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SUBJECT INDEX

15-puzzle 20, 59
8-puzzle §89-901, 103-105, 137143, 146-149,
203-205, 293
AAAT 853
abduction 78, 226, 334, 347-350
coherence-based selection 349-350)
cost-based 349
logic-based 335, 347349
set cover 347
ABSTRIPS 330, 554
ACT* 203
action potential 831
activation level 456
admissibility 127, 145147, 162-163, 828
agent-based problem solving
(see agent-based systems)
agent-based systems 265270, 833
definition 266
agents 10~19, 223226, 265-270, 536537, 542,
833, 847 {see also emergent computation,
subsumption architecture)
agglomerative clustering 435
Algorithm A (see Algorithr A¥)
Algorithm A* 146-15G, 161-162, 517, 161
alpha-beta pruning 127, 155-157, 161
AM 28, 433434
analogy 25, 391, 430433
inference 430
retrieval 430
structure mapping 430
systematicity 432
analogical reasoning 309-310, 430433, 829
analytical engine 10-11, 20
and elimination 64-65
and introduction 6465
and/or graphs 108121, 159, 289290, 582
answer extraction 562, 571-575, 380

arity 51-52, 54
artificial intelhgence definition 12, 30-31, §25
artifteial life 17, 388, 508509, 530542, 822
(see also emergent computation)
associationmst representation 225248, 270
assoctanionist theories 228248, 270
associafive law 49
associative memory 455, 490505 {see also
semantic networks, conceptual graphs)
assurmption-based truth maintenance 342-344, 348
attractor 455
attractor networks 455, 495-305
augmentation of logic grammars 606
augmented phrase structure grammars 606
augmented transiion network 606—-616
autoassociative memory (see associative memory,
Hopheld networks)
autoepistemic logic 338
automated reasoning 21, 22, 545, 547-390
and logic programming 575581, 638-639
and predicate calculus 562-565
and PROLOG 575581
answer extraction 562, 571-575, 5380
binary resolution 555, 561-566
breadth-first strategy 567
clause form 335560
completeness 543
conjunction of disjuncts 356
conjunctive normal form 511-513
converting to clause form 558-561
demodulation 586587
difference tables 548-554
factoring 563
General Problem Solver 21, 201203, 224,
548-554
Hebrand’s theorem 588
heuristics 566-571, 58 1-584
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automated reasoning {continued) boolean algebra 11

headless clause 577 (see also homn clause) boosting 416417
horn clause 348, 576-377, 644 bottom-up parsing 598-599
hyperresolution 563, 585-587 branch and bound 92
linear input form strategy 569 branching factor 96, 158-159
literal 355 breadth-first search 991047, 755-758, 665-666
LT, Logic Theonst 21, 49, 223-224 breadth-first strategy 567
means-ends anaiysis 548, 552, 828 bridges of Kdnigsberg problem 10, 80-83
natural deduction 548, 587388 Brown corpus 183-184
paramodulation 585-587 bucket brigade algorithm 519524
prenex nonmal form 558 Burton 323
refutation 554555, 561-566
refutation completeness 555, 567 C4.5417, 630
resolution 67, 554-566 candidate elimination 397408, 699-701
resolution refutation 554366 car/cdr recursion 735-741
rule-based approaches 581-584 Candide 623
rute relation 577 (see also hom clause) case-based reasoning 297, 305310, 311-312
set of support strategy 548, 568 case adaptation 306307
skolemization 559 case retrieval 306-307
soundness 64, 534, 5381 case frame 612-615, 631
subsumption 571, 588 case-grammars 630-63]
unit preference strategy 548, 569 CASEY 305
unit resolution 569 category formation {see conceptual clustering)
weak methods 223-224, 581 category utility 440
automotive diagnosis 4244, 287-296, 334, 682-690 CBR (see case-based reasoning)
axon 29 cetlular automata 534541
centroid method 357
backpropagation 454, 467-474 checkers 18, 127-128, 153, 82%
backpropagation and exclusive-or 473474 chess 18, 44, 153, 827
backtracking 96-99, 111, 196, 645, 662, 843 Chinese Room 829
backward chaining (see goal-driven search) Chomsky hierarchy 604-606
BACON 434 chronological backtracking 339
bagoine 416-417 Church/Turing hypothesis 833
BAM (see bi-directional associative memory) circumscription 345-347
base-level categories 438 classifier systems 519-524, 542
basin of atiraction 494495 530 clause form 555-560
Bayestian reasoning 184189, 363-371 CLIPS 203, 329
Bayeslan belief networks 363366, 381 CLOS 791803
Bayes' theorem 184189 class precedence list 796-797
clique tree 369371 defining classes 792-794
cligue tree triangulation 370-371 defclags 792
d-separation 366368 defgeneric 795
DBN, dynamic Bayesian network 365 defmethod 795796
junction tree 369 generic functions 795
maximal cligue 369 inheritance 787-791, 796798
message passing 370-371 multiple inheritance 796798
triangulation 369 simulation 791, 798
beam search 159, 408 slot options 792-793
behaviorism 25-26 slot-specifiers 792-793
best-first search 133164, 667668, 758-759 thermostat simulation 793-803
bi-directional associative memory 496500 clique tree propagation 368371, 381
binary resclution 355, 561-566 closed world assumption 336, 345, 380, 644
blackboard architecture 194, 217-219 CLUSTER/2 389, 4190, 436437, 476
blocks world 40, 314-323, 594, 668671 CNF satisfaction 511-515
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COBWERB 389, 437441, 476
coghitive neuroscience 83
cognitive science 26, 838-839, 853
coincidence learning 484 (see also Hebbian leairning)
combinations 169-170
Common LISP Obiect System (see CLOS)
commonsense reasoning 19, 23 281, 593
commutative law 49
competitive learning 454455, 474484
completeness 64, 567
complexity of search 157160
Computer Professionais for Social Responsibility
833
concept learning 389
concept space 392, 396-397
conceptual clustering 389, 435441
conceptual dependency diagrams 236240
conceptual graphs 248-258, 272, 606616,
623628, R27
absurd type 232
and frames 255
and modal logic 256
and predicate calculus 257
canonical formation rules 255
concepts 248249
conceptual relations 248-249
copy 252-255
existential quantification 257-258
generaiization 252
generic concept 251
individuals 249-251
inheritance 252-256
join 252-255
marker 250
names 249251
propositional nodes 256
quantification 256—258
referent 251
restrict 252-255
simphify 252-255
specialization 252
subtype 252
supertype 252
type hierarchy 252
type lattice 252233
types 249251
universal quantification 256257
universal type 252
conceptual models 284-280
conflict resolution {0 control search 214-215
recency 2135
refraction 215
specificity 215
conjunction of disjuncts 356

