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This manual is intended for the user of data processing
equipment who has a need for data communication services,

It introduces the reader to the world of data communication
and enables him to approach common carriers for competent,
detailed up-to-date information on facilities, specifications
and tariffs to satisfy his needs.

The reader should gain sufficient comprehension of first
priciples in coding structures, modes of transmission,
channels and services offered to the public by common
carriers to assist him in the design of application-oriented
data communication systems,

An example manual network design problem is included.
A bibliography provides further sources for specific areas
of interest.

Cost figures in this manual were estimated by IBM for
purposes of illustration only. They reflect prices obtained
from public tariff information and assumptions made by
IBM as to the application of the tariffs. The reader should
consult the appropriate common carrier for exact tariffs
and services when doing actual systems design.
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to this manual makes it impractical to give individual credit.
Their contributions are greatly appreciated for they have
helped to make this a more useful publication.
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INTRODUCTION

Managements of today's complex and diversified
businesses must have up to date knowledge of their
geographically scattered operations in order to serve
their customers, and to maintain close surveillance
over critical activities. This calls for rapid collec-
tion, processing, and subsequent use of business
information.

Because data collection by messenger or mail is
slow and subject to weather and traffic conditions,
many new types of communications systems have
been developed. Advances in computer design and
application, have brought about increased use of
electronic transmission systems for conveying in-
formation between widely separated business loca-
tions and the computers installed there. Thus, it
is possible for the management at the main office to
know in seconds what the state of affairs is at a
branch at the other end of the country.

COMMUNICATIONS CONCEPTS

In this publication communication is defined as the
transmission of signals between points of origin
and destination without alteration of the sequence
or of the information content of such transmission.
A special form of communication whereby informa-
tion is conveyed over a distance is called telecom-
munications. Telephone, radio, and television are
examples of modern telecommunicdtions.

The communication process generally requires
at least four parts — a transmitter or source of
information; a message; a transmission channel or
carrier, often called a data link; and a receiver of
transmitted information. Feedback is usually
required to close the loop. This is illustrated in
Figure 1.

CHANNELS

A channel or communications link is defined as a
path for electrical transmission between two or
more stations or terminals. It may be a single
wire, a group of wires or a special part of the radio
frequency spectrum., The purpose of a channel is
to carry information from one location to another.
All channels have limitations on their information
handling abilities, depending upon their electrical
and physical characteristics. The term " circuit"
is used conversationally as a synonym for channel,
but in practice, a circuit may contain several com-
munications channels.

Three basic types of channels are simplex,
half-duplex and full duplex. As an example of each,
consider transmission between points A and B in
Figure 2.

A B
O SIMPLEX =O
A B
O~ O
A B

C- O

FULL DUPLEX

Figure 2. Types of channels

Transmission from A to B only and not from B
to A, describes a simplex channel.

Transmission from A to B and then from B to A
but not simultaneously, describes a half-duplex
channel,

Transmission from A to B and from B to A
simultaneously describes a full-duplex transmission.

Usually, all three types of channels are available.
In the United States the communications companies
or common carriers offer only half or full duplex
channels. The half duplex channel may be used in
simplex mode by the selection of terminals which
restrict the direction of the half-duplex channel.,
e.g., A "transmit only" terminal connected to a
"receive only" terminal. Figure 2 illustrates the
channel terminology.

Data can be transmitted in half or full duplex
modes over two or four wire facilities. The as-
sumption that half-duplex operation utilizes a 2-wire
circuit and a full duplex requires a 4 wire circuit
can be erroneous. In most instances half-duplex
transmission is over a 2-wire circuit; however, full
duplex transmission can be handled by a 2-wire
circuit. The 2- or 4~wire selection is the common
carrier's responsibility, unless terminal specifica-
tions call for 2~wire or 4-wire connections.

In addition to the direction of transmission a
channel is characterized by its band width. In gen-
eral the greater the band width of the assigned
channel the higher the possible speed of transmis~
sion. This speed is usually measured in terms of
bits/sec. The bits are formed into data characters
or control codes by equipment included in the
terminals.
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Figure 3. Transmission facilities

Data channels are graded or identified on the
basis of their information carrying capacity as
specified by their bit speed capability. The range
of channels includes broad band, voice grade, sub
voice grade and telegraph. Broad band, as its name
implies, is the widest or highest grade, while tele-
graph is the narrowest or lowest grade channel as
illustrated in Figure 3.

NUMBER SYSTEMS

People are used to calculating with decimal numbers.
However, the decimal number system does not lend
itself directly to stored program computer handling
or data transmission. Numbers in the computer are
best represented by an on-off condition for reasons
of efficiency, economy and speed. Therefore, the
binary number system is used.

Let us review what we already know of the deci-
mal number system and then go on to the binary
system.

In the decimal system we use the ten symbols 0,
1, 2, 3,4, ... .9 Whenwe record the decimal
number one hundred seventy six we use the shorthand
positional notation 176. However, we really mean
the sum of:

(hundreds) (tens) (units)
(1x100) + (Tx10) + (6x1) =176
or
(1x 102) + (Tx 10l + @x 100) =176

In the binary number system we are limited to the
two symbols 1 and 0. As a result the binary number
101 is the shorthand positional notation for the sum
of:

... (18) 8) @ @ L

1lx4)+0Ox2)+(1x1) =5 (decimal)

or

1x2)+(0x2)+(1x2) =5 (decimal)

Note that in the decimal number system we are
using powers of 10 to differentiate the positional
values whereas in binary we are using powers of 2.

These two number systems are analogous to two
languages; and we must translate between them.
Let's try several examples using the above tech-
nique of positional notation.

Example 1. Translate the decimal number 6 to
binary

6=(_xX 22) +(_x 21) +(_x 20)

6=1x4+1x2+0x1

Here we fill in the blanks to equal the 6 on the
left. Obviously one (1) four plus one (1) two equal 6.
61 0 =110 9

We use the subscripts to show which is the deci-
mal and which is the binary number.

