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There is a revolution looming in computer science, not just in the speed and
memory capacity of the computing equipment we use, but in the very way we
think about, specify, and perform computations. Essentially, the basic von
Neumann model of computing, which has ruled unchallenged for the last 40
years, is encountering not one but several potentially heavyweight challengers.
This text represents an attempt to provide some insight into the conceptual
seeds of the revolution, and the directions in which they are growing. As such,
it was written with two overall goals in mind. First, we wish to develop in the
reader a firm understanding of the mathematical roots of two trunks of these
new computational models. Second, we want to demonstrate in a very con-
crete fashion how such models can and have been put into practice as real pro-
gramming languages running on real processors, often with revolutionary de-
sign characteristics. Achieving these two goals should give the reader the
ability to follow, or better yet participate in, construction of the languages and
computing systems that will become the everyday computational tools of to-
MOITow.

VIEWPOINT

The viewpoint taken in this text is that of a practicing computer architect,
where architecture is taken in its broadest meaning as ‘‘the art or science of
building, ..., esp. habitable structures’’ (Webster's Third International Dictio-
nary). In our case the structures are computing systems, and their inhabitants
are the sophisticated, largely nonnumeric programs found today in prototype
form in highly interactive environments, artificial intelligence, intelligent data-
bases, and similar advanced applications, but moving rapidly into tomorrow’s
mainstream.

When building such structures, a true architect must consider the interplay
between both the hardware (machine organization) and the software (compil-
ers, interpreters, and runtime routines) needed to sustain the inhabitants. In
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Fail:
the function, 239
the instruction, 240, 476, 516, 530
the message, 688, 690
Fail sequence in the Warren Abstract Ma-
chine, 501, 510, 537
Failure, 455
in unification, 421
Failure address, 497
FAIM-1, the machine, 339
False, 88
Falsify, 383
Falsity, 371
Favored alternative, 667
Favored binding, 667
Favored processor, 673, 675
FCP (Flat Concurrent PROLOG), 700, 702
FEL, the language, 339, 364
Fexpr, the LISP property, 248, 256
Feys, R., 297
FFP Machine, 357
FGHC (flat guarded Horn clause), 700, 702
FGL, the language, 339
Fibonnachi function, 57, 365
Field, 609, 611
Fifth Generation Computer Project, 580,
631, 702
File Manager, 609
Files, 609
Filter, the function, 232
Fine-grain parallelism, 659
First, the function, 46, 219, 341
(See also Car)
First-class continuation, 263
First-order predicate calculus, 395
syntax of, 396
Fitch, J. P., 339
Fixed-point combinator, 91, 103, 133
Fixed points, 22
Flat Concurrent PROLOG, 700, 702
Flat guarded Horn clause, 700, 702
Flat guarded languages, 700
Flatten, the function, 228, 288, 356
Flip, the function, 199
Flipping memory, 196-199
Flop, 565
Fluid environment, 262
Fluid-let, the instruction, 262
Fluid variables, 262, 268
For all (see Universal quantifier)
Force, the function, 215, 221, 227, 262, 367
Foreign key, 617
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Forgy, Charles L., 633, 639, 649, 651
Fork, 223
Formal argument, 33, 69, 455
Formal model of logic, 376
Formal parameters, 456
Formal statement, 3
Forth, 130
FORTRAN, 31, 243, 344
Forward chaining, 392, 436, 437, 608, 634
Forward execution, 692
Forward pointer, 202
(See also Invisible pointer)
Forwarding reference, 591
Foster, Tan, 700
FP:
the instruction, 343
the language, 345
FP (frame pointer) register, 283
Fput, the instruction, 341
(See also Cons)
Frame, 56, 274, 282, 457, 496
Franz LISP, 244
Free bit, 599
Free expressions, 323, 324
Free instance, 73
Free list, 183, 190
Free memory, 179
Free occurrences, 398
Free variables, 2, 173, 298, 374, 400
Friedman, Daniel, 257
Fromspace, 196
Fuchi, K., 700
Fun, the instruction, 333
Funarg problem, 132, 141, 171, 245,
248, 277
Function:
the instruction, 255
mathematically, 19, 378, 395, 405
Function application, 19, 97
Function-based computing, 1
Function caching, 365, 633
Function definitions, 33, 95, 352
Function evaluation, 19
Function objects, 255
Function theory, 1
Functional forms, 344, 345
Functor, 396
Future, 214, 219, 224, 262, 271, 272
Future instruction buffer, 580

G-Machine, 8, 297, 332

Gabriel, Richard P., 244, 291

Gamma optimization, 326

Garbage, 146, 179, 183

Garbage collection, 146, 179, 183, 276, 328,
361, 543, 548
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Garbage compaction, 195
Garbage cut, 549

Garey, Michael S., 2

Gather state in AND/OR process model, 687
Gee, J., 565, 571

Gellert, W., 13

General registers, 487
Generalization, 394

Generate and test, 239
Generating rule, 55
Generation number, 201, 290
Generator, 558

Generator goals, 681
Genius-level backtracker, 557
George, Lal, 336

Georgeff, M., 171
Get-constant, the instruction, 507
Get function, 63

Get instructions, 498, 503, 515
Get-list, the instruction, 507
Get-next-free cell, 181
Get-structure, the instruction, 507, 549
Get-val, the instruction, 531
Get-var, the instruction, 531
Get-zzz, the instructions, 63
Getv, the instruction, 503, 508
Gibson, Jack C., 291, 565
Gibson mix, 291, 565

