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Pulse Code Modulation—
Initial Application at

VWestern Uni

PCM was invented in 1938 by A. H. Reeves who
was associated with ITT in Europe. Some important
ideas are conceived before the practical means to
implement them are available. Many of Charles
Babbage's ideas (1792-1871) which were the be-
ginnings of the modern computer could not be
practically implemented during his lifetime due to
a lack of adequate materials and components.’
PCM represents another example of this since the
invention of the transistor in 1948 was required
before PCM became practical for common carrier
communications. PCM and computers have much
in common, They both manipulate information
which is coded in binary digital form. Therefore,
they both make use of high-speed switching tran-
sistors which are now being replaced by integrated
circuits with a savings in cost and space. Large
scale integration (LSI) may bring another reduc-
tion in cost and size to both. Since PCM and com-
puters are alike in many respects it is not
surprising that they are easily married to create
ideal computer data networks with low cost, high
performance, low maintenance and high reliability.?

A classic paper by B. M. Oliver, J. R. Pierce and
C. E. Shannon in 1948 acted as a catalyst to spur
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C. C. Batterson, R. G. De Witt, and F. J. Parra

development work in PCM.? Full production of the
first common carrier PCM system, the T1 Carrier,
was started by the Bell System in 1962 and the
rapidity of its deployment in the Bell plant has
been phenomenalt 587

The T1 Carrier System provides 24 voice bands
suitable for high speed data transmission without
additional channel conditioning. The T1 is a full
duplex system requiring a send cable pair and a
receive cable pair both of which have been con-
ditioned with regenerative repeaters incrementally
spaced over the entire cable run and remotely
powered from a central office via a dc simplex
circuit. The T1 Carrier terminal transmits a 1.544
megabit bipolar pulse train to the line.

A version of this pioneer PCM system was manu-
factured by VICOM. This design called, VICOM T,
reduced the Tl type PCM Terminal size by a
factor of 3 through the liberal use of integrated
circuits. In 1967 when Western Union decided to
enter into PCM operation by engineering and in-
stalling a trial system, it used this type PCM equip-
ment, which was then available off the shelf, to
meet its planned installation schedule.
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Standard Voice Channel PCM

Figure 1 is a block diagram illustrating the
various operations performed in a Standard Voice
Channel PCM System. First the voice channel must
be sampled. According to the Nyquist sampling
theorem, if samples are taken at a rate equal to at
least twice the highest frequency in the sampled
band, no information will be lost and therefore the
signal can be reconstructed with no error at the
receiver.
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tion of the sampling theorem can be seen in Fig-
ure 2b since the adjacent copies of the criginal
spectrum just touch at the Nyquist sampling rate.
The dotted line, an ideal low pass filter character-
istic, shows that at this sampling rate or higher,
the original spectrum can be recovered without
distortion. However, if the sampling rate is lower,
then adjacent copies of the spectrum will overlap
and recovery of the original spectrum without
distortion will be impossible.
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Figure 1—Functional Block Diagram of a PCM system

a) Sampling

The sampling operation, the first operation in
Figure 1, can be thought of as a modulation proc-
ess, with a train of impulses acting as the carrier
and being product modulated by the signal.®® A
product of functions in the time domain results
in a convolution of the respective spectra in the
frequency domain. The convolution can be made
graphically and results in the spectrum shown in
Figure 2b with the original voice signal spectrum
shown in Figure 2a. Hence, the process of sam-
pling causes the spectrum of the original analog
signal to be repeated periodically, centered at
multiples of the sampling frequency. In Figure 2b
the sampling rate is exactly twice the highest
frequency in the voice signal spectrum. Verifica-
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b) TDM

When samples from many different channels
can be interleaved in the space between samples
of one channel, it is called Time Division Multi-
plexing, the second operation in Figure 1.

c¢) Quantizing

In order to make use of digital transmission
with regeneration (which is the payoff since it
makes possible transmission over any distance
with negligible errors and distortion), the narrow
PAM (pulse amplitude modulated) samples must
be quantized, as accomplished in the third opera-
tion in Figure 1.

This rounding off of samples causes a small
distortion called quantization noise, which can be
made as small as desired by design.
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[2a)—Spectrum of Original Voice Channel

{2b)—Spectrum of Sampled Voice Channel

Figure 2—Comparison of Spectrums of Original and
Sampled YVoice Channel

d) Compressing
The next operation in Figure 1 called compress-
ing, is needed to improve the signal-to-noise ratio
of the low-level signals. This is accomplished by
amplifying them more than the high level signals
(non-linear amplification), so that the low-level
signals will overlap more encoder steps.
e} Enceding
The rounded off samples can now be converted
to binary codes in a coder, the fifth operation,
since there are only a discrete number of ampli-
tudes as a result of quantization. For example a
seven bit binary code can represent 128 (27) dis-
crete amplitude levels.
f) Regenerating
Now the binary codes can be sent owver the
digital transmission line with regenerators, the
sixth operation, located as often as needed or

they can be converted to some form of multi-level
signal prior to transmission over a line with ap-

B4

propriate multi-level regenerators. Figure 3 shows
the time sequence in the movement of one particu-
lar pulse (pulse A) from the PCM transmitter to
the PCM receiver in order to describe the most
important function in a PCM system, regeneration.
Pulse A leaves the PCM transmitter as a clean
square pulse at t,. Half way to the first regenerator,
at t;, it has been rounded and spread due to the
frequency limitations of the media and it has some
interference riding on it. When it reaches the first
regenerator, at t,, it has been rounded and spread
some more and has even more accumulated inter-
ference riding on it. The regenerator is so placed
by design that it is reached before the interference
can accumulate sufficiently to cause more than a
negligible number of decision errors. Therefore,
the first regenerator produces an exact replica of
the ariginal pulse A. The same process is repeated
for each additional regenerator section, until the
office regenerator is reached and an exact replica
of the original pulse A is fed to the PCM receiver.

g) Decoding

At the receiver there is a translation back to
binary, if it is needed. Then each binary code is
decoded back to PAM samples, the seventh opara-
tion, in Figure 1.

h) Expanding

The samples are non-linearly expanded in the

eighth operation, expanding to remove the effect

of the compressor and make the compander {com-
pressor and expander) linear over-all.

i) Demultiplexing

Each PAM sample is then distributed to its cor-
responding voice channel, this is called demulti-
plexing, the ninth operation in Figure 1.

i} Low Pass Filter

Finally, a simple low pass filter can be used in
the last operation to extract the original signal
from the PAM samples.

PCW Teanimitrer
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First PCM Installation at Western Union

Before starting a digital network in Western
Union’s plant several factors had to be evaluated
by installing a trnial system. The first was to evalu-
ate the cable plant for digital operation. The sec-
ond was to evaluate the available PCM equipment
with respect to reliability and performance. The
third was to evaluate the impact of PCM systems
on operations and maintenance personnel,

With regard to the first factor, several questions
needed to be answered., The first guestion was
whether or not PCM would be feasible in Western
Union cables because of their age, the presence
of a large amount of 13 and 16 gauge pairs, and
the frequent insertion of pieces of new 19 gauge
cable to replace failed sections of the 13 and 16
gauge cable. Another question was the effect on
PCM of the many 120 volt ground return d.c.
telegraph circuits which would be in the same
cables with PCM signals. Finally, an answer was
needed as to whether or not the impulse noise
emanating from a Western Union switching center
was sufficient to require a shortening of the first
repeater span out of the office.

It will be shown later that any reservations that
might have existed with regard to these three fac-
tors were completely dispelled by the excellent
performance of the PCM equipment in the Western
Union Cable Plant environment and the enthusi-
astic reception of this equipment by the operations
and maintenance personnel.

Engineering the Route

In order to evaluate the above factors, first the
route had to be engineered with regard to a num-
ber of considerations. These were:

1. Mear-end crosstalk data

2. Location of repeaters

3. Loss of pairs

4. Impulse noise
5. Discontinuities

a) Near-end crosstalk data

Since for one cable operation of PCM the pri-
mary limiting factor is near-end cross-talk, the
first need was to get the maximum separation be-
tween the two directions in the cable.® Most of the
cables encountered along the route between MNew
York and Newark contained only 13 and 16 gauge
cable pairs with the two different gauges located
in different layers. Hence, the only opportunity
for separation of the two directions was to use
16 gauge pairs to transmit from East to West and
13 gauge pairs to transmit from West to East. The
cross-talk effect of the existing 19 gauge replace-
ment sections was disregarded as nothing could
be readily done to improve the separation in these
randomly spliced cable sections. Fortunately, these
sections were short and contributed little to the
overall cross-talk. In future cable replacements
and installations, care must be taken to preserve
the layer or unit integrity of the cable to minimize
the adverse effect of cross-talk,

The design loss of a T1 repeatered section is
approximately 30 db at 772 KHZ. Assuming a ten
section repeatered line, an objective error rate of
1077 per repeater would be sufficient, in the worst
case, to yield an overall end-to-end objective error
rate of 10°%, which is the minimum acceptable for
a T1 carrier line. To attain this, an RMS signal-to-
noise ratio of 17 db or greater must be present
at the input to each repeater. Adding the design
lass of 30 and signal to ratio of 17 gives 47 db
for the near-end cross-talk requirement of a single
system. Here, it was assumed that the cross-talk
is similar to gaussian noise in character—a very
common assumption in engineering studies.

With the assumption of gaussian noise, the ef-
fect of the independent interferers follows a power
law. Western Union traffic consists of many low
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Figure 3—Life History of Pulse A
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density routes. Therefore, no route is expected to
grow beyond 10 systems over the next ten years. ot §
The objective error rate of 10+¢ must be met for

each of the 10 operating systems. Consequently, 3 g
adding 10 db to the 47 db requirement for a single o
interferer, the final near-end cross-talk require- 10 Gange Revars
ment becomes 57 db, as measured in a worst case
test in which the frequency from 400 KHZ to
1.2 MHZ is swept.

