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Abstract: Web services composition is the hotspot research in the field of Web services. Many methods are
proposed, however, composition starting from architecture is a new perspective. BPEL4WS is a de facto standard
description language for Web services composition. An architecture style of Web services composition system based
on BPEL4WS is presented. Then, an architecture description language, WSC/ADL (Web services
composition/architecture description language), is designed according to the architecture style. WSC/ADL consists
of service components describing Web services, connectors describing the interaction between Web services and
configures setting up the relations between instances of service components and connectors, providing the support
for top-down development of Web services composition based on architecture. WSC/ADL is discussed in detail with
an example and is compared with related work.
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s Web services s Web services
[1,2] .
,Web services , s
[3.4]
S R Web
services
(architecture description language, ADL).ADL
B B BPEL4WS
(business process execution language for Web services, BPEL)®!  Web services
WSC/ADL(Web services composition/architecture description language). WSC/ADL
Web services
1 Web services BPEL, BPEL  Web services
2 WSC/ADL. 3 WSC/ADL . 4 WSC/ADL
1 BPEL BPEL
X Web services IBM
BPEL.BPEL S Web services S
(activity).BPEL ) (partner)
(partnerLink), Web services ,BPEL ,BPEL
,BPEL Web services . 1
,BPEL 4 Web services A,B,C,D.
services B
. a
2 Z '
=z
Web
services D
BPEL flow system BPEL flow B position syetem.
Fig.1 BPEL Flow and BPEL-Based Web services composition system
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Fig.2 Architecture style of BPEL-Based Web services composition system
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BNF WSC/ADL, /" Sy LT 0

ST 1

s S as System
Web services.
(ServiceComponent)::=ServiceComponent(ServiceComponent Name)[as System]
[(DataType_Def)]+
[(Port)]+
[(ServiceComponent Behavior)]+
[(ServiceComponent_Structure)]
End ServiceComponent
:Web services s XML Schema  WSDL s
,WSC/ADL XML Schema( XML ) . s Web

services 3 <

(DataType Def)::=DataType

[(DataType)]+
End DataType
(DataType)::=(XMLNameSpace)|( XML _Schema DataType)
(XMLNameSpace)::=xmlns:{XMLNameSpace Name)=(URLString) //(URLString) URL

(XMLSchema DataType)::=(simpleType)|{complexType) //
(simpleType)::=(XMLNameSpace Name):simpleType name=(XMLSchema DataType Name)
Il XML Schema
End simpleType
(complexType)::=(XMLNameSpace Name):complexType name=(XMLSchema_DataType Name)
!l XML Schema
End complexType

WSDL

(Port)::=Port (Port Name)
[(Message)]+
[(Operation)]+
(Port_Behavior)

End Port

(Message)::=Message (Message Name)

[(Contained Parameter Def)] // R

End Message
(Contained Parameter Def)::=(DataType Name):(Parameter Name)[,(Parameter Name)]
// S XML XML Schema s
// s " ) 2 [ : 2
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(DataType Name)::=(XMLNameSpace Name).(XMLSchema DataType Name)

- - 4
, s ( Provided,
Required). R Web services, Web services
[7]
(Operation)::=Operation{Operation_Name)(Tag)
Type: (Operation_Type)
Message: (Contained Message)//
End Operation
(Tag)::=Provided|Required
(Operation_Type)::=Input|Output|Input-Output|Output-Input
(Contained_Message)::=(Message Name)|(Message Name), (Message Name)
: (communicating
sequential processes, CSp)® .CSP
.CSP g ,
,  Web services . R CSP WSC/ADL
, CSP “aP” P “a—>P” a P;“clv”? c
Vv;“cov” c v;“P;Q” P Q“PIIQ” P Q;“PoQ”
P Q. CSP ;
bookingRequest Set(Message), Set(Message) .
bookingAck , ) c?v;
bookingConfirmation i clv. c v
bookingRequest . P
Bookinghefusal : CsP .

Fig.3 Behavior of service component TravelAgent
3

CSP
Travel Agent=bookingRequest?(...)—bookingAck!(...)—(bookingConfirmation!(...)—Travel Agent
ITbookingRefusal !(...)—Travel Agent)

:bookingRequest,bookingAck,booki ngConfir mation,bookingRefusal (..
(Port_Behavior)::=ServiceComponent_Behavior

(CSP_EventSet) //

(CSP_ProcessDesc) //

End Port_Behavior

(CSP_EventSet)::=set (EventSet Name)={(Contained Event)}
(Contained_Event)::=(event)[,(event)]
(event)::=(Message Name)?(Message Value)|(Message Name)!(Message Value)
(Message Value)::=(...)//

s
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(CSP_ProcessDesc)::=[(CSP_ProcessDef)]+

(CSP_ProcessDef)::=proc (Process Name)=(Process)

(Process)::=(Process_Name)|({Process))|{event)—(Process)|(Process);(Process)|
(Process)II(Process)|{Process)o(Process)|...

