
Contents

Contents xiii

List of Figures xix

List of Tables xxiii

I Introduction 1

1 Introduction 3
1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.1.1 Description of the Problematic Situation . . . . . . . . . 8
1.2 Hypothesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.3 Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.3.1 General Goal . . . . . . . . . . . . . . . . . . . . . . . . 10
1.3.2 Specific Goals . . . . . . . . . . . . . . . . . . . . . . . . 11

1.4 Structure of the Document . . . . . . . . . . . . . . . . . . . . 12

II State of the Art 15

2 State of the Art 17
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.2 The Influence of Emotions in Cognition and Practical Reasoning 18

2.2.1 Emotions and Memory . . . . . . . . . . . . . . . . . . . 19
2.2.2 The Influence of Emotions on Behavior . . . . . . . . . 20

xiii



CONTENTS

2.2.3 Emotions and Their Evolutionary Account . . . . . . . 21
2.2.4 Emotions in the Evaluation of the Situation . . . . . . . 22
2.2.5 Emotion Regulation . . . . . . . . . . . . . . . . . . . . 24
2.2.6 Evaluative Implications of Emotions . . . . . . . . . . . 26
2.2.7 Emotions and Social Interaction . . . . . . . . . . . . . 26

2.3 Interindividual Differences . . . . . . . . . . . . . . . . . . . . . 27
2.4 Affective Agents with Practical Reasoning . . . . . . . . . . . . 30

2.4.1 Conceptual Systems for Intelligent Affective Agents . . 31
2.4.1.1 Cognitive Processes of Intelligent Agents . . . 33
2.4.1.2 Conceptual Systems . . . . . . . . . . . . . . . 34

2.4.2 Use of Core Processes and Attributes in Computational
Approaches . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.4.2.1 Affect and Memory . . . . . . . . . . . . . . . 39
2.4.2.2 Affect Influence on Behavior . . . . . . . . . . 41
2.4.2.3 Emotions and their Evolutionary Account . . . 44
2.4.2.4 Affect in the Evaluation of the Situation . . . 47
2.4.2.5 Affect Regulation . . . . . . . . . . . . . . . . 47
2.4.2.6 Evaluative Implications of Affect . . . . . . . . 49
2.4.2.7 Affect and Social Interaction . . . . . . . . . . 51

2.5 General Approaches . . . . . . . . . . . . . . . . . . . . . . . . 52
2.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

III Affective Architecture 59

3 GenIA3: a General Purpose Intelligent Affective Agent Archi-
tecture 61
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.2 Processes of an Affective Agent Life Cycle . . . . . . . . . . . . 62

3.2.1 Processes in a BDI Agent . . . . . . . . . . . . . . . . . 63
3.2.2 Agent’s Affective Processes . . . . . . . . . . . . . . . . 64

3.3 Integration of Affective and Rational BDI processes . . . . . . 68
3.4 Agent Attributes for BDI and Affective Processes . . . . . . . . 71

xiv



CONTENTS

3.4.1 Representation for BDI Processes . . . . . . . . . . . . . 72
3.4.2 Representation for Affective Processes . . . . . . . . . . 72
3.4.3 Representation of Affect-Related Attributes in an Agent

Language . . . . . . . . . . . . . . . . . . . . . . . . . . 74
3.4.3.1 Affect Generation . . . . . . . . . . . . . . . . 74
3.4.3.2 Affect Experience . . . . . . . . . . . . . . . . 76
3.4.3.3 Affect Effects . . . . . . . . . . . . . . . . . . . 76

3.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

4 Formalization of GenIA3 79
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.2 Extension of the Jason Agent Reasoning Cycle . . . . . . . . . 80
4.3 Extension of the Jason Language . . . . . . . . . . . . . . . . . 83
4.4 Extension of the AgentSpeak’s Operational Semantics . . . . . 88

4.4.1 New Transition Rules . . . . . . . . . . . . . . . . . . . 95
4.5 GenIA3’s Default Design . . . . . . . . . . . . . . . . . . . . . 103
4.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

IV Evaluation 111

Introduction 113

5 Affect and Personality in Classical Games for Addressing So-
cial Preferences 115
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
5.2 Prisoner’s Dilemma . . . . . . . . . . . . . . . . . . . . . . . . . 116

5.2.1 Rational vs. Human Behavior in the Prisoner’s Dilemma 116
5.2.2 GenIA3 Agents’ Behavior in the Prisoner’s Dilemma . 118

5.3 Trust Game . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
5.3.1 Rational vs. Human Behavior in the Trust Game . . . . 123
5.3.2 GenIA3 Agents’ Behavior in the Trust Game . . . . . . 123

xv



CONTENTS

6 GenIA3’s Agents Playing Black Jack. A Case Study 129
6.1 Black Jack Experiment . . . . . . . . . . . . . . . . . . . . . . . 130

6.1.1 General Description . . . . . . . . . . . . . . . . . . . . 130
6.1.2 Design of the Experiment . . . . . . . . . . . . . . . . . 132
6.1.3 Measures . . . . . . . . . . . . . . . . . . . . . . . . . . 136
6.1.4 Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . 137

6.2 Agents Playing Black Jack . . . . . . . . . . . . . . . . . . . . . 150
6.2.1 Rational Agents . . . . . . . . . . . . . . . . . . . . . . 150
6.2.2 Agents Following the GenIA3’s Default Design . . . . . 151
6.2.3 Agents Following the GenIA3’s Extended Design . . . 155

6.3 General Results . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
6.3.1 Agent’s Mood Experience . . . . . . . . . . . . . . . . . 158
6.3.2 Agent’s Decisions . . . . . . . . . . . . . . . . . . . . . . 162

Conclusions 166

V Conclusions 171

7 Conclusions and Future Work 173
7.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

7.1.1 Contributions . . . . . . . . . . . . . . . . . . . . . . . . 175
7.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
7.3 Related Publications . . . . . . . . . . . . . . . . . . . . . . . . 180

Appendix A: Ethical discussion 183
A.1 Ethical discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 183

Appendix B: Affective Agents’ Grammar and Examples 185
B.2 Syntactic Specification of the Agent Language . . . . . . . . . . 185
B.3 Syntactic Specification of the Multi-Agent System Language . . 188
B.4 Source Code of Agents for Playing the Prisoner’s Dilemma . . . 191
B.5 Source Code of Agents for Playing the Trust Game . . . . . . . 195

References 199

xvi



CONTENTS

Subject Index 221

xvii


