Active Knowledge Modeling of Enterprises

Bearbeitet von
Frank Lillehagen, John Krogstie

1. Auflage 2008. Buch. xx, 436 S. Hardcover
ISBN 978 3 540 79415 8
Format (B x L): 15,5 x 23,5 cm
Gewicht: 847 g

Wirtschaft > Betriebswirtschaft: Theorie & Allgemeines > Wirtschaftsinformatik, SAP,
IT-Management

Zu Leseprobe

schnell und portofrei erhaltlich bei
.

beck-shop.de

DIE FACHBUCHHANDLUNG

Die Online-Fachbuchhandlung beck-shop.de ist speziaisiert auf Fachbiicher, insbesondere Recht, Steuern und Wirtschaft.

Im Sortiment finden Sie alle Medien (Blicher, Zeitschriften, CDs, eBooks, etc.) aller Verlage. Erganzt wird das Programm

durch Services wie Neuerscheinungsdienst oder Zusammenstellungen von Biichern zu Sonderpreisen. Der Shop fihrt mehr
als 8 Millionen Produkte.


http://www.beck-shop.de/Lillehagen-Krogstie-Active-Knowledge-Modeling-of-Enterprises/productview.aspx?product=694343&utm_source=pdf&utm_medium=clickthru_ihv&utm_campaign=pdf_694343&campaign=pdf/694343
http://www.beck-shop.de/trefferliste.aspx?toc=9926
http://www.beck-shop.de/trefferliste.aspx?toc=9926
http://www.beck-shop.de/fachbuch/leseprobe/9783540794158_Excerpt_001.pdf

Table of Contents

1 What is Active Knowledge Modeling Technology? 1
1.1 Definition of Active Knowledge Modeling ...........ccccceveveeirennnnee. 4
1.2 State-of-the-art OVEIrVIEW........cceereeriiiiieiieieeiee et 7
1.3 Discoveries and Core CONCEPLS ......eevveerrerverveeveerieesieerseesseeseeenens 9
1.4 State-of-Practice — An EXample........ccceoveevieniieniieeiieeieeieneeneane 10
1.5 The AKM Products ........cocceerienienienienieeiceeeieeieeee e 14
1.6 Enterprise Knowledge Spaces.........cccveevveeieeriienienieneeniesiesnens 14
1.7 Active Knowledge Architectures...........coceeveeeiieeneeneeneeniennene 16

1.7.1 How to Represent Enterprise Knowledge............cccveenenenneee. 17
1.7.2 Model-Generated Workplaces (MGWP) ........ccccevvevvennnnee. 19
1.7.3 Model-Based Holistic Design..........ccccoeveevieniinieniieieeienns 20
1.7.4 Model-Based Systems Engineering.............ccceeevveeeveenereenee. 21
1.8 The Core Modeling Languages...........ccccvevvereveeeieecreesieeseeneenenens 21
1.9 Towards Enterprise Visual Scenes..........cccceveeereeneineenieniennnenns 22
1.9.1 Visual Scenes and Collaboration Spaces ...........ccccvevvvennnenee. 23
1.9.2 The Powers of Visual SCenes.........cccceeeeverereenenenneenencenne. 24
1.10 Implications and IMpacts ..........cccceereereeriieniieeieeieeeeeeieeeeane 25

2 Customer Challenges and Demands 27

2.1 Background ..........cccoeevieiieiieniieiie et 27
2.1.1 Structure of Chapter........occeveeiieriiiiieeeeeeeseesee e 27
2.1.2 The Evolution of Challenges and Demands............c..cc......... 30

2.2 Society and Community COOperation ............cceecvvevueereeereververenns 30
2.2.1 Developing Digital Libraries ..........ccccceevvereeneeneeneenieeeens 31
2.2.2 Enterprise-Enhanced Learning...........cccccceevvevvenvenvenneanens 33
2.2.3 Developing Operational Enterprise Architectures................. 34

2.3 Collaborative Business Networking.........cc.ccoeeeevciieiiecveneeneennen. 40
2.3.1 Business Models .......cccceoueririerinieieeeeeeee e 41
2.3.2 Reference Models ........coeveevieninieninieienecceeieeeeeeen 43

2.4 Interoperable Enterprise Collaboration ...........ccecceevverienceneennen. 47
2.4.1 Virtual Enterprises: Collaboration Spaces ..........cccccueeveennns 47
2.4.2 Process Structures: Emergence and Evolution...................... 48

