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Abstract: In order to increase the effectiveness and the reliability of web services flow, the wr-calculus formal

method is introduced as a development language for web services flow. The sr-calculus overcomes inabilities of

web service flow languages in demonstrating the consistency, validating the correctness and so on. The -

calculus analysis and modeling of web services flow is presented, the dynamic actions and basic activities of

WS-BPEL with sr-calculus formally are described, and the mapping from r-calculus expression to WS-BPEL is

built. The basic construction of web services flow with the 1r-calculus method after the analysis of the syntax of

WS-BPEL and inter-description between WS-BPEL and mr-calculus is expressed. Also discussed are the

approaches to web services flow by modeling from different views, and the proposed approaches through the

development and modeling of an e-commerce web service flow application are illustrated.
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Web services (WS) are distributed and independ-
ent processes which communicate with each other
through the exchange of messages, and the central
question in WS engineering is therefore to make a
number of processes work together to perform a given
task''!. But web services flow languages such as WS-
BPEL, which do not offer formal analysis and model-
ing means, have some defaults'”. Some formal methods
proposed have emerged recently to describe WSs at ab-
stract level, but most of them are based on transition
system models such as Mealy automata, Petri nets,
etc"”™® . Compared to these formal methods, mr-calculus
has the following advantages:

(D It can present the interactions between new
services and other participants by abstracting and refi-
ning means, then encode them with executable lan-
guage;

@ It can refine the abstract description from the
executions of services to describe their actions, and
transform it by reverse engineering means;

@ It can add protocols to the ports.

The ar-calculus overcomes the inabilities in pres-
enting the consistency and validating the correctness of
web services flow languages, and it can solve some
problems to some degree.

1 Inter-Description between m-Calculus and
WS-BPLE

mr-calculus formal language and WS-BPLE can be
mapped and describe each other, and -calculus can be
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adopted to design layer and middle layer of web serv-
ices description language. On the one hand, it can de-
scribe the system abstract specification and form the
mapping from abstract specification to execution lan-
guage, so that the code framework will be automatical-
ly generated; on the other hand, the reasoning theory
and the model examination of the -calculus formal
method can be used to verify the system'”™ (see Fig.
1).
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1.1 m-calculus description toward WS-BPEL

The basic WS-BPEL activities include {receive),
(reply), (invoke), {assign), { throw), ( terminate ),
(wait), (empty ), etc. We can use mw-calculus to ex-
press the basic activities of WS-BPEL simply ( see
Tab. 1).

1.2 Mapping from m-calculus to WS-BPEL

We can get the basic route construction of web
services flow as follows:

(D Sequence P. Q; 2 Choose P + Q + R; 3 Re-
ceive x(a: T); @ Synchronous P | Q ; (5 Alternate
' P;(© Reply x{a: T)

The first five are used to deal with the combina-
tion process; the last one is used to deal with corre-
spondence between processes.

Overview of the mapping between web services
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Tab.1 Basic WS-BPEL activities expressed by mr-calculus

Basic activities of WS-BPEL

Corresponding mr-calculus description

Comments

Sequence P.O.R Allow a set of activities to be executed in order
Receive x(a)
Reply y(reply)
! (li(LoopRequest) . gi { MethodRequest ) ‘ gi ( MethodRe- ™ inted activit d " 1 the i
, - It tivities tedly, until t
While quest). genericTask. ( go ( MethodResponse ) + /i { LoopRe- © a.ppom ec actvt Teg. proceed repeatecly, untit fe given
_ term is no longer satisfied.
quest)) ‘ go(MethodResponse) . lo( LoopResponse ) )
Throw P + f{ processfault ) ‘ Sf(processfault) Throw an error.
Pick m(msgwaiting) + 7( timeout) ‘ m( msgwaiting) + 7{time-  Allow a block in order to wait for a certain message’s arri-
i
out val, or report timeout.
Allow appointing one or more synchronous proceeding ac-
Flow P ‘ (A*“ | ”B) ‘ (0] tivities. “Flow” is equal to a nested synchronous construc-

tion, and can be mapped into synchronous components.