conjunctive normal form satisfiability 511-513
connectionist networks 28, 29, 388, 453306,
824, 830, 841-842 (see also machine learning)
activation level 456
associative memory 4535, 49)-505 {see also
semantic networks, conceptual graphs)
aftractor 455
attractor networks 455, 495--505
autoassociative MeEmory (see associative memory,
Hopfield networks)
BAM, bi-directional associative memory
496500
backpropagation 454, 467474
backpropagaticn and exclusive-or 473—474
classification 460464
competitive learning 454455, 474484
counterpropagation learning 455, 475
delta rule 454, 454-467
early history 455457
feedback networks 495
gradient descent learning 465
Grossberg learning 478480
Hebbian iearning 455, 484494
heteroassociative memory (see
associative memory)
Hopfield networks 4535, 495, 566-505
interpolative memory 490491
Kohonen network 4544355, 476
tinear associator network 492494
McCulloch-Pitts mode] 436
NETtalk 471473
NETtalk and ID3 472
network topology 456
neuren 28-29, 454, 831
perceptron learning 454, 458-467
self-organizing network 477
support vector machines 482484
threshold function 456
winner-take-all learning 454455, 474476
consclousness 835, 849
consistent with operator 337-338
context-free grammar 597-3599, 604606
context-free parser 703-709
context-sensitive grammars 604606
context-sensitive parser 712-713
contrapositive law 49
Copycat architecture 262
counterpropagation learning 455, 473
counting 167-170
covering a concept 397
credit assignment 407 (see also bucket brigade
algorithm, reinforcement learning)
crossover 510-515, 518529, 539
crosstatk 494, 497
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d-separation 366308

data mining 630

data-driven search 93--96, 210-213, 293-296

de Morgan's law 49

decision trees 408411, 420, 619--621, 630
in natural language analysis 619-621

declarative semantics 213-214, 641

decoding (see phoneme recognition)

defaunlt logic 338-339

delayed evaluation 776780

delta rule 454, 454467

demodulation 586587

Dempster-Shafer theory of evidence 357-363

DENDRAL 23, 96

dendrite 29

dependency-directed backtracking 340

depth-first search 99-107, 6636065, 755-758

difference reduction 548, 552

difference tables 548--554

Dipmeter 95-96

discrete Markov process 371

distributed problem solving {see agents)

