Mark Hiirlimann 71y o6 99 %
Dealing with Real-World Complexity

A 255602

—



Contents

Foreword vii
Preface ' ix
Executive summary xi
Contents xiii
List of Figures xix
List of Tables xxiii
List of Abbreviations XXV
List of Symbols xxvii
1 Introduction 1
1.1 Context . . . . . . e e e 1
1.1.1 Rationale for Study . ... ... ... ... . ..., 1

1.1.2 Assumptions and clarifications . . . . .. ... ... ... 3

1.1.3 Goal of Dissertation . . . ... ... ... .. ...... 5

1.1.4 Demarcation . . ... .. ... ... 7

1.2 Scientific Approach . . . . . ... ... Lo 7
1.2.1 Research Design . . . ... ... ... ........... 7

1.2.2 Limitation. . . . . . . .. ... ... o 8

1.3 Outline . . /. .. ... 8

I Theoretical bases 11
2 Complexity and information gathering 13
2.1 Complex problems and their influence . . . . .. ... ... ... 13
2.1.1 Typesof Problems . . ... ... ... ........... 13

2.1.2 Causes for dynamic complexity . . .. .. ... ... ... 15

2.1.3 Difficulties when dealing with complex problems . . . .. 17



xiv

CONTENTS

2.2 Learning in and about complex systems . . . . ... ... .... 18
2.2.1 Learningingeneral . . . . ... ... ... ... ...... 18
2.2.2 Types of learning processes . . . . . . . . ... 19
223 Mentalmodels . . ... ... . ... L. 20
2.2.4 Learning as a feedback process . . . .. ... ... .. .. 21

225 Teamlearning . . . ... ... ... ... ... ...... 23
2.2.6 Organizational learning . . . . .. ... ... .. ... .. 24
227 Knowledge .. ... ... ... ... ..., Lo e e e e e 27

2.3 Concludingremark . . . .. ... ... oo 28
Modeling process and simulation 29
3.1 System, model and simulation . . . . . ... ... ... ... 29
311 Whatisasystem . ... ... .. ... ... ...... 29
3.1.2 Classification of systems . . . . .. ... ... ... ... 30
3.1.3 Complexity of systems . . . . ... ... ... ... ..., 32
3.1.4 Models and modeling . . ... ... .. ... ... ..., 34
3.1.5 Simulation . . ..... ... e 35

3.2 Simulation as managerial decision guidance . . ... .. ... .. 35
3.21 Typesofsimulations . . . ... .. ... ... ....... 35

3.22 Processof simulation. . . ... ... ... ... ... 37
3.2.3 Benefits of simulation . . ... ... ... .. 0 0L, 38
3.24 Limits to simulation . .. ... ... ... ... . ..., 38
Fuzzy Logic 41
4.1 Fuzzy thinking . . .. ... ... . ... ... . .. 41
4.1.1 Limits of bivalence . ... ... ... ... ... ..... 41
412 Maultivalence . . . ... oo 43

4.2 Fuzzysettheory ... ... ... . .. .. ... ... 46
4.3 Fuzzysystems. . . . . . . . . . .. e 51
43.1 Abasicfuzzysystem . . . ... ... ... ... ..., 51
4.3.2 Fuzzification . ... ... . ... ... ... ... ... 52
4.3.3 Fuzzy rule base and fuzzy inference engine (fuzzy system) 53
4.3.4 Defuzzification . .. ... ... ... ... . ... 54
43.5 Excursus: decision tree . ... ............... 95

4.4 Advantages of fuzzy reasoning . . . . . . ... ... ... ... .. 56
System thinking 59
5.1 Tools for system thinking . . .. ... ... .. .. ........ 59
5.1.1 The idea behind system thinking . . . . ... .. ... .. 59
5.1.2 Relationships between elements . . . . ... ... ... .. 60
5.1.3 Feedback loop and the behavior of systems . .. ... .. 62
5.1.4 Methods of formalization . .. ... ............ 66

