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Apté, C., 852, 1034

Arbuthnot, J., 408, 1034

Arcade Learning Environment (ALE),

822

arc consistency, 186

Archibald, C., 179, 1034

architecture

agent, 47, 1018

AI, 1018

cognitive, 34, 292

computer, 652

for speech recognition, 25

network, 768, 770, 787, 922

reflective, 1019

RNN, 861

rule-based, 292

subsumption, 969

transformer, 868, 880

Arentoft, M. M., 384, 1034

Arfaee, S. J., 109, 1034, 1052

Argall, B. D., 979, 1034

argmax, 1026

argument

from disability, 982–983

from informality, 981–982

Ariely, D., 538, 560, 1034

ARISTO (question-answering system),

875, 876, 880

Aristotle, ix, 3, 6, 7, 11, 60, 61, 247, 278,

338, 339, 341, 715, 920, 976

arity, 257, 288



Index 1071

Arkin, R., 980, 989, 1034

Armando, A., 250, 1034

Armstrong, S., 1002, 1034

Arnauld, A., 7, 10, 557, 1034

Arnoud, S., 769, 1046

Arora, J. S., 119, 1054

Arora, N. S., 512, 526, 1034

Arora, S., 107, 1034

Arous, G. B., 786, 1039

Arpit, D., 716, 1035

Arrow’s theorem, 640, 649

Arrow, K. J., 640, 649, 1035

artificial flight, 2

artificial general intelligence (AGI), 32

artificial intelligence, 1–1022

applications of, 27–30

conferences, 35

ethics, 986–1001

foundations, 5–17, 819

future of, 31–34, 1012–1022

goals of, 1020–1021

history of, 17–27

journals, 35

philosophy of, 981–1011

possibility of, 981–984

programming language, 19

provably beneficial, 5

real-time, 1019

risks, 31–34, 987–996

safety, 1001–1005

societies, 35

strong, 981, 1005, 1006

weak, 981, 1005, 1006

artificial intelligence (AI), 1

artificial life, 143

artificial superintelligence (ASI), 33

Arulampalam, M. S., 499, 1035

Arulkumaran, K., 820, 1035

Arunachalam, R., 649, 1035

arXiv.org, 27, 788, 1018

Asada, M., 976, 1050

asbestos removal, 533

Ashburner, M., 316, 1062

Ashby, W. R., 16, 1035

Asimov, I., 975, 1007, 1035

ASKMSR (question-answering system),

850

Aspuru-Guzik, A., 920, 1060

assertion (logical), 265

assertion (probabilistic), 388

assignment (in a CSP), 181

assistance, 561

assistance game, see game, assistance

assumption, 337

Astrom, K. J., 144, 597, 1035

asymmetry, 860

asymptotic analysis, 1024, 1023–1024

Atanasoff, J., 14

Atari video game, 816

Athalye, A., 787, 1039

Atkeson, C. G., 596, 820, 979, 1035, 1056

Atkin, L. R., 107, 1062

Atlas (robot), ix

atom, 260

atomic representation, 59, 63

atomic sentence, 217, 260, 260, 264

attention (neural net), 865, 866, 880

attentional sequence-to-sequence model,

866

attribute, 59

AUC (area under ROC curve), 710

auction, 634

ascending-bid, 634

English, 634

first-price, 636

sealed-bid, 636

second-price, 636

truth-revealing, 635

Vickrey, 636

Audi, R., 1007, 1035

Auer, P., 597, 1035

Auer, S., 316, 339, 1037, 1052

augmentation, 851

augmented finite state machine (AFSM),

969

augmented grammar, 841

Aumann, R., 647, 1035

AURA (theorem prover), 309, 313

Auray, J. P., 559, 1036

Austerweil, J. L., 821, 1048

Australia, 181, 182, 193

author attribution, 826

AUTOCLASS (unsupervised learning

algorithm), 748

autoencoder, 778

variational, 778

automata, 1006

automated machine learning (AutoML),

719

automated reasoning, 2

