/, see division, real ÷, see division, integer ⌈ ⌉, see ceiling ⌊ ⌋, see floor ⊖, see natural number subtraction ⊔, see maximum ⊓, see minimum <, see less than ≤, see less than or equal to >, see greater than ≥, see greater than or equal to |, see divides exactly x : T , see declaration |[· · ·]|, see local block ⊙, see simple specification x_0, see initial variable {· · ·}, see enumeration ∪, see set union ∩, see set intersection −, see set subtraction ×, see set Cartesian product ∈, see set membership #, see set cardinality {x : T | R · E }, see comprehension ≤, between sequences, see promoted relation b.e, see bag occurrences ∈, see bag membership ∪, see bag union ∩, see bag intersection −, see bag subtraction +, see bag addition ⌊⌊· · ·⌋⌋, see enumeration ⌊⌊x : T | R · E ⌋⌋, see comprehension ⟨· · ·⟩, see enumeration q[i], see sequence indexing m→n, see sequence ellipsis e:q, see sequence cons q1 ++ q2, see sequence concatenation ⟨x : T | R · E ⟩, see comprehension q[i, j ], see sequence multiple indexing p ◁ q, see sequence filter q[⟨1, 2⟩], see sequence composition q[{1, 2}], see sequence subsequence

≪, see sequence subsequence \, see sequence subsequence q[1→2], see sequence subsegment ⪯, see sequence subsegment q↑n, see sequence prefix ⊆, see sequence prefix q↓n, see sequence suffix (⊕x : T | R · E ), see distributed operator ∑ , see sequence sum →, see function, partial ×, see Cartesian product →, see function, total f [s], see function applied to element f [ss], see function applied to set f [s : = t], see overriding f [ss : = t], see overriding f +◯ g, see overriding ◁, see function, domain restriction −◁, see function, domain corestriction ▷, see function, range restriction −▷, see function, range corestriction s⟨r⟩t, see relate s by r to t r^{−1}, see inverse ∏ , see sequence product S 1 → S 2 → T , see function

declarations associate to right as[i : = E ], see assignment to

sequences ⪯, see time complexity ≺, see time complexity ⪰, see time complexity ≻, see time complexity ≈, see time complexity ≉, see time complexity ⊏ (in heap), 118 O, see time complexity Ω, see time complexity Θ, see time complexity α, see input ω, see output [post], see coercion ⊙, see simple specification

© Carroll Morgan 1990, 1994, 1998

Abbreviation

1.5 default precondition, 11 1.6 assumption, 11 5.6 specification invariant, 46 8.1 simple specification, 68 8.2 initial variable, 69 10.1 sequence assignment, 99 17.1 coercion, 165 18.1 local block initialisation, 187 abort, ‘now’ or ‘later’, 12 abort command (abort), 12, 15, 37, 73 absolute value (abs), 52 absorb assumption, 12 see also Law 1.8 absorb coercion, 165 see also Law 17.2 absorption, 259 abstract program, see program abstraction function, 174 abstraction invariant, see coupling invariant actual parameter, see parameter addition (+), 52 advance assumption, 222 see also Law 22.2 advance coercion, 222 see also Law 22.1 aliasing, 115 alternation, 36ff, 37, 39

exploits disjunction, 186 laws of, 192ff tagged, 139 if · · · fi, 36 if · · · then, 39 if · · · then · · · else, 40 see also Law 4.1, Law 4.2 alternation guards, 40, 187, 189 see also Law 4.3 and (∧), 19 and, see local invariant annotation, 11, 166 see also

assumption, coercion antecedent, 19 antisymmetry, see order application, see function arity, 17 assignment, 8, 27ff, 44, 250

always terminates, 39, 60 multiple, 28 open (x : =?), 29 to sequences, 99 see also Law 1.3, Law 5.2, Definition 23.1 associative, 23, 83, 258 assumption ({pre}), 11, 254 see also Abbreviation 1.6, Definition 23.7 atomic program, 30 augment assignment, 167 see also Law 17.7, Law 17.8 augment assumption, 289 see also Law B.3 augment coercion, 289 see also Law B.5 augment guard, 168 see also Law 17.9 augment initialisation, 166 see also Law 17.5 augment specification, 167 see also Law 17.6 auxiliary variable, see variable axiom, 16

backtracking, 183, 293 bag, 77 see also type bag bag, see conversion function bag addition (+), 77 intersection (∩), 77 membership (∈), 77 occurrences (b.e), 77 subtraction (−), 77 type, see type union (∪), 77 Binary code, see Program Binary search, see Program body, of a quantification, 20

