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Abstract—BPEL is a business flow language which describes 

the composition of web services. Since business flow may be 
very complex, the method of formalized analysis can help 
ensure the accuracy of work flow. For web services described 
by BPEL, in this paper we establish a formalized analysis model, 
provide specifications and semantics of business flow, and 
finally translate it into the asynchronous communication model 
of the model checker SPIN. Based on the formalized analysis 
model proposed in this paper, we analyze and verify the SAS [1], 
Loan and Auction protocols [2], and detect a flaw in the data 
flow of SAS protocol. 
 

Index Terms—BPEL, Model Checking, Protocols, SPIN 
 

I. INTRODUCTION 
Nowadays, web services have been applied in various 

fields, such as Business to Business, Business to Consumer 
and integration of enterprise applications. The Business 
Process Execution Language (BPEL) [2] is a standard used to 
specify the workflow of web service composition. Web 
service is a self-contained software system with its own 
threads of control. Basically, a web service consists of 
“activities” and “messages”. Activities are similar to 
traditional programs. Messages are necessary to allow 
individual web services to interact with each other while 
maintaining their autonomy. Since this interaction may be a 
complex workflow, writing correct process descriptions in 
BPEL is not an easy task. It is necessary to verify web 
services with rigorous formal methods. 

Model checking is a promising formal verification 
technique used for the verification and validation of software 
systems [3] [4]. The required specifications for the utilization 
of model checking techniques in the design of software can 
increase the reliability at the early stage of software 
development. Since the model checking techniques have 
been successfully applied in many cases, it has become one 
of the basic tools used for the development of a wide range of 
software. Currently more and more safety-critical software 
systems are developed based on web services, therefore, it is 

natural and also important to adopt model checking 
techniques for the verification of the web services 
composition. 
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In fact, some research efforts on model checking web 
services have already been proposed. Anupriya Ankolekar [5] 
uses automatic tools to verify the interaction protocols of web 
services described in OWL-S, provides a modeling and 
verification procedure for OWL-S Process, and finally 
verifies the death lock of the protocol and behavior property. 
X. Fu [1] proposes a top-down approach which specifies the 
set of desired conversations of a web service as a guarded 
automaton, which is called a “conversation protocol” and 
provides a tool called WSAT to translate composition of web 
services languages to Promela languages, and verifies the 
correct behavior property using SPIN at end. Shin [6] 
proposes the EFA model which uses automation-based 
model checker SPIN to verify the service flows described by 
BPEL [2]. Marina Mongiello [7] builds a framework that 
performs automatic verification of formal models of business 
processes through NuSMV model checker. Liao Jun [8] 
describes and models web services and their composition 
with Pi-calculus, and then verifies the validity of composition 
model. 

Though these research efforts increase the quality of the 
systems based on web services to some extent, they can not 
meet high quality requirements of systems. In order to raise 
reliability of web services, we must establish an effective 
formalization models to accurately capture the semantics of 
BPEL control flow and data flow. For this purpose, in this 
paper we propose a method to extract behavioral 
specifications from the work flow described by BPEL to 
represent it in an agent interaction protocols [9][10] and 
provide a translating method to transform the formalization 
model into the asynchronous communication model of the 
model checker SPIN. To illustrate the effectiveness and 
efficiency of our method, we finally verify SAS [1], Loan [2], 
and Auction [2] protocols, and a flaw in the data flow of SAS 
protocol is detected. 

In this paper, we utilize the agent interaction protocols to 
define the work flow described by BPEL. We first provide 
specifications and semantics of Agent Interaction Protocols, 
such that it could capture the attributes of control flow and 
data flow of BPEL. We denote each entity of web service 
with a single agent to help analyze the interaction of web 
services. The purpose of adopting this method is that it can be 
easily extended for the construction of multi-agent system 
model, which is suitable for the analysis of dynamic web 
services.  

