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Acyclic, 210
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Additive closure, 66

algorithm, 67, 73, 80, 81, 102

properties, 66, 68
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Algebraic properties, 9, 38, 92, 188, 191

Axiomatization, 9, 42, 44, 94, 193

complete, 43

completeness proof, 50, 57, 98

sound, 43

soundness proof, 45, 95, 194

Behavior

deadlock, 15

nonterminating, 15

timing of choices, 16

Behavior-structure bisimulation, 228

Behavioral equivalence, 54, 102, 197, 200

causal, 210

causality respecting, 3, 198, 209, 214

concurrent, 207, 228

decidable, 3, 119

interleaving, 5, 200

resource sensitive, 3, 55, 73, 114, 129

sequential, 201, 227

summary, 225

Bisimulation, 3, 70

algebraic properties, 38

axiomatization, 44

branching, 231

causality respecting, 217

complexity, 56

congruence, 35

d-bisimulation, 55

definition, 16

equivalence, 21

properties, 20

recursion congruence, 37

up to – definition, 36

weak, 231

BML, 6, 23, 56

coherence, 28

complement, 26

negation, 26

properties, 25

semantics, 24

syntax, 23

Bound names, 145

Bounded net, 62, 108

BPP, 7, 101

BPP net, 3, 101

Branching bisimulation, 230

Branching structure, 230

Case study

dining philosophers, 170

jobshop, 184

Causal net, 210, 224, 228

move, 213

partial order of events, 212

Causal-net bisimulation, 5, 201, 228

decidability, 217

definition, 213

equivalence, 214, 218, 224

Causality, 4, 5
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CCS, 7, 57, 101, 233

permissive, 234

Choice operator, 29

algebraic laws, 38, 92, 188

Chomsky hierarchy, 203

Communicating systems, 3, 105

Communication-free net, 101

Complement, 26

Compositionality, 8, 184, 198

Condition/Event systems, 2

Congruence, 8, 35, 89, 176

Context-dependent language, 65, 85, 113, 203

Context-free language, 65, 87, 113, 203

Coverability tree, 196

D-bisimulation, 55

axiomatization, 56

D-language equivalence, 200, 202

Deadlock, 11, 54, 60, 106, 233

Deadlock freeness, 170

Decomposition function, 84, 151

Dining philosophers problem, 170

courteous, 173

fully distributed, 171

symmetric, 171

Distributed computability, 233

Divergence, 233

Dynamically

reachable subnet, 110, 126, 130, 157, 196

Elementary net systems, 2

Equational deduction, 41

proof, 42

rules, 42

Equational theory, 42

Event structures, 1

Extended action, 146

Extended prefix, 146

Finite-state machine, 2, 54

Firing sequence, 62, 108

Flow relation, 107, 210

FNM, 199

Folding, 211

Fork, 7, 82

algebraic properties, 92

axiomatization, 94

congruence, 89

guarded process, 83

language equivalence, 102

normal form, 96

open, 90

operational semantics, 83

process, 83

reachable subnet, 85

representability theorem, 87

sequential process, 83

sequential subterm, 83

syntax, 82

Forking net, 3, 58, 101, 207, 209, 219, 227

bounded, 62

definition, 60

distinct, 102

language equivalence, 64, 74

marked, 61

minimized net, 74

place, 60

reduced, 62, 85, 86

safe, 62

transition, 60

Formal language, 13

Free choice net, 2

Free names, 145

Fully concurrent bisimulation, 5, 201, 224, 228

decidability, 206, 219

definition, 217

equivalence, 218

Graph

bipartite, 67

reachability, 63

Halting problem, 232

History-preserving bisimulation, 228

i-causal-net bisimulation

decidable, 225

equivalence, 224

i-place bisimulation, 201, 228

concurrency respecting, 221

congruence, 222

decidable, 220

definition, 220

equivalence, 220, 222

not causality respecting, 221

i-place d-bisimulation, 223

equivalence, 223

Inevitability, 198, 224

Interleaving bisimulation, 5, 200, 204

congruence problem, 206

decidability, 206

Interleaving d-bisimulation, 200, 205, 227

Isomorphism, 21, 56, 76, 113

Jobshop, 184

Labeled transition systems, 1, 54, 230
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Language equivalence,

