Table of Contents

1

ABBREVIATIONS ..o e e e e et e e ee e e e e e e e e e e e e eeeeeeeneeneeenneees XV
LIST OF FIGURES ...t e e e e e e e e e e e e e e e e e et eerr e e e e e e ennn XVII
LIST OF TABLES ... e e e e ettt e e e e e e e e e e e e e e e ennnnnnmneeen XXI
INTRODUCGCTION .....uuuuuuuuuennnnnnnnnnsnnssnnssssnsssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssnnnnns 1
1.1 DATA AS DRIVING FORCE FOR INDUSTRIAL BUSINESSES ......cccuveiiieiiesiiesieeniee e sseeesanesseesnnens 1
1.2 MOTIVATION FROM INDUSTRIAL PRACTICE ....veeivieitieeieesiiesseeesteessaeenseesseessaessseessaesssesnseessessnns 3
1.2.1 Challenges iN PraCtiCe........c.ooiiiiiiiiieiie e 3
1.2.2 INdustry POliCY ChalleNgesS .........coiiiiiieiei e 5
1.3 MOTIVATION FROM ACADEMIC RESEARCH AND RESEARCH QUESTION.......cveiiveeiiiesiieeeeeieenns 8
L4 OBJIECTIVES teiuvtetieitee ettt eteesteessteetaesaeeasseaseesseeasseassaesseeasseessaesseeanseensaesseeanseeseesneeanneenee e 10
14.1 €70 7= | RS STSSTRI 10
1.4.2 TArgET AUTIEINCE ...t 1
1.5 STRUCTURE OF THE WORK .....viiitiieiieitiesieesteesteeeteeteestee e e e e sseesnseessaessaeensaessaesnnesnseennasanes 1
RESEARCH DESIGN..... .o 15
2.1 DESIGN SCIENCE PARADIGM .....vviiutieiie sttt aieestessieeaieesiessseeaseesseessaeasessseessseessessseesnseensesns 15
211 Underlying Assumptions and Problem Characteristics............cccccovveeiieeevnennne, 15
2.1.2 DeSIgN KNOWIEAGE........oiiiiec ettt et et e e saae e 19
2.1.3 DESIGN PrINCIPIES....oe ittt ettt e e sabe e e earee s 22
214 Overview of the Design Science Research ProCess.........ccccevieeivieecciecsivee e, 26
2.2 CASE STUDY RESEARCH APPROACH ......ccttiitititieasieesteesseeessessseeaseessesssseanseessessseessesssessnnens 29
2.2.1 Introduction to Case Study as Inductive Approach ............cccccevveeivieeciie e, 29
2.2.2 UNIT OF ANAIYSIS. ...t s et e e eaae e 32
2.2.3 SiNgle Case APPIOACKH.........ci i st 33
2.2.4 (D=1 7= W @0 | [=Tox 1 o] o F TR UPURTSPR 33
2.25 General Business Political Context 2020-2024 ...........ccccoceviieiieiienieeeesee s 34
2.2.6 Context and Description of the Single Case: The Gaia-X Initiative.................... 39
2.2.7 Description of the Demonstrative Case: The Gaia-X 4 Kl Project...................... 41
2.3 DATA ANALYSIS AND DESIGN PROCESS STEPS.......coiiuieiiieiiiriieenieesieeseeesieesieeseeenseessessneeans 42
2.3.1 Fundamentals and Principles of Qualitative Content Analysis .............cc.c........ 42
2.3.2 Analysis Steps in the Design Science Research Process..........ccccccceevceeennennne. 44
2.4  CONCEPTUAL RESEARCH FRAMEWORK ......cccuteitiestiraneeateesseeanseesseessesanseessesssessnseessessseesseans 48
241 Purpose of the Conceptual Research Framework and Theoretical Lens ......... 48
2.4.2 COMPIEXITY SCIBNCE. ... ittt et aee e st e sneee s 51
243 Chaos Theory and the Edge of Chaos ... 53
2.5  QUALITY CRITERIA AND EVALUATION SCHEME........ceiiteitiestieaieanieesseesneeesieessessneeesseessessneeans 56
2.5.1 General Quality Criteria of Qualitative Research...........c.ccccoooviiiiiiiiiies 56
252 Communicative EValuation ... 56
253 Design Science Research Evaluations.............cccoveiiiiciiee e 57
P2 S T U Y 11 o PSSR OTRPRSR 58

