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Abstract. In this paper, we propose to model the transportation process

of containers in the Nord-Pas de Calais Region (France). Based on the BPMN

(Business Process Modeling Notation) approach, it allows deriving a comprehen-

sive vision of the process and a friendly-user interface of the logistics chain for

the analysis and the decision making. Furthermore, ACTIF (Aide à la Concep-

tion de systèmes de Transports Interopérables en France), a modeling approach

proposed by the French Transportation Ministry, appears to be an interesting

alternative approach since it assures the interoperability between the transport

systems in France. Hence, we propose a model transformation procedure of the

BPMN-model into an ACTIF model.

Key-words: Model Driven Architecture, BPMN model, ACTIF model,

Model Transformation.

1. Introduction

Nowadays, the companies evolve in a more and more complex environment: sev-
eral processes to manage, objectives and constraints to optimize, resources to share.
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Furthermore, in order to stick to the fast-evolution environment, the decision-maker
has to supervise and control the company performances. To achieve this objective, the
business process modeling appears as a key-step to understand the current situation,
to identify the dysfunctions and to derive the reasons before any decision- making.

This paper proposes a model of the transportation process of containers in Nord-
Pas de Calais Region (France) then a model transformation to assure the interoper-
ability between the transport systems.

The paper is organized as follows. Section 2 introduces a Model Driven Architec-
ture overview. A presentation of the context study is given in Section 3 and of the
business process modeling methods state of art in Section 4. In Section 5, we propose
a BPMN-model of the transportation process of containers. Finally, in Section 6,
we present the technical environment TOPCASED (Toolkit OPen-source for Critical
Application & SystEms Development) and the transformation language ATL (Atlas
Transformation Language), used to transform the BPMN diagram into an ACTIF
model, besides the different steps to achieve this model transformation.

2. MDA Overview

Model Driven Architecture (MDA) is an approach model-use in software devel-
opments. It was launched by the Object Management Group (OMG) in 2001. It
is a framework for software developments that aims to promote the use of models
and their transformations as a fundamental approach for system design. The three
primary goals of MDA are portability, interoperability and reusability through archi-
tectural separation of concerns [1].

This architecture defines a hierarchy of models from three levels of abstraction:
the Computation Independent Model (CIM), the Platform Independent Model (PIM)
and the Platform Specific Model (PSM) [1], [2].

• Computation Independent Model

A Computation Independent model (CIM) represents the computational indepen-
dent viewpoint. It is a system model that shows the system in the environment
in which it will operate. Hence, it helps in presenting exactly what the system is
expected to do.

• Platform Independent Model

A Platform Independent Model (PIM) is a view of the system from a platform in-
dependent viewpoint. It focuses on the system operation, hiding the platform specific
details, and is independent of the specific technological platform used for implemen-
tation. Furthermore, it exhibits platform independence and is suitable for use with a
number of different platforms of similar types.

• Platform Specific Model

A Platform Specific Model (PSM) is a view of the system from the platform specific
viewpoint. It combines the specifications in the PIM with the details that specify how
the system uses a particular type of platform. Hence, it is indispensable for system
implementation.
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The PIM and PSM can be developed by using any specification language. However,
UML (Unified Modeling Language) is typically used since it is a standard modeling
language. Furthermore, there are important OMG standards in the core of the MDA
[1], [3]: MOF (Meta Object Facility) [4], CWM (Common Warehouse Meta-model)
[5], UML [1], XMI (XML Metadata Interchange) [6] and OCL (Object Constraint
Language) [7].

The key challenge of MDA is in transforming higher-level models into platform-
specific models which can be used to generate the implementation level models. Trans-
forming a model into another model means that a source model is transformed into
a target model based on given transformation rules [3].

In this paper, we present a case study, in the transport domain, in which we
transformed a BPMN diagram into ACTIF model to guarantee the interoperability
in the transport domain.

3. Context study

This study is a part of two French projects carried out by the Nord Pas de Calais
Region. The main objective of these projects is to develop interchanges between
the multimodal platforms, to blend the procedures and to introduce the automatic
interfaces.