2.4.3 Knowledge, Communication and Learning .............cc.ccc...... 49



xiv ~ Table of Contents

2.4.4 Intelligent Infrastructures: Integration and Customization.... 50

2.4.5 Enterprise Interoperability.........ccccceveverviercireciiecieceeeeeeen, 51
2.4.6 System Engineering Approaches.........ccccoevvvevvvenciieenieenneenns 51
2.4.7 Embedded Systems Engineering ..........ccceceveverevencrenreenneennns 52
2.5 Innovation and Holistic Design ..........cccoeevierienienieneenienieeeen, 55
2.5.1 Industrial Customer Delivery .........cccoecveeeeriieiieeniieeiee e 56
2.5.2 Industrial INNOVALION ......cecveriieeieieiiiieeee e 57
2.5.3 Service-team Organization ...........cceeeeeveeeeeeieeesieesieesieenieeneens 59
2.5.4 Concurrent Platform Engineering..........c.ccceveveevciieenveenneens 59
2.6 Knowledge and Data Representation............cceeeveeevvenieerieenieenenenne 60
2.7 Personal Workplaces and Interaction .............cccceeveevievieeneennenne. 61
2.7.1 Innovation and Knowledge Repositories..........cccccvveeveennnennn. 62
2.8 SUMIMATY ...evieeiiieeeiieeiieesiee et etee et e e seteesseeeaaeessseesnseessnseesnseeanns 63
3 Industrial Evolutions 65
3.1 History of AKM Development..........ccceeeveeeieeeiieenieeciee e 65
3.2 Experiences from EXTERNAL........ccccoovvivviivieeienieeieeeeeenn 67
3.2.1 The ICT LaYET ..ccueeiiiiriieiiniieienieeteeet et 67
3.2.2 The Knowledge Representation Layer .........c.ccoceeevveeveennennen. 69
3.2.3 The Work Performance and Management Layer................... 70
3.2.4 Case 1: The EXTERNAL Project .......cccecceeveevienienienieeieenenn 72
3.2.5 Case 2: The Business Consulting Project Cycle.................... 78
3.2.6 Case 3: IT Consulting in an SME Network.............ccccvenennnen. 80
3.2.7 Final Evaluation Results...........cccccevvieniinniiiniiiiiececeiee, 82
3.3 Experiences from ATHENA..........cccoooiieeieeieeecee e 82
3.3.1 Telecom Pilot.......cooveiirieiinieiieeteeeeeee e 83
3.3.2 CONCLUSIONS ....veeiiieiiieiieiiesite sttt ettt 89
3.4 SUMMALY ....eeiieeeiieeeiieeieeesreeeteeereeseteeesaeessbeesseeessaeessseeessseennses 90
4 State of the Art of Enterprise Modeling .91
4.1 Industrial Diversity of Meaning and Usage..........ccccoceevvenereennenn 91
4.2 International EM Markets..........ccocoviiiiininiinniiieecenee 93
4.2.1 The Enterprise Architecture Market.............cccceeveevenencennne. 93
4.2.2 The Business Process Management Market ...............ccc.c...... 94
4.3 Application DOMAINS .......c.ceevvierciirerieeriieeeeesreeeiee e e ereeeeree e 94
4.3.1 Enterprise Engineering and Reengineering Activities........... 95
4.3.2 Product Life Cycle Management............ccccceceeveesieenieeneeennen. 99

4.3.3 Choice and Implementation of IT Systems and Solution.... 100
4.3.4 General Enterprise Architecture and Operations Support... 101
4.4 Enterprise Modeling Frameworks and Architectures................. 101
4.4.1 The Zachman Framework for Enterprise Architecture........ 102
4.4.2 GERAM..c.coiiiiiiiiieetee et 104



