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" (prime), 16, 82, 312

" (prime), double, 322
<., 214

<~ 212

<~...~. 214, 215, 218 220
212, 218

-7 216, 220

‘., 212

..., 215, 218

" (double quote), 216, 307
“_.." (string), 47, 307, 308
"~ (exponentiation), 344

~+ (BNF operator), 181

~* (BNF operator), 181

| (BNF operator), 181

— (function/record constructor), 29, 49,

302, 303
F————1 (separator), 20

L 1| (end of module), 21

I, 88, 315
/ (division), 73, 344
\ (set difference), 12, 299, 300
\* (end-of-line comment), 32, 288
— (underscore), 46, 285, 318
— (minus), 289, 344
, 289
~ (overbar), 63, 114, 334, 336, 337
-, see negation
— (set of functions), 48, 302, 304
— (step), 16, 312
*»> (temporal operator), 116, 156, 315,
316, 337
~ (stuttering equivalent), 315, 316
~3 918
~» (leads to), 91, 314

= (integer division), 344
(plus), 344
(BNF operator), 181
(suffix operator), 89, 315
x (Cartesian product), 53, 284, 306,
307
=, see equality
# (inequality), 300
=, see implies
=, see equivalence
2 (defined to equal), 16, 31
=, 325
oo, see Infinity
. (syntax element), 284
. (record field), 28, 180, 305
. (integer interval), 20, 344
., 218
-, see composition of actions
* (multiplication), 344
* (BNF operator), 181
o (sequence concatenation), 36, 53
(bag union), 342
(bag difference, 342
(always), 16, 89-90, 288, 314, 315
(CASE separator), 285
(
(

ot

eventually), 91, 288, 314

less than), 344

(substitution), 36

(less than or equal), 344

(subset), 12, 299, 300

(bag subset), 342

(*...%) (comment), 32, 288

fle] (function application), 301, 303

[A], (action operator), 17, 285, 312

[h1 — e1, ..., hn — ey] (record con-
structor), 29, 305

[S — T1] (set of functions), 48, 302, 304

S
©
O
O
<&
<
—
<
-
C

349
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[z € S — e] (function constructor), 49,
302, 303

[h1:S1, ..., hn: Sy] (set of records), 28,
305, 306

[e] (meaning), 292, 310

(A). (action operator), 91, 285, 312

(e1,...,en) (tuple), 27, 53, 306

{} (empty set), 12, 300

{e1,...,en} (set), 12, 299, 300

{z € S:p} (set constructor), 66, 289,
299, 301

{e:z € S} (set constructor), 66, 289,
299, 301

> (greater than), 344

> (greater than or equal), 344

A, see conjunction

N (set intersection), 12, 299, 300

V, see disjunction

U (set union), 12, 299, 300

: (in record set constructor), 28

:> (function constructor), 249

::= (BNF operator), 179

! (in EXCEPT), 29, 49, 302, 304-306

! (in operator name), 36, 39, 330, 334

7, 325

$, 335

% (modulus), 21, 344

& (BNF operator), 180

0, 314, 316

@ (in EXCEPT), 29, 302, 304

@@ (function constructor), 249

V, see universal quantification

V (temporal universal quantification),
110, 315

3, see existential quantification

3o, 94

3 behavior; 316

El statey 313

3, see hiding variables

« conversion, 319

[ reduction, 319

e, Hilbert’s, 73, 296

€ (syntax element), 284

in function expression, 49

€ (set membership), 11, 299

¢ (not element of), 47, 299, 300

A expression, 49, 319

C-basic, 325
A expression, legal, 327
A expression, meaning of, 325-327
A parameter, 319
0 (zero), 345
0-tuple, 37, 306
1 (one), 345
1-tuple, 306

Abadi, Martin, xvii
ABCorrectness module, 228, 229
abstraction, 81
abstraction, choosing an, 24
abstraction, level of, 76
action, 16, 312
as temporal formula, 89
composition, see composition of ac-
tions
constraint, 241
execution, 16
formula, simple, 236
operator, 269, 312-314
action parameter, 46
action, next-state, see next-state ac-
tion
ACTION-CONSTRAINT statement, 241
ActionConstraint (in TLC), 241
actions, commutativity of, 78
actions, joint, 147, 152
address, memory, 47
alignment, 208, 286
alignOut TLATEX option, 217
alternating bit protocol, 222
AlternatingBit module, 222, 223
always (0), 16, 89-90, 288, 314, 315
ambiguity in TLA" grammar, 289
Analyzer, Syntactic, 207
and (A), see conjunction
and/or, 9
angle brackets, 27, 96
Append, 36
application, operator, 320
argument
of a declared constant, 46
of a function, 50
of an operator, 31
argument, TLATEX option, 211
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aril TLC option, 243, 251
arithmetic operator, 19
arity of an operator, 318
arity-correct, 321
array, 48, 50
array of clocks, 139
array, multidimensional, 50
ASCII representation

