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Abstract—As an important means to compose independent
services together to fulfill a function, service composition is
widely applied in different applications. However, the
process of composition is complex and error-prone, which
makes a formal modeling and analysis method highly
desirable. A BPEL process based on Petri net (BPEL-Net)
model is presented in this paper, which is capable of
capturing behavior of the participating services accurately.
A set of rules are proposed to convert atomic activity and
structural activity of BPEL process into BPEL-Net model,
the transactional properties of services and failure
processing between services are also characterized by
BPEL-Net. Based on the states of constructed BPEL-Net, we
advance the concept of transfer matrix to analyze reliability
and related properties. What’s more, we put forward two
simplification schemas for BPEL-Net. Finally, a specific
example is given to simulate analytical process with tool
Matlab, the results show that the method can be a good
solution to analyze the reliability of BPEL processes.

Index Terms—Service composition, BPEL, transactional
properties, transfer matrix, Petri net, Matlab

1. INTRODUCTION

Service Oriented Computing (SOC) is an approach to
distributed computing that views software resources as
dynamically discoverable services available on the
internet. Web services are a well known and widely used
technology for implementing the SOC, which should
facilitate integration of newly built and legacy
applications both within and across organizational
boundaries [1]. With the development of theories and
techniques of Web service, a single service often can’t
satisfy the functional requirements in practical
application. In order to increase service sharing, it is
necessary to compose Web service to provide a more
powerful service. The result of such composition displays
an automated implementation process [2]. Among the
results, BPEL is the most popular one which is used to
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specify business processes for service composition.

The BPEL process contains elements for modeling
the structure of business processes. A BPEL process
realizes all its communication as Web Service, providing
a simple, standards-based approach to describe Web
services of real world as well as performing invocations
of Web Services [3]. However, errors in BPEL process
are easily expanding, and service itself has complex
interface. Moreover, black-box nature of service becomes
an obvious obstacle to service composition [4]. Therefore,
there is a growing interest for analyzing related
performance for BPEL process, which can detect possible
errors before execution.

A BPEL process based on Petri net (BPEL-Net)
model is proposed in this paper. It is used to analyze and
predict the reliability of BPEL process. Firstly, we
describe the activities of BPEL process which include
atomic activity and structural activity. We define an
extensible set of crucial transactional properties (such as
initial, abort, cancel and fail) for each service and
declaratively specify the failure processing strategies
between service. Secondly, based on the states of
constructed BPEL-Net, we advance the concept of
transfer matrix, a technique for analyzing the reliability
and related properties of BPEL-Net model. We also put
forward two simplification schemas for transfer matrix,
and a theorem is given to explain the soundness of
simplification.

The remainder of this paper is organized as follows:
Section 2 introduces the related concepts of BPEL-Net
model. In Section 3, we construct the corresponding
BPEL-Net model for BPEL process. Section 4 presents
the concept of transfer matrix and analyzes the reliability
of BPEL-Net model. In Section 5, we explain the
feasibility and practicability of our methods by a specific
example. Section 6 presents some related works while
Section 7 is conclusion. Your goal is to simulate the usual
appearance of papers in a Journal of the Academy
Publisher. We are requesting that you follow these
guidelines as closely as possible.



II. BASIC CONCEPT AND DEFINITION

Petri nets are a well-known modeling technique that
has formal semantics, which can be used to model and
analyze several types of systems including concurrent,
asynchronism and distribution. The basic concepts of it
can refer to [5]. First, we will introduce the related
concepts, definitions and terms of BPEL-Net.

Definition 1: A 5-tuple PN = (P; T, F; W; M) is
called Petri nets iff:

(1) P = {ps, p» ..., pu} is a finite set of place, n> 0,
which represents the state of BPEL process;

Q2)T=1{t, t,, ..., t,} 1s a finite set of transition, m>0
and PUT 20 , P DT = &, which represents an operation
of BPEL process;

(3) Fc (P xT) v (T xP) is a directed arc set, F is
called flow function;

(4) W : F>N*, N* is the non-negative integral set, W
is called the weight of arc, whose default value is 1;

(5) My : P -N*, M, is called initial marking, which
represents the initial state of BPEL process.

