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Abstract - This strategy aims to automate particular education-related administrative functions. The goal of this automation is
to optimize the work carried out in these services by drawing on the theories of Distributed Artificial Intelligence (DAI) and
Multiagent Systems (MAS). In order to do particular tasks, this multiagent application integrates entities known as agents that
collaborate and communicate with one another. The Java Agent Development Framework, or JADE middleware, serves as the
foundation for the system and is used to develop and manage agents. We have evaluated the multiagent system concept using

private data from an experiment we ran with university students.
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1. Introduction

The implementation of computerized management is
becoming increasingly prevalent in academic institutions, as it
facilitates the streamlining and optimization of various tasks
and procedures. Indeed, numerous universities are adopting
computerized management systems to ensure the accurate and
efficient fulfillment of student needs. These traditional
procedures are lengthy, costly, and less secure than the time
and effort expended by students and administrators [1, 2]. The
following section will address the procedures and problems
associated with the provision of educational services.

Manual filing of documents

Limitation of staff availability

Difficulty in processing requests.

Less security.

There is a lot of work to do to control the number of
documents.

In light of the aforementioned considerations pertaining
to the enhancement of informational resources within our
academic institution, we have contemplated the automation of
select academic services. The objective is to create a
distributed application based on intelligent agents [3] that can
meet these requirements. Our Multiagent System (MAS) [4]
is an organized set of agents. It consists of one or more
organizations that structure the rules for cohabitation and
collective work among agents. An agent must be able to
communicate, cooperate, and coordinate with other agents [5].

At present, numerous agent platforms facilitate the
development and management of multiagent systems. The
selection of an appropriate agent platform is contingent upon
the specific objective of the intended application. The work
already carried out is a distributed application based on the
object-oriented paradigm, in addition to a design of a primary
SMA Model. The model developed is a more dynamic,
extensible, and adaptable SMA Model that fits the architecture
of our university information system.

2. Related Work

Since the 1950s, Al has been structured around two main
currents:
1. Symbolic Al: which is based on a "symbol" operating
system, inspiring technologies like the "expert system" based
on a set of rules, for example.
2. Machine Learning: This is an automatic learning system
based on data exploitation, imitating a neural network.

Artificial Distributed Intelligence (DAI) [6] was born in
the early 80s with the goal of addressing the shortcomings and
enriching the classical approach of Al by proposing the
distribution of expertise among a group of agents, not subject
to centralized control, capable of working and acting in a
common environment and resolving any conflicts. In short,
DAl is interested, among other things, in modeling intelligent
behaviors that result from cooperative activity among multiple
agents.
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The concept of intelligence here symbolizes the ability of
an agent to carry out cooperative, rational, dynamic, and
flexible behavior in a moving and often non-deterministic
environment. Autonomous agents and Multiagent Systems
(MAS) offer a fresh approach to analysis., designing and
implementing sophisticated applications because they are part
of the field of DAI (Distributed Artificial Intelligence) and
also benefit from other disciplines such as cognitive science,
sociology and social psychology. Early on in the field of
Distributed Artificial Intelligence (DAI), research was
primarily concerned with building and developing systems
that would demonstrate its originality. From a philosophical
perspective, the individual architectures of agents were the
focus of attention [7]. In recent years, attention has slowly
shifted to the social aspects of knowledge and action [8] with
an emphasis on the multiagent systems (MAS) approach.
These offer two points of view for modelling a complex
system:

e  Agent: autonomous software entity capable of reasoning
and interacting through exchanges of knowledge [9, 10]
with the other agents in the system in order to satisfy its
own goals or the overall goals of the system;

e Society: the set of representations and mechanisms
required to manage the management of interactions and
the organisation or structuring of agents in systems [11].

The purpose of this section is to take stock of software
agents, multiagent systems, and their architectures [12], as
well as to understand how they manage to cooperate and
coordinate their actions to achieve the objectives assigned to
their organization or society while remaining autonomous.
The different modes of communication between agents[13,
14] and the most well-known communication languages in
this field were also discussed. This will allow us to
propose multiagent model architectures to integrate
them into our university information system.

3. Material, Software and Method

In this work, we used an HP laptop with an Intel core
i5@2.6 GHz processor with 16 GB of DDR4-3200 MHz
RAM.