Gilmore, P. C., 415

Ginosar, Ran, 702

Global definitions, 106

Global stack, 581

Global variables, 247, 261, 341, 343
Globalize variables, 546

GMD machine, 339

Go, the instruction, 254, 343
Goal, 373, 450

Goal clause, 407

Goal-list, 458

Goal records, 703

Goal stacking model, 459, 460
Goldberg, Adele, 9

Gordon, Michael, 7, 10
Gostelow, Kim P., 340

Goto, A., 702

Goto, the instruction, 254
Grammar, 5, 37

Grandparent problem, 446, 453
Graph preorder traversal, 470
Graph reduction, 296, 312, 359
Graph traversal algorithm, 188, 319, 329
Green, C. C., 205

Greenblatt, Richard D., 273
Gregory, Steve, 700, 702
Griss, Martin, 244

Ground, the function, 683

Ground atom, 414

Ground expression, 28
Ground instances, 415
Ground literal, 414

Ground term, 413, 551, 681
Guard, 665, 697

Guard predicate, 339
Guarded Horn clause, 658, 696
Gupta, Anoop, 649, 651
Gurd, John, 340

Guttag, John, 345

H register, 493
Halstead, Robert H., 244, 270
Haridi, Seif, 668
Harrison, Peter G., 173, 343
Harsat, Arie, 702
Hash node, 645
Hash table, 541, 625, 670
Hashing function, 625
Hausman, Bogumil, 675
Haynes, Christopher T., 233, 262
HB register, 529
Head, the instruction, 46

(See also Car)
Head of a rule, 453
Head order reduction, 301
Heap, 333

in the WAM, 493, 541
Hemispaces, 196
Henderson, Peter, 42, 52, 68, 115, 142, 215,

221, 224, 228, 229, 244

Hennessy, John L., 208, 292, 293, 565
Herbrand base, 413
Herbrand inference engine, 415
Herbrand interpretation, 411, 413
Herbrand universe, 411, 624
Herbrand’s Theorem, 415
Hermenegildo, Manuel V., 676, 705
Hewitt, Carl, 195
Hickey, Tim, 191, 195
Hierarchical Model, 613
Higher-order functions, 106
Higher-order logics, 395
Higher-order types, 355
Hindley, J. R., 23, 86, 297
Hole, the instruction, 333
Hook tag, 702
HOPE, 339, 351
Horn clause, 407, 444

guarded, 658, 696
Horowitz, Ellis, 7, 36
HPM (High-Speed PROLOG Machine), 582
Hudak, Paul, 340
Hughes, John, 300, 322
Huynh, Tien, 345

Hypercube machine, 668, 705
Hyperresolution, 429
Hypothesis, 373, 378, 380

I-allocate, the instruction, 561

I-call, the instruction, 561

1 combinator, 299, 346

I-state (Instantiation state), 554

I-structures, 340

I-unit, 580

Ianucci, Robert A., 340

IBM System/370, 572

IC-PROLOG, 700

Ichiyoshi, N., 702

ICOT (Institute for New Generation Com-
puter Technology), 581

Id, the instruction, 340, 346

Identifier, 72, 95, 374, 378, 396

in PROLOG, 451

Identity element, 22, 349

Identity function, 18, 299

Idle state in AND/OR process model, 687

If, the instruction, 256

If expression, 341

If-then-else form, 1, 52, 98, 123, 351

If-then rule, 371, 386, 390, 407

Iffalse, the instruction, 342

Iftrue, the instruction, 342

Imperative variable, 72

Implicit keys, 617

Implies, the function, 386

Import bindings, 704

Inclusive or, 381

Incomplete logic theory, 379

Inconsistent logic theory, 380, 383

Independent, the function, 683

Independent variable, 551

Index, the function, 163, 166, 324

Indexing, 540, 603, 639

Indexing instructions, 497, 500, 540, 625

Indirect address, 197

Inference, 372, 379, 383, 419, 566

Inference engine, 370, 373, 381, 387, 415,
419, 449, 460, 564

Inference rule, 372, 378, 419, 426

Inferencing, 370, 379

Inferring, 372

Infinite expressions, 218

Infix, 29, 375

Infix notation, 18, 30

Injective function, 21

Input/output operation, 269, 476

Input substitutions, 3, 551

Insert, the function, 609, 617

Instance, 2, 72, 638

Instantiated variable, 3, 474, 493
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Instantiation state, 554
Instruction, 11
Instruction counter, 152
Instruction measure, 565
Instruction mixes, 291
Instruction set architecture (ISA), 141
for the G-Machine, 334
for the LOW RISC, 593
for the PRM, 647
for the SECD machine, 153
for the SPUR, 290
for the WAM, 528
Instructions per second, 12
Int, the instruction, 333
Integers, the function, 218, 233
Integrated PROLOG Processor, 565
Intelligent backtracker, 556
Interconnection Network, 362
InterLISP, 244
Internal pressure, 364
Interpretation, 381, 382, 398, 624
Interpretative semantics, 8, 36, 69, 140
Interpreter, 8, 113, 125, 130
for PROLOG, 581
Intersection, the function, 15, 58, 618, 624
Intranode parallelism, 652
Invalid logic theory, 382
Inverse relation, 18
Invisible pointer, 197, 322, 495
Invoke, the instruction, 364
Is, the instruction, 475, 533
Is-a, the function, 17
Is-a-zzz, the function, 63
Is-part-of, the function, 17
ISA (see Instruction set architecture)
Ishida, Toru, 652
Isomorphism, 21
ISWIM, 339
Iteration, 57
Ivory processor, 281

