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Abstract

Our project aims to address the major challenges faced by the Computer Science
Department in managing its complex operations, such as managing absences, handling
thesis projects, and communicating with faculty. These problems often stem from repet-
itive manual processes and ineffective communication, which reduce productivity and
hinder optimal administrative efficiency. Currently, the department relies primarily on
emails and Google Sheets for communication and coordination, leading to inconsisten-
cies and delays in effective data processing, as well as a lack of visibility into important
announcements and crucial information for faculty members.

Through our study, we propose the use of workflow management systems as an inno-
vative solution to streamline these operations and improve service quality in complex and
dynamic educational environments. Among the various challenges faced by the depart-
ment, we have focused our project on managing thesis projects. The main objective of
our project is to design and implement an integrated information system that manages
all stages of thesis projects, from topic submission to final defense. The proposed sys-
tem aims to enhance transparency, efficiency, and accountability among all stakeholders,
thereby improving the experience for students and faculty.

For the implementation of this system, we utilized the open-source solution Bonita,
a leader in business process automation. Specifically, we used Bonita version 2021.1 as
the primary tool to achieve the project’s objectives and ensure effective and efficient

implementation.

Key words: Workflow management systems,Bonita , open-source. . .



Résumé

Notre projet vise a aborder les défis majeurs auxquels est confronté le département
d’informatique dans la gestion de ses opérations complexes, telles que la gestion des ab-
sences, le traitement des projets de thése et la communication avec le corps professoral.
Ces problémes découlent souvent de processus manuels répétitifs et d’'une communica-
tion inefficace, ce qui réduit la productivité et entrave 'efficacité administrative optimale.
Actuellement, le département s’appuie principalement sur les emails et Google Sheets
pour la communication et la coordination, entrainant des incohérences et des retards
dans le traitement efficace des données, ainsi qu'un manque de visibilité sur les annonces
importantes et les informations cruciales pour les membres du corps professoral.

A travers notre étude, nous proposons I'utilisation de systémes de gestion des workflows
comme solution innovante pour rationaliser ces opérations et améliorer la qualité des
services dans des environnements éducatifs complexes et dynamiques. Parmi les divers
défis rencontrés par le département, nous avons concentré notre projet sur la gestion des
projets de thése. L’objectif principal de notre projet est de concevoir et mettre en ccuvre
un systéme d’information intégré qui gére toutes les étapes des projets de thése, depuis la
soumission du sujet jusqu’a la soutenance finale. Le systéme proposé vise & améliorer la
transparence, I'efficacité et la responsabilité parmi tous les acteurs concernés, améliorant
ainsi ’expérience des étudiants et des enseignants.

Pour la mise en ceuvre de ce systéme, nous avons utilisé la solution open-source Bonita,
un leader en automatisation des processus métiers. Plus précisément, nous avons utilisé
Bonita version 2021.1 comme principal outil pour atteindre les objectifs du projet et

assurer une mise en ceuvre efficace et efficiente.

Mots clés:Systemes de gestion des flux de travail,Bonita ,open-source . ..
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General introduction

Computer science departments in universities today face significant challenges managing
a growing number of complex and diverse operations. In addition to the core educational
mission of equipping students with the knowledge and skills to succeed in this rapidly
evolving field, these departments must also manage sophisticated labs, coordinate multi-
ple research projects, and provide around-the-clock student support. These multifaceted
operations are often hindered by reliance on manual processes and ineffective communi-
cation, leading to decreased productivity and frustration for faculty, staff, and students

alike.

In today’s technological world, workflow management represents a crucial tool for uni-
versities aiming to enhance efficiency and service quality by organizing their academic
operations. This technology serves as a catalyst for continuous improvement and en-
hanced performance through streamlined operation within educational environments.

This thesis focuses on the challenges faced by workflow management systems in uni-
versities, with particular emphasis on the Computer Science department. The project
aims to integrate and unify the lifecycle of graduation projects for students (PFE), tar-
geting not only students and faculty members but also university administration. It aims
to alleviate common challenges in communication, document management, and remote
event coordination that hinder collaborative efforts within the academic environment.

The primary objective is to design and implement a robust information system capa-
ble of managing all stages of graduation projects, from initial topic submission to final
defense. This system includes functionalities such as project topic submission, verifica-

tion and approval processes, committee assignments, progress evaluation meetings, and



General introduction

final defense scheduling. By leveraging advanced workflow management tools, the thesis
aims to improve efficiency, increase transparency, and enhance accountability among all
stakeholders involved in graduation projects.

To complete our work, we have adopted the following structure:

We began with a general introduction where we introduced the problem statement and

outlined the objectives we aim to achieve throughout our project.

In the first chapter, we first present the host organization of our department, followed

by the problem we are studying and our proposed solution.

In the second chapter,We present some generalities about workflows, their main

application domains, and their roles.

Then, in the third chapter, we presented the graphical modeling notation for busi-
ness processes, Business Process Model and Notation (BPMN 2), followed by the diagrams

of our project.

The fourth chapter focuses on the implimentation of our project. We first present
the open source software Bonita then the illustration of the interfaces of our project and

we finally end our thesis with a general conclusion.



Chapter

Context and problematic

1.1 Introduction

A large number of software platforms are used to automate educational and academic
services at the university level. However, there are other services that require automation
and optimization, such as the management of a master’s thesis (theme proposal and
validation, theme assignment, supervision, monitoring of thesis work, thesis submission)
and absence management.

During this chapter, we will present the computer science department in which the
present study will take place. Understanding the difficulties and problems of this depart-
ment is very important here for identifying solutions for our project. It is essential to have
an overview of the organization of this department as well as its capabilities in workflow

management systems.

1.2 Presentation of the university of Bouira

Akli Mohand Oulhadj Bouira University was established under the executive decree
n°12-241 of 14 Rajab 1433, corresponding to June 4, 2012. It is a public establishment
of a scientific, cultural, and professional nature, endowed with a legal personality and
financial autonomy/[5].

Following the executive decree mentioned above, the university was restructured by
the constitution of (06) six faculties and two (02) Institutes, presented respectively:

1-Faculty of Sciences and Applied Sciences.
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2-Faculty of Natural and Life Sciences and Earth Sciences.

3-Faculty of Letters and Languages.

4-Faculty of Social and Human Sciences.

5-Faculty of Economics, Commercial and Management Sciences.
6-Faculty of Law and Political Sciences.

7-Institute of Sciences and Techniques of Physical and Sporting activities.

8-Institute of Sciences and Technology.

1.2.1 Organizational chart of the university faculties

The following figure shows the organizational structure of university colleges :

Akli Mohand Qulhadj
Bouira University

Faculty of
Institute of

Economics,
and techniques of N Natural and Life )
sciences and Commercial and

Institute of sciences Faculty of

physical and sporting Sciences and

technology Management

activities Earth Sciences )
Sciences

Faculty of Faculty of Law Faculty of Social
Sciences and and Political and Human
Applied Sciences Sciences Sciences

Faculty of Letters
and Languages

Figure 1.1: Akli Mohand Oulhadj Bouira University Colleges Organization Chart.

1.3 Presentation of the Faculty of Sciences and Applied
Sciences

The Faculty of Sciences and Applied Sciences (FSSA) is a young faculty, created by
Executive Decree No. 12-241 dated 14 Rajab 1433, corresponding to June 4, 2012, es-

tablishing the University of Bouira under the name "Faculty of Sciences and Technology
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(FST)’. Its name was changed to ’Faculty of Sciences and Applied Sciences’ by Execu-
tive Decree No. 13-179 dated 24 Jumada al-Thani 1434, corresponding to May 5, 2013,
amending and supplementing the previous text.

The faculty has eight (08) departments:

e Science and Technology Department
e Process Engineering Department

e Civil Engineering Department

e Electrical Engineering Department
e Mathematics Department

e Computer Science Department

e Chemistry Department

e Physics Department

1.3.1 The Faculty of Sciences and Applied Sciences organization

chart

Faculty domaine departments

Mathematical

\\
I

Mathematics &
Computer Science

Computer science

Process Engineering

Faculty of Sciences and /’ Civil Engineering
Applied Sciences — Sci Technologi S
ciences Technologies e,
“ Electrical Engineering
S

B Science and technology

X
' \ '

Vi
/I

Physical

Science of matter

Chemistry

I

Figure 1.2: Akli Mohand Oulhadj Bouira University Colleges Organization Chart.
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1.4 Presentation of the computer science department

The Department of Computer Science within the Faculty of Sciences and Applied Sci-
ences (FSSA) offers two training programs:
a.Bachelor’s degree: This program spans two years after a foundational year in
Mathematical Informatics.
e Bachelor’s degree Bachelor’s degree in Computer Systems .
b.Master: There are three Master programs that extend over two years.
e Master in Information Systems and Software Engineering.
e Master in Management of Computer Systems.
e Master in Artificial Intelligence.
In parallel with conventional face-to-face teaching, the instructors of the Department
of Computer Science offer various types of online educational materials on the university’s
Moodle platform to ensure the continuity of education even under different conditions that

may prevent face-to-face instruction.

