Table of Contents

Part I Foundations of Object-Process Methodology ..................... 1
Chapter 1 A Taste of OPM .......cccccoooviuererniiiriereiieeeseeeseine, 3
1.1 The Wedding Example: A Sneak Preview of OPM ...............c........ 5
1.2 OPM Building Blocks: Objects, Processes, and States ................... 5
1.3 Specialization and Inheritance ........c...cccceecevveriienienienennieeieniee 7
1.4 Aggregation and the Result Link ........ccccooviiiiiniiiniiiiiiiiiiniees 8
SUIMMATY ceevieiiieiiieiieeeetee et ettt et e st e sareesabeesanee s 10

5 (0] o) 15315 KSRt 11
Chapter 2 Object-Process Diagrams .............ccccoeeveveveverereuenennn. 13
2.1 Objects and AZZregation ........cccccceerveerieenieeniieereeesieeseeeeesneens 13
2.2 Structural Relations and Structural Links ......ccccocovvviuiviviveeeeennnnn. 15
2.3 Processes and Procedural Links .........cccccccooeviiiiiiiiiiiiiiine e, 16
2.4 System Diagram: The Top-Level OPD .......ccccocceeviiiiniinininen. 18
2.5 Zooming into the Transaction Executing Process ............ccocueeuneee. 20
2.6 The OPD St ..oooiieiieieeee e 21
2.7 HowtoRead an OPD ...........cccccoiiiiiiiiiiieeeeveveeeeeeeees 22
2.7.1 FIoW Of CONIOL ....evviviiiiiiiieiee ettt eeanaes 22
2.7.2 The Timeline in OPDS ......oooviiiiiiiiiiieeeeieeeeeeeeee e 23
2.7.3 Object States and CONAItioNS .......ccceveereeriierienierieneeiereeese e 23

2.8 Completing the In-Zoomed Transaction Executing OPD ............. 24
2.8.1 Logical XOR, AND, and OR Operators ...........c.cceccererverrereenuennenn 25
2.8.2 The System Map ....c.cccceeieriirieiieieeieeee e e 26
2.8.3 The Ultimate OPD ........cocoviiiiieiieee e 27
2.8.4 Zooming Out of Transaction EXecuting .......c...ccocevvveeveenienienneenne. 28
SUIMIMATY ceeiiiieiiieeeieee ettt e e et e e st e e s eteeeesabeeessseeeesnnee 29

PIODICINIS ..o 30



XVI Table of Contents

Chapter 3 Object-Process Language ............cccccevevevevereveverenenan. 33
3.1 Motivation for a Language ..........ccccceeveevienienieniienieneeneeseeeee 33
3.1.1 Real-Time Textual Feedback ........c.ccocceniiiiiiniiinniiiniiniiiieeieneens 34
3.1.2 Closing the Requirements-Implementation Gap .........ccocceceerueeunennene 35
3.2 Structural Links and Structure Sentences ...........ceceeevervverucnneenen. 35
3.2.1 The First OPL Sentence ..........ccccceceevuererienenienienienieeeenieeeeneenennens 36
3.2.2 The First OPL Aggregation SeNtence .........cocueevveerieereeriueeneesiuennueens 37
3.3 The OPL Paragraph and the Graphics-Text Principle ................... 38
3.3.1 Extending the OPL Paragraph ..........cccocoiiniiiiniiiinieineeneeee 40
3.3.2 Enabling SENteNCES ......cccevueeiereerieriieieitieiesteeieesteeee e eseesee e e eneens 40
3.3.3 Transformation SeNtENCES .........cccereeruerierieriieieniieieseeeeeneeeeesaeenens 41
3.3.4 The SD Paragraph ........cccceevieriiriiiniiiceniceeteteeeesee e 43
3.4 More OPL Sentence TYPES ...cccceeeveervreerneeriieenieenieeniee e 43
3.4.1 State Enumeration and Condition SENtences ..........ccoceeveeerreervuennueens 44
3.4.2 AND, XOR, and OR Logical Operators ...........ccccceeereeruereerucreennns 46
3.4.3 The SD1 Paragraph .......c.ccociriiiiniiiiniiiinieiccecseceeeeeeeseeens 47
3.4.4 In-Zooming and Out-Zooming SENteNnces ..........cccceevereervereeruereennens 48
3.5 Boolean Objects and Determination Sentence ............ccocceeeeveennnen. 49
3.5.1 Boolean Condition SENENCES ........ccceevverveniereerieneenieneeneeneenieneenens 50
3.5.2 Compound Condition SENLENCES .......cecvervveerrrerrieeriierreerieenreerieeneenns 50
3.5.3 State-Specified Generation SENENCE ........ccevvvervueerieeriierrieeneenieeeeens 50
3.5.4 Converting a Dual-State Object into a Boolean Object ..................... 50
3.6 OPD-OPL Item Pairs and Synergy ........ccccecceeveevercveeneeeneeeseeennn. 52
SUMMATY ©eeteiiiiiieieeteeteet ettt sttt et et e sr e e ere e eanes 52
PrODIEINS ...eniieiieieeeee ettt e 53
Chapter 4 Objects and ProCesSes ..........oveueuriueurieerenieereeneeenens 55
4.1 Existence, Things, and Transformations ..........ccccceeveeerneerneennneen. 55
A.1.1 ODJECLS vttt sttt ettt ettt ettt eb et e et nenens 56
4.1.2 Transformation and Processes ........c..coceeveerereeneneecuenencieneeneeneennes 57
4.2 Processes and Time ........cccccoceriireinienieniniiececnceeceeesee e 59
4.2.1 Cause and Effect ........cccooieiiiriininiiniienccceeeeeeeen 59
4.2.2 Syntactic vs. Semantic Sentence Analysis ......c.ccocceceverveeneneenuennens 60
4.2.3 The Process TESE ....cocereeieririiinieeienieeie ettt 61
4.3 TRINES weoeeeieeieeee ettt sttt 62
4.3.1 Things and Entities ........cccocerriiririeiiniieeeieee e 63
4.3.2 The Perseverance of Things ..........ccccceoeiinieiiniieninieeneee e 64
4.3.3 The Essence of Things .........cccceveeieririeneeienieeiesieeiei e 66
4.3.4 Symbolizing Physical Things .........cccceccereriininieninieiineee e 68
4.3.5 The Origin of Things ......cccoceereririeiiiieeeee e 70