In the choice of architecture and tools, the following
criteria are taken into account:
e The application must be based on a powerful distributed
architecture;
o Development tools should be open source;
e The application must be consulted with a web browser;

We therefore adopted in our project the 3-third distributed
architecture based on the J2EE (Java Enterprise Edition)
platform and the MVC pattern, which allows break down of
the application into three layers (levels), comprising a J2EE
web server, a J2EE business server and a database server to
have a division between the different parts of the application.
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JEE (Java Enterprise Edition) facilitates enterprise
application development by providing a runtime environment
and API components. The MVC model (Model, View,
Controller) is a design pattern used to cut literally the
application into separate layers for the organization of the
code:

A controller is implemented as a Java Servlet, The model
consists of the implementation of the business logic of the
application;

The view is implemented via a JSP (Java Server Pages).
Servlets implement the controller layer of the MVC model to
process requests from a client web browser and generate a
dynamic output that is HTML for the client. JSP, implement
the View layer of the MVVC and present web pages.

Apache Tomcat: the application server that manages
servlets NetBeans is the Integrated Development Environment
(EDI), which we have adopted to make our JEE-based
application. Oracle SQL Developer represents the
environment we used to connect to DB Power AMC: we used
this software in UML modeling and others.

4. Proposed Architecture

A distributed model based on MAS [15] clearly shows its
dynamism and flexibility in adapting to its integration
environment. It also presents the agents used in this model, the
communications and interactions between these agents, and
their these agents, as well as their deployment environments.

4.1. The Multiagent Platform JADE

The JADE platform (Java Agent Development
Framework) [16] is an agent development environment that
has been entirely implemented in Java. The objective of the
JADE platform is to facilitate the development of Multiagent
Systems (MAS) by providing a comprehensive set of services
and agents, including a naming service, a Yellow Pages
service, a parsing service, and a protocol interaction library,
all of which are readily available for use. JADE is a platform
that is based on the specifications set forth by the Foundation
for Intelligent Physical Agents (FIPA) [17]. It comprises three
primary modules, all of which are required standards set forth
by FIPA. The aforementioned modules are initiated upon each
platform startup.

The Agent Management System (AMS):
The intelligence agentDirector Facilitator (DF)
The Agent Communication Channel (ACC)

4.2. Interaction between Agents

One of the most important properties of an agent in an
SMA is its ability to interact with other agents. These
interactions are generally defined as any form of action
performed within the system that has the effect of modifying
the behavior of another agent. They allow agents to participate
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in satisfying an overall goal [18]. These interactions take two
forms (direct and indirect).

4.3. Application Types for Multiagent Systems

The agent-oriented paradigm comes into its own when it
comes to modeling systems that are open to extensibility,
flexibility, and self-adaptive. Indeed, the agent-oriented
paradigm seeks to connect software resources to create an
integrated system capable of solving complex problems and
self-adapting to different situations.

Generally speaking, SMA application types are broken
down into three main classes [19]:
e  Modelling of real-world phenomena
e  Program design
e  Distributed problem-solving

The main types of agent are [20]:
e  The Dummy agent:

e The Sniffer Agent

e The Introspector agent:

The Figure 2 shows the architecture of this "Intelligent
Schooling service" MAS model. Our MAS "Intelligent
Schooling™ model is a collection of persistent, autonomous,
cooperative and mobile agents [21] operating in a distributed
environment.
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Fig. 1 Architecture of the JADE Platform
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Fig. 3 MAS "Intelligent Schooling" interaction diagram

The automated enrollment processes start with student
requests and continue through the generation of documents by
the enrollment agents for all the university establishments.
This model is made up of the following agents.

Three stationary agents: "Student Agent”, "Reception
Agent”, and "Coordinator Agent". "Agent-Coordinator";
"Schooling Agents", whose number depends on the number of
establishments in the university Mobile agents, one per
institution;

Each agent is represented in his or her "Container"”
environment. A DB profile database containing the student's
profile; A database for each institution to record applications.
The interaction diagram in Figure 3 shows the different agents
of the MAS "Intelligent Schooling” model, as well as their
interactions and communications. It also describes all the
stages in a request, from the beginning to the retrieval of the
certificate. This model is adaptable to any number of
institutions.