1.4.1 The department organization chart

The following figure[I.3]shows the organization chart for the Department of Informatics

Head of Department

Secretariat

Deputy head of
department in charge

Deputy head of the
department in charge

of research and post-
graduation

Department training team education
scientific service
T 1
CipilL Ty sector manager e
manager manager

Figure 1.3: Department of Informatics Organization Chart.

of teaching
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1.5 Problematic

In the Computer Science department, we face numerous challenges that affect the
smooth operation of administrative and academic processes. These challenges include
over-reliance on email as a primary means of communication, leading to coordination
discrepancies and delays in efficient data processing. Additionally, there is inefficiency in
managing schedules for academic events and activities, adversely impacting the organiza-
tion and effective planning of these events. These issues are pivotal aspects we will address
in our thesis, focusing particularly on analyzing and finding solutions to enhance workflow

management for thesis projects and improve academic services within the department.

1.6 Existing Systems in the Department

1.6.1 Progress

The digital platform or tool that the Ministry of Higher Education has mobilized aims
to improve services for the benefit of the university family[6]. The following services are

available:

e Platform for requests for change of assignment, orientation and consultation of the

results of the evaluations.

e Inscription platform for foreign students and Algerian students holding a foreign

baccalaureate.
e platform for requesting authentication of university diplomas.
e Application platform for the doctoral access competition.
e Management of accommodation, scholarship, and transport requests.
e Human resource management.
e Research management.

e Financial and accounting management.
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1.6.2 E-learning (moodle)

A distance learning platform that facilitates the creation of an online learning environ-
ment and encourages communication and interaction between teachers and students on

educational content. Its services include:

e Put the lessons, practical work and directed work.

Students submit the required reports.

Display grades.

Deliberation.

Display the master’s subjects

Computer Science Department...auus
VI oA\

Nom d'utilisateur ou mot de
passe oublié ?

Nom d'utilisateur

Mot de passe Votre navigateur doit
supporter les cookies @

O

: Des cours peuvent étre ouverts
Se souvenir du nom

S aux visiteurs anonymes
d'utilisateur

Connexion anonyme
Connexion

Figure 1.6: E-learning (Moodle) of the Computer Science Department

1.7 Solutions and objectives of our project

For the management of final study projects, we will create a system containing the

following tasks:

e Professors suggest master’s topics.
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e The administration validates the themes.
e Display the master’s subjects to students.
e Students choose three subjects.

e Teachers select the students they will work with from those who have selected their

topics, based on criteria determined by the teachers.
e The selection process is repeated until each student has a topic and a supervisor.
e The administration monitors the progress of work on the thesis.
e The teacher methodically follows the student’s work on the thesis.
e Students submit their theses.
e The administration chooses a jury for each thesis.

e Display the list of juries for each thesis.

1.7.1 Final Study Project
Definition

The final study project, typically undertaken towards the end of their academic pro-
gram, whether at university or equivalent educational institutions, aims to showcase the
skills, knowledge, and understanding acquired by students throughout their study period,
along with their ability to conduct independent research and produce original academic

work.

The stages involved in executing the final study project encompass several fundamental

steps, each contributing to a comprehensive academic experience:

1.Topic and Supervisor Selection: Students begin by identifying a suitable topic
for their thesis and selecting an appropriate supervisor who can provide guidance and

expertise in the chosen field of study.

10
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2.Problem Statement Definition: A crucial step involving the identification of the
problem statement or research question that the thesis aims to address. This lays the

foundation for the entire research process, defining the scope and objectives of the study.

3.Conducting Research: A comprehensive research phase is undertaken to gather lit-
erature, data, and relevant information related to the chosen topic. This stage ensures that

the thesis is well-grounded in current knowledge and contributes to academic discourse.

4.Thesis Writing Plan: An organized plan is developed to outline the structure and
flow of the thesis. This includes identifying chapters, sections, and key points that will

effectively convey the results and analysis.

5.Thesis Drafting: Based on the research conducted and the thesis writing plan, stu-
dents draft the thesis manuscript. This involves compiling gathered information, present-

ing arguments, analyzing data, and drawing conclusions based on research findings.

6. Preparation for Presentation: In preparation for the final defense or presentation,
students refine their presentation skills. They organize their findings cohesively, prepare

visual aids, and anticipate questions from the evaluation committee.

The structure and requirements of the final study project vary across different aca-
demic disciplines, but it consistently represents a critical evaluation of students’ academic
and research capabilities. It signifies a significant milestone in their educational journey,
demonstrating their readiness to contribute to their field of study through meticulous

academic inquiry and scholarly production.

1.8 Conclusion

This chapter centered on the computer science department of the faculty of sciences
and applied sciences at the University of Bouira. Following an introduction to the host
organization and its systems, the challenges it encounters were emphasized. A solution
was put forward to address one of these issues, emphasizing its benefits and its potential

to enhance the department’s condition.
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Chapterl Context and problematic

In the next chapter we will focus on the presentation of the notion of workflow and its

role in the departement.
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Chapter

Workflow and workflow management system

2.1 Introduction

Using workflow management systems has become increasingly important in recent years
as organizations strive to optimize processes and increase efficiency. Universities are no
exception, as they face the challenge of managing complex workflows related to student
admissions, course scheduling, academic advising, research management, and many other
tasks. Existing workflow management systems often need to be adapted to the specific re-
quirements of universities. They may require critical capabilities such as integration with
existing academic systems and support for complex approval processes. Therefore, a spe-
cialized workflow management system is needed to meet the unique needs of universities
and improve the overall efficiency of their operations.

This chapter introduces the fundamentals of workflow and workflow management sys-
tems (WfMS) within cooperative information systems. We will explore workflow defini-
tions, historical development, lifecycle stages, and categories. Additionally, we will exam-
ine the key components and functionalities of WfMS, highlighting their role in enhancing

university operations.

2.2 Cooperative Information System

A cooperative information system is an information system that enables collaboration
between human or artificial actors by sharing data, knowledge, resources, and services.

The goal of a cooperative information system is to facilitate coordination, communication,
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cooperation, and negotiation between participants in a collective process. There are
different types of cooperative information systems, depending on the degree of automation,
the mode of synchronization, the level of formalization, and the scope of application.
Examples of cooperative information systems include workflow systems, groupware, multi-

agent systems, collective decision support systems, and collaborative learning systems.

2.3  Workflow

2.3.1 Definition

A workflow involves automating either fully or partially the execution of business pro-
cesses. During this process, documents, information, and tasks move from one partici-
pant to another to perform specific actions based on predefined rules. Workflows consist
of a series of actions (steps) that follow a predetermined sequence. These actions can
be sequenced based on conditions, interactions with other workflows, or human interven-
tions. Activities, also known as actions, are reusable components representing steps within
a workflow. Workflows are machine-interpretable representations of business processes,
comprising a network of activities with dependencies, criteria for process initiation and
completion, and details about individual activities such as participants, applications, and
associated data. Activities and processes involve input and output data organized into

data containers|[7].

2.3.2 History

The 1970s saw a resurgence of social criticism of the division of labor. the last It
is considered a factor in the regression of social organizations, in particular the poor
functioning of businesses.In the 1980s, the spread of automation seemed to raise questions
about automation technology. Labor Practice Division.

Electronic imaging and computer-aided production management industry The first
uses technology capable of automating work procedures previously carried out manually.
From 1975 to 1985, a new technology called workflow emerged. The company has
grown significantly by implementing systems that automate workflows as much as possible.

