Contents

Chapter 1: The Art in Artificial Intelligence. ........ ... ... ... .......
11 RealiSM . .o
12 UM S .
13 ROCOCO . . . o
14 ClasSSICISM . L
15 RoOmMantiCism . ... ...
16 Symbolism . ...
17 Neo-ClassiCiSm . . ..o
18 IMPrESS 0N SN . .\ oottt e
19 POSE-IMPressionism . .. ..o
120 PreciSioniSmM . ..ottt e e
111 NewRealism . ...
112 BalOgUe. . .ottt
113 Pre-Raphaglite Brotherhood . . ......... .. ... ... ... il
114  RENAISSANCE . . .. ittt ettt e
115 Hindsight . ...
Chapter 2: Fifth Generation Architecture. ..........................
21 Architectureand Design . .. .. ...
2.2 DesignasEvolution . . ...t
2.3 Designas Co-evolution . . .. ...t
24 DesignasTheorem . ...t e
2.5 Design as Premise. . ..ot e
2.6 DesignasParadigm . ...t e
2.7 IMPressionist DeSIgN . . ..o e
2.8 Classical DeSIgN . ..o v i e
29 LogicMachines. . ... ...
210  Hindsight . ...t e
Chapter 3: MetamorphosiS. ... ...t
31 Apparent Scopefor Parallelism..............................
32 Or-Parallelism . . ...
33 ThePrologPhenomenon .. ...
34 Concurrency and Operating Systems. . . ......cooii e
35 Concurrency and Distributed Systems . .. ............ ... ... ..
3.6 Symbiosis Between Programming Language

and System Engineering . . .. ..o v
37 Event Driven Synchronization. ............. ...,
38 Earlier Manifestations of Guarded Commands. .................
39 Condition Synchronizationin Al ........... ...,
310 Guarded DefiniteClauses. .. ..o
311  Simulation of Parallelismby Interleaving .. ....................

312 INdEErMINACY . . .ot

37

38
40
43

50

59
61

69

70
72
73
77
78

80

81

87

92



XIl  Contents

313 ThePremature Binding Problem Revisited . . ................... 93

314 DecisionTreeCompilation.................coiiiiinen .. 96

3.15 A Brief History of Guarded DefiniteClauses. .. ................. 97
Chapter 4: Event Driven Condition Synchronization................. 103

4.1 Streamsfor Free. . ... 104

4.2 A PictureisWorthaThousandWords. . .............. .. ....... 106

4.3 Dataflow Computation . . ........oiuieii i 108

4.4 Dataflow Design . . . .ot 110

4.5 Dataflow Programming . . .......ovvin i e 112

4.6 MesSsage Passing . . . ..o 115

4.7 Eagerand Lazy Produces. ... 118

4.8 The Client-Server Paradigm .. ...t 122

4.9 Self-BalancingMerge. .. ...oooo i 124

410  Synchronization . ............oouiiuunii i, 125

411 ReadersandWriters. . ...t 127

412 TheDining Philosophers. . ...t 128

413 TheBrock—Ackerman Anomaly . ............. ... ..., 132
4.14  Conditional Semantics . . . .. ... ... . 133
4.15 OpenWorlds and Abduction . .............. . ... ... .. ..... 135
4.16 Implementation ISSUES . . . ... ... 137
Chapter 5: Actorsand AgentsS. . ... ...ttt 139

5.1 The Actor Model . . ... . 140
5.2 Haggling Protocols . . ... .. 144
5.3 Consensus Protocols . .. ... ... 14¢
5.4 Market FOrCeS . . ..t 148
5.5 Poker Faced . ... ... 14¢€
5.6 Virtual Neural Networks . ... ... .. 149
5.7 Biological and Artificial Networks . . .. ......... ... .. ... .. .... 150
5.8 Self-Replicating Neural Networks . . . .. .......... ... .. ........ 152
5.9 Neuron Specialization . .. ......... ... . 152
5.10 The Teacher Teaches andthe PupilLearns . .................... 15
5.11  Neural Simulation . . . ... e 160
512 Simulated Life . . ... 162
513 Life YetinGDC .. ... 163
514 Cheekby Jowl . ... ... .. 164
5.15 Distributed Implementation .. ........... ... ... .. . L. 165
5.16 Agent Micro-Architectures . . . ........... . 167
5.17 Metalevel Agent Architectures . . .. ........ ... i i 168
5.18  Actor Reconstructionof GDC .. .......... i 170