This study is part of the first stage. Its main purpose is to introduce an organiza-
tion which facilitates the harmonization of platform/loader constraints inside Delta 3
platform in Dourges, a town in the Nord-Pas de Calais Region, in order to optimize
the local trucking process, i.e. road post-transportation of containers from the fluvial
terminal to the warehouses inside the multimodal platform.

To achieve this task, an enterprise process modeling appears as a key-step to
understand the current situation, to identify the dysfunctions and hence derive the
reasons for better decision-making. First, we studied the different steps to transport
the freight from the ship arrival at Dunkerque to the warehouse delivery as well as the
interaction between the actors intervening in the transportation supply chain: LDCT
(Lille Dourges Conteneur Terminal), the carrier, the loader, the customs service in
Dunkerque. . . , the communications process and the information systems used. This
analysis allowed us designing the transportation process of containers.

In the next section, we present the enterprise modeling overview. Then, we select
the suitable approach to model the transportation process.

4. Enterprise modeling overview

In literature, several enterprise modeling methods were advocated, among which
we quote: GRAI-GIM, UML, ACTIF and BPMN. These methods are briefly presented
in this section then the suitable approach is selected to design the transportation
process of containers.
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4.1. GRAI-GIM method

GRAI-GIM (GRAI Integrated Method) is a method based on enterprise model-
ing to design or redesign the manufacturing systems. This method focuses mostly
on the decision-making level in a company. Its main goal is to improve the global
enterprise performances [8]. This method can be applied in several domains such
as: manufacturing systems engineering, industrial strategy development, knowledge
management. . . The GIM methodology suggests new concepts to describe the decision
making systems such as: the GRAI grille and the GRAI network [8]. The GRAI grille
is a table. The columns represent the enterprise functions and the lines represent the
decision-making levels for the different types of decision such as strategic, tactical
and operational decisions with their periods and horizons. The GRAI network is a
local representation of the making-decision center. It defines the activities, the initial
states and the trigger events of the decision-making process [9].

In conclusion, certainly modeling with the GRAI grille or the GRAI network is
clear and easy to understand but it does not present a real interest to our study at
this stage.

4.2. UML method

The Unified Modeling Language (UML) is an OMG specification defined by the
UML meta-model, a Meta-Object Facility meta-model (MOF). It is a specification
language for object modeling. It is a general-purpose modeling language that includes
a graphical notation used to create an abstract model of a system, referred to as
a UML model. It is designed to specify, visualize, construct, and document the
software-intensive systems. UML is not a method since it does not introduce any
approach [10]. UML is not restricted to modeling software. It is also used for the
business process modeling, the systems engineering modeling and the representing
organizational structures.

UML 2.0 [11] has 13 types of diagrams divided into three categories:
– Structure diagram;
– Behavior diagram;
– Interaction diagram.

The most clear and comprehensive diagram to represent the business process is
the Activity Diagram since it represents clearly the activities and the flows.

4.3. ACTIF Model

ACTIF stands for “Aide à la Conception de systèmes de Transports Interopérables
en France”, a French expression meaning “Design Methodology for Interoperable
Transport systems in France”. It is a framework to design the transport system
architectures for land transport.

It was developed according to the European ITS (Intelligent Transport Systems)
framework architecture and the international standards [12].

The main purpose of the ACTIF framework architecture is to help and guide
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by means of a method and tools. Hence, it allows having a global vision, identi-
fying and taking into account the multiple actors, exchanging and communicating
the information between the actors, having seamless and open systems, assuring the
interoperability and the interchangeability of the information between the different
systems [12].

The ACTIF model includes the following elements [12]:

– A Functional Area which gathers the functional elements that describe the trans-
port systems activities. The ACTIF architecture introduces nine functional
areas.

– A Function which is an information processing operation. The functions orig-
inate from the hierarchical breakdown of the functional areas. There are two
types of functions: the High-level Function and the Low-level Function.

– A Data Store which represents the elements designed to conserve and provide the
information processed in the transport system. They are linked to a functional
area and are situated at the different levels within the breakdown of this area.