automated taxi, 42, 43, 57, 210, 385, 1019

automatic differentiation, 756

reverse mode, 756

Automatic Statistician, 719

AutoML, 719

automobile insurance, 539

Auton, L. D., 249, 1040

autonomatronics, 973

autonomic computing, 61

autonomous underwater vehicle (AUV),

927

autonomy, 42, 924, 971

autoregressive model, 779, 787

deep, 779

AUV (autonomous underwater vehicle),

927

average pooling, 863

average reward, 567

Awwal, I., 978, 1061

Axelrod, R., 647, 1035

axiom, 209, 267

action exclusion, 245, 604

decomposability, 531

domain-specific, 316

effect axiom, 239

frame axiom, 239

Kolmogorov’s, 393

of number theory, 268

of probability, 394

Peano, 268, 278, 289

precondition, 245

of probability, 393, 1027

of set theory, 269

successor-state, 240, 250

of utility theory, 531

wumpus world, 270

axon, 12

B
b∗ (branching factor), 98

B* search, 175

Ba, J. L., 786, 1035

Baader, F., 312, 341, 1035

Babbage, C., 15, 175

Babuschkin, I., 30, 179, 1064

Bacchiani, M., 849, 1039

Bacchus, F., 204, 207, 410, 456, 524, 559,

1035

Bach, F. R., 852, 1048

bachelor, 318

Bachmann, L. M., 30, 1053

Bachmann, P. G. H., 1029, 1035

back-propagation, 22, 24, 162, 163, 755,

766, 785

through time, 774

backgammon, 164, 178, 804, 815

background knowledge, 209, 302

backing up (in a search tree), 93, 149

backjumping, 195, 205

backmarking, 206

backoff model, 827

BACKTRACK, 192

backtracking

chronological, 195

dependency-directed, 205

dynamic, 206

intelligent, 195–197, 234

BACKTRACKING-SEARCH, 192

backtracking search, 80, 195–197, 199,

203

Backus, J. W., 852, 1035

Backus–Naur form (BNF), 1030

backward chaining, 230, 231–232, 247,
293–298, 311

backward induction, 614

backward message, 469



1072 Index

backward search for planning, 350–351

Bacon, D., 992, 1051

Bacon, F., 6, 31, 1035

Baeza-Yates, R., 850, 1035

bag-of-words model, 824, 826, 832, 851

Bagdasaryan, E., 1009, 1035

bagging, 697, 718

Bagnell, D., 979, 1060

Bagnell, J. A., 817, 951, 963, 966, 978,

979, 1035, 1050, 1059, 1067

Bahdanau, D., 880, 1035

Bahubalendruni, M. R., 107, 1035

Bai, A., 822, 1035

Bai, H., 598, 1035

Bai, Y., 707, 978, 995, 1037, 1047

Baidu, 850, 924

Baird, L. C. I., 596, 1065

Bajcsy, A., 967, 1035

Baker, B., 959, 979, 1034

Baker, C. L., 821, 1035

Baker, J., 852, 854, 1035

Baker, L., 27, 30, 1061

Bakkes, S., 176, 1039

Balaskas, K., 30, 1053

Balch, T., 178, 1058

Baldi, P., 106, 498, 1034, 1035

Baldwin, J. M., 118, 143, 1035

Baldwin effect, 118, 143

Ball, M., 381, 1065

Ballard, B. W., 175, 1035

Ballas, N., 716, 1035

Baluja, S., 143, 922, 1035, 1060

BANANAS (neural net architecture

search), 787

Bancilhon, F., 311, 1035

bandit

Bernoulli, 584

one-armed, 582

problem, 581, 597, 798

superprocess (BSP), 586

Banerjee, A., 979, 990, 1039, 1063

bang-bang control, 816

Bangera, R., 649, 1065

Banko, M., 26, 316, 339, 719, 850, 854,
855, 1035, 1043

Bansal, K., 309, 1035

Bapna, A., 850, 1039

Bar-Hillel, Y., 853, 1035

Bar-Shalom, Y., 61, 497, 526, 1035

Barber, D., 749, 1035

Bard, N., 30, 178, 1056

Barifaijo, E., 372, 1049

Barnes, P., 995, 1055

Barr, A., 107, 1035

Barreiro, J., 29, 1035

Barreno, M., 1010, 1035

Barrett, S., 179, 1035

Barry, M., 455, 1048

