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                CHAPTER 1 - INTRODUCTION

1.1  INTRODUCTION

This book discusses the aspects of data and computer 
communications.  It provides the concepts and fundamentals of 
the popular data communications network architectures, 
protocols, and devices.  

1.2  OVERVIEW

The term "communications" is defined as the act of exchanging 
information.  This information may be in the form of words, 
numbers, messages or drawings and is transmitted in the form of 
signals.  Such passing of information generally involves three 
activities: encoding, transmission, and decoding.  Encoding is 
the process of placing the information on a carrier.  For 
example, the vibration of our vocal chords places the code of 
our voice on air.  The air is a carrier, changed to carry 
information by the code of our vocal chords.  Once information 
has been encoded by modulating a carrier, it is transmitted. 
Transmission can be via air, copper cables (e.g., twisted cables 
and coaxial cables), through space to a satellite and back, or 
through optical fiber.  At the end of the transmission path, the 
receiver separates the information from the carrier in the 
decoding process.  Today, communications represents the vast 
industry of telecommunications and data processing.

A system of routes or paths through which information travels 
from one point to another is defined as a communications 
network.  In a data communications network, these paths may 
interconnect data terminals and computers within a single 
building or campus-like complex, to large geographically 
distributed networks covering entire countries.  A 
communications network has become a fundamental part of the 
computing environment, adding more efficiency in information 
processing.  The oldest and most obvious example of the 
communications network is the telephone network.  Previously, 
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this network carried voice almost exclusively, whereas this 
network now carries voice, computer data, electronic mail, and 
video.  Our office personal computer or terminal can now 
communicate with the world outside the office. 

Networks are comprised of three basic categories of equipment:

input/output devices, transmitter/receiver, and transmission 
medium (as illustrated in Figure 1-1).
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Figure 1-1:  Information Communications Concept

A personal computer or terminal attached in the network becomes 
a node or a workstation which is referred to as an input/output 
device or data device.  This device is usually connected 
directly to a transmitter or a receiver which is used to 
generate or regenerate transmission signals.  The devices 
attached in the network also include communications devices, 
which have a variety of functions such as routing data,  merging 
several low-speed transmission into one high-speed transmission 
and interconnecting networks .  Front-end Processors, 
concentrators, multiplexers, bridges and modems are examples of 
communications devices.  The transmission media, that are used 
to carry transmssion signals, play an important role in a 
communications network.  Standard telephone lines, coaxial 
cables, optical fiber cables, satellite, microwave are examples 
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of transmission media.  The uses of these types of transmission 
medium are illustrated in Figure 1-2.  Copper cables are often 
used to transmit electrical signals among data devices and play 
an important part of the current telephone networks. 
Communication by fiber optic cables is a new technique which 
uses pulses of light (as an information agent) to propagate 
information from source to destination through hair-thin strands 
of plastic or glass.  Communication by satellite begins at a 
single earth station, passes through a satellite in 
geosynchronous orbit above the earth, and ends at one or more 
earth stations.  The satellite itself serves as an active relay 
system consisting of transponders and antennas.  Microwave 
communications involves sending waves of information between a 
radio transmitter and a radio receiver, each mounted on a tower. 

In a communications network, a set of rules and regulations that 
governs the transmitting and receiving of data is called a 
communications protocol.   Depending on the protocol, networks 
are capable of providing information sharing, resource sharing, 
cost reduction, increased productivity, central management of 
resources and connectivity.   Networks are often required to 
provide the end-to-end connections for a variety of source and 
destination devices with vastly different characteristics. 
Shared resources also include the storage attached to the 
server/mainframe that runs the network operations.  Networks may 
be local or wide area in scope, or they may be combined into one 
network serving, for example, corporate headquarters and 
regional offices.  Today, organizations may develop their own 
private networks as an alternative to using telephone company 
services.

As shared resources, modern wide-area networks must meet diverse 
objectives of numerous users at acceptable costs.  In making the 
trade-offs that diversity entails, network topology, the pattern 
of interconnection between nodes, is a fundamental 
consideration.  These topologies fall broadly into three 
categories:  private line, circuit switched and packet switched. 
Any network may selectively employ a combination of these 
topologies to meet a particular business or technical 
requirement.  Early networks employing private, leased-line 
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connections from terminal to host equipment represent a prime 
example of dedicated transmission facilities.  Each physical 
device attached to the network requires its own separate leased 
line to connect to the host.  Circuit switching is used for 
normal telephone operation, sharing telephone network resources 
among users.  In the packet switching, network data is 
transmitted in a block, referred to as a packet, that is well 
defined and limited to a maximum size.  Packet switching is 
suited to interactive traffic.  A typical communications 
protocol for accessing a packet-switched network is X.25.  This 
X.25 provides for sequence numbers in packets, which contain 
data, to allow a transmitting user and a receiving network node 
to keep packets in proper order and to provide a way for them to 
acknowledge their successful receipt.

