REFERENCES

Aho, Alfred V., and Ullman, Jeffrey D. 1979. Principles of Compiler Design. Read-
ing, MA: Addison Wesley.

Anderson, R. 1970. Completeness Results for E-resolution. Proceedings AFIPS
1970, Spring Joint Computer Conference, Vol. 36. Montvale, NJ: AFIPS Press,
653-656.

Andrews, Peter B. 1970. Resolution in Type Theory. Journal of Symbolic Logic
36(3), 414-432.

Andrews, Peter B. 1981. Theorem Proving via General Matings. J.ACM 28(2),
193-214.

Andrews, Peter B. 1986. An Introduction to Mathematical Logic and Type Theory:
To Truth through Proof. New York: Academic Press.

Apt, Krzysztof R., and VanEmden, M. H. 1982. Contributions to the Theory of
Logic Programming. J. ACM 29(3), 841-862.

Barwise, Jon. 1977. Handbook of Mathematical Logic. Studies in Logic, Vol. 90.
New York: Elsevier North-Holland.

Bell, J. L., and Slomson, A. B. 1974. Models and Ultraproducts. Amsterdam:
Elsevier North-Holland.

Birkhoff, Garrett. 1973. Lattice Theory. American Mathematical Society Collo-
quium Publications, Vol. 25.

Book, Ronald. 1980. Formal Language Theory. New York: Academic Press.

Boyer, R. S., and Moore, J. S. 1979. A Computational Logic. New York: Academic
Press.

490



491

Bundy, Alan. 1983. The Computer Modelling of Mathematical Reasoning. New
York: Academic Press.

Campbell, J. A. 1984. Implementations of PROLOG. Chichester, England: Ellis &
Horwood.

Chang, C. C., and Keisler, H. J. 1973. Model Theory. Studies in Logic, Vol. 73.
Amsterdam: Elsevier North-Holland.

Chang, C., and Lee, R. C. 1973. Symbolic Logic and Mechanical Theorem Proving.
New York: Academic Press.

Clocksin, William F., and Mellish, Christopher S. 1981. Programming in PROLOG.
New York: Springer Verlag.

Cohn, Paul M. 1981. Universal Algebra. Hingham, MA: Reidel Publishing Com-
pany.
Cook, Stephen A. 1971. The Complexity of Theorem-Proving Procedures. Pro-

ceedings of the Third Annual ACM Symposium on the Theory of Computing, pp.
151-158, Association for Computing Machinery, New York.

Cook, Stephen A., and Reckhow, Robert A. 1979. The Relative Efficiency of Propo-
sitional Proof Systems. Journal of Symbolic Logic 44(1), 33-50.

Davis, Martin D. 1963. Eliminating the Irrelevant from Mechanical Proofs. Proceed-
ings of a Symposium on Applied Mathematics, Vol. XV, Providence, RI, 15-30.

Davis, Martin D., and Putnam, H. 1960. A Computing Procedure for Quantification
Theory. JJACM 7, 210-215.

Davis, Martin D. and Weyuker, Elaine J. 1983. Computability, Complexity and
Languages. New York: Academic Press.

Dowling, William F., and Gallier, Jean H. 1984. Linear-time Algorithms for Testing
the Satisfiability of Propositional Horn Formulae. Journal of Logic Programming
3, 267-284.

Downey, Peter J., Sethi, Ravi, and Tarjan, Endre R. 1980. Variations on the Com-
mon Subexpressions Problem. J. ACM 27(4), 758-771.

Dreben, B., and Goldfarb, W.D. 1979. The Decision Problem. Reading, MA:
Addison-Wesley.

Enderton, Herbert B. 1972. A Mathematical Introduction to Logic. New York:
Academic Press.

Enderton, Herbert B. 1977. Elements of Set Theory. New York: Academic Press.

Garey, M. R., and Johnson, D. S. 1979. Computers and Intractability: A Guide to
the Theory of NP-Completeness. New York: Freeman.

Gorn, Saul. 1965. Explicit Definitions and Linguistic Dominoes. In John Hart and
Satoru Takasu, eds., Systems and Computer Science. Toronto, Canada: Univer-
sity of Toronto Press.

Gorn, Saul. 1984. Data Representation and Lexical Calculi. Information Processing
and Management 20(1-2), 151-174.



492 REFERENCES

Gratzer, G. 1979. Universal Algebra. New York: Springer Verlag.
Halmos, Paul R. 1974. Lectures on Boolean Algebras. New York: Springer Verlag.

Henkin, L., Monk, J. D., and Tarski, A. 1971. Cylindric Algebras. Studies in Logic,
Vol. 64, New York: Elsevier North-Holland.

Herbrand, Jacques. 1971. Logical Writings. Hingham, MA: Reidel Publishing
Company.

Huet, Gérard. 1973. A Mechanization of Type Theory. Proceedings of the Third
International Joint Conference on Artificial Intelligence, Stanford, CA, 139-146.

Huet, Gérard. 1976. Résolution d’Equations dans les Languages d’Ordre 1,2,...w.
Doctoral Thesis, Université de Paris VII.

Huet, Gérard. 1980. Confluent Reductions: Abstract Properties and Applications
to Term Rewriting Systems. J ACM 27(4), 797-821.

Joyner, William H. 1974. Automatic Theorem Proving and The Decision Problem.
Ph.D thesis, Harvard University, Cambridge, MA.

Kleene, Stephen C. 1952. Introduction to Metamathematics. Amsterdam: Elsevier
North-Holland.

Kleene, Stephen C. 1967. Mathematical Logic. New York: Wiley Interscience.

Knuth, Donald. 1968. The Art of Computer Programming, Vol. 1: Fundamental
Algorithms. Reading, MA: Addison Wesley.

Kowalski, Robert A. 1979. Logic for Problem Solving. New York: Elsevier North-
Holland.

