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Abstract

Our research investigates adaptive multiagents Systems in open environments. We are interested
in an open, dynamic and unstable context in which agents can dynamically cooperate. Since the
environment is dynamic, due to the availability or the lack of connected objects and to the diver-
sity of situations, cooperation mechanisms among connected objects must be dynamically and
adaptively designed. The adaptation takes into consideration the context of the person (elderly
or sick people) as well as the existing interaction protocols.

The aim of this work is to propose a contribution to the automation of the design and the
deployment of adaptive multiagent systems for ambient assistive applications. We propose a
new approach for Generating Automatically an Adaptive Multiagent system for Ambient Assis-
tive Applications (GAAMAAA). This approach focuses on the design and implementation of
the interaction protocol ontology and the creation steps of the MAS. For this purpose, we define
the agent-based architecture of GAAMAAA, we give a protocol ontology for protocol modeling
and ambient assistive ontology to create agents. We specify an execution model of protocols that
enables agents to dynamically take part into interaction. We carry out the dynamic integration
of these protocols into agents involved in the corresponding interaction. Our approach is vali-
dated by implementing a localization robot scenario, which the GAAMAAA provides support
for two most used interaction protocol ICNP and Coalition. The evaluation shows the effective
performance of interaction protocol based on sensitivity analyses method.

Keywords: Multiagent Systems, Interaction, Ontology, Connected Objects, Automation , Adap-
tation.
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Résumé

Nos recherches portent sur les systèmes multiagents adaptatifs en environnement ouvert. Nous
nous intéressons à un contexte ouvert, dynamique et instable dans lequel les agents peuvent
coopérer de manière dynamique. Comme l’environnement est dynamique, en raison de la
disponibilité ou du manque d’objets connectés et de la diversité des situations, les mécanismes
de coopération entre les objets connectés doivent être conçus de manière dynamique et adap-
tative. L’adaptation prend en considération le contexte de la personne (personnes âgées ou
malades) ainsi que les protocoles d’interaction existants.

L’objectif de ce travail est de proposer une contribution à l’automatisation de la conception et
du déploiement de systèmes multiagents adaptatifs pour les applications d’assistance ambiante.
Nous proposons une nouvelle approche pour la génération automatique d’un système multiagent
adaptatif pour les applications d’assistance ambiante (GAAMAAA). Cette approche se focalise
sur la conception et la mise en œuvre de l’ontologie des protocoles d’interaction et sur les étapes
de création du SMA. Pour cela, nous définissons l’architecture à base d’agents de GAAMAAA,
nous donnons une ontologie de protocole pour la modélisation du protocole et une ontologie
d’assistance ambiante pour créer des agents. Nous spécifions un modèle d’exécution des pro-
tocoles qui permet aux agents de prendre part à l’interaction de manière dynamique. Nous
réalisons l’intégration dynamique de ces protocoles dans les agents impliqués dans l’interaction
correspondante. Notre approche est validée par la mise en œuvre d’un scénario de localisation
de robot, que le GAAMAAA prend en charge pour deux protocoles d’interaction les plus util-
isés, ICNP et la coalition. L’évaluation réalisée montre la performance effective du protocole
d’interaction basé sur la méthode des analyses de sensibilité.

Mots clés: Systèmes multiagents, Interaction, Ontologie, Objets connectés, Domotique,
Adaptation.





Acronym

AA Ambient A ssistance

AE Ambient Environment

AmI Ambient Intelligence

BDI B eliefs Desires Intentions

CO Connected Objects

Coalaa Coalitions for Ambient Assisted Living Applications

AI Artificial Intelligence

MAS MultiAgent Systems

OWL Web OntologyLanguage

DU Degree Urgency

LP Level Precision

LI Level Intrusion

AAL Ambient Assited Living

GAAMAAA Generating Automatically an Adaptive Multiagent systems for Ambient Assistive Applications

i



Acknowledgments

First and foremost, praises and thanks to the God, the Almighty, for His showers of blessings
throughout my research work to complete the research successfully. Thanks God . . .

I would like to express my profound gratitude to Dr, Nadia Abchiche-Mimouni, my co-
supervisors, who started by proposing this PhD project and believing in my capacity to accom-
plish it. I am very grateful for her permanent support, scientific guidance, constant optimism
and encouragement throughout this long walk with all its “ups and downs”. I deeply appreciate
her careful revision of all my work.

I would like to express my deep and sincere gratitude to my supervisor, Pr. Samir Otmane,
for giving me the opportunity to do research and providing invaluable guidance throughout this
research. His dynamism, vision, sincerity and motivation have deeply inspired me.

I owe my deepest gratitude to my supervisor Pr. Jalel Akaichi for his supervision.

I would also like to thank all the staf of the IBSIC laboratory for providing me such a great
work environment.

I am deeply indebted to Pr. Abderrazek Jemai for his support, encouragement and valuable
discussions concerning this research.

I am extremely grateful to my parents for their love, prayers, caring and sacrifices for edu-
cating and preparing me for my future. Also I express my thanks to my sisters and brothers.

Finally, my thanks go to all the people who have supported me to complete the research
work directly or indirectly.

ii



Contents

Glossary i

Introduction 2

Part I : Context, background and state of the art 7

1 Context and background 8
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.2 Aging problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.3 Ambient intelligence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.4 Multiagent systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.4.1 Agent definition and characteristics . . . . . . . . . . . . . . . . . . . 12
1.4.2 Multiagent system definition . . . . . . . . . . . . . . . . . . . . . . . 14
1.4.3 Agents architectures . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.4.4 Multiagent system components . . . . . . . . . . . . . . . . . . . . . 16
1.4.5 Multiagent systems software qualities . . . . . . . . . . . . . . . . . . 17
1.4.6 Multiagent systems self-capabilities properties . . . . . . . . . . . . . 18

1.5 Interaction protocols in multiagent systems . . . . . . . . . . . . . . . . . . . 18
1.5.1 The theory of speech acts . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.5.2 Communication languages . . . . . . . . . . . . . . . . . . . . . . . . 20
1.5.3 Definition of interaction protocol . . . . . . . . . . . . . . . . . . . . . 22
1.5.4 Classification of interaction protocol . . . . . . . . . . . . . . . . . . . 22

1.6 Ontology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
1.6.1 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
1.6.2 Ontology components . . . . . . . . . . . . . . . . . . . . . . . . . . 25

1.7 Ontologies and multiagent systems . . . . . . . . . . . . . . . . . . . . . . . 26
1.8 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2 State of the art 28
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.2 Multiagent systems for ambient assistive applications . . . . . . . . . . . . . . 29

2.2.1 Ambient assisted applications in static environment . . . . . . . . . . . 30
2.2.2 Ambient assisted applications in dynamic environment . . . . . . . . . 32
2.2.3 Comparison and discussion . . . . . . . . . . . . . . . . . . . . . . . 34

2.3 Engineering multiagent systems . . . . . . . . . . . . . . . . . . . . . . . . . 36
2.3.1 Protocol management system . . . . . . . . . . . . . . . . . . . . . . 37
2.3.2 Modeling, programming and verifying MAS . . . . . . . . . . . . . . 38
2.3.3 Semantic approach of negotiation . . . . . . . . . . . . . . . . . . . . 38
2.3.4 Multiagent platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

iii



Contents

2.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
2.5 Self-adaptive multiagent systems . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.5.1 ADELFE method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
2.5.2 Life Cycles for MAPE-K . . . . . . . . . . . . . . . . . . . . . . . . . 42
2.5.3 self-adaptive business process . . . . . . . . . . . . . . . . . . . . . . 42

2.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

Part II : Contributions 44

3 Robot localization scenario 45
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.2 Scenarios description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.3 Robot localization task . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.4 Scenario formalization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
3.5 Scenario parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

3.5.1 Measure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
3.5.2 Interpretation of the measurements . . . . . . . . . . . . . . . . . . . . 49

3.6 Scenario challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
3.6.1 Unpredictable situation . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.6.2 Dynamic environment . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.6.3 Changing context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.6.4 Ethical and urgency factor . . . . . . . . . . . . . . . . . . . . . . . . 51

3.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4 GAAMAAA approach 52
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
4.2 GAAMAAA architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.2.1 Ontology level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
4.2.2 Application level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
4.2.3 Configuration level . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

4.3 GAAMAAA illustration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
4.3.1 Agent and environment in MAS . . . . . . . . . . . . . . . . . . . . . 60
4.3.2 Interaction protocol in MAS . . . . . . . . . . . . . . . . . . . . . . . 63
4.3.3 Agents conformity . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
4.3.4 Protocol performances . . . . . . . . . . . . . . . . . . . . . . . . . . 65
4.3.5 Quality assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5 Sensitivity analysis of GAAMAAA 67
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
5.2 Sensitivity analysis and self-adaptive multiagent systems . . . . . . . . . . . . 68
5.3 Sensitivity analysis method . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
5.4 Experimentation and results . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

iv



Contents

5.4.1 ICNP Sensitivity analysis . . . . . . . . . . . . . . . . . . . . . . . . 73
5.4.2 Coalition-MAS Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . 75
5.4.3 Synthetic results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5.4.4 Result Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

5.5 Adaptation strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
5.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Conclusion 85

Appendix 87

A Appendix 1 88
A.1 Ambient assistance ontology . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
A.2 Protocol ontology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
A.3 ICNP sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
A.4 Coalition sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Bibliography 96

v



List of Figures

1.1 Share of total population aged 65 years or over, by region, 1990-2050 . . . . . 10
1.2 Home care system domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.3 Reactive architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.4 View on a multiagent system . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.5 Contract Net Interaction Protocol . . . . . . . . . . . . . . . . . . . . . . . . . 23
1.6 Coalition Protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.1 ALZ-MAS basic schema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.2 Coalaa basic architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
2.3 Protocol Management System . . . . . . . . . . . . . . . . . . . . . . . . . . 37

3.1 A person falls scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

4.1 GAAMAAA Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
4.2 Protocol ontology (PrOnto) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
4.3 Ambient Assistance Ontology (AA) . . . . . . . . . . . . . . . . . . . . . . . 57
4.4 Interface of service request . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
4.5 Environmental of the ontology for MAS . . . . . . . . . . . . . . . . . . . . . 61
4.6 Agent in MAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
4.7 Subclasses of communicating object with some instances . . . . . . . . . . . . 62
4.8 Interaction protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
4.9 Agent interaction diagram in Jade platform . . . . . . . . . . . . . . . . . . . 64
4.10 Performances of ICNP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

5.1 Time response for ICNP: cardinality=5 . . . . . . . . . . . . . . . . . . . . . 74
5.2 Time response for Coalition protocol: cardinality=5 . . . . . . . . . . . . . . . 76
5.3 ICNP SA Cardinality = 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
5.4 Coalition SA Cardinality = 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
5.5 ICNP SA Cardinality = 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.6 Coalition SA Cardinality = 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.7 ICNP SA Cardinality = 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.8 Coalition SA Cardinality = 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.9 ICNP SA Cardinality = 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.10 Coalition SA Cardinality = 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.11 ICNP SA Cardinality = 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.12 Coalition SA Cardinality = 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.13 ICNP SA Cardinality = 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.14 Coalition SA Cardinality = 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.15 ICNP SA Cardinality = 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

vi



List of Figures

5.16 Coalition SA Cardinality = 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.17 ICNP SA Cardinality = 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.18 Coalition SA Cardinality = 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5.19 ICNP SA results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.20 Coalition SA results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

A.1 Class AA ontology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
A.2 Object property AA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
A.3 Data property AA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
A.4 Instances AA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
A.5 Class protocol ontology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
A.6 Object property . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
A.7 Data property . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
A.8 Instances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

vii



List of Tables

1.1 The elements of an FIPA-ACL message . . . . . . . . . . . . . . . . . . . . . 21

2.1 Comparing related work of ambient assisted applications in dynamic environ-
ment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.2 Comparing related work of ambient assisted applications in dynamic environ-
ment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

2.3 Comparing related work of engineering MAS . . . . . . . . . . . . . . . . . . 40

3.1 Summary and possible interpretations of the interaction parameters . . . . . . . 49

4.1 Protocol quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5.1 Scenario parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
5.2 Decision variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
5.3 Parameters instantiating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
5.4 Communication Objects characteritics . . . . . . . . . . . . . . . . . . . . . . 72
5.5 ICNP sensitivity parameters: cardinality =5 . . . . . . . . . . . . . . . . . . . 73
5.6 Coalition sensitivity parameters: cardinality = 5 . . . . . . . . . . . . . . . . . 77

A.1 ICNP sensitivity parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
A.2 Coalition sensitivity parameters (part 1) . . . . . . . . . . . . . . . . . . . . . 94
A.3 Coalition sensitivity parameters (part 2) . . . . . . . . . . . . . . . . . . . . . 95

viii



List of Algorithms

1 Agentification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
2 Auto-protocol-ICNP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
3 Auto-protocol-Coalition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
4 SA-processing Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

ix





Introduction

Currently, there is an important idea for the user in the computer science research; the inte-
gration of various technical applications in our traditional environments such as home,
workplace, leisure centers and the city.

In the near future, these environments will recognize our tastes and our preferences, and they
will help us achieving our goals and our needs. People will interact with an environment that
will be aware of their presence and the general context and that can adapt and respond to their
needs, habits and emotions. The ultimate goal is to get the comfort of the users in their daily
lives and to respect the security and confidentiality of each of them without intrusion.
The environment contains heterogeneous devices that seem isolated but with the help of existing
networks technologies, these devices can communicate and collaborate with each other and thus
form a system called ambient system. This communication may be wireless like WiFi technol-
ogy, Bluetooth or wired Ethernet.
The ambient system should supplement the needs of users without interference in the needs of
other ones. Needs and tastes are important but then there is also an essential concept: assistance
in situations where difficulties are encountered by the user such as elderly or sick persons. For
example, the ambient system can help to find solutions to the situation of falling of Alzheimer
sufferers or at least collect important information and thus help in decision making. Our appli-
cation context is to assist an elderly or a sick person in loss of autonomy at home by providing
assistive applications based on cooperation among a set of Connected Objects (COs). The con-
text of such applications is highly dynamic and changing due to the COs that may or may not
be available, but also due to the context related to the person (his/her habits, preferences, move-
ments...). The presence of a mobile robot can help to deal with such dynamic situations. Indeed,
a robot can interact and cooperate with COs to decline a set of services and teleservices in order
to facilitate the daily life of the person and his entourage at home.

Multiagent Systems (MAS), initially introduced in the context of Distributed Artificial In-
telligence, are currently at the intersection of several disciplines of computer science such as
Software Engineering, Artificial Intelligence (AI), and Distributed Systems. They are very well
recognized both in the research community and in the industry as a framework facilitating the
development of complex and adaptive systems [Beaumont & Chaib-draa 2007]. They are dy-
namic, evolving and composed of autonomous and heterogeneous entities that act in cooperation
to achieve a common objective. One of the most important and principal qualities of MAS is the
communication between the agents representing a capital mechanism inside agents community.
Ambient Intelligence (AmI) is an emerging discipline whose aim is to brings AI in our daily
life, in particular for assisting elderly or sick persons. Unfortunately, the existing systems have
not been as successful as expected, in particular because of their lack of flexibility and adapta-
tion to people’s environments and profiles. Indeed, the changing nature of networks of COs and
the human nature which is unpredictable are problematic. This thesis addresses the problem of
adaptation and self-adaptation for ambient assistive applications thanks to MAS.
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Scientific challenges

The main addressed challenge in this work is the following:

Ensuring dynamic interactions and automatic agent generation in an open and dynamic envi-
ronment such as ambient assistance, using the interaction protocols of a MAS.

In order to deel with such a challenge, we will try in this thesis to adresse the questions
below:

→ How to ensure the matching between an ambient environment and a MAS?

→ Which protocol modelling to adopt?

→ How to deploy and run an interaction protocol dynamically?

→ How to ensure dynamic interactions and automatic agent generation in an open and dy-
namic environment?

→ How to ensure a self-adaptive MAS to ambient assistance application?

Aim and scope

This research focuses on improving adaptation and self-adaptation of MAS in open environment
for ambient assistive applications. Let us briefly present below the main contributions of this
thesis:

• An ontology of interaction protocols (PrOnto) inspired from [W.Bouaziz et al. 2009],
[V.Tamma et al. 2005], [T.Jarraya & Z.Guessoum 2007], which is presented in chapter
4. This ontology is considered as a model for defining the structure shared by all the
protocols. More precisely, this ontology makes it possible both to describe the profile
of the protocols as well as their control structure. The profile defines what the protocol
does, its purpose, specifying the protocol category, the problem types resolved by each
protocol, and specifying some of its static properties. The profiles will be used to perform
the dynamic selection of the protocols. The control structure defines its behavior and its
functioning through the description of the actions that it supports and the scheduling of
the messages that it allows exchanging.

• An architecture for Automatically Generating Adaptive Multiagent Systems for Ambient
Assistive Applications (GAAMAAA)[Maddouri et al. 2019]. Exposed in chapter 4 which
makes it possible to support the entire life cycle of protocols from their specification to
their execution. GAAMAAA architecture is an attempt to automatically generate a set
of cooperative agents in order to provide a service adapted to a dependent, elderly, or a
suffering person maintained at home. The latter is equipped with a set of CO and possibly
with a robot. This work is in the continuity of the COALAA project. It has led to:
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• A system for generating agents; this system makes it possible to automate the cre-
ation of MAS from the Ambient Assistance (AA) ontology.

• An interaction protocol generation system; this system makes it possible to assign
interaction protocols to the new agents created by the system, depending on the de-
sired effect (robot location) requested by the requesting agent and updating system.

• A strategy presented in chapter 5 allowing an agent to dynamically detect the situations
where it is relevant to switch from an interaction protocol to another, and to perform the
“protocol switch” at run-time. For that purpose, we proceeded to a sensitivity analysis
of the interaction protocols according to the context application. From the results of
sensitivity analysis, we built rules which can be injected into the agents’ knowledge base,
allowing them to reason about the relevance of the interaction protocols.

Thesis Outline

This thesis is structured into two main parts as depicted afterward.
The first part exposes the conceptual context for the thesis throughout first chapter, and a litera-
ture review of the main MultiAgent Systems in the last chapter.

Ê Chapter 1:

Chapter 1 introduces the necessary background regarding the basic concepts of application and
more precisely the Aging problem.
It also provides the background knowledge to support our work, which addresses the areas of
Ambient intelligence, Multiagent Systems and Ontologies. We present the notion of interaction
protocol, which is central in out work, by giving a brief overview of the different type of
interaction protocols in Multiagent Systems.

Ë Chapter 2:

Chapter 2 presents in the first section a state of the art of solution methods treated in literature
with Multiagent Systems for ambient assistive applications.
We identified evaluation criteria for the classification of the works, and then compared them
according to these criteria. Then, we present the conclusions of this study and identify some
shortcomings that will lead to our proposal.
The next section presents the problem of protocols ad-hoc implementation for the development
of interactive agents. It studies state of the art for the representation, selection and development
of protocols.
It describe what Adaptive multi-agent systems (AMAS) is and how they can be used for our
context problem of ambient assistance. Then, we identified the shortcomings and compares
several works representative of the state of the art.
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The second part of this thesis is composed of three chapters and it is dedicated to detail
our contributions. This part focuses on presenting our newly developed approaches solving the
adaptability of cooperative Multiagent Systems for ambient assistive applications.

Î Chapter 3:

Chapter 3 presents a usage scenario extracted from the Coalaa
[N.Abchiche-mimouni et al. 2016] project in order to present the questions to which the
thesis attempted to propose answers.

