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Introduction(1/2)

Composition hierarchy of service oriented architecture
(web service)
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: BPEL services

: Atomic services

: Interacting

: Composing
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Introduction(2/2)

Motivation
In most cases, BPEL services are not matched with each other

• BPEL services are independently developed
BPEL services cannot be changed to match with other services

• BPEL services reflect BPM(Business Process Model)( )

Research goal
Generating an adapter between given two BPEL services forGenerating an adapter between given two BPEL services for 
resolving the behavioral mismatch
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Background(1/3)

BPEL(Business Process Execution Language)
Derived from BPM(in general)
Composing services by a central BPEL service

• BPEL engine execute BPEL as a service
Overall structure

Control structure(pick, if, for, flow, …)

M di i i

Process flow

Message sending or receiving

Assign/arithmetic operation/…

Process flow

Fault and/or event handler

Process flow
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BPEL
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Background(2/3)

Example of BPEL
<process name=“CommandCentre”><sequence>

i “E T k” f Cli t /<receive op=“ExecTask” from Client />
<invoke op=“Login” of MarsExplorer />
<assign>...</assign>
<invoke op=“SetCoords” of MarsExplorer />
<assign>...</assign>g g
<invoke op=“SetJob” of MarsExplorer />
<pick>

<onMsg op=“SubmitRep” from MarsExplore><sequence>
<receive op=“JobID” from MarsExplorer />
<invoke op=“Logout” of MarsExplorer /><invoke op= Logout  of MarsExplorer />
<reply op=“ExecTask” of Client /></sequence>

</onMsg>
<onMsg op=“SubmitErr” from MarsExplorer><sequence>

<invoke op=“Logout” of MarsExplorer/>
<assign>...</assign>
<reply op=“ExecTask” of Client/></sequence>

</onMsg>
</pick>

</sequence></process>
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</sequence></process>

BPEL for command center service 
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Background(3/3)

Classification of mismatch
Technical level

• Data encoding, OS, language, …
Signature level

• Operation name, type name, …p yp
Behavioral level

• Interaction protocol
Quality of service levelQuality of service level

• Non functional requirements(performance, security, …)
Semantic level(conceptual level)

• Functional requirements• Functional requirements

In this paper, authors focus on behavioral level.
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Overall approach

Generating BPEL adapter
Service translationBPEL of service A BPEL of service B

Ad t ti

YAWL model for A YAWL model for B

Adapter generation

YAWL model for an adapter between A and BYAWL model for an adapter between A and B

yes

Fail to generationno
Dead-lock free?

Adapter deployment
yes

BPEL for an adapter between A and B: Proposed approach
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YAWL: Yet Another Workflow Language 

: Previous work
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Service translation(1/2)

Command center
<process name=“CommandCentre”><sequence>p q

<receive op=“ExecTask” from Client />
<invoke op=“Login” of MarsExplorer />
<assign>...</assign>
<invoke op=“SetCoords” of MarsExplorer />
<assign> </assign>

Receive ExecTask

Invoke Login

assign
<assign>...</assign>
<invoke op=“SetJob” of MarsExplorer />
<pick>

<onMsg op=“SubmitRep” from MarsExplore><sequence>
<receive op=“JobID” from MarsExplorer />

Invoke SetCoords

assign

Invoke SetJob
<invoke op=“Logout” of MarsExplorer />
<reply op=“ExecTask” of Client /></sequence>

</onMsg>
<onMsg op=“SubmitErr” from MarsExplorer><sequence>

<invoke op=“Logout” of MarsExplorer/>

Receive SubmitErrReceive SubmitRep

Receive JobId Invoke Logout(2)
<invoke op Logout  of MarsExplorer/>
<assign>...</assign>
<reply op=“ExecTask” of Client/></sequence>

</onMsg>
</pick>

/ /

Invoke Logout(1) assign

Reply ExecTask(1) Reply ExecTask(2)
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</sequence></process>

BPEL YAWL(abstracted)Translation
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Service translation(2/2)

Mars explorer
<process name=“MarsExplorer”>

<sequence><sequence>
<receive op=“Login” from CommandCentre />
<invoke op=“JobID” of CommandCentre />
<receive op=“SetJob” from CommandCentre />
<receive op=“SetCoords” from CommandCentre />

Receive Login

Invoke JobID

R i S tJ b

: Exception flow

<invoke op=“ValidateLocation” of LoggerService />
<invoke op=“Explore” of ExplorerService />
<assign> … </assign>
<invoke op=“SubmitRep” of CommandCentre />
<receive op=“Logout” from CommandCentre />

Receive SetJob

Receive SetCoords

Invoke ValidateLocation
receive op Logout  from CommandCentre /

</sequence>
<faultHandlers>

<catch faultName=“Task Error” faultVar=“error”>
<sequence>

<i k “S b itE ” f C dC t />

Invoke Explore

Invoke SubmitErr

assign

Invoke SubmitRep
<invoke op=“SubmitErr” of CommandCentre />
<receive op=“Logout” from CommandCentre />

