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Abstract With the increasing of service-oriented computing,the research on Web service composition based on quality
of service (QoS) becomes an inevitable trend. With respect of the multi-dimensional nature and mutual contradiction,
this paper transformed the optimization of Web service composition based on QoS into the problem of multi-attribute
decision making to resolve it. The distances of each solution to the positive ideal solution (PIS) and the negative ideal
solution (NIS) were summed up by means of a compromise coefficient. Finally,a set of ranked Web services were pro-
vided to users for a flexible choice. The traditional multi-attribute decision making method can not effectively solve the
large-scale search space of Web service composition. Therefore,in order to solve the NP-hard problem of Web service
composition optimization better, this paper developed an approach combining the multi-attribute decision making and
adaptive genetic algorithm (MADMAGA). The experiments were conducted on a real and comprehensive QoS dataset.
The experimental results indicate that the method can find the globally optimal solution in a short period of time. The
ranking result of solutions is close to the true sort. Moreover, the proposed method has better scalability for solving the

large-scale problem of Web service composition optimization.
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PV REAL T SR o T 4 RGE BB XS AR AT HE R 22, S e
i 3] TF 7 FAR 5 A0 BE B8 SEAT e ST G 2 9 I B L LAk AT A
PRBGHRI L TR 1E . SR P AR A R 09 3 1 B {H #E AT HE T, A AR
BUHT £ A ARSI, 2k R A R Z S R SR
TR 0 A R AT 55 B HE YL BT R A de R A A D 4
HF,

WAL S T n AR R i S B L 4R T SRR AR SR
Hh— B 35 R B SR R R AN SRR AR B R 4 ST
Bt O 2 0 00 20 0 8 00 HE )P Z )5 S SR BB AN T RS B)
JRI R IR MG o R AR R AE S AN A AT O A A R
TN FE B 7 HEAT — YR AR 5, LA 7E dc O A A 1Y) AT 38 N R
MR
5.2 EfRIRIE

WAL IR [ R R WA AL ] R — A BE AL 4 R 1
RARACRY R GRS . AR A BT R TR 1 58 1 1
b A HERE IS 5w 28 OMAS SR . R SCE AN A B AR
S A% BT B R S B A R
5.2.1 F&R%BD

£ MADMAGA 1, — A~ b 6 44 a1l 5 A R A 3R — 4 i 3
AL AR5 A SCRE R S92 280 2 10 56 W SFe X e 0, IR AT 2 G
BB A 3 AR 554 B AN FAE S5 ) — AN e o A0 5 -3 AN 2k
B, HiE A 3B 7 26 R i e vh i B IR 45 B 3R R . 58
i A BB 2 Tk Y Web iz 45 78 5 18 IR 55 4 T i HE P (AL
J5 3 A FE AL A3 0 R % A IR 55 3 T S SRR A B E 1L BR TG
PR LA KT H T . Rk mis T

[5i TS [=]Se 1] S« [ NED(CS.v") [ NED(CS.0 ) [ 7(CS) |

5.2.2 iR

TEB A% Bk v AR 0 I BE (B3R T X 3R 555 1 38 7
fi 7. 3 I R A A RT AR B LS L. £ MADMAGA
BE L ARG E TR B AR AL A IR 45 B OE SR BRI
HE L = (18) BiR

F(CS;,)=7(CS)) 18)

R DL B, T R R A, HC R T AR R
R B 1 BAR OB, BRE T R P R R .
5.2.3 BAFELL Kk

ARSCR T RS S 5 SR M 5 0 SN 22 R A
YA RE p RIS AR AN AR AR A AT B 09 5 AR IBCHE 44 /T £ Y
K DEA PR HEA SN RFOEE . 2 F0 R BE 04 A 7R BB 3k 3 PR
100 M o B A~ 44 1 #E ARG SR BCHE e e B E L HE 44 100 LSS Y
AR IR BE A S BT RN . AT RN H R R 100, A
FEATHE P £, XM SR M AT Bl T 52 5 i 0 BT, bR Bl
5.2.4 XX AeEF