Ï Chapter 4:

In chapter 4, we develop our GAAMAAA architecture (Generating Automatically an Adaptive
Multiagent systems for Ambient Assistive Applications).
Then, we present an ontology for ambient assistance which is designed for modelling the
knowledge useful for the representation of the environment of assistive applications. Then,
we present an ontology dedicated to the modelling of interaction protocol.
In order to demonstrate the performance of the proposed GAMAAA, we applied it on a case
study for robot localization.

Ð Chapter 5:

In chapter 5, we have performed a sensitivity analysis of the interaction protocols according to
GAAMAAA platform presented in chapter 4. From the results of sensitivity analysis applied
to scenario described in chapter 3, we built rules which can be injected in the agents, allowing
them to reason about the relevance of the interaction protocols.
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1.1. Introduction

1.1 Introduction

The evolution of the information and communication technologies led to the emergence of the
notion of ambient environment (AE)made up of sensors, actuators, and even networked robots.
The primary target of this environment is to assist, secure and control aged or disabled people
in their community. Over the last decade, MAS have proven to be useful in health applications
such as the ones related to ambient assisted living of Parkinson patients
[I.Garcia-Magarino & G.Palacios-Navarro 2016] also other works such [Gams.Matjaz et al. ],
[Shakshuki & Reid 2015] and the famous project RobotCARE [Cesta et al. 2003].
Ambient intelligence (AmI) based systems aim to improve quality of life, offering more efficient
and easy ways to use services and communication tools to interact with other people, systems
and environments.
The design of complex systems, such as MAS, should consider models that are clear to commu-
nicate, provide support during programming, and allow the reuse and reasoning over the speci-
fication [A.Freitas et al. 2017a]. Therefore, we propose and investigate the use of ontologies to
achieve such goals due to the fact that they can be used as a repository for these involvements
and help in organising the concepts involved in the modelling, development, and verification
of MAS [Artur.Freitas et al. 2019]. Since ontology will be playing the role of meta-model for
MAS, this section briefly explains the main topics in the areas of AmI„MAS, protocol interac-
tion and ontology, and MAS that have led us to present this thesis.

1.2 Aging problem

Dependence is a permanent situation in which a person needs important assistance from others
in order to perform basic daily life activities such as essential mobility, object and people recog-
nition, and domestic tasks.
There is an ever growing need to supply constant care and support to the disabled and elderly,
and the drive to find more effective ways of providing such care has become a major challenge
for the scientific community.
According to the Department of Economic and Social Affairs of the United Nations
[United Nations & Social Affairs 2019], the global population aged 65 years numbered 703 mil-
lion in 2019. This number is projected to double to 1.5 billion in 2050. Globally, the share of
the population aged 65 years or over increased from 6 per cent in 1990 to 9 per cent in 2019.
That proportion is projected to rise further to 16 per cent in 2050, when it is expected that one
in six people worldwide will be aged 65 years or over.
Globally, the number of persons aged 80 years or older nearly tripled between 1990 and 2019,
growing from 54 million to 143 million; it is projected to triple again between 2019 and 2050 to
reach 426 million. Between 1990 and 2019, the number of persons aged 80 or over doubled in
all regions except Europe and Northern America and tripled in four of eight regions. Between
2019 and 2050, the number of persons aged 80 years or over is projected to show the largest
percentage increases in Eastern and South-Eastern Asia and in Northern Africa and Western
Asia.
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Not only has the absolute number of older persons increased globally, but also the share of older
persons in the total population has increased and is projected to continue to grow in all regions.
The percentage of persons aged 65 or over worldwide has grown from 6 per cent in 1990 to 9
per cent in 2019 and is projected to increase further to 16 per cent in 2050 1.1. This will result in

Figure 1.1 – Share of total population aged 65 years or over, by region, 1990-2050
https://population.un.org/wpp/

either higher costs for the services to the persons or a decrease in the quality of services or even
a scenario of both higher costs and lower quality service. Assisted living solutions for elderly
people using ambient intelligence technology can help to cope with this complication through
providing a proactive approach that aims to address the challenges before they accumulate along
with situation aware assistance.
This approach should also be capable of sustaining the autonomy of the elderly, be helpful in
limiting the increasing costs while concurrently providing increasing the quality of life to the af-
fected people. The goal is to enable elderly people to live longer in their preferred environment,
to enhance the quality of their lives and to reduce costs for society and public health systems.
Today’s commercially available products for emergency monitoring already use a broad range
of modern technology (e.g., necklaces with emergency buttons, fall sensors in mobile phones
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1.3. Ambient intelligence

with wireless notification of emergency services, vital data monitoring plasters, etc.). However,
they are mostly closed, stand-alone systems with a limited ability to describe the actual situa-
tion, often just too difficult for the elderly people to operate and useless in emergencies.
Moreover, as we will see the proposed solution are standardized and lack adaptation to each
single individuality.

1.3 Ambient intelligence

Ambient intelligence is an emerging discipline that brings AI to our everyday environments and
makes these environments sensitive to us [J.Cook et al. 2009b]. AmI systems can also involve
AI agents and perform as autonomous systems [Gams et al. 2019].
Ambient intelligence research builds upon advances in sensors and sensor networks, pervasive
computing, and artificial intelligence. As a reminder, the AI field was developed in 1950s as
“the science and engineering of making intelligent machines”, as stated by McCarthy, one of the
pioneers of the field [J.Cook et al. 2009a]. This rather ambitious project was somewhat toned
down during the 1970s when the field was the subject of several setbacks leading to an "AI win-
ter", whose effects can still be felt today. The reason for this setback was that researchers had
been too optimistic in their expectations of the breakthroughs which would be produced by the
field, and did not properly take into account the inherent complexity of some of the tasks they
were proposing to handle (e.g. natural language processing). This disgrace period of the AI field
ended with the success of expert systems in the 1980s. These systems aim to emulate the ability
of a human being to take decisions based on expert knowledge, using inference mechanisms
(via an inference engine) and a rules database. However, even expert systems cannot avoid the
complexity of modeling knowledge, and are still ultimately limited by the growth of their rules
database. This concern, among others (such as privacy of informations) led to a new field of
AI named Distributed Artificial Intelligence (DAI) [J.Cook et al. 2009a], where several expert
systems collaborate to provide a collective solution to a specific problem.
Machine learning is a field of artificial intelligence that aims to provide a system that has the
ability to learn from the data, extract important features from this data, and use these features to
perform predictions or classifications on new instances of the data. This learning process starts
by introducing the data to the algorithm, the algorithm then looks for patterns in the data that
can be used to base future predictions on, the principal objective is to allow computers to learn
automatically from the data without the need for human intervention or assistance and to allow
the algorithm to adjust its actions accordingly [Tom.Mitchell et al. 1986]. An artificial neural
network(ANN) has its roots in artificial intelligence, it is a succession of algorithms that aims to
detect and recognize underlying relationships within a set of data. This system operates through
a system of neurons, hence its name neural network.
Neural networks had more and more hidden layers and the high number of layers was becoming
a source of problems. Indeed, from a number of layers, the neural network was no longer able
to assimilate information and learn correctly.
Since these contributing fields have experienced tremendous growth in the last few years, AmI
research has strengthened and expanded. AmI research is maturing, resulting in technologies
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that promise to revolutionize daily human life by making the surroundings of people flexible
and adaptive. Due to the high potential of emergencies, a sound emergency assistance is re-
quired for example in certain cases to assist elderly people. Comprehensive ambient assisted
living solutions sets high demands on the overall system quality and consequently on software
and system engineering. Therefore making user acceptance and support by various user in-
terfaces an absolute necessity. Living assistance systems focusing on the support of people

Figure 1.2 – Home care system domain

with special needs (elderly, disabled) in their own homes are called Home Care Systems (HCS)
[Kleinberger et al. 2007]. The aim of a HCS is to allow people in need to live longer in their
preferred environment at home, while retaining their independence; this is essential in cases
involving handicaps or people with medical diseases. As illustrated in A.4 the HCS domain can
coarsely be structured into emergency assistance services, autonomy enhancement services, and
comfort services.
Finally, it is worth mentioning the survey by Preuveneers and Novais [D.Preuveneers & P.Novais 2012]
on software engineering practices for the development of applications in AmI.
In this survey the authors include relevant works on the representation of knowledge through
ontologies in MAS along with their reasoning capabilities. They identify the adoption of these
multiagent systems as a compelling alternative for developing middleware solutions that are
necessary in AmI applications.

1.4 Multiagent systems

MultiAgent Systems is a relatively recent field which can be seen as the intersection of Artificial
Intelligence.
The popularity of MAS has risen significantly with the continuous increase in Internet and
Web computing, which present an environment in which agents can exist and interact with one
another. Before talking about MAS, we must explain the notion of an agent.

1.4.1 Agent definition and characteristics

Several definitions of an agent have been proposed. We keep here the (mostly) consensual no-
tion proposed by Wooldridge in [Georgeff et al. 1999]:
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"An agent is a computer system that is situated in some environment, and that is capable of
autonomous action in this environment in order to meet its design objectives".
According to [M.InvernoDavid et al. 1997] agents are autonomous, persistent (software) com-
ponents that perceive, reason, communicate and act in someone’s favour, influencing its envi-
ronment.
According to Ferber [Ferber 1999] "An agent a real or abstract entity that is able to act on
itself and its environment; which has a partial representation of its environment; which can, in
a multi-agent universe communicate with others agents, and whose behavior is the result of its
observations, its knowledge and its interactions with the other agents."
It follows from this definition key properties like:

• The autonomy: agents are capable of independent decision making. They operate without
the intervention of human or others, and have control over their own actions and internal
state [M.J.Wooldridge & N.R.Jennings 1995]. The degree of autonomy of each agent is
evaluated on the basis of its proactivity and the role it has in the organizational structure.
Assessment of the role of the agent in the organizational structure considers for each
agent: its position in the MAS structure . The ability to take on several roles (Initiator,
responder); the ability to cooperate with other agents; and sharing tasks or resources
(locate Robot).

• The reactivity: Agents perceive their environment, and respond accordingly to changes
that occur in it. They are responsive to the dynamics of their surrounding world. The
Reactivity is evaluated by the ability of an agent to handle the exception in the system,
i.e., changes in the environment.

• The communication: the agent must be able to communicate with agents as well as with
human users.

In the literature, definitions [Nicholas et al. 1998] also give the agent other key properties:

• Pro-activeness: Agents act in anticipation of future goals, on their own initiative. They
do not simply act in response to their environment, but are able to exhibit goal directed
behaviour by taking the initiative.

• Socialness: Agents are able to interact with humans or other agents in order to achieve
their goals. Agents can perceive their environment through sensors and act through effec-
tors. The socialness is evaluate by:

– Existence of communication protocol: it is important to capture the conversational
messages and identify the conversational protocols that are used in communication
[FIPA 2007].

– Clarity and completeness of the communication protocol: a protocol is an orderly
set of messages that together defines the admissible patterns of a particular type of
interaction between entities.The clarity of the protocol is very important, because
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ambiguity causes difficulty or a misunderstanding of the meaning of the message
[Y.Shoham 1993].

These two additional properties allow the distinction between the two types of agents: reactive
agents and cognitive agents are detailed in section 1.4.3.

1.4.2 Multiagent system definition

In the general case, the agents are not isolated but they are grouped together in a system called
multiagent system (MAS). Agents are the building blocks of a MAS in which they interact in
an organized manner for the purpose of achieving a common goal.
"A MAS is a distributed system, composed of a set of agents interacting, most often, according
to modes of cooperation, competition or coexistence." [draa Brahim et al. 2001]
It emerges from this definition an essential and founding element of MAS, that of interaction
protocol, detailed in chapter 3. According to [draa Brahim et al. 2001] the interaction can be en-
sured either by a transfer of information, or via the environment according to two mechanisms:
perception and communication.
Multiagent system examples
Multiagent systems are becoming more popular and they are being used in more and more
applications [Wooldridge 2009] like: coordinated defense systems, applications that include
transportation, logistics, graphics, network technologies and many others. There are ongoing re-
searches connected with multiagent systems: cooperation and coordination, organization, com-
munication, negotiation, distributed program solving, agent learning, scientific communities,
dependability and fault-tolerance. We enumerate some of the most commonly MAS:

• BitTorrent [J.M.Vidal 2008] is one of the most popular P2P based system, which is actu-
ally a MAS. Its purpose is to distribute large files like TV shows, movies, books, software.
Agents in that system are autonomous and they decide what part of files will be down-
loaded or uploaded, from where and with what priority.

• Distributed Vehicle Monitoring Tested [Wooldridge 2009]. It is a sensor network, where
an agent is responsible for a sensor. Their task is to cooperate an object (vehicle) and its
recognition parameters. It is also used for predicting object further movement from one
region to another with time anticipation.

• MAXIMS [Wooldridge 2009] is an email assistant system. Its task is to prioritize, for-
ward, delete, sort and archive emails on behalf of a user. It learns from the previous
action made by user and, with proper configuration, saves time of the user. Autonomous
actions are based on a “confidence level”, gained by checking results of proposed action
with a user.
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1.4.3 Agents architectures

1.4.3.1 Reactive agents

Reactive agents represent a special category of agents which do not possess internal, symbolic
models of their environments; instead they act/respond in a stimulus-response manner to the
present state of the environment in which they are embedded [S.Nwana 1996]. Reactive agents
work dates back to research such as Brooks [Rodnay.A.Brooks 1986] and Agre and Chapman
[Philip.E.Agree & Chapman 1987], but many theories, architectures and languages for these
sorts of agents have been developed since.
Guided by research such as Brooks [Rodnay.A.Brooks 1986], Demazeau [Hallenborg et al. 2007],
Wooldridge [Wooldridge 2001] and [M.J.Wooldridge & N.R.Jennings 1995], the need for error-
tolerance and fast reaction in dynamic environments have resulted in reactive architectures.
Reactive architectures do not include an internal symbolic world model of their environment
and do not use complex symbolic reasoning processes. They gain their intelligence from inter-
actions with their environment. They have task specific modules that initiate direct reactions in
response to specific situations that occur in the environment.
Even if one module fails, the remaining modules can perform the tasks that they are meant to
do. Thus, these architectures increase the fault-tolerance and robustness of an agent. Reactive
agents cannot use their internal knowledge base to dynamically generate and pursue new goals.
Instead, their goal-orientation results implicitly from the interactions with the environment. So,
it is not clear whether reactive architectures are capable of having long-term goals and demon-
strating goal-oriented behavior.
An example of reactive agents is that of the MANTA system Modeling an Anthill Activity due
to Drogoul [Drogoul 1993] to simulate a community of ants. "In this system, the architecture
of an agent includes operators of perception, selection and activation who manipulate a set of
tasks." [Boissier 2001]. The Figure 1.3 illustrates an example of reactive architecture and shows
that each of the percept situation is mapped into an action which specifically responses to the
percept situation.

Figure 1.3 – Reactive architecture
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1.4.3.2 Cognitive agents

Unlike reactive agents, cognitive agents have a symbolic and partial representation of their en-
vironment and other agents. Predominantly, these agents have the knowledge and goals. Unlike
reactive agents, this type of agent has the capacity to reason on representations of the world,
to memorize situations, to analyze them, to foresee possible reactions to any action, to draw
from them behavior for future events and therefore to plan your own behavior [J.Ferber 1995].
An emblematic approach is that initiated in the 1980s [E.Michael.Bratman et al. 1988] which
proposes an architecture based on three attitudes: Belief, Desire, Intention (BDI). It has since
been the subject of numerous works
[Kumar & Shapiro 1994] [A.Rao & M.Georgeff 1995] [P.Busetta & K.Ramamohanarao 1998] .
The Belief concept corresponds to the representation of the internal state of the agent. It is
updated at all times according to the state of the environment. Desire, corresponds to the ob-
jectives set by the agent’s internal state. Intent, corresponds to the goals being completed. The
advantages of BDI architecture are that the design of the architecture is clear and intuitive. The
functional decomposition of the agent subsystem is clear and the BDI logic has formal logic
properties that can be studied. However there are many other architectures

1.4.3.3 Hybrid agent

A hybrid agent is a mixture of reactive and deliberative, that follows its own plans, but also
sometimes directly reacts to external events without deliberation. This new class of agent was
supported by this work [Chaib-draa & Levesque 1994]. Some authors [B.Chaib-Draa 1996]
[B.Chaib-Draa et al. 2001] [K.Fischer et al. 1995b] have been led to propose hybrid agent ar-
chitectures for improve in particular decision times and action times. The hybrid agent is
then conceived as combining reactive behavior and cognitive behavior. The InteRRaP architec-
ture (Integration of Reactive Behavior And Rational Planning) [K.Fischer et al. 1995b] which
draws on BDI concepts is an example of this type of agent. She has been used in appli-
cations such as road transport [K.Fischer et al. 1995b] [K.Fischer et al. 1995a] and robotics
[M.d’Inverno et al. 1998].

1.4.4 Multiagent system components

According to Demazeau [Yves 1995] the basic components of MAS are the agents, the environ-
ments, the interactions, and the organisations.

With this view as shown in the Figure 1.4 the agent architectures, range from simple fine-
grained automata to complex coarse grained knowledge-based systems . The environments are
domain dependent. Interaction structures and languages range from physics-based interactions
to speech acts [Yves 1995]. The organization constitutes a regulated space in which interactions
can take place and where each member of the organization plays a role.
Ferber [J.Ferber 1995] defines an organization as a set of existing relationships between a set of
agents. Among these relationships, he identifies the delegation of tasks, the transfer of knowl-
edge, the synchronization of actions. These relationships are essential within an organization.
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Figure 1.4 – View on a multiagent system
[Giorgini et al. 2006]

They constitute the basis for the sharing of tasks and knowledge, and a support for the distribu-
tion of resources and the coordination of actions. Those organizations can communicate with
each other to achieve a global goal [M.Kolp et al. 2006].
There is one more conclusion from the figure above. In MAS a problem to solve is decomposed
into multiple interacting autonomous components [Foster et al. 2004]. Each of them has a set
of objectives to achieve and is able to perform some actions. Each component is constructed
from agents, organizations and interaction patterns. Finally the complicated structures are used
to describe and manage a set of relationships that emerges from agent interactions.

1.4.5 Multiagent systems software qualities

Multiagent systems have several qualities [M.Kolp et al. 2006] :

• Predictability: Agent should have the ability to predict and plan actions while observing
and reacting to the changes in the environment. But generally it is difficult to predict the
behavior of a component, because agents are autonomous.

• Security: This attribute goes with protocols and strategies for verifying if a communi-
cating agent is the one, who has the right to do that. Also individual agents might be
designated to check systems security features.

• Adaptability. Agents are (from definition) reactive for change in the environment in
which they live: it also contains the level of component how do groups of agents react
for changes together in the background of the whole system.

• Coordinability: Without a certain type of coordination and organization agent architec-
ture is a low profitable one. Coordination here is connected with resources allocation,
knowledge distribution, agent responsibilities. To achieve a goal agents have to cooper-
ate, because a single agent does not possess the knowledge to solve the problem on its
own. Cooperativity is described as observation of other agents’ behavior and reaction on
it.
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• Competivity: It is mainly appearing in system, where negotiation is required. Sometimes
both agents are able to benefit from negotiation, but sometimes one has to lose to let other
win.

• Availability: The services provided by a MAS have to be available for usage. This is
measured by agents, who are responsible for service execution coordination. Their failure
decreases availability.

• Fault-tolerance. A failure of one agent does not crash the system. If MAS is really good
designed, it is able to switch some responsibilities of missing agents with others.

• Modularity: It increases the efficiency of task execution, reduces communication and
improves flexibility and security, but also adds more constraints.