Workflow software solutions implemented in the 1990s were based on About workflow

14
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engines and rules. Their main purpose is to replace paper Automatic activity routing
task library with form flow Electronic. The renewed interest in software engineering
in the early 1990s helped to revive Search for workflow systems for more user-friendly
systems. By the late 1990s, advanced features such as professional rule engines, policy
management, modeling tools, and monitoring and optimization processes were included
in the market for work flow software. The idea was to segregate the data and processing
related to work procedures in order to provide a greater level of convenience for the
creation, modification, or suppression of work procedures. These days, businesses use
these "new" systems extensively and they are fully functional. It doesn’t mean that
more research won’t be done to achieve even more souplessness and adaptability. It is
in this particularly flexible framework that the adaptable workflow has emerged. These
days, work flow software needs to adhere to the complete BPM discipline of modeling,

execution, simulation, optimization, and functionality control[§].

2.3.3 Workflow Life Cycle

The workflow life cycle (Figure essentially consists of two phases[9]:

1) The first step is dedicated to modeling (or editing) the process, that is to say to
designing the flowchart. It is also found under the English term “Build time”. In most

workflow management systems (WMS), a graphical environment is provided for this step.

2) The second step is dedicated to the instantiation of the flowchart called “Case” and
its execution. Execution may involve external users and/or applications. This step is
recognized by the English term “Run time”. The software component responsible for this
step is called the workflow engine.

The figure below represents the workflow lifecycle.
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Steps tools

1:Process design
and definition

analysis, modeling and process
definition tools

h

Build time

1L

Workflow execution engine

2 :Instantiation
of the process

Run time

3: execution and in
teraction with

external applications and tools >
users and external PP ‘

applications

Figure 2.1: workflow life cycle.

In order to effectively utilize WF, it is important that they integrate the following skills:
e Support changes to process models.
e Enable monitoring of process execution.

e Enable distribution of processes across business areas. Support allocation of re-

sources and process steps.

2.3.4 Workflow Categories

Workflow categories refer to different classifications or types of workflows based on
their characteristics, functionalities, and applications. Here are some common categories
of workflows|[10)]:

1.Collaborative Workflow: Suitable for people working together with a common
goal. It can be used for non-transactional, critical processes. Collaborative workflow do
not require progressive workflows .They allow tasks to be repeated until some agreement
is reached and even allow backtracking to previous stages. Collaborative workflows are

highly dynamic and can be continuously defined.
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2.Ad Hoc Workflow:Suitable for unstructured activities, providing enough flexibility
for simple processes in a changing environment. This type of workflow allows users to
create new definitions of simple processes and customize existing processes easily . This
is important for changing process instances based on specific circumstances. It can be
applied in areas where productivity and security are not the main considerations.

3.Administrative Workflows: These workflows make it straightforward to define
basic processes. Forms are used to formalize the process specification, which works well
for repeated, organized processes with straightforward coordination rules. They typically
work effectively to depict bureaucratic procedures with clearly defined steps and widely
understood operating guidelines.

4. Production Workflow:Suitable for highly automated processes when the number
of events requiring human participation is low. Additionally, the duration and complex-
ity of interventions must be kept to a minimum.Production workflows make it possible
to consistently perform repetitive tasks which are often completed continuously more ef-
ficiently. The procedures themselves could be extremely intricate and closely linked to
other organizational structures. This type of workflow works well for business procedures
like loan and insurance processing.

5.Transaction-Oriented Workflow:Emphasizes a process’s operational components
and ensures that an application is correct in cases of failure and concurrency. It can be

used to consolidate procedures between different organizations.

2.3.5 The Main Concepts of Workflow

The fundamental principles of workflow, encapsulated by the "3R" metaphor (Rout-
ing, Rules, Roles) coined by Ronni Marshak in 1993, outline key aspects of workflow
management|§]:

Routing: Directing documents, information, or tasks along defined pathways within
a workflow system.

Rules: Establishing coordination guidelines for task execution, encompassing man-
agement rules, forms, data handling, and applications.

Roles: Managing resources (roles) responsible for task execution and intercommuni-

cation.
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This metaphor effectively illustrates how workflow systems operate, emphasizing;:

a)Routing: Orchestrating activity synchronization and pathway management from
one task or role to another, is essential for electronic information, document, and file
routing. This can be sequentially predetermined or dynamically governed by rule-based
criteria, thereby optimizing process dynamics.

b) Rules: Formalizing coordination rules ensures streamlined task execution and
information flow between individuals, integral to workflow efficiency and compliance.

c)Roles: Defining role-specific responsibilities ensures tasks are performed effectively,
focusing on function rather than individual identity within the workflow process. This
approach underscores the role-based nature of workflow management, acknowledging that
tasks are not exclusively carried out by individuals but by designated roles within the

system.

2.3.6 Basic Workflow Concepts

1.Identify the process: the process that needs to be automated or improved.

2.Define the steps: down the process into individual steps and identify the depen-
dencies between them.

3.Design the workflow: Create a visual representation of the workflow, including
the steps, dependencies, and decision points.

4.Configure the workflow: Configure the workflow in a workflow management
system, including defining the triggers, actions, and rules.

5.Test the workflow: Test the workflow to ensure that it works as expected and
meets the requirements.

6.Deploy the workflow: the workflow to the relevant users or systems.

7.Monitor and optimize the workflow: Monitor the workflow to identify any

issues or areas for improvement, and optimize the workflow as needed.

2.3.7 Workflow Engine

A workflow engine is a software tool that provides the runtime, that is, the execution
environment for process instances. The workflow engine must provide all the functions

necessary for the execution of process instances based on process definitions [I1]. These
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functions include:
e Interpreting process modules or definitions.

e Creating process instances and managing them from start to finish, including start-

ing, suspending, resetting, etc.
e Navigating between activities and creating appropriate work orders.
e Supervising and overall controlling the workflow.

Examples of Workflow Engines:

e BonitaSoft: A Java-based workflow engine compliant with WFMC standards. It
is distributed as open source under the GNU LGPL license.

e ProcessMaker: An open-source workflow management platform that enables mod-

eling, automating, and optimizing business processes.

e Camunda: Provides an open-source community edition under the Apache License
2.0. It also offers an enterprise edition with additional features under a commercial

license.
e Activiti: Available as an open-source project under the Apache License 2.0.

e openCS A web-based workflow engine designed to offer online process automation

capabilities.

e FlowMind:A multi-platform workflow/BPM engine tailored for software editors,

coupled with the Leonardi framework.

e JBoss jBPM:A Java-based workflow engine.

2.4 Workflow Management System

A Workflow Management System (WfMS) is a system that defines, implements, and
oversees the execution of workflows using software environments powered by one or more
workflow engines. It interprets process definitions, coordinates participant interactions,

and invokes external applications in a predetermined sequence defined within a digital
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representation of procedural logic. Similar to a database management system, a W{MS
serves as the foundational infrastructure supporting workflows and their associated busi-

ness processes|12].

2.4.1 The Reference Model for Workflows

To establish standards within the realm of workflow systems, the Workflow Management
Coalition (WfMC) was formed by software vendors, research laboratories, and system
users. This consortium aims to promote and advance workflow systems. To achieve these
goals, they have developed a glossary to unify terminology and defined a reference model,

centered around the execution engine as depicted in the accompanying(Figure {4.18))[13].

This model outlines fundamental components and interfaces crucial for ensuring inter-

operability among diverse workflow products.

Outils de defimtion
de processus

!

API Workflow (WAPI) et
Formats d"échanges

5
Outils &’ admumistration |, o - t‘f"m:l% x
4 > ‘orkflow
et de pilotage Moteur de
Workflow Autres dispositifs de

services workflow

Dispositif de services workflow

A 4
4 A

-

Applications Applications
chientes workflow appelées

Figure 2.2: Workflow management system architecture (WFMC,1999).

a. Workflow Service Provisioning: This software service consists of one or more
Workflow Engines of the same type, used for defining, managing, and executing workflow

procedures.
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b. Workflow Engine: This software service provides some or all of the execution

environment for a workflow.

c. Interface 1: Links workflow creation and modification tools with the workflow

engine.

d. Interface 2: Facilitates communication between client workflow applications and

the workflow engine.

e. Interface 3: Allows specific applications associated with a given activity to be

invoked for executing particular tasks.

f. Interface 4: Enables interoperability and work exchange between multiple au-

tonomous workflow management systems.

g. Interface 5: Facilitates connectivity between administration and monitoring tools

and the workflow engine. It is divided into two parts:

e Workflow management system functions and workflow routing functions.

e Administration and monitoring tools can audit, for example, wait times, completion

times, execution times, and routing[12].