A8 AR AE R AE LE IR 9 A 1A Al B AE R A R s ] b
FRB R A SCRBAEXEF RS, 5
3 SR FE WA A R 14 A Sk DA LA A [R) ) 38 OME 38 BE AT 28
e, T A RSB, BARERAE NS 5 Je LA B — R
PR T W=W W, W, , K W, =0 8% 1, l T8 #/ER
X e PR AR 0 AN BE DR SLFEAT o BRI R i 5 K R S A IR
S FAES B n. BT ARAEE po F1po o BT YA

O.
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e FMeyo WRW. =0, ¢, Flc, RIS A HEHME ST 51 4k
FRACAR po R po ML BB W02R W, =1, 00 o, (5
A FE A AR AR LA po M AL B BB RE o0 AYER ¢ A ZE R
HRIRACAR po HH LS A FE R,

A5 S 5 3 o X I A ) R o PR AT 2 B ok
JNENEER 2R, A SOR AT AR B, X A9 Fis

¢;=p,+CQO,0

a9

f,m:% — ool g<Loo

Lot
P+

Hop, p BARAEK p W95 ¢ AFERNT ¢, S FFAE B FARA

e 5 i AEENCO, 0 0 PO RESHCHN
FAART VG 43 415 R BT A IR BE LR e IR T 0 M RE S 4 A&
e IR 1,

5.3 MADMAGA Hi%iZit

MADMAGA B A RS 5k 1 BiR, EEALHE 5

A B DRI BECH 1—2 47) 5 2) B -2 iU BE (55 4 —
18 47) 3 3) FhBETE J 9 BE (45 19— 20 17) 54) R 348 R I BL (48

21—=2347) s ) AT B BB 25 47) .o

&% 1 MADMAGA &

1B IR AL FFpRE C

2. WEFEE C P M E, E<~ UpdateE(C)

3. For i=1 to nGen do

4, For j=1 to N¢,do

5. r.=rand(1)

6. If r,<<=P_, then

7. M C#E s BEHLIE B A AR py B p, #EASEEL I
8. If p,==np,,then

9. ME R — AR

10. End If

11. Xt py il py HEAT3E CHRAFAE U A ¢ F
12.  End I

13. 1, =rand(1)

14.  Ifr,<<=P, ,then

15. M E P BEHLEESE— K py #EASCHS

16. Xt py HEAT AR S HR AR A BUBT A ¢,

17.  End I

18.  End For

19, HHY4 TR C
20.  E<-UpdateE(C) ¥ C Tl k LA EMA E
21, 1f Num(UpdateE(C))<Ck, then
22. AR R O E AR A A S R AL AT AR R IF T E
23. End If
24. End For
25. % E AT AR 32 e 0 3 O HE R L AT kA Ak

TERI IR AL B B B Se LA B Ne AN AR B R E C
A AN AL 100, 48 J5 4 E C BT A 1Y AR Sl
PR IT 42 BEGE 7 BE(E BEAT HEY L AT £ AN AR E
FRRETE R i B UpdateE ( )W 2 Fios, 163 B4 LB
Beo N C 1 E 153 590 BB AL 28 B — > SCAAS A, % H R AT A2
S S B AEA UG AR, Horh PR P, 23 0 2678 28 UHE R
AR A

Eik 2 UpdateE (C) Bk
1. Procedure UpdateE(C)
2. VHE C AR B F S B AR, B0 A B LGB B DL % A o
3. MR T A A1 K G 280 S DT A R 22 BTG e ST G 2R 0 o T A R
S A~k
A A S A A R T O (B AT
L BT kAN A SN FEE E
6. End Procedure

