wi i M EMEHAHR.
2 — 1~ NP-Hard [, $F % 50480, 450 4
% SCO FMHERT T M0 4R EHHBLL ) SCO JARA A ML
BRI P HIE T B C-S00 S50%. (MR B kRt
QoS F = M4 AL A FABIEAT KA. T E LA 4
C-SCO Ftk.

3 XHHSIANANEEC-SCO)

3.1 #HMEWMEE

TR L, REEEEMEYHE R TR LS/
PEALE B, AR R B OB R AR, FREE L. X 23
WEEBRETRUAREN, NBTEMTERE, NS &
ML R R R TR B S, ARETRELN
BEAMNNTRNERIPE RS, PR X
BRI MEE RO b A 8947 R T IR T B B 881 84T MR FELEE
3 XM REEERSZHE, BB 2
I, X URILRUREERRBENMT . ETH, HEX¥
RYBBE I 7E 2002 F B B4R T 4 SN FIAR 4L B ¥ (Social
Cognitive Optimization, SCO) , X BB HEA M S EEAF .

(O FR A B AU A P A B AE KA R R ; 18
RE XA B9 B FRLE T, B T IR B R AL

(DFRE : AIRAFHERNREHE.

(DI RE FEIRERE T HME, FREBRR
FEHAIRR S 5,

(4)‘?1"1@@?@&;5%/[\%”}‘1& Z1,a M 22,4 3 X 22,4 I $
BERBIEL 2 AEASE B H— DI 2d »xd =
ZTi,d +2><Ra.nd() X(xz,a— 21,40 »d TR B 4E %0, Rand
OR—AMEQ, D HIBEHE, x40 F 22253 B RITHN S
AP0, B BRGEIRBEER. BREFE T
PRI MU Nowy » % RIELIAECH N2 BIRECH T,
SCO B BEARLTRINT .

Step 1 mﬁé’fhﬁﬁ

DA PRI R—E BRI AR (B HEE
WAL E AR ;

O BEPIBA B EIRBASEE T H— PG EAR



ARFHE— MR EEE S RAZ N EI R,

Step 2 BHREILBCTTFENTEIRID .

(DA - AR PR R BE AL M 1 P o 2 AR
A BTk AR R B AR 52 R B FRTUSHER, 3
PR T2 A B R SR, 75 LA R R 22 A 3 Y — e o
B

(OWEES S K P AP SR A SRR
BIK AR b 5 B K B AR U R P B B2 I AR
MERENSH S REFIRBERE TR RGEN , %33
— BRI 3 EDRERT M AU R B

Step 3 FEEFHE. ‘

MEERER N, A B 2K AR A,

Step 4 BEAE 2 LR 4, I REFIERME.
3.2 dSIAMEER B

L X2 S BB AR A B b 2 S R
T RBZIMEE, FBEARHAL ST WA,
A S S B T 00 i B, MR 2 T AT T B, 4R
T — Rt ot B BRI AR AL BRI Y 2 3T O vk - B S iR R vh B
PUBERE —SHEMN AN TR S M RE  BREAR
B B8 AN U B A B T B AN b AR 0 B — B
73 B H% I T B SAHNBE KR, RYHh 8
BH—350 s 2 XA — N EI R B ER HA &E
BB AE R B — R4, T [ B0 , B i i
3R AT S E AR — M T AR B .
MBI BIME 2 Fin. BH,S SREA SH#, S
-+S, R BEDLIH BB, W B AR SR R IR ] B B,
CLS 383t T BB I8 .

e e e e — ot

_________________________________

B2 EirednEl

2, SHREE 2 S B . SCO BT MEET BE TS
B RNEIRN, &2 ek RiE TR RA ESMmE
B AL IR, T A B8 TR A B A 25 (] O AL TRl B, 4>
X[, &R T — M ETERRMEES T, R
TG 2 G, 3R ARG I BB R LR T
ROBER. BRERE EHEITRBINESREE S
I R RALE . XEEEEHSIAMBE T UHRER AR
BRI , 3 B R s b A R B, KRS
], BBk ARBRML. XERALAERRTE, BIX
BRI SRR .
3.3 xS mEE