1.4.6 Multiagent systems self-capabilities properties

While it is not true for all MAS, some interesting properties can be achieved when taking ad-
vantage of the autonomy of the agents.
This autonomy, coupled with an adequate behavior of the agents, can lead to systems able to
adjust, organize, react to changes etc. without the need for an external authority to guide them.
These properties are regrouped under the term self- capabilities (self-tuning, self-organizing,
self-healing...). Not all MAS necessarily present all of these self-capabilities but, as a result of
building a system from autonomous and locally situated agents, many MAS will exhibit them
to some degree. Consequently, MAS are often relevant for dynamically taking into account
changes in their environment. For example, a MAS in charge of regulating the traffic of packets
in a computer network could be able to react efficiently to the disappearance of some of the relay
nodes.
Agents are reactive systems that can independently determine how to best achieve their goals
and perform their tasks [F.Hübner et al. 2007] while demonstrating properties such as auton-
omy, reactivity, proactiveness, and social ability. We also began to introduce concepts from the
area of ontology, which is now addressed in the next section.

1.5 Interaction protocols in multiagent systems

Communications in MAS, such as in humans, are the basis of agent interactions and organiza-
tion. We essentially distinguish between two modes of communication: the indirect communi-
cation which is a communication by signals via the environment, and the direct communication
which proceeds to an exchange of messages between the agents. The inter-agents interaction
groups and combines several types of messages. This combination results in conversational se-
quences which can be modeled by two approaches:

• In the first approach, the agent builds his own communication plan when he needs it to
perform a task. Thus, the interaction is not defined a priory, it is emergent. The knowl-
edge and the goals of agents govern the interaction by specifying the message to be sent
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(Act of communication, recipient agents, message content,...). This approach gives the
agents more flexibility in their interaction.
However, in this approach, the agent must have sufficient knowledge of the semantics of
the messages and that he must be equipped with a reasoning mode allowing him to con-
duct its interactions.

• In the second approach, the interaction follows a sequence of messages which are speci-
fied in advance. These rules govern the exchange of messages form the interaction pro-
tocol. In addition, the interaction protocol defines the type of messages that must be ex-
changed. The interactive agent must comply with the rules of conversation dictated in the
protocol. Compared to the first approach, interaction based on interaction protocols does
not require a complex architecture within the agent. "Of course a straightforward way of
reducing some of the search space of possible responses to agent messages is by using
conversation policies, or interaction protocols" [M.Greaves & J.Bradshaw 1999]. Thus,
an interaction protocol specifies a limited set of possible responses for a specific type of
message. This interaction approach, based on interaction protocols, is the one considered
in the rest of this thesis.

Agents are situated in an environment where they can perceive and modify it, and they should be
able to exchange information, cooperate and coordinate their activities. The basic dimensions
at Multiagent levels are the agents, the environments, the interactions, and the organizations
[Yves 1995]. These dimensions are more or less addressed by Multiagent platforms (e.g., Jade,
Jason).
The aim of this section is to present the notion of interaction protocol and the problem of its
ad-hoc implementation for the development of interactive agents.
We begin by giving a brief overview of the theory of language acts which is at the origin of
multiagent communication languages. Therefore we gives the specification of the main interac-
tion protocols, and more particularly those defined by FIPA (Foundation for Intelligent Physical
Agents). We consecrate the last section to the classification of interaction protocols.

1.5.1 The theory of speech acts

The theory of the philosophy of language was introduced in the 1960s by the work of Austin
[J.L.Austin 1962]. In his book "How to do things with words", Austin shows that any utterance,
allowing the accomplishment of an act which, as such, aims to accomplish something. This act
is called the speech act. Austin defined three types of speech acts for an utterance:

• The locutionary act which is the act of saying something. It is satisfied when the statement
is correctly formulated;

• The illocutionary act which represents the action performed by saying something, for
example a request or statement;
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• The perlocutionary act which corresponds to the effect obtained by saying something, for
example dissuade, convince others.

Austin’s work has been echoed by several researchers, in particular Searle [J.R.Searle 1969],
who considered that every speech act carries an illocutionary act that falls into one of the fol-
lowings five categories:

• Assertive act: the speaker expresses how the objects to which he refers are in the world.
These are assertions, information, testimonies, denials, etc.

• Commissive act: the perpetrator undertakes to perform an action. These are promises,
wishes, threats, etc.

• Directive act: the speaker ensures that the speaker performs an action. These are requests,
questions, orders, advice, etc.

• Expressive act: the speaker manifests his mental state in the face of a state of affairs.
These are excuses, thanks, congratulations, recriminations, etc.

• Declarative act: the speaker performs at the time of the utterance the action he says he is
doing. These are definitions, condemnations, ratification, etc.

These works are the basis of the multiagent communication languages (i.e. KQML and FIPA-
ACL) that will be presented in the following section.

1.5.2 Communication languages

The interest of communication languages is to facilitate the exchange and interpretation of mes-
sages and interpretability between agents. These languages essentially focus on how to exhaus-
tively describe acts of communication from a syntactic and semantic point of view.
The first language that was introduced is KQML, for Knowledge Query and Manipulation Lan-
guage. Originally, KQML was developed to exchange information and knowledge between
knowledge-based systems. It was then taken up in [T.Finin et al. 1994] to describe the messages
exchanged between the agents. The second language, known as FIPA-ACL1 [FIPA 2002](FIPA
Agent Communication Language), is offered as part of standardization work carried out within
the FIPA organization. FIPA-ACL is an extension of the KQML language. FIPA-ACL is based
on twenty-one communicative acts, expressed by performatives, which can be grouped accord-
ing to their functionalities as follows:

• Passage of information: Inform, Inform-if, Inform-ref, Confirm, Disconfirm,

• Information requisition: Query-if, Query-ref, Subscribe,

• Negotiation: Accept-proposal, Cfp, Propose, Reject-proposal,

• Distribution of tasks (or execution of an action): Request, Request-when, Requestwhen-
ever, Agree, Cancel, Refuse,

1www.fipa.org
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Element Meaning
per f ormative the type of communicative act
sender the sender of the message
receiver the recipient of the message
reply − to the participant in the act of communication
content the content of the message (the information conveyed

by the performative)
language the language in which the content is represented
encoding describes the encoding mode of the message content
ontology the name of the ontology used to give meaning to terms

used in content
protocol the name of the interaction protocol
conversation − id the conversation id
reply − with an identifier of the message, for future reference
in − reply − to it references the message to which the agent is reply-

ing (specified by the reply-with attribute in the sender’s
previous message)

reply − by A delay to reply to the message

Table 1.1 – The elements of an FIPA-ACL message

• Error handling: Failure, Not-understood

A FIPA-ACL message can contain some or all of the elements described in table 1.1. The el-
ements required to convey a message change depending on the situation. If an agent does not
recognize or cannot process one or more items, then they can respond with the Not-understood
message. Here is an example of a FIPA-ACL message that is sent by Agent A to Agent B:
(inform
:sender A
:receiver B
:reply-with devis12
:language Prolog
:ontology Ordinateur
:content prix(HP,1500 EUR))
:conversation-id conv01
:reply-by 10 min)
Agent A informs his interlocutor that the price of an HP computer is 1500 euros. The content

of the message is expressed in the Prolog language. The ontology used is that of computers.
This message is part of a conversation with the identifier conv01. Agent B is constrained by 10
minutes to follow up on this message.
Communication languages are fully used for the specification of interaction protocols. Interac-
tion protocols are used by agents to govern their interactions.
In the following section, we give some definitions, existing in the literature, of interaction pro-
tocols.
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1.5.3 Definition of interaction protocol

Several definitions of the concept of interaction protocol are found in the literature. We adopt the
definition of Cossentino [A.Chella et al. 2004] who describes an interaction protocol as follows:
”An agent interaction protocol is a common pattern of conversations used to perform some
useful tasks: the protocol is often used to facilitate simplification of computational machinery
needed to support a given dialogue task between two agents”. The second part of this definition
sums up the purpose of the interaction protocols from a functional point of view. The interaction
protocols differ according to whether the agents are competing or sharing common goals.
In the Gaia methodology [F.Zambonelli et al. 2003], the authors used the following definition:
"a protocol can be viewed as an institutionalized pattern of interactions. That is, a pattern of
interactions that has been formally defined and abstracted away from any particular sequence of
execution steps, to focus attention on the essential nature and purpose of the interaction, rather
than on the precise ordering of particular message exchanges."
Greaves and his colleagues give in [M.Greaves et al. 2000] the following definition: "Interaction
protocols are descriptions of standard patterns of interaction between two or more agents. They
constrain the possible sequences of messages that can be sent amongst a set of agents to form a
conversation of a particular type."
From these definitions come four fundamental notions that characterize an interaction protocol:

• An interaction protocol is an interaction pattern. This explains the need to represent it in
a generic way, regardless of the application context.

• Each interaction protocol has a purpose.

• An interaction protocol involves two or more agents. Each of these agents plays a role in
identifying it during the interaction.

• The interaction protocol defines the rules that govern an interaction. These rules define
the ordering of messages, as well as the actions to which the protocol appealed.

1.5.4 Classification of interaction protocol

Mazouzi classifies in [H.Mazouzi et al. 2002] the protocols into four main classes: coordination
protocols, cooperation protocols, negotiation protocols and auction protocols.

• Coordination protocol Coordination protocol in resource-constrained settings, the coor-
dination results in individual behavior aimed at serving one’s interests while trying to
satisfy the overall goal of the system. A well-known coordination protocol is the contrac-
tual network (contract-net)[R.Smith 1980]. In this section, we describe some interaction
protocols that will serve as a starting point for a detailed analysis of the activity of interac-
tion protocols. Iterated Contracted Net Protocol (ICNP) as depicted in Figure 1.5 embeds
in each agent a protocol role:

– Initiator: is played by the manager agent, he sends the call for proposal (CFP), in-
cluding the specification of the request to the participant agent (agent whose role is
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participant).

– Responder: receives the proposal, he can refuse the CFP or accept it, and then sends
the proposal.

The manager receives the proposal and the refuse messages, and then it evaluates the
proposals, selects the best one. Then the Initiator notifies the participants its decision to
the accepted and rejected responders. If all agents failed, the manager returns to send
CFP.
The FIPA Iterated Contracted Net Protocol is an extension of the basic FIPA Contract Net
IP, but it differs by allowing multi-round iterative bidding.

Figure 1.5 – Contract Net Interaction Protocol

• Cooperation protocol ([R.Smith 1980]), the interaction is the support of the materializa-
tion of the cooperation. The cooperation is a globally observable concept in a MAS.
Meanwhile, the interaction is observed between agents. Collaboration is the manner
whereby a set of agents form a cooperative entity, a group, a coalition, an organization,
or a team. Coalition protocol consists in forming temporary grouped agents to achieve
a goal as shown in Figure 1.6. Following the receipt of an InitEffect, each agent A tests
his ability to solve the problem, if this capacity is sufficient, he launches directly into the
resolution of the request by sending InitCoal.

• Negotiation protocol ([P.Mathieu & M-H.Verrons 2005]) are often used as trading proto-
cols when the agents have different purposes. It will often be a matter of resolving the
conflicts between agents. The main features of the negotiation are: the agents’ belief
model, the protocol followed in the principle of the negotiation and the decision proce-
dure used by each agent to determine its positions, its concessions and its criteria for the
agreement.
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Figure 1.6 – Coalition Protocol

• Auction Protocol ([M.Reck 1994]) is based on an auctioning mechanism, widespread in
e-commerce. It requires an organization and a large number of communications. Its
main goal is to determine the price of an item. A methodology is predefined and several
contractors who wish to purchase the item come together. The aim is that the article is
either to be sold in a public way or to the highest bidder.

1.6 Ontology

1.6.1 Definitions

In the context of Artificial Intelligence, an ontology is identified with a set of formal terms rep-
resenting knowledge.
Gruber [R.Gruber 1993] define an ontology is a specification of a conceptualization.
The exact meaning depends on the understanding of the terms "specification" and "conceptu-
alization". Explicit specification of conceptualization means that an ontology is a description
(like a formal specification of a program) of the concepts and relationships that can exist for an
agent or a community of agents.
The history of artificial intelligence shows that knowledge is crucial for intelligent systems. To
have truly intelligent systems, knowledge needs to be captured, processed, reused, and commu-
nicated. Ontology supports all these tasks.
We summarize some selected definitions of the well known ontology definitions.

Definition1: According to Neches et al. [R.Neches et al. 1991], ontologies are considered as
a kind of “top-level declarative abstraction hierarchies represented with sufficient in-
formation to lay down the ground rules for modeling a domain”. However, an ontology
defines the basic terms and relations, including the vocabulary of a topic area as well as
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the rules for combining terms and relations to define extensions to the vocabulary;

Definition2: According Guarino [N.Guarino 1998] an ontology is defined as an engineering
artifact, constituted by a specific vocabulary used for describing certain reality, in addition
to a set of explicit assumptions regarding the intended meaning of the vocabulary words.

1.6.2 Ontology components

The formalization of Knowledge in ontologies is based on four components: classes, relations,
functions and axioms [M.Hadzic et al. 2009].

Classes (or concepts): is a collection of objects that share specific restrictions, similarities, or
common properties. A property expresses relationships between concepts. An individual
(instance, object, or fact) is an element of a concept. A concept can be a description of a
task, action, function, strategy, reasoning process, etc. For example, all mammals share
the same characteristics, except for the ability to talk.

Relations (or Properties): in ontologies, relations describe the means in which individuals (in-
stances or particulars) are related. To define a relationship, it is necessary to define what
is called an RDF 2 triple (domain, property,object). In other terms, relations represent a
form of interaction between concepts in the same domain. For example, a sound sensor,
a property Belong to may have as domain a class sound sensor and for picture a class
ROOM: will connect instances of the sound sensor class to instances of the room class.

Functions: are a particular type of relations, the relations "Price-of-a-new-computer" is exam-
ple of functions. For example, the function aims to calculate the price of a new computer
depending on the CPU type and speed, hard-disk storage capacity and the capacity of
memory storage.

Axiom: represent assertions formulated in a logical form that together comprise the core knowl-
edge that the ontology describes in its domain of application.

The term ontology empowers the execution of semantic reasoners that provide functionalities
such as consistency checking, concept satisfiability, classification, and realisation. In other
words, reasoners are able to automatically infer logical consequences from a set of axioms.

• Pellet [Sirin et al. 2007] is one example of a semantic reasoner implementation over OWL
ontologies. OWL (Web Ontology Language) is a language for processing web informa-
tion and a semantic web standard formalism to explicitly represent the meaning and rela-
tionships of terms [Bechhofer et al. 2004].

2RDF: Resource Description Framework,Developed by the W3C, RDF is the basic language of Semantic Web.
Is a graph model intended to describe formally Web resources and their metadata so as to allow the automatic
processing of such descriptions.https://www.w3.org/TR/2002/WD-rdf-concepts-20020829/
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• Jena is a Java framework for building Semantic Web applications. It provides a extensive
Java libraries for helping developers develop code that handles RDF, RDFS , OWL and
SPARQL in line with published W3C recommendations. Jena includes a rule-based in-
ference engine to perform reasoning based on OWL and RDFS ontology.

1.7 Ontologies and multiagent systems

One of the first approaches in literature to consider ontologies to enhance an agent oriented pro-
gramming language was Agent Speak-DL [Álvaro F. Moreira et al. 2006a]. However, Agent
Speak-DL focuses on using ontologies during agent reasoning, instead of modelling aspects
of MAS in ontologies. The advantages pointed out of integrating agents and ontologies are
[Álvaro F. Moreira et al. 2006a]: (i) more expressive queries in the belief base, since results can
be inferred from the ontology and thus are not limited to explicit knowledge; (ii) refined belief
update given that ontological consistency of a belief addition can be checked; (iii) the search
for a plan to deal with an event is more flexible because it is not limited to unification, i.e., it
is possible to consider subsumption relationships between concepts; and (iv) agents can share
knowledge using ontological languages such as OWL.
As far as we know, the use of ontology to support modelling, development, and verification of
MAS in the context of system engeneering [A.Freitas et al. 2017b]. In this context, a MAS can
be better designed, expressed, and communicated, and a specific modelled project can be more
easily verified and converted to code. The use of ontology which represent an environment adds
three important features to existing multi-agent approaches [Álvaro F. Moreira et al. 2006b]:(i)
ontologies provide a common vocabulary to enable environment specification by agent develop-
ers (since it explicitly represents the environment and agent essential properties, defining envi-
ronments in ontologies facilitates and improves the development of multi-agent simulations);(ii)
an environment ontology is useful for agents acting in the environment because it provides a
common vocabulary for communication within and about the environment (it allows interoper-
ability of heterogeneous systems); and (iii) environment ontologies can be defined in ontology
editors with graphical user interfaces, making easier for those unfamiliar with programming to
understand and design such ontologies.

1.8 Conclusion

Through this chapter, we have been able to cover all the aspects which concern ambient assis-
tance and agent technology. The latter as the basic entity and key concept of this paradigm had
an important space in this study. We have seen that this entity has an internal structure, an envi-
ronment, a type which could be reactive, cognitive or hybrid and has a life cycle which defines
its individual behavior.
Interaction in a MAS is essential because it allows agents to reach their goals and accomplish
their tasks. Since, we have presented the multiagent interaction protocols and the different
forms it can take: communication, cooperation, coordination and negotiation. Regarding com-
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munication, we have presented the communication language FIPA-ACL. We have also defined
coordination and its planning role, cooperation and its principle, negotiation and auction pro-
tocol. We have deepened the technique of protocol-based interaction by showing their interest
and importance in a MAS.
Ontology are involved in AI systems in order to model (represent) what we call ambient con-
text. The later is composed of the smart object can for example have the role of a facilitator in
helping a robot to locate, browse and search an object. The MAS are lead as solution to perform
a service to the person by making the CO of the environment communicating and interacting.
Conversely, the robot can be seen as a communicating object put by services rather than by
personal assistance in loss of autonomy.
In this Chapter, we presented the aging problem and the basic notions related to MAS, interac-
tion protocol and ontologies. We started to link these areas among each other, in this chapter.
These interconnections will be explored in more details and will be described from ambient
assistance point of view and MAS engineering in the next chapter.
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2.1 Introduction

Ambient Assisted Living (AAL) refers to a system of auxiliary sensors that make the indepen-
dent life of a person more comfortable and easier in the home environment. These auxiliary
sensors enhance safety and comfort and encourage individuals to live alone. AAL systems also
enhance the quality of life because they include services that link auxiliary sensor products,
concepts and technologies [Mahdavi-Hezavehi et al. 2017].

In an ambient environment, a diversity of surveillance management troubles can be solved
by means of the agent modelization procedure, such as cooperation among the different con-
nected objects units (distributed knowledge), collection and access to information, etc.

Indeed, by introducing a cooperative MAS process, a great deal of these issues might well
be resolved. Thanks to its characterizing features (autonomy, sociability, and reactivity), MAS
is adapted for the particular purpose of investigating these problems. Hence, in this work, one
argues that MAS stands as an adequate tool whereby the healthcare relating problems, can be
addressed, while some real-life examples have been selected to demonstrate the application of
such technology to deal with a diversity of the field-related concrete problems, the focus of this
work is mainly on the Ambient Assisted Living (AAL).

This chapter presents in the first section a state of the art concerning the contribution of
MAS to the field of personal assistance by giving some of the most known systems.

All the approaches mentioned hereafter have significant limitations concerning adaptability.
Since the environment is dynamic regarding the available CO, in addition to the diversity of

situations, consequently the interaction mechanisms between agents must be dynamically and
adaptively designed. Our aim is to structure and organize the interactions between the agents to
obtain an adaptive MAS. The MAS are naturally adequate for the design and the control of such
complex systems.

