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Data communications is today a dynamic and rapidly ex-
panding field stimulated by the increasing need to link elec-
tronic computers and other business machines across great
distances. The resultant union of the data processor and the
communicator has provided a vital service to the everyday
operation of business, industry, and government.

This is the first of a two-part article which presents an
introduction to data communications technology, and offers
some insight into the future of this progressive field.

I ESs than one percent of the compu-

ters in service today arc inter-
connected through a communications
network. However, it is estimated that
ten years from now at least half of the
computers in operation will be working
together on a real-time basis. Tt is also
anticipated that the volume of digital
data transmitted over communications
facilities will eventually equal and per-
haps excced the volume of voice traffic.

A little over a century ago the first
data message was transmitted on wire
lines by Morse Code. But this was not
the beginning of the realization that the
spoken word could be represented by
some analogous language. Ancient rec-
ords confirm that semaphore-type data
or information transmission systems
using the visual sense for perception
existed even before the Greek and
Roman cmpires.

But what is data? It might be de-
scribed as factual information required
as the basis for making decisions. Thus,
statistical reports, cengineering  docu-
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ments, and historical records all contain
data. Data covers a broad range of in-
formation and plays an important part
in the decision-making processes of our
everyday lives. In this discussion, how-
cver, the meaning of data is limited to
digital forms of information used in
machine-to-machine communication.

The economics of computers and
other types of business machines are
based on moving information to
achieve optimum use of what are
usually expensive facilities. Some of the
large-scale computers now in service arc
capable of input rates as high as
10,000,000 bits per sccond (b/s). Bit,
a contraction of bmary digit, expresses
a unit of information in a two-element
binary code. The elements are called
“mark’’ and “space”, and indicate the
choice between two cqually possible
cvents.

The requirement for data communi-
cations ariscs because modern business
machines and computers can record and
store information more cfficiently, more




accurately, and significantly faster than
can humans. At present, thousands of
data messages are transmitted over tele-
phone networks at speeds many times
faster than could be achieved by human
speech.

Communicating with Data

Data signals are transmitted over
vatious types of telephone circuits.
They travel on wire from telephone
pole to telephone pole, through under-
ground cables, from mountain top to
mountain top over microwave facilities,
on the ocean floor in submarine cables,
and via communications satellites from
continent to continent. Some type of
data conversion equipment is required
to change the digital machine signals
to a form suitable for transmission over
these facilities.

The data machine which provides an
input to the transmit section of the
conversion equipment, ot modulalor.
can be a keybaard, printer, card reader,
paper tape terminal, computer, or mag-
netic tape terminal. The output from
the receive section of the converter, or
demodulator. can be applied to a tape
punch, printer, card punch, magnctic
tape unit, computer, or visual display
terminal. Typizally, both the modulator
and demodulator scctions of the con-
verter are combined into a two-way data
transmitter-receiver, commonly called a
data moden or daja sel.

Figure 1 illustrates a typical full-
duplex data transmission system includ-
ing the originating data processing
equipment and the interface assembly
which consists of buffer and control
units. The interface assembly at the
transmitter accepts data at a rate deter-
mined by the operating speed of the
data processor, storcs the data tempor-
arily, and regenerates it at a rate com-
patible with that of the data modem. At
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the receiving terminal the interface as-
sembly accepts the received data, stores
it, then feeds it to the data processor at
the appropriate rate.

Timing signals from the interface
assembly at the transmitter are applied
to the data modem to synchronize the
computer and the data set. At the re-
ceiver, synchronization pulses are de-
rived from the data stream to synchro-
nize the computer.

When more than one data set feeds
into a computer, the capacity of the in-
terface equipment 1s of major concern
since it must determine the time slot
allocation for each line. Various types
of interface assemblies are employed,
such as magnetic core memories, shift
registers, and delay lines. Not all data
communications terminals employ an
interface between the data processor
and the data modem. Without an inter-
face the input, data transmission, and
output functions proceed simultan-
cously and at the same rate of speed.

Since data signals are rarely in suit-
able form for transmission over the
various types of transmission facilitics,
a signal coding process is normally per-
formed. Ideally, the transmission me-
dium should have linear attenuation
and delay characteristics, but this is
never so in practice, and transmission
impairments are always present to dis-
turh the data signals. As a comparison,
in voice communications a high degrec
of transmission irregularitics can be
tolerated. If a voice circuit has a heavy
loss or is noisy, the speakers compen-
sate automatically by increasing the in-
tensity of their voices. If words are
nussed because of transmission difficul-
tics, they arc often understood anyway
because of the redundant nature of
speech. In contrast, there is no inherent
redundancy in data signals unless pur-
poscly inserted and, thercfore, trans-
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Figure 1.