5.1.5 Systems archetypes. . .. ... ... ... ......... 69

5.2 System thinking . .. ... ... .. .. .. L L. 75
52.1 Meaning of system thinking . . . .. ... ... ... ... 75

5.2.2 The need for system thinking . . . ... ... ... .... 77



I Lot R

CONTENTS b'a's

5.2.3 Qualitative and quantitative system dynamics. . . . . . . 77
6 System dynamics 79
6.1 Quantitative system dynamics. . . . . . ... .. ... ... ... 79
6.1.1 Background . . . ... ... ... L 79
6.1.2 Dynamic modeling process and tools . . . . . . ... ... 80

6.1.3 The strengths and weaknesses of quantitative system dy-
NAMICS « « « o v e e e e e e e e e e e 89
6.2 Qualitative system dynamics . . ... .. ... ... ... .... 89
6.2.1 Sensitivity model . . . . .. ... .. L L. 90
6.2.2 Problemlosungsmethode . . . . . ... ... ... ... .. 101

6.2.3 GAMMA: an advancement of the cross-impact-matrix . . 108
6.2.4 The forces and limitations of qualitative system dynamics 112

6.3 Comparing the two modeling approaches . . . . . . ... ... .. 113
6.3.1 Comparing the characteristics of qualitative and quanti-

tative modeling approaches . . . ... ... ... ..... 113

6.3.2 The intertwined project learning process . . . . . . . . .. 115

6.3.3 Themissinglink . ... ... ... .. ... ........ 116

II New developments 119

7 Mastering complexity with matrices 121

7.1 Relation between an element and the system ... ... ... .. 121

7.1.1 Cross-impact-matrix . . . . ... ... ... ... ..... 121

7.1.2 Thematteroftime . . . . . .. ... ... .. ....... 131

7.1.3 Cross-time-matrix . .. .. ... ... .. ......... 133

7.1.4 Combining the information of CIM and CTM . . . . . . . 136

7.2 Relation between two elements in asystem . . ... ....... 138

7.2.1 Cross-delay-matrix: influence of delay . . . . . ... . .. 139

7.2.2 Cross-effect-matrix: spread of effects . . . . . . .. .. .. 145

7.2.3 Combining effect and delay . . . .. .. ... ....... 149

7.2.4 Summary . .. oo .. L i e e e e e e 152

73 Analyzingallpaths . . . . .. ... ... ... ... 0. 153

7.3.1 Betweentwomnodes . . .. .. ... ... ... ... ... 153

7.3.2 Towardsonenode . . ... ................. 154

74 Transition . . . . . . . . .o 156

8 Mastering complexity with simulation 159

81 Introduction. . . . . . . . . . . L e 159

8.2 Modification driven simulation . ... .. ... ... ... ... 161

8.2.1 Functionality . ... . ... ... ... . ... ... 161

8.2.2 Interpretation of theresults . . . ... .. ... ...... 164

8.2.3 Qualities of this type of simulation . . . .. ... ... .. 165

8.2.4 Sophistication of the approach . .. ... ... ... ... 165

8.3 Level driven simulation . .. . ... ... ... ... ... ... 166



xvi CONTENTS
8.4 A semi-quantitativemodel . . . . . .. ... 167
841 Idea . .. . . . . e 167
842 Model . .. .. . ... 168
8.4.3 Results and interpretation . . . . . .. ... ... ... 168
844 Appraisal . .. ... L e 171

8.5 Combining the approaches . . . . . . . . .. ... . 0L 172
851 Idea . ... .. .. . . . e 172
852 Themodel ... ... .. ... .. ... ... .. ... 172
8.5.3 Result and interpretation . . . .. ... ... ....... 172
85.4 Adifferentrun . . . . ... oL Lo 173
855 Remark .. ... ... .. ... 174

8.6 Stock and flow oriented simulation . . . ... ... .. .... .. 175
8.6.1 Construction of different runs . . . . .. ... ... .. .. 175