4.3.6 The Complexity of Things .......cccceccerieniriieniiieeneeeeeeeeeeeee 70



Table of Contents ~ XVII

4.3.77 THING TYPES -eeveeuieiieieriieieee ettt ettt ettt et e st s ee et sbeeneenaeens 70
4.3.8 The Relativity of Object and Process Importance ...........c.ccccevuennne. 71
4.3.9 Object and Process Naming ..........ccccceeevvererinienenienieseenreneeeeenennens 71
4.4 Informatical ODJECES ....ccoeeruieruieriieiieieeie ettt 72
4.4.1 Telling Informatical and Physical Objects Apart ...........cccccceeerenns 72
4.4.2 Systems and Information SysStems ..........cccccccevvievinvieninienicnieecienens 73
4.4.3 Translation of Informatical ObJects .........cccceceevverieviiniiceniceieniennens 74
4.4.4 Toward “Pure” Informatical ObJeCtS ........ccecueeveerierrierriieniieieenieenns 74
4.5 ObJect IAENTILY ..eouveeeiieiiieiiieeiee ettt et 75
4.5.1 Change of State or Change of Identity? ......c..cccccoceeviiniernenicnnienennns 76
4.5.2 Classes and Instances of Objects and Processes ..........ccccoceveeruennnnne 77
SUIMIMATY c.oetieiiieiieeite ettt sttt et ettt e sabeesabeesaree s 78
PIODBIEINS ..c.eeeiiiiiiiieicereeecee ettt 78
Part Il Concepts of OPM Systems Modeling ..............ccccvvennne. 81
Chapter 5 DynamicCs ............ccooeeuevevierierersissesesesessseese s 83
5.1 SEAES ettt 83
5.1.1 Object States and StAtUS ......ccceeveeriiierieriieriieenienee e eiee e 83
5.1.2 Change and Effect ........ccocvvviiiiiniiiiiieiecieestete et 84
5.1.3 Explicit and Implicit Status Representations .............cccceeveervenuennne. 85
5.1.4 The Input, Output, and Effect Links ........ccocceevieniiiniiinieniiiieneene 87
5.1.5 State Suppression and the Effect Link ..........cccccooiiniiiiinnnnnn 88
5.1.6 State EXPression ........ccccceviiiviniiniiiinieiiiniicciieeeceeeeeeeeee 89
5.2 Existence and Transformation ............cocceveevinvinnincniencnennnen. 90
5.2.1 Result and Consumption Links ........cccccevirvirininenenennnineninenenn 92
5.2.2 Procedural Links, Enablers, and Transformees ........cc.cccccoeevvvveeennnns 93
5.2.3 ENADIETS ..ot 93
5.2.4 AZENILS ..ot s 94
5.2.5 INSIUMENLS ...oovieriiiriiiriieeieenteeete ettt ettt see et ebeesaee e 94
5.2.6 Enabling Links ......ccccceviriirinininiiiicieieieecteteesee e 95
5.2.7 TranSfOrmMeEs .......ccceeveerieruieiieitieiesteeeete ettt sttt eeee e eae 96
5.2.8 Odd Man Out: The Invocation Link .........cccooceiiniiiiniiniinieee 97
5.3 Object Roles with Respect to a Process .......cccoccevveenieneeceecieenen. 98
5.3.1 Enablers and AffEcCtees ........cocuevuiriienieniiiiiieiieeeeeeeeeee e 99
5.3.2 The Involved, Preprocess, and Postprocess Object Sets ................... 99
5.3.3 Condition and Agent Condition Links ..........cccccccevviivininninienennn. 100
5.3.4 Operator, Operand, and Transform? .............ccccoceviniiiinnncnncnnn. 101
SUMIMATY c..eviieiiieeiieeee ettt e ste e s teesbeesteesbeesseesseeesseeenns 102