Table | lists some measurements of near-
end cross-talk for a typical cable and Figure 4 is
a plot of the near-end cross-talk as a function of
frequency for a typical Near End Cross-talk path
for the same cable. The above criteria is sufficient
to guarantee satisfactory operation of 10 T Sys-
tems in the same cable; empirical data is being
collected to determine if it is also necessary. This ¥IVM o
data may justify a reduction in the criteria.

W Rl -~

0 DN b B B HE

| |
L T

Burabarsdeh G4 L 1 ERHEE

Lel-Laf Lo

WEAR EMND CROSSTALE (HEXT| LOSS ()
=

-1} I:i- nl.'l -;:-l ll.-l I:l 1:.' LT N-1 |l.| :l I:l-
s o " FREOQUENCY |MEGAHENTE MHE)
TABLE 1 '
) Figure 4—~Plot of Near-End Crosstalk Loss vs. Frequency
HH':'" of
b 123130 133-140 145130 139-160 165-170 road most of the way where a number of cable
Tfﬁ#ﬂ;}i’fliﬂs i huts were available. These became prime locations
1 : et for repeaters because of the ease with which
14 76db 7% 76 T8 BY. 7 repeater cabinets could be installed and main-
450kHz 1000 450 590 780 425 tained.

i 76db 21 73 73 &8 71 c) Decibel Loss

BiOkHE: 400 440 730 7440 690 Fortunately, these locations also were at con-

venient distances in terms of the attenuation of

. 73db 76 76 73 1 7 13 and 16 gauge cable pairs. At 772 KHZ, this
A | m 405 430 42 i :
e e =0IRR0 A would be about 10 db per mile or at least 3 miles
- : for a maximum section of 13 gauge and about 13
75db 7 73 70 66 72 : :
o i50kHz 1000 B30 440 450 415 | db per mile or at least 2.4 miles for 16 gauge.
. - For the selected T1 route shown in Figure 5,
e 73db 76 78 75 77 &8 the _flrst cable house (Erie C.H.) was Wlthltl'l full
9O0kHz 740 445 1000 930 450 section range (30 db) on both gauges of pairs.
! d) Impulse Noise
1334 69db 67 73 71 72 69 . _
| | 445kHz 450 445 980 430 445 There was some guestion as to whether the im-
~————— pulse noise from 60 Hudson Street would be
',:,- Eﬁshfm'?;Eﬁ%ﬂhgaﬁ"ﬁ?:ﬁ:’ﬁﬁﬁfﬁﬁ?Wﬁ‘E‘ﬂ sufficient in amplitude, frequency of occurrence
R LT ey o PR WesHm Wnioe. 18 and_clharacter tl:_: prevent the use of a full ;eﬂrun.
Erie Cable House. An initial experiment proved the full section was

satisfactory and it has since proven satisfactory

b) Location of Repeaters in the service trial.

‘The next practical consideration was to deter- The results of tests run on an EM4 Channel Unit
mine where to locate repeaters, The WU cable showed virtually no measurable impulse noise;
chosen for the service trial between New York whereas a typical FDM channel over a similar
and Newark runs along the Erie-Lackawanna Rail- route does contain a significant amount of noise.
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Figure 6—A Typical Repeater
Installation

(a) cover on

{b} cover removed

i

Figure Ba shows the installation of the repeater
cabinet at the Erie Cable House with the cover on.
Figure &b shows the same cabinet with the cover
removed showing three plug-in regenerators, nine
more may be added. The East End Cable House is
about ane mile from the Erie Cable House and the
West End Cable House is about one mile farther
towards Newark. Due to many repairs with pieces
of 19 gauge cable, it was not possible to transmit
all the way from Erie to West End on the 16 gauge
pairs due to excessive attenuation. At the same
time, it was felt that a repeater at East End would
be wasteful. A compromise solution was arrived at
which involved cross-connecting pairs. The 16
Eauge pairs were used to transmit from Erie Cahble
House to East End and then crossconnected to the
13 gauge pairs to continue to West End. West End
transmits toward Erie Cable House on 16 gauge
pairs and then these are crossconnected at East

End to 13 gauge pairs to get from there to Erie
Cable House. The net result was a section loss of
about 28 db in both directions. If more pieces of
19 gauge cable are added at a later date, any-
where between Erie and West End, another re-
peater can be easily installed at East End. Beyond
West End, the Jersey Meadows are encountered
and there is no cable hut available until the Erie-
Lackawanna Railroad Station in Newark is reached
some 6 miles away. With no alternative to using
manholes, the distance was simply split equally
into three two-mile hops to accommodate both
gauges of cable pairs. As a result repeaters were
located at Manhole MH-19 and Manhole MH-37,
shown in Figure 6. Figures 7a and 7b show a
different type of installation underground rather
than in a cable house. Figure 7a shows the
repeater cabinet as installed in Manhole 37 and
Figure 7b shows the same cabinet with the cover
removed so that the plug-in repeaters can be seen.

-—

Figure 7—A Repeater Installation
in a Manhole

{a) cover on

(b} cover removed
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From the Erie Lackawanna Station in Newark,
it was a short hop of about one mile into the new
WU Mewark Office with 16 and 19 gauge cable
pairs available.

e} Discontinuities

Another practical consideration is the large
number of discontinuities. These are points where
a pair being used changes from one gauge to an-
other not co-terminus with repeaters. As in any
high frequency transmission facility, be it a wave
guide, coaxial cable or a cable pair, discontinuities
cause reflections of pulses. These reflections, if
they are of sufficient amplitude, can interfere with
the proper operation of the regenerator and cause
errors.f The degrading effect of the reflections is
easily cured by adding balanced 0" pads of from
3 to 6 db between the regenerator output and the
transmit pair wherever the cable records show
that a discontinuity is within 9 db of the regenera-
tor output. If the cable records are not up to date,
the presence of troublesome reflections can be
detected by the VICOM Span and Repeater Test
Set shown in Figure 8. An appropriate pad can
then be inserted after the magnitude of the re-
flections has been ascertained by using a portable
oscilloscope such as the Tektronix 422.

Initial Traffic Put on the System

Figure 8 shows the service trial installation of
the T Terminal Shelf, Span Terminating Shelf and
test equipment in the New York office.

A 4 Wire E&EM channel unit is adequate for most
Western Union requirements for voice channels.
The one exception is for Hot-Line and PATS (Pri-
vate Automatic Telephone System) customers who
are close enough to the Subscriber End PCM
Terminal to make use of a Foreign Exchange type
Channel Unit which was specially designed and
manufactured for Western Union by VICOM, ac-
cording to Western Union specifications.

For the first six months of the service trial the
traffic on the system consisted of two Type 70
Class “D" (150 Baud) Frequency Division Multi-
plex (FDM) Carrier Groups. Also a 2400 baud data
test signal produced by a pseudo-random word
generator, driving a Western Electric 2018
modem, was used for monitoring voice channel
error rate. This was used for comparison with the
line error rate as measured by a bipolar constraint
violation detector. Each of these three signals
utilizes a pair of 4W E&M Channel Units. In addi-
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tion four PATS circuits each utilizing a pair of the
special FX type Channel Units which consists of a
Switch End Channel Unit (FX-UPC) and a Sub-
scriber End Channel Unit (FX-SUB) have been in
service,

The FX-SUB Channel Unit provides basically the
same functions as the standard Dial Pulse Qrigi-
nating Channel Unit, with the added capability
for ringing the subscriber's sub set; and the FX-
UPC Channel Unit provides basically the same
functions as the Dial Pulse Terminating Channel
Unit with added capability to recognize ringing
from a switch and transmit this information in a
coded form to the FX-SUB Channel Unit.

In the near future six more voice bands of traffic
will be added to the system. These voice bands
will carry data at various speeds.

Tests were made on a trial system carrying
traffic which was representative of different kinds
of Western Union services. These tests provided
information regarding operations and maintenance
as well as performance and reliability.

3-Dek
— TeAmina

Ll

Test St

Span
Teimlnil-rg
Shell

Fig. 8—PCM Terminal used in Service Trial in New York.
The VICOM span and Repeater Test set is shown
on the Terminal Rack
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Figure 9—Plot of Attention Loss vs. Fregquency
for @ PCM Voice Channel

Performance and Reliability

During the first six months in service the sys-
tem was monitored with respect to its perform-
ance and reliability. The results were excellent.
There were no service interruptions due to PCM
equipment failure.

For a T1 type repeatered line, error rate is the
only significant measure of performance. The error
rate of the repeatered line in service, averaged
less than one error in 100 bits. This line error rate
was measured directly using a bipolar constraint
violation detector. It was also checked indirectly
by using a pseudo-random 2400 bit per second
data generator and Western Electric 201B modem
to transmit over one of the twenty-four voice chan-
nels. The voice band data was checked bit by bit
for errors and a sequential record of errors was
printed out. The error data was examined with
respect to two hypotheses. First the error rate was
found to be low despite a full section out of the
60 Hudson Street office. Hence, there was no
significant impulse noise contribution to the error
rate. Second, the error rate was low despite the
presence of many 120-volt ground return D.C.
telegraph circuits in the same cable. Thus the null
hypotheses must be accepted in both cases.

The most important parameters of a PCM voice
channel are amplitude and envelope delay as a
function of frequency, idle channel noise, impulse

90

Figure 10—Plot of Envelope Delay vs. Frequency
for 3 PCM Voice Channel

noise, and interchannel crosstalk. Once these
parameters have been measured, the limitations
(for example the number of sections in tandem)
and the corrective adjustments (for example delay
equalization) that must be imposed to meet West-
ern Union criteria for various voice, data, and
facsimile services can be determined.

