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STATEMENT OF INTENT

In years ahead an understanding of data transmission will be of great
importance to the systems analyst. Our systems and to some extent

~our society will be dominated by the ability of separate machmes to
transnfit information to one another.

This book is an attempt to set into perspective the principles
behind the different types of data transmission hardware and organiza-
tion. It discusses control methods and mechanisms, with illustrations
of different types of networks. It explains the techniques possible for
organizing the flow of data on today’s telecommunication lines.

We may state the main problem of teleprocessing network
organization simply: If we have a data transmission network, possibly
with long lines and possibly with many terminals, how can we minimize
the cost of that network and still have it work effectively ?

Many time-sharing systems and commercial real-time systems
today have had a small number of terminals. They have given a
valuable service to a small community of users. The industry now
needs to extend that service to a large community. A corporation would
like all of its locations to have on-line access to a scientific computing
system. It would like to deploy many hundreds of terminals dn its
factory shop floors for production control. We would like doctors in
certain hospitals throughout the country to have access to a medical
data base. Airlines must connect offices around the world to one
reservation system. The police need a vast network of information
terminals. All of a firm’s sales offices should be connected to a central
computer. . . .

How do we organize the data transmission links so that they are
reliable, give fast service to the user, and are not too costly? How do




we achieve a fast response time on a network with many users?
Furthermore, how do we organize these links and keep the cost of the
terminal low?

Can we lessen today’s telecommunication bill? Many firms in.the
U.S.A. are paying the common carriers a million dollars a year for
data transmission, and this will increase considerably in the next decade.
But small firms also need to organize their transmission more efficiently.

To answer these problems a multitude of devices and techniques
have been created. Many more are on their way. Some systems have
more control characters flowing on their lines than data. The choices
facing the systems analyst in the area of network design are becoming
bewilderingly complex. -

The material in this book is the basis of a course given at IBM’s
Systems Research Institute and it is thought important that such a
course be given in universities and industry elsewhere. The book may
be used in conjunction with the author’s other books, and is intended
to be complementary to the author’s Telecommunications and the
Computer, Prentice-Hall, 1969. Design calculations and algorithms
are not discussed in this book, but are included in a more ,compre-
hensive work by the author entitled Systems Analysis for Data Trans-
mission, Prentice-Hall, in press.

It is intended that some of the more detailed sections be used by
computer personnel for repeated reference, and that the book will be
of value to them in forwarding their careers. It is hoped, therefore,
that this book will be owned by such people rather than meeting the
sad fate of only being borrowed from a library and read once.

IM.
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1 TYPES OF
COMMUNICATION LINKS!®

The facts about the transmission links which most concern a systems
analyst are the cost of the links and the rate at which data may be sent over
them. This can have a major effect on the feasibility of different systems
approaches. All the common carriers issue a price list describing their
facilities. Let us begin our description of communication networks with a
summary of the links that are available.

The illustrations in the following summary are taken from the offering
of the carriers in the United States and Britain. Those of other countries
are broadly similar. Countries with less well-developed data transmission
have less to offer in the way of wideband (high-capacity) facilities.

The services that a common carrier offers to the public are described
in tariffs. A tariff is a document which, in the United States, is required by
the regulating bodies that control the carriers. The United States Federal
Communications Commission must eventually approve all interstate
facilities, and similar state commissions corntrol those within state bound-
aries. By law, all tariffs must be registered with these bodies. In most other
countries, the telecommunication facilities are set up by government bodies
and thus are directly under their control.

In the United States the subject of communication rates has become

complex. The amount and structure of charges differ from one state to

another, In other countries, such as England and Germany, the rates for
motre conventional channels remain relatively straightforward; however,
as the carners there are government organizations, they are not obhgcd to

3 . o~
EEE 5

1 Thls opening chapter summarizes material discussed in more detail in the com-
panion book Telecommunications and the Computer by James Martin, Prentice-Hall, Inc.
1969. It is recommended that the reader should read that book in conjunction with this.
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2 TYPES OF COMMUNICATION LINKS

publish tariffs for all of their facilities. The price for less common channels,
such as broadband, may have to be obtained by a special request to the
carrier. In general it is desirable, when one is designing a system, that the
carrier in question be called in to quote a price for the facilities needed.