of characters, 307

of reserved words, 19

of specification, 19

of symbol, 19, 273
ASsclI version of TLA™T, 275, 305, 307
AscCli-readable, 220
Ass, 327
Assert, 249
assertional reasoning, 2
assignment in TLC, 234
associativity, 10, 283
ASSUME, 42, 327, 332

checked by TLC, 241, 261
assume-guarantee specification, 156
assumption, 42, 327, 332
Asynchlinterface module, 24, 27
asynchronous interface, 23
asynchronous system, 3
atomicity, grain of, 76—78
aux file, 217
axioms, Peano’s, 344

Backus-Naur Form, 179
bag, 340
BagCardinality, 342
Bagln, 342
BagOfAll, 342
Bags module, 340, 343
overridden by TLC, 237
BagToSet, 340
BagUnion, 342
barrier synchronization, 149
basic
expression, 309
state function, 311
transition function, 313
behavior, 15, 18, 314, 315
satisfying temporal formula, 18
behavior, finite, 17, 112, 130

behavior, Zeno, 120, 128

behavioral property, 1

behaviors, equivalence of, 77

benefits of specification, 75

binary hour clock, 158

binary representation, 308

BinaryHourClock module, 159, 160

blame, 145

BNF, 179, 276

BNFGrammars module, 179, 183, 184

BOOLEAN, 46, 293

Boolean operator, 9, 293, 296
precedence, 10

Boolean operator, simple, 236

Boolean value, 9

bound occurrence, 14

bound variable, 14, 109

bound, real-time, 122

bound, strong real-time, 124

bounded FIFO, 42-43

bounded quantification, 13, 293

Bounded FIFO module, 43

box (O), see always

buffer component, 135, 140

buffer, FIFO, 35, 140-142

built-in operator, 20

CH++, 7
Cle], 325
C-basic A expression, 325
cache, write-through, 54-62, 107-109
caching memory, 45
caching memory, real-time, 124-128
calculator, using TLC as, 261
capture, variable, 335
Cardinality, 66, 70, 340
cardinality, 70
carriage return, 307
Cartesian product, 53, 306
CASE, 298

evaluated by TLC, 262

parsing, 284
causality, 128
CC, 328
channel, 28, 97, 99
Channel module, 30
channel, refining, 159
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ChannelRefinement module, 161, 162
character, 307
checkpoint (TLC), 252, 255, 260
Chinese, 2
Choice, 295
CHOOSE, 47, 73, 294
applied to temporal formula, 110
evaluated by TLC, 232, 234, 262
parsing, 284
circular definition, 70
class, equivalence, of a state, 246
class, Java, 237
cleanup TLC option, 252
cleverness, 80
clock, hour, see hour clock
clocks, array of, 139
closed-system specification, 44, 167
closure, machine, see machine closure
coarser-grained specification, 76
collection of all sets, 66
collision, 244, 255
comment, 32-34, 82
in TLC configuration file, 226
shading, 212
syntax, 288
typeset by TLATEX, 214
comment, end-of-line, 32
comment, nested, 32
comment, space in, 213
common subexpression, 60
communication, 152
commutativity of actions, 78
comparable values, 231, 264
complete-system specification, 44, 156
complexity, relative, 254
component, 135
Composite FIFO module, 142, 143
composition of actions (+), 77, 312, 313
and instantiation, 337
evaluated by TLC, 240
composition of specifications, 135, 168
and liveness, 152
and machine closure, 152
with disjoint state, 142
with shared state, 142-149
Composition Rule, 138
Compositional Hiding Rule, 155

conditional constructs, 298
config TLC option, 253
ConfigFileGrammar module, 262, 263
configuration file (TLC), 225, 253, 261

grammar, 262
conjunct, property, 240
conjunct, specification, 240
conjunction (A), 9, 293

applied to temporal formulas, 88

as quantification, 13, 105

evaluated by TLC, 231

of infinitely many formulas, 13
Conjunction Rule, SF, 106
Conjunction Rule, WF, 105
conjuncts, list of, 25, 286, 293
connected, strongly, 174
connectivity, 173
conservative interpretation of Boolean

operators, 296

CONSTANT, 25, 46, 327, 329
constant

declaration, 25

level, 324

module, 330

operator, 268, 291-309

parameter, 25, 45
CONSTANT statement, 226
constant, internal, 190
constant-level expression, 322
CONSTANTS, 25
CONSTANTS statement, 226
constraint, 226
Constraint (in TLC), 241
constraint, action, 241
constraint, global, 140
constraint, real-time, 119

on disjunction, 128
construct, 292
constructor, set, 66, 299
context, 324-325
context, current, 328
continually

enabled, 106

versus continuously, 106
continuously

enabled, 106, 122

versus continually, 106
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contract, specification as, 156
contradiction, proof by, 102
conversion, o, 319