The main objective of agent-oriented software engineering is to develop methodologies and
tools that facilitate the development and maintenance of multiagent applications [A.Tveit 2001].
So, one of the objectives of this chapter is to raise some design and implementation challenges.

The next section presents the problem of interaction protocols ad-hoc implementation for the
development of interactive agents. It studies state of the art for the representation, selection and
development of protocols. It describes the concept of an Adaptive multiagent systems (AMAS).
In the section after, the shortcomings of this concept are identified and compared, and several
works representative of the state of the art are demonstrated.

2.2 Multiagent systems for ambient assistive applications

Ambient intelligence tries to adapt the technology to the needs of individual and their environ-
ment based on ubiquitous computing. In this context, MAS comprise one of areas that make a
strong contribution to the paradigm of adaptability in ambient assisted applications. Over the
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last decade, various projects have been addressed on adaptability technology at home based on
MAS to improve the security and automating medical staff’s work.

2.2.1 Ambient assisted applications in static environment

IDorm project
The IDorm project [D.Rombach et al. 2011] is one of the pioneering projects in ambient intelli-
gence. It is designed to assess an ambient environment composed of three categories of objects:
static CO associated with the building, a robot and mobile devices. IDorm architecture is based
on a MAS that manages the operations of all the environmental sensors and the robot. One agent
named the sensor agent controls the sensors, and controls the robot. The sensor agent receives
the different measures from sensors and controls actuators, which are linked to sensors like a
pan-tilt camera. The robot agent acts as a data server and coordinate exchanges of information
between the user and the robot. It controls the navigation of the robot by combining different
functions such as the obstacle avoidance or the search for targets. This continuous project has
been upgraded to iSpace where learning capabilities are added to the system. The new version
of the system learns about the behavior of the users.
While this contribution is significant because it is one of the precursors in the domain, the adap-
tiveness and the distributed control, inherent in MAS have been insufficiently exploited. Only
two agents are present in the MAS.
ALZ-MAS project
ALZ-MAS [J.Corchado et al. 2008] is an Ambient assisted Application based MAS aimed at
enhancing the assistance and health care for Alzheimer’s patients. ALZ-MAS takes advantage
of the cooperation between intelligent agents and the uses context-aware technology providing
a ubiquitous, high-level interaction with flexible interfaces between users, system and the envi-
ronment. System structure has five different agents that are embedded into deliberative agents
based on the BDI[A.Rao & M.Georgeff 1995] architecture as can be seen in Figure 2.1. ALZ-
MAS makes use of RFID, Wifi-Network and ZigBee devices, providing the agents automatic
and real-time information about context. The device agent interacts with the Zigbee to control
physical services.
Furthermore, the admin agent processed all information obtained. The essential aspect in ALZ-
MAS is the use of a set of technologies which are integrated to agents so that to provide multiple
services. Moreover, a cooperation agent is employed to plan and schedule the tasks defined for
the nurses connected to the system. The strength of this approach is that it provides a middle-
ware, which is a BDI-based MAS system, allowing it to be easily improved in terms of reasoning
ability. But this system is used for the nurses and does not interact with the person at home.
RobotCARE project

The RobotCARE [Bahadori et al. 2006] project is a Research and Development activity run-
ning under the Ambient Assisted Living Joint Program, which is co-funded by several Euro-
pean countries. Its primary objective is to fall detection and the person monitoring at home by
Smart camera. The system has a plurality of agents. Each agent creates many services. The
agents must coordinate with each other’s and have real mechanisms to ask their services. All
this is made possible by the ASF system: Active Supervision Framework. ASF has two very
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Figure 2.1 – ALZ-MAS basic schema
[J.Corchado et al. 2008]

important components: The agent who locates and monitor people and the agent who controls
the execution. The project RobotCARE combines different techniques of artificial intelligence
such as agents and computational vision. But its structure is rigid because event management is
a bottleneck for requests and responses.
PalliaSys project
The PalliaSys project [Moreno 2003]is an ambient assisted application based on MAS aimed
at enhancing the care given to palliative patients. These patients are in a very advanced stage
of serious illnesses. One of the basic goals of the PalliaSys system is to improve the process
of gathering and to collect information of the palliative patients. The work takes advantage
of the cooperation between intelligent agents and the use of context-aware technologies pro-
viding a ubiquitous, high-level interaction with flexible interfaces between users, system, and
environment. PalliaSys makes use of Palliative Care Unit (PCU) to store the information in
the database, the access to data through sensors to provide the agents automatic and real-time
information about context, and the use of PDAs by doctors when they are performing a visit (at
the medical center or the patient’s home). System structure has six different agents running in
the multiagent systems of the PCU:
The Communication Manager interacts with the sensors and with the mobile doctor agents run-
ning on PDAs to control physical services. The database Wrapper agent controls the access to
the database. Furthermore, the PCU Coordinator provides the interface between the Commu-
nication Manager and the Doctor Agents. This list could be executing in the desktop computer
of each doctor to obtain the information of his patients easily. Patient Agent is responsible for
continuously monitoring the evolution of one patient. Finally Data Analyzer agent may access
the database and analyze this information to create patient models, using unsupervised machine
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learning techniques such as clustering.
CAMAP project
CAMAP is a framework presented by Ferrando and his colleague in
[S.P.Ferrando & E.Onaindia 2013]. This work lies in adaptive and intelligent behavior of am-
bient assistance. CAMAP system aimed to apply multiagent planning based on argumentation
defeasible logic for deciding the action that meets the needs of the patient. The argumenta-
tion and the partial planning methods [L.Amgoud & H.Prade 2009] are used as a mechanism
for dealing with context adaptation. The overall goals of CAMAP protocol are to collabora-
tively and progressively refine the base plan until it becomes a solution plan. For these reasons,
CAMAP seems to be relevant to find optimal solutions and could be less efficient if one must
obtain a result. Indeed, such mechanisms ensure adaptive solutions without taking into account
the optimality of the solutions. So, they can provide quick solutions, which can be refined if
needed.

2.2.2 Ambient assisted applications in dynamic environment

COALAA Project
COALAA Project (Coalitions for Ambient Assisted living applications) as can be seen in Fig-
ure 2.2 [N.Abchiche-mimouni et al. 2016]: it is a MAS based on the formation of coalitions of
agents tending at offering a service adapted to the person. Each COALAA agent encapsulates a
connected object and defines locally and proactively the time and manner of the contribution to
the service required for the person.
A more general notion that a service, called effect, has been introduced. An effect can be special
lighting at a specific location of the residence or the location of a robot. The coalition-based
protocol allows the MAS to configure itself to provide a solution about the availability of the
connected objects and the compliance with the criteria of the urgency of the situation and the
level of intrusion tolerated by the person. The critical limitation of the COALAA architecture
is the consideration of an intelligent list of agents at the beginning of the implementation. Of
course, the list of the created agents corresponds to the objects present in the environment dur-
ing the system initialization step. However, since agents are created manually, the adaptability
of COALAA is limited. This can be improved by adding an automatic authentication process in
the system.
FRIENDLY KIND project

FRIENDLY KIND [F.Aielli et al. 2016] is a project for the assistance of the elderly. This work
aims to ensure personalized monitoring of the patient assisted by RMA (Remote Monitoring
Agent) agents. To achieve their goals each patient is monitored by a PMA (Patient Moni-
toring Agent). This agent is characterized by autonomous, responsiveness, sociability, user-
friendliness, location, the intensity of knowledge, system dynamism and monitoring perfor-
mance. To manage the integrability between FRIENDLY KIND components, they have pro-
posed a domain ontology used to bring together the common vocabulary of the domain, and link
the set of the knowledge source, pattern rule for the verification of the execution to ensure that
the actual dynamic system is the expected one.
The FRIENDLY KIND system provides flexible access to dynamic, heterogeneous and knowledge-
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Figure 2.2 – Coalaa basic architecture
[N.Abchiche-mimouni et al. 2016]

based distributed sources in a dynamic environment consisting of computing entities, sensors,
devices and services. The FRIENDLY KIND project uses several disciplines of artificial intel-
ligence such as expert systems, ontologies and MAS. These techniques ensure that FRIENDLY
KIND works in complex, open and dynamic computing environments including different soft-
ware components, physical devices, and sensors including portable health monitoring devices,
intelligent software agents. The main limitation of the used MAS is evident through its rigid
structure in the design of the agents. Given the centralization of all activities at the level of a
PMA agent, the reactivity time of the latter is not optimal. The system cannot respond to urgent
situations or adapt to changing contexts. All this without counting that the interactions between
agents are limited in number. The introduction of the communication between agents would
improve the weak points of this work.
Protocol-driven agents
Other research was initially published in [D.Ancona et al. 2015] and was extended in
[A.Ferrando et al. 2016] by a framework for defining protocol-driven agents. The main idea
behind this work is to integrate trace expressions for protocol modeling and to insert generic
events into the protocol rather than behavior based on perceived events for security-critical ap-
plications. This system aimed to apply a trace-based MAS to meet the needs of newborns who
may have been suffering from hypoglycemia.
The work has the advantage of reducing the inappropriate use of hospital resources by support-
ing screening decisions based on the medical protocol. However, this approach has a significant
limitation: a list of agents is preconceived at the beginning of the implementation and the system
does not allow taking into. SHRS
Smart home reasoning system (SHRS) published in [Mekuria et al. 2019] based on a multi-
agent system technologies and probabilistic logic programming technique called ProbLog.
The present paper utilized the combination of MAS and probabilistic logic programming tech-
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niques to tackle uncertainty related issues in AAL environments. Specifically, in this paper, the
smart home system is modeled in terms of collaborative intelligent agents, and probabilistic rea-
soning is utilized to give the agents an ability to make a decision under an uncertain situation.
In order to realize this architecture, four kinds of room-level agents are proposed:

• Device agents (DA) responsible for controlling a specific sensing device(s), continuously
monitors the changes in the environment and combines low-level sensor readings with
other data in the home to generate high-level contextual information about the state of the
home or its inhabitant. On the other hand, a device agent which controls the operation of
an actuator(s) put into consideration the current situation of the home and its inhabitants,
while executing a user command or during a self-adaptation process.

• Service agents (SA) are general purpose agents which provide house level information,
that is not specific to a single room or space in the home environment.

• Reasoner agents (RA) in the proposed MAS architecture, each room is equipped with a
reasoner agent (RA), which is responsible for the automatic control of the room environ-
ment and its adaptation to the inhabitant’s needs. The decision-making unit of this agent
is designed based on a probabilistic logic programming technique called ProbLog. RA
possesses the ability to act under uncertainty and perform well with erroneous sensor data
and ambiguous user commands.

• Negotiator agents (NA) enables other agents in the system to exchange information about
the state of the environment they are operating in. NA discusses the information ex-
change processes between the intelligent agents, based on the FIPA Request Interaction
and Contract Net Protocols, thus at different times, it acts as the initiator or participant of
an information exchange process, or it acts as the manager or contractor of a negotiation
process over reasoning tasks.

The critical limitation of the smart home reasoning system is the application and advantage of
contract net protocol for the distribution of the reasoning task are not discussed in detail. All this
without counting that the interactions between agents are limited in number. The introduction
of the communication between agents would improve the weak points of this work.

2.2.3 Comparison and discussion

A comparison of related work is depicted in table below 2.1, the table shows the work of personal
assistance based on MAS in dynamic environment, the use of these works is to ensure the
support of the person with loss of autonomy.
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S ystem COALAA FRANDLY AND
KIND

Protocol-driven agents SHRS

Usage Make the robot’s local-
ization function more
reliable thanks to coop-
eration with communi-
cating objects to moni-
tor the elderly

Intended for the assis-
tance of the elderly,
aims to provide person-
alized monitoring of the
patient

Support and monitor
newborn patients with
hypoglycemia with
MAS.

Tackle uncertainty re-
lated issues in AAL
environments, specifi-
cally, the smart home
system.

Technology A MAS based on the
Coalition Building Pro-
tocol.

The FRIENDLY and
KIND project uses
several disciplines of
artificial intelligence
such as expert sys-
tems, ontologies and
multi-agent systems.

The trace expressions
modeling protocols-
driven are made generic
to model any type of
protocol (application to
medical protocols).

Use multi-agent system
technologies and prob-
abilistic logic program-
ming technique called
ProbLog.

Negative −
points

The absence of the dy-
namics of interactions
between agents

The rigid level structure
of agent design

The system does not
take into account that
the number of agents
changes. The system
cannot respond to ur-
gent situations.

The interactions be-
tween agents are
limited.

Table 2.1 – Comparing related work of ambient assisted applications in dynamic environment

All the approaches mentioned above have significant limitations concerning adaptability and
self-adaptability. The central objective of the works presented here is to propose an intelligent
and cooperative agent model of the interaction between the various CO. The CO environment is
exploited to offer a service (fall detection, localization...) adapted to the needs of the person. As
the environment is dynamic regarding the available CO or otherwise and the diversity of situa-
tions, consequently the cooperation mechanisms must be dynamically and adaptively designed.
The MAS are naturally adequate for the design and the control of such complex systems. Our ap-
proach aims at structuring and organizing the interactions between the agents for the automatic
generation of cooperative and adaptive agents. Therefore, our MAS emphasizes on an inter-
action model, an ontology-based architecture and a library of protocols which are dedicated to
ambient assistive applications. The dynamic protocol-based cooperation presents various spe-
cific requirements that must be taken into consideration during all the phases of the protocol
development cycle.

• The first requirement is essential for the use of the protocols. It stresses that protocols
are sharable and exchangeable between heterogeneous agents operating in an open and
dynamic environment.

• The second requirement deals with the richness of the expression of the protocol speci-
fication language: the protocols must be sufficiently rich to cover the different types of
situations (task allocation, negotiation, auction, etc.), and to provide agents with the pos-
sibility of interpreting and reasoning about the purpose of these protocols.
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• The third requirement concern is the maintainability of the protocol the case it would be
necessary to modify its code.
For the sake of simplicity, the agent will be able to use only a limited amount of interac-
tion protocols specified in advance by the developer regarding the type of the application.
However, in the case of a dynamic architecture where the agents are evolving (automati-
cally created if needed), it may be necessary to automatically export a specific interaction
protocol within the agent newly created. This is the case in a dynamic environment where
sensors, cameras, actuators (the COs) could be removed or added.

• Finally, the fourth requirement results from the previous one. It reveals that agents should
not be designed with their ”hard-coded” roles; they can instead integrate these roles dy-
namically at run-time. The respect of each of these requirements eliminates the specific
engineering issues related to different phases of the protocol development cycle.

A comparison of related work is depicted in table below 2.2, the table resume the work of
personal assistance based on MAS by comparing the type of environment, the adaptive and the
self-adaptaive of MAS.

S ystem IDorm ALZ-
MAS

RobotCAREPalliaSys CAMAP COALAA FRANDLY
AND
KIND

Protocol-
driven
agents

SHRS

Environment Static Static Static Static Static Dynamic Dynamic Dynamic Dynamic
Adaptive MAS Untreated Semi-

treaty
Untreated Untreated Semi-

treaty
Treaty Untreated Treaty Treaty

Self-adaptive
MAS

Untreated Untreated Untreated Untreated Untreated Untreated Untreated Untreated Semi-
treaty

Table 2.2 – Comparing related work of ambient assisted applications in dynamic environment

Absence of a global approach regrouping the full development cycle of MAS, from the
specification of the ambient environment to the use of the MAS.

2.3 Engineering multiagent systems

The main objective of agent-oriented software engineering is to develop methodologies and
tools that facilitate the development and maintenance of multiagent applications [A.Tveit 2001].
The selected works are examined from three points of view which are: (1) their representation
model, (2) their execution and selection models (when they are defined) and (3) relative to the
evaluation criteria considered important for these models.
We examine in detail the work that we believe to be the most representative to cover the three
points of view as well as possible.
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2.3.1 Protocol management system

In the context of coordination in MAS, this work [W.Bouaziz & E.Andonoff 2015] proposed an
approach for the representation, selection and execution of an interaction protocol in a MAS.
It consists in a Protocol Management System (PMS) which considers protocols as first-class
entities to be modeled separately. The execution of the protocols is delegated to a specific
component, which is the moderator. They propose a high-level protocol ontology to coordinate
the distributed systems. This shared ontology is downloaded by the agents who have to integrate
it into their code for the sake to play a role in the protocol. The ontology is composed of three
levels [W.Bouaziz et al. 2009]:

• The first level is the most abstract one. It corresponds to the ontology of the protocols
which defines the invariant structure shared by all the protocols.

• The second level represents the specification of a protocol (e.g., net contract) through the
instantiation of this ontology.

• The last level is the most concrete one, since it consists in the execution of the conver-
sations of the protocol. From a protocol selection and execution point of view, the PMS
architecture (see Figure 2.3) supports the entire life cycle of protocols from specification
to execution.

This system acts as a mediator between the agents involved in conversations. Thus, the architec-
ture integrates agents dedicated to the specification, the selection and execution of the protocol.
In the PMS, agents imply two sources of knowledge: a protocol ontology and the domain on-
tology. A selection model allows the agents to choose among the protocols or the available

Figure 2.3 – Protocol Management System
[W.Bouaziz & E.Andonoff 2015]

conversations those which are appropriate for achieving their goals. They use the SWRL lan-
guage [I.Horrocks et al. 2004] to specify protocol selection queries, and an algorithm to match
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requests and protocol descriptors. This correspondence takes into account both the profile of the
protocol and its behavior. A protocol execution model defines how the protocols are executed.
Firstly, this model proposes a method of automatic generation of roles (behavior relating to each
participant) from the overall description of the interaction (description of the protocol). These
behaviors are later transformed into executable specifications. The transformation process is an
algorithm for mapping XML specifications (describing roles) to Java skeletons (implementation
role). XSLT is used to describe the mapping rules. They proposed an agent architecture that
integrates a micro-engine responsible for managing the execution of roles to help agents to per-
form their roles dynamically.
Finally, it should be noted that the taxonomy of the ontology is specific to the coordination pro-
tocol. Regarding the dynamic execution of the protocols, the choice of the agents to participate
or not in conversations is not taken into account. Another limitation is revealed the ability of
the agents to operate the protocols automatically. The automatic generation of the agents is not
considered. Indeed, the designer of the system has to code the agents. Moreover, the evolution
of the number of agents is not taken into account.

2.3.2 Modeling, programming and verifying MAS

In the context of MAS modeling, the work [A.Freitas & R.Bordini 2017] proposes an approach
for modeling, programming and verifying a MAS. The approach applies a semantic web tech-
nology for a MAS generation. It is based on the definition of an ontology as a global model
which integrates the main characteristics of a MAS.
Programmers have three distinct starting points to encode a MAS, which allow them to have a
single, unified and complete metamodel combining of all these dimensions. From a modeling
point of view, this approach advocates that the MAS is first modeled by this higher ontology,
which uses a unique formalism to encompass the global characteristics of the MAS.
The scientific contribution of this work resides mainly in the use of an ontology to address dif-
ferent dimensions which are: the agent, the environment and the organization of a MAS. In
these terms, it can be considered as a language, a meta-model, a high-level conceptualization or
an independent model of various agent systems that developers can use to model, extend and
instantiate their specific agents.
This approach has the defect of being limited only to the three dimensions of MAS which have
been cited above.