distributive law 49

domain expert 281286

durafive action 324

DYNA-(} 443

dynamic programming 127, 129-133, 161, 376-379,

447445, 61K

carly history 455437
EBL (see explanation-based learning)
elimination 6463
embodied problem solving (see agents)
emergent computation 1619, 28-29, 286, 386,
537-541 (see also agents)
artificial life 17, 388, 508509, 530-542, 822
cetiular automata 534-541
classifier systems 5319-524, 542
evolutionary programming 509, 534537
finite state machine 85, 86, 371, 531
Game of Life 508, 530-334
genetic algorithm 28, 29, 388, 507519,
538-539
genetic programming 519, 524530, 542
Santa Fe Institute 50%
society-based learming 530-541
subsumption architecture 226, 258~-262, 536
teleo-reactive agents 323-326, 536-537
empiricist tradition 8-9
English language parser 116-121
epistemology 824-825
evolutionary learning (see genetic algorithm)
evolutionary programming 509, 534537
excltatory 831

expert system 2224, 143, 227-297, 548, 682-690,

780787, 8§28, 836
certamty factors 836
concepiual models 281, 284-286

expert system shejl 280, 329, 682--690, 780787

explanation 277-279
eXploratory programming 282, 285
maodel-based reasoning 297-305 312313
rule-based expert systems 286-297
separation of knowledge and control 270, 280
explanation-based learning 389, 424429,
701-704
explanation structure 427
generalization 424429
goal regression 427
knowledge-level learning 423
operationality criteria 425
speed up learning 423
family resemblance theory 438
farmer-woll-goat-cabbage problem 658663,
Td6—751
feedback networks 495
financial advisor 73-76, 115-116, 143144, 210
finite state acceptor 86, 371
fintte state machine 85, 86, 371, 531
first-order Markov model 371--372

first-order predicate calculus (see predicate calculus)

fitness function 508, 510
fitness proportionate selection 510
foating point numbers 38
forward chaining {see data-driven search)
torward-backward algorithm

(see dynamic programming)
frame problem 315
frames 244248
fuzzy associative mamx 355
fuzzy logic (see fuzzy set theory)
fuzzy reasoning (see fuzzy set theory)
fuzzy set theory 353-357, 381

Game of Life 508, 530--534
game playing 20, 4142, 124-125, 150-157,
161164 838
I5-puzzie 20, BS
B-puzzie §9-91, 103-105, 137-143, 146-149,
203-205, 293
alpha-beta pruning 127, 155-157, 161
checkers 18, 127128, 153, 828
chess 18, 44, 153, 827
heurnistics 150--157
horizon effect 154
minimax 1530-137, 161
mimmax to fixed ply depth
n-move look ahead 153
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game playing (continued)
nim {50-153
ply 152-153
Samuel's checker plaver 127128, 828
fic-tac-toe 41-42, 58-89, 124-126, 154-157,
444447

General Problem Solver 21, 201203, 224, 548-554

differenice tables 548--554
means-ends analysis 348, 552, 828

generalization 252-255, 391399, 427, 804, 841842

generic functions 7935
genetic algorithm 28, 29, 388, 507-519, 538-539,
825, 830, 833, 841 {sce also
emergent computation)
artificial life 17, 388, 508-509, 530~-542, 822
classifier systems 519-524, 542
CNF satisfiability 311513
crossover 510515, 518-529, 339
defined 509511
genetfic operators {See crossover, mutation,
inversion, order crossover, permutation}
genetic programming 519, 524-530, 542
gray coding 510
hill-climbing 517, 527
implicit parallelism 513, 517
imversion 511-5135, 518, 527
Monte Carlo replacement algorithms
mutation 508, 511515, 518-529, 539
order crossover 514-315
performance evaluation 515-319
permutaiion 527
traveling salesperson 513
genetic operators (see crossover, mutation,
inversion, order ¢crossover, permutafion)
genetic programming 519, 524-530, 542 {see also
genetic algorithm)
goal regression 427
goal-driven search 9396, 210-213, 287-292
GOFAI 17
GPS (see General Probiem Solver)
gradient descent learning 465 (see also delta rule)
graph search {see state space search)
graph theory 16, 8684
ancestor 8384
arc 8084
child 8384
connected nodes 85
cycle 8384
descendant 83-84
directed graph &3
Euler path 82
Hamittontan path
labeled graph 81-82
leaf node 84

link 80—83

loop 83

node 80-K3

parent 83

path 83

rooted graph 83

sibling 83

tree 83
grounding 828829
eray coding 516

Hamming distance 491492

headless clause 577 (see also horn clause)
HEARSAY 217-220

Hebbian learning 4535, 484494

heteroassociative memory (See associative Memory)

heuristics 21, 44, 123, 150-157, 256297, 391,
367-371, 403408, 418420, 429 3566-371,
581584, 828
admissibility 127, 145-147, 162-163, 828
Algorithm A* 146150, 161-162, 517, 161
alpha-beta pruning 127, 1535-137, 161
best-first search 133-164, 667-668, 758759
branching factor 158—159
game playing 180157
heuristic search 123—164 (see also

best-first search)
horizon effect 154
means-ends analysis 548, 552, 828
minimax 150-157, 16!
monotonicity 145-148, 828
hidden Markov model 374-379
hierarchical problem decomposition 26

hill-climbing 127-129, 161, 418-419, 441, 467, 517,

527, 828
Hopfield networks 455, 495, 500-505
horn clause 548, 576577, 644
human performance modeling 27
hypergraphs (see and/or graphs)
hyperresolution 585-587