Table of Contents XV

4.4.3 GRAI Framework ..........ccoooeeeenininiiniiieeee e 109
4.4.4 ARIS (Architecture of Integrated Information Systems).... 112
4.4.5 CIMOSA ..ottt 115
4.4.6 The DoDAF Architecture Methodology .........ccccveeveneneneen. 117
4.4.7 TOGAF Architecture Methodology.........cccceevevvvveeirennnnee. 118
4.4.8 The TEAF Methodology from US Department
OF COMIMETCE ...ttt 119
4.4.9 ISO 15745: Framework for Application Integration........... 120
4.4.10 MISSION ..ottt 122
4.5 Conclusions on Enterprise Architecture Frameworks................ 125
5 Enterprise Knowledge Architecture (EKA) 129
5.1 Knowledge Architectures........cccovveevviieciieniiecie e 129
5.2 Principles for Active Knowledge Modeling (AKM).................. 131
5.3 EKA (Enterprise Knowledge Architecture)...........ccoceevennenee. 133
5.3.1 Aspects and Multiple Dimensions ............ccceeeevveerverieennnnns 135
5.3.2 Reflection and Metamodeling...........cccovevvverieereenveneenennns 136
5.3.3 INhETIANCE. .. .eeiuieiiieiieeieeieee et 136
5.3.4 EXPIESSIVEINESS ..veuvvieerieeriarieieesieesteesiresreesreeseessessssesseessnens 136
5.3.5 SIMPLCILY vvevreeeieeiieieeieeeeree e ere e sre s e esrees 137
5.3.6 Degrees of Ambiguity, Formality and Uncertainty............. 137
5.3.7 Complex Relationships, Roles and Boundary Management... 138
5.3.8 Identification Schemes and Resolution............cccccecueeuenee. 139
5.3.9 Model Management ...........ceceeveerienienieeiieeieeieesieesieeneeans 140
5.3.10 Versioning, Variants and Configurations.................c.c.v.... 140
5.4 AKM Execution: Interactive Behavior ..........c.cceceveniiiencnncne 141
5.4.1 Interactive Execution and Evolution...........cccccoecuevinienen. 141
5.4.2 Basic Modeling ServiCes........covrvviecrievreerieesreeseeseesnennens 142
5.4.3 Task Definition and EXecution ...........cccceveeevenereeniencncnne. 144
5.4.4 The Execution Context of @ Task........ccccevveevieniienieninnnenn. 147
5.5 SUMMALY ...vviiiiieiiie ettt re e e e tae e e sneneenenes 150
6 Approaches to Enterprise Solutions 153
6.1 Product-Oriented Business Interoperability Profiles.................. 154
6.1.1 Product Document Exchange and Management ................. 155
6.1.2 Product Data Exchange through Mapping .............c.cc.e...... 155
6.1.3 Product Data Exchange Based on Reference Models
and Semantic Mediation...........cecevereereneeieneeeee e, 156
6.1.4 Shared Product Information Repository.............ccoecvveueennen. 157

6.1.5 Federated Product Knowledge Repository...........cceeeunennnes 158



xvi  Table of Contents

6.2 State of the Art and Requirements for Enterprise Solutions....... 159
6.2.1 Product Design and Life Cycle Management...................... 159
6.2.2 Life Cycle Knowledge Integration ...........cccceecveevveeeneeennnn. 160
6.2.3 State of the Art in Product Design..........cccoecveveveecieeriennennne. 161

6.3 Product-Based Interoperability Approaches...........cccceeevvrveennen. 164
6.3.1 XML ..ottt 166
6.3.2 WED SEIVICES ...eotiiieieiieiieieeie ettt 167
6.3 3 BPMI ..o 168
6.3.4 WEMC ... 168
6.3.5 OAGIS GIS ..o 171
6.3.6 OASIS BPEL....c.oooiieieieeieeeeeeeeeeeeeee e 172
6.3.7 UN/CEFACT BCF ..ottt 172
6.3.8 ROSELEANECE ....c.eeiiiiiiiiieiiiieceeeee e 173
6.3.9 OMG ...ttt 175
6.3.10 ISO/IEC 15414: Open Distributed Processing —

Reference Model — Enterprise Language ............ccvenneenee. 177

6.3.11 W3Ciiiioieieieeeeeee ettt 178
6.3.12 Base Ontology Technologies...........cccceeeeveeeiiieenirenreennnnen. 180
6.3.13 Semantic Web Services: OWL-S and WSMO .................. 186
6.3.14 WEB 2.0 ...ooiiiiieieeeeeeeeee ettt 189

6.4 SUMMATY ....cccuvieeiiieeieeeieeesteeecteeesreesteeesseeesseessaeesseessseeessseens 190

7 Introducing Active Knowledge Modeling in Industry................... 193

7.1 Major Industrial Computing Challenges Revisited .................... 193

7.2 The Customer Delivery Process ........cccoevvevievienieniennesieenens 194
7.2.1 Description of Methodology Steps........cccvevvereervervenenene. 195

