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New challenges
IT growth andinternetdevelopmentremoveboundson theenterprisesand
customerscollaborations

Organizationoperatesin heterogeneous, competingandchangingenvironment

Autonomyand�e xibility of partnersparticipatingin cross-enterprisebusiness
processes

BusinessProcessManagementin abroadersense
universalinteroperabilitybetweenapplications

resolutionof con�icts andchangesin businessstrategies

reducecostsof integrationandadaptation

(CSC) Successin understandingandmanagingbusinessprocessescanmean
thedifferencebetweenkeepingandloosingyourcompany
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Service-orientedAr chitecture

SOA andWebservicesinfrastructurecreateanenvironmentfor interconnecting
organisationsandapplications

SOA pros:
enablesde�nition of coarse-grainedloosely-coupledservices
suppliesinteroperablesolutionto applicationintegration
facilitatestheintegrationof applicationsacrossenterpriseboundaries
enableshigh level of automationto thesolutiondeliveryprocess

SOA cons:
decentralizedsocietyof autonomousandchangingactors
lackof supportfor “strategic” descriptionsof businessmodels
lackof analysistechniquessupportingnegotiationin collaborationsandtheir
modi�cations
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SOA cons:
decentralizedsocietyof autonomousandchangingactors
lackof supportfor “strategic” descriptionsof businessmodels
lackof analysistechniquessupportingnegotiationin collaborationsandtheir
modi�cations

correctnessof theprocesscomposition
analysisof processeswith respectto speci�c behavioral properties

EDOC'04– 22.09.2004– p. 4



ProposedFramework

Requirementsmodellinglanguage
to incarnatemotivationsandintentionsbehindabusinessprocessmodels

to represent“negotiation”aspectsof collaboration

Integrationof businessrequirementsandbusinessprocesses
to visualisetheimplicationof businessstrategieschangesin theunderlying
processesandtheir compositions

Formalanalysistechniques
to increasethereliability of themodels

to supporttheresolutionof con�icts duringthenegotiation

to verify theconformanceof thebusinessprocesseswith respectto the
strategic descriptions
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Languagefor BusinessRequirements

BasingonTroposlanguage(from Greektrope: easilyadaptable).
Troposis requirements-driven:

focusonearlyphasesof requirementsanalysis,aimingto theunderstandingof
theoperationalenvironmentof thesoftwaresystem.

Troposis agent-oriented:
agentsandrelatednotions,suchasgoalsandplans,areusedin all phasesof
softwaredevelopment.

Troposhasbeenappliedin severalcasestudieson information systemsand
agent-basedsoftwaresystems.

Troposoffersasetof graphical notationsandof analysistechniquesto support
thedesignerin thedevelopmentof thesoftwaresystem.

FormalTroposextendsTroposwith a formal speci�cation languageandwith
veri�cation basedonModelChecking.

EDOC'04– 22.09.2004– p. 6



Languagefor BusinessRequirements

BasingonTroposlanguage(from Greektrope: easilyadaptable).
Troposis requirements-driven:

focusonearlyphasesof requirementsanalysis,aimingto theunderstandingof
theoperationalenvironmentof thesoftwaresystem.

Troposis agent-oriented:
agentsandrelatednotions,suchasgoalsandplans,areusedin all phasesof
softwaredevelopment.

Troposhasbeenappliedin severalcasestudieson information systemsand
agent-basedsoftwaresystems.

Troposoffersasetof graphical notationsandof analysistechniquesto support
thedesignerin thedevelopmentof thesoftwaresystem.

FormalTroposextendsTroposwith a formal speci�cation languageandwith
veri�cation basedonModelChecking.

EDOC'04– 22.09.2004– p. 6



Languagefor BusinessRequirements

BasingonTroposlanguage(from Greektrope: easilyadaptable).
Troposis requirements-driven:

focusonearlyphasesof requirementsanalysis,aimingto theunderstandingof
theoperationalenvironmentof thesoftwaresystem.

Troposis agent-oriented:
agentsandrelatednotions,suchasgoalsandplans,areusedin all phasesof
softwaredevelopment.

Troposhasbeenappliedin severalcasestudieson information systemsand
agent-basedsoftwaresystems.

Troposoffersasetof graphical notationsandof analysistechniquesto support
thedesignerin thedevelopmentof thesoftwaresystem.

FormalTroposextendsTroposwith a formal speci�cation languageandwith
veri�cation basedonModelChecking.