Copiesin, 342

correct, syntactically, 325
correctness of module, 332
Couturier, Dominique, xvii
coverage TLC option, 227, 252, 258
current context, 328

d Syntactic Analyzer option, 207
data refinement, 164
data structures, 78-79, 170
Decl, 327
deadlock, 222, 251
deadlock TLC option, 242, 251
debugging, 253

variable, 244
decimal representation, 308
declaration, 324, 329
declaration, constant, 25
declaration, scope of, 31
declaration, variable, 19
definition, 31-32, 324

of function, 54, 329

of operator, 329

overriding, 234, 235
definition, global, 327
definition, inductive, 69
definition, local, 170, 327
definition, module, 324
delimiter, 285, 286
depth TLC option, 243, 251
derivative, 176
diameter of state graph, 254
difference, set (\), 12
differential equation, 133, 174
Differential Equations module, 177, 178
difftrace TLC option, 252, 259
directed graph, 173
discrete step, 15
disjoint-state

composition, 142-149

specification, 151
disjunction (V), 9, 293

as quantification, 13, 105

evaluated by TLC, 231

disjunction (V), real-time constraint on,
128

disjuncts, list of, 26, 286, 293
distribute over, 93, 114, 336
distributed system, 3
divide and conquer, 209
division

of integers, 344

of real numbers, 73
DOMAIN, 48, 302
domain of a function, 48, 302
double quote ("), 216, 307
DR1, 101
DR2, 102
dual tautology, 93
dvi file, 211, 217
dvips, 213

edge, 172
element, 11
empty set, 12
EmptyBag, 342
ENABLED, 97, 312, 313
and instantiation, 337
evaluated by TLC, 240
predicate, computing, 115
substitution in, 335
enabled, 26
continually, 106
continuously, 106, 122
repeatedly, 124
ENABLED-free state function, 311
end-of-line character, 288, 290
end-of-line comment, 32
English, 2, 98
environment, 43, 147, 156
equality (=), 284, 300
of sets, 12
versus equivalence, 10, 296
equation, differential, 133, 174
equivalence
class of a state, 246
of specifications, 21
equivalence (=), 9, 293
versus equality, 10, 296
equivalence of behaviors, 77
error report (TLC), 255
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error trace (TLC), 247, 252, 259
error, locating, with TLC, 249
error, semantic, 208
error, syntactic, 208
evaluating expressions, 231
eventually (©), 91, 288, 314
eventually always (¢0O), 92, 106
EXCEPT, 29, 49, 302, 304-306
execution of an action, 16
execution, terminating, 17
existential quantification (3), 12, 293
as disjunction, 13, 105
evaluated by TLC, 232
existential quantification, temporal, see
hiding variables
explanation of memory scenario, 186
expression, 317, 321
expression evaluation by TLC, 231
expression, A, see A expression
expression, basic, 309
expression, level of, 322
expression, silly, 67, 222
evaluated by TLC, 256
EXTENDS, 19, 237, 328
EXTENDS, structuring specification with,
34

factorial, 54, 67
failed to recover state, 247
fairness and refinement, 114
fairness conditions, combining, 101,
105
fairness, expressing liveness with, 112
fairness, strong, 106-107
fairness, weak, 96-100
real-time analog, 122
FALSE, 9, 293
FastSort, 250
field of record, 28
FIFO buffer, 35, 140-142
FIFO transmission line, 222
FIFO, bounded, 42-43
file name, root of, 217
file, aux, 217
file, dvi, 211, 217
file, log, 217
file, PDF, 211, 212

file, TLC configuration, see configura-
tion file
files, TLATEX output, 217
finer-grained specification, 76
fingerprint, 244, 247, 255
fingers, counting on, 11
finite behavior, 112, 130
FiniteSets module, 66, 340, 341
overridden by TLC, 237
first-order logic, 3, 318
flexible variable, 110
font of comment, 32
font size, 216
form feed, 290, 307
formal mathematics, 2
formal semantics, 292
formula, 309, 310
splitting, 60
used in a sentence, 14
formula, simple action, 236
formula, temporal, see temporal
formula
formula, valid, 18, 309
Frank, Douglas, xvii
free occurrence, 14
free variable, 14
function, 48-51, 72-73, 301
expressed with :> and Q@Q, 249
of multiple arguments, 50, 302
transition, 312
versus operator, 69-72
function definition, 329
function, hashing, 244
function, nondeterministic, 73
function, recursively defined, see recur-
sive function definition
function, state, 25, 310-312
functional property, 1

