Index

abstract data type, 297, 361 abstraction, 105, 161, 273, 373, 437 action, 36

bound input, 159 bound output, 37 object of, 243 subject of, 243 typed, 242 visible, 37 Actors, 118, 509 ad hoc polymorphism, 297 adequacy, 394, 404, 410, 441, 447, 454, 457 affine type, see type aliasing, 218, 341, 365 α-convertibility, 15, 19, 39, 47 Ambient Calculus, 3, 307 application in HOπ, 373 applicative bisimilarity, 479, 485

open, 495 arity of abstraction, 105, 142 asynchronous

barbed bisimilarity, 199 barbed congruence, 199 barbed equivalence, 202 bisimilarity, 199 coupled similarity, 207 ground bisimilarity, 201 asynchronous communication, 189 Asynchronous Localized π-calculus, see π-calculus Asynchronous π-calculus, see π-calculus Asynchronous Private π-calculus, see π-calculus axiomatization, 174, 177, 178, 184, 185, 187

barbed bisimilarity, 94

strong, 56 barbed bisimulation, 94

strong, 56

up to strong barbed bisimilarity, 58 up to barbed bisimilarity, 95 barbed congruence, 95

for λN, 478 on values, 380 reduction-closed, 116 strong, 59 typed, 321, 437 with respect to a sorting, 129 barbed equivalence, 95

reduction-closed, 117 strong, 62 Base-π, 238 behaviour type, see type β-conversion in HOπ, 378 β-reduction

in HOπ, 378 in λ-calculus, 424 β-reduction rule, 238 binding, 13, 376 bisimilarity, 95, 365

D-full, 155 of abstractions, 105 of polyadic processes, 129 reduction, 55 strong, 65 typed, 323 bisimulation, 3, 54, 64, 95

reduction, 55 strong, 65

up to injective substitution, 84 up to non-input context, 88 up to restriction, 89 up to strong bisimilarity, 81, 85 up to structural congruence, 85 up to context and up to expansion, 116 up to expansion, 115 up to injective substitution, 113 Böhm-out technique, 493 Böhm Tree, 505 boolean package, 314, 361 bound name, 13, 438

call-by-name, see reduction strategy call-by-need, see reduction strategy call-by-value, see reduction strategy capability, 11, 211 CCS, 4, 189, 546 576

Index 577

chaining operator, 85 CHAM, 118 Characterization Theorem, 102, 104 Strong, 68 χ-calculus, 229 Church’s thesis, 507 Church–Rosser, see confluence

for well-formed operators, 485 class, 517 class-based language, 517 CML, 416 co-name, 56 co-support of substitution, 15 coercion, 351, see also type command, 517 communication medium, 189 completeness

of proof system, 175 of translation, 131, 371, 479, 502 composition, 12 compositionality, 370 concretion, 161 concurrent constraint programming, 230 condition, 180

complete on a set of names, 183 confluence, 379, 428 congruence, 19, 67, 98, 156, 165, 168, 196 non-input, 62 constant, 273, see also process context, 19, 320, 380

n-hole, 29 multi-hole, 86 non-input, 62, 87 value, 380 Context Lemma

for barbed congruence, 95 for strong barbed congruence, 60 typed, 328, 342 continuation, 434 Continuation Passing Style (CPS) functions, 435 transforms, 435

call-by-name, 452 call-by-value, 438 uniform, 461 contravariance, 261 control-flow analysis, 365 convention

α-convertibility, 16 bound names, 16, 41, 48 bound names in encodings, 438 defining forms of bisimilarity, 57 type equality in encoding, 398 convergence test, 481 covariance, 261 CPS-value, 438