TELEPHONE When from your home telephone you dial a
CHANNELS number in the same locality, your call goes to a

nearby publicexchange. (Referred to as a central
office in American parlance.) The equipment in this building connects the
wires from your telephone to those of the party yoy call. These wires are
permanently connected from your local central office to your telephone and
are referred to as a Joop. No other subscriber uses them, unless you have a
party line. Thousands of such wire connections lie under the streets of a city
in cables like that in Fig. 7.6.

Loops to a company building normally terminate at a switchboard,
which has several extension lines to telephones in the building. The switch-
board may be manual, with interconnections made by an operator using
cords, or it may be automatic, in which case the user can dial his own con-
nections. Switchboards at such premises are described as private branch
exchanges (PBX), private automatic exchanges (PAX) or sometimes pri-
vate automatic branch exchanges (PABX). Use of private exchanges in
data-processing systems is discussed in Chapter 8. '

A circuit between two switching equipments is referred to as a frunk.
When you dial a person whose telephone is not connected to the same
central office as your own, your call is routed over an interoffice trunk. The
switched public network consists of a complicated system of switching
offices and interconnecting trunks, which will be described in a later
chapter. Trunks between switching offices are normally designed to carry
many telephone conversations, not just one as on the local loop.

A tie kine, or tie trunk, is a private, leased communication line be-
tween two or more private branch exchanges. Many companies have a
leased system of telecommunication lines with switching facilities. To
telephone a person in a distant company location, an employee must first
- obtain the appropriate tie line to that person’s private branch exchange.
On an automatic system this is done by dialing a tie-line code before the
extension number. i

The tie line (or lines) to that location may be busy, in which case a
“busy tone” (“engaged signal,” in British parlance) can be heard before the
extension number is dialed. _

As we will see in subsequent chapters, tie lines often form an important
feature of data pracessing networks. All of the lines above can be used for
data transmission as well as voice transmission. Where one voice line is
used the transmission speegd is limited to a few thousand bits per second,
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depending, as will be discussed later, on the equipment used at each end of
the line. This is the data capacity of a telephone line. Often, however, the
tie-line system has more than one voice line connecting two locations. At
the time of writing, the common carrier tariffs in the United States make a
channel giving 60 voice lines (or their equivalent) considerably less expen-
sive than leasing 60 individual voice channels. If such a channel is used, a
group of voice lines may be taken over fogether for data transmission at a
speed many times higher than that possible over a voice channel.

One typical large corporation uses its tie-line groups in this manner as
a broadband data network during its second and third shifts. The lines are
transferred to data automatically, as a group, and so telephone calls in
progress on those lines may possibly be interrupted. The corporation tie-
line directory contains the following note:

“When a transfer is about to occur, callers will hear a special interrupt

tone that is introduced during a conversation. Callers hearing this tone

should hang up and redial the call after a 30-second interval. Nor-
mally, these transfers will only occur after 6:00 p.m. Eastern Time.”

e

LEASED VERSUS -~ "' Voice lines and telegraph lines can be either

SWITCHED LINES switched through public exchanges (central

offices), or permanently connected. Facilities

for switching broadband channels are also coming into operation in some

countries, although thesechannels, today, are usually permanent connections.

When you dial a friend and talk to him on the telephone, you speak over
a line connected by means of the public exchanges. This line, referred to as
a “public” or “switched” line, could be used for the transmission of data.
Alternatively, a “private” or “leased” line could be connected perma-
nently or semipermanently between the transmitting machines. The private
line may be connected via the local switching office, but it would not be
connected to the switch-gear and signaling devices of that office. An inter-
office private connection would use the same physical links as the switched
circuits. It would not, however, have to carry the signaling that is needed
on a switched line. This is one reason why it is possible to achieve a higher
rate of data transmission over a private line. Another reason is that pri-
vate lines can be carefully balanced to provide the high quality that makes
higher-speed data transmission possible.

There are also in operation several large private line systems that are
also switched (Chapter 8). It is possible to engineer these to the same
quality as private lines, and hence provide a switching system of better
quality than the public network.

Some private line systems are wholly owned by their users rather than
leased. Typical of such systems are communication links within a faotory,
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private microwave connections and other radio links, lines along railroad
tracks, and, today, in some laboratories, private wiring of terminals to a
time-sharing computer.