5.19 Inheritance Versus Delegation . .. .......... .. ... ... 172



Contents XIlII

Chapter 6: Concurrent Search .. ... 175
6.1 A Naive Prolog Solutiontothe 8-Puzzle. ...................... 175
6.2 Speculative Parallelism . .......... .. oo i 180
6.3 Non-speculative, Non-parallel Linear Search. . .................. 182
6.4 A Practical Prolog Solutiontothe8-Puzzle. . ................... 183
6.5 A GenericSearchProgram .. ........ ... 186
6.6 Layered Streams. . . ..o 188
6.7 EliminatingRedundant Search .. ............................. 190
6.8 A Direct GDC Solution Using Priorities. . ...................... 193
6.9 Search AnOMmalieS. ... ..o 195
6.10 Branch-and-BoundSearch........... ... ... ... ... 198
6.11 GameTreeSearch.......covuiii i e 203
6.12 Minimax and Alpha-BetaSearch............... ... .. ... .. .... 205
6.13 Parallel GameTreeSearch. ... ..., 207
6.14  Parallel Search and Cooperative Distributed Solving . . ............ 211
Chapter 7: Distributed Constraint Solving . ........... ..., 213
7.1 All-Pairs Shortest Path Problem . .. ... ... .. .. ... o oL, 216
7.2 The Graph Coloring Problem . .............. ... ... ... ...... 220
7.3 Minimal Spanning Trees. .. ... e 233
7.4 ConClUSION . . ..o 244
Chapter 8: Meta-interpretation . ...........oiiiiniiiiiinnan,. 247
8.1 Metalanguage as L anguage Definition

and Metacircular Interpreters. . . ... 248
8.2 INtrOSPECtiON . . .ot e 250
8.3 Amalgamating Language and M etalanguage

iNnLogic Programming . . ......ovinen i 251
84 Control Metalanguages . . . . ..o v 254
8.5 A Classification of Metalevel Systems. ........................ 256
8.6 Some GDC Monolingual Interpreters. .. ..., 259
8.7 GDCBIlingual Interpreters. . ... 265
8.8 An Interpreter for Linda ExtensionstoGDC . ................... 269
8.9 Parallelization via Concurrent Meta-interpretation. .............. 274
810  CoNCIUSION . . .ottt e 277
Chapter 9: Partial Evaluation............. ..., 279
9.1 Partial Evaluation. .. ... 280
9.2 FutamuraProjections. .. ... 283
9.3 Supercompilation . . ... 289
94 Partial Deduction. . ... 295
9.5 Partial Evaluation and ReactiveSystems.. . ..................... 297
9.6 An Algorithm for Partial Evaluation of GDC Programs. .. ......... 300
9.7 ACtOr FUSION . .o 305
9.8 Actor FusonExamples. . . ... 308



XIV Contents

9.9 Partial Evaluation of anInterpreter ... ........ ... ... ... 310
Chapter 10: Agentsand Robots. .............co i 319
10.1 Reactive Agents: Robotsand Softhots. . ....................... 319
10.2 A SimpleRobot Program . .........couiiiii i 321
10.3 ReactionandIntelligence............ ..o 327
10.4  Objects, Actorsand AgentS. .. ..ot 329
105 ObectSINGDC . ...ttt 332
106 AQentSINGDC . . ... 336
10.7  Top-Down and Bottom-Up Multi-agent Systems. .. ............. 339
10.8 GDCasaCoordinationLanguage. .. ..........ovuiiennnenn.. 341
109 Networksand Mobile Agents. ... enns. 345
10,10 CoNnCIUSION . . .ot 348

Referencesand Bibliography .. ....... ... i 353



	Contents