PIODIEINS ...t 102



XVIII Table of Contents

Chapter 6 Structure ..............c.cccccoeeveveveverereererererererereesenenenn, 105
6.1 Structural Relations ...........cccceevieiiiiiiniiiiiieeeteee e 105
6.1.1 Structural LinKS ......ccovviiriiiiiiiiiiiiieesteeeteete et 106
6.1.2 Structural Relation DIir€Ctions .........c.ccoeceeveenieniieeneenieniieeneeeeenne 108
6.1.3 Unidirectional Structural Link ........cccccoeciiniiniiniiieniieniinieenieeieene 109
6.1.4 OPD SENLENCES ...eerviiriiiriiiiiiieeieeiterie ettt ettt ettt e 109
6.1.5 The Reciprocity of a Structural Relation ............cocceceniiieninncnninns 110
6.1.6 Null Tags and Their Default OPL Reserved Phrases ...................... 111
6.1.7 Structural Relations as Static VErbs ........cccceeceeveiniienienneeniennennne 112
6.2 Participation Constraints and Cardinality .........ccccoecervierveneenee. 113
6.2.1 Participation CONSITAINS ......cceeceeerveerieeiiieniienieenieesteeieesieesveeseeenee 113
6.2.2 Parameterized Participation CONSLraints ..........ccecceeveervverrieervensueenne 114
6.2.3 Range Participation CONSIraintS ........cceeceerverviersieerieenieenseenienseeenne 115
6.2.4 Shorthand Notations and Reserved Phrases ........c..ccccocevcvencnceenenne 116
6.2.5 Cardinalify ......cceceeerieeriieriienienie ettt s 117
6.2.6 Participation Constraints in Procedural Relations ..........c..cccceceeuene 119
6.3 The Distributive Law and FOrks ........cc.coceviriinnninicnicnienn, 120
6.3.1 FOTKS e 121
6.3.2 FOrk DEEICE .....ceiiuieiiiieiietieeieeete ettt 123
6.3.3 Fork Comprehensiveness ...........cecuereerieneeieneniene e 124
6.4 The Transitivity of Structural Relations ........cc..cccccevervenicnnennen. 125
6.5 The Four Fundamental Structural Relations .........ccccoccceeeneennee. 126
SUIMIMATY ceoiiiiiiiieiiieeiee ettt ettt et e st esbeeesaeeesaneeneneennn 129
PrODIEINS «..coniiiiiiiieiieiee et 130
Chapter 7 Aggregation and Exhibition ............cccccccevevevevenee. 133
7.1 Aggregation-Participation: Underlying Concepts .........ccccceunee. 133
7.1.1 Aggregation-Participation as a Tagged Structural Relation ............ 135
7.1.2 The Aggregation-Participation Symbol ...........cccceveeeviniriienennenienne 136
7.1.3 Sets and Order ......c.eeeveeiiiiiiiiieniiieeseere ettt 137
7.1.4 Aggregate NaMING .......coceeiueriiiiieieieieeiieie et 138
7.1.5 Aggregating ProCESSES ......c.ccceeiririirierienienieieieeeeeieee e neeneen 139
7.2 Aggregation Hierarchy and Comprehensiveness ...........cccc.cc...... 141
7.2.1 Aggregation Hierarchy ..........ccoccoovivnviiniiiiniinienienieeieeiee e 141
7.2.2 Aggregation ComprehenSiveNEess .......cceceerveerveriveeneeneeniueenuenieennne 142
7.2.3 Parameterized Participation CONStraints ..........ccecceeveervversieervenseennne 142
7.2.4 Participation Level and Aggregational Complexity ..........ccccceevuenne 143
7.3 Exhibition-Characterization: Underlying Concepts .................... 144
7.3.1 The Name Exhibition-Characterization ...........c.ccecceeererueneneenuenne 145
7.3.2 The Exhibition-Characterization Symbol ........c.ccocevenervienenneenienne 145
7.3.3 Attribute and Operation Are Features .........ccccecevveevenerniencnneenienne 146