G, 241, 254
GDef, 327
Generalization Rule, 95
gibberish, nonsyntactic, 69
Gilkerson, Ellen, v
global
constraint, 140
definition, 327
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function definition, 329

operator definition, 329
Gonthier, Georges, 307
grain of atomicity, 76-78
Grammar, 180
grammar, 179

of TLA™T, 276-289

of TLC configuration file, 262
granularity of step, 24, 76-78
graph, 172
graph, directed, 173
graph, state (G), see state graph
graph, undirected, 173
Graphs module, 172, 175
grayLevel TLATEX option, 213
Grégoire, Jean-Charles, xvii, 207
Grover, Vinod, xvii
Guindon, 1

handshake protocol, 23
hashing function, 244
Hayden, Mark, 221
Head, 35, 53
help TLATEX option, 212
henceforth, see always
hexadecimal representation, 308
hiding variables, 39, 41, 110, 111, 221,
228, 314, 316

and composition, 154
high-level specification, 132, 169
higher-order logic, 318
Hilbert’s €, 73, 296
hoffset TLATEX option, 217
hour clock, 15, 96, 98
hour clock, binary, 158
hour clock, real-time, 117-121
HourClock module, 19, 20

with comments, 33
hybrid specification, 132-133

identifier, 31, 277, 321
of A parameter, 319
identifier, run, 252, 255
IF/THEN/ELSE, 16
evaluated by TLC, 231
parsing, 284, 298
iff, 9

implementation, 62, 111

under interface refinement, 165
implementation, proving, 62-64
implementing real-time constraints, 126
implication, 9

as implementation, 62, 111
implicit substitution (in INSTANCE), 40
ImpliedAction (in TLC), 241
ImpliedInit (in TLC), 241
Implied Temporal (in TLC), 241
implies (=), 9, 293

definition explained, 10

evaluated by TLC, 231
Implies Generalization Rule, 95
IN, see LET/IN
indentation in con/disjunction lists, 26,

286

inductive definition, 69
inductive invariant, 61
infinitely often (O<), 91, 106
Infinity, 122, 344
infix operator, 270, 278, 345
info TLATEX option, 212
Init (in TLC), 240
INIT statement, 225, 262
initial predicate, 16

evaluated by TLC, 254
initial state, 16

computed by TLC, 237, 240, 241
InnerFIFO module, 37, 38
InnerSequential module, 200, 201
InnerSerial module, 195, 196
INSTANCE, 36—40, 330-331, 334-338
INSTANCE, LOCAL, 171
INSTANCE, structuring specification with,

34

instantaneous change, 117
instantiation, 37-40, 330-331, 334-338
instantiation, parametrized, 39
Int (set of integers), 344
integer division, 344
integer is real number, 344
Integers module, 344, 348

overridden by TLC, 237
Integrate, 132, 174
integration, 133
interface refinement, 158-167
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and implementation, 165
and liveness, 165

for open-system specifications, 165

interface, asynchronous, 23
interface, memory, 183
interface, program, 3, 78
interleaving specification, 137, 151
internal constant, 190
internal variable, 41, 111
InternalMemory module, 52
intersection (N), 12
interval, open, 174
invariance, proving, 62
invariant, 61-62

checking by TLC, 225, 242

of a specification, 25

of an action, 61

under stuttering, 90
Invariant (in TLC), 240
INVARIANT statement, 225
invariant, inductive, 61
invariant, type, 25, 80
INVARIANTS statement, 226
irreflexive, 191
irreflexive partial order, 71
IsABag, 340
IsA Behavior, 316
IsAFcn, 303
IsAState, 313
IsDeriv, 176
IsFenOn, 140
IsFiniteSet, 43, 66, 340