CSP s CSP

s s s

(ServiceComponent_Behavior)::=ServiceComponent Beavior
(ServiceComponent CSP_ProcessDef)
End ServiceComponent_Behavior
(ServiceComponent_ CSP_ProcessDef)::=proc (Process Name)=(Process)
(Process)::=(Process_Name)|((Process))|(Process)|[(Process)
(ServiceComponent_Structure)::=ServiceComponent Structure
Configure: (Configure) //

End ServiceComponent_Structure

22

(Connector )::=Connector (Connector Name)
[(DataType Def)]+
[(Message)]+
[(Operation)]+
[(Role)]+
(Glue)

End Connector

CSP

as Client s
(Role)::=Role(Role Name)[as Client]
Message: (Contained Message Name)[,(Contained Message Name)]
Provided Operation: (Contained Operation Name)[,(Contained Operation Name}]
Required Operation: (Contained Operation Name)[,(Contained Operation Name)]
(Role_Behavior)
End Role
(Role_Behavior)::=Role_Behavior
(CSP_EventSet) // ,
(CSP_ProcessDescy // ,
End Role_Behavior
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CSp ,
, Glue( )
).
, CSP 4
(CSP s ). >
, s CSP ShipAgent=shipbookingRequest?(...)
—shipbookingReply!(...)—ShipAgent, , s
BPEL  Web services ,BPEL assign Web services
, ,BPEL s
.BPEL Web services s , 3
, BPEL
s 4 .BPEL R . )
> ) R WSC/ADL
> ) CSP
TravelAgent client ‘ @ @
shipbookingRequest
shipbookingRequest
bookingAck
shipbookingReply
BookingConfirmation/bookingRefusal
Fig.4 Message interaction coordinated by TravelAgent BPEL flow
4 BPEL
,Web services R Web services
Http,SMTP,JMS , , . ,Web services
, , WSIF(Web services
; WSC/ADL

invocation framework)™ ,
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23
(
, )
> , CSp
(Configure)::=Configure(Configure Name)
[(ServiceComponent_Instance Def)]+
[(Connector_Instance_Def)]+
[(ServiceComponent Role Binding)]+
End Configure
(ServiceComponent_Instance Def)::=(ServiceComponent Name):(ServicecComponent Instance Name)
(Connector Instance)::=(Connector Name):(Connector Instance Name)
(ServiceComponent_Role Binding Def)::=(Service_Component Instance Name) as
(Connector Instance_Name).(Role Name)
3 WSC/ADL
BPEL  Web services WSC/ADL 5 , BPEL
R Web services, BPEL
S Web services. R
( ) .
3 b
&
Agent
Agent E 5
w1 w1
2 S L e
1 I
client %) Z
B s FlightAgent @
BPEL flow
Agent
TravelAgent
BPEL flow TravelAgent Credit TravelAgent BPEL-Based Web
system BPEL flow Agent services composition system
Fig.5 Composition system of Travel Agent
5
WSC/ADL 3 . R
3 | Web services; 2
5 2
b 3 b
Travel Agent .Travel Agent Travel AgentPort,
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Travel AgentConfi. , . Travel Agent
ServiceComponent TravelAgent as System
DataType
//
xmlns:xsd="“http://www.w3.0rg/2001/XMLSchema”
xmlns:travel AgentNS=“http://www.example.com/travel Agent”
!l travel Type, s 3
travel AgentNS:simpleType name=travel Type
(xsd:restriction base="xsd:String”)
(xsd:enumeration value="flight”)
(xsd:enumeration value="“ship”)
(xsd:enumeration value="“train”)
End simpleType
//XML Schema Sring dateTime ,
1
End DataType
Port Travel AgentPort
Message clientbookingRequest
//
/
xsd.Sring: identifyl D, departure, arrival, remark
xsd.dateTime: departuredate, arrivaldate
travel AgentNS.travel Type: traveltype
End Message
/i clientbookingAck, clientbookingConfirmation, clientbookingRefusal
...//clientpayingReguest, clientpayingAck, clientpayingConfirmation, clientpayingRefusal
Operation  TicketBooking Provided
Type: Input-Output
Message:clientbookingRequest, clientbookingAck
End Operation
Operation  TicketbookingConfirmation Required

Type: Input

Message:clientbookingConfirmation
End Operation
>/ TicketBookingRefusal,
...//TicketPaying, TicketPayingConfirmation, TicketPayingRefusal
//
Port Behavior

//

set Travel AgentEventSet={clientbookingRequest?(), clientbookingAck!(),
clientbookingConfirmation!(), clientpayingAck!()
clientbookingRefusal (), clientpayingRequest?(),

