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complex statements in SL, translating, 81
composition, fallacy of, 50
computer logic

algorithms, 331

artificial intelligence, 337-339
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contradictions
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correlation-causation fallacy, 43
CPs. See conditional proofs

CPU (central processing unit), 335
creative output by Al, 339

Index

385



D
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De Morgan'’s theorem (DeM) equivalence rule
breaking down long premises, 225
conditional proofs, 213, 215
converting all negative statements with, 210-211
distribution and, 224
downsizing operators, 233-234
overview, 188-190
working backward from conclusion, 219

decomposition of statements, 138-140, 144-145,
147-152,316-317

deduction, 54-55
deontic logic, 349
Descartes, René, 26
difference engine, 330
difficult proofs, handling
breaking down long premises, 224-226

choosing between direct and indirect
proof, 216-218
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making shrewd assumption, 226-227

overview, 216

working backward from conclusion, 218-220
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direct proof, 216-218. See also equivalence rules;
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E

easy proofs, handling, 208-211
effect, cause and, 9

EG. See existential generalization
El. See existential instantiation
Einstein, Albert, 353, 371

Electronic Numerical Integrator and Computer
(ENIAC), 333

emotion, appeal to, 43
enthymemes, 13-14
equals sign (=), 243
equivalence (Equiv) rule

breaking down complex-looking statements, 210

conditional proofs, 214
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multi-valued logic, 344-345

overview, 191-193

working backward from conclusion, 218
equivalence rules

applying in QL, 279-280

association, 185-186, 221-222
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overview, 283-284, 287-290
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defined, 275, 284
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with variables and constants, 291
existential quantifier (3)
alternative translations of basic forms, 268-271

alternative translations of basic forms of
categorical statements, 268-269

applying rules with multiple quantifiers, 308-310
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quantifier negation, 280-283
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with relations, 304-305
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translating basic categorical statements, 264-268
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183-184, 221, 224

F

fallacies, logical. See logical fallacies
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hasty generalization, 44
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Hilbert's Program, 364-365, 375 implication (Impl) equivalence rule
human need to make sense of world, 8-9 breaking down long premises, 224-225
hypothetical syllogism (HS) implication rule, conditional proofs, 214
173-174, 296 distribution and, 223
downsizing operators, 233
I easy proofs, handling, 210
multi-valued logic, 344-345
overview, 181-183
tweaking conclusion with, 200-201
working backward from conclusion, 219
implication rules
addition, 170-171
conjunction, 167-169
constructive dilemma, 174-175
disjunctive syllogism, 171-172, 209
equivalence rules versus, 178
hypothetical syllogism, 173-174

ID (rule of identity), 312-313
identities, in QL, 301-302, 310-314
identity, law of, 14-15
identity reflexivity (IR), 313-314
if-and-only-if-operator
defined, 65, 74-75
quantification logic, 253
replacing with other operators, 232
in sentential logic, 74-75
translating statements with, 80
if-and-only-if-rules, 173-175, 296

if-and-only-if-statements, 97, 191-193 modus ponens, 164-166, 210
if-operator modus tollens, 166-167, 210

defined, 65 overview, 161-164
simplification, 169-170, 209
transferring into QL, 277-279
inclusive or, 71
incompleteness theorem, 32, 365-368
inconsistency
converting into contradiction, 118
inconsistent statements, 111

quantification logic, 253

replacing with other operators, 233

in sentential logic, 71-73

translating statements with, 80, 83
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modus ponens, 164-166, 210, 277, 362

modus tollens, 166-167, 180, 210, 224,

289-290, 309 showing with truth tree, 141-144
if-statements, 97 testing for with quick table, 128-129
antecedent, 9 indirect discourse, 311, 349
consequent, 9 indirect proof
defined, 9 choosing between direct proof and, 216-218

double if-rules, 173-175 combining conditional proof and, 205-206
implication and, 181 defined, 22
implication rules for, 164-167 overview, 195, 202-204

in practical logic, 9-10

sub-statements, 9

turning or-statements into, 200-201
ignorance, appeal to, 44
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infinity, 375 philosophical origin, 1-2
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210, 277, 362
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necessary truth, modal logic, 348
necessity operator, modal logic, 347
need to make sense of world, 8-9
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defined, 65-67
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second-order logic, 349-350
three-valued logic, 342-343
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not operator. See negation operator
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breaking down long premises, 224-226
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slightly-less-friendly forms, 214-216
tips for handling on exams, 378-379
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truth tables versus, 122
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Russell's paradox, 31, 359-360