Kowalski, Robert A., and Kuehner, D. 1970. Linear Resolution with Selection Func-
tion. Artificial Intelligence 2, 227-260.

Kowalski, Robert A., and Van Emdem, M. H. 1976. The Semantics of Predicate
Logic as a Programming Language. J. ACM 23(4), 733-742.

Kozen, Dexter. 1976. Complexity of Finitely Presented Algebras. Technical Report
TR 76-294, Computer Science Department, Cornell University, Ithaca, New York.

Kozen, Dexter. 1977. Complexity of Finitely Presented Algebras. Ph.D. Thesis,
Computer Science Department, Cornell University, Ithaca, New York.

Kuratowski, K., and Mostowski, A. 1976. Set Theory. Studies in Logic, Vol. 86.
New York: Elsevier North-Holland.

Levy, A. 1979. Basic Set Theory. Berlin, Heidelberg, New York: Springer-Verlag,

Lewis, H. R. 1979. Unsolvable Classes of Quantificational Formulas. Reading, MA:
Addison-Wesley.

Lewis, H. R., and Papadimitriou, C. H. 1981. Elements of the Theory of Computa-
tion. Englewood Cliffs, NY: Prentice-Hall.

Lloyd, J. W. 1984. Foundations of Logic Programming. New York: Springer-Verlag.

Loveland, Donald W. 1979. Automated Theorem Proving: A Logical Basis. New
York: Elsevier North-Holland.



493
Machtey, Michael, and Young, Paul. 1978. An Introduction to the General Theory
of Algorithms. New York: Elsevier, North-Holland.

Manna, Zohar. 1974. Mathematical Theory of Computation. New York: McGraw-
Hill.

Manna, Zohar, and Waldinger, Richard. 1985. The Logical Basis for Computer
Programming. Reading, MA: Addison Wesley.

Martelli, A. and Montanari, U. 1982. An Efficient Unification Algorithm. TOPLAS
4(2), 258-283.

Miller, Dale. 1984. Herbrand’s Theorem in Higher-Order Logic. Technical Report,
Department of Computer and Information Science, University of Pennsylvania,
Philadelphia, PA 19104.

Monk, J. D. 1976. Mathematical Logic. G.T.M Vol. 37. New York: Springer-Verlag.

Morris, J. B. 1969. E-resolution: Extension of Resolution to Include the Equality
Relation. Proceedings International Joint Conference on Artificial Intelligence,
Washington D.C.

Nelson, G., and Oppen, D. C. 1979. Simplification by Cooperating Decision Proce-
dures. TOPLAS 1(2), 245-257.

Nelson G., and Oppen, D. C. 1980. Fast Decision Procedures Based on Congruence
Closure. J. ACM 27(2), 356-364.

Oppen, D. C. 1980a. Reasoning About Recursively Defined Data Structures. J.
ACM 27(3), 403-411.

Oppen, D. C. 1980b. Complexity, Convexity and Combinations of Theories. Theo-
retical Computer Science 12(3), 291-302.

Paterson, M. S., and Wegman, M. N. 1978. Linear Unification. Journal of Computer
and System Sciences 16(2), 158-167.

Pietrzykowski, Tomasz. 1973. A Complete Mechanization of Second-Order Type
Theory. J. ACM 20, 333-364.

Prawitz, Dag. 1960. An Improved Proof Procedure. Theoria 26, 102-139.
Prawitz, Dag. 1965. Natural Deduction. Stockholm: Almquist & Wiskell.

Robinson, J. A. 1965. A Machine Oriented Logic Based on the Resolution Principle.
JACM 12(1), 23-41.

Robinson, J. A. 1979. Logic: Form and Function. New York: Elsevier North-
Holland.

Robinson, G. A., and Wos, L. 1969. Paramodulation and Theorem-Proving in First-
order Logic with Equality. Machine Intelligence, Vol. 4, 135-150.

Rogers, H. R. 1967. Theory of Recursive Functions and Effective Computability.
New York: McGraw-Hill.

Schoenfield, J. R. 1967. Mathematical Logic. Reading, MA: Addison Wesley.

Shostak, Robert. E. 1984a. 7th International Conference on Automated Deduction.
Lecture Notes in Computer Science, Vol. 170. New York: Springer Verlag.



494 REFERENCES

Shostak, Robert. E. 1984b. Deciding Combinations of Theories. J ACM 31(1),
1-12.

Siekmann J., and Wrightson, G. 1983. Automation of Reasoning. New York:
Springer Verlag.

Smorynski, C. 1983. “Big” News From Archimedes to Friedman. Notices of the
American Mathematical Society 30(3).

Smullyan, R. M. 1968. First-order Logic. Berlin, Heidelberg, New York: Springer-
Verlag.

Statman, R. 1979. Lower Bounds on Herbrand’s Theorem. Proceedings of the Amer-
ican Mathematical Society 75(1), 104-107.

Suppes, P. 1972. Aziomatic Set Theory. New York: Dover.

Szabo, M. E. 1970. The Collected Papers of Gerhard Gentzen. Studies in Logic.
New York: Elsevier North-Holland.

Tait, W. W. 1968. Normal Derivability in Classical Logic. In The Syntaz and
Semantics of Infinitary Languages, J. Barwise, ed., Lecture Notes in Mathematics.
New York: Springer Verlag.

Takeuti, G. 1975. Proof Theory. Studies in Logic, Vol. 81. Amsterdam: Elsevier
North-Holland.

Tarski, A., Mostowski, A., and Robinson, R. M. 1971. Undecidable Theories. Stud-
ies in Logic. Amsterdam: Elsevier North-Holland.

Van Dalen, D. 1980. Logic and Structure. Berlin, Heidelberg, New York: Springer-
Verlag.

Van Heijenoort, Jean. 1967. From Frege to Gédel. Cambridge, MA: Harvard
University Press.