© PEBREBALTU bt/ www. jos. org. cn
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clientpayingConfirmation!(), clientpayingRefusal!()}
/! Travel AgentPort  PayingPort Travel AgentPort 0
proc Travel AgentPort=clientbookingRequest?()— clientbookingAck!()
—(clientbookingConfirmation!()
—PayingPortIIclientbookingRefusal !()— Travel AgentPort)
proc PayingPort=clientpayingRequest?()—clientpayingAck! )—
(clientpayingConfirmation!()— Travel AgentPort
[TclientpayingRefusal ! ()— Travel AgentPort)
End Port_Behavior
End Port
ServiceComponent_Behavior //
proc Travel Agent=Travel AgentPort
End ServiceComponent_Behavior
ServiceComponent_Structure //
Configure:Travel AgentConfi
End ServiceComponent_Structure

End ServiceComponent

Travel AgentConn;
FlightAgentConn. Travel AgentConn
Connector Travel AgentConn
/l ,
/l :
/[TrainAgentRole trainbookingRequest, trainbookingAck, trainbookingConfirmation,
//trainbookingRefusal; FlightAgentRole flightbooki ngRequest, flightbookingAck,
//flightbookingConfirmation, flightbookingRefusal; ShipAgentRole shipbookingRequest,
//shipbookingReply; CreditAgentRole creditRequest, creditReply;
//FinanceAgentRole financeRequest, financeReply
//Travel AgentClientRole clientbookingRequest, clientbookingAck,

//clientbookingConfirmation, clientbookingRefusal, clientpayingRequest,
//clientpayingAck, clientpayingConfirmation,clientpayingRefusal
/1 :
//TicketBooking, TicketPaying, TicketBookingConfirmation, TicketBookingRefusal,
/[TicketPayingConfirmation, TicketPayingRefusal, FlightTicketBooking,
FlightTicketBookingConfirmation,
//FlightTicketBookingRefusal, TrainTicketBooking, TrainTicketBookingConfirmation,
//TrainTicketBookingRefusal, ShipTicketBooking, ShipTicketReply, CreditQuerying, FinancePaying
Role FlightAgentRole

Message:flightbookingRequest, flightbookingAck,

flightbookingConfirmation, flightbookingRefusal
Provided_Operation:FlightTicketBooking
Required Operation:FlightTicketBookingConfirmation, FlightTicketBookingRefusal

Role Behavior

© PEBREBALTU bt/ www. jos. org. cn
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set FlightAgentRol eEvent Set={flightbookingRequest?(), flighttbookingAck!(),
flightbookingConfirmation!(), flightbookingRefusal!()}
proc FlightAgentRol e=flightbookingRequest?()—flightbookingAck! ()—
(flightbookingConfirmation!()—FlightAgentRol elT
flightbookingRefusal ! ()—FlightAgentRol e)
End Role_Behavior

End Role
/l Travel AgentClientRol e, ShipAgentRole, TrainAgentRol e,
//FinanceAgentRole, CreditAgentRole
Glue
//
/ 5

proc  Glue=clientbookingRequest?()—clientbookingAck!()—
(ClientFlightGluelIClientshipGluelIClientTrainGlue)
proc ClientpayingGlue=clientpayingRequest?()—clientpayingAck!()—
financeRequest! ()—financeReply?()—
((clientpayingConfirmation!()—>Glue)IT
(clientpayingRefusal !() > Glue))
proc ClientFlightGlue=creditRequest!()—creditReply?()—
((flightbookingRequest! ()—flightbookingAck?()—
((flightbookingConfir mation?()—clientbookingConfirmation!()—
ClientpayingGlue)o(flightbookingRefusal ?()—
clientbookingRefusal ! ()—Glue)))I1(clientbookingRefusal ! () —>Glue))
proc  ClientShipGlue=shipbookingRequest!()— shipbookingReply?()—
((clientbookingConfirmation!()—ClientpayingGlue)IT
(clientbookingRefusal!()—>Glue))
proc  ClientTrainGlue=trainbookingRequest!()—traintbookingAck?()—
((trainbookingConfirmation?—clientbookingConfir mation!()—
ClientpayingGlue)o(trainbookingRefusal ?()—
clientbookingRefusal!()—Glue))
End Glue

End Connector

4 WSC/ADL
WSC/ADL BPEL  Web services . s
: (ADL); UML, [10]
UML Web services , BPEL
:UML ,  UML
) - , WSC/ADL
ADL .UML s
,UML , .
ADLUBI ADL C2,Rapide, Wright,Darwin
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FRADL: A-ADL
Tracer XYZ/ADL JB/ADL
ABC/ADL.  ,Wright!'¥ CSP .WSC/ADL Wright
,  Wright :Wright CSP s s
WSC/ADL CSp ,
,WSC/ADL s
;Wright ,  WSC/ADL BPEL
s (Web services) ,
[3] ADL, 5
(message sequence charts, MSC) . ADL R
Web services, BPEL  Web services .
,WSC/ADL ADL :WSC/ADL BPEL  Web services
S Web services BPEL Web services S
ADL ( XYZ/ADL), ( A-ADL)
( JB/ADL) , BPEL  Web services
5
Web services ) BPEL Web
services WSC/ADL.WSC/ADL s
BPEL s CSP, . ,
WSC/ADL s
WSC/ADL BPEL/WSDL S Web services

BPEL4WS  Web services

Web services
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