D-congruence, 156 data, 145

sharing, 152, 331, 347 data-independence, 227 declaration, 517 definitional equality, 16 delayed input prefix, see prefix delegation, 532 derivation

normalized, see reduction well-normalized, see reduction distinction, 155 Distributed Join Calculus, 3 Distributed π-calculus, 3 distribution, 2 dynamic wire process, see wire process

early bisimilarity, 164 early congruence, 165 ECCS, 4 effect systems, 307 encapsulation, 311, 517 equational reasoning, 174

rules of, 19, 175 error rule, 238 η-rule, 458 η-saturated normal form, 380, 387 Expansion Lemma

for strong bisimilarity, 72 for strong full bisimilarity, 73 expansion precongruence, 114

typed, 323 expansion relation, 114

typed, 323 expression, 517 external mobility, see mobility

Facile, 416 first-order calculi, 2, 369 free name, 13 fresh name, 47, 64 full abstraction, 370, 412, 413 full bisimilarity, 96

strong, 66 typed, 325 with respect to a sorting, 129 function type, see type functional programming, 332, 348, 507 Fusion Calculus, 229

ground bisimilarity, 172, 327

strong, 162 ground bisimulation up to context and up to ground expansion, 197 ground bisimulation up to restriction and up to strong ground bisimilarity, 195 ground congruence, 173 ground expansion relation, 172, 328 guarded system of equations, 106

Harmony Lemma, 51 head normal form

in λ-calculus, see normal form in λ-calculus in π-calculus, see process higher-order calculi, 2, 369, 377

578 Index

Higher-Order π-calculus, see π-calculus hole, 19, 29, 86

image-finite

process, 100, 102 relation, 45 up to, 45 imperative programming, 333, 347 inaction, 12

(non-)degenerate occurrence of, 19 indexed sum, 206 inheritance, 539 inline expansion, 340 input

action, 37

polyadic, 129 capability, 211 prefix, 12

polyadic, 127 instance

of abstraction, 105 of constant, 132 instance variable, 517 instantiation, 87 Interaction Categories, 307 internal choice operator, 69, 483 internal mobility, see mobility invariance, 261 i/o, see type

tags, 262

Join calculus, 3, 212, 229

λβ-theory, 425 λβ_v theory, 431 λ-calculus, 3, 14, 311, 365, 371, 378, 421 model of, 480, 492 polymorphic, 296 typed, 233, 238, 248, 258, 270, 305, 379, 469 λ-term, 424

closed, 424 (un)solvable, 493 late D-congruence, strong, 168 late bisimilarity, 172, 173

strong, 164 late congruence, 173

strong, 165 lazy PSE ordering, 510 lazy theory, 493 Lévy–Longo Tree, 494 linear logic, 305 linear type, see type link, 1, 237 link type, see type local environment, 79 local structure

of a λ-calculus model, 480 of the π-calculus interpretation, 479, 496 Localized π-calculus, see π-calculus location, 2 lock, 193

LPπ^−, see π-calculus

matching, 12, 69, 264, 377 maximal computation, 210 method, 517 method-handler, 527 mismatching, 13, 180 mobile system, 1 mobility, 1

external, 215 internal, 215, 348 Mobility Workbench, 227 model checking, 227 Morris’s context-equivalence, 478

name, 1, 11

fresh, 25 occurs only in output subject position, 78 name-passing, 2, 369 narrowing, 265

for barbed congruence, 321 normal form in λ-calculus, 425

head, 493 weak head, 493 normalization (strong), 379 Normalization Theorem, 427

object, 211, 272, 515 Object Calculi, 510, 546 object of action, 37 object sort, 128 object-based language, 517 object-oriented programming, 3, 515 Obliq, 546 observability predicate, 56, 68

weak, 94 OOL, 517, 546 open bisimilarity, 117, 173

strong, 168 open D-bisimilarity (strong), 167 operator precedence, 16 orthogonal term-rewriting system, 426 output

action, 37

polyadic, 129 capability, 211 prefix, 12

polyadic, 127 output subject position, see name Oz, 3

parallel convergence test, 481 parametric polymorphism, 297 pattern matching, 255, 298, 405 PCF, 427 π-calculus, 1, 11

Asynchronous, 190, 327, 335, 348, 352, 407, 436 Asynchronous Localized, 212, 348, 408 Asynchronous Private, 221 Higher-Order, 2, 373

Index 579

Asynchronous, 382 Localized, 212 LPπ^−, 221 polyadic, 127, 259 polymorphic, 296 Private, 217 simply-typed, 247, 328

with subtyping, 262 typed, 546 Pict, 3, 416 Plain CHOCS, 415 polymorphic type, see type polymorphism, 296 POOL, 546 prefix, 11, 12, 59

bound output, 72 complement of, 219 complementary, 72 delayed input, 191, 337, 466 match, see matching opposing, 73 polyadic, 127 unobservable, 12 presheaf models, 417 priority queue, 139, 519 Private π-calculus, see π-calculus process, 1, 11