2.3.3 Semantic approach of negotiation

The approach developed in [V.Tamma et al. 2005] applies the semantic web technology to auto-
mate the negotiation between the agents. It is based on the definition of a negotiation ontology
shared by the agents. The definition of this ontology is centered on the work in the electronic
commerce field. From a representational point of view, the proposed ontology describes the
negotiation protocols according to their process, participants and roles, negotiation rules and the
purpose of the negotiation. As the authors point out, a protocol is therefore seen as a process.
At the operational level, protocol behaviors are described using PSL8 (Process Specification
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Language). This ontology has the defect of being limited only to negotiation protocols.
Indeed, it does not cover all the concepts necessary for the definition of a protocol (objective,
parameters, exchanged messages). The representation is also abstract. From an execution point
of view, the authors outline a possible execution model and some recommendations or require-
ments without a complete operational system. Indeed, it is difficult to ensure the automatic
negotiation on the sole basis of an ontology without integrating a prior in the agents of the min-
imal knowledge on the protocols.
The point is to incorporate the knowledge about the protocols into the agents and to create sub-
sequent matches between this internal knowledge and the negotiation ontology. This matching
between the two representations requires translation mechanisms within the agents.
Finally, it should be noted that this work does not address the problem of the automatic selection
of trading protocols.

2.3.4 Multiagent platforms

Many multiagent platforms support the interaction protocols to encode the protocols that enable
the interaction between agents.
JADE [Home 2004] is a community platform distributed in open source. It supports standard
FIPA interaction protocols. From the point of view of representation, JADE offers neither a
model nor a language dedicated to the description of the protocols. Nevertheless, most FIPA pro-
tocols specified in Agent Unified Modeling Language (AUML) are available on the platform.
This platform makes it possible to implement all the specificities of the AUML [Yves 1995]
formalism: roles, performatives for message exchanges, cardinalities of the messages and con-
ditions on the sequence of messages.
The platform offers no way to move from modeling to implementation. In order to implement
a protocol, it is necessary to create a program for each role using the Java language by re-using
the dedicated classes to the protocols. From an execution point of view, the roles are statisti-
cally and manually encoded in agents. To make the agents playing new roles, the developer
must stop, reprogram, and restart them. The roles are performed in a distributed manner on
the different participating agents and in a peer-to-peer mode. The reliability of the execution is
not guaranteed in the absence of transformation between the specifications and the executable
representations. For the protocol selection, it is the MAS designer who has to assign the roles
to the agents manually.
Finally, it should be noted that although JADE supports the protocol execution, it has no specific
tools or dedicated systems that cover the entire protocol life cycle.

2.4 Discussion

After having studied a panorama of works relating to engineering MAS, we observed that some
problems were treated and that some specific software solutions already exist. However, there
are still some shortcomings that we feel are important, such as the lack of a comprehensive
approach to the entire adaptive MAS development cycle, from the specification of the ambient
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environment to the use of a MAS.
We can note the following shortcomings:

• Coverage of requirements at the representation model level is not systematic. However,
we must recognize that the model proposed by [W.Bouaziz & E.Andonoff 2015], offer an
adequate power of expression since it makes it possible to take into account the majority of
the concepts defining a protocol and the proposed system brings solutions to the problem
of interoperability.

• The dynamic execution of the protocols is partially covered in the work of [V.Tamma et al. 2005]
and [A.Freitas & R.Bordini 2017]. Given the complexity of this dynamic execution prob-
lem, the proposed solutions by some works are usually ad-hoc. Automatic protocol selec-
tion is not supported in all research.

• The system proposed by [A.Freitas & R.Bordini 2017] suffers in particular from the ab-
sence of tools relating to the different phases of the life cycle protocol. When an ontology
is used for a MAS modeling, only a part is modeled, such as the environment or the
organization.

The existing approaches depicted in table below 2.3 suffer from the absence of a global approach
grouping the complete development cycle of a MAS; from the specifications of the environment,
the agents and their interactions, to the deployment and the use of the MAS. The major lack
resides in the fact that very few works consider modelling agent interaction protocols in order
to automatically embed an adequate interaction protocol in each agent of the MAS. Indeed, we
think that the adaptation ability of a MAS can be greatly improved by being able to adapt the
interaction protocol in a dynamic way from the design step to the runtime step. In order to
address this shortcoming, our approach, which is described in the following part, is based on
ontologies and software engineering methods.

S ystem Representation Selection Dynamic
execution

Protocol management
system

Treaty Treaty Semi-treaty

Semantic approach of
negotiation

Treaty Untreated Semi-treaty

Multiagent platforms Untreated Untreated Untreated
Modeling, program-
ming and verifying
MAS

Treaty Treaty Treaty

Table 2.3 – Comparing related work of engineering MAS

2.5 Self-adaptive multiagent systems

Self-adaptive systems are capable of modifying their runtime behavior in order to achieve sys-
tem objectives. Unpredictable circumstances such as changes in the system’s environment, sys-
tem faults, new requirements, and changes in the priority of requirements are some of the reasons
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for triggering adaptation actions in a self-adaptive system. To deal with these uncertainties, a
self-adaptive system continuously monitors itself, gathers data, and analyzes them to decide if
adaption is required.
Among several existing definitions for self-adaptive system. Here, we enumerate only some of
the most commonly accepted definitions.

Definition 1: Self-adaptiveness is the ability of the whole MAS to dynamically adapt its behav-
ior to the execution context. This is done by each individual agent, through the dynamical
execution of its own capabilities, according to a shared plan and to contingent perceptions
[L.Sabatucci et al. 2018].

Definition 2: A self-adaptive system is a system with the ability to autonomously modify its
behavior at run-time in response to changes in the environment [C.Mario & V.Betti 2014].

Definition 3: A self-adaptive system evaluates its own behavior and changes its own perfor-
mance when the evaluation indicates that it is not accomplishing what the software is
intended to do, or when better functionality or performance is possible
[Salehie & Tahvildari 2011].

The challenging aspect of designing and implementing a self adaptive system is that not only
must the system apply changes at runtime, but also fulfill the system requirements up to a satis-
fying level. Engineering such systems is often difficult as the available knowledge at design time
is not adequate to anticipate all the runtime conditions. Therefore, designers often prefer to deal
with this uncertainty at runtime, when more knowledge is available [Mahdavi-Hezavehi et al. 2017].
In our research, we view MAS engineering as a further abstraction of the object oriented
paradigm where agents are a specialization of connected objects. Instead of simple objects,
with methods that can be invoked by other objects, agents cooperate with each other via inter-
action protocol and act proactively to accomplish individual and system wide goals.
On the other hand, autonomic computing is a field of computer science aiming at building sys-
tems that are able to automatically and autonomously adapt their own structure and behavior
in response to changes occurring in their operating environment. This concept is known as self
adaptation [J.Oukharijane et al. 2019].
Self-adaptive software is capable of evaluating and changing its own behavior, whenever the
evaluation shows that the software is not accomplishing what it was intended to do, or when
better functionality or performance may be possible.

2.5.1 ADELFE method

ADELFE [C.Bernon et al. 2003] is a method dedicated to the development of adaptive MAS.
The name “ADELFE” is the French acronym for “toolkit to develop software with emergent
functionality” (Atelier pour le DEveloppement de Logiciels à Fonctionnalité Emergente). While
ADELFE is not the only method devoted to guide the design of a MAS, it is the only one specif-
ically tailored for adaptive MAS.
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The ambition of ADELFE is to provide be-all and end-all method to guide engineers during all
the phases of the design of an adaptive MAS, from the high-level requirements to the “nuts and
bolts” implantation details. This ambition was the driving factor for multiple projects with the
objective to improve or complement ADELFE with additional tools, such as the Make Agents
Yourself (MAY) framework [Noel 2012], used to automatically generate agent architecture im-
plementations.
However, as for most general engineering methods, a current limitation of ADELFE is that
it only provides high-level guidelines concerning the behavior and architecture of the agents,
staying at a general, abstract level. This current limitation makes difficult for a non-expert in
adaptive MAS to actually provide an adequate instantiation for the problem he wants to solve.
It is the same analysis in [E.Kaddoum 2011] which led the author to prone a specialized vari-
ant of the method containing additional guidelines and tools for applying adaptive MAS in the
context of problem solving.

2.5.2 Life Cycles for MAPE-K

To achieve the self-adaptation, several solutions have recommended the IBM’s MAPE-K ap-
proach [IBM 2006], which is the de facto reference model to design self-adaptive software in
the context of autonomic computing.
This approach advocates four functions including (i) Monitor (M) for collecting data about the
managed system and its environment from sensors, filtering and aggregating them into symp-
toms, (ii) Analyze (A) for analyzing the symptoms to detect if changes are required, (iii) Plan
(P) for constructing the actions needed to resolve detected changes and (iv) Execute (E) for ap-
plying the actions required to adapt the behavior of the managed system using effectors. These
four functions (MAPE) handle and share Knowledge (K).
Another interesting contribution [Z.Pang & Z.O’Neill 2019] introduced an adaptation engine for
self-adaptation of process instances at run-time. The adaptation engine is based on the MAPE-
K approach. It introduces three types of agents, the agents monitor, adapter and executor that
implement the different steps of the approach.
The agent adaptor implements decision making for adaptation, which is driven by goal and busi-
ness rule analysis. It also implements the operations possibly required for process adaptation,
in two steps:
first, it selects existing activities in the process repository or it uses planning technique for recon-
figuration of activity coordination analyzing pre-conditions, post-conditions, interdependences
between activities;
second, it uses business rules to define the required operations for process adaptation.

2.5.3 self-adaptive business process

Several contributions [R.Seiger et al. 2016] [R.Seiger et al. 2017a] have
suggest the self-adaptation of process instances based on their goals. More precisely, the authors
proposed a framework for enabling self-adaptive business process in cyber-physical systems
(CPS) based on the MAPE-K approach. The Monitor function collects context elements from
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the physical world related to task goals. These context elements are then analyzed to check
for CPS consistency after task execution with respect to task goals. In case an inconsistency is
detected, i.e., a task goal is not satisfied, the task instance is (i) adapted by replacing the resource
involved in task execution by another and (ii) executed afterwards in order to try to restore CPS
consistency and continue with process execution as planned.

2.6 Conclusion

Diagnosing interaction protocol in MAS is a crucial task to engineering self-adaptive and coop-
erative multiagent systems for ambient assistive applications to assure the adaptation operation
of a system.
In the first part, we have presented a state of the art on the Multiagent systems approaches for
ambient intelligence. In the second part, we have presented a state of the art on the represen-
tation and implementation of interaction protocols. And we have come to the realization that a
reusable representation of interaction protocols is crucial to facilitate the developer’s task. One
of the most important and principal qualities of MAS is the communication between agents
representing a capital mechanism inside agents community. The existing approaches have a
significant limitation for adaptability. The changing nature of networks of connected objects
in a personal assistance system is problematic. The system must be able to adapt the agents
created, more precisely, their interaction protocol according to the situations and the context of
the application. In addition, a library (onotology) of interaction protocols is provided that can
be used simply by the instantiation of the needed parameters.
In the last part, we have studied existing methodologies. We have observed that some problems
have been addressed and that some specific software solutions already exist. However, we were
able to notice several shortcomings which seem important to us: the absence of a global ap-
proach for the development of protocols, the failure to take into account the automatic selection
of protocols according to the situation, the problem of dynamic engineering of protocols, and
the lack of concrete tools dedicated to the development of the MAS.
Further chapters explain the main point of our thesis which consists of a methodology for proto-
col MAS modelling and automatically generating adaptive and self-adaptive MAS. Our research
combines MAS with an ontology perspective for building self-adaptive MAS.
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ART  2 presents the contributions of this thesis. This part focuses on presenting our newly 

developed approaches solving the adaptability of cooperative multi agent systems for 

ambient assistive applications. 

The first chapter present a usage scenario for robot localization. Secondly, the next 

chapter investigates new approach for generating automatically an adaptive MAS for 

ambient assistive applications (GAAMAAA) in open environment. 

GAAMAAA focuses on the design and implementation of the interaction protocol ontology 

and the creation steps of the MAS, first steps towards automating the interaction of the 

agents. 

Finally, the last chapter deals   the effective performance of GAAMAAA which instantiate 

localization robot scenario based on sensitivity analyses method. 

Part 2 

Contributions 
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Chapter 3. Robot localization scenario

3.1 Introduction

We relied on a usage scenario extracted from the Coalaa [N.Abchiche-mimouni et al. 2016]
project in order to present the questions that our thesis attempted to propose answers for.
This scenario will play, throughout this thesis, the role of common thread to guide our reflection.

3.2 Scenarios description

The considered scenario consist in a variety of situations where an alarm has occurred (The
scenario has been determined in cooperation with the remote monitoring center SAMU-92,
which depends on Public Paris Hospital).
An alarm can be triggered by a device worn by the person or the sensor network of the ambient
environment. The robot, thanks to its ability to move, helps to confirm and evaluate the severity
of the alarm by cooperating with the COs.
The robot begins by searching for the person and then provides an audiovisual contact with a
distant caregiver. That way, the distant caregiver is able to remove the doubt of a false alarm, to
make clear the diagnosis and to choose the best answer to the alarming situation. It is important
to note that the embedded device monitors the physiological parameters and the activity of the
person. The originality of the proposed approach is that the robot tries to take advantage of
ubiquity. The robot autonomy is obtained by a close interaction with the ambient environment
(AE). So, the services the robot can bring to the user are directly related to the effectiveness of
the robot mobility in the environment. Before providing a service to the person, the robot has to
locate itself by interacting with the AE.
In these scenarios an ethical dimension, represented by the Level of Intrusion (LI) of the system,
has been introduced to preserve the privacy of the person. The LI is defined according to the
degree of freedom of the system regarding to its actions. For instance: maximal distance allowed
between the robot and the person, activating a camera, switch on a light and so on. The LI is
supposed to be minimal except in a case of an emergency.
The evolution of the LI based on the degree of urgency of the situation or not and the availability
of the different communication devices of the ambient environment are particularly targeted.

3.3 Robot localization task

Using a robotic assistant for the task rather than a simple set of fix cameras in all rooms is an ad-
vantage in two cases: i) the assistance is only needed for a limited period such as convalescence
period or ii) the residence is composed of too many rooms for example nursing home. Another
advantage is that the quality of the image and the sound are better. The goal of the robot is to
autonomously move to the person in case of an alarm and then to provide an audiovisual contact
with a distant surveillance center.
Figure 3.1inspired from this work [N.Abchiche-mimouni et al. 2016] shows a robot in the per-
son’s home; the patient has fallen. To move towards her/him and to guide its camera to the
remote caregiver, the robot has to be located first. A visual contact will help the remote care-
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giver to perform a correct diagnosis of the situation.
If the robot is located at P1 position, then its mobile camera can identify the visual marker

Figure 3.1 – A person falls scenario

Vm. With further information from a fixed camera environment, the robot manages to locate
itself by a mean of an adequate localization algorithm. The direction taken by its mobile camera
that detected a visual marker also allows the robot to know its orientation relative to a fixed
reference in the environment. This information can also be inferred from previous values using
odometry on the one hand and its linear and angular speeds on the other hand. It is thus easy
and straightforward to identify and understand that the more information you have the better the
accuracy of the location of the robot is.
If the robot is in P2 position, it has no marker on its visual field and has no element enabling
it to locate itself. It then uses two different strategies to find a visual marker. Either its moves
randomly or turns its pan-tilt camera. In two cases, it is necessary that the intrusion level of the
system permits it. It can also query the detectors of presence to learn about the place in which it
has been seen lately. In the case of several conflicting reports, it will be decided according to the
data freshness criteria, or according to the consistency with the data criteria already available
thanks to the sensors of the robot.
This simple scenario shows that robot localization is a complex task and there is no evidence for
an approach that could be able to choose the relevant interactions between the robot and the AE.
The difficulty lies in choosing the most relevant criterion to be considered first: is it the closest
CO, the most accurate and or least intrusive? The problem analysis suggests that depending on
the context, the criterion to consider is different. As the context itself is dynamic and difficult
to predict, a centralized algorithmic solution is to be excluded. What is required is an approach
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that can adapt the selection and the use of criteria based on the context and the choice of LI
aligned with the level of urgency.

3.4 Scenario formalization

Typical scenarios that can benefit from our self-adaptation approach are those characterized by
the following three characteristics:

• the dynamic environment can present unforeseen events, which require dynamic modifi-
cation,

• the dynamic changes need to be slightly flexible: in each new phase, other agents can be
introduced or some of the old agents are no longer involved (temporarily or permanently),

• these dynamic changes need to be non intrusive, by considering a dynamic LI which
depends on the degree of urgency of the situation. The higher is the degree of urgency,
the higher is the level of intrusion.

In order to give a preliminary idea of our system, we simplify the above scenario in the case
of an environment detailed in Figure 3.1 which has three CO: R(Robot), FC (Fixed Camera)
and SS (Sound sensor). Then we show how self-adaptation works when a CO incapacitates.
The robot requires the FC and the Ss to collect more information to locate itself when an alarm
occurs, suspecting a person fall.

3.5 Scenario parameters

The scenario is modeled by a triple σ < t, c, f > where:

• t ∈ T ; where T is a set of tasks labels (localization robot, enlighten, cognitive stimula-
tion...);

• c ∈ C; where C is a set of criteria (ability of communicating object, efficiency, time
constraint, neighborhood...);

• f ∈ F; where F is a set of influencing factors (level of intrusion, degree of urgency...).

3.5.1 Measure

In this part, we propose to draw up the different measures adopted for the evaluation in the
localization scenario. The purpose of this section is to provide possible interpretations for each
of these measures.
The following measures come from the field of personal assistance applications.

• Degree of urgency measure: the degree of urgency (DU) is a necessary constraint for the
intervention of CO. It is an independent parameter sensitivity [Z.Pang & Z.O’Neill 2019];
we used this variable to check the response time of running task.
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Parameters Local Global Interpretation
DU X Time required for intervention: Task

processing time
LI X Type of agent involved in : - a Coalition

- a coordination process
LP X X Related to the competence of agents.

Related to global results provided by
the MAS

Table 3.1 – Summary and possible interpretations of the interaction parameters

• Level of precision measure: the level of precision (LP) is an attribute resulting from
the technical characteristics of the COs. We will opt for empirical and relative values by
ordering the CO according to their level of precision on a scale going from the less precise
to the most precise. Then, the value space is enlarged to allow the system to provide
results of a precision better than that which would be provided by each CO individually.
It is depending parameters sensitivity [Z.Pang & Z.O’Neill 2019]; we used this variable
to select the competence of agent.

• Level of intrusion measure: the level of intrusion (LI) is an ethical constraint, the intrusion
of an ambient intelligence capable of acting and perceiving in the presence of the person
causes discomfort for him and his entourage. It is essential to limit this discomfort as
much as possible. It is depending parameters sensitivity [Z.Pang & Z.O’Neill 2019]; we
used this variable to select the agent entitled to participant role.

3.5.2 Interpretation of the measurements

Thus, we summarize through table 5.1 the different parameters associated to the interaction
in the MAS. For each parameter we determine if it is a local parameter, that is allowing to
characterize a CO, or a global parameter which characterize the entire MAS and the application
[F.B.Hmida et al. 2015]. We also present the possible generic interpretations of these different
parameters in the form of indications which will be developed later on based on a scenario for
carrying out a specific task.

3.6 Scenario challenges

The first step on any robotic localization is to perceive the environment through communicating
objects (sensors). In our scenario, it consists of acquiring context data from various sensors,
from the robot or the smart environment. The objective is to gather all the data and maintain a
context knowledge.
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3.6.1 Unpredictable situation

Areas at risk of falling frequently occur in “risky” places such as kitchen,bathroom, in corridors,
stairs or even in the garden. Therefore one cannot determine position of the person when falling.
From the acquired context data, the robot knows that the person has fallen and take the move
to assist the person and/or alert the medical staff. For this reason we need more and more the
localization robot scenario cooperated with connected objects.
We propose an enhancement to the vision of position of person according to the context knowl-
edge.