Example II. Translate the decimal number 21 to

binary.

2110= (_x 22) +(_x 21) +(_x 20)

Here we run into an apparent difficulty because
all of the numbers on the right hand side of the
equation cannot equal the left hand side (21). There-
fore we must add three more powers of 2.

2L, = (% Py+(_x2h+(_x2h+ (-2

2l (x2h

Since 25 =32 (2x2x 2x 2x 2) we cannot place
a one (1) in that position: Therefore, the binary

value of 2110 = 0101012 or



2110=(0x25)+(1x24)+(0x23)+(1x22)

+(Ox21)+(1x20)

= +
2110 0 16 + 0 + 4

2110= 0 1 0 1

2110 = 0101012

Now prove the following translation:

2810 = (‘?)2

answer: 28

10 - 111002

The above discussion interpreted the binary po-
gitional value as a number we are used to in the
decimal system. However, we could just as easily
use this system to represent alphabetic characters.
For example, using six binary digits (referred to as
bits) let us build a coding scheme to represent an
alphabetic sequence:

A= 1100012 G= 1101112
B= 1100102 H= 1110002
C= 1100112 I= 1110012
D= 1101002 d= 1000012
E= 11010 12 K= 1000102
F= 1101102 L= 1000112
Etc.

Notice that each alphabetic character has a
unique representation in binary. Here we see what
binary representation really is. First it is a tool
for representing data, whether it be numbers in
positional notation or alphabetic characters ina
notation we arbitrarily assign. Secondly, it per-
forms the above service in the most economical
manner., The previous example is a special notation
called binary-coded decimal or BCD.

COMMUNICATIONS CODING STRUCTURES.

In communications and data processing, information
can be transmitted in sequence bit by bit over an
information channel. This method may be referred
to as a timed bit train., For example the five bits
10110 could be represented as follows:

STATE

1 0 1 1 0 (BitValue)

UpLlevel / ON /1

Down Level / OFF / 0

1 2 38 4 5 (Bit Position)

Figure 4. Bit train

Baudot Code

The Baudot code uses five bits to represent each
character as shown in Figure 5. However, this
coding structure will allow only 2° or 32 combina-
tions. A code with only 32 characters would not
permit identification of the 26 alphabetic letters and
10 digits of the decimal system. To overcome this
problem, the Baudot code assigns two characters to
many of the five bit combinations.

To distinguish between two characters having the
same code and thereby increase effectiveness of the
entire code to 57 characters and functions, two shift
characters are utilized. A '"letters' character is
used to signify lower case printing, a "figures"

XZpro

3 UNEgppcgCAR. 5 - 8 78 9 BELL 4 STOP § 3/4 *
£ FEe0™CERET T A I N O S R H O L 12
] [ ] [ ] [ J [ ] [ ]
2 [ ] [ ]
o o o ° o -] o -] o o -] o o o -] o
3 ® [ ] [ ] [ ] [ ]
4 [ ] [ ] [ ] [ ] L ]
5 ® [ ] ® [ J [
ONE PERFORATION CODES l TWO PERFORATIOR CODES
T e * w4 a 0 58 2 6 /2 M8 1/
T F 6 J4 P B W Y K v q x FSLRS
[ ] [ ] [ ) [ ] [ ] [ ] [ ] L J [ J [ ] [ Bl
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THREE PERFORATION CODES I FOUR PERFORATION CODES I
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Figure 5. Baudot code
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Figure 6. Effect of "figs-ltrs" codes

character is used to signify upper case printing.
Figure 6 demonstrates the effect of 'figs' - '"ltrs"
conditioning on the same three code combinations.
In "ltrs" shift, the machine will print A, B, and
C while in "figs" shift,-, 5/8, and 1/8 are printed
from the same three codes.
"figs' - "ltrs" shift codes when going from alpha-
betics to numerics with devices using Baudot Code

The necessity to insert

can be significant because more characters must be

transmitted for a given application than would be
needed for a non-shifted code set.

Data Interchange Code

Another type of coding structure is the American
Standard Code for Information Interchange. A
version of this code shown in Figure 7 is used in
machines manufactured by Teletype Corporation,
which has named this version of ASCII the Data
Interchange Code., It is an eight-bit code, some-
times referred to as an eight-level code, with the
eighth level used for even parity checking.

The Data Interchange Code (DIC)

Does not permit printing dual case (small and capi-
tal) letters but does have shift capability. Rather
than having separate upper and lower case shift
codes, each character by its code structure identi-
fies whether the machine should be in upper or lower
case. The DIC keyboard has provision for a third
case or a control shift which permits certain of the
typing keys to initiate control characters for func-
tions such as tabulation and form positioning.

ASCII Code

ASCIlIis an eight-bit code developed as an American
Standard. The information is represented by 7
information bits and one parity bit, The code as
presently specified is illustrated in Figure 8 and
contains 128 characters; 94 graphic characters and
34 control symbols. In both ASCII and DIC the com-
plete alphabet is represented in a continuous binary
sequency.

Four-of-Eight Code

Another code commonly used for data transmission
is the Four-of-Eight code. It is a special fixed-
count code always having four one bits and four zero
bits out of the possible eight that are transmitted for
each character. The fact that every character is
always identified by four 'one bits'' (never more nor
less) facilitates accuracy checking of transmitted
data.

