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Abstract. A large number of components that interact with each other character-
ize complex systems. The modeling of such systems is generally based on a fine
division of sub-assemblies of components of less complexity. Each component can
be individually modeled and then simulated. This article deals with a top-down
modeling method using multi-agent systems. The overall system is considered as
a set of interacting agents. The behavior of the global system emerges from the
behavior of its parts. This approach was applied to the liquefied natural gas treat-
ment process (decarbonation) at an Algeria gas plant. The results of the simulation
can be used to train recruits in this factory.
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1 Introduction

Today, industrial systems employ advanced technologies for the development of complex
industrial processes. The vastmajority of these systems can be considered complex in the
sense that they are composed of a large number of interacting elements. To develop such
systems, to predict their behaviors before beginning to build them, or for educational
training, these systems are modeled and undergo a set of tests.

The use of computer tools for modeling offers the advantage of building a computer
model that is very faithful to the considered system, a set of its parts, then to judge the
behavior of the obtained model by injecting it with a set of data as inputs. This makes
it possible to handle, observe, and improve understanding of its behavior and allows
avoiding any possible errors concerning its future evolutions. The shutdown of certain
large so-called critical systems can cause material and financial damages. For these
systems, the use of models representing them is of substantial help. In fact, instead of
stopping the operation of all or part of a plant, it suffices to consider the models, which
represent them. This is the case, for example, with industrial boilers, the shutdown of
which can cause the shutdown of a whole part of the plant, which depends on it.

The notion of system is at the center of several fields and disciplines. A system is
characterized by a set of communicating and interacting elements. A system receives
inputs and delivers results. Various systems can be envisaged, such as industrial systems,
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economic systems, political systems, etc. A metric often used to characterize a system
concerns its complexity.

Themodeling of systems has been the subject ofmany studies and researches consid-
ering its important impact on the phenomena implemented. P. Fishwich’s [1] considers
modeling as a set of metaphors and analogies to better understand any phenomena. For
C. Oussalah’s [2], modeling is a transformation between a system and a model to give
a simplified and observable representation of its structure and behavior.

The experimentation of the model can be considered as its simulation. Practically, a
simulation is the execution phase of the model [3]. Given a set of pertinent data as input
of the model, this phase consists of evolving the model and observing and analyzing the
obtained results. So, works can be observed asmodeling of actual cases in the laboratory.

Simulation of complex systems can take hours or even days and consume a lot ofCPU
time. This is whymodelers have recourse tomethods of reduction of complexity. Among
these methods, there are parallel simulation [4], decomposition of the phenomenon in
several entities of fewer complexities [5], and the use of fast and parallel CPUs [6].

The search for high fidelity, precision, and adaptation requires modeling and sim-
ulation data processing tools to be chosen with great care. Their use in the field of
modeling and simulation is very widespread, ensuring excellent qualities for which the
improvements are continuous with reasonable costs.

Several modeling approaches, methods, and tools have been and continue to be used
in the literature. Petri nets (PN) [7] are among the most efficient and widely used tools.
Despite their 62 years of existence, they continue to be relevant today.

These networks, despite their simplicity, make it possible to represent the dynamics
of systems. Several variations and extensions of these networks have been developed,
such as Colored PN (CPN) and Timed PN [8, 9].

TheUMLstatechart diagrams are other powerful semi-formal tools that can represent
the behavior of systems [10]. At a higher level, multi-agent systems (MAS) aremodeling
tools that offer the advantage of a fine decomposition of a real complex system into a set
of its components. The behavior of the global system emerges from that of the behaviors
of its entities. The notion of agent designates an entity whose functioning is autonomous
and which is capable of carrying out a set of tasks [11, 12]. These systems are used more
and more in computer systems because of their flexibility, simplicity, effectiveness,
and possibility of extension. Moreover, a human observer can easily understand the
description given by MAS.

The rest of this paper is organized as follows: Sect. 2 presents the multi-agent
systems-based approach. Section 3 is dedicated to the proposed approach. Section 4
introduces a use case of industrial system simulation, and finally, Sect. 5 concludes this
paper.
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2 The Multi-agent System (MAS)

Multi-agent systems (MAS) provide high-level tools for modeling distributed systems.
Nowadays, their application has become very widespread, and they have been applied
with success in various domains, especially those based on artificial intelligence. A set
of autonomous agents cooperate and collaborate in the execution of a common objective.
From the behavior of all these agents emerges the overall behavior of the system [11–20].