3.6.2 Dynamic environment

A dynamic environment is characterized by the uncertainty of the environment that limits the
ability of system to make decisions.
In ambient environment, uncertainty is a serious issue. In fact, we should expect that sensors
will provide non-perfect data. For instance, a thermometer may not be accurate or a motion
sensor may be intellectively triggered. In such cases, uncertainty can lead to the production of
uncertain context data. Subsequently, this may cause problems of bad surveillance.
The first step on any robotic localization is to perceive the environment through communicating
objects (sensors). In our scenario, it consists of acquiring context data from various sensors,
from the robot or the smart environment. The objective is to gather all the data and maintain a
context knowledge.
In a context of a robot location in ambient environment we identified four essential dimensions:

• Freshness: data is outdated. For example, if a sensor sends an event asserting the user is
in room B while he has just left for room B.

• Precision: data is correct yet inexact. For instance, a motion sensor as RFID only detects
a movement, it is imprecise compared to a camera that detects movement and identifies a
user.

• Contradiction: two pieces of data provide contradictory information. For example, when
the user is between two rooms and detected by sensors of both rooms.

• Availability : the communicating objects may also be unable to provide the required ser-
vice any longer, they may provide it with poor quality of service or they may be temporar-
ily unavailable.

3.6.3 Changing context

A lot of changes can occur within the environment in which the robot is deployed in. For
example, if the robot is asked to fetch some medications and the user changes the position of the
robot while it is reaching their location, it won’t be able to find them, thus failing to achieve its
task. Another complication is the transition between day and night, for example at night more
communication is needed, the light context is different and therefore additional requirements are
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required such as infrared cameras. The presence of different caregivers between the weekends
and weekdays demonstrates another change of context.

3.6.4 Ethical and urgency factor

Ethical factor: Access to real time images: put cameras in every room is a very intrusive so-
lution.A robot equipped with audio visual device, activated essentially if necessary seems the
point of view ethical lighter. The robot can move closer to the person, the operator has a better
view of the scene.
Urgency factor: Both context variability and missing data at planning may lead to failure situ-
ations that would drastically slow down the robot. This is not acceptable as the user health can
be in the balance. For instance in the case of a fall of the user, the robot shall not waste time
trying possible options to reach him/her.

3.7 Conclusion

As expressed in the previous section, each step has specific challenges for our context of a robot
location in a smart home. Consequently, specific solutions must be proposed to each of these
challenges in order to provide an efficient framework.
Adaptive systems [A.Eduardo et al. 2003] are known to meet this requirement. More precisely,
adaptation features are inherent to MAS. So, our approach exploits the MAS adaptiveness po-
tential to design a distributed system to deal, in a dynamic way, with scenarios such as the one
described above. The adaptiveness is also needed to deal with dynamic addition and suppression
of sensors. There is no deterministic algorithm for solving this type of complex and distributed
environment. To solve these challenges, we propose a self-adapting architecture detailed in next
chapter.
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4.1 Introduction

The objective of this thesis is to propose a computer architecture allowing a self-adaptive co-
operation between the robot and the communicating objects which present in the environment
such as sensors and actuators. One of the difficulties is that the robot and the surrounding envi-
ronment are dynamic systems in the sense that, for example, ambient sensors can be available
/ unavailable, accessible / inaccessible. Further considering the fact that ambient sensors are
generally unevenly distributed throughout the environment, it becomes difficult to design a de-
terministic approach capable of meeting the objectives of the scenarios for which the system is
designed. It is why, we have turned to an approach with adaptation mechanisms allowing not
only to take into account the dynamic aspect of the environment, but also factors like the degree
of intrusion of the system on the privacy of the person and the precision of the measurements of
the sensors.
In the context of the scenario described in the previous chapter concerning the removal of doubt
after an alarm, the adaptation mechanism must take into account two constraints. The the first
is linked to the obligation of result. The adaptation mechanism must respond to various or even
unforeseen situations so that the robot ultimately succeeds in its mission, moving from point A
to point B, if possible taking into account the degree of urgency. The other constraint is of an
ethical nature, the intrusion of an ambient intelligence capable of acting and perceiving in the
presence of the person causes discomfort for him and his entourage.
Thus, this chapter begins with a description of our approach based on MAS and the principle
of the interaction protocol between agents. This will help highlight the adaptation mechanisms
underlying such approaches. We will then describe the general scheme of our GAAMAAA
architecture (Generating Automatically an Adaptive Multiagent systems for Ambient Assistive
Applications).
Then, we present a dedicated ontology ambient assistance designed to model the body of knowl-
edge useful for the representation of the environment, and for the operation of the MAS. Thus,
we present an ontology dedicated to the interaction protocol.
The latter is described in detail by illustrating the interaction mechanisms for obtaining a task,
on the scenario considered. The protocol for evaluating the approach with results is described
in the next chapter.

4.2 GAAMAAA architecture

Our GAAMAAA approach proposes an architecture as an attempt to automatically generate a
set of cooperative agents in order to provide a service adapted to a dependent, elderly, or a suf-
fering person maintained at home. The latter is equipped with a set of COs and possibly with a
robot. This work is in the continuity of the COALAA project
[Nadia.Abchiche.Mimouni et al. 2013] in which a personal assistance ontology (AA) contains
the information linking the services rendered to the person, a description of the home and the
installed COs as well as the knowledge about the person’s profile. A cooperative and adaptive
MAS has been developed to provide a person-friendly service. In this system, each agent encap-
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sulates a CO. The objective is to contribute to the improvement of the adaptation capacities of
COALAA by offering a dynamic and automatic generation of the agents and their interaction.
The architecture of our contributions is represented in figure 4.1. It is organized in three levels:
(1) Ontology level, (2) Configuration level and (3) Application level. Each level composition
will be detailed below.

Figure 4.1 – GAAMAAA Architecture

4.2.1 Ontology level

We have used two ontologies :

• An ambient assistance domain ontology (AA); this ontology contains all the information
relating to the services that we want to give to the older adult as well as those necessary
for the different actions that the robot could perform. It also includes both the description
of the domain components that are people, home and connected objects (robot, sensors
and actuators) but also the tasks and services.

• An ontology of interaction protocols; this ontology is considered as a model defining the
structure shared by all the protocols. More precisely, this ontology makes it possible both
to describe the profile of the protocols as well as their control structure. The profile defines
what the protocol does, describing. The purpose of the protocol, specifying the protocol
category, the problem types resolved by each protocol, and specifying some of its static
properties. This is the profile of the protocols that will be used to perform their dynamic
selection. The control structure of a protocol defines its behavior and its functioning
through the description of the actions that it supports and the scheduling of the messages
that it allows exchanging.

4.2.1.1 Protocol Ontology (PrOnto)

The concept of interaction protocol is an effective way to structure and to organize the exchanges
between the agents of a MAS. We have proposed an ontology for modeling interaction protocols
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(PrOnto) in a generic way.
The ontology we propose is considered a reference model for the description of interaction pro-
tocols. It thus provides a declarative and explicit representation of these protocols. We have
listed all of the terms or concepts relating to the protocols. For this, we have studied some pro-
tocols existing in the literature such as the Contract Net protocol, the Iterated Contract Net, the
auction protocols, the coalition protocol, and the negotiation protocols. The goal of the work
[W.Bouaziz et al. 2009], [V.Tamma et al. 2005],[T.Jarraya & Z.Guessoum 2007] studied in sec-
tion 2.3 is to facilitate the use of interaction protocols, without requiring a great effort from the
developer.The proposed ontologies can be classified by type of protocol (coordination, negotia-
tion). No solution has proposed an implementation of interactive agents with dynamic reuse of
interaction protocols. The PrOnto ontology groups together properties and behaviors common
to several types of interaction protocols described by categories concept. Our goal is to provide
an ontology for the reuse and dynamic execution of interaction protocols through the Role con-
cept which instantiates each role of an agent in a protocol in a personal assistance environment.
Figures A.5, A.6, A.7 and A.8 gives a graphical representation of the protocol ontology using
the concepts of the OWL language, namely the notion of class, objectproperty, datatypeproperty
etc.
Properties of PrOnto

To fix the terminology, from the existing works [W.Bouaziz et al. 2009],
[V.Tamma et al. 2005],[T.Jarraya & Z.Guessoum 2007], we have considered that an interaction
protocol is characterized by the following fundamental properties:

• Category: function or purpose of the protocol; negotiate, cooperate, contract or auction. A
protocol consists of a set of elements that define it: rules, roles, constraints and messages.
Let’s detail each of these elements.

• Role: abstract behavior expressing the function of a participant involved in a protocol.

• Action: Internal operations performed by a role, whether communication action (sending/

receiving a message) or decision-making (ex. choice of an interaction duration).

• Domain ontology: vocabulary used in the content of the messages.

• Message: informational content exchanged by the participants.

• Constraint: conditions to be satisfied by an agent to play a role in a given protocol:

– Distribution Constraint: the agent conditions of use and role are based on internal
criteria related to the agents (capacity) and on external criteria related to the context
(levels of intrusion, precision).

– Behavioral Constraint: conditions on the performance of a task by an agent (time-
out, scheduling).
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• Rules: rules which control the structure of the logical sequence of actions and exchanged
messages.

Figure 4.2 – Protocol ontology (PrOnto)

4.2.1.2 Domain knowledge modeling : Ambient Assistance Ontology (AA)

We opted AA (ambient assistance) ontology which has been developped by
[Nadia.Abchiche.Mimouni et al. 2013]. This knowledge base includes the persistent informa-
tion useful for generating the MAS. This information is classified representing the main objects
of the application; the home, the connected objects, the tasks and the people likely to intervene
in the application, outside the assisted person (caregivers, medical staff ...). Some of this knowl-
edge is used to initialize the MAS.
Properties of AA
The AA ontology contains four categories of information related to the application domain 4.3:

• The Home category for defining the structure of the environment.

• The Communicating Object (robot, sensors and actuators) category for describing the
characteristics (accuracy, orientation, position...) of the COs and their operating mode
(effect).

• The User category for defining the user’s profile and preferences.

• The Task category that puts together the tasks and services the system is able to provide.
Some of this knowledge is used to initialize the MAS.
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Figure 4.3 – Ambient Assistance Ontology (AA)

4.2.2 Application level

The developed MAS relies on the information that it receives from a knowledge base and the
sensors of the environment (COs), to make a reply when a request for a service (lighting at a
specific location of the residence or the location of a robot) is issued from the user.
The originality of the generated MAS is to be endowed with the capacity of selfadaptation. It
gives it dynamism and flexibility for understanding a variety of situations and problems. More
specifically, it is to adapt to different usage scenarios which take into account the context of
the person and his/her profile (preferences). Each agent is associated to a specific CO and
defines locally and proactively the time and the manner of the contribution to the service that
is required to the person. The methodology for an automatic generation of such a MAS is
described hereafter.

4.2.3 Configuration level

Automatic generation of a self-adaptive MAS
The process of generating an adaptive MAS follows 3 main steps: (1) Agentification step, (2)
Agents creation step and (3) Socialization step. The Agentification is the process that allows
you to define the elements of the field of application which will be ratified in the form of agents.
This step is to Create agents in a platform multi-agents . The step of Socialization is to embed
at the level of each agent a protocol that allows him to interact with other agents.
The first two steps are performed by an agent called Genesis Agent, responsible for the creation
of agents from information from the AA ontology. During the modeling of the AA ontology, it
integrates information allowing to select the COwhich will be reified in the MAS. This infor-
mation is used by the two algorithms below to generate the OC-agents (agents that model each
an OC).

57



Chapter 4. GAAMAAA approach

4.2.3.1 Agentification and agents creation steps

The Agentification step is the process that allows to define the elements of the application do-
main which will be reified in the form of agents. The agents creation step consists in creating the
agents entities in a multiagent platform. These two steps are performed by a configuration agent
called GenesisAgent, responsible for the creation of the agents. The AA ontology contains prior
information allowing to identify the CO (concepts) which will be reified in the MAS as agents.
This information is used by the two algorithms below to generate the CO-agents (agents that
model the COs). The Algorithm 1 takes as input the AA ontology in the form of a OWL (On-
tology Web Language) file and retrieves the list of the concepts whose property ”Agentifiable”
is assigned to true. It provides the output in a form of a set of Java classes corresponding to
the extracted concepts. The attributes of these concepts are the attributes of the Java classes and
instances of the concepts are Java objects. The creation of the agents takes as inputs the outputs
of Algorithm 1 and creates an agent for each instance. A particular agent named UserAgent is
in charge of interacting with the user in order to submit the request to the system (as explained
further).

Algorithm 1 Agentification

Input: AA Ontology
Output: MAS

//start with declaration of variables
Var : integerCounter = 0, listClassList[]
Begin

4: // Read ontology owl (AA)
Ontology_read( OWL File )

while (Not end OWL File) do
ClassList.add(OntologyAA.class);

8: end while
while (Counter < ClassList.size()) do

Counter++

if (Counter.Ob jectProperty <> ”Agenti f iable”) then
12: ClassList.Delete(Counter)

end if
end while
// Generate Java classes for each connected objects with these attributes

16: Java-Classe =GenAutoClasses(ClassList, Dataproperties, ObjectProperty)
if (Dataproperties == ”Agenti f iable”) then

Create − Agent −CO(Java −Classe)
end if

Return ExecuterJADE();
20: End

4.2.3.2 Socialization step

The socialization step is to embed in each agent a protocol that allows the agent to interact with
the others. The stage of socialization is carried out by another configuration agent named Mid-
dleAgent, which can use the algorithm 2 or the algorithm 3 according to the chosen interaction
protocol. The Algorithm 1 is related to an Interactive Contract Net protocol (ICNP), while Al-
gorithm 3 is dedicated to the coalition-based protocol. The most important part of these two
algorithms is the role extraction and the instantiation of the protocol.
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ICNP Algorithm
Algorithm 2 (named AutoProtocol-ICNP) has three inputs: the URL of the Protocol ontology,
the agents list and the user request. It starts by role extraction, by selecting information from
the protocol specification. For example, to instantiate initiator role, the
"Instance_of_Role_Initiator(PrOnto)" function is used.
A generated Java class represents the instance of the role, where roles are embedded as agent
behaviors.

Algorithm 2 Auto-protocol-ICNP

Input: List agentList[], Url:ontology PrOnto, String Request
Begin
Integer i=1
Integer Random = Random-Selection(agentList[])

4: // Creates a new ICNP: Initiator-Role
Agent − Initiator = Instance_O f _Role_ICNP_Initiator(PrOnto)
//Parameters: agent, msg - initial message
Add.Behavior(new Agent-Initiator(agentList[Random], ACLMessage CFP))

8: while (i <> Random) And (Not End agentList[]) do
Creates a new ICNP: Responder-Role
Agent_Responder = Instance_O f _Role_ICNP_Responder(PrOnto)
Add.Behavior(newAgent_Responder(agentList[i],MessageTemplatemt))

12: i++

end while
End

Coalition protocol Algorithm
The Algorithm 3 (Auto-Protocol-Coalition) takes as inputs the URL of the Protocol ontology,
the agents list and the user request. It provides, as a output, the instances of roles of coalition
(behaviors for candidate and initiator roles) in order to deal with the request.

Algorithm 3 Auto-protocol-Coalition

Input: List agentList[], Url:ontology PrOnto, String request
Begin
Integer i=1
while (Not End agentList[]) do

4: // Creates a new coalition protocol: Initiator and Candidate role
Agent −Candidate = Instance_O f _Role_Coalition_Candidat(PrOnto)
Agent − Initiator = Instance_O f _Role_Coalition_Initiator(PrOnto)
//integrate the coalition protocol role into the agents with the desired effect name and requested capacity

8: Add.Behavior( new Agent-Candidate(agentList[i],String effect, Integer capacity))
Add.Behavior(new Agent-Initiator(agentList[i],String effect, Integer capacity))
i++

end while
12: End

At the end of the socialization step, the generated MAS is able to process a user request. The
robustness inherent to MAS is achieved through the Update Agent whose role is to inform the
Middle Agent (see Figure 4.1) when a CO is no longer in the system or if a new CO is added to
the AA ontology. The next section illustrate the application level of GAAMAAA architecture.
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4.3 GAAMAAA illustration

In order to illustrate our approach, we proposed a simple case study based on a scenario in which
a remote user requests a service. This request, submitted via a graphical interface (Figure 4.4),
is sent to the MAS in the form of a triple = [t, c, f] where t ∈ T (T is a set of tasks such as
localizating, lighting), c ∈ C (C is a set of criteria such as precision, efficiency, time constraint,
neighborhood) and f ∈ F (F is a set of influencing factors such as intrusion level, urgency degree).
In the considered scenario, we have considered a precision equal to 50 degree (scaled from 0 to

Figure 4.4 – Interface of service request

100), a level of urgency equals to 50 per cent and an intrusion level initialized to 50 per cent.

4.3.1 Agent and environment in MAS

We have opted for the design of an ontology adapts to the environment of the ambient assistance,
inspires one developed by project Coalaa [N.Abchiche-mimouni et al. 2016].
It is to exploit the CO of the environment to provide a service (detection of falling, location. . . )
adapted to the person. The environment is modeled by AA ontology. Each instance of CO have
the property Agenti f iable represents a concrete agent in the MAS (see figure4.5).
Grant to each Agenti f iable instances an agent who carries the same attributes. Once the agents

are created it loads the protocol (See figure below 4.6). Figure 4.7 illustrates in more detail how
such example can be specified using the visualization provided by the Protégé ontology editor.
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Figure 4.5 – Environmental of the ontology for MAS

Figure 4.6 – Agent in MAS
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Defining an individual instance of a class requires:
(1) choosing a class,
(2) creating an individual instance of that class and
(3) filling in the slot values.
For example, we can create an individual instance Robot1 to represent a specific type of Robot.
Robot1 is an instance of the class Robot representing all Robot. This instance has the following
slot values defined in Figure 4.7:

• Name: Romio

• Identify: 1

• MetapropritiesAgent: True

• Objectproprities: Agentifiable

Figure 4.7 – Subclasses of communicating object with some instances

The right-hand side of Figure shows details about individuals and property assertions regarding
the modeled MAS localization scenario. It illustrates the instantiation of concepts and properties
that are asserted.
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4.3.2 Interaction protocol in MAS

Figure 4.8 shows subclasses and instances to represent interaction characteristics of MAS. The
diagram shows the instantiation of ICNP. In this protocol, agents can take two roles: manager
or contractor. The manager is responsible for the supervision of the execution of a task and the
processing of the results of this execution. A contractor proposes the manager to perform the
task. In case of acceptance, it is responsible for the effective execution of this task.
The category of the protocol is given by the following three subclasses: Coordination, Coopera-
tion, and Negotiation. Instances of these subclasses of coordination protocol (e.g., ICNP) define
an assignment of that type mission to an agent. Two subclasses specify types of roles: Initia-
tor and Responder. Instances of these subclasses, as Initiator1 and Responder1, define which
agents are playing similar roles. The modeling also requires the creation of relationships among
the individuals. Also requires the definition of other concepts such as AbstractAction that can
be simple; sending or receiving a message or to Evaluate proposal sends by Responder as a
CFP(Call For Proposal) message.
This example shows how to encode part of one possible strategy for modeling interaction char-
acteristics of agent systems. However, other strategies are possible and would result in different
designs and implementations for this scenario. Figure 4.9 shows a scenario where four CO

Figure 4.8 – Interaction protocol

agents have been automatically created on Jade platform [Home 2004], using the AA ontology
and the embeddedness of an ICNP using PrOnto ontology to deal with a user request (localize
the robot). In this scenario, four CO of the environment are used: a robot, a fixed camera, a
presence detection sensor and a fall detection sensor. These four CO are encapsulated in four
ambient agents (see red boxes). The initiator agent (Camera1) has received the desired effect
from the interface agent and then broadcasts the request CFP (Call For Proposal) to all agents
of the MAS. Each agent who receives the desired effect checks if its ability is adequate with the
request. If yes, it sends an acceptance message labelled ”Propose” to be a responder. Such a
message contains the capabilities of the agent. The initiator agent receives an acceptance answer,
and chooses the abilities to consider for the localization task. Then, it confirms its acceptance
by sending a message which labelled as ”AcceptProposal”.
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Figure 4.9 – Agent interaction diagram in Jade platform

4.3.3 Agents conformity

At this level, we have used our results in order to check the conformity of the built MAS to the
ambient environment. Our test is based on the number of connected objects and the number of
agents that are present in the MAS.
We considered a simple initial example with 4 instances of CO (sensor1, Robot1, RFID1 and
camera1). Automatically we obtained 4 agents (each agent corresponds to a CO). The number
of CO is upgraded to 7 and then to 14. In each case, the number of CO was equal to the number
of created agents.

