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A Methodology Proposal for Collaborative Business Process
Elaboration using a Model-Driven Approach

Business Process Management (BPM) principles are commonly used to improve
processes within an organization. But they can equally be applied to supporting
the design of an Information System (IS). In a collaborative situation involving
several partners, this type of BPM approach may be useful to support the design
of a Mediation Information System (MIS), which would ensure interoperability
between the partners’ Information Systems (which are assumed to be service-
oriented). To achieve this objective, the first main task is to build a collaborative-
business-process cartography. The aim of this article is to present a method for
bringing together collaborative information and elaborating collaborative
business processes from the information gathered (with the help of a
collaborative situation framework, an organizational model, an informational
model, a functional model, and a metamodel, and by using model transformation

rules).

Keywords: Business process management, model-driven engineering,

interoperability, mediation, service-oriented architecture

Subject classification codes: include these here if the journal requires them

Section 1: Introduction

In today’s competitive global market, the capacity of enterprises to collaborate with
their partners is a critical factor in their development and in their ability to survive [1]—
[3]. Most enterprise architectures are now starting to consider collaborative issues [4],
[5]. Touzi et al. define four levels of collaborative capacities [6]: (1) communicating: the
ability to exchange and share information, (i1) open: the ability to share business
services and functionalities with others, (iii) federated: the ability to work with others by
following collaborative processes in pursuit of a common objective, as well as the

objective of the enterprise itself, and (iv) interoperable: the ability to work with others



without the need for a special effort; the enterprises involved are seen as a seamless
system. The concept of interoperability first appeared in the domain of computer
science in the early 1990s and has been developed continuously and extensively in
many fields, such as military, medical, transportation, software, etc. Several definitions
of this concept have been proposed. The most quoted definition was proposed by [7]
which defines interoperability as “the ability of two or more systems or components to
exchange information and to use the information that has been exchanged”. According
to [8], “interoperability is the capability of systems, natively independent from each
other, to interact in order to build harmonious and finalized collective behaviors without
any deep modification of their own structure or behavior”.

The InterOp NoE proposes an enterprise interoperability framework [9], which
defines three interoperability barriers: conceptual, technological and organizational.
Considering that enterprise information systems are the practical and operational parts
of an enterprise, one crucial requirement is to break down technological barriers
between information systems. The possibility of breaking down organizational and
conceptual barriers by breaking down technological barriers is also considered.

As shown in Figure 1, to break organizational, technological and conceptual
barriers in a collaborative situation, a Mediation Information System (MIS) provides a
solution that to be both practicable and suitable. The concept of mediation was first
presented in [10]. Based on this concept, the MIS can deal with process orchestration,
data conversion and service selection. For process orchestration, collaborative business
processes must first be built. The methodology chosen to elaborate collaborative
business processes is based on Model Driven Architecture (MDA) [11]. In MDA,
modeling and transformation play important roles. Metamodeling is the underlying

feature of MDA. The OMG Modeling Infrastructure [12] illustrates the traditional four-



layer infrastructure (user data, user concepts, Unified Modeling Language concepts and

Meta-Objective Facility) that underpins the first generation of Model Driven

Development (MDD) technologies. Bezivin proposes a framework of 3+1

metamodeling layers [13]. At the bottom level, the MO layer is the real system. A model

represents this system at level M1. This model conforms to its meta-model defined at

level M2 and the metamodel itself conforms to the meta-meta-model at level M3. The

meta-meta model conforms to itself. The MISE 2.0 (Mediation Information System

Engineering Version 2.0) business process elaboration methodology structure is similar

to the OMG modeling infrastructure. The general principle of MISE is that it is

structured in two steps between three levels (Figure 2):

(1)

2)

The first step concerns the transition from the “characterization of the situation”
level to the “collaborative process models” level. By gathering structured
knowledge concerning the collaboration under consideration (partners, roles,
goals, abilities, etc.), a specific ontology is instantiated to draw up a global
characterization of the collaborative situation. Then, by applying elaboration
rules to this knowledge, collaborative process models are inferred.

The second step concerns the transition from the “collaborative process models”
level to the “MIS deployment” level. The knowledge embedded in these
collaborative process models is semantically analyzed in order to apply model-
transformation mechanisms dedicated to matching business components (such as
business activities from the “collaborative process models” level) with technical
components (such as web-services from the “MIS deployment” level). Once
technical services have been chosen (to implement the collaborative process

from a technical point of view), semantic reconciliation of data should also be

performed in order to add transformation of data “on the fly”, so that each



technical service will receive the appropriate inputs. The service-oriented MIS

structure that is obtained, as described in [14] and [15], can be deployed on the

technological target platform, which is an Enterprise Service Bus (ESB). An

ESB is a middleware component able to carry messages efficiently between

connected services and, by extension, potentially able to orchestrate workflows

between connected services (if a workflow engine is plugged to exploit the
communication facilities of the ESB).

The first step is considered as the abstract level, i.e. the “collaborative business
process elaboration level”, and is the global topic of this article. The second one, “MIS
technical deployment”, is dedicated to the concrete level and is fully described in [16].

The collaborative business process elaboration methodology structure is divided
into two main parts (Figure 3): gathering collaborative knowledge and translating the
knowledge into collaborative business processes.

In the “gathering collaborative knowledge” part, the models (second level: user
concepts in traditional OMG modeling infrastructure) are defined to model user data
(first level: user data in traditional OMG modeling infrastructure). In the knowledge-
gathering phase, users provide models according to the modeling definitions in this
article. In the “elaborate collaborative processes” phase, the metamodel in UML (third
level: UML concepts in traditional OMG modeling infrastructure), the transformation
rules and the collaborative business process models are defined.

Section 2 of this paper explains the models that present gathered collaborative
knowledge. Section 3 presents a detailed methodology for collaborative business
process elaboration. Section 4 presents an example, which covers the whole elaboration

approach, to help readers understand the methodology better.