EDOC'04– 22.09.2004– p. 6



Languagefor BusinessRequirements

BasingonTroposlanguage(from Greektrope: easilyadaptable).
Troposis requirements-driven:

focusonearlyphasesof requirementsanalysis,aimingto theunderstandingof
theoperationalenvironmentof thesoftwaresystem.

Troposis agent-oriented:
agentsandrelatednotions,suchasgoalsandplans,areusedin all phasesof
softwaredevelopment.

Troposhasbeenappliedin severalcasestudieson information systemsand
agent-basedsoftwaresystems.

Troposoffersasetof graphical notationsandof analysistechniquesto support
thedesignerin thedevelopmentof thesoftwaresystem.

FormalTroposextendsTroposwith a formal speci�cation languageandwith
veri�cation basedonModelChecking.

EDOC'04– 22.09.2004– p. 6



Languagefor BusinessRequirements

BasingonTroposlanguage(from Greektrope: easilyadaptable).
Troposis requirements-driven:

focusonearlyphasesof requirementsanalysis,aimingto theunderstandingof
theoperationalenvironmentof thesoftwaresystem.

Troposis agent-oriented:
agentsandrelatednotions,suchasgoalsandplans,areusedin all phasesof
softwaredevelopment.

Troposhasbeenappliedin severalcasestudieson information systemsand
agent-basedsoftwaresystems.

Troposoffersasetof graphical notationsandof analysistechniquesto support
thedesignerin thedevelopmentof thesoftwaresystem.

FormalTroposextendsTroposwith a formal speci�cation languageandwith
veri�cation basedonModelChecking.

EDOC'04– 22.09.2004– p. 6



CaseStudy

Generaldomain:PublicAdministration

Speci�c domain:EnvironmentalProtectionAgency
Authorizationfor theestablishmentandoperationof a wastedisposalor
recyclingplant.

A citizen (factory)submitsanapplicationto obtainthelicensefor its waste
disposalor recycling plant(incinerator, recycling facility, privateland�ll,. . . ).

Thelocal government, involving variousagenciesandexperts,evaluatesthe
proposalandauthorizestheplantif it complieswith highstandardsof
environmentalprotection(normsandlaws).

Involvesmany heterogeneous,distributedandautonomousactors

Takesinto accountglobalrequirementsfor thecompositionand(probably
con�icting) local requirementsof differentactors
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BusinessRequirements:CaseStudy

Representationof requirementsin collaboration
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BusinessRequirements:Re�nement
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BusinessRequirements:Formal Properties
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Formal Tropos

classesrepresentingactors,goals,activitiesanddependencies

�rst-order linear-time temporalconstraintson theevolutionsof themodel

focusoncreationandful�llment of activities
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Task Initialize mode achieve
Attrib ute docs: Documents
Ful�llment trig ger

– The initialization task completes with the
– application activation
9 aa: ActivateApp (aa.super = self ^ Ful�lled (aa))

Ful�llment condition
– when the initialization task completes,
– the documentation should be valid
docs.valid
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Integrating Requirementsand Processes
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Formal Veri�cation

Veri�cation of businessrequirements
consistency checks: “the speci�cationadmitsvalid scenarios”;
possibilitychecks: “thereis somescenariothatrespectspossibility property”:

9 in: Initialize (Ful�lled (in))

assertionvalidation: “all scenariosrespectassertionproperty”:
8 ri: RegInfo (8 wmo: WMO (ri.receiver = wmo ^ ri.docs.valid !

F 9 in: Initialize (in.actor = wmo ^ in.docs = ri.docs ^ Ful�lled (in))))

Processveri�cations
Deadlocksandlivelocksfreedomveri�cations

Veri�cation of processagainstrequirementsmodels
verify on there�ned modelall possibilitiesandassertionsof theformal
requirementsmodel;
verify whetherthere�ned modelsatis�estherequirementsspeci�edin the
Creation, Invariant andFul�llment constraints;
verify whetherthecompositionof processessatis�esaboveproperties.
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Conclusions

Conclusions.. .
A methodologyfor businessrequirementsmodelling

basedon (extensionof) Troposmodellinglanguage
startingfrom strategic goalsandconstraints
re�ning businessrequirementsinto businessprocesses

Integrationwith Webserviceprocessde�nitions (e.g.in BPEL4WS)
extractionof de�nitions for ports,messages,partnersandprocessskeletons
explicit relationsof taskswith theWebserviceprocessde�nitions
analysisof speci�cationsonmoredetailedlevel
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Extracting WebServiceProcesses
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Extracting WebServiceProcesses