Jamsek, Damir, 340
Janssens, Gerta, 534
Jayasouriahn, 605
Jensen, John C., 265
Johnson, David S., 2
Johnsson, Thomas, 332, 336
Join:
the function, 608, 619, 634, 678
the instruction, 156, 166, 224
Join-based AND parallelism, 677
Jones, Neil, 297

K combinator, 299, 347
Kale, Laxmukant, 704
Kamiya, Shigeo, 631
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Kanada, Yasusi, 702

Katevenis, M., 591

Keller, Robert M., 272, 339, 357, 363, 365

Kennaway, J. R., 340

Kernel Language 1, 700, 702

Key, 611, 613, 616

Keyword, 267

Keyword arguments, 267

Khoshnevisan, Hessam, 343

Kieburtz, Richard B., 332, 336, 351

Kimura, Yasunori, 702

Kip (kilo instructions per second), 565

Kitsuregawa, Masaru, 624

KL-0 (Kernel Language 0), 581

KL-1 (Kernel Language 1), 700, 702

Kleene closure, 37

Kluge, Werner E., 339

Knapsack problem, 3

Knowledge Crunching Machine, 565

Kogge, Peter M., 151, 265, 280, 340, 565,
578, 596, 653

Kowalski, Robert, 369, 455

KRC, the language, 339

Kumar, Vipin, 559

Kurosawa, K., 565, 571

Label:
of an expression, 325
the instruction, 343
in LISP, 254
Lam, M., 702
Lambda:
the instruction, 258, 261
the symbol, 68
Lambda calculus, 34, 67
substitution rules for, 76
syntax of, 68
Lambda expressions, 166, 119
Lambda LISP processors, 279
Landin, P. J., 68, 114, 141
Language, 5, 36, 37
Large-grain parallelism, 660
Last, 46
(See also Cdr)
Last-call optimizations, 539
Last-clause optimization, 542
Lazy evaluation, 214, 224, 320, 328, 335,
351, 359
Ld, the instruction, 155
Ldc, the instruction, 155
Ldf, the instruction, 167
Leaf node, 42
Leaf processor, 357
Least committment, 422
Lee, Richard C., 376, 395, 400, 411, 420,
426, 432

Left, 46
(See also Car)
Left ancestor stack, 317, 327
Left recursion, 633
Leftmost reduction, 81
Length, the function, 50, 58
Let, the instruction, 258, 260
Let expression, 52, 99, 121, 166
Letrec, the instruction, 54
Letrec expression, 104, 121, 166
Level, 285, 325, 358
Lewis, P. M., 36
Lfu, the instruction, 222, 227
Li, Deyi, 625
Lieberman, Henry, 195
Lifetime-based scavenging, 202
Lin, F. C., 272, 363
Lin, Yow-Jian, 559
Linpack Loops, 565
Linpack subroutines, 292
Lips (logical inferences per second), 566,
569
LISP, 243, 340, 360, 589
common, 244, 266
LISP compiler, 256
LISP 1.5, 244
LISP Machine LISP, 244
List, 1, 41, 44, 50
PROLOG, 472
List compaction, 204
List memory, 142, 495
Listener, 138, 229, 235
Literal, 246, 397, 400, 450
Livermore Loops, 292, 565
Load register, the instruction, 510
Local, the instruction, 343
Local definition, 99
Local function, 100
Locate, the function, 148, 155
Location in memory, 10
Locative pointer, 276
(See also Invisible pointer)
Lock, 272
Lock-out, 676
Logic, 369, 372
Logic-based computing, 1
Logic computing, 369, 373
Logic expressions, 395
Logic programs, 372
Logic variables, 371, 373, 374, 378, 419,
450, 455
Logical connectives, 88, 378, 384
Logical consequence, 379, 383
Logical expressions, 88, 377
Logical inferences, 569
per second, 566, 569

LLOGLISP, the language, 340

Logo, the language, 340

Lookup, the function, 126

Loop unrolling, 577

LOW RISC (Reduced Instruction Set Com-
puter) Machine, 589

Lucas, P., 9

Lukasiewicz, Jan, 31

M memory, 279, 281
MA, the instruction, 176
McCarthy, John, 42, 62, 244
McDermott, J., 633
MacLISP, 244, 273
Macro, 256, 259

as a special form, 257
Macro substitution, 54, 99
Macrocode, 277
Macroexpander, 8, 487, 571
Mago, Gyula, 357
Maier, David, 614
Make, the instruction, 343, 638
Make-engine, the instruction, 263
Many-to-many relationships, 611
Many-to-one relationships, 611
Map, the function, 107, 352, 665
Map cache, 580
Map coloring problem, 558
Map2, the function, 107
Mark:

as a bit, 182, 184, 286

the function, 184

in garbage collection, 182

the instruction, 500, 513, 529, 535, 549
Mark-sweep garbage collection, 180, 183,