2.4.2 Characterization of Workflow Management Systems

Workflow Management Systems (WMSs) can be described in various ways, ranging from
the user interfaces they offer to the types of provenance records they provide. The list of
WMS features for computational research is growing due to the increasing complexity of
extreme-scale applications and the ever-increasing heterogeneity of computing capabilities.
Therefore, users need a new viewpoint to assist in making decisions. We concentrate on
the aspects of WMSs that are most important for overseeing newly developed extreme-
scale workflows. These characteristics are arranged into three properties. We outline
these attributes and the features that go along with them in this section[I].

1.Workflow Execution Model:
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Let’s examine how two workflow tasks are carried out under the supervision of a central
WMS. Any kind of code, including single-core programs, code fragments, parallel applica-
tions, MapReduce algorithms, etc., can be used for the tasks. Data can be communicated
between tasks using files, RAM, object stores, databases, and other means.The tasks’
potential models of interaction are depicted in (Figure . We separate the following
two groups:

(1) Acyclic Group: The models in this group match those found in the most recent
WMSs.

(2) Cyclic Group: This term describes the presence of cycles in the model, particularly
in the way the two tasks interact or, more crucially, how they interact with the WMS.
The cyclic group contains execution modes that are uncommon in modern WMSs but will

be crucial in the transition to extreme-scale[l].

Acyclic Execution Model

-0
'

WMS

Sequential / Concurrent

Cyclic Execution Model
Control Flow
Data Flow
WMS WMS 6

Iterative Tightly Coupled External Steering

Figure 2.3: Five different workflow execution models, divided into two groups|[I].

We distinguish between the following execution models[I]:

eSequential: The WMS initiates T1, waits for T1 to finish processing its data, and
then initiates T2. This is a typical workflow paradigm where post-processing follows the
simulation phase.

eConcurrent: T1 generates data that T2 uses, and T1 and T2 run simultaneously.
This approach facilitates the processing of streaming data through multiple stages of
workflows, such as using various feature detection algorithms. Concurrent execution,
rather than simple parallelism, better describes this model.

elterative: The WMS initiates T'1, processes its data, ends T1, and then initiates T2.

22



Chapter 2 Workflow and Workflow Management System

Whether the sequence is repeated or not depends on the outcomes of T2.This paradigm is
useful for iterative parameter space exploration through Uncertainty Quantification (UQ)
procedures.

eTightly coupled: T1 communicates with T2 about partial results, and vice versa.
This model suits workflows where two simulations are closely coupled and advance to-
gether over time, such as a multi-physics simulation combining hydrodynamics and radi-
ation transport or a cross-correlation study.

eExternal steering: T2’s findings are examined by a user or system, who may choose
to modify T1’s execution or take other actions. The basic semantics remain the same as
in the Concurrent scenario. In this case, T1 might be a simulation providing data to T2’s
data analytics process. After analyzing the results, the user may modify T1’s behavior or
another step in the workflow, like data collection.

2.Heterogeneous Computing Environments:

Managing workflows within and between different High-Performance Computing (HPC)
systems is crucial. HPC operations often require cleaning, calibrating, or post-processing
input data on different resources. A Work Management System (WMS) must coordinate
workflows across multiple resources.

In an HPC system, the WMS might need to schedule simulations and visualizations,
manage data flow through memory layers, and co-locate with calculations. This coordi-

nation must occur within the system, not externally. WMS features include:

e Co-location with the Execution System:Ensures effective job execution within the

HPC system.

e External Location to the Execution System: Manages coordination outside the HPC

system.
e In Situ Execution: Executes tasks within the system as data is generated.

e3.Data Access Methods:

Controlling data access via a variety of infrastructure-provided mechanisms is neces-
sary for controlling computations in heterogeneous contexts. Access to data files kept on
drives, in object stores, memory, or in external storage may be required for tasks.These
techniques arrange data in a way that a task requires. Memory, messages, local disk,

shared file systems, object stores, and other remote storage are features that are connected
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to these techniques.These techniques guarantee that the data is arranged as required by

the task.

2.4.3 Components and Modules

1.User Management Module (UMM): The User Management Module facilitates
the management of user access and content visibility within the application. Key features
include access control, authentication, and permission consolidation. This module ensures
complex access control across all applications used and provides a user-friendly interface
for administrators. It optimizes the time required to access specific applications, thereby
enhancing overall business effectiveness.

2.Task Assignment and Tracking Module: This module is essential for assigning,
tracking, and managing tasks. It includes features such as task ownership and assignment
to specific members or teams, time tracking, and task management. Additionally, it
allows for the organization and prioritization of tasks and the identification and labeling
of dependent tasks, ensuring efficient task management.

3.Communication Module: The Communication Module integrates various com-
munication tools to enable seamless collaboration. Features include in-task comments,
user mentions, and real-time notifications. These functionalities facilitate effective com-
munication and teamwork, ensuring all team members are informed and engaged.

4.Document Management Module: This module provides comprehensive features
for document version control, sharing, and collaboration. Key capabilities include docu-
ment version control, unique IDs and tags, archiving, moving, and deleting documents,
as well as structure management. These features ensure documents are well-organized,
easily accessible, and collaboratively managed.

5.Resource Allocation Module : The Resource Allocation Module includes tools
for the efficient allocation of human and material resources.It typically involves features
for resource planning, allocation, and optimization, ensuring the effective utilization of
available resources. This module helps in planning and distributing resources to meet

project demands and improve overall productivity.
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2.4.4 Functionalities and Features

The functionalities and features of a Workflow Management System (WfMS) are de-
signed to streamline business processes, enhance collaboration, and improve overall effi-

ciency. Here’s an overview of key functionalities and features often found in a WfMS:

1. Workflow Design and Modeling:
e Graphical Workflow Editor:Intuitive interface for designing workflows visually.
e Task Sequencing:Define the order and dependencies of tasks within a workflow.

e Conditional Logic:Implement decision points and branching within workflows.

Reusable Components:Create and reuse workflow templates or sub-processes.

2.User Management and Access Control:

e Role-Based Access Control (RBAC):Assign different roles with specific per-

missions.
e User Authentication:Secure login mechanisms to verify user identities.

e User Profiles:Store and manage user information and preferences.

3. Task Assignment and Tracking:
e Task Assignment:tasks to individuals or roles.
e Deadline Management:Set and track deadlines for task completion.
e Priority Setting:Assign priority levels to tasks.
e Task Progress Monitoring:Real-time tracking of task status and progress.

e Automated Escalations:Escalate tasks in case of delays or issues.
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4. Communication and Collaboration:

e Messaging and Notifications:Real-time communication through messaging and

notifications.

e Commenting and Discussions:Collaborative features for discussions on tasks

or workflows.

¢ Email Integration:Seamless integration with email for communication and alerts.

5. Document Management:

e Version Control:Manage and track different versions of documents.
e Document Sharing:Collaborate on documents within the workflow.
e Access Control:Control who can view, edit, or approve documents.

e Document Approval Workflows: Facilitate approval processes for critical doc-

uments.

6. Reporting and Analytics:

¢ Real-time Monitoring:Track workflow progress in real-time.
e Performance Analytics:Generate reports on workflow efficiency and bottlenecks.

e Audit Trail: Maintain an audit trail for compliance and accountability.

7. Integration and Connectivity:

e APIs (Application Programmin Interfaces):Facilitate integration with other

systems.

e Connectors: Pre-built connectors for popular third-party applications.

8. Resource Allocation:

¢ Human Resource Allocation:Assign and schedule human resources to tasks.
e Material Resource Management:Manage non-human resources required for tasks.

e Optimization Tools: Optimize resource allocation for efficiency.
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9. Error Handling and Recovery:

¢ Exception Handling:Manage errors or exceptional situations within workflows.

e Retry Mechanisms: Automatically retry failed tasks.

10. Security and Compliance:

e Data Security:Ensure the security of data within the system.

e Compliance Monitoring: Ensure workflows adhere to regulatory and organiza-

tional standards.

11. Mobile Accessibility:

e Mobile-Friendly Interface:Access and manage workflows through mobile devices.

e Push Notifications: Receive alerts and updates on mobile devices.

12. Scalability and Performance:

e Scalability:Ability to scale the system to accommodate growing workflow demands.

e Performance Optimization: Continuous optimization for faster execution and

response times.