The amplitude and envelope delay character-
istics are a function of the send and receive low
pass filters, while noise is a function of both the
line and terminal performance. An EM4 Channel
Unit was selected for these tests because it will
be used for Western Union Service Offerings re.
quiring the strictist criteria.

The envelope delay of this 4-wire channel unit
is less than 300 microseconds between 500 and
3000 Hz and the amplitude response is down
1 db at 313 and 2950 Hz and down 3 db at 243
and 3205 Hz. Fig. 9 and Fig. 10 show the
Amplitude and Envelope Delay Response of the
EM4 Channel Unit respectively. This unequalized
voice channel will meet all Western Union's Ampli-
tude and Envelope Delay Criteria with only two
exceptions. When used as a NASA 600B switched
circuit or a Broadband trunk circuit, slight con
ditioning will be required. A new channel unit has
since been developed which extends the upper
3 db point to 3400 Hz. This may have a better
envelope delay characteristic.

WESTERN UNION TECHNICAL REVIEW
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Figure 11—Comparison of Impulse MNoise in
FDM and PCM Channels

Tests were also run to determine if this channel
unit would provide adequate low noise perform-
ance.

The criteria accepted throughout the industry
for a T1 type channel are listed below:

1. Idle channel noise 28 dBrncO

a) 20 counts maximun
in 5 minutes over
58 dBrncO

b) 1 count maximum

in 5 minutes over
64 dBrncO

35 dBrncO

2. Impulse noise

3. Interchannel crosstalk

The results of these tests run on an EM4 Chan-
nel Unit were:

1. Idle channel noise . (worst case channel)

20 dBrncO

2, Impulse noise ... a) O counts (worst case
channel) in & min-
utes over 58 dBrncQ

by O counts (worst case

channel) in 5 min-

utes over 64 dBrncO

{worst case chan-
nel 33 dBrncO

3. Interchannel crosstalk

Summer 1968

Figure 11 shows 3 curves representing the
measured and acceptable level of impulse noise
on FDM and PCM channels. Curve (1) is the re-
sults of tests of impulse noise amplitude distribu-
tion measured on an FDM chanel. Curve (2) is the
impulse noise on a PCM channel which is accept-
able to the communications industry, and (3) is
the impulse noise measured in Western Union's
trial system, on a PCM system. Since the tests
showed that PCM wvoice channels are of superior
quality, Western Union plans to use them in pro-
viding many different services.

The test data shows that PCM wvoice channels
are of superior quality and Western Union plans
to use them to provide many different services.

Mote that a T1 type PCM voice channel has an
impulse noise requirement which is superior to
the typical FDM voice channel. This was discussed
in the article entitled, *"Measurement and Analysis
of Impulse Noise for Communications Circuits"
which appeared in the Spring 1968 issue of the
Western Union TECHNICAL REVIEW. Furthermore,
the actual impulse noise measured on the PCM
voice channel is significantly below the reguire-
ment. It can readily be seen that an all PCM digital
network would have the capability to significantly
reduce impulse noise at the customer interface
with the communication network.

The PCM system acts like a buffer to prevent
the impulse noise from reaching the customer.
This is a consequence of regeneration. Regenera-
tive repeaters prevent all interference including
impulse noise from propagating to the customer
interface. It is analogous to the pony express in
which each rider passed the mail to another rider
before his horse got too tired and susceptible to
errors. Hence, the probability that a given pouch
of mail would get through without error was sig-
nificantly increased.

In order to provide added reliability for the
system with the traffic load increasing substan-
tially, three additional steps have been taken. First,
a backup T1 repeatered line which traverses a
physically diverse route was obtained.

Second, a remote control line switching unit was
designed, installed and tested. When a key is
turned at 60 Hudson Street the terminals at both
ends are transferred from the primary line to the
backup line. This latter feature is needed because
only 60 Hudson Street is manned 24 hours a day.

Last but not least a second training course has
been scheduled in order to train more men so that
T trained men will be available at all times.
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Potential of PCM

Because PCM provides essentially errorless and
distortionless transmission independent of dis-
tance, the growth of PCM networks has been rapid
in the United Kingdom, France and Japan as well
as the United States. This initial growth has been
in the area of short haul facilities, from 2 to
200 miles. It is very likely that this growth will
accelerate when long haul PCM becomes available
to provide coast to coast PCM channels. The im-
pact of PCM integrated transmission and
switching will further accelerate PCM network
gfﬂ'ﬂi’th.m' 1M 12 13 14 15 16

At Western Union, development work is under
way on PCM terminals which will provide direct
digital data channels for 200 baud and below, suit-
able for telegraph and data and direct digital
channels for 2400, 4800 and 50,000 bit per sec-
ond. All of these are classified as D* (Derived
Direct Digital Data) channels and are described
in the article entitled "'D* Channels' which appears
in this issue.

It is anticipated that some development will be
Initiated toward providing PCM on microwave.
Digital microwave equipment is expected to be
less expensive than present commercially avail-
able analog microwave equipment. At present,
Western Union has a great deal of FDM analog
microwave equipment in service. PCM on analog
microwave can provide significantly better per-
formance with less maintenance required. While
FCM may require more bandwith than FDM on
microwave when deriving voice channels. this
bandwith gap can be narrowed considerably by
using multilivel coding. It should be pointed out
that PCM has a significant advantage if the traffic
load is largely digital.

Furthermore, in all FDM systems there is a seri-
ous problem with system loading. A system that is
carrying a small telegraph or data load mixed with
a large voice load can use a loading as high as —8
dBm0Q. A system that may be assigned to carry a
100 per cent data load may necessitate reduction
of the maximum loading to —15 dBmQ. This results
in a lower signal to noise ratio. While such systems
do a remarkably good data transmission job, a
PCM system allows a maximum loading inde-
pendent of the type of input signal without inter-
modulation distortion. Another feature found in
the PCM is a “universality” of channels, i.e., all
channels are equally good and can be assigned
at random to any standard service without restric-

a2

tions as to “end channels" ete.

The most outstanding advantage of PCM over
FDOM on microwave is the capability for a better
level stability by PCM even though the microwave
system itself varies widely because of fading,
combining and maintenance activity,

In conclusion, it has been demonstrated by this
service trial and supported by theoretical con-
siderations that PCM has significant advantages,
in performance operations and in maintenance of
equipment, over FDM on both cable and micro-
wave radio. It can be shown that it is more eco-
nomical too. However, this point must necessarily
be the subject of another article. For shart haul
operation where FDM has never been successful
with multiple physical cable pairs, PCM has been
making significant inroads.
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PCM — D% Channels

(Derived Direct Digital Data)

The T1 carrier system is a pulse code modula-
tion (PCM) transmission system which transmits
1,544,000 time slots per second. As described in
the previous article, time slots in the standard T1
terminal are allotted to twenty-four voice channels
for digitally transmitting analog information.’ The
Western Electric TIWB-1 wideband data terminal
transmits up to eight two-level 0-64 kilobaud
asynchronous serial data, or facsimile signals,
over a T1 carrier-repeatered line, while the West-
ern Electric TIWB-2 data terminal transmits two
0-250 kilobaud signals.? Both of these type termi-
nals provide D* channels. A D* channel is a digital
data channel derived from a PCM line signal by
entering the data directly, i.e., bypassing the
analog processing operations.

Western Union engineers modified the standard
T1 terminal to provide D* channel transmission of
fifty-five teleprinters, in the T1 time slots allotted
to only one of the twenty-four voice channels. Any
number of voice channels can be converted to
teleprinter channels in this manner. Before a
detailed description of the design implementation
and testing of this development is given, the theory
and techniques applicable to D* channels, in gen-
eral, will be summarized.
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D¢ Channel Theory and Techniques

The techniques used for time division multi-
plexing of asynchronous binary data streams de-
pend mainly on the data rates of the tributary data
streams relative to each other and to the main
stream, the multiplexer cost, the flexibility, the
line efficiency and the reliability.

If the tributary data streams have only slight
differences in their bit rates, or if their rates can
be approximately expressed as an integral multiple
of some basic data rate, a practical multiplexer
could be designed by occasionally inserting a
pulse, (pulse stuffing), or a group of pulses, (byte
stuffing), in each tributary data stream, so as to
equalize the data rates.?

One of the tributaries is a control data stream
that is used in common by all other tributary
streams to signal the demultiplexer the location
of the stuffed bits or bytes. An elastic write-read
buffer store and a voltage controlled oscillator
can be used at the demultiplexer to remove the
time gap created by the removal of stuffed bits
or bytes. In general byte stuffing systems require
less control channel capacity while bit stuffing
gaps are easier to smooth out and require less
memaory.

WESTERN UNION TECHNICAL REVIEW




Stuffing techniques yield efficient multiplexers,
efficiency being a measure of the number of main-
stream time slots that need be transmitted per
bit of data. Unfortunately implementation cost
of the logic, for insertion and removal of the
stuffed bits, makes this method of multiplexing
relatively expensive for short and medium haul
as well as for low and medium speed data traffic.
Another disadvantage of the above technigue is
speed sensitivity. One cannot easily implement
this multiplexer for variable baud rate traffic.

The TIWB-1 and TIWB-2 data terminals are
variable baud rate multiplexing systems using T1
repeatered lines. Multiplexer flexibility is obtained
at the cost of line efficiency. The design of these
multiplexing systems is as follows, Using the T1
repeatered lines, the 1,544 000 time slots are
systematically allotted to the tributary data
streams.