103 408417, 472, 619-621, 630, 803-815
and hili-climbing 418
bagping 416417
boosting 416417
information theory 412-415
performance evaluation 416417
imconsistent 63

inductive bias 388—389, 408, 417-420, 454, 824,

832, 841, 843
inductive learning 389
inference engine 279280
informality of behavior 15
information extraction 628630
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micrmation theory 412415
informedness 145, 148-150, 159, 828
inhibitory 831

inversion 5115315, 518§, 527
INTERNIST 23

iterative deepening 106107

JESS 203, 280

justification-based truth maintenance system 340-342

kernel 322-323
knight's tour 204-210, 650-652, 720, 818
kmght's tour problem 204-210
knowledge base 279-2580
knowledge base editor 280
knowledge engineering 279-286
knowledge level 636638
knowledge representation 37, 227276, 827 (see also
predicate calculus, conceptual graphs)
assoctationist representation 228-248, 270
conceptual dependency diagrams 236-240
declarative representation 639, 716718
efficiency 271
exhaustiveness 271
extensional representation 436
frame problem 271, 315-317
frames 692694
higher-order logics 380
inheritance 252-256
Intentional representation 436
modal logics 380
multiple-valued logics 344
schema 518-519
scripts 240244
semantic networks 4041, 229-236, 690-694,
787791
standardization of network relationships 234240
temporal logics 380
knowledge-intensive problem solving {see strong
méthod problem solving)
Kohonen network 454455, 476

[ady Lovelace's Ohjection 15
learnability theory 420-422
Levenshtein distance {see dynamic programming)
LEX 403408, 419
lexicon 597
linear associator network 492494
linear input form strategy 569
linear separability 458-459, 462-463
LISP 27-28, 37, 639-640, 723319
(see also CLOS, LISP functons)
a-list {see association list}
and functional programming 723

and global variables 755

and symbolic computing 724, 733735
applying functions 725
association list 763

arom 724

best-first search 758-75%
binding 726

binding vanables 741-743
bound vanable 726, 742
breadth-first search 755-758
car/cdr recursion 735741

class precedence list 796-797
CL.OS 791803

Common Lisp Object System (see CLOS)
conditionals 731-733
conditional evaluation 733
control of evaluation 778779
data abstraction 733-735

data types 745-T46, 803
defining classes 792-794
defming functions 729-731
delaved evaluation 776780
depth-first search 755-758
dotted pairs 763

evaluation 728729

expert system shell 682-690, 780--787
farmer, wollf, goat, and cabbage problem 746751
filters 752735

torm 725

free variable 742, 752753
function closure 777

generic functions 795
higher-order functions 751-755
inheritance 787-791, 796798
ID3 803815

lambda expressions 754755
learning 803815

lexical closure 753, 777

list defined 724

tocal variables 743745

logic programming 767-776
maps 752-755
meta-interpreters 729, 765-767, 78G-787
meta-linguistic abstraction 767
methods 795

multiple inherttance 796798
macro 778-779

nil 724-725

occurs check 762

pattern matching 759-761
predicates 732

procedural abstraction 751--755
program control 731-733
nroperty lists 787791
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LISP {continued}
read-eval-print loop 725, 765-767
recursion 725-741
s-expression 724727
semantic networks 787-791
sirulation 791, 798
siot options 792-793
slot-specifiers 792-7593
special declaration 775-776
state space search 746-751
streams 769-780
streams and delayed evaluation 776-780
thermostat simulation 798-803
free-recursion 738-741
unification 761-765

LISP functions
* 725
+ 725
— 725
< 732
=726, 732

member 727, 732, 736
minusp 732

not 749

nth 726727

null 727, 745
numberp 732
oddp 732

or 733

plusp 752

ornt 765

quote 728

read 765

remprop /88789
set 741-743

setf 741-743, 788-789
setq 741-743

sart 731
symbol-plist 790
terpri 763

zerop 732

{ 724726

=726, 732
== 732
"T26—729
acons 764
and 725, 733
append 735
apply 753
assoc 763
car 736
case 82
cdr 736