7.3.4 Exhibition COMPIEXILY ....coceeverrieriiniieiineeiineeie et 147



Table of Contents ~ XIX

7.4 Features in OO VS. OPM ......ccccovviiiiiieeiiecieecie e 148
7.5 The Four Thing-Feature Combinations ........c...ccccceceerveervceneennenns 151
7.5.1 The Object-Attribute COmbINAtION ...ccceevvveerveriieeriienieeieerieenieeeeen 152
7.5.2 The Object-Operation COmbiNation .........cceceeveveerieereercieeneenieennnnn 152
7.5.3 The Process-Attribute Combination .........ccecceeeeeviienceeeiieeneenieennnenn 154
7.5.4 Process-Operation Combination ..........ccecceeveercieriieeneeniieenieeneennnn 155
7.6 The Feature Hierarchy .........ccccccociievciieiieniiieiieeeieeeiee e 156
7.7 Feature-Related Natural Language ISSUES ........cccceveereencenienniens 157
7.7.1 Attribute Naming Dilemmas .........ccccocceceniriieniniienineeninieeeneenen 157
7.7.2 Reserved Objects and the Measurement Unit Reserved Object ..... 159
7.7.3 Continuous Values and Multi-Valued Attributes ...........c.cceeeveeeneee. 160
7.7.4 Mathematical Inequalities in OPM .......c.cccooceeviiiiiiiiniiniiinieenienen, 162
7.8 Reflective Metamodeling of an Attribute ........c..ccocevveeveeneennens 162
7.8.1 The Size of an AUIIDULE .......oovueeviiiiiiieieieeeeeee e 162
7.8.2 The Mode of an AtribULE .......cccceevvieerieniiiiieeienieeieesee e 163
7.8.3 The Touch of an AUIIDULE ........occvivviierieniiiiieie et 164
7.8.4 The Source of @ FEature ..........cocvevieviieiiiiinienieciieseecieeeeeee e 165
7.8.5 The Operation a Feature Carries .........cccocveerierierviieneenieeenieeneennenn 166
SUMMATY ..ttt ettt ettt st s 166
PrODICINS ..ooeviiieiiieiie ettt 167
Chapter 8 Generalization and Instantiation ................cccucu..... 171
8.1 Generalization-Specialization: Introduction .........c.cccceevueeeennen. 171
8.1.1 Specialization Symbol and Sentence ...........cccceeveeveereereneerienennens 172
8.1.2 Process SpecialiZation .........cccccevereerierieneniieieeieeie e 173
8.2 INNETILANCE ...oeeveviiiieiiiie ettt et aaee e e 175
8.2.1 Feature INheTitance ...........cceoceeviirriieniiniienieeieeiee e 175
8.2.2 Structural Relations INheritance ..........ccoceeeeeevieriieniienieenieenieeneene 177
8.2.3 Procedural Link Inheritance ...........ccccceevieriieineenienniinnienieeneeneene 178
8.2.4 State INheTitancCe .........cccevvveevieeriiiiiienierie ettt 180
8.2.5 State SpecialiZAtion .........cceeveeviirriierieniienie et eiee et 181
8.2.6 Process SpecialiZation ..........cccecueerieriieeniieniieenieenieeieenee e sieesaneens 183
8.2.7 Generalization COMPIEXILY .....cceevvveriiieriieriieeiieenieeieenee e eeeeniee e 187
8.3 QUAlIfICALION ....coeiiviiiiec e 187
8.3.1 Qualification INhEritance .............ccceveeeeriieeciiieeiiee e 188
8.3.2 Multiple Qualification Inheritance ...........cocceeeveeviencrnenennienennens 189
8.4 Classification-InsStantiation ...........cccceeeveevveereeeseeereeeseeeseeeenees 191
8.4.1 Classes and INStANCES .......ccueeeeiiireriiieeiiieeeieeeiee e e e eeeee e 193
8.4.2 The Relation Between Instantiation and Specialization ................. 194
8.4.3 The Relativity of INStANCe ........ccvevvevveveririninininenicecicreeeeeee 194
8.4.4 Instance QUalifiCation ........cccccecvveevierieeiiierieereesee e ere e ere e 196
8.4.5 Process INSANCES ......ccueveiiieeiiiieeiiee ettt e 197

8.4.6 Classification COMPIEXILY ...cccoveverereriririenierienteicreeeeeeeenceeenes 198



XX Table of Contents

8.5 Modifiers and INStANCES ........ccceereerieenieriiiiiiiniinienie et 198
8.5.1 Natural Language Modifiers and Shortcuts ............cocceceecvenienenncnne. 198
8.5.2 Adjectives and AtribULES .......cccevveiriierieniiiieeieneeeeee e 199
8.5.3 Adverbs and Operations .......c...ccecueevueerieniieeneenieeseenee e 201

8.6 Specializations of the Involved Object Set Members ................. 202

8.7 Non-ComprehensSiveness .........ceeecueereeeerieereeesieeesieeeieessveesveens 203
8.7.1 Non-Comprehensiveness of Fundamental Structural Relations ...... 203
8.7.2 Non-Comprehensiveness of States and Values .........c.cccceeeeeeennne. 204

SUMIMATY ©eeitiiiiiieiiieeiee ettt ettt sate e ibe e st e e sateesateesaneesaseenas 205