As you can either dial a telephone connection or else have it per-
manently wired, so it is with other types of lines. Telegraph lines, for ex-
ample, which have a much lower speed of transmission than is possible over
voice lines, may be permanently connected, or may be dialed like a telephone
line using a switched public network. Telex is such a network ; it exists
throughout most of the world, permitting transmission at 50 bits per second.
Telex users can set up international connections to other countries. Some
countries have a switched public network, operating at a somewhat higher
speed than Telex but at less speed than telephone lines. In the United States,
the TWX network gives speeds up to 150 bits per second. TWX lines can be
connected to Telex lines for overseas calls. Also, certain countries are build-
ing up a switched network for very high-speed (wideband) connections. In
the United States, Western Union has installed the first sections of a system
in which a user can indicate in his dialing what capacity link he needs.

BANDWIDTH OF The signal-carrying capacity of communica-
A VOICE CHANNEL tion links can be described in terms of the
frequencies that they will carry. A certain
physical link might, for example, transmit energy at frequencies ranging
ffom 300 hertz to 150,000 hertz. (The word hertz has replaced “cycles per
second” in describing frequency and bandwidth. Their meaning is identical.)
Above 150,000 and below 300 hertz, the signal is too much attenuated to be
useful. The range of frequencies is described as the bandwidth of the channel.
The bandwidth is 149,700 (=150,000— 300) hertz (or cycles per second).
In fact, the upper cutoff point is not as sharp as is suggested by this, and we
would probably say a bandwidth of 150 kilohertz. :
. Figure 1.1 shows the attenuation of different frequencies on a typical
voice channel. It will be seen that between about 300 and 3400 hertz (cycles
per second) different frequencies are attenuated roughly equally. Fre-
quencies outside these limits are not usable, and hence we would say that
this channel had a bandwidth of 3100 hertz.

The quantity of data that can be transmitted over a channel is approxi-
mately proportional to the bandwidth.?

The frequencies transmitted in Fig. 1.1 are not sufficient to reproduce
the human voice exactly. They are, however, enough to make it intelligible
and to make the speaker recognizable. This is all that is demanded of the
telephione system. Hi-fi enthusiasts strive to make their machines repro-
duce frequencies from 30 to 20,000 hertz. If the telephone system could

2 Telecommunications and the Computer, Chapters 10 and 11.
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transmit this range, then we could send high fidelity music over it.
Sending music over the channel in Fig. 1.1 would clip it of its lower and
higher frequencies, and it would

sound less true to life than over a

small transistor radio.

The physical media that are
used for telecommunications all
have a bandwidth much larger than"
that needed for one telephone con-
versation, so between towns one link
is made to carry as many voice
channels as possible. The bandwidth
of one physical channel is electronic-
ally cut up into slices of 4000 hertz
and each of these slices becomes one
voice channel.® The result is shown
in Fig. 1.1. The frequencies of

Relative Signal Strength After Transmission

Fig. 1.1 fit easily into the 4000 hertz )
slice.

To transmit data over- the 6 1560 5000 30064500
telephone line, then, we must mani- Frequency (cycles per secand)(Heriz)
pulate it electronically so that it fits Fig. 1.1. Variation in signal
into the frequencies of Fig. 1.1. This strength with frequency after
is done by a device called a modem, transmission over a typical
which will be discussed shortly. voice line.

Nonvoice channels have band-
widths different from that in Fig. 1.1—subvoice grade channels are lower
in bandwidth, and broadband channels are higher. If desirable, channels
of extremely high bandwidth can be obtained.

SIGNALING We must add one compli€ation to Fig. 1.1.

On public voice lines we are not completely
free to use all of the bandwidth shown. Certain frequencies are used by
the telephone company for their own signaling, and we must not interfere
with this.? .

Figure 1.2 shows the signaling frequencies used on Bell System and
British telephone lines. Unfortunately the frequencies are not the same, and
in some other countries they are different from either of these. Signals are
sent at these frequencies to indicate, for example, when a subscriber puts
down his telephone so that the line may be disconnected.

38 Telecommunications and the Computer, Chapters 10 and 15.
4 Telecommunications and the Computer, Chapter 17.



