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PREFACE

Distributed systems are a growing and continuously expanding area of
computer science and computer engineering. They are typically very
complex with respect to the number of involved components, the
communication links among the components, and patterns of inter-
component communication. Due to this complexity, it is generally difficult,
if at all possible, to investigate distributed systems analytically. Quite often,
analytical models of distributed systems can be developed and studied only
under a number of simplifying assumptions that do not hold in the real
world. In such cases, the analytical models can be useful mainly for an initial
approximate estimation of the respective systems. Much more detailed
information about distributed systems is usually derived as a result of their
simulation modeling. In simulation, any aspect of structure and behavior
of distributed systems can be taken into account in a model and its effect
is evaluated, without the necessity to apply an elaborate mathematical
apparatus.

However, simulation modeling of distributed systems has its own
problems and challenges. In particular, due to high complexity of
distributed systems, their simulation models tend to be very large in size,
slow for running and experimentation and complex for processing and
analyzing of large volumes of raw simulation data. Existing simulation
packages, intended for simulation of distributed systems, are usually too
complex and require a long time to study them before their use for creation
of simulation models.

Generally, the success of simulation modeling of distributed systems
considerably depends on the descriptive power and expressiveness of the
formal apparatus implied in chosen simulation language. It is imperative
that such an apparatus supports easy-to-use primitives and means for the
natural representation of concurrency of processes in distributed systems,
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viii Preface

description of different types of systems components, interconnections and
different communication patterns of the components, and component loads
and time relations in the behavior of the components. It is essential also that
the simulation language is flexible enough to allow the modeler to associate
with components of any desired type of data processing. Unfortunately, not
all existing simulation packages satisfy all these requirements. More than
that, there is a lack of books with the orientation to simulation modeling
of distributed systems in general.

The aim of this book is to address the need for more literature on
modeling and simulation techniques for distributed systems with the use
of Petri nets as a formal descriptive paradigm. It is known that Petri
nets are quite appropriate to represent parallelism and concurrency of
events and processes in systems, and different forms of synchronization and
coordination between processes which is essential for distributed systems.
Moreover, Petri nets can be used as a mathematical apparatus to formally
determine or prove a number of important properties of modeled systems
such as reachability of state, liveness, and deadlock. For these reasons, Petri
nets are increasingly often used for creation of models of complex systems,
including distributed systems and their components, and for the formal
analysis of these models.

For simulation modeling of distributed systems in this book, a specific
class of extended Petri nets is used that allows to easily represent the
four fundamental activities of any dynamic system: transfer of information,
delay in such a transfer, control of the transfer (in particular, conditional
routing to different outputs), and associated processing of information.
In terms of these four basic activities, a system with any structure and
behavior can be described and its simulation model can be developed and
investigated.

To use the extended Petri nets for simulation purposes, the modeler
needs an appropriate descriptive language and a related simulation package.
For this reason, the proposed book contains the detailed information
about a model description language and Petri-net-based simulation system
Winsim for Windows OSs to develop and run the models described in this
book.

We did not try to consider for simulation all known tasks of distributed
systems. Rather, the choice of tasks and corresponding models was
determined mainly by our teaching experience in the courses “Distributed
Systems,” “Advanced System Simulation,” “Computer Networks,” “Inter-
net Architecture and Protocols,” “Networked Computing,” and “Systems
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Programming.” In this book, we concentrated on modeling and simulation
of those tasks and problems of distributed systems that are well formalized,
often arise in practice, and can be used as starting points for the solution
of other problems in distributed systems and related areas of computer
science.

Although distributed systems operate in network environments, it was
not our intention to cover networking concepts and topics, since many
excellent books on computer networks are available for readers. However,
some attention was paid to model networks and their components, since
such models and components are necessary constituents of models of
distributed systems.

We also did not include in this book the general topics on simulation
of discrete-event systems since many excellent books exist in this area.
However, it is assumed that the reader has a basic knowledge of modeling
and simulation at the level of a related undergraduate course.

According to the aim of this book, it has the following key objectives:

(1) Introduce the basic concepts and notions of distributed systems that
are essential in the design of their models.

(2) Describe the methodology and related means (a language and a
supporting package) of using of extended Petri nets for the development
of models of networked and distributed systems.

(3) Ilustrate this methodology, in a step-by-step way, in the design,
implementation, and performance study of a large number of models of
different complexity and scope, with their commented source texts.

The book is structured into three parts and consists of 11 chapters.
In Part I (Chaps. 1 and 2), the most important concepts and notions of
distributed systems and related communication patterns in these systems
are described. These concepts and notions are referenced in almost all
models of distributed systems. In particular, a clear understanding of
material of Chap. 2 is essential for a modeler to make realistic assumptions
on nature of communication in models of distributed systems.