In the United States, the Federal Government has built the 
Federal Transmissions System (FTS).  Mandated by Congress and 
managed by General Services Administration (GSA), FTS is a 
Government-wide network service procurement for use by all 
Federal agencies.  Using both circuit-switched and packet-
switched techniques, the FTS provides voice, data, and video 
communications to all Federal agencies unless a waiver is 
granted to use another network service.

As networking requirements have increased in complexity and 
sophistication, the disparity among users' needs has sent 
designers of networking protocols looking hard for common 
grounds that were leading to develop network architectures. 
Today, the significant network architectures include the Open 
Systems Interconnection (OSI) Reference Model, International 
Business Machines, Inc. (IBM)'s Systems Network Architecture 
(SNA), Transport Control Protocol/Internet Protocol (TCP/IP) and 
Digital Equipment Corporation (DEC)'s Digital Network 
Architecture (DNA).  The OSI standards were developed by the 
International Standards Organization (ISO) and CCITT in response 
to the need for multi-vendor computer interoperability.  The OSI 
is designed to foster communication among machines with diverse 
hardware architectures to use almost any packet switched network 
hardware.  The TCP/IP provides the reliable services on which 
many application protocols depend and offers a well-documented 
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and mature set of rules for networking.  In the Government 
environment, the National Institute for Standards and Technology 
(NIST), a Federal Government agency, has developed the 
Government Open System Interconnection Profile (GOSIP) in 
response to the needs of increasingly complex and demanding 
government computing environment to exchange data among 
agencies.  GOSIP is based on the ISO's seven-layer OSI reference 
model.  

During the past 20 years, there have been many innovations in 
the communications field, with fiber optic technology among 
them.  Using light for communication, fiber optic transmission 
has become the medium of choice in the telephone networks. 
Fiber optics systems already have reshaped the face of 
telecommunications the world over.  In the United States, the 
largest fiber optic user to date, the telephone industry has 
been the driving force in fiber optic technology.  Two fiber 
optic technology applications, Fiber  Distributed Data Interface 
(FDDI) and Synchronous Optical Network (SONET), have just become 
commercially available.  These new technologies are capable of 
transporting data at a very high-speed in a local area network 
or wide area network via fiber optic cables. 

The world of communications network is continuing to be 
developed at an accelerating rate.  Merging communications and 
computer technologies have sparked innovations that are 
transforming global and local activities of all sorts.  One most 
promising development in the evolution of packet switching is 
the fast packet switching technology.  This technology consists 
of the frame relay technology and cell relay technology that 
lead to the developments of Integrated Services Digital Network 
(ISDN), Broadband-ISDN (B-ISDN) and Switched Multi-megabit Data 
Service (SMDS). 

Although data communications is highly complex, it is possible 
to gain a basic understanding.  Starting from the fundamental 
communications devices to the advanced networking technology 
concepts, this document contains 10 sections.  Chapter 2 looks 
at elementary levels of networking, from the basic host 
computer-to-terminal setup to the more complex configuration 
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encompassing front-end-processors, multiplexers, gateways, and 
other types of data communications equipment.  Chapter 3 
provides an introduction to the layered architectures concepts, 
with stress placed on the Open Systems Interconnection (OSI) 
reference model, as well as on IBM's Systems Network 
Architecture (SNA).  Also insight is provided into the technical 
aspects of the GOSIP, Unisys Burroughs Network Architecture 
(BNA), Bull Honeywell Distributed Systems Architecture (DSA), 
DEC's Digital Network Architecture (DNA) and TCP/IP, and 
Microsoft Active Directory (AD).  Section 4 introduces the 
principles of circuit switching by first carrying out a simple 
but detailed comparison with message switching and packet 
switching.  Included is a discussion of local area networks 
(LANs), metropolitan area networks (MANs), wide area networks 
(WANs) and LAN/WAN internetworking.  An analysis of the IEEE 
standards 802.3, 802.4 and 802.5 and Novell, 3COM, Arcnet, 10Net 
and CT cluster are also included.  Section 5 addresses network 
protocols, including IPv4 and IPv6, that play an important role 
in the communications network, particularly in the area of 
network management.  This section also gives detailed tutorial 
information on File Transfer, Access and Management (FTAM), E-
Mail (X.400), Directory Services (X.500) and beyond.  Section 6 
introduces the fiber optic technology and the uses of fiber 
optics in LANs.  The ideas presented here are fundamental to an 
understanding and appreciation of fiber optics.  Section 7 views 
the management of the network with emphasis on management tools 
and parameters that may be applied.  Section 8 deals with the 
advanced communications networks with a look at the future of 
packet switching technology, including T-1 integration, frame 
relay, cell relay, DS-3 and beyond.  Capacity planning is 
addressed by going further into the technologies planning 
aspects of the advanced communications techniques using Fiber 
Distributed Data Interface (FDDI), Synchronous Optical Network 
(SONET) and Integrated Services Digital Network (ISDN), 
Boardnabd ISDN, and Asynchronous Transfer Mode (ATM).  Section 9 
provide an overview of the Internet.  Section 10 discusses the 
wireless technology. Section 11 views the network security with 
emphasis on technologies widely used to secure a network.

The "Glossary" appendix summarizes the acronyms used in this 
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book.  
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