= = - — /CTRL FUNCTIONS,

3 . o |2lEesE zi‘gtz?gu NON - TYPING
3131212512 5285 e FIBIE o= |SISIE IS | & |2 12|12 |
28m883&8&i%SS&wmo*&xﬁﬂiﬁlﬁu‘?(ﬁg(gu‘:’ﬁgm

1 [ ] ® e |0 ® e o o |0 o |® (o 0 @ e e

2 [ JL) [ I [ JL ) (L] [ L] |®® (L) [ J(J

3 o000 000 o0 0o o000
ololo|o|olo|lo|lojo|lojojojojo|0oj0o|(0jOlOo|C}lO|O|OjO|OIO[OjOjO|O|O|O

4 o000 0000 000000600

5 o000 0000 00OGOGOOSGOGS

6 i

o |

8

® MARK WHEN PARITY IS USED THE CHARACTERS AND FUNCTIONS
SHOWN WITH WHITE BACKGROUND HAVE 8th BIT SPACING

(EVEN PARITY IS USED).

CHARACTERS UNDERLINED WITH = (DASH) OBTAINED IN
CONJUNCTION WITH "SHIFT  KEY.

Figure 7. Data interchange code
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Figure 8. ASCII code

Hollerith Code

Hollerith Code is based on the decimal notation
system., The character set is segmented by zones
so that the combination of the 12, 11 or zero zone
and the digits 1 through 9 completes the alphabet.
The zero zone alone represents zero and the digit 1
thru 9 without a zone represents the numbers.

Other combinations of punches are used to represent
special characters. Notice in Figure 9 that each
character is determined by a unique coding
structure.

Bit Positions ————=01

ABCDEFGH! JKLMNOPQRSTUVWXYZ 1234567890

&)

mnnn

I (L[]]I []]

0 LIIT]]1]] 1

I [ ] ] 1

2 ] [ ] 1 1

3 1 1 1 1

4 1 1 [ ] ]

5 [ ] 1 [ ] 1

6 1 ] [ ] [ ]

7 1 1 [ ] 1

8 1 [ ] 1 1
\9 [ ] 1 [ ] 1

Figure 9. Hollerith (IBM punched card) code

Binary Coded Decimal

The binary coded decimal is an extension of the
Hollerith Code. The code is structured by convert-
ing the punched card designations to a binary pat-
tern. The 12, 11, and zero zones become a two-bit
combination and the digits a four-bit pattern.

When this code (BCD) is extended to include eight
bits it becomes the EBCDIC code shown in Figure
10.

The importance of coding is not the ability to
recognize characters by their code but rather an

.33 00 T ol T 10 T 1 1
4567| oo ol 10 1 00 Ol 10 It 00 o]} 10 Ll 00 ol 10 I
0000 | NUL Blank & - > < b (o]
000! / a i A J 1
0010 b K [ 8 K S 2
ool | c 1 t Cc L T 3
0100 | PF | RES | BYP | PN d m u D M U 4
0101 | HT NL LF RS L] n v E N v 5
o110} LC B8S EOB | UC f 0 w F o w 6
Ol | DEL | IDL | PRE | EOT [*] [ X G P X 7
1000 h q y H Q Y 8
1001 . 4 " i r 2 | R 4 9
010 ? !

1011 s R *
1100 — | x| % | @
Lot ( ) v J
1io + B - =
K E3 g | * v
Figure 10, Extended Binary-Coded-Decimal Interchange Code (EBCDIC)



evaluation of the following: (1) How much informa-
tion a code contains; (2) Its limitations in number of
print characters and functions; (3) What grade
communications channel may be required to trans-
mit this code at a given character rate (characters
per second).

We have now introduced several techniques for
coding information. These can be used to represent
numerical values through positional notation or
alphabetic information by assigning unique bit
configurations to characters. We can then transmit
this information via communication channels at
various speeds. Which one of the many methods we
use depends upon the cost, thruput requirements,
and checking needs of the application.

MODES OF TRANSMISSION

There are two primary modes of transmission.
They are asynchronous and synchronous.

A typical asynchronous signal (used in Baudot
Teletypewriter machines) is shown in Figure 11.

The five information bits representing a charac-
ter are preceded by a zero bit one unit of time in
length and followed by a one bit of 1.42 units of
time. These "start" and "'stop'’ bits are used to
separate characters and to synchronize the receiv-
ing station with the transmitting station. When
signal elements or bits of a character travel in a
transmission medium in sequence (first bit first,
etc.) as shown in Figure 12, it is called a serial
mode or serial transmission, With the start and

INFORMATION
I

Bit
5

Bit Bit

2

STOP L

| 1.42t |

DIRECTION OF TRAVEL
- _ START

$
ot
t
\

t o t ot

/

T
TRANSMITTED CHARACTER

Figure 11. Asynchronous signal

stop bits added, this type transmission is called
serial start-stop or asynchronous, meaning each
character is individually synchronized.

Figure 12 shows a series of bits travelling in a
communications medium without the start-stop bits.
This is synchronous transmission. It requires
more complex and, usually, more costly terminal
equipment. A synchronous system is a ''clocked"
or '"fixed rate" system, meaning the line is sampled
at regular intervals to receive and record informa-
tion bits. Synchronous transmission permits more
information to be passed over a circuit per unit
time because no transmission time is required for
the ingertion of start-stop signal elements. This is
illustrated in Figures 12A & 12B which show 21
units of time are required for asynchronous trans-
mission compared to only 15 units for synchronous
transmission of the same information.
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TABLE 1 Serial
Start - Stop Synchronous Parallel

Advantages Little, if any, data Good ratio of data to Low cost
lost through lack of control bits (low transmitter
synchronization as redundancy)
each character is
individually syn-
chronized,

Disadvantages High rate of control Much data can be High cost receiver
information to data lost between synch may waste bandwidth
information (high pattern if devices
redundancy) become 'un-synched"

It is possible to send all the information bits in
a character simultaneously over separate paths or
channels as shown in Figure 12C. This mode of
communication is called parallel transmission.

The advantage of parallel transmission, that
makes the transmitters less costly than the receiv-
ing equipment, is the relatively low cost of produc-
ing such a signal. The parallel mode of transmis-
sion is most commonly used where the increased
bandwidth is cheaper than serializing equipment, or

where more transmitters are required than receivers.

