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Web Service Process Description Languages

e Orchestration language: BPEL4AWS
« Choreograph languages: WS-CDL, WSCI

 Formal models: Process Algebras, Petri nets,
Automata




Modeling and Reasoning about Web Service
Processes

« How to model the control flow and data flow

 What are the reasoning tasks
 What are the techniques for these tasks




Web Service Process vs. Workflow
Management

 Workflow management

— Hybrid system of human and software applications

— Collaborative working environment

— Workitems-actors

— Process descriptions similar to orchestration langu ages
 Web services

— Automated services

— Interoperation and service oriented architecture

— request-response

— Web service process engine can be similar to workfl ow
management engine (cf. Karagiannis 2006)




Orchestration language: BPEL4AWS




How BPEL looks like?

<process name="echoString "
targetNamespace="urn:echo:echoService"
xmins:tns="urn:echo:echoService"
xmins="http://schemas.xmlsoap.org/ws/2003/03/busine ss-process/">

<partnerLinks >
<partnerLink name="_caller"
partnerLinkType="tns:echoPLT"
myRole="service"/>
</partnerLinks >

<variables >
<variable name="request" messageType="tns:StringMes sageType"/>
</variables >

<seguence name="EchoSequence">
<receive partnerLink ="caller" portType="tns:echoPT"
operation ="echo" variable ="request"
createlnstance ="yes" name="EchoReceive"/>
<reply partnerLink="caller" portType="tns:echoPT"
operation ="echo" variable ="request” name="EchoReply"/>
</sequence >

</process >



Business Process Execution Language for
Web Service (BPEL4WYS)

The information described by BPEL4AWS:

 The execution order of the activities

* The triggering conditions  of the activities
 The partners for the external activities

 The composition of Web Services

 The binding to WSDL (activities <-> operations)




WSDL

Business Process/hat to do

e Tools aid to define, monitor,

portType

 Modeled as a sequence of actjv]

and manage business processe

WSDL.: how to execute activities
e An activity can be an internal o

external Web service
(SOAP/WSDL)

process or a client app

* A business process can be expose

for consumption by another busimesise
process

Business Process (what) versus WSDL (how)

Dynamic Partner/
Service Selection

we) @

Externa/

Service



BPEL activities

e Basic Activities: atomic actions
— <receive >
—<reply >
— <invoke >
—<assign >
— <throw >
— <terminate >
— <wait >
— <empty >




BPEL Structured Activities

e <sequence >: an ordered sequence of
activties

» <flow >: parallel activities

e <switch >: “case-statement” approach

e <while >: loop

e <pick >: execute one of several alternative
paths



<faultHandlers>

 In response to faults
» Defines the recovery actions when faults occur

e To undo the partial and unsuccessful work of a
scope in which a fault has occurred

e To do other business logic
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Data flow: <variable>

« Data variables used by activities
— <variable messagetype="...”>: WSDL message,;

— <variable type="...”>: XML Schema simple
type;

—<variable element="...”>: XML Schema
element.

» Variables associated with message types can be
specified as input or output variables for iInvoke
receive and reply activities.
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A Business Process and BPEL Description

<sequence >
A process <receive a v ><corr. >p <\corr. ><\receive >
<flow > a
<invoke b b_in b_out >
<source linkname=b_to_c >
<source linkname= b_to_e >
<\invoke >
<invoke c c_in c_out >
<target linkname=b_to_c >
<\invoke >
<invoke d d.in d_out >
<source linkname=d_to_e >
<\invoke >
<invoke e e_in e_out >
<target linkname=b_to_e >
<target linkname= d_to_e >
<\invoke >
<\flow >
<reply f w><corr. >p <\corr. ><\reply >
<\sequence > - 12

Concurrent Scope




Control the execution order using <link>

<link> defines dependencies between the activitiesin BPEL

A process Execution orders:

F A-B-C-D-E-F
I | AB-D-C-E-F

A-D-B-C-E-F
N E A-D-B-E-C-F

Concurrent Scope

==
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Choreography languages
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Web Service Choreography | nterface
(WSCI)

* Describes the flow of messages

 The observable behaviors of a Web service
* No internal behaviors

o Compared with WSDL

—WSDL does not describe the execution orders
of operations

—WSDL does not describe the correlation
aspects
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Web Service Choreography | nterface
(WSCI)

» Atomic Activities
— <action > :mapping to an operation in WSDL
— <delay>
— <empty >
— <fault >

— <call> For the inst ;
_ <spawn > or the instances of a

— <join> <process>

o Complex Activities
— <process >
— <all>: parallel
— <choice >
— <foreach >
— <sequence >
— <switch >
— <until >
— <while >
« Variables: map to SOAP messages similar like BPEL
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A Business Process and WSCI Description

<process >

ion >
ion >

. >p <\corr. ><\act
>p <\corr. ><\act

fw ><corr.

