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PREFACE

Perhaps the most important development in the computer-communications
industry in the 1990s is the evolution of the integrated services digital net-
work (1SDN) and its follow-on. the broadband ISDN (B-ISDN). The ISDN
and B-1SDN have had a dramatic impact on the planning and deployment of
intelligent digital networks providing integrated service for voice, data, and
video. Further, the work on'the 1ISDN and B-ISDN standards has led 1o the
development of two major new networking technologies: frame relay and
asynchronous transfer mode (ATM). Frame relay and ATM have become
the essential mgredients in developing high-speed networks for local, metro-
politan, and wider area applications.

INTENDED AUDIENCE

This book is intended [or a broad range of readers who will benefit from an
understanding of [SDN and B-1SDN concepts and the associated technoto-
gies of frame relay and ATM. This includes students and professionals in the
ficlds of data processing and data communications, designers and imple-
menters, and data communication and networking customers and managers.
The book is designed to be self-contained. For the reader with little or no
background in data communications, Part One and the appendices cover a
number of basic topics

PLAN OF THE TEXT

The objective of this book is to provide a comprehensive technical survey of
the protocols and architecture of ISDN and B-ISDN, including a detailed
examination of frame relay and ATM.

The book divides into five parts. Part One deals with the fundamental
technologies used in digital networks, including a discussion of digital trans-
mission technology and a review of circuit switching and packet switching,
Part Two is devoted to ISDN and examines the user-network interface archi-
tecture. protocols, and services, This part also describes Signaling System
Number 7. a related facility, Part Three focuses on frame relay technology
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and protocols and examines the critical issue of congestion control in frame relay
networks. Part Four covers B-ISDN architecture and protocols. Part Five examines
ATM-related protocols and surveys various techniques for traffic and congestion
control in ATM networks.

The book includes an extensive glossary, a list of frequently used acronyms,
and a bibliography. Each chapter includes problems and suggestions for further
reading.

Throughout, there is an emphasis on both technology and on standards. The
book provides a comprehensive guide to understanding the many recommendations
issued by the ITU Telecommunication Standardization Sector (ITU-T), formerly
the CCITT.

INTERNET SERVICES FOR INSTRUCTORS AND STUDENTS

There is a Web page for this book that provides support for students and instruc-
tors. The page includes links to relevant sites. transparency masters of figuresin the
book in PDF (Adobe Acrobat) format, and sign-up information for the book’s inter-
net mailing list. The Web page is at hitp://www.shore.net/~ws/ISDN4e. An Internet
mailing list has been set up so that instructors using this book can exchange infor-
mation, suggestions, and questions with each other and with the author. As soon as
typos or other errors are discovered, an errata list for this book will be available at
http://www .shore.net/~ws.

In the four years since the third edition of this book was published, the field has seen
continued innovations and improvements. In this new edition, I try to capture these
changes while maintaining a broad and comprehensive coverage of the entire field.
To begin this process of revision, the third edition of this book was extensively
reviewed by a number of professors who teach the subject. The result is that, in
many places, the narrative has been clarified and tightened, and illustrations have
been improved. Also, a number of new “field-tested” problems have been added:
the solutions manual, available to instructors, includes solutions to all of the prob-
lems in the book.

Two noteworthy changes in this edition are the inclusion of xDSL and the
expansion of the coverage of ATM. The term xDSL refers to a family of digital sub-
scriber line technologies that provide high-speed access to ISDN and other wide
area networks over ordinary twisted-pair lines from the network to a residential or
business subscriber. The book surveys xDSL and especially asymmetric digital sub-
scriber line (ADSL) technology. Another important change is the expansion of the
coverage of ATM. This includes additional details on the ATM adaption layer
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{AAL), treatment of the new available bit rate (ABR) service, and updated and
expanded treatment of ATM traffic and congestion control.

Other changes permeate the book. The third edition was based on the ITU-T
recommendations through mid-1994. Since that time, most of these older recom-
mendations have been updated and new ones have been added. In addition, the
ATM Forum has filled in many of the gaps in the ITU-T specification of ATM and
related protocols. These changes are reflected throughout the book. To aid readers
in keeping up with this evolving field, pointers to relevant Web sites are found in
the Recommended Reading section of many chapters.