TR B 9 B 4 QT AR A A R R R AT & A B A
WA BISNEAEE E L R RS H AR A S
BRI AR R WG PR S S, AR 2 HE R G BOKE S0 B
E i A AR AT A S TC O 38 O e 3 0 B A HE R bR 2 A
AL P AT

6 SEESHT

N T VEM AR SCB 4 B9 MADMAGA 559% %3 T 3 41
By ST IAE T AR X A A HE AT WD 2B O o B BT e SCIE G
Fe 9 HUE X iR 09 m . H WK MADMAGA 51445 %
RV T 1 TOPSIS (93 A REHEAT T X5 L 43 #r . B
AL T MADMAGA 5 TOPSIS i 7l § e ¥, 5256 6 A
Matlab R2010b %% £ , i 17 ¥ 5% & Windows 7, Intel Pentium
4X3.4GHz, WfF 4GB,

6.1 LWWE
6.1.1 ¥k

ARSCR Y — A8 B9 25 5 IR 55 ot 4 QWS _Dataset _
V2R R R R T S B b 2507 A Web IR 55 9
QoS JE P A {E » E E FL§F response time, availability, through-
put,successability, reliability , compliance, best practices,laten-
cy VA& documentation. H: BE f3 45 3% 25 %4 & P . A $5 w4 Al
JE&M: . J&F QWS_Dataset_v2 5046 48 A9 3 40 A 4435 2 % SCik
[28].

A NR 55 R RERE  IFAT FIAE R 34 0T LA Ak I 4544
R 1H A S 06 K T B2y T 45 4 A A IR 5 IR R .
AT E — DA RS W B A& N S FAE5
BEASFE 55 X0 B A9 355 11 55 B0 Ns
6.1.2 HHHKE

gy b T BN EE SRR 2 g,

*2 BEWRBEIETX

Table 2 Settings and meanings of parameters

ot

% R S BB
C Eid: —

E o3 A B —
N¢ E A B A 100
Ng S A B W ML 100
nGen 31K % 1000
Nt 44 R AT TS 2~10
N BT S Y0 E oy 2R & 10~50
P, & XM FE 0.9
b, kR =S 0.05~0.1
k R Ay R AR 3 10

6.1.3 M4

AR SCTEIE S MADMAGA $E35 315545 2 Y B A0 A 4R 1 6
H5 IRk T 22 Ja P D SR 5 123 08 AR v BE AT HE PP AR R X LE
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WJT ¥ N fAT BAOZR Pk I AL ¥E (Simple Additive Weighting,
SAW)OP sl FER AT 5 AN 56 M PE A 48 4% : Precision,
Recall, PCC ( Pearson’ s Correlation Coefficient ), SRCC
(Spearman’ s Rank Correlation Coefficient) , NDCG ( Norma-
lized Discounted Cumulative Gain), Precision 1 Recall 43 %I
& MADMAGA Xt SAW #E £ Al 10 194> 4 19 £ o 5 A £ 42
#;PCC Hl NDCG ¥ I 2 ik SAW rhb s HF 44 1 A 1 55 3
1E MADMAGA w4 B9 H3 B2 JEE s SRCC IR i ik SAW 55
MADMAGA J5 & th HE44 i 10 69 A 1 3 HE 24 A UM . Preci-
sion fEH5 Hl Recall #5459 115 24 240 (200 BR «

RSAW RSAW
——————,Recall= (20)
Allysovnon T Al

Hodr, Reaw 18 3% MADMAGA Frfk 2 A9 )8 T SAW HE4 1 10
BB H » Allvuaowiaca 18 2 MADMAGA % 2| /Y BT 45 7% .
AZZSAWTE}%% SAW ﬂkzﬁﬁ 10 E/‘J/I\M:o

Precision=

i (X,—X)(Y,—Y)
POC=——'— 1)
JL(x —x S

ﬁrh,n{ti‘%ﬁfrﬂmﬁ’]ﬁﬁ%/\%ﬂl,x Y G RN P B

L 4 1 0« XY 43 591 26 7% 35K 1 4 5600 1 F- 940
DCG, Lo2Ri—1
NDCGy =566 DCG = gm (22)

