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PREFACE

I was a civil engineering student in Berlin. Berlin is a nice

town and there were many opportunities for a student to

spend his time in an agreeable manner, for instance with

the nice girls. But instead of that we had to perform big

and awful calculations.

Konrad Zuse, 1910

Those of us who have been involved in communications

technology for any number of years have witnessed a

transformation that truly is revolutionary. The big and awful

calculations got even bigger and more awful as the

technologies became more complex. Yet, the old voice

network remained much the same from the late 1800s

through the 1960s—Alexander Graham Bell would have

recognized it clearly and understood it completely. Around

the time of World War II, however, dramatically new

technologies started to make their presence felt. Microwave

radio systems began to appear and the foundation for

electronic computer systems was laid. Soon thereafter,

serious computer systems began to emerge and the need to

network them soon became obvious. Over time, the

networks themselves gradually became computerized.

During the 1940s, the groundwork also was laid for the

development of fiber optic transmission systems, which

have the ability to transport incredible volumes of

information over very long distances and with crystal clarity.

Videoconferencing systems began to emerge in the 1960s,

although they became practical only in the last few years

and have yet to gain widespread acceptance. Local Area

Networks (LANs) appeared in the early 1980s with the

development and standardization of Ethernet.



The rate of development of the underlying system and

network technologies gathered speed in the last 20 years to

the point that it has become difficult for even the most

technically astute to keep pace with the rate of change,

much less the depth and breadth of its impact. Copper wires

have yielded to glass fibers. Rather than flowing through

networks in continuous streams over connections,

information often moves in packets, frames, and cells—

sometimes on a connectionless basis. Worldwide, the

volume of data traffic now exceeds voice traffic.

Increasingly, however, the definition of data is no longer

confined to computer data. Rather, data now include voice

data, video data, image data, and even multimedia data.

The networks not only connect telephones and computers

but also have become networks of computers themselves.

Wired networks no longer are just supplemented by wireless

network technologies but in many applications are now

being challenged by them, especially where portability and

mobility are advantageous. In fact, there now are more

cellular phones in the world than there are wireline phones,

and a great many people now use cellular phones as their

primary and even sole telephone.

Government regulation of monopolies has yielded to free

market competition, a trend that began in 1984 with the

Modified Final Judgment (MEJ) in the United States.

Monopolistic companies have been torn apart in the

interests of increased competition only to be reconstituted

in altered states when the regulators became convinced

that the market, indeed, is the best regulator. Competition

has become rife in virtually every sector of the

communications world, bringing with it the inherent

advantages of alternative choice, improved performance,

greater creativity, enhanced technology, lower cost, and a

bewildering range of options. Community Antenna Television

(CATV) providers have entered the fray, offering voice



services and Internet access over cable systems originally

put in place for entertainment TV, and telephone companies

are now beginning to offer cable TV service. The Internet

has been commercialized and now is available in every

corner of the world, supplanting more traditional means of

communication and even threatening more traditional voice

and data networks. Underlying Internet technologies and

protocols have become the foundation for next-generation

networks that are virtually certain to replace the circuit-

switched network that served us so well for over 100 years.

Audio, images, animated images, and even video clips are

attached to electronic mail. Once available only to the

technically elite digiterati working in privileged

circumstances with dumb terminals connected to mainframe

computers, e-mail now is available to all of us, just about

anywhere, and through devices as simple and mobile as cell

phones.

This book delivers a comprehensive overview of a wide

range of communications systems and networks, including

voice, data, video, and multimedia. It is written in plain

English and provides a commonsense basis for

understanding system and network technologies, their

origins and evolutions, and the applications they serve.

Further, it discusses the origin, evolution, and nature of

many relevant standards and explores remaining standards

issues. It also provides a view of the evolution and status of

regulation and examines a number of key regulatory issues

awaiting resolution. From fundamental concepts through the

convergence of voice and data networks, this book offers a

single source of information for those who need to

understand communications networking.

Reserving most discussion of volts, amps, ohms,

algorithms, and the like for a later date and another book by

another author, this one weaves a fabric of understanding

through a complex set of technologies that underlie



meaningful contemporary and future applications. Further,

this book serves as a language primer, providing a short

course in the vocabulary and syntax of the language of

telecommunications—having read this book, you will be

conversant in telecommunications techno-speak. Finally,

you will understand how networks work and why.

