INTERNATIONAL ISO/IEC
STANDARD 19505-2

First edition
2012-04-15

Information technology — Object
Management Group Unified Modeling
Language (OMG UML) —

Part 2:
Superstructure

Technologies de l'information — Langage de modélisation|unifié OMG
(OMG UML) —

Partie 2: Superstructure

Reference number
ISO/IEC 19505-2:2012(E)

©|SO/IEC 2012



https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2012

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO/IEC 2012 — All rights reserved


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

Table of Contents

TR o'oY o - 1
2. Conformance ...........c.i ittt 1
A Language Units ... ..o e 2

2 Compliance Levels ...... ... ... . . . A e 2

.3 Meaning and Types of Compliance ................ 07 . ... .| ....... 6

4 Compliance LevelContents . .............. ... 0 0. ... ... .. 8
NormativeReferences . ......... ... ... O i i i iin b iennn, 9

4. Tdrms and Definitions ... ..... ... ... ¢t iiiieeabennnn 10
Notational Conventions ......... 0. .. . i iiiiibenn.. 10

b.1  Keywords for Requirement Statements ........... ... ... ... ... .| ...... 10

b.2 Annotations on Example Diagrams . ........... ... .. . . i 10

6. Additional Information .... ... ... .. ... . i i e 11
5.1 Architectural Alignmentand MDA Support . ......... . ... .. .. o 11

5.2 On the Run-Time Semanticsof UML .. .........................|...... 11

6.2.1 The BaSICPEEMISES ....ccoeiiieiiiiiiieieeeeeeece et e, 11

6.2.2 The Semantics ArchiteCture ..o e, 11

6.2.3 The Basic Causality Model ..o e 12

6.2.4 Semanitics Descriptions in the Specification ...........ccocoociiinii e 13

5.3 The UML Metamodel ........ ... .. ... .. .. . . . . i 14

6.3)1 Models and What They Model ...........coooiiiiiiiiiiiiie e o 14

6:3.2 Semantic Levels and Naming .......occueiiiiiiiiiieiiie e e 14

5: 4 How to Read this Proceed .......... ... ... . ... . .. ... . . oot 15

6.4.1 Specification format ......... ..o e 15

6.4.2 DIiagram fOrmat ........oooo i 18

6.4.3 Contents Of SUDPAIS ........oeiiiiiiiiiee e e e e e e e e 19

Subpart | - Supplement ... ———— 23
7 3 - T 7 - 25
T OVeIVIEW . 25

© ISO/IEC 2012 - Al rights reserved iii


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

7.2 Abstract Syntax . ... ... ... 26
7.3 Class Descriptions ... ........ .. e 39
7.3.1 Abstraction (from DependencCies) ...........ciiiiiiiiiiiiiiiie e e 39
7.3.2 AggregationKind (from Kernel) ... e 39
7.3.3 Association (fromM KEIMEI) .....cooiiiiiiii e 40
7.3.4 AssociationClass (from ASSOCIatioNCIaSSES) .....ccuiiiuriiiiiiiiiiiee et 48
-39 Benmavioratreature (oM ReME s e 51
7.3.6 BehavioredClassifier (from Interfaces) .........ccccoooieeiiniiciie b 52
7.3.7 Class (from KerNel) .....coooiiiiiiiiiiiiieee ey e e e 52
7.3.8 Classifier (from Kernel, Dependencies, PowerTypes, Interfaces) .....a0 o, 55
7.3.9 Comment (from Kernel) ... e e[, 60
7.3.10 Constraint (from Kernel) ... D e [ 61
7.3.11 DataType (from Kernel) ........occooeeiiiiiiniiinieeeee O T [ 64
7.3.12 Dependency (from Dependencies) ..........ccueeeeiiiiiieieiiipmeee e eriieeee e esieee e o 65
7.3.13 DirectedRelationship (from Kernel) ..........ccooiiiiiiiecd Sl e 67
7.3.14 Element (from Kernel) ... A e [ 68
7.3.15 Elementimport (from Kernel) .........ccoceeiiiicmSudeeeeeeieeeeee e 69
7.3.16 Enumeration (fromKernel) ... e e 71
7.3.17 EnumerationLiteral (from Kernel) ............o.cci e o 72
7.3.18 Expression (fromKernel) .......ccoeeveriiiie S eeeeee [ 73
7.3.19 Feature (fromKernel) ... @Bl [ 74
7.3.20 Generalization (from Kernel, POWErTYpPes) .........occooceeiiiiiieeiiniieeeeenniieeeeense [ 75
7.3.21 GeneralizationSet (from POWErTYPES) .......ovveviiiiiiiiieiiiiiiee e sieeeee e e 79
7.3.22 InstanceSpecification (from Ketnel) ... e 87
7.3.23 InstanceValue (from Kernel) . ..o [ 90
7.3.24 Interface (from Interfaces)i......oooi i e 91
7.3.25 InterfaceRealization (from Interfaces) .........ccccccviiiiniceee e 94
7.3.26 LiteralBoolean (fromKernel) ..o sieeee e esiieeee s [ 94
7.3.27 Literallnteger (fromKernel) ..........ooooiiiiiiiiiii e [ 95
7.3.28 LiteralNull (fromKernel) ... sieeee e [ 96
7.3.29 LiteralReal,. .. oo oo e s e e e s snnee e 97
7.3.30 LiteralSpecification (from Kernel) ...........eoeiiiiiiiii e [ 98
7.3.31 LiteralString (from Kernel) .......ocueoeiiiiiiiiii e [ 99
7.3.32 LjteralUnlimitedNatural (from Kernel) .........cccccooiiiiiinieee e e, 99
7.3.33wMuttiplicityElement (from Kernel) ..o e, 100
7.3:34'NamedElement (from Kernel, Dependencies) .........ccccoocveeviriiiieneeiniieeneensiee e, 104
7.3)35 Namespace (from Kernel) .......c..ooeiiiiiiiiiiie e e 105
7:.3.36 OpaqueExpression (fromKernel) .........ccccovviiiiiiiiiee e e, 108
7.3.37 Operation (from Kernel, INterfaces) .........ccccciiiiiiiiiiiieeieeee e e 109
7.3.38 Package (fromKernel) .......cooeviceeiiiiiiiiiiiiiiiiiieesieieisee e e, 113
7.3.39 PackageableElement (from Kernel) ... 116
7.3.40 Packagelmport (from Kernel) ..........oooiiiiiiiii e 117
7.3.41 PackageMerge (from Kernel) .........oooo i 118
7.3.42 Parameter (from KEIMMEI) ......oooiiiiiiiii e e 127
7.3.43 ParameterDirectionKind (from Kernel) ..........c..oooiiiiiiiiii e 129
7.3.44 PrimitiveType (from Kernel) .........oooiiiiie e 129
7.3.45 Property (from Kernel, AssociationClasses, Interfaces) .........cccoccccevveeeeeiiiviccciiiieeeenenn, 130
7.3.46 Realization (from DePendENCIES) .......cccouiuiiiiiiiiiiiiiii ettt 136
7.3.47 RedefinableElement (from Kernel) ..o 137
7.3.48 Relationship (from KEINEI) ......oueeiiiiiie e 139

© ISO/IEC 2012 - All rights reserved


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

7.3.49 SIot (frOM KEIMEI) ...ttt e e e e ettt e e e e st ae e e e e eneeeeennees 140

7.3.50 StructuralFeature (from Kernel) .........ccueiiiiiiiiiii e 140

7.3.51 Substitution (from DepeNndENCIES) ......ccuveviiiiiiiiie et 141

7.3.52 Type (frOMKEIMEI) ....eeiiiiieie et e e e et e e e e et e e e e enneeas 142

7.3.53 TypedElement (from KEMMEI) ........eeiiiiiiie e 143

7.3.54 Usage (from DEPENUENCIES) ......uvviiiieiiiiiiee e ctieeee ettt ste e e st e e e s st ee e e e s nnbeeeaeeanes 144

7.3.55 ValueSpecification (from Kernel) ....... ... 145

7356 VisibitityKind-fromKermet e e 146

(.4 Diagrams . ... ... ey e 147
8. Components . .............ciiiiiiirinnrinnennaibivailenn. 151
B.1 OVerview . ... e 151
8.2 Abstract Syntax ........... . .. N e 151
8.3 Class Descriptions .. ............ i oS 155
8.3.1 Component (from BasicComponents, PackagingComponents) .........ccccccevveeeefoerinncnns 155

8.3.2 ComponentRealization (from BasicComponents)c......c.cceeevieereeeeiicieeeeeniieee s foriieeeees 164

8.3.3 ConnectableElement (from BasicComponentsh.......ccccvvveeeniereniieeenieeenniee s e, 165

8.3.4 Connector (from BasicComponents) ....... 8¢ . e iueeiriiieiiieeeiee e e 165

8.3.5 ConnectorEnd (from BasicComponentsS)\,i........coocurreeiiriiieeeiiniieeeeenieeee e e 169

8.3.6 ConnectorKind (from BasicComponents) ..........ccccceeviiviieeeeiiiiieeeennieeeeessieeeee s o 169

8.4 Diagrams . ... N e 170
9. Composite Structures .......0 ... ... it 173
DT OVerview ... 173
D.2 Abstract Syntax . ... >0 . . . . e 173
D.3 Class Descriptions . . . . ... 178
9.3.1 Class (from.StructuredClasses, InternalStructures) .........cccccoeceeeeviiiieeeniccicee o 178

9.3.2 Classifier (from InternalStructures, Collaborations) ..........ccoccceveviivieeniiinncncc fovs 179

9.3.3 Collaboration (from Collaborations) .............cccccveeiiiiiiieiiiiiiee e seeee e [ 180

9.3.4 @ollaborationUse (from Collaborations) ...........cccecveeiiieiiiiieeniiieiiee e [ 183

9.345 ConnectableElement (from InternalStructures) ..........ccooceeiviieiniinec o, 186

973,6 Connector (from InternalStructures) ..o e, 186

9:.3.7 ConnectorEnd (from InternalStructures, Ports) .........ccccoceeiiiiiiiiii o 188

9.3.8 EncapsulatedClassifier (from Ports) .........ccceeeiiiiiiiiiiiieeeeeeeeeieeee e 190

9.3.9 Feature (from InternalStructures) ...........ccc.eeeeevieiiiiiiiiiiiiiiiiiiiieieeeeeeeeeec e 190

9.3.10 InvocationAction (from INVOCatioNACLIONS) .......ooiiiiiie e 191

9.3.11 Parameter (from Collaborations) ... 191

9.3.12 POrt (FrOmM POIES) ...ttt e e e e e e e e e e e e e e e e e e enanes 192

9.3.13 Property (from InternalStruCtures) ..........cc.eeeeiiiiiiiiee e 196

9.3.14 StructuredClassifier (from InternalStructures) ..., 198

9.3.15 Trigger (from INVOCatiONACHIONS) ... e e 202

9.3.16 Variable (from StructuredACiVItIES) ..........eeiiiiiiiiiiiii e 203

9.4 Diagrams ... .. 203

© ISO/IEC 2012 - All rights reserved \'


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

10. Deployments . ........ ...ttt tanntann s 205
101 OVEIVIBW . .o 205
10.2 Abstract Syntax . ... .. 205
10.3 Class Descriptions . . ... . 209

10.3 1 Adifact (from Artifacts Nodes) .. 209
10.3.2 CommunicationPath (from Nodes) .........cccccoiiieiiiniiinienieeeeeee O e 21

10.3.3 DeployedArtifact (from NOdeS) .......ccooviiiiiiiiiiiiiiiiieeeceeeee e e e 212
10.3.4 Deployment (from ComponentDeployments, Nodes) .........cccccovvvceee S b e 213