Section 2: Introduction to MISE 2.0 Models

In the knowledge-gathering phase of MISE 2.0, the models are defined and chosen to
present and collect knowledge. The requirements of these models are focused on
collaborative networks, business functions and dynamic description. For collaborative
networks, organizational models should be used to describe the knowledge [17]. For the
list of functions, a function model is necessary to collect functional knowledge. For
dynamic description, the two main components are sequence/order (process model) and
flows (informational model). This section answers the question: what are the models

chosen for knowledge gathering? Why are these models chosen? And how to use them?

MISE 2.0 defines an organizational model, a functional model, an informational model
and a process model. To manage knowledge in these models and transfer knowledge
from the organizational model, the functional model and the informational model to the
process model, a metamodel is also defined (Figure 4). In section 2.1, the organizational
model/collaborative network model is introduced. In section 2.2, the functional
model/IDEF0-based functional main model and functional table are presented. In
section 2.3, the informational model/IDEF1 is briefly represented. Section 2.4 presents
the BPMN-based collaborative process model. Finally, the overseeing metamodel,
matching rules from the above models to metamodel elements and transformation rules

inside the metamodel, is detailed in section 3.

Section 2.1: Collaborative Network Model

Organizational modeling is not a new subject in enterprise modeling. But most of the
organizational models only define the organization chart of enterprises, in terms of
responsibilities, departments and workers. In a collaborative situation, the structure is a

graph (in discrete mathematics terms) rather than a tree. Based on the concept of



topology [18], the organizational model — a collaborative network model is defined.

The collaborative network model is an objective-oriented organizational model.
This model is defined to bring together: (i) the collaborative network partners and
partner relationships and (i1) the objectives of the main network, sub-networks and
partners. “An objective model is required to facilitate: (i) identification, communication
and structuring of business objectives, and (ii) measurement of the level of success in
achieving objectives. But individual modeling methodologies focus primarily on
selected aspects of objectives representation and measurement [19]”. Rajsiri et al. [15]
have proposed a definition of a collaborative network model, which models the
collaborative network and the collaborative main goal. But to cater for individual needs,
the present collaborative network model should collect both the collaborative main
goals and the partner individual objectives. For each collaborative goal, partners are
grouped in a sub-collaborative network. But partners have also their own objectives. A
real collaborative situation is like a multi-level pyramid: each level can be broken down
from the whole collaborative network into several sub-networks until reaching the end-
nodes, i.e. the individual partners.

As shown in the left-hand part of Figure 5, there are four main elements in the
collaborative network model: partner, collaborative network, objective and relationship.
In the right-hand part, the table defines the possible connections among different

elements. The explanation of each element is listed as follows:

* A collaborative network can either represent the whole collaborative network,
(which is made up of all the partners) or it can represent a sub-network (a part of
the whole network, which involves several partners). The whole network
contains the main objectives. The objectives can be implemented by a sub-

network.



* “Partner” means organizations, persons, enterprises, etc., which are involved in a
collaborative situation.

*  “Objective” means a goal, which is a desired result for a partner, a collaborative
network or a part of the network, a plan and commitments to be achieved - a
personal or organizational desired end-point in some sort of assumed
development in the collaborative situation. “Objective” is classified into three
types: Strategy Objective, Operation Objective and Support Objective.

* “Relationship” contains two parts: Objective Relationship and Partner
Relationship (Strategy Relationship, Operation Relationship and Support
Relationship). If a Partner or a Collaborative Network has an Objective, then an
Objective Relationship is created between them. If one Partner co-works with
another Partner under the same Strategy Objective, then the two Partners own a
Strategy Relationship (ibid for Operation Relationship and Support

Relationship).

The right-hand part of Figure 5 shows the relationships that are used among the
modeling elements. Partner, Collaborative Network, Objective, Operation Objective,
Strategy Objective and Support Objective fill the first line and the first column.
Objective Relationship, Operation Relationship, Strategy Relationship and Support
Relationship fill other cells of the matrix, if the correspondence can be made between a
first-column modeling element and a first-line modeling element. For example,
Operation Relationship, Strategy Relationship or Support Relationship may relate
Partner in the first column to Partner in the first line.

Organizational model definition rules are summarized as follows (using the

collaborative network model as an example):



The first step in building a collaborative network model is to define the
objectives of the whole collaborative network. A collaborative network can have
one general objective and three types of objectives: strategy, operation and
support ([20] explains that business processes contain strategy, operation and
support processes. As the goal of this article is to elaborate business processes,
the objectives are separated into strategy, operation and support objectives).

A sub-network implements a general objective. The general objective may also
contain small goals. So a sub-network can have several small goals/objectives.
For a strategy objective, an operation objective or a support objective, the
objective can be implemented by a set of partners. All the objectives of the
partners must be of the same type as this objective (strategy, operation or
support).

A partner can have a relationship (strategy, operation or support) with other
partners. A partner can only have strategy objectives, operation objectives or

support objectives (not general objectives).

To explain these model-definition rules, an example of a collaborative-network

model is provided in section 3.1.

Section 2.2:IDEF0-Based Functional Model

The requirements for the functional model are to obtain partner functions, to simplify

user modeling tasks and to decrease user workload. The functional model only collects

functions that partners want to share and which can be published to other partners. The

functional model also needs to model input/output/controlling messages of partner

functions. IDEFO (Integration Definition for Function Modeling) is a function-modeling

methodology suitable for describing manufacturing functions, which offers a functional



modeling language for the analysis, development, re-engineering and integration of
information systems, business processes or software engineering analysis [21]. As
mentioned in [21], IDEFO is based on SADT (Structured Analysis and Design
Technique), developed by Douglas T. Ross in 1977. In its original form, IDEF0
includes both a definition of a graphical modeling language (syntax and semantics) and
a description of a comprehensive methodology for developing models.