Horp R, n W HER B A G HE S 4, BUE S [0, 3] 22 W] 11 4%
B, ME AT REWEDHA A0 IR, E R 3;
MW H S Z 22 MAXNEAELL 3] Z B R, B R 252
PIEHES 2 20 EAE 4,6 12 B B R, B9ME R 15 24P
HHEA Z 22 M4 E AT 6 BB R, BIME R 0, IDCG 2 7E
SEEHITT k BAWEK DCG H, 43¢ £ B 10,
6id

SRCC=1— ﬁ (23)
Hop oo RBEFIFM BB o AREPTA BRI EZ
25, T SRCC M3t 72 v, 1 58 43 31 % 15 2 85040 MR B0/
HEATHESF 0 HE T IS 00 4 B0 A L Bk R M T2 2 L B
Ry A R N (ORI R (O R N RO &N S R e E A
HAE R BRI AE .
6.2 FEH & BEX MADMAGA % 3014 1 &

i F QoS g ik . A L #E MADMAGA H 5[ AT e 3%
B G 2 87, IR W i i 2R . 2R, e BUA L KA 5 5
BOREMAER . P, A< 5230 43 513 8 A W 19 e {8 € 45
BT X B35 AP RS2

e BUMH 4 9 0,0, 0002,0. 002,0. 02,0, 2, T {H T4
M ARSI A2 AT T R o IS o B R 0. 5, Hofih
R EWM T : N, =10,Ns=10,P,,=0. 05,

R T VR A SO 1k T AR e 4R 1 T RS AE SR S SAW
J7 1 10 s v HE 4 5 S 1R AT HE P AE R 2 BT L R A 5 A DG
TEA 38 b 2 47 BE 42, 43 5 M Precision, Recall, PCC, SRCC,
NDCG, 430 H %3247 1000 K, 10 IKBAT45 R W
FHME. F 3 A THEANRM « BUE T MADMAGA 7 5 4
A A AR LTS

100

095
090

085

b
080 ;
0.75
0.70

& Precision
065 0~ Recall
060 & PCC
055 & SRCC

- NDCG
050

0 00002 0002 002 02
eBUE

A

B3 R e BUET MADMAGA Fl SAW 5 A A (149 HE 77 AR AL X L
Fig. 3 Sort similarity comparison about optimal solutions of

MADMAGA and SAW with different values of e

INSZ U 25 AT LB AR A e BUEE G0 R .5 A4 6t
TEREYIRT] e BUE N 0 3G F] 0. 002 B, 5 A AR{E I &2
RS TR AR 5 00 T 3 00 B At 100 5 e B SR B 4 . AR BT e B
HEIARLERE K5 N IEAR I IR F R E N TR BER. %4
RULH] e B 0. 002 XA SCHE B S H, & i KA 5 S 3
i 149 25 O o DT o 45 i 28 iR A 1) J0T & AT

SR 5 AN FEAR K . Y e=0. 002 B}, Precision F Re-
call AR T 0. 75, BLIH A Lk A LIR B3 7.5
ANTE SAW HE£ Hi 10 A~ K, PCC K T 0. 85, NDCG
fE7E0.9 LA E 3 ] MADMAGA 5 SAW J5 ¥k 48 5 9 | 10
A AEHEA W IE A G, BLHE SRR 0T R A G R
SRCCE KT 0. 85, BWIASIr i 5 SAW Jr ik £ i 10 (19
AR ] A R F kbt LA Al v A L

ZAAKE M e=0. 002 B, MADMAGA fi% 4 4 1 68 %
PR A2 DL TR S 30 mroR {1
6.3 MADMAGA 5 TOPSIS B+ & i gt 4 47

f& 4 (4 % J& v 96 5 3% TOPSIS J& T # % A& 3%,
MADMAGA J& T #f 1k 3 0L 2 5 . A 92560 0 W % 0 47 %t
Loy L SAW J7 3k R %t bR v TR B A Tk i AR HE Y 5
SAW [ fg AR HEFAE 5 A SCPEFR AR A (HE .

