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Preface

NS2 is an open-source event-driven simulator designed specifically for research
in computer communication networks. Since its inception in 1989, NS2 has
continuously gained tremendous interest from industry, academia, and govern-
ment. Having been under constant investigation and enhancement for years,
NS2 now contains modules for numerous network components such as routing,
transport layer protocol, application, etc. To investigate network performance,
researchers can simply use an easy-to-use scripting language to configure a net-
work, and observe results generated by NS2. Undoubtedly, NS2 has become
the most widely used open source network simulator, and one of the most
widely used network simulators.

Unfortunately, most research needs simulation modules which are beyond
the scope of the built-in NS2 modules. Incorporating these modules into NS2
requires profound understanding of NS2 architecture. Currently, most NS2
beginners rely on online tutorials. Most of the available information mainly
explains how to configure a network and collect results, but does not include
sufficient information for building additional modules in NS2. Despite its de-
tails about NS2 modules, the formal documentation of NS2 is mainly written
as a reference book, and does not provide much information for beginners. The
lack of guidelines for extending NS2 is perhaps the greatest obstacle, which
discourages numerous researchers from using NS2. At this moment, there is
no guide book which can help the beginners understand the architecture of
NS2 in depth.

The objective of this textbook is to act as a primer for NS2 beginners.
The book provides information required to install NS2, run simple examples,
modify the existing NS2 modules, and create as well as incorporate new mod-
ules into NS2. To this end, the details of several built-in NS2 modules are
explained in a comprehensive manner.

NS2 by itself contains numerous modules. As time elapses, researchers keep
developing new NS2 modules. This book does not include the details of all NS2
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modules, but does so for selected modules necessary to understand the basics
of NS2. For example, it leaves out the widely used modules such as wireless
node or web caching. We believe that once the basics of NS2 are grasped,
the readers can go through other documentations, and readily understand the
details of other NS2 components. The details of Network AniMator (NAM)
and Xgraph are also omitted here. We understand that these two tools are
nice to have and could greatly facilitate simulation and analysis of computer
networks. However, we believe that they are not essential to the understanding
of the NS2 concept, and their information are widely available through most
of the online tutorials.

This textbook can be used by researchers who need to use NS2 for commu-
nication network performance evaluation based on simulation. Also, it can be
used as a reference textbook for laboratory works for a senior undergraduate
level course or a graduate level course on telecommunication networks offered
in Electrical and Computer Engineering and Computer Science Programs.
Potential courses include “Network Simulation and Modeling”, “Computer
Networks”, “Data Communications”, “Wireless Communications and Net-
working”, “Special Topics on Telecommunications”. In a fifteen-class course,
we suggest the first class for an introduction to programming (Appendix A),
and other 14 classes for each of the 14 chapters. Alternately, the instruc-
tor may allocate 10 classes for teaching and 5 classes for term projects. In
this case, we suggest that the materials presented in this book are taught
in the following order: Chapters 1-2, 3, 12, 4-5, 6, 7-8, 9-11, 13 and 14.
When the schedule is really tight, we suggest the readers to go through Chap-
ters 2, 4-7, and 9-10. The readers may start by getting to know NS2 in Chap-
ter 2, and learn the main concepts of NS2 in Chapters 4-5. Chapters 6-7 and
9-10 present the details of most widely used NS2 modules. From time to time,
the readers may need to visit Chapter 3, 8, and 12 for further information.
If tracing is required, the readers may also have to go through Chapter 13.
Finally, Chapter 14 would be useful for those who need to extend NS2 beyond
it scopes.

We recommend the readers who intend to go through the entire book to
proceed chapter by chapter. A summary of all the chapters in this book is
provided below.

As the opening chapter, Chapter 1 gives an introduction to computer
networks and network simulation. The emphasis is on event-driven simulation
from which NS2 is developed.

An overview of Network Simulator 2 (NS2) is discussed in Chapter 2.
Here, we briefly show the two-language NS2 architecture, NS2 directory and
the conventions used in this book, and NS2 installation guidelines for UNIX
and Windows systems. We also present a three-step simulation formulation
as well as a simple example of NS2 simulation. Finally, we demonstrate how
to use the make utility to incorporate new modules into NS2.

Chapter 3 explains the details of the NS2 two language structure, which
consists of the following six main C++ classes: Tcl, Instvar, TclObject,
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TclClass, TclCommand, and EmbeddedTcl. Chapters 4—5 present the very
main simulation concept of NS2. While Chapter 4 explains implementation of
event-driven simulation in NS2, Chapter 5 focuses on network objects as well
as packet forwarding mechanism.

Chapters 6—11 present the following six most widely used NS2 modules.
First, nodes (Chapter 6) act as routers and computer hosts. Secondly, links,
particularly SimpleLink objects (Chapter 7), deliver packets from one net-
work object to another. They model packet transmission time as well as packet
buffering. Thirdly, packets (Chapter 8) contain necessary information in its
header. Fourthly, agents (Chapters 9-10) are responsible for generating pack-
ets. NS2 has two main transport-layer agents: TCP and UDP agents. Finally,
applications (Chapter 11) model the user demand for data transmission.

Chapter 12 presents three helper modules: timers, random number gen-
erators, and error models. It also discusses the concepts of two bit-wise op-
erations, namely, bit masking and bit shifting, which are used throughout
NS2.

Chapter 13 summarizes the post-simulation process, which consists of
three main parts: debugging, variable and packet tracing, and result compila-
tion.

After discussing all the NS components, Chapter 14 demonstrates how
a new module is developed and integrated into NS2 through two following
examples: Automatic Repeat reQuest (ARQ) and packet schedulers.

Appendices A and B provide programming details which could be useful
for the beginners. These details include an introduction to Tcl, OTcl, and
AWK programming languages as well as a review of the polymorphism OOP
concept.

As the final words, we would like to express sincere gratitude to our col-
leagues, especially, Surachai Chieochan, at the University of Manitoba, and
the colleagues at TOT Public Company Limited, Bangkok, Thailand, for their
continuous support. Last but not the least, we would like to acknowledge our
families as well as our partners — Wannasorn and Rumana — for their incessant
moral support and patient understanding throughout this endeavor.

TOT Public Company Limited Teerawat Issariyakul
University of Manitoba Ekram Hossain
July 2008
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