The standard modeling unit in IDEFO is shown in Figure 6, on the left-hand side.
The modeling unit of IDEFO is presented in [21].

The box in the middle represents a function in the model. A sub-function model
may precisely represent the function. The box meanings are named with verbs or verb
phrases. Arrows represent messages, which are transferred among functions. Arrow
segments are labeled with nouns or noun phrases. Each side of the function box has a
standard meaning in terms of box/arrow relationships. Arrows entering the left-hand
side of the box are inputs. Inputs are transformed or consumed by the function to
produce outputs. Arrows entering the top of the box are controls. Controls specify the
conditions required for the function to produce correct outputs. Arrows leaving a box on
the right-hand side are outputs. Outputs are the data or objects produced by the function.
Arrows connected to the bottom side of the box represent mechanisms. These arrows
identify some of the means that support the execution of the function. Other means may
be inherited from the parent box. Mechanism arrows that point downwards are ‘call
arrows’. Call arrows enable the sharing of detail between models (linking them together)
or between portions of the same model. The ‘called’ box provides detail for the ‘caller’
box.

Based on these explanations of IDEFO, it appears that: 1) IDEFO0 is well defined

as a de facto standard and is widely used. This fits the requirement to decrease user

10



workload. ii) IDEF0O can model input/output/control messages, iii) IDEFO can be used
in MISE 2.0 with small modifications. IDEF0 was therefore chosen as the base model
of the MISE 2.0 functional model. In the MISE 2.0 functional model, IDEFO is reused
in two ways: as the functional main model (Figure 6, middle part) and as a functional
table (Figure 6, right-hand part). The functional main model mainly represents the main
functions and exchanges messages among the main functions in the whole collaborative
situation. In the functional main model, the ‘control message’ box in IDEFO is reused.
An example of a functional main model is detailed in section 4.2. In the functional table,
partners and partner objectives are reused as columns to separate out the whole table.
The functions to reach objectives are placed in different columns of the table. Section

4.2 presents an example of a functional table.

Section 2.3: IDEF1 Informational Model

The basic need for the informational model of MISE 2.0 is to model messages, which
are transferred among business functions, and to model the properties of each message,
which are reused in the BPEL transformation. IDEF1 [22] and UML class diagrams are
both suitable for modeling informational. Both of them cover the needs of MISE 2.0
and also provide a modeling method with a well-defined standard and a large number of
potential users. However, considering message-relationship and information modeling,
IDEF1 is more specific for database design and message modeling. In the case of MISE
2.0, UML provides excessive modeling elements and modeling information. IDEF1
already provides sufficient informational modeling constructs. Therefore, IDEF1 was

selected for modeling the informational knowledge in MISE 2.0.

As explained in [22], IDEF1 can be viewed as a method for both analysis and

communication in establishing modeling requirements. However, IDEF1 is primarily

11



focused on supporting the task of establishing the requirements for what information is
or should be managed by an enterprise. IDEF1 is generally used to: 1) identify what
information is currently managed in the organization, 2) identify which of the problems
identified during the needs analysis are caused by lack of management of appropriate
information, and 3) specify what information will be managed in implementation.

As shown in Figure 7, entities and relationships among entities are the basic
constructs of IDEF1. Entities have characteristic attributes associated with them.
Attributes record the values of property entities. The term ‘attribute class’ refers to the
set of attribute-value pairs formed by grouping the name of the attribute and the values
of that attribute for individual entities. A collection of one or more attribute classes,
which distinguishes one individual entity of an entity class from another, is called a ‘key
class’. A ‘relation’ in IDEF1 is an association between two individual entities. The
existence of a relation is discovered or verified by noting that the attribute classes of one
entity class contain the attribute classes of the key class of the referenced individual
entity. A relation class can be thought of as the template for associations that exist

between entity classes.

Section 2.4: BPMN-Based Collaborative Process Model

In the process modeling domain, a number of models have been defined, such as flow
charts IDEF3, Petri nets, Event Process Chains of ARIS, activity diagrams of UML and,
more recently, BPMN. But, as mentioned by Touzi [23], using advanced formalisms to
model a process can cover several aspects of processes, including actors (Organizational
View) and information (Informational View). Furthermore, one of the objectives of
MISE 2.0 is to derive a BPEL file, which is deployed on the ESB to execute the
technical process. Both [24] and [25] introduced methods to translate BPMN models
into a BPEL. They both agree that, with the goal of BPEL derivation, BPMN is an

12



effective way to model business processes. Rajsiri et al. [15] even provided a BPMN-
based Collaborative process model with several partner pools and one mediator pool.
BPMN (Business Process Model and Notation) 2.0 [26] was developed by OMG
(Object Management Group) in 2010. In BPMN 2.0, semantic annotations are added to
tasks and messages. For example, the tasks are classified as service tasks, send tasks,
receive tasks, user tasks, manual tasks, business-rule tasks etc. MISE 2.0 aims to deduce
a BPEL file and select web services with the help of semantic annotations. Clearly,
BPMN has become a good choice to express collaborative process models.

In this paper, the use of the so-called BPMN-based collaborative process, as
introduced in [15], is preferred. But it still needs to be adapted to fit with MISE 2.0. As
shown in Figure 8, the collaborative process model has one mediator pool and several
partner pools. The mediator pool can be a strategy mediator, an operation mediator or a
support mediator. Different mediators can communicate through data objects, which are
linked to a ‘start event” message or other event messages. Tasks in mediator pools
invoke tasks in the partner pool according to a defined collaborative process.
Consequently, the target metamodel is not BPMN (or BPMN 2.0) itself, but the specific
collaborative process metamodel presented in [6], [15] and [23]. This is a very
important point, because translating classical BPMN models directly into BPEL files is
not always feasible. Borger [27] has clearly addressed “an unmediated gap between
conceptual and executable BPMN model (in particular if obtained through compilation
to more detailed languages like BPEL or to code)”. The considered target metamodel
has been built especially for the purpose of restricting BPMN expressivity to a sub-
space, specifically dedicated to a collaborative situation, and which can be translatable

into BPEL.
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Section 3: Collaborative Metamodel and Transformation Rules

