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Preface

The idea for this book resulted from one of my very frequent trips to the
bookstore. Upon inspection of the various titles on networking and data
communications, I failed to find any straightforward books on computer
networking or descriptions of the various types of network architectures.
While it is true that there were a few titles on the subject of networking,
many were on how to use the various timesharing services or theoretical
aspects of data communications. I could not find any books on general
network concepts. Worse, I found very little intelligible information on the
various types of network architectures and where they are applicable in the
area of computer networking. Not that there are not good books on
networking—there are. Many, however, are too general or too technical.
There are few in the middle.

During further conversations with various friends in the industry, I was told
that they were having a tough time explaining to their management about
how computer networks and computer network architectures work and the
difficulties involved with such projects. Many managers and nontechnical
personnel do not fully appreciate the issues and problems involved in com-
puter networking including design, preparations, installation and many
other issues having to do with computer networks. Not that they don’t want
to know—the problem is where to go for information.

This book is not the end-all solution for understanding network concepts
and architectures. Its purpose is to enlighten the reader on concepts, buzz-
words, and topics involved with various aspects of computer networking.
I hope that you enjoy this book. If you have some comments on how this
book could be improved, please feel free to contact me at P.O. Box 13557,
Arlington, Texas 76094-0557.

Bill Hancock
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Chapter One

What Is Communication?

INTRODUCTION

"Communication is, son, what you will get across your posterior if you
do not clean up your room!"

How about this one:

"I mean, like, you know, like, there was just no communication between
us, man. We were on this really weird trip and just couldn't seem to
reach the same line pattern; y'’know what I mean?"

Of course, there's always this one:

"Thank you for your letter of 9 October. In response, we would like to
ascertain the relationship, through differential and qualitative thought, of
our mutual and underlying interests regarding the manner in which your
office plans to concatenate and otherwise perform an overall and lasting
modification of corporate guidelines to reduce the amount of unnecessary
and verbose correspondence between office hierarchies."

Finally, we've all heard this one:

"The check is in the mail."

What we have just seen is proof that humans do not communicate proper-
ly. In the course of everyday life, we all are faced with instances where

communication "breaks down." We are then forced to consider alternative
means of communication such as different patterns of speech, reiteration



of verbal communication, or even to communicate our desires and dis-
pleasures through an alternative communications media, such as physical
actions (sign language, body motions, physical violence). This book is
not about how people talk to people; more it is how people talk to ma-
chines (computers) and how machines talk to other machines. Itis impor-
tant, however, to understand that people build machines, sometimes in
our own image and likeness. As a result, many different types of comput-
ing systems and data communication procedures have developed, often
leading to a breakdown in communications.

The Human-Machine Experience

There was a time when communicating with computing machines was dif-
ficult. Anyone desiring access to the all-powerful computer had to first
fill out countless request forms (computer cards) and present them to the
computer's representative, the batch stream operator. The operator would
then tell the luckless user that they would be ready soon. How soon?
"As soon as they are ready!"

Oh.

After waiting a reasonable amount of time, the user would return to the
all-powerful computer and ask the operator for the data requested. One of
two responses seemed to be the most common in those days: "Sorry, it's
not ready yet," or, "What job?"

Realizing that batch computing was slow and produced results that were
often not timely, the term "interactive systems" soon became the cry of
system purchasers and users worldwide. With an interactive system, us-
ers would have use of a terminal to communicate directly to the all-
powerful computer and have it execute programs interactively with the
user. This led to many users being able to perform work more quickly
and efficiently, as well as giving them control over the all-powerful com-
puter. But, with all good things, problems must arise.



More terminals began to appear on systems, meaning that more data was
being required more often by more users for management decision making
and for everyday production. Soon it became apparent that the computers
purchased would not be able to handle the amount of terminals that were
being added to them. This led to a general user revolt, in some compa-
nies, because there were "never enough terminals"” to do work on and the
computer system could not support more.