Definition 2: A 4-tuple 2= (PN; P,, P,, 1) that meets
following conditions is called BPEL-Net:

(1) PN is a Petri Net, known as base net of 3, which
describes the relation between services;

(2) P, P, represent the beginning and termination
position of BPEL process respectively;

(3) A: T >R, is firing probability of transition, which
describes the success probability of service, and default
value is 1.

In BPEL-Net model, the place represents the position
of process, while transition represents the operation of
process. At a moment, the distribution of token in each
place is called BPEL-Net ’s marking (state), the number
of token in place p is denoted by M(p); for any x e(PuU
7), the set *x ={yly € (P U T) A(y, x) €F} and x" ={)|y €
(P v 1) Alx,y) €F} are the corresponding input and
output of x respectively. The enabled of transition and
firing rules of BPEL-Net model are similar to the
definition of Petri nets.

III. CONVERTING BPEL PROCESS INTO BPEL-NET

BPEL process describes service composition based on
process, each element in process is called activity (As
activity and service is one-to-one match, activity is also
called service in the following). We will first construct
BPEL-Net model of atomic service and structural service,
and describe the failure processing between services for
BPEL process in detail.

A. Converting Atomic Service into BPEL-Net

Atomic service can implement simple task, in this
paper, we divide it into canceled services and not
canceled services according to the transactional
properties of services. The canceled service refers that the
system can cancel its operation once other services have
failed. While not canceled service refers that the system
can not cancel its execution, and it must be coordinated to
reach termination state and not generate any output.
Below we will model these two types of service, the
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possible states of service WS; are initial, active, end, abort,
cancel and fail, and denoted by places Py, i, Pupis Peis Pes
P..i» Py, respectively. Let A.; =SP;, Ay, = 1- SP; SP;
represses the success probability of service WS, The
dotted places denoted by line in figure refer the possible
input or output. The function of place P,.; is to make
service be in a sole state at any moment. While place P,,.;
represents the failure processing interface of service WS..
If place P, ; has tokens, which means other services have
failed and must do the corresponding processing for
service WS; such as abortion and cancellation. The model
of canceled service is shown in Fig. 1(a), the dotted frame
represents the normal processing, for example, transitions
timi» 1o; TEpresent the beginning and termination operation
of service WS, Abortion, cancellation and fail operation
are denoted by transitions #.;, .qi» 4 respectively. The
model of not canceled service is shown in Fig. 1(b). In
this model, if service is in active state and other service
has failed, the system will coordinate service to reach the
termination state, but transition #..; couldn’t generate any
output.

plr,i

?fa,i
tgi, | -SP;

\\\»// (b) .

BPEL-Net of Service WS;

Figure 1.

B. Converting Structural Services into BPEL-Net

The structural relations of BPEL process including
<Sequence>, <While>, <Flow>, <Switch> and <Pick>,
namely the relations between services are sequence, loop,
parallel and choice, the corresponding BPEL-Net model
is shown in Fig. 2.

The <Sequence> relation refers those two services WS;
and WS; can execute in sequence. The corresponding
BPEL-Net model }is shown in Fig. 2(a). Service WS;
can be fired only after executing service WS, then we add
a place P; between the termination operation f,; of
service WS; and accessing resource operation #,; of
service WS, , which makes *P;="t,;, P; "= t,,;.

The <While> relation refers that service WS; can
execute n times repeatedly (where n is finite). Assuming
service WS; has executed n times repeatedly before the
beginning of service WS, then the corresponding BPEL-
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Net model 3 is shown in Fig. 2(b). We introduce the
place P,,;, P; and transition #,; which make Pi = tois
P, ="Py=ty;, Py "= tinj, toi " ={Pins, Pui}, "t;= Py, W(P,,,
b)) = n.