To ensure the synchronization between the ambient environment and the MAS, the Mid-
dleAgent (see figure 4.1) manages the update of the AA ontology and the ambient environment
and readjusts the MAS. This is either by providing the creation of new agents in the case of
additions of new CO in the environment, or by removing each agent whose CO is out of service
or has been removed from the environment.
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4.3.4 Protocol performances

During the second set of experiments, the impact of the number of agents on the performances
of the ICNP protocol is studied. The results represent average values for 20 runs with the same
user request. The results are broken down into three categories (See Figure 4.10):

1. Memory usage: the memory rate used by each agent for the resolution phase is directly
related to the number of formed coalitions.

2. Response time: the response time of the MAS corresponds to the average response times
which are obtained after 20 executes of the scenario, while the number of agents varies in
{4, 7, 14}.

3. Communication load: the total number of exchanged messages.

Figure 4.10 – Performances of ICNP

Note that the response time of the MAS impacts the number of exchanged messages. Hence,
the sensitivity of the system to the number of agents is linear.

4.3.5 Quality assessment

The third kind of evaluation that is important to perform concerns the qualitative evaluation of
the generated MAS. We focused on quality attributes that are relative to the interaction protocols.
We proceeded to a state of the art, based on [L.Damasceno et al. 2018], in the domain of quality
assessment of MAS and we have identified four minimal qualities that are relevant for a quality
assessment of interaction protocols. These qualities are summarized in 4.1.
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Quality Description Component Metric

Performance
quality

Suitable execution protocol.
Agents
relationship

Effectiveness

Suitable communication.
Agents
Communication

Compliance

Reliability Changes do not affect the MAS quality.
Changing of
Parameters

Correctness

Agent
quality

Responsibilities of roles represented.
Role
Responsibilities

Completeness

Sufficient skills for problem domain. Agent Skills Context coverage

Table 4.1 – Protocol quality

The column Description gives the meaning of the Quality attribute, while the Component
column indicates the part of the MAS which is impacted by a quality. The Metric column gives
a way of evaluating the degree of achievement of a quality and its adequacy to the environment
where the MAS operates.
Effectiveness and Compliance metrics indicate the ability of the agents to achieve their goals
through their relationships. These can be measured by evaluating the correlation between the
protocol quality and the goal achievement.
Correctness metrics evaluates the adaptability and fault tolerance of the MAS regarding to the
parameters change of the environment. This is performed in GAAMAAA approach through the
Update Agent.
The completeness and Context coverage metrics determine the ability of the MAS to deal with
the diversity of the problem domain. The use of ontologies to automatically generate the MAS
makes it possible to cover the whole context (described in the ontology).

4.4 Conclusion

This chapter present a contribution to the development of a comprehensive approach encompass-
ing the full development cycle of the MAS, from the specification of the ambient environment
to the use of the MAS for providing a service. We have proposed an ontology of interaction
protocols and an approach able to automatically generate a self-adaptive MAS to respond to a
request for a service for an elderly or dependent person.
In particular, our contribution lies in the modeling and compilation of interaction protocols. We
have proposed an algorithm capable of generating the agents from a personal assistance ontol-
ogy and two algorithms (for ICNP and Coalition protocol) capable of embedding an interaction
protocol in the agents. The first results of the developped prototype are very promising. The
aim of the next chapter is to establish a strategy allowing an agent to dynamically detect the
necessity to switch from an interaction protocol to another.
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5.1 Introduction

As shown in the previous chapters, interaction protocols play a crucial role in ensuring the
adaptive feature in MASs. Indeed, we have shown in [Maddouri et al. 2019], for an ambient
assisted application scenario, that interaction protocols performances can differ according to
the execution context of the application. The aim of this chapter is to improve GAAMAAA
by allowing to adapt the interaction protocol according to the constraints of the application
problem to be solved. For that purpose, the aim is to identify the parameters that influence
the performances of the protocols in order to be able to appropriately tune the protocols on the
one hand, and to choose a protocol according to its performances on the other. The considered
parameters, as inputs, are those related to the data of the application (ex. characteristics of the
COs, intrusion level of the COs...), while the performances concern the outputs of the MAS (ex.
number of solutions, time response...).
We have realized a sensitivity analysis based on the data related to the COs and the constraints
of the application (level of intrusion, precision of the result). We launched requests to the MAS
by varying the inputs values and observing the system outputs. The experimentation has been
performed for two distinct interaction protocols: Iterative Contract Net protocol (INCP) and
coalition based protocol (Coalition). The findings of the sensitivity analysis are then transformed
into adaptation knowledge that will be injected into the agents before these are deployed.
Results analysis allows to build rule bases where each rule indicates a relevance context for
a particular protocol. The rule bases can be used by the agents for detecting the relevance or
not of a protocol and then switching from one protocol to another according their relevance.
Note that the protocol changing is done at run-time thanks to GAAMAAA ability to compile an
interaction protocol at run-time.

5.2 Sensitivity analysis and self-adaptive multiagent systems

Sensitivity analysis (SA) refers to the problem of sampling the parameters space when we in-
vestigate about the behaviour of a model. This term is also used to refer to a family of meth-
ods for altering the inputs of the models in different ways. In [Richiardi et al. 2006a] (see also
[Troitzsch et al. 1999]), SA is defined as a collection of tools and methods used for investigating
how sensitive the output values of a model are to changes in the input values. This is usually per-
formed in the validation step of simulations ([LAW et al. 1991]). Noisy systems and complex
systems are often validated thanks to SA methods. MASs are particularly known to be noisy due
to the complexity of the interactions among the agents themselves and among the agents and
the external environment. They are themselves used for SA such as in [De Santo et al. 2001].
In [Bhusal & Subbarao 2019] SA has been used to identify "the weakest link" during the agents
communication. The approach considers different probability distribution for weighting the
communications (by means of a probability density function) and then, the simulation prop-
agates the information (agents states) between the agents. This allowed to identify the most
significant links, which are those that have the highest sensitivity index compared to others.
An important challenge in our work is to identify situations where an interaction protocol is
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relevant to a particular context, and the ones where it is necessary to adjust the protocol or to
replace it by another that is more efficient. Thus, the idea is to empower the MAS with a self-
adaptation capability. For that purpose, a SA is performed in order to reveal effects of parameter
variations on the performances of the interaction protocols.
The goals of our SA are summarized in the main questions below:

1. What are the parameters that determine the performance of an interaction protocol?

2. Which areas in parameter space result in efficient protocol?

3. Which parameters have significant effects for which outputs?

4. How to generalize the results and the method of the SA in order to improve the use of the
interaction protocols?

The next Section presents the sensitivity analysis approach and the parameters taken into
account.

5.3 Sensitivity analysis method

SA basically consists of a statistical analysis of the effect of input variations on system outputs.
In [Richiardi et al. 2006b] the authors identify different inputs variations which are grouped
into: (I) variations of random seed and noise level, (II) variations of parameter values, (III)
variations of the model, e.g. agent’s decision functions, (IV) data aggregation, (V) time scale
and sample size. In our case, the focus is on the second type of variation, i.e., the parameters
values. In the context of our domain application, the simulation objectives are as follows:

1. Study the sensitivity of multiagent interaction protocols to the influence factors (degree
of urgency, level of intrusion) and the constraints (such as the level of precision);

2. Identify the performance of each protocol in different situations. The aim is to infer the
best suited protocol to deal with emergency situations while performing a task with a
reduced response time and less intrusive COs;

3. Inject the inferred knowledge into the agents in the form of strategies for adapting their
interaction protocols according to the situations;

4. Generalize the experimentation process in order to automatically generate a MAS with
self-adaptive ability (from the AA and PrOnto ontologies).

The SA of Multiagent interaction protocols is performed in the case of an ambient assisted
application. The interaction protocols which will be considered are those that have been imple-
mented in GAAMAA. So, we will consider ICNP and Coalition protocols.
The SA has been performed for scenarios such as the one described in Chapter 3. We have iden-
tified three main parameters which are of great importance in the application context. The first
parameter is the Degree of Urgency (DU) of the situation. The second parameter is the Level of
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Precision (LP) of the result. The third parameter is Level of Intrusion (LI) which characterizes
the COs according to their intrusiveness concerning the person (ex. a camera is more intrusive
than a presence detector).
Then, we used a usage task scenario to explore the sensitivity of each of the two protocols by
exhaustively exploring the parameters values. We have considered a robot localization task,
since this have been studied in GAAMAA. The SA outputs are considered from the point of
view of success or failure of the task on the one hand, and the response time of the system for
realizing the task on the other.
In the usage scenario, the different COs, encapsulated in agents (of a MAS) are characterized
in AA ontology. The range values of these characteristics are used to perform the SA. As-
suming that the number of COs is known, it is then possible to launch a simulation (function
executeMAS() below), for each possible combination of the COs and for each value of each
characteristic, to be able to proceed to the SA processing.
Let S cPrtl : < Agent[], LP[], DU[], LI[], t > be a scenario modelling, whose parameters are
detailed in table 5.1. The SA experimentation consists in exhaustively considering the different

Notation Meaning Value scales
Prtl Type of protocol Coalition, ICNP
LP[] Level of precision: corre-

sponds to the precision of
the data provided by the
COs.

Scaled values: obtained by normalizing the
different scales values of the different COs.

DU[] Degree of Urgency Corresponds to the different values of the
level of urgency.

LI[] Level of Intrusion level Corresponds to the different values of the
level of intrusion of the COs.

la A list of agents. Each
agent corresponds to a
CO.

la ∈ Comb(Agent[]) where Comb() is a func-
tion which calculates the combined agents
sub-lists.

Table 5.1 – Scenario parameters

scenarios parameters values thanks to this algorithm 4. The function Comb() takes as inputs the
list and the number of agents. It returns a list of sub-lists (partition in the mathematical sense)
corresponding to the different combinations of the agents, by varying the sub-lists cardinality
from 1 to NB. The cardinality c of the partition is:

c =

NB∑
Ag=1

n∑
i=1

Ci
Ag (5.1)

The Algorithm 3 takes as input the lists of: protocols, values of level of precision, values of
degree of urgency, values of the level of intrusion and the domain task to perform. Once the
MAS (composed of la, a sub-list of agents) is built with the embedded interaction protocol p,
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the request is sent to the MAS thanks to the function launchQuery with the adequate parameters
values (t, du, li, lp).

Algorithm 4 SA-processing Algorithm

Input: Agent[]: list of agents, Prtl[]: list of protocols, LP[]: list of values for level of precision, DU[]: list of values for the degree
of urgency, LI[]: list of values for the level of intrusion, t: a domain task, NB: number of agent.

1: Begin
2: la: Agent[], p: Prtl[], lp: LP[], du: DU[], li: LI[]
3: for p in Prtl[] do do
4: for la in Comb(Agent[],NB) do do
5: embeedProt(p, la)
6: for du in DU[] do do
7: for li in LI[] do do
8: for lp in LP[] do do
9: launchQuery(t, du, li, lp)

10: end for
11: end for
12: end for
13: end for
14: end for
15: End

Table 5.2 shows the output variables and the variables which are used to analyze the sensi-
tivity of the interaction protocols.

Variables Meaning
RT Response time.
Prtl Name of the protocol: Coalition, ICNP.
NbS ol Number of solutions. The MAS can provide several solutions

with different parameters values for the task.
S C Success or failure of the MAS in providing a solution. Due to

the oscillation problem inherent to MAS, a time-out allows to
consider that the system does not provide any solution.

lp Level of precision.
li Level of intrusion.
du Degree of urgency.
la The list of agents involved for the request.

Table 5.2 – Decision variables

5.4 Experimentation and results

This section presents the experiments carried out for investigating the computational perfor-
mance of the proposed interaction protocol (ICNP and Coalition). The computational experi-
ments have been conducted with a usage scenario such as the one described in Chapter 3. Such
scenarios have been also used in [Nadia.Abchiche.Mimouni et al. 2013], in order to design a
MAS which is able to adapt the level of precision of a task and the level of intrusion of the used
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COs according to the degree of urgency of the situation. We have used the same data (OCs, tasks
and interaction protocols) for carrying our experimentation. The implementation is based on the
multiagent platform Jade (Agent DEvelopment Framework plateform) [Home 2004]. Also, spe-
cific APIs (Ex. Jena, https://jena.apache.org/) have been used for requesting the AA and
PrOnto ontologies.
The system is composed of six different COs, each one encapsulated in an agent in the MAS
(see Table 5.4).
The computations were done using a PC with a 2.5 GHz Intel core i5 and 8 GB RAM running
under Microsoft Windows 8.
Algorithm 3 launches the MAS with parameterized localization querie. The different values of
the parameters, including the level of intrusion, level of precision and the degree of urgency are
summarized in Table 5.3. The characteristics of the COs, in terms of precision of the provided
data and their level of intrusion are listed in Table 5.4.

Parameters Instantiation
NB Number of agents: set to six.
Prtl ICNP, Coalition.
LA Robot Agent (RA), Presence Detector Agent (APD), Fixed

Camera Agent (AFC), Pan-Tilt Camera Agent (APTC), Radio
Frequency Identification agent (ARFID1), Fall Detector agent
(ADF0).

LP lp is scaled in [10..100].
DU du is scaled in [0, 1, 2, 3]
LI li is scaled in [0, 1, 2, 3]
T Robot localization: performed though a triangulation method.

Table 5.3 – Parameters instantiating

The goal of the localization task is to locate the robot in the habitat of a person. Indeed, we
suppose that an alarm occurred and, before moving to the person, the Robot has to locate itself.
This task is performed in cooperation with the AE.

LA id LP LI
RA 00000 50 3
ADF0 00001 40 2
AFC 00002 40 1
APTC 00003 45 2
APD 0000 4 35 0
ARFID1 0000 6 20 0

Table 5.4 – Communication Objects characteritics

To assess the performance of the interaction protocols (coalition and ICNP), we have evalu-
ated the interaction protocols separately. Each launched request has been evaluated in terms of:
failure or success, the number of solutions (number of coalitions in case of Coalition protocol
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and constituted coordinated agents in case of INCP) and the time response of the MAS. Since
the ICNP and Coalition protocols have been presented in the previous chapter, the next section
will focus on presenting the results by comparing the performance of the two protocols.

5.4.1 ICNP Sensitivity analysis

We start the ICNP sensitivity analysis by measuring the response time with regard to LI, DU and
LP. The Figure 5.1 shows four graphs representing the performance statistics for the experiment
with a cardinality of la set to 5. Each color represents a specific combination of the agents as
shown in the legend.
We generated four cases (a), (b), (c) and (d) corresponding to values of li equal respectively to
0, 1, 2 and 3. As shown, the X-axis corresponds to LP and the Y-axis to the response time.
We have chosen to vary lp by steps of 10. We can observe that depending of li the time response
is different. It decreases when li increases and it increases with the increase of lp. Obviously,
the time-out indicates the failure of the MAS to produce a response. We can easily infer the
values of parameters for which the system fails.
As depicted in the figure, we can see that in case (a) ICNP have found solutions until the value
40 of lp. In cases (b) and (c) ICNP found solutions until the value 50 of lp. In the last case
(d) ICNP found solutions until the value 60 of lp. To summarize, we notice that when the
value of LI increases the number of solution increases. When we talk about the response time,
we can observe that the optimal response time is obtained in the case (d) which is result with
the highest value of li. Table 5.5 shows the results of the experimentation for ICNP where
cardinality =5. The column labeled NBSOL shows the number of provided solutions for given
values respectively for li and lp. Obviously, the MAS fails when the number of solutions is
equal to zero. This occurs when lp value is high and li value is low. The figure shows the range
of values of li and lp for which the MAS gives at least one solution. The involved agents are
indicated in the second column, providing another parameter to indicate the context in which
the MAS is able or not to provide a solution. For further details about sub list solution , see
Appendix in Table A.1.

NBSOL Agents li lp
2 SOLUTION ARFID1,APD 0 10 - 20
1 SOLUTION APD 0 30
0 SOLUTION : FAILURE – 0 40-100
2 SOLUTION AFC, APD 1 10- 20
2 SOLUTION AFC, APD 1 30
1 SOLUTION AFC 1 40
0 SOLUTION : FAILURE – 1 50- 100
2 SOLUTION APTC, ADF0 2 10- 40
0 SOLUTION : FAILURE – 2 50- 100
2 SOLUTION APTC, RA 3 10 - 40
1 SOLUTION RA 3 50
0 SOLUTION : FAILURE – 3 60-100

Table 5.5 – ICNP sensitivity parameters: cardinality =5
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Figure 5.1 – Time response for ICNP: cardinality=5

74



5.4. Experimentation and results

We will show and analyze, in the result interpretation section, the other values for the cardi-
nality 4 and 3 of the sub-lists agents.
After the sensitivity analysis of ICNP we will study, hereafter, the sensitivity analysis of a Coali-
tion protocol.

5.4.2 Coalition-MAS Sensitivity

Launching the MAS with a coalition protocol is performed by applying the auto-protocol-
coalition algorithm which creates and instantiates the MAS with a sub-list of agents. Then,
the SA is performed by applying the Algorithm 3.
The results of the experimentation are showed in Figure 5.2. The four cases (a, b, c, d) show
the performance coalition protocol. Each case corresponds to a particular value of li. The
histograms represent the agents present in the system and does not prejudge the agent’s mem-
bership in the coalition. Each color represents a combination of la as shown in the legend.
Each of the test cases corresponds to a set of agents where LP and DU vary. As depicted in the
Figure (5.6), we can see that in case (a) Coalitions have been found until the value of 90 for lp.
In other cases (b, c, d) Coalition have been found until the value 100.
To summarize, we notice that weather the value li increases, the number of solution and the
number of coalition increase. When we talk about the response time, we can observe that the
optimal response time is obtained in the first case which is result related to the number of agents
which have the ability initiate a coalition (see Section 1.5.4 Classification of interaction pro-
tocols). To conclude, the influence of the li and the lp on the Coalition has an impact on the
response time and the execution of the task (success of the system to provide a solution). Ta-
ble depicts 5.6 that the execution of the task by coalition protocol, in case where the level of
precision belongs to the interval [10, 20], the agents do not need to coalesce with other agents.
Instead, each agent that has the capability to achieve the task can initiate a coalition (by sending
a request to other agents). We distinguish two categories of agents:

• Agents which do not need to coalesce such as RFID1 when lp is in [10,20].

• Agents do not have the capacity to execute the task, need to coalesce such as DEP0 when
lp is in [40, 100].