Wang, Hao. 1952. Logic of Many-Sorted Theories. Journal of Symbolic Logic 17(2),
105-116.

Yeh, Raymond. 1978. Current Trends in Programming Methodology, Vol. IV.
Englewood Cliffs, NJ: Prentice Hall.



INDEX OF SYMBOLS

I — A)[z/y], 274
[m/z:])mls], 164
Af)m, 454
i)™, 160
i)ier, T
E$)m, 454
), 160
$1/T1, ey Sm/Tm), 382
T, A), 276
(M, X), 253
<>, 82
—p, 183
[V — M] — BOOL)], 159, 454

(
(A
(
(A
(A
(
(B
(
(

g, 286, 463

&~ 481, 486

=, 32, 147, 449

=1, 160, 454

3, 147

3: left, 188, 259, 271, 327, 457
3 : right, 188, 259, 271, 327, 457

3, 449

Jx : sA, 452

CS, 148, 449

F, 39

FS, 148, 449

L, 148, 449

M, 158

PS, 32, 148, 449

T, 39

V, 148, 449

v, 147

Y :left, 188, 259, 271, 327, 457

Y : right, 188, 259, 271, 327, 457
Vs, 449

Vx : sA, 452

I'E A, 42

I' =B, 163

' - A, 62

A, 32, 147, 449

A :left, 63, 111, 187, 258, 270, 457
A :right, 63, 111, 187, 258, 271, 457
Awm, 160, 454

V, 32, 147, 449

V :left, 63, 111, 187, 258, 271, 457
V @ right, 63, 111, 187, 258, 271, 457
Vwm, 160, 454

495



496

h, 22

v(4), 40

= 147

=, 449

=, 42

=T, 162

EI— A, 85

E A, 42, 162

= Ay, ooy A — B, ..., Bn, 65, 188
—, 32, 147, 449

- left, 63, 111, 187, 259, 457
- :right, 63, 111, 187, 259, 457
-, 160, 454

@, 45, 58

TR, 7

1, 32, 147, 288, 293, 449
HD(Ai)z'eI, 184

Hiel Ai, 183

~ 48, 106, 176

~T, 107

0, 126

o, 32, 147, 449

D: left, 63, 111, 187, 258, 457
D: right, 63, 111, 187, 258, 457
Dwm, 160, 454

T, 49, 177

F, 66

FI' — A, 66, 85

A) =, 482

A/R, 7

A[C/B), 326
Als1/z1, ..., Sn/Tn], 342
Alt/x], 155

A~ B, 48

A7, 450

Aty Apyee. & Biy ooy By, ..., 82
Awm, 160, 455

Anls], 161

AM[’U], 455

A;, 149

atomic(A), 83

AV AILg, 198

AV AIL;, 207

BOOL, 39, 449

BV(A), 154

C(t), 193

C3, 450

C=, 32, 149, 450

ca, 478, 483

em, 159, 453

INDEX OF SYMBOLS

Ch, 32, 149, 450
Oy, 32, 149, 450
C., 149

C-, 32, 149, 450
C5, 32, 149, 450
Cfy, 148, 450
Cp, 149, 450
CONGRUENT, 471
CTs, 17

D(t), 193

Dy, 459

Des(S), 99
dom(R), 5
dosubstitution, 70, 385
E(B*, H), 368
E(C,H), 368
E;, 450

E;, 149

EQ1,0, 239
EQu,i, 239
EQ2,0, 239
EQ2,i, 239
EQs,0, 239
EQs.:, 239

ex, 374, 375
exp(m,n,p), 279
fog,6

£(X), 6
fiA—B,5
£, 6

fa, 478, 483
fm, 159, 453
1, 340

FIND, 471
FORM,(3), 199
FORM;,, 149, 451
FV(A), 154
FV(t), 153
G(C), 463
graph(f), 5

h", 483

H=, 39

Hn, 39

Hy, 39

H-, 39

H-, 39

Ha, 45



INDEX OF SYMBOLS

Hnand, 56
Hnom 56

Hx, 39

HT, 345

I4,6

left, 384

LK' — {cut}, 111
LK — {cut}, 259
M(P,G), 439
M*™, 453

MS, 459
NUMACT, 208
P, 159, 453
Py, 462
PROP, 32
PROPL, 173
QF(A), 326
RoS,5

R*, 8

R, 8

R7Y6
range(R), 5
RC, 239

right, 384
S(C), 463
s[t/x], 155

slzi == al, 160
Se, 292

SK(A), 358
t(TERMo), 199
T(L, V), 450
t/u, 15

t[81/Y1, s Sn/Yn], 285, 342

T[t/yl, 274
T[z/c], 288

T[z/y], 274, 288
ti[u — ta2], 15
tm, 160, 454
tm[s], 160

tmv], 454

Ts, 17
TERM(C), 463
TERM(C)s, 463
TERM;, 451
TERM,, 198, 207
TERM,, 199
TERMy,, 148
TERMS, 207, 239
UNION, 471
US(A), 357
v:PS — BOOL, 39
vE A, 41

v A, 41

v[i], 462
variable, 384
XT, 19

X, 18,19

A/ =, 482, 487
Bo, 106

B1, 178
Bprror, 50

Br, 107

CS;, 449

Hs, 195, 232
Ls, 194

Lx, 253

M =T, 162

M = A, 162

M = Als], 162
Vi, 449

497



INDEX OF

DEFINITIONS

Corollary, 72, 113, 121, 205, 216, 242,
260, 268, 364, 437, 441

Definition 3.2.1, 32
Definition 3.2.2, 32
Definition 3.3.1, 39
Definition 3.3.2, 39
Definition 3.3.3, 39
Definition 3.3.4, 42
Definition 3.3.5, 45
Definition 3.3.6, 48
Definition 3.4.1, 62
Definition 3.4.2, 63
Definition 3.4.3, 64
Definition 3.4.4, 65
Definition 3.4.5, 65
Definition 3.4.6, 68
Definition 3.4.7, 73
Definition 3.4.8, 74
Definition 3.5.1, 83
Definition 3.5.2, 85
Definition 3.5.3, 89
Definition 3.5.4, 90
Definition 3.5.5, 90
Definition 3.5.6, 90
Definition 3.5.7, 90