The <Flow> relation refers that one or more services
can be executed in parallel. Let services WS,, WS, be the
public forward and backward service of services WS; and
WS;, the corresponding BPEL-Net model }'is shown in
Fig. 2(c). We introduce the place P,;, Py, Pju P Which
make .Pnj =* Pnk = Ze,na Pnj. = tin,ja Pnk. :tin,k: Igjm.: Pkm. =
tin,m: * ID] = te,j3 .Pkm = te,k-

The <Switch> relation refers that the system can
choose one path from various branches based on special
conditions. The execution process is shown in Fig. 2(d).
Aink = chy, Ainj = chj, where ch;, ch; represent the
probability of choosing services WS; and WS respectively.
Let service WS, WS, be the public forward and
backward service of WS; and WS, respectively, the
corresponding BPEL-Net model }'is shown in Fig. 2(d).
We introduce place P, and Pj,,, which make *P,; = ¢,
Poi” ={tinjs tink}» Ainj = chjy Ainge = Chiy Piow” =
{te,j: te,k}'

. p—
lin,ma ijm -

tei Pi tin,j

F—O—

(a) sequence

pw,i

tinj

tﬁ’i‘» Pij

P tin,j te; Pim
te,n < > \H tin,m

Prk tin,k te,k Pkm
(c) flow
tinj,Ch; to;
te,n Pnik Pikm tinm

tnk1-chy  lek

(d) switch

Figure 2. BPEL-Net of Structural Service.

C. Modeling Failure Processing for BPEL-Net
According to the characteristics of service, if the
relation between services WS; and service WS; is parallel.
The process has following failure processing strategies
when service WS, failed: 1) if service WS; is in active
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state and can be canceled, then canceling the operation of
service WS;; 2) if service WS; is in active state and can not
be canceled, then coordinating the operation of service
WS; to reach the termination state; 3) if service WS; is in
initial state, then aborting service WS;.

If the relation between services WS; and WS; is
sequence, there has following processing strategies when
other services failed: 1) if service WS; has failed, then
aborting service WS}; 2) if service WS, has been aborted,
then aborting service WS; too.

The failure processing model of BPEL-Net is shown in
Fig. 3. Among them, we introduce the place P. and
transition f. to represent the initial state and processing
operation of failure processing respectively, which make:

1) .Pc = {tfa,b tﬁ:,Z: tﬁ:,n}; Pc. =1

2) ‘t. =P, t°. = {Py; Pys ..., Py} Where n is the
total number of services that BPEL process called.

ta,1
ptr,‘l
ta, Ptr,j
tan Ptrn

Figure 3. Modeling Failure processing.

D. Forming the Whole Application

According to BPEL-Net model of atomic service and
structural service, the process of converting BPEL
process into BPEL-Net model is described in the
following:

1) Begin sign <process> and end sign <process> are
expressed by two places, and assign the initial token to
place <process>.

2) Determining the atomic services and structural
services that BPEL process included and provides basic
information such as input and output parameters.

3) The elements in process are presented by BPEL-Net
model of atomic services and structural services. Deleting
some redundant transitions and places to simplify the
model.

4) Introducing initial place P, and transition # which
characterize the beginning operation of the whole
application, and t, = {P,}, t," = {P;,ili = 1,2, ..., n}, *P,
= P’ = {t,;}, My(P;) = 1. Meanwhile, we introduce the
termination place P, and transition ¢, which characterize
the termination operation of the whole application, and °z,
= {Pli=1,2, ... 0}, 1" = {P},"P. = {1}, P," =2,

IV. CoNVERTING BPEL PROCESS INTO BPEL-NET

The state space of complicated BPEL process will
exponential growth as the total number of transition
increasing. In order to reduce the complexity of analyzing
reliability for BPEL process, we present the concept of
transfer matrix in the following, and analyze the relation
between transfer matrix and reliability, thus converting



the analysis of reliability into computing power of
transfer matrix.

A. The Transfer Matrix for BPEL-Net

BPEL-Net model is starting from initial state S, and
will generate new state through effectively firing enabled
transitions, thus establishing a state space (known as state
graph). The state graph view state as node, the transition
and its firing probability denoted by edge. We can
analyze the reliability of BPEL process through the state
graph of BPEL-Net model. However, the state graph of
BPEL-Net may be complicated; it is difficult to analyze it
by directly computing. So it is necessary to further
abstract state graph.