The transformation part of MISE 2.0 business process elaboration methodology can be
separated into the followed main steps: 1) matching gathered modeling elements of
organizational, functional and informational models to metamodel Organizational,
Functional and Informational Views by using matching rules; 2) transferring metamodel
Organizational, Functional and Informational Views into metamodel Process View by
using transformation rules; 3) extracting the collaborative process model by using
matching rules from the metamodel Process View to a BPMN-based business process
collaborative model. In this section, the collaborative metamodel is first presented.
Secondly, all the matching rules from the modeling elements of the collaborative
network model, IDEF0-based functional model, IDEF1 and BPMN-based process
models to the collaborative metamodel are combined together and introduced. Finally,
five groups of transformation rules are presented. They help to transfer the collaborative
network model, IDEF0- based functional model and IDEF1 into a collaborative process
model. These transformation rules cover functional model and organizational model

initial rules and collaborative process model transformation rules.

Section 3.1: Collaborative Metamodel

The collaborative metamodel of MISE 2.0 is shown in Figure 13. In the metamodel,
there are four packages (Organizational View, Functional View, Informational View
and Process View).

Each package manages one model. The Organizational View (Figure 9) mainly
stores the information concerning the collaborative network model (e.g. collaborative
network, partners and objectives). The Functional View (Figure 10) mainly manages

activities, tasks or functions provided by partners and mediator. The Informational View

14



(Figure 11) is defined to confirm modeling elements in the IDEF1-based informational

model. The Process View (Figure 12) is used to present collaborative process model

knowledge. The associations among packages are also defined. These packages are used

to describe which functions are used to implement an objective, which messages are

transferred among different functions, which mediator activities constitute collaborative

Process, and so on.

Section 3.1.1 Classes of the Organizational View

First of all, classes in the Organizational View (Figure 9) of the collaborative

metamodel are introduced as follows:

The class collaborative network is used to define the organization network in the
collaborative situation. One collaborative network can have several objectives.
A sub collaborative network can implement one objective, which is defined in a
higher-level collaborative network.

The class partner is used to define a partner who is involved in a collaboration
situation.

The class partner relationship is linked to the association partner relationship.
This class is used to store and define the partner relationship value. The partner
relationship can be a strategy partner relationship, an operation partner
relationship or a support partner relationship.

The class objective is used to define the objectives of the partners. The objective

can be a strategy objective, an operation objective or a support objective.

Section 3.1.2 Classes of the Functional View

In the Functional View (Figure 10), the partner activities are functions provided by the

15



partners. The collaboration activities are functions provided by a mediator. The
collaboration activities are deduced from the partner activities by transformation rules
(section 3.3).

Partner activity:

* The class strategy activity is used to provide strategy or decision service.
* The class operation activity is used to provide operational service.

* The class support activity is used to provide support activity.

Collaboration activity:

* The class invoking activity is used to receive a message from a partner, send a
message to a partner or send and receive a message. These three activities are
class receiving activity, class calling activity and class receiving and calling
activity.

* The class added value activity does not send or receive any message. The
activity is a service provided by the mediator (e.g. providing a required function
that partners do not). The class translating activity is used to pass a message or

change the format of a message.

Section 3.1.3 Classes of the Informational View

The exchanged business messages and process communication messages are managed
in the Informational View (Figure 11). The exchanged business message supports
communication among partners in one type of collaborative process (strategy,
operational or support) while the process communication message supports
communication among different types of collaborative processes (strategy, operation

and support).

16



The class message has got one or more message relationship associations with
other messages. The message relationship refers to the message relationship
association.

The class exchange business message contains:

* The class strategy message, which is one kind of exchange business message.
The strategy message is transferred from one strategy activity to another
Strategy activity.

* The class operation message, which is one kind of exchange business message.
The operation message is transferred from one operation activity to another
operation activity.

* The class support message, which is one kind of exchange business message.
The support message is transferred from one support activity to another support

activity.

The class process communication message contains:

* The class objective message, which can be transferred from strategy process to
operation process or from strategy process to support process.

* The class feedback message, which can be transferred from operation process to
support process or from operation process to strategy process.

* The class mean message, which can be transferred from support process to

strategy process or from support process to operation process.

Section 3.1.4 Classes of the Process View

As shown in Figure 12, the collaborative process contains three parts: strategy process,

operation process and support process. Each type of process contains activities. Inside

17



each process, the activities are organized through a sequence flow. The class sequence
flow links two activities. The sequence flow can also be linked to event or gateway.
Outside each process, the message flow is used to communicate.

The class collaborative process:

* The class strategy process is used to define a strategy part of a collaborative
process. One strategy process contains one or more collaborative strategy
activities.

* The class operation process is used to define an operational part of the
collaborative process. One operation process contains one or more collaborative
operation activities.

* The class support process is used to define a support part of the collaborative
process. One support process contains one or more collaborative support

activities.

The class process communication message flow:

* The class objective message flow is used to send an objective information
message from a strategy process to an operation process or from a strategy
process to a support process.

* The class feedback message flow is used to send a feedback information message
from an operation process to a support process or from an operation process to
a strategy process.

* The class mean message flow is used to send a mean message from a support

process to a strategy process or from a support process to an operation process.
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Section 3.1.5 Associations between the Organizational View and the

Functional View

Associations between the Organizational View and the Functional View (Figure 13):

The association implement from collaborative network to functional model: with
this association, functional main model and functional table can be initialized.
The association implement from objective to activity: one partner activity

achieves a goal, which is described by the objective.

Section 3.1.6 Associations between the Functional View and the

Informational View

Associations between the Functional View and the Informational View (Figure 13) are

used to define to input messages and output messages to each function:

The association in from message to receiving activity: one receiving activity
only receives input message without output message.

