
Table of Contents

List of Figures XVII

List of Tables XIX

List of Listings XXI

I Introduction and Foundations 1

1 Introduction 3
1.1 Background and Motivation . . . . . . . . . . . . . . . 3

1.1.1 Motivating Factors . . . . . . . . . . . . . . . . 7
1.2 Problem Statement . . . . . . . . . . . . . . . . . . . . 9
1.3 Research Goals and Research Questions . . . . . . . . 10
1.4 Contributions . . . . . . . . . . . . . . . . . . . . . . . 13
1.5 Thesis Structure . . . . . . . . . . . . . . . . . . . . . 15

2 Foundations and Related Work 19
2.1 Adaptive Software . . . . . . . . . . . . . . . . . . . . 19

2.1.1 Self-* Properties . . . . . . . . . . . . . . . . . 23
2.1.2 Selected Publications . . . . . . . . . . . . . . . 25

2.2 Software Product Lines . . . . . . . . . . . . . . . . . 29
2.2.1 Dynamic Software Product Lines . . . . . . . . 35
2.2.2 Selected Publications . . . . . . . . . . . . . . . 37

2.3 Modeling . . . . . . . . . . . . . . . . . . . . . . . . . 39
2.3.1 Modeling for Adaptivity Management . . . . . 44
2.3.2 Modeling for Variability Management . . . . . 49
2.3.3 TGraph Technology . . . . . . . . . . . . . . . 52



XIV Table of Contents

2.3.4 Selected Publications . . . . . . . . . . . . . . . 60
2.4 Software Language Engineering . . . . . . . . . . . . . 63

2.4.1 Compilers and Interpreters . . . . . . . . . . . 65
2.4.2 Multi-Language Development . . . . . . . . . . 68
2.4.3 Selected Publications . . . . . . . . . . . . . . . 70

2.5 Software Components . . . . . . . . . . . . . . . . . . 72
2.5.1 OSGi: Dynamic Components for Java . . . . . 74
2.5.2 Selected Publications . . . . . . . . . . . . . . . 80

2.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . 81

II Solution Concept 83

3 Initial Design Considerations 85
3.1 Exemplary Use Cases . . . . . . . . . . . . . . . . . . 85

3.1.1 Develop Adaptive Component . . . . . . . . . . 86
3.1.2 Develop Adaptation Manager . . . . . . . . . . 94
3.1.3 Develop Variable Requirements Asset . . . . . 99
3.1.4 Develop Composite Component . . . . . . . . . 103

3.2 Design Issues Revisited . . . . . . . . . . . . . . . . . . 110
3.2.1 Model Representation . . . . . . . . . . . . . . 111
3.2.2 Exposing Model Information . . . . . . . . . . 116
3.2.3 Model/Code Relationships . . . . . . . . . . . 124
3.2.4 Model Semantics and Interpretation . . . . . . 126
3.2.5 MoCo Composition . . . . . . . . . . . . . . . . 129
3.2.6 MoCo Services . . . . . . . . . . . . . . . . . . 135

3.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . 137

4 Component Realization Concept 139
4.1 Big Picture . . . . . . . . . . . . . . . . . . . . . . . . 139

4.1.1 MoCo . . . . . . . . . . . . . . . . . . . . . . . 140
4.1.2 MoCoExecutionEnvironment . . . . . . . . . . 143
4.1.3 MoCoServiceLibrary . . . . . . . . . . . . . . . 144

4.2 MoCo Template . . . . . . . . . . . . . . . . . . . . . . 146
4.2.1 External View . . . . . . . . . . . . . . . . . . 146



Table of Contents XV

4.2.2 Internal View . . . . . . . . . . . . . . . . . . . 149
4.2.3 Variability View . . . . . . . . . . . . . . . . . 160

4.3 MoCo Execution Environment . . . . . . . . . . . . . 167
4.3.1 Additional Design Considerations . . . . . . . . 167
4.3.2 Execution Environment Architecture . . . . . . 170

4.4 MoCo Service Library . . . . . . . . . . . . . . . . . . 178
4.4.1 Service Descriptions . . . . . . . . . . . . . . . 180

4.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . 185

III Proof of Concept 187

5 Reference Implementation 189
5.1 Explorative Prototyping . . . . . . . . . . . . . . . . . 189

5.1.1 Developing MoCos Using JavaBeans . . . . . . 190
5.1.2 Developing MoCos Using Enterprise JavaBeans 194
5.1.3 Developing MoCos Using OSGi . . . . . . . . . 199
5.1.4 Lessons Learned . . . . . . . . . . . . . . . . . 204

5.2 MoCo Core API . . . . . . . . . . . . . . . . . . . . . 208
5.2.1 Setting up the Project Structure . . . . . . . . 209
5.2.2 Defining the MoCo’s Interfaces . . . . . . . . . 210
5.2.3 Deriving a Default Mediator . . . . . . . . . . 212
5.2.4 Implementing the Provided Interfaces . . . . . 213
5.2.5 Registering the Implemented Functionality as

OSGi Services . . . . . . . . . . . . . . . . . . . 225
5.2.6 Using the MoCo . . . . . . . . . . . . . . . . . 228
5.2.7 Implementing Internal Interfaces . . . . . . . . 230
5.2.8 Final Architectural Structure . . . . . . . . . . 234

5.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . 236

6 Feasibility Studies 239
6.1 Goals of the Studies . . . . . . . . . . . . . . . . . . . 239
6.2 Study 1: Insurance Sales App . . . . . . . . . . . . . . 240

6.2.1 User Workflow . . . . . . . . . . . . . . . . . . 241
6.2.2 Modeling Languages in ISA . . . . . . . . . . . 242



XVI Table of Contents

6.2.3 ISA Architecture . . . . . . . . . . . . . . . . . 247
6.3 Study 2: Dynamic Access Control Product Line . . . . 252

6.3.1 System Use Cases . . . . . . . . . . . . . . . . 253
6.3.2 Modeling Languages in DAC-PL . . . . . . . . 257
6.3.3 DAC-PL Architecture . . . . . . . . . . . . . . 265

6.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . 269
6.4.1 Revisiting the Studies’ Goals and Results . . . 269
6.4.2 Threats to Validity . . . . . . . . . . . . . . . . 272

6.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . 274

IV Finale 275

7 Conclusions and Future Work 277
7.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . 277
7.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . 285
7.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . 288

Glossary 293

Acronyms 307

Bibliography 313

Appendix 291



http://www.springer.com/978-3-658-09645-8


	Table of Contents