286, 549

complexity of, 186

multicolor marking, 189

parallel, 190

the process of marking, 184
Marti, J., 339
Mask, 209
Match, 596
Match line, 209
Match parallelism, 651
Match step, 638
Matching, 34
Matthews, Gene, 280
Maximally free expressions, 322, 325
Mayfly machine, 339
Mcode, the instruction, 271
Meaning, 7, 381
Medium-grain parallelism, 659
Mellish, C. S., 376, 450, 550
Member, the function, 52, 58, 473
Membership, 14
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Memo function, 366, 633
Memory:
mapping, 572
in the SECD, 142
as a unit, 11
in the WAM, 494, 530
Memory cells, states of usage, 180
Mendelson, Elliot, 13, 376, 384, 395, 400,
402
Merge, the function, 232, 624, 697
Metainterpreters, 114
Metalanguages, 114
Metasymbol, 37
Mgu (most general unifier), 422
Microprogramming, 277, 358
Microscopic parallelism, 659
Mierowsky, C., 700
Millions of instructions per second, 12, 291,
565
Millroth, Hakam, 548
Mills, J. W., 571, 589, 594, 596
Milner, Robin, 340
Minimal substitution, 422
Mips (see Millions of instructions per second)
MIPS RISC (Reduced Instruction Set Com-
puters) machine, 293
Miranker, Daniel, 652
Mitchell, John C., 340
Mix, 565
for RETE nets, 650
for the WAM, 568
Mixed clause, 402
ML, the language, 339
Mode, 551, 681
Mode analysis, 553, 575
Mode annotations, 552
Mode declarations, 552
Mode flag, 493, 507, 510, 549
Model of computation, 10, 69
Model interpretation, 382
Modify, the function, 617
Modulator, 430
Module, 277
Modus ponens, 379, 388, 389, 421, 427, 634
Modus tollens, 389, 427
Monkey and Bananas problem, 638
Monotonic logic, 608
Moon, David A., 281, 284
Morioka, M., 568
Morris, James, 215, 228
Most general unifier, 422
Muchnick, Steven, 297
Mulder, Hans, 565
Multi-PSI machine, 702
Multicolor marking, 189
MultiLISP, 244, 270
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Multiple arguments, 120, 132, 352
Multiple results, 267, 469

Multiple simultaneous substitution, 84
Multiplication, the function, 87, 481
Multisets, 619

Mutator process, 190

Mutually recursive functions, 105

N-place relation, 16
N register, 545
Naganuma, Jiro, 599
Naish, Lee, 476
Naive backtracking, 555
Naive model of OR parallelism, 668
Nakajima, K., 571, 581
Nakashima, H., 571, 581
Nakazaki, Ryosei, 571, 582
Name of an object, 13
Name conflict, 78
Name list, 129
Natural join, 620, 624
Navigation, 614
Nconc, the instruction, 252
Neches, Philip, 629
Negation, 372
Negation by failure, 476
Negative clause, 401
Negative hyperresolution, 429
Negative literal, 401
Nested definitions, 101, 134, 168
Nesting level, 358
Network model, 613
New-id, the function, 118
Newton, Michael O., 570-572
Nil, 267

the instruction, 154

the object, 46

the pointer, 143
Nilsson, Nils J., 420
Niwa, Masashi, 287
Node, 42
Node parallelism, 652
Node sharing, 645
Nonapplicative caching, 366
Nondeterminate append, 567
Nondeterministic computation, 374, 665,

695, 697

Nondeterministic problem, 2, 239, 473
Nonground expressions, 28
Nonmonotonic logic, 608
Nonrelational database models, 612
Nonterminal, the object, 37
Nonterminal cell, 143
Nonterminal node, 43
Nonunit clause, 402
Normal order, 80

Normal-order reduction, 82, 117, 317
Not:
the function, 80, 89, 476
the instruction, 519
a node in Rete nets, 644
Notation, §
Nubus, 279
Null, 52
Null string, 36

Object, I, 13, 381, 412, 610
Object-level functional programming, 344
Object oriented, 267
Occurs bound, 74
Occurs check, 424
Occurs free, 73
On-the-fly collectors, 190
One-input node, 641
One-place relation, 17
One-to-one property of functions, 21
One-to-one relationship, 611
Onto, 21
Opcode, 144
Open coding, 572, 591, 645
Operation, 565
Operational semantics, 8
OPS, 633
OPS inference engine, 638
Optimization:
of combinators, 309
in FP programs, 349
of Rete nets, 645
of SECD programs, 173
in the WAM, 526
Or:
the function, 89, 90, 381, 388, 478
the instruction, 250
OR node in a deduction tree, 664
OR parallelism, 608, 657, 662, 665
OR process, 686, 688
Ordered n-tuples, 15
Ordered pairs, 15
Ordered-tree-search Parlog program, 700
Ordering strategies, 440
Output, the instruction, 342
Output mode, 681
Output substitutions, 3, 551, 553
Owner, 614