The association out from message to calling activity: one calling activity only
sends one output message without input message.

The association in and out from message to receiving and calling activity: one
receiving and calling activity has to send and receive messages.

The association in and out from strategy message to strategy activity: one
strategy activity may have one input strategy message, one output strategy
message or both.

The association in and out from operation message to operation activity: one
operation activity may have one input operation message, one output operation
message or both.

The association in and out from support message to support activity: one

19



support activity may have one input support message, one output support

message or both.

The associations in and out from process communication message to partner
activity are used to identify messages which are transferred between different types of

activities (for example, between strategy activity and operation activity).

Section 3.1.7 Associations between the Functional View and the Process
View
Associations between the Functional View and the Process View (Figure 13) are used to

identify supporting partner and mediator activities in a collaborative process:

* The association represent from collaboration activity to collaboration
strategy/operation/support activity: one collaboration
strategy/operation/support activity can refer to one collaboration activity. The
collaboration strategy/operation/support activity defines the size, position and
symbol of collaboration activity in the process model.

* The association contain from collaboration activity to collaboration process:

one collaborative activity can have one sub-collaborative process.

Association transferred by from the Informational View to the Process View:

* One objective message 1s transferred by one objective message flow.
*  One feedback message is transferred by one feedback message flow.

*  One mean message is transferred by one mean message flow.

Section 3.2: Matching Rules between Metamodel Concepts

The collaborative network model, IDEF0-based functional model, IDEF1-based

20



informational model and BPMN-based collaborative model have been defined. The
collaborative metamodel has also been introduced. But what about the connections
between metamodel concepts? Which class in the metamodel presents a concept in these
models? This section answers these questions.

The matching rules from the metamodel concepts of the collaborative network
model to the collaborative metamodel Organizational View are presented in Figure 14.
On the left-hand side are the concepts defined in the collaborative network model. On
the right-hand side are the classes defined in the metamodel. In Figure 14, for “objective
relationship”, there is the association implement between collaborative network and
objective, the association between objective and collaborative network and the
association between partner and objective. The first association represents a sub
collaborative network, which achieves one of the main objectives of the whole
collaborative network. The second association shows that a collaborative network has
several objectives. The third association shows that a partner in a collaborative network
has several objectives.

For the IDEF0-based functional model and the IDEF1 informational model,
some part of the knowledge in these two models is shared (for example, input/output
messages in IDEF0 and entity in IDEF1). Thus, it is better to introduce the matching
rules of the functional and informational metamodel concepts together. The matching
rules from the functional and informational metamodel concepts to the collaborative
metamodel Functional View and Informational View are listed in Figure 15.

For the BPMN-based collaborative process metamodel concepts, the matching
classes cover the Organizational, Functional, Informational and Process Views. The

matching rules are listed in Figure 16.
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Section 3.3: Transformation Rules inside the Metamodel

To define initial rules formally, the rules have been defined with first-order logic [28].
Because of the specialization of model transformation, first-order logic still needs to be

expanded. The expanded rules are listed as follows:

(3) Class: X is collaborative network — collaborative network (X)

(4) Association: Y is association implement which is between collaborative network
X1 and objective X2 — implement (Y) (collaborative network (X1), objective
(X2))

(5) If-then-else: if (X) — then (Y), else if (X1) — then (Y1), else — then (Y2)

(6) A set of variables: from X, X5, X3 to X;,— X ... Xj

The transformation rules are defined in six groups. As shown in Figure 17,
according to the matching rules in section 3.2, the classes in white present the
knowledge gathered by the collaborative network model, IDEF0-based functional model
and IDEF1 model. The gray and black classes need to be deduced by the transformation
rules.

Group 1: collaborative network >functional model. The Group 1
Transformation Rules are used to initialize the functional model (Equations no.1 and
no.2). For any collaborative network with a sub-network, one functional main model is
initialized. For any collaborative network without a sub-network, one functional table is

initialized.
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Acollaborativenetwork(x) (3 implement(Collaborativenetwork (x), objective (xo)))

A Acontain (collaborativenetwork (%), partner (xl))
— Ifunctionalmainmodel(y)

A3 implement(collaborativenetwork (%), functionalmainmodel (y)) (D

Acollaborativenetwork(x) (3 implement(Collaborativenetwork (x), objective (xo)))

A EIcontain(collaborativenetwork(x), partner(xl))
— Jfunctionaltable(y)

A3 implement(collaborativenetwork(x), functionaltable(y)) 2)

Group 2: partner activity Dstrategy/operation/support activity (Equations no.3,
no.4 and no.5). This group of transformation rules helps the classification of partner
activities. If one partner activity links to a strategy objective, then the partner activity is
a strategy activity. If one partner activity links to an operation objective, then the
partner activity is an operation activity. If one partner activity links to a support

objective, then the partner activity is a support activity.

Elimplement(strategy objective(x), partner activity(xo))

-3 implement(strategyobjective (x), strategyactivity (XO)) 3

3 implement(operationobjective (x), partneractivity(xo))

-3 implement(operationobjective (%), operationactivity(xo)) (4)

3 implement(supportobjective (x), partneractivity(xo))

-3 implement(supportobjective (%), supportactivity (xo)) (5)

Group 3: exchanged business message Dstrategy/operation/support message

and process communication message >objective/feedback/mean message (Equations
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n0.6 to no.11). This group of transformation rules is defined to classify exchanged
business messages and process communication messages. If one exchanged business
message 1s an input or output message for a strategy activity, then the exchange
business message 1s a strategy message. If one exchanged business message is an input
or output message for an operation activity, then the exchanged business message is an
operation message. If one exchanged business message is an input or output message
for a support activity, then the exchanged business message is a support message. If a
process communication message 1s an output message of a strategy activity and an input
message of an operation or support activity, then the process communication message is
an objective message. If a process communication message is an output message of an
operation activity and an input message of an objective activity or support activity, then
the process communication message is a feedback message. If a process communication
message is an output message of a support activity and an input message of a strategy
activity or a support activity, then the process communication message is a mean
message.