First, we will define several special states, let S =(M,
TS) be a state of 3} if S € ES(J) and there has service
WS; which makes M(Py;) = 1 A ET(M) =0, then § is
called failure state of J, denoted by S, if M(P.)=1,
then S is called success state of 3, denoted by S..

In this paper, we analyze the reliability of BPEL
process by computing the failure probability of
participating services. Mapping into BPEL-Net model is
the probability from initial state to failure state, denoted
by Pry_. Denoting P, as the probability from initial
state to success state.

Property 1: In BPEL-Net model, if S; can reach from S,
then S; can reach state S; in finite steps.

Proof: The proposition is equivalent to prove that
model does not have deadlock and endless loop. Because
services in BPEL-Net model can be fired only after
obtaining all required resources, and will not require
additional resources during processing. That is, BPEL-
Net model does not meet one of the necessary conditions
of deadlock generated: the transition has been obstructed
due to the requirement of other resources, and doesn’t
release its resource. Therefore, BPEL-Net model does not
have deadlock. Also we don’t consider the infinite service
called, so the model does not have endless loop. In
summary, if S; can reach from S, then S; can reach state S;
in finite steps.

Property 1 explains the state space of corresponding
BPEL-Net model is finite, thus we can realize to analyze
reliability of BPEL process through it.

Let state S'= S[t>, as each transition ¢ has a firing
probability A, then the conditional probability from state .S
to state S'is A, we call 4,is the transformation probability
from S to S

Definition 4: The transformation probability a, from
state S, to state S, meets following conditions:
2 Ay 3t €T, S[(t,,w;)> S, 0
0:not3t, eT,S[(t;,w,;)>S,;

Let the number of reachable state in BPEL-Net model
2 be L, the L-order square matrix A is called transfer
matrix of J'if it meets following conditions: A=/a; [, ..,
where a; is the transformation probability from state S; to
state S;. Denoted A™ as n- power of matrix A, while a(") i 1s
the element in the ith row and jth column of matrix A”.
Vector R”, ,, C( 4 represent the ith row and jth column
of A™ respectively. The ith row of matrix A represents
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the transformation probability from state S.; to all
reachable states, while the jth column of matrix A
represents the transformation probability from all
reachable state to state S;;. R;, is called transformation
vector of state S;.;.

Property 2: the probability from state S; to state S; by »
steps is equal to the value of a”; in 4.

Proof: mathematical induction

(1) If n=1, we can draw the conclusions from the
definition of a;;.

(2) Assuming the proposition is established when n<k,
now we will prove the proposition is established when »

=k+ 1, a""; =RV, *C,, Za(k) *a,; . Because the
r=1

proposition is established when n<%, that is, a®, is equal
to the probability from state S; to state S, by & steps, while
a,; is equal to the probability from state S, to state S; by
one step. Therefore ak),,*a,, is equal to the probablllty
from state S; to state S, by k steps and reach S; from S, by
one step. Because the choice of r is arbitrary, we can get

a™*?,;is equal to the probability from state S; to S by k+1
steps, that is, the proposition is established when n=k + 1.

In summary, the probability from state S; to state S; by
n steps is equal to the value of a®; 7in A™.

Property 2 explains the probability from state S; to
state S; by 7 steps is equal to the value of a; in 4. a(") i
is also called » order probability from state S; to state S;.
We can convert the analysis of reliability into computing
power of transfer matrix through property 2.

Property 3: Vi, j < L', if state S; and S; are reachable,
then there exists Kye N which makes VEe N,

by =0Ab #0.
Proof: from property 1, we can know that state S; can

reach state S; in finite steps. We may assume that there
has g firing sequences &, &, . . . , & from state S; to state

S,. Set Ky=max{|&], |&, . .., 6]}, then b’
the probability from state S; to state S; by Kj; steps. From

represents

the definition of Kj;, we can draw b;‘f # (0, and because

K; is the maximum steps from state S; to state S,
therefore, VEe N there has bK”+E =0.