© Carroll Morgan 1990, 1994, 1998

Boolean, 85 bound function, see variant bound variable, 20, 21, 263

in comprehension, 75 in formula, 20 one replaced by several, 203 rightmost varies fastest, 81 see also free variable br (binary), 135 Bubble Sort, see Program

Calculator, see Program Cartesian product (×), 86, 92 case analysis, 36, 66 ceiling (⌈ ⌉), 49, 52 change of representation, see state transformation Checking for powers of two, see Program choose command (choose), 12, 43, 61, 62, 109, 288 client, 1, 3ff cm (conditional majority), 185 code, 7ff, 9, 27

cannot be developed from

infeasible program, 16 for initialisation, see initialisation is feasible, 10, 15 no comments, 197 refinement of, 184, 190 coercion ([post]), 165, 254 see also Abbreviation 17.1, Definition 23.8 collapse identical branches, 194 see also Law 18.7 commutative, 23, 84, 258

quantifiers, 264 complement, 259 complex numbers (C ), 51 complexity, see time complexity composition, see sequence compound program, 30 comprehension

bag ⌊⌊x : T | R · E ⌋⌋, 77 sequence ⟨x : T | R · E ⟩, 81 set {x : T | R · E }, 75 con, see logical constant concurrency, 217, 235ff conjunction, see and, conjunctive normal form conjunctive normal form, 260 consequent, 19 constant

in formula, 17 in program (const), 53, 61 see also logical constant context, 57, 256 contract, 1ff

negotiation, 3 contract frame, 14, 45 see also Law 5.4 contrapositive, 261 conversion function

bag, 77, 79 cpx, 62 implicit, 78, 79, 81, 82 int, 62 rat, 62 real, 62 seq, 79 set, 77, 79 Copy Rule, see procedure coupling invariant, 164ff, 171, 194 referring to global variable, 187 false, 182 cpx, see conversion function Currying, 137

data refinement, 163ff, 164, 170ff, 190, 256 functional, 173ff, 174 see also state transformation, Definition 23.13 data-refine assignment, 177 see also Law 17.16 data-refine guard, 178 see also Law 17.17

© Carroll Morgan 1990, 1994, 1998

data-refine initialisation, 175 see also Law 17.14 data-refine specification, 176 see also Law 17.15 data-type invariant, see invariant Database search, see Program de Morgan’s laws, 260 debugging, 198 declaration

type, 141ff see also local variable, local invariant, logical constant, formal parameter decoration of proof step, “ ”, 24 decoration of refinement step

· separates from program, 55 “ ”, 33 ^= , 65 con, 56 procedure, 103 var, 55 default, none in alternation, 38 default precondition, 11 see also Abbreviation 1.5 Definition

1.4 feasibility, 10 6.5 feasibility, 58 23.1 assignment, 250 23.2 specification, 251 23.3 refinement, 252 23.4 local variable, 253 23.5 logical constant, 253 23.6 feasibility, 254 23.7 assumption, 254 23.8 coercion, 254 23.9 substitution by value, 255 23.10 substitution by result, 255 23.11 substitution by

value-result, 255 23.12 recursion, 255 23.13 data refinement, 256 definition module, see module describe, see formula deterministic, 207 development history, 197ff diminish assignment, 170 see also Law 17.13 diminish assumption, 289 see also Law B.4 diminish coercion, 290 see also Law B.6 diminish initialisation, 168 see also Law 17.10 diminish specification, 169 see also Law 17.12, Law 17.11 disjoint union, 136 disjunction, see or, disjunctive normal form disjunction of guards (GG), 37 disjunctive normal form, 260 distributed operator, 201