Barták, R., 205, 207, 1035

Barthels, A., 525, 1049

Bartholdi, J. J., 649, 1035

Bartlett, F., 13

Bartlett, P., 821, 1035

Barto, A. G., 145, 597, 598, 820–822,

1035, 1063

Bartunov, S., 179, 822, 1064

Barwise, J., 279, 1035

baseline, 879, 902

base model, 696

Basin, D. A., 176, 1044

Basturk, B., 142, 1050

Basye, K., 977, 1041

batch normalization, 768, 923

Bates, E., 854, 1043

Bates, M. A., 14, 175, 1064

Batra, D., 822, 910, 1046, 1060

Bauer, G., 313, 1046

Baum, E., 116, 175, 1035

Baum, L. E., 497, 748, 1035

Baumert, L., 205, 1046

Baxter, J., 821, 1035

Bayardo, R. J., 206, 207, 248, 1009, 1035

Baydin, A. G., 457, 527, 1052

Bayen, A. M., 498, 1048

Bayerl, S., 312, 1052

Bayes’ rule, 8, 399, 399–400, 408

Bayes, T., 399, 410, 747, 1035

Bayes–Nash equilibrium, 623

Bayesian, 409

Bayesian classifier, 402

Bayesian learning, 701, 722, 722–723,

746

Bayesian network, 25, 412, 412–460, 748

continuous-time, 498

dynamic, 485

hybrid, 422, 454

inference in, 427–435

learning hidden variables in, 745–746

learning in, 734–735

multi-entity, 526

semantics, 414

Bayesian optimization, 672

Bayesian reinforcement learning, 800

BDD (binary decision diagram), 382

Beal, J., 32, 1036

Beame, P., 456, 1060

beam search, 92, 106, 115, 159, 831, 836,

868

local, 115

Beardon, A. F., 558, 1036

Beattie, C., 30, 179, 820, 822, 1036,

1049, 1055

Beber, G., 1006, 1043

Bechhofer, R., 597, 1036

Beck, J. C., 206, 1036

Beckert, B., 312, 1036

beer factory scheduling, 383

Beeri, C., 206, 1036

beetle, dung, 41, 62, 374, 970

Beetz, M., 525, 1049

behavioral cloning, 821, 966

behaviorism, 13, 16

BEINGS (multiagent system), 646

Bekey, G., 980, 1036

belief, 326

degree of, 385, 386, 394

desires and, 528–529

propagation, 458

loopy, 458

revision, 335

update, 335

belief network, see Bayesian network

belief state, 122, 241, 365, 385, 388

in game theory, 620

probabilistic, 461, 465

wiggly, 243

Belkin, M., 716, 1036

Bell, C., 359, 383, 1036

Bell, D. A., 747, 1039

Bell, J. L., 279, 1036

Bell, T. C., 851, 852, 1066

Bellamy, E., 1036

Bellamy, R. K. E., 996, 1009, 1036

BELLE (chess program), 176

Bellemare, M. G., 820–822, 1036, 1044,
1055, 1056

Bellman, R. E., 10, 106, 107, 176, 177,

568, 596, 717, 1036

Bellman equation, 568

Bellman operator, 574

Bellman update, 573

Ben-Tal, A., 143, 1036

benchmark, 24, 879, 922, 1023

Bendix, P. B., 312, 1050

benevolent agent assumption, 599

Bengio, E., 716, 1035

Bengio, S., 30, 716, 787, 879, 1036,

1064, 1067

Bengio, Y., 17, 716, 718, 719, 786–788,
849, 878, 880, 1016, 1035, 1036,

1041, 1045, 1046, 1052, 1064,

1067

Benjamin, M., 989, 1036

Bennett, B., 342, 1040

Bennett, F. H., 143, 1051

Bennett, J., 313, 1046

Bennett, K., 719, 1046

Bentham, J., 8, 558, 1036

Benzmüller, C., 313, 1036

Beresniak, A., 559, 1036

Berg, A. C., 786, 1060

Berger, H., 11

Berger, J. O., 457, 748, 1036, 1057

Berges, V., 822, 1049

Bergstra, J., 719, 1036

Berk, R., 1009, 1036

Berkeley, 678



Index 1073

Berkeley Parser, 853

Berkson, J., 455, 1036

Berleur, J., 1008, 1036

Berlin, K., 717, 1036

Berliner, H. J., 175, 178, 1036
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Čapek, K., 975, 1001

