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PREFACE

The 1970’s and early 1980’s saw a merger of the fields of computer science and
data communications that profoundly changed the technology, products, and com-
panies of the now combined computer-communications industry. Although the
consequences of this revolutionary merger are still being worked out, it is safe to
say that the revolution occurred, and any investigation of the field of data com-
munications must be made within this new context.

Objectives

It is the ambitious purpose of this book to provide a unified view of the broad field
of data and computer communications. The organization of the book reflects an
attempt to break this massive subject into comprehensible parts and to build, piece
by piece, a survey of the state of the art. The book emphasizes basic principles
and topics of fundamental importance concerning the technology and architecture
of data and computer communications.

The book explores the key topics in the field in the following general categories:

e Principles: Although the scope of this book is broad, there are a number of
basic principles that appear repeatedly as themes which unify this field. Ex-
amples are multiplexing, flow control, and error control. The book highlights
these principles and contrasts their application in specific areas of technology.

o Design approaches: The book examines alternative approaches to meeting
specific communication requirements. The discussion is bolstered with ex-
amples from existing implementations.

vii



PREFACE

e Standards: Standards have come to assume an increasingly important, not to
say dominant, role in this field. An understanding of the current status and
future direction of the technology is not possible without a comprehensive
discussion of the role and nature of the related standards.

The subject, and therefore this book, is highly technical. Nevertheless, an at-
tempt has been made to make the book self-contained. Part I, in particular, draws
upon the disciplines of probability and electrical engineering, but the emphasis is
on results rather than derivations. In general, a building-block approach is taken.
The principles of data communications are carefully and thoroughly explored.
These principles are then applied to the complex systems found in communication
networks and computer-communications architectures.

Iintended Audience

The book is intended for a broad range of readers interested in data and computer
communications:

o Students and professionals in data processing and data communications: This
book is intended as both a textbook for study and a basic reference volume
for this exciting and complex field.

o Designers and implementers: The book discusses the critical design issues and
explores alternative approaches to meeting user requirements.

e Computer and communication system customers and managers: The book
provides the reader with an understanding of what features and structure are
needed in a communications capability, as well as a knowledge of current and
evolving standards. This information provides a means of assessing specific
implementations and vendor offerings.

Plan of the Text

The book is organized to clarify the unifying and differentiating concepts under-
lying the field of data and computer communications. It is divided into four parts:

I

I

I

v

Data communications: This part is concerned primarily with the exchange
of data between two directly-connected devices. Within this restricted en-
vironment, the key aspects of transmission, interfacing, link control, and
multiplexing are examined.

Data communication networking: This part examines the internal mecha-
nisms by which communication networks provide a data transfer service for
attached devices.

Computer communications architecture: This part explores both the archi-
tectural principles and the specific mechanisms required for the exchange
of data among computers, terminals and other data processing devices.
Integrated Services Digital Networks: This part introduces the ISDN, which
is an emerging worldwide digital telecommunications facility. The ISDN
pulls together many of the concepts examined throughout the book.
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The organization of the chapters is as follows:

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Introduction: Provides an overview of the book as well as a discussion of
the roles of the various standards-making organizations.

Data transmission: Explores the behavior of signals propagated through a
transmission medium.

. Data encoding: Describes the techniques used for encoding analog and dig-

ital data as either analog or digital signals.

. Digital data communication techniques: Examines interfacing and synchro-

nization issues.

. Data link control: Describes the techniques used for converting an unreliable

transmission link into a reliable communications link.

. Multiplexing: Examines frequency-division multiplexing and both synchro-

nous and statistical time-division multiplexing.

. Communication networking techniques: Serves as an overview to Part II.
. Circuit switching: Discusses circuit-switching mechanisms and network de-

sign.

. Packet switching: Examines the mechanisms of packet switched networking,

including routing, traffic control, and error control.

Radio and satellite networks: Explores design and performance issues for
antenna-based communication networks.

Local networks: Examines alternative approaches in the areas of transmis-
sion medium, topology, and medium access control technique.

Protocols and architecture: Defines communications protocols and moti-
vates the need for a communications architecture.

Network access protocols: Examines techniques for accessing circuit-
switched, packet-switched, and local networks.

Internetworking: Explores alternative techniques for communicating across
multiple networks.

Transport protocols: Provides a detailed analysis of the most complex and
important class of communications protocols.

Session services and protocols: Examines the services provided for the user
to manage a logical communications connection, and looks at the protocol
mechanisms to support those services.

Presentation/application protocols: Provides examples of higher-layer pro-
tocols.