P-code, 131

P-list (see Property list)
Packages, 341

Packet, 359

Packet pool, 359

Packet Pool Segment, 362
Pages of memory, 201

Pairs, 15
Papert, Seymour, 340
Parallel garbage collector, 190
Parallel inference engines, 657
Parallel Inference Machine, 702
Parallel machines, 339, 357, 359, 702
Parallelism, 190, 223, 270, 336
in a computation, 651, 657
in a language, 657
Parameters, 2, 3
Paramodulation, 430, 442
Parent clauses, 428
Parent node, 43
Parse, 40, 62
Partial function, 20
Partial ordering, 267
Pascal, 67, 151
Path compression, 597
Patt, Yale, 662
Pattern, 353, 356, 617, 637
Pattern/expansion pairs, 259
Pattern expression, 260
Pattern matcher, 426
Pattern matching, 351, 420, 635
Pattern variables, 260
Patterson, David A., 289, 357, 565
PBA (Processor Binding Array), 231, 671
PC (Program Counter) register, 492
Pcall, the instruction, 270
PDL (push-down list), 493, 509
PDL buffer, 274, 281
Pending literal, 692
PEPSys machine, 703
Performance measures, 565
Periera, L. M., 556
Permanent variable, 531, 532
Permutations, 437
Personal Sequential Inference Machine, 581
Peyton-Jones, Simon L., 322, 332, 340
PFO (program-forming object), 345, 347
Picnic problem, 390, 443
PIM (Parallel Inference Machine), 702
Pipelined AND parallelism, 678
Pipelining, 578
Pitman, Kent M., 244
PL-1 language, 9
Placeholder, 14, 396
PLM (Programmed Logic Machine), 585,
702
Pointer avoidance, 208
Pointer fields, 45 .
Pointer stack, 333
Polymorphic functions, 245
Pop, the stack function, 145
Portable Standard LISP, 244
Positive clause, 400
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Positive literal, 400
Postfix notation, 29, 31
Pountain, R., 359
Power set, 37
PPP machine, 702
Pragma, 704
Precedence, 31
Predecessor function, 308
Predicate, 20, 52, 378
a function in abstract syntax, 64
Predicate-based logics, 394
Predicate expression, 88, 394
Predicate function form, 20
Prefetch, 580
Prefix, 17, 375
Prefix notation, 29, 120
Premisses, 373, 378, 380
Prenex form, 400
Prenex normal form, 402
Preorder graph traversal, 470
Pressure as a scheduling mechanism, 364
Primary key, 617
Primes, the function, 219, 226
Primitive recursion combinator, 305
Print name, 248, 276
Private variables, 668
PRM (Production-Rule Machine), 8, 634,
645
Problem, 2, 3
Procedural instructions, 498, 502, 587
Procedural interpretation, 455
Procedural language, 5
Procedure, 488, 491
in logic, 455
Procedure call, 455
Proceed, the instruction, 538
Process, 698
the function, 232, 367
Processor Binding Array, 231, 671
Producer-consumer problem, 229, 236, 696,
701
Product of sums, 400
Production, 636
Production parallelism, 652
Production rule, 38
Production-Rule Machine, 8, 634, 645
Production-rule systems, 607, 633
Prog:
the instruction, 341
the special form, 254
Program, 5, 11, 432, 488
as lists, 144
Program code area in the Warren Abstract
Machine, 491
Program Counter, 11, 152
Program-forming objects, 345, 347
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Program variables, 247
Programmable Logic Arrays, 287
Programmed functions, 161
Programmed Logic Machine, 585, 702
Programming language, 5, 11
Project, the function, 618, 624
PROLOG, 408, 449, 486, 564
Promise, 210, 219
(See also Future)
Proof, 379
by contradiction, 434
by refutation, 434
Proof tree, 444
Proper subset, 14
Properties:
of an algorithm, 4
of a function, 21
of inference rules, 379
of an object, 3, 17
Property, 248
Property list, 246, 253, 266, 277, 341
Property name, 248
Property value, 248
Proplog, 457, 525
Propogated pressure, 363
Proposition, 377, 384
Propositional letter, 384
Propositional logic, 370, 376, 384
Prove, the function, 459
Proxy function, 367
PSI (Personal Sequential Inference Ma-
chine), 581
PSI-1I Machine, 581
Pure literal, 416
Push, the stack function, 145
Push-down list, 274, 281, 493, 509
Put-constant, the instruction, 510
Put instructions, 498, 510, 515
Put-list, the instruction, 510
Put-structure, the instruction, 510
Put-unsafe-value, the instruction, 546
Put-val, the instruction, 531
Put-value, the instruction, 546
Put-var, the instruction, 531
Putnam, H., 416
PutTval, the instruction, 532
Putv, the instruction, 510

QBE (query by example), 624
Quantifiers, 395, 398
Query, 450, 453, 609

the function, 609
Query by example, 624
Query Processor, 609
Question, 407
Quick garbage, 191