Part II (Chaps. 3-5) covers general and extended Petri nets, a Petri-
net-based simulation language and a modeling control language (MCL).
In particular, Chap. 3 considers general Petri nets, used in mathematical
modeling of information systems of different nature. This chapter includes
a related formalism of Petri nets and explains the main tasks solved in
models expressed in terms of general Petri nets.
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It is worth to stress that our book is not on the theory of Petri
nets. There are many excellent books in this area. We briefly cover, in
the proposed book, only those aspects of general Petri nets that are
essential for understanding the extended Petri nets used for development
and investigation of simulation models in the book.

In Chap. 4, a class of extended Petri nets is described. Extended Petri
nets are used in all subsequent chapters for simulation modeling. Such a
modeling requires an appropriate language to describe simulation models.
The Petri-net-based simulation language and an MCL, with a number of
simple illustrating examples are considered in Chap. 5.

The remaining Part III (Chaps. 6-11) is devoted to the development
and performance investigation of complete models of networked and
distributed systems. In particular, in Chap. 6, a number of models of simple
information systems are described and illustrated. Chapter 7 presents
more complex models of communication protocols and local area networks,
including a generic model of an ad hoc mobile wireless network. Chapters 8—
10 describe and investigate simulation models of protocols for distributed
mutual exclusion, multicast-based anycast communication and distributed
leader election. Finally, Chap. 11 of this part shows how extended Petri
nets can be used to develop a generic model of a logistic system and study
its performance.

The Appendix describes the architecture of the simulation system
Winsim that was used to develop and run all simulation models covered
in this book.

The attached CD-ROM includes the complete software of Winsim
simulation system, the Winsim user manual, complete and fully commented
source texts of numerous models of networked and distributed systems and
their components, described in the book, and a few related service programs
in C language.

In contrast with the existing books on distributed systems, that are
mainly theoretically oriented, this book focuses on practical development of
simulation models and their use for better understanding and performance
evaluation of the modeled systems. Our teaching experience in system
simulation shows that students usually have considerable difficulties in
how to proceed from a general description of an information system to its
simulation model. To help students in this respect, each sufficiently complex
model, mainly in Part III of the book, is presented at a few levels. At the
first level, the purpose of the system and the motivation for its modeling
and simulation are explained. This level usually includes a brief survey of
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methods and approaches to investigate such a system. The second level
outlines general aspects of the system model and basic assumptions under
which the model will be designed and operate. At the third level, a detailed
description of the model is given. One more level can contain discussion of
such specific aspects, as the choice of time-outs, justification of probability
distributions, and techniques to increase the model efficiency. The next level
describes the simulation setup, the choice of performance metrics, and used
parameters of the model. At the final level, results of simulation runs are
shown in forms of graphs and tables, with helping comments. In some cases,
the obtained results are compared with results of analytical modeling or
with known simulation results of other researchers. Tracing all these steps,
a student will be able to understand the complete process in the model
development, implementation, and usage.

The key features of this book are a large number of examples
of developed and solved simulation models and numerous figures that
considerably simplify the understanding of the developed models. For each
chapter of this book, a separate bibliography is given that helps students
to easily locate related publications.

This book is intended, first of all, as a text for related graduate-level
university courses on distributed systems in computer science and computer
engineering. It can be used as a text and a source for laboratory works in
graduate-level courses such as “Modeling of Distributed Systems,” “Parallel
and Distributed Computing,” “Networked Computing” (in particular, in
distributed P2P and Grid environments), and “Discrete-Event Simulation”.
As an additional market of the book, other computer science and computer
engineering courses can be consumers of the book as a source of practical
information for a broad community of those MS and PhD students who
are busy with simulation in their study and research. Since Petri nets
are introduced in some books on computer networks for undergraduate
students, the proposed book can be used also as a source for some
laboratory works and graduation projects by undergraduate students
as well.

The book can be useful also to academics who give related graduate
courses or deliver research-oriented modules for graduate students,
especially modules on lab works and term projects. Further, the book can
be helpful to system architects and developers who apply modeling and
simulation techniques as a step in the design and implementation of their
systems. Moreover, since the book contains a large number of models with
complete commented source texts, it can be used also as a reference book
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by all other specialists who will want to develop their own models in terms
of extended Petri nets.

The authors’ contributions to the book are the following. The text of
the book has been written by A. Kostin. He also designed and drafted all
figures in the book, prepared index information and created all files for
CD-ROM. L. Tlushechkina has prepared the figures and formatted them
with the text.

Alexander Kostin
Ljudmila Ilushechkina
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