<action a v ><corr

<action
<\sequence >

<sequence >
<\process >
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Web Service Choreography Description
Language (WS-CDL)

« A global conversation among services

—WSCI is a projection of the entire conversation
on a participant

e Observable behaviors
e Based on Pi-Calculus
* Elements

— Channels

— Three structures: sequence, parallel, and
choice

— Variables
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A WS-CDL Example




ebXML Business Process Specification
Schema (ebXML BPSYS)

* A choreography language
* Between two business partners

e Contains more information than Web service
process description languages

— Business documents

— Business transactions
(protocol to exchange documents)

— Binary collaborations
(composition of transactions)

— Multiparty collaborations
(2 or more binary collaborations)

— Substitution sets
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Modeling Web Service Processes with
Formal Models
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Cartesian Product

If A and B are two sets, the Cartesian product or
cross product of A and B, written AxB, is the set
of all pairs wherein the first element is a member
of A and the second element of B.

Example: if A={1,2}, B={x,y,z}
AxB = {(1, x), (1, ¥), (1, 2), (2, X), (2, ¥), (2, 2)}.
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Function and Relation
,

Function: f(a)=b
XY
Relation: P:XxY > {true,false}
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Automata

A finite automaton I' is a 5-tuple I' = (X, 3, T, xo, F'), where:

X is a finite set of states;

Y 2 is a finite set of events;

* T'C X x X — X is a finite set of transitions;
# x9 € X is a initial state;

+ F C X is a finite set of final states.

A Web Service Activity
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An Automatic Door




Activity (receive)
(receive) : ({so, ¢}, {received}, {t}, {so},{s¢},C)

t: (s, A SoapMsg.type = MsgType) <" (s

A RecMsg = SoapM sg)

- SoapMsg.type = msgType

received

- RecMsg = SoapMsg

msgType is a predefined message type
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Modeling a BPEL Activity

 V: a finite set of variables;
e D,: the finite domain for the v in V;
« C: a finite set of constraints
— A constraint ¢ of some arity k is a subset of
cartesian product over variables {v ., ..., vy } O
V, le.
C; Dy % ... x Dy
— Or a first order formula over {v ., ..., Vi }
e A transition t:
(si Apre(V1)) % (s A post(Va))
« ABPEL Activity (X, £, T, 1, F, C), where
TOXXXx26- X x2¢
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Activity <rep|y>
<rep|Y> : <{507 Sf}> {replied}, {t}v {50}7 {Sf}> C>

replied
t: (s, A exists(RepMsg))——— (s

A SoapMsg = RepMsg)

- Exist(RepMsg)

replied

- SoapMsg = RepMsg
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Activity <invoke>

e Synchronous
({80, wait, s¢ }, {invoked, received},{t1,t2},{s0},{s7},C)

t1: (s, A exists(InVar)) 22254 (wait), and

to : (wait)recei”e?(s 7 N\ exists(OutVar))
e Asynchronous

<{507 Sf}7 {invaked}a {t}7 {30}7 {Sf}7 C>

t:(so N ewists(InVar))mwke(il(sf)
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Activity (sequence)

call(A,) A.event_nam/e_\ call(A,) end

endA, startA, endA, end

startST startA;

({50,857} UUSa,, {end} UU{calld;} UUE 4, {ti} UUTa,, {so}, {57}
UCAi> with

to : (50)3(50,,)
ca i
t; (SAif) +1(Sz4i+1<))

tn: (54,,)7 (5¢)
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Activity  (switch)

SwitchA
SwitchA, i

SAlo S
i An+lo

event_A;

SAlf LRI ] [
; SAn+1f

(switch) : ({50, 57} US4, {end} U J{switchA;} UUZ 4, , U{tio} UU{tis} U
UTa:5 {80}, 1551, UCa; UUpre(Vi))
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Activity (while)

SAf

event_A

while: ({so, sf} U Sa,{while,while_end} U X a,{to,t¢,t} UTa,{so},{s¢},C U
pre(W))

to : (50 A pre(W))“" (s,
Ly : (50 A —pre(W))2Hie=cne (sy)
t:(sa;)7(50)
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Start Start
StartF StartF
StartA,; StartA,
A,.event_name
A,.event_name
EndA, EndA,
EndF, EndF

_____________________________________________________________________________________

Concurrency branches @ End
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Activity

A, .eve

EndA ,StartA

A,.event_name

_________________________________________

StartA,,StartA

(flow )

StartF

A,.event_name

StartA,,EndA

A,.event_name
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Automata

Start_A Start_A
R N A ven A
End A @) .
'''' syn_start
Start C
evenC |
________________ End_C
'''' syn_end
Start. D__ (o) ___.
eventd |
End_D

hoose between B and C: Parallel B and C:

vent A -event B -event D or event_A-syn_start-event B-—event_C - syn_end —event_D or

vent_ A-event C-event D event_A - syn_start - event_C —event_B - syn_end —gvent_D



The Automata for the Example Process

Start_sequence
A process Start_A
End_A
_______________________________ _-Start_flow. ____
startflow ¥ siart g ;| Start_flow
Start_ D
End_B
End_D
Start_link . .
———————————————————————— --start_link ! Start_d_to_e
Start_b_to_c Start b to e End d_to_e
End b to c [ __S_y_r]t? -
End_b_to_e Start E
Start_C b :
Syn.e | End_E
EndC ________ End_syn end_flow
 end_flow
'''''''''''''''''''''''''''''''''''''''''''''' End_flow 77
Start_F
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