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Abstract In the development phase of Web services, the services located in different locations and provided by different
organizations must be composed together in order to satisfy specific business requirements. The reliability must be en-
sured for composite services first, The reliability of composite services is the most important QoS(Quality of Service)
which can determine the popularity of the services, The reliability of composite services is affected by the structure of
services and by the composite conditions. So, the traditional models to predict the reliability are inapplicable to Web
services. In this paper, to improve the accuracy of reliability prediction, a reliability prediction model for composite serv-

ice was presented based on control-structure, Lastly,a case study was designed to support our reliability model. The ex-
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perimental results show that our model can obtain better reliability prediction accuracy.
Keywords Control-structure, Composite condition, Reliability prediction, Web service

1 38y

Web [R&E1EA—F AR ARF, RAMBE.FR
ToRZEARE, T LB R4 TR R s B B Y & 44
X ERATFL S XM ERS. Web REHLAR
REBRBETHPERRENE RN, B RKIEET Web R
FE R, B IR 545 X0 BB O B
RO, EREFHATED, HEEREASREWOTIRE, R
% W RetER P E Web FRSREE BRI R C48, HIB 1R &
E3 BRI IEX Web IRE TR ENHTE L TRIEHE.

Ba, ASRS I RENTN EER 3 My Markov
BRI Petri R0 FI BB 87 8™ . Markov 5 i Fi
EHRERSRRENEH, FREHAGZEIEBRBESA
Markov 14 , 84 fO 45 4 BT LA SR AR B S0 AT (8] 5 4R BT e (DT-
MO | g it 18] T 4R T K dk (CTMO) B 4 T /R AT kit
B (SMP)YU #4358, Tsai Fl Grassi £ )8 T /545 # Markov
B, Markov & 7] LI R IR & 2 18] Mgy e B4 L

HF MRS Z B RS R RS R, WX A IR H#EAT AT
A, XEGTEER R BHE RS EWERR
5 BIRBA B RS fE] 254, T Web JR 55— Mt eh AR iR AR %5
REEHWRERRKHTE L, HEZ R L —FRBE R0 TR
R R% 2 R —E N AG TS, BRI HA S %
. FEHTREBSNHAS RS BER—ENERS , HE
BT R RERRBARE BX— K A XTEHE KRR
E8RY T HH Web it 55 AT S8 4 BRINBIRY , A (0% 1B AR 5 22 1]
WML R, T E BB T A& &P HPT IR, 68 Web fR% AT
SRR, SRS SRR IR .

2 HARRFEHTREER

2.1 BETFHEEGHNASRETHRYE

BPEL & Web RS % RS HAET, HELES
EWILE S NESBETFRS MESRE . SSWLEsiAR
FREHZEANBEXR,IE T HshZEARTIF.
WS-BPELZ. 0 B X T JLF R R s A S w5 50,

ACFHRMITR A B RBHEFFRE ST H (10XLA12) , BB T RS HERITRS (QZ201015) %8
WEWA79—), &, YT, EEBG I 1) iR AT SRk 4047 Web B 45 AT S84 4357 % , E-mail: xiechunti@xznu. edu. cn,

.920



H— W FEMITHA Sequence, If/Switch, While, Repeat-
Until #1 ForEach £5#5; 3k X MR 284 Flow &585., Li A8
e TRILFP ST, B S EFF T RENE
W, ARSCEEE R T R AEE R (RBD) £ A5 WA Z H
AEAEXR. THFEATEWMAHTEH GRS W RE, 5
RIBHFWERE—METRES  REHEW LGN RS
AP R REAAER ( ERBD) ; B 54 ERBD iHEH SR
FHTHRE, HhEE PR EE—AE RS RS 8 54
X%, TH—TERELF A ERBD,

DSequence &5

& B Z R 34T » B 43 3 AR — TS 3 3
B RERT , Sequence IEFIRRARN T, HEHM WA 1 frn, KAl &
BERRHA:

Relwquence =i1j1Reli
K, n & Sequence WA FHITE S AT LIRBATE S,
WA LR & R EE s miiEs).
B 1 Sequence &##1 ERBD
@If/Switch &5

M 2 PR, I/ Switch Z5HRHE R 4R XXM BEF G
HAERFESREE. ESWHTEETURRRN

Relys =Relyy * (Puye * Relpe T Py * Rel g )
K, Relo, Jy 55 B TT 52 BE  Relon 5 Relgue 3 B RS2 R
B/ AT HESI TR, v LR AN ST LR S
WIEE, Prue 5 P g 53 M B R A /BRIERIBER, H Pr. +
Pe.=1,

Relir

e ol el
£ -. _"_lf“:_l Rﬂlmm
(n)

B2 If g7 ERBD
Switch Z5H R FEBET LLFAR N -
Relgi, =Rely, * 2(P; * Rel;)
K, P: RENFEREMENEE, HXP. =1,

FB—(D —»t 2
“p— 1]

B 3 Switch £ ERBD
@While 245
While %Véﬁ‘f%ﬁ‘%ﬁiﬁﬁﬁfﬁ HBERT, REMITE
e, ARG AENE k. MK 4 FR, HATREET A#
ﬁﬁ:
Relupte = 2 (P % Relu, # Relusiay)* # (1= P) % Reluy

(1—P) % Rel,,
T1—P=« Relon * Relusivisy

AH, P BRMBEAHIR.

@ — ()
false—» 1-P—>»

4 While £&5#471 ERBD
@ RepeatUntil 454
RepeatUntil 454 R K PATH—1E 3, HEIEE MWK HH

E#1k. RepeatUntil 55 While Z R[EZ F RepeatUntil fE 3
ZEAPATASHIESI— W, W While Z#7F8 WHEIE S —
RHAT, I 5 B, KT REM URRR

Relmpusinit = 33 (1= P) % Relon * Reluuiy )’ % P % Relun

* Relactzuty

P % Relpn * Reluriviey
]. A—P) % Rel,. * Relacttvity

A, P RGN ENHEE,

false
L3
true—»

Bl 5 RepeatUntil £&5##1 ERBD

®@ForEach &y

ForEach Z5HUAT B4 & 1Y Scope &3 N W, tnH 6 it
s FAT R IR A

Relfmh =Rel”
K, N RBE R E S ITRE

NI
S i S I s S s
HNA

& 6 ForEach &5##1 ERBD

®Flow #5#4

Flow Z5#158 ST — 4 7] LAFF B BAT B 3l 23X B35 5
EPFTRIE , BRI SIMAER T . Flow ST LI &3k
WERNEW, TESPAMERITHE, —F & Flow & XHTE
BZEELEBRARBER, XMHIEE T, Flow TR —K
BFFATRE, TRETLURANY .

Rel i = IIRel;

B —AE R, Flow &4 B Link £ LT E /] ¥ &% %
A ASZUTEHMER. 54X (AND-SPLIT) . BR# 44X
(XOR-SPLIT). 5 I3 3t (AND-JOIN), & 5 H 3 (XOR-

JOIND, @ 7 B .
¥ BBy & 5B,
(ﬁ@bt\ * . ( EHA + :
¥& 34Ba ¥ 5B,

—>» 1 |—P—»{repeatuntil |

P—>

L

@553 ®) BB X
7E B A VE A
. & 3B : *
Y 5133 (d) R U3 3¢

B 7 b2 s

B Link S 8B0ESTEZRUTHHEE, HEEERTE
FHiEiE, B source JTLE B H# TransitionCondition J& #: (true/
false) P5E s KRB BB BT, B BAR % #Y JoinCondition
JRHE (true) BRIE , BEPL JL5E 40541 3 B o i S T8 sh R ik 4
W& WA — BRI 22 T SR EZIE Sh AT , SR RIIE T 82
FRALSEAREAN BEEENES TR BT B 79 EE
MEESH AMB ZRREAEE WRAREERERES
B; BE T LABEOE, R B W B EOE, A WATES) BB
W B; AEPAT, REBPATHITES) B: A% Flow Z5H T §2
HHER. B EHERRXROESIQTREMGTERA
PRIE W B, TR, A BIEME S B MIASIHE,
RANRABEE WSS B MARER 1. EiTRa&&H
HEABERWMK RN Flow S Z AT, B e L—HR:

e 93



Link(A,B) :Ai/RR¥ RARTES) A Fi B Z A 888K
BREEEREE, EHELTHERS, W Link(A,B) =
L &ENS o,

Active(B:) : T /R ¥, RN & 3h B R BRI, &
Active(B) =1 /N7l LABEBIE , B W FRIR A BB .

xy, a0

1, =0
Ko, V(o) MBUAR R R Y E—E S RS, R &
BB 1, iR T AGE , v A ST RE.

a) 5433 (AND-SPLIT)

WE 7 Fi, 13 A BAT RS AT RATIES) B,
B, i B1,-, B, W EMITESG , Flow S5HE A 5%
B 543 XTI REERR R

Rel piu_anp_spLir =Rely * ille( Rei(B;))

K, Rel(B;))=Link(A, B;) * Active(B;) * Relg Rel(B:) I
Rels, PR I 7T $E B4 42, Rels, S5 50 B, B4 197
8T Rel(BORES X B MATHEE, 23] Link TR
B IR

b) F:843 32 (XOR-SPLIT)

W 7o) BN, BTES) A PAT RGBSR LR
T By B, RER — AW R ARSI BAT, HERh
AFRIAT , Wi R SR 1075 S PUATSE R, Flow S 3& shak
BT . HAREEREHIEE, AREBIEIESIAEEE
TN, R ERA ST RERR N

Reljins son_seurr =Rela % 33(P:’ % Relg, % Relon )

E v
Pilza*Pi9

V(z)=

a=1 /;1 (P; % Link(i) * Active(B;))

P, B3 i B ATHMER, X « B—MEEEREF,HE
TR P RARE S P =1, K= S (Link(j) * Active
(Bi)) B IR s Relon: BB S AR RTHEEE .

o) 5193 (AND-JOIN)

WE 7O FiR, A &t 5 1R3+F ME sh & s llUa ¥ B 3
T—Esh, SEFEEHRERAFE. 4 A, A, BT
WG, A PTG SN B

Rel imo_anp_jomn = 1=I1 V(Rels, * Link(i)) x V(Active’ (B))

1* Relp)

R, Active’ (B) =TT Link i) PRSI 57 A A1 B 625 )
REAY.

&) FERIEH (XOR-JOIN)

ﬁﬂ@ 7(d)}5)f/ii ’ % Al 9t ’An qﬂ;ﬁ—/l\?ﬁib&ﬁ%ﬁi)ﬁ,
SrEMf & TES) B AT, TA R EME S A EME B Bk
7. REPFHITRETURRRN:

Rel fions_xor_joIn == Zn)l (P, = Rels, * Rely, ;) * V (Activé’

(B) * Rels)

P/=axP;, a=1/§(Pi % Link())

Active’ (B) =§)1Link(i)
2.2 Web JR& RGHITT SR

Web RHREAUBERREFETRSREHSHRS
L 94 L]

W TAEFE LR, AT fa] — 4 Web JR4F RGEEBFT LASMR R 4
G IRE , XA A RS HIUT A R. Bt Web IRE &R
GRS N AT JLE

DRI Web IRSF REE M TERER S H /L
ERHE RS

DLW EFTHHEERTBEA S HNHE RS W
B

MBI F AT BN RS REW TR,

3 EBaOH

3.1 XBITHRER

PL—NEELR T S S IR S5 R G0 B R U A AR SCHR H i
PIREER, B AR, EEDCEENE S, 7
UEEERBEIWE L, PR mlER &G, 5 i
AR, BT BRI R T ER AT REEBEE AP ER
FIT R B IR IE R PR R H OB S H B Lk . ¥
— S B R S E ARG & —&, e i, BANUF X &
B T AN B B AR S T T B R A A
B— G, A 8 hRESh 2, AN EBRARBEREN
ERED,