Definition 3.5.8, 94

Definition 3.5.9, 94

Definition 3.5.10, 95
Definition 3.6.1, 110
Definition 4.2.1, 118
Definition 4.2.2, 120
Definition 4.2.3, 120
Definition 4.3.1, 127
Definition 4.3.2, 129
Definition 4.3.3, 130
Definition 5.2.1, 147
Definition 5.2.2, 148
Definition 5.2.3, 149
Definition 5.2.4, 153
Definition 5.2.5, 154
Definition 5.2.6, 155
Definition 5.2.7, 156
Definition 5.3.1, 158
Definition 5.3.2, 159
Definition 5.3.3, 159
Definition 5.3.4, 160
Definition 5.3.5, 160
Definition 5.3.6, 161
Definition 5.3.7, 162
Definition 5.3.8, 164
Definition 5.3.9, 171

498



INDEX OF DEFINITIONS

Definition 5.3.10, 171
Definition 5.3.11, 173
Definition 5.3.12, 176
Definition 5.4.1, 187
Definition 5.4.2, 188
Definition 5.4.3, 192
Definition 5.4.4, 193
Definition 5.4.5, 193
Definition 5.4.6, 194
Definition 5.4.7, 194
Definition 5.4.8, 198
Definition 5.4.9, 199
Definition 5.5.1, 209
Definition 5.6.1, 231
Definition 5.6.2, 236
Definition 5.6.3, 240
Definition 6.2.1, 257
Definition 6.3.1, 262
Definition 6.3.2, 263
Definition 6.4.1, 269
Definition 6.4.2, 270
Definition 6.4.3, 273
Definition 6.4.4, 273
Definition 6.4.5, 274
Definition 6.4.6, 281
Definition 6.5.1, 292
Definition 6.6.1, 295
Definition 6.6.2, 295
Definition 7.2.1, 305
Definition 7.3.1, 312
Definition 7.3.2, 314
Definition 7.4.1, 326
Definition 7.4.2, 326
Definition 7.4.3, 327
Definition 7.4.4, 336
Definition 7.5.1, 340
Definition 7.5.2, 340
Definition 7.5.3, 342
Definition 7.5.4, 346
Definition 7.6.1, 357
Definition 7.6.2, 358
Definition 7.6.3, 359
Definition 7.7.1, 371
Definition 7.7.2, 371
Definition 7.7.3, 372
Definition 7.7.4, 372
Definition 7.7.5, 372
Definition 7.7.6, 373
Definition 8.2.1, 378
Definition 8.4.1, 382

Definition 8.4.2, 382
Definition 8.4.3, 384
Definition 8.4.4, 385
Definition 8.5.1, 395
Definition 8.5.2, 396
Definition 8.5.3, 397
Definition 9.2.1, 411
Definition 9.2.2, 413
Definition 9.2.3, 414
Definition 9.3.1, 422
Definition 9.3.2, 423
Definition 9.4.1, 428
Definition 9.4.2, 428
Definition 9.5.1, 434
Definition 9.5.2, 435
Definition 9.5.3, 439
Definition 10.2.1, 449
Definition 10.2.2, 450
Definition 10.3.1, 453
Definition 10.3.2, 453
Definition 10.3.3, 454
Definition 10.3.4, 454
Definition 10.3.5, 455
Definition 10.3.6, 455
Definition 10.4.1, 457
Definition 10.5.1, 458
Definition 10.6.1, 461
Definition 10.6.2, 462
Definition 10.6.3, 462
Definition 10.6.4, 471

Lemma 2.1.1, 9
Lemma 2.1.2, 10
Lemma 2.1.3, 11
Lemma 2.1.4, 12
Lemma 2.3.1, 19
Lemma 2.3.2, 19
Lemma 2.3.3, 21
Lemma 2.4.1, 480
Lemma 2.4.2, 480
Lemma 2.5.1, 487
Lemma 3.2.1, 33
Lemma 3.3.1, 40
Lemma 3.3.2, 43
Lemma 3.3.3, 46
Lemma 3.3.4, 46
Lemma 3.3.5, 48

499



500

Lemma 3.3.6, 49

Lemma 3.4.1, 65

Lemma 3.4.2, 65

Lemma 3.4.3, 67

Lemma 3.4.4, 75

Lemma 3.4.5, 75

Lemma 3.5.1, 89

Lemma 3.5.2, 91

Lemma 3.5.3, 92

Lemma 3.5.4, 95

Lemma 3.5.5, 96

Lemma 3.6.1, 112
Lemma 3.6.2, 114
Lemma 4.2.1, 121
Lemma 4.2.2, 122
Lemma 4.3.1, 128
Lemma 4.3.2, 131
Lemma 4.3.3, 134
Lemma 4.3.4, 142
Lemma 5.2.1, 150
Lemma 5.2.2; 151
Lemma 5.2.3, 151
Lemma 5.2.4, 152
Lemma 5.2.5, 152
Lemma 5.2.6, 152
Lemma 5.3.1, 164
Lemma 5.3.2, 168
Lemma 5.3.3, 169
Lemma 5.3.4, 171
Lemma 5.3.5, 174
Lemma 5.3.6, 175
Lemma 5.3.7, 177
Lemma 5.3.8, 177
Lemma 5.4.1, 189
Lemma 5.4.2, 190
Lemma 5.4.3, 192
Lemma 5.4.4, 193
Lemma 5.4.5, 195
Lemma 5.5.1, 218
Lemma 5.5.2, 218
Lemma 5.6.1, 231
Lemma 5.6.2, 239
Lemma 5.6.3, 239
Lemma 5.6.4, 243
Lemma 5.6.5, 244
Lemma 6.2.1, 259
Lemma 6.3.1, 263
Lemma 6.3.2, 264
Lemma 6.3.3, 266
Lemma 6.4.1, 269