7.3 EACh C3S3P SteP .eicvieieiieiieieeie ettt 196
7.3.1 Concept TeStING......cccvvevveeeeriieriieciee e eereeeree e seree v 197
7.3.2 Scaffolding .......ccceeeveeciieiieiieiesie e 198
7.3.3 Scenarios Modeling ..........coceereerieniiniiiieeeeeeeeeeeeees 200
7.3.4 Solutions Modeling ..........cccvevverieriinienieeie e 203
7.3.5 Platform Configuration............ccoceverviniencieenieenieeseeneenenenens 209
7.3.6 Platform Delivery and Practicing ..........cccceeveeveeneeneennnenne. 210
7.3.7 Performance Improvement and Operations................c.v...... 211

7.4 Service TEAMS. .....covuiruieiiriieieie ettt 212

7.5 Integrated Product and Services Platforms...........cccocceeiveneeann. 213

7.6 AKM Approach to Customer Projects..........cccocvevvevvenveenennnnns 214
7.6.1 IRTV i ACHION ..c..eouieiiriiiieieiieeeeieeteesee et 217
7.6.2 Current COMtEXt .....ccoueerueerriiieniieenieeeite ettt e e 222
7.6.3 The IRTV Methodology ........ccvevevervieieiiieieereeieeeeeeenes 223

7T SUIMNIMATY ...eeenviieeiieeiee et ettt et eeeaee e s bee e e saeeesabeesaee e e 225



Table of Contents  xvii

8 Families of Platforms and Architectures 227
8.1 The MAPPER Architecture.......ccceevueruerienieniieieniieeeenieeeeee 229
8.2 Component DeSCIIPLiONS........eeeveeerveeerreeerieeieeesveesreeeereeseneens 231

8.2.1 Metis Enterprise Portal and Repository ..........ccccevevervenennnns 231
8.2.2 Workflow Engine — TRMS Client ..........ccceecvvrivrvieeieennnnne. 235
823 CURE ..o 238
8.2.4 Concert Chat .....cc.eeeeiiieiieieieeieere e 241
8.3 Task PatteInS .....cc.veeeviieiieeeiie ettt e 243
8.3.1 Modeling Task Patterns ..........cccceevveercreeerieenieeniee e 244
8.4 Task Management ...........ccvecveerveeriieneesienreereereereesseesseesseesenens 250
8.4.1 Creating and Starting a Task Pattern.............cccocceveeriennn. 250
8.4.2 Task User INterfaces.........cceeeereeniiniiniiieiieeeseeseesieeeee 251
8.4.3 Allocating Persons to RoIeS .......ccccevcvevvivviniiiiieiecieeien, 253
8.4.4 Task Execution Rules...........ccccoeeviiiiriiiiiiiiiieeeeeeiee e, 256
8.5 SUMMATLY ...oeiiiiiiiie et e e seree s 257

9 Enterprise Design and Development 259

9.1 The CPPD Project CONteXt........cceevueerreereenieeneerieeeeeeeeeeeseeenees 261
9.1.1 Integrating Life-CycCles ....c.covviviirieniieniieriereeeeeesieeninns 261
9.1.2 Nature of Work-Generative Knowledge........c...cccccvvevennen. 262
9.1.3 The Active Knowledge Architecture ...........cccceeeeveeeeeennnen. 263

9.2 Addressing Industrial Demands ............ccceeveevieevieneenienreeenenne. 265
9.2.1 Industrial Use of the CPPD Methodology .........cccccvvvevenen. 265
9.2.2 Customer and CPPD Requirements............ccccceveerieneennee. 266
9.2.3 Support for Early Design ..........ccceevvevieviienienieniecreeieennenn 267
9.2.4 CPPD Roles and Responsibilities ...........ccccvereereenveneennnen. 268

9.3 The AKM Approach to Product Design..........cccceeveeveenvenennnen. 269
9.3.1 CPPD Development ........cccueceerieeieeieeieeeesieesnesreeveenneas 270
9.3.2 The Voice of the CUSTtOMETS.......cccevuereerieririeiereeieneeene 272
9.3.3 The Voice of BUSINESS .......cccviieciiieiiieciieeee et 272
9.3.4 The Voice of Technology .........ccceevvevivevienienienienreeieennn 273
9.3.5 Component Development .............ccoeevvevivereeneeneenvenienenens 275
9.3.6 The CPPD ArchiteCture ...........ccccveevuveeeiieeiieeiieeeiee e 275