Property 3 illustrates that we can analyze the reliability
of BPEL process by computing stop condition of transfer
matrix’s power. The probability P; from state S; to state S;

K
i Q)
is equal to Z} al”
process is got by computing the firing probability of all
paths between states.

that is, the reliability of BPEL

B. Simplification

Below we will propose two simplification schemas for
transfer matrix, which can maintain the probability
between states unchanged.

(1) Schema 1: Eliminating the corresponding row and
column of termination state S,.
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Because Pre can be computed by 1—%‘ , and all

fa—i
i=1

transitions couldn’t be fired in termination state S,, that is,
no state can be reached from state S,. Mapping into
transfer matrix is that transformation vector of state S, is
zero vector. Therefore, eliminating the corresponding row
and column of termination state S, from matrix A will not
affect the analysis of reliability for BPEL process.

(2) Schema 2: If the probability from state S; to state S,
is equal to 1, and only S; can reach state S, mapping into

L-1 L-1
transfer matrix is: a;; = I and ZCIIk = Z a, = 1, then
K=l K=l

we can eliminate the /th row and Jth column from matrix
A.

Assuming matrix B is got by eliminating the /th row
and Jth column from matrix A. Because schema 2 can
reduce order for transfer matrix, the corresponding
mapping of any state S; after simplifying is:

(1) If k <[Iand k < J, then state S; is corresponding to
the (k-1)th row and (k-7)th column of matrix B;

(2) Ifk <[Iandk > J, then state S; is corresponding to
the (k -1)th row and (k-2)th column of matrix B;

(3) Ifk>1Iand k < J, then state S is corresponding to
the (k-2)th row and kth column of matrix B;

(4) If k> Iand k > J, then state S; is corresponding to
the (k-2)th row and (k-2)th column of matrix B.

Below we will give theoretical basis for schema 2:

Theorem 1: In the transfer matrix A, if a;; = 1 and
L-1 L-1
Za = Zak, =1, B is the matrix got by eliminating
K=l K-=1
the /th row and Jth column from matrix A, then for any
states s;, s; (s, §; are not the states that removed from A),
the probability P, from state S; to state S; in A is equal to
the probability P, from state S; to state S; in B.

Proof: according to the actual mapping of a;, b,,, we
can divide the proposition into proving the probability of
corresponding path between any states unchanged. Let
the firing sequences from state S; to state S; be J;, 05, . . .,
Oon. Now we will prove the corresponding firing
probability of any firing sequence o, remain unchanged
after simplifying. There are two cases for firing sequence
o,

(1)S; is included in firing sequence o, , because states
S; and S; have met above conditions, then ,={S;, 7,
Sy ooos t S 21y, Sy oy 1y Sj), that is, the firing probability
of 6,18 Py=A; *A; . ¥ * Ay ¥ A=Ay ¥4, ¥4 ¥ ¥
A= A ¥y KA ... * A, Therefore, eliminating the /th
row and Jth column from matrix A has not effect the
computation of P,;

(2) S; is not included in firing sequence ¢, then
eliminating the /th row and Jth column from matrix A has
not effect the computation of P,. Because P;=P; + P,
+ ... + P, the schema 2 can not change the value of P;.

In summary, for any states s;, s; (s;, 5; are not the states
that removed from A), the probability P; from state S; to
state S; in A is equal to the probability P’ from state S; to
state S; in B.
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Theorem 1 provides theoretical support for schema 2,
which explain n-order probability between states can be
maintained by schema 2. We can continuously use
simplification schemas until no states can meet the
conditions, thus getting a matrix B, which is called a
reliable matrix of 3.