(un)guarded occurrence of, 23 closed, 140, 238 conditional, 139 constant, 132 in head normal form, 177 in standard form, 175 process-passing, 2, 369 product type, see type program, 517 program transformation, 536, 545 progression, 111, 326

strong, 82 proof system, 175, 179, 181 proxy, 535 pseudo-application, 105, 273

receptive type, see type record type, see type recursion, 132 recursive definition, 132 recursive type, see type reduction, 17, 23, 238, 426

derivation of, 23 normalized derivation of, 27 rules of, 23 well-normalized derivation of, 28 reduction bisimilarity, 54 reduction congruence, 55 reduction strategy, 244, 377 call-by-name, 429, 452, 461, 464, 474, 477, 503 strong, 465 call-by-need, 431, 461 call-by-value, 244, 430, 461, 470, 484, 505 parallel, 431, 452 head, 494 in the λ-calculus, 429 leftmost, 427 weakly normalizing, 478 reference type, see type replication, 13, 42, 132, 406 Replication Theorems, 78, 214

Open, 357 Self Open, 358 Sharpened, 340, 344, 357 representability, 370 Representation Theorem for Constants, 136 restriction, 12

safe function, 111, 326

strongly, 83 scope, 13 scope extrusion, 40 secure operator, 112

strongly, 85 security, 3, 305, 317, 366 sensible theory, 493 sequentiality, 427 signature, 483 solution of system of equations, 106 sort, 128 sorting, 128, 234, 317 soundness

of proof system, 174 of translation, 131, 371, 394, 401, 404, 411, 479, 501 of typing, see type soundness Spi calculus, 3, 366 standard form in π-calculus, see process Standardization Theorem, 427 store, 527 stratification of bisimilarity, 70, 99, 103 strengthening, 245

for barbed congruence, 321 structural congruence, 17, 19

axioms of, 19 subject

of action, 37 of prefix, 73 subject reduction, 245, 266, 286, 304 substitution, 14, 61, 324

type, 301 Substitution Lemma, 245, 285 subtype judgment, 261, 272 subtyping, 260, 473, 476, 516

assumptions, 272 subtyping polymorphism, 297 sum, 12, 69, 385, 405

infinite, 103 summation, 11 supertype, 261 support of substitution, 15 support of type environment, 236 Symbolic Characterization Lemma, 171 system of equations, 106

τ -insensitivity, 359

580 Index

testing equivalence, 55 thunk, 458 trace, 248 transition, 37

deterministic, 76 transition derivation, 37 transition relations, 37, 238 late, 159 symbolic, 169 typed, 242 weak, 93 transition rules, 38 tree similarity, 271 tuple type, see type TyCO, 3 type

affine, 288

receptive, 293 behaviour, 237 connection, 239 function, 273, 373, 469 functional, 377 i/o, 262, 315, 329, 447 linear, 281, 324, 351, 442, 456 linear receptive, 290, 352 linearized, 306 link, 237 ω-receptive, 293, 355 order of, 395 polymorphic, 296, 315, 359 product, 250, 270, 276 receptive, 352, 406 record, 252, 270 recursive, 257, 271, 381, 406 reference, 264 tuple, 250, 405 uniform receptive, 288, 324 union, 252, 270, 276 value, 237 variant, 252, 270 type abstraction, 296 type coercion, 324, 329 type environment, 236

closed, 238, 285, 291, 302 closed extension of, 323 extension of, 320 ground, 302 link-closed, 285 non-ground, 302 semi-closed, 302 support of, 236, 301 type equivalence, 257 type expression, 518 type judgment, 237

valid, 237 type soundness, 247 type substitution, 301 typing, see type environment by-name, 128, 234, 319, 322 by-structure, 128, 234, 319, 322 derivation, 237 undecidability, 174, 504 union type, see type Unique-Solution Theorem, 106

validity of a λ-theory, 441, 447, 454, 457 value, 237

expression, 244 process, 375 value type, see type variable, 424

λ-calculus, 438 variant type, see type

weakening, 245

for barbed congruence, 321 well-formed operator, 483 wire process, 215, 335

dynamic, 222, 349