AL S AERET R R —F A AT
K E o AN s R AL , 7 B AR TE IiE
RIREE, MTTTE B34k, B F i, Reynolds 8 8] T —F I F
Ak 4k B U2 53 1k B A, ) 8 SC Ak B B (Culture Algo-
rithm,CA) . B CERUE Y, 723046 I Ak /E B T it 4k

AL T ALK B R R YA . 2T, A S0k
R SCOBEMA CAEEZ N, BT CSCO LB .
C-SCO 4L B B 3 BAELR A 3 7R .

Belief Space BEvolve()

Update() "

Influence()

v

Accept()
Population Space Evaluate()
SCO PEvolve()'

Select() C
A3 CSCOEBEITERESR

C-SCO BRI EL BT

(D FFMBER SCO BB & sl Fh#¥ 2 8], Z 55 R P
M BRBIHE A b B2 [ P9 BN

(b 38 i #5:32 s B0 FP 3 25 18] P RO AR 35 S R D Fn iR R
BRHE NS 8], 3 B SE B ek BCE B {5 02 18] LR 3R, ELX 0
THBAT B T 3 3] L3R 5

() TEFNEEZS 18] IR IR SCO B ME Ll Rl SEFT 8RB
AL, B — TR PAT L B () IR 1E

(D) S50 R B ARt & MBS 8 5 m of
Bok$s SR HEZ AR AL 5

(UHEL, EEABIE LSRR,

TH%AH C-SCOREB:F R BBIE XL :

(DEvaluate O : i+ B & 1R BFEM H, & X Evaluate
(CWS)= f(CWS);

(2) AcceptO : AFFEEZS [ 3R A MEF R BIE0Z H] 5

(3)UpdateO) : W HHERITFHFBEREMEBEEZD
f#s

(4)BEvolveQ) : 35 W25 (8] AR AL s & R 27
BLEIFEAT AL 5

(5)PEvolveQ) : 3515 [8] N W 4k ; Fh e 2s 8] B Ak
1’ SCO myH BT

(6)Influence() ; FIfE M2 [B] 49 AR 15 S BE AR 25 [ 9 A1k
KL BRI R RSP o) A iR s [ N AR 2 10
I (510 R AR EEDL > B AR

4 EF CSCOW=REMMUMAEHEEH R

ET CSCORBEMBMSMMHEH, MRLMET =
MREFHETR, LBKFXR T = RFHE T REOIEME.
#T C-SCOH LM = MRF RACH G B AT LU -

WA ZREHEE MR R R RARLEMR S H QoS 1H; LM B X
AR Novax s FVIRBEAR BOHUE m; BB BN m/3, IR
BURFE B0 AIREF AR K

Wil B MEFHETR

Stepl HIHILH B

FERDBEZS (6] N REHLAE AR — S8 SR MO , R I IX oA AR A4 5
Step2 VIR T
AR 2 B v AL e b B [ B 8 T 2 11U

Step3  SCO B a: i FE LR
For(i=1 to k) // k ARERH 40, 3 T8 MUBBIT LT #4E
{ BEHURHB H — 3B A 5 T A B, AT St R 22 51 88
YB3 205 ATE T 28 57 B2 2 A s FEAUBE SE UM 2 51 R4
B R BB RE B ARES; )
MR EE R S A SRR R R

o]_QSo



Stepd  fE{02 ]33 At B
ARETTR P R B K A B R AR B 100 2 18 B 35543 0 2 1R 1A 0 0L
A0 23 18] 49 BHR SRRSO 2 > (9 HE L3R A s A AR R L
AR, A k MR RAR DA S M A o
Step5  fE4MZs [H] B SN BE PR ZS (] AL O 75 5
MDA ARG o K ARKBURIE , FIE023 ] 0 7 8 B s
VB A BT 2 B A 5 '
o5 125 16 Y BB B AL SRS 5 AR 5
Stepb  FIMIEHEREBLER
UGB R KM
(480 A5 25 1) N A AR AR )
Else
(AR B I— W IFE B Step3; }