V. CONVERTING BPEL PROCESS INTO BPEL-NET

In this section, we will display the above analysis
process through an example of applying visa. The
composition process of system is: When customers
applying for visa, first, getting archive service (W) is to
obtain entry permits, after getting permits, querying visa
service (WS)) provides the related visa information and
fee computing service (WS,) is responsible for computing
the corresponding fee; information audit services (WS;) is
to check whether the applicant’s information is complete.
The customers can choose Beijing visa service (WS,) or
Shanghai visa service (WS5) or local visa service (WSy)
according to the specific conditions; finally, saving
archive service (WS) is to save related material to central
database. The expression between services is WS, >
(WS]HWS)) > WS3 >(WS4+WS5+WS6) > WS7, where >, +
and || represent the sequence, choice and parallel relation
between services respectively. The properties of service
is shown in table I. The choice probability of service WS,
WSs, WSs is 0.2, 0.3, 0.5 respecively. For the above
expression, we can use Zen-Flow tool introduced by
reference [18] to generate the corresponding BPEL
process. We can also get the corresponding BPEL-Net
model through the above modeling process, which is
shown in Fig. 4.

TABLE 1. THE PROPERTIES OF SERVICE

ws | SP Cancel | WS | SP Cancel
WSy, | 091 | can wWS; | 0.98 | can
WS, | 0.96 | can wS; | 0.89 | not
WSy | 0.95 | can wWSs | 0.97 | not
WSs | 0.94 | can wWS; | 0.95 | can

Fig. 4 is the BPEL-Net model of whole application, the
specific parameters of each service have marked in the
corresponding places and transitions. Place P; and P,
represent the beginning and termination operation of
BPEL-Net model respectively. Transition #. will fire the
failure processing in the case of other service has failed.

According to the firing rule of BPEL-Net model and
definition of transfer matrix, we can use tool Matlab to
generate transfer matrix of Fig. 4. The corresponding
non-zero elements in transfer matrix is shown in Table II,
which has 120 reachable states, so the order of matrix A
is 120. Therefore, it is necessary to simplify it for
reducing the complexity of computation.



TABLE II. THE NON-ZERO ELEMENTS IN TRANSFER MATRIX

R C Value | R C Value | R C Value

S, | Ss 0.91 Sy | Spo | 0.09 Ss | S4 1

Sy S |1 S, 1S 098 | S | Su. | 0.02
S ls | Ss [ Ss 096 | S5 | Su. | 004
Ss|S |1 Ss | Sw [ 096 | S5 | Su. | 0.04

S7 | Su 0.98 S7 | S | 0.02 S7 | Siz 0.96

S7 | Suz | 0.04 So | Su 0.98 So | S | 0.02

So | Siz 0.96 So | Suz | 0.04 Ss | Siz 0.96

Ss | S | 0.02 Ss | Sio 0.98 S| S 0.96

Sz | S 0.98 Sio | Sis 0.89 Si0 | Sz | 0.11

S | Sis 0.2 S | Sis 0.3 S | Siz 0.5

Sis Sis 0.95 Sis ng% 0.05 Sis | Sio 0.97

Si6 | Sps | 0.03 | Si7 | Sz 094 | Si7 | S | 0.06

Sis | Sz 0.95 Sis | S | 1 Sio | S 0.95

Sio | Ssr | 1 S | Sa 0.95 Sx | S | 1

Based on the proposed simplification schemas, we can
use tool Matlab to reduce order for matrix A, thus getting
a reliable matrix B which only has 39 order, as shown in
Fig. 5(we only display non-zero elements in the matrix B,

C is the column of matrix B and R is the row of matrix B).

We can also get the failure probability of each service are
0.09, 0.0357, 0.0721, 0.0039, 0.0076, 0.0069, 0.0229,
0.0399 respectively by using property 3 and tool Matlab,
and success probability is 0.7588.

The example show that the number of state in BPEL-
Net model will be relative larger when BPEL process is
complex, which makes the analysis of state graph more
difficult. However, transfer matrix can not only clearly
show the structure of BPEL process, but also represent
the relation between states. Simplification schemas can
reduce the complexity of computation. The results show
that: 1) Comparing with the analysis by Petri nets, using
transfer matrix can gain significant efficiency, and in the
complicated BPEL process, analyzing reliability through
tool Matlab has higher efficiency; 2) Transfer matrix can
be more intuitive to show the process for analyzing
reliability, and reducing the complexity of the analysis for
state graph.

