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ABSTRACT

Web Service is becoming an important and populstridiited computing model for providing on-demand
service sharing on Internet. One of the difficiialenges in web service is how to deliver thealdé
service application over unreliable web servicesuad the world. To improve the automated diagnosis
capability for web service, we completely model BRREL process as a BPN model and propose a BPN
model-based diagnosis method. Considering theigctiependency relations in BPN model, our diagnosi
method is able to exactly and quickly localize faelty activity. Finally, we conduct the simulation
experiments to evaluate our method. The experirheesalts show that our method is effective in faul
diagnosis for BPEL process.

Keywords: Web Service, Fault Diagnosis, BPEL Process, PettsNDiagnosis Probability

To improve the diagnostic accuracy and
1. INTRODUCTION efficiency, we propose a BPN model-based

As a popular distributed computing model wel:gjia(‘:lnoSiS method to diagnose faults in BPEL
Pop puting ' rocess. We firstly define the Petri nets-based

ﬁerv'r%?/ig]eikez s%f:w:;;e te,\e’ﬁgﬁgorﬁkznggfbﬂ?e g?ocess model for each activity in BPEL (BPN
P Y model). Then, we build the diagnosis model which

ubiquitous ngtwork access. However, a_llong Wm&efines the rules of diagnosis and faulty types.
these benefits, web service also raises sorrAe

concerns especially how to build high-reliable ceording to these rules and faulty types, we can
. specially 9 q(uickly infer that which activity is fault. Moreowe
service applications in the large-scale and compl% raise diagnostic efficiency, we first diagnobe t

computing  environment. -~ With _ the 9rowing 51 suspicious activity by computing the

worldwide ~acceptance of the standard servicgia nosis probability of activities. Finally, we
composition language BPEL (Business Process 9 P y ] Y

Execution Language), how to detect and IOCaIiZconduct the simulation experiments to evaluate the

faulty activities in BPEL becomes a critical issue. gccuracy and efficiency of our method. The

According to observed and thrown exceptioni)(pe”memal results show that our method is more

. . : ccuracy and costs less time than an existing MBD
during the service execution, the goal of faul ethod
dlagr_195|s IS to _tlmely and exactly detect at_morma The rest of paper is organized as follows. Section
activities, explain the faulty reason and bring th%

! introduces BPEL and Petri nets. Section 3
process back to a normal, safe, operating state. Pesents the BPN model. Section 4 proposes our

ﬁgggd Arg;gz(;ggiset ?|I\/|B[1D]) f|rstgy avsgged Srgr?/(ijceel'sdiagnosis model and diagnosis method. Section 5
. evaluates the experimental results. Section 6

composition. In recent years, many researCherlscusses related work. Finally, we conduct the

proposed their fault diagnosis methods for Weg)nclusion in Section 7 ' '

service [2-5]. Some researchers used automaton '

model [6], some used Petri nets model [7, 8], anek PRELIMINARY

others used probabilistic graphical model [9]. From

methodology point view, some methods belong to In this section, we simply introduce BPEL and

exception handling in the field of softwarePetri nets to be used in this paper.

engineering; some others belong to MBD or218PEL

statistical anomaly detection in the field of acill '

intelligence (Al). However, these methods aren

adequate to meet the growing requirements

business processes for a diagnostic system.

.. BPEL for web services is a standard executable
(t?nguage for specifying actions within business
process based on composite web services. BPEL
gives the formal specification for defining busises
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process behavior and business interaction protocols ¢« dom( U cod A= RJ T,
It provides two kinds of activities for describitige . _ .
internal behavior: basic activity and structured dom(F) ={ Uy (x yo F;
activity. Structured activities prescribe the orger ~ * COd(F) ={M Ox(x yU K.
which a collection of activities take place. They Definition 2 the remarks of Petri Net
describe how a business process is created By =(P, T, F) are:
composing the basic activities [10]. * If (p,t)0F for a transition t and a place p,
The set of basic activities includes: . . i
S ; . then p is an input place of t;
* receive: waits for a matching message to arrive "
« invoke: invokes an operation on a port offered ° !f (L P)LF for a transition t and a place p,
by a partner then p is an output place of t;
* reply: replies a message to a partner e Letx, yOPUT, thesety={x(x YyOR is
* assign: copies to target variables with new datgglled the pre-set of y and the set
* wait: waits for a given time period or until a