Capen, E., 559, 1039

Carbone, R., 250, 1034

Carbonell, J. G., 382, 879, 1039, 1066

Carbonnel, C., 207, 1039

Cardano, G., 8, 178, 408, 1039

card games, 171

Carlin, J. B., 748, 1045

Carlini, N., 787, 1039

Carlson, A., 253, 850, 1055

CARMEL (mobile robot), 976

Carnap, R., 7, 394, 409, 410, 1039

Carnegie Mellon University, 18

Carpenter, B., 458, 527, 747, 1039

Carpenter, M., 384, 1041

Carroll, S., 143, 1039

Carson, D., 312, 1066

CART, 665, 716

cart–pole problem, 816

Casas, D. d. L., 822, 1063

Casati, R., 340, 1039

case

accusative, 841

dative, 841

nominative, 841

objective, 841

subjective, 841

Cash, S. S., 253, 1060

Cassandra, A. R., 596, 597, 1039, 1049,

1053

Cassandras, C. G., 61, 1039

Castaneda, A. G., 30, 179, 1049

Casteran, P., 312, 1036

Castro, R., 455, 1039

catastrophic forgetting, 805

categorical distribution, 391

category, 317, 317–322, 329

Cauchy, A., 717, 1039

causal network, 412, 449–453, 748

causal probability, 399

causal rule, 418

causation, 219, 401

Cawley, G. C., 719, 1046

Cazenave, T., 177, 1037

Ceder, G., 872, 1064

cell decomposition, 945

cell layout, 70

center (in mechanism design), 632

Center for Human-Compatible AI, 1008

Center for Humane Technology, 1008,

1015

central limit theorem, 1028

Centre for the Study of Existential Risk,

1008

cerebral cortex, 12

Cerf, V., 1011, 1057
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post-decision disappointment, 559

POS tagging, 852

posterior probability, see probability,

conditional

potential (in MDPs), 570

Potts, C., 845, 880, 1037, 1053

Pouget-Abadie, J., 787, 1046

Poulton, C., 1013, 1058
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Powell, G., 959, 979, 1034

Powell, R., 30, 179, 1064

Powers, R., 648, 1061

Powley, E. J., 176, 1038

PPCA (probabilistic principal
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Prabhavalkar, R., 849, 1039

Prade, H., 460, 1042

Pradhan, M., 421, 455, 1058

Pradhan, N., 526, 1036

Praet, J.-C., 559, 1036

Prager, J., 30, 1043

pragmatics, 846

Pratt, L., 719, 1064

Prawitz, D., 310, 1058

precedence constraint, 182

precomputation, 102

precondition, 345

missing, 372

precondition axiom, 245

predicate indexing, 284

predicate symbol, 257, 843

prediction, 130, 467–468, 496

predictive learning, 1017

preference, 387, 530

monotonic, 534

unknown, 553–556

preference elicitation, 533

preference independence, 543

preference learning, 931

preferred action, 355

premise, 217

president, 325

Presley, E., 325

Press, W. H., 142, 1058

Presta, A., 853, 1034

Preston, J., 1007, 1058

pretraining, 857, 871

Prettenhofer, P., 720, 1058

Price, B., 597, 1037

Price, E., 1009, 1047

Price Waterhouse, 383

Prieditis, A. E., 100, 109, 1058

Prince, A., 851, 1062

principal components analysis (PCA),

777

Principia Mathematica, 18

principle of insufficient reason, 409

PRIOR-SAMPLE, 436

prioritized sweeping, 596, 796, 820

priority queue, 74

prior knowledge, 40, 41, 652

prior probability, 389, 407

prismatic joint, 929

prisoner’s dilemma, 606

Pritzel, A., 979, 1053

privacy, 711, 1009

private value, 634

probabilistic agent, 386

probabilistically complete, 947

probabilistic context-free grammar

(PCFG), 851

probabilistic principal components

analysis (PPCA), 776

probabilistic roadmap (PRM), 946

probability, 3, 8, 25, 385–460, 1027–1028

axioms of, 393

conditional, 389, 396, 399, 407, 416

conjunctive, 416

density function, 391, 1027

distribution, 391, 427

history of, 411

judgments, 418

marginal, 395

model, 389, 1027

open-universe (OUPM), 508

prior, 389, 407

uninformative, 733

theory, 256, 386, 557

probability logic, 524

probability notation, 391

probably approximately correct (PAC),

673, 675, 717

PROBCUT (game-tree search algorithm),

159

probit, 424, 455

problem, 65, 105

assembly sequencing, 70, 107

bandit, 581, 597, 798

conformant, 126

constrained optimization, 121, 185

8-puzzle, 97, 100

formulation, 64, 66

generator, 57

halting, 282

inherently hard, 1024–1025

million-queens, 197, 206

n-queens, 236

optimization, 110

piano movers, 977

real-world, 66

relaxed, 99, 100, 353

robot navigation, 70
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sensorless, 126

solving, 22
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procedural approach, 210, 251

procedural attachment, 331

PROCEED, 83

PRODIGY (planning system), 382

production system, 50, 292, 310, 311

product rule, 390, 399

programming language, 251

progression (in planning), 349, 379

Prolog, 23, 294, 311, 380

Prolog Technology Theorem Prover
(PTTP), 312

proof, 223

proper policy, 566

property (unary relation), 254

proposal distribution, 447

adaptive, 523

proposition

probabilistic, 388–395

symbol, 217

propositional attitude, 326

propositionalization, 281, 309

propositional logic, 208, 217–222, 246,
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proprioceptive sensor, 929
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provably beneficial, 623
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Pyrros, A., 916, 1042