VI. RELATED WORKS

In recent years, the problem of performance analysis in
service composition has attracted great interest in the
research community. And there have been some related
works about formal analysis of BPEL. In this section, we
will discuss some related work that is directly or
indirectly of interest to our research work.

In the existing attempts, some process algebra
approaches that have been used to analyze the behavior of

© 2009 ACADEMY PUBLISHER

JOURNAL OF SOFTWARE, VOL. 4, NO. 1, FEBRUARY 2009

BPEL process, which are given in reference [6, 7, 8]. A
CCS-based model which generalizes the behavior of Web
services and their composition is proposed in [6], which
can capture the semantics of complex service interactions
and their respective specificities. while the authors in [7]
presented the semantics of WS-CDL in terms of process
algebra CSP and verifying concurrent processes.
Therefore, all the properties can be verified automatically
in the CSP framework correspondingly. Process algebra
is also used in [8] to design and verify the BPEL and
automatically obtaining the corresponding BPEL code.

Another work about formal analysis of BPEL process
is finite state machine [9, 10, 11, 12]. In [9], authors
abstractly model dynamic properties of the key language
constructs through the construction of a BPEL abstract
machine, and provided a precise and well defined
semantic framework for establishing the key language
attributes. Reference [10, 11, 12] are also the works based
on finite state machines and abstract state machines.

The works most close to ours include: A checking tool
for translating BPEL specifications into the input
language of the Petri nets model called LoLA has been
proposed in [13], which demonstrated that the semantics
is well suited for computer aided verification purposes.
Lisa Wells [14] used Colored Petri Nets and CPN Tools
for generating different kinds of performance-related
output, and for running multiple simulation replications.
Three services scheduling algorithm are presented in [15]
to calculate the non-function quality of service
composition. An XML-based deployment descriptor is
proposed in [16] to specify the non-functional
requirements in a declarative way. Reference [17]
introduces the concept of a transactional pattern for
specifying flexible and reliable composite Web services,
which can simply connect together transactional patterns
to define a composite Web service.

To some extent, our work has been influenced by the
above research results. Below are some of the key
differences when comparing the above approaches to the
one presented in this paper:

(1) Compared to generic finite state machines and
process algebra, Petri nets provide a much broad basis for
computer aided verification, so we think it is more natural
to model different input and output information of BPEL
process by means of Petri nets;

(2) There are also some works described based on Petri
nets, but these works only involves a certain part of
BPEL process, they don’t take into account the crucial
transactional properties of services and failure processing
between services;

(3) We propose the concept of transfer matrix to
represent the relation between states, which makes the
analysis of reliability easier. Hence our proposed
approach is suitable to analyze reliability of BPEL
process at design time, which is especially significant in
the context of service composition.

VII. CONCLUSIONS

Along with the development of Web Service
technology, service composition technology has been
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Figure 4. BPEL-Net Model of Whole Application

used to combine various Web services into a newer and
more powerful service, and several languages to describe
and standardize the process of Web service composition
have appeared. BPEL is one of these languages. However,
in addition to the necessary functions, the composite
process should provide the quality of service (QoS)
needed by the users. Reliability is one of the important
attributes of QoS. How to analyze the reliability of BPEL
process that can be offered to service consumers when
building process has been a challenge research.

In this paper, we have proposed an approach for
analyzing the reliability of BPEL process, formal
definition of atomic services, structural services, failure
processing strategies et al related elements, so as to better
describe the execution of BPEL process. We express the
relations between states through transfer matrix and
convert the analysis of reliability into computing power
of transfer matrix, thus reducing the complexity of
analysis. We proposed two simplification schemas for
transfer matrix and given judgment theorem to prove the
soundness. Finally, we displayed the feasibility and
practically of our method through a special example.

© 2009 ACADEMY PUBLISHER

Since service composition are becoming more complex
in actual application, it is becoming harder to develop
them. Our future work involves considering the
integration of offset configuration tools. Besides, the
dynamic service binding is an important issue when
integrating the available services; we will also further
investigate the dynamic service binding issue in our
proposed model.
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