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IntroductionIntroduction

It expands across several enterprises (partners)
Defines the information exchange and the coordination of the 
activities among the partners
Achieves a common business goal agreed by the partners
Is defined and executed jointly among the partners
Describes the global view of the collaboration

Collaborative Business ProcessCollaborative Business ProcessCollaborative Business Process
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Introduction: B2B CollaborationIntroduction: B2B Collaboration

Collaborative Model (Business Model)

Collaborative Business Processes

B2B Protocols

Specifications of Collaborative 
Business Processes

Partners’ Interfaces of the 
B2B Information System

Business Level
(Problem Domain)

Technological Level
(Solution Domain)

B2B Standard
(e.g.:ebXML, BPEL, WS-CDL)

How to guarantee 
consistence 

between both 
levels? Development of 

B2B solutions is 
complex and costly

How to guarantee 
consistence 

between both 
specifications?
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MotivationMotivation

Benefits:
Increase of the abstraction level
Reduction of development time and cost
Guarantee of consistence on the generated technological solutions:

Consistence with the processes defined in the business level
Consistence among the specifications of processes and their corresponding 
partners’ interfaces specifications.

Reuse of collaborative process models 
Independence of the collaborative process models from the B2B standards

MDA is a key enabler to support:
The design of technology-independent collaborative 
processes

Automatic generation of B2B specifications from conceptual 
collaborative process models
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ContributionContribution

Contribution:
A MDA-based development process for the domain 
of Collaborative Business Processes:
The phases to be carried out
The artifacts to be built 
The techniques required to build the artifacts
The pattern of transformations to be applied

MDA does not provides the concrete guidelines, artifacts 
and techniques required for a particular application domain
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The MDAThe MDA--based Development Processbased Development Process

PhasesPhases

Implementation of 
Collaborative Processes

Verification of 
Collaborative Processes

Analysis and Design of 
Collaborative Business Processes

Formal Specifications of 
Collaborative Processes 

B2B SpecificationsTechnology-independent 
Collaborative Process Models
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Phase 1Phase 1: Analysis and Design of : Analysis and Design of 
Collaborative Business ProcessesCollaborative Business Processes

Purpose: Modeling of collaborative processes from a business 
perspective of a B2B collaboration (independent of the technology)
Analysis: identification of the business requirements and the 
collaborative processes of the B2B collaboration 
Design: definition of the behavior of the collaborative processes and 
the business interfaces of the partners

Implementation of 
Collaborative Processes

Verification of 
Collaborative Processes

Analysis and Design of 
Collaborative Business Processes

Formal Specifications of 
Collaborative Processes 

B2B SpecificationsTechnology-independent 
Collaborative Process Models
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Phase 1Phase 1: Analysis and Design of : Analysis and Design of 
Collaborative Business ProcessesCollaborative Business Processes

UP-ColBPIP: UML Profile for Collaborative 
Business Processes based on Interaction Protocols
UP-ColBPIP: UML Profile for Collaborative 
Business Processes based on Interaction Protocols

Implementation of 
Collaborative Processes

Verification of 
Collaborative Processes

Analysis and Design of 
Collaborative Business Processes

Formal Specifications of 
Collaborative Processes 

B2B SpecificationsTechnology-independent 
Collaborative Process Models
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Phase 1:Phase 1:
UPUP--ColBPIPColBPIP Modeling LanguageModeling Language

«B2BCollaboration»
VMI-based Collaborative Replenishment

Tractores Puma S.A.
:Customer

InterfaceWithSupplier

Pincelap S.A. :
Supplier

InterfaceWithCustomer

«B2BRelationship»

«CollaborativeAgreement»
VMI-based Collaborativ e Replenishment

+ startDate:  date = 01/05/2004
+ endDate:  date = 31/04/2005
+ productList:  string = [P11, P12]
+ productPrices:  float = [115, 210]
+ currecyType:  string = USD
+ leadTime:  String = LT for P11: 4 d...
+ minIntentoryLevels:  String = 1000 for P11; 1...
+ maxInventoryLevels:  String = 2500 for P11; 3...
+ acceptableToleranceForChangeInPlans:  int = 20

