CONTENTS

List of Tables
List of Figures
List of Symbols

1. Introduction

1.1 Introduction and Overview . . . . . . . .. .. ... ....
1.2 Problem Statement and Research Hypothesis. . . . . . . .
1.3 Research Objectives . . . . . . . . ... .. ... .. ....
1.4 Uniqueness of this Research . . . . . ... ... ... ...
1.5 Dissertation Organization and Structure . . . ... .. ..

2. Literature Review and Research Boundary

2.1  Systems Thinking . . . . . ... ... ... 0L
2.2 System of Systems . . .. ...
2.3 Systems Cooperation . . . . . .. ... .. .. ... ....
2.3.1 Connectivity and Interoperability . . . . . . .. ..
2.3.2 Belonging and Collaboration . . . . . . ... .. ..
2.3.3 System of Systems Interoperability
and Satisficing . . . .. ... oo
2.3.4 The Collaborative Formation of System
of Systems . . . ... oL
2.4 Mechanism . . . . .. ...
2.5 Decision Theory . . . . . ... ... ... ...

SYSTEM OF SYSTEMS COLLABORATIVE FORMATION
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/engineering/7821.html

ix

xi

XV

=W W w = =

ot



vi

System of Systems Collaborative Formation

3. Research Approach

3.1
3.2
3.3

System of Systems Interoperability . . . . .. ... .. ..
Systems of Systems Design-Time . . . .. ... ... ...
System of Systems Run-Time . . . .. ... ... .....

4. System of Systems Formation

4.1

4.2

4.3

4.4

System of Systems Design-time and Run-time
Overview . . . . . . ..
SoS Characteristics and Evolution . . . . . . .. ... ...
421 Emergence . . . . .. .. ...
422 Autonomy . .. ... ..o
4.2.3 Diversity . . . . ... oo
4.2.4 Connectivity and Interoperability . . . . ... ...
4.2.5 Belonging and Collaboration . . . . ... ... ...
426 Evolution . . .. ... .. ... ... ... ...,
Design-Time SoS Formation . . ... .. ... ... ....
4.3.1 Enterprise Architecture . . . . . .. ... ... ...
4.3.2 Composeable SoOSE . . . .. .. ... ... .....
4.3.3 Composeable Design-Time SoS Case Study . . . . .
4.3.4 SoS Design-Time Compositional Process . . . . . .
Run-Time SoS Formation. . . . . . .. ... ... .....
4.4.1 Soft Systems Methodology SoS Guideline . . . . . .
4.4.2 SoS Mechanism . . . .. ... ... .. .......
4.4.3 Satisficing SoS Mechanism Design

Social Function . . . . . ... ... ... ...
4.4.4 Multicriteria Decision Making . . . . .. ... ...
4.4.5 Analytical Network and Analytical Hierarchy

Process . . . . . ..o o
4.4.6 Auto Battle Management Aids SoS Mechanism . . .
4.4.7 Mechanism Scenario MCDA Model . ... ... ..
4.4.8 MCDA SoS ABMA Simulation . . . . ... .....

5. Research Validation

5.1
5.2
5.3
5.4

Validation Overview . . . . . . . . . . . . . ... .. ....
SoS Design-Time . . . ... ... ... ... ... ... .
SoS Run-Time . . . . . . . . . ... ... ...
Validation Summary . . . . . ... ... .. L.

SYSTEM OF SYSTEMS COLLABORATIVE FORMATION
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/engineering/7821.html

23

23
24
25

29

o1
53

95
o8
60
62



Contents

6. Conclusions and Future Research

6.1 SoS Collaborative Formation . . . . . . ... ... .....

6.2 Future Research . . . . .. ... ... ... ... ......
6.2.1 SoS Social Function . . . . .. . ... ... .....
6.2.2 SoS Health Care Future Research Application

Appendix A: Design-Time Compositional Systems
of Systems Engineering

Appendix B: Soft Systems Methodology SoS Guideline

Appendix C: A Case for an International Consortium
on System-of-Systems Engineering — IEEE
Systems Journal, September 2007

References . . . . . . . . . . ... ...
Appendix D: System of Systems Interoperability Types
and Characteristics in Joint Command

and Control, IEEE Conference on System
of Systems Engineering, April 2006

References . . . . . . ... Lo
Appendix E: Applying Frameworks to Manage

SoS Architecture — Engineering
Management Journal, December 2008

References . . . . . . . .. o
Appendix F: “Satisficing” System of Systems (SoS)

using Dynamic and Static Doctrines —
Submitted for Publication

References . . . . . . . . ...

Appendix G: System of Systems Collaborative Formation —
Submitted for Publication

References . . . . . . . . ...

Appendix H: System of Systems Multicriteria Decision Aid
Auto Battle Management Simulation Architecture

References

SYSTEM OF SYSTEMS COLLABORATIVE FORMATION
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/engineering/7821.html

vii

73
73

73
73
76
79

89

113
125

127
138

141
164

167
188

191

193