Let us summarize the advantages and disadvan-
tages of the various methods of transmission dis-
cussed so far (see Table 1).

LINE SPEEDS

Regardless of the mode of transmission (serial or
parallel), the measure of the maximum speed at
which information can be conveyed is called the Bit
Rate. In high speed data communications, the term
kilobits, meaning thousands of bits per second, is
often used.

The line signalling speed is measured in bauds.
The baud is defined as the reciprocal of the length
in seconds of the shortest element in the signaling
code. A bit is defined as a single binary decision.
A bit is equal to a baud only if the channel is binary
and not character sensitive. Figure 13 shows how
signal amplitude may be used as a coding method.

Line speeds also can be expressed in either
words per minute or characters per second.
Characters per second is most commonly used to
express the operating speed of a parallel transmis-
sion system. However, direct equivalency exists
between bit rate, words per minute and characters
per second. If any measure of speed is known, the
other two expressions can be calculated.

In communications, a word consists of five
characters and one space for a total of six charac-
ters. All punctuation, spacing and control charac-
ters must be counted because they must be trans-
mitted.

The conversion from bits per second to words
per minute can be made using the following
formula:

Words/Min X Char/
Word
X Bits/Char.

Bits Per Second =
60 Seconds
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With this formula, and knowing that the Baudot
Code has 7.42 Bits/Character, the bit rate of 60
word per minute teletypewriters service can be cal-
culated as follows:

60 Words/Min X 6 Char/
Word X 7.42 Bits/Char

60 Seconds

Bits Per Second =

360 Char/Min X 7.42 Bits/Char
60 Seconds

= 6 Char/Sec X 7.42 Bits/Char

ANSWER 1 45,45 Bits/Second

Note: For convenience these figures can be
rounded off to (7.5) and (45).

When the bit rate is known, words per minute
(WPM) can be determined from the formula:

Bits/Second X 60 Seconds/Min

WPM =
Char/Word X Bits/Char
45 Bits/Second X 60 Seconds/
Min
6 Char/Word X 7.5 Bits/Char
ANS. = 60 WPM

CIRCUIT CONCEPTS

Signal Representation

Figure 14 shows a sine wave representation of a
simple signal.
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Figure 14. Sine wave
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Figure 15. Digital representation of a sine wave

In Figure 15, each half cycle of the sine wave is
represented by a signal having a value of plus/
minus A, The distance 't" represents the time
duration of a single excursion. This time is called
a baud. A stop signal as used in Baudot Code has a
length 1 1/2 times that of the information signal.
The stop signal in the transmission of ASCII re-
quires a length equal to that of the data.

Notice from the two diagrams, there could not
be more than 2 bits represented by one cycle, Two
bits per cycle is the theoretical maximum informa-
tion content of a wave.

Original telegraph signalling or transmission
placed only one signal element on a transmission
line. This signal-no signal type transmission is
called uni-polar and is shown in Figure 16. In
telegraphy, the presence of a signal is called a
"mark' and the absence of signal a '"'space'. With
unipolar signalling line interruptions are identified
as ""spaces'". Accordingly, this method gave way to
Bipolar signalling which always had signal on the
line unless a line interruption occurred. These
signals (see Figure 17.) have opposite polarities to
distinguish '"zero' from ''one' bits or marks from
spaces. Modern communication terminals and
data transmission devices use both types of
signalling,

A bit has been previously defined as the smallest
unit of information. Its content can be one or zero.
Signalling speed is defined as the number of signal

+2V

0

Figure 16. Unipolar signal



Figure 17. Bipolar signal

elements sent along a transmission medium per
unit time. One bit per signalling element was
previously assumed. More sophisticated systems
which can and do have signalling elements con-
taining several decisions are possible; thus the
difference between bits and bauds.

Modulation

The process of impressing a signal on a carrier
wave is known as modulation and the result of this
process is called a modulated carrier wave. The
reverse process, in which the signal is retrieved
from the modulated carrier wave is called demodu-
lation. The information signal impressed upon the
carrier wave is called the baseband signal. There
are various methods of modulating carrier waves,
but two of the most commonly used are amplitude
modulation and frequency modulation.

Amplitude Modulation

In amplitude modulation (AM), the amplitude of the
carrier wave is varied in accordance with the varia-
tions of the intelligence signal. The degree of
difficulty in modulation depends upon the nature of
the signal. In Figure 18 a carrier wave A is 100%
modulated by a digital signal B. The modulated
carrier C is simply a sequence of tone bursts with
the tone representing "one'" bits and absence of tone
representing ''zero" bits.
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Figure 18, Amplitude modulation

Frequency Modulation

In frequency modulation (FM), the frequency of the
carrier wave is varied in accordance with the varia-
tions of the baseband or modulating signal. The
amplitude of the carrier wave does not change - only
its frequency changes. In Figure 19 a carrier wave
A is modulated by a digital signal B. Note the
modulated carrier wave C is of constant amplitude
but of two different frequencies. With FM, there is
signal on theline at all times. If bipolar signalling
is employed with FM, the carrier will be shifted to
a frequency both above and below its unmodulated
frequency. This type of FM is called frequency
shift signalling or frequency shift keying (FSK). In
FSK, the unshifted carrier tone corresponds to
complete absence of signal. The actual change in
carrier frequency produced by the baseband signal
is called frequency deviation. An example of fre-
quency deviation in low speed digital transmission
systems is about 100 cycles per second.