RELW WS B ES 6.2 TR, HLP,e Bk MH
0. 002, T R E o 43I HL 0,0. 1,0. 2, -+, 1. 0, T2 00 45 2 [F] #£
B 10 Wis 7 45 RS . TOPSIS J5 ¥ 1Y Precision, Re-
call,PCC,SRCC,NDCG 435} 0. 673,0. 738,0. 845,0. 826,
0. 877, AL T7 kT B A R K 4 .

100

095
090
0851 B 9

w080

% 075

£ 070

8- Precision

065 - Recall
060 o PCC
055 = SRCC
050 -+ NDCG
70 01 02 03 04 05 06 07 08 09 10

iy

Kl 4 MADMAGA Il TOPSIS ) 5 AJt fif () HE 7 A7 01 %t b
Fig.4 Sort similarity comparison about optimal solutions of

MADMAGA and TOPSIS

MEL 4 AT LLE W, it o WU {H , MADMAGA 1£ 45 /1~ 48
Fr BB LI FEAAL T TOPSIS, B4 B & 5% 4, i 6=0,1.0
A, G B 8 R B IS IC T TOPSIS F . 2 6=0. 6 B, 4
5 TR A B A AR E 2 3k B0 B p L 1 T RS A e o 2 R KU
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PREZSJE L BN B A 7 22 ) PIS B I B MG Ml . Se i 4%
R FE W, MADMAGA X} F it g Web i 55 41 £ (4 HE 7 1 4 )
BB AR GE 1 £ @ M ok 5 7 v TOPSIS WA 3. Mokh.o 1Y
BRAH 3 R B3k /N 23 o &8 SR 7 A — RS, 0. 6 S HRON IE
B HUIE DL SE I R H A

6.4 MADMAGA 5 TOPSIS BT § B M Xt bk 43 47

AR SCHE BB A R T e Web IR 454 A Difbix — NP
MERR, B SEHT MADMAGA B8 5 2= B 7590 th AL I Bt
SR Z e BV I I IR S R A 2 R SRR 4, R BERE-E
B RS R R I R B, ASCh RIS T — YO kR
AR Ne ASBAME . FE V-4 B B, Y 0 14 1 5 SUFIAE S5 48
ESES8 Ne A X Z B EE 45 O(NeNp . T8
R T 0T B B L T O A A AR AR S R AR Y ST O
MHEF B E R E N OCNE) . fE RS R B i3
SR ER T AN SRR LR N o8 O(Ng) . UL, Bk ik
W3 2 BE S O(NeN ¢+ +2NE+Np) . Np BIE A Wi i,
I RN AT 100, B BEvE 0 d KIT R E 42 2 Np = N
AR, B OCNe (N +1) +2N&) . %, MADMAGA
THE A2 2 B T OB T RO B M LA AT 55 SRR

TOPSIS ik Mz R ik, Kt e R ES5H AR5
B A5 3E T RECE LB ON®) . N &kl #5. ZE 51T
%W Ny A FAE 55 R IR 5580 Ns A1 X, BEE M
HREI, N BB K,

S} T % MADMAGA 5 TOPSIS B9 7] § & 1, 45 3 i%
TP, B YA W5 PR S Ny B
Wi Kk, % MADMAGA F1 TOPSIS Bz 47 I 8] 98 47 %t b .
Ny MBUE M 2 Z#rig ma) 10, BBl 1, B TS5 98E M
1BEVE IR 5550 Ns B [ EH 10, 45 4 S0 2 2 E 550 Ny
PRFFANAS 5 IR 45 8 N DA 10 38 %) 50 ik % 5 F 7 vk 19
BATET R EAT 43 B, MR, N HUE R 5, Ns 335 [H Bl 5,
T HEE No 1 Ns RN & RAEG T RSB BRI K,
PR s Ry 7 4 T B 1 A M i o A S 6 R R gt A% R4 v 1 8 S
R P, M P, W& Ny F N 0980020 0. 005 Y 1 B2 384
SEE AN B AT 10 I IS RO B E L RS R E 5 A
6 Fi .,