Every request made by a student via the "Student Agent”
interface passes through the Agent™ interface and goes through
all the stages of the "Reception Agent" and "Coordinator
Agent». The latter identifies the name of the school and
deploys a mobile agent to the school, which moves to the
‘container' environment of the corresponding agent's
‘container' environment to communicate the request and
record it in its database.

So from the "Coordinating Agent"”, mobile agents are
deployed who move to the school environments, and the
number of schools is variable. In this diagram, we have only
shown two establishments for clarity. This diagram provides a
concrete illustration of the advantages and new modelling
solutions offered by multiagent systems. In fact, they offer the
possibility of directly representing individuals, their behaviour
and their interactions [22], thanks to the agents which interact
between them in an autonomous way and modular way and
their interactions, thanks to agents that interact with each other
in a modular way

5. Results and Discussion
5.1. SMA Model Agents

The information system of our university is distributed,
and the development of distributed, open, and adaptable
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applications to its integration environment requires means that
can provide solid solutions and that are able to meet the
requirements.

The distribution property requires that an application be
implemented as a set of software entities that run on remote
machines with distributed computations and decentralization
of resources and knowledge. This section presents the
implementation of this MAS model, which provides a tool to
assist in the management of administrative work of the
School; we let’s call it “Smart Schooling”.

The aim is to automate more school processes by
integrating several autonomous entities (agents) and mobile
agents that allow this model to be scalable, extensible and
adaptable to the real architecture of the university.

This model allows us to reduce the cost of time and staff
and facilitates the work of administrators. Figure 4 illustrates
the different agents in our MAS model, as well as their
containers. Each container represents the life environment of
the agents it contains. The agents are distributed over different
containers.

Container 4 houses the agents of the schools. In reality,
each school agent will be deployed in a container on a remote
host. All you need to do is add the IP address of the host of
that container to enable communication between these
containers. Simulation of the MAS model agents in this
platform is necessary in order to verify the communication
between these

P ——

Fig. 4 MAS model agents and their containers
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Fig. 5 Communication between SMA agents in JADE
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5.2. Circulation of Information Between SMA Agents

Figure 5 illustrates the verification of message traffic
between the agents on our platform. This communication is
carried out using the sniffer agent, which makes it possible to
the messages exchanged in the JADE agent platform. The two
figures above describe the agents in our model and their
distributed deployment environment, which is presented by
the containers that container. In what follows, we will look at
the steps and results of an attestation request experiment using
our "Smart school" SMA model. This model is dedicated to
requesting all types of scholarly attestation. We present the
enrolment certificate as an experimental case.

5.3. Student Agent
The "Student-Agent" has an interface that allows the
student to react with the MAS "Intelligent Schooling" model.

5.3.1. Initial Interface

B Agent-Etudiant — O pd
CME Etudiant :

Etablissement : Etablissement -

Filiére : Filigre b

Type demande : | Type demande -

Enwvoyer

Agent Etudiant est prét!

Fig. 6 Initial interface

The "Agent-Student” student agent has an interface that
allows the student to interact with the MAS "Smart school”
model. This interface provides the student with the following
tasks:

e Enter the National Card Number (NCN)
e Select school, stream and type of request;
e Send request;

e Receive messages from other agents.

The figures 7 and 8 illustrate the "Student Agent"
interface at different stages: This stage presents the "student
agent" interface before the student initialises the parameters
by the student.
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5.3.2. Interface after Fields have been Filled in

B Agent-Etudiant — O X

CNE Etudiant : M15161718

Etablissement : F5T -

Filigre : BCG >

Type demande : | Attestation d'inscription -

Envoyer
Agent Etudiant est prét!
Fig. 7 Interface after filling in fields
o

L L LT

Fig. 8 Communication diagram before sending the request

This stage shows the "Student Agent" interface once all
the fields required to request a certificate of enrollment have
been filled in. To monitor communication between the agents
during the application stages, we'll use JADE'S sniffer agent.
Before sending the request, the communication diagram
between agents is in the following form. The student sends his
request by pressing the "Send" button. Received by the
"Reception Agent".