INDEX OF DEFINITIONS

Lemma 6.4.2, 272
Lemma 6.4.3, 274
Lemma 6.4.4, 276
Lemma 6.4.5, 276
Lemma 6.4.6, 276
Lemma 6.4.7, 277
Lemma 6.4.8, 281
Lemma 6.4.9, 282
Lemma 6.5.1, 288
Lemma 6.5.2, 288
Lemma 6.5.3, 292
Lemma 6.5.4, 293
Lemma 7.2.1, 305
Lemma 7.2.2, 309
Lemma 7.3.1, 312
Lemma 7.3.2, 313
Lemma 7.3.3, 315
Lemma 7.4.1, 328
Lemma 7.4.2, 330
Lemma 7.4.3, 337
Lemma 7.5.1, 338
Lemma 7.6.1, 359
Lemma 7.6.2, 360
Lemma 7.6.3, 362
Lemma 8.2.1, 378
Lemma 8.3.1, 380
Lemma 8.4.1, 382
Lemma 8.4.2, 383
Lemma 8.4.3, 389
Lemma 8.5.1, 398
Lemma 8.5.2, 399
Lemma 8.5.3, 400
Lemma 8.5.4, 400
Lemma 9.2.1, 414
Lemma 9.2.2, 414
Lemma 9.2.3, 416
Lemma 9.2.4, 417
Lemma 9.2.5, 417
Lemma 9.3.1, 425
Lemma 9.4.1, 430
Lemma 9.5.1, 436
Lemma 9.5.2, 438
Lemma 9.5.3, 439
Lemma 10.3.1, 455
Lemma 10.3.2, 456
Lemma 10.4.1, 458
Lemma 10.5.1, 459



INDEX OF DEFINITIONS

Lemma 10.5.2, 459
Lemma 10.6.1, 461
Lemma 10.6.2, 463
Lemma 10.6.3, 467
Lemma 10.6.4, 468
Lemma 10.6.5, 472

Theorem 2.1.1, 9
Theorem 2.3.1, 22
Theorem 2.4.1, 480
Theorem 2.5.1, 486
Theorem 3.2.1, 34
Theorem 3.3.1, 47
Theorem 3.4.1, 71
Theorem 3.4.2, 73
Theorem 3.5.1, 92
Theorem 3.5.2, 94
Theorem 3.5.3, 94
Theorem 3.5.4, 94
Theorem 3.6.1, 112
Theorem 4.2.1, 123
Theorem 4.3.1, 131
Theorem 4.3.2, 133
Theorem 4.3.3, 137
Theorem 5.2.1, 151
Theorem 5.2.2, 152
Theorem 5.4.1, 204
Theorem 5.5.1, 214
Theorem 5.5.2, 217
Theorem 5.5.3, 218
Theorem 5.5.4, 218

Theorem 5.6.1, 241
Theorem 5.6.2, 243
Theorem 5.6.3, 243
Theorem 5.6.4, 243
Theorem 6.2.1, 260
Theorem 6.3.1, 266
Theorem 6.4.1, 280
Theorem 6.4.2, 283
Theorem 6.5.1, 291
Theorem 6.5.2, 293
Theorem 6.6.1, 297
Theorem 6.6.2, 299
Theorem 6.7.1, 300
Theorem 7.2.1, 307
Theorem 7.3.1, 320
Theorem 7.4.1, 334
Theorem 7.4.2, 337
Theorem 7.5.1, 344
Theorem 7.6.1, 363
Theorem 8.4.1, 390
Theorem 8.5.1, 404
Theorem 8.5.2, 404
Theorem 9.2.1, 419
Theorem 9.2.2, 421
Theorem 9.3.1, 426
Theorem 9.4.1, 431
Theorem 9.5.1, 441
Theorem 9.5.2, 444
Theorem 10.2.1, 452
Theorem 10.4.1, 458
Theorem 10.5.1, 459



SUBJECT INDEX

Accepted
deterministically in polynomial time,
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computation, 52
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Ackermann’s function, 11, 373
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of a first-order language, 147
of a many-sorted first-order language,
449
for propositional formulae, 32
Analytic consistency property, 227, 251
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And, 32, 147
Answer substitution, 430
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Anti-Horn clause, 434
Antisymmetric, 8
Arithmetic expression, 17
Arity, 16, 148, 449, 483
Assignment, 159
of sort s, 453

Atomic
cut, 263
formulae, 149
proposition, 68
Atomically closed, 70
Atoms, 17
Atp, 2