= 0 is th t-set of x;
certain time has passed X ={yl(x YD B is the post-set of x;

* throw: signals a fault . ;<={)} )

e empty: does nothing

The set of structured activities includes: 3. MODELING BPEL PROCESS

* sequence: defines a collection of activities to
be performed sequentially In this section, we model each BPEL activity as a

* switch: selects exactly one branch of activiBPN model which is an extended model of Petri
by a condition it holds true nets. First, let us briefly give some remarks:

» while: defines loop execution of an activity ¢ Each activity and each BPN both start from a
until the condition has been met starting place and end in an ending place, and the

« flow: specifies some activities to be performedre-set of starting place and post-set of endiagepl
concurrently are empty sets.

* pick: selects an activity path depending either ¢ Each place includes a set of variables seen as a
on an occurring event or timeout token set. The token set moves to other places by

transition and their values are changed by oparatio

2.2 Petri nets ip the transition.

Petri nets are a basic modeling tool of parallel , Each transition includes an operation which

and distributed systems. They originated from Ca%presents the concept of operation in BPEL. An

Adam Petri's dissertation in 1962 for the purpoke 9 peration incorporates operation name, port name

Qescribing chemical Processes [.11]' The basic id.% d service name. The conditions and expressions
s to describe state changes in a system Wi activities are viewed as computing operations

transitions. The choice of Petri nets for modeling , . - . . g "
BPEL is motivated by following reasons: (1) thethICh obtain weightt’ or ‘f’ in transition and select

A . : the next places by weight values.

formal semantics is essential for representing the Definition 3 a BPN model is
business process of web services compositions; @PN =(p, p, R T, E W \, OB, where:

the causality between places and transition wilh he . _ .
analysis the relationship between input, output and * P is the starting place of BPNp, is the

activities; (3) the graphical representation helpending place of BPNp,OPOp,0P

understand the whole model. . . -
> . . P={p, p,-, is a finite set of places;
Petri nets contain places and transitions that may {n p Y P

be connected by directed arcs. Transitions * T ={t t,---t} is a finite set of transitions,
symbolize actions; places symbolize states @ind OtOT, tz ¢ 0Ot £ @ ;
conditions that need to be met before an action can, : :
. . FOPxT)U(Tx P is the flow relation;
be carried out. Places may contain tokens that may ( JU(T= P

move to other places by executing actions. * W:F - {t f,@ is the arc weight mapping,
Definition 1 a Petri Net is a 3-tuple, the defaultisg ;

N =(P,T, F) where: s V={y, Vv, \} is a finite set of variables,
* Pis afinite set of places; Ol<i<k,v = (vname vtype vvalye P&, vname

¢ Tis a finite set of transitions;
e FO(PxT)U(Tx P is the flow relation;
* PNT=¢gand PUT # g¢;

denotes the name of, vtypedenotes the type of
v, , vwaluedenotes the value of ;

868




Journal of Theoretical and Applied Information Technology
20" February 2013. Vol. 48 No.2 B

© 2005 - 2013 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSI¥17-3195
* Part={part, part,---, parff , 0Ol<i<l , v and an output variablev, . Here,
part =(name, type valug; V,.vtype= y. vtyp.
* | is the total count of partame denotes the (3) reply
name of part , type denotes the type opart , BPN, =({ R ph{ th{( R D( & W
value denotes the value gpart ; {#.{¥{ op}

+ OP={op, op,--, o is a finite set of A reply activity is used to send a response to a
: request previously accepted by a receive activity.
operations and .
M<i<n,op = (opn port servick , where opn Such responses  are only meamngful for
T h ' synchronous interactions. The variales to be

denotes the operation nanpErt denotes the port ysed to construct the output message.
name including the operatioopn servicedenotes (4) assign

the service name including the ppart; BPN_ = t t t
« Dlsism&Mls< j<k , p.v denotes the Moo ({{;g{ 5}{\& f"{c(:onssy)a;g) aon P
1 i ’ ’

variablev, in placep, ; The assign activity can be used to copy message
* [i<i<r, t.op denotes the operatioop in  from a set of input variabl¥, to a set of output

transitiont, . variableV, by operation copy.
(5) wait
BPN, =({ Py Ph{ Gkl P Qal toae Pe
(ta POL{T B.{ B{ co¥