15 -8-MADMAGA|
—0-TOPSIS

EATHE /s
&

Np/ A
F 5 B Np 3 MADMAGA 1 TOPSIS (132 17 i [ X L
Fig.5 Comparison of running time for MADMAGA and TOPSIS

with increasing Nt

Hi &5 AT, 24T 5540 Ny /N T 5 I, TOPSIS Jr 80
AR SR R 45 MRS/ 107, F O U B, 20 R AR 4 N
b B G I NG B, AR, AT 55 SO 5 i F| 6 B,
TOPSIS J5 i (1932 17 B (7] & 35 38 . B 5 48 55 43000 4k 22 1
T, TOPSIS 7 1k B 42 2R 580 T 4% 3C 75 ¥k (932 47 B[] 52 3 1 2

SRR AR AR . MR 6 TR B AR Al il 2k L BEE N
3, MADMAGA 32 47 I ) 38 1 45 3E % 7 2%, X T
P 5, KA R B8 . TOPSIS J7 i (32 17 I ) 4 1H 14 i
B .

45 -=-MADMAGA|
-©-TOPSIS

EATH /s
&

10 15 20 25 30 35 40 45 50
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Fig. 6 Comparisons of running time for MADMAGA and TOPSIS

with increasing Ng

4 K K (Compound Growth Rate, CGR) A] ) 7 i H
— LB ) B R L PR AR S T B T PR O 1B AT IR
B CGR1{H. WiZ% N 31, MADMAGA #1 TOPSIS f#) CGR
E53 90 19.30% F1 182. 13% . B Ns K I, MADMA-
GA 1 TOPSIS By CGR fH4> ¥ 3. 75% #1 146. 01% ., i+&
SEFULIT , 2T 55 B pE R AN AR B B 2o e IR 45 B0 E Y &
MADMAGA 13217 i i 22 5 K K, 30 MADMAGA 75 %
R f% il 7 48 vk AR 45 8 H R AR k. AT 45 S0 et MAD-
MAGA #3217 i 8] 45 — 52 i B2 i 38 m . (0 1 s R K. TOP-
SIS J7 ¥ 16 W B I 150 170 IsF i) 345 e 35 AR K

WE L ALA RS AR S BB AR SRR N, Y
BUE R T A TT A 920 25 R UL i, 72 T 6 241 A IR 55 48 &%
23 [B) Y i 384 1, MADMAGA J7 32 4K 4% 68 4% 78 22 350 =X i (] Y
PR b 4R B 4 R B PR X 4 B MADMAGA Fik B A
BEWA YR,

LEHIE RS T — R GG LR Mg A S N i 1
Bk H kT 3 MADMAGA K f# 3 T QoS #Y Web it 5
HAE AR, % KT QoS Z M AT &ML K L4k, Bk
HRIEARTF ) QoS J& M Bl 8 £ J& 1 P S AR AU 47462 e 20 45 IR 55
) 1F 67 B AR S0 B B T T B SRS R — b A S 0 35t 1%
VL HEAT TR A L I 245 B — A I A 1 A1 A IR 55 HE T 2 R
ST UARYE A S AT IR e, IR gs R %
B AR SR R T AR G0 2 8 PR O ik RE S AU b 3 R
AR A RS R W, HBA R

BE# Web It 45 Bkt i 8 2 x40 4 MR %5 k6 AT
155 Wt i R 45 K B F R R G IR 55 4R 4 35 . T8I Otk i 32 PR 45
Z 158 B R ML Y . AR SCH R ST R B T AR E 1 QoS
S R 0 FH v, IR 55 4 4k 25 R Y T Ak A A R R A
PRBE A, 23 5% IR 55 B i 7 AR — R, B, QoS H & A TE A
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Web IR 45 414 152 0 DL KB F 317 QoS ) Web IRS U4 .