Automatic theorem proving, 1, 2, 117

Auxiliary symbols, 32, 148, 449
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Beth’s definability theorem
with equality, 299
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Binary
relation, 5
resolution, 407
Binds, 171
Boolean algebra, 50, 104, 178
Bound variable, 154
Bounded, 100
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Canonical function, 7
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Carrier, 158, 478
of sort s, 483
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Church, 2, 30
Church’s theorem, 216, 373
Church-Turing thesis, 370
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term, 154
tree, 85
Closure conditions, 17
CNF, 73
Compactness theorem
for first-order languages of any cardi-
nality, 185
for G, 218
for G', 94
for G=, 243
Complete, 30
induction, 9
set of propositions, 98
set of sentences, 224
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sets of connectives, 175
Completeness, 2
of G, 72
of G1™/ | 272
of G127, 281
of GCNF', 123
of ground resolution, 380
of LK' (with cut), 116
of proofs in SLD-form, 419
of resolution, without equality, 404
of SLD-resolution for Horn clauses,
426, 431
of the resolution method, proposition-
al case , 133
Complexity, 71
theory, 369
Components of a signed formula, 90, 192
Composition, 5, 371
Compound instance, 357, 359
Computability, 369
Concatenation, 13
Conclusion, 63, 66
Congruence, 233, 462, 481, 486
closure of E, 463
on a graph, 461
Conjugate
of a literal, 118, 378
of a set of literals, 396
of a signed formula, 90
Conjunctive normal form, 73, 118
Conservative over, 226, 249
Consistency
in G, 218
in G, 94
lemma for G, 218
lemma for G’, 95
lemma for G=, 243
in LK', 114
properties, 255
property, 103
Consistent set of propositions, 94
Constant of sort s, 483
Constants, 16, 148, 449
Contraction, 110, 258
Converse, 6
Converting GON F'-proofs into Resolu-
tion Refutations, 131
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Correctness Definable, 56
of the congruence closure algorithm, Defined inductively, 17
472 Definite
of the linearization process, 425 answer, 438, 442
of SLD-resolution as a computational answer lemma, 438
procedure, 441 clause, 411, 428
of the unification algorithm, 390 Definitional extension. 249
Countable Degree of a formula in NNF, 273
sequence, 7 Denumerable set, 7
c set, 7bl Depth, 15
ountably d-formula, 192
infinite, 7 .
Direct
saturated structure, 253 .
image, 6

Counter-example tree, 66

Craig’s interpolation theorem D; q i W 197
with equality, 293 irected acyclic graph,

without equality, 291 Disjunctive normal form, 57, 73
Cut DNF, 73
Domain, 5, 158

product, 186

elimination theorem, 97, 110

elimination theorem for G1™™/, 280 Dominates, 15
elimination theorem for G17"f, 283 Downward closed, 103
elimination theorem for LK’, 113 Dual, 57

formula, 97, 109, 111, 223, 258, 270
rule, 97, 109, 110, 111, 223, 257, 258,

Edge, 462
270 )
Cut-free, 97 of a DAG, 127
proof. 7110 Eigenvariable, 188, 259, 271, 457
Cut—ran7k condition, 188, 259, 271, 457
in G1""f, 273 Elementary
in G1*"/, 282 equivalence, 224, 254
Cycle, 4;5 equivalent structures, 186
Cylindric algebra, 178 Empty
clause, 126
DAG. 127 string, 13
X Equality

Decidable, 373
Decision procedure
for quantifier-free formulae, 470

axioms of LK., 262
rules for G=, 236, 458

for quantifier-free formulae without Sym.bOl’ 147

predicate symbols, 466 EquatTon, 282, 285

Deduction Equational

rule, 29 language, 285
system, 29 logic, 287
theorem, 80, 221 Equivalence, 32, 147
tree, f0r7G, ’188 class of  modulo R, 7
tree, for G', 62, 66 relation, 7
tree, for G1™"/, 272 E-resolution method, 407
tree, for GCNF', 120 Essential cut, 263
tree, for LK, 259 Exchange, 111, 258

tree, many-sorted case, 458 Exclusive OR, 45, 58
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Existence
condition for f, 248
of the congruence closure, 467
Expansion
of a language, 194
of a structure, 194
step, 70
Explicit definability, 295
Extended
completeness theorem for G’, 94
completeness theorem for G + {cut},
227
language L(M), 164
quantifier rules, 198
rule 3 : right, 198
rule V : left, 198
Extension, 12
Extra formula, 63

Factor, 407
Factoring, 407
rule, 407
False, 32
Falsehood, 147
Falsifiable
propositional finite sequent, 64
sequent, first-order case, 188
sequent, propositional case, 85
Falsifies, 41, 85
Family, 7
Filter, 100, 105, 183
generated by, 100
Finished leaf
first-order case, no equality, 208
propositional finite case, 68
propositional infinite case, 83
special case, 199
Finite
intersection property, 100, 105
labeled graph, 461
path, 15
sequence, 7
set, 7
tree, 14
Finite-branching, 14, 89
Finitely axiomatizable, 106
First-order
languages without equality, 148
languages with equality, 230
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logic, 1, 146
For all, 147
Formula, 1
first-order case, 149
many-sorted, 451
Free
and Bound Variables, 153
structure, 368, 435
variable, 153
Freely generated
by X, 480, 485
by X and F, 21
From Resolution Refutations to
GCN F'-proofs, 137
Function
CONGRUENT, 471
K, for formulae, 151
K, for terms, 150
symbols, 148, 449
Functional, 5
form, 342
form of a sequent, 340
reflexivity axioms, 409
Functionally complete set, 45

G-congruence, 462
Generalization rules, 220
Gentzen, 60
cut elimination theorem for LK, 256
Hauptsatz for LK, 261
Hauptsatz for LK’, 113
Hauptsatz for LK., 268
sharpened Hauptsatz, 304, 320
system G for languages without equal-
ity, 187, 457
system G’, 63
system G1""/, 270
system G2""f, 327
system G2Z"f, 337
system G-, 236
system LK, 257
system LK', 110
system LK., 262
system LK. |, 293
system LK |, 288
Goal clause, 412, 428
Godel, 2
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Godel (continued)
extended completeness theorem for
G, 216, 458
extended completeness theorem for
G_, 242, 459
incompleteness theorem, 300, 370
Goldfarb, 366
G-provable, 259
G'-provable sequent, 111
Graph, 5
Greatest
element, 8
lower bound, 8
Ground clause, 378
Ground
resolution, 377
resolution method, 379
substitution, 343