9.4 The CPPD COMPONENLS ......ccveeereeereeerierieieesieesieesieeseresenessneennes 276
9.4.1 Configurable Product Components (CPC).........cccceevuvenee. 279
9.4.2 Configurable Visual Workplaces (CVW) ......ccceevvrennnnee. 280
9.4.3 Configurable Work Processes (CWP).......cccccovevvvevverieennnnne 281
9.4.4 Configurable Properties and Parameter Sets (CPP)............ 282
9.4.5 Configurable Product Structure (CPS).......ccccccevvieevirennnne. 284
9.4.6 Configurable Function Deployment (CFD) ...........c.ccuenuee. 285
9.4.7 Configurable Design Language (CDL).........cceccvevvenvennnnne 285

9.4.8 Configurable Idea Bank (CIB).......ccccceeeviieviiiniieeiieeeeee 286



xviii  Table of Contents

9.5 Example 0Of CVW .coiiiiiiieieeieeeceee ettt 286
9.5.1 Current Workplaces........c.cecveeieerieniiniieniieeieeie e 288
0.6 SUMIMALY ....cccuviieiieeiieecieeeiee e e eteeereeeereesbeeetaeesseessseeensaeenens 299
10 Realizing the Knowledge Economy . 301
10.1 Background.........ccceeveeriiriieieeie et 302
10.2 Networked Business Theories .........c.cccecceeveenienienieenieenieneee 304
10.2.1 Value Chain ANalysiS.......cccecveveeriereenieneesresnesneeneennes 305
10.2.2 Schumpeterian [NNOVation..........cccccevveveererniieeieeie e, 307
10.2.3 Network ECONOMICS ......eevveeriieniieniinieeie e 308
10.2.4 Transaction Cost ECONOmics .........c.cceceveveereeninceneenennn. 313
10.3 Realization ApProaches.........cccecueeeueeriienieeneenienienie e eie e 314
10.4 EU ReS@arch ......cooueiiiiiiiiiieeeeeeeeeeete e 316
10.4.1 Business Requirements.............ccceeevevevenineecreenneenneesneesneennes 317
10.4.2 Assessment of Networked Organizations and Value Models. 317
10.5 AKM CONtribULIONS ......eeueeiieeieieiieieie et 318
10.5.1 Industrial CommUNItIes ........c.ceeeveereereerienieeiene e 319
10.5.2 From Paper to Models and Knowledge Architectures....... 320
10.5.3 From Process Flows to Workspaces..........cccceeeeveeereveennnennn 320
10.5.4 One Integrated Product Model ..........ccccovevivevieneenrennnnne, 321
10.5.5 Collaborative Holistic Design .........cccceeveeviierieneeneennenne. 322
10.5.6 Data and Knowledge Management...............c.ccevvevveeveenenn 323
10.5.7 Project DeSi@N......ccccvevieerieriieniienieeieereeieeseeseeseeesenesene e 324
10.5.8 Changes in Management.............cceecueeueerueenieeneeneeseesnenns 325
10.6 Building Industrial P1atforms ...........ccceevveevievieneeniesiesie e, 325
10.7 Impacts and CONSEQUENCES .........eervverrerrerreereerieerieesieesaesnenns 327
10.7.1 Industrial CommUNIties ........cccveevvrieeeirerreeeiie e eeree e 328
10.7.2 Business ECONOMICS ........ccceviruieieriieieieieeeeecee e 328
10.7.3 Industrial Research ..........cccceveeievinieienineeenceceeceen 329
10.7.4 Scientific Research ..........ccccoooveeviiiieiiiiciicieee e 329
10.7.5 Education and TTaining ..........ccceeververvesvenreecreesreesveennens 329
10.7.6 Future DIireCtions .......ccccoeeeerierienienieniesie e 330
10.8 OULIOOK ..ottt 331
11 Towards Enterprise Visual Scenes 333
11.1 Main Principles for Enterprise Visual Scenes ..........ccccceeeunee. 333
11.1.1 The Powers of Visual Scenes .........cccccevveeieieiieneeneencene. 334
11.2 Three-Dimensional Model Applications in Industry................ 335
11.2.1 Early Virtual Reality Experiments ..........ccccccceeeeveenennennee. 336
11.2.2 BIM MOdEIS....ccueeiiiieieieeiieieeeee et 336