£ % X w

[1] XUL,LIY H,CHEN L,et al. A Testing Method for Web Servi-
ces Focusing on User Requirements [ J]. Chinese Journal of

Computers,2014,37(3):512-521. (in Chinese)



52

B IR AE R Web IS5 G QoS Ik 2 Jm M D 3R K F 38 I agt 1L B vk

195

[2]

(3]

[4]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

VPR 25 5 ME BRbR 45— i ) JH P SR 19 Web iR 55 0038 77
B[], B 2014, 37(3)  512-521.

WU Y P.BAO W D,ZHANG W M,et al. Web Service Compo-
sition Systems Survey [ J]. Computer Science,2011,38(9):1-4.
(in Chinese)

Ry DA TR, 45 Web IS 41 & R ot 28817
HAHLREE,2011,38(9)  1-4.

WANG P W,DING Z J,JIANG C J,et al. Constraint-Aware
Approach to Web Service Composition [ J]. IEEE Transactions
on Systems Man & Cybernetics Systems,2017,44(6) :770-784.
ROUACHED M,SALLAY H. A semantic QoS - aware web servi-
ces composition framework [J]. International Journal of Busi-
ness Information Systems,2017,17(1):94.

JATOTH C,GANGADHARAN G R.BUYYA R.Computa-
tional Intelligence based QoS-aware Web Service Composition: A
Systematic Literature Review [ ]J]. IEEE Transactions on Ser-
vices Computing,2017,PP(99) 1.

BENSLIMANE S M,HUCHARD M,et al. QoS-aware optimal
and automated semantic web service composition with user’s
constraints [ ] ]. Service Oriented Computing &. Applications,
2017,11(2) :1-19.

LI J.ZHAO Y,LIU M,et al. An adaptive heuristic approach for
distributed QoS-based service composition[ C] // ISCC’ 10 Pro-
ceedings of the IEEE Symposium on Computer and Communica-
tions. 2010:687-694.

ZHANG K.GAO H H,ZHU Y H,et al. QoS Dynamic Web
Services Composition Method Based on Improved Simulated An-
nealing Algorithm[ J]. Journal of Applied Sciences, 2017, 35(5)
570-584. (in Chinese)

TRRE ARk A S — Rl B T B BRI QoS
B MRS 43 T 8k LT ). B R 52 AR . 2017, 35(5) - 570-584.
WANG L,ZHAO S S. Research on the Two-stage Heuristic Al-
gorithm Based Web Service Composition Optimization [ J]. Elec-
tronic Technology,2012(10) :19-24. (in Chinese)

EE Rl B TR B R R R Web IR &5 4 A 1L
[JJ. mFH A, 2012(10) 1 19-24.

LI J,QIAO R,LIU Z Z. Solution of Web Service Composition
Scheduling Problem Combining with Game Theory and Multi-
objective MILP [J]. Computer Engineering,2016,42(1):11-17.
(in Chinese)

25 Fe R X A X R 52 Hix MILP () Web IR 55 241
£V AL REOR % L) . TS TR, 2016, 42(1) 1 11-17,

WANG P,CHAO K M.,LO C C. On optimal decision for QoS-a-
ware composite service selection[ ]J]. Expert Systems with Ap-
plications,2010,9(6) :440-449.