10.3.5 DeploymentSpecification (from ComponentDeployments) ............cco. bt o, 215

10.3.6 DeploymentTarget (from NOdeS) .......cccuvveeiiiiiiiiiiiiiie @t e e, 217
10.3.7 Device (from NOAES) .....coooviiiiiiiiiiiiiii e s | 218
10.3.8 ExecutionEnvironment (from Nodes) ... NG e 219
10.3.9 InstanceSpecification (from Nodes) ........ccccoceeeiiniiien e e, 220
10.3.10 Manifestation (from Artifacts) ..........ccccceeeiii e 00 e e, 221
10.3.11 Node (from NOdeS) ......ccccuvveviiiiiiiieneniiieeeenee e Lo e e, 222
10.3.12 Property (from Nodes) .........ccccviiiiieiiiniie a0 e e 224

04 Diagrams ........ . O e 225
Subpart II - Behavior LA AR NN ENERNENRENENENENRENEREENENRENRENERENENRERNERNENRENRERERBSERSERHNERRESRHSEBRSLELNLLRN] 229
11. Aglions ... ... i e .231
1A OVeIVIEW .. e 231
1.2 Abstract Syntax . ... 0. e 233
1.3 Class Descriptions . 7. 247
11.3.1 AcceptCallAction (from CompleteActions) ... e, 247

11.3.2 AcceptEventAction (from CompleteActions) ... e, 248

11.3.3 Action (from BasSiCACHONS) .......coiiuuiiiiiiiiiiiiciiieee e e 250
11.3.4 ActionlnputPin (from StructuredActions) ..........ccoooiiiiiiiieeee e, 251

11.3.5 AddStructuralFeatureValueAction (from IntermediateActions) .........cccccveeee o 252
11.3.6%AddVariableValueAction (from StructuredActions) ...........ccccceeevviiiiieinnic o 254

11 317-BroadcastSignalAction (from Intermediate ACtions) ...........cocceeevvvieeinniiie o, 255

11.8:8 CallAction (from BasSiCACHONS) .......cevviiiiiiiiiiiiiieie e e 257
11.3.9 CallBehaviorAction (from BasSiCACHONS) ........ccueveeiiiiieiiiiiiiieeeiieeeeeeiieeeeee e, 257
11.3.10 CallOperationAction (from BasiCACiONS) ..o e, 259
11.3.11 ClearAssociationAction (from Intermediate Actions) ..........cccceeveeeeeeiiisccceeees e, 260
11.3.12 ClearStructuralFeatureAction (from IntermediateActions) ...........ccccoiiiiiiiiii e, 261
11.3.13 ClearVariableAction (from StructuredActions) ...........coooiiiiiiiiii e 262
11.3.14 CreateLinkAction (from Intermediate ACtions) ..........ccoooiiiiiiiiii e, 263
11.3.15 CreateLinkObjectAction (from Complete ACtionsS) .........cccouueieiiiiiii i, 265
11.3.16 CreateObjectAction (from IntermediateActions) ..o, 266
11.3.17 DestroyLinkAction (from Intermediate ACtions) ..........coooiiiiiiiiiiiii e, 267
11.3.18 DestroyObjectAction (from Intermediate ACtions) .........cooiuiiieiiiiiiie e, 268
11.3.19 InputPin (from BasSiCACHONS) .......ciiiiiiiiiie i 269
11.3.20 InvocationAction (from BasiCACHONS) ......cooiiiiiiiiiiiiie e 270
11.3.21 LinkAction (from Intermediate ACtioNS) .......ocueiiiiiiiii e 270

vi © ISO/IEC 2012 - All rights reserved


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

12. Ad

ISO/IEC 19505-2:2012(E)

11.3.22 LinkEndCreationData (from Intermediate ACtionS) ..........covvvviiiiiieiiiiiiee e 272
11.3.23 LinkEndData (from IntermediateActions, CompleteACtionS) ..........cccceeveevriiiieeeiiiiienenn. 273
11.3.24 LinkEndDestructionData (from Intermediate Actions) ...........cccccoveiiiiie i, 275
11.3.25 MultiplicityElement (from BasSiCACHONS) ........ooveiiiiiiiiieiiiiiiie e 276
11.3.26 OpaqueAction (from BasiCACHONS) ........uviiiiiiiiieiiiiiie e 276
11.3.27 OutputPin (from BasSiCACLIONS) ......coiuiiiiieiiiiiiie et eeeee e 277
11.3.28 Pin (from BaSICACHONS) ......uiiiiiiiiiiiiie e e e 278
1 1 329 Qua“ficl‘v’aiuc (fIUIII CUI I IP:UtUAbtiUI Ib) ....................................................................... 278
11.3.30 RaiseExceptionAction (from StructuredActions) ..........cccuvveeeeeeeieninnpie b 279
11.3.31 ReadExtentAction (from CompleteActions) ........cccccoviiiiiiiiiiii &y e 280
11.3.32 ReadlsClassifiedObjectAction (from CompleteActions) ..........cccc.oomn M, 281
11.3.33 ReadLinkAction (from Intermediate Actions) ..........ccoooviiccc e 282
11.3.34 ReadLinkObjectEndAction (from CompleteActions) .............. &8 o 284
11.3.35 ReadLinkObjectEndQualifierAction (from CompleteActions) i «......coccuveeeevnicviriinnnn. 285
11.3.36 ReadSelfAction (from Intermediate Actions) ..........ooove i M e 286
11.3.37 ReadStructuralFeatureAction (from IntermediateActions) ... e 288
11.3.38 ReadVariableAction (from StructuredActions) ...\ e 289
11.3.39 ReclassifyObjectAction (from CompleteActions) Lt .o e 290
11.3.40 ReduceAction (from CompleteActions) ......... 5 e e 291
11.3.41 RemoveStructuralFeatureValueAction (from\intermediateActions) ...l 292
11.3.42 RemoveVariableValueAction (from StruCturedActions) ..........ccccovveeievverniciin i, 294
11.3.43 ReplyAction (from Complete Actions) s n.d.....vveeeiieiieeeeeiiiiiiiieeceeeeee e e 295
11.3.44 SendObjectAction (from IntermediateActions) .........ccccoveiieiiiiiii e 296
11.3.45 SendSignalAction (from BasiCACLIONS) .........eeeeiiiiiiiiiiiiiiiiiiieeceeeeeeeeeeeeeeee e 297
11.3.46 StartClassifierBehaviorAction(from CompleteActions) .........ccccvvviiiiiiiiieeec e, 298
11.3.47 StartObjectBehaviorAction(from CompleteActions) ..........cccceeeeinieeennnniic o 299
11.3.48 StructuralFeatureAction(from IntermediateActions) ..........ccccccceieenn o 300
11.3.49 TestldentityAction (from'Intermediate Actions) ... e 302
11.3.50 UnmarshallAction{from CompleteActions) ...........cccceeriiiieiiiiiiineeiieeeeee e, 303
11.3.51 ValuePin (from BaSiCACHIONS) .......cooiiuiiiiiiiiiiiiiiiieee e L, 304
11.3.52 ValueSpecificationAction (from Intermediate Actions) ..........ccccccevviieeveiniciic i 305
11.3.53 VariableAction (from StructuredActions) ... L, 306
11.3.54 WriteLinkAction (from IntermediateActions) ..........cccccvviieiiiiiie e e, 306
11.3.55 WriteStructuralFeatureAction (from Intermediate Actions) ..........ccccovvveeervnii o, 307
11.3.56 WriteVariableAction (from StructuredActions) .........ccccoecvveeiiiiiieneinieee e, 308
11.4 Diagrams . . . ... e 309
ptivities' . . ... ... e e 311
124 0VervVIeW ... 311
12.2 Abstract Syntax ... ... ... 313
12.3 Class Descriptions . . ... ... 325
12.3.1 AcceptEventAction (as SPECIAlIZEA) .......coeiiiiiiiie it 325

12.3.2 Action (from CompleteActivities, FundamentalActivities, StructuredActivities,
CompleteStructuredACHIVItIES) .....ccoiiciiiiie e 327
12.3.3 ActionInputPin (as SPECIAlIZEA) .......cccuveiiieiiiece s 331

12.3.4 Activity (from BasicActivities, CompleteActivities, FundamentalActivities,

SrUCIUrEdACHVITIES) oo e 332
vii

© ISO/IEC 2012 - All rights reserved


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

viii

12.3.5 ActivityEdge (from BasicActivities, CompleteActivities, CompleteStructuredActivities,

INterMediateACEIVILIES) ......oiiiiieiie e 342
12.3.6 ActivityFinalNode (from BasicActivities, IntermediateActivities) ..........ccccccvveveiinrenenee. 347
12.3.7 ActivityGroup (from BasicActivities, FundamentalActivities, IntermediateActivities,

StructuredActivities, CompleteActivities, CompleteStructuredActivities) ..................... 350
12.3.8 ActivityNode (from BasicActivities, CompleteActivities, FundamentalActivities,

IntermediateActivities, CompleteStructuredActivities) ... 351
1 239 Autivitypal dall |c‘lc| IL‘IIUUIU (fl UITI Bdb;bAbtiV;t;Ub) ............................................................... 354
12.3.10 ActivityPartition (from Intermediate Activities) ........ccccccriiiiiiiiiii b 358
12.3.11 AddVariableValueAction (as specialized) ..........ccccoceeiiiiiiiiiiiiiiie& e e 363
12.3.12 Behavior (from CompleteActivities) ...........ooooeiiiiiiniiinnee e 364
12.3.13 BehavioralFeature (from CompleteActivities) .......ccccccevvnninniiiindi Vo o 365
12.3.14 CallBehaviorAction (as specialized) ..........ccccoiieeeeinene e ST e 366
12.3.15 CallOperationAction (as specialized) ..o O e e 368
12.3.16 CentralBufferNode (from IntermediateActivities) .............. b e 369
12.3.17 Clause (from CompleteStructuredActivities, StructuredActivities) ...l 370
12.3.18 ConditionalNode (from CompleteStructuredActivities, StructuredActivities) ..|.............. 371
12.3.19 ControlFlow (from BasicActivities) ...........oocoooo e hidei e 374
12.3.20 ControlNode (from BasiCACHVItIES) .......ooovie . SN e 375
12.3.21 DataStoreNode (from CompleteActivities) ... e 377
12.3.22 DecisionNode (from Intermediate Activities) ..........ccccoeeeriiieriinni e 378
12.3.23 ExceptionHandler (from ExtraStructufedActivities) ..........ccccccvvvieiiiniiiicn o 381
12.3.24 ExecutableNode (from ExtraStructuredActivities, StructuredActivities) .........J.............. 384
12.3.25 ExpansionKind (from ExtraStructuredActivities) ..........ccooveiininini e, 385
12.3.26 ExpansionNode (from ExtraStructuredActivities) .........ccoceveiinieniinni o, 385
12.3.27 ExpansionRegion (from ExtraStructuredActivities) ..........cccccvvviieneiniii e, 386
12.3.28 FinalNode (from Intermediate Activities) ... e, 392
12.3.29 FlowFinalNode (from{ntermediate Activities) ..........cccccviiiiiiii e 394
12.3.30 ForkNode (from IntermediateActivities) .........cccooviieiiiiiiiee e 395
12.3.31 InitialNode (from BasiCACHVItIES) .......ccvveeeiiiiiiiiiiieeeeeeeeeee e, 397
12.3.32 InputPin (from CompleteStructuredActivities) .........cccccvviiiiiiiiiiii e 398
12.3.33 InterruptibleActivityRegion (from CompleteActivities) .........ccoceveeiinii e 399
12.3.34 JoinNode (from CompleteActivities, IntermediateActivities) .........ccccovvv o 401
12.3.35 LoopNode (from CompleteStructuredActivities, StructuredActivities) ...........J..c.c..... 404
12.3.36 MergeNode (from Intermediate ACtiVities) ..........ccooceeiriiiiiiiii e 406
12.3.3¢ ObjectFlow (from BasicActivities, CompleteActivities) .........cccoovvevvernniiicccn o 408
123,38 ObjectNode (from BasicActivities, CompleteActivities) .........cccceveevnii o, 413
12:3:39 ObjectNodeOrderingKind (from CompleteActivities) .........cccoovviivriinii o 416
$2.3.40 OutputPin (from CompleteStructuredActivities, StructuredActivities) ............J.............. 417
12.3.41 Parameter (from CompleteActivities) ... e 417
12.3.42 ParameterEffectKind (from CompleteActivities) ..o o, 419
12.3.43 ParameterSet (from Complete ACtiVIties) ..o, 419
12.3.44 Pin (from BasicActivities, CompleteActivities) .........cccoiiiiiiiiiii 421
12.3.45 SendObjectAction (as specialized) ..o 428
12.3.46 SendSignalAction (as specialized) ........ccccoiiiiiiiiii 429
12.3.47 SequenceNode (from StructuredACHVItIES) .......cooviiiiieiiiiii e 430
12.3.48 StructuredActivityNode (from CompleteStructuredActivities, StructuredActivities) ....... 431
12.3.49 UnmarshallAction (as specialized) ..o 434
12.3.50 ValuePin (as SpeCialized) .........ccuueiiiiiiiii s 435
12.3.51 ValueSpecificationAction (as specialized) ..o 435
12.3.52 Variable (from StructuredACtiVItiES) .........cooiiiiiiiiie e 436