(⊕x : T | R · E ), 83ff distribution, 259 distributive law, 20 divides exactly (|), 37, 52 division

integer (÷), 52 real (/), 52 do, see iteration dom, see function, relation domain, see function downloop, see iteration drop, see sequence suffix

efficiency, 67, 122 see also time complexity else, see alternation else

in alternation, 36 in iteration, 41 em (exists majority), 185 entailment (⇛ and ⇚), 23

distribution of, 24 enumeration bag ⌊⌊· · ·⌋⌋, 77 sequence ⟨· · ·⟩, 79 set {· · ·}, 74 eof, 133

© Carroll Morgan 1990, 1994, 1998

ep (even paragraph), 205 equality (=), 31

of programs, 31 equivalence (≡), 23

chain of, 24 is not a propositional connective, 23 er, see recursion block establish assumption, 166 see also Law 17.4 even paragraph, 205 executable program, see program executable specification, see

specification existential, see quantification exit, 130 exotic operators, 63 expand frame, 69, 72 see also Law 8.3, Law 8.6 exponentiation in logarithmic time, see Log-time exponentiation export, see module expression, 17

undefined, 60ff

Factorial, see Program factorial (!), 17 false, 18, 85

describes no states, 5, 18 unit of ∨, 259 zero of ∧, 259 feasibility, 10, 58, 254

checking omitted, 16 see also Definition 1.4, infeasible, Definition 6.5, Definition 23.6 fi, see alternation filter, see sequence final state, see state financial ruin, 10 finset, 74, 127 see also type fix initial value, 56 see also Law 6.3 fl, see sequence flatten flatten nested alternations, 192 see also Law 18.6 floor (⌊ ⌋), 49, 52 fn (in final positions), 119 following assignment, 32 see also Law 3.5 formal parameter

type of (x : T ), 105, 113 see also parameter formula, 16ff, 258ff

describes a state, 5 general, 22 propositional, 19ff satisfied by a state, 5 simple, 18 stronger, 6, 31 weaker, 7, 31 fr, see sequence front frame

laws for, 69ff see also specification, contract frame, expand frame free variable, 21, 263 see also bound variable Frontier equality iteratively, see Program Frontier of tree iteratively, see Program function, 17

application, 87 applied to element (f [s]), 87 applied to set (f [ss]), 87 declaration associates to right (S 1 → S 2 → T ), 92 domain (dom), 86 domain corestriction (−◁), 88 domain restriction (◁), 88 higher-order, 22 injection, 136 injective, see relation inverse, see relation one-to-one, see relation onto, 86 overriding, 87 partial ( →), 85 range (ran), 86

© Carroll Morgan 1990, 1994, 1998

range corestriction (−▷), 88 range restriction (▷), 88 source, 85 surjective, 86 target, 85 total (→), 86 type, see type functional, see relation functional abstraction, 173ff, 174

gc (Gray code), 132 gcb (Gray code binary), 135 Gray code, see Program greater than (>), 52 greater than or equal to (≥), 52 guard, 36

overlapping, 37 guarded command (G → prog), 36, 41

Handing out sweets, see Program hd, see sequence head heap, 118 Heap Sort, see Program hi (higher heap), 121 hint

in proof, 24 in refinement, 33 histogram, 209 hp (heap), 118

idempotent, 23, 84, 258 if, see alternation if and only if (⇔), 19 if statement, see alternation iff, see if and only if ill-typed, 59 imperative programming, 4 implementation module, see module implies (⇒), 19 import, see module induction, 212 infeasible, 10, 32, 169 see also feasibility inference rule, 16 initial state, see state initial variable (x_0), 44, 68ff, 69 see also Abbreviation 8.2 initialisation

code for, 161 in local block, see local block initialisation of module (initially), 155, 161, 172 omitted if true, 161 refinement, see refine

initialisation false, 196 initialised iteration, 272 see also Law B.1 initially, see initialisation injection function, see function injective, see relation input (α), 133, 207 input, 133 Insertion Sort, 103 see also Program int, see conversion function integers (Z), 51 introduce assumption, 183 see also Law 17.19 introduce coercion, 165 see also Law 17.3 introduce local variable, 55 see also Law 6.1 introduce logical constant, 56 see also Law 6.2 invariant

checking, 59ff, 100 coupling, see coupling invariant data-type, 174 introduction in local block, 193 local, see local invariant loop, see iteration specification, 46 strengthening, 212 inverse (r^{−1}), 90 see also relation involution, 259 irreflexivity, see order italic, for variables, 17

