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Foreword
Contrary to popular myth, models are not new to systems
engineering. Models are the way engineers analyze both
problems and solutions, so systems models are as old as
systems engineering itself. With the traditional focus on
written specifications as the “source of truth,” models were
secondary and descriptive  –  sometimes reflected as simple
sketches, sometimes shown in formal diagrams, partially
captured in analysis packages, and often trapped in the
mind of the chief engineer. The transformation of systems
engineering from document-centric to model-centric
practices is not about the introduction of models. It is about
making models explicit and moving them to the foreground
where they serve as the authoritative tool for design,
analysis, communication, and system specification.
Organizations today are investing heavily in
representations, standards, methodologies, and
technologies to transform the practice of systems
engineering through model-driven paradigms. To manage
the complexity of today's problems; to keep pace with
today's rapidly evolving technologies; to capture the
required knowledge regarding the problem, solution, and
rationale; to respond effectively to change  –  all require that
systems engineering join the other engineering disciplines
in moving beyond document-centric techniques and
embracing the power of a model-based foundation. With
energy and focus over the last 10 years has come notable
progress. The industry has advanced in the area of
representations with the development of SysML as a
standardized set of diagrams to complement traditional
systems representations. Numerous books  –  including a
frequently-cited guide by Tim Weilkiens  –  explain the details



of using this notation to capture and communicate system
designs to improve explicitness and alignment within the
systems team. Alongside these representations have
emerged countless standards and frameworks to help
engineering teams develop high fidelity models reflecting
key systems dimensions.
However, for all the industry discussion regarding SysML,
representations, standards, and tools, there remains a
great deal of confusion. Understanding SysML notation and
drawing SysML diagrams do not equate to doing model-
based systems engineering. Nor is the use of disjoint
models and simulation in systems engineering equivalent to
integrated model-based systems engineering.
Effectively moving forward with the transition to model-
centric techniques requires that we step back to
understand the bigger picture. Diagrams and other
representations do not live in isolation but are interrelated
and overlapping, communicating key aspects of the system
model from specific viewpoints. System architecture and
detailed analytical models are not disjoint, nor is there a
single grand unified model to capture all dimensions of
interest for all systems problems. To move forward, we
must embrace the holistic systems perspective and apply it
to model-based systems engineering, seeking out the
interrelationships and developing a robust toolbox of
supporting practices.
In this book, Tim Weilkiens, Jesko Lamm, Stephan Roth,
and Markus Walker broaden our vision and expose us to a
rich set of perspectives, processes, and methods so that we
can develop an effective unified framework for model-based
systems architecture. Building upon the existing industry
library of textbooks on SysML, this book looks beyond
representation to address models, viewpoints, and views as
part of a modern approach addressing requirements,



behavior, architecture, and more. It connects to a larger
framework of processes, methods, and tools key to enabling
model-centric practices. And it looks beyond the technical
space to the critical cultural dimensions, because the
transformation to model-centric techniques is far less a
technical challenge than one of organizational change.
Addressing the broader framework, Tim, Jesko, Stephan,
and Markus bring model-centric practices together to help
practitioners develop cohesive system architectures  –  our
one chance in the life of a program to manage complexity,
develop resilience, and design in critical concerns such as
system security.
There is no doubt that the future of systems engineering is
model-based. Document-centric techniques simply are not
enough as we grapple with the challenges of today and
tomorrow. Those practitioners and organizations who are
early adopters in developing a cohesive model-centric
framework of processes, methods, and tools will certainly
be at a competitive advantage  –  whether producing
products themselves or delivering systems services for
others. If, as a profession, we can transform from
document-centric to model-based systems engineering and
do so with the vision of enabling model-based engineering,
we can help transform the larger product lifecycle
delivering radical improvements in quality, cost, and time-
to-market for the benefit of all.
 

June 2015 David Long
President, Vitech Corporation
INCOSE President (2014 and 2015)



Preface
Reacting to market needs on time with systems of high
quality and marketable costs is a strong competitive
advantage. Once a market need has been identified,
multiple disciplines are involved in developing a system
toward it. They need to collaborate closely and each
according to a precise understanding of the own
contribution to the system development. Effective
communication and the creation of understanding for the
whole system-of-interest are keys for the success.
Organizations are facing a more and more dynamic
environment and, at the same time, an increasing
organizational complexity of distributed teams and
stakeholders and an increasing technical complexity of
more heterogeneous relationships between system
components and their environment. This context requests
an explicit and sustainable system architecture.
Each of the engineering disciplines contributing to system
development needs specific views for obtaining the needed
insight. System models enable the creation of consistent
sets of stakeholder-specific views. People using them gain a
fast and comprehensible understanding of the system they
are developing, which can help them choose appropriate
solutions for fulfilling the market needs. All the views look
at the same data baseline. There is no effort to consolidate
redundant data or to clarify misunderstandings of
inconsistent information and the costs of resulted errors.
A system architect needs to shape the system architecture
well for realizing a successful system. Multiple tasks have
to be carried out, each using an effective approach. This
book provides a toolbox for the architects for their daily
challenges. The scope of the book is a model-based



environment, that is either already established and running
or planned. The book explains how to use the SysML
modeling language in obtaining model-based architecture
descriptions. Nevertheless, the concepts are independent
of SysML and could also be performed with other modeling
languages.
This book is about people, models, and better products,
based on our belief that model-based systems architecting
produces better products by creating communication and
insight for people involved in system development. The
book presents a collection of methods and approaches,
which we see as ingredients for getting the system
architecture work done successfully. We present model-
based systems architecting, which we see as a required
backbone for excellent system architecture work together
with the stakeholders. We will show that involving the
stakeholders means much more than running through a
formalized review process.
A fundamental principle in system architecture is
simplification. Without simple concepts to be
communicated to the stakeholders, the system architect
will not be understood and thus will fail. We advise you,
dear reader, to adopt the principle of simplification and
apply it to the multitude of approaches presented in the
book. Feel free only to choose the most suitable approaches
for your daily work and disregard the others until you are
in a situation where they turn out to be the useful ones. The
book is a well-stocked toolbox and not a rigid all-or-nothing
process for system architects.
Our experience tells us that each organization will have a
different focus area and will need different approaches.
This is why we have bundled a variety of approaches we
have observed being applied successfully in the industry, in
the hope that you will find some pieces of information that