14, 54, 64, 102, 113, 200, 201

axiomatization, 55

congruence problem, 204

d-language equivalence, 200, 202

decidability, 203

Last Man Standing (LMS) problem, 233

Lin, 7, 28, 57

algebraic properties, 38

axiomatization, 44, 57

congruence, 35

guarded process, 29, 40

language equivalence, 54

normal form, 45

one-sorted signature, 42

open, 35, 42

operational semantics, 30, 57

process, 29

reachable subnet, 32

representability theorem, 33

subterm, 30

syntax, 28

Linear net, 2, 11, 54

definition, 13

marked, 13, 33

minimized net, 22

place, 13

reduced, 13, 33

transition, 13

Link, 127

Linking, 127

composition, 128

inverse, 128

projection, 127

LKL, 6, 134, 198

coherence, 140, 143

projection on MKL, 139

semantics, 139

syntax, 138

Marking, 2, 59

admissible, 152, 155

complete, 152

empty, 60

initial, 61, 108

reachable, 62, 108, 110

token, 61

Minimization, 22, 74, 122

Mixed ordering bisimulation, 228

MKL, 6, 134, 198

semantics, 136

syntax, 135

Modal logic, 5, 23, 77, 126, 134, 198

BML, 5, 23, 56

BML¬, 26

HML, 6, 56

LKL, 5, 134

MKL, 5, 134

TML, 5, 77, 104, 134

Multi-party interaction, 105

Multiset, 60

difference, 60

multiplicity, 60

scalar product, 60

size, 60

union, 60

Multiset synchronization relation, 177

Mutual exclusion, 170

Name

bound, 145

free, 145

Negation, 26

Nets with inhibitor arcs, 2, 108, 232

not permissive, 232

Non-communicating parallel systems, 3, 58

Non-starvation

strong, 170

weak, 170

Nondeterministic finite automata, 54

Nonpermissive net, 108, 232

drawing convention, 232

Normal form, 45, 96

as a system of equations, 48, 97

reduction to normal form, 47, 96

NPL, 233

Operator

action prefixing, 29

choice, 29, 38, 92, 188

parallel composition, 82, 94, 190

restriction, 145, 191

Palindrome, 113

Parallel composition operator, 82

algebraic laws, 94, 190

Partial order of events, 212

isomorphism, 212

Pet, 7, 143

admissible, 146

algebraic properties, 188

axiomatization, 193

compilation, 148

congruence, 176
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extended process, 146