© ISO/IEC 2012 - All rights reserved


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

12.4 Diagrams . ..ot 438
13. CommonBehaviors .. ........ ittt ittt ittt ittty 443
131 OVEIVIBW . . 443
13.2 Abstract Syntax . ... ... 447
33 CtassDescriptons .~~~ - -~ - -~~~ -~~~ e 452
13.3.1 AnyReceiveEvent (from CommunicationS) ..........cccuevieiiiiiiereiiiiiieee e imee Sae e 452

13.3.2 Behavior (from BasicBehaviors) ..........ccccccovevieiiiinieneeiiieees e o 453

13.3.3 BehavioralFeature (from BasicBehaviors, Communications) .........0 Lol 456

13.3.4 BehavioredClassifier (from BasicBehaviors, Communications) .Y ..o o 457

13.3.5 CallConcurrencyKind (from Communications) ............ccccoeeee S e, 458

13.3.6 CallEvent (from Communications) ...........ooooiiiiiiiiiiinneee e B e 459

13.3.7 ChangeEvent (from Communications) ..........ccccveeeei g e 460

13.3.8 Class (from Communications) .......cccccccevviiiiiicce e &@n i e 461

13.3.9 Duration (from SimpleTime) ........coovrriiiiri e N e e 462

13.3.10 DurationConstraint (from SImpleTime) ........... e e 462

13.3.11 DurationInterval (from SimpleTime) ............ % e 464
13.3.12 DurationObservation (from SimpleTime), ... i e 465

13.3.13 Event (from CommuniCations) ..........dm N e 465

13.3.14 FunctionBehavior (from BasicBehaviors) ..........cccccceviiiiieiiiciiee e e, 466

13.3.15 Interface (from Communications)s....cooooeiieiiieieeee e e 467

13.3.16 Interval (from SimpleTime) ... o e e 467

13.3.17 IntervalConstraint (from SimpleTime) ........ccoooreiiiiiiiiiiee e e 468

13.3.18 MessageEvent (from Communications) ..........cccccceeieiiiiiiiiiiiieieeeeeeeeeeeeeeeee e 469

13.3.19 Observation (from SImpleTime) ... e 469

13.3.20 OpaqueBehavior (frem BasicBehaviors) ........ccccccoiviiiiiiiiiiieeeneieeeeeeeeececs e 470

13.3.21 OpaqueExpression (from BasicBehaviors) ..o e 471

13.3.22 Operation (from-CommuniCations) ..........coccuveeiiiiiiiiiieniiieeee e L 471

13.3.23 Reception{(from Communications) .........ccocccueeieriiiiieieiiiieee e Lo, 472

13.3.24 Signal (from Communications) ...........oooiiiiiiiiieee e e 473

13.3.25 SignalEvent (from Communications) ..........cccccoiiiieiei e e 474

13.3.26 TimeConstraint (from SIMpIeTime) .........occciiiiiiiii e L, 475

13.3.27 TimeEvent (from SimpleTime) ........ccuieiiiiiiiiiiiee e L 476

13.3:28 " TimeExpression (from SimpleTime) ..........ccoccviiiiiiiiiiiiiieeeee e L, 477

1353729 Timelnterval (from SIMpIeTime) ......c.eoveiiiiiii e L 478

13.3.30 TimeObservation (from SImpIeTime) .......cccccveriiiiiiiiee e Lo, 479

13.3.31 Trigger (from CommuRNICatioNS) .......c.eeeeiiiiiiiiiiiiiiee e L 479

14. Interactions .. ... .. .481
141 OVEIVIBW . . . 481
14.2 Abstract Syntax . ... ... . 482
14.3 Class Descriptions . . ... ... i 488
14.3.1 ActionExecutionSpecification (from BasicInteractions) ...........cccccccceiieiiciiiiiiiieeieecee e, 488

14.3.2 BehaviorExecutionSpecification (from Basiclnteractions) ............ccccooeceviiiiieiiiieeeeeenn, 489

14.3.3 CombinedFragment (from Fragments) .........cccceeviiieiiiiiiiiieeeeee e 490

14.3.4 ConsiderlgnoreFragment (from Fragments) ............coooiiiiiiiiiiiiiiiee e 495

© ISO/IEC 2012 - All rights reserved ix


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

14.3.5 Continuation (from Fragments) ..........coocuiiiiiiiiiiiee e 496

14.3.6 DestructionOccurrenceSpecification(from Basiclnteractions) ...........cccccceveeviiceneeeeeee, 499

14.3.7 ExecutionOccurrenceSpecification (from Basiclnteractions) ..........c.ccccccveeeeviiieee e, 499

14.3.8 ExecutionSpecification (from Basiclnteractions) ...........ccccceviiiiiie i, 500

14.3.9 Gate (from Fragments) ... 501
14.3.10 GeneralOrdering (from Basiclnteractions) ..., 502
14.3.11 Interaction (from Basiclnteraction, Fragments) ..., 503

143 1 2 il ItUI dbt;Ul ICUI Ibtl dil It (fl UITI FI aylticl Itb) ....................................................................... 506
14.3.13 InteractionFragment (from Basiclnteractions, Fragments) .........cccccocccccopibdnnnnnnnn 507
14.3.14 InteractionOperand (from Fragments) ... b Y e e 507
14.3.15 InteractionOperatorKind (from Fragments) .........cccccociinniniiiiiiiice it o 508
14.3.16 InteractionUse (from Fragments) ... e e 509
14.3.17 Lifeline (from Basiclnteractions, Fragments) ............cc o ST 512
14.3.18 Message (from Basiclnteractions) ............oooooiiiii O e e 513
14.3.19 MessageEnd (from Basiclnteractions) ..........cccccocoeieeee e M e 516
14.3.20 MessageKind (from Basiclnteractions) ..........cccccccooo i e 516
14.3.21 MessageOccurrenceSpecification (from Basiclnteraetions) ..................coo.. o 517
14.3.22 MessageSort (from Basiclnteractions) ............ b e 518
14.3.23 OccurrenceSpecification (from Basiclnteractions) ... o 518
14.3.24 PartDecomposition (from Fragments) ........cah e e 519
14.3.25 Statelnvariant (from Basiclnteractions) $u.........ccccooiiiiiiiiiiiiii e 522

44 Diagrams ... ... N 523
15. State Machines .............. 00 . . . o i i .. ..543
S.A0vVerview ... N e 543
5.2 Abstract Syntax ... ... . 0. e 543
5.3 Class Descriptions . 557 . . e 546
15.3.1 ConnectionPointReference (from BehaviorStateMachines) ...........cccoccevvieec o 546

15.3.2 FinalState (from BehaviorStateMachings) ...........cccccceeeiviiiiieeiicciiee e e, 549

15.3.3 Interface (from ProtocolStateMachines) ..........cccococeiiiiiniieiiiie e e 550

15.3.4 Port(from ProtocolStateMachings) .........ccccocceiviiiiiiiiiee e e, 551

15.3.5 ProtocolConformance (from ProtocolStateMachines) ...........cccocveeeeeeee o 551
15.3.61ProtocolStateMachine (from ProtocolStateMachines) ... o 552

15,3y~ ProtocolTransition (from ProtocolStateMachines) ............ooooo e 554

15:3:8 Pseudostate (from BehaviorStateMachines) .........ccccoccoiviiiiiiicc e 557

15.3.9 PseudostateKind (from BehaviorStateMachines) ..........c.ccooooic o 564
15.3.10 Region (from BehaviorStateMachines) ............ccccccveeiiiiiiiiniiiiiieeeeeeeeeeees e 565
15.3.11 State (from BehaviorStateMachines, ProtocolStateMachines) ...........c.........]occiiiii 567
15.3.12 StateMachine (from BehaviorStateMachines) ..., 581
15.3.13 TimeEvent (from BehaviorStateMachings) ... 588
15.3.14 Transition (from BehaviorStateMachines) ..., 589
15.3.15 TransitionKind (from BehaviorStateMachines) ... 597
15.3.16 Vertex (from BehaviorStateMachines) .............oeuiiiiiiiii e 600

15.4 Diagrams ... ... 600
16. USe Cases .........c.iiiiiiinnnnntnrrrrrrrrnrnnnnnnnnnnnnns 605
X © ISO/IEC 2012 - All rights reserved


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

Subp
17. AL

18. Profiles

16.1 OVeIVIEW . . . 605
16.2 Abstract Syntax . ... ... .. 605
16.3 Class Descriptions . . ... ... . 606
16.3.1 ACtOr (frOM USECASES) ....eiiiiiiiiiiiie ittt sttt e st e e e e e e e annneeeas 606

16.3.2 Classifier (from USECASES) ......ocuuuiiiiiiiiiei ettt 608

16.3 3 Extend (from USECaSES) e e 609

16.3.4 ExtensionPoint (from UseCases) ..........cceveriiieeireiiiiiieneiniiieeesnsieeee e b 611

16.3.5 Include (from USECASES) ......uvviiiiiiiiiieieeieiiiiiiieeeereee e e e eesessseeieeneeeeeeee e et f e 612

16.3.6 UseCase (from USECASES) ....uuueriiiieeeeeeiiiiiiiiiiiiiireee e e e eessseeenieenee e sz e e e f e 614

16.4 Diagrams . ... . 619
art 1l - Supplement ... NS N R 625
ixiliary Constructs .....................o& . oot .627
(7.1 0verview . ......... . ... . T e 627
17.2 InfformationFlows . ......... . ... . . . O e 627
17.2.1 InformationFlow (from InformationFIOWS)\S.....eeeeeiiiiiiiiiiiieecceee e L, 628

17.2.2 Informationltem (from InformationFIOWS)"...........cccveiviiiiiiiieiee e e 630
(7.3Models . ..... ... .. . . . e 633
17.3.1 Model (from MOEIS) ........ooamfediriiiiiiiie et e e e 633

(7.4 Templates . .. ... ... 8 e 635
17.4.1 ParameterableElement(from Templates) ........ccccccceeeeiiiiiiiciiiiiieeeeeceeeeeeceeeeee e 637