1(b) is encoded into three substream digits,
shown in Fig. 1{c). The first digit of the encoding
indicates to the receiver, whether a transition has
occurred, the second digit describes in which half
of the timing interval the transition occurred, and
the third indicates the polarity of the transition.
Mote that by restricting the maximum baud rate
of the tributary stream, another transition does
not occur until the three bit encoding of the prior
transition is transmitted. The decoder converts
the three digit codes back into data transitions
in Figure 1(d).

Since the transition timing is quantized to
within one half of the substream bit interval and
the minimum time interval between data transi-
tions is three equispaced substream bit intervals,
the theoretical (assuming very steep rise times
at encoding) maximum transition timing jitter is
+1/12 or =8.33 percent at the limiting baud rate.

____l_l ﬂ ﬂ ﬂ ﬂ |_| ﬂ ﬂ ” ﬂ H ﬂﬂ I_l___l:..}sunmm
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Figure 1—Timing Diagram for Transition Encoding-Decoding

Figure 1 illustrates a timing diagram for transi-
tion encoding-decoding. An appropriate sub-mul-
tiple of the T1 clock, as shown in Fig. 1(a), serves
as the information carrying substream for one
tributary data stream. Every transition of the
non-return to zero tributary data shown in Fig.
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To overcome this timing jitter limitation of
TIWE-1 and TIWB-2 a four digit encoding or
higher is required, This will increase the encoder-
decoder logic costs and decrease the line efficiency.
If line efficiency is not a prime consideration, the
improverment in timing jitter can be obtained, with
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no increment in encoder-decoder cost, by merely
increasing the length of the encoded word; the
extra digits are not used to describe the transition
timing.

For example, a four digit encoding will have
+1/32 or 3.1 percent maximum theoretical timing
jitter when two digits are used to describe the
transition timing and 1/16 or =6.25 percent
maximum theoretical timing jitter when only one
digit is used for timing information.

If minimization of multiplexer cost is the prime
factor, the cheapest but least line-efficient method
for multiplexing asynchronous data streams is
simple sampling.

In simple sampling, the two level input data is
sampled at a selected substream rate and each
substream digit carries polarity information to the
receiving end. To keep the maximum timing jitter
low, the tributary data baud rate should be much
smaller than the substream rate. A rate ratio of
forty can yield =2.5 percent maximum theoretical
timing jitter at 2.5 percent line efficiency.

System Engineering Considerations

In designing a multiplexing system for tele-
graph and data up to 4800 baud, using T1, traffic
demands, timing jitter, line efficiency, implementa-
tion costs, reliability and channel unit standardiza-
tion factors interact. One concludes that the pulse
and byte stuffing technigques are impractical at
these data rates. Furthermore, transition encoding
can be advantageously employed for medium and
long haul traffic, while simple sampling proves-in
best for shart haul traffic.

Considerations of traffic demand, flexibility and
reliability dictate that for best utilization of the
T1 terminal the transitional encoding multiplexer
be designed so as to be used on a per T1 voice
channel basis.

From standardization and line efficiency trade-
offs it was decided to design one channel unit
for all teleprinter transmission, 0-200 baud, a
second channel wnit for 0-1200 baud, a third
channel unit for 0-2400 baud, and a fourth chan-
nel unit for 0-4800 baud. The option of trans-
mission of data clock was also included with the
third and fourth channel units, The encoded four
digit pulse train that is transmitted under this
option describes respectively, the occurrence of
the negative clock transition, half-interval time,
quarter-interval time and state (mark or space)
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of the data stream at the negative clock transi-
tion. All of these were designed.

Design of the 0-200 Baud D?* Channel

A teleprinter multiplexer using transition en-
coding designed and implemented by Western
Union is shown in Figure 2. Fifty-five teleprinters
(0-200 baud) are multiplexed into the j* voice
channel.

The D, and E,, D’ andE;" switches provide the
i” channel with a 7-digit sequence (byte) which
occurs once every frame. Electronic switches A,
B., A’ and B, distribute the |* channel bytes to
8 independent groups of sources and sinks.

Each time the channel counter is on the |~
position, information concerning a different group
of seven teleprinters is transmitted. One of the
56 teleprinter time slots is used for the trans-
mission of the subframing sequence. An all one
sequence cannot describe teleprinter transitions
and is used for synchronizing the Receiving Dis-
tributor switch, A\, to the Transmitting Distributor
Switch, A,, and the Receiving Distributor Switch,
B, to the Transmitting Distributor Switch, B..
The twe D, switches are synchronized by the main
T, Carrier Framing Control. The two E, switches
are similarly synchronized.

The subframe detector and control, shown in
Figure 2, is designed so that the probability of
false alarm (going into frame search mode er-
roneously) is small. The probability of out of
frame detection within a couple of transitions is
close to unity.

Mormally the subframing sequence consists of
all “"one’’ digits. The Subframe Detector examines
three subframe digits at a time and will decide
the system is out-of-frame only when three suc-
cessive ''zeros’’ are detected. Isolated digit errors
will therefore be ignored and will not cause frame
search. When three successive zeros are de-
tected, the Subframe Detector inhibits the advance
of the A", Receiving Distributor Switch while check-
ing each possible subframe bit position for a one.
The checking process is continued until a sub-
frame bit position is found which is transmitting a
one, 1. The A’, Receiving Distributor Switch is then
started and the Subframe Detector tracks this bit
position to ascertain whether or not an all one se.
quence is present. If the all "1s" sequence is
present, no further action is required. If the all one
sequence 15 not present, the framing process
repeats.
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Figures 3 and 4 snow logic diagrams of the
teleprinter transition encoder and decoder,

Each data transition is encoded into a four
digit word. Each digit respectively describing,
transition occurrence, half-interval time, quarter-
interval time and transition polarity. When a tran-
sition occurs the Transition Detector output im-
mediately presents the Transition Occurrence Bit
Cell of the Shift Register. If the transition was in
a positive direction, the Transition Polarity Bit
Cell is also immediately preset. At four equally
spaced bit times of the subframe interval, the
Transition Detector output is gated to the 14 In-
terval Bit Cell and 1% Interval Bit Cell. At a par-
ticular time designated, j D. A,, the Shift Register
is clocked and the Transition Bit is placed into the
T1 bit stream. At subsequent | D, A, times, the
L4 interval, 14 interval and polarity bits respec-

tively are shifted into the T1 bit stream.

The L4 and 1% Interval Bit Cells have four pos-
sible states, one for each quarter of the subframe
interval. The 1% Cell is preset if the transition
ocecurs in the first half of the subframe. The 14
Cell is preset if the transition occurs in the first
15 of either half of the subframe interval. Note
the feedback from the 1% Interval Cell to the 14
Interval Cell input which prevents the li Interval
Cell from being preset if the transition occurred
in the second quarter of the subframe interval.
Mote also that the output of the Transition De-
tector is inhibited during Shift Register output to
the T1 hit stream.

At every subframe time, j D, A, a bit describ-
ing a portion of the transmitted teleprinter en-
coded transition is placed in the Tl bit stream.
At every corresponding time, j D, A7, in the Re-
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Figure 3—Logic Diagram for the Teleprinter Transition Encoder
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ceiver, this bit is shifted into the Receiver Input
Shift Register. The Transition Occurrence Bit is
used as a flag bit to mark the beginning of each
encoded transition. When the Transition Occur-
rence Bit reaches the fourth cell of the shift
register, the Transition Decoder gates cause a
pulse to be emitted at the appropriate time in
the subframe interval. Signal polarity is assigned
to the output pulse through the input gates of
the Qutput Flip/Flop. The Qutput Flip/Flop main-
tains the last signal condition set into it, yielding
a non-return to zero output for teleprinter opera-
tion.

Mote that the subframe counter output are
chosen to be those which mark the center of each
quarter subframe interval; the quarter interval be-
ing the one which was used to encode the signal
transitions at the transmitter. By placing the re-

constructed transition at the center of the quantiz-
ing time interval, the output peak jitter is cut in
half relative to the value which it would have if
the output transition were assigned to one end
of the subframe quarter interval,

Reset of the Receiving Input Shift Register is
accomplished at the end of the subframe. If a bit
is in the Transition Occurrence Bit Cell, the first
three cells of the shift register are cleared. The
Transition Occurrence Bit Cell is cleared one bit
time later. The register is now prepared to receive
a new four bit word.

Decoder synchronization will take place within
three transitions of the input data at system start
up when the input signals are 200 baud or less.
For inputs above 200 baud but not exceeding 250
baud, synchronization will take somewhat longer
depending upon baud rate and character structure,
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Figure 4—Logic Diagram for the Teleprinter Transition Decoder
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Implementation of the 0-200 Baud D¢ Channel

In order to demonstrate the Transition En-
coder /Decoder operating compatability with a Tl
Carrier System, a voice channel T1 Carrier
Terminal was equipped with additional common
equipment and a Transition Encoding/Decoding
Channel Unit for 12 wolt polar DC inputs up
to 250 bits per second. The resultant signal was
successfully transmitted over approximately 20
miles of T1 Repeatered Line, as shown in Figure 5.

The availability and low cost of integrated cir-
cuits are attractive inducements to their use in
digital logic circuit implementation. Furthermare,
integrated circuits are convenient for achieving a
working laboratory model quickly. For the imple-
mentation of the Transition Encoding scheme
described in the previous paragraphs the Transis-
tor-transistor Logic (TTL) variety of IC was chosen
primarily because of its low output impedance in
both high and low output states. Further, the rela-
tively high speed of TTL simplifies the problem of
signal delay when several stages or levels of
logic elements are cascaded.