These functionalities and features collectively contribute to the effectiveness of a Work-
flow Management System, empowering organizations to automate, monitor, and optimize
their business processes. The specific features may vary based on the chosen WfMS plat-

form and organizational requirements.

2.5 Conclusion

In this chapter, we introduced the concept of workflow. We discussed the definition
of cooperative information systems, the definition of workflow and its characteristics, its
types of applications, its typologies, its functionalities, and its basic concepts, especially

concerning the three Rs (Role, Rule, and Route).

In the next chapter, Proposed BPMN Design, we will delve into detailed workflow
models using BPMN (Business Process Model and Notation).
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3.1 Introduction

This chapter centers on BPMN (Business Process Model and Notation), a standardized
graphical notation pivotal for modeling business processes. BPMN plays a crucial role
in enhancing workflow clarity and efficiency within organizations by providing a unified

language for process documentation.

We will explore basic BPMN concepts and essential diagram elements that are funda-
mental for designing and analyzing processes effectively. These elements will be applied
to visualize and optimize various stages of our project, aimed at improving project man-

agement and operational efficiency within academic contexts.

By leveraging BPMN diagrams, we aim to streamline workflows, facilitate collaboration,
and ensure clear communication across all stages of our academic project management

processes.

3.2 Presentaion of BPMN

Business Process Model and Notation (BPMN) is a standardized method for graphi-
cally modeling business processes, depicting an organization’s value chains and business
activities. It serves as the international standard ISO/IEC 19510 and was initially de-
veloped by the Business Process Management Initiative (BPMI), later maintained by the
Object Management Group (OMG) following their merger in June 2005.
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BPMN 2.0.2, the current version since 2013, further refined the notation system. It be-
came an [SO standard in July 2013, marking its evolution from earlier versions introduced
by BPMI (starting with version 1.0 in February 2006). Subsequent versions, including 1.1,
1.2, and the pivotal 2.0 in January 2011, expanded BPMN’s capabilities with features like
conversation diagrams, choreography diagrams, and enhanced event specifications. The
adoption of BPMN by ISO as ISO/IEC 19510:2013 solidified its status as a robust frame-
work for modeling business processes. Minor updates continued with version 2.0.2 in

December 2013, primarily focusing on XML model exchange file improvements.

BPMN’s evolution underscores its importance in standardizing and improving the clar-
ity, interoperability, and efficiency of business process modeling across various industries

and organizational contexts|3].

3.3 Basic Concept of BPMN

This section introduces the different concepts of BPMN to showcase the tool’s full
capabilities in terms of modeling.

BPMN is based on three types of models:

1. Process Models: These represent the progression of processes within an orga-
nization and include public processes that interface with external third-party activ-
ities.

2. Collaboration Models: These depict multi-entity processes and the exchanges
that link these processes.

3. Choreography Models: These illustrate the expected behavior of participants

in a process [3].

For our project, we utilized Process models.

3.4 Basic Elements of BPMN

BPMN not only represents internal business processes but also B2B processes through

common flows and choreography, as well as advanced process choreography concepts such
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as exception management and transaction clearing. BPMN is a language that is com-

pletely workflow-centric, focusing on the basics of activities, events, and connections.

BPMN considers three levels of complexity, where BPMN symbols serve a dual purpose:
they visually represent process flows, and flowcharts can be converted into computer
applications. BPMN elements can also be classified according to three levels of complexity:

basic, intermediate, and advanced. These models combine the following core elements:

Activities: Tasks that need to be performed.
Events: Occurrences that affect the flow of the process.
Gateways: Decision points that dictate the path of the process.

Connections: Links that connect activities, events, and gateways.

These core elements and the changes in activity notation further clarify the meaning

of the model [3].

Basique Intermédiaire Avancé
Humaine
Activités Abstraite Service
Appelante
Message
. Début Minuterie Sous-processus
Evénements . . .
Fin Erreur événementiel
Signal
Paralléle .
Portes . Inclusive
Exclusive
i ) , Flux conditionnel
Flux séquentiel Séquence .
Flux par défaut
Pools
Lanes - |
Autre ouc.e.
. Multi-instance
Annotation
Liens

Table 3.1: Categories of Basic BPMN Elements|2].
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BPMN modeling elements are categorized into several general categories: Workflow

elements, Organizational elements, Readability elements, and Specific Behaviors.

BPMN ELEMENTS USED IN OUR PROJECT: To model our various work-
flows, we used the basic elements of the BPMN assessment shown in the table. The
reading direction of the workflow is from right to left. A more detailed description and

explanation of these elements can be found here.
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Workflow elements

Activities and Tasks: All the
work that is done in a process.
Activities can represent multiple
levels of detail. Tasks can be
performed by people, systems, or

sub-processes.

user task

i

B service
task

~

_J

B task
sends

Ereception

Call
actigity

User task: A manual task initiated

and executed by a teacher or student.

Service task: A task executed by a
computer service without human inter-
vention.

Sending task: A communication task.

Receiving task: A communication

task between participants or services.

Subprocess: An activity composed
of multiple tasks, using the symbols
"activity", "trace", "event", and "se-

quence flow".

Events: used to start or finish
a process and manage specific ac-

tions during this one.

O O

start: An event that triggers a pro-

Ccess or subprocess.

End:An event marking the completion

of an activity or task.
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Gateways: Allow control flows

to be split or converged.

Exclusive Gateway:An exclusive
gatway evaluates the state of the
business process and, according to the
defined condition, passes the stream
on a particular path, to the exclusion

of others.

Inclusive Gatway:An inclusive gate-
way specifies that one or more available
paths will be taken. They could all be

taken, or only one of them.

Parallel Gateway:A Parallel Gate-
way is used to synchronize (combine)
parallel flows and to create parallel

flows.

The connection objects: illus-
trate how the different pieces con-

nect to each other.

Sequence flows:Indicates the order of
the activities to be performed. It is rep-
resented by a straight arrow line. It can

be a conditional flow or a default flow.

Association:Represented by a dotted
line, it associates an artifact or a text

with an event, an activity or an entry.
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Organizational elements :

Pools and lanes: Elements for
organizing the different aspects of

a process in a diagram.

They visually group objects, with each
aspect of a process being added in a
separate element. These elements can
be arranged horizontally or vertically.
They serve to organize activities into

separate categories and different actors.

Group: A group shows a logi-
cal grouping of activities but does

not alter the flow of the diagram.

....................

--------------------

For example: Visually grouping a
series of tasks to make them more visi-

ble in the workflow.

Readability elements:

Annotation:An annotation
provides additional explanations

about a part of the diagram.

annotation

For example:the student can create or
view a reading record in an available

database.

Links: They enable a lengthy
process to be split for better read-
ability and continued on another

line within the same pool.

®

source links

destination

links
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Specific behaviors:

Message symbol:Triggers, facil-
itates intermediate processes, or

completes the process.

Throw message

Catch message

A message can be sent or received, sim-

ilar to an email or text message.

Timer symbol: Represents a
specific time or date, whether
unique or recurring. This sym-
bol is used to trigger, facilitate in-
termediate processes, or conclude

the process.

Timer symbols can indicate the start
of a timer (for instance, customers can
cancel a free trial within a 30-day pe-
riod, otherwise they will be charged a
monthly fee), or a specific day of the
week (for example, the system compiles

a list of recent free trial recipients).

Signal Symbol: A signal that
travels across various processes.
This symbol can initiate, facili-

tate, or conclude a process.

Throw signal

@

Catch signal

Error Symbol: Error detected
at the beginning, middle, or end
of a process. An error-triggering
event subprocess always inter-

rupts the process that contains it.

II

Error
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Loops and multi-

instances:They are employed | Boucle )

for tasks that involve multi- O
= J

ple instances of the same task

.. . . S
(multi-instance) or the iterative Multi-instance

paralléle

repetition of a task (loop). 11

Table 3.2: The Main BPMN Elements Used in Modeling of our project|3][4].

3.5 BPMN Diagrams for Our Project

This series of steps aims to streamline the management of graduation projects within the
Department of Computer Science using BPMN technologies and the BonitaSoft system.
This approach enhances interaction between students and professors, ensuring high levels
of efficiency and quality throughout all project stages, from idea submission to final project

evaluation.This figue |3.1| represents the overall Final Study Project process

. Proposing & Assing 3 Supervision Submit Final Study O
(& o
\® » Themes Monitoring Project

L END
Start @ "

Date Dépot Projet Fin D'étude

Final Project Study
Department Head

Figure 3.1: Final Study Project.