Java class, 237

JavaTime, 249

Jefferson, David, xvii, 207

joint actions, 147, 152
JointActionMemory module, 150

Kalvala, Sara, xvii

key TLC option, 243
keyboard, 81

Knuth, Donald Ervin, 19, 211
Krishnan, Paddy, xvii

lambda, see A
Lamport, Leslie, 211, 221
language, 179

language, programming, 3, 67
TEX, 211
¥TEX commands in TLATEX, 219
latexCommand TLATEX option, 212
LDef, 327
leads to (~), 91, 314
LeastGrammar, 181
left associative, 283
legal A expression, 327
Leisenring, A. C., 296
Len, 36
LET/IN, 60, 299
meaning of, 326
parsing, 284
level, 321-324
level of abstraction, 76
level, constant, 324
level-correct, 323
lexeme, 179
lexeme, TLA-+, 275, 289
liberal interpretation of Boolean oper-
ators, 296
limit, definition of, 177
line feed, 307
line numbers, 212
linearizable memory, 51, 100, 185
list of conjuncts, 25, 286, 293
list of disjuncts, 26, 286, 293
liveness
and composition, 152
considered unimportant, 116
expressed with fairness, 112
in interface refinement, 165
liveness property, 3, 87
checked by TLC, 228, 242, 247
LOCAL, 171, 327, 329, 331, 340
local
definition, 170, 327
function definition, 330
INSTANCE, 331
operator definition, 329
log file, 217
logic, first-order, 3, 318
logic, higher-order, 318
logic, predicate, 12-14, 293
logic, propositional, 9-11, 293
logic, temporal, see temporal logic
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logical property, 1

logical thinking, danger to, 7
lossy transmission line, 222
lower-level specification, 169

machine closure, 111-114, 130, 200, 230

and composition, 152
mapping, refinement, 63, 228
mathematics, 2, 9, 21, 22, 65, 174
MazTime, 119, 123
MCAlternatingBit module, 226, 227
MDef, 327
meaning, 292

of X\ expression, 325-327

of temporal formula, 88
Melville, Herman, vii
memory address, 47
memory interface, 183
Memory module, 51, 53
memory system, 45
memory value, 47
memory, caching, 45
memory, linearizable, 51, 100, 185
memory, real-time caching, 124-128
memory, sequentially consistent, 195
memory, serial, 188
Memorylnterface module, 48
MinTime, 119, 123
model, 225
model checking, 221, 226, 241
model value, 230, 259
model, specification as, 76
moderate interpretation of Boolean op-

erators, 296

MODULE, 19
module, 19

correctness, 332

definition, 324

end, 21

finding, 333

name, 325

overriding, 237

unit, 285, 286
module, constant, 330
module, meaning of, 317, 327-332
module, standard, 272, 339
modulus, 21, 344

Modus Ponens Rule, 95
monolithic specification, 136, 167
multi-line comment, 214
multiset, 340

mutual recursion, 68, 233

names
of modules and operators, 325
of sets, 36
Nat (set of natural numbers), 12, 21,
308, 344
natural number, 11
Naturals module, 19, 344, 348
overridden by TLC, 237
Nbhd, 174
negation (—), 9, 293
of temporal formula, 88
nested comments, 32
nested quantifiers, 13
Nezt (in TLC), 240
NEXT statement, 225, 264
next-state action, 16
evaluated by TLC, 237
next-state action, finding error in, 259
next-state action, invariant of, 61
next-state action, subaction of, 111
nice temporal formula, 236
Nil, 181
node, 172
noEpilog TLATEX option, 214
non-machine-closed specification, 200
checking, 230
non-Zeno specification, 130
nonconstant operator, 309-316
nondeterministic function, 73
nondeterministic operator, 73
noninterleaving specification, 137
nonsense, 71
nonsyntactic gibberish, 69
nonterminal symbol, 179
noProlog TLATEX option, 214
nops TLATEX option, 213
not, see negation
now, 117
nowarning TLC option, 253
NowNext, 120
number, 345
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number TLATEX option, 212
number, natural, 11
numbers, line, 212

NZ, 130

occurrence, bound, 14
occurrence, free, 14
Ogata, Kazuhiro, xvii
one (1), 345
one-line comment, 214
one-tuple, 306
OneOf, 182
open interval, 174
open set, 177
open-system specification, 44, 156158,
167
interface refinement, 165
Openlinterval, 174
operator, 31, 317
application, 320
definition, 329
name, 325
of arithmetic, 19
precedence, 271, 283
semantics, 291-316
symbol, user-definable, 270
versus function, 69-72
operator, action, 269, 312-314
operator, arity of, 318
operator, Boolean, 9, 293, 296
precedence, 10
operator, built-in, 20
operator, constant, 268, 291-309
with arguments, 46
operator, defined in standard module,
272
operator, infix, 270, 278, 345
operator, nonconstant, 309-316
operator, nondeterministic, 73
operator, order of, 318
operator, postfix, 270, 278
operator, prefix, 270, 278
operator, recursive definition of, 70
operator, simple Boolean, 236
operator, temporal, 269, 314-316
option (Syntactic Analyzer), 207
d, 207