3.1 Modeling basic activities

<receive> | | <invoke> <reply> <assign>
The wait activity specifies a delay for a certain
@ G e ° period of time or until a certain deadline is rezdth
In our model, we don’t consider time. Hence, the
notion of delay is not considered, it is viewedaas
@ @ @ e conditioncnd When the condition is me¥\&t), the
activity moves to the next place,, otherwise

<wait> <empty> <throw> (W=F) it will wait to be met in placep; .
O (») () (6) throw
. BPNHN :({ Q’ F&’{ tr}ﬁ{( Q OW( IEFW )1’
t o] {@.{V}{ throfv V}})
@ Q The throw activity can be used when it needs to
signal an internal fault explicitly. It is required

Figure 1: BPN Model Of Basic Activities provide such a nam¥,.vname for the fault and
(1) receive can optionally provide a data/,.value that
BPN. =({ py Ph{ t&{( Py Ol tec B provides further information about the fault. A iau
{@{¥{ op} handler can use such data to analyze and handle the

]‘gult and also to populate any fault messages that

Receive activity is activated when a message .
y 9 need to be sent to other services.

received by operatioonp,., and assign the value of

: o : (7) empty
message to variables which is received by BPN,, = ({ p, ph{ thd( P.thf tun B}
mt 9 ' el s lemt e
placep (@4 Bl W
(2) invoke . ’ -
_ There is often a need to use an activity that does
BPN,, = R Ah{ t{( B GW( & B nothing and the empty activity is used for this

{@{v %{ on}) purpose.
An invoke operatiorop,,, can be a synchronous
request/response or an asynchronous one-way
operation. An asynchronous invocation only
requires input variable because it doesn’t expect
a response as a part of invocation, while a
synchronous invocation requires an input variable

R
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3.2 Modeling structured activities

<while>

<pick>

s
-

Figure 2: BPN Model Of Structured Activities

(1) sequence

BPNseq={b,|1s i< 1} o
where:
* b =(p. R RT FWV 0P, 1isn
¢ ps = ps‘l’ pe: per
° P:(UF?‘U P\ Ri+y Rill< i<}
i=1

P={p|p=np.l<i<n

U

i=1

F=(JF UFYMC P B, (B i) |

i=1
1<i<n}

F'={C" P P).(R: i) [1< i< pO P}
W=UWUWN W B B ¥ Ry Beo)

|1<i<n}

={wW' R PRIV R P=W p PO
1<i<nOp OP}YXW B Hiwyl
WR, Fay) = W Rgeyyr Reeny) B1s i<

Op O P}
v=)v
i=1
op=(Jop
i=1

with the set of variables in the starting placebgf,
otherwise the sequence is invalid.
(2) switch
BPN,,. ={( G B|1< isn},
where:

¢ t1:(p5|'pe|’ i’ T i QF)-]-SiSn

n

P= UP.UU{p}u R A

i=1

n

T=L"JTiuU{;}uk

=1 i=1

. F= LHJFIU{(pS,tl) (t, pe)}UU(t AT ®);

UU{(tu psi)!( pei’ te)}

II
C:

UU{V\(t p=7FU

3_
T
-

UIW(E R) =1

=1

C:

o \/ = \/I

I
uy

0P=_UOE>UL"J{q 6 =0

The switch activity includes an ordered list of
one or more conditional transitions. These
transitions are considered in the order of
appearance. If the condition, holds true, the

activity block b, is performed. If no any conditions
hold true in{b |1<i<n-1}, b, is performed.
(3) while

BPN,y ={( ¢ Bt que

where:
* b=(p,p, P, T, F,W,V, OP)
* P=FPU{p B}

¢ T=TU{t.top=c

F=FU{(p, 9. (t p).(t P, (P O}

* W=WU{WR=tWtp= ¥

V=V

OP=0P{¢

e kis the number of cycles

The while activity iterates performance of a

specified activity bloclb until the given conditiore
no longer holds true.