Livingstone 30G2-3035, 326-328

logic programming 575-581, 6358639

Logic Theorist 21, 49, 223-224

logic-based truth mamtenance system 343-344, 350
logical inference 6265

togically follows 64

LOGO 262

Loopy Logic 379

LT {see Logic Theorist)

machine learning 28, 385-543, 694-704

cond 731-733
cons 737

declare 776
defclass 792
defgeneric 795
defmacro 778779
defmethod 795-796
defun 730

eq 749

equal 749

eval 729, 765
funcatl 752-753
gensvm 773

get 7837589

if 732-733
length 727

let 743745

fet® 773

hst 726, 729, 737
Hstp 745

mapcar 7533—754
max 754

and heurnistic search 392

and knowledge representation 391

agglomerative clustering 399

AM 28, 433434

analogical reasoning 430433

autoassociative memory (see associative memory,
Hopfield networks)

associative memory 455, 490505 (see also
semantic networks, conceptual graphs)

BACON 434

bagging 416417

boosting 416-417

BAM, bi-directional associative memory 496500

C4.5417, 030

candidate elimination 397--408, 699701

category formation (see conceptual clustering)

CLUSTER/2 389, 419, 436437, 476

COBWEB 389, 437441, 476

coincidence learning 484

competitive learning 454455, 474--484

concept learning 389

concept space 392, 396397

(LT RErE T
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machine learning (continued)

conceptual clustering 389, 435-441

conjunctive bias 420

connectionist networks 28, 29, 388, 453-506,
824, 830, 841-842

counterpropagation learning 455, 475

covering a concept 397

credit assignment 407 (see also bucket brigade
atgorithm, reinforcement learning)

decision trees 408411, 420, 619-621, 630

deductive closure 429

discovery 433—434

dynamic programming 127, 120-133, 161,
376-379, 447449

emergent computation 507-543

empiricist’s dilemma 844845

FEURISKO 434

evolutionary learning (see genetic algorithm)

EBL, explanation-based learning 389,
424429, 701-704

explanation structure 427

feature vectors 420

generalization 391-399, 427, 804, 841842

genetic algorithm 28, 29, 388, 5075190, 538-539

goal regression 427

gradient descent learning 4635

Grossberg learning 478480

Hebbian jearming 455, 484494

heteroassociative memory {see associative
Memory)

heuristics 391, 367-371, 418420, 429

hili-climbing 127-129, 161, 418-419, 441,
467, 517, 527, 828

Hopfield networks 455, 495, 504505

ID3 408417, 472, 619621, 630, 803815

induction 3R

inductive bias 408, 417420, 454

inductive leaming 389

mformation theoretic selection 412415

knowledge-level learning 423

Kohonen networks 454455, 476

learnability theory 420-422

fearning search heuristics 403408

LEX 403408, 419

Meta-DENDRAL 423424

near miss 392

negative instances and overgeneralization 399-400

neural networks {see connectionist networks)

numeric taxenomy 435

operationality criteria 425

outstar networks {see Grossberg learning)

overlearning {see generalization)

PAC, probably approximately correct learning
421422, 482

percepiron learning 454, 458-467

performance evaluation 407408, 416417,
471472, 515-519

(Q-learning 449

reinforcement learning 442449, 455

similarity-based learning 389, 422, 429

specialization 252255, 391-392

specific to general search 398404

speed up learning 423

supervised learning 389, 397, 478, 482, 484,

488--4G0)
support vector machines 482484
symbuol-based learning framework 350396
taxonomic learning 435442
temporal difference learning 443, 447
top-down declsion tree induction (see 1D3)
unsupervised learning 389, 433441, 454,
476-478, 484455
version space search 396408, 694699
winner-take-all learning 454455, 474-476
macro operators 319-323
MACSYMA 111112
Markov models 371-379, 594, 617619
and nawral language analysis 617-619
discrete Markov process 371
first-order Markov model 37]-372
hidden Markov model 374379
Markov assumptions 618
Markov chain 371
Markov state machine 371
probabilistic finite state acceptor 182-184
probabilistic finite state machine 182-184
McCuliocch-Pitts model 456
means-ends analysis 548, 552, 828
Meta-DENDRAL 423-424
metaphor 592-593
mgu {see most general unifier)
mind-body problem 7, 8
minimax 156-157, 16l
minimum distance classification 461
minimum edit difference (see dynamic
programming)
mode estimation 327328
mode reconfiguration 327-328
model 63
model-based reasoning 297-305, 312-313
modus ponens 6465
modus toliens 6465
monofonicity 145148, 828
Monte Carlo method 448
Monte Carlo replacement 510
Moore machine {see finite state acceptor)
morphology 595
most general unifier 58
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multilayer network 468472
mulitiple belief reasoner 344
MYCIN 23, 24, 298, 329