PySC2 (machine learning software), 822
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PyTorch (machine learning software),
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Q(s,a) (value of action in state), 802

Q-function, 545, 568, 790

Q-learning, 790, 802, 810, 925

Q-LEARNING-AGENT, 803

Q-VALUE, 569

QA3 (logical reasoning system), 278

QALY (quality-adjusted life year), 534,

559
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quadratic programming, 693
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qualia, 985

qualification problem, 241, 385, 982
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quality-adjusted life year (QALY), 534,
559

quantification, 845

quantifier, 260, 278
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nested, 263
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query (logical), 266

query (probabilistic), 395

query variable, 427
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question answering, 850, 880
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queue, 74
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Quinlan, J. R., 715, 716, 1058

Quinlan, S., 978, 1059

Quirk, R., 853, 1059

QXTRACT (information extraction

system), 855

R
R (statistical software), 720

R1 (expert system), 23, 292, 311

Rabani, Y., 143, 1059
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RAND Corporation, 560, 596
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random forest, 697, 718

randomForest (machine learning

software), 698

randomization, 37, 51

randomized controlled trial, 453

randomized weighted majority algorithm,
703

random restart, 234

random search, 672

random variable, 390, 417

basic, 503

continuous, 391, 422, 455

indexed, 525

random walk, 138, 480

range (of a random variable), 390

range finder, 927

laser, 928

range sensor array, 933

Ranzato, M., 786, 1049
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Rao, B., 498, 1048

Rao, D. A. S., 998, 1059

Rao, K., 849, 1039

Rao-Blackwellization, 496

Raphael, B., 107, 311, 1046, 1047, 1059

Raphson, J., 142, 717, 1059

rapidly exploring random trees (RRT),

947

rapid prototyping, 294

Raschka, S., 720, 1059

Raschke, U., 976, 1040

Rashevsky, N., 17, 785, 1059

Rasmussen, C. E., 748, 1059

Rassenti, S., 649, 1059

rating, 505

Ratinov, L., 878, 1064
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rational agent, 4, 3–4, 36, 39, 39–40, 55,

60, 61, 557

rational decision, 387

rationalism, 855

rationality, 1, 39–40

Boltzmann, 814

individual, 627

limited, 4, 328

perfect, 4

rational thought, 3

Ratliff, N., 951, 963, 966, 978, 979, 1059,
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Ratnaparkhi, A., 852, 1059

Ratner, D., 106, 1059
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Rauber, J., 787, 1039
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Ray, A., 959, 979, 1034

Ray, B., 719, 1046

Rayson, P., 852, 1052
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Razavi, A., 787, 1049

RBFS (recursive best-first search), 93–95,

105

RDF (Resource Description Framework),

339

Ré, C., 524, 1041

reachable set, 361

reached (states in search), 72

reactive planning, 383, 968

Real, E., 787, 1059

real-world problem, 66

realizability, 670

reasoning, 3, 19, 208

default, 333–335, 459

logical, 222–237

probabilistic, 395–397, 427–435

approximate, 435–449

receiver operating characteristic (ROC)