17.4.2 TemplateableElemént (from Templates) .......ccccccveeeeiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 639

17.4.3 TemplateBinding(from Templates) .......ccccooiieiiiiiiie e e, 641

17.4.4 TemplateParameter (from Templates) ........ccccovvveeeieieeiii e e 642

17.4.5 TemplateParameterSubstitution (from Templates) ..........cccccoveeeeeeeeeeincccciis e 644

17.4.6 TemplateSignature (from Templates) .........ccceeeeieeeeeiiiiiiiiiieeeeeeeeeeeeeeee e, 644

17.4.7 Classifier (from Templates) .......ceveiieeeiiiiiicieieeeeee e feee e 646

17.4.8 ClassifierTemplateParameter (from Templates) ............ccoeeccviveeeeeeeeee e e, 651

17.4 9'RedefinableTemplateSignature (from Templates) ..........ccccocvveeeeeeeeeeiiiicccceis e, 652
174’10 Package (from Templates) .......ccccvveeeiiiiiiiiiieeeeeee e e e 653

17.4.11 PackageableElement (from Templates) ......cccoccccveeeeeiiiiiiiiiiiiiieeeeeeeee e e 655
17.4.12 NamedElement (from Templates) ..........coooooiiiiiiiiiiiee e e 656
17.4.13 StringExpression (from Templates) .........cccocvviiieeiieee e e, 658
17414 ﬂpnrnfinn (frnm Tnmplnfne) ______________ 659
17.4.15 Operation (from TeMPIALES) ....coooeiiiiiiii e 661
17.4.16 OperationTemplateParameter (from Templates) .........cccccomiieeeiiiiiiii e, 661
17.4.17 ConnectableElement (from Templates) ........ccueeeeiiiiiiiiiiiieee e, 662
17.4.18 ConnectableElementTemplateParameter (from Templates) ........cccccccevviiiiiiiieennenn.n. 663
17.4.19 Property (from Te€MPIAtES) .....veveiiiiiiiiiie et 664
17.4.20 ValueSpecification (from Templates) ..........cccciiiiiiiiiiii e 665
................................................... 667

18.1 OVeIVIEW . . . 667
xi

© ISO/IEC 2012 - All rights reserved


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

18.2 Abstract Syntax
18.3 Class Descriptions

18.1.1 Positioning profiles versus metamodels, MOF and UML
18.1.2 Profiles History and design requirements

18.3.1 Class (from Profiles)
18.3.2 Extension (from Profiles)

Subp
Annex
Annex
Annex
Annex
Annex
Annex
Annex
Annex

INDEX

18.3.3 ExtensionEnd (from Profiles)
18.3.4 Image (from Profiles)
18.3.5 Package (from Profiles)
18.3.6 PackageableElement (from Profiles)
18.3.7 Profile (from Profiles)
18.3.8 ProfileApplication (from Profiles)
18.3.9 Stereotype (from Profiles)

8.4 Diagrams

art IV - Annexes

A: Diagrams

B: Keywords
C: Standard Stereotypes

D: Component Profile Examples

E: Tabular Notations

F: Classifiers Taxonomy
G: XMI Serialization and Schema

H: UML Compliance Level XMI Documents

Xii

© ISO/IEC 2012 - All rights reserved


https://iecnorm.com/api/?name=6af5d83a5692142b480452a648cb31e3

ISO/IEC 19505-2:2012(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has the right
to be represented on that committee. International organizations, governmental and non-governmental, in liaison with
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Introduction

The rapid growth of distributed processing has led to a need for a coordinating framework for this standardization and

ITU-T Recommendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Processing (RM-ODP)
provides such a framework. It defines an architecture within which support of distribution, interoperability, and portability
can be integrated.
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1

Information technology - Object Management Group
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General

hational Standard defines the Unified Modeling Language (UML), revision 2. The objective of U
stem architects, software engineers, and software developers with tools for analysisy-design, and
ation of software-based systems as well as for modeling business and similar proeesses.

versions of UML (UML 1) originated with three leading object-oriented imethods (Booch, OMT]|
orated a number of best practices from modeling language design, object-oriented programming|
al description languages. Relative to UML 1, this revision of UML (has' been enhanced with sign{
finitions of its abstract syntax rules and semantics, a more modulat’language structure, and a gre
for modeling large-scale systems.

primary goals of UML is to advance the state of the industry by enabling object visual modelin
bility. However, to enable meaningful exchange of model information between tools, agreement
bn is required. UML meets the following requirements:

formal definition of a common MOF-based metamodel that specifies the abstract syntax of the UMI
mtax defines the set of UML modeling concepts; their attributes and their relationships, as well as th
bmbining these concepts to construct partialor complete UML models.

detailed explanation of the semantics.of each UML modeling concept. The semantics define, in a te
dependent manner, how the UML, concepts are to be realized by computers.

specification of the human;reéadable notation elements for representing the individual UML modelir
ell as rules for combining.them into a variety of different diagram types corresponding to different a:

syipported (in a separate specification) with an XML-based specification of corresponding model interg
(XMI) that mustbe realized by compliant tools.

2

odeled systems.

detailed definitign ¢f ways in which UML tools can be made compliant with this International Stan

ML is to

and OOSE),
and
ficantly more
htly improved

o tool
bn semantics

L. The abstract
e rules for

thnology-

g concepts as
pects of

lard. This is
hange formats

onformance

2.1

General

UML is a language with a very broad scope that covers a large and diverse set of application domains. Not all of its
modeling capabilities are necessarily useful in all domains or applications. This suggests that the language should be
structured modularly, with the ability to select only those parts of the language that are of direct interest. On the other
hand, an excess of this type of flexibility increases the likelihood that two different UML tools will be supporting
different subsets of the language, leading to interchange problems between them. Consequently, the definition of
compliance for UML requires a balance to be drawn between modularity and ease of interchange.
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Experience with previous versions of UML has indicated that the ability to exchange models between tools is of
paramount interest to a large community of users. For that reason, this International Standard defines a small number of
compliance levels thereby increasing the likelihood that two or more compliant tools will support the same or compatible
language subsets. However, in recognition of the need for flexibility in learning and using the language, UML also

provides t
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he concept of language units.

ing concepts of UML are grouped into /anguage units. A language unit consists of a collection

r paradigm or formalism. For example, the State Machines language unit enables modelers to sp
en behavior using a variant of the well-known statecharts formalism, while the Activities langua
pr modeling behavior based on a workflow-like paradigm. From the user’s perspeétive, this parti
ns that they need only be concerned with those parts of the language that they.¢onsider necessar

er does not have to know the full language to use it effectively.

I, most language units are partitioned into multiple increments, edeh adding more modeling capa
nes. This fine-grained decomposition of UML serves to make the language easier to learn and u

compliance points and result to the interoperability problems described above. Nevertheless, the
y language units and their increments do serve to simplify the definition of UML compliance as

Compliance Levels

concepts of UML is partitioned intd_horizontal layers of increasing capability called compliance
e levels cut across the various ldnguage units, although some language units are only present in
their name suggests, each compliance level is a distinct compliance point.

f model interchange, there. are just four compliance levels defined for the whole of UML:

pvel 0 (L0). This compliance level is formally defined in the UML Infrastructure. It contains a single
at provides for modeling the kinds of class-based structures encountered in most popular object-orie
fogramming anguages. As such, it provides an entry-level modeling capability. More importantly, it

ols.

odeling concepts that provide users with the power to represent aspects of the system undep study

those needs change over time, further language units can be added to the'user’s repertoire as req

segments within this structure do not represent separate compliance points. The latter strategy wo

ication of language units is used as the, foundation for defining compliance in UML. Namely, thg

w-cost common denominator that can serve as a basis for interoperability between different categorig

pvel/ L (L1). This level adds new language units and extends the capabilities provided by Level 0. Spg
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eployment, state machine modeling, and profiles.

ew language units for modeling information flows, templates, and model packaging.

Level 2 (L2). This level extends the language units already provided in Level 1and adds language units for

Level 3 (L3). This level represents the complete UML. It extends the language units provided by Level 2 and adds

The contents of language units are defined by corresponding top-tier packages of the UML metamodel, while the contents
of their various increments are defined by second-tier packages within language unit packages. Therefore, the contents of
a compliance level are defined by the set of metamodel packages that belong to that level.
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As noted, compliance levels build on supporting compliance levels. The principal mechanism used in this International
Standard for achieving this is package merge (see “PackageMerge (from Kernel)” on page 118). Package merge allows
modeling concepts defined at one level to be extended with new features. Most importantly, this is achieved in the context
of the same namespace, which enables interchange of models at different levels of compliance as described in “““Meaning
and Types of Compliance” on page 6.

For this reason, all compliance levels are ultimately merged into a single core “UML” model package that defines the
common npamespace-shared-by—al-the-compliancetevels—-evel - O-is-defined-by-the-toptevelmetameodel-shown in Figure
2.1. In thi§ model, “L0” is originally an empty package that simply merges in the contents of the Basic, package from the
UML Infrqstructure. This package is then merged into the UML model. Package LO contains elementary comcepts such as
Class, Padkage, DataType, Operation, etc. merged in from Basic (see the Unified Modeling Language: Infrustructure
specificatjon for the complete list of contents of this package).

«mergep

LO

Figure 2.1| - Level 0 package diagram

At the next level (Level 1) the packages merged into Level 0 and their contents are extended with additiongl packages as
shown in Figure 2.2 on page 4. Note that each of the,four packages shown in the figure merges in additional|packages that
are not shpwn in the diagram. They are defined-in'the corresponding package diagrams in this Part of ISO{IEC 19505.

Consequently, the set of language units that results from this model is more than is indicated by the top-level model in the
diagram. The specific packages included at-this level are listed in Table 2.3 on page 8.
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Figure 2.2

Level 2 aqg
packages

Dependencies BasicActions ]
Kernel
™ A
1 ; 7
Interfaces " ; . ——
E :
. <<rhe\r\ge» <<|§'I‘IEYGIE>> _afhergen IntermalStructures
H“‘n‘ o ; Lo wMerges -7
arnetges S [
4 RN ' - ‘_,-"-
L1
BasicHehaviors  feoo-o-mee---mmmmmTT el
< «MErges SFREFEED. . = Fundarmentalactivities
s K " - qmerges
«m&rgé» rJJ \~1 - R
Lo o «merges Ty
1 £ “MEryes .
Comrhunications BasicActivities
Jrr —|\“l
B
UseCases Basiclnteractions

- Level 1 top-level package merges
ds further language units and extensions to these provided by the Level 1. The actual language {
ncluded at this level of compliance are listed\in Table 2.4 on page 8.

inits and
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Figure 2.3 - Level 2 top-level package merges
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Finally, Lg¢vel3, incorporating the full UML,definition, is shown in Figure 2.4 on page 6. Its contents are described in

Table 2.5 pn page 9.
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Figure 2.4 - Level 3 top-level package merges
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1. A tool
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Meaning and Types of Compliance

e to a given levél entails full realization of all language units that are defined for that complian
s full realization of all language units in all the levels below that level. “Full realization” for a laj
el means-Supporting the complete set of modeling concepts defined for that language unit at tha

not meaningful to claim compliance to, say, Level 2 without also being compliant with the Levg
hat is-Compliant at a given level must be able to import models from tools that are compliant to

e level. This
\guage unit at
¢ level.

1 0 and Level
lower levels

There are two distinct types of compliance. They are:

1.

Abstract syntax compliance. For a given compliance level, this entails:

» compliance with the metaclasses, their structural relationships, and any constraints defined as part of the merged
UML metamodel for that compliance level and,

« the ability to output models and to read in models based on the XMI schema corresponding to that compliance

level.
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Concrete syntax compliance. For a given compliance level, this entails:

» Compliance to the notation defined in the “Notation” sub clauses in this part of ISO/IEC 19505 for those
metamodel elements that are defined as part of the merged metamodel for that compliance level and, by

implication, the diagram types in which those elements may appear. And, optionally:

« the ability to output diagrams and to read in diagrams based on the XMI schema defined by the Diagram
Interchange specification for notation at that level. This option requires abstract syntax and concrete syntax

Concrete
Complian

o

[«

o

o

Table 2.1

yntax compliance does not require compliance to any presentation options that are defined as part of]

bstract syntax compliance
bnerete syntax compliance
bstract syntax with concrete syntax compliance

bstract syntax with concrete syntax and diagram interchange compliance

Lo
CoOmpPranee:

e for a given level can be expressed as:

- Example compliance statement

the notation.

