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PREFACE

In this era of a growing confluence of communications and com-
puting, it is becoming increasingly important for computer scientists,
programmers, engineers, and network designers to understand the
concepts used to design efficient and viable communication networks.
Such concepts range from understanding the ever-growing variety of
network components to observing total network behavior. There
exists a need to provide a concise description of the various network
components, strategies to put them together, and approaches to ana-
lyze and improve network behavior. It is our intent to familiarize the
reader with the concepts and approaches required for the design and
analysis of computer communication networks.

This book is intended for students and professionals who have
some background in computer software or in computer or communi-
cation hardware. For those associated with networks, the book should
provide an introduction to the fundamentals of computer communi-
cation networks and their analysis as well as an insight into diverse
approaches and algorithms. The book provides botl descriptive and
analytic treatment of various aspects of network design. The emphasis
is on the compcnents of networks, such as transmission links and
network nodes, and on network analysis problems, such as routing
and flow control. It is hoped that this book will also serve as the
textbook for a first course in computer communications in an under-
graduate or graduate curriculum.

The book consists of eight chapters and an appendix. Chapter 1
provides an introduction to networks, including packet switching and

xiii
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circuit switching, Chapters 2 through 7 use several concepts in prob-
ability theory and queuing theory, and Chap. 8 presents these con-
cepts together. Readers requiring a background in probability theory
or queuing theory are suggested to review Chap. 8 before proceeding
to study Chaps. 2 through 7.

Chapters 2 and 3 describe the network components. Chapter 2
treats transmission links, namely, terrestrial, radio, and satellite chan-
nels and optical fiber. It also includes treatment of various polling
strategies for terrestrial links, and approaches for efficient utilization
of satellite links and radio channels. Chapter 3 addresses the functions
and design aspects of a network node. It also provides approaches
used to estimate processor capacity, memory size, and frequency of
overruns on message buffers. Chapter 4 describes various algorithms
for the topological design of a network. Chapter 5 contains a descrip-
tion of network protocols for internode communications and for man-
aging network resources. Chapter 6 addresses network congestion and
deadlock problems, and describes several algorithms that control
message flow in a network. Chapter 7 provides a description of vari-
ous approaches for selecting and defining message routes in a net-
work. Chapter § describes techniques to estimate network per-
formance parameters, such as response time and throughput. It also
includes an introduction to elementary concepts of probability theory
that are uscd i other parts of the book. The appendix contains a
description  of some public networks, such as DATAPAC and
TYMNET.
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The further backward you can look, the further forward you can see.

Winston Churchill

1-1 NETWORKS—A PERSPECTIVE

Networks first appeared under the guise of time-shared systems in the
late 1960s. In a time-shared system, each of the several terminal users
has exclusive use of the system resources on a time-sliced basis. Oper-
ating systems, such as those for the IBM System/360, GECOS III for
the Honeywell 600 series, and the Univac 1108, offered the options of
time-shared systems. Some operating systems were entirely devoted to
time sharing, such as the PDP-8 Time Sharing System (TSS/8). Time-
sharing operating systems were followed by a variety of
communication-oriented software packages. Several communication
access methods, terminal system software, and interactive system soft-
ware packages were introduced in the 1960s and early 1970s. Some of
the well-known packages are those for the airline reservations, the
information retrieval systems for libraries, and the general-purpose
database management systems, such as the IBM Information Man-
agement System/360. The computer and communication industries
were introducing asynchronous (start/stop) and synchronous (binary
synchronous) line protocols. By the late 1970s, several types of termin-
als, terminal controllers, front-end processors, line concentrators, and
related equipment had grown to a sizeable portion of the data pro-
cessing market.

The early networking years saw new strides in connecting com-
puting equipment to existing communication facilities. A courtship of
the computing and communication technologies was taking place.
Line multiplexers, such as the IBM 270X and 370X series, and
modems provided a computer interface for several communication
links. By 1972, several computer networks had emerged. Important
characteristics of some of them are tabulated in Table 1-1. Experimen-
tal networks, such as the Distributed Computing System (DCS) in
California and Triangle Universities Computation Center (TUCC) in
North Carolina, were being developed by universities to serve their
student communities. The DCS network uses a ring interface for each
node, and connects all the nodes by a loop [7],* while TUCC is a
centralized (star-connected) network serving three universities and
other educational institutions in North Carolina.

* Bracketed numbers refer to the references at the end of this chapter.
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INTRODUCTION §

In the mid-1970s, there was a phenomenal growth in nearly every
aspect of communication networks. In the case of terminals, the early
typewriter terminals were replaced by a wide range of function-rich
terminals. The new terminals ranged from memory-less display units
to the so-called front-end processors with disks, memory, tapes,
printer, and display. Display terminals now include novel features
such as color and multidimensions. Terminals or terminal systems
have been developed for specific applications, such as text editing,
office mail, banking, supermarket checkouts, point-of-sales systems,
hospital systems, securities, production control, inventory control,
computer-aided instructions and design, and the like.

An important aspect of communication network development has
been the reduction in cost and improvement in speed and quality of
transmission links. In the early years, terminals were connected
through low-speed start-stop lines. Several innovations in communi-
cation technology have led to faster and more reliable links. Today,
networks are using terrestrial links (with speeds on the order of mega-
bits per second), satellite links, and radio channels.

The concept of a network node has grown from a simple com-
munication line multiplexer to programmable minicomputers. Net-
work nodes now provide several additional functions, such as
message- or packet-switching, routing, flow control, network moni-
toring, and management. The concept of offloading the host pro-
cessors has culminated in a new class of network nodes—the front-end
processors— that also provide data management and transaction pro-
cessing functions.

Concurrent with the above developments, several groups started
to investigate various problems in connecting terminal networks to
more than one host computer. The objective of one of the groups was
to provide resource sharing by interconnecting several host com-
puters. In early 1969, a contract for the Advanced Research Project
Agency (ARPA) network was awarded to Bolt, Beranek and Newman,
Inc. (BB&N), a Massachusetts-based engineering firm. The ARPA net-
work, or ARPANET, grew from a small four-node net in 1969 to a
network providing computing to about 100 computers by 1975 [10, p.
305], Figure I-1 shows the ARPANET topology in 1969; Fig. 1-2
shows a more recent topology [12].

Networks can transmit messages by circuit switching or store-and-
forward message switching. In circuit switching, networks transmit
messages over a group of temporarily dedicated links on the message
route, which are allocated simultaneously for message transfer. In
store-and-forward message switching, the networks store and then