© Carroll Morgan 1990, 1994, 1998

iteration, 41ff, 46, 255

do · · · od, 41 checklist for, 46ff down (loop), 96ff, 101 infinite equivalent to abort, 41 initialised, 48 invariant, 42 tagged, 145 unfolding, 42 up (loop), 96 variant, 44 see also Law 5.5

Largest rectangle under histogram, see Program Law 1.1 strengthen postcondition, 7 1.2 weaken precondition, 7 1.3 assignment, 8 1.7 simple specification, 11 1.8 absorb assumption, 12 1.9 merge assumptions, 14 1.10 remove assumption, 15 3.1 open assignment, 29 3.2 skip command, 30 3.3 sequential composition, 31 3.4 skip composition, 31 3.5 following assignment, 32 3.6 leading assignment, 35 4.1 alternation, 37 4.2 alternation, 39 4.3 alternation guards, 40 5.1 strengthen postcondition, 44 5.2 assignment, 44 5.3 skip command, 45 5.4 contract frame, 45 5.5 iteration, 46 6.1 introduce local variable, 55 6.2 introduce logical constant, 56 6.3 fix initial value, 56 6.4 remove logical constant, 57 7.1 remove invariant, 66 8.3 expand frame, 69 8.4 sequential composition, 70

8.5 leading assignment, 71 8.6 expand frame, 72 11.1 value assignment, 108 11.2 value specification, 109 11.3 result assignment, 110 11.4 result specification, 111 11.5 value-result assignment, 113 11.6 value-result specification, 113 15.1 tagged alternation, 139 15.2 tagged iteration, 145 16.1 refine initialisation, 157 16.2 refine module, 158 17.2 absorb coercion, 165 17.3 introduce coercion, 165 17.4 establish assumption, 166 17.5 augment initialisation, 166 17.6 augment specification, 167 17.7 augment assignment, 167 17.8 augment assignment, 167 17.9 augment guard, 168 17.10 diminish initialisation, 168 17.11 diminish specification, 169 17.12 diminish specification, 169 17.13 diminish assignment, 170 17.14 data-refine initialisation, 175 17.15 data-refine specification, 176 17.16 data-refine assignment, 177 17.17 data-refine guard, 178 17.18 merge coercions, 183 17.19 introduce assumption, 183 17.20 remove coercion, 183 18.2 left-distribution of

composition over alternation, 190 18.3 right-distribution of

assignment over alternation, 191 18.4 remove false guard, 192 18.5 remove alternation, 192 18.6 flatten nested alternations, 192 © Carroll Morgan 1990, 1994, 1998

18.7 collapse identical branches, 194 18.8 select true guard, 196 22.1 advance coercion, 222 22.2 advance assumption, 222 B.1 initialised iteration, 272 B.2 sequential composition, 275 B.3 augment assumption, 289 B.4 diminish assumption, 289 B.5 augment coercion, 289 B.6 diminish coercion, 290 Law of the excluded miracle, see miracle leading assignment, 35, 71 see also Law 3.6, Law 8.5 left-distribution of composition over alternation, 190 see also Law 18.2 less than (<), 52 less than or equal to (≤), 52 linear, see time complexity Linear search, see Program list of variables

in assignment, 28 in quantification, 20 lo (lower heap), 121 local block (|[· · ·]|), 54

transformation, see state

transformation local block initialisation, 187 see also Abbreviation 18.1 local invariant, 53ff, 94, 118, 281, 290 declaration (and), 53 explicit, 257 implicit, 257 removing, 60, 100, 101, 257 subsumes type, 53 see also local block, type