8 TELRT S AWK R 55

MR AR SR H i) Web it %5 RGEAT §2 BEAR R, A 5 il iy o
HEAXTURTR:

_ R,,
Rel,,,, =R1 %R3R4R5R6Rmz [P2R7 + ( 1 _Pz )

Ry ]
WRAF RN, ERAKXATUARRRN .

(a—Py)
1_P1Rz

Relm =R1

3.2 IENgE

Xt ERREAHTHEER, FETAZEER flag iIDRAS
R RE R, ERPIHMGE N=1000 K, R failure_
count FARIT TR BRI M T SEBER -

Relyw =1— failure_count/N

AT IREFERE, H5EBF 100 4 Reli » SR BUHE
WEERTRER. R0+ T ANEFRS O RERMRS
RIFTRERE LR 1 FIR 2.

£1 REFREWTHRE

R:R.R:R;[P;R; +(1—P)R: ]

Service Rel Service Rel
Rl 0.95 Rs_ 0.95
Ra 0.98 Rs 0. 98
Rs 0.9 Rz 0. 99
Ry 0. 97 Rs 0.98

#2 KWERE

Condition Rel Probability
CON1 0,98 0,6
CON2 0. 98 0.5
3.3 XBEFESW
EH— TNEE



Sl R 4R HRE (AR FIAERTR 2 (RED/E X Bl 4%
BRI E R, AE M1 RE 4y BIBE LR -
AE=|Rel,,, —Relun|

= 1Rely, —~Relyn |
RE Rels;m

R IWEET, A R RBIWREAKN T #ERHE
H Relym=0. 6912, MIBARB R KW E MW E K Rel,, =
0. 689, xR E AE=0. 0022, #XHi%2% RE=0. 00318, % 3
HArENA T A 1 TSR 2 ZER R Y RIS BE T SR B BRI Y
SR ESR, NRPW LB Y, TR NSRRI RS
B2 AR ER /MY, BT AR B 4= SCR] SR AR Y
AR, NERTTLUE ), A4 rT S X N S R S 1 AT
RBHUHEARBAEW, ROFNEEZRHEE.

#3 (2 WEREBCON2Z=1

CON1 Relsim Relpre AE RE
0.1 0. 031 0. 032 0.001 0.043
0.2 0.072 0. 069 0. 003 0,042
0.3 0. 110 0,111 0. 001 0. 007
0.4 0. 161 0. 159 0. 002 0. 012
0.5 0. 207 0. 215 0. 008 0,041
0.6 0. 265 0. 282 0. 017 0. 064
0.7 0. 352 0, 362 0. 010 0.028
0.8 0.473 0. 460 0.013 0. 050
0.9 0. 612 0, 582 0. 030 0.013

#£3 () TFMZRLECONI=D

CON2 Relsim Relpre AE RE

0.077 0. 074 0. 003 0. 041
0. 143 0. 148 0. 005 0,033
0. 224 0. 222 0, 002 0,011
0. 322 0. 295 0. 027 0. 083
0. 378 0. 369 Q. 009 0. 023
0, 457 0. 443 0.014 0. 031
0. 627 0. 517 0. 010 0.176
0,581 0,591 0,014 0,017
0. 679 0. 665 0. 014 0, 021

KR RATTRERNREET

EBIT AL T SR AR TR [R) 48 B X B AN B R 57 B9 B
Wi » Relon € [0, 11, B7{EEL 0, B4 0. 05 FIfE] FEs8 3 , 5 R0 9
Bim. B9 ATEAR Bkt 2 AT Stk L2844 1 SPAH A R %
AR RE R, HIHER R &M 2 WA R R
BRFHTREEXRER.