«BusinessGoal»
Decrease Inv entory Av erage Lev els :Quantitativ eGoal

updateFrecuency = Two months
computationMethod = Sum I(p,t)/N, t=1..N, p=producto
unitOfMeasurement = Product Units
targetValue = 1500
currentValue = 2500

tags
goalDescription = The main objective of a VMI model is decrease the customer's inventory

«BusinessGoal»
Accurate Demand Forecast :Quantitativ eGoal

«BusinessGoal»
Reliable Consumption Schedule :Quantitativ eGoal

«BusinessGoal»
Reliable Replenishment Schedule :Quantitativ eGoal

«BusinessGoal»
Effectiv e Replenishment :Quantitativ eGoal

B2B Collaboration

Hierarchy of Common 
Business Goals

Business Requirements 
of the B2B Collaboration

UP-ColBPIP Model
(B2B Collaboration View)

Define the Collaborative 
Processes View

UP-ColBPIP Model
(Interaction Protocols View)

Define the Business 
Interfaces View

UP-ColBPIP Model
(Business Interfaces View)

Define the Interaction 
Protocols View

UP-ColBPIP Model
(Collaborative Processes View)
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UPUP--ColBPIPColBPIP Modeling LanguageModeling Language

Identification of the Collaborative 
Business Processes

«Collabora tiv e Bus ine ssP roce ss »
Foreca st-ba sed V M I

« Collabora tiv eBus ines sP roce ss»
Blank et P urc has e  O rder

« Collabora tiv eBus ines sP roces s»
Rele as e  Aga ins  Blanke t P urcha se  

O rde r

« Collabora tiv eBus ines sP roces s»
Cons um ption S chedule

P untos  de  E xtens ión:
Tole rance V erifica tion

« Collabora tiv eBus ines sP roce ss»
Replenishm e nt S chedule

P untos  de  E x tens ión:
Inv e ntoryV e rific a tion

« B usin essG oa l»
Ac cura te  Dem and Fore cas t 

:Q uantita tiv e G oa l

(from A gre eme n t an d  B u sine ss G oa ls)
« B usinessG o a l»

Dec rea se  Inv entory Av e rage  Le v e ls  :
Q uantita tiv e G oal

(fro m A g ree men t a nd  B usin ess G oa l s)

«B u sine ssG oa l»
E ffec tiv e  Re ple nis hm ent :

Q ua ntita tiv eG oa l

(from A g re eme n t a nd  B usin ess G oa l s)

« B usin essG oa l»
Reliable  Consum ption S chedule  :

Q uantita tiv e Goal

(fro m A gree men t an d  B usine ss G o a ls)

« Busin essG o a l»
Re lia ble  Replenishm ent 

S c he dule  :Quantita tiv e G oa l

(fro m A gree men t an d  B usine ss G o a ls)

P ince lap S .A. :S upplie r Tra c tores  P um a S .A. :
Custom e r

« E xc eptionP roc ess »
Forec as t E x ception

Co nd i tio n : {A cce p ta b le  to le rance  fo r 
cha ng e  wa s vio l a te d } 
e xcep tio n  p o in t: T o le ran ce Veri fi ca tion

«E x ceptionP roce ss»
Replenishm e nt E xc eption

Co nd i tio n : 
{Inven to ryL im i tsWe reNon-Fu l fi l l ed }
e xtensi on  po in t: Inven to ryV eri f i ca tio n

«A ch ie ve»

«S u bprocess»

« S ub pro ce ss» « S ub pro cess»

«A ch ieve»

«E xcep tion »

«A ch ieve»

« A ch ieve » « A ch ie ve »« E xce p ti on»

«S u bp rocess»

Business Requirements 
of the B2B Collaboration

UP-ColBPIP Model
(B2B Collaboration View)

Define the Collaborative 
Processes View

UP-ColBPIP Model
(Interaction Protocols View)

Define the Business 
Interfaces View

UP-ColBPIP Model
(Business Interfaces View)

Define the Interaction 
Protocols View

UP-ColBPIP Model
(Collaborative Processes View)
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UPUP--ColBPIPColBPIP Modeling LanguageModeling Language