checking local variable, 51ff, 253

declaration (var x : T ), 51 see also local block, Definition 23.4

Log-time exponentiation, see

Program Log-time multiplication, see Program Log-time transitive closure, see Program Logarithm, see Program logical constant, 54ff, 68, 253

declaration (con x : T ), 54 see also Definition 23.5 loop, see iteration loop, 130 lt, see sequence last

magic command (magic), 13, 15, 73, 160, 165 see also miracle Majority voting, see Program map, 17 see also state mathematical induction, 212 maximum (⊔), 52 Maybe, as type, 142 merge assumptions, 14 see also Law 1.9 merge coercions, 183 see also Law 17.18 minimum (⊓), 52 miracle, 10, 252, 254

excluded, 254 see also magic mixed program, see program mod, see modulus module, 154ff, 155

declaration (module), 155 definition, 160 equivalent to local block, 155 export list (export), 155 for input/output, 208 implementation, 160 import list (import), 158 initialisation, see initialisation many implementations, 160 refinement, see refine module transformation, see state transformation modulus (mod), 52

© Carroll Morgan 1990, 1994, 1998

Mortgage, see Program multiple assignment, see assignment multiplication (×), 52 multiplication in logarithmic time, see Program Log-time multiplication mw (minimum waste), 201

natural numbers (N), 51

subtraction (⊖), 52 negation, see not nl (new line), 208 nondeterminism, 5, 207 nontermination, 41 see also

termination not (¬), 19

od, see iteration ok (of paragraph), 201 one-point laws, 263 one-to-one, see relation onto, see function, relation open assignment, 29 see also Law 3.1, assignment or (∨), 19 order, 144ff

antisymmetry, 144, 151 irreflexivity, 144, 151 partial, 144, 151 reflexivity, 151 total, 144 transitivity, 77, 144, 151 well-founded, 145 ordinal, 283 output (ω), 133, 207 output, 133 overriding (f +◯ g), 87 see also function

Paragraph, see Program parameter, 102, 106ff

actual, 105 formal, 105 partial correctness, 125 partial function, see function partial operator, 60 partial order, see order pattern matching, see tag permutation, 91 ph (partial heap), 120 postcondition, see specification powerset, see type set pr (parity), 134 precedence, of operators, 22 precondition, see specification predicate, 18

laws, 262ff transformer, see weakest

precondition predicate calculus, 5 prefix, see sequence procedure, 102ff

body, 103 call, 102 Copy Rule, 104, 280 declaration (procedure),

102, 103 exported, see module imported, see module parametrized, see parameter recursive, see recursion Program

Binary code, 135 Binary search, 101 Bubble Sort, 123 Calculator, 170ff Checking for powers of two, 47 Database search, 140 Factorial, 47, 60, 124ff, 152 Frontier equality iteratively, 153 Frontier of tree iteratively, 152 Gray code, 132ff, 135 Handing out sweets, 49 Heap Sort, 117ff Insertion Sort, 94ff, 103 Largest rectangle under

histogram, 209ff Linear search, 92, 130 Log-time exponentiation, 180

© Carroll Morgan 1990, 1994, 1998

Log-time multiplication, 179 Log-time transitive closure, 180 Logarithm, 48 Majority voting, 184ff Mortgage, 39 Paragraph, 200ff Power of two, 42ff Remove element from sequence, 177 Reverse, 135 Square root, 63ff, 197 Summing a list, 146 Summing a tree iteratively, 148, 183 Summing a tree recursively, 147 Swap variables, 32ff, 55 program

abstract, 2, 4ff annotation, 11, 166 atomic, 30 compound, 30 equal to another, 31 executable, 2ff infeasible, 10ff mixed, 9ff not necessarily executable, 2 testing, 198 tuning, 100, 122 programmer, 3ff programming hierarchy, 2, 33 programming methodology, 1 promoted relation, 76, 78, 79, 91 proof, 16

axiomatic, natural deduction, tableau, 17 by contradiction, 16 hint in, 24 obligation, 16 propositional