A sequence activity is used to connect differerf¢®) flow

activity blocks that are performed sequentiallyeTh

BPN,, ={bl1< i< i},

set of variables in the ending placelpfis the same where:

* b=(p R, AT FWYV OB l<isn
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Finally,

ml

information. The process receives

tl

a request to travel planning process by inputtiisg h
travel
information and sends use customer ID to retrieve
the customer class such as common user, vip user.
the process retrieves ticket prices of
American Airline and Air China according to the
class ID and returns a cheaper offer to the cugtome

his

————————————————————————— <<assign>> customer ID
i=1 3
n <<invoke>>
* OP= U OP retrieve the customer class [ 1
o “ reusioner |
The flow activity includes concurrent <<assign>> P class ID
performance of a set of activity blocks — : k """
. .. . <
{b|1<i<n}. It finishes when all activity blocks &5 =<imvoke=> {7 =<invoke>>
) get ticket price from | | get ticket price from
terminated. American Airlines Air China
(5) pick " 16 <<receive>> 18 <<receive>> mé
BPN,, =(( ¢ BI1< i< i,
where' 4 4
AA price<AC price AA price>CA.price
* b=(p, R RT,FWYV Q0P 1<is<n 10 J t1 oy
P _4 <<assign>>
« P=(JP U{ R, pE} UU m t ) i select Air China

TU{Y U_U } . top=¢e

_|
I
cz G- 1C-

R U(ps ), (ts P, (L, PJ}U

I
fuy

Utct, (Rt} UUCE . )

: 0 UUl{V\(tD—IUUWtQ S}t
oW, ) = 9
oV:LJ\/i

+ op={JorUlJt ¢

The pick activity is a set of branches of thd-igure 4):

activity blocks, and one of the branches will be e
selected based on the occurrence of the events
associated with it. Note that after the pick atyivi
has accepted an activity for handling, the other °
activities are no longer accepted by that pick. The
last activity b, is triggered by a time-out evenf. .

3.3 Modeling thetravel planning process
Travel planning process is shown in Figure 3.
When a customer needs to plan his travel, he sends

871

BPN, =({ p ph{B.{( (1t p}{l

{ni}.{ og)

={r {3 (2 Pl

{nL, n2},{ copy I &)})

BPN;=({p ph{3{( R3L(3 nh{l
{2, n8}.{ og)

BPN,

BPN,=({p R {4{( pd.(4 Bl
{n8, mi}.{ copy By A)})
BPN; =({ B RE{SA{( REL(St B{

Figure 4: BPN Model For Travel Planning Process

The complete BPN model for the travel planning
process is described as follows (also reference to
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{mi}.{ ogd) Definition 4 a BPN-based diagnosis model for

BPN: =(( B BL(SC RS DLl B e o ey

. BP _{(r{n4},{ 0}%)7(} € am(T Wil e OBS=(T,V, OP, a set of observations
" _{rm?{ FZ;;) TR ' * D={EQ EQT EQV IN C® with
' - EQ tion inBPN tes to th
+ BPN, =({ P, BL{EL( PBL(BE DL{ W ~ O an operation IBPN equates to the
{n6},{ o) - EQT: the data type of a variable BPN
¢ BPN, ={( AA pricex AC price BP}), equates to another one@BS

(AA price< AC price BPY,)} - EQV the value of a variable iIBPN

. swe equates to another one@BS
with — IN: the output parameters are produced by
- BPN,=({r np{10L{( R16), invoking another BPEL process
(t10,p,, )} {@.{ i, 8}, - CO: the computing result of an express or
{copy 7, rB)}) conditiqn ' .
~ BPN,=( p, AL p.lL), del?ﬁbggtggsfoﬂgvs?‘ based diagnosis model are
(t11,p,)h{a.{ 4, r8}, (1) basic activities diagnosis
{copy ri, @)} * receive
- P={p, B By P} Dlteo) ={EQ on,, 0R.). EQT VY,
- T={0,10,t1%} EQV(v, V)}
* invoke