392  Logic For Dummies

S

Saint-Exupéry, Antoine de, 372
science, use of logic in, 57-58
scope
of logical operators, 93-94
of quantifier, determining, 260
second-order logic, 349-350
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semi-rings, 245

sentential logic (SL). See also evaluation; proofs;

quick tables; truth tables; truth trees
applying rules from to QL proofs, 276-280
axiomatic system for, 361-362
comparing to Boolean algebra, 242-246
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well-formed formulas, 238-242
Steinem, Gloria, 372
Stoics, 22-23
strategic assumptions
argument validity and invalidity, 129
consistent statements, 128-129
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comparing SL to Boolean algebra, 242-246

defined, 237
overview, 237-239
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testing for with quick table, 127
tautology (Taut) equivalence rule, 190-191
Thales, 18
theorems, 16, 22, 361, 375
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truth tables undecidable statements, 32

brute force approach, 102 unfriendly forms, conditional proofs, 212
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contradictions, 116-119 defined, 275, 284
consistency across statements, 111-113 example using, 296-297
dividing statements into categories with, 109 limits on using, 297-299
evaluating validity with, 113-116 with multiple quantifiers, 310
filling in, 105-108 overview, 283-284, 295
judging semantic equivalence with, 109-111 similarity to EG, 295
overview, 67, 101 valid and invalid uses of, 299-300
quick tables versus, 122 with variables and constants, 296
reading, 108 universal instantiation (UI)
setting up, 103-105 applying more than once, 319-323
testing for logical conditions with, 116 defined, 275, 284
tips for handling on exams, 378 overview, 283-287
truth trees versus, 138 similarity to existential instantiation, 290-291
using instead of quick tables, 135 in truth trees, 317-319
truth trees universal quantifier (V)
and consistency or inconsistency, 141-144 “3ll" statements, 272
contingent statements, separating, 153 alternative translations of basic forms, 268-271
contradictions, separating, 151-153 alternative translations of basic forms of
decomposing SL statements, 138-140, 144- categorical statements, 268-269
145,147-152 applying rules with multiple quantifiers, 308-310
overview, 137-138 contradictory statements, 267-268
in quantification logic, 315-325 identifying categorical statements in
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inequivalence, 153-157 “not all” statements, 273
solving problems with, 140-141 overview, 255-256
tautologies, separating with, 147-150 proving QL statements with, 278-279
using instead of quick tables, 136 quantifier negation, 280-283
validity or invalidity, testing for with, 144-146 quantifier rules overview, 283-284
truth value, 38, 65, 99. See also evaluation with relations, 304-305
tu quoque (whataboutism), 48 restricted domain, 265
Turing, Alan, 331-333, 335, 376 translating basic categorical statements, 264-268
20th century, logic in, 31-33 translating from English into QL, 267
universal generalization, 283-284, 295-300
U universal instantiation, 283-287

unrestricted domain, 265-267
working with multiple quantifiers, 305-306
universal statements, 20

UG. See universal generalization
Ul. See universal instantiation
unary operator, 76, 334
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universal Turing machine (UTM), 331-333, 376

unpacking statements, 169, 189, 191-193
unrestricted domain of discourse, 265-267

unwarranted assumptions, fallacies of, 47-48

\'

validity

of arguments, 13, 36, 38-39, 113-116, 118-119

evaluating with truth tables, 113-116

testing for with quick table, 129

testing for with truth tree, 144-146
variables

Boolean, 334

domain of discourse, 257

existential instantiation with, 291

existential quantifier and, 256

quantification logic, 250

in quantification logic, 254-255, 260-261

universal generalization with, 296
universal quantifier and, 255

W

weak induction fallacies, 43-45
well-formed formulas (WFFs), 238-242
whataboutism (tu quoque), 48

Whitehead, Alfred North, 31, 360-361, 376
William, of Ockham, 23

Wittgenstein, Ludwig, 372

X

XOR logic gate, 335
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Zadeh, Lotfi, 346
Zermelo-Fraenkel axioms (ZF axioms), 361
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