– A terminator representing the points at which the transport systems interact
with their environment. Terminators can be physical/human entities, systems
or organizations.

– A Logical Flow which represents the data exchange between the different ele-
ments of the model such as: the function, the terminator and the data store.
We find the Elementary Flows and the Aggregated Flows which exchange the
information between elements in the high level.

– A Standard representing the rules to be used by the specific elements of the
model: function, dataflow or terminator.

The ACTIF model represents a reference in the transport domain and a knowledge
base comprehensible to the specialists in this domain. Hence, it seems interesting to
design the transportation process of containers with ACTIF and we mainly concen-
trate on the eighth Function Area named “Freight and fleet management” (FA8).
However, we note that the ACTIF model does not respect the task synchronization
and cannot be implemented.

4.4. BPMN Method

In 2004, the BPMI (Business Process Management Initiative) released the first
BPMN specifications version [13]. Later, it joined the OMG (Object Management
Group) to create in 2005 a Task Force, focused on BMI (Business Modeling & Inte-
gration), called BPMN (Business Process Modeling Notation). The primary goal is
to provide a notation readily understandable by all business users, from the business
analysts that create the initial drafts of the processes, to the technical developers
responsible for implementing the technology that will perform those processes, and
finally, to the manager who will monitor those processes.
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BPMN is a notification which represents a business process disjointing the business
information and the technical information. A BPMN diagram is similar to UML
Activity Diagram however the BPMN asset is to create a standardized bridge between
the business process design and the process implementation [14]. Hence, following the
business process modeling, we can generate automatically the BPEL process (Business
Process Execution Language) to implement with the process engine [15].

However, the process execution aspect will not be developed in this paper. Since
our main objective here is to design containers transportation process, the execution
aspect will be presented in a future work.

The latest BPMN specifications version was released in 2006. It defines four basic
elements in a business process diagram (White, 2007):

– The Flow Objects which are the main graphical elements to define the behavior
of a Business Process. There are three flow objects: the activity, the event and
the gateway.

– The Connecting Objects which represent the different ways of connecting the
Flow Objects to each other or other information.

– The Swimlanes which gather and organize the activities to differentiate different
responsibilities of participants. There are two types of swimlanes: The Pool
which represents a participant or a business entity in a process and the Lane
which is a sub-partition within a Pool.

– The artifacts which are used to provide additional information about the Pro-
cess.

In conclusion, we choose to design the transportation process of containers using
the BPMN method because the BPMN notation is an OMG standard which produces
clear diagrams and assures task synchronization. Moreover, it contains different ele-
ments which describe the business process and the messaging between the processes
and can be transformed in a future step into an executable language (BPEL). How-
ever, it will be interesting to design our process using the ACTIF model since it is
used in transport domain in France and assures the interoperability between the sys-
tems in this domain. That is why; we propose to transform the BPMN diagram into
an ACTIF model in the last section.

5. Modeling transportation process of containers with BPMN

In this section, we design the transportation process of containers from Dunkerque
port to the loader. We use “Intalio Designer” which is an open source tool to design
the business processes [16].

The actors are represented by Pools with their activities. The process begins with
an empty circle representing a start event. Then, we represent the activities of each
actor in the corresponding pool. Moreover, we use intermediate events such as:
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– The “Message” represented inside the “Pool LDCT”. It means that this actor
must wait until he receives an e-mail from the NCS actor to execute the activity
“Unloading of the barge”.

– The “Timing” is used in the same pool. It means that LDCT must wait 5 to
30 minutes to go to the “Pile maritime”. Figure 1 illustrates this.

Furthermore, inside the “Pool LDCT”, there is a gateway used to represent two
activities setting in the same time.

Fig. 1. Use of intermediate events and gateway.

We use Sequence Flow to connect two Flow Objects if they are inside the same
Pool. Else, we use Message Flow. Finally, we finish the diagram with an end event.

Figure 2 illustrates the local trucking process inside Delta 3 platform.

Fig. 2. Local trucking process.