= F={(py 9).(19, py), (19, py). (P, 110)

(plo,tll), (th,pll ), ( 11,p11 )} D(tinv) :{ Eq Opnv’ Omnv)' EQT |V i\)’

EQT(v, V), IN(op,. servicg

- W={W®¥, p)=tW9 p)= 1} * reply
-V ={n¥, n8, n¥} D(t,,) ={EQ oR,. of,), EQT v,
- OP={copy M, 1®), cofy i ), EQV(v V)}
AA prices AC price * assign
AA price> AC price D(t,,,) ={EQT v, V), EQT ¥ § EQV'yy
* BPN,=({ R, R RH{12L{( R12).( R DEQV(CA'Y), ¥)}

112), ¢12,p5 )b igh{r8, roL.{ op)
4. DIAGNOSISMETHOD

wait
D(t,.) ={EQU CQ }, CQ ),
EQV(C’ W( &/at’ Evat' Og/at))}

A BPEL process can run down for many reasons. * empty
For example, messages mismatch the interface, data D(t,,,) ={EQt,,,0p 9}
format is wrong; Internet is down, and so on. The (2) structured activities diagnosis
diagnostic aim is to quickly and exactly find obét « sequence
faulty activities and analyzes causes by the thrown n
exception. D=D
For facilitating diagnosis, the BPEL diagnosis A
process has to be extended for the following tasks: * Switch

¢ record the executed activities in order; A

* record the input and output SOAP messages; D= Q{ EQUC@ 9. NN

 record the thrown exception. ({EQU CQ ¢.), B N O,) U
4.1 Diagnosis M odéel (EQV(m+1, nN D))

The BPN model describes the BPEL activities , | 10
using transitions, variables, places and operations _
The BPN-based diagnosis model presents the D =(EQV(CQA9. 3N RN DU
dependency relations between activities. (EQV(Cq 9, )
* flow:
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n 5. EXPERIMENTS
D={JD,
i=1

To evaluate the diagnostic efficiency of our

* pick: o method for fault diagnosis, we set up a simulation
Dzn{EVq CQq e, falspN environment in  Matlab. Our  simulation
i=1 environment incorporates three parts. Part one is t
({EQU CQe.), BN D) U build a BPEL process according to the given
numbers of activities and structured nodes. Paot tw
(EQMCa e, BN D is to generate the execution traces of this process
4.2 Diagnosis for BPEL Process according to the given faulty probability. Parteér

When an exception occurs during the executioly our diagnosis algorithm. For each generated
of BPEL process, we firstly diagnose the exceptioRrocess, we randomly select an activity as the
activity. If the exception activity isn't a faultye —€xception for each process, and another activity as
consider the activity with the maximum diagnosighe fault. And we define three fault types: typeltfa
probability as the next activity to be diagnosedvalue fault and port fault. Then we randomly select
When we find the faulty activity, we end thea fault type and assign it to the faulty activisach
diagnosis process. The diagnosis probability foirulty activity and exception activity is deviseal t

activity t is computed by cognplete .s.u'ccessfullyc/]I at adprobablility of 0.2, Ellnd
P(T [T [ TOTCH other activities are devised to always complete
DP(t,tf) = ( )X ) (1) successfully. According to the given faulty

. Pf) n(t) . probability, we generate 100 execution traces for
wheret denotes the activity is fault, tf denotes each process. Finally, we generate 1000 processes
the activity tf is the exceptionT denotes a set of with different numbers of activities and 100 groups
normal activities andN denotes the total count of of test data for each process to evaluate our rdetho
faulty execution. According to the historical data, In our experiments, we use the accuracy of

we can computeP(f [Tf) and P(ff) . Here diagnosis and diagnostic time as our evaluation
metrics and compare our method with a model-

n(t (TOf) is the number of the executions inpased diagnosis method. Following is the
which the activityt is the fault, T is the set of description of labels we use to denote two methods:

normal activities andf is the exceptionn(tf) is * ard: This is a model-based diagnosis method

. .. Ardissono proposed in [12].
the number of the executions that the actititis .  Thic : .
the exception. In Equation (1), we need to consider bpn: This is our diagnosis method.
how to deal with the branch and loop structure of :

—v—bpn
095 d

the process. For example, an activity included ina == 1
while activity could be executed several times. We %\/\/\
don't consider how many times the activity {°7 !