2.1 Agent Definition

There is no common agreement about a definition of the term agent. In general, an agent
is an entity (hardware or software), which is different from an ordinary program in the
sense that it is endowed with autonomy for functioning in environments shared by other
agents [12, 16]. An agent is able to evolve in an environment through the acquisition of
information emitted by the latter and by acting on it. An agent’s architecture varies from
a simple structure formed of production rules often linked to very complex structures
where the agent can be endowed with advanced cognition and reasoning mechanisms,
referring to it as an associative and social character [21].

3 The Proposed Approach

The work concerned with this present theme is related to the development of indus-
trial process simulators in the hydrocarbon sector. This involves providing educational
support to technical staff so that they can understand the different stages of the process.

The proposed approach is a top-down approach, which starts, therefore, from the
overall process and then divides it up according to the fundamental units (see Fig. 1)
after having identified them.

Fig. 1. Process breakdown.
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The process cutting procedure is carried out as follows:

1. The process is studied in detail. The principle of its operation is clearly established.
2. The different units making up the process are identified according to the detailed

technical diagram of the process (b).
3. Each unit is isolated to be individuallymodeled, and the obtained units are assembled

in a global diagram.

Three additional control and communication units are added to the model:

1. A coordinatorwhose role is to control andmanage the execution of thewhole system.
2. An input interface through which the user can act on the system.
3. An interface for visualizing the progress of the process according to the inputs sent

by the user.

3.1 Tools for the System Design

For the design of this kind of simulators, a solution using multi-agent systems is very
appropriate. An agent represents each unit. The same goes for the coordinator, the input
interface, as well as the display interface.

Nowadays, there are several multi-agent systems-based approaches well suited to the
modeling and simulation of systems. Likewise, a wide variety of multi-agent platforms
is available. Among the existing methodologies, the AGR (Agent-Group-Role) model
gives very good results in terms of modularization of systems.

In the AGR model, an agent can play one or more roles in one or more groups.
A group is made up of at least one agent. An agent who does not belong to a group
can request to join this group. Several agents can play the same role. An agent can
communicate with another only if the two agents are in the same group. The interactions
between agents are founded on the messages exchange principle and allow coordination,
collaboration, and synchronization between agents.

The AALAADIN meta-model is an organizational model for the modeling of multi-
agent systems based on AGR concepts. AALAADIN provides a set of conceptual tools
for the implementation of applications based on multi-agent systems. AALAADIN
was developed at the computer science, robotics, and micro-electronics laboratory,
Montpellier (LIRMM) [22–24].

3.2 The MADKIT Platform

The Multi-Agent Development Kit platform (MadKit) is a free software for the design
and the simulation of Multi-Agent Systems (MAS) [25–29]. MadKit is a set of packages
of Java classes. It implements a reduced size agent kernel, various libraries of messages,
probes, and agents. In addition, Madkit includes a useful graphical development envi-
ronment and many other agent handling systems. Madkit implements different tools for
the management of agents, groups, and roles according to the AGRmodel. This platform
is based on the AALAADIN meta-model.
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4 Use Case

Pure natural gas (NG) is a fuel unfit for consumption due to the presence of impurities,
particularly water and carbon dioxide (H2O and CO2), which reduces its calorific value.
Liquefaction of NG requires cooling to about −165 °C. Knowing that the freezing
temperature of the water is at 0° C and that of the CO2 at −20 °C, this will clog the
pipes of the machines during the liquefaction process. For these reasons, NG must be
treated (decarbonized and dehydrated) before the liquefaction operation. Decarbonation
is the extraction of carbon dioxide CO2 from natural gas, and dehydration consists of
extracting water from it. There are several industrial ways to execute the decarbonation.
[30] presents the process adopted in this work.

4.1 The Natural Gas Decarbonation Process

In this use case, there are two operations for the decarbonation process: i) the washing
operation, which is intended to extract theCO2 from theNGwith anMEA (C2H5ONH2),
and the regeneration phase, where the results from the washing operation enter a regen-
eration tower so that they release CO2 and then restore the MEA solution. Figures 2 and
3 illustrate the dedicated equipment.