Interaction Protocols that realize 
the Collaborative Processes

sd <<protocol>> Nombre del Protocolo

Partner X :Role A Partner Y :Role B

Request (DemandForecast)
{t=now}

Xor
[Condition-1]

[Success]

[Condition-2]

agree (ForecastResponse)
{t..t+2d}

refuse (ForecastResponse)
{t..t+2d}

REF
Subprotocol X

Business Requirements 
of the B2B Collaboration

UP-ColBPIP Model
(B2B Collaboration View)

Define the Collaborative 
Processes View

UP-ColBPIP Model
(Interaction Protocols View)

Define the Business 
Interfaces View

UP-ColBPIP Model
(Business Interfaces View)

Define the Interaction 
Protocols View

UP-ColBPIP Model
(Collaborative Processes View)
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UPUP--ColBPIPColBPIP Modeling LanguageModeling Language

Business Interfaces of the 
Partners

«PartnerRole»
VMI-based Collaborative Replenishment::

Customer

InterfaceWithSupplier

«PartnerRole»
VMI-based Collaborative Replenishment::

Supplier

InterfaceWithCustomer

«BusinessInterface»
CustomerInterfaceToSupplier

+ «BusinessService» propose(BPOChange) : void
+ «BusinessService» accept-proposal(BPOResponse) : void
+ «BusinessService» inform(ShipNotice) : void
+ «BusinessService» inform(ReplenishmentSchedule) : void
+ «BusinessService» request(ResponseToConsumptionSchedule) : void
+ «BusinessService» agree(ResponseToReplenishmentSchedule) : void
+ «BusinessService» refuse(ResponseToReplenishmentSchedule) : void
+ «BusinessService» failure(ReplenishmentSchedule) : void

«BusinessInterface»
SupplierInterfaceToCustomer

+ «BusinessService» propose(BlanketPurchaseOrder) : void
+ «BusinessService» accept-proposal(BPOChangeResponse) : void
+ «BusinessService» reject-proposal(BPOChangeResponse) : void
+ «BusinessService» propose(BPOChange) : void
+ «BusinessService» inform(ConsumptionSchedule) : void
+ «BusinessService» agree(ResponseToConsumptionSchedule) : void
+ «BusinessService» refuse(ResponseToConsumptionSchedule) : void
+ «BusinessService» failure(ConsumptionSchedule) : void
+ «BusinessService» request(ResponseToReplenishmentSchedule) : void

SupplierInterfaceToCustomer
CustomerInterfaceToSupplier

CustomerInterfaceToSupplier
SupplierInterfaceToCustomer

Business Requirements 
of the B2B Collaboration

UP-ColBPIP Model
(B2B Collaboration View)

Define the Collaborative 
Processes View

UP-ColBPIP Model
(Interaction Protocols View)

Define the Business 
Interfaces View

UP-ColBPIP Model
(Business Interfaces View)

Define the Interaction 
Protocols View

UP-ColBPIP Model
(Collaborative Processes View)
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UPUP--ColBPIPColBPIP::
InteractionInteraction ProtocolsProtocols ViewView

sd <<protocol>> Demand Forecast Request

Partner A :Supplier Partner B :Customer

request(DemandForecast)
{t=now}

Xor

[Failure]

agree(ResponseToDemandForecast)
{t..t+2d}

refuse(ResponseToDemandForecast)
{t..t+2d}

REF
Collaborative Demand Forecast

Business
Message

Control Flow
Segment

Control 
Operator

Time 
Constraint

Termination
Event

Speech Act

Business
Document

Interaction
Paths

Reference to
Subprotocol



Research Center,  UTN – FRSF (Argentina) 14

UPUP--ColBPIPColBPIP Modeling LanguageModeling Language

Contributions:
Supporting a methodological guide for the A&D of 
collaborative processes
Modeling of Interaction Protocols supports the 
requirements of B2B Collaborations:

Representation of the global view of the interactions 
among the partners
Enterprise Autonomy
Decentralization and Peer-to-Peer Interactions
Representation of the Communicative Aspects of the B2B 
interactions
Representation of Negotiations
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Phase 2Phase 2: : 
Verification of Collaborative ProcessesVerification of Collaborative Processes

Purpose:
Verification of processes in an early stage of the development
Verification of collaborative process models, instead of B2B specifications
Automatic generation of formal specifications of Interaction Protocols
We are using the Petri Net formalism to verify desirables properties (e.g.: 
absence of deadlooks, livelooks) of Interaction Protocols

Implementation of 
Collaborative Processes

Verification of 
Collaborative Processes

Analysis and Design of 
Collaborative Business Processes

Formal Specifications of 
Collaborative Processes 

B2B SpecificationsTechnology-independent 
Collaborative Process Models
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Phase 2Phase 2: : 
Verification of Collaborative ProcessesVerification of Collaborative Processes

UP-ColBPIP Model (Collaborative 
Processes based on Interaction Protocols)

PNML (Petri Net Markup 
Language)  Models

UP-ColBPIP-to-PNML Transformations

Model-to-XML Code Transformations

PNML Specifications 

Modeling Language
UP-ColBPIP

Tool for Model 
Transformations

PNML Metamodel

Production Rules of 
XML Code

Artifacts Techniques
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Phase 3Phase 3: : 
Implementation of Collaborative ProcessesImplementation of Collaborative Processes

Purpose: Generation of the specifications of the 
processes and the partners’ interfaces
Selecting a B2B standard

Implementation of 
Collaborative Processes

Verification of 
Collaborative Processes

Analysis and Design of 
Collaborative Business Processes

Formal Specifications of 
Collaborative Processes 

B2B SpecificationsTechnology-independent 
Collaborative Process Models
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Components Techniques

Model-to-XML Code Transformations Production Rules of 
XML Code

Technology-Specific 
Business Process 

MetamodelTechnology-Specific 
Business Process Models 

Technology-Specific 
Partner’s Interface Models

Modeling Language
UP-ColBPIP

UP-ColBPIP Model (Collaborative 
Processes based on Interaction Protocols) 

Tool for Model 
Transformations

Transformations of UP-
ColBPIP into Technology-
Specific Process Models

Transformations of UP-
ColBPIP into Technology-
Specific Interface Models

Business Process 
Specifications

Partner’s Interface 
Specifications

Technology-Specific 
Partner’s Interface 

Metamodel

Phase 3Phase 3: : 
Implementation of Collaborative ProcessesImplementation of Collaborative Processes
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Phase 3Phase 3: : 
Implementation of Collaborative ProcessesImplementation of Collaborative Processes

Transformations defined:
Generation of Technological Solutions using a B2B 
standard based on Business Transactions

UP-ColBPIP to ebXML
Generation of Technological Solutions using B2B standards 
based on Web Services Composition

UP-ColBPIP to BPEL
UP-ColBPIP to WS-CDL

UP-ColBPIP provides the suitable concepts to generate 
process specifications in these technology-specific 
languages

UP-ColBPIP provides the suitable concepts to generate 
process specifications in these technology-specific 
languages
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Tool for Model TransformationsTool for Model Transformations

Supports transformations required in the 2nd and 3rd phases

Built specifically for the domain of collaborative processes:
Importation of XMI files, generation of XML code, use and manipulation 
of different target metamodels, support to define recursive and 
composed transformation rules

Supports the definition and execution of model transformations 

Implements the Production Rules of XML Code
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Architecture of the Tool for Architecture of the Tool for 
Model TransformationsModel Transformations
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ConclusionsConclusions

Definition of a MDA-based development process for 
collaborative business processes:

The phases to be carried out

The artifacts to be built and generated

The techniques to be used for building the artifacts

The pattern of transformations to be applied
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ConclusionsConclusions

Definition of a MDA-based development process for 
collaborative business processes:

The phases to be carried out
Analysis and Design of collaborative processes have to be done in 
an independent way of the technology
Verification of processes should be done on process models in an 
early stage of the development 

The artifacts to be built and generated
The main artifacts are the technology-independent collaborative 
process models
Formal specifications of collaborative process models
Technology-specific models of processes and interfaces 
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ConclusionsConclusions

Definition of a MDA-based development process for 
collaborative business processes:

The techniques to be used for building the artifacts
UP-ColBPIP modeling language

Supports a methodological guide for the analysis and design of 
collaborative processes
Modeling of interaction protocols fulfills the requirements of B2B 
collaborations

A tool for the model transformations and the generation of XML code

The pattern of transformations to be applied
The principles of MDA were applied in each phase of development



Research Center,  UTN – FRSF (Argentina) 25

Future WorkFuture Work

Extension of the Tool for model transformations
Problem: patterns of transformation rules are defined in an 
imperative way. Correctness of the defined transformations cannot 
also be guaranteed.
Solution: integrate a graph transformation tool (AGG)

Building of a Software Environment that supports 
the above MDA-based development process

Define the phases required to derive internal 
processes of the partners from collaborative 
processes
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OverviewOverview

Introduction

Motivation

Contribution and Proposal

Conclusions and Future Work
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UPUP--ColBPIPColBPIP Modeling LanguageModeling Language

UP-ColBPIP: UML Profile for Collaborative 
Business Processes based on Interaction Protocols
UP-ColBPIP: UML Profile for Collaborative 
Business Processes based on Interaction Protocols

«profile» UP-ColBPIP

B2B
Collaborations

Collaborative
Processes

Interaction
Protocols

Business
Interfaces

B2B Collaboration
View

Collaborative
Processes

View

Interaction
Protocols

View

Business
Interfaces 

View
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UPUP--ColBPIPColBPIP ModelingModeling LanguageLanguage

An oriented-communication design approach (Business Messages are 
based on Speech Acts)
Speech Acts allow to represent intentions that a partner has in an 
interaction:

Eg:request(DemandForecast) and propose(DemandForecast)

Objective: to support the requirements of B2B Collaborations
Representation of the global view of the interactions among the partners
Enterprise Autonomy
Decentralization and Peer-to-Peer Interactions
Representation of Negotiations
Representation of the Communicative Aspects of the B2B interactions

Interaction Protocol: Describes a high-level communication
parttern through a choreography of business messages
between enterprises performing different roles

Interaction Protocol: Describes a high-level communication
parttern through a choreography of business messages
between enterprises performing different roles
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UPUP--ColBPIPColBPIP::
InteractionInteraction ProtocolsProtocols ViewView

sd <<protocol>> Demand Forecast Request

Partner A :Supplier Partner B :Customer

request(DemandForecast)
{t=now}

Xor

[Failure]

agree(ForecastResponse)
{t..t+2d}

refuse(ForecastResponse)
{t..t+2d}

REF
Collaborative Demand Forecast

Business
Message

Control Flow
Segment

Control 
Operator

Time 
Constraint

Termination
Event

Speech Act

Business
Document

Interaction
Paths

Reference to
Subprotocol
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The MDAThe MDA--based Development Process:based Development Process:
PhasesPhases

Application of Model Transformations

Implementation of 
Collaborative Processes

Verification of 
Collaborative Processes

Analysis and Design of 
Collaborative Business Processes

Formal Specifications of 
Collaborative Processes 

B2B SpecificationsTechnology-independent 
Collaborative Process Models
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Generic Pattern of TransformationsGeneric Pattern of Transformations

Technology-Independent 
Collaborative Process Models 

Technology-Specific Models

Model-to-Model Transformations

Model-to-XML Code Transformations

XML-based Specifications 

Technology-Independent 
Modeling Language

Tool for Model 
Transformations

Technology-Specific 
Metamodels

Production Rules of 
XML Code

Components (Type of Artifacts) Type of Techniques



Research Center,  UTN – FRSF (Argentina) 34

TransformationTransformation ProcessProcess

UP-ColBPIP Model:
FileName.XMI

Model 
Transformation 

Engine

Tool for Model Transformations
Output

Inputs

Transformation 
Definition

XML Code 
Generation 

Engine
XML-based 

specification:
FileName.XML

UML2 Case Tool
UP-ColBPIP Model
(exported in an XMI format)
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