5 XRERRLLBSH

5.1 ZRFEAHA LG

TEBSE A, KA B BT RER P LG L, 8
R ORI b B R S O L, R R
f, BIFEFES. PR ETEREECHER
FE R RAB R, I BRI TR ARt
LUF S IH SR 3B WK A B B 2 R 45 e SE B — R SR
Wi, wRl %, W RN RS AE SRR S |
BRI BIRFHERS BRI S 1 GRBR LR &
RAEHHOT ) BAEHEERS 2(FKBE P REABEO H
st PEAE T AR %5 LA AR B SR SR SR R %5 4 ok S AR
W@ 4 Fim. EXWXTOL S, HTFEFEHEHZRS, B2
—HI=RF AR RX 5, Bl HEE AN
W55 A RS R — 5.

B4 =REHSLH

SCHRL 22044 TH 31T G40 e 8R4 & S W A IE 3
HEEMFEBBRITTH G EMY T RPP_ALER ., £X
T, AEETIHFHAEW., BRHASREIESE 9 MT
%, BMLEFRAE 50 MEES RS . TS QoS Bitf
FE 2R ROBEET 8] AT S8 L R M DA R R i, X QoS
BHEAE - CHEABILAER 0<KC<L100 §,0<C T
20hour, 0, 75<Rel<1,0. 75<<Awl<1,0. 75<<DQoS<1; %
A QoS BRI E 4 Bk : (0. 2,0. 15,0. 2,0, 15,0. 3}, 5
BRI PC ) B kR E 3 ; Pentium(R) 4 2. 66GHZ b 3 5%,
512 N 3:E R 458 WindowsXP2002,
5.2 LB

R T HAE C-SCO B HRMPERE, BATF o E AN
FR B LR B R R/ MBS (MMAS) Mg i SCO &
HASCOIME 5. 1 Wi LB R#FT R, 3 FHEE
HEACHHESHRBELH.3HEENIBIFEMF, C
SCO B E&: MRS EAR BN HI R B A M=100, UK
BN, =30, KR LB 80 A=30, ARSI R ARE
K=6; %I F . %8I RN 3 B EMEFES D, &

e 106 -

WXHEI 5 AT REFTE SR BEE R SCO BRI MSHS C
SCO FHZH—B;MMAS BEMS KR BN T :0=1,8=
5,0=0. 65 Tmex= 1 s Tmin = 1/20,

LB E S, RIEHUCR T 3 FERERII6MH L
FHRL BEFTI TR, 3 P HE B R BRI 8 LRI 5 BTR,
Hovr, BEARFR FR D R B WA, AR ZON R B R P
185 3 R ok EOWCSSOR RE B9 L B AR 1 BT

3
29 =

28 /}/

27 T - CSSCO
n 26 - p— - ISCO
25 bl — — MMAS

24 b
23—
22

1 2z 3 4 5 6 7 8
N

E5 3RMERERENLEE

#1 SMERERERIER LK

C-SCO 1SCO MMAS

oy EFT B EAT 2] BAT
FHE HEG  ERE HEG R HEG
2. 744 0. 047 2.58 0. 046 2,302 3. 266
2. 789 0.125 2,755 0.078 2. 465 17.63
2. 878 0. 238 2. 864 0.171 2.531  183.656
2. 909 0. 89 2. 885 1.218 2.582 307. 68
2,94 3. 069 2. 892 2.932 2. 667 383. 86
2.957 10. 296 2,913 12.718

W T 2,957 g T 2.913 WHT 2.667

HE S LIFH,CSCOBRNEERE NIRRT ISCOR
2,1 ISCO Bk i REE BT MMASHE ., & 17T
FH,C-SCO Bk A By Ik SGE B , ISCO B 3 Ryl SGH
BEXRZ MMAS B HWSGEE I8, M Bl LB mT AT i
3FEERYERE X R . C-SCO B MM BB T ISCO B i,
ISCOBERMREMT MMAS B, Mtk ™ L4831 C-SCO
BHTERMBE QoS BAEM T RF MG, BARBMER
BB AR IR ISR, B — R BRI . R 1 HIE
3 FhE R B B8 KA R 893247 18] (Second) .