HOW THIS BOOK IS ORGANIZED

This book is organized into 15 chapters, each of which

addresses closely related areas of telecommunications

technology and applications, with an eye toward the

development of meaningful and cost-effective solutions to

legitimate communications requirements. Taken as a whole,

this document is a discourse on the origins, current status,

and foreseeable future of the networked world. As this book

weaves a bit of a story throughout, it is best read from cover

to cover. Yet, those who are either impatient or highly

focused will find that each chapter is fully capable of

standing on its own.

The first several chapters set the stage for understanding

the fundamental nature of systems and networks. Chapter 1

offers a set of basic concepts and provides a set of

definitions that apply fairly universally across all

communications and networks. Chapter 2 offers a detailed

explanation of the essentials of transmission systems, both

wired and wireless, including twisted pair, coaxial cable,

microwave radio, satellite radio, Free Space Optics (FSO),

fiber optics, and Power Line Carrier (PLC). Each transmission

system is explained in detail and is compared and

contrasted with others along a number of critical

dimensions.

Chapter 3 is devoted to discussion of premises-based

communications systems that primarily support voice

applications, although they increasingly support data and

even video communications as well. It begins with an



examination of Key Telephone Systems (KTSs) and goes on

to examine the several generations of Private Branch

exchanges (PBXs) and their capabilities and applications as

well as emerging trends. This chapter then examines

Centrex and Automatic Call Distributors (ACDs) and

concludes with an examination of Computer Telephony (CT)

and Internet Protocol (IP)–based voice systems, recent

developments that provide tremendous value and efficiency

in the processing and management of voice calls.

Chapter 4 is dedicated to electronic messaging

technologies and systems, including facsimile, voice

processing, electronic mail, Instant Messaging (IM), Short

Message Service (SMS), and Multimedia Message Service

(MMS). Increasingly, these technologies are viewed as

converging into a unified suite of messaging systems, if not

a unified information stream, and ultimately into a suite of

unified communications systems. Indeed, we see the

beginnings of such unification in the Internet, the World

Wide Web (WWW), and next-generation IP-based networks.

Chapter 5 concentrates on the conventional Public

Switched Telephone Network (PSTN), addressing the origin,

evolution, and contemporary nature of the traditional voice

network. The underlying technologies, regulatory and

standards domains, carrier/service provider domains, and

functional domains all are discussed. This chapter also

defines the nature and specifics of the signaling and control

systems that manage and control the operation of the

various network elements in order to ensure that the

network functions as a whole. A wide variety of voice

network services are defined and illustrated. The chapter

concludes with a discussion of a number of critical PSTN

issues, including numbering plan administration, number

portability, equal access, and the impact of developing IP-

based voice networks.



Chapter 6 begins the discussion of data communications,

addressing a number of basic concepts. Data terminal

equipment, data communications equipment,

communications software, and the network are explained as

the various functional domains in a data communications

network. Protocols are explained, both as a concept and in

terms of certain specific, baseline examples. Additionally, a

number of key elements of a data communications protocol

are discussed, with specific examples provided. Network

architectures are examined, with concentration on layered

operations models such as that of the Open Systems

Interconnection (OSI) Reference Model, which sets the

framework for interconnectivity and interoperability.

Discussion follows of the various influential standards

organizations, with security issues and techniques serving

as the conclusion.

Chapter 7 centers on conventional digital and data

networks, which are based on the voice network model.

Dedicated and circuit-switched networks are discussed in

the context of both private and public data networks.

Specific data network options, presented in rough order of

deployment, include Dataphone Digital Service (DDS),

Switched 56 and classic Virtual Private Networks (VPNs), T-

Carrier and E-Carrier, X.25 and packet switching, and ISDN.

Chapter 8 steps back from the traditional Wide Area

Network (WAN) to explore the world of the LAN, the concept

of which was first formally expressed in 1973. Since the first

LAN Standard was published in 1982, LANs have grown to

the point that they are virtually ubiquitous. This chapter

defines LANs in terms of fundamental dimensions such as

acceptable transmission media, physical and logical

topologies, baseband versus broadband, and media access

control. LAN and internetworking devices are discussed,

including hubs, bridges, switches, routers, and gateways.