PrODIEINS ...ttt 205

Chapter 9 Managing Systems’ Complexity ..........cccecvvrvrrenen. 207

9.1 The Need for Complexity Management ..........cc.cccceeerereeeenenne. 207
9.1.1 Middle-Out as the De-Facto Architecting Practice ...........ccoceeveennne 208
9.1.2 Determining the Extent of Refinement ............cccccoccecininiiininnnniene 210
9.1.3 Towards Quantifying Complexity ......c..cccccevemveererveerenieenenieesuenenas 211

9.2 Divide and Conquer: By Aspects or by Details? ..........c.ccocueneee. 212
9.2.1 Why is Detail Decomposition Good? ..........cccccevuererienenneneneenuenne 215
9.2.2 When Should a New OPD Be Created? ..........cccecevivenencniennennenene 217

9.3 The Attributes of SCaling ......cc.ccooveevieniininiiiiie e, 217
9.3.1 The Purpose of Scaling ........cccccevirimenininenienieieenieeeeeeeese e 217
9.3.2 The Mode of Scaling .....c.ccccevereririnienienienieieieeeeeese e 218
9.3.3 Controlling Visibility by In- and Out-Zooming .........ccccecceveeerenne. 221
9.3.4 The Distributivity of Procedural Links .......c..c.ccoceeeceevniinvinrcnenenne. 223
9.3.5 Unfolding and Folding ........ccccoceeeiminininencncicieicceeeeeeneneenee 224
9.3.6 State Expressing and SUppressing ........c.ceceeeeveeeeveeenvenenenenennennes 227
9.3.7 Primary and Secondary Operands .........ccececererenrenienuenveeeennennns 230

9.4 ADSIIACHNG .c.eeevieniieiieiieieeieete ettt 230
9.4.1 CONSOIAAtING ...ccuveeiiiriiiiieiieeieerite et ettt et e st e sbeesare e 230
9.4.2 Z00m cONSOIIAALING ..ccveevuviriiiniieiiieiiente ettt 231
9.4.3 Paths and Path Labels .......c..coceveriieiiniiiniiiiniienccencceeciee 231
9.4.4 Zoom Consolidating Pitfalls ..........cceccervieiniiiiiiiniieniieeeieeeeeee 233
9.4.5 Zoom Consolidating Conditions ...........cceeveervverrieeneenieeenieeneesseeennes 234
9.4.6 Fold Consolidating ........ccceevveereeniirneenieiieenienteeieesiee e esieesee e 235

9.5 What Happens to Procedural Links During Abstracting? ........... 235
9.5.1 Procedural Link Precedence ..........cccocevivevienieieiiininininenenenee 236
9.5.2 Semi-Folding and Semi-Unfolding .......c..ccccoooerveneniicncnieneneenienne 238
9.5.3 Selective Semi-Folding and Semi-Unfolding .........cccccoceeveniencnnens 240

9.6 Looking at the Big Picture: The System Map

and the OPM Construct Pairs .........ccocccooveiiiiiniiiiniinniiiienees 241

SUMIMATY .eeiviiiiieeiieeciee ettt eeee e et e e e aeesbessateesneeesaseesnseessseenns 244