The table 5.6 presents the number of coalitions achieved, we have identified distinct echelon, in
the high level of precision the task has performed by Coalition. For further details about sub list
solution, see appendix Table A.2 and Table A.3 .
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Figure 5.2 – Time response for Coalition protocol: cardinality=5
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NBS OL Agent li lp
2 SOLUTION ARFID1,APD 0 10 - 20
1 SOLUTION APD 0 30
1 SOLUTION Coalition(ARFID1,APD) 0 40 - 50
0 SOLUTION : FAILLURE – 0 60..100
2 SOLUTION: AFC, APD 1 10- 30
1 SOLUTION AFC 1 40
1 SOLUTION Coalition(ARFID1,AFC,APD) 1 50- 90
0 SOLUTION : FAILLURE – 1 100
2 SOLUTION APTC, ADF0 2 10- 40
3 SOLUTION Coalition(APTC,ADF0), Coalition(APTC, AFC), Coali-

tion(ADF0,AFC)
2 50-80

1 SOLUTION Coalition(AFC,APTC,ADF0) 2 90-100
2 SOLUTION APTC, RA 3 10 - 40
2 SOLUTION RA, Coalition(APTC,ADF0) 3 50
4 SOLUTION Coalition(APTC,ADF0,RA), Coalition(RA,AFC,APTC),

Coalition(RA,AFC,ADF0), Coalition(AFC,APTC,ADF0)
3 60- 100

Table 5.6 – Coalition sensitivity parameters: cardinality = 5

5.4.3 Synthetic results

In the last section, we studied the SA with the cardinality = 5 and checked the number of
solutions in each level of intrusion and the response time. We checked using the cardinality =

3,4 and we generated the figures with four level:

• Level 1 corresponding to a sub list of the agents, each color represents a specific combi-
nation of the agents as shown in the legend.

• Level 2 corresponding to values of li equal respectively to 0, 1, 2 and 3.

• Level 3 corresponding to values of lp.

• Level 4 corresponding to results of protocol where S for succeed task and F to design
failure task.

Figures 5.3 and 5.4 represent respectively the SA of protocol ICNP and coalition for cardinality
= 5.
Figures 5.5, 5.7 and 5.9 show three graphs representing the SA of ICNP for the experiment with
cardinality = 4.
We observed, in figure 5.7 the sensitivity of ICNP for la= [RA, AFC, APTC, ADF0], no solution
was found where li=0 therefore we were obliged to increase the level of intrusion.
Figures 5.11, 5.13, 5.15 and 5.17 represent the SA of ICNP for the experiment with a cardinality
= 3. In figure 5.17 the sub list [RA, ARFID1, ADP] was found to have a similar solution for
li=0, 1,2.
Experimenting MAS with the coalition is shown in figures 5.6, 5.8 and 5.10 for cardinality =

4. SA coalition for cardinality = 3 is depicted in figures 5.12, 5.14, 5.16 and 5.18. We can
conclude that the influence of the intrusion level and the level of precision have a impact on the
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execution of task.
To study the best protocol, we need to show the cooperation between agents for this reason we
don’t present the results for cardinality 1,2.

Figure 5.3 – ICNP SA Cardinality = 5

Figure 5.4 – Coalition SA Cardinality = 5
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Figure 5.5 – ICNP SA Cardinality = 4 Figure 5.6 – Coalition SA Cardinality = 4

Figure 5.7 – ICNP SA Cardinality = 4 Figure 5.8 – Coalition SA Cardinality = 4

Figure 5.9 – ICNP SA Cardinality = 4 Figure 5.10 – Coalition SA Cardinality = 4
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Figure 5.11 – ICNP SA Cardinality =

3 Figure 5.12 – Coalition SA Cardinality = 3

Figure 5.13 – ICNP SA Cardinality =

3 Figure 5.14 – Coalition SA Cardinality = 3

Figure 5.15 – ICNP SA Cardinality =

3 Figure 5.16 – Coalition SA Cardinality = 3

Figure 5.17 – ICNP SA Cardinality =

3 Figure 5.18 – Coalition SA Cardinality = 3
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5.4.4 Result Interpretation

The results previously presented was for a cordiality that is equal to 5. For a carnality value less
than 5, the results are presented in a synthetic way. One can observe the different parameters
values and their impact on the success or the failure of the MAS (see Figure ). Based on the
experimental results reported previously, one can notice that:

• ICNP is slightly better in terms of response time but in terms of obtained results coalition
protocol is better (see Figure 5.19). According to these results, we can note that in emer-
gency situation we use ICNP if this does not provide satisfying result, we must switch to
coalition protocol.

Figure 5.19 – ICNP SA results

• Coalition protocol allows the agents to configure themselves to provide a solution accord-
ing to the availability of the COs and the compliance with the criteria of precision and
level of intrusion. Consequently, the success of the task is more often ensured than with
ICNP protocol.
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Figure 5.20 – Coalition SA results

We can deduce that the number of coalitions achieved is equal to the number of agents that have
been solicited (for taking part to a coalition) and that have the requested level of intrusion and
that do not have the sufficient level of precision. To sum up this section, it must be marked out
that the ICNP and the Coalition have been tested in different situations with momentous success
in terms of the quality of the obtained solutions as well as the response time. It is necessary
to use the best suited protocol for each specific situation. For that purpose, the next section
proposes a strategy that will allow the agents to adapt their interaction protocol accordingly.

5.5 Adaptation strategy

We have chosen to translate the contexts of the performance of the interaction protocols into
production rules. These rules can then be embedded in a knowledge base which will be used
by the agents to adapt their interaction protocol. The main advantage of such a representation
mode is that it is easy to add, modify or delete the rules at run-time. The form of a production
rule PR is: PR : (pr1) ∧ (pr2) ...(pri) ... ∧ (prn) =⇒ (Adaptation − Action)
where: pri ∈ premises(PR) (1 ≤ i ≤ n) are the premises of the rule CR that expresses the
parameters constraints). The form of the premise pri is defined by pri = (xi op αi) where xi is
the value of the ith parameter, αi is a value parameter and op is an operator comparison in (<, >,
=). Adaptation − Action is an action that allows a protocol adaptation. Two kinds of adaptation
actions have been identified:

• Intra-protocol adaptation actions which correspond to the variation of the parameters (du,
li and lp) inside the same protocol;

• Inter-protocol adaptation which corresponds to the change of protocol.
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From the summary of SA of Coalition and ICNP protocols shown in Figure 5.19 and 5.20,
for a cardinality set to 5, the following production rules have been defined:

• The rule R1 below predicts an intra protocol change for ICNP for a value of the precision
level higher than 30.
RuleR1 : (Card = 5) ∧ (lp > 30) ∧ (Prtl = ICNP) =⇒ intra − Prtl()

• The rule R2 predicts an intra protocol change for ICNP for a value of the intrusion level
higher than 0 and a value of the precision level less than 40.
RuleR2 : (Card = 5) ∧ (li > 0) ∧ (lp > 40) ∧ (Prtl = ICNP) =⇒ intra − Prtl()

• The rule R3 predicts an inter protocol change from ICNP to Coalition protocol for a level
of intrusion equals to 1 and a value of the precision level higher than 50.
RuleR3 : (Card = 5) ∧ (li = 3) ∧ lp > 50 ∧ (Prtl = ICNP) =⇒ Inter − Prtl()

• The rule R4 predicts an intra protocol change for coalition protocol for a value of the pre-
cision level higher than 90. RuleR4 : (Card = 5) ∧ (lp > 90) ∧ (Prtl = Coalition) =⇒

intra − Prtl()

• The rule R5 predicts an inter protocol change for coalition to ICNP having value of the
intrusion level higher than 1 and a value of the precision level equal to 100
Rule5 : (Card = 5) ∧ (li > 1) ∧ (lp = 100) ∧ (Prtl = Coalition) =⇒ inter − Prtl()

The above rules have been shown to illustrate our approach. But, more rules with the different
results (different values for the cardinality, LI and LP) can be defined.

5.6 Conclusion

The dynamic nature of the environment may result in ambiguous, incomplete and inconsistent
contextual information, which ultimately lead the system into uncertainty. Theoretically, we
cannot characterize the ambient assisted environment, so we have realized a sensitivity analysis
method for determine the relevance or not of ICNP and coalition protocol based on localization
scenario to determine a strategy.
Such a strategy has to be able to avoid is to run the MAS with test cases with other protocol
that could induce under-performance more frequently. This supports how crucial are the type
of protocol for running task. It is important to highlight that these conclusions are within the
context of our test bed.
Through sensitivity analysis insight can be gained into adaptation strategy with rule-based sys-
tem. The use of adaptive protocol can be predicted with the strategy. Parameters that have
significant effects can be identified through rule-based system, even for complex systems. we
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have establish a strategy allowing an agent to dynamically detect the necessity to switch from
an interaction protocol to another. However, a method for agents has to be developed. The next
step is to use an inference engine to rotate the rules and add these rules to each agent, use a trig-
ger when certain conditions are verified or data is modified is triggered to choose the protocol
and adapts to the new parameters of the rules.
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Conclusion and perspectives

This chapter summarizes the thesis, we have tried to deal with the problem of the automatic
generation of a cooperative and adaptive MAS applied to ambient assistive applications.
Our work therefore lies at the border of several fields: multiagent systems, more specif-

ically interaction protocols engineering and ambient assistance. An exploration of the studied
context with a detailed literature review was necessary. Two main scientific contributions have
been proposed (4 and 5), and raised some potential directions for future research in the studied
field.

Summary of major contributions

The work presented in this document has made it possible to achieve most of the objectives we
have set, namely the design and development of a framework helping to generate a self-adaptive
MAS. The objective is to improve ambient assistive applications performance cope with a set of
constraints, to do so, we address a localization robot scenario.
These contributions give rise to 5 chapters that are summarized as follows.

• Chapter 1: we started, by a background of aging problem, ambient assistance, MAS,
interaction protocol and ontology which used to identifier the ontology of interaction
protocol in chapter 4.

• Chapter 2: we presented a literature review of approaches used for multiagent systems
for ambient assistance application. Then, we discussed the works. Also, we addressed
a panorama of work on the engineering adaptive multiagent systems. However, there
are still several shortcomings that we believe are important such as the lack of a com-
prehensive approach encompassing the entire development cycle of the MAS, from the
specification of the ambient environment to the use of a self adaptive MAS.

• Chapter 3: We described a scenario of localization robot extracted from the Coalaa
[N.Abchiche-mimouni et al. 2016] project. We used this scenario to evaluate GAAMAAA
architecture presented in chapter 4 and to identified a strategy to make adaptation of MAS
presented in chapter 5.

• Chapter 4: the main focus of this chapter is a contribution to the development of a compre-
hensive approach encompassing the full development cycle of the MAS, from the specifi-
cation of the ambient environment to the use of the MAS for providing a service. In par-
ticular, our contribution lies in the modeling and compilation of interaction protocols. We
have proposed an algorithm capable of generating the agents from a personal assistance
ontology and two algorithms (for ICNP and Coalition protocol) capable of embedding
an interaction protocol in the agents from the PrOnto ontology. The first results of the
developed prototype are very promising.
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• Chapter 5: in the previous chapter (4) engineering a MAS with a GAAMAAA architecture
has provided good results without using strategy. Beyond same cases, the qualitative
evaluation that are relative to the interaction protocols is not assured and the CPU time
is very important. Establishing, a strategy allowing an agent to dynamically detect the
necessity to switch from an interaction protocol to another is the aim of this chapter 5.
The proposed strategy based on sensitivity analysis method. In order to demonstrate the
performance of protocol, The simulation method for the test scenarios detailed in chapter
3 is take by the algorithm witch takes as input the list of protocol, the list of agent and the
values of measure (level of precision, degree of urgency and the level of intrusion). The
results are then highlighted in a graphic format. From the results of sensitivity analysis,
we built rules which can be injected in the agents, allowing them to reason about the
relevance of the interaction protocols.

Future works

Several improvements and perspectives are possible as a result of this work. The improvements
make it possible to overcome some shortcomings of our proposals while the perspectives open
new research direction. Regarding the improvements, we can note the following:

• The different proposed algorithms for engineering agents and protocols must be evaluated
in terms of complexity.

• New protocols (e.g.,negotiation, vote) can be modelled in the PrOnto ontology in order to
be automatically generated.

• Validation of architecture and prototypes: test this methodology on concrete examples,
which will be an opportunity to obtain evaluation methodologies and apply them to real
case studies, which will make it possible to highlight the contributions and limitations of
our methodology.

This work also opens up many research perspectives. We can cite:

• Comparing the interaction protocols and allowing the agents ”learning” about the effi-
ciency of the protocols and automatically generate the rules of the strategy.

• Discovery of protocols is an interesting line of research. The aim would be to answer the
following questions: how, after analyzing a conversation trace, can we determine whether
this trace corresponds to the execution of an existing protocol or to a new protocol? Is
this really a new protocol or a new branch of an existing protocol? If it’s a new protocol
how does it fit into the hierarchy of protocol types?

These different research perspectives indicate that, although research around the assessment
of MAS adaptation has run out of steam in recent years, there are still some interesting and
important challenges to be addressed in this area.
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I 
N THIS  Appendix, we will present ambient assistance ontology (AA) and Protocol 

ontology (PrOnto). The two ontologies are used as one of the main techniques to 

build our several proposed algorithms throughout this dissertation. 

Besides, it present  more details of  solution of ICNP and Coalition protocol.  
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AppendixA

Appendix 1

A screenshot showing the protocol ontology specification using protégé

A.1 Ambient assistance ontology

Figure A.1 – Class AA ontology
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A.1. Ambient assistance ontology

Figure A.2 – Object property AA

Figure A.3 – Data property AA
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Figure A.4 – Instances AA

A.2 Protocol ontology

Figure A.5 – Class protocol ontology
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A.2. Protocol ontology

Figure A.6 – Object property

Figure A.7 – Data property
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Figure A.8 – Instances

A.3 ICNP sensitivity

A tables showing the coalition protocol parameters for succeed results.
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A.4. Coalition sensitivity

Sub-list
LI LP Agent

[RA, ARFID1, AFC, APTC, ADF0]

0 [10-20] ARFID1
1 [10-40] AFC
2 [10-40] APTC
3 [10-50] RA

[RA, ARFID1, AFC, APTC, APD]

0 [10-30] APD
1 [10-40] AFC
2 [10-40] APTC
3 [10-50] RA

[RA, ARFID1, AFC, ADF0, APD]

0 [10-30] APD
1 [10-40] AFC
2 [10-40] ADF0
3 [10-50] RA

[RA, ARFID1, APTC, ADF0, ADP]

0 [10-30] ADP
1 [10-30] ADP
2 [10-40] APTC
3 [10-50] RA

[RA, AFC, APTC, ADF0, ADP]

0 [10-30] ADP
1 [10-40] AFC
2 [10-40] APTC
3 [10-50] RA

[ ARFID1, AFC, APTC, ADF0, ADP]

0 [10-30] ADP
1 [10-40] AFC
2 [10-40] APTC
3 [10-40] APTC

Table A.1 – ICNP sensitivity parameters

A.4 Coalition sensitivity

The tables showing the coalition protocol parameters for succeed results.
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Appendix A. Appendix 1

Sub-list (cardinality =5)
LI LP Agent

[RA, ARFID1, AFC, APTC, ADF0]

0 [10-20] ARFID1
1 [10-40] AFC
1 [50-60] AFC,ARFID1
2 [10-40] APTC
2 [50-90] APTC,ADF0
2 100 APTC,ADF0,AFC
3 [10-50] RA
3 [60-90] RA,APTC
3 100 RA,APTC,ADF0

[RA, ARFID1, AFC, APTC, APD]

0 [10-30] APD
0 [40-50] APD,ARFID1
1 [10-40] AFC
1 [50-70] AFC,APD
1 [80-90] AFC,APD,ARFID1
2 [10-40] APTC
2 [50-80] APTC,AFC
2 [90-100] APTC,AFC,APD
3 [10-50] RA
3 [60-90] RA,APTC
3 100 RA,APTC,AFC

[RA, ARFID1, AFC, ADF0, APD]

0 [10-30] APD
0 [40-50] APD,ARFID1
1 [10-40] AFC
1 [50-70] AFC,APD
1 [80-90] AFC,APD,ARFID1
2 [10-40] ADF0
2 [50-80] ADF0,AFC
2 [90-100] ADF0,AFC,APD
3 [10-50] RA
3 [60-90] RA,ADF0
3 100 RA,ADF0,AFC

Table A.2 – Coalition sensitivity parameters (part 1)
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A.4. Coalition sensitivity

Sub-list (cardinality =5)
LI LP Agent

[RA, ARFID1, APTC, ADF0, APD]

0 [10-30] APD
0 [40-50] APD,ARFID1
1 [40-50] APD,ARFID1
1 [10-30] APD
2 [10-40] APTC
2 [50-90] APTC,ADF0
2 100 APTC,ADF0,APD
3 [10-50] RA
3 [60-90] RA,APTC
3 100 RA,APTC,ADF0

[RA, AFC, APTC, ADF0, APD]

0 [10-30] APD
1 [10-40] AFC
1 [50-70] AFC,APD
2 [10-40] APTC
2 [50-90] APTC,ADF0
2 100 APTC,ADF0,AFC
3 [10-50] RA
3 [60-90] RA,APTC
3 100 RA,APTC,ADF0

[ ARFID1, AFC, APTC, ADF0, APD]

0 [10-30] APD
0 [40-50] APD,ARFID1
1 [10-40] AFC
1 [50-70] AFC,APD
1 [80-90] AFC,APD,ARFID1
2 [10-40] APTC
2 [50-90] APTC,ADF0
2 100 APTC,ADF0,AFC
3 [10-40] APTC
3 [50-90] APTC,ADF0
3 100 APTC,ADF0,AFC

Table A.3 – Coalition sensitivity parameters (part 2)
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Résumé: Nos recherches portent sur les sys-

tèmes multiagents adaptatifs en environnement

ouvert. Comme l'environnement est dynamique,

en raison de la disponibilité ou du manque

d'objets connectés et de la diversité des situ-

ations, les mécanismes de coopération entre les

objets connectés doivent être conçus de manière

dynamique et adaptative. L'adaptation prend

en considération le contexte de la personne (per-

sonnes âgées ou malades) ainsi que les protocoles

d'interaction existants.

L'objectif de ce travail est de proposer une

contribution à l'automatisation de la concep-

tion et du déploiement de systèmes multi-agents

adaptatifs pour les applications d'assistance

ambiante. Nous proposons une nouvelle ap-

proche pour la génération automatique d'un sys-

tème multi-agent adaptatif pour les applications

d'assistance ambiante (GAAMAAA). Notre ap-

proche est validée par la mise en ÷uvre d'un

scénario de localisation de robot, que le GAA-

MAAA prend en charge pour deux protocoles

d'interaction les plus utilisés, ICNP et la coali-

tion. L'évaluation réalisée montre la perfor-

mance e�ective du protocole d'interaction basé

sur la méthode des analyses de sensibilité.
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Abstract: Our research investigates adap-

tive Multi-Agents Systems (MAS) in open en-

vironment. Since the environment is dynamic,

due to the availability or the lack of connected

objects and to the diversity of situations, coop-

eration mechanisms among connected objects

must be dynamically and adaptively designed.

The adaptation takes into consideration the

context of the person (elderly or sick people) as

well as the existing interaction protocols.

The aim of this work is to propose a con-

tribution to the automation of the design and

the deployment of adaptive multi-agent systems

for ambient assistive applications. We propose

a new approach for Generating Automatically

an Adaptive Multiagent system for Ambient

Assistive Applications (GAAMAAA). Our ap-

proach is validated by implementing a local-

ization robot scenario, which the GAAMAAA

provides support for two most used interaction

protocol ICNP and Coalition. The evaluation

shows the e�ective performance of interaction

protocol based on sensitivity analyses method.
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