Compliance Summary

Compliance level

Abstract Syntax Concrete Syntax Diagram Interchange Option

Level 0

YES YES YES

Level 1

YES YES NO

Level 2

YES NO NO

In case of]
understan
specificati
informally
possible ¢

A similar
ones to su
of feature
to the levd
potential Y
implemen
also provi

tools that generate program code from-mddels or those that are capable of executing models, it is
| the level of support for the run-time semantics described in the various “Semantics” sub clause
on. However, the presence of nunierous variation points in these semantics (and the fact that the
using natural language), make it impractical to define this as a formal compliance type, since th
bmbinations is very large.

situation exists with présentation options, since different implementors may make different choig
pport. Finally, it is fecognized that some implementors and profile designers may want to support
from levels that'are above their formal compliance level. (Note, however, that they can only clai
1 that they fullyasupport, even if they implement significant parts of the capabilities of higher leve
ariabilitys4ts useful to be able to specify clearly and efficiently, which capabilities are supportd
ation. Jo this end, in addition to a formal statement of compliance, implementors and profile de
e informal feature support statements. These statements identify support for additional features

also useful to
5 of the

are defined
e number of

es on which
only a subset
m compliance
s.) Given this
d by a given
igners may
in terms of

h as

language

inits/and/or individual metamodel packages, as well as for less precisely defined dimensions suc

presentation options and semantic variation points.
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An example feature support statement is shown in Table 2.2 for an implementation whose compliance statement is given
in Table 2.1. In this case, the implementation adds two new language units from higher levels.

Table 2.2 - Example feature support statement

Feature Support Statement

Language Unit Packages Abstract | Concrete | Semantics | Presentation
Syntax Syntax ptions
Deployments Deployments::Artifacts (L2) YES YES Note (4) Note (5)
Deployments::Nodes (L2)
State Madhines StateMachines::BehaviorStateMachines (L2) | Note (1) | YES Note (2) Note (3)
StateMachines::ProtocolStateMachines (L3)

Note (1): $tates and state machines are limited to a single region
bhallow history pseudostates not supported

Note (2): KIFO queueing in event pool

Note (3): Ihherited elements indicated using grey-toned lines, etc.

2.5 Compliance Level Contents

Table 2.3 | Metamodel packages added in Level 1

Languape Unit Metamodel Packages
Actions Actions::BasicActions
Activitiep Activities::Fundamental Activities

Activities::BasicActivities

Classes Classes::Kernel

Classes::Dependéneies

Classes::Inteffaces

General Behavior CommonBehaviors::BasicBehaviors

CommonBehaviors::Communications

Structurds CompositeStructure::Internal Structures
Interactigns Interactions::BasicInteractions
UseCasep UseCases

Table 2.4 - Metamodel packages added in Level 2

Language Unit Metamodel Packages

Actions Actions::StructuredActions

Actions::IntermediateActions

Activities Activities::IntermediateActivities

Activities::StructuredActivities

Components Components::BasicComponents
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Table 2.4 - Metamodel packages added in Level 2

Language Unit

Metamodel Packages

Deployments

Deployments:: Artifacts

Deployments::Nodes

General Behavior

CommonBehaviors::SimpleTime

ISO/IEC 19505-2:2012(E)

Interactigns

i S o I 4
TITTCT ACTIOTTS T TAZTITCITS

Profiles AuxilliaryConstructs::Profiles

Structurds CompositeStructures::InvocationActions
CompositeStructures::Ports
CompositeStructures::StructuredClasses

State Mafchines StateMachines::BehaviorStateMachines

Table 2.5 |- Metamodel packages added in Level 3

Language Unit

Metamodel Packages

Action Actions::CompleteActions

Activitiep Activities::CompleteActivities
Activities::CompleteStructured Activities
Activities::ExtraStructured Actiyities

Classes Classes::AssociationClasses
Classes::PowerTypes

Compongnts Components::PackagingComponents

Deploynjents Deployments::CemponentDeployments

Informatjon Flows

AuxilliaryConstructs:: InformationFlows

Models

AuxilliatyConstructs::Models

State Mafchines

StatéMachines::ProtocolStateMachines

Structurds CompositeStructures::Collaborations
CompositeStructures::StructuredActivities
Templatgs AuxilliaryConstructs:: Templates
3 ormative References

The following normative documents contain provisions which, through reference in this text, constitute provisions of this
part of ISO/IEC 19505. For dated references, subsequent amendments to, or revisions of, any of these publications do not

apply.

« RFC2119, http://ietf.org/rfc/rfc2119, Key words for use in RFCs to Indicate Requirement Levels, S. Bradner, March

1997.
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» ISO/IEC 19505-1, Information technology — OMG Unified Modeling Language (OMG UML) Version 2.4.1 —
Part 1: Infrastructure (pas/2011-08-11)

» OMG Specification formal/2011-08-05, UML Infrastructure, v2.4.1
* OMG Specification formal/2010-02-01, Object Constraint Language, v2.2
» OMG Specification formal/2011-08-07, Meta Object Facility (MOF) Core, v2.4.1

» OMG Specification formal/2011-08-09, XML Metadata Interchange (XMI), v2.4.1

» OMG Specification formal/2006-04-04, UML 2.0 Diagram Interchange

Note — UNIL 2 is based on a different generation of MOF and XMI than that specified in ISO/IEC19502:2005 | Information
technology - Meta Object Facility (MOF) and ISO/IEC 19503:2005 Information technology <XML Metadata [nterchange
(XMI) which are compatible with ISO/IEC 19501 UML version 1.4.1.

4 Terms and Definitions

There are [no formal definitions in this part of ISO/IEC 19505 that are, taken from other documents.

5 Notational Conventions

5.1 Keywords for Requirement:Statements

The keywprds “must,” “must not,” “shall,” “shall'not,” “should,” “should not,” and “may” in this part of ISD/IEC 19505
are to be interpreted as described in RFC 21197

5.2 Annotations on Example Diagrams

Some of the diagram examplgsin this part of ISO/IEC 19505 include explanatory annotations, which should not be
confused gs being part of the formal UML graphical notation.

In these cgses, the explanatory text originates outside the UML diagram boundary, and has an arrow pointihg at the
feature of|the diagram which is being explained by the annotation. The color rendition of this part of ISO/JEC 19505
shows thepe annotations in red.

6 Additional Information

6.1  Architectural Alignment and MDA Support

Clause 1, “Language Architecture” of the Unified Modeling Language: Infrastructure explains how the Unified Modeling
Language: Infrastructure is architecturally aligned with the Unified Modeling Language: Superstructure that
complements it. It also explains how the InfrastructureLibrary defined in the Unified Modeling Language: Infrastructure
can be strictly reused by MOF 2 specifications.
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It is the intent that the unified MOF 2 Core specification must be architecturally aligned with the Unified Modeling
Language: Infrastructure part of this International Standard. Similarly, the unified UML 2.0 Diagram Interchange
specification must be architecturally aligned with the Unified Modeling Language: Superstructure part of this
International Standard.

The OMG’s Model Driven Architecture (MDA) initiative is an evolving conceptual architecture for a set of industry-wide
technology specifications that will support a model-driven approach to software development. Although MDA is not itself
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 specifications. This International Standard’s support for MDA is discussed in the Unified Modeli
ure Annex B, “Support for Model Driven Architecture.”

oo praTT

On the Run-Time Semantics of UML

se of this sub clause is to provide a very high-level view of the run-time semartics of UML and
various elements of that view are covered in the specification. The term {fun-time” is used to re
environment. Run-time semantics, therefore, are specified as a mapping«f modeling concepts in

bsitory semantics, that is, how a UML model behaves in a model ¥epository. However, those sem
of the definition of the MOF. Still, it is worth remarking that niot'every concept in UML modelg
on (e.g., the “package” concept).

The Basic Premises

two fundamental premises regarding the nature @f UML semantics. The first is the assumption th3
ed system is ultimately caused by actions executed by so-called “active” objects (see “Class (frq
cations)” on page 459). This includes behaviors, which are objects in UML 2, which can be actiy
other behaviors. The second is that UML behavioral semantics only deal with event-driven, or ¢
However, UML does not dictate th€)amount of time between events, which can be as small as n
h, for example, when simulating continuous behaviors.

The Semantics Architecture

identifies the key-semantic areas covered by the current standard and how they relate to each otl

| package dependencies is somewhat similar to the dependency structure indicated here. Howeve
ind should be distinguished. This is because package dependencies specify repository dependenc
run-time dependencies.)

el-driven
ng Language:

to point out
fer to the
to

ling program execution phenomena. There are, of course, other semantics relevant to UML specifiications, such

antics are
a run-time

t all behavior
m

e and

iscrete,
eeded by the

rer. The items

er layers depend on the items in the lower layers but not the other way around. (Note that the stijucture of

[, they are not
es not
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Activities State Machines Interactions
Actions
Inter-Qbject Behavior Base Intra-Object Behavior Base
Structural Foundations

Figure 6.1
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Actions arje the fundamental units of behavior in UMD, and are used to define fine-grained behaviors. Their 1
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The Basic Causality Model

- A schematic of the UML semantic areas and their dependencies

hest level of abstraction, it is possible to distinguish three distinct composite layers of semantic dd
al layer is structural. This reflects the premise that there is no dis€mibodied behavior in UML — 4§
uence of the actions of structural entities. The next layer is behavioral and provides the foundati
escription of all the higher-level behavioral formalisms (the term “behavioral formalism” refers t
L for describing behavior, such as state machines, Petri nets,»data flow graphs, etc.). This layer, r
box in Figure 6.1, is the behavioral semantic base and/consists of three separate sub areas arran

The bottom sub layer consists of the inter-object behavior base, which deals with how structurg
ate with each other, and the intra-object behavior base, which addresses the behavior occurring
entities. The actions sub layer is placed on top of these two. It defines the semantics of individu

power are comparable to the executablglinstructions in traditional programming languages. Actid
vailable to any of the higher-level formalisms to be used for describing detailed behaviors. The
antics hierarchy defines the semaritics of the higher-level behavioral formalisms of UML: activif]
and interactions. Other behavioral formalisms may be added to this layer in the future.

hlity model” is a(specification of how things happen at run time and is described in detail in “Co
’ on page 441. It.is briefly summarized here for convenience, using the example depicted in the ¢
| Figure 6.2./Fhe example shows two independent and possibly concurrent threads of causally ch
s. The first; identified by the thread prefix ‘A’ consists of a sequence of events that commence
ct-1(Sending signal sl to activeObject-2. In turn, activeObject-2 responds by invoking operation
jectél after which it sends signal s2 to activeObject-3. The second thread, distinguished by the t}

finitions. The
11 behavior is
on for the

a formalized
epresented by
ged into two
1 entities
vithin

1 actions.
esolution and
ns in this sub
opmost layer
jes, State

mmon
mmunication
ained

ith

opl() on
read prefix

‘B,’ starts
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that realizes this operation in which it sends signal s3 to activeObject-2.

1g the method

The causality model is quite straightforward: Objects respond to messages that are generated by objects executing
communication actions. When these messages arrive, the receiving objects eventually respond by executing the behavior
that is matched to that message. The dispatching method by which a particular behavior is associated with a given
message depends on the higher-level formalism used and is not defined in the UML specification (i.e., it is a semantic
variation point).