Network Operating Systems (NOSs) are presented in the



context of the client/server model, and the fundamentals of

LAN internetworking are discussed, with emphasis on the

Transmission Control Protocol (TCP)/IP suite. The chapter

finishes with a discussion of relatively recent developments

including Virtual LANs (VLANs), remote LAN access, high-

speed LAN technologies and standards such as 100BaseT

and Gigabit Ethernet (GbE), Wireless LANs (WLANs), and

Storage Area Networks (SANs).

The next two chapters deal with broadband networking,

the high-speed future of communications. Chapter 9 is

dedicated to discussion of the physical infrastructure, with

the initial focus on recently developed local loop

technologies, both wired and wireless. Considerable

discussion is devoted to Digital Subscriber Line (DSL), CATV

networks, Passive Optical Network (PON), Wireless Local

Loop (WLL), and Broadband over Power Line (BPL).

Synchronous Optical NETwork/Synchronous Digital Hierarchy

(SONET/SDH) and Wavelength Division Multiplexing (WDM)

fiber optics, the ultimate in broadband wireline networking,

are presented in detail. Chapter 10 focuses on broadband

fast packet networks in the forms of Frame Relay (FR) and

Asynchronous Transfer Mode (ATM). Discussion of

Broadband Integrated Services Digital Network (B-ISDN) and

Advanced Intelligent Networks (AINs) conclude the chapter.

Chapter 11 explores the world of wireless communications

—not traditional wireless transmission systems such as

microwave and satellite, but rather special network

alternatives. Popular options examined include Specialized

Mobile Radio (SMR), paging, and 2G, 2.5G, and 3G cellular

networks. Discussion of Low-Earth Orbiting (LEO) satellites

networking rounds out the discussion of wireless

communications.

Chapter 12 is devoted to video and multimedia systems

and networks. The addition of a visual dimension enhances

communications to a very significant extent, although it



places great demands on the supporting networks. As video

and multimedia networking is highly capacity intensive and

as broadband networks are by no means fully deployed,

cost-effective applications remain few. But the future

beckons—and the future certainly includes video and

multimedia.

Chapter 13 profiles the Internet, including its origins,

nature, and structure. The TCP/IP protocol suite is discussed

in detail, and QoS (Quality of Service) protocols and

mechanisms are explained. Internet access options,

equipment, and costs are explored, and issues of regulation

and security are discussed. A sample of the more interesting

and legitimate applications are visited, most especially that

of the World Wide Web (WWW). Voice over IP (VoIP) and

Multiprotocol Label Switching (MPLS) are examined in detail.

Chapter 14 addresses network convergence, the coming

together of voice, data, video, and entertainment networks.

As the networked world becomes increasingly deregulated

and as users develop an ever more insatiable appetite for

ever more exotic and capacity-intensive applications, a host

of companies are vying to satisfy that hunger. CATV

providers in the United States now deliver not only

entertainment TV service but also voice and high-speed

Internet access. Telcos now not only offer voice and high-

speed Internet access but also are beginning to offer

entertainment TV service. The stakes are enormous in

magnitude, as the outcome will shape the future of the

networked world. The status, the issues, and the likely

outcomes are explored in this chapter.

Chapter 15 rounds out the tour of the networked world

with a profile of regulation, both domestic United States and

international. The origins, evolution, and current status of

regulation are tracked through key legislative, judicial, and

agency events. Current regulatory issues are discussed with



emphasis on deregulation, most especially in the context of

the Internet and convergence.

Finally, there are two appendixes. The first is a complete

listing of every germane abbreviation, acronym, contraction,

initialism, and symbol mentioned in this book, and there are

hundreds of them. Consider this appendix to be your secret

decoder ring. It also provides you with a tool for finding your

way through the highly detailed Index, for I do not list

subject matter by acronym or abbreviation there. Rather, I

list things in the Index in order of the terms, themselves,

spelled out fully. The second appendix is a listing of all the

standards bodies and special interest groups that I consider

to be of relevance. Included in each listing is full contact

information, current as of the time of this writing (June

2007).

RAY HORAK

The Context Corporation

ray@contextcorporation.com

mailto:ray@contextcorporation.com
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