S 075

executed in an execution and only record it once.

Algorithm 1 ool
Algorithm 1: BPNDiagBPNOBSDS) %8
Input: process modéPN, ObservatiorOBS
Output: diagnosis solutioDS

01:T = null; DS = null; t = OBSf; The results of comparison for diagnostic
02: while (T '= OBST)

50
Number of activities in

Figure 5: ComparisgchsOf Accuracy

03 ifD() = fault accuracy are shown in Figurt_e 5. We can see that the
04: DS=DSU{t}; accuracy of our method is much higher than
05: break; Ardissono’s method. The diagnostic accuracy of
06: elseT =TU{t} Ardissono’s method is 52%-74%, while the
8; /e/rlﬂeifactivit with the maximum diagnosisipabilit diagnostic accuracy of our method is 77% to 93%.
09 t:max'I(DP{OBST—T, OBSt)); g y That is becaqse our method considers more fault
10: end while types in our diagnosis model.

11: if DS=null, DS= {OBSinput};
12: returnDS;
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S diagnosis services needs to check each service, and
these cause diagnostic efficiency depression. Li et
al. proposed [8] a diagnostic method for BPEL
processes, where processes are modeled using
colored Petri nets. According to color propagation
functions, the diagnosis service checks back from
s where system throws the exception until arriving at
T T e mproess % a final consistency. Yan et al. [6] applied
Figure 6: Companson Of Dlagnosed Activities’ Numsbe synchronized automaton to model the BPEL

Number of diagnosed activities

== process of web services composition. After an
asf exception is thrown, the diagnostic service
B calculates the process execution track by comparing
£ M\J\ model with observation. The diagnosis service finds
i f\W A w “ out fault according to given the rules. Mayer et al
s \'\[\y W [14] proposed a method to identify the fault of web
“ services composition by observations obtained from
Gl www s @ w partial executions and re-executions of a process a
Figure 7: Companson of Dlagnosed Time exploited. Lakshmi and Mohanty [15] proposed a

H1eth0d based on stochastic automata model for

From Figure 6, we can see that our metho
web service fault monitoring and diagnosis.

diagnoses fewer activities than Ardissono’s. Hence
our method costs less diagnostic time tham. CONCLUSION
Ardissono’s method and the results of comparison
is shown in Figure 7. This is mainly because our In this paper, we propose a BPN model-based
method is not to diagnose one by one according thagnosis method for the BPEL process. The
the observation sequence, but to select thidependency relations between activities are
diagnosed activities according to the diagnosisompletely modeled by BPN. Our diagnosis method
probability. Hence, our method reduces théocalizes the faulty activity and explains faulty
diagnostic time through decrease of the number ofason according to five dependency rules.
diagnosed activities. Moreover, we use the diagnosis probability to fix
The above experiments show that our method the diagnostic sequence for reducing the diagnostic
more effective than Ardissono’s method intime. Finally, we conduct the experiments to
diagnosis of BPEL process. compare the accuracy and efficiency of our method
with a MBD method. Experimental results show
6. RELATED WORK that our method is more effective than the MBD

In order to enhance fault management |rr1ne'[hOd

composite web services with the ability OfACKNOWLEDGEMENTS

reasoning on global failures of the overall seryice

Ardissono et al. [13] proposed a framework which This work is supported by National Natural
integrated diagnosis services in the architectfiee o Science Foundation of China (61175056), the
composite service. The framework includes a glob&alian Maritime University Backbone Youth
diagnosis service associated with the composifeoundation (NO.2011QN033, N0.2009JC29), and
web services process and some local diagnodik Industry Development of Jilin Province.
services. Each local diagnosis service was

responsible for a web service. Local dmgnos@EFERENCES

services cooperate with global diagnosis serv
And a global diagnosis service exchanges messzjdelz L. Ardissono, L. Console, A. Goy, et al,
“Enhancing Web Services with Diagnostic

with them, without relying on any internal strucur
ying 4 Capabilities”, Proceedings of the Third

information of local diagnosis services. This )
method recursively partiton web services into ~European Conference on Web Servicks£E
Computer Society2005, pp. 182-191.