curve, 710

receptive field, 762

Rechenberg, I., 143, 1059

Recht, B., 716, 1067

recombination, 115

recommendation, 502

recurrent neural network (RNN), see

neural network, recurrent

RECURSIVE-BEST-FIRST-SEARCH, 93

recursive best-first search (RBFS), 93–95,

105

recursive estimation, 466

Reddy, R., 17

reduction, 433, 1029

Rees, M., 33

Reeves, C., 108, 1059

Reeves, D., 649, 1065

reference class, 409

reference count, 92

referential transparency, 327

refinement (in hierarchical planning), 357

reflectance, 905

reflection, 886

REFLEX-VACUUM-AGENT, 49

reflex agent, 49, 49–51, 60, 564, 790

Reformer (natural language software),

877, 879

refutation, 223

refutation completeness, 303

Regan, N., 177, 1060

Regin, J., 205, 1059

region, 944

regional proposal network (RPN), 900

region of interest, 900

regression (in machine learning), 652

linear, 677, 717, 729

Bayesian, 732–734

tree, 665

regression (in planning), 350, 349–351,

379

regression search, 350

regret, 704

regularization, 671, 680, 702, 771, 1002

regularization function, 671

Reid, D. B., 526, 1059

Reid, M., 98, 107, 1051

Reif, J., 977, 979, 1038, 1059

reification, 317

REINFORCE (reinforcement learning

algorithm), 812

reinforcement, 789

reinforcement learning, 10, 164, 595, 653,

789, 789–822, 979

active, 791, 797–803

Bayesian, 800

deep, 784, 806

distributed, 646

generalization in, 803–810

hierarchical, 807, 1014

inverse, 34

cooperative, 648

model-based, 790

model-free, 790

multiagent, 646

off-policy, 802

on-policy, 802

passive, 791, 791–797

relational, 820

Reingold, E. M., 205, 1037

Reingold, O., 1009, 1043

Reinsel, G., 497, 787, 1037

Reiter, M. K., 1009, 1064

Reiter, R., 250, 341, 381, 597, 1037, 1059

REJECTION-SAMPLING, 438

rejection sampling, 437

adaptive, 457

relation (in CSPs), 180

relation (in logic), 254

relational probability model (RPM), 502

relaxed problem, 99, 100, 353

relevance, 219

relevant action, 350

ReLU, 752

Remolina, E., 29, 1035

Remote Agent, 309, 355, 384

Remote Agent (planning agent), 29

Ren, S., 786, 1047

renaming, 287

RENDER-NOISY-IMAGE, 519

rendering model, 881

Renner, G., 143, 1059

Rényi, A., 410, 1059

repeated game, 608, 614

replanning, 365, 371–374, 383

representation, see knowledge

representation

atomic, 59

contextual, 873

factored, 59

structured, 59

representation theorem, 543

REPRODUCE, 119

resampling, 492

reserve bid, 634

residual (in neural networks), 764

residual network, 764

ResNet-50 model, 781

Resnick, C., 920, 1043

Resnick, P., 29, 1059

resolution, 19, 21, 226, 225–229, 247,
298–310

closure, 228, 304

completeness proof for, 303

input, 308

linear, 308

strategies, 308–309

resolvent, 225, 300

resource constraint, 374

resources, 374–379
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response, 13

restaurant hygiene inspector, 170

result, 345

Rete algorithm, 292
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retrograde, 161

reusable resource, 375

revelation principle, 635

revenue equivalence theorem, 636

Reversi, 178

revolute joint, 929

reward, 57, 563, 595, 789
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function, 1014
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Rezende, D. J., 787, 1059
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Tramèr, F., 1009, 1064