LUO Y S, YANG K, TANG Q,et al. A multi-criteria network-
aware service composition algorithm in wireless environments
[J]. Computer Communications,2012,35(15) :1882-1892.
MARDUKHI F,NEMATBAKHSH N,ZAMANIFAR K,et al.
QoS decomposition for service composition using genetic algo-
rithm[J 7. Applied Soft Computing,2013,13(7):3409-3421.
ANGARITA R,RUKOZ M,CARDINALE Y. Modeling dyna-
mic recovery strategy for composite web services execution [ J].
World Wide Web-internet & Web Information Systems, 2016,
19(1) :1-21.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

GAO H, YAN J, MU Y. Trust-oriented QoS-aware composite
service selection based on genetic algorithms[ J]. Concurrency &
Computation Practice & Experience,2014,26(2):500-515.

WU Q L,ZHOU T H. Research on Quality of Service-based Dy-
namic Web Service Composition Method []]. Computer Applica-
tion and Software,2016,33(5):20-23. (in Chinese)
R R R HE T M55 i (&S Web IR 55 4G J7 05T
LI, 3HEEHLRL 5 4K 2016, 33(5) : 20-23.

ZHANG Y P,JING Z H,ZHANG Y W, et al. Dynamic Web
Service Composition Based on Discrete Particle Swarm Optimi-
zation[ ] ]. Computer Science,2015,42(6):71-75. (in Chinese)
TR AHET- RS B L Bk DASC, S T B RORL TR ST IR 9 3 S Web
45 414 1], THEHLRN . 2015,42(6) : 71-75.

WANG L,SHEN J,LUO ]J. Facilitating an ant colony algorithm
for multi-objective data-intensive service provision[ ] ]. Journal of
Computer &. System Sciences,2015,81(4) ;734-746.

TRAN V X, TSUJI H,MASUDA R. A new QoS ontology and
its QoS-based ranking algorithm for Web services[ ]J]. Simula-
tion Modelling Practice & Theory,2009,17(8);1378-1398.
FANG X R. Study on Filter Algorithm of QoS-Based Fuzzy
Multi-Attribute Web Service Composition [ J]. Applied Mecha-
nics & Materials,2012,182-183:2131-2135.

YANG J,LI D F,LAI L B. Composite Service Multi-attribute
Selection Method Based on Message Negotiation Under the Web
Service Environment [J]. Operations Research and Management
Science,2015(3) :134-141. (in Chinese)

ik, 226 0 AL IR . Web IR 45 BREE T BE T (5 B i 19 4 A IR
% Z IR 7 AT ] 3B %5 5L 2015(3) 1 134-141.

WANG L,SHEN J,LUO ]J. Facilitating an ant colony algorithm
for multi-objective data-intensive service provision [J]. Journal
of Computer &. System Sciences,2015,81(4) ;734-746.

LIAO J,LIU Y,WANG J,et al. Lightweight approach for multi-
objective web service composition [ J]. IET Software,2016,
10(4) :116-124.

SILVA A S D.MEI Y,MA H,et al. Fragment-based genetic
programming for fully automated multi-objective web service
composition[ C] // The Genetic and Evolutionary Computation
Conference. 2017 :353-360.

SUN S X. A decomposition-based approach for service composi-
tion with global QoS guarantees[ ] ]. Information Sciences,2012,
199(15) :138-153.

WANG T C,LEE H D. Developing a fuzzy TOPSIS approach
based on subjective weights and objective weights [J]. Expert
Systems with Applications,2009,36(5) :8980-8985.
LAUMANNS M, THIELE L,DEB K.,et al. Combining conver-
gence and diversity in evolutionary multiobjective optimization
[J]. Evolutionary Computation,2014,10(3) :263-282.
AL-MASRI E,.MAHMOUD Q H. Investigating Web Services
on the World Wide Web[ C] // International Conference on
World Wide Web, WWW 2008, Beijing, China, April. DBLP,
2008:795-804.

WANG H. Robust Control of the Output Probability Density
Functions for Multivariable Stochastic Systems [ ] ]. IEEE
Transactions on Automatic Control,1999,44(11):2103-2107.