n-gram analysis 184
natural deduction 548, 587588

natural language understanding 24, 591-633,
704716, 829
and decision trees 619-621
applications 623-630
ausmentation of Jogic grammars 6{6
augmented phrase structure grammars 606
augmented transition network parser 606616
bottom-up parsing 598599
case frame 612615, 631
case-grammars 630-631
Chomsky hierarchy 604606
combining syntax and semantics 610-616
context-free grammars 604606
context-free parser ?{}SJ}%@,
context-sensitive gramrnars'{i{)ﬁ;—ﬁ[m
context-sensitive parser 712—713
database front end 624628
decoding {see phoneme recognition}
deep structure 630-631
feature and function grammars 630
generation 593, 593, 599, 615
grammar 604-606 (see also parsing, syntax)
grammatical markers 631
ID3 619-621, 630
mformation extraction 628630
hink grammars 623
Markov models 594, 617-619
morphology 595
n-gram analysis 184
parsing 600-016, 621-622, 705-716
phoneme 471, 183-184, 393
phoneme recognifion 183, 376-379
phonology 595
praginatics 593
probabilistic lexicalized parser 709-712
question answering 623624
semantic network parser 713-716
semantics 395-596
sermnantic grammars 634
stochastic tools 616623
syniax 3935, 597-606
transformational grammars 630
transition network parsers 600-616
Viterbi algorithm 618-619
world knowledge 595, 597

nearest neighbor 93

negation as failure 337

NETtalk 471473
network energy function 435, 495, 500-505
neural networks (see connectionist networks)
neural plausibility §31
neuron 28-29, 4534, 831
neuroiransmitters £31
nim [50-153
nonmonotonic reasoning 335-339, 3830381
autoepistemnic logic 338
circumscription 345-347
closed world assumption 336, 345, 580, 644
default logic 338-33%
defeasibility 337
mitimum models 335, 3453347
modal operators 336-339
truth mamtenance system 337-344
NUMEric taxonomy 435

object-onented programmmung 27, 791-803
gncapsulation 791-792
inhentance 792, 796798
polymorphism 792

observable Markov model 372-373

Occam’s Razor 411

occurs check 69, 581, 762

opportunistic search 294-295

OPS 203, 215

order crossover 514

orthonormality of vectors 492

outstar 478480

overlearning (see generalization)

PAC, probably approximately correct learning
421422, 482
parallel distnibuted processing (see connectionist
networks)
paramodulation 585587
parsing 116-121, 595-016
pattern-driven reasoning 196200
perceptron learning 434, 458-467
permutations 169-170
phoneme 471, 183-184, 593
phoneme recognition 183, 376-379
phonology 595
physical system hypothesis 30, 822-826
planning 26, 27, 314328, 66&-671
planning macros 319323
plausibifity of a proposition 358-359
pragmatics 595
predicate calculus 1112, 3540, 50-78, 228-229,
642—-646
and planning 314323, 668671
and ehimination 64-63
and mtroduction 6465
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predicate calcuius {continued)
atomic sentence 54
clause form 555-560
closed world assumption 336, 345, 580, 644
completeness 64
conjunction 54
conjunctive normal form 511-513
constant 52
converting to clause form 558561
declarative semantics 213-214
disiunction 54
equivalence 54
existential quantifier 59
function 52
function expression 53-55
horn clause 348, 576-577, 644
imphcation 54
improper symbols 51
inconsistent 63
tnference 62
interpretation 37
knight's tour 204-210, 650-652, 720
model 63
madus ponens 64-635
modus tollens 6465
negation 34
predicate 54
prenex normal form 558
procedural semantics 213-214
proof procedures 64
quantification 38
resolution 635
rules of inference 6265
satisfiability 63
searching the space of inferences 196-200
semantics 56
sentences 5435
skolemization 66, 339
scundness 64
symbols 50-52
term 52
truth symbol 52
truth value 57-38
undecidability 58
universal quantifier 58
unsatishability 6364
validity 63
variable 52
prenex normal form 558
probabilistic fintte state acceptor 182184
probabilistic finite state machine 182184
probabilistic reasoning (see stochastic reasoning,
Bayesian reasoning, Markov models)
probability density function 360

probabtiity theory 170182 (see also
Bayesian reasoning, Markov models)
Bayesian behef networks 363-366, 381
Bayes' theorem 184189
counting 167170
conditional probability 178—182
defined 171
events 170171
expectation of an event 177
independent event } 71173, 18]
posterior probability 179
prior probability 179
orobabilistic finite state acceptor 182184
probabilistic finite state machine 182-184
randomn: variable 1 75-177

production systems 200-221, 658663, 84%
8-puzzle 203-2(4
advantages 215-217
and classifier systems 519321
btackbeard architecture 217-219
conflict resolution 201, 214
conirol 2113215
knight’s tour problem 204-210
production rule 200
recognize-act cycle 200--201
working memory 200