strategyactivity(x,), ))

Jexchangedbusinessmessage(x) (Enn(m) (exchangedbusinessmessage(x)

— Istrategymessage(x)(6)

operationactivity(x,), ))

Jexchangedbusinessmessage(x) (EIin(m) (exchangedbusinessmessage(x)

— Joperationmessage(x)(7)

supportactivity(x,), ))

Jexchangedbusinessmessage(x) (EIin(m) (exchangedbusinessmessage(x)

— Jsupportmessage(x)(8)
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strategyactivity(x,), )

dprocesscommunicationmessage(x) Elout(ml)( L
processcommunicationmessage(x)

operationactivity(x,), )

A din(m,) ( ..
processcommunicationmessage(x)

supportactivity(xs),

.. — Jobjectivemessage(x)(9
processcommumcatlonmessage(x))) J 9e()(9)

v 3in(ms) (

operationactivity(x,), )

dprocesscommunicationmessage(x) Elout(ml)( ..
processcommunicationmessage(x)

strategyactivity(x,), )

A din(m,) ( .
processcommunicationmessage(x)

supportactivity(xs), ))

v 3in(ms) ( S
processcommunicationmessage(x)

— 3feedbackmessage(x) (10)

supportactivity(x,), )

dprocesscommunicationmessage(x) Elout(ml)( L.
processcommunicationmessage(x)

strategyactivity(x,), )

A din(m,) ( .
processcommunicationmessage(x)

operationactivity(xs),

.. ) — Imeanmessage(x)(11)
processcommunicationmessage(x)

v 3in(ms) (

Group 4: partner activity >collaboration activity (Equations no.12 to no.14).
The transformation rules of Group 4 are used to create collaboration activities in the
Functional View. If a partner activity has got one input message, then a calling activity
and an association out to the message are created. An association invoked by from a
partner activity to a calling activity is created. If a partner activity has one output
message, then a receiving activity and an association in to the message are created. An
association invoked by from a partner activity to a receiving activity is created. If a
partner activity has both input message and output message, then a receiving and
calling activity and an association in/out to the messages are created. An association

invoked by from a partner activity to a calling and receiving activity is created.
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o EIin(xl)(partneractivity(x), message(xz))
dpartner activity(x) .
A EIout(xg)(partneractlmty(x), message(x4))
receiving and calling activity(y),)
message(xy)
receiving and calling activity(y),)
message(x,)

3in(y,) (

— 3Jreceiving and calling activity(y)
A Jout(y,) (

A dinvoked by(z) (partner activity(x), receiving and calling activity(y))(lZ)

o EIin(xl)(partneractivity(x), message(xz))
Apartner activity(x) 7
A Zlout(xg)(partner activity(x), message(x4))

3 in(yl)(calling activity(y), message(xz)) )

— 3Acalling activit
g o) (/\ Elout(yz)(calling activity(y),message(x4))

A dinvokedby(z) (partner activity(x), calling activity(y))(lB)

Ain(xq) (partner activity(x), message(xz)) )

Apartner activity(x) ( o
A Elout(xg)(partner activity(x), message(x4))

o o ﬂin(yl)(receiving activity(y), message(xz))
— 3Jreceiving activity(y)

A Jout(y,) (receiving activity(y), message(x4))

A dinvoked by(z) (partner activity(x), receiving activity(y))(14)

Group 5: collaborative activity Dcollaborative strategy/operation/support

activity and sequence flow (Equations no.15 to no.17). The Transformation Rules of

Group 5 are used to create sequence flows in Process View. This group of

transformation rules is implemented by a breadth-first traversal algorithm graph [29]. A

functional model can be analyzed as a graph. The function boxes can be seen as nodes.

The input/output messages can be seen as arrows in a graph. The algorithm is

summarized as follows: (i) If one pre-node has one post-node, then create a sequence

flow between the pre-node and post-node (pre-node and post-node are partner activities,

but they are linked to collaborative strategy/operation/support activity by a

collaborative activity through an association represented by and an association invoked

by, so the sequence flow is created between collaborative strategy/operation/ support
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activities). (i1) If one pre-node has several post-nodes, parallel gateway and sequence
flows are created among the pre-node and post-nodes. (iii) If one post-node has several
pre-nodes, sequence flows and parallel gateway are created among the pre-nodes and
post-nodes. The first logic equation for this group is also defined. The strategy activity

is used as an example to present the first logic equation.

Istrategy activity(x; ), strategy activity(x,)
A Elout(yl)(partner activity(x,), message(xg))
A Elin(yz)(partner activity(x,), message(x4))
— Jcollaborative strategy activity(z,)
A Jcollaborative strategy activity(z,)
A dsequenceflow(s) (collaborative strategy activity(z,),

collaborative strategy activity(zz))(15)

Istrategy activity(xy), strategy activity(x,) ... strategy activity(x,) A
Eiout(yo)(partner activity(xg), message(m)) A

Elin(yl)(partner activity(x,), message(m)) W A

Jin(yy,) (partner activity(x,), message(m) —

Jcollaborative strategy activity(zy) A

Jcollaborative strategy activity(z,) ... A

Jcollaborative strategy activity(z,) A Agateway(g) A
Eisequenceflow(so)(collaborative strategy activity(z,), gateway(g)) A
Eisequenceflow(sl)(collaborative strategy activity(z,), gateway(g)) A

Jsequence flow(sy)(collaborative strategy activity(z,), gateway(g))(16)
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Istrategy activity(X,), strategy activity(x,) ... strategy activity(xy)

A Elout(yl)(partner activity(x4), message(m))

A Elout(yn)(partner activity(xp), message(m))

A Elin(yo)(partner activity(xXq), message(m))

— 3Jcollaborative strategy activity(zg)

A Acollaborative strategy activity(z,) ...