Integrated services digital network: A preview of the network which rep-
resents the culmination of the computer-communications revolution.

The four parts of the book have been written to be sufficiently independent so
that shorter courses could also be conducted using this book. For example, a course
on fundamentals of data communications would cover just Part I. A course on
communications networks could cover Parts I and IV. A course on communica-
tions architecture and the OSI model could cover Chapters 4, 5, 7, and Part IIIL.

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

The book is suitable for self-study and can be covered in a two-semester course.
It covers material in Subject Area 9 (Interfacing and Communication) and Subject
Area 25 (Computer Communications Networks) of the 1983 IEEE Computer So-
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ciety Model Program in Computer Science and Engineering. It also covers the
material in CS 24 (Computer Communication Networks and Distributed Processing)
of the 1981 ACM Recommendations for Master’s Level Programs in Computer
Science.

Related Materials

Computer Communications: Architectures, Protocols, and Standards, second edi-
tion (IEEE Computer Society Press, 1987) is a companion to this text, covering
topics in Chapters 4 and 5 and Part III. It contains reprints of many of the key
references used herein. The IEEE Computer Society Press is at P. O. Box 80452,
Worldway Postal Center, Los Angeles, CA 90080; telephone (800) 272-6657.

A set of videotape courses specifically designed for use with Data and Computer
Communications is available from the Association for Media-Based Continuing
Education for Engineers, Inc., 500 Tech Parkway NW, Suite 200A, Atlanta, Geor-
gia 30313; telephone (404) 894-3362.
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The Second Edition

In the three years since Data and Computer Communications was published, the
field has continued to evolve and expand, necessitating an early second edition.
Virtually the same chapter organization has been retained, but much of the material
has been revised and new material has been added. In Parts I and II, the changes
have been primarily to update technical characteristics and techniques relevant to
various topics. New topics include the AX.25 protocol for packet radio networks
and a description of fiber optic local area networks. In this latter area, a description
of the new Fiber Distributed Data Interface (FDDI) standard has been added.
The most significant changes have occurred in Part III, which has been split into
two parts. Major advances have been made in recent years in the development of
international standards that conform to the Open Systems Interconnection (OSI)
Reference Model. Chapter 13 reflects the 1984 changes to the X.25 standard and
updates to the IEEE Logical Link Control (LLC) standard. Chapter 14 introduces
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the recently-adopted ISO internet protocol standard. A new chapter, Chapter 16,
has been added to examine the session layer. This chapter examines the ISO
services and protocol standards in detail, and compares these with other approaches,
such as that of SNA. The final chapter on OSI-related protocols now deals exclu-
sively with presentation and application protocols; the material on file transfer has
been expanded to include the new File Transfer, Access, and Management (FTAM)
standard, and a section has been added to discuss electronic mail, message han-
dling, and the X.400 recommendations. Finally, the chapter on ISDN has been
expanded to include more details on the ISDN protocols.
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CHAPTER ﬂ

Introduction

THE COMPUTER-COMMUNICATIONS REVOLUTION

The 1970s and early 1980s saw a merger of the fields of computer science and
data communications that profoundly changed the technology, products, and com-
panies of the now combined computer-communications industry. Although the
consequences of this revolutionary merger are still being worked out, it is safe to
say that the revolution has occurred, and any investigation of the field of data
communications must be made within this new context.

The computer-communications revolution has produced several remarkable facts:

e There is no fundamental difference between data processing (computers) and
data communications (transmission and switching equipment).

¢ There are no fundamental differences among data, voice, and video commu-
nications.

o The lines between single-processor computer, multi- processor computer, local
network, metropolitan network, and long-haul network have blurred.

The result has been a growing overlap of the computer and communications
industries, from component fabrication to system integration. The forthcoming
result is the development of integrated systems that transmit and process all types
of data and information. Both the technology and the technical standards organi-
zations are driving toward a single public system that integrates all communications
and makes virtually all data and information sources around the world easily and
uniformly accessible.



2 INTRODUCTION

It is the ambitious purpose of this book to provide a unified view of the broad
field of data and computer communications. The organization of the book reflects
an attempt to break this massive subject into comprehensible parts and to build,
piece by piece, a survey of the state of the art. This introductory chapter begins
with a general model of communications. Then, a brief discussion introduces each
of the three major parts of this book. Next, the all-important role of standards is
introduced. Finally, a brief outline of the rest of the book is provided.

A COMMUNICATIONS MODEL

We begin our study with a simple model of communications. A block diagram of
this model appears as Figure 1-1.