s, 207
option (TLATEX), 211
alignOut, 217
grayLevel, 213
help, 212
hoffset, 217
info, 212
latexCommand, 212
noEpilog, 214
noProlog, 214
nops, 213
number, 212
out, 217
ps, 213
psCommand, 213
ptSize, 216
shade, 212
style, 218
textheight, 216
textwidth, 216
tlaOut, 218
voffset, 217
option (TLC), 251
aril, 243, 251
cleanup, 252
config, 253
coverage, 227, 252, 258
deadlock, 242, 251
depth, 243, 251
difftrace, 252, 259
key, 243
nowarning, 253
recover, 252, 255, 260
seed, 251
simulate, 251
terse, 252
workers, 253
option argument (TLATEX), 211
or (V), see disjunction
order of an operator, 318
order, irreflexive partial, 71
order, total, 191
OTHER, 298
out TLATEX option, 217
output of TLC, 253
overriding
a definition, 234, 235
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a module, 237

package, tlatex, 218
Pahalawatta, Kapila, xvii
Palais, Richard, xvii
paradox, Russell’s, 66
parameter, A, 319
parameter, action, 46
parameter, constant, 25, 45
parametrized instantiation, 39
parent (in a tree), 174
parentheses, 10, 284, 287
parentheses, eliminating, 26
parsing, 179
partial order, irreflexive, 71
path, 173
PDF file, 211, 212
Peano module, 308, 344, 345
Peano’s axioms, 344
performance, 2
permutation, 245
Permutations, 245, 250
philosophy, Greek, 128
Pnueli, Amir, 2
point (unit of measure), 216
PosReal, 174
possibility, 113
postfix operator, 270, 278
PostScript, 211, 212
power set, 65
precedence, 10
of Boolean operator, 10
of operators, 271, 283
of temporal operators, 92
range, 283
predicate logic, 12-14, 293
predicate, initial, 16
evaluated by TLC, 254

predicate, state, see state predicate

prefix operator, 270, 278
prime ('), 16, 82, 312, 313
prime (*), double, 322

primitive operator of semantics, 292

Print, 249, 259

processor, 47

product, Cartesian, 53, 306
production (of grammar), 179

program interface, 3, 78
programming language, 3, 67
proof

by contradiction, 102

of implementation, 62-64

of invariance, 62

rule, temporal, 95

rule, TLA, 18
property checking by TLC, 229, 240
property conjunct, 240
PROPERTY statement, 225, 237
property, behavioral, 1
property, functional, 1
property, liveness, 3, 87

checked by TLC, 228, 242, 247
property, logical, 1
property, safety, 3, 87, 153
propositional logic, 9-11, 293
protocol, alternating bit, 222
protocol, handshake, 23
ProtoReals module, 308, 344, 346
ps TLATEX option, 213
psCommand TLATEX option, 213
pseudo-random number generator, 243,

251

ptSize TLATEX option, 216

quantification, 82
of temporal formula, 88, 109-110
over tuple, 293
quantification, bounded, 13, 293
quantification, existential (3), 12
quantification, unbounded, 13, 232, 293
quantification, universal (V), 12
quantifier, 12, 293
nesting, 13
parsing, 284
Quantifier Rule, WF, 105
queue of unexplored states (U), 241,
254
quote, double ("), 216, 307
quotes, single (¢...?), 214

range of a function, 48
range, precedence, 283
Rd, 186

reachable state, 226
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Real (set of real numbers), 67, 308, 344
real time, 117-134
real-time
bound, 122
caching memory, 124-128
constraint, 119
implementing, 126
on disjunction, 128
constraints, combining, 128
hour clock, 117-121
Reals module, 344, 348
RealTime module, 123, 125
RealTimeHourClock module, 119, 121
reasoning, assertional, 2
receiver, 23, 35, 144, 222
component, 135, 140
record, 28, 305
as function, 49, 50
field, 28
recover TLC option, 252, 255, 260
recursion, mutual, 68, 233
recursive function definition, 54, 67-69,
302
evaluated by TLC, 233
redeclaration, 32
reduction, 3, 319
refinement mapping, 63, 228
and fairness, 114
refinement of channel, 159
refinement, data, 164
refinement, interface, see interface re-
finement
RegisterInterface module, 185, 186
relation as set of pairs, 191
relation, next-state, see next-state ac-
tion
relative complexity, 254
rely-guarantee specification, 156
renaming, instantiation without, 40
renaming, parameter, 319
repeatedly enabled, 124
replacement in TLC, 234, 261
request, 47
resource, shared, 127
response, 47
rigid variable, 110
root of file name, 217