This paper is organized as follows: Section 2 analyzes the 
key techniques of BPEL web services. Section 3 provides the 
formalization model of web services, and defines 
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specifications and semantics of business process. Section 4 
translates the formalization model into the asynchronous 
communication model of SPIN. Section 5 analyzes and 
verifies SAS, Loan and Auction protocols. 

II. CORE TECHNIQUE ABOUT BPEL WEB SERVICES 
The purpose of this paper is to analyze the web services 

described by BPEL with model checking technique. BPEL 
web services involve the following core techniques: 

(1) SOAP: SOAP defines an XML messaging protocol for 
basic service interoperability. 

(2)WSDL: Web Services Description Language basically 
is an interface description language used for web service 
providers, which contains enough information for the clients 
to access. The client invokes a web service provider to use 
WSDL. The invocation is one-shot. WSDL does not describe 
global states of the provider. WSDL introduces a common 
grammar to describe services. 

(3)BPEL: BPEL is a business process language from IBM. 
It extends WSDL and expresses the action of web services 
composition. It is composed of control flow and data flow. 
This also forms its two characteristics: behavior specification 
and message type. BPEL describes composition of web 
services with WSDL. A BPEL links with many partners 
described by WSDL. SOAP defines the message type. In 
BPEL, there are many control types, such as sequence, while, 
switch, etc. and many atomic work such as invoke, receive, 
reply (sending and receiving messages), and assign (updating 
the value of variable). 

Figure 1. An abstract chart of web service composition 

Based on the roles defined in the interaction between the 
process and its partners, BPEL defines actions and services 
described by WSDL (consisting of input port and output 
port). Fig. 1 shows an abstract chart of the composition of 
web services, in which Agent1, Agent2 and Agent3 denote 
three web services. WSDL provides the function for each 
web service. Web services communicate information with 
each other through channel. The interacting process is 
described in BPEL. To analyze and verify the work flow of 
BPEL web services, the next section will provide the 
formalized analysis model for such work flow. 

III. FORMALIZED ANALYSIS MODEL OF BPEL WEB 
SERVICES 

In this section we define the formalized analysis model of 
the work flow described by BPEL with the Interaction 
Protocols [9] (In defining specifications and semantics of 
Agent Interacting Protocols, we used Literature [11] as a 
reference). The protocol denotes the work flow described in 
BPEL. An agent denotes a partner who has two attributes: 
partnerLink and partnerRole. Therefore, BPEL web services 
can be expressed with an Interaction Protocol. The 
Definitions of the formalization are as follows: 

Definition 1 (Protocol). A protocol P denotes a flow of 
BPEL between <process>…</process>. To define formally: 
A protocol , , , ,P A M C= Θ Ω , where  is the first state of 
BPEL flow;  A is the set of agents, which is extracted from 
variable   “  <partners>     <partner name="Investor"…>    … 

Θ

</partners>”; M is the set of messages, which is extracted 
from WSDL files and defined with variable “<variables>” in 
BPEL;  is the communication chain which is extracted 
from “portType”; and 

C
Ω  is the set of message exchange 

sequences. In Ω , each element is denoted by 

1,
k

s k

m
i a mr

− jr⎯⎯⎯

km

→

jr

(when the agent  sends the message  

to ,  is generated after the execution of action 

ir km

sa  and 

the prior exchange of 1km − .). 
Take SAS protocol for example (the process of detailed 

analysis is shown in Section 5): 
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Herein, A is extracted from “<partners> <partner 
name="Investor"…/><partner name="StockBroker" …/> 
<partner name=" ResearchDept " …/></partners>”; 

0m  denotes message “regist”; “m1, m2, m3, m4, m5, m6, m7, 
m8” denote messages “ack”, “cancel”, “accept”, “reject”, 
“bill”, “request”, “terminate” and “report” respectively. They 
are extracted from “<variables><variable name="regist" 
messageType=” loandef:registMessage”/>…</ variables>”.         
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3Ω  is the intent sequence of an executed StockID. It is 
explained as follows: the “Investor” sends the “StockBroker” 
a message “regist” with only one stockID. “StockBroker” 
accepts the registration. The “StockBroker” will try to relay 
the requests to the research department, but only one stockID 
is sent upon each request. “ResearchDept” gives “Investor” 
message “report”, then “Investor” sends “ack” to 
“StockBroker” to confirm acceptance. “StockBroker” sends 
“terminate” to terminate the whole service in the end. 