In the process of designing the logic for the
Transition Encoder the logic diagram was trans-
lated into a new logic diagram compatible with
the NAND gate of the TTL ICs. This step is easily
accomplished and illustrates the convenience with
which |ICs can be applied. In relatively small logic
systems such as the one at hand, the logic dia-
gram becomes the circuit schematic with very
little effort.

Interface Considerations of the 0-200 Baud
D4 Channel

The Transition Encoder/Decoder interfaces with
an existing T1 Carrier Terminal at the common
equipment interface. The Transition Encoder may
ke thought of as a digital rather than an analog
channel unit. Transmission of digital data by
transition encoding makes more efficient use of
the awvailable line digits than transmission of
data by analog encoding. Therefore, many Tran-
sition Encoding Channels may occupy the time
slots of one voice channel. In the system shown
in Figure 5, fifty-five D* channels occupy one
voice channel's time slots.

One additional piece of common eguipment
was provided to subdivide the T1 Carrier Frame
into a number of subframes commensurate with
the bit rate of the applied data. A counter whose
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input is one pulse per frame is used as a di-
vider to derive the subframes. The counter is
made up of JK flip flops in one, two or three
binary stages. This configuration is flexible in
allowing for addition of control functions. Further-
more, it is more economical than the shift reg-
ister or ring counter approach.

In order to facilitate the interfacing of the
Transition Encoder with an existing T1 Carrier
Terminal it was desirable to duplicate certain
of the common equipment counting functions to
make readily available digit time slot signals for
control of the per channel Encoder operation.
This duplicate counter equipment operates in par-
allel and in synchronism with the T1 Terminal
common equipment. This duplication equipment
would not be needed in a final design,

The interface with the T1 Line was accom-
plished by inserting the Transitional Channel
pulse stream into the common pulse stream of
the T1 Terminal in the proper time slots. Once
the combined digit stream has passed through
the T1 Terminal common equipment, the pulses
inserted by the Transition Encoder Channel are
indistinguishable from pulses of other channels.
They are processed and transmitted to the T1
Line in the same manner as pulses originating
from voice channels.

On the receiving end the received pulse stream
is monitored by all the Transition Decoders. Each
Decoder has its input gate opened at its assigned
time slot so that information from the received
pulse stream will pass into the Decoder. As on
the Encoding side of the system, duplicate,
synchronous counter equipment is employed to
facilitate the gating control for all Decoders.
Again this duplication would not be necessary
in a final design,.

Testing the 0-200 Baud [¥ Channel

The performance criterion of a digital channel
is error rate; i.e. how often the output is in dis-
agreement with the input. This criterion is us-
ually expressed in terms of frequency of error.
Any degradation of Transition Channel perform-
ance must necessarily come from digital errors
originating either on the Tl Line or as a result
of a digital circuit malfunction in the terminal
equipment. By monitoring the rate at which bi-
polar errors are committed on the T1 Line with
the Line Error Detector provided in the New
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York-Mewark operating system, it was determined
that the line error rate is equal to or better than
one in 10* bits. In general this error rate as well
as that caused by digital circuit malfunction is
a couple of orders of magnitude smaller than
the overall error rate encountered in teleprinter
transmission.

From the overall error rate point of view this
T1 transmission link does not directly cause any
errors. It does cause timing jitter, by its time
quantization. In digital channels error rate is
usually estimated from data pulse distortion
measurements. The four digit Transition Encoder
gives a peak value of time jitter (peak distortion)
of + 3.1 percent at the maximum rate of 250
baud.

This was readily confirmed in the model by
taking measurements with a Digitec Teledata
Analyzer and independently with a Tektronix 647 A
Oscilloscope. This amount of jitter is insufficient
to cause errors in a single span or even in sev-
eral spans in tandem. Note also, that the D¢ chan-
nel output is a reshaped rectangular waveform.

Performance in the presence of noise is an
area of special interest. The most troublesome
signal contamination comes from mechanical
contact bounce in various types of teleprinter
transmitters. Contact bounce is frequently a
source of considerable annoyance at the input
to a solid state circuit. While contact bounce
duration is usually a small percentage of the
minimum time between successive transitions, it
can be most hazardous to the Transition Encoding
circuits. To the Transition Encoder Channel Unit
contact bounces will appear to be a series of
closely spaced transitions simulating a data bit
rate which is in excess of the maximum design
rate. When the design bit rate is exceeded the
errar rate of the Encoder increases drastically,
rendering its output useless.

One particularly hazardous situation was en-
countered wherein a tape distributor produced
short dropouts (equivalent to contact bounce) be-
tween each pulse of a series of non return to
zero (steady marking) pulses.

Contact bounce or very short duration drop-
outs are not likely to be recorded by an electro-
mechanical device such as a teleprinter select
magnet mechanism which typically has a response
time well in excess of one millisecond. The same
characteristic response of select magnets can be
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obtained by using other analog low pass filtering
techniques. A simple solution to this problem is
to have the Transition Encoder not respond im-
mediately but wait for an interval of one milli-
second to ascertain that the transition is not of
a transient nature. Mote that this time duration
was made to be in accord with select magnet
response time. If the transition persists for this
interval, then it is taken as valid, and the Tran-
sition Encoder places the transition information
into the common bit stream to be transmitted.

Other Applications of D* Channels

Most Western Union traffic consists of binary
digital data at various speeds, Therefore, many
types of D* channels are needed.

O* channels for 2400 baud and 4800 baud
have been designed and were mentioned earlier
in this article. The design of a synchronous 40.8
kilobit per second D* channel using pulse stuffing
which occupies a single T1 voice time slot has
been accomplished. Likewise, a D* channel for
extending local telex subscriber loops has been
designed. Presently a D* channel for Desk-Fax
signals is being designed. All of these will be
implemented in the near future.

Presently, a sizable effort is being funneled into
the development of another PCM terminal concept.
This concept is called MINI-T which is shorthand
for minimum cost PCM terminal. This terminal
also accommodates a mixture of voice and data.
However, it uses simple sampling to process the
data as economically as possible. Its primary field
of use would be for distances where terminal cost
dominates prove-in equations, namely short and
medium haul. MINI-T has so many ramifications
that it can only be fully amplified in a separate
article.
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Advantages of PCM

In summary, the first and second arficies In
this issue of the TECHNICAL REVIEW have em-
phasized the three basic advantages of PCM: 1)
It is digital in nature, 2) it ideally interfaces with
data processing machine, and 3) it is flexible to
accommodate all future data requirements.

e PCM obviously shares much modern digital
technology with the data handling field. The
‘digital nature” of PCM leads directly to the
heavy use of integrated circuits. The rapid ad-
vances in the state of the monolithic semicon-
ductor art will be a distinct advantage to future
PCM designs. The techniques and hardware of
digital logic circuit design which have evolved
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in the last ten years in the computer fields are
directly applicable to PCM.

@ It 15 a fact that the “interface’” between an
all digital transmission system and the machines
which originate and process data is a better
matched interface than those which have existed
heretofore.

e The rapidly increasing use of digital data,
both low and high speed, has already created
requirements for higher speed, reliable data
transmission. The requirement for high-speed
digital transmission ‘‘flexible’ enough to allow
for multiplexing numerous tributaries of various
speeds will increase exponentially in the years to
come,
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Qur Customer Says:

VWestern Union's 301 Swit
meets reliability regquireme

Our management at Dun & Bradstreet installed
the Western Union 301 computerized message

by Narman M. Spiva switching system in 1965, with the primary aim
Manager ta achieve faster, more efficient service on sub-
Mathods £ Reseash Dept. scriber credit inquiries. These inquiries had
Mr. Spiva has been reached such proportions that it was almost im-
n 5 s T a
and  Research  Depart- possible to handle the heavy load effectively with
ment of D&B since 1959, : .
and has been aware of a manual switching center set-up.

the performance of pre-

el il During the three year period the computerized
system has been in operation, it has performed
very satisfactorily in terms of traffic handling,
transmission accuracy, cost per message and re-
liability. We have been able, as we intended, to

substantially improve service to our customers.

Dun & Bradstreet has been engaged in gather-
ing and disseminating business information since
1841. In recent years Dun & Bradstreet has di-
versified its operations into a wide range of busi-
ness information systems, services, and sciences,
including publications and services in the areas
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" I S S l ;EI I I Six teleprinter ASR units are in constant operation in the main
teletype room at Dun & Bradstreet headquarters where all sub-

scriber inquiry traffic for the Mew York area is handled. Head-

quarters administrative traffic also enters the system here.
un ¥ /ﬁ radilrcel. Ine

.
of Economics, Marketing, Sales, Credit, Education, The switching center attendant checks an hourly, com-

Fi dR h puter-generated status report, generated by the computer

inance ang hesearci. at the New York headquarters of Dun & Bradstreet,

From an operational standpoint, Dun & Brad-
street divides the U.S. into geographic areas. At
each location a Dun & Bradstreet office i1s re-
sponsible for gathering information on all busi-
nesses located in thatl area and processes requests
from Dun & Bradstreet customers for information
on those businesses.

When a Dun & Bradstreet office receives a re-
quest for information on a business located out-
side its own “reporting area,”’ the inguiry is
routed via teletype to the Dun & Bradstreet office
that serves the area in which the business In-
guired upon i1s located.

With wvolume of inguiries mounting steadily,
and our customers' need to receive information
faster, we have developed automated systems to
handle the increased traffic and speed require-
ments. Consequently, Western Union's 301 Mes-
sage Switching System was chosen as part of our
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automation. We had two previous Western Union
systems for handling inguiry traffic. The new
computerized 301 switching system, cutover in
Movember, 1965, was the first Western Union
computer-controlled industrial teleprinter system.