root of tree, 174

round-robin scheduling, 127
RTBound, 122

RTMemory module, 125, 126
RTnow, 120, 123

RTWrite ThroughCache module, 129
Rudalics, Martin, xvii

run identifier, 252, 255

running the Syntactic Analyzer, 207
running TLATEX, 211

running TLC, 251

Russell’s paradox, 66

s Syntactic Analyzer option, 207
safety property, 3, 87, 153
Samborski, Dmitri, 211
scenario, 186
scheduling shared resource, 127
scheduling, round-robin, 127
Schreiner, Wolfgang, xvii
scope, 31
second (unit of time), 117
seed, 243, 251, 254
seed TLC option, 251
SelectSeq, 339
semantic
correctness, 333
error, 208
part of syntax, 275, 291
semantics of TLA™, 317
deviation by TLC, 262
semantics, formal, 292
semantics, primitive operator of, 292
sender, 23, 35, 144, 222
component, 135, 140
sentence, 179
Seq, 35
sequence, 35, 53, 306
Sequences module, 35, 53, 339, 341
overridden by TLC, 237
sequentially consistent memory, 195
serial memory, 188
SerialMemory module, 195
set, 11, 6566
constructor, 66, 299
difference (\), 12
equality, 12, 300
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of all sets, 66
theory, 3, 11, 43, 300
set, empty, 12
set, open, 177
set, power, 65
set, symmetry, 246
set, too big to be, 66
sets, collection of all, 66
sets, naming, 36
SetToBag, 342
SF, 106, 285, 314
and instantiation, 337
SF Conjunction Rule, 106
shade TLATEX option, 212
shading comments, 212
shared resource, scheduling, 127
shared-state
composition, 142—-149
specification, 151
Shared-State Composition Rule, 146
silly expression, 67, 222
evaluated by TLC, 256
simple
action formula, 236
Boolean operator, 236
temporal formula, 236
simulate TLC option, 251
simulation, 226, 243, 251
simulation, step, 63
checked by TLC, 242
single quotes (...?), 214
Sort, 235, 250
SortSeq, 250
sound, 296
space character, 290, 307
space in comment, 213
specification, 1
as abstraction, 24
as model, 76
by scientists, 15
conjunct, 240
invariant, 25
parameter, 25, 45
splitting, 34
standard form, 221
structure, 32—-34
SPECIFICATION statement, 225, 237, 264

specification, assume-guarantee, 156
specification, benefits of, 75
specification, closed-system, 44, 167
specification, coarser-grained, 76
specification, complete-system, 44, 156
specification, disjoint-state, 151
specification, ex post facto, 228
specification, finer-grained, 76
specification, high-level, 132, 169
specification, hybrid, 132-133
specification, interleaving, 137, 151
specification, lower-level, 169
specification, monolithic, 136, 167
specification, non-machine-closed, 200

checking, 230
specification, non-Zeno, 130
specification, noninterleaving, 137
specification, open-system, 44, 156—158,

167
specification, rely-guarantee, 156
specification, shared-state, 151
specification, Zeno, 128-132
specifications, composition of, 135, 168
splitting a specification, 34
SRTBound, 124
standard form of specification, 221
standard module, 339
standard module, operators defined in,
272

state, 15, 18, 30, 310, 311

computed by TLC, 237

in G, 241

printed by TLC, 256

specifying universe, 18
state formula, temporal, 236
state function, 25, 310-312

basic, 311
state graph (G), 241

diameter, 254
state predicate, 25, 310, 311

as temporal formula, 88
state, initial, 16

computed by TLC, 237, 240, 241
state, reachable, 226
state, successor, 237
state-level expression, 322
step, 16, 151, 312
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satisfying an action, 16
stuttering, 315
step simulation, 63
checked by TLC, 242
step, discrete, 15
step, granularity of, 24, 76-78
step, stuttering, 17, 90
STRING, 180, 307, 308
string, 182, 307
represented by TLC, 262
strong fairness, 106-107
strong real-time bound, 124
strongly connected, 174
structure of a specification, 32-34
stuttering step, 17, 90, 315
stuttering, invariant under, 90
style TLATEX option, 218
subaction, 111, 131
SubBag, 342
subgraph, 173
submodule, 119, 125, 141, 327, 332
subscript, 96, 153, 285
SubSeq, 339
subsequence operator, 339
SUBSET, 65, 299, 300
subset, 12
substitution, 334
substitution, implicit (in INSTANCE), 40
substitution, instantiation as, 37
suce, 49
successor function, 49, 308
successor state, 237
symbol, 31
user-definable, 270
symbol, ASCII representation, 19, 273
symbol, nonterminal, 179
symbol, terminal, 179
symmetry, 245, 250
symmetry set, 246
SYMMETRY statement, 245, 264
synchronization, barrier, 149
Syntactic Analyzer, 207
syntactic error, 208
syntactically correct, 325
syntax, 275
syntax, semantic conditions of, 291
system, 156