Users were then lured by the prospect of the personal computer (PC). The
idea of computing on one's desk was very attractive as was the ability to
not have to beg for computer time from the all-powerful computer or surly
operators. With PCs, computing could be done by the user, for the user,
and without, necessarily, the help of the computer types. With the intro-
duction of user-usable (I avoid the term user-friendly, as most programs
are not) programs, spreadsheets, and databases, the ability to effectively
use the PC as a serious business tool became viable. Unfortunately, the
need did not alleviate the load on the all-powerful computer and a new
need surfaced at the same time: getting information between PCs and the
all-powerful computer in an easy, efficient manner.

On the other side of data processing were the engineering and scientific
communities, who desired the use of computing systems for precise cal-
culations and for other functions such as numerical control, process con-
trol, computer-aided design (CAD) and computer-aided manufacturing
(CAM). Where computing within the commercial environment tolerated
some delays in generation and collection of data, in the engineering and
scientific environments minor deviations in measurements or time can be
critical to operations. As a result, engineering and scientific programs
tend to be more compute-intensive (i.e., making exhaustive use of central
processing unit resources) rather than I/O-intensive (making exhaustive
use of input-output related peripheral devices, such as disk drives).

Most commercial data processing shops utilize the batch-oriented or inter-
active ("timesharing" — every user shares an equal amount of time)



computing systems, which were designed for I/O operations and also for
multiple terminal requests from users. These two types of computing sys-
tems are, unfortunately, inadequate for engineering and scientific opera-
tions. This led to the development of what is called "real-time" systems.
Real-time systems respond to nebulous items called "events." An event
could be the completion of an I/O request, and interruption of the system
by an analog collection device, power failure, etc. Essentially, it is impor-
tant to know that an event is, simply, anything that has the potential of
changing the status of the system. Through the use of event-oriented
systems, engineers and scientists could now design systems to manage
operations that required real-time (immediate) response and action: manu-
facturing, assembly, chemical reaction control, nuclear reaction and
fission control, process control, and many other items. To develop such
systems, however, the scientific and engineering personnel needed much
more sophisticated development environments than the classic commer-
cially-oriented developer. Problems such as display graphics, flow mech-
anism, exacting display graphics for computer-aided design, simulation of
electrical circuitry and many other high-power consumption needs forced
the development of engineering workstations.

Engineering workstations are used for a variety of tasks, but usually in the
areas of computer-aided design (CAD), computer-aided manufacturing

(CAM), and computer-aided engineering (CAE). With the influx of CA-
oriented workstations has also come the problem of high-speed communi-
cations and sharing of data and programming. CA-oriented stations tend
to use very powerful PCs, minicomputers, or superminicomputers to pro-
vide the compute power necessary to handle the graphics, math-intensive
computations, database access, and communications needs of the modem
CA-oriented workstation. Along the lines of the CA-oriented workstation
is a new line of workstations called computer-aided programming (CAP)
stations that are used by programmers and systems personnel to produce
sophisticated computer applications through non-traditional means. CAP
stations can provide interactive Artificially Intelligent (AI) environments
for AI programming, graphic display meta-environments for graphics pro-
gramming, programming tools and programmer-friendly symbolic



debugging systems. As with the commercial environment, however, the
need for communications between engineering workstations and the all-
powerful computer (as well as amongst each other) are increasing and the
technology is not keeping up with the demand.

As it can be seen, the human-machine interface can be very complex in-
deed. The way that a personnel specialist communicates with a computer
system and the way that an engineer communicates with a computer sys-
tem can be radically different due to the nature of the job at hand and also
the type of computer that is used to perform the job.

