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This text is dedicated to Mr. Kevin Hibbs of the Missile Defense Agency (MDA), an avid
supporter of embracing and exercising new modeling and simulation techniques to enhance
the mission of MDA, in which he recognized many system of systems related challenges
and was pivotal in utilizing modeling and simulation to address these challenges.

We also remember Colonel (US Air Force, ret.) Thomas W. O’Brien who contributed
directly as an author to this book. His insights from practical experiences and academic
reflections shaped many ideas that we are taking now for granted when we study system of
systems.






Foreword

S ystem of Systems (SoS) is a maturing field, which has been described and applied in
many different ways. However, at the core of different SoS descriptions and approaches
is the focus on integration and coordination of multiple complex systems to achieve levels
of performance, offer capabilities, or achieve purposes that are beyond the grasp of indi-
vidual constituent systems. In effect, getting a set of systems that were not initially formed
as a unity to come together as a unity to support a higher level (SoS) purpose. It is exciting
to see the incorporation of Modeling and Simulation (M&S) presented in this volume for
support and maturation of the SoS field through engineering applications.

M&S presented in this volume assists in four critical challenges facing SoS field devel-
opment. First, they enable a better systems-based understanding, appreciation, and represen-
tation in the landscape of the twenty-first century enterprise. This landscape is beset with:

« Proliferation of information intensive systems and technologies, where creating
interoperability extends beyond the “hard system” technical dimensions to include
“soft system” dimensions such as conceptual interoperability

 Divergence in stakeholders interests and perspectives that invoke considerations
for exploring and representing multiple frames of reference and their potential
incompatibility

Expectations for immediate results without long view considerations, where con-
sequences of decisions may be significantly separated in space and time from the
point of decision/action

« Scarce and dynamically shifting resources that make traditional planning forums
suspect and suggest the necessity for near real time analysis of SoS level impacts
stemming from dynamic shifts

 Application environments fraught with high degrees of complexity, uncertainty,
emergence, and ambiguity. These “hyperturbulent” environments are subject to
rapid and unexpected shifts and are no longer aberrations but are the norm

« Increasing doubt concerning the efficacy of traditional approaches based on reduc-
tionism, cause and effect certainty, absolute understanding, and results repeatabil-
ity to effectively engage complex system problems

Such conditions are inevitable in the twenty-first landscape and cannot be eliminated.
However, they can be managed, that is, they invoke the SoS challenge to improve effec-
tiveness through different thinking, approaches, and applications. It is compelling that
this volume offers examples of a direct assault on the SoS problem domain through appli-
cation of M&S.
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Second, SoS problems are inherently multidisciplinary, and they require multidisci-
plinary thinking and approaches for effective resolution. The SoS problem domain
crosses technology, human/social, organizational, managerial, policy, and political
boundaries. By their very nature, M&S applications are multidisciplinary and the array of
applications in this volume attest to the capability of M&S applications to address the
multidisciplinary nature of the SoS problem domain.

Third, poor decisions related to integration and coordination of SoS can have dire
consequences, ranging from significant wasted resources to poor system performance, or
even death. T would suggest strengthening the ability to make better decisions is the
strongest contribution that M&S makes to the maturation of the SoS field. As this volume
demonstrates, M&S brings the following capabilities to support better analysis and deci-
sions in SoS: (i) systemic formulation of multidisciplinary problems through M&S driven
representations, (i) examination of the SoS behavior and responses to potential system
changes in a “failsafe” setting, (iii) understanding the consequences for “poor” decisions
prior to implementation and examination of alternative courses of action, and (iv) com-
pression of time to better understand the potential long-term impacts for decisions.

Fourth, although engineering has always been about the practicality of solving
problems and fulfilling unmet needs, grounding of applications in theoretical and meth-
odological foundations is critical to maturing the SoS field. It is this grounding that will
ultimately provide coherent maturation of the SoS field as well as long-term sustaina-
bility. The focused concentration of this volume on the theoretical and methodological
implications for applications is laudable and makes a significant contribution to the
maturing SoS field.

I have confidence that the work of this volume will be embraced for the significant
weigh point it provides in the continuing journey of both the SoS and M&S fields. The
contributions of this volume represent an important and decisive step forward in demon-
strating the theoretical and methodological contributions of M&S to SoS through the
lenses of application. The multidisciplinary breadth of applications ranging from security
to transportation to space demonstrates the wide ranging applicability of SoS as informed
by M&S.

CHARLES B. KEATING
Norfolk, VA, USA
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