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Series Editor's Foreword 

The goal of the series Telecommunication Networks and Computer Systems 
(TNCS) is to propose comprehensive principles and practical states-of-the-art 
regarding enterprise networks and telecommunications, services or business 
applications in information technologies. 
Books of this series constitute efficient and concise guides, with practical advice 
of immediate relevance to mastering technologies and applications involved in 
networks and computer systems. 
The competence and the quality of the authors, as well as the diversity of their 
origins, contribute to offer multiple and relevant points of view on information 
technologies in today's competitive and multicultural environments. 
Information technology professionals and students in computer science will find 
a global understanding of conceptual and pragmatic points of view of technical, 
strategic, organisational, managerial and human aspects of telecommunication 
technologies 
Network performance and the ability to guarantee it, are key factors that 
determine the quality of telecommunication networks. 
The implantation, the effective realisation of network services and the quality of 
services perceived by the end-user, depend on the performance of the 
underlying telecommunication infrastructure. It is therefore, fundamental to 
master the performances of network architectures. C-S Chang's book addresses 
this issue, through modelization and traffic-quantification tools. 

Prof. Solange Ghernaouti - Helie 
Series Editor 
sgh@pobox.com 
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Preface 

Providing performance guarantees is one of the most important issues 
for future telecommunication networks. It is our attempt to introduce 
theoretical developments in the last decade for performance guarantees 
in telecommunication networks. The book consists of two parts. In 
the first part, we deal with deterministic (hard) guarantees, where 
we show how deterministic bounds for delay and queue length can 
be achieved. The second part addresses stochastic (soft) guarantees, 
focusing mainly on tail distributions of queue lengths and packet loss 
probabilities. 

Like the classical queueing theory, both the deterministic theory 
and the stochastic theory addressed in this book introduce new traffic 
characterizations and then develop the associated calculus from such 
traffic characterizations. One of the most famous achievements in the 
classical queueing theory is the theory for the product form networks 
(see e.g., [121]). In a product form network, arrivals are character
ized by Poisson processes. The calculus associated with Poisson pro
cesses includes (i) multiplexing independent Poisson processes yields 
a Poisson process, (ii) random splitting of a Poisson process yields in
dependent Poisson processes, and (iii) the departure process from an 
MIM/1 queue is also a Poisson process. From the calculus, all the 
queues in a product form network have Poisson inputs and behave 
like independent MIM/1 queues. The development of this book fol
lows the same spirit. For the deterministic theory, we introduce the 
new traffic characterization by Rene Cruz [65, 66J and the associated 
calculus for multiplexing, work conserving links, output characteriza
tion, and routing. The beauty of the deterministic theory is that it 
can be generalized and explained systematically by a filtering theory 
under the min-plus algebra [35, 72, 5, 135J. For the stochastic theory, 
we introduce the effective bandwidth function for traffic characteriza
tion [31, 127, 198, 100J. Such a traffic characterization is based on the 



x 

moment generating function of an arrival process and is related to the 
large deviation principle. Its associated calculus is then built upon the 
mathematical theory of the large deviation principle. As the moment 
generating function of a random variable contains more information 
than its mean, traffic characterizations based on effective bandwidth 
functions are more accurate than those based on simple Poisson pro
cesses when dealing with traffic in modern communication networks. 

This book is the result of courses developed in high speed digital 
networks at National Tsing Hua University. The material in this book 
can serve as a basis for a semester-long graduate level course that 
covers all the sections in Chapters 1,2,3,7,8, Sections 5.1-5.4 and Sec
tions 9.1-9.3. Readers that have taken undergraduate courses in linear 
algebra[141] and signals and systems [163] may find the concepts in the 
first part easy to adapt. For the second part of this book, readers are 
required to have knowledge of elementary probability [174, 156] and 
stochastic processes [175, 156]. 

As "industrial standards" come and go, we do not cover any in
dustrial standards in this book purposely. Our intent is to teach stu
dents the basic ideas and principles of how performance guarantees 
can be achieved in telecommunication networks. We hope the students 
through self-discovery can associate the material in this book with the 
current developments of industrial standards. Readers who are inter
ested in industrial standards may consult the book by Tanenbaum 
[189] and references there. Some proposals for future industrial stan
dards can also be found at the web site by the Internet Engineering 
Task Force (IETF). 

Many colleagues and students have contributed to this work on 
various portions of this book. I gratefully thank Jin-Fu Chang, Chi
Chao Chao, Xiuli Chao, K wang-Cheng Chen, Rene Cruz, Philip Hei
delberger, George Kesidis, Jean-Yves Le Boudec, Yih-Haur Lin, Ran
dolph Nelson, Michael Pinedo, Perwez Shahabuddin, Patrick Thiran, 
Joy Thomas, Jean Walrand, David Yao, and Tim Zajic for the privilege 
of working with them. Many ideas in this book were originated from 
discussions with them and several chapters of the book were rewrit
ten from papers jointly coauthored with them. I give special thanks 
to Wen-Jyh Chen, Ling-I Ho, Hsiang-Yi Huang, and Jyh-Jye Yen for 
generating many of the plots, and to Francois Baccelli, Stephan Lapic 
and many graduate students for carefully reviewing an earlier draft. It 
was a pleasure working with Oliver Jackson, Springer-Verlag's editor. 
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I am also grateful to the National Science Council, Taiwan, R.O.C., 
for support of much of this work under contracts NSC 87-2213-E-007-
084, NSC 88-2213-E-007-046 and NSC 89-2213-E-007-002. Most im
portantly, I would like to express my sincere appreciation to my wife, 
Katherine, and to my daughter, Marisa, for their constant support 
during the process of writing this book. 
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