| 00) o) 1<) 0 4 LSRR 245



Table of Contents ~ XXI

Part III Building Systems with OPM ............cccooceveveererenennnn. 247
Chapter 10 Systems and Modeling .............cccooevevereiirnerennnns 249
10.1 Defining SYStEMS ...cc.cevirviirriiriiriiniineeneeneeneee et 249
10.1.1 Some Existing Definitions ..........ccccoceevieriiienieiniieinieeneenieeieeneene 249
10.1.2 FUNCHON ..cooiuiiiiiiiiiiiiiiiiiicicciccec e 251
10.1.3 The Various Functions of Stone ...........cccccecvviniincnicnincnnnnnne. 251
10.2 System Defined ........ccceeeviieiiieiiieiieeeeee e 252
10.2.1 System as a Relative Term ........ccceeereeiieninieneeenceceeeceeeeen 254
10.2.2 System as a Subjective Term ........cccceceeverieiienienenieieneeee e 254
10.2.3 The Function of Natural and Artificial Systems ...........ccccceceeueeee. 255
10.3 Goal, Concept, and FUNCHON ........ccceeveeriiniiniiiieienieeceee 255
10.3.1 The Intent and Goal of Artificial Systems ..........cccceceeirvvencneenee. 256
10.3.2 Telling System Function and Dynamics Apart ..........ccceceeeeennenee. 256
10.3.3 Function, Structure, and Behavior .............cccccevviieiiiiieieeicinineenn. 260
10.4 System ATrChiteCture .......c.cceoveevvervierriinriinieneeneeneeeeeeee e 260
10.4.1 Function vs. DYNamicCs ........ccccceerviienieniiniiienienieeieeseesieenieesee s 260
10.4.2 The Concept Behind a System .........cccccecevvivininiiiicnieciiinnine. 261
10.4.3 The Origin and Essence of Systems ..........cccccceivvivinieniicnincnnne. 262
10.5 Objects, Systems, and Products .........cccceveeverieeniiennieeceeeiieenns 263
10.5.1 Product Defined .......ccccoeoeeiimieniiiieiiieeeeceeeeeeee e 263
10.5.2 The Object-System-Product Hierarchy ...........ccccooceeieiiniennncnee. 264
10.5.3 Goods, Services, and Projects ...........cccoveeevenereienenienieneneeeene. 266
10.6 Documenting Functions of the System Architecture ................ 267
10.6.1 The Function Hierarchy ...........ccccooiniiiininiiniiniiniccnceecneenen 267
10.6.2 Function Boxes and Function Sentences .........cc..ccecceevveerveneennnen. 268
10.6.3 Functionality ......c.ccccceeieeeriinienienieieneeieneetee e 271
10.7 From Systems to MoOdels ........ccoccueeviiiniiiniiiniieieeeieeeieeeieene 271
10.7.1 Some Model Definitions .........c..ccccevevieiiininininiinienicieieiecene, 272
10.7.2 Model Defined ........cccooiviiiiiiniiiiiiiiiciccccccc e 272
10.8 Modeling Paradigms ..........ccccceevieeriiirriiienieenieerieeeeeesie e 272
10.8.1 Natural Language as a Modeling Tool .........ccccceveeiincinincenenen. 273
10.8.2 Mathematical and Symbolic Modeling ...........ccccoveeienieniencncnee. 276
10.8.3 Graphic Modeling and Knowledge Representation ...................... 281
10.9 Reflective Metamodeling .........ccccecevenererreenieneneneneenieniennenn 283
SUMIMATY c..etiiiiie ettt ettt e st esteesseesanessaeesseeenns 285
ProbIems ...c.coviiiniiiiiiiiiiec e 286
Chapter 11 System Lifecycle and Evolution .......................... 289
11.1 System LifeCyCle ....ccoovviiiriiiiiieieeeieeeeeeeee e 289
11.1.1 Lifecycle of Artificial SYStemS ......ccccevereeriererienenienienienieneene 290

11.1.2 Software and Product Development Processes .........c.ccoceeveenuenee. 290



XXII Table of Contents

11.2 Systems Analysis and the Scientific Method ..........cccccceeeenee. 291
11.3 Categorization vs. Interdisciplinarity ...........cccocceevceercveenueennnen. 293
11.4 System Engineering and the Role of the System Architect ...... 293
11.5 An OPM Model of System Lifecycle Phases .......c..c.ccccceevennenne. 294
11.5.1 Top-Level Description of System Evolution ............c..cccceeeeveenne 295
11.5.2 Initiating the SyStem .......c..cccecevieiiiiinienieceeeereeeeee 297
11.5.3 Developing the SyStem ..........cccceceecieririiinieiinieeneeeeeeeeeeeeeen 297
11.5:4 ANAlyZING ..ccoooviiiiiiiieiicieeeeece e 298
11.5.5 The Refining-Abstracting Cycles ........c..cccceeirveniriieniniieneneenenne 299
11.5.6 DESIZNING ..couviviiiiiiieiiiiieieeieteeeeteeete ettt 300
11.5.7 The Waterfall Model vs. Iterative and Incremental Development 301
11.5.8 Deploying the SyStem .........c.ccoceiiriieiiniiiiinieeeeeieneee e 302
11.6 Zooming into ANALYZING ......ccccueevieeriieniieniieeiie et 304
11.7 Zooming into Designing and Implementing ...........c.ccoeeuveennee. 306
11.8 From Design to Implementation .........cc.ccoeceeveevernienieenieneennen. 308
SUMIMATY .eeivieiiieeiieeciee e eeeeeeee et e ete e te e beesaseesnseesaseesnseessseenns 308
ProbIEmS ...coveiiiiiiiiiiieeee s 309
Chapter 12 States and Values ..........cocooveerirueinieenieieeeennns 311
12.1 State-specified Objects and Links .......cc.ccceceevervenvcnicnricneennen. 311
12.1.1 Initial, Ultimate and Default States ........cccccvveeveeeiiiiiieiiieiiieeieenes 313
12.1.2 The Transformation Attribute of a Process .........cccoccecevivenenncnene 314
12.1.3 Object as a Role Player for State .........cccccccevveenenieenininneneeieniens 315
12.1.4 State Maintaining ProCcesses .........c..ecveveereineriienenienenienieneeiene 316
12.1.5 Sentences and Phrases of States and Values .........cccccevevenennenene 317
12.1.6 Single Value SENtence .......c..ccoceeeeiinieieneeienenienieneeieneesieseeens 322
12.2 Telling States Apart from Values ........cc.ccoceeveenenninnieniicneennen. 322
12.3 Metamodeling the Attributes of Value and Their States ........... 324
12.3.1 Numeric and Symbolic Values ........ccccccecvrvieriiirrieeneeniineeneeenne 326
12.3.2 Mapping Object States onto Attribute Values ........cccceeeververnennee. 326
12.4 Compound States and State SPace .......c..ccoceeveevverveerceerecneennees 328
12.4.1 The Attribute Feasibility MatriX .......c.ccoceeverervienerienenienieneeiene 332
12.4.2 Logical Compound States .........ccceeerueriereereniienenienieneenieseenienns 332
SUIMIMATY oottt ettt ettt e et eesibeesateesateesaaeesabeenas 335
PIODBIEIMS ...covviniiiiiiieieiieec et 337
Chapter 13 Advanced OPM CONCEPLS ......cvvuverreeerinrererrenenns 339
13.1 Real-Time ISSUES ....ccceerriiiiiiiiiieieenteeniie ettt 339
13.1.1 Sequential vs. Parallel Process Execution ............ccccoceeereeniennnns 339
13.1.2 Process Synchronization ...........c.cccceeceeeuieeenueneeneneesneneereneenenne 340