L eLpopepopee e
© PN O U e W N

0.8

0.7 ot

o6 s

0.5 —w—'—?%

oa a4 —o—conz
0.2 f /

0.1 |

i}

B KRR REEIT

HRE Y RTETENSHNASRSHATRE
BEL, AMXE R THEZEWEHER, MESETHAE
Pext T AT SRS R, H I T SR R O . Rl
ROEW TAHE FMAXTH G R F AT RIERE I, M T R
BT, MER A BEER T RAMEH BT RAKB A E K
. T TEEERN AR H P SRR ATE SR 3
PHFTIRIE, E— S HT R Web IRETTRENHEEE,

PR RS (RS BE , AT HE FH T Web IR 95 N FIFSE .

% X H

(1] EE, T, AHE Web REB L XHER . B I]
i, 2004,15(3) . 428-442

[2] Grassi V. Architecture-Based Reliability Prediction for Service-
Oriented Computing[C] // Procedings of the WADS workshop.
2004.:279-299

[3] Grassi V, Patella S. Reliability Prediction for Service-oriented
Computing Environments[J ). IEEE Internet Computing, 2006,
10(3):43-49

[4] Wang Li-jun, Bai Xiao-ying, Zhou Li-zhu, et al. A Hierarchical
Reliability Model of Service-Based Software System[ C] // Proc.
of 33rd Annual International Computer Software and Applica~
tions Conference. Seattle,2009:199-208

[5] Ren Ying-xin,Gu Qing, Qi Jing-xian, et al. Reliability Prediction
of Web Service Composition Based on DTMC[{C] // Proc. of
Third IEEE International Conference on Secure Software Inte-
gration and Reliability Improvement. 2009; 369 -375

[6] Guo Feng,Zhang Meng. Description and Analyzing the Reliabili-
ty of Web Services Composition Based on Petri Nets[ C] // Proc.
of 1st International Conference on Information Science and En-
gineering (ICISE). 2009,5329-5332

[7] Zhong Du-hang, Qi Zhi-chang. A Petri Net Based Approach for
Reliability Prediction of Web Services[ C] // Proc. of OTM 2006.
Montpellier, France, 2006, LNCS 277. 2006:116-125

[8] Zheng Zi-bin, Lyu M R. Collaborative Reliability Prediction for
Service-Oriented Systems[ C] // Proceedings of the 32nd ACM/
IEEE International Conference on Software Engineering. Cape
Town,2010;35-44

(9] Gokhale S S. Architecture-Based Software Reliability Analysis:
Overview and Limitations[J]. IEEE Transactions on Dependable
and Secure Computing,2007,4(1);32-40

[10] Cheung R C. A user-oriented software reliability model [J].
IEEE Trans. Softw. Eng, ,1980,6(2):118-125

[11] Wang W L,Pan D,Chen M H. Architecture- based software re-
liability modeling[J]. The Journal of Systems and Software,
2006,79(1):132-146

[12] Gokhale S S, Trivedi K S. Analytical models for architecture-
based software reliability prediction: A unification framework
[J]. IEEE Transactions on Reliability, 2006,55(4) ;578-590

[13] Littlewood B. A Semi-Markov Model for Software Reliability
with Failure Costs[C] // Proc. of Symp. Computer Software
Eng. 1976:281-300

[14] Tsai T,Zhang D,Chen Y, et al. A Software Reliability Model for
Web Services[ C] // Proceedings of 8th IASTED International
Conference on Software Engineering and Applications. Cam-
bridge, MA,2004:144 -149

[15] Hansen K M, Brgnsted J. Modeling Service Composition Relia-
bility in Pervasive Computing, Science Institute, University of
Iceland[ R]. RH-02-2010, March 2010

[16] Li Bi—xin,‘ Su Zhi-yong, Zhou Ying, et al. User-oriented Web
service reliability model[ C]// Procesdings of IEEE International
Conference on Systems, Man and Cybernetics,2008:3612 -3617

e 05 o