We propose, in the following section, to transform the BPMN diagram into an
ACTIF model in order to take advantage of both modeling methods, mainly interop-
erability of transport systems besides the BPMN key-advantages.
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6. Transforming BPMN diagram into ACTIF model

6.1. Technical environment description

We choose TOPCASED environment to create the source and target meta-models,
to generate the model corresponding to the source meta-model and to transform the
models. It is an open source environment based on Eclipse. We download TOP-
CASED 1.0.0. version available in the website http://gforge.enseeiht.fr/frs/

?group id=7.
It is an integrated System/Software engineering toolkit compliant with the require-

ments of critical and embedded applications. It is a result of TOPCASED project
which was made to encourage tools cooperation. Its main goals are to perpetuate
methods and tools for system and software development, to ensure the independence
of development platforms, to be able to adapt the tools to the process, and to take
into account qualification constraints [17].

TOPCASED is strongly model-oriented. So, it provides the model editors, the
model checkers and the model transformations and it is itself based on modeling and
code generation. Furthermore, we can develop our own graphical editors and model
transformations. To do that, TOPCASED uses tools based on MDA, MDE (Model
Driven Engineering) and QVT (Queries Views Transformations) norms [18].

In TOPCASEE project, several tools open source were tested such as MTF,
ATL and MTL. However, ATL seems to be the most interesting since it is complying
with OMG/MDA/MOF/QVT and we can use it with an open source tool. Further-
more, it respects the OMG standards since it is built on top of OCL. In consequence,
ATL was chosen to transform models in TOPCASED environment [18].

ATL is a transformation language proposed and developed by ATLAS INRIA &
LINA. It is hybrid since it contains a mixture of declarative and imperative constructs.
Furthermore, ATL transformations are unidirectional, operating on read-only source
models and producing a write-only target model [19].

An ATL transformation contains three parts [19], [20]:

• The header

It is used to declare general information such as the module name, the input and
output meta-model names.

• The helpers

The helpers are functions based on OCL standard. They have a name, a context
and a type. OCL defines two kinds of helpers: operation helpers and attribute helpers.

• The rules

The rules are the core of ATL transformations because they describe how elements
of a source model should be translated into elements of a target model. So, they
express a mapping between an input element and an output element. They may be
specified either in an imperative style or in a declarative style.

Several transformations were realized using ATL such as “EMF to KM3”, “Grafcet
to PetriNet”, “MOF to UML”, “UML to Java”. These transformations are available
on the website http://www.eclipse.org/m2m/atl/atlTransformations/.
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Furthermore, a recent article [21] presents a transformation GRAI into UML Ac-
tivity Diagram. For this, Grangel and Al. present the mapping between source model
elements and target model elements. After that, they define the helpers such as a
helper to test whether a GRAI activity has subactivities or not. So, a GRAI activity
is transformed into a UML Action if it does not have subactivities, otherwise it is
transformed into a UML CallBehaviorAction and its called Activity.

6.2 Transformation of the BPMN model into an ACTIF model

To transform the BPMN model into an ACTIF model, we must follow these steps:

Step 1: Creation of the source and target meta-models

Step 2: Creation of the transformation rules
Step 3: Creation of the source model

Step 4: Configuration
Step 5: Result

Step 1: Creation of the source and target meta-models. We created the
meta-models in ECORE format using TOPCASED ECORE diagrams.

◦ Creation of the source meta-model. We remember that a BPMN diagram con-
tains the Flow Objects, the Connecting Objects, the Swimlanes and the Artifacts.
A Flow Object can be an Activity, a Gateway or an Event. There are three kinds
of Events: Start, Intermediate or End Event. There are three types of Connecting
Objects: the Sequence Flow, the Message Flow and the Association. Pools and Lane
are two kinds of Swimlane. We use the Sequence Flow to connect two Flow Objects
if they are inside the same Pool. Else, we use the Message Flow. An Association
links a Flow Object to an Artifact. These elements form the BPMN meta-model. It
is illustrated by Figure 3.