3.5.1 Project Launch.
Process:

Launching Graduation Projects by Department Head.

Department Head Entering Information: The department head enters the follow-

ing information into the system:
e Number of available teachers to supervise projects.
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e Number of enrolled students undertaking graduation projects.

Final dates for:

e Proposal of project themes.

Selection of themes by students.

Final validation of selected themes.

Submission deadline for session 1 reports.

Submission deadline for session 2 reports.

Automatic Calculation: Minimum Number of Themes to Propose.

The system automatically calculates the minimum number of project themes to be

propose based on the teacher-student ratio and set deadlines.

Email Notification: Teachers.

The system automatically sends an email notification to all teachers, informing them

of the deadlines and steps involved in the graduation project management process.

Launch of Sub-Process:

Based on the information entered by the department head, the system initiates the

sub-process for proposing , choose project themes.

i

= Propose Themes
1116
Start arallel =
"0 s
= Choose Themes
Start Choose Themes HIE

| Bnformation 2 Nombre ® Send & '
)} » o>
& Entry "| Of Topics email %

Launch The Project
Administration

Figure 3.2: Project Launch.
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3.5.2 Proposing Project Themes

e BEach professor submits a set of topics within their expertise.

e Themes are submitted using a specific form that includes the topic title, a brief

description, objectives, and expected methodology.

g
E C .
2 e 2 Proposing Themes Topics
Sl g » idati ' *|  Assignment
2| £ = Themes Validation i
ol @ st . 2
al - art ‘..;‘
E.LO_ O Date Start Of Topics Assignment

Date End Of Proposing Themes

END

Figure 3.3: Proposing Project Themes.

3.5.3 Validation of Themes by the CSD

Once the teachers have submitted their proposals, the Department Scientific Committee

(CSD) reviews and validates the themes to ensure they are relevant and meet the required

academic criteria.

2 valider ,/)(\
Membre1 \\‘/
© Porte3
Date Fin Validation 1
2 valider o
X/\
© Porte4
" Date Fin Validation 2
v
§ O J 2 vatider <X _<,-'_’!_\ 2 Vatidation
= o - Membre3 N b 4 Final
3| S Démarrert Porte1 (@) Portes Porte?
= §
=2 Date Fin Validation 3
®
= 2 Valider -\/X\
Membre4 /
© Porte6
Date Fin Validation 4
2 Valider @
*|  Membre5 ¥
f"_@; Porte7
Date Fin Validation 5

Figure 3.4: Validation of Themes by the CSD.
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3.5.4 Theme Selection by Students

Once the themes are validated, students can review the list of approved themes and

choose the one that aligns best with their interests and academic objectives.

8

(h

Start

Choose Theme

Student
C

Choose Theme

O

Date End Choose Of Themes EMD

Figure 3.5: Theme Selection by Students.

3.5.5 Assignment of Themes by Teachers and Displaying the Fi-

nal Assignment List to Students

Assignment of Themes by Teachers:

e After students have selected their preferred themes, teachers assign specific project

themes.

e Assignments are based on criteria such as student skills, workload associated with

the theme, and supervisor availability.

Displaying the Final Assignment List to Students:

e Once teachers complete the assignment process, the final list of theme assignments

is made available to students.

e This list clearly shows each student their officially assigned project theme, ensuring

transparency and clarity in the allocation process.
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2

Topics
Assignment
Start

Topics Assignment
Techer

O

Date End Selection Of Themes
END

Figure 3.6: Assignment of Themes.

3.5.6 Academic Supervision

Students and Supervisors: The academic supervision process begins officially, with
students meeting regularly with their assigned supervisors to discuss progress.
A work plan and schedule are established, detailing the project’s key stages, deadlines,

and regular meeting times.

Supervisors: Supervisors offer guidance and direction to students throughout the entire

project lifecycle, spanning from research and planning to execution and analysis.

Work Progress
IE

Work Report
Parzllel e

=  Plagiarism Testing
NIE

Figure 3.7: Academic Supervision.

Supervision Monitoring
)
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3.5.7 Progress Monitoring

Department Head:
e Conducts regular meetings with supervisors to assess project progress.

e Prepares periodic reports summarizing each project’s advancements, challenges en-

countered by students, and proposed solutions.

Supervisors: Submit regular progress reports on students’ progress, participating in

discussions on how to improve work quality and overcome obstacles.

Work Progress

Start Every 15 Days

Work Progress
Teacher

Figure 3.8: Progress Monitoring.

2 !

Rapport's Response

- Send Work Report

Student

Start

Work Report

Every 15 days

Teacher

Receiving Report

Figure 3.9: Progress Monitoring.
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3.5.8 Report Submission and Plagiarism Check

Students: After completing the final report of the project, students submit it to the

administration by the specified deadline.
Administration: Receives reports and sends them for plagiarism check.

Plagiarism Check: Reports are run through plagiarism detection software to verify

the authenticity of the work and ensure no unauthorized copying or paraphrasing.

Reporting Results: Results of the plagiarism check are compiled into a report and

communicated to students.

(@] =
- Sgend Report To i 24 Plagiarism
| | - Test Plagiarism Response

E
i
2
' Démamer &
2
8
E
g
|
W
&
= '
|n -
g 2
E Test Plagiari=m
E
=]
m

Figure 3.10: Plagiarism Check.

Resolution Process: If issues are identified, students are notified to revise the report

and resubmit it accordingly.
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After passing the plagiarism check, the student obtains approval from their supervisor

to submit the final version of the report.

Once approved by the supervisor, the final report is submitted to the administration.

Student

— a Submit Final
] Send Report = Study Project
. Final (Session 1
s inal (Session 1) Sesn2

(@)

Date End Submission Final Study Project (Session1)

piagtarism>30 Submit Final
" Study Project
‘5 y : Se n?_
B a NN
& Final Plagiarism -
£ Test|
E s Porte2 2
2 Planing Of
» Defense
plagiarism<=30

Figure 3.11: report submission session 1.

Submit Final Study Project Session1

3.5.9 Remedial Work

Students Who Didn’t Complete Reports or Failed Plagiarism Check: Students

are informed of the check results and any issues found in their reports.

New Timeline: Students are provided with a specified additional timeframe to make

necessary revisions and resubmit their reports.

Additional Support and Supervision: Additional guidance sessions may be offered

to support students in making required revisions.

Resubmission and Plagiarism Check: After revisions, students resubmit their re-

ports for another round of plagiarism checking.

Final Assessment: The revised report undergoes assessment, and if it meets all re-

quirements, students proceed to the presentation and defense stage.
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a

Send Report
Final (Session 2)

o O

Date End Submission Final Study Project (Session2) END

Student

Date End Submission Start Study Project (Session2)

plagiarism=>30 >O

END1

Submit Final Study Project Session 2

Final Plagiarism ,:\"x

Exlusive 2

Testing

Planing Of
- Defense
plagiarism<=30

Administration

Figure 3.12: Remidial work.

3.6 Conclusion

This chapter provided a comprehensive overview of BPMN (Business Process Model
and Notation) and its application in our project. We explored the basic concepts and key
elements of BPMN, and presented BPMN diagrams that illustrate the workflow stages
of our project. These diagrams will serve as the foundation for implementing efficient
project management practices using BonitaSoft, enhancing transparency and effectiveness

in academic operations.
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Chapter

Implementation

4.1 Introduction

This chapter explores Bonita BPM, an open-source software tailored for managing aca-
demic processes within the Computer Science Department. We examine key components
like the BPM engine, detailing how they streamline operations. Project-specific interfaces
illustrate processes from initiation by department heads to student theme selection, aca-
demic supervision, and real-time progress monitoring. The chapter underscores Bonita’s

role in enhancing efficiency and transparency in academic management.

4.2 Presentation of the Open Source Software Bonita

Bonita is a platform for business process optimization and automation that is expand-
able and open-source. With distinct features for visual programming and scripting, the
Bonita platform streamlines development and production. The graphical notation of
BPMN, its complete extensibility, and its reusable components enable seamless commu-
nication between the various IT team profiles and with the business teams. In addition
to orchestrating heterogeneous systems and integrating with current information systems,

Bonita offers extensive visibility into organizational activities|T4].