Phase Modulation

In phase modulation, the phase of the carrier wave
is varied by the intelligence signal. From Figure
14 it can be seen one complete cycle of a wave
represents 360 degrees of phase. For simplicity,
consider a phase change as being analogous to ad-
vancing the carrier wave a certain number of de-
grees past a reference point. With phase modula-
tion, it is the amount of change in phase - not the
point at which it changes that conveys the intelligence.
Phase modulation, unlike AM & FM, can be used
only with digital transmission systems. This is
because phase change detectors can detect only
large abrupt changes such as those produced by
digital signals. The modulated carriers for these
most commonly used modulation schemes are com-
pared in Figure 20.
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Figure 19. Frequency modulation
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Pulse Modulation

Other transmission systems may use a special form
of modulation called pulse modulation. The several
types of pulse modulation are shown in Figure 21.
Pulse modulation consists of sampling the baseband
signal at regular intervals and converting the sample
results into one of the following signal pulses for
transmission.

Pulse Amplitude Modulation (PAM) - each sampled
pulse is uniform in width and time position but may
vary in amplitude.

Pulse Width Modulation (PWM) - each sampled
pulse is of constant amplitude and time position but
may vary in width.

BASEBAND

SIGNAL /_\

PULSE
AMPLITUDE
MODULATION

PULSE
WIDTH
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Figure 21. Pulse modulation methods
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Pulse Position Modulation (PPM) - each sampled
pulse is of the same width and amplitude but its
pulse time position with respect to a uniform time
scale varies.

A variation of pulse amplitude modulation is
called pulse code modulation (PCM). In this
modulation technique the sampled pulses of varied
amplitudes are converted to a 7 bit code to repre-
sent the absolute amplitude of each pulse. These
digital codes are then transmitted.

Multiplexing Techniques

Transmission systems also can utilize the prin-
ciple of multiplexing, which means dividing a
communication media into pieces or slots each
capable of carrying information from a separate
input. Multiplexing may take place by time or
frequency division.

Frequency Division Multiplexing

Frequency division is used in the parallel mode of
transmission, with each channel assigned a specific
frequency band. The carrier systems are a form of
frequency division in that several voice channels are
assigned discrete bands or parts of a carrier sys-
tems total frequency spectrum. By using the
principle of frequency division, it is possible to
have a leased or privately owned voice grade line

provide a number of low speed lines. (See Figure
22).
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Each low speed line is allocated its own individ-
ual frequency. This allows independent simul-
taneous transmission on each frequency band.

Time Multiplexing

Time multiplexing is the dividing of the medium into
discrete time slots, each of which is capable of
carrying information from a different input.

An example of time multiplexing is shown in
Figure 23, Several lines are supplying simultaneous
and independent signals to a scanning device which
then assembles a composite signal on a single line.
To avoid distorted pulse shapes on the low speed
lines a small buffer is sometimes used to provide
a solid signal.

The advantage of such an arrangement is that a
single line could service multiple lines terminating
at the scanning device.

Notice that the character assembled from the low
speed lines is a composite made up of one bit from
each of the automatically scanned lines. This com-
posite character is then transmitted to the remote
end and automatically demultiplexed, i.e., the bits
are distributed to low speed lines. This technique
is sometimes referred to as concentrating by time
division multiplexing. In the event a computer is
being used at the remote end the method of trans-
mission (i.e., time-multiplexing or straight
telegraph) could not be detected by the individual
programming the system.

Circuit Limitations

Frequency Distortion

Attenuation is the loss in intensity or amplitude of a
signal as it travels in a transmission medium. The
loss is proportional to the line's impedance which
will vary with frequency. At higher frequencies, a
line will have greater impedance and consequently

\ TOTAL LOSS AFTER
EQUALIZATION

LINE LOSS (RESPONSE CURVE)

ATTENUATION LOSS
INCREASING ——»

FREQUENCY —— INCREASING

Figure 24. Frequency distortion

greater losses. This variation of loss with fre-
quency is called attenuation distortion, amplitude
distortion, or frequency response. Figure 24 shows
a response curve for a communication circuit.

It is desirable to have all frequency components
of a signal suffer the same loss. When this happens,
the circuit is said to have a flat response curve. A
flat response curve (see Figure 24) can be achieved
by inserting a device called an attenuation equalizer
into the circuit. The equalizer is a network of re-
sistance, capacitance and inductance having attenua-
tion characteristics inverse to those of the line.

The attenuation equalizer adds relatively large
losses at low frequencies and only slight loss at
high frequencies. The total loss, measured from
end to end of a circuit, is called the net loss. For a
voice channel, net loss is usually measured at a
reference frequency of 1000 cycles per second.

ielay Distortion

Transmission time or absolute delay is the time it
takes from transmission to reception of a signal
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Period
1 — Scanning
9 - % 2/ Device

5 4321

3 —o bl lecoc—o— %
4 — L3,
5 — m—.——-o

Low Speed Lines High Speed Line

Figure 23. Time multiplexing
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over a communication channel. Electrical tones or
frequencies, don't all travel at the same speed. The
difference in speed permits some parts of a signal to
reach the receiver ahead of others. This variance
with frequency, shown in Figure 25 is called delay
distortion and is a serious limitation in circuits
used for data communication.

Because a square wave signal is composed of
many different frequencies, the edges of the signal
begin to distort as the wave travels to its destina-
tion. This distortion may cause the receiving
equipment to ignore this distorted wave as an
information signal.
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Figure 26. Effect of delay distortion

This limitation is even more severe when trans-
mitting in the parallel mode, as shown in Figure 26.
Figure 26 also gives a clearer representation of
delay distortion. Although this figure shows data
signals in pulse form, keep in mind the pulses are
actually tones or bursts of different frequencies. At
the receiving location, because of delay distortion,
the low frequency signals of the second character
could be interpreted as belonging to the first charac-
ter. This would be an error.

The solution to the delay distortion problem is
similar to that of attenuation distortion. Networks,
called delay equalizers, are inserted into the line.
Their opposite delay characteristics, when added to
the delay of the line, will cause an overall response
approximating a flat curve or a constant value. The
characteristics of a delay equalizer and its effect
upon a transmission line are shown in Figure 27.