12
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A1:s1 A3: s2
activeObject-1 activeObject-2 activeObject-3
A2: op1( )l TBM: s3
Btop2{)
—_—
activeQbject-4 passiveObject-1

Figure 6.2

The causality model also subsumes behaviors invoking each other and passing information to.each other th
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- Example illustrating the basic causality model of UML

to parameters of the invoked behavior, as enabled by CallBehaviorAction (see~‘CallBehaviorAc
ns)” on page 257). This purely “procedural” or “process” model can be used“by itself or in conj
oriented model of the previous example.

Semantics Descriptions in the Specification

pl causality model is described in the introductory part of Clause 13 (CommonBehaviors) and als
iction to Clause 14 (Interactions) and the sub clause on Intgraction (14.3.11) and Message (14.3.

ncepts of UML are specified. In particular, the sab.¢lauses on InstanceSpecifications (7.3.22), C
ns (7.3.3), and Features (7.3.19). The composite$ level is described primarily in Clause 9 (Comp
, with most of the information related to serhantics contained in sub clauses 9.3.13 (Property co
ucturedClassifier). In addition, the introduction to this clause contains a high-level view of somgd
structures.

nship between structure and behavior and the general properties of the Behavior concept, which
avioral base are described in-CommonBehaviors (in the introduction to Clause 13 and in sub cla

t behavior is coveredsin'three separate clauses. The basic semantics of communications actions arj
iction to Clause L1\(Actions) and, in more detail, in the clauses describing the specific actions. T
be used by an,object on itself, so can be inter- or intra-object. The read/write actions can also b
ccess other,g@bjects, so are potentially inter- or intra-object. These actions can be used by any of]

rough
tion (from

unction with

0, in part, in
18).

ause 7, where
asses (7.3.7),
osite

cept) and
aspects of

re at the core
ise 13.3.2 in

¢ described in
hese can

b used by one
the behavior

s in UM so all are potentially inter-object behaviors. However, the interactions diagram is desi

of Comm

ned

y to highlight inter-object behavior, under its concept of message. These are defined in the Intergctions clause
es 14.3.18 and 14.3.19), while the concepts of events and triggers are defined in the Communications package
nBehaviors (Clause 13). Occurrence specifications are defined in sub clause 14.3.23 of the Interdctions clause.

The other

two behavior formalisms can be translated to interactions when they use inter-object actions.

All the behavior formalisms are potentially intra-object, if they are specified to be executed by and access only one
object. However, state machines are designed specifically to model the state of a single object and respond to events
arriving at that object. Activities can be used in a similar way, but also highlight input and output dependency between
behaviors, which may reside in multiple objects. Interactions are potentially intra-object, but generally not designed for

that purpo

S€.
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The various shared actions and their semantics are described in Clause 13. Finally, the higher-level behavioral formalisms
are each described in their own clauses: Activities in Clause 12, Interactions in Clause 14, and State Machines in Clause

15.

6.3
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The UML Metamodel

Modetsand What They Modetl

ontains three major categories of elements: Classifiers, events, and behaviors. Each major) catega
5 in an incarnation of the system being modeled. A classifier describes a set of objects;|an object
thing with a state and relationships to other objects. An event describes a set of pesSible occurrg
b is something that happens that has some consequence within the system. A behavior describes a
; an execution is the performance of an algorithm according to a set of rulesnModels do not con|
s, and executions, because those things are the subject of models, not their content. Classes, eve
model sets of objects, occurrences, and executions with similar propertiess Value specifications,
ons, and execution specifications model individual objects, occurrences, and executions within a
he distinction between objects and models of objects, for exampléymay appear subtle, but it is iy
nd occurrences and executions) are the domain of a model and;\as such, are always complete, pr
Models of objects (such as value specifications) can be incomplete, imprecise, and abstract accor
the model.

Semantic Levels and Naming

mber of UML metaclasses can be arranged, into 4 levels with metasemantic relationships among
s in the different levels that transcend different semantic categories (e.g., classifiers, events, beh
(with incomplete success) to provide-a consistent naming pattern across the various categories t
to levels and emphasize metarelationships among related elements in different levels. The follo

— Represents generic types_of entities in models, such as classes, states, activities, events, etc. T
mon constituents of models because models are primarily about making generic specifications.

bvel — These are the.things that models represent at runtime. They don’t appear in models directly
ly as detailed examples), but they are necessary to explain the semantics of what models mean.
ear at all in-the'UML2 metamodel or in UML models, but they underlie the meaning of models.
e metamodel in the Common Behavior clause, but we do not formally define the semantics of U
etamodel Such a formal definition would be a major amount of work.

Value speq

ifications — A realization of UML2, compared to UML, is that values can be specified at various

ry models
is an

nces; an

et of possible
tain objects,
nts, and
hbccurrence
particular
nportant.
bcise, and
ding to their

the

hviors). We
place

ving 4 levels

hese are the

(except very
[hese classes
'We provide a
ML using the

levels of

precision.

I'he specitication of a value 1s not necessarily an instance; 1t might be a large set ot possible ins

ances

consistent with certain conditions. What appears in models is usually not instances (individual values) but specifications
of values that may or may not be limited to a single value. In any case, models contain specifications of values, not values
themselves, which are runtime entities.

Individual appearances of a type within a context — These are roles within a generic, reusable context. When their context
is instantiated, they are also bound to contained instances, but as model elements they are reusable structural parts of their
context; they are not instances themselves. A realization of UML2 was that the things called instances in UML1 were
mostly roles: they map to instances in an instance of their container, but they are model elements, not instances, because
they are generic and can be used many times to generate many different instances.
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We have established the following naming patterns:

Types : Instances : Values : Uses

Classifier, Class : Instance, Object : InstanceSpecification : Part, Role, Attribute,
XXXUse (e.g., CollaborationUse)

Event : Occurrence : OccurrenceSpecification : various (e.g., Trigger)

05-2:2012(E)

chavior : Execution : ExecutionSpecification : various (e.g., ActivityNode, State),
XXUse (e.g., InteractionUse)

The appedrances category has too wide a variety of elements to reduce to a single pattern, although the forjn XXXUse is

suggested|for simple cases where an appearance of an element is contained in a definition of.the same kin

In particular, the word “event” has been used inconsistently in the past to mean both type-and instance. The
now means the type and the word “occurrence” means the instance. When necessarysthe phrases “event typ

and “eve
event occ
occurs” o1
incorrect {
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6.4.1

occurrence” (for occurrence) may be used. Note that this is consistentwith the frequent Englis}
rs” = the occurrence of an event of a given type; so to describe a runtime situation, one could s{
“an occurrence of event X’ depending on which form is more cenvehient in a sentence. It is re
0 say “an event occurrence occurs.”

How to Proceed

f this part is ISO/IEC 19505 contains the technicahcontect. As background for this part of ISO/I
e encouraged to first read the UML: Infrastructure specification that complements this text. Subp

on. Afterwards the reader may choose to €ither explore the InfrastructureLibrary, described in Sy
ture Library,” or the Classes::Kernel package that reuses it, described in Clause 7, “Classes.” Th

netamodel. See the UML: Infrastructure specification, sub clause ‘6.2.2 Contents of Subparts’ fo
n.

packground the reader should be well prepared to explore the user level constructs defined in thi
ture specification. These concepts are organized into three subparts: see 6.4.3.1, Contents of Sul
6.4.3.2, ’Contents ‘of Subpart II - Behavior,” and 6.4.3.3, *Contents of Subpart III - Supplement

the clauses are-organized in a logical manner and can be read sequentially, this is a reference spe
| to be readin a non-sequential manner. Consequently, extensive cross-references are provided tq
hnd search:

I of element.

word “event”

e” (for event)
usage “an

1y “event X

lundant and

EC 19505,
art I,

1 used for its
bpart 11,

e former
sed to define
I more

s UML:
bpart 1 -

B

cification and
facilitate

Specification format

The concepts of UML are grouped into three major subparts:

Subpart I: Concepts related to the modeling of structure
Subpart II: Concepts related to the modeling of behavior
Subpart III: Supplementary concepts
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Within each subpart, the concepts are grouped into clauses according to modeling capability. A capability typically covers
a specific modeling formalism. For instance, all concepts related to the state machine modeling capability are gathered in
the State Machines clause and all concepts related to the activities modeling capability are in the Activities clause. The

Capability

clauses in each subpart are presented in alphabetical order.

Within each clause, there is first a brief informal description of the capability described in that clause. This is followed by
a sub clause descrlbmg the abstract syntax for that capablhty The abstract syntax is defined by a CMOF model (i.e., the
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d into packages accordlng t0 capablhtles In the spemﬁcatlon this model is descrlbed by a set 0

and packape diagrams showing the concepts and their relationships. The diagrams were designed to. ptovid|

sive information about a related set of concepts, but it should be noted that, in many gases, the 1
xt). The same

pt in a given diagram displays only a subset of its features (the subset that is relevant inr that conte
ay appear in multiple diagrams with different feature subsets. For a complete speéification of the
paders should refer to its formal concept description (explained below). When the concepts in the
to sub packages, the diagrams are also grouped accordingly with a heading identifying the sub
each group of diagrams. In addition, the name of the owning package is’ineluded in each figure

ept Definitions” clause follows the abstract syntax clause. This clatis¢ ‘includes formal specificat
elonging to that capability, listed in alphabetical order. Each conceépt is described separately acc
plained below.

sub clause in most clauses gives an overview of the diagfams, diagram elements, and notational
is that are specific to that capability.

1 concept descriptions of individual concepts are breken down into sub clauses corresponding to
cases where a given aspect does not apply, its'sub clause may be omitted entirely from the clas
ving sub clauses and conventions are used to specify a concept:

he heading gives the formal name of the ¢dncept and indicates, in parentheses, the sub package in whi
defined. In some cases, there may be-more than one sub package name listed. This occurs when a cq
pfined in multiple package merge increments — one per package. In a few instances, there is no packa
e phrase “as specialized” appeats/in parentheses. This indicates a “semantic” increment, which does
bw increment in the metamodel’and which, therefore, does not change the abstract syntax, but which
mantics to previous increments (e.g., additional constraints).

some cases, following the heading is a brief, one- or two-sentence informal description of the mean
ncept. This is intended as a quick reference for those who want only the basic information about a ¢

pneralization of a concept is a concept (e.g., a class) that is immediately above it in the hierarchy of i
e., its“’parent”). Note that these items are hyperlinked in electronic versions of the document to facilif
rough the metamodel class hierarchy Readers of hardcopy Versions can use the page numbers listed ¥

c

11 the direct\generalizations of a concept are listed, alphabetically, in the “Generalizations” sub claus¢.

he model is
f UML class

epresentation

features of a
capability are
ackage
caption.

ions of all
rding to the

fules and

different
description.

ch the concept
ncept is

e name, but
not involve a
adds new

Ing of a
bneept.

h

A “direct”

s ancestors
ate navigation
vith the names

zloecata agey 1o 22l

to-rapidhy

tha d 1t £fiba Thaic cla tad £ oty
Tocate—+tne uum,uyuuu o the-SHpererass—iS-Sto-cratuSeiS-omtttearorenumerattons:

A more detailed description of the purpose, nature, and potential usage of the concept may be provided in the

“Description” sub clause. This too is informal. If a concept is defined in multiple increments, then the first part of the
description covers the top-level package and is followed, in turn, by successive description increments for each sub
package. The individual increments are identified by a sub package heading such as

Package PowerTypes

This indicates that the text that follows the heading describes the increment that was added in the PowerTypes sub package.
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The description continues either until the end of the sub clause or until the next sub package increment heading is encountered.

specifies a

specifies a
0..1. Furth

© ISO/IEC 2012 - All rights reserved

This convention for describing sub package increments is applied to all other sub clauses related to the concept.