The Machine-Machine Interface

If you think that getting humans to communicate with each other is tough,
try to get two dissimilar computing systems to "talk" to each other. It is
very similar to an American attempting to communicate with a Chinese
without either having knowledge of the other's language, customs, and
idioms. Needless to say, the attempt at verbal communication is doomed
to be worthless, and gestures between the two can sometimes do more
harm than good. For example, consider the gesture that most Americans
use to indicate the number two — the index and middle finger extended,
the rest of the fingers folded, usually with the back of the hand towards
the person the gesture is directed at. For most of us, this indicates two (2)
of something: hamburgers, french fries, soft drinks, hurricanes, H-
bombs, demolition derbys, ad infinitum. Now, just for excitement, travel
to Scotland, walk into the local pub, and order two beers using the same
gesture. Do not be surprised if the bartender attempts bodily harm on
you! The same gesture that indicates two of something in the United
States means, basically, "up yer kilt, laddie" in Scotland. The point is that
frequently, we humans can communicate with sign language and get re-
sults (desirable or undesirable), even though we may not understand the
language of the other person we are attempting to communicate with.

Computing systems do not have the luxury of being able to gesture to oth-
er computer systems when the language barrier exists. Computers, you



see, are very dumb. After all, all they do is add. Ah, but you say, that's
not true. Of course it is. Subtraction is the complement of addition, mul-
tiplication and exponentiation are just a bunch of adds, and division is
subtractions. Even though the basic unit of work (addition) is the same in
virtually every computing system, the results are different and the meth-
ods of communicating results to peripheral devices and humans tends to
be unique to the computing system that created the results. Since comput-
ers cannot gesture very well, it is highly unlikely that one computer, say
an IBM system, that expects to communicate in a certain manner will be
able to communicate with a dissimilar computer (e.g., an Apple II).

PUTTING IT ALL TOGETHER

What does this mean? Essentially, for computers to communicate with
each other, they must have something in common, like a "language" or,
more specifically, a protocol. Just like there is protocol at a very formal
dinner engagement that we humans might attend, computers expect a very
formal protocol so that they can communicate with each other on an
efficient basis. It is the job of the engineers and programmers to develop
protocols so that computers can "talk" to other computers, terminals, peri-
pherals, and humans. In case you have not met one before, those are the
people who sit in their offices and cubicles, speak in unintelligible three
and four letter words that no one but engineers and programmers under-
stand, think that users are dumb, consume great deals of caffeine-laced
coffee, work odd hours, and are generally considered to be somewhat
strange by most users. Most of them will not byte (pun intended) if they
are carefully fed massive quantities of junk food and technical publica-
tions. They are the creators of the all-elusive protocol, each with their
own method of implementation and their own ideas of "what a protocol
should be." This is why there is such a veritable plethora of protocols in
existence and also why so many of them are incompatible with each other.

Still, there are a few engineers and programmers that understand more
than one type of protocol. This special type of person is the one who de-
velops the "black box" or protocol emulator that is used for computer-
computer communications. The emulator is usually a device or software



program(s) that is used to "translate" one protocol into another. The idea
is similar to the use of an interpreter that speaks English and Chinese.
Now the Chinese can communicate with the American and the American
with the Chinese. With the use of the interpreter, the two individuals
now have something in common — the interpreter. In computer-computer
communications, the thing in common would be the protocol emulator or
the device that was developed to "interpret" communications between the
two machines.

Conclusions and Warnings

It is obvious that communications between computing systems are similar
in many respects to interpersonal communications between humans.
There is a certain, set procedure in which communications are established,
how long they continue, and (usually) a means to terminate communica-
tions. While humans communicate in languages, we frequently resort to
gestures to emphasize our points or to clarify our communication to other
humans. Since computers do not have this luxury, they have to be doubly
specific when communicating with each other. Also, just as we know
when we do not hear something quite right, we ask for it to be repeated.
Computers have to do the same. We can therefore conclude that machine-
to-machine communications are similar, in many respects, to human com-
munications, the exception being that they are less tolerant than humans
and cannot be physically expressive.

It is the wise implementer that understands the needs of the users and sys-
tem before implementation of any computer-computer communications
scheme. It also should be noted that communications are not a "quick and
dirty" process. Careful thought and consideration has to be given to all
aspects of pending implementations. Computers cannot do that; humans
have to. This also means that implementation of any communications sys-
tem will not be without expense: be prepared to reach deep into the pro-
verbial wallet when considering communications.