Quicksort, 498, 570, 701
Quote, the instruction, 124, 174, 251, 341,
426

R combinator, 305, 331
Rabbit, a compiler, 265
Ramamohanarao, Kotagiri, 625
Ramesh, R., 662
Ramkumar, Balkrishna, 704
Ramsdell, John D., 329
Random function, 8
Random states, 266
Range, 18, 20
Range set, 611
Range value, 18
RAP, the instruction, 160
RAP-WAM, the machine, 705
Rate matching, 229
Read, the instruction, 476
Read-char, the instruction, 269
Read-eval-print loop, 137, 229, 245
Read mode, 493, 507, 508, 510, 667
Read-only variables, 701
READC, the instruction, 162
Reasoning, 372
Recipe, 214, 219
Record, 249, 608, 635
Recursion, 5, 55, 90, 103, 133, 311, 315
Recursion removal theorem, 349
Recursive call, 55, 160
Recursive closure, 135, 149
Recursive function, 41, 54, 55, 90
Recursive rule, 55
Rediflow system, 363
Redo message, 688, 690
Reduce, the function, 107
Reduce OR model, 704
Reduced Instruction Set Computers
(RISC), 208, 265, 288, 589
Reduction, 28, 35, 77
(See also Evaluation in parallel; Rewrit-
ing)
Reduction agent, 359, 362
Reeve, Michael, 359
Reference count, 180, 192, 329, 360, 644
Reference pointer, 197
(See also Invisible pointer)
Reference tag, 494, 503
Referential transparency, 21, 29, 135, 215,
365
Reflexive relation, 18
Refutation complete, 431
Regions of memory, 201
Register allocation in the Warren Abstract
Machine, 534
Register file, 579, 591

Register optimization in the Warren Ab-
stract Machine, 532
Register windows, 289, 59]
Registers, 11
in the G-Machine, 334
in the PRM, 646
in the SECD, 150
in the WAM, 492
Relation, 1, 16, 19, 370, 397, 607, 611, 614
Relational algebra, 615, 624
Relational DataBase Machine, 631
Relational expression, 624
Relational model, 607, 614
in PROLOG, 625
Relational schema, 615
Relationship, 611
Remove, the instruction, 638
Rename, the database operation, 618, 624
Renaming, 21
in lambda calculus, 77
in logic, 403, 409
in PROLOG, 465
Repeat, 478
Repeat combinator, 305
Replacement, 34
Representative name, 14
Resolution, 389, 420, 427, 428
major variations, 429
Resolvant, 428
Restricted AND parallelism, 682, 705
Restriction strategies, 440, 441
Result, 386, 407
Result cache, 694
Rete Match algorithm, 639
Rete net, 634
Retract, the instruction, 480, 519, 597, 603
Retry, the instruction, 541
Retry-me-else, the instruction, 501, 513,
541, 542
Return, the instruction, 254, 502, 516, 537
Reversal combinator, 305
Reverse, the function, 51-60, 346, 473
an imperative form, 60
Reverse Polish notation, 31, 144
Rewrite rule, 34, 37, 359
Rewrite units, 362
Rewriting, 312
RHS (right-hand side) parallelism, 652
Ribeiro, Joao, 702
Ribler, Randy L., 588
Right, the function, 46
(See also Cdr)
RISC (see Reduced Instruction Set Com-
puters)
Robert, P., 703
Robinson, J. Alan, 340, 428
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Robison, A. D., 339, 345
Robison, S. V., 339
Robson, David, 19
Root node, 43, 645
Rosser, J. Barkley, 68
Rossi, Francesca, 676
Rotate, the function, 346
Row command, 629
Rplaca, 176, 201, 222, 252, 271
Rplacd, 186, 222, 252, 271
Rplacre, 192
Rplactag, 189
Rtn, the instruction, 157
Rule, 450, 452

in OPS, 636
Rules of thumb, 440

S combinator, 299
S-expression (see Symbolic expression)
S register, 151, 287, 493
Safe guards, 700
Sannella, D. T., 351
SASL, the language, 339
Satisfiable wif (well-formed formula), 382
Satisfying substitution, 374, 381, 382, 419
Scavenge, the function, 199
Scavenger, 196
Scavenger pointer, 198
Scavenging, 181, 196-204
Scheduling, 674
SCHEME, the language, 234, 257
SCHEME-79 chip, 285, 330
Schoenfinkel, M., 300
Schorr, H., 187
Schwartz, I. T, 339
Scope, 73, 99
of quantifiers, 398
Search tree, 438
SECD Machine, 8, 33, 140, 238, 328, 466,
486
nondeterministic extensions, 240
Sel, the instruction, 156, 166
Seldin, J. P., 23, 86, 297
Select:
the instruction, 627
the function, 618, 624, 642
Select line, 210
Selection, 614
Selector functions, 64, 301
Self-interpretation, 113, 482, 581
Self-recursion, 176
Semantic evaluation functions, 10, 62
Semantic invariance, 21
Semantic model, 7, 95
Semantics, 5, 7, 36, 378, 398
Semaphores, 271
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Semidecidable logic theory, 411
Semiintelligent backtrack, 559, 693
Semispaces, 272
Sentence, 5
the instruction, 341
in logic, 377
Sequence, 231, 339, 345
Sequential Inference Machine, 631
Sergot, M. J., 450
Set(s), 13
of functions, 21
the instruction, 251, 343
Set!, the instruction, 259
Set of support axioms, 442
Set of support strategy, 442, 444
Set of Support theorem, 442
Set closure, 37
Set difference, 15
Set-fluid!, the instruction, 262
Set occurrence, 614
Set-of, the instruction, 626
Set theory, |
Set variable, 14
Set-xxx, the instruction, 703
Setl, the instruction, 339
Shadowed binding, 247
Shadowed variable, 343
Shallow backtrack, 457, 460, 490, 497, 505,
705
Shallow binding, 248, 276, 284
Shankar, Subash, 605
Shapiro, Elud, 694, 700
Shared memory machine, 661, 705
Shemer, Jack, 629
Shen, Kish, 670
Shepard, John, 626
Shultis, J., 351
Shustek, L. J., 565
Sibert, E. E., 340
Side effect of a computation, 31, 221
Sidetracking, 589
SIMD  (single-instruction, multiple-data)
vector processors, 661
Simple expressions, 28
Simplification to lambda calculus, 71
Simplification strategies, 440, 442
Singhal, Ashok, 662
Single-instruction, multiple-data vector pro-
cessors, 661
Size, 14
SKIM machines, 327
Skolem constant, 405
Skolem function, 4035
Slolem standard form, 404
Skolemization, 405
Sleep, M. R., 339, 340, 365