Because of our past experience with Western
Union, and their capability in record communica-
tions, Dun & BEradstreet worked with Western
Union to design the new system to our special
requirements. They provided the engineering ex-
perience required to modify trib-station and switch-
ing center equipment, as well as helped to design
and build new equipment where required. In ad-
dition, Western Union had the capability for
computer programming. Therefore, Western Union
assumed full responsibility for implementation of
the system. This was a definite advantage for us
to have Western Union offer the single respon-
sibility for the total system.

We did not hesitate to take certain calculated
risks in the design and installation of the system.
We demanded—and received from Western Union
—sufficient system reliability to preclude the ne-
cessity for back-up computer facilities. In spite of
having no back-up computer, the system has
operated with 98 percent up time. This is par-
ticularly good, since the system is a tape oriented
system requiring the reading of the entire daily
tape journal if the system fails and recovery is
required.

When message format was being developed,
Dun & Bradstreet insisted upon the briefest possi-
ble header because even one unnecessary charac-
ter per message would reduce the message
capacity of the system by 40,000 messages an-
nually. As a result, Western Union gave us a nine-
character (average) header format (11 characters
for priority messages). At the time our system was
designed in 1964-65, this exceptionally brief
header was roughly 15 to 40 characters shorter
than that used for the header in many similar
systems then on the market. This factor alone,
“the new header,” increased the message han-
dling capacity of our network by about 750,000
messages annually.

The capability for sequential message number-
ing and station polling before message trans-
mission were programmed into the system—and
these and other programming features have pro-
duced a record of “'no lost messages” during the
system’s operation.

In all cases, careful planning in the design stage
paid off in system effectiveness.
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System Hardware

Our Western Union 301 system comprises one
CDC 8090 computer, one line multiplexor, one
high speed 1200 baud concentrator and 12 di-
rectly connected Western Union Plan 117, 75
baud, 100 wpm full duplex way circuits. The con-
centrator, located at Indianapolis, services an ad-
ditional 8 full duplex 100 wpm circuits with an
average of & stations per circuit.

Peripheral equipment includes two supervisor
ASR positions, one tape controller, five tapes, one
console with paper tape reader/punch. Trib-station
terminal equipment comprises a Model 28 ASR—
Type 2C; selectors are electro-mechanical Plan
117. The code used is 5-level Baudot.

Qur network has been expanded from 24 sta-
tions in 1964 and now connects a total of 101
stations in 90 Dun & Bradstreet offices to the
computer located at our headquarters in New
York. All communications control, and ancillary
information processing, is performed by the CDC
B090. The tapes used in the system include one
for intercept, one for overflow, one auxiliary (for
use when overflow or intercept are being read
into the computer), one for loading the system
program, recovery program or retrieval from prior
day's journal.

Message Volume

Roughly ninety percent of the traffic run through
the systern consists of subscriber inquiries for in-
formation on business concerns; the remaining
ten percent represents administrative and sales
accounting messages.

Before the Western Union 301 switching system
was installed, messages delivered in 1964-65 to-
talled 4,700, 000. Traffic has increased an average
of 365,000 messages annually during the past
three years, This past year, the total delivered
reached 5,800,000—or some 22,000 to 29,000
messages per day, delivered within our thirteen
hour operating day.

System Operation

All traffic between the computer and communi-
cations terminals is controlled by the computer.
Stations are "polled’ or invited to send (ITS) on
input and “'selected” (SEL) on output. Messages
are received serially, and stored a character at a
time in the Line Multiplexor for forwarding to
the CPU.
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The above Dun & Bradstreet inquiry ticket illustrates a typical address format on a message,
The brevity of the header contributes substantially to system efficiency and economy.

Messages are processed on a first-in first-out
basis, with a three level priority structure, which
permits processing and delivery of priority mes.
sages ahead of normal messages. (Highest level,
computer originated message; second level, office
priority message; third level, office regular mes.
sages).

In the course of a working day, an average of
2,200 priority messages are processed.

All Messages Validated

Validation checks are performed on all mes-
sages, character by character, as received, for
correctness of the header (address portion of the
message). When an error is made at the sending
station, or an error is encountered during trans-
mission, the computer automatically stops its
transmission, over the outgoing leg and staps the
“offending transmitter’” within 600 milliseconds
(& characters) of the error. In addition, an alarm
lamp is activated on the teletype machine, and the
computer automatically sends a message to the
initiating office advising the reason for rejection.
This later message also includes the header
portion of the rejected message.

The computer also delivers a printout of each
such error message on a Supervisory ASR unit at
the switching center. Thus, the Center Attendant
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15 constantly apprised of the current status of the
operations.

Valid messages at this point in processing are
not logged, but are stored on the drum, which is
the in-transit storage device. These messages are
assigned unique identification numbers on input,
and the computer checks each input number to
ensure no lost messages.

Message Routing

Messages can be routed by single address,
multi-address or group code. The message and
input /output message data is logged upon final
delivery on the Journal magnetic tape. Output
goes to the addressed station, unless it is on inter-
cept storage, or alternately routed to a designated
station. On-off intercept is accomplished either
automatically on selection, or manually by the
Center Attendant. Alternate routing is always initi-
ated by the Switching Center Attendant by use of
a command message.

There are two Switching Center Attendants at
the New York switching center, who share manual
control of system operations. The Attendant's role
includes changing the polling pattern/cycle, in-
serting system date/time, alternate rounting, in-
tercept, retrieval, system start-up, shutdown and
FECOVery.
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Unigue System Features

Our custom-designed system has two unusual

features which account for the overall high-level
system efficiency,

1.

In addition to Western Union making certain
engineering modifications in eguipment, the
program was written to include a2 number of
features, including some innovations which in-
creased circuit utilization. Four examples of
these are:

a) Even though full duplex circuits and con-

ventional 28 ASR stations are used, this
system permits the receiving of answers
back from selected stations before a mes-
sage is delivered by the computer. This
means that circuit time is never used to
deliver messages until an answer back is
received to assure that the station is up,
contains adequate paper, and is ready to
receive the message.
The feature also permits the elimination of
transmission of an automatic message num-
ber outgoing from the computer—which
not only saves circuit time (the equivalent
of 240,000 messages annually)—but also
eliminates tallying of numbers by Dun &
Bradstreet offices to assure that no mes-
sages are lost.

b) The same assurance of message delivery
is provided even though each station IS
operated unattended for a minimum of 3
hours each day.

c) If an error is detected in an incoming mes-
sage, the transmission is stopped within
600 ms, so that a minimum of circuit time
is wasted on the transmission of erroneous
Mmessages,

d) The system was designed on the basis of
rejecting a8 minimum number of erroneous
messages to the Center Attendant. In-
stead, all erroneous messages, except one,
are rejected back to the origination point
for correction and re-transmission.

The uniguely brief header design was mentioned
earlier—and it has been a major contributing
factor to system effectiveness. Ours is still one
of the most efficient way circuits in operation
today. The short header, combined with fast
turn-around time and the features just listed,
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achieves maximum circuit utilization. As for
turn-around time, on the outgoing leg of the
circuit, the time required to terminate one
transmission and select the next station to
receive, including answer back, ranges from
350 to 600 ms depending upon whether the
incoming leg is idle or busy. This 350/600
ms. contrasts remarkably with the time of
13,000 ms for the previous Plan 111 system,
and the 2500 ms under the more recent Plan
115.

. Simplicity of computer center operations and

supervision is another advantage of our pres-
ent system.
Only ten computer command messages—
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The Magnetic Drum Memory unit is the in-transit stor-

age device used in the Western Uinion 301 Systemn; its
capabilities include a capacity of up to 524,288 char-
acters, and an average access time of 17.3 milliseconds.
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each less than twenty characters in length—
cover all operations. The Center Attendant is

required to monitor only three types of mes-
sages:

a) Service messages sent to out-stations

(covering invalid messages or routings)
b) NMotice of circuit or hardware malfunctions
c) Hourly status reports

The regular status report, which is provided
either hourly or upon demand, provides data
on each out-station operation, including: mes-
sages transmitted, messages delivered, total
messages gueued up for delivery, and mes-
sages in intercept as a result of hardware or
circuit trouble.

The Communications Line Multiplexer, was designed by
Western Union, for the Dun & Bradstreet 301 Switching
System. It houses the communication line buffers, which
are packaged in modules. Each module contains from
one to eight line buffers, terminating lines of speeds up
to 2400 bauds, and codes up to 8 bits per frame.
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Switching Center attendant, Pat Chu, loads a boot strap
tape for calling in the *“System Program®™ from the
magnetic tape at the start of the day's operation at D&B.

Savings to Dun & Bradstreet

Due largely to the maximum efficiency
achieved in the use of way circuits, the Western
Union computerized switching system has ef-
fected a marked cost improvement for Dun &
Bradstreet. The system was originally designed
tor 70-75 percent circuit loading—now, and at
peak traffic, circuits are operating at almost one
hundred percent capacity. This, combined with
the other features which contribute to maximum
circuit use, has enabled Dun & Bradstreet to re-
duce the average cost per message by about one
third over the previous system,

A further important, though less direct, saving
has been achieved through simplified Attendant
operations. Approximately twenty-five percent of
the Switching Center Attendant's time is required
for actual supervision of the system. The re-
mainder of the time is spent in handling other
administrative functions.

Western Union Handles Maintenance

Western Union is responsible for all equip-
ment and program maintenance. Routine main-
tenance is performed weekly after operating hours,
thus avoiding possible interruption of customer
service. During the three years of system opera-
tion, only one service interruption occurred. With
only one computer in operation and no back up
computer, the 98 percent “up time" on the sys-
tem speaks well for system reliability, and for
Western Union’s maintenance capability, B
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COST EFFECTIVE Analysis

—our Management Tool

Cost Effective Analysis is a management deci-
sion-making tool which presents a useful relation-
ship between the system cost and the likelihood of
the system achieving a preset goal. The end
result is the minimization of the cost for a spec-
ified level of effectiveness,

To do this requires the comparison of some
alternatives which can be directly related to each
other. When the system parameters are well de-
fined, this comparison is a simple one. However,
some parameters are not easily defined.

