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Foreword

The impressive and imposing stature of contemporary “simulation” is in contrast
with its humble beginnings at the fourteenth century. At the beginning, the word
“simulation” used to mean “an imitating, feigning, false show, or hypocrisy.”
Currently, hundreds of types of simulation can be grouped under two categories:
performing experiments and gaining experience by using models of dynamic
systems.

Performing experiments — as the essence of the scientific method — was promoted
by Francis Bacon in his “Novum Organum” early seventeenth century (1620) in
contrast to Aristotelian rhetoric. The well-known advantages of performing experi-
ments on models (i.e., simulation) over performing experiments on real systems are
numerous and are augmented by the fact that in several cases, experiments on real
systems cannot or should not be done. This last aspect lets simulation to be the only
possibility to perform experiments. Performing simulation experiments while real
system is running — in tandem or in sequence — has additional advantages that no
other technique can provide.

Guaining experience by simulation can enhance three types of skills (i.e., motor,
decision making, and operational skills), or can be entertaining. Use of simulation
to enhance motor, decision making, and operational skills correspond to virtual,
constructive, and live simulations. Gaming simulation to provide experience for
entertainment purposes is technically so advanced that some of its techniques are
used for serious games.

Advancements of all types of simulation lead to simulation-based methodologies
and provide infrastructure for a multitude of application areas and disciplines,
including simulation-based engineering as well as simulation-based science. An
important type of simulation is distributed simulation to provide several types of
training and assessment possibilities for complex systems. In fact, distributed simu-
lation has been the de facto approach to tackle several types of complex problems.

At an abstract level, any type of simulation is a model-based knowledge process-
ing activity, and due to vital role of models, the terms simulation and modeling are
often used together as modeling and simulation. Accordingly, several concepts
around models have been developed; they include, in addition to hundreds of types
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of models, modeling — including static and dynamic model composition — building,
maintaining, and searching model bases and relevant activities and concerns, such
as model integrity, and many types of model processing — including model transfor-
mations and checking. Accordingly, model-driven approaches have gained well-
deserved and very important momentum in many disciplines, including science and
engineering. Model-driven engineering is already an important and fundamental
concept and practice.

The volume “Distributed Simulation: A Model Driven Engineering Approach”
by Topgu, Durak, Oguztiiziin, and Yilmaz is an important contribution for the
advancement of modeling and simulation. It is the first book to cover all aspects of
distributed simulation from the model-driven engineering perspective. Some of the
topics covered in detail include: model-driven engineering, high level architecture,
distributed simulation engineering, conceptual modeling, simulation environment
design, federate architecture, scenario management, implementation and execution,
simulation evolution, and modernization. The advantages of the synergies of model-
driven engineering and agents, which provide a very powerful computational para-
digm, are also covered for the future advancements. Three case studies are given to
provide ample clarification of the concepts presented. The volume provides practi-
tioners a powerful way to tackle complex problems.

University of Ottawa Tuncer Oren
Ottawa, ON, Canada
September 10, 2015



Preface

Purpose of the Book

Both distributed simulation (DS), an area of modeling and simulation (M&S), and
model-driven engineering (MDE), an area of software engineering, are fields with
their distinct body of knowledge. This book builds on the premise that develop-
ments in one field can provide new avenues for advancing the theory, methodology,
and the practice in the other field. Therefore, it provides a comprehensive view on
DS from the MDE perspective by illustrating how MDE affects the overall lifecycle
of the simulation development process.

Rationale

Software engineering aims to improve the quality and efficacy of software intensive
systems engineering processes. In software engineering, one of the major problems
is the gap between the high-level design and the application code deployed on a
platform. MDE, as an up-and-coming approach, allows increasing the abstraction
level to models to address both the platform and the application complexity. By
automating transformations across models at different levels of resolution, an MDE-
based process model supports the technology, engineering, and management of
software development via tool-based automation and code generation and hence
increases both productivity and quality.

DS applications can be regarded as software-intensive systems. The high level
architecture (HLA), which is a standard for DS, has been around for over 20 years,
and it has already proven its worth in many distributed simulation applications. The
synergy between DS, particularly the HLA, and the MDE methodology has been
promoted as a viable solution to improve productivity, reuse, and longevity of simu-
lation models. However, both DS and MDE require substantial domain expertise
due to their sophisticated and technical body of knowledge. Moreover, the principles
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and best practices in both fields are dispersed across many publications. In the light
of these observations, this book presents a comprehensive reference bringing
together the principles, concepts, and development processes of DS from the point
of view of the MDE perspective by covering a wide spectrum of topics from con-
ceptual modeling to simulation modernization.

The book supplements the theoretical overview with practical case studies to
demonstrate the utility and applicability of the methodology. Multiple case studies
are presented to demonstrate the technological aspects of engineering and manage-
ment of models. Most of the case studies and models presented in this book are
developed with public-domain tools that can be downloaded from their project
websites.

Book Overview

The book is structured as follows. Chapter 1 presents an introduction to the essential
concepts of modeling and simulation, while highlighting DS as the focal area of
interest. Chapter 2 provides an overview of the fundamental concepts, principles,
and processes of MDE. Chapter 3 gives an introduction to the HLA. These three
chapters together lay the technical background for linking two distinct disciplines,
DS and MDE. Chapter 4 presents a road map for building and deploying a distrib-
uted simulation system in accordance with the MDE perspective, and it introduces
a process model based on the principles and best practices of MDE. Chapters 35, 6,
7, 8,9 and 10 elaborate on the process model presented in this chapter. Chapter 5
treats conceptual modeling from the MDE perspective, and it presents a methodol-
ogy and a technical framework to develop conceptual models. Chapter 6 introduces
the concept of federation (simulation environment) architecture. By demonstrating
the formalization of a federation architecture using the metamodeling concepts, we
promote automated code generation and semi-automated model validation over the
machine processable specifications of a federation architecture. Chapter 7 focuses
on federate architectures and presents a practical approach to the design of federa-
tions (i.e. simulation member design) by applying a well-known architectural style,
the layered architecture. After introducing the model-driven scenario development
process, Chapter 8 explains the major concepts of simulation scenarios and dis-
cusses the main activities related to scenario management in a distributed simula-
tion. Chapter 9 delineates the nature of MDE-based implementation activities,
including model development, model checking, code generation and integration,
and testing. Chapter 10 introduces simulation evolution and modernization. It pres-
ents and adopts the software modernization approaches, particularly architecture-
driven modernization (ADM) for simulation modernization. Finally, Chapter 11
brings the agent paradigm to the fore and examines potential synergies among the
agent, DS, and MDE methodologies, pointing to avenues of future research and
development at the intersection of these three fields.
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Final

We believe that the most prominent contribution of this book is its unique frame of
reference in presenting the principles, concepts, and development processes of dis-
tributed simulation (DS) from the model-driven engineering (MDE) perspective. As
the only book so far that builds on the synergies of DS and MDE, it explains the
theoretical underpinnings of DS and MDE and demonstrates the utility and effec-
tiveness of MDE principles in developing DS applications. In this respect, the book
covers de facto DS standard, namely, High Level Architecture (HLA) (also a de jure
standard IEEE 1516-2010) in order to illustrate theoretical issues and serve as a test-
bed to substantiate the role of MDE for DS. We hope that this book gives a direction
for the readers, who are interested in adopting MDE principles and practices for
developing complex DS systems.

Istanbul, Turkey Okan Topcu
Braunschweig, Germany Umut Durak
Ankara, Turkey Halit Oguztiiziin

Auburn, AL, USA Levent Yilmaz
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