Tran, D., 526, 1064

Tran-Gia, P., 1017, 1048

transfer learning, 652, 781, 871, 960,

1016

transformer decoder, 871

transformer encoder, 871

transformer model, 833, 868

transhumanism, 1005, 1010

transient failure, 487

transient failure model, 488

transition kernel, 444

transition model, 52, 65, 105, 122, 147,

238, 461, 464, 492, 496, 563, 595,

932

sparse, 570

transitivity (of preferences), 530

translation, see machine translation

transparency, 997

transpose, 1026

transposition (in a game), 155

transposition table, 155

Trappenberg, T., 788, 1064

traveling salesperson problem (TSP), 70,

107, 109

Traverso, P., 381, 383, 384, 1036, 1040,

1045

treasure hunt, 551

TREC (Text REtrieval Conference), 850

tree, 199

TREE-CSP-SOLVER, 200

tree-like search, 74

treebank, 839, 851

Penn, 829, 839, 877

tree decomposition, 201, 204

tree width, 202, 204, 206, 434

Treichler, S., 30, 1052

trial (in reinforcement learning), 792

triangle inequality, 88

trichromacy, 888

Trick, M. A., 649, 1035

Triggs, B., 922, 1041

Trivedi, H., 30, 1042

Troyanskii, P., 880

Truby, R. L., 1013, 1051, 1056

true concurrency, 602

true majority rule voting, 640

trust, 710, 996, 1009

trust region policy optimization, 821

Truszkowski, P., 30, 1062

truth, 214, 260

truth-preserving inference, 216

truth-revealing, 635

truth maintenance system (TMS), 206,

335, 335–337, 342

assumption-based, 336

justification-based, 336

truth table, 219, 248

truth value, 218

Tsang, E., 206, 207, 1048, 1064

Tse, D., 787, 1067

Tshitoyan, V., 872, 1064

Tsipras, D., 787, 1039

Tsitsiklis, J. N., 410, 596, 598, 805,
820–822, 1029, 1036, 1054, 1057,

1064

TSP (traveling salesperson problem), 70,

107, 109

Tsuruoka, Y., 1021, 1047

TT-CHECK-ALL, 221

TT-ENTAILS?, 221

Tuberg, D., 456, 1061

Tukey, J. W., 708, 719, 1064

Tulsiani, M., 913, 1050

Tumer, K., 649, 1064

Tung, F., 497, 1059

tuple, 256

turbo decoding, 458

Turian, J., 878, 1064

Turing, A., ix, 2, 9, 14, 17, 19, 33, 56,

175, 282, 310, 454, 715, 785, 819,

981–984, 986, 1006, 1010, 1020,

1022, 1064

Turing Award, 341, 652, 788, 1029

Turing machine, 9, 716

Turing test, 2, 2, 4, 823, 984, 1006

total, 2

turtle, 976

Tversky, A., 418, 538, 560, 1044, 1049,

1064

two-finger Morra, 605

2001: A Space Odyssey, 454

Tygar, J. D., 1010, 1035, 1064

Type A strategy, 155

Type B strategy, 155

type signature, 503

typical instance, 320

Tzemach, A., 456, 1061

U
U (utility), 529

u⊤ (best prize), 533

u⊥ (worst catastrophe), 533

UAV (unmanned aerial vehicle), 927

Uber, 924

UCB1 (upper confidence bound), 163

UCPOP (planning system), 380

UCT (game-tree search algorithm), 163

Udluft, S., 821, 1047

UI (Universal Instantiation), 280

Ulam, S., 176, 1055

Ullman, J. D., 311, 1035, 1064

Ullman, S., 922, 923, 1048, 1064

ULMFIT (natural language software),

879

ultimatum game, 642

ultraintelligent machine, 1004

unbalanced classes, 707

unbiased (estimator), 536

unbounded-cost search, 92

uncertain reasoning, 386

uncertainty, 23, 315, 385–411

existence, 507

identity, 507

relational, 505

rule-based approach to, 459

summarizing, 386
and time, 461–465

unconditional probability, see probability,

prior



1112 Index

underfitting, 655

undergeneration, 835

undersampling, 707

unification, 283, 283–284, 309, 310

and equality, 306

equational, 307

unifier, 283

most general (MGU), 284, 286, 306

UNIFORM-COST-SEARCH, 77

uniform-cost search, 77, 77–78, 105

uniform convergence theory, 717

uniform distribution, 391, 1029

uniform prior, 724

UNIFY, 285

UNIFY-VAR, 285

UNIMATE (robot arm), 976

uninformative prior, 733

uninformed search, 63, 76–84, 105, 107

unintended side effect, 1002

unique names assumption, 264, 502

unit (in neural networks), 751

unit clause, 226, 233, 308

United Nations, 31

United States, 13, 14, 533, 999

unit preference (in resolution), 308

unit propagation, 233

unit resolution, 225, 308

units function, 319

universal approximation, 752

Universal Dependencies (natural
language data set), 839

universal grammar, 854

Universal Instantiation (UI), 280

universal plan, 383

universal quantifier, 261

unknown word, 827

unmanned aerial vehicle (UAV), 927

unobservability, 51

UNPOP (planning system), 380

unrolling, 490, 506

unsatisfiability, 246

unsupervised learning, 653, 738–740

unsupervised parsing, 840

UOSAT-II (satellite), 384

update (in temporal reasoning), 130, 132,

133, 466–468