We can realize the mapping from basic route con-

struction to WS-BPEL.
1) Sequence P. Q —
(sequence)
webSeviceP
webSeviceQ
{/sequence)
2) Choose P +Q —
(sequence)
webSeviceA
(switch)
(case condition = “cl1”)
webSeviceP
(/case)
(case condition = “c2”)
webSeviceQ
(/case)
(otherwise)

(/otherwise)
(/switch)
webSeviceB

(/sequence)

3) Receive x(a:T) —

(receive partnerLink = “Requester”
portType = “tns: PortTypeRqst”
operation = “operationR”
variable = “x”/)

Plo—

(invoke partnerLink = “Adder”

portType = “tns: requestResultPortType”

4) Synchronous

operation = “operationRqst”
inputVar = “x”
outputVar = “y”/)
The receive/reply is composed with a service doing on the other
side:
(receive partnerLink = “Requester”
portType = “tns: requestResultPortType”
operation = “operationRqst”
var = “x”/)

(reply partnerLink = “Requester”
portType = “tns: requestResultPortType”
operation = “operationRqst”
var =“y”/)

5) Alternate !P —

( sequence)

webSeviceA

{ while casecondition = “c1”")
webSeviceP

(activity webSeviceP/ )

(/while)

(/sequence)

6) Reply x{a:T) —

(invoke partnerLink = “Adder”
portType = “tns: PortTypeRqgst ”
operation = “operationRqst”
inputVar = “x”/)

2 Mapping Web Services Flow Combination
to m-calculus

The mr-calculus is an effective expression form to
web service flow combinations, and it can describe sys-
tem behavior distinctly. However, there is a question of
how to distinguish the services providers in the system
and how to recognize the process channels used by
services provider in the course that the logic relation of
web services flow combination mapping to m-calculus
expression. Three rules are given here to analyze the
processes and channels.

Rule 1
atom service is recognized as one services process. The
other complex services can be separated into a set of
atom services and be executed by other services
processes respectively.

Rule 2 The correspondence between services
processes must pass through one channel. Two services
providers cannot communicate each other if there is no

The services provider which can provide

channel between them.
Rule 3  Asynchronous messages are transferred
through one channel between two services processes.

3 Web Services Flow Modeling Using 7-Cal-
culus

This paper takes a B2B e-commerce application as
an example, which regards manufactory as the center to
integrate web services among the manufactory, the dis-
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tribution company, the goods-supplier and the bank, so
that we can order and transfer account etc. on the web.
The reached flow is the order flow of the manufactory.
In the process, the manufactory sends the order form to
the distribution company and prepays the bank. After
the distribution company receives the order form, it
will check the stock of the goods-supplier and check if
it has received the money paid. If it is true, it will send
the goods to the manufactory and get feedback from
the manufactory. The flow is pictured by a synchronous
combination pane graph of process algebra (see Fig.
2).

Two approaches are given here to describe WSs
flow and model with r-calculus from different views.
3.1 Approach one

When describing a web services flow combination
with mr-calculus, we can regard the entire business flow
as a process, the messages invoking services as an input
to the process, and the result of services including out-
put and fault messages generated by a service as an

Bank
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Tequest and_capture
Order respond
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Order request company
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Fig.2 E-commerce WSs flow synchronous combination

pane graph
output of the process. This approach, which describes
and models WSs flow with pure m-calculus, facilitates
the interaction of each transaction and is propitious to
put a hold on the entire business flow for us.
According to the approach, the transaction flow
of the case above is shown in Fig. 3.
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Fig.3 Transaction flow graph