Typical full-duplex data transmission system arrangement. Timing

signals [rom contro! unit synchronize data transmitter with data processor. At

receiver. the element of :ime is important in reconstructing the original digital

representation of the data. This is accomplished by deriving sync pulses from the
data stream.

mission variations can onlv be comper:-
sated for over a very small range. In
addition, data signals arc sensitive to
other transmission impairments which
have little effect on speech.

Coding is undertaken to alleviate
transnussion irregularitics, to increase
the information capacity of the system,
to ¢nable error detection, and te pro-
vide message security. The coding proc-
ess in the data transmitter (usually
called cncoding) simply rearranges the
applied data machine signals into some

other format. At the receiving end
the reverse process (decoding) is per-
formed to recover the onginal machine
signals.

The diagrams in Figure 2 show the
two types of information signals that
are applied in digital form to a data
modem. Shown in A is a binary nen-
return to zero (NRZ) signal. In B the
same signal is shown in the retwrn to
zere (RZ) format. The difference be-
tween A and B is that in A successive
marks or spaces follow one another,




whereas in B there must be a return to
the space level between successive
marks. The voltage values of marks and
spaces are arbitrary and may be positive,
negative, or both.

Telephone Facilities

When data communications devel-
oped, a long established voice transmis-
sion facility already existed, and logi-
cally included service to those locations
that would be the terminal ends of a
data communications network. T6 pro-
vide economical data communications
service, consideration must be given to
using existing transmission facilities. It
would be financially impractical to es-
tablish a completely new data communi-
cations network where existing voice
facilities could satisfy the need.

An example of the use of voice facili-
ties is the “time sharing” of a compu-
ter by several users for different pur-
poses. Although the computer serves
each user in sequence, it appears that all
users are handled simultaneously be-
cause of the high-speed of the compu-
ter. A typical time sharing system uses
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a keyboard printer to connect to a re-
mote computer via a data set. Even-
tually, data transmission over voice fa-
cilities might allow the automatic
payment of bills, ordering of groceries,
and a variety of other household tasks.

There are times when the nature of
the data to be transmitted may prevent
using normal voice facilities because of
such factors as speed, quality, and com-
patibility. In this case, the use of a
microwave wideband communications
facility or a narrow band telegraph
channel — but not a voice channel —
might be required. At present, how-
ever, telegraph and public telephone
line facilities are most commonly used
for data transmission because of their
wide availability and economy.

Data generated at such speeds that
transmission requires part or all of a
3.kHz voice channel is normally re-
ferred to as wvoice-band data. Within
this classification, data rates of 200 bits
per second or less are called /ow-speed
data. Data rates from 2000 to 2400 bits
per second are referred to as high-
speed. Between the two, data is called
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medinm-speed. For typical speeds and  are called wideband. The most popular
uscs of voice-band data, refer to Table use of wideband data terminals is for

A. remote access in real time to high-speed
Data. signals at sp.eeds rcql}iring more di;;itul computers. M;mx of. the present
bandwidth than a single voice channel  wideband data communications systems
TABLE A. Typical Speeds and Uses of Voice-Band Data
Number of
Circuits Per
Speed Classification Use Voice Channel
75 b/s Low-speed 5 level 100 wpm teletype 25
(120 Hz channel 5 level 60 wpm teletype
spacing) Variable frequency telemetering
Pulse duration telemetering
Alarm and control
110 b/s Low-speed 8 level 100 wpm ASCIl coded teletype 18
(170 Hz channel All applications of 75 b/s speed
spacing) -
200 b/s Low-speed Data collection networks 7
(340 Hz channel {remote to computer)
spacing)
1200 b/s Medium-speed Computer to computer 1
2400 b/s High-speed Secure voice vocoders
Pipeline telemetry and control




operate with 48. and 240-kHz band-
widths, which are the group and super-
group allocations of common multiplex
systems. These multi-voice channel al-
locations may be used for regular voice
traffic during busy periods, and during
normally slack times used as a single
wideband channel for data transmis-
sion.