Definition 2 (Agent). In our model, an agent consists of 
first state 0rΘ , the object of agent B, the sets of phases P, 
and the set of phase transition relations → . To define 
formally: 

0, , , , ,ra A a O B P∀ ∈ = →Θ , where object O is a 

partner which is extracted from variable “ <partners>”. 
Action B is extracted from activities “<assign>, <receive>, 

Proceedings of the World Congress on Engineering 2008 Vol I
WCE 2008, July 2 - 4, 2008, London, U.K.

ISBN:978-988-98671-9-5 WCE 2008



 
 

 

<invoke>…etc”. Due to the limit of space, we provide part of 
actions in Table 1. 

In order to help readers understand the actions of agent 
corresponding to the activities of BPEL, we introduce some 
expressions in a meta-language, which is called primitives, to 
explain the semantics of agent. These primitives consist of 
functions and predicates. 

Table 1. Actions 
 B  meanings activities 
VariableAppend Set the initial value to 

variable 
assign 

VariableChange The change of variable 
MessageSend Sending messages invoke, reply
MessageReceive Receiving messages receive 
Endprotocol Protocol terminating terminate 

 
(1) VariableAppend: This action type gives the first value 

of a variable. Suppose v is such a variable, append(v) denotes 
this action, value is a primitive and also a function. It returns 
to the value of data at a given time. Let T be the space of time, 
d and t the data and time respectively ( ), value(d, t) 
denotes this function.

t T∈
( , )value d t = ∅  means that the data d 

does not exist at time t. The VariableAppend action can be 
defined as follows: 

1 2 1 2 1 2( , ) , ( ) ( ( , ) ) ( ( , ) ) t t T T t t value v t value v t∃ ∈ × ≠ ∧ = ∅ ∧ ≠ ∅
 (2) VariableChange: This action type indicates a change in 
the value of a variable. It is similar to action (1). Suppose v is 
such a variable, change(v) denotes this action. The  
VariableChange action can be defined as follows: 

1 2 1 2 1

2 1

( , ) ,  ( ) ( ( , ) )
( ( , ) ( , )) 
t t T T t t value v t
value v t value v t

∃ ∈ × ≠ ∧ ≠ ∅
∧ ≠

 

(3) MessageSend: This action type means sending a 
message. Suppose  is such an action, args() returns the 
arguments of an action. trans() denotes sending messages. 
The MessageSend action can be defined as follows: 

ia

, ( ), , ( ( ) ( ( )j j j i k j je m args a k e change m trans m true∨ ∀ ∈ ∃ = ∧ =

ia

))

( )

 (4) MessageReceive: This action type means receiving 
messages. Suppose  is such an action, reception() denotes 
receiving messages. The MessageReceive action can be 
interpreted as follows: 

, ( ), ,j j j i k je m args a k e reception m∨ ∀ ∈ ∃ =  
(5) Endprotocol: This action type indicates the ending of a 

protocol. Suppose iP  is a series of phases, pkiA  the 

collection of a series of executable actions for phase , the 

Endphase action can be defined as follows: 
kip

, ( ( ) ) ( , ( ))i pkiki kiki ki
Follow Unreachablep p aP A∀ ∈ = ∅ ∨ ∀ ∈

, , , | | 1  ( ), Pr ( )

Pr ( )      ,   ( )  
 . ,   sup         

 ( ) (

i j i j i j i j

i j i j

i j

b b B b b b b B and e Post b e e b

where e x returns the front term of x and Post x returns the
back term of x b b P and pose b is in the front of b

we have b b

∀ ∈ ≠ ↔ > ∃ ∈ ∈

∀ ∈

∨ ∃

≺

≺
 ，

 , , , ..... ).p k i p k jb b b b b b" ≺ ≺ ≺
→

,  

Transition relations “ ” means that the happening of action 
causes changes of phase. For example: 
<assign><copy><from=”true”><to var=”regist” part=” 
orderID”/></assign> means: if resist, regist.orderID=true, 
the state will transmit from t0 to t1; <receive 
operation=”approve”variable=”accept”/> means : if 
accept=”approve_in", the state will transmit from t1 to t2. 