aggregations of sub-services, hide the detailb®f t
aggregation to higher-level services so that it¢od2] G. Friedrich, M. Fugini, E. Mussi, et al.,
raise diagnostic efficiency and ensure the privafcy ~ “Exception Handling for Repair in Service-
service. However, when web services claim too Based Processes”|EEE Transactions on
coarsely, almost all web services could be faults, fngatv;?;e Engineeringv/ol. 36, No. 2, 2010, pp.

R
874




Journal of Theoretical and Applied Information Technology

20" February 2013. Vol. 48 No.2 B
© 2005 - 2013 JATIT & LLS. All rights reserved- L ———
S 100
ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

(3]

X. Han, Z. Shi, W. Niu, et al., “Similaritipased
Bayesian Learning from Semi-structured Log
Files for Fault Diagnosis of Web Services”,

Analysis with Partial Knowledge”,Service-

Oriented ComputingVol. 6470, 2010, pp. 334-
349.

2010 IEEE/WIC/ACM International Conferenqges] H. N. Lakshmi, H. Mohanty, “Automata for Web

on Web Intelligence and Intelligent Agent
Technology (WI-IAT)2010, pp. 589-596.

[4] O. Kopp, F. Leymann, D. Wutke, “Fault Handling

in the Web Service Stack”Service-Oriented
Computing Vol. 6470, 2010, pp. 303-317.

[5] Z. Zhu, W. Dou, “QoS-Based Probabilistic Fault

[6]

[7]

[8]

[9]

[10]

Diagnosis Method for Exception Handling”,
New Horizons in Web-Based Learning: lcwl
2010 Workshops, Springer-Verlag Berlin, 2011,
pp. 227-236.

Y. Yan, P. Dague, Y. Pencole, et al., “A Mbéde
based Approach for Diagnosing Faults in Web
Service ProcessesThe International Journal
of Web Services Research (JWSR)I. 6, No.

1, 2009, pp. 87-110.

Y. Li, T. Melliti, P. Dague, “Modeling BPEL
Web services For Diagnosis: towards self-
healing Web services”, Proceedings of 3rd
International Conference on Web Information
Systems and Technologies (WEBIST'07), 2006,
pp. 1-62.

Y. Li, L. Ye, P. Dague, et al., “A Decentragid
Model-Based Diagnosis for BPEL Services”,
Proceedings of the 2009 21st IEEE International
Conference on Tools with Artificial
Intelligence, IEEE Computer Society, 2009, pp.
609-616.

Y. Dai, L. Yang, B. Zhang, et al., “Exception
diagnosis for composite service based on error
propagation degree”, 2011 IEEE International
Conference on Services Computing, SCC 2011,
IEEE Computer Society, 2011, pp. 160-167.

M. Tony Andrews, |. Francisco Curbera, S. S.
Hitesh Dholakia, et al., “Business Process
Execution Language for Web Services”, 2003,
pp. 1-136.

[11] T. Murata, “Petri Nets: Properties, Analysisda

[12]

[13]

[14]

Applications”, Proceedings of the IEEH,989,
pp. 541-580.

L. Ardissono, S. Bocconi, L. Console, et al.,
“Enhancing Web Service Composition by
Means of Diagnosis”, Business Process
Management Workshops, 2008, pp. 468-479.

L. Ardissono, L. Console, A. Goy, et al.,
“Cooperative Model-Based Diagnosis of Web
Services”, Proceedings of 16th International
Workshop on Principles of Diagnosis 2005.

W. Mayer, G. Friedrich, M. Stumptner,
“Diagnosis of Service Failures by Trace

875

Services Fault Monitoring and Diagnosis”,
International Journal of Computer &
Communication Technology (IJCCNol. 3,
No. 2, 2011, pp. 13-18.