PROLOG 27, 28, 638, 641--722
abstract data types 641, 654657
and automated reasoning 575-581
and horn clauses 644
and logic programming 576381, 638-639
and relational databases 6750679
and resolution theorem proving 638639
anonymous variables 649
best-first search 667068
breadth-first search 665606
closed world assumption 380, 644
candidate elymination 699-7G1
cut 652654
data types 672-6790
declarative representation 639, 716-718
declarative semantics 641
depth-first search 663665
difference lists 677078
evaluation 679682
expert system shell 682690
explanation-based learning 701-704
fact 642644

farmer, wolf, goat, and cabbage problem 638--663

frames 692694

fearning 644-704

meta-interpreters 642, 679694
meta-predicates 642, 671679
natural language processing 704-716

200
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PROLOG {continued)
negafion as fatlure 644
non-procedural computing 716-719
occurs check 5¥1
parsing 705-716
planning 641, 668671
priotity gueue 641, 636657
production system 658663
PROLOG in PROLOG 679682
proof trees 682-690
gquantification 644-645
queue 641, 635-656
recursion 647650
recursive descent parser 705-716
recursive search 630-652
sermnantic networks 690--695
set 657
stack 0641, 654635
unification 671679
variables 642646
version based search 694-699
PROLOG predicates
[ 648
P 652-654
* 676
+ 676
- 676
/670
= 076
=., 672
append 647, 672-673, 716717
assert 646, 650
atom 641
bagof 664-665
call 672
clause 672
consult 046
functor 672
18 676677
listing 647
member 648649
mod 676
nl 650
nonvar 672
nospy 647
retract
see 646047
seen 647
spy 647
tell 646647
told 647
trace H647
var 072
write 650

[]1 648
proof procedure 64
propositional calculus 45-49, 107-108

conjunction 46

disjunction 46

equivalence 46

imphication 46

interpretation 47

negation 46

propositions 46—47

semantics 4749

sentence 4647

symbols 46

syniax 4647

truth symbol 46

truth table 49

well-formed formula 4647
prosody 594
PROSPECTOR 23, 95-96, 186
PROTOS 305

Q-learning 449
questions answering 623-624

rationalist tradition 89, 16, 822
recognize-act cycle 287
recursion-hased search 194-200
refutation completeness 555, 367
reinforcement learmng 442-449, 455

definition 442

dynamic programming 447448

Monte Carlo method 448

(Q-learning 449

tic-tac-toe 444447

temporal difference learning 443, 447
resghution refutation 354-366

and logic programming 375581

and PROLOG 375-5%1

answer extraction 562, 371-575, 580

binary resolution 555, 561--566

breadth-first strategy 567

clashing 536

clause form 555-560

completeness 5355, 567

converting to clause form 558-561

demodulation 586587

factoring 563

heuristics 566571

hyperresolution 563, 585587

linear input form strategy 569

literal 555

paramodulation 385387

prenex normal form 558

refutation 554-555, 561-566
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resolution refuration (continued)
refutation completeness 555, 567
resoluiion 67, 354566
set of support strategy 548, 568
soundness 64, 354, 581
subsumption 571, 388
unit preference strategy 548, 569
unit resolution 569
resclution theorem prover 548, 554575
RETE 297, 307
robotics 26, 27
roulette wheel replacement 510
rule relation 377 (see also homn clause)
rule-based expert systems 286287
ruie-based reasoning 286297, 310311

satisfiability 63

schema 3183519

SCHEME 639640, 848

science of intefligent systems 824
scripts 240-244

self-organizing network 477

semantic networks 40-41, 229-236, 690694, 787-

791
semantics 593
set minimality 349
set of support strategy 548, 568
sef stmplicity 349
SHRDLU 25, 553
sigmoidal function 464
simuarity 308
similanty-based learning 389, 422, 429
skolemization 559
SOAR 203
soundness 04, 554, 581
specific to general search 398-404
Stanford certaimty factor algebra
(see Stanford certainty theory}
Stanford certainty theory 226, 350353, 684
state space search 10, 37, 4144, 798G, 87122,
658663, 746751
admissibility 127, 143-147, 162-163, 528
Algorithm A* 146150, 161-162, 517, 161
alpha-beta pruning 127, 155-157, 161
and logical inference 279280
and planning 314329
and propositional calculus 107-121
and/or graphs 109121, 159, 289260, 5&2
backiracking 96-99, 111, 196, 645, 662, 843
backward chaining {see goal-driven search}
beam search 159, 408
best-first search 133-164, 667668, 758-759
branch and bound 92
branching factor 96, 158159