connective, 19 formula, 19ff laws, 258ff proviso, 7 pt (power of two), 42 quadratic, see time complexity quantification

body of, 20 existential (∃), 21, 262 nested, 22 scoped explicitly, 23 typed, 21 universal (∀), 20, 262 untyped, 21 Quick Sort, 123

ran, see function, relation random numbers, 162 range, in comprehension, 75 rat, see conversion function rational numbers (Q ), 51 re, see recursion block real, see conversion function real numbers (R), 51 recursion, 124ff, 255

block, 128, 130, 135, 140 bogus without variant, 125, 127 procedure, 124 proper, 209 stack, 149 tail, 129, 130 variant, 126 see also Definition 23.12 recursive type, see type reference, 114

causes aliasing, 114 similar to value-result, 115 refine initialisation, 157 see also Law 16.1 refine module, 158 see also Law 16.2 refinement (⊑), 3, 252

of code, see code of initialisation, see refine initialisation of module, see refine module ridiculous leads to infeasibility, 32 see also Definition 23.3 refinement marker (◁, (i)), 32, 38

© Carroll Morgan 1990, 1994, 1998

relate s by r to t (s⟨r⟩t), 90 relation

domain (dom), 89 domain corestriction, see

function domain restriction, see function functional, 89 injective, 89 inverse (r^{−1}), 90 one-to-one, 89 onto, 89 overriding, 89 range (ran), 89 range corestriction, see function range restriction, see function single-valued, 89 source, 88 target, 88 total, 89 type, see type remove alternation, 192 see also Law 18.5 remove assumption, 15 see also Law 1.10 remove coercion, 183 see also Law 17.20 Remove element from sequence, see Program remove false guard, 192 see also Law 18.4 remove invariant, 66 see also Law 7.1 remove logical constant, 57 see also Law 6.4 result assignment, 110 see also Law 11.3 result specification, 111, 116, 281 see also Law 11.4 Reverse, see Program rewrite, 133 right-distribution of assignment over alternation, 191 see also Law 18.3 Russell’s paradox, 151 rv (reverse), 135 sanserif

for constants and functions, 17 for predicates, 18 satisfy, see formula search, see Program Binary search, Program Linear search select true guard, 196 see also Law 18.8 semantics, 1, 249ff seq, 79 see also type sequence seq, see conversion function sequence

cardinality (#), 80 composition (q[⟨1, 2⟩]), 82 concatenation (q1 ++ q2), 80 cons (e:q), 80 ellipsis (m→n), 79 filter (p ◁ q), 82 fixed length (seq_L), 79 flatten (fl), 200 front (fr), 80 head (hd), 80 indexed from 0, 79 indexing (q[i]), 79 infinite (seq_∞), 79 last (lt), 80 multiple indexing (q[i, j ]), 81 prefix (q↑n, ⊆), 83 product ( ∏ ), 91 sorted, see up subsegment (q[1→2], ⪯), 82 subsequence (q[{1, 2}], ≪, \), 82 suffix (q↓n), 83 sum ( ∑ ), 84, 201 tail (tl), 80 type, see type sequence assignment, 99 see also Abbreviation 10.1 sequential composition (; ), 9, 30, 31, 70, 275 omitted between annotations, 165 with initial variable, 70

© Carroll Morgan 1990, 1994, 1998

see also Law 3.3, Law 8.4, Law B.2 set, see type set set, see conversion function set cardinality (#), 75 Cartesian product (×), 75 intersection (∩), 75 membership (∈), 75 subtraction (−), 75 type, see type union (∪), 75 set, 74 similar pre- and postconditions, 95, 97, 119 simple formula, see formula simple paragraph, 200 simple specification, 11, 68 see also Law 1.7, Abbreviation 8.1 simple substitution, see substitution single-valued, see relation skip command (skip), 13, 30, 45 see also Law 3.2, Law 5.3 skip composition, 31 see also Law 3.4 sm (strict majority), 185 sorted sequence, see up source, see function, relation specification, 1ff, 5, 251

w: [pre , post], 5 executable, 1, 7 frame, 5 postcondition, 5 precondition, 5 subspecification, 1 see also Definition 23.2 specification invariant