Finally, consider the following diagram:

Good

Fast Cheap

The diagram illustrated is called "Truman's Triangle," after its inventor
Truman Reynolds. Think of "Truman's Triangle" as the guide to imple-
mentation of anything that is data processing related. Its use is simple:
pick any two corners, such as "CHEAP" and "GOOD." You will notice
that the remaining corner has the word "FAST" in it. What this means is
that if you want something good and cheap, it will not be fast. In the ex-
ample of the corners "FAST" and "GOOD," the result will not be
"CHEAP."

Plan your communications implementation carefully. Do not be shocked
when costs are uncovered — data communication is NOT cheap. Do not
rush into data communications. If communications are planned and imple-
mented correctly, they will save you time and money. If they are imple-
mented incorrectly, do the following:

1. Be prepared to spend more to correct problems.

2. Learn to like communications downtime.

3. Stock up on your favorite ulcer medicine and aspirin.
4. Remove all sharp objects from your office.



Chapter Two
The Basics

INTRODUCTION

Understanding data communications is much like trying to learn a new
language and culture at the same time. The language part involves the
learning curve the newcomer to data communications experiences when
trying to decipher all the bits and pieces of jargon that entwine the commu-
nications world — DDCMP, BiSYNC, ATLP's, EIA-232D, OSI, ISO,
X.25, etc. Culture is something that is developed over a period of time; it
involves learning to UNDERSTAND WHY equipment does what it does,
protocols work the way they do, users cause the trouble they do, manag-
ers don't understand about the $1000.00 per month MODEM, and the
like.

There are people who spend their lives in search of the perfect protocol —
the one that allows perfect communication between everything and
everyone. Others spend their lives trying to create more abbreviations for
communications in hopes of reducing the overall length of communica-
tions terms. But, by and large, most of us just want to know enough to
get our communications working, enhance them when they need it, keep
them from breaking down, and find a way to fix our communications
problems when they arise. To do this, we must understand some of the
jargon of the communications world and also the basics of how to
communicate.

DISTRIBUTED PROCESSING AND NETWORKING

One of the most renown problems in the communications industry is the
confusion between distributed processing and networking. They ARE



NOT the same! Distributed processing refers to a managerial technique
that is used to distribute a data processing workload amongst several loca-
tions or internal corporate divisions. An example would be the use of a
mainframe system to perform most of the corporate processing and word
processors, strategically placed throughout the organization, being used
for local word processing and preliminary data collection. It is important
to note that there is no direct communication between the mainframe and
the word processing systems; still, distributed processing has been imple-
mented. Computing machinery necessary for corporate operations has
been distributed to the appropriate levels and users for maximum effec-
tiveness of available resources.

Networking is the proverbial horse of a slightly different color. Network-
ing is somewhat like distributed processing — the systems communicat-
ing may or may not be co-located, and they are probably distributed to the
appropriate levels of user necessity. The difference here is that the sys-
tems actually "talk," or communicate, with each other. The communica-
tion usually involves electronic data transfer of some type over a private
cable, leased cable, or public phone line. While the implementation of
distributed processing concepts may be cheaper, they do not have the
power of a network, or the problems. Networked systems have protocol
compatibility problems, line failures, growth problems, and myriad other
problems much too lengthy to be discussed at this time. For the purposes
of this book, we will not discuss the usefulness of classical distributed
processing; rather, we will discuss networks and networking. An under-
standing of networks and networking will make distributed processing
techniques easily apparent.

Network Topology

Network topology is the basic outlay or design of a computer network.
Think of topology as the architectural drawing of the network compo-
nents, which is much like the architectural drawing of a home or building
(some are simple, some are very complex). This design can be varied in
accordance with the company's needs, but certain base elements to
configuring the topology of a network still apply.
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