Head, 13, 82
Height, 15
Henkin, 219
theory, 225, 250
method, 224
Henkin-complete, 229, 253
Herbrand
disjunction, 344
expansion, 368
like theorem for resolution, 404
structure, 435
theorem, 303, 365
theorem for prenex formulae, 344
universe, 197, 436
Hilbert, 370
system, 79, 116, 219, 247, 255
Hintikka set
first-order language with equality,
231
first-order language without equality,
195
many-sorted case, 458
propositional case, 90
propositional unsigned case, 99
Homomorphism, 23, 107, 478, 484
of structures, 181
Horn clause , 410, 411
in PROLOG notation, 428
formula, 59, 101, 186
H-tree, 422, 446

SUBJECT INDEX

Ideal, 105
Identity relation, 6
I-indexed sequence, 7
Image, 6
Immediate

descendants, 98, 226, 262, 284

successor, 14
Implication, 32, 147
Implicit definability, 295
Incomplete, 300
Inconsistency in G, 94
Inconsistent, 94
Indefinite answer, 438, 442
Independent, 15, 59, 127
Index set, 7
Induction

hypothesis, 9

principle, 19

step, 10
Inductive

closure, 19, 31

definition, 17

on, 19
Inessential cut, 282
Inference rule, 29

of G, 187

of G', 63

of G1™"f | 270

of G1™f | 281

of G2"F | 327

of G227 337

of GCNF', 120

of LK, 258

of LK’, 110

Logically equivalent, 48, 176
Lowenheim-Skolem theorem
for G, 217
for G=, 243
Lower bound, 8

Many-sorted
algebra, 453
first-order logic, 1, 448
L-structure, 453
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>-algebra, 483
Matrix of a formula, 309
Maximal, 8, 100
consistency, in G=, 244
consistent set, 96, 115, 224
consistent set, in G, 218
quantified subformulae, 326
Maximally consistent, 96, 115
Meaning, 1
of a formula, 160
of a term, 160
Meta-language, 33
Meta-variables, 33
Midsequent, 320, 334, 337
Minimal, 8
Minimization, 372
Model, 455
of A, first-order case, 162
of computation, 3
existence theorem for G, 218
existence theorem for G’, 94
existence theorem for G-, 243
of a set of formulae, 162
theory, 1, 29, 245, 255
Theoretic Semantics, 434
Modus ponens, 79, 220
Monadic predicate calculus, 182
Monotonic, 24
Most common instance, 382
Most general unifier, 382
Multiset, 25, 111, 259

Natural

deduction system, 116, 255

numbers, 7
Negation

by failure, 445

normal form, 74, 269
Negative

clause, 412, 428

set of literals, 396
Nelson and Oppen, 460
NNF, 74
Node, 14, 461

of a DAG, 127
Nonatomic proposition, 68
Nondeterministic, 51
Nonlogical symbols, 148, 449
Nonstandard model, 244, 245

Nontrivial sequent, 120
Nonvoid sort, 485
Normal form, 3

lemma for GCNF’, 122
Not, 32, 147

bound in the deduction tree, 274

NP, 51
NP-complete, 53
NP-hard, 53
Null
path, 15
string, 13

Object language, 33
Occur check, 387
One to one, 6
Onto, 6
Open
equality axioms, 247
formula, 154
Operations, 18
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Oppen and Nelson’s congruence closure

algorithm, 471
Or, 32, 147
Outdegree, 14
Output variables, 434

P, 51
Padoa’s method, 297
Paramodulant, 408
Paramodulation, 377

method, 407

rule, 407
Partial

function, 5

order, 8

recursive functions, 370, 373
Partially

decidable, 373

ordered set, 8
Partition, 7, 289
Peano’s arithmetic, 163, 244, 300
Permutability lemma for LK, 314
Polynomial-time reducibility, 53
Polynomially reducible, 53
Poset, 8
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Positive Program, 434
formula, 181 Projections functions, 372
set of literals, 396 PROLOG, 3, 410
Possible definition Proof, 2
of f, 249 in SLD-form, 413
of P, 249 theory, 2, 29
Powers, 7 tree, for G, 188

Power-set, 478
Precedence, 35
Predecessor, 15
Predicate symbols, 148, 449
Prefix, 13

notation, 36
Premise, 63

tree, for G’, 66

tree, for G1™7, 272

tree, for GCNF’, 120

tree, for LK, 259

tree, for LK’, 111

tree, many-sorted case, 458

Prenex without weakening, 414

form, 305 Proper, 13

formula, 305 filter, 100, 105, 183
Preorder traversal, 384 Property of finite character, 103, 228,
Preserved under 251

homomorphisms, 181 Proposition symbols, 32

reduced products, 186 Propositional
Primitive formulae, 32

recurs%on, 371 ) logical rules, 270

l.rec1.1rswe function, 365, 371, 372 Propositions, 1, 32
Principal Provability, 1

filter, 106 Provable

formula, 63, 111, 188, 259, 271, 457 .

in G', 66

Procedure ) .

expand, first-order case, no equality, infinite sequent, 85

209 Pure-variable proof tree, 312

expand, language with equality, 240
expand, propos.lt‘lonal .ﬁnlte? case, 69 Quantifier rules for subformulae, 327
expand, propositional infinite case, 84 Quantifiers, 147, 449
expand, special case, 200 Quer 4347 ’
grow-left, first-order case, no equality, Q g’ 7 939

209 uotient, 7,
grow-left, special case, 201 algebra, 482, 487
grow-right, first-order case, no equal-

ity, 2}1 . Ramification, 14
grow-right, special case, 201 Range, 5
i\j(f"]c{l? Eﬁ’r:Zirder case, no equality Hanks, 16, 148, 449, 453
o ) ) ’ function, 16, 148, 449