13.1.3 EVENLS evveeeiiiiiiiiieeeeeeee ettt e e e e e e e et aeeeees 341



Table of Contents  XXIII

13.1.4 Chronon and EVENt .........ccocceeviiriiiiieniiiiiienicneeseeeeeee e
13.1.5 Basic Triggering Event TYPes ......ccccevevirieienienenieieneeeeneeenees
13.2 Process and State DUration .........ccccceeeeeeveeeeiciveeenineeesnciveessnneens
13.3 ProcesSing StAES .......ccceerveeeerieeeieeriiieriiieeieeeitesneeessneeesseeesaeeenns
13.4 Probability in Procedural Relations .........cc.cceceeveenenieniicnnenne.
13.5 Scope and Name Disambiguation ..........cccccceeceeeveeeneceneeeneeenns
13.5.1 The Fundamental DAG ........ccocceeviimiiiiiiiieiienieeeeeeeeeee
13.5.2 Scope of an ODJECL ..cc.eevuiirieiiiieiiieiieie sttt st
13.6 The Reserved Words “of”” and “which” ..........ccccooviiiniinnnnne.
13.6.1 The Reserved Word “of” and the Dot Operator ........c..cc.cceceenuennee.
13.6.2 Using “of” with Tagged Structural Relations ........c..cccccecceveenueenee.
13.6.3 The Reserved Word “which” ........c.ceoiniiiiniininiiincecnceeee
13.6.4 Operation: A Process Without Side Effect .........c..ccceeevienincenee.
13.7 Structure-Related ISSUES ........coceviiriiriiniinieneeeeeeeee
13.7.1 Transitivity Strength ........ccccocivieiinieienieeeeeeeee e
13.7.2 Hamiltonian DiStance .........ccoccevereerieneniienieeieeeeesee e
13.7.3 The Fractal Relation ...........ccocceeereriininienieieeeeee e
13.7.4 Covariance and CONtravariance ...........ccecceeveereeruereenueeeeneeseenuennes
13.8 OPM Metamodeling ISSUES .........coocueeriiiriiiiniiiniiiiiceniceeeens
13.8.1 A Metamodel of Thing ........cccccevvienieniiiniienierieeeeee e
13.8.2 The Specialization-Specification Hierarchy ...........cccccoeevevveennenns
13.8.3 A Refined Generic Processing Model ........cccccoecvervieeneeniinnieeneenns
13.8.4 Time Exception Handling ..........cccooceeviiriiiiniiiniiniiieneenieeieeeee
13.9 The OPM Construct Hierarchy .........ccccccoovveniiiniiiniinniinnienns

Chapter 14 Systems ThEOTY .......cccocvuririeerereiriieieieieieseeeiesenans

14.1 The Informatics Hierarchy ...........cccccoooeniininninniinnincnceeee
14.1.1 Computers Are Climbing the Informatics Hierarchy ....................
14.1.2 Knowledge and Understanding .........c..ccocceveecrerievieneecieneenecneene.

14.2 ONLOLOZY -eveeuviiriiiiniieiiee ettt ettt ettt ettt e sabeesabee e

14.3 General Systems Theory ........cccccverveerciirniieerieerie e
14.3.1 A Brief History of General Systems Theory ..........cccceeceeeenencnnee.
14.3.2 The Hierarchy of System Levels .......c.ccooceiieiininiininiinceceneee,

14.4 Autopoietic vs. Allopoietic SYStEMS ......cccceeevveenieenceeenieenieans

14.5 Systems and HUMANS ......ccccoceeerieiriiiiniiiiiiieeieeeceeceeiee e

14.6 Systems Theory CharacteristiCs ........coccveeveerrieerseeesreercieeniveenns
14.6.1 Previously Defined Characteristics ..........cecceveeeerieneenienceneeneeenne.