breadth-first search 99-107, T55-758, 665666
data-drniven search 93--96, 210-213, 293296
defined 88
depth-first iterative deepening 106-107
depth-first search 99167, 663665, 755-758
exhaustive search 92
forward chaining (see¢ data-driven search)
goal-driven search 93-96, 210-213, 287-292
hill-climbing 127129, 161, 418419, 441, 467,
517,527, 828
implementation 9699, 746-751
informedness 145, 148-150, 159, 828
minimax [506-157, 16}
monatonicity 143-148, 828
opportunistic search 294295
pattern-directed search 196200
recursive search 630652
recursive search 194196, 650652
shortest path 138
solution path 88
state 41
subgoal 93
uninfoermed search 106
stochastic reasoning 165-166, 363-379, 381
(see also Bayesian reasoning, Markov models)
and uncertainty 363-379
apphcations 182184, 376-37%
inference 174-175
road/irathc example 174175, 188
stochastic lambda calculus 379
stochastic tools for language analysis 616623
story understanding 623-624
STRIPS 319, 330
strong method problem selving 223-225
227332, 828
subsumption 571, 588
subsumption architecture 226, 258-262, 536
supervised learning 389, 397, 478, 482, 484,
488490
support vector machines 482484
Switchboard corpus 183—184
symbol level 636638
symbol-based learning framework 390-396
synapse 29 (see also connectionist learning)
syntactic bias 419
syntax 595, 597616

teleo-reactive planning 323-326, 536537

temporal difference learning 443, 447

text summarization 628-630

text-to-speech 592

theorem proving {see automated reasoning}
tic-tac-toe 4142 88-8Y, 124-126, 154137, 444447
transformational analogy 309
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transition network parser 600616
traveling salesperson 91-53, 455, 513-515
tnangle tables 319-323

truncated chessboard problem 827-828
truth maintenance system 337344

assumption-based fruth maintenance 342344, 348

chronological backtracking 339
dependency-directed backtracking 340

justification-based fruth maintenance 340-342
logic~based trath maintenance 343-344, 350

multiple belief reasoner 344
Turing machine 848
Turing test 13

unification 66-72, 562, 671-079, 761-765

uniform representations for weak method solutions

581
upit preference strategy 548, 569

e e

universal instantiation 64-65

unsatisfiability 367

unsupervised learning 389, 433441, 454,
476-478, 484—48%

validity 63
Vapnik Chervonenkis dimension 482483
version space search 396408, 694699
Viterbt 376-379, 618

(see also dynamic programming)

weak method problem solving 223-224
well-formed formula 4647
winner-take-all learning 454455, 474476
working memory 200

world knowledge 595

XCON 23, 203

SUBJECT INDEX
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Structures and Strategies for Complex Problem Solving

Can machines think like people? This question 1s

“One of the few books on the market that covers all the
topics I have ncluded in wry course for the past 10 vears.”
Bruce Maxim, University of Michigan — Dearborn

“The book is a perfect complement to an Al course. [t
gtves the reader both an historical point of view and a
practical guide to all the techniques. It is THE book 1
recommend as an introduction to this field.”
Pascal Rebreyend, Dalarna University

“Excellent additions and improvements. I will use the 5th
edition n my ntroduction and advanced Al courses.”
Peter Funk, Malardalen University

“The style of writing and comprehensive treatment
of the subject matter makes this a valuable
addition to the Al literature.”

Malachy Eaton, University of Limerick

o /

4 - N

New to this edition

the driving force behind Artificial Intelligence, but
it is only the starting point of this ever-evolving,
exciting discipline. Al uses different strategies to
solve the complex problems that arise wherever
computer technology 1s applied, from those areas
pertaining to perception and adaptation (neural
networks, genetic algorithms) to ‘the fields of
intelligent agents, natural language understanding
and stochastic models.

George Luger examines complex problem solving
techniques while demonstrating his enthusiasm
and excitement for rhe study of intelligence itselt.
He shows how to use a number of different
software tools and techniques to address the many
challenges taced by today’s computer scientists.

» Brand new chapter which mtroduces the stochastic methodology.
» Extended material in many sections addresses the continuing importance of agent-based problem solving

and embodiment in Al technology.

» DPresentation of issues in natural language understanding, including sections on stochastic methods for

language comprehension; Markov models; CART trees; mutual information clustering; and statistic based

parsing.

» Further discussion of the Al endeavor from the perspectives of philosophy, psychology, and neuro-

psychology.

Artificial Intelligence: Structures and Strategies for Complex Problem Solving is ideal for a one or two semester
university course on Al, as well as an invaluable reference for researchers in the field or practitioners wishing

to employ the power of current Al techniques in their work.,

After receiving his PhD from the University of Pennsylvania, George Luger spent
five years researching and teaching at the Department of Artificial Intelligence of
the University of Edinburgh. He is currently a Professor of Computer Science,
Linguistics, and Psychology at the University of New Mexico. l" ||
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