The fundamental purpose of data communications is to exchange information
between two agents. In Figure 1-1, the information to be exchanged is a message
labeled m. This information is represented as data g and is generally presented to
a transmitter in the form of a time-varying signal, g(¢).

The terms data and information are defined in Table 1-1. These definitions seem
rather academic, but for our purpose they might be given the following interpre-
tation: data can be identified; data can be described; data do not necessarily rep-
resent something physical in terms of the measurable world; but above all data can
be and should be used, namely for producing information. They also imply that
data to one person may appear as information to another. Information is born when
data are interpreted. To exchange information, then, requires access to elements
of data and the ability to transmit them.

Returning now to Figure 1-1, the signal g(#) is to be transmitted. Generally, the
signal will not be in a form suitable for transmission and must be converted to a
signal s(?) that is in some sense matched to the characteristics of the transmission
medium. The signal is then transmitted across the medium. On the other end, a
signal r(¢), which may differ from s(z), is received. This signal is then converted
by a receiver into a form suitable for output. The converted signal §(#), or data g,
is an approximation or estimate of the input. Finally, the output device presents
the estimated message, 7, to the destination agent.

This simple narrative conceals a wealth of technical complexity. To attempt to
eclaborate, we present two examples, one using electronic mail, the other a tele-
phone conversation.

O o 66 O O O

Input Input Data g Transmitted Received Output data 2‘ Output
Information or signal signal signal or signal information
m g s() r 20 Y
Input -l ; Transmissio: : —a Output
Agent —=l e Transmitter i Receiver e v!i’ce [t Agent
\, - \ /
V V
Source system Destination system

FIGURE 1-1. Simplified communications block diagram.



1-2 A COMMUNICATIONS MODEL 3

TABLE 1-1 Data and Information

Data A representation of facts, concepts, or instructions in a formalized
manner suitable for communication, interpretation, or processing
by human beings or by automatic means

Information The meaning that a human being assigns to data by means of the
conventions applied to those data

Source: [ANSC82].

For the case of electronic mail, consider that that input device and transmitter
are components of a personal computer. The agent is a user who wishes to send a
message to another user, for example, ‘“The meeting scheduled for March 25 is
canceled’’ (m). This string of characters is the information. The user activates the
electronic mail package on the personal computer and enters the message via the
keyboard (input device). The character string is briefly buffered in main memory.
We can view it as a sequence of characters (g) or, more literally, a sequence of
bits (g) in memory. The personal computer is connected to some transmission
medium, such as a local network or a telephone line, by an I/O device (transmitter),
such as a local network transceiver or a modem. The input data are transferred to
the transmitter as a sequence of bits [g(#)] or, more literally, a sequence of voltage
shifts [g(#)] on some communications bus or cable. The transmitter is connected
directly to the medium and converts the incoming bits [g(#)] into a signal [s(r)]
suitable for transmission; specific alternatives will be described in Chapter 3.

The transmitted signal s(r) presented to the medium is subject to a number of
impairments, discussed in Chapter 2, before it reaches the receiver. Thus the re-
ceived signal r(f) may differ to some degree from s(r). The receiver will attempt
to estimate the nature of s(f), based on r(f) and its knowledge of the medium,
producing a sequence of bits §(r). These bits are sent to the output personal com-
puter, where they are briefly buffered in memory as a block of bits or characters
(&). In many cases, the destination system will attempt to determine if an error has
occurred and, if so, cooperate with the source system to eventually obtain a com-
plete, error-free block of data. These data are then presented to the user via an
output device, such as a printer or screen. The message (#1) as viewed by the user
will usually be an exact copy of the original message (m).

A variation is worth mentioning. The agent at either end may be a computer
process rather than a human user. For example, messages might be stored on disk
or tape to be automatically sent when a certain condition occurs (e.g., in the
evening, when phone rates are lower). Or a message might be received when the
user is unavailable and stored on disk or tape for later retrieval.

Now consider a telephone conversation. The agent in this case is the speaker,
who generates a message (m) in the form of sound waves. The sound waves are
converted by the telephone into electrical signals of the same frequency. These
signals are transmitted without modification over the telephone line. Hence the
input signal g(#) and the transmitted signal, s(r) are identical. The signal s(f) will
suffer some distortion over the medium, so that r(r) will not be identical to s(¢).
Nevertheless, the signal r(f) is converted back into a sound wave with no attempt
at correction or improvement of signal quality. Thus # is not an exact replica of
m. However, the received sound message is generally comprehensible to the lis-
tener.