IV. TRANSLATING THE FORMALIZED ANALYSIS MODEL 
INTO PROMELA 

  a
 Phase P is a collection of actions that have causal 
relationship. It is extracted from variable “<links>” in BPEL. 
To define formally: ,  p ,p P B∀ ∈ = ≺ , where B is a set of 
actions and  a causal relationship. Let |B| be the cardinality 
of B, the Phase action can be defined as follows: 

≺

A. Protocol Specifications based on Promela 
Now, we translate Agent Interacting Protocols P to a 

Promela program. Here, Θ  is the first state;  is a sequence 
of Promela programs; M, A, and C are defined as follows: 

Ω

(1) M: The type of corresponding messages “M” is defined 
as mtype in Promela (the definition of control flow in BPEL). 
mtype={xmsg1,xmsg2,…}. The content of corresponding 
messages (the definition of data flow in BPEL) can be 
defined with the following structure: 

  
{  1;
int  2[3];
int  3;......}

msgtypedef i
bool data

dada
data

 

(2) A: Each agent “A” is defined as a global constant, such 
as: #define agent  100. In this model, each agent is 
regarded as a Kripke structure that creates a system of finite 
state machine. It is expressed in a proctype type in Promela. 
An instance of a proctype is a process where Promela 
processes run concurrently and are executed 
non-deterministically. The regulations for the transition of 
state behavior of each agent are provided as follows: 

i

(
i P∀ ∈Θ , 

iΘ ,  are defined as constants. Suppose 
j,var,parm is a variable, “state” is a variable which denotes 
different states, and “condition” is a variable which 
determines if the condition is met or not.) 

datai

(3) C: “C” is transformed into Promela message channel as 
follow: all agents exchange information through the 
communication channels. Communication channels can be 
defined as two models. If the delay of communication is not 
considered and the message delivery is instantaneous, the 
channel can be defined as chan channel=[0] of {mtype, bool, 
int, …} (mtype is the messages type and “bool, int…” are the 

, 1, , , ,0 1 2
( )&&( )

{ ! , , ; ; 11
( )&&( )

{ ?var, ......;

::var

}

state i Pi i i
state condition true atomici

xmsg msgchanmsgagent agenti j statedatai i ii
state condition truei

atomic parmchanagenti
xmsgif ji

= ≥ ∀ ∈Θ Θ Θ Θ+ +
== == ⇒Θ

= =Θ ++
== == ⇒Θ

== → = ; ;11
   ::var ; ; ;}1 22

statedata ii
xmsg j state fidatai ii

=Θ ++
== → = =Θ+ ++
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data types of the message content). Two interactive agents 
share one channel, one sending messages and the other 
receiving messages through the corresponding 
communication channel. If the message delivery is not 
instantaneous, the channel can be def
channel=[N] of {mtype, bool, int, …} (

ined as chan 
N 1≥ ) and an 

additional agent—message broker agent “msgagent”. In 
o manage all messages as a whole, every message from 

agenti  will be firstly sent to msgagent, and then msgagent 
transmits every message to the corresponding agent 
according to the receiving object of the m
The format of message sending is: ,  ,!

order t

e model. ssage in this 
xmsg msgagent i iichannel . 

Notice that in this paper we adopt the second model of 
channel definition because many of the web services 
compositions involve the delay of communication and 

B.

mulas 

asynchronous message sending etc. 