Furthermore, Bonita offers extensive visibility into organizational operations and con-

nects with pre-existing information systems while orchestrating heterogeneous systems|14].
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Architecture de la plateforme Bonita

c EmE B =

Bonita Portal Bonita Living Applications 1

=  [F EEe Y —

- Cloud APIs 3

CRM, ERP...

Données Q;:1 SI["L Données Pt
T . .p métiers : : N
i : ! Systemes
Source con! i : :

Externes

Figure 4.1: Bonita platform architecture.

4.2.1 Bonita Application Platform Components:
Bonita Studio

This tool allows users to graphically design professional processes compliant with BPMN
standards. Users can integrate these processes with other information system compo-
nents such as messaging, resource planning, business content management, and database
management. This integration enables the creation of standalone business applications
accessible via web forms. Bonita Studio also facilitates the graphical creation of forms
for end-users to interact with the processes. It supports processes designed with other

standards and technologies like XPDL or jBPM, and is built upon Eclipse [15].

4.2.2 Bonita BPM Engine

The Bonita BPM Engine is a Java application responsible for executing professional

processes created using Bonita Studio [15].

4.2.3 Bonita Portal

Bonita Portal serves as a comprehensive platform for end users to manage their tasks
and for process owners to administer and generate reports on processes. Built on Angu-

larJS, it provides a user-friendly interface for interacting with Bonita workflows|[15].
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4.2.4 Bonita UI Designer

Bonita UI Designer provides a collection of pre-built features based on Bootstrap and
AngularJS. It includes extension points allowing UI developers to integrate custom code,

tools, frameworks, and graphical elements to create tailored user interfaces [15].

Bonita BPM is open-source and available for download under the GPL license.

4.3 The technical characteristics of Bonita BPM:

Bonita BPM adheres to standards established by the Workflow Management Coali-
tion(WfMC), which aim to develop industry norms in workflow management in collab-
oration with key stakeholders. It integrates the XPDL language created by WEMC and

utilizes on Java Enterprise Edition (JEE) technologies.

4.3.1 Java Enterprise Edition (J2EE):

Java Enterprise Edition, or JEE (formerly J2EE), is a specification for Sun’s Java
programming language, specifically tailored for enterprise applications. This specification
extends the standard Java Framework (JSE, Java Standard Edition) to support the devel-
opment of distributed applications. The term "J2EE platform" refers to the combination

of services (APIs) it offers and the execution infrastructure.

Key components of J2EE include:

e Application Server Specifications: These define the runtime environment for
J2EE applications, specifying roles, interfaces, and operational environments. This
allows third-party developers to build compliant application servers without reim-

plementing core services.

e API-based Services: J2EE provides APIs that extend Java functionality, offering
a standard set of features. The J2EE Software Development Kit (SDK) includes a
minimal implementation of these APIs. Because J2EE is based on Java, it inherits

Java’s benefits, such as excellent code portability across different platforms.
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4.3.2 XML Process Definition Language (XPDL):

XPDL, which stands for "XML Process Definition Language," is a standard developed
by the Workflow Management Coalition (WfMC). It allows the definition of business
processes or workflows using XML. These process definitions can then be executed by a

workflow engine.

Key elements of a process definition in XPDL include:

e Process Start and End Markers: Define the beginning and completion points

of the process.
e Activities: Tasks or steps within the process that need to be performed.
e Transitions: Define the flow or interactions between activities.
e Attributes: Specify behaviors associated with each activity.

e Participant Roles/Groups: Define roles or groups of participants involved in

executing activities.

e Interactions/Relations: Describe interactions between participants and activi-

ties.

XPDL serves as a standard for seamlessly integrating heterogeneous workflow systems,

ensuring interoperability across different platforms and tools.

4.4 Connectors Used in Bonita

Bonita employs Java-based connectors to enhance task capabilities within processes,
facilitating interactions such as database queries and web service integrations. These con-
nectors include defaults for various database management systems like Postgres, Access,
MySQL, Oracle, and MS SQL Server. Additionally, Bonita supports Groovy and system

script execution, SAP integration, and email sending capabilities.
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Key Features:

e Default Connectors: Covering a wide range of database management systems

and essential functionalities.

e Custom Connector Development: Bonita’s process editor allows developers to
create custom connectors using an integrated Java editor. These connectors can be

exported and reused across different projects.

e Community Contributions: The Bonita community offers downloadable connec-

tors for free, extending the platform’s functionality.

e Integration Flexibility: Supports the integration of external libraries within pro-

cesses, enhancing capabilities for Groovy scripting or custom connector usage.

For our project, we have utilized integrated email services for communication purposes,

and employed Groovy for scripting tasks within our processes.

4.5 Presentation of some interfaces of our project

4.5.1 Bonita Portal:

Through this interface below [£.2] the user can access by entering his username and

password .

Bienvenue sur Bonita Portal

Bonitasoft -

Figure 4.2: The Bonita portal.
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4.5.2 The head of departement initialize the process

This interface represents the department head started the Final Study Project process

(s Bonitasoft

Bienvenue: abdrazakdjouabri e Utilisateur  ~ | Paramétres

Processus

Démarrer un nouveau cas pour le processus Projet Fin Etude
Démarrer | Annuler

Figure 4.3: Start the process.

4.5.3 Department Head Entering Information

The head of the department enters the information focused on in the Final Study project

process [4.6

| (s Bonitasoft Biemense: bdrazakdovabi () Uttstenr < | Paramétes
@ Taches % Cas Processus
< Filtres > | Fomuare | commentaies L0
Atare [ o
M tches o a Saisir Les Information

Taches terminées

Liste de taches G

0 & Tache Nom du processus

Information
Nombre Enseignant

RN « | 2

— Nombre Etudiant

0 & saisi Les Information Projet Fin Etude

86
Annee Universitaire
1-111 2023/2024
Date Fin Proposer *

0910772024

13:45:00

Date Fin Valider *

0910712024

Aujourdhul B8

Maintenant @

Aujourchul B

Figure 4.4: Entering Information.

4.5.4 Email Notification

This figure [4.6] shows automatic email notifications are sent to all teachers about dead-

lines and steps involved in the graduation project management process.
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Figure 4.5: Configuration of Email Conector.
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Figure 4.6: Receive Email .

4.5.5 Proposing of topics by professors

The following interface [.7] shows Professors submit topics within their expertise using

a specific form that includes the topic title, description, objectives, and methodology.
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Figure 4.7: Proposing of topics by professors.

4.5.6 Validation of Themes by the CSD.

The following figure [4.8shows,the Department Scientific Committee (CSD) reviews and

validates the proposed themes to ensure relevance and academic standards.

B2} Importer les favoris 1 Gmail + YouTube [ Maps @ Actualites g Traduie Release notes | Bon.. Théses-Aigérie Making REST APIca.. £ Camunda 8 Docs| W Autres favoris
é’ Bonitasoft Bienvenue: csdChefcsdChef = e Utilisateur  + | Paramitres
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o
& Filtres > | Formuare = Commentaires S 0¢
Processus Cas -
Af
e Therme Resumer a
Mes taches [ 1] Q As this problem of SDN controllers is NP complet (number and location) our objecth —
Téches terminées Theme Speclalite
ISIUGSWA
Liste de taches C
Theme Condition
1-273 =l || |l
L Tache ~ Nom du processus. Echéance adaton IRt
) & Valication Final Projet Fin Etude:
Validation Membre2
Validation Final Projet Fin Etude
Validation Membre3
Validation Final Projet Fin Etude

validation Membred

Validation Membre5

@ Valication Final

ENVOYER =

Figure 4.8: Validation of Themes by the CSD.
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4.5.7 Theme Selection by Students

Students review the proposed topics and choose those that correspond to their interests

and academic goals [£.19

1 Gmail » YouTube [ Maps @ Actuslités By Traduire Release notes | Ban.. Théses-Algérie Making REST APIca.. [ (Camunda B Docs ..

Blemenue: nesrine lamraout = e Utilisateur | Paramétres
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A Processus [RGITERS Ca { — 3
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Mes taches [1] Q Choisir Les Themes _

Taches terminées date Fin Choisir

2024-07-09T12:10:00Z
Liste de taches G
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1-1i1 \'; lamraoui nesrine
A Tache ~ Nom du p
] A Choisir Les Themes Projet Fin Etude
Choix1

Smart Glasses System based on Intemet of things and Deep leaming approaches (
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Figure 4.9: Theme Selection by Students.

4.5.8 Assignments of Themes

This interface [£.10] shows teachers who assign subjects based on criteria.