ACENOWLEDGMENTS

This new edition has benefited from review by a number of people, who gave gen-
erously of their time and expertise. [ would like to thank Pierre Catala, Texas A&M;
Thomas Gannon, Worcester Polytechnic Institute; Elsa Valeroso, University of
North Dakota; Subbarao Wunnava, Florida International University; Ibrahim
Habib, City College of NY: Robert Blackshaw, GeoTrain Corporation; Tawfig

Alrabiah, University of Pittsburgh; Teik Kheong Tan, TTK Consulting; Kenneth
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1.1

CHAPTER 1

INTRODUCTION

his book 1y a survey of 1SDN and broadband ISDN (B ISDY)

together with the hev networhmg technologies of frame relay and

asvnchronous transter mode Both the standardization of ISDN and
B 1SDN and the development of frame telay and ATM have been driven by
market pressures to roduce the cost of vowee and data transmssion and to
expand networkmg services o provide high spevd data and video capability
In thes chapter we discuss some of the key factors drving the nature and
pace ot cvolution w these ateas

THE ARRIVAL OF ISDN

Rapid advances 1 computer and communication technologies have resulied
in the tereasimg maeer of these two helds The bnes have blurred among
computing switching and dintal ransmission cquipment and the same dig
ital techmques are bang used tor data. vorce and tmage tansmssion Merg
mg and crobvimg technologies coupled with inuc isimg demands tor Cthcent
and tmeh collection processmg and dssonunation obinformation have led
to the devilopment of ntegrated sustems that transmut and process o tupes
of data The ultimate goal of this evelut on 1w something that s scterred to as
the mtegrated services digital network (1ISDN)

The ISDN 15 miended o be a worldwide pubhe telecommunications
network to replace custing pubhic teleccommunications networks and delives
awnle vanets of serees The ISDN iy defined by the standardizatior of usa
mierfwes and wplemented as a set of digital switches and paths sup portng
a broad range of trattic tupes and providing satue added processing services
In practiee there are multipl notworks, mmplemented within nationd! bound
aries but from the user s pomnt of siew. the eventual widespread deplovment
ot ISDN will fead 1o a single uniformly accessible worldwide network

Fhe impact of ISDN on both users and vendors will be profound To
control 1SN evolution and impact a massive ettort at standardization s
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under way. Although ISDN standards are still evolving. both the technology and the
emerging implementation strategy are well understood.

Even though ISDN has vet to achieve the universal deployment hoped for, it is
already in its second generation. The first generation, sometimes referred to as narrow-
band ISDN, is based on the use of a 64-kbps channel as the basic unit of switching
and has a circuit-switching orientation. The major technical contribution of the
narrowband [SDN effort has been frame relay. The second generation, referred to
as broadband ISDN (B-ISDN), supports very high data rates (100s of Mbps) and has
a packet-switching orientation. The major technical contribution of the broadband
ISDN effort has been asynchronous transfer mode (ATM), also known as cell relay.

A sample of the trends that are driving ISDN and B-ISDN is as follows:

» Computers are joining together instead of standing alone. The percentage of
personal computers that have communications capability is rising. While yes-
terday’s corporate computer was a stand-alone device, businesses today rely
on a mix of small, medium, and large computers that can share resources (e.g.,
printers). share data, and exchange messages. Our analytical tools have sprouted
wires; more and better wires are coming, and the wires will extend everywhere.

* Cellular radio is making communications mobile. Automobiles, taxis, and
boats are becoming workstations. People can not only talk via cellular radio
phones; they can also transmit data by linking up their portable computers.
Look for the development of cellular phone/computer combinations. In time,
automobiles will provide communication/computer systems as options. Any
vehicle, then, will be a unit that can link up to the global information network.

* Computers for personal use will be ubiquitous. This will be especially so for stu-
dents (from elementary school on up) and “knowledge workers.” who deal pri-
marily with paper—documents, reports, numbers. Many office workers have at
least one workstation at the office and one at home. Furthermore, most people
will own a powerful portable and possibly a wearable model-—a very personal
computer (VPC). The hotels you stay at in the future may have personal com-
puters in their rooms as amenities: some hotels already do. Computing power will
be at every hand; and, most important, each computer will tap into the network.

* The volume and richness of data are increasing dramatically. The first-

generation personal computers have given way to the latest Windows and

Macintosh systems, with color and high-quality graphics. New applications in

the office environment are being developed that require much higher net-

working capacity, and desktop image processors will soon increase network
data flow by an unprecedented rate. Examples of these applications include
digital fax machines, document image processors, and graphics programs
on personal computers. Resolutions as high as 400 x 400 per page are typical

for these applications. Even with compression techniques, this will generate a

tremendous data communications load. In addition, optical disks are beginning

to reach technical maturity and are being developed toward realistic desktop
capacities exceeding 1 Gbyte.

Voice recognition and natural language processing technology will increase

the intelligence of systems and networks. These have been two of the most

difficult applications to develop. but they are now gradually emerging from