11.2.3 NASA Concurrent Design........c.cccvevrieviieveeneesnesveeereenne. 342



Table of Contents  xix

11.2.4 Maritime ApPpliCations .........ccccevvververciercrieriereeseeeseeneeens 343
11.3 Nonindustrial Applications ...........cecceeveereereerieesiieesieesieeneeennes 344
11.3.1 Virtual ENvironments...........ccocceeveerienieniiinieeeeseesceneeens 344
11.4 Real Virtuality and Augmented Reality...........cccevvevvverriennnnee. 348
11.4.1 Metal and Plastic Printing...........cccecceevvveviievivenienieneeninnns 350
11.4.2 Augmented Reality ........c.ccocvveeciiiiiiiieiicieeeecee e 350
11.5 New Modeling and Visualization Techniques..............cc......... 353
11.5.1 Three-Dimensional Modeling.............cccccceevvenieneeneenncnns 353
11.5.2 Annotated Maps .......ccceeeveeeiieiiiieeieeeiee e sveeeeee e 354
11.6 Future SOIUtIONS ......ccueeieriieiieierieeieeseee e 356
11.6.1 Croquet: An Example Environment.............ccccceevueeuennnen. 357
11,7 SUMMATIY ....viiviiiieieieeie ettt eae e ae e sseeaesseessesesenseens 358
12 Scientific Foundations of AKM Technology 359
12.1 EPiStemMOIOZY ...oovvieuiiiiieiieiiesiieeee ettt 359
12.2 Human Learning, Pedagogy and Psychology ..........c.ccceue.e... 363
12.3 Natural Language, Linguistics and Semiotics............cccceruennee. 371
12.4 Process Design and Engineering...........cocceveevvieeiieeieenceneenne. 376
12.4.1 Transformational PMLS ..........cccoviiiriinineeeeeeee 377
12.4.2 Conversational Process Modeling............cceccvevvenveneennnnns 377
12.4.3 Declarative and Constraint-Based Process Modeling........ 378
12.4.4 Roles and Their Interaction............ceccevereecencneenienrenenne 378
12.4.5 System Dynamics.........ccccvevvereerieeriieeireereeieesseeseesseessnens 379
12.4.6 Object-Oriented Process Modeling..........ccocceevveniencnnens 380
12.4.7 Other Explicit Process Representations ...........c.ccceeeuveennen. 380
12.5 Organizational Development and Learning .............ccceeeneee 380
12.6 Product Design and Engineering...........ccccceeceevveeeniienieeneenneenne. 383
12.7 Systems ENgINeering..........ccceecveeviecrievieenreenieeneeseesnesenesneeenes 384
12.8 SUMIMATY ..eeeviiieiiieiiieeciie ettt e et e e eae e 386
13 Enterprise Knowledge Spaces 387
13.1 Enterprise Knowledge Spaces Revisited..........ccoocveeveevennnennen. 387
13.2 Modeling of Enterprise Knowledge Spaces........c..ccccevueruennene 388
13.2.1 Personal Workspace.........cccceeveeriiiiieiiiesiieieesiesecesieeieene 388
13.2.2 INNOVALION SPACE......eervieriieriieiiieiiie e e ere e eree e e seaeseeens 390
13.2.3 Business Networking Space........ccceccvevvveviverieenienveneenenns 391
13.2.4 CommuUNIty SPACE......cccrviieiieeiieeiieeeieeeieeesieeesveeeree e 391
13.2.5 OVEIVIEW ..ottt 392
13.2.6 Knowledge Architectures..........cocveevverieeniiesieesiieneenieenenans 393
13.2.7 Reflection Across Knowledge Spaces .........ccccveeeveeeneennns 395

13.3 SUMIMATLY ..veiiivieeiie ettt e reesree st e e e ssseeeeneesnneas 397



xx  Table of Contents

14 Summary and Directions 399
14.1 Core Principles and Solutions...........cccceveeevereneeneninceeneneenne. 400
14.2 Addressing the Main Challenges...........ccceeeveerciieecieenieeeneeens 405
14.3 Industrial EXploitation ...........cceeeveeeveeireesieesieeseeseeseesnesneseneens 407
14.4 The Way Ahead........ccccoceeviiniinieeieeie et 409

References 411

Terminology and Abbreviations .425

Index ....covveeesueesnennnnnnne 433