system versus environment, 43
system, asynchronous, 3
system, distributed, 3

system, hybrid, 132

system, memory, 45

tab character, 287, 290, 307
table, truth, 10, 11
Tail, 36, 53
tautology
checking with TLC, 261
of predicate logic, 13
of propositional logic, 11, 296
of temporal logic, 92-95
versus proof rule, 95
tautology, dual, 93
temporal
existential quantification, see hiding
variables
formula, 18, 88-92, 314
checked by TLC, 242
evaluated by TLC, 235
syntax, 288
valid, 315
formula, meaning of, 88
formula, nice, 236
formula, simple, 236
logic, 2, 116
tautology, 92-95
logic of actions, 2
operator, 269, 314-316
precedence, 92
proof rule, 95
state formula, 236
theorem, 92
universal quantification, 110, 315
Temporal (in TLC), 240
temporal-level expression, 322
terminal symbol, 179
terminating execution, 17
termination, 222
terse TLC option, 252
TEX, 19, 211
textheight TLATEX option, 216
textwidth TLATEX option, 216
THEOREM, 20, 327, 332
theorem, 18, 327, 332
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theorem, temporal, 92
thinking, 83
Thm, 327
threads used by TLC, 242, 253
time, real, 117-134
time, unit of, 117
Timer, 119, 123
timer, 118
TLA, 2
TLA proof rule, 18
TLA Web page, 1, 19, 63, 207, 211, 221
TLAT, 3
tlaOut TLATEX option, 218
TLAPlusGrammar module, 276
TLATEX, 211, 286, 288

output files, 217

Web page, 211
TLATEX, running, 211
tlater IXTEX package, 218
TLC, 221-264
TLC module, 248

overridden by TLC, 237
TLC value, 230
TLC, running, 251
Tok, 182
tok, 180
token, 180
tool, TLAY, 1, 3, 207
total order, 191
trace, TLC error, 247, 252, 259
transition function, 312
transition function, basic, 313
transition-level expression, 322
transitive, 191
transmission line, FIFO, 222
tree, 174
TRUE, 9, 293
truth table, 10, 11
tuple, 27, 53, 306
tuple, quantification over, 293
tuple, sequence as, 35
Tuttle, Mark, xvii, 221
two-phase handshake, 23
type in programming language, 67
type invariant, 25, 80
type of a variable, 25, 30
typesetting specifications, 19, 211

U, 241, 254
uid, 1
unbounded quantification, 13, 232, 293
UNCHANGED, 26, 312
evaluated by TLC, 238
undirected graph, 173
UNION, 65, 299, 300
union (U), 12
unit of time, 117
unit, module, 285, 286
universal quantification (V), 12, 293
as conjunction, 13, 105
evaluated by TLC, 232
universal quantification, temporal, 110,
315
universe specified by state, 18, 43, 135
unless, 102
untyped, 30, 67, 296
URL, 1
user-definable symbol, 270

valid formula, 18, 309
valid temporal formula, 315
value, 310
value as set, 43
value, Boolean, 9
value, memory, 47
value, model, 230, 259
value, TLC, 230
values, comparable, 231, 264
VARIABLE, 19, 327, 329
variable

capture, 335

declaration, 19

hiding, see hiding variables
variable, bound, 14, 109
variable, debugging, 244
variable, flexible, 110
variable, free, 14
variable, internal, 41, 111
variable, rigid, 110
variable, type of, 25, 30
variable, visible, 41
VARIABLES, 25
version of TLC, 221
view, 243
VIEW statement, 243, 264
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visible variable, 41
voffset TLATEX option, 217

weak fairness, 96-100
real-time analog, 122
weak fairness, equivalence to strong fair-
ness, 106
Web page, TLA, 1, 19, 63, 207, 211,
221
Web page, TLATEX, 211
WF, 97, 285, 314
and instantiation, 337
WF Conjunction Rule, 105
WF Quantifier Rule, 105
WF, equivalence to SF, 106
WITH, 36
omitted, 40
witness, 62

workers TLC option, 253

Wr, 186

write-through cache, 54-62, 107-109
Write ThroughCache module, 57
writing, 1

writing, how to start, 24, 79
writing, when to start, 83

Yu, Yuan, xvii

Zeno behavior, 120, 128

Zeno of Elea, 128

Zeno specification, 128-132
Zermelo-Frankel set theory, 43, 300
Zero, 308

zero (0), 345

zero-tuple, 37, 306

ZF, 43, 300