With the continuously accelerating growth in
data communications there is a need for man-
agement to make decisions on the effective use
of transmission facilities.

Effective use can be obtained in either of two
means: by increasing the number of circuits in
use or increasing the transmission speed of a
circuit. The first means is a matter of plant exten-
sion, the second is a matter of the capacity of
a communication channel. This article will de-
scribe the possible limitations when transmission
speeds are increased.

Data Transmission

Western Union's goal is to send as much data as
possible at the lowest cost. The circuit or line, has
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Gary R. Audin

the capacity for much higher speed with no increase
in line cost, it is the terminal equipment that pre-
sents the cost prablem. The cost per bit for ter-
minal equipment increases, but the cost per bit
for the circuit decreases as speed is increased.
The total transmission cost is the sum of these
two costs. The total transmission cost divided by
the speed is a measure of the cost effectiveness of
a modem-circuit combination. The effective speed
is the data rate at which the cost/bit is lowest.

Transmission Speed Limitations

In 1948, C. E. Shannon developed a formula
which fixed the maximum transmission speed of
a communication circuit as:

Maximum Transmission Speed = W log; (1 + S/N)
where: W — Bandwidth in cps

5/M — Signal-to-noise power ratio
[absolute)

Spead — bits/second
for an arbitrarily low error rate. This formula is
represented in Figure 1, as “Transmission Speed
Limitations' as Maximum Transmission Speed.
The number of bits of data that can be carried
by a single cycle of signal is limited. The signal
power must be greater than the noise level but
it cannot exceed a specified channe! limit. Within
this range the resolution of the signal detection
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circuit 15 limited by the noise, since the signals,
corresponding to information content, must be sep-
arated enough so that the noise will not cause
one signal to look like an adjacent one. The chan-
nel capacity limit is the product of the number
of bits than can be resolved during one signal
cycle and the bandwidth in cycles per second.

several idealized conditions are required to attain
this limit, these are:

a) Unity gain within the bandwidth W and
zero gain at all other frequencies.

by Linear phase shift across the bandwidth W,

c) Elaborate encoding and decoding arrange.
rments.

Since the ideal requirements have not been
met to date, only an optimum set of design con-
siderations is possible. Even when assuming a
perfectly implemented system and optimum
signal shaping and filtering, an increase of 6 db
in 5/M is required to obtain a speed equal to the
Shannon limit. This is represented by the curve
for the “Present Design Limit,”" as shown in
Figure 1. Another 2db of S/N is required to over-
come the less than optimum results obtained
when the hardware is constructed. The achieve-
able results are given in the curve, “‘Implementa-
tion Limit,” in Figure 1. Therefore, practical
transmission systems must operate to the right
of this curve, i.e., at equal or greater signal-to-
noise ratios for a constant speed. If the S/N
ratio i1s constant, the system will operate below
the curve, i.e., at lower speeds.

Modem Costs

The "Implementation Limit'"' can only be met
at considerable expense. The cost of a modem
increases with increasing transmission speed for
a constant S5/N. By fixing the signal-to-noise ratio
at 25db, a modem cost characteristic was de-
veloped, The modem cost includes a full-duplex
data set, line equalizer, and encoder-decoders for
error control. The error rate must be equally low
for all speeds; otherwise, an objective compar-
ison is not possible. The coder is not necessary
for data rates of 9600 bps or below. Combining
the price of all the equipment into a single cost
allows a simplified transmission line cost to be
developed. Normally, a voice circuit's condition:
ing, for higher speeds, is part of the line rental.
This would require at least three different line
rental curves, one for each data rate range.
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The modem cost is represented by a monthly
cost computed by dividing the purchase price by
50. This is the same as financing the purchase
of the modermn over approximately 10 years. The
monthly maintenance cost is also included in the
monthly cost. The purchase prices of available
maderms were used for speeds up to 9600 bps.
At greater speeds the curve is extended ex-
ponentially as the speed reaches the "Ilmplemen-
tation Limit."”

The curve is developed from the formula;

Modem Remtal _ 506 7 ¢ wok | 0.57875 — 320
Maonth

where B — bits per second

The cost has been normalized for easier repre-
sentation of the values. In the Figure 2. the cost
curve, Modem Cost/Maonth, has a useful range of
2400 to 24000 bps.

Transmission Costs

The voice circuit cost structure was developed
from ane of the references used in the design of
Western Union transmission facilities. It is the
internal company cost, not a tariff charge. The
line cost, shown in Figure 3, is composed of a fixed
termination cost plus a line cost/mile which de-
creases in increments as the length increases. The
cost has been normalized to keep it relative to the
modem cost. This monthly cost is defined as:

LineCost  _ 59 71 m ™ 4 1.19M 4+ 190
Manth
where M — miles

The useful range of the curve in Figure 3 is 100
to 3000 miles, where the curve is always within
-+ 39 of the relative cost.

Cost/Bit Characteristics

The cost effective transmission speed will be
the speed at which the cost/bit is lowest. A full
duplex transmission system is assumed. There
is an optimum for each line length. The cost/bit
is the necessary evaluation, since the total cost
only increases with transmission speed and/or
line length. The transmission cost/bit goes down
as the line lengthens while moden cost/bit goes
up with higher speeds. At some particular speed
the total cost/bit will be at a minimum. At this
point for a specific line length, the cost of trans-
porting a bit that distance will be lowest.
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The total cost/bit, C;, is computed from the
equation,

Modem Cost Line Cost
= Co — gt e el e B e e
) BUBI =2 X — ot Month
This is the cost of a line of a specific length plus
two modems, one at each end. The equation may
be evaluated as:

/B

Cost/Bit = (11.17M ™ 4 1.19 M 4 453 g o3t
4 1.14 B ® — 450) /B

where: M — milas
B — bps

The transmission cost/bit for five line lengths are
shown in Figure 4, Bit Transmission Cost. MNote
that all curves have a minimum cost within the
speed and mileage ranges. The cost/bit given by
these curves is really the cost of sending a bit of
information at a specific distance and speed for
a month. Optimum speed is the real point of
interest, The optimum speed is the one which has
the minimum cost, or the derivative of the total
cost curve with respect to the transmission speed
is zero for a constant line length. These points (for
each line length) are indicated by the arowheads.

In Figure 5, “'Cost Effective Transmission
Speed,” presents the optimum speed for these line
lengths between 100 and 3000 miles. Any devi-
ation from this optimum will increase the cost. Re-
turning to Figure 4, it can be seen that the curves
are very flat around the minimum points. In fact, a
variation in speed of = 20 percent of the optimum
speed increases the cost less than 5 percent. Once
outside this range, the cost rises faster, especially
for speeds |ower than the cost effective speed.
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Cost Effective Speed

As indicated by Figure 5, the optimum speed
ranges between 7900 bps and 16,700 bps as
the circuit length increases from 100 to 3000
miles. Modems are not manufactured for all
speeds but are designed in increments of 1200
or 1800 bps. The anticipated speeds are 2400-,
3600-, 4800-, 5400-, 7200-, and 9600 bps. Any
circuit longer than 250 miles has an optimum
speed greater than 9600 bps. It is not anticipated
that modems operating faster than 9600 bps will
be available in the near future if ever. The design
problems are very complex, and the problems
grow as the data rate reaches the "Implementa-
tion Limit."

The guestion then arises that, when limited to
9600 bps operation, is this speed cost effective?
The answer is—Yes! For circuit lengths up to
1000 miles long, the increaze in cost (compared
to the optimum) is less than & percent. The
longest circuit, 3000 miles, is 26 percent more
expensive than its optimum. Table | shows the
transmission cost for specific data rates relative
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Figure 5—Optimum Cost Effective Speed

TABLE |
Hnlil:ifilt_‘_l'_rli:rﬂi::inn Costs

Circuit Relative Cost Dptimum
Length % Higher than Optimum Rate
Miles 2400 4800 TH0 9600

100 42% 7B | 1.3 T4 BPS
1000 176 4 20 53 12000 BPS |
3000 30 118 55 26 16700 BPS |

to the optimum rate. It can be seen that an in-
crease in the data rate provides a substantial re-
duction in cost. Operating at 9600 bps is cost
effective compared to slower data rates, except
for circuits shorter than 250 miles. The cost re-
ductions that are possible for operating speeds
greater than 9600 bps are much smaller than the
reduction obtained as 9600 bps is approached.

The optimum speed is more sensitive to the
circuit cost than the modem cost. There is a
trend apparent which shows a consistent reduc-
tion in the rates governing circuit costs. Any
reduction in these rates will also cause the opti-
mum speed to decrease, It is also true that as the
technology progresses, modem costs will also
decrease. This will force the optimum rate to
INCrease,
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Conclusions

Cost effective analysis is a valuable manage-
ment tool. It provides a quantitative measure of
the cost and effectiveness factors pertinent to
the system under analysis. It identifies the factors
to be considered in the decision-making process
and the values assigned to them. Also the inter
action of the factors is defined. Thus, cost ef
fective analysis augments decision-making with
numerical reasoning, documented in a consistent
and logical manner.

The cost effective data rate cannot be reached
for voice circuit lengths longer than 1200 miles,
with an “Implementation Limit" of 13.800 bps.
The highest data rate available is 9600 bps (70
percent of the “Implementation Limit”). Even if
modems are available which operate faster than
9600 bps, no significant cost saving will be real-
ized for circuits up to 1000 miles long.