Because cost and not speed ordinarily
determines what type of system can be
used efficiently, data rates within the
voice-band and wideband classifications
can vary to a broad extent. Why pro-
duce a highly complex and expensive
wideband data set when an econamical
lower speed system will serve equally
well? There are over 160 different
types of data sets now being manufac-
tured. These operate with approxi-
mately 16 different transmission codes,
at least 12 different transmission
speeds, and numerous methods of ¢rror
detection and correction.

With the increased decentrali-
zation of business and indus-
try, and with the need for a
worldwide government digital
network, data communications
extends the services of data
processing equipment far be-
yond the confines of a single
office.

Transmitting Information
During the past fifty years several
investigations have been made concern-
ing the theoretical digital signal capa-
cities of communications channels. In
the late 1920's, H. Nyquist, a mathe-
matician at Bell Telephone Laborator-
ies, established a relationship between
the bandwidth of an ideal reciangular
distortionless communications channel
and the speed of digital transmission.
(Rectangular refers to the bandpass
characteristic of a channel — linear
throughout the band, with sharp atten-
uation at the ends.) Nyquist showed
that the signaling rate in bits per sec-
ond is equal to twice the bandwidth in
hertz of a lowpass ideal rectangular
channel. For example, using Nyquist's
criterion, the normal 3000-Hz band-
width telephone transmission channel
could handle a maximum of 6000 bits
per second. However, it was realized
that the distortionless conditions laid



down by Nyquist were ideal and could
not be achicved in practice.

Later, C. E. Shannon, then at Bell
Telephone Laboratories, examined how
much information a channel of given
bandwidth would pass in the presence
of noise. Shannon’s analysis yields a
rate of nearly 30,000 b/s for an av-
erage telephone channel with a good
signal-to-noise ratio. Shannon did not
provide a practical means of achieving
such transmission capacity, and Ny-
quist’s ratc has not bzen attained in
modern data communtcations. In con-
trast to the idealized rectangular model
of Nyquist, the actual physical chan-
nels are not rectangular but have grad-
ual cutoff characteristics and, therefore,

DATA
SETS

require about twice the Nyquist band-
width, or approximately 1 cycle per bit
for optimum binary transmission. (For
more detailed information concerning
Nyquist's and Shannon’s formulas, re-
fer to the April and May 1965 issues
of The Lenkurt Demodulator.)

Bits and Bauds

The speed of signaling, measured in
terms of the amount of information
transmitted per unit time, depends on
the transmission path and its associated
apparatus. Bits per second expresses the
total number of information pulses in
one second and includes redundant bits
used for checking crrors. If the pulses
arc of varying length, or if start and
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Figure 3. A typical time sharing computer employs an interface control unit to
apportion its time among many users al different locations.
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stop pulses between each character are
addzd that are not part of the message,
the bit rate tells nothing of their num-
ber or duration. On the other hand,
baud — from Jean Maurice Emile Bau-
dot, an officer in the French Telegraph
Service who contributed to early tele-
graph prnciples — is defined as the
reciprocal of the time of the shortest
signal element in a character. The term
baud is often misinterpreted as a syno-
nym for bits per second. However, the
number of bauds equals the number of
bits per second only when all time in-
tervals are constant, and all signal
pulses are information pulses, such as
in binary transmission.

Aa example of the relationship be-
tween bits and bauds is in ordinary
teletypewriter transmission, which
makes use of a five-bit code, each bit

Figure 4. Data com-
munications termi-
nal (arrow) permits
fast and reliable
transmission at 2400
bits per second from
a central computer.

being 13.5 milliseconds in length. The
baud rate is therefore the reciprocal of
135 milliseconds, or approximately
74.2 bauds. A single character consists
of a start pulse and the five informa-
tion pulses or bits, each of 13.5 milli-
seconds duration, for a total of 81 milli-
seconds. A stop pulse of 19 millisec-
onr:ds ends the character, The total time
for a character is then 100 milliseconds.

Since the bit speed depends on the
number of iformation pulses transmit-
ted per unit of time, the equivalent rate
for this type of transmission 1s 5/100
ms, ar 50 bits per second.

Now, if a lapse period of 20 milli-
seconds is arbitrarily inserted between
the stop pulse of this character and the
start pulse of the next, the bit rate
5

would be reduced to 100 ms + 20 ms



or 41.7 bits per second. However, the
teletype speed would remain at 74.2
bauds, because the baud rate depends
only on the time length of the shortest
pulse (13.5 milliseconds) in the char-
acter.