 Required Properties of Protocol 
This paper uses the temporal logic LTL to express the 

properties of protocols. LTL for include atomic 
propositions, logical operators , ,∧ ∨ ¬  and temporal 
operators X, G, U, and F. Given the protocol specifications, 
P and each LTL property ϕ , and  as  L( the set 
of protocol specifications, |P

P) are defined
ϕ=  if L P( ), |α α ϕ=∀ ∈ . This 

is erify if P r used to v operty  satisfies the p ϕ .  
Suppose ( ),L P Iα α ϕ∀ ∈ ∩ ¬ = = ∅ , the protocol 

satisfies the required properties; if I ≠ ∅ , the protocol does 
not satisfy the required attributes, then the correspo

, if

nding 
counterexamples will be given by the model checker. 

V. CASE STUDIES 

A.

e present part of 
sp

<p  […]> 
<

eType="loandef:registMessage"/> 

"Investorin"/> 
       

I

 SAS Protocol Analysis 
In this section we verify and validate a stock analysis 

protocol SAS [1]. We cite the analysis process of Literature 
[1] for SAS protocol as follows. In this protocol, three agents 
are involved: an investor, a stock broker, and a research 
department. First, the investor sends the stockbroker a 
“register” message, which consists of an “orderID”, a series 
of stockIDs with investor’s interests, and “stockprice”. If the 
registration is accepted, the stock broker will try to relay the 
requests to the research department, but only one “stockID” 
is sent per request.  In this way, a cycle forms by sending 
request from stockbroker to research dept, which in turn 
sends report to investor, and then the investor send “ack” to 
stockbroker. It should be noted that in this cycle, the investor 
has the right to cancel the whole service. If every “stockID” 
is processed, the stockbroker will bill the investor and then 
send “request” to terminate the whole service. Fig. 2 
illustrates the flow chart of the protocol. In addition, we 
verify Loan and Auction protocols [2] specified by BPEL 2.0. 
Due to the limit of space, this paper only presents the 
analyzing process of the SAS protocol. W

ecifications of SAS protocol as follows: 
rocess name="StockAnalysisService "

variables> <variable name="regist" 
messag

    […] 

</variables> 
<partners>  <partner name="Investor" 
   serviceLinkType="lns:InvestorLinkType" 
   myRole="Investorout" partnerRole=

<partner name="StockBroker" …/> 
<partner name="ResearchDept" …/></partners>                          

       
e

        <r er="Investor" 

          " variable="regist" 

kName="xregist-to-xregister"/> 
       

kName="xregister-to-xreject"/> 
      < ke> 

 
AS protocol 

B.

manage. These agents are 
described in Promela as follows: 

    

<flow> 
    <links> 

<link name="xregist-to-xregister"/> 
<link nam ="xaccept-to-xrequest"/> […] </links> 

eceive name="receive1" partn
portType="ains:investoroutPT"  

  operation="registerinfo
createInstance="yes"> 

         <source lin
 </receive> 
<invoke name="invokeregister" … > 

        <target linkName="xregist-to-xregister"/> 
        <source linkName="xregister-to-xaccept"/> 
        <source lin

/invo
[…] 

</flow> 
</process> 

regist,ack,cancel

accept,reject,bill

request,terminatereport

Investor StockBroker

ResearchDept

Figure 2. Flow chart of S

 Description of SAS Protocol 
Four major agents are involved in this protocol: Investor, 

StockBroker, ResearchDept, msg

       ()
     ()
     ()

Agent I proctype Investor

    ()

Agent S proctype stockbroker
Agent R proctype researchdept

：

：

：
 

Agent M proctype msg：

All the messages sent by agent I, S, R will be transmitted to 
the communication channel of agent M. Agent M obtains 
information from its own channel, and then transmits it to the 
communication channel of the target agent. Finally, each 
agent obtains the required information from its own channel. 
The initial process in Promela is defined as follows: 

;

First, a

{  ();  ()
init
run Investor run stockbroker  

 ();  ();}run researchdept run msg
gent I sends agent S a register message, including n 

(1 3n≤ ≤ ) stockIDs. If the protocol is executed correctly, 
every stockId will send requests to agent R through agent S. 
After agent I verifies every stockid, S will send out the bills. 
Agent I, S, R, and M will run concurrently. The first three 
agents are the web service entities while agent M is an 
abstract entity which is responsible for sending messages. In 
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this way, we can better simulate the asynchronous 
communication and the delay of data package. 