Ranked alphabet, 16

search, language with equality, 241
Rectified formula, 171, 456

search, propositional finite case, 69

search, propositional infinite case, 83 Recursive

search, special case, 199 function, 373
test-and-substitute, 385 function theory, 369
unification, 385 Recursively, 20

unify, 386 Reduced, 59
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product, 101, 183, 184 for signed formulae, 193
Reduct Satisfiability

of a language, 194 functional form, 342

of a signed set, 194 problem, 42

of a structure, 194 Satisfiable, 42

Reduction lemma
for G1""f, 277
lemma for GlZ"f, 282

formula, first-order case, 162
in M, first-order case, 162
sequent, propositional case, 85

Reflexive, 7
and transitive closure, 8 set of formulae, 162
Reflexivity set of propositions, 94
axiom, 408 Satisfies, 41
rule, 236 a signed set, 90
Rejecting Schwichtenberg, 273
computation, 52 Scope, 15
state, 51 Searching for a counter example, 60
Relational version, 248 Selected atom, 424, 429

of a language with equality, 247
Resolution, 117
DAG, first-order case, 397
DAG, propositional case, 130
method, 3
method for first-order logic without
equality, 395

Semantic consequence
first-order case, 162
propositional case, 42

Semantics, 1, 30
of formulae, 158
of logic programs, 437, 439

method for propositional logic, 128 Sentence, 154
refutation, first-order case, 397 Separating pair of substitutions, 396
refutation, propositional case, 130 Sequence, 7
steps, 130, 397 Sequent, 62
Resolvent Set
first-order case, 396 of predecessors, 462
propositional case, 129 of sorts. 449. 483

Restriction, 12
Result substitution
o, 430
0, 440
Rewrite rule, 407

of states, 51

of types, 449, 483
Sharpened Hauptsatz

for G1™™ and G2""7, 334

Robinson, J. A., 117, 377 for G12°/ and G227, 337
Robinson’s joint consistency theorem, Side formula, 63, 111, 188, 259, 271, 327,
300 457
Root, 14, 462 Y.-algebra, 477
Round, 70 o-matrix of the functional form of A up
counter, 239 to 7, 346
Rule Y.-tree, 16
R1 can be permuted with Rs, 314 of sort s, 487
with contraction, 330 Signature, 16
without contraction, 330 Signed formula , 89, 192

of conjunctive type, 90
SAT, 50 of disjunctive type, 90
Satisfaction, 455 of existential type, 193
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Signed formula (continued)
first-order language with equality,
231
of type a, 90
of type b, 90
of type ¢, 192
of type d, 192
of universal type, 193
Signed set of formulae, 90
Simple formula, 206
Simply stratified alphabet, 16
Singulary, 56
Skolem
constant symbol, 340, 358
form, 358
function symbol, 340, 358
normal form, 342, 358
Skolem-Herbrand-Gddel theorem, 303,
365
after Andrews, 364
SLD-derivation, 423, 428
SLD-refutation, 424, 429
SLD-resolution, 410
method, 424
Smorynski, 371
Smullyan, 89, 95, 229
Son, 14
Sort, 448, 449, 483
Sound, 2, 30
Soundness
of the resolution method, proposition-
al case, 131
of resolution without equality, 399
of SLD-resolution, 430
of the system G, 192
of the system G’, 67
of the system G, many-sorted case,
458
of the system GCNF’, 121
of the system G17"f, 281
of the system G2m"f, 337
of the system G2""f, 328
of the system G—, 239
of the system LK, 260
of the system LK’, 112
Source, 15
S-ranked alphabet, 483
Stacks of natural numbers, 484
Strict order, 9
String, 12

SUBJECT INDEX

Structural
induction, 9
rules, 110, 257
Structure (first-order), 158
Subalgebra, 479, 484
Subformula, 171, 456
property, 262
Substitution, 57
function, 285, 342
instance, 342
lemma, 276
pair, 343
in tautologies, 173
of a term, 155
Substring, 13
Substructure, 183
Subsumes, 144, 406
Subtree rooted at u, 15
Succedent, 62
Successor function, 372, 461
Suffix, 13
Support of the substitution, 285, 342
Surjective, 6
Symmetric, 7
Syntax, 30
rules, 28
Synthetic consistency property, 228, 252
System GCNF’, 120
Systematic deduction tree, 68, 199

Tableaux system, 95, 116, 255

Tail, 13, 82

Tait, 273

Target, 15

Tarski, 1, 178

TAUT, 50

Tautology, 31, 42
problem, 42

Term
algebra, 194
constructors, 194
first-order case, 148
free for x in A, 156
of sort s, 451

Terminal node, 462

Theory, 225, 249
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There exists, 147
To the left, 15
Total function, 5
order, 8
Transitive, 7
closure, 8
Translation, 247
conditions, 248
Tree, 14
address, 14
domain, 13
replacement, 15
Trivial sequent, 120
Truth, 1
assignment, 39
function, 39, 45
functionally implies, 228, 252
functionally inconsistent, 228, 252
functionally valid, 228, 252
table, 39
table method, 44
value, 1, 39, 40
T-translate, 247
Turing machine, 51, 370
Type, 448, 449, 483

Ultrafilter, 101, 106, 184
Ultraproduct, 101, 184, 185
Uncountable, 7
Underlying tree, 127
Unification, 377

algorithm, 385

closure, 473, 474

closure problem, 473
Unifier, 381

of S, 382

Unique homomorphic extension, 23
theorem, 22, 480, 486
Uniqueness condition for f, 248
Universal
algebra, 488
closure, 180, 285
equation, 285
scope of a formula, 357
Unsatisfiable, 42
Upper bound, 8
Upward closed, 104

Valid
proposition, 42
formula, first-order case, 162
in M, first-order case, 162
propositional finite sequent, 64
sequent, first-order case, 188
sequent, propositional case, 85
set of formulae, 162

Validity, 455
functional form, 342

Valuation, 39

Variables, 148, 449

Weakening, 110, 258
formula, 110
lemma, 276

Well-founded, 9

Witness, 224

Zero function, 372
Zorn’s lemma, 9, 100, 227, 251
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