A Acollaborative strategy activity(z,) A Agateway(g)

A Elsequenceflow(sl)(collaborative strategy activity(z,), gateway(g))
A dsequence flow(sy) (collaborative strategy activity(z,), gateway(g))

A Asequence flow(so)(collaborative strategy activity(z,), gateway(g))(17)

Group 6: collaborative activity Dcollaborative strategy/operation/support
activity and sequence flow (Equations no.18 to n0.20). The Transformation Rules of
Group 6 are used to create message flows in the Process View. If there is a process
communication message, which is in/out to partner activity, then process
communication message flow, which is in/out to collaborative

strategy/operation/support activity, is created.
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(EI objective message(x) (EI out(ml)(strategy activity(x,), objective message(x))
A Elin(mz)(operation activity(x,), objective message(x))

% Elin(m3)(support activity(x3), objective message(x))))

A 3xy (Elinvoked by(xl, invoking activity(Xl)))

A 3x, (Elinvoked by(xz, invoking activity(Xz)))

A 3x3 (Elinvoked by(x3, invoking activity(X3)))

A3X3 (Elrepresent (X3, collaborative support activity(yg)))

A 3X; | Irepresent Xl, collaborative strategy actlvlty(yl)))

A 3X, | represent X2, collaborative operation actwlty(yz)))

- Jobjective message flow(y) A Elout(yl,y) A3 (in(yz,y) \% in(y3,y)) (18)
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(Elfeedbackmessage(x) (Ei out(ml)(operationactivity(xl),feedbackmessage(x))
A Elin(mz)(strategyactivity(xz),feedbackmessage(x))

% Elin(mg)(supportactivity(x3), feedbackmessage(x))))

A Jxq (Eiinvokedby(xl, invokingactivity(Xl)))

A 3x, (Eiinvokedby(xz, invokingactivity(Xz)))

A Jx3 (Eiinvokedby(x3, invokingactivity(X3)))

A3X3 (Elrepresent (X3, Collaborativesupportactivity(y3)))

A 3X, | Arepresent Xl, collaboratlveoperatlonactlvlty(yl)))

A 3X, | represent X2, collaboratlvestrategyactlmty(yz)))

- dfeedbackmessageflow(y) A Elout(yl,y) A3 (in(yz,y) \% in(y3,y)) (19)

(Elmeanmessage(x) (Ei out(ml)(supportactivity(xl), meanmessage(x))
A Elin(mz)(operationactivity(xz), meanmessage(x))

% Eiin(m3)(strategyactivity(x3), meanmessage(x))))

A Jxq (Elinvokedby(xl, invokingactivity(Xl)))

A 3x, (Elinvokedby(xz, invokingactivity(Xz)))

A Jx3 (Elinvokedby(x3, invokingactivity(X3)))

A3X3 (Elrepresent (X3, collaborativestrategyactivity(y3)))

A 3X, | Arepresent X1, collaboratwesupportactlmty(yl)))

A 3X, | Arepresent X2, collaboratweoperatlonactlvlty(yz)))

— Jobjectivemessageflow(y) A Eiout(yl,y) A3 (in(yz,y) % in(y3,y)) (20)

Section 4: Illustrative Example

In this section, an example is presented that covers the whole collaborative process
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elaboration. This example helps to understand the elaboration methodology.

As shown in Figure 18, the example covers a collaborative network which has
four partners: client, assembler, supplierl and a group of suppliers (supplier 2 and
supplier 3). The client buys product from an assembler. The assembler cooperates with
suppliers 1, 2 and 3. Among them, supplier 1 is a long-term and stable supplier.
Suppliers 2 and 3 provide the same components. The assembler has to choose one

suitable supplier from suppliers 2 and 3.

Section 4.1: Organizational Model — Collaborative Network Model —

Example

To explain the collaborative network model, a collaborative network model for the
example is defined. As shown in Figure 19, the collaborative network model has four
levels. The first level is to define the main objectives of the whole network. The main
objectives can be strategy objectives, operation objectives, support objectives or
objectives of no specific type. The first level of the collaborative network model in
Figure 19 — the 0 network, defines the strategy objective: choose partner, the objective:
sell product and the operation objective: sell component. Each objective has a sub-
network to achieve a collaborative goal. For the strategy objective, choose partner and
for the operation objective, sell component, which are defined as strategy or operation
objectives, it appears that their sub-network can only contain sub strategy or sub
operation objectives. For the objective: sell product, the objective has not been sorted,
so the sub-network can have different kinds of objectives.

As shown in Figure 19, in the second level, choose partner and sell component
have been enlarged into a sub-network which already contains partners. But for sell
product, the objective of the sub-network has been sorted into three different kinds of

objectives: place order, deliver product and pay product. With itemized objectives,
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these objectives can be enlarged directly by a sub-network, which is composed of
partners. For these sub-networks, objective types must be the same as for objectives in

the previous level.

Section 4.2: IDEF0-Based Functional Model — Example

The functional model in MISE 2.0 is an IDEF0-based functional model. IDEF0 has
been reused in two styles: as a main functional model and as a functional table. The
organizational model is made of network elements and objective elements (e.g.
ONetwork and 2 Sell Product in Figure 19) and reused to initialize the main functional
model. The organizational model, made up of partner elements and objective elements
(e.g. I Choose Partner, 3 Sell Product, 2.1 Place Order etc. in Figure 20), is reused to
initialize the functional table. In this section, ONetwork and 1 Choose Partner are taken
to illustrate how the functional model can be initialized.

As shown in Figure 20, the organizational model 0 Network is initialized into a
main functional model 40 network. The network objectives in the organizational model
are reused as main functions in the functional model. Users have to add control
messages among these functions to complete the main functional model. As shown in
Figure 20, I Choose Partner is initialized to the functional table: 41 Choose Partner.
The Functional table reuses partners and partner objectives, separating the functional
model into several columns. Users have to complete each column of the functional table
by functions and exchanged messages, which can be provided by the partners and

support the objective in the column.