8.6.2 Strength and weakness . . . . . . ... ... ... ... .. 177

8.6.3 Theadjusted model . . ... . ... ... ... ...... 178

87 Finalremark ... .. .. .. .. ... oo 178
8.8 Summary of the new developments . . . . ... ... ....... 178
9 Conclusion and Implication 185
9.1 Conclusion ... ... ... ... e 185
9.1.1 Summarizing . . . . .. ... e 185
9.1.2  Assign the role of an element within the system . . . . . . 186
9.1.3 Assign the first contact between two elements . . . . . . . 187
9.14 Assignthepaths . ... ... .. ... ... ....... 187
9.1.5 Modification driven simulation . . .. ... .. ... ... 188
9.1.6 Level driven simulation . . .. ... ... .. ....... 189
9.1.7 Semi-quantitative simulation . . .. .. ... ... ... 189
9.1.8 Stock and flow oriented simulation . . . ... ... .. .. 190
9.1.9 Comparing the proposals . . . .. ... ... ....... 191

9.2 Theoretical implication and further research . . . . . . ... ... 192
9.2.1 TImplication .. ... ... .. . .. ... 192
9.2.2 Reflection . . . . ... oL 193
9.2.3 Surplus of this research . . ... ... e e e e 194
924 Followupresearch . . .. ... ... ... .. ....... 194

IIT Appendix 195
A Shortest path problem 197
A1 Floyd-Warshall algorithm . . . . . ... ... ... ... ..... 197
A.1.1 Explaining the algorithm . ... ... ... ... ..... 197
A.1.2 Used pseudocodein VBA . . . . ... ... .. ...... 201

A2 Adapted Floyd-Warshall algorithm . . . . ... ... ... .... 202
A.2.1 Explaining the algorithm . ... ... ... ... ..... 202
A.22 Used pseudocodein VBA . . ... ... .......... 208

A.2.3 Notefortheusewith CEM . ... .. ........... 210



FESG e T T

CONTENTS

A.2.4 Adjustments in the pseudocode . . . . .
A.3 CEM version of Floyd-Warshall algorithm . . .
A.3.1 Explaining the algorithm . .. ... ..
A.3.2 Used pseudocode in VBA . . . .. ...

B Path finder algorithm

B.1 How it works between two nodes . . . ... ..
B.2 Used pseudocodein VBA . . . . . .. ... ..
B.3 Supplementary details . . . . ... ... .. ..
B.4 All paths towards onenode . . . .. ... ...
B.5 Feedback cycles searcher . . . . . ... ... ..

B51 Concept . . ................

B.5.2 Used pseudocode in VBA . . . ... ..

C Modification driven simulation
C.1 Explanation of the mechanism ... ... ...
C.2 Simulating different cases . . . . . .. ... ..
C.2.1 Results with one impulse . .. ... ..
C.2.2 Results with a continuous influence . . .
C.2.3 Results with one impulse and delay . . .

C.2.4 Results with a continuous influence and delay . . . . . . .

5

D Semi-quantitative approach
D.1 Buildingblocks . . . ... .. ... ... ...
D.1.1 Block: element . ... ... . ... ...
D.1.2 Block: relationship . . . . ... .. ...
D2 Impact . . ... .. ... ... ..
D3 Results. . ... ... ... ... ...,
D.3.1 One-shot external increase of population
D.3.2 Continuous inflow of population . . . .
D.3.3 Semi-continuous inflow of population . .

E Combined model
E.1 A view marks to the mathematics .. ... ..
E.2 Results with varying Ce . . . . ... ... ...
E.3 Results with constant Ce . . . ... ... ...

F System dynamics model
F1 Modeldesign . ... ...............
F2 Results. . . .. .. ... ... ... .......
F.2.1 Non changing Ccmodel . . . ... ...
F.2.2 Adjusted model where the Cc is affected

Bibliography

xvii

211
211
211
216

219
219
220
223
224
225
225
226

229
229
233
233
235
236
237

239
239
239
240
244
245
245
247
252

257
257
257
260

263
263
265
265
267

271