Fig. 3, 4 and 5 show the finite state transition charts 
respectively for “Inverstor”, “StockBroker”, and 
“ResearchDept” in SAS protocol. We define the collection of 
sets of messages type as {regist, ack, cancel, accept, reject, 
bill, request, terminate, report}. 

!regist

?accept

?report

!ack
?report

!ack
!cancel

!cancel?reject
?bill

?bill

t1

t2

t3

t4 t5

t6

t7

t0

 
Figure 3. FSM of Investor 

The set of states for “Investor” is {t0,t1,…,t7}. 

?regist

!accept
!request

?ack
!request

?ack
?cancel

?cancel!reject

!bill

!bill
!terminate

!terminate
s0

s1

s2 s3

s4
s5

s6
s7s8

s9

 
Figure 4. FSM of StockBroker 

The set of states for “StockBroker” is {s0,s1,…,s9}. 

?request

!report

?request

!report

?terminate

?terminate

q0

q1

q2
q3

q4

 
Figure 5. FSM of ResearchDept 

The set of states for “ResearchDept” is{q0,q1……q4}. 

C. Verification Properties of SAS protocol 
Given the Promela specifications of an interactive protocol, 

the model checker SPIN will construct a verifier to test if the 
given LTL property is correct. SPIN searches the entire state 
of a given verification model. If the LTL property is violated, 
a counterexample will be provided and a path will be created. 
If it satisfies the Properties, it will show no errors.  

(1)Safety Property: For example, the form”<>!death” is 
introduced to check the death lock. The experiment results 
show that the protocol does not have a death lock. The 
reachable check of the state: []<>(terminate.orderID==true) 
shows that the system will send message to terminate the 
running. This property is satisfied. 

(2)Behavior Property: In SAS protocol, if the Investor 
does not cancel the operation, neither does the stockbroker 
refuse the order given by the investor. Each stockID 

delivered by the Investor should appear in the request 
information sent by the stockbroker to the researchdept. This 
can be expressed with LTL property as follows: 

P1:
[](( . [0] 2&& 1)- ( ( . 2)
|| ( . 1) || ( .  1)))

reginstockid flag request stockid
cancel orderid reject orderid

== == > <> ==
<> == <> ==

 

P2:
[](( . [1] 2&& 1)- ( ( . 2)
|| ( . 1) || ( .  1)))

reginstockid flag request stockid
cancel orderid reject orderid

== == > <> ==
<> == <> ==

 

P3:
[](( . [2] 2&& 1)- ( ( . 2)
|| ( . 1)|| ( .  1)))

reginstockid flag request stockid
cancel orderid reject orderid

== == > <> ==
<> == <> ==

 

Experimental result: P1 is verified to be correct. P2 and P3 
are verified wrong and counterexamples are given as follows: 

. [0] 0, . [1] 2, . [2]regin stockid regin stockid regin stockid 0;= = =

. [0] 0, . [1] 2, . [2]regin stockid regin stockid regin stockid 2;= = =
  Fig. 6 illustrates the wrong track in the verification of P2: 

Figure 6. Wrong track chart in the verification of P2 

The counterexample illustrates that the protocol executes 
only the first stockID while the second or the third one is not 
executed. The reasons for the incorrect execution of the 
protocol are as follows: in the business process of web 
services, the following question can be asked for judgment. Is 
the “stockID” in the register information the last “stockID”? 
In other words, if the “stockID”, which is sent from the 
present stockbroker to the researchdept after the web services 
are analyzed, is not the last “stockID” existing in the register 
information for Investor, the next “stockID” will be sent. 
Otherwise, it will not be sent. If the first “stockID” is the 
same as the last one, according to the process mentioned 
above, the second and the third “stockID” in the register 