◦ Creation of the target meta-model. To create the ACTIF meta-model, several
discussions were made with the chief of the ACTIF project to define the good meta-
model. The ACTIF model contains nine Functional Areas, high-level functions and
low-level functions, Data Stores, Logical Flow and Terminators. The meta-model
ACTIF is illustrated by Figure 4.

Step 2: Creation of the transformation rules. Transformation rules describe
how a Source Model is transformed into a Target Model. Table 1 describes the
mapping between them.

We didn’t find the corresponding element of the Data Store in the BPMN model.
It can be considered like a Low-level Function but it is designed to conserve and
provide information processed in the transport system. Furthermore, the Standards
which represent the rules to be used by the specific elements of the ACTIF model
haven’t any corresponding element in BPMN model. So, when we transform the
BPMN model into an ACTIF model, these elements will be missed.

Step 3: Creation of the source model. To create the source model, we use the
EMF (Eclipse Modeling Framework) to define and execute the data model. It is an
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Eclipse-based modeling framework and code generation facility for building tools and
other applications based on a structured data model [22], [23].

In our case, we decided to design a part of containers transportation process. It
is the local trucking part. So, we get the model illustrated in Figure 5.

Step 4: Configuration. After the creation of the source model, the configuration
enables to get the target model. So, in our case, two elements in ACTIF model don’t
have any corresponding element in the BPMN model. Consequently, when the BPMN
model is transformed into an ACTIF model, these elements will be missed and then
we will lose some information conserved in the Store Data of the transport system
and the rules to be used by the specific elements of the ACTIF model.

Fig. 3. BPMN Meta-model.



Transportation Process of Containers BPMN-Modeling 77

Fig. 4. ACTIF Meta-model.

Fig. 5. Source model.



78 I. Hadj Khalifa et al.

Table 1. Simple Mapping between BPMN Diagram and ACTIF Model

Source
(BPMN)

Target
(ACTIF)

Type of mapping Observations

Pool
Terminator or
Functional Area One to many

A Pool groups and organizes
the activities to differentiate
the different responsibilities of
the participants in a process.
If it represents a participant
then it will be mapped into a
Terminator. While, if it rep-
resents a business entity then
it will be transformed into a
Functional Area.

Lane
High-level
Function One to one

A Lane is a sub-partition
within a Pool. It is used to
organize and categorize activ-
ities. It corresponds exactly
to the definition of the High-
level Function.

Flow Objects

Low-level

Function
or Data Store

One to many

A Flow Object defines the be-
havior of a Business Process
then it can be mapped to a
Low-level Function.

? Data Stores – –

Message Flow Aggregated
Flow

One to one

A Message flow is used to
show the flow of messages be-
tween two pools then it can be
mapped into an Aggregated
Flow if it links two elements
in the high level.

Sequence Flow Elementary
Flow

One to one

A Sequence Flow links Flow
Objects inside the same Pool
then it will be transformed
into an Elementary Flow.

? Standard – –

7. Conclusion

In this paper, we proposed a model of the transportation process of containers
in Nord-Pas de Calais Region. We selected the BPMN method because the BPMN
notation is an OMG standard which produces clear diagrams and assures task syn-
chronization. Moreover, it includes the different elements which describe the business
process and the messaging between the processes and can be transformed into an
executable language. However, it is interesting to design our process with ACTIF
model since it is used in transport domain in France and assures the interoperability
between systems in this domain. For this reason, we transformed the BPMN diagram
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into an ACTIF model. To carry out this task, we used TOPCASED as a transforma-
tion environment and ATL as a transformation language. After creating the source
meta-model and the target meta-model with TOPCASED Diagram, we proposed a
mapping between them. However, transforming models is not evident since in our
case, there is any corresponding element in the source meta-model for Standards and
Data Stores. Consequently, we risk losing information.

Hence, it will be interesting to concentrate on this, in the coming researches, be-
cause designing using the ACTIF model allows the company to interoperate with the
other actors in the transport domain and designing using BPMN, an OMG standard,
allows the enterprise to understand better the current situation before making any
decision.
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