5.4. Reception Agent
The "Agent-Accueil" reception agent's main role is to
check the validity of the application received from the student
agent. This check is carried out by connecting to the "DB"
profile database, which contains the profiles of all the students
who have sent requests.
This agent performs the following tasks:
e Check NCN validity;
e Connect to DB profile and check the validity of request;
e Send a message to the student agent in the negative case
and stop the request process;
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e Save the request in the DB profile in the positive case;
Send a message to the student agent to inform him/her
that the request has been registered;

e Send the request to the coordinating agent in the positive
case.

57 Agent-Etudiant - ] x

CNE Etudiant M15161718

FST -

Envoyer

: votre demande Attestation d'inscription
15161718 est bien regue et enregistrée et envoyée & Agent-Coordonateur!

Fig. 9 Receive a message from reception agent

5.5. Coordinating Agent

This agent is responsible for identifying the establishment
indicated in the application received from the reception agent.
e This agent performs the following tasks:

o Identify the destination establishment;

o Deploy a mobile agent and assign the request to it;

e Send the mobile agent to the schooling agent's container
o identify;

e Send a status message to the student agent.

For each request received by the coordinating agent, a
mobile agent will be deployed to move to the container of the
schooling agent concerned by the request. Upon container, the
mobile agent registers the request in the database, sends the
request to the schooling agent on that container, and finally
sends a status message to the student agent. Then, this agent
dies.Figure 10 illustrates the status of our request sent by the
student agent. In this stage, the appearance of a mobile agent
is deployed by the coordinating agent for this request. This
mobile agent, hosted in container 5, will move towards the
student agent.

5.5.1. Schooling Agent

This agent owns a main graphical interface, which
presents a dashboard of these functionalities. It is responsible
for managing requests. The main tasks carried out by this
agent are as follows:
e Receive requests from the mobile agent;
Connect to the application database;
Process the requests;
Send a status message to the student agent;
Print certificates.
Figure 11 shows the results once the request has reached
the level of the schooling agent.
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@ Container-5

Fig. 10 Deployment of the mobilé agent
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Fig. 11 Interaction diagram between the agents in our request

The "other" agent plays the role of the mobile agent in
Figure 12.
' rma@192.168.1.101:1099/JADE - JADE Remote Agent Management GUI — (] X
File Actions Tools Remote Platforms Help
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?- @1 Container-2

- @ Agent-Accuell@192.168.1.101:1099/JADE
7~ @8 Container-3
) Agent-Coordonateur@192.168.1.101:1099/JADE
?- @ Main-Container
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@ df@192.168.1.101:1099/JADE
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7- @ Container-4
Agent-Scolarité-ET(n)@192 168 1 101-1099/JADE
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Fig. 12 Mobile agent has left container 5
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Agent-Etudiant - m] X

CNE Ewdiant: | M15161718

Etablissement :

Filigre :

Type demande :

I

Agent Etudiant est prét!
Agent-Acceuil : votre demande Attestation d'inscription
pour cne : M15161718 est bien reque et enregistrée et envoyée a I'Agent-Coordonateur!

Agent Mobile : Votre damande est arrivée & votre scolarité !
Agent-Scolarit FST : Votre demande Attestation d'inscription est encours de traitement

Fig. 13 Messages received by the student agent at this stage

The mobile agent died after sending the message, which
appears in Figure 13. Figure 14 shows the Faculty of Science
and Technology (FST) schooling agent, an agent with a
graphical interface. Our request has arrived at this agent, and
its status is "Processing in progress”. The FST schooling
Agent connects to his database, processes the request and
finally prints it out. Figure 16 illustrates the selection of our
request and its printing by the FST schooling agent. The FST
schooling Agent clicks on the "Update" Botton, and the status
of the request changes to "Processed”.

Al s e | 201 O 1 22050

|
I
T - T - T
I
i
|
T

Fig. 14 Faculty of Science and Technology school agent interface

1 1]

vt

Attestation d'inscription
e
;2

Fig. 15 Printed attestation
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1 Agent-Scolaritd FST

- At this point, the interaction simulation diagram, Figure
— — 19, is still in its state after the first FST request.
w7 .p fltaon i 201512 15110, o e e "-: ‘;imn sl Hoe
e oo/ B
641101 10390ADE '—* ;
2197 168 1 101 1099.1ADE T =
—

Fig. 16 Request status after processing p o - p
. . . Fig. 19 Initial state of the diagram for this second request
The student receives the last message in the following g g a
figure 17.