1:Investor

I!101,xreginfo,1,0,2,0,10

S:StockBroker R:ResearchDept M:Msg

S!100,xaccept,1,0,0,0,0

S!102,xrequest,1,0,0,0,0

R!100,xreport,1,0,0,0,0

I!101,xack,1,0,0,0,0

S!100,xbill,1,0,0,0,0

S!102,xterminate,1,0,0,0,0

S!100,xaccept,1,0,0,0,0

M!101,xreginfo,1,0,2,0,10

M!100,xrequest,1,0,0,0,0

M!100,xreport,1,0,0,0,0

M!100,xbill,1,0,0,0,0

M!101,xack,1,0,0,0,0

M!102,xterminate,1,0,0,0,0
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information will not be sent to the ResearchDept. As a result, 
the errors occurred. 

D. Experimental Results 
To further illustrate the effectiveness and efficiency of our 

method, we also utilize our model to verify Loan and Auction 
protocol in BPEL2.0. For Loan Protocol, we verify property 
P1: if the Loan Request Service accepts the user, the user can 
request a loan less than one thousand; or the risk analysis 
service concludes with a low risk of loaning. P2: if the user’s 
loan request is equal to or greater than one thousand, the 
user’s loan request will be transferred to Risk Analysis 
Service to evaluate the risk. For Auction Protocol, we verify 
property P1: the bidder who bids the highest price will 
always win. 

In addition, to evaluate the efficiency of our model, we 
adopt the method proposed in literature [1] to verify the SAS 
protocol. All of the experimental results are obtained in the 
same experimental environment: a PC running SPIN 4.3.0, 
with P4 3.2GHz CPU and 512MB memory. These results are 
listed in Table 2.  

Table 2. Results of protocol verification 
Source& 
method 

Protocol& 
Property 

State 
Vector 
(byte) 

Depth Real 
Time (s) 

Promela 
Size 

------  
Our method SAS: P2 556 221 0.125 293 

------ 
Literature[1] SAS: P2 116 851 2.287 732 

BPEL2.0 
Our method Loan:P1 300 112 0.078 193 

BPEL2.0 
Our method 

Auction: 
P1 432 548 35.734 228 

 
From Table 2, we can draw the following conclusions:  
(1) The time of verification is shortened. It takes only 

0.125 seconds to verify SAS Protocols with our formalized 
analysis model. It takes 2.287 seconds in Literature [1]. 

(2) It requires only 293 rows to describe SAS protocol with 
our model but 732 rows with the translated Promela code in 
Literature [1]. 

(3) For SAS protocol, three agents are modeled 
respectively with three processes by using our modeling 
method. This modeling method can be easily extended to 
analyze dynamic web service, which is our next job. In 
literature [1], however, these three web services are modeled 
with a single process. We believe that if many instances of 
process need to be created in a web services application, the 
model which is built by using the modeling method in 
Literature [1] will increase largely. 

VI. CONCLUSIONS 
This paper proposes a formalized analysis method for the 

verification of BPEL web services composition, provides a 
formalized analysis model, and defines the specifications and 
semantics of the work flow described with BPEL. This model 
can capture the attributes of control flow and data flow of 
BPEL and is easily extended to Multi-Agent System (MAS) 
model to analyze the dynamic web services. This model is 
finally transferred to an asynchronous communication model 
based on SPIN. To illustrate the effectiveness and efficiency 

of our method, we analyze and verify the SAS protocol as 
well as the Loan and Auction protocols in BPEL 2.0. As for 
the future work, we plan to extend the formalized model 
proposed in this paper to MAS model so that we can further 
develop our symbolic model checking methods for MAS 
[12][13] and the corresponding model checker MCTK [13] to 
verify the temporal and epistemic properties in web services. 
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