Xl



3 BACKGROUND .....outtiiiiiiiiiiiirin s 61

3.l DATAECOSYSTEMS ..eiiuiiiuiieitieiteeasteesteesteeaseesseesseeasseesseessesasseessesssseasseessesssesssseessessseesnsesnses 61
3.11 ECOSYSTEIMS ... 61
3.1.2 DAta ECOSYSTEIMS ... ..eiiiiiiiiiie et 67
3.13 Existing APProaches in INAUSTIY .........cccoiiiiiiiicce e 71
3.14 Data Ecosystem Design Challenges...........cocveiiiiiiiiiciic e 75

A B NS =7 N =1 TSRS 79
3.21 Data SPace CONCEPL.......coiiieiiiie et 79
3.2.2 Federated ArChitECTUIES........ccvv it 86
3.2.3 Data Space Design Challenges...........ccccooiiiiiiiii e 89

3.3 DATAINFRASTRUCTURES....cuuttttetieiteessueasseesseeasseassesssesasseesseessssasseessesssssasseessesssssssseessessnes 91
3.3.1 Analog and Digital INfraStruCtUre ...........c.coiiiiieiieee e 91
3.3.2 Data Infrastructure and Software Infrastructure.............cccccovccvviee e veeene, 94
3.3.3 Data Infrastructure Design Challenges ... 95

3.4 OVERVIEW OF DESIGN CHALLENGES .....ccvteiuieitieiieeteesteesseassaesseessseasseessesssseessessssesssesssesnns 98

4 CASE ANALYSIS... . s 101

4.1 PROBLEM REFINEMENT ..eouttiitteitteasttesteessteasteesseessseasseessesssseansesssessnsesssesssessnsesnsessssesssesnses 101
4.1.1 Literature-based Problem and Objective Investigation ...........c..ccccceevveeinnennne, 101
4.1.2 Empirical Problem and Objective Investigation ............ccccccceeeieeiiie e, 103

4.2  CODING REMARKS, INSTRUMENT TESTING, AND PILOT ELEMENTS ....cccveiiiiieiieeiieniieninns 106

4.3 IDENTIFYING KEY DECISION POINTS...c.utiitiiiiiaiiesiieiieeieesieesseeesseessessseeesseessesssnesnseessessnnens 108
4.3.1 Harmonized Inventory and DeSCriptioN ........ccccccvieiieeciie e 108
4.3.2 Decision Point Identification and Synthesis of Key Decision Points................ 109

4.4 ANALYZING COMPLEXITY IMPACTS....ceiiiiiiestiesiieeiteesteesieeaieesieesnseesseesseesnseesneesnaeenseesnessneens 114
4.4.1 ATCRITECTUIE. ... ettt st et re e sneeenee e 114
4.4.2 (0701001 01=] 11 1[0 ] o F R PP POPRPPSS 118
4.4.3 EXIStING STANAAIAS.......c.viiiiie it 121
444 GOVEIMBINCE ...ttt ettt e et bt e e sttt e e s snbb e e e e enneeas 123
4.4.5 @] o= o =S SRR PRSRRP 125
4.4.6 LIS L] PP PP PPN 128

4.5  FINDINGS AND KNOWLEDGE NUGGET CREATION ....ceiuvteuteesteeaieeesteestessneeesseesseesseeenseessessneens 132

5 DESIGN PRINCIPLES ... s 141

5.1  DESIGN PRINCIPLE DEVELOPMENT STEPS ....eciuiiiieeiiesiieareesteesseeeseessassssesseessesssssssseesseeans 141
5.11 Chaos Theory as Kernel TREOIY .........cooiiiiiiiiiiiic e 141
5.1.2 Outline of Design Principle Creation ProCESS...........ccccveiieiieiieenie e 143