  <
sequence
 name=" I ni t i al i ze" >  
 

    <
r ecei ve
 name=" r ecei ve r eg i nf o"    
 

       oper at i on=" manageApp"  var i abl e=" vAppRequest " / >  
  

    <
assi gn
>  
 

      <copy>  
 

        
<f r om var i abl e=" vAppRequest  "  quer y=" / docs/ compl et e" / >
  


   
<t o var i abl e=" val i d" / >  
 

      
</ copy>  
 

    </ assi gn>  
 

  
 

    <
whi l e
 condi t i on=
 

       
" get Var i abl eDat a( 
‘ val i d’ 
) ==f al se( ) " >  
 

  
 

      <
i nvoke
 name=" r equest  document s"    
 

         oper at i on=" docRequest "  i nput Var i abl e=" vDocRequest " / >  
  

  
 

      <
r ecei ve
 name=" r ecei ve new docs"   
 

      
   oper at i on=" docResponse"  var i abl e=" vDocResponse" / >  
  

      <
assi gn
>  
 

        <copy>  
 

          <f r om var i abl e=" vDocResponse"  quer y=" / docs/ compl et e" / >  
  

          <t o var i abl e=" val i d" / >  
 

        </ copy>  
 

      </ assi gn>  
 

    </ whi l e>  
 

 

    <
empt y
 na
me=" act i vat e appl i cat i on" / >  
 

  </ sequence>
 


RECEIVE

registration info


ASSIGN

valid =
 docs.complete


WHILE

! valid


EMPTY

activate app


INVOKE

request docs


RECEIVE

new docs


ASSIGN

update valid
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Conclusions

Conclusions.. .
A methodologyfor businessrequirementsmodelling

basedon (extensionof) Troposmodellinglanguage
startingfrom strategic goalsandconstraints
re�ning businessrequirementsinto businessprocesses

Integrationwith Webserviceprocessde�nitions (e.g.in BPEL4WS)
extractionof de�nitions for ports,messages,partnersandprocessskeletons
explicit relationsof taskswith theWebserviceprocessde�nitions
analysisof speci�cationsonmoredetailedlevel

Supportfor analysistechniques
consistency of requirements
correctnessof processes
correspondencebetweenprocessesandstrategic goalsandconstraints
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Formal analysis: T-Tool

Assign

waitResponse
 = false


Invoke

InitialRequest


While


Pick

WaitMessage


OnMessage

Response


OnMessage

InfoRequest


Assign

waitResponse
  = false


Assign

result =
 message.result


Reply

Info


WaitResponse


!
WaitResponse


 
 


BPEL
 Process


FT Model


Counter

example


Citizen

Being


Assisted


Receive

Service


Pay


Quality

Service


Citizen
 PO
 WMO


Registration Info


Doc Request


New Documents


Doc Request


In
term

ed
iate L

an
g

u
ag

e


SPIN


Verification Engine


NuSMV


TTool


Verification Engine


IL2SPIN


IL2SMV
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Formal Veri�cation: Examples

Deadlock: WMO re-requestsdocumentsbut
theCitizendoesnot respond

Citizen
 PO
 WMO


Registration Info
 Validate Documents


Doc Request


New Documents


Validate Documents


Doc Request


 
 


Livelock: WMO re-requestsdocumentsrepeat-
edly andtheCitizensendsincompletedocsin-
�nitely

Citizen
 PO
 WMO


Registration Info
 Validate Documents


Doc Request


New Documents


Validate Documents


Doc Request


New Documents


Star t Cycle


 
 


Processesagainstrequirements:
wheninitialisation completesthedocumentsshouldbevalid

8 in: Initialize (Ful�lled (in) ! in.docs.valid)

missedassignment

Citizen
 PO
 WMO


Registration Info
 Validate Documents


Doc Request


New Documents


Validate Documents


valid = false


new_
docs.valid
  = true
 valid = true


Activate
 App


docs.valid
  = false


docs.valid
  = false
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Futur eWorks

Futureworks.. .
Completeintermediatelanguagefor bettercapturingtheneedsof thebusiness
domain

betterfocusonactivity level description
betterintegrationof processeswith requirementsmodels

Experimentwith alternativeveri�cation techniquesandtools

ImproveBPELcodeextractionandgeneration

Integrationwith theplanningtechniquesfor theprocesssynthesisto enable
adaptationof processesto changesin requirements
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ThankYou!
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