</sequence>
</catch>

</faultHandlers>

Receive Logout(2)Receive Logout(1)
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</process>

BPEL YAWL(abstracted)Translation
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Adapter generation

Overall procedure
Extracting a SET(Service Execution Tree) from each YAWL model
Deriving a dual SET for the SET of each YAWL model
Deriving a SET of the adapter
Generating a YAWL model for the adapterGenerating a YAWL model for the adapter
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YAWL model 
for command 
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YAWL model 
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explorer

YAWL model for 
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Extracting SETs(1/3)

Extracting possible execution traces
Rcv Loging

Receive Login

Invoke JobID

Receive SetJob

Inv JobID

Rcv SetJob
Receive SetJob

Receive SetCoords

Invoke ValidateLocation

I k E l

Rcv SetCoords

Inv ValidateLoc.

Invoke Explore

Invoke SubmitErr

assign

Invoke SubmitRep

Inv Explore

assign

Inv SubmitRep

Inv SubmitErr

Rcv Logout(2) Inv SubmitErr

Rcv Logout(2)
Receive Logout(2)Receive Logout(1)

Inv SubmitRep

Rcv Logout(1)

Rcv Logout(2)
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YAWL(abstracted) SET(Service Execution Tree)
Example for mars explorer
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Extracting SETs(2/3)

Substituting irrelevant nodes with empty nodes
Remaining nodes interacting with a target service

Rcv Login

Inv JobID

Rcv Login

Inv JobIDInteraction with other 
services

Rcv SetJob

Rcv SetCoords

I V lid t L

Rcv SetJob

Rcv SetCoords

t

services
i.e. Logger service 

and Explorer service

Inv ValidateLoc.

Inv Explore

assign

Inv SubmitErr

Rcv Logout(2) Inv SubmitErr

empty

empty

empty

Inv SubmitErr

Rcv Logout(2) Inv SubmitErrg

Inv SubmitRep

Rcv Logout(1)

g ( )

Rcv Logout(2)

p y

Inv SubmitRep

Rcv Logout(1)

g ( )

Rcv Logout(2)
Internal action
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SET(Service Execution Tree)
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Extracting SETs(3/3)

Minimizing SET
Removing empty nodes

Rcv Login

Inv JobID

Merging same paths
Rcv Login

Inv JobID

Rcv SetJob

Rcv SetCoords

Inv SubmitRepInv SubmitErr Inv SubmitErrInv JobID

Rcv SetJob

Rcv SetCoords

Rcv Logout(1)Rcv Logout(2) Rcv Logout(2)

Rcv Login
1. Removing empty nodes

empty

emptyInv SubmitErr

Rcv Login

Inv JobID

Rcv SetJob
2. Merging same paths

empty

Inv SubmitRep

Rcv Logout(1)

Rcv Logout(2) Inv SubmitErr

Rcv Logout(2)

Rcv SetCoords

Inv SubmitRep

Rcv Logout(1)

Inv SubmitErr

Rcv Logout(2)
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SET(Service Execution Tree)
Example for mars explorer

Rcv Logout(1)
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Deriving a dual SET for each SET of BPEL(1/2)

Creating a SET of an adapter in viewpoint of each service
Deriving a dual SET of each services

• Dual SET is derived from a SET by inversing each actions
Rcv Login

Inv JobID

Inv Login

Rcv JobID

Rcv SetJob

Rcv SetCoords

Inv SubmitErr

Rcv Logout(2)

Inv SubmitRep

Rcv Logout(1)

Inv SetJob

Inv SetCoords

Rcv SubmitErr

Inv Logout(2)

Rcv SubmitRep

Inv Logout(1) SETRcv Logout(2)Rcv Logout(1)

Inv Login

SET of mars explorer
Inv Logout(2)Inv Logout(1)

Dual SET of mars explorer

Rcv Login

Rcv SetCoords

SET
of an adapter
In viewpoint of 
each services

Inv SetCoords

Inv SetJob

Rcv SubmitRep Rcv SubmitErr

Inv Logout(2)Rcv JobId

Rcv SetCoords

Rcv SetJob

Inv SubmitRep Inv SubmitErr

Rcv Logout(2)Inv JobId

Inversing actions
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Inv Logout(2)Rcv JobId

Inv Logout(1)

SET of command centre

Rcv Logout(1)

Dual SET of command centre
15/23



Deriving a dual SET for each SET of BPEL(2/2)

Creating a SET of an adapter in viewpoint of each service
Each dual SET represents an interfaces for corresponding service

D

BPEL service for BPEL service forBPEL service for

D
ualSET fo

cen

D
ualS

E
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exp
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Deriving a SET of an adapter(1/2)