upper confidence bound (UCB), 585

upper ontology, 337

Urban, J., 312, 1034

Urban Challenge, 977

Urmson, C., 977, 1064

urn-and-ball model, 722

Usher, J. M., 339, 1044

Usher, N., 1018, 1042

Uszkoreit, J., 850, 868, 880, 1064

utilitarianism, 8

utilitarian social welfare, 609

utility, 7, 54, 387

adaptive, 561

axioms of, 531

estimation, 792

expected, 55, 62, 387, 528, 529, 534

function, 54, 55, 147, 529, 532–539

independence, 544

of money, 534–536

multiattribute, 540–544, 557

multiplicative, 544

node, 545

normalized, 533

ordinal, 532

theory, 10, 387, 529–532, 557

utility-based agent, 55

utopia, 1022

UWL (planning system), 383

V
vacuum tube, 17

vacuum world, 37, 39

erratic, 122

kindergarten, 132

slippery, 125

VAE, see autoencoder, variational

vagueness, 459, 824

Valdés, V., 822, 1036

Valiant, L., 717, 1064

validation set, 666

validity, 222, 246

Vallati, M., 381, 1064

value (of a variable), 59

in a CSP, 180

VALUE-ITERATION, 573

value alignment problem, 5, 1003

value function, 532

additive, 543

value iteration, 572, 572–576, 595

point-based, 598

value node, see utility node

value of computation, 1019

value of information, 547–553, 557, 589,

1019

value of perfect information (VPI), 548

value symmetry, 203

value vector (in transformers), 869

VAMPIRE (theorem prover), 312, 313

van Beek, P., 204–207, 340, 381, 1035,

1051, 1060, 1064

van Bentham, J., 279, 1064

Vandenberghe, L., 143, 1037

van Doorn, A. J., 923, 1051

van Harmelen, F., 343, 1064

van Heijenoort, J., 313, 1064

van Hoeve, W.-J., 205, 1064

Vanhoucke, V., 849, 854, 978, 1037, 1048

vanishing gradient, 863

vanishing point, 884

van Kleef, P., 339, 1052

van Lambalgen, M., 340, 1064

van Maaren, H., 249, 1036

van Nunen, J. A. E. E., 596, 1064

van Run, P., 207, 1035

Vanschoren, J., 719, 1048

Van den Broeck, G., 527, 1046, 1050

van den Driessche, G., 27, 30, 1061

van den Oord, A., 29, 779, 787, 849, 1064

van der Gaag, L., 410, 1053

van der Maaten, L., 1009, 1046

Van Gysel, C., 850, 1034

Van Hentenryck, P., 205, 1064

Van Ooyen, B., 852, 1038

Van Roy, B., 805, 820, 1064

Van Roy, P. L., 294, 311, 1064

Vapnik, V. N., 26, 717, 718, 720, 786,

922, 1037, 1040, 1052, 1064

Varaiya, P., 61, 822, 1044, 1051

Vardi, M. Y., 341, 1043, 1064

variable, 59

atemporal, 238

elimination, 430, 430–433, 454, 456,

490

in a CSP, 180

in continuous state space, 120

indicator, 740

irrelevant, 433

in logic, 261

ordering, 193, 432

random, 390, 417

Bernoulli, 390

Boolean, 390

continuous, 391, 422, 455

unmodeled, 451

Varian, H. R., 29, 649, 719, 1054, 1059,

1064

variance, 655, 670, 1028

variational approximation, 458

variational autoencoder, 787

variational lower bound, 778

variational parameter, 458

variational posterior, 778

Varoquaux, G., 720, 1058

Varshney, K. R., 995, 996, 1009, 1010,

1036, 1047

Varshney, L., 880, 1050

Varzi, A., 340, 1039

Vasilache, N., 1018, 1064

Vasserman, L., 995, 1055

Vaswani, A., 850, 868, 880, 1064

Vaucanson, J., 976

Vaughan, J. W., 995, 1045

Vazirani, U., 142, 720, 1034, 1050

Vazirani, V., 648, 1057

Vazquez, D., 822, 1059

VC dimension, 717

Vckay, E., 822, 1049

Veach, E., 457, 1064

Vecchi, M. P., 142, 206, 1050

Vecchione, B., 995, 1045



Index 1113

vector, 1025

vector field histogram, 978

Veeramachaneni, K., 719, 1050

Veinott, A. F., 597, 1050

Veit, A., 1009, 1035

Veloso, M., 179, 979, 1034, 1061

Veness, J., 598, 820, 822, 1036, 1055,

1061

Venkataraman, S., 597, 1046

Venkatesh, S., 411, 1064

Venn, J., 409

Venugopal, A., 880, 1067

Venugopalan, S., 30, 1046, 1053

Vere, S. A., 383, 1064

verification, 309

hardware, 276

verification and validation, 996

Verma, S., 1009, 1064

Verma, T., 455, 456, 747, 1045, 1057

Verma, V., 498, 1064

Verweij, G., 998, 1059

Vetterling, W. T., 142, 1058

Vickrey, W., 636

Vickrey–Clarke–Groves mechanism

(VCG), 638

video game, 179

Atari, 28, 178, 784, 816

Viegas, E., 719, 1046

Viégas, F., 719, 1065

Vienna Circle, 7

Vig, L., 990, 1054

Vihma, T., 143, 1062

Vincent, P., 878, 1036

Vinge, V., 12, 1064

Vinyals, O., 30, 179, 716, 779, 786, 787,

822, 849, 878–880, 1046, 1049,

1053, 1063, 1064, 1067

Viola, P., 922, 1064

Virasoro, M., 142, 1055

Virochsiri, K., 822, 1045

virtual count, 731

visibility graph, 943, 978

vision, 2, 12, 20, 204, 882–919

Visser, U., 179, 1064

Visser, W., 309, 1047

visual programming, 968

Vitali set, 393
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