Making REST AP ca.
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o
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Figure 4.10: Assignments of Themes.
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4.5.9 Academic Supervision.

The supervision process consists in communication between the supervising teacher
and the student by sending the work plan and the work report, for example .And every

supervising teacher and the way he works
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Figure 4.11: Academic Supervision.
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4.5.10 Progress Monitoring

Supervisors submit regular progress reports, and periodic reports summarize each project’s

advancements and challenges

U Bﬂmrasuﬂ Blenvenue: brahim djellabi O Utilissteur  ~ | Paramétres
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Figure 4.12: Progress Monitoring.

4.5.11 Report Submission and Plagiarism Check

This figurdd.13|represent the Students submit their final reports, which are then checked

for plagiarism.
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Figure 4.13: Plagiarism Check.

After reporting the results of plagiarism and after processing the errors, they are ap-

proved by the supervisor and then submitted in session 1 [4.14]
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Figure 4.14: Report Submission.

4.5.12 Defense Plan

This interface shows that the head of department communicates the program with

students and teachers.

(s Bonitasoft RPEIIOINP. Y J—

& Taches

Formuiaire | Commentaires

Theme
Smart Glasses System based on Intemet of things and_Deep learning approaches (facial recognition)
Etudiant Etudiant2 Encadreur
lamraoui Nesrine djellabi brahim
Jury President Jury1 Jury2
djouabri abdrazak bal kamal boujaiaba hakim
Datee

09/07/2024 Aupurdhui B | 13:30:00 Maintenant  ©

salle

21|

ENVOYER
FERMER

Figure 4.15: Defense Plan.

4.6 Living Application Bonita

A Living Application is a set of pages that a Profile can navigate through. It is developed
and managed within the Bonita Platform using Bonita Studio and UI Designer, Bonita

Continuous Delivery for deployment, and Bonita Runtime for operation [2].
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Chapter 4 Implementation

4.6.1 Administration Space

The administration space contains several interfaces such as this figures [£.17] and [4.20]

Administration abdrazak djouabii @)

Processus

Filtres

Liste 1-1de1
Nom Version Catégories Description Action
Projet Fin Etude 10 >

1-4det

Figure 4.16: Page of Process.

Administration

ak djouabri €

Themes -
Theme
Enseignant  Enseignant Contact Theme Titre ‘Theme Resumer Specialite  Theme Condition
djeliabl Djelabibrahim@gmail.com  Smart Glasses System  Designing an intelligent and user-centric IoT system with integrated smart glasses technology 1o empower ISIUGSI  condition.
brahim based on Intemetof  blind and paired individual h recognition. The project seeks to develop a
things and Deep sophisicaled solution that leverages the capabiliies of smart glasses o provide real-lime, hands-free
leaming approaches  information about people and surroundings
(facial recognition)
aidaicha  aidaicha@gmail.com Refation Exiraction The purpose of this project is to develop and propose a Deep leaming based solution for Refation Extraction  ISILIIA condiion
from Blomedical Texts  from ciinical texts. In biomedical and clinical text, Relation Extraction is a vital task that plays a crucial role in
using Deep Leaming  uncovering meaningful asscciations and Interaciions between entities, such as drugs, genes, diseases, and
proteins. This task is particuiarly important for biomedical researchers and healthcare professionals seeking to
extract valuable insights from a vast amount of unstructured textual data. Relation Extraction helps researchers
navigate the vast amount of lterature, uncover hidden associations, and contribute 1o advancements In drug
discovery, and our of and biological processes,
djouabri djouabri@gmail.com Software defined As this problem of SDN controllers is NP complet (number and location) our objective through this projectis to  ISIL/GSIIA
Abdrazak network optimization  optimize the number and location controllers using Al techniques
Diellebi dieliabi@gmail com Smart Glasses System  Designing an intelligent and user-centric IoT system with integrated smart glasses technology to empower ISIUGSINA
brahim based on Intemetof  biind and paired individual recognition. The project seeks 10 develop @
things and Deep sophisticated solution that leverages the capabiliies of smart glasses o provide reallime, hands-free
leaming approaches  information about peaple and surroundings.
(facial recognition)
aidaicha  aidaicha@gmall.com Visual Question The purpose of this project is to develop and propose a Visual Question Answering (VQA) solution using Deep  ISILIGSI
Answering using Deep  Leaming techniques. VQA is a multidisciplinary research area at the intersection of computer vision and natural -
. h oo Naihina . thot oo i an i

Figure 4.17: The Themes Page .

4.6.2 Teachers Space

Teachers can see the proposed subjects and the defense plan

of the themes

and the assignments
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Final Projet Espace Enseignant
D localhost

A orat ) voumibe [ Mo @ Acustes By Tade (s Rekmenoim{ton. T TheesAptie - MelimgRESTAM . § | Caminds 800051 A s

Final Projet Espace Enseigr

Seutnence
Theme Etudiantt Etudiant2 Encadreur  Jury President Juryl  Jury2 Date salle
a
Smart Glasses System based on Intemet of things and Deep leaming approaches (facial lamraoul diellabi djouabri bal boujaiaba 2024-07- 21
recognition) Nestine brahim abdrazak Kkamal  hakim 09T12:30:002 -

Figure 4.18: Defense Plan.

Final Projet Espace Enseignant

abdrazak djousbri @)

Themes Affected

Enseignant Theme Titre Etudiant1 Etudiant2

djeliabl brahim Smart Glasses System based on Intemet of things and Deep leaming approaches (facial recognition)

aid aicha Relation Extraction from Biomedical Tex's using Deep Leaming

djouabri Abdrazak Software defined network optimization

Djellebi brahim Smart Glasses System based on Intemet of things and Deep leaming approaches (facial recognition) amraoui nesrine
aid aicha

Visual Question Answering using Deep Leaming mesiem raouane azoune Rima

Figure 4.19: Assignment of Themes .

4.6.3 Students Space

The Students Space contains several interfaces such as this interface below
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Final Projet Espace Etudiant

Themes Affected
Enssignant Theme Titre Etudiantt
diellabi brahim Smart Glasses System based on Intemet of things and Deep leaming approaches (facial recognition)
aid aicha Retation Exiraction from Biomedical Texts using Deep Learing
djouabr Abdrazak Software defined network optimization
Diellebi brahim Smart Glasses System based on Infemet of things and Deep leaming approaches (facial recognition) lamraoul nesrine
aid aicha Visual Question Answering using Deep Leaming

meslem raouane

Etudiant2

azoune Rima

Figure 4.20: Assignment of Ahemes for Students .

4.6.4 CSD Space

CSD can only validates the topics proposed by the teachers

Final Projet Espace Csd

csdChefesdChet @)

< Filtres >

o Cas

Mes taches

Taches terminées

Liste de taches C

Vous avez accompli toutes vos taches. Bravo !

Figure 4.21: CSD Space .

4.7 Conclusion

In this final chapter, we explored Bonita, an open-source platform for Business Pro-

cess Management (BPM). We introduced its core components, demonstrating how they

collaborate to automate and optimize processes. We also discussed its technical character-

istics. By showcasing specific interfaces and workflows, we highlighted Bonita’s practical

application in managing academic processes, confirming its effectiveness and efficiency in

business process management.
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General conclusion

This thesis represents an exceptional effort in the development and enhancement of
academic processes within the Computer Science department. Focused on designing and
implementing a system that leverages cutting-edge project management technologies, the
thesis aims to streamline and improve the management of final study projects, enhancing
their effectiveness and quality.

The thesis begins with an introductory overview of the department and the university,
highlighting current administrative challenges facing academic operations. It proposes
solutions and outlines the objectives of the proposed project. Additionally, the thesis
delves into a thorough study of workflow management concepts and systems, presenting
a BPMN design proposal for practical implementation using the Bonita BPM platform.

The proposed design for managing final study projects marks a pivotal step towards
achieving departmental goals by fostering collaboration, improving administrative effi-
ciency, and enhancing the experience of students and faculty members alike. This system
represents a strategic addition aimed at fostering innovation and excellence within the
department, with potential for broad application to achieve efficiency and effectiveness in
academic operations.

In conclusion, the comprehensive workflow management system represents a signifi-
cant step towards achieving our goals and enhancing the academic experience within the
Computer Science department. We look forward with confidence to its implementation,
expecting it to set new standards for administrative efficiency and operational excellence

in academic environments.
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