The “Attributes” sub clause of a concept description lists each of the attributes that are defined for that metaclass.
Each attribute is specified by its formal name, its type, and multiplicity. If no multiplicity is listed, it defaults to 1..1
(the default in UML). This is followed by a textual description of the purpose and meaning of the attribute. If an
attribute is derived, the name will be preceded by a slash. For example:

I

[«

T
1
a

s
th

A
5]

T]
Il
c
W

3

q
]

T]
5

w2

* body: String[1]
n attribute called “body” whose type is “String” and whose multiplicity is 1.

Specifies a string that is the comment

an attribute is derived, where possible, the definition will also include a specification (usually expres
bnstraint) specifying how that attribute is derived. For instance:

« /isComposite : Boolean A state with isComposite = true is said to be a composite state..A composite stati

contains at least one region>

isComposite = (region > 1)

he “Associations” sub clause lists all the association ends owned by the-€oncept. Note that this sub ¢
5t the association-owned association ends. The format for concept=owiled association ends is the samg
tributes described above. Association ends that are subsets or,redefinitions of other association ends
Iper type concepts are appropriately noted in the text. Notethat this association end notation specific
e notation for the subsetting or redefinition of associatiofixowned association ends. For example:

* lowerValue: ValueSpecification[0..1] {subsets Element:ownedElement} The specification of the lower b

multiplicity:
n association end called “lowerValue” that is cofinected to the “ValueSpecification” class and whose
ermore, it is a specialization of the “ownedElement” association end of the class “Element.”

s with derived attributes, if an association-end is derived, where possible, the definition will also inc
pecification (usually expressed as an OCL constraint) specifying how that association end is derived.

he “Constraints” sub clause confains a numerical list of all the constraints that define additional well
les that apply to this concept. FEach constraint consists of a textual description and may be followed |
nstraint expressed in OCL. Note that in a few cases, it may not be possible to express the constraint
hich case the formal.expression is omitted.

Additional Operations” contains a numerical list of operations that are applicable to the concept. The
ieries or utility-operations that are used to define constraints or other operations. Where possible, op
pecified usiig OCL.

he “Semantics” sub clause describes the meaning of the concept in terms of its concrete manifestatio

sed as an OCL

b is a state that

ause does not
as the one for
owned by

ally excludes

und for this

multiplicity is

ude a

formedness
by a formal
in OCL, in

ke may be
brations are

n. This is a
escription of

th

pecification of the set of things that the concept models (represents) including, where appropriate, a d

=3 b@ha;;_]g; Q£ thgsg th]ngs ‘].g. th@ dignamlg S@_rnqnﬁr'c ofthe r\nnr\ppf)'

“Semantic Variation Points” explicitly identifies the areas where the semantics are intentionally under specified to
provide leeway for domain-specific refinements of the general UML semantics (e.g., by using stereotypes and
profiles).

The “Notation” sub clause gives the basic notational forms used to represent a concept and its features in diagrams.
Only concepts that can appear in diagrams will have a notation specified. This typically includes a simple example
illustrating the basic notation. For textual notations a variant of the Backus-Naur Form (BNF) is often used to specify
the legal formats. The conventions of this BNF are:

* All non-terminals are in italics and enclosed between angle brackets (e.g., <non-terminal>).

17
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* All terminals (keywords, strings, etc.), are enclosed between single quotes (e.g., ‘or’).

* Non-terminal production rule definitions are signified with the ‘::=" operator.

* Repetition of an item is signified by an asterisk placed after that item: “*’.

* Alternative choices in a production are separated by the ‘|’ symbol (e.g., <alternative-A> | <alternative-B>).

« [tems that are optional are enclosed in square brackets (e.g., [<item-x>]).

—

|

f=

<

f
1

v =

\

w

5

Ky

<

6.4.2

The folloy

« A

Note — Th
no explicit

ystems, which is why they cannot be normative.)

Wiiere {Tems nieed 10 be grouped ey are enciosed (M Simpie parentnesis; 1o exampie:
(<item-1> | <item-2>) *

signifies a sequence of one or more items, each of which is <item-1> or <item-2>.

he “Presentation Options” sub clause supplements the “Notation” clause by providing alternative repr
e concept or its parts. Users have the choice to use either the forms described in'thts sub clause or th
pscribed in the “Notation” sub clause.

Btyle Guidelines™ identifies notational conventions recommended by the-specification. These are not
applied consistently, will facilitate communication and understandidg- For example, there is a style §

asses be written out in italic font. (Note that these specific recommendations only make sense in cerf]

he “Examples” sub clause, if present, includes additional illustrations of the application of the concej
htation.

Changes from previous UML” identifies the main-differences in the specification of the concept relat
prsions 1.5 and earlier.

Diagram format

ying conventions are adopted.for all metamodel diagrams throughout this part of ISO/IEC 19505

n association with one end marked by a navigability arrow means that:
the association is navigable in the direction of that end,
the marked association end is owned by the classifier, and

the opposite(inmarked) association end is owned by the association.

s convention was inherited from UML 1.x and was used in the initial versions of the specification bec
ndtation for indicating association end ownership. Such a notation was introduced in revision 2.1.1

bsentations for
e forms

hormative but,
ruideline that

ggests that the names of classes should be capitalized and another one that recommends that the nanjes of abstract

in writing

bt and its

ive to UML

huse there was
see the

notation st

ation due to

b elause of the Assaciation metaclass on page 40) but was not npp]ipd to the dingmmq in the Qpem'ﬁ

lack of tool support. In accord with the new notation, the ownership of an association end by the association would continue to
be shown by leaving the end unmarked, but the ownership of an end by the classifier would be shown by marking that
classifier-owned end with a dot.

«  An association with neither end marked by navigability arrows means that:

» the association is navigable in both directions,

» cach association end is owned by the classifier at the opposite end (i.e., neither end is owned by the association).

18
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Note that pome of these conventions were adopted to contefid.with practical issues related to the mechanicy
this part off ISO/IEC 19505, such as the unavailability of @onforming modeling tools at the time the specifi
was being| defined. Therefore, they should not necessatily be deemed as recommendations for general use.

6.4.3

6.4.3.1 Jontents of Subpart| - Structure

This subpgrt includes the following ¢lauises:
7 - Classe
8 - Comp¢nents
9 - Comp¢sites
10 - Deplpyments

This subpgrt defines the static, structural constructs (e.g., classes, components, nodes, artifacts) used in vari
diagrams, such as class diagrams, component diagrams, and deployment diagrams. 1he UML packages tha

ISO/IEC 19505-2:2012(E)

Association specialization and redefinition are indicated by appropriate constraints situated in the proximity of the

association ends to which they apply. Thus:

* The constraint {subsets endA} means that the association end to which this constraint is applied is a
of association end endA that is part of the association being specialized.

specialization

* A constraint {redefines endA} means that the association end to which this constraint is applied redefines the

association end endA that is part of the association being specialized.

If no multiplicity is shown on an association end, it implies a multiplicity of exactly 1.

If an association end is unlabeled, the default name for that end is the name of the class to whieh.the end is attached,
odified such that the first letter is a lowercase letter. (Note that, by convention, non-navigable“associption ends are

njetamodel.)

production rule:
"4 " <association-end-namel>"_" <association-end-name2>

here <association-end-namel> is the name of the first associationend and <association-end-name?2
[ the second association end.

Q=

An unlabeled dependency between two packages is interpteted as a package import relationship.

Contents of Subparts |, Il, and-1ll

ez}

often left unlabeled since, in general, there is no need to refer to them explicitly either in(the text or in|formal
cpnstraints - although they may be needed for other purposes, such as MOF language bindings that us¢ the

Alssociations that are not explicitly named, are given names that are constructéd according to the folloWwing

is the name

of producing

cation itself

ous structural

structural modeling are shown in the figure below.

© ISO/IEC 2012 - All rights reserved
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1

Clazzes

N

«lmports

|
ComposipeStructures

A

1
<«lrnports
\
i

Components

A

<<!rnp|:|rt»

Deplpyments

Figure 6.3 - UML packages that support structural modeling

6.4.3.2 Contents of Subpart Il - Behavior

This subpgrt includes the following clauses:
11 - Actiops

12 - Activjities

13 - CominonBehaviors

14 - Intergctions

15 - StateMachines

16 - Use (ases

This subp hrt me‘iﬁPQ the dvnamic_behavioral constructs (e g activities interactions state machines) used in various

behavioral diagrams, such as activity diagrams, sequence diagrams, and state machine diagrams. The UML packages that
support behavioral modeling, along with the structure packages they depend upon (CompositeStructures and Classes) are

shown in the figure below.

20
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1
Claszes
N
<<imDDrt»
«irmports: . -
ComtnonBehaviors
peomnm oo > SO iR .
i <<ir|’lap0rt»
) )
':':u'nport»E <<!mpDrt>>
. H . H
Acfivities Interactions Statetdachines UszeCaszes
™
il‘l‘lpDrt»
.
Adtions

Figure 6.4 - UML packages that support behavioralymodeling

6.4.3.3 Qontents of Subpart Il - Supplement

This subpgrt includes the following clauses:
17 - AuxiliaryConstructs

18 - Profiles

This part defines auxiliary constructs (e.g., information flows, models, templates) and the profiles used to customize UML

for varioup domains, platforms, and methods. The UML packages that support auxiliary constructs, along ¥
structure packages they depend upon (InternalStructures, Dependencies, and Kernel) are shown in the figui

© ISO/IEC 2012 - All rights reserved

ith the
¢ below.
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Figure 6.5

22

AuxiliaryConstructs

.
«imports ML Classes::
cTTTITTTITTS Hernel
: =
— E
LML UML:: Classes:
Compositgstructures Dependencies '
sinternaldtructures '
7 i
: wifnports
irports «mports '
|
[

- UML packages that support auxiliary constructs
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Subpart I - Structure
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7 Classes

7.1 Overview

The Classes package contains sub packages that deal with the basic modeling concepts of UML, and in particular classes
and their relationships.

Reusing

The Kerne
This part 1
in, for exa

packages from UML 2 Infrastructure

I package represents the core modeling concepts of the UML, including classes, associations, an
s mostly reused from the infrastructure library, since many of these concepts are the same’as thosg

InfrastrucfureLibrary.

In many ¢
subsequen
since this
described

It should 4
The reaso
the Kerne

The pack
+ Co
All other

[ ]

hses, the reused classes are extended in the Kernel with additional feature§, associations, or supe
t diagrams showing abstract syntax, the subclassing of elements from the(infrastructure library is
information only adds to the complexity without increasing understangability. Each metaclass is
as part of this clause; the text from the infrastructure library is rep€ated here.

Iso be noted that Kernel is a flat structure that like Constructs-.only contains metaclasses and no
h for this distinction is that parts of the infrastructure libzaryshave been designed for flexibility an
in reusing the infrastructure library has to bring together‘the different aspects of the reused met

ges that are explicitly merged from the InfrastructireLibrary are the following:
pstructs

packages of the InfrastructureLibrary::Ceore*are implicitly merged through the ones that are expli

Const
(from

fucts | ____ «import» N
Core) ~7~\\PrimitiveTypes

«merge»

1

A

Kemel

d packages.
that are used

mple, MOF. The Kernel package is the central part of the UML, and merges the, Constructs paclage of the

rclasses. In
always elided
completely

sub-packages.
l reuse, while
hclasses.

itly merged.