Hig AT 5 ISCO B LM e, C-SCO B 83 By {5 23 [d]
b S B MEAT TR A T 1A, AT AT L R TR B ™
AHEMRE N MEORRBERE RN IMES fSM2 R A K
MG R E AR R AR, AT 48 C-SCO B R
BB R SBOE BE »

SR\ N THE QS BRAMEREHALE R, &
SCH S T RS ST B AR, XA A A I B L 2 ST A
WL I HLRIHEAT T it A SN TR RSN S H
RIZES ML I B R TSR R T, (22 B
FAF R BRI AR AGRRE ; 4855 B0 At S
SN SCHCTES BORESE M3 T 3R SO A, 3R
HEEERE QoS BA Mz REMMARHE. LRER
T, AR B SO S TA BB B TE K % QoS BATM = ik
SRALA A B R B KIS R BB AR M GE B 5 IR
WEL A —ENETPHE, 7T AR R RER AR it
DA SR AR R, 7RSS I TS, RITE R
fif st — T+ C-SCO Bk Mtk ik, AR A R B K
REH B BRNERSLE A RS,

(F##£ 140 )



2 % XMW

[1] Chaum D. Blind signatures for untraceable payments[ C]//Proc.
Advances in Cryptology-Crypto’ 82. Santa Barbara, California,
USA, Aug, 1982.199-203

[2] Abe M, Fujisaki E. How to Date Blind Signature [C]// Asia-
crypt’ 96, LNCS 1136. Berlin: Springer-Verlag, 1996 ; 244-251

[3] Chien H Y,Jan J K, Tseng Y M. RSA-Based Partially Blind Sig-
nature with Low Computation [ C] // IEEE 8th International
Conference on Parallel and Distributed Systems. 2001 : 385-389

[4] WenH A,Lee K C,Hwang S Y, et al. On the traceability on
RSA-based partially signature with low computation[J]. Ap-
plied Mathematics and Computation, 2005,162:421-425

[53 Fang Dejian, Wang Na, Liu Cheng-lian, An Enhanced RSA-
based Partially Blind Signature[C]// 2010 International Confe-
rence on Computer and Communication Technologies in Agricul-
ture Engineering. 2010,565-567

6] Chow SSM,Hui L CK,Yiu S M,et al. Two improved partially
blind signature schemes from bilinear pairings[ C] // Proc. Aus-

tralasian Conference on Information Security and Pricacy-ACISP

2005, LNCS 3574. Brisbane, Australia: Springer-Verlag, 2005
316-328

[717 HuXiao-ming, Huang Shang-teng. AnEffcient ID-based Partially
Blind Signature Scheme[C] // Eighth ACIS International Confe-
rence on Software Engineering, Artificial Intelligence, Networ-
king,and Parallell Distributed Computing. IEEE, 2007 ; 291-296

[8] H%¥E,THR.BRRNETEHOHBLIEEAFTRU. HEHN
TSR, 2007,43(11),211-213

(9] ZR#AR TIEHHWHESLFRU] BEHITREBRZER. AN
SRR, 2008,62(4) : 44-47

(10] #4,¥m,. HEH,. % SRNETEANEBEIEES
O3], b E R e 22 4R 2008, 31(4) : 53-57

[11] Kang Bao-yuan, Han Jin-guang. On thesecurity of blind signa-
ture and partially blindsignature, Education Technology and
Computer (ICETC) [C] // 2010 2nd International Conference.
V5,2010.:206-208

[12] HERF — I FHERNETIHHRIESL R0 HE
ML 58, 2008,44(2):137-140

[13] Z=04, T3, BHF. AR E T REEDNHRIELL TR
HE R Hr T ], THEPLBLAIBIST, 2011, 28(2) :435-438

(L#% 106 T '
2 % XM

[1] Leavitt N. Is Cloud Computing Really Ready for Prime Time?
[I]. IEEE Computer Society Press,2009,42(1):15-20