(w: [pre , inv , post]), 46 see also Abbreviation 5.6, invariant spot (·)

after decoration, 55 in comprehension, 76 in local block, 54 in quantification, 20

Square root, see Program square root ( √ ), 17 stack, related to recursion, 149 state, 4, 17

final, 4 initial, 4 maps variables to values, 4 state transformation, 163ff, 164 of local block, 186ff, 196 of thing, see augment thing, data-refine thing, diminish thing strengthen postcondition, 6, 7, 44 see also Law 1.1, Law 5.1 strengthening the invariant, see invariant stronger formula, see formula subsegment, see sequence subsequence, see sequence substitution, 105ff, 121

by thing, see thing assignment, thing specification into formula, 8, 263ff simple, 105 substitution by result, 255 see also Definition 23.10 substitution by value, 255 see also Definition 23.9 substitution by value-result, 255 see also Definition 23.11 subtraction (−), 52

not applicable to natural numbers, 59 suffix, see sequence Summing a list, see Program Summing a tree iteratively, see Program Summing a tree recursively, see Program surjective, see function, relation Swap, 99, 120 Swap variables, see Program syntax, 1

© Carroll Morgan 1990, 1994, 1998

tag in type, 136 pattern matching, 138ff testing for, 138 tagged alternation, 139 see also Law 15.1 tagged iteration, 145 see also Law 15.2 tags (natural number), 154 tail recursion, see recursion take, see sequence prefix target, see function, relation tc, see transitive closure term, 17

in comprehension, 76 termination, 5, 12–13, 37, 39, 41, 43, 44ff, 60 of iteration, 44 see also variant testing, see program then, see alternation time complexity, 117, 207

exponential, 123 linear, 188, 189, 207 logarithmic, 101, 179 optimal, 118, 123 orders (O, Ω, Θ), 123 polynomial, 123 quadratic, 118, 185, 188, 207 relations (⪯, ≺, ⪰, ≻, ≈, ≉), 118 tl, see sequence tail total, see function, relation total correctness, 125 total order, 77, 144 transformation, see state

transformation transitive, 24 transitive closure, 180

in logarithmic time, see Program transitivity, 91 see also order transliteration, 185 tree, 142ff, 147ff

infinite, 144 see also Program Frontier, Program Summing true, 18, 85

describes all states, 5, 18 unit of ∧, 259 zero of ∨, 259 truth table, 19 tuning a program, see program type, 4, 50

bag, 77ff checking, 58ff finite set, 74 function, 85ff not empty in code, 50 recursive, 142ff relation, 88ff sequence, 79ff set, 74ff

undefined expression, 60ff, 92ff, 131 unfeasible, see infeasible unfold iteration, 281 unfolding, see iteration unit of an operator, 259 see also false, true, zero universal, see quantification up (sorted sequence), 94 uploop, see iteration

value, 4 value, 105 value assignment, 108 see also Law 11.1 value result, 113 value specification, 109 see also Law 11.2 value-result assignment, 113 see also Law 11.5 value-result specification, 113 see also Law 11.6 var, see local variable variable, 4, 17

auxiliary, 164, 168ff bound, 21 see also bound variable

© Carroll Morgan 1990, 1994, 1998

capture, 58, 104 exported, see module free, 21 see also free variable imported, see module list, see list of variables local, see local variable not mentioned in specification, 55 variant

bounded below in invariant, 65 in iteration, 44 in recursion, 126 increasing, 66, 141 infinite, 283 not obvious, 149 well-founded, 145 VDM, xii

waste, of paragraph, 201 weaken precondition, 7 see also Law 1.2 weaker formula, see formula weakest precondition, 197, 250ff well-founded, see order well-typed, 59 what without how, 6 while loop, see iteration wp, see weakest precondition wt (waste), 201

Z, xii

schema, 212 zero of an operator, 259 see also false, true, unit

© Carroll Morgan 1990, 1994, 1998