5.6.2. Final Step: The Request has Reached the
o — - "Multidisciplinary Faculty Schooling Agent"

57 Agent-Etudiant

- X
CNEEtudiant: | M15161718 |

CNEBwdant: [zi3iaste |

Etablissement: | FST - . T —
Etablissement: | FP =
irze £ - Filire : SMp. -
Type demande : | Attestation diinscription - Type demande | Attestaion dinsription B
Envoyer Envoyer
‘Agent Etudiant est prétl

Agent-Acceuil : votre demande Attestation d'inscription
pour cne : M15161718 est bien regue et enregistrée et envoyée a I'Agent-Coordonateur!

Agent Mobile : Votre damande est arrivée & votre scolarité !
Agent-Scolarit FST : Viotre demande Attestation d'inscription est encours de traitement
Agent-Acceuil : votre demande Attestation d'inscription
pour cne : M15161718existe!
son statut est : DemandeStatut [id=3, statut=Traitée]

Fig. 17 Messages received by the student in all stages

5.6. A Second Request (Multidisciplinary Faculty)

In this section, we will present the steps involved in
another application made by the polydisciplinary faculty after
the first FST application, but only the first and last steps will

be presented here; the other steps are similar to those of the
first application.

5.6.1. Initial step: "Student Agent” Request Preparation

W7 Agent-Ftudiant o x

Etablissement: | FP =
Fiidre : [ sme -
Type demande ;| Attestation dinscription =

[ Envayer J

Agent Etudiant est prét |

Fig. 18 Filling in request fields
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Agent Etudiant est prét !Agent-Acceuil: votre demande Attestation dinscription
pour cne : 713141516 est bien recue et enregistrée et envoyée 3 PAgent-Coordonateur!

Agent Mobile : Viotre damande est arrivée & votre scolarité !
Agent-Scolarit FP : Votre demande Attestation d'inscription est encours de traitement

Fig. 20 Sent messages

T Ep—y

B Agest Ehicrig 192 158 1 101-409UADE
B sniflerd-on-Container-162162.168.1.101:10930ADE (1

Fig. 21 Interaction diagram after the second request

5 Agern Scolart 0

- o x
I L T T— s T—— =

0 1254e7s22 " ae Atesation din..| 2018-04-12 0042, ke

o W36 st Atetation i 2015-0512 15275, Tratée

Fig. 22 Multidisciplinary faculty schooling agent
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T 3 A : | 6. Conclusion

!J The explosion of Internet and network technology has
helped to shake up many of the habits established decades ago.
Paper documents exchanged from hand to hand are gradually
giving way to electronic documents transmitted automatically
by machines. As a result, the fields of application for IT
systems are becoming increasingly vast and complex, and they
are being asked to manage ever greater interactivity,
responsiveness and mobility in their most widespread uses.
Thus, the emergence of multiagent systems (MAS) brings a
new dimension to the concept of modeling to represent a real-
world application with an appropriate degree of complexity
and dynamics. From this work, we have concluded that the
development of object-based distributed applications requires
more time and essential tools for the realization of these
applications, which remain limited in adaptation and
scalability. Despite these difficulties in the design and
realization of MAS models, they have major advantages
linked to their flexibility and dynamism in distribution. As a
way of improving this work in the future, we propose the study
and realization of an approach that combines agents and
software components to achieve more efficient and less costly
results.

Attestation d'inscription

Elabtrcment

Fig. 23 Printed attestation

The schooling agent's interface can be upgraded by
adding other functionalities. His interface thus presents an
evolving dashboard without affecting the other agents.
To help the schooling agent perform other tasks it needs to
perform, such as statistics or others, we can implement other
agents separately, assign them tasks and connect them to the
graphical interface via Bottons, which launches their
deployments without changing the architecture of our MAS
model. This scalability is a benefit of the modularity property
of Multiagent Systems.
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