The number of words per minute can
be determined using the ordinary tele-
graph definition of a word, which is 6
characters. The speed in bits per second
is converted into bits per minute by
multiplying by 60; hence, 50 bits per
second equals 3000 bits per minute.
Since there are 5 bits per character and
6 characters per word, there is a total
of 30 bits per word. Dividing 3000 bits
per minute by 30 bits per word equals
100 words per minute. Here again, the
transmission rate in words per minute
could be reduced by a slow teletype-
writer operator, but the signal speed
remains at 74.2 bauds.

It can be concluded that the baud
rate is very important to the telephone
engincer, since this rate establishes the
type of telecommunications channel to
be used. To a lesser degree the com-
puter engincer is concerned with baud
rate, but economics and speed of infor-
mation flow are uppermost in this tech-
nology. Hence, to him the bit rate is
the major concern, and is the more

common expression used in dealing
with binary data transmission.

Serial and Parallel Data

The terms serial and parallel are of-
ten used in descriptions of data trans-
mission techniques. Both refer to the
method by which information is pro-
cessed. Sertal indicates that the informa-
tion is handled sequentially, similar to
a group of soldiers marching in single
file. In parallel transmission the infor-
mation is divided into characters,
words, or blocks which are transmitted
simultaneously. This could be com-
pared to a platoon of soldiers marching
in ranks.

The output of a common type of
business machine is on eight-level
punched paper tape, or eight bits of
data at a time on eight separate out-
puts. Each parallel set of eight bits
comprises a character, and the output
is referred to as parallel by bit, serial by
character. The choice of either serial
or parallel data transmission depends,
of course, on the customer's data pro-
cessing equipment and the transmission
speed requirements.

Business machines with parallel out-
puts, however, can use either direct
parallel data transmission or serial

TABLE B. Standards Organizations for Data Communications

Organization

Data Subdivision

Scope

International Telephone and
Telegraph Consultative Committee
(CCITT)

Electronic Industries Association
(EIA)

American Standards Association
(ASA)

Institute of Electrical and
Electronics Engineers {IEEE)

Study Group A

Committee TR30

Subcommittee X3.3

Data communications
and telegraph systems
committee

Data Communications including
standards

Data transmission electrical
standards

Data transmission electrical
standards

Electrical Information exchange




transmission, with the addition of a
parallel-to-serial converter at the inter-
face point of the business machine and
the serial data transmitter. Similarly,
another converter at the receiving ter-
minal must change the serial data back
to the parallel format.

Both serial and parallel data trans-
mission systems have inherent advan-
tages which are somewhat different.
Paralle] transmission requires that parts
of the available bandwidth be used as
guard bands for separating each of the
parallel channels, whereas serial trans-
mission systems can use the entire linear
portion of the available band to trans-
mit data. On the other hand, parallel
systems are convenient to use because
many business machines have parallel
inputs and outputs. Though a serial
data set has the added converters for
parallel interface, the parallel trans-
mitter requires several oscillators and
filters to generate the frequencies for
multiplexing each of the side-by-side
channels and, hence, is more susceptible
to frequency error.

Standards

Because of the wide variety of data
communications and computer equip-

ment available, industrial standards
have been established to provide op-
erating compatibility. These standards
have evolved as a result of the coordi-
nation between manufacturers of com-
munications equipment and the manu-
facturers of data processing equipment.
Of course, it is to a manufacturer’s ad-
vantage to provide equipment that is
universally acceptable. It is also cer-
tainly apparent that without standardi-
zation intersystem compatibility would
be almost impossible.

Organizations currently involved in
uniting the data communications and
computer fields are the CCITT, Elec-
tronic Industries Association (EIA),
American Standards Association
(ASA), and IEEE. (See Table B.)

A generally accepted standard issued
by the EIA, RS-232-B, defines the
characteristics of binary data signals,
and provides a standard interface for
control signals between data processing
terminal equipment and data communi-
cations equipment. As more and more
data communications systems are de-
veloped, and additional ways are found
to use them, the importance of stan-
dards will become even more signifi-
cant.

—— s e ——————

The second part of this two-part article will appear in the October issue of the Demodulator.
Subjects to be covered include error detection and correction. transmission methods, and

signal impairments.
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