extended sequential process, 147

guarded process, 145

leader process, 145, 156, 163

multi-party synchronization, 145, 156

open, 179

operational semantics, 150, 153

prefixes, 144

process, 145

reachable subnet, 157

representability theorem, 165

restricted actions, 146

restriction-free process, 145

sequential process, 145

sequential subterm, 149

servant process, 145, 156, 163

syntax, 144

Petri net, 1, 3, 105, 196

acyclic, 210

bounded, 108, 204, 207, 209, 219, 225

causal net, 210

communicating, 199

definition, 107

deterministic up to bisimilarity, 206

distinct, 203, 206

dynamically reachable subnet, 111

dynamically reduced, 111

finite, 162

flow relation, 107, 210

folding, 211

language equivalence, 113

marked, 108

minimized net, 122

permissive nature of, 108

place, 107

Place/Transition net, 3, 196

process, 211

safe, 108, 204, 207

sequential, 206

software tool, 1

statically reachable subnet, 111

statically reduced, 112, 160, 165

transition, 107

Place bisimulation,

4, 114, 123, 134, 174, 197, 228

algebraic properties, 188

axiomatization, 193

branching, 231

causality respecting, 217

congruence, 176, 184

conservative extension, 114

criticism, 125

decidability, 119, 121, 197, 220

definition, 114

equibisimulation, 122

equivalence, 114, 116, 129

for restriction-free processes, 175

i-place bisimulation, 201, 220

i-place d-bisimulation, 223

place d-bisimulation, 197

properties, 115

pti-place bisimulation, 232

recursion congruence, 184

step, 134

Place d-bisimulation, 197

Place equibisimulation, 122, 197

largest, 125

Place formula, 134

Post-set, 61, 107

Pre-set, 61, 107

Prefix, 144

extended, 146

Process, 211

move, 213

Process algebra, 6, 101

BPP, 7, 101

CCS, 7, 233

FNM, 199

Fork, 6, 7, 82

Lin, 6, 7, 28

NPL, 233

Pet, 6, 7, 143, 199

Process constant, 29, 36, 83, 145

algebraic laws, 39, 93, 189

folding, 39, 93, 189

parametrized, 147

unfolding, 39, 93, 189

Producer–consumer system,

108, 109, 118, 120, 130, 137, 139, 195

Production system, 105

Pti-place bisimulation, 232

Reachability graph, 63, 108, 110, 201

step, 209

Reachability problem, 102, 203, 231

Reachability relation, 13

Reachable subnet, 32, 85, 157

algorithm, 161

dynamically, 110, 126, 130, 157

statically, 110, 126, 151, 157

Reactive system, 15, 65

Real-time consistent, 225

Recognized d-language, 201, 227

www.cambridge.org/9781009613286
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-61328-6 — Syntax and Semantics of Petri Nets
Roberto Gorrieri
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

270 Index

Recognized

language, 14, 64, 106, 113, 201, 227

Regular expression, 14

Regular grammar, 14

Regular language, 14, 65, 87, 113, 203

Representability theorem, 7, 33, 87, 165, 199

Restriction operator, 145

algebraic laws, 191

Safe net, 62, 108, 210

Semi-counter, 59, 63, 69, 73, 75, 85, 158

Sequential systems, 2, 11

Signature, 41

one-sorted, 42

ST bisimilarity, 225

State space explosion problem, 63, 72

Statically reachable subnet, 110, 126, 157, 196

Step bisimulation, 200

congruence, 208

decidability, 209

definition, 207

Step d-bisimulation, 200, 207, 228

Step reachability graph, 209

Step synchronization relation, 208

Structural operational

semantics (SOS), 31, 57, 84, 104, 153

Structure-preserving

bisimulation, 4, 127, 133, 174, 198

algebraic properties, 188

axiomatization, 193

causality respecting, 217

conguence, 176

conservative extension, 130

decomposition, 140

definition, 128

equivalence, 128–130, 132, 214

largest, 132, 181

properties, 131

recursion congruence, 181

step, 133

up to – definition, 181

Structure-preserving d-bisimulation, 198

Substitution, 41, 147

application, 147

closed, 41

empty, 147

Subterm, 30

finite set, 150

sequential, 83, 149, 153

Successful termination, 11, 54, 60, 106

Synchronization relation, 145

Syntactic substitution, 147

Team bisimulation, 4, 65

algebraic properties, 92

axiomatization, 94

branching, 231

causality respecting, 74, 217

complexity, 102

congruence, 89

conservative extension, 70

definition, 69

equivalence, 69, 72, 77, 102, 205

over markings, 72

properties, 70

recursion congruence, 91

team d-bisimulation, 103

up to – definition, 91

weak, 231

Team d-bisimulation, 103

Timing of choices, 16, 55, 230

TML, 6, 77, 104, 134, 198

coherence, 82

semantics, 77

syntax, 77

Token, 2, 61

Token game, 108

concurrent, 133, 207

sequential, 133

Transition, 2

enabled, 62, 108

firing, 62, 108

label, 61, 107

linear, 32

post-set, 61, 107

pre-set, 61, 107

self-concurrent, 133

silent, 164, 229

Transition sequence, 62, 108

observable content, 62, 108

Translation function

Forking nets – Fork, 85

Petri nets – Pet, 7, 163

Turing complete, 232, 233

Unique solution, 48, 98

Vending machine, 11, 16, 20, 29, 33, 34, 230

Weak bisimulation, 230

Weight, 61, 108
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