For longer circuits, there is some advantage in
operating faster. Considering the large reductions
in cost/bit derived by operating at 9600 bps,
compared to slower rates, the decreases in cost/
bit obtained by faster rates are small by com-
parison

Most voice circuits in Western Union networks
are less than 2000 miles long. The longest circuit,
from Miami to Seattle, 15 2723 airline miles.
Therefore, most of the voice circuits will be operat-
ing within 20 percent of the optimum cost. Lntil
higher speed modems become available, circuits
longer than 1000 miles will have a cost/bit which
ranges from 5 percent to 26 percent higher than
the optimum. Higher data rates will reduce costs
but large increases in the modem speed are re-
quired to produce significant results. Within pres-
ent technology, the optimum rate will not be
reached for circuits longer than 1200 miles. For
circuits shorter than 1000 miles, a speed of 9600
bps is the most cost effective.
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Patents Recently Issued
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TO

VWestern Union

Patent No.

3,363,191

3,366914

3,374,309

3,381,370

3,388,378

3,391,386

Title of Patent

Data Transmission Amplifier

Solderless Connector for
Printed Board Circuits

Duplex Way Station Selector

Waveguide Flanging Method

Error Detection and Correc-
tion Apparatus for Duplex
Communication System

Card Data Transmitter Circuit

Inventor

John E. Boughtwood
Harold Harris

John J. McManus
Ralph Rosen

John Elich
Vincent C. Kempf

Harry J. Goonan
J. K. Fitzpatrick

Robert Steeneck
John R. Cowan

Ronald ). Duswalt
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Evolutionary

NModernization

of DCA’'s

AUTODIN-CONUS

Western Union will modernize the domestic
portion of AUTODIN, AUTODIN COMUS, under a
$20 million contract from the Defense Communi-
cations Agency.

It plans to install new, advanced equipment
which will double the transmission capability of
AUTODIN. Presently, it transmits about a million
words a day. The new equipment will make it
possible to transmit two billion words a day.

The original system was designed by Western
Union in 1963 for the United States Air Force. It
now consists of nine major computer centers and
can accommodate 2700 outstations.

The new equipment will include 18 new, inte-
grated circuit Communication Data Processors,
new mass-memory units and 77 new, modern
magnetic tape drives. All these will improve the

system’s reliability, reduce space. power and air-
conditioning requirements. In addition, the over-
all operating efficiency will be enhanced.

This modernization also includes new auto-
mated techniques for failure diagnosis and inte-
grated circuit module repair.

AUTODIN is presently the world's largest digital
data system and provides high-speed interchange
of vital communications for the entire defense
establishment,

The Defense Communications Agency is re-
sponsible for and operates the global AUTODIN
network for the Department of Defense.

Under the new modernization program, Western
Upion will serve as the prime contractor to the
Defense Communications Agency.
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Artist Rendition
of the
Proposad Mew
COMMUNICATION DATA PROCES

with low speed printer,
tapa reader, operator's console
and 4 racks of modules.
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The System Console and Magnetic
Tape Station at ane of the Compu-
ter Centers taken with a 360° Lens.

Summer 1968 Autadin-Conus Modemization = 117



Jiedad pnosio
pajesBaju| pue sisouBeip ainje} Joj padojaaap sanbiuyds) pajBLUOINE au)
pue pasn aq o} juswdinba mau a3y} saguasap Apaug SafUE SIYL

‘NIQOLNY jo uoipod asawop
3] BTNUAPOW 0} JIRNUOD Bl PIPJEME LIS SEY UOIUM UISISEM
LIT-917 "dd
(B96T LUWWNS) £ "'ON "Z2 194 "MIIATH TYINHITL UOU UISISaM

SANOD NIQOLNY 5,820 0 uolezispo Aeuon|osy

SNNO-NITOLNY
UBLLAZUNDULY
LOIeTILISpOMN

MNIJOLNY

Sl@ULRYD

@say} jo suoneddde fuew s)1sadEns pue |auuRys g pneq Qog-0 ayl

jo udisap SU} SIQUISIP JDLE EIY| S|AUUBYD IJN0A HZ B 40 IUO Kua

0} PRROfIE SI0|S W T1 #yl v sisuudaa) 56 JO UOISSIWISUERL] [SUUERYD
J] 2piacid 0} (BUlLLS} T1 PIEDUBIS B} PRIPOW USIUN UISGSIA,

‘uonewsou Fojeue Buljwsuel) Ajeudip Jo) slauLeyD

aoion Jnoj-Ajuam] 0] Pajole s |EUILWISY T PIEPUELS BL3 U1 SIS awl]
-puodas sad 53015 BWl 0O0'PES’T SHWSURS WalsAs Jauled T ayj

£01-v6 "dd
(BOGT J8WNg) £ "ON 'E2 104 'MIIATH TYIINHIIL uoiu Wajsss

SBULUBYT O—WDd 8 H ISpIE5) UBA PUE [ (] 'SEISOY
S[EUUBYTY

uoijE|npoW apoD asind
dauwied 1L

Juaned QZF peEA 51 )R
wnwipdo ayl uvaysm juaiad g UBY] S53] SASEAIIUl JS0T [E}0] SMOUS B)1ES
ejep wnwde ayy jo fpapsuss ay) Fuo| sspw OOOE Pue 00T Usamiaq
glnana oy =dq OO 9T 01 sdq Q0s/ Woly palies a3l wnwdo sy

‘IEOS UOISSILLSUEL] 1S3M0| BL}

J3Q0 W yoigs 1inaais jo yidue) paxiy B Jo) 238 UDISSIUSURS] wnwndo

Bl aUILLSER O} PAsSn alam SI0JJE) JS00 O8] "UDISSILLISURI] BIEP 104 pUBq
BaI0A Sy} JuIsn A@AlSays JO0 1500 3y} pPaIpn}s SEUY UOIU WISISank

tIT-01T "dd

(8961 JawWWNS) € "ON ‘22 “10A 'MIIATH TVIINHIIL uolun Waisas

(| JuslLSEeus [y JIN—

sisfjeuy aAlloa)3 150D

SSaUaAII84T 1500
oo juswadeusy

“AHlIgel|ad 53 ylim paseajd
ajam |[uuostad soueuajuiew pue Bunelado syl pue Jue|d Bges s UL
wiaiseaam uo Spueagesde pawsoped juawdinbe wod eyl pescad jsa)
[EL} 3y -palapisucad osje Sem [aulosiad usijeiado pue aduBUajUIEL UD
uopelado Wod jo 1oedun 3] 'soueuucued pue Aljgelsd Joj juawdinba
Wod ajgejeae syl 158) 0} pue uopesado |eEip Joy Jued s) MEN|jRAS O}
PEsn BJas YIEMBE PUE HIOL MK U3ISMISO SIPQED S UDIUM LIBISBAN

WOIU WEISAM 1B UDIIRIIBISUI WO 1541 91 5814053
PUE UoIJenpop apos) as|nd |0 Jusludoasap ay] SMalsad ajaiue s
E6-Z8 dd
(BOET Jawng) £ 'ON "Z2 104 “MIIATY TYIINHIIL UDiun UIEISIM

ajUBuUIUIBW PUR 153

LR
uope|Npay BpoD Bs|ng

"ONMId 04 SA¥VD A¥VHEENT NO Q3lsvd ANV 1NO 1ND 38 AYW Sa¥VD LOVHISEV 353HL
INS5SI SIHL NI STV 40 SLOVHLSEY

WESTERN UNION TECHMNICAL REVIEW

118




VWestern Union

serves

National Political Conventions

Western Union is serving the 1968 national po-
litical conventions and transmitting press media
all over the United States and abroad.

Four special press centers are being installed—
two in Miami Beach and two in Chicago—for the
Republican convention opening August 5 and two
for the Democratic convention on August 26.

More than 200 operators, supervisors and tech-
nicians, specially trained in convention work, will
be assigned to each city to handle the telegraphic
press requirements of an estimated 5,000 news
media representatives plus the communication
needs of thousands of delegates and visitors. Staff
assignments will be geared to meet peak-load re-
quirements, world-wide time zones and newspaper
deadlines.

Each convention facility will be served by more
than 150 circuits with a capacity of more than
600,000 words an hour.

At Miami Beach 100 Telex machines will be
installed in the Fontainebleau Hotel and at the
convention site in the Memorial Auditorium,

At Chicago, similar staff and facilities will be lo-
cated at the Conrad Hilton Hotel and at the con-
vention site, the Internation Amphitheatre,

These Telex machines will permit direct con-
nections to be dialed to subscriber newspapers, in
seconds, for immediate, two-way communication
and transmission of press copy.

Telex will provide foreign correspondents with
immediate, direct communications, via the gate-
way facilities of the international telegraph car-
riers, to 150 overseas countries and territories
ranging from Aden to Zambia.

Western Union will also install added equipment
in its Miami Beach office to expand its message
handling for the general public.

Personal Opinion Messages may be sent to rep-
resentatives at these conventions.* W

*The adwertiserment on the next page is one of Several designed by the

Marketing Department to describe the new Western Union sendices.

e
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Hé?p- run America. |

Western Union's Personal Opinion Message
costs 90¢,

It's a 15-word telegram, sent Lo your
governor, state legislator, senator, or
congressman. Or to the President.

(If vou don’t know where to reach them,
Western Union does).

These are the men vou elect to run things
the way you think they should be run.

To accomplish that, yvou have to let them
know what you think.

gy

Men elected to office get thousands of
telegrams from their fellow Americans
every day.

And what's more important, ever
telegram they get 1s read.

They use those telegrams to support
speeches and arguments. They use
your opinions to help make their own.

That process is called democracy.

We think it's worth m u

at least 90 ¢, western union
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