(from Classes)

Figure 7.1

- InfrastructureLibrary packages that are merged by

Kernel (all dependencies in the picture represent package merges)
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7.2 Abstract Syntax

Figure 7.2 shows the package dependencies of the Kernel packages.

amerges’ : v
- ! wTIEREs
e «[TIErges: -

—1| . ! ——

AzsocistipnClasses Dependencies

PowwerTypes

I
«merée»

1. 1
Irterfaces amerges >| BasicBehaviors

Figure 7.2 - Subpackages of the Classes package and their dependencies

Package Kernel

{subsets ownert  {subsets ownedElement:

+ owvningElement + ovwwnedCommerit
Fipmont ‘D 1 4 - Comment

{readOné}%mLérlen}

+ foveened

%

t

+ fieeener
freadCnly, union}

freadOnly, union}

+ annotatecElement Comment

Flement
1] + IrelatedElement
Relatioyship - P * « | body : String

TreadCnly, Lnion,
subsets relatedElernent}
DirvectedRelationship + farget

: 1.4

+ fFource
# 1.%

{readOnly, union,
subsets relatedElernent}

Figure 7.3 - Root diagram of the Kernel package
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;‘_’i}. wEnUmer ation:s
VisibilityKind
NemedEfamant aublic K
naine | String [@.1] private
Wisibniithe 1 1T e [0,1] protected
fgualifiedName - String  [0.1] package
PackageabiaFlamont

{readCnly, subsets member}t *

visibitity | VisibiiiteR ine

+ fimportedidember

PWrmespace * NemedEfamant
* + hmember
. . | + Jownedhlember
{;UBES;ZIE;U ﬁl';"_o}_n’ {readonly, union} {readOnly, union, subsets
+ inamespace member, subsets owredElement}
0.1
| DirectodRelationship |
{subsets source, subsats owner}t ?
+ importingtamespace * Elementimport
wizibility : Wisibilitykine
! + elemertimport | s String  AONT] 1
{subsets
ownedElement}
{subset | DirectedReistionsiip |
subsets source
subsets owner}-J 1 {s_ubsets target}
, N + impartedElemernt
+ importingMamespace * Ptk "
r
1 + packagelmpoﬂw | PackageablaFlement |
{subsets ownedElement} V'S'h'lw - isikilityKind
+ importedPackage
{subsets target}
Figure 7.4 - Namespaces diagram of.the Kernel package
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Element

1

MuigipheityEloment foubsat FEH et oW e e
isOrdered | Boolean ¢+ owminglipper +uppetvalue [ VapyeSpecification
IsUnique : |Boolean . 0.1
fupper : UllimitedNatural  [0..1] {subsets owner} {subsets UiVFEdEEmlBﬂt}

HAower  Intpger [@..1] + owninglower Dervaue
0.1 0.1
‘ NamedElement | ‘ PachageableElement |
TypedElement +type Type
* 0.1

- Multiplicities diagram of the Kernel package

Figure 7.5
| TypedElement | | PackageableElement
{ordered, subsets ownedElement}
4-operand
ValueSpecification
X
0"1 ] ] . . .
& Expression OpaqueExpression LiteralSpecification | InstanceValue
symbol ; String body : String {ordered, nonunique} "
language : String {ordered} + instanceVplue
+ expresgion
! 1 Fmstance

{subsets pwner¥ I T
| LiteraINuII| | LiteralInteger | LiteralString | InstanceSpecification
LiteralBoolean | LiteralReal | | LiteralUnlimitedNatural |

Figure 7.6 - Expressions diagram of the Kernel package
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{ardered}

{subsets owne
+ specification

dElernent}

ValdeSpecify

Figure 7.7 - Constraints diagram of the Kernel package

PackapeableFloment |

{subsets owner}:
+ owvninglnstance

A

Jsubsets
ownedElernent}

{aubsiets owner}
+ EvningShot

PackageabloFlomant
I ToNSIraTe m—
Namespace .
{subsets {subsets owner:
{subsets namespace}  gwnedMambert + Oy ningConstraint
+ context + ovvnedRule 01
0.1 *

1

ordered}

Slot

InstangeSpecification 1

{subsets owrner}
+ owninginstanceSpec

+ slot
* 0.1

by

+ definingFesture

{subsets ownedElkerment};
+ specificatiol

0.1

+ Clazsifier, —
Clfassifior
*

Figure 7.4 - Instances diagram‘ofithe Kernel package

B 11:" VzinveSpecification

cation

{subsets ownedElernent,

+ walue ValuaSpecificaty

| Inbenbsbentint il

StracturalFoaty,

2
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{readOnly, union}

|: . dEI

RedefigableElement

+ classifier
{subsets memberNamespace}

+ redefinableElement *

RedefinableElement + /redefinedElement
*
*
+ redefinableElement
| Type | | Namespace |
{readOnly, subsets member} [r [r
+ /inheritedMember * !
Classifier {subsets redefinedElement}

+ isLeaf :|Boolean = false

+ /redefinitionContext
{readOnly, union}

{readOnly, union,
subsets member}

+ /feature *

| fFeature l

+ isStatic|: Boolean = false *

StrycturalFeature

Property

+ /featuringClassifier

{readOnly, union, subsets
memberNamespace}

{readOnly, union, subsets
redefinableElement,
subsets feature}

+ /attribute 0..1

Figure 7.9

+ classifier

{subsets redefinitionContext,

subsets featuringClassifier}

+ isAbstract : Boolean = false
+ isFinalSpecialization : Boolean = false

+ redefinedClassifier

# classifier
{subsets redefinableElement}

+ /general

*

*

DirectedRelation$hip
N

{subsets target}
+ general

1 + specific
{subsets source,
subsets owner}

* + isSubstitutable : Boolean [0..1] =

+ generalization

{subsets directedRelationship}

Generalization

+ generalization

{subsets directedRelationship,

subsets ownedElement}

- Classifiers diagram of the Kernel package
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{readOnly, union}

+ /member + memberNamespace

| |
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NaMESpace

{readOnly, unior{readOnly, union, subsets
subsets memberpemberNamespace}

RedefinableElement
A

+ /feature + /featuringClassifier
Feature Classifier
+ isStatic : Boolean = false * *
0.1 + JownedMember

Namespace

*

A + [namespace
MutiplicityElement
TypedElement
TypedElempnt A\
_| {ordered, subsets ownedMember}
StructuralFeature BehavioralFeature
+ isReadOnlyf: Boolean = false PR 0.1 MnedParameter

NamedElement

MultiplicityElement
[\

Parameter

X
+ ownerFormalParam

{subsets namespace}
* + raisedException

+ direction : ParameterDirectionKind = in
+ /default : String [0..1] {readOnly}

+ behavioralFeature *

Figure 7.10 - Features diagram of the Kernel package

Type
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+ /namespace + /ownedMember

@ NamedElement
0.1 *

TypedElement
[\

{subsets namespace} {ordered, subsets ownedMember}
Type | t|raisedException * + ownerFormalParam + ownedParameter
Roahavi
alFeature Parameter
* + behavioralFeature 0.1 * + direction : ParameterDirectionKind { in
+ /default : String{0..1] {readOnly}
{ordered, redefines ownedParameter}
Fedefines raisedException} 0.1 + ownedParameter
+ raisedException * - Operation * «
+ isQuery : Boolean = false + operation
. + /isOrdered : Boolean = false {readOnly} bsets FormalP:
+ operation + /isUnique : Boolean = true {readOnly} {subsets ownerFormalParam} 0
. + /lower : Integer [0..1] = 1 {readOnly} .
kubsets behavioralFeature} Y _ + owningParafneter
+ /upper : UnlimitedNatural [0..1] = 1 {readOnly} {subsets context} {subsets ownedRdle} [ Constraint 0.1
" {subsets owndr}
eadonly} ¢+ preContext 4 precondition
1 /type * 0.1 %
) {subsets ownddElement}
g1 + operation {subsets context}’ {subsets ownedRule}
0.1
+ bodyContext + bodyCondition + defaultvalug
subsets redefinedElement} > ValueSpecificati J
+ redefinedOperatior 01 0.1 aluespecification
{subsets owng¢dElement}
* {subsets context} {subsets ownedRule} o
+ specificatiof
+ postContext + postcondition
* >
0.1 *
+ operation
subsets redefinableElement} {subsets namespace} {subsets ownedMember} + owningConstraint
+ context + ownedRule {subsets owner}
- 0.1 *

Figure 7.1[1 - Operations diagram of the Kernel package
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{subsets namespace, subsets  {ordered, subsets ownedMember,

A redefinitionContext} subsets redefinableElement}
+ class + nestedClassifier,
Class @ >|| Classifier
0.1 *
{subsets featuringClassifier, ~ {ordered, subsets feature,
subsets redefinitionContext, subsets redefinableElement,
SUDSETs namespacey SUDSets ownedMember
+ class + ownedOperation
Operation
0.1 *
defi | {ordered, readOnly, Relationship | | Classifier |
{redefines general} subsets relatedElement} {subsets relationship}
+ /endType + association
*  + [superClass Type ||< Association
*  + class 1.% * + isDerived : Boolean = false
0.1
’ {subsets classifier} &>— 0.1
0.1 | {class + association + owningAssdciation
Kubsets classifier, subsets namespace} {subsets memberNamespace} 0..1 + association {subsets assokiation,
{subsets,ewningAssociation} subsets featufingClassifier,

subsets nameppace, subsets

StructuralFeature
7AN redefinitionContext}

{ordered, subsets member}

2.% + memberEnd
ordered, subsets attribute, * {Subsets ownedEnd}
qubsets ownedMember} Property + navigableOwnedEnd

+ ownedAttribute | * isDerived : Boolean = false
+ isReadOnly : Boolean = false {redefines isReadOnly}
* + isDerivedUnion : Boolean = false %
+ /default : String [0..1]
+ aggregation : AggregationKind = none
+ /isComposite : Boolean + ownedEnd
* +isID : Boolean = false {ordered, subsets memberEnd, subsets feature,
subsets ownedMember, subsets redefinableElement}
+ redefinedProperty
{s{ibsets redefinedElement}
+ subsettedProperty
{syibsets redefinableElement}
+ property *
*
*
+ ownirigProperty 0.1 0.1 + Jopposite
0.1 {subsets-ewner}
«enumeration»
{subsets ownedElement} AggregationKind
+ defaultValue none
shared
> ValueSpecification composite

0.1

Figure 7.12 - Classes diagram of the Kernel package
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{subsets featuringClassifier,
subsets redefinitionContext,
subsets namespace}

+ datatype

{ordered, subsets feature,
subsets redefinableElenient,
subsets ownedMember3-

+ owriedOperation

Classifier + classifier + instanceSpecification
1_InstanceSpecification |
* *
{readOnly, union, subsets memberNamespace} {readOnly, union, subsets member}
+ /featuringClassifier + /[feature
Feature
* *
StructuralFeature
{subsets redefinitionContext, {readOnly, union, subsets A
subsets featuringClassifier} redefinableElement, subsets feature}
+ classifier + /attribute
Property
0..1 *
{subsets classifier, {ordered, subsets attribute,
subsets namespace} subsets ownedMember}
Dat:—iType + datatype + ownedAttribute
0..1 *

BehavioralFeature

0..1

{subsets namespace}

+ enumeration

Figure 7.1
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ation @

{ordered, subsets ownedMember}

*

+ ownedLiteral

Operation

*

*

-ationLiteral

+ /classifier
{redefines classifier}

+ enumerationLiteral

{redefines instanceSpecification}

3 - DataTypes diagram of the ‘Kernel package
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Namespace

| PackageableElement |
{subsets ownedMember}

{subsets namespace}
+ owningPackage + packagedElement
Package <> >|| PackageableEl ||
URI : Stringrfot3 Ot %
{subsets owningPackage} {subsets packagedElement}
+ package + /ownedType
> Type I
0.1 *
| DirectedRelationship I

{subsets directedRelationship,
subsets ownedElement}
+ packageMerge

{subsets source,
subsets owner}

+ receivingPackage

PackageMerge

*

et
1

{subsets target} {subsets directedRelationship}

+ mergedPackage + packageMerge

{subsets packagedElement}

+ /nestedPackage

*

0..1

+ nelstingPack