(2] A4t .8 £ TZHBENZEERRS REME]. HEHN
R FHWFSE,2011,28(7) :2586-2588

[3] Vaquero L, Rodero-Marino L, Caceres J, et al. A break in the
clouds : towards a cloud definition[ J]. SIGCOMM Computer
Communication Review,2009,39(1) :50-55

(4] HEE ZHEHRIRESZEEZBT]. AN’ S5 EH,
2011,19¢5):998-1001

(5] 25,56 =iHREFRILRERDT]. iTHHIRI4:,2011,38(4):
32-37

[6] 7, BEH. ETZMFWERRER SRS R0 BB
##i,2009,9:1-6

[7] Ferrer A J,Hernandez F,Tordsson J, et al. OPTIMIS; Aholistic
appraoch to cloud service provisioning [ J]. Future Generation
Computer Systems,2012,28:66-77

[8] Gutierrez-Garcia J] O, Sim K-M. Self-Organiziing Agents for Ser-
vice Composition in Cloud Computiiong[ C] // The Procee-dings
of the International Conference on Cloud Computing Technology
and Sciences, 2010:59-66

[9] Canfora G,Penta D, Esposito M, et al. A lightweight approach
for QoS-aware service composition{ C] // Proc. 2 International
Conference on Service oriented Computing (ICSOC, 04). New-
York,USA, 2004 36-47

[10] Zeng L, Benatallah B, Ngu A H H, et al. QoS-Aware Middle-
ware for Web Services Composition[J]. IEEE Transactions on
Software Engineering, 2004,30(5):311-327

[11] XHE, XM, K. —HRSEEF QoS 2RBRIRRF IS
PRI (T]. 2R, 2007,18(3) :646-656

[12] Fang Qi-qing, Peng Xiao-ming, Liu Qing-hua, et al. A Global
QoS Optimizing Web Services Selection Algorithm based on

» 140 -

MOACO for Dynamic Web Service Composition[ J 1. Internation-
al Forum on Information Technology and Application, 2009, 1:
37-42

[13] ek, M, X, % BT £ Hink FRML LIRS W
B0 REREZER BB, 2009,39(4) : 684-689

[14] Xie X F,Zhang W J. Solving engineerin g design problems by so-
cial cognitive optimization[ C] // Proceedings of the Genetic and
Evolutionary Computat ion Conference. 2004 ; 26

[15] Xie X F,Zhang W J, Yang Z L. Social cognitive optimization for
nonlinear programming problems[C]} // Proceedings of the Inter-
national Conference on Machine Learning and Cybernetics, Bei-
jing, China, 2002 .:779-783

[16] Reynolds R G. An introduction to cultural algorithms[ C] // Pro-
ceedings of the Third Annual Conference on Evolutionary Pro-
gramming. 1994:131-139

[17] Wang Xiao-ying, Xue Yuan-yuan, Fan Li-hua, et al. Research on
Adaptive QoS-Aware Resource Reservation Management in
Cloud Service Environments{ C]// The Proceedings of the Inter-
national Conference on Services Computing Conference ( AP-
SCC). IEEE Asia-Pacific,2011,147-152

[18] Wang Zhi-jian, Liu Zhi-zhong, Zhou Xiao-feng, et al. An ap-
proach for composite web service selection based on DGQoS[J].
The International Journal of Advanced Manufacturing Techno-
logy»2011,56:1-13

[19] MREM, B8R WFE . % —FHETRATBALNRS EE
BRI, HHEYL2ER, 2010, 33(11):2116-2125

[20] Dillenbourg P. Collaborative Learning: Cognitive and Computa-
tional Approaches, Advances in Learning and Instruction Series
[M]. New York,NY:Elsevier Science,Inc,1999

[21] Peng B. Knowledge and population swarms in cultural algo-
rithms for dynamic environments [D]. USA Wayne State Uni-
versity, 2005

[22] Mz HTFELH Web REUAHFE[D]. R - BHRELK
=,2008