Slot, 266
Slow garbage, 191
Smalltalk, 9
Smith, Sarah, 279
Sohi, Gurindar, 208, 601
Solution, 3
Solution capturing, 467
Solved literal, 692
Solving a problem, 2
Sort, the function, 9, 24
Sound, 379, 426
SP (scavenger pointer) register, 198, 283,
493
Spaghetti stacks, 173
Special, the instruction, 251
Special forms, 121, 126, 150. 216, 246, 252,
258
Special variables, 247, 268
Split, the function, 622
Spreadsheet, 628
Spring, George, 244, 257
SPUR, the machine, 288, 589
SQL (Structured Query Language), 626
SRI model of OR parallelism, 671
Stable cycles of garbage collection, 191
Stack, 56, 144, 150, 457
S register, 151
in the SECD machine, 144
in the WAM, 493
Stack buffer, 579
Stack group, 282
Stack Machine, 32
Staging latches, 579
Start message, 688
Statement, 5, 377, 450
Static area, 245
Statically scoped variables, 247
Steele, Guy L., 244, 257, 265
Steenkiste, Peter, 208, 292, 293
Steinberg, S., 273
Stolfo, Salvatore J., 652
Stone, Harold S., 625
STOP, the instruction, 162
Stormon, Charles, 596, 599, 600, 603, 605
Stoy, Joseph, 7, 10, 23, 29, 68, 80, 86
Stoye, R. S., 327
Strand, 700, 701
Stream, 214, 229, 231, 268, 366, 658, 665
Stream AND parallelism, 694
Stream function, 694
Stream parallelism, 677
String, 36
String reduction, 312, 359
Strong typing, 345, 351
Structure, 494, 508, 551
Structure copying, 320, 705

Structure pointer, 496, 508
Structure pointer tag, 495
Structure sharing, 320, 328, 705
Structured data type, 245
Structured Query Language, 626
Subs, the function, 115, 117, 126
Subset, 14
Substitution, 2, 3, 6, 34, 35, 70, 74, 84, 398,
421, 425, 505
the function, 423
Subsumption, 430, 442
Subtraction, 481
Succeed, 455, 699
Success message, 688, 690
Success pattern, 554
Successor function, 86, 306, 310
Sugaya, Masshiro, 702
Sum of products wif (well-formed formula)
form, 400
Sumproduct, the function, 60
SUPER, the machine, 340
Supercombinators, 297, 309, 322
Superimposed code words, 605, 626
Superkey, 616
Surjective function, 21
Suspend, 697, 699
Suspend instruction, 703
Sussman, Gerald, J., 244, 257, 285
Sweep process, 184
Switch-on-constant, the instruction, 541
Switch-on-structure, the instruction, 541
Switch-on-term, the instruction, 540
Switch-on-type, the instruction, 517, 540,
549
Syllogism, 420, 428
Symbol, 5, 13, 36, 377
Symbol table, 177, 513
Symbolic differentiation, 108
Symbolic expression, 1, 42, 119, 143, 495
syntax of, 44
Symbolics, 281
Symmetric relation, 18
Syntax, 5, 36, 37
of abstract program, 53, 95, 122
of clausal logic, 401
of constant applicative forms, 295
of FP, 346
of HOPE, 353
of infix expression, 39
of lambda calculus, 68
of logic, 377, 385, 396, 401
of Logo, 342
of OPS, 636
of prefix s-expressions, 109
of PROLOG, 451
of Proplog, 458
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Syntax (Cont.)
of s-expressions, 44, 109
of SQL, 627

System of logic, 376

System R, 626

System syntax expander, 259

T processors, 358
Table, 614
Table skeleton, 624
Tabling, 633
Tag field, 45, 142, 333, 494, 572, 591
Tag implementation, 206
Tagging a variable, 465
Tags, recursively defined, 340
Tail, 46
(See also Cdr)
Tail recursion, 57, 174, 349, 460
Tail recursion optimization, 543
TAK, the function, 292, 294
Taki, K., 581, 583, 702
Tanake, Hidehiko, 624
Tarnlund, 8. A., 700
Task queue, 272
Tasks, parallel, 270
Tautology, 378, 382, 384
Taylor, George S., 288
Taylor, Stephen, 700
Teitelman, Warren, 244
Temporary variable, 531, 532, 537,703
Teradata DBC/1012, 629
Term, 39, 396, 412, 450
Term matching, 662
Terminal cells, 143
Terminal character, 37
Terminal node, 42, 645
Test, the instruction, 174, 342
Texas Instruments LISP Chip, 280
Theorem, 379, 411
Theory of logic, 376
There exists (see Existential quantifier)
Theta comparable, 623
Threaded code, 265, 596
Throw, the instruction, 268, 341, 343, 582
Thunk, 215
Tick, Evan, 565, 568, 570, 578, 586, 588
Time constraints, 229
To, the instruction, 342
Token Lists, 646
Token Queue, 646
Tokens, 581, 640
Tospace, 196, 285
Total function, 20
Touati, H., 527, 568, 570
Touch, the instruction, 271
Towers of Hanoi problem, 60, 481, 570
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TR register, 493
Tracing a program, 568
Trail buffer, 579
Trail optimization, 527
Trail stack, 19-20, 493, 505, 527, 598
Trailing, 284, 505, 527
Transitive closure, 19
Transitive relation, 18
Transpose, 347
Trap, the instruction, 176
Trap mechanism, 289
Treat, the algorithm, 653
Tree, 42
Tree machines, 357, 630, 652
Treleaven, P, C., 326, 340
Triple, 110
Trit, 602
True under an interpretation, 381
Trust, the instruction, 542
Trust-me, the instruction, 542
Truth, 88, 299, 371, 476
Truth table, 384
Truth table analysis, 386, 387
Try:

the function, 240

the instruction, 240, 549
Try-me-else, the instruction, 549
Tuple, 15, 44, 345, 370, 609

at a time processing, 621, 625
Turk, Andrew W., 527
Turner, D. A., 68, 297, 300, 303, 327, 339
Turtle graphics, 341
Two-input nodes, 642
Two nodes, 645
Two-place (binary) relation, 17
Type, 13, 18
Type definition, 353
Type variable, 354, 355
Type variable declarations, 354
Typing systems, 551

Uchida, S., 702

Ufr, the instruction, 222, 227

Ullman, Jeffrey, 608, 612, 614, 626, 628

Unconditional bindings, 668

Unconditional branch, 254

Undecidable logic theory, 380, 411

Undefined object, 345

Unfair scheduling policy, 272

Unification, 351, 420, 472, 661

Unification parallelism, 661

Unifier, 421

Unify, the function, 422, 464, 506, 551, 578,
600

Unify-constant, the instruction, 511

Unify instructions, 498, 510, 515

Unify-val, the instruction, 511, §31

Unify-var, the instruction, 511, 531

Unify-void, the instruction, 532

Unifying lists, 511, 601

Unifying substitution, 421, 428

Unifyv, the instruction, 511

Union, the function, 15, 58, 618, 624

Unit clause, 401

Unit preference strategy, 441, 444

Unit resolution, 429

Universal quantifier, 398

Universe, 412

Unreadable data objects, 266

Unsafe variables, 546

Unsatisfiable wif (well-formed formula),
383, 415, 434

Unsound logic theory, 379

Unspecial, the instruction, 251

Untyped languages, 351

Unwinding the trail, 501, 506, 598

Update, the function, 609

UR resolution, 429

VAL, the language, 340
Valid logic theory, 382
Validity, 5
Value, 13, 27
Value field, 45, 333, 494
Value list, 129, 144
Value stack, 333
Van Roy, Peter, 550, 702
Van Wijngaarden, 9
Variable, 2, 12, 72, 345, 395
(See also Identifier)
Variable initialization environment, 530
Variable name, 597, 629
Variable optimization, 532
Variable tag, 494, 507, 531
Vector, the function, 107, 582, 661
Vector processors, 661, 702
Veen, Arthur H., 340
Vegdahl, S. R., 340
Version vectors model of OR parallelism,
675
Vienna Definition Language, 9
VLSI chip, 285, 329, 357, 358
Void variable, 532
Von Neumann bottleneck, 11
Von Neumann model, 10

W combinator, 305
Wadler, P. L., 340
Waite, W. M., 187
Waiter process, 138
Waiting list, 688
‘Waiting state, 687

Walk, K., 9

WAM (see Warren Abstract Machine)

Warren Abstract Machine, 8, 241, 340, 486,
497, 526, 528, 533, 702, 705

Warren, David H. D., 486, 544, 550, 578,
610, 671

Warren, David 8., 486, 553, 663

Watson, Ian, 340

Waves of processing, 358

Wegbreit, B., 171, 173

Wegner, P., 9

Weissman, Clark, 244

Well-formed formulas, 377, 398

Westphal, H., 703

Wifs (well-formed formulas), 377, 398

Where, the instruction, 54, 103

Whererec, the instruction, 54, 106

Whetstone program, 291

While loop, 108, 254

White, Colin J., 614

Wild card, 471

Wilensky, Robert, 244

Williams, M. Howard, 626

Window, 19-33

Window pointer, 19-33

Winter abstract machine, 340

Wirth, Niklaus, 36

Wme (working memory element), 634
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Wolfe, Alexander, 280
Wong, Kam-fai, 626
Woo, N. 8., 565
Work file, 634

(See also Register file)
Working memory, 634
Working memory elements, 634
Wos, Larry, 420, 426, 432
Write, the instruction, 476, 638
Write mode, 493, 507, 508, 510, 511, 703
WRITEC, the instruction, 162

X-1 machine, 588
X-tree project, 357
XWAM, 633

Y combinator, 304, 311, 315
Ynet, 630

Yuhara, Masanobu, 287
Yung, Chao-chih, 625

ZAPP machine, 339
Zero:
the constant, 481
the predicate, 89
ZetaLISP, 244, 281
Zloof, M., 628