A0 Network

As shown in Figure 21, the 40 Network is completed. The control messages are added

to the main functional model. The function Choose Partner triggers Sell Product by
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sending a control message named Wait for order trigger. If Wait for order trigger
equals true, it means that a partner has been chosen from Supplier 2 and Supplier 3, and
the whole collaborative network has been settled and the assembler can start to take
orders from the client. To complete the Se// Product Function, a message is needed:
Component sold feedback. 1f Component sold feedback is equal to true, it means that all
needed components have been bought, and the assembler can start to assemble products

and deliver them.

Al Choose Partner

Figure 22 shows the completed 4/ Choose Partner. For each objective, the functions
and exchanged messages among functions have been provided by each partner.

In A1 Choose Partner, the assembler asks for application reports from Supplier
2 and Supplier 3. After receiving the application reports, the assembler makes a decision
to choose one partner from Supplier 2 and Supplier 3 with the help of the application
reports. The assembler has to send the final decision to Supplier 2 and Supplier 3. In
addition, the assembler needs to send a Wait for order trigger to launch the Sell Product

function.

Section 4.3: IDEF1 Informational Model — Example

In MISE 2.0, input/output messages in the functional model are extracted to create
IDEF1 entities. As shown in Figure 23, the functional model 41 Choose Partner is
selected as an example to show initial results. All the business input/output messages in
black and bold are selected and the entities in IDEF1 are created (see bottom of Figure
23).

As shown in Figure 23, the input/output messages in bold black line (application

report require, supplier 2 application report, supplier 3 application report and partner

33



chosen decision) are extracted out and presented as entities in the IDEF1 model. In the

next step, the user has to add attributes and relationships for these entities (Figure 24).

Section 4.4: BPMN-Based Collaborative Process Model — Example

This section presents the final results for the transformation rules in section 3.3 and the
matching rules in section 3.2. As shown in Figure 25, the collaborative process main
model has three collaborative process pools (strategy process, operation process and
support process). The main process is transferred from the functional main model (40
network and A2 sell product). In the main collaborative process, the sub collaborative
processes can detail each collaborative task. Among the different collaborative
processes, process communication messages (order taken trigger, component sold
feedback and product delivered feedback) are defined to trigger another task. In the
following sections, the sub collaborative processes, choose partner, send payment and
deliver product are presented. Each of them presents a type of collaborative process

(strategy, operation, support) and owns one strategy/operation/support mediator.

Choose Partner

As shown in Figure 26, this collaborative strategy process is the sub process of Choose
Partner in Figure 25. The sub collaborative strategy process reorganized functions and

messages, which are defined in functional table A/ Choose Partner.

Send Payment

As shown in Figure 27, this collaborative operation process is the sub process of send
payment in Figure 25. The sub collaborative operation process reorganized functions

and messages, which are defined in the functional table 46 Send Payment.
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Deliver Product

As shown in Figure 28, this collaborative support process is the sub process of deliver
product in Figure 25. The sub collaborative operation process reorganized functions and

messages, which are defined in functional table A5 Deliver Product.

Section 5: Conclusion

The aim of MISE 2.0 is to develop a Mediation Information System, which manages
process orchestration, data conversion and service selection in enterprise information
systems. To do so, the first problem is to define or elaborate a collaborative business
process. This paper presents a methodology to elaborate collaborative business process
models. The organizational model, collaborative network model, IDEF0-based
functional model and IDEF1 informational model are defined or reused to gather useful
and necessary knowledge in a collaborative situation. A metamodel and several groups
of transformation rules are defined to transfer these three models into a BPMN-based
collaborative process model.

The strong points of the process elaboration methodology are: (1) an
organizational model to define objectives and sub-networks; this can be used easily to
verify the small group of partners to complete the task; (2) a functional table separated
by columns of partners and objectives; this allows each partner to fill in their column
independently; (3) an informational model to provide detailed attributes and relations of
messages, this will help the semantic selection of web services; and (4) a collaborative
process model, elaborated automatically, which can save time and effort to perform
repetitive and tedious tasks.

However, any system has its weak points. These are summarized as follows: (1)

with regard to the knowledge gathering phase, models are provided by users. This phase
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is completed manually. However, some current research works are dealing with this
specific point. Event-Driven Architectures are able to provide a technical infrastructure
that allows devices, sensors and other services to publish their messages (as events).
These events may then be used to feed the situational modeling editor. This would
finally be a way to link the Internet of things (devices) with the Internet of knowledge
(ontology) to drive the Internet of services (web-services); (2) as regards the gateways
in BPMN, the transformations of exclusive, inclusive and parallel gateways are
completed. These are enough for BPEL transformation. But all the gateways defined in
BPMN have to be covered; (3) as regards events, the start/end events and the start/end
message events are used. Thus, all the BPMN-defined events are not covered.

Once the model, metamodel and transformation-rules design has been
accomplished, a software tool will be developed to support model building and
transformation-rule implementation [30].

The MISE 2.0 abstract level software tool should implement the following three
main functions: (i) creation of the organizational model, functional model, informational
model and process model (using GWT: Google Web Toolkit [31] and Java 2D graphical
design to implement); (ii) transformation from the organizational, functional and
informational to the process model (using JDOM, Java or ATL to implement); and (iii)
extraction of the BPMN collaborative process cartography (using JDOM and Java to
implement).

The whole BPMN collaborative process cartography is provided to MISE 2.0
concrete level. The semantic gap between business services and web services is fixed at
concrete level. The BPMN-based collaborative process cartography is transferred to
BPEL [32] file and deployed in ESB [33]. The concrete-level global structure is

presented in [34].
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Figure 19. Collaborative network model example
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Figure 26. Choose partner — collaborative strategy process
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