5.2  UTILIZING KERNEL THEORY FOR DESIGN PRINCIPLE DEVELOPMENT .....ccoieiiieiiieiieeiriesineans 144
5.2.1 Design Principle 1: Define DeterministiC States..........c.cccovvvvieiiiiiienienec 144
5.2.2 Design Principle 2: Utilize Sensitivity to Initial Conditions .............c.cccccveevvvene. 146
5.2.3 Design Principle 3: Ensure Self-Emergence and Evolution.................cccccue..e. 148
524 Design Principle 4: Handle Unpredictability and Nonlinearity..............ccc........ 150
5.2.5 Overview of Design Principles and Different Viewpoints...........c.cccoovviieniennns 152

5.3 DEMONSTRATION ..utttteeittittesitttteesstteeessastaeeessssseeesssteeessssssesessssseeessnsseesesssssesessnsseeessnssees 159
5.3.1 Service Structure of Industrial Data Space with Data Infrastructure
[070] o1 1= o3 (o o 1S SRS STRRI 159
5.3.2 The GaIA-X AKICASE ....uvveiiie ettt se et nnes 164

5.4  EVALUATION AND INCREMENTAL IMPROVEMENT .....ccvviiieeitieitieeieesseesineeseesseesnneasaessaesnnens 172
54.1 Communicative Evaluation Overview and Interview Characteristics............... 172

Xl



5.4.2 Improvement of FundamentalsS...........c.ccocoeiiiiiii e 172

543 Improvement of Key Design FOCUS TOPICS........cocvveviieiiiiec e 175
5.4.4 General Remarks and Enhancements of the Design Principles....................... 177
545 Design Principle 1: Evaluation and Improvement............ccccoevveeviee e e vciee e, 180
5.4.6 Design Principle 2: Evaluation and Improvement ............ccccoceeevieeiiiee e s, 185
5.4.7 Design Principle 3: Evaluation and Improvement ............ccccoceeeveeiiiee e, 192
5.4.8 Design Principle 4: Evaluation and Improvement ............ccccoceeevveeicieeccee s, 197
5.4.9 Overview of Findings and Translation into Practitioner Toolbox ..................... 206
5.5  EVALUATION FRAMEWORK OVERVIEW .....c.uutiiiiieiitieeititesteeesiieeesiseesbeeesibeessineesneeesnneeennnes 226
B DISCUSSION ... e e e e e e e e e e e e e e e eeeees 229
6.1  INTERPRETATION OF RESULTS . ...uuiitieiiieiiieeieesieessteeteesseesseeesseessessnsesssessseesnseessesssessnsennses 229
6.1.1 General Discussion and Interpretation of Design Principles ..........c.cccceeeeee. 229
6.1.2 Governing Decentralism and Open Collaboration.............cccoceviiiiiiicniienene 234
6.1.3 Tensions and ContradiCtory FINAINGS..........cocieiiiiiiniieic e 237
6.1.4 Implications fOr DAta SPACES .........cccveiiiiiiiiieie e 239
6.1.5 Implications of the Research ApProach...........ccccocvviieiieiiiiiiene e 240
6.2  REFLECTIONS ON DESIGN OBJIECTIVES ...cuvteivieiiieeieesteessteesseesseesnseessaessaeasseessaesssesnsesssessnns 242
R T N1V -y 10N TSRS 246
6.4  FINDINGS AND CONTRIBUTIONS. ....ctteiuiesureeteesseessreeseesseessseesseessesssseessesssssssssessesssessnseenses 249
6.4.1 Overview Of CONTHDULIONS .........ooiiiieiie e 249
6.4.2 Contribution FOr PracCtiCe........cccovivi it 251
6.4.3 Contribution t0 RESEAICH ........vviiiii e 254

A 0 1[4 I 0 ] [ [ PP 257
7.1 SUMMARY L.ttt sttt stee sttt bee st e sbe e b e she e e s bt e nbe e she e e st e e b e e s beeenb e et e e nbeeenbeenbeeereeenaeennee e 257
7.2 FUTURE RESEARCH ....ocutiiitiiitititeesiee sttt sttt sne et stee st e e nneeaneeenteenseesneeanneenneennes 258
APPENDICES ... oo XX
REFERENCES ...ttt XXX

X