14.6.2 System, Environment and Beneficiaries .........c..cccceevevereenencnee.
14.6.3 Control and Feedback ..........cccooovuviiiiiiiiiiiiiiiiieececeeeeee e



XXIV Table of Contents

14.7 Classical Physics vs. Quantum Theory .......ccccoceviniiincnnenen. 393
14.7.1 VISUAIIZALON ..eouviiiiiiiiiiiieeieeiee ittt 394
14.7.2 CaUSALILY ..oooveiiiiiiiieiceeteee ettt 395
14.7.3 LOCAIILY coveieiieiiieiieeitece ettt 395
14.7.4 SElf-TAENTLY ..ocvevveeeeieeieiieieeieieeie ettt saeneas 395
14.7.5 ODJECHVILY teovevverieienieiieieieeietesiestestesessesteaeaeseeseesessessessessessessaneas 396

14.8 Objectifying: Converting a Process into an Object ................... 397

SUIMIMATY ceeiiiiiiieiiieeee ettt ettt et et eesbeeesaeeesaneenaneenns 399

PrODIEINS «..eoniiiiiiiieiteee e 400

Chapter 15 Object-Oriented Modeling ...........cccccceveveveveneeee. 401

15.1 The Evolution of System Analysis Methods ..........ccccceeceeneennen. 401
15.1.1 Data Flow DIagrams .......ccccccereeieriinienieeeeiencenie et 402
15.1.2 Entity-Relationship Diagrams and Their Combination with DFD 402
15.1.3 The Object-Oriented Paradigm .........cccoeceeviinienenieniinieienceeees 403

15.2 Pre-UML Object-Oriented Methods ........cccceevveeniiinieenicnnnnen. 403
15.2.1 Object Modeling TechNique ........cccceeeeerieriieereenienieereenie e 404
15.2.2 Object-Oriented Software Engineering .........c.cccocceeveervernieeneennen. 404
15.2.3 Object-Oriented Analysis and Object-Oriented Design ................ 405
15.2.4 Object-Oriented Systems ANAlYSiS ...ccceevveerierieeerieenieeriieeneenieenes 405
15.2.5 Object-Oriented Analysis & Design ........ccccceeveeviieneeniiriieeneenen. 406
15.2.6 Object Life-CyCIeS ....ooviiiiiiiiniieriieeieeteseeeeete e 406
15.2.7 The Booch Method ........ccccoeeieririininiinienienieniccnceeceeeeeeseenes 407
15.2.8 MOSES ..ot st 407
15.2.9 The Fusion Method ........c..coceoirieniniininieninicienteeeeceeeeee e 407
15.2.10 OPEN Modeling Language ..........cccocceveerveeneeniennieenienieenieenees 408

15.3 Unified Modeling Language — UML .........ccccocceiviiiniiinninnnn. 408

15.4 Metamodeling in OO Methods ........ccccceveeneininniniiniiiicneeen, 410

15.5 OO Methods — A SUMMATY ......oovvieiriieiiiiiiiienieeeieeeiee e 410

15.6 Software Development Approaches and Trends ....................... 412
15.6.1 Aspect-Oriented Programming .........c..cecceceeeeneneenienerneneeneenenns 412
15.6.2 The Rational Unified Process .......c..cccceeeeviinenienenienenieneneeiene 412
15.6.3 Extreme Programming .......c...cocceceeverienieneeneneeneneenieneenieseenenne 413
15.6.4 Agile MOAEING ....ooveieriiiiiiiieieeiieieetee ettt 413

15.7 Challenges for OO Methods ........ccccceveeveiiinniniiniinieiieceenn 413
15.7.1 A HiStoric Perspective ........c.ccoceeverieienieiiniee e 414
15.7.2 The Encapsulation Challenge ..........cccceceevereeieneeiieninieneeeeieene 415
15.7.3 The Model Multiplicity Challenge ...........cccocevereenenirieneeieenne 415
15.7.4 Empirical Evidence of the Model Multiplicity Problem ............... 417

15.7.5 The Complexity Management Challenge ..........c.ccccevevvenenciennnne 417



Table of Contents XXV

15.8 OPM and OO ....cocoooiiiiiiiiiieeteteeeee e s 418
15.8.1 The UML 2.0 INItIAtIVE ..eoveveieiieiieieeiinienienicneceieeceeeeecsee e 419
15.8.2 Systemantica: an OPM Supporting Tool ...........cccceceeircienreeenne. 420
15.8.3 OPM Applications and Research: Present and Future .................. 421

SUMIMATY c..eiiieiiie ettt et te e st e s teesbeesaeessneesseeenns 423

Problems ..o 424

Appendix A: The ATM SysStem .......ccccceevvievieniierieeniieeieeneenneens 425
REfEreNCes ....cc.eoovieiiiiiiiiiiiicicccc 435