Fig. 2. Technical drawing of the washing process.
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Fig. 3. Technical drawing of the regeneration process.

According to the breakdown system phases presented in Fig. 1, at first and after
studying and analyzing the whole system as presented in Figs. 2 and 3, the following
four points are highlighted:

• The system ordered: it is the decarbonation process. It contains a set of organs (T-
101, T-102, D-116, E-112, E-104…) which carry out the various chemical reactions
to achieve the decarbonation of the Natural Gas.

• The control system: this is the distributed control system for the natural gas decar-
bonation process. It is formed by a set of autonomous, modular, and distributed
instruments. They are intended for the control and regulation of the process.

These instruments are divided into two sections:

• The washing section: it groups the regulation valves (FV-109, FV-103, FV-101, PV-
101), which are regulated by a control system, which contains the different regulation
loops.

• The regeneration section: also contains a set of control valves (FV-107, PV-102,
LV-116, LV-105, LV-101), which are regulated by the same control system. To carry
out this adjustment, the control system is based on the set of instructions.
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4.2 The Proposed AGR Model

To build an interactive simulator for the above-mentioned industrial gas process, the
three following groups, as depicted in Table 1, have been distinguished. Note that this
point corresponds to phase 2 of the proposed simulation approach:

Table 1. Obtained agents, groups, and roles.

Id_Group Id_Agent Designation Role

Perturbation GUS Graphical User System To interact with the system

Washing APM Agent Process Manager To acquire the Instructions

APM Agent Process Manager To regulate the washing group

FV-103 Flow Valve Agent To control the Amine flow

FV-101 Flow Valve Agent To check the natural gas flow

PV-101 Pressure Valve Agent To check the pressure of T-101

FV-109 Flow Valve Agent To check the steam flow of E-102

Regeneration APM Agent Process Manager To set the regeneration group

FV-107 Flow Valve Agent To check steam flow E-104

PV-102 Pressure Valve Agent To check the pressure T-102

LV-101 Level Valve Agent To check the level of T-101

LV-116 Level Valve Agent To check the level of D-116

LV-105 Level Valve Agent To check the level of T-102

This decomposition was obtained after a meticulous study of the NG decarbonation
process as well as the material structure and the arrangement of the interactions between
the different material components (pressure, level, flow control, etc.). This article will
not go into the precise details of how the system works.

The APM agent ensures the time synchronization between the different units. This
particular agent (APM) serves as a coordinator in the system.

4.3 The AALAADIN Model

The entiremodelwith links between all the components (agents) of the system is depicted
in Fig. 4 below. This diagram does not describe the roles of each agent. This step
corresponds to phase 3 of the proposed demarche.
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Fig. 4. The AALAADIN model of the simulator.

4.4 The System Implementation

The simulatorwas developed byusing theMad-Kit agent platformbased onAALAADIN
model. The two main interfaces of the project are presented in Figs. 5 and 6. These two
interfaces concern the washing section and the interface of the regeneration section.
They allow the user to drive the washing and the regeneration operations and supply the
system with data inputs.

4.5 Discussion

This work aims to implement the MAS mechanisms of cooperation, collaboration, and
synchronization between agents. These tools are used to design and to realize industrial
simulators. The use case presented and implemented here, which can be very useful as
pedagogical support, consolidates and validates the proposed approach.



606 K. Redjimi and M. Redjimi

Fig. 5. The interface of the washing section simulator.

Fig. 6. The interface of the regeneration section simulator.

5 Conclusion

The concerns of this work are to introduce some notions of the design of industrial sim-
ulators. This work responds to a real need of providing a tool allowing young beginners
in the company to understand the evolution of an industrial process. In this case, it is the
process of liquefied natural gas decarbonation. The equipment allowing this procedure
is modeled using agents. The coordination and cooperation between these agents allow
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the exchange of information and the evolution of the process. This simulator is currently
operational, and its use allows significant financial and material gains.

All the components of the system are modeled using the agent paradigm. The inter-
action between these agents ensures the evolving of the system, and the global behavior
emerges from the local agent’s execution. The use of consistent and coherent tools (for
example, AALAADIN and MADKIT) is of great interest in obtaining efficient soft-
ware products, as is the case here. In future work, we project to extend this approach to
distributed systems modeling.
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