Contents

1 Introduction . ..... ... ... . ... 1
1.1 OVerview . ... ... 1
1.2 GoalsofthisWork . . ....... . ... ... . . 6
1.3 OutlineoftheBook ... ...... ... . ... .. ... ... ... ... ... .. 7
Part I: Background Information ......... ... ... ... .. ... ... ... . .. 9
2 Survey on Agent-Oriented Modeling Languages . . ... ................ 11
2.1 Gaia .. ... .. 11
2.2 AUML . . 13
2.3 MESSAGE . ... 15
2.4 TIOPOS o oot 17
2.5  MAS-ML ... 19
2.6 AOR ... 21
2.7 Summary of Today’s MAS Modeling Languages . . ............... 23
3 Requirements on a MAS Modeling Language . ... ................... 27
Part Il: Solution Summary . ... ... ... . ... ... 29
4 The AMLApproach . ........ . ... . . . . .. . ... 31
4.1 ThePurpose of AML ... ... .. . ... ... .. 31
4.2 TheScopeof AML ... ... ... . . ... . ... 31
4.3 TheDevelopmentof AML . ........ ... ... .. ... ... ... ... .... 32
4.4  AMLSources . ..... ... ... 33
4.5 The Language Architecture . . .. ....... ... ... ... ... .. . ...... 35
5 Conceptsof AML . .. ... .. . 37
5.1  Multi-Agent Systermn . . .. ... .. .. L 37
5.2 MAS Semi-entities and Entities . . . ...... ... .. ... . o 0L 38
5.3 Structural ASpects . .. ... 41
5.4 Social Aspects ... ... 42
5.5 MAS Deployment and Mobility .............. ... .. ... ... .. 44
5.6 Behaviors ........ ... 46
5.7  Mental Aspects ... ... ... 48
5.8 Ontologies ... ..... ... ... 50
6 AML Modeling Mechanisms . .. ..... ... ... ... ... ... ... .. ... ... 53
6.1  Generic Modeling Mechanisms . .......... ... ... ... ... ..... 54

6.2  Modeling Entity Types . .. ... ... ... .. . .. . 57



6.3  Modeling Social Aspects . .. ....... ... . ... 62
6.4  Modeling MAS Deployment and Mobility . . ..... ... ... .. ...... 70
6.5 Modeling Capabilities and Behavior Decomposition . ............ 73
6.6  Modeling Interactions . .......... ... .. ... . ... ... ... ... 76
6.7 Modeling Mental Aspects . .. .......... ... . ... . ... 87
6.8 Modeling Ontologies . .. ....... .. ... . ... . ... .. ... ... 92
6.9 Modeling Contexts . ........... ... ... 93
7 RelatedWork ... ... . . . 95
7.1  CASETool Support ........ ... . . .. .. 95
7.2 Methodological Support . ....... ... ... ... .. . 101
7.3 Practical Application of AML .. ..... ... ... ... ... ... .. . ... ... 120
7.4  Standardization Activities . ....... .. ... ... o oo L 121
Part Ill: AML Specification . . ... ...... ... ... .. .. . .. 123
8 Extensions to Standard UML Notation .. ........ ... ... ... ... ... .. 125
8.1  Stereotyped Classifier . .......... ... ... ... ... ... ... ... .. 125
8.2  ConnectableElement with a Stereotyped Type . . .. .......... .. .. 126
8.3  Connector with a Stereotyped Type . ... ... ... ... ... ... ..... 127
8.4  Lifeline with a Stereotyped Type . . . . ......... . ... .. ..... ... 127
8.5  Composed Lifelines in Communication Diagrams . ............. 129
8.6  ObjectNode with a Stereotyped Type .. ...................... 129
8.7  Bi-directional Dependencies ............... . ... .. ... . ... 130
8.8 Internal Structure of ConnectableElements . ... ................ 131
9 Organization of the AML Specification .. ........ ... ... ... ....... .. 133
9.1  Overall AML Package Structure . ... ....... ... ... ... ... ..... 133
9.2  Specification Structure . . . ... .. ... 133
10 Architecture . ... ... . ... 137
10.1  Entities ... ... 137
10.2  Agents . ... 140
10.3 RESOUICES . . .ottt e e e 142
10.4 Environments . ... ... ... 143
10.5 Social Aspects . . ... .. ... 145
10.6 MAS Deployment . ........... . ... ... 166
11 Behaviors . ... ... ... 175
11.1 BasicBehaviors ... ........ ... .. ... ... .. 175
11.2 Behavior Decomposition . .......... ... ... ... ... ... . ... ... 181
11.3 Communicative Interactions . ........... ... .. .. ... . ... ... 183
11.4  Services . . ... ... 221
11.5 Observations and Effecting Interactions . ............... ... ... 237
11.6 Mobility . ... ... . 249
12 Mental ... ... 261
12.1 Mental States . . . ... ... ... 261
12.2 Beliefs ... ... 274
123 Goals . ... 277
12,4 Plans . .. ... 281

12.5 Mental Relationships . .. ........ ... ... ... .. 289



xi

13 Ontologies . . ... ... ... 299
13.1 BasicOntologies . ... ... ... ... . .. . ... 299
14 Model Management .. ......... ... ... .. . ... ... ... 303
14.1 ContexXts . ... ... 303
15 UML Extension for AML ... ... ... .. ... . . ... .. ... 307
15.1 Extended Actor . ....... ... . ... 307
15.2 Extended BehavioralFeature . ... ..... ... ... ... ... ... ... ... 308
15.3 Extended Behavior . .......... ... .. ... ... ... . . .. ... 309
16 Diagrams . . . .. ... ... 311
16.1 Diagram Frames ... ........ . ... ... .. .. ... . 311
16.2 Diagram Types . . ... ... ... 313
17 Extensionof OCL . . ... ... ... . .. ... . ... ... ... ... ... ... 317
17.1 New Operators . . ... ...... ... 317
Part IV: Final Remarks .. ...... .. ... .. .. .. ... .. ... .. ... .. ... . ... 321
18 Conclusions . . . . ... ... 323
18.1 Contextofthe Work ........ ... ... . ... .. ... ... ... . ... 323
18.2 Solution . ... ... .. 324
18.3 Challenges .. ........ .. ... 325
18.4 Results . ... ... .. ... 327
18.5 Summary of Original Contribution ............ ... ... ... ..... 330
19 Further Work . . . . .. 331
19.1 Improvements of AML .. ... ... ... .. . ... ... .. ... 331
19.2 Broader Application of AML . .. ... ... ... ... ... ... ... .. ... 332
19.3 Assurance of Future Work . ........ ... ... ... ... ... .. . ... ... 335
Bibliography . . ... ... ... 337
Listof Acronyms . . ... ... ... 351



2 Springer
http://www.springer.com/978-3-7643-8395-4

The Agent Modeling Language - AML

& Comprehensive Approach to Modeling Multi-Agent
systems

Cervenka, R.; Trencansky, .

2007, X, 355 p., Softcover

ISBEN: 978-3-7643-B395-4

& product of Birkhauser Basel