Figure 27. Effect of delay equalizer
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Noise Signals

Noise is the name given to unwanted signals which
appear on a communication channel and distort or
mask the baseband signals, Noise can come from
terminals, switching equipment, or the communica-
tion channel itself. One of the most common types
is noise induced by high voltage power lines. Other
noise causes are cross talk currents from adjacent
channels and unbalanced line conditions.

White Noise

This type of noise usually maintains a constant level
and is called "'steady' or "white' noise. If the
"white'" noise level is relatively low, it ordinarily
causes no difficulty or errors in data communica-
tions. Figure 28 shows a digital signal A impressed
upon o communication channel having a white noise
B. The signal C will be unaffected and correctly
identified at the receiver as long as the noise level
remains below the signal detection level X.

Impulse Noise
There is another type of noise, however, which

sometimes cannot be heard but which can cause
great difficulty in data communications. This is
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called impulse noise (D) and can be caused by
lightning, switching equipment or maintenance
personnel. Impulse noise, as its name implies,
takes the form of large narrow spikes or impulses
which can either obliterate or negate a data signal
(E). TFigure 28 illustrates impulse noise. Impulse
noise limitations are expressed in both magnitude
and rate of occurrence. A typical common carrier
specification would be about 70 peaks per hour as a
tolerable occurrence rate.

The term "signal to noise ratio' (S/N) is used to
express noise levels. Its unit is the decibel (db) and
it is measured on a logarithmic scale from a stand-
ard or reference signal level.

Effects of Errors on Performance

Considerable effort has resulted in a family of
statistics concerned with actual error occurrence
during data calls on the exchange telephone network.
Although impossible to predict, an average rate of
one error bit to every 104 to 10° bits transmitted
can be considered representative of average per-
formance. The important point to remember is
these are averages resulting from thousands of
transmissions and for any one call performance
may deviate drastically. As expected, it was found
that error rates went up as the bit rate was in-
creased. Error rates also were found to be higher
during the busy times of the day, indicating error
rate is also a function of switching activity.

Errors may be classified into two types: the
random or intermittent type and the burst or long
series of errors type. The random error is the
most troublesome because it can occur at any time.
The burst errors usually are detected easily be-
cause entire blocks of information are received in
error.

The effect or "costliness'" of an error must be
evaluated before error controls are considered.
For example, teletypewriter communication is
ordinarily in the form of plain message text.
Errors in the form of a few misspelled words
wouldn't appear to be very costly - especially when
compared with the effect of loading a program con-
taining transmission line errors into a computer.

In microwave transmission there usually are five
broad band channels in each direction. In addition
to these five, there is one spare called a protection
channel. Microwave systems are divided in 60 to
100 mile legs (depending upon repeater locations)
called switching sections. A pilot or fixed fre-
quency is sent on each channel to insure continuity
of service. If the pilot is lost, it indicates that its
particular channel is in trouble. The loss in pilot
frequency causes the 6th or protection channel to be

13



switched automatically to replace the troubled
channel. The old section can be switched out and
the new one substituted in milliseconds. Similar
back-up exists in coaxial systems where one pro-
tection coaxial is provided for each 3 working
coaxial tubes.

The "echo'' problem that will be described later
is a rather serious one in voice communications. It
is solved, however, by inserting high impedance
devices called echo suppressors in the line. Under
relay control, echo suppressors are inserted about
12 milliseconds after speech in one direction starts
and are dropped out 50 to 100 milliseconds after
conversation stops. This time required to reverse
the direction of transmission is called 'turnaround"
time, This time interval does not hamper voice
communications but does assume sizeable propor-
tions on data channels. The problem is overcome
in data communication by removing the suppressors
from the line or providing an appropriate (about
500 millisecond) delay in business machines. Echo
suppressors also have been modified to disable
themselves upon receipt of a special tone (2025
cycles per second) from a data set when exchange
data calls are made.

In summary, data signals are subject to
numerous 'hazards' while traveling in a communi-
cations medium. These usually are the result of
the many factors mentioned or may even be the
result of less significant happenings such as sudden
transmission level changes. The problems of
errors and error control must be considered in
any data communication system.

Error Detection

There are several methods used to detect errors.
The two most commonly used are parity or vertical
redundancy check (VRC) and longitudinal redundancy
check (LRC). Parity may be either even or odd,
meaning the sum of the "one' bits for any character
or column will always be even or odd depending
upon which arrangement is chosen. Figure 29
shows a six bit code arranged for odd parity. The
seventh bit is the parity or check bit. The number
of information bits in characters 3, 5, 6 Xand Y
shown are even. To satisfy the odd parity require-
ment, a bit is simply inserted in the 7th (check)
position for each of the characters to change the
sum of the "one' bits to an odd number. This is
done to all even bit characters. At the receéiving
terminal, each character is checked for the proper
parity. If an odd number of bits are either lost or
added, the character received will be in error. The
receiver will detect the error, punch special
characters, turn on an indicator light and send a
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negative check answer indicating errors were de-
tected.

With longitudinal checking, each transmitting
and receiving terminal generates a separate count
of "one' bits for each of the bit positions of the code.
This count, when completed, results in an LRC
character which could be considered to be a hori-
zontal parity bit for each channel. For checking
purposes, data are grouped into a unit containing a
specified number of characters. This unit is called
a block and may vary in length, depending upon the
application. After each block of information,

indicated by an EOB (End of Block) character, the
LRC character generated at the transmitter is sent
to the receiver. It is compared to the LRC charac-
ter generated by the receiving terminal. If they are
equal, a positive response is sent back and the next
information block is transmitted. If they are un-
equal, a negative answer is sent back to the trans-
mitter, On receipt of a negative answer, many
terminals will retransmit a block two times in an
attempt to automatically eliminate errors. If the
three attempts are unsuccessful, the system will
stop. The End of Block character can be placed
anywhere in the text of the message. When data is
to be printed it often is located at the end of each
printing line. Note in Figure 29 when adding in
either a vertical or horizontal direction, the sum is
always an odd number. I it is not, the received
information is in error. Check this for yourself by
adding or removing a single bit. Try it with 2 bits,
etc. Another form of checking is cyclic or poly-
nomial checking, When compared with VRC & LRC,
it is considerably more complex and as a result,
capable of detecting almost all errors.