The m-calculus expression for this example is
ori( OrderRequest). ( pvi ( PayVerifyReqt ) ‘ csri { CheckStock-
Reqt)) ‘ pvi(PayVerifyReqt) . payVerifyTask. ( peri{ PayCaptureReqtl )
‘ di ( DispatchReqtl ) ‘ csri ( CheckStockReqt) . checkStockTask. ( di
( DispatchReqt2 ) + csf( CheckStockFault) ) ‘ ( di( DispatchReqt1) ‘ di
(DispatchReqt2) . dispatchTask. (( peri ( PayCaptureReqt2 ) ‘ do ( Dis-
patchResponse)) + df { DispatchFault )) ‘ ( peri ( PayCaptureReqtl )
‘ peri ( PayCaptureReqt2 )). payCaptureTask. pcro ( PayCaptureRe-
sponse ) ‘ ( pero ( PayCaptureResponse ) ‘ do ( DispatchResponse) ) . oro
( OrderResponse ) ‘ ( csf( CheckStockFault) + df ( DispatchFault) ). pof
( ProcessOrderFault )
3.2 Approach two
We can use approach two by the following steps:
(D Distinguish the participation processes in WSs flow
and take these processes as services processes of -
calculus; (2) Take the solitary atom web service as an
atom process, and transfer the messages of each relat-
ed atom through one channel . This approach, which
describes and models WSs flow with type sr-calculus,
facilitates the expression of the relationship between
processes and the external environment. In order to
analyze and deduce correctly, we call I" = {v,: T}, ...,
v,: T, } typing environment, which endow name v;,

n n

with type T,. Each v, presents itself in I" only once.
Typing judgment I" |-E means that the expression E is
well-typed. In other words, all the variables of the ex-
pression are defined in I". I' |x: T means that the
type of name x is T; I FU<T means that the type U
is a subtype of type T.

In Fig. 2, a channel x is set up between the manu-
factory process and the distribution company process
to show the relationship between them. Channel y is
the channel between the manufactory and the bank;
channel z is the channel between the distribution com-
pany and the goods-supplier; Channel w is the channel
between the distribution company and the bank.

I'Floa <T; T I_Tmsg <T; I Fx,y, 2, w: Ty

I' Fmsg;: T, (i is a random char string)

The model of the manufactory process with -
calculus is as follows:

x( MSErderrequest )+ ¥¢ msg,,y ) ¥( MSE 0 verify) -

(X(MSEgerpesponse) +X(MS,,))

The model of the distribution company process

with mr-calculus is shown as follows:
X(MSE grgerrequest) + 2 MSepecksock ) + 20 MSE ockcheckResult) -
([ MSE gockcheckresac = MSonderrequest) (W MS g ackrequest )
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‘ Z< msgdispatch > ) + X< msgerr> ) .
( ( W( msgpayReSpnnse) ‘ ( Z( msgdispatchRespnnse) +

X< msgerr> ) ) . X< msgurderRespunse >
In the above models, the error throw and disposal

for stock checking failure and dispatch failure are car-
ried through in the inner of sales agent, which is the
inner operation. So we do not describe it in the model
above, and use x(msg,.,) only to send error messages
to the manufactory process.

The model of the goods-supplier process with -
calculus is

Z(MSGpecisiock) - 2 (msg stockCheckResult ).z msgdispatch) .
z( MS gispatchResponse )
The model of the bank process with mr-calculus is
w( msgpay) . y(msg payVerify ). w(msg payAckRequesl) .
w( MSE ,ayResponse )

4 Conclusion

This paper analyzes the syntactic structure of
WS-BPEL and gives an approach to analyzing and
modeling WSs flow with sr-calculus. It describes the
mapping relationship of syntactic elements of WS-
BPEL and mr-calculus, discusses the approaches to web
services flow modeling from different views, and illus-
trates it by developing and modeling an e-commerce
web service flow application. It is not only doable in
theory but also can be verified and traced by some
verification tools such as automated verification tool
MWB"" interactive verification tool PiM, etc. In a
word, it provides a new kind of valid means to ana-
lyze workflow of WSs, and it is worthy of further re-
search and study.
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