Deriving data flows
Received message is forwarded to target service

• Receipt of a message should occur before sending the message

Inv Login Rcv Login

Rcv JobID

Inv SetJob

Inv SetCoords

Rcv SetCoords

Rcv SetJob

Inv SubmitRep Inv SubmitErr

Rcv SubmitErr

Inv Logout(2)

Rcv SubmitRep

Inv Logout(1)

Rcv Logout(2)Inv JobId

Rcv Logout(1)

Dual SET of mars explorer Dual SET of command centre
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Deriving a SET of an adapter(2/2)

Merging two dual SET
Inv Login Rcv Login

Rcv Login

Inv Loging

Rcv JobID

g

Rcv
SetCoords

Inv Login

Rcv JobID Rcv
SetCoords

R S tJ b
Inv SetJob

Inv 
SetCoords

Rcv SetJob

Inv 
SubmitRep

Inv 
SubmitErr

Rcv SetJob

Inv SetJob

Inv SetCoords

merging

Rcv
SubmitErr

Inv

Rcv
SubmitRep

Inv

Rcv
Logout(2)Inv JobId

Rcv

Rcv SubmitRep

Inv SubmitRep

Inv JobId

Rcv SubmitErr

Inv SubmitErr

Rcv Logout(2)
Inv 

Logout(2)
Inv 

Logout(1)
Rcv

Logout(1) Rcv Logout(1)

Inv Logout(1)

Inv Logout(2)
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Dual SETs of mars explorer and command centre SET of an adapter

: Concurrent execution 18/23



Deriving a YAWL model for an adapter

Translating a SET of an adapter to a YAWL model

Rcv LoginRcv Login

Inv Login

Rcv JobID Rcv
SetCoords

Rcv Login

Inv Login

AND split
SetCoords

Rcv SetJob

Inv SetJob Rcv SetJob

I S tJ b

Rcv SetCoordsRcv JobID

AND join

Inv SetCoords

Rcv SubmitRep

Inv SubmitRep

Rcv SubmitErr

Inv SubmitErr

Inv SetJob

Inv SetCoords

Rcv SubmitRep Rcv SubmitErr
XOR split

Inv JobId

Rcv Logout(1)

Inv Logout(1)

Rcv Logout(2)

Inv Logout(2)

Inv SubmitRep

Inv JobId

Rcv Logout

Inv SubmitErr

Rcv Logout

Inv Logout
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Inv Logout(1)

Inv LogoutSET of an adapter YAWL model of an adapter
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Adapter deployment

Translating a YAWL model for an adapter to a BPEL 
service <process name=“Adapter for CC and ME”>

<sequence>
Rcv Login

Inv Login

<sequence>
<receive op=“Login” from CommandCentre/>
<invoke op=“Login” of MarsExplorer/>
<flow>

<receive op=“SetCoords” from CommandCentre/>
<receive op=“JobID” from MarsExplorer/></flow>

Rcv SetJob

I S tJ b

Rcv SetCoordsRcv JobID <receive op=“SetJob” from CommandCentre/>
<invoke op=“SetJob” of MarsExplorer/>
<invoke op=“SetCoords” of MarsExplorer/>
<pick>

<onMsg op=“SubmitRep” from MarsExplorer >
<sequence>Inv SetJob

Inv SetCoords

Rcv SubmitRep Rcv SubmitErr

<sequence>
<invoke op=“SubmitRep” of CommandCentre/>
<invoke op=“JobID” of CommandCentre />
<receive op=“Logout” from CommandCentre/>
<invoke op=“Logout” of MarsExplorer/>

</sequence></onMsg>
Inv SubmitRep

Inv JobId

Rcv Logout

Inv SubmitErr

Rcv Logout

Inv Logout

/sequence /onMsg
<onMsg op=“SubmitErr” from MarsExplorer >

<sequence>
<invoke op=“SubmitErr” of CommandCentre/>
<receive op=“Logout” from CommandCentre/>
<invoke op=“Logout” of MarsExplorer/>
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Inv Logout

YAWL model of an adapter

</sequence></onMsg></pick>
</sequence>

</process>

BPEL for an adapter 20/23



Conclusion

Summary
Automatic synthesis of BPEL adapter
Generation of YAWL model for the adapter

• YAWL allows formal analysis (dead-lock, reachability, liveness, …)
• YAWL can be simulated with prior researchesp

Future work
Generation of an adapter between multiple services
Resolving ontology mismatch(semantic mismatch)
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Discussion

Pros
First approach to generating an adapter between BPEL services
Full automation

ConsCons
Insufficient explanation for supporting loops
Informal algorithms
Not optimized concurrency
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Discussion

My research
Main goal

• Automatic generation of choreography
Intermediate goals

• Resolving mismatches between BPEL servicesg
• Resolving dead-lock and implied scenarios

Choreography Nodes

O h t ti

Choreography
layer : WS-Choreography

: BPEL services

Nodes

Orchestrating 
layer

Company A Company B

: Interacting

: Composing

Edges
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