Cyclic checking works similar to LRC. Instead
of generating a check character by adding the bits in
each data channel of a block, it divides all the
serialized bits in a block by a predetermined binary
number. The remainder of this division is the check
character which is sent and compared with the check
character obtained in similar fashion at the receiving
terminal.



Error Correction

Checking is a means of detecting errors only. Some
terminals have the ability not only to detect errors
but to correct them., Figure 30 shows the same set
of characters previously shown but with an error
introduced. The error is the addition of an unwar-
ranted "one''bitin the character '"four'. The
receiving terminal will automatically recognize the
vertical and horizontal 'no check' paths shown by
the dotted line. Their intersection is the bit in
error and it will be negated or reversed.

Error detection and/or correction take time.
Rated or nominal speed has been defined as the
highest speed at which a terminal can operate. The
effective speed reflects the added time necessary
for checking and control functions and must always
be considered. If errors are being received, sev-
eral retransmissions would be required and effective
speed would be further reduced.

Effective speed for a representative terminal is
calculated below and is based on a rated speed of
135 BPS and a block equal to one seven inch writing
line:

# of characters in a block = 7 inches x 10 characters/
inch

= 70 characters

=70 characters X 9 bits/

character
= 630 bits

# of Bits in a block

Time to transmit a block = 630 bits + 135 bits/
second
4,7 seconds

= 630 bits +total time
(transmission + checking
time)

= 630 bits+ (4.7 sec. +
0.3 sec)

= 630/5

Effective Speed

Effective Speed = 125 bits/second
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Figure 30. Error correction

Should average error performance be experienced,
one out of 15 blocks would be retransmitted which
would reduce the effective speed to about 110 bits/
second. In high speed systems where start and stop
times become significant, effective speed may be as
low as one-half rated speed.

COMMUNICATION CHANNELS

A communication channel has been defined as an
electrical path to facilitate the transmission of
intelligence between two or more points. The
provision by common carriers of proper communi-
cation facilities (both number and electrical design)
is complex and not easily understood. Rather than
going into the detail of "How" and "Why', facilities
are furnished we will briefly review the physical
plant or facilities that are now used in providing
communication channels. Appendixes Al & A2
contain some of the technical background on Basic
telegraphy and telephony.

As the telegraph and later the telephone com-
munications companies grew, numerous circuits
of varying length and electrical characteristics
were added throughout the nation. As a result,
present communication facilities consist of various
sized wires and systems; some as new as several
months, and others as old as sixty or more years.

Original facilities generally used large wire
which was required to overcome electrical losses,
and with these facilities communication was usually
loss-limited to distances of less than several
hundred miles. All electrical circuits contain
properties of resistance, inductance and capacitance
which cause the diminishing of asignal as it travels
in a communecation line. The reduction in strength
of a signal in a transmission line is called attenua-
tion . By placing small inductors (coils of wire)
in voice transmission lines at specific intervals,
the added inductance offsets the capacitive loss
and overall attenuation is reduced. These coils.
are called "load coils' and their insertion is
called "loading'" a line. Although loading a line
improves its attenuation characteristic it has an
adverse affect on the delay distortion. Loading
of lines increased the practical voice transmission
range to almost 2, 000 miles. About 1915, vacuum
tubes and amplifiers were introduced and the era of
modern communications began,

The basic unit or communication channel today
is a voice grade channel which has been defined
as having a nominal bandwidth of 4000 cycles. In
reality, however, the useable frequency range is
about 300 to 3000 cycles. The space lost on the
edges creates a "'guard space' which helps avoid
interference. The resultant 2700 cycles is called



the useable bandwidth. The nominal bandwidth of

a voice grade channel (4 kilocycles) may lie
anywhere in the frequency spectrum. It could be
identified by the band between 12 and 16 kc, 164 and
168 ke, 1491 and 1495 ke or at any frequency

range as long as the bandwidth is 4 ke,

As the need for communications increased in the
post World War II era, so too did the cost of
providing communication channels. The problem
of increased costs was alleviated by greater use of
"Carrier" systems which permitted several
conversations to be sent on only one circuit. These
systems use a high frequency wave to "carry"
information. The wave is descriptively called a
carrier wave. Systems are commonly identified by
alphabetical letters such as N-Carrier, L-Carrier,
etc.and may vary in capacity from only a few to
several thousand voice grade channels.

In such systems, voice information is superim-
posed on a high-frequency wave which "carries'
the information to a receiver. When the information
signal is imposed upon a carrier signal, it is
relocated to a specific slot in the frequency
spectrum.

Figure 31 shows a voice band signal (0-4 kc)
shifted by a 5 kc carrier wave to the 5 to 9 ke
range. This permits a second voice band signal to
occupy the original signals 0-4 kc slot and both
signals can then be sent on a channel having a 10 ke
bandwidth. Many telephone cables can do this on
one pair of wires. Notice the results of this kind
of modulation are additive -- the modulation
product (5-9 ke band) is the sum of the 5 kc carrier
and the original signal (0 - 4 kc). A difference
frequency is also present but this unwanted signal
is eliminated by filtering.

Figure 32 illustrates the effect which carrier
systems have upon furnishing circuits between two
cities. Using only two of the existing 12 circuits,
a six channel carrier system will provide 2 x 6 = 12
channels making a total of 22 available between

CARRIER
FREQUENCY

BEFORE MODULATION AFTER MODULATION
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5000-9000 CPS
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0-4000CPS
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o

Figure 31. Effect of modulation
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Figure 32, Carrier systems and circuit provisions

cities A and B. If all 12 pairs were used for
carrier transmission, a total of 72 channels could
be obtained.

The use of carrier systems or systems
embodying the use of a carrier wave is commonly
found in modern communication. Figure 33 shows
some of the assigned use of the frequency spectrum.
Commercial radio utilizes a high frequency carrier
wave to transmit broadcasting information to radio
receivers.

Tuning is merely matching the radio receiver to
the frequency of the desired transmitted carrier
wave and then separating the intelligence signal
from the carrier by demodulation.
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Figure 33. Frequency spectrum



TELEGRAPH GRADE CHANNELS

Channels for teleprinter service are called
Telegraph Grade and are considered low speed.
These channels were designed to handle a
maximum of 75 bits/second. Early telegraph lines
were entirely dc pulse signalling. As demand
grew, voice frequency carrier telegraph was
developed for use on longer channels, so that now
telegraph channels use dc signalling only short
distances and, of course, between each machine
and its carrier line.

Carrier telegraph systems use the same
principles as carrier systems already discussed.
In this system, however, the process is expanded
and one voice channel is divided into 18 or more
telegraph channels. Derivation of channels from
a higher grade facility is called channellizing or
multiplexing. Telegraph signals are also subject
to attenuation and other deteriorating effects of the
line. DC telegraph channels contain devices
known as regenerative repeaters which overcome
these deteriorating effects by reshaping and
retiming the pulses of each character. The
regenerative repeaters may be electromechanical
or electronic. Either kind will work only with a
specific start-stop code. Lines equipped with
there repeaters are '"code sensitive', meaning
they will transmit only the specific start-stop code
they are designed for at a specific speed. Today
the major common carriers are removing these
regenerators and replacing them with bit
regenerators which are code and speed insensitive.

SUB-VOICE GRADE CHANNELS

Like most telegraph channels, sub-voice grade
channels are usually derived from voice facilities.
They lie between telegraph and voice grade
facilities capability and generally in the 100 to 180
BPS range. The common carriers offer two
channels in this range with 150 and 180 BPS maxi-
mums. This grade channel may not be code
sensitive (can handle any code) and is restricted
to serial transmission. There is no voice com-
munication with sub-voice grade channels.

VOICE GRADE CHANNELS

In the introduction to channels and channel
derivation, a definition of voice grade channels
was given and the effects of attenuation were
discussed. To overcome attenuation effects
during communication, the information signal
carried over the usable channel bandwidth (300 to
3000 cycles) must be amplified or boosted at
regular intervals. A general understanding of a
voice charnel is helpful because so many data
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MAGNETIC COUPLING

N
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T
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Figure 34, Electromagnetic amplifier connection

communicating devices operate on voice facilities.
Voice channels between cities in the public
telephone system are often called toll circuits and
these same facilities are also used as required for
voice grade requirements.

Line Amplifiers

Amplifiers are signal boosters which make up for
losses in the transmission medium. They are
directional or one-way devices, and if they are
connected directly in a circular loop the boosted
signal goes round and round and is constantly
boosted until the amplifiers oscillate or "sing". A
similar effect is noticed when the volume control
is turned too high on a public address system.

To avoid the "'singing'' problem and maintain the
proper amplifier effect, the physical line connection
is severed and made electromagnetically as shown
by Figure 34.

Two-Wire Circuits

A two-wire circuit having amplifiers inserted in
this manner is said to have '"double-tracked"
repeaters or amplifiers. This arrangement works
very well and is commonly used.

If further amplification is required, additional
repeaters could be '"double-tracked' in much the
same way at necessary points along the channel.

Four-Wire Circuits

The West-East circuit in Figure 34 could be
lengthened at "A'" and as two-wire circuit,
additional amplifiers could be inserted in the line.
The same could be done with the East-West circuit
at "B'" and upon completion, a separate path
would exist in each direction. Each path would
represent one half the total circuit and would be
unidirectional. This arrangement of facilities is
called a 4-wire circuit. Figure 35 demonstrates

17



RECEIVER TRANSMITTER

—_—d—f-—d— o —

— ey - — | -

REPEATERS

TRANSMITTER RECEIVER

- —}--—}--q—
e b — b — -4 —

Figure 35, Principle of a 4-wire circuit

the principle of a 4-wire circuit or its equivalent.
Most intercity voice grade channels today are four
wire equivalent.

The line connecting a communications customer
to the local common carrier office is called the
"local channel' or "local loop". It may be either
a 2-wire or a 4-wire facility. When voice grade
local channels are extended beyond a specified
distance, they, like long voice channels are
generally "loaded" to reduce transmission losses.
When a two-wire local channel is joined to a 4-wire
circuit, it is done electromagnetically by a hybrid
coil called a 4-wire terminal set.

Figure 36 is a general schematic of a 4-wire
toll circuit showing the local channels as 2-wire
local loops. The "nets' indicated are balancing
networks which are used to balance the line to
reduce reflection losses, eliminate "singing'', and
maximize circuit gain.

While using the telephone, you may on occasion
have noticed peculiar "ghosts" or echoes of your
voice on a telephone line - particularly on long
distance telephone calls. These echoes result from
the reflection of your voice at the farthest 4-wire,
2-wire circuit juncture or intersection and the
intensity of the echo will vary with the circuit
imbalance.

The reflected signal returns to the originator
via the receiving path of the circuit and is
amplified sufficiently to cause annoyance. Actually,
not one but a family of echoes may be produced
as shown by Figure 37.

4 - WIRE CIRCUIT l
{ CENTRAL OFFICE CENTRAL OFFICE |

I .
N - - =

Figure 36. 4-wire circuit with 2-wire termination
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Figure 37. Echoes in a 4-wire circuit

Long 4-wire circuits are equipped with devices
called echo suppressors which have the ability
to automatically insert a passive high impedance
in the return path. This impedance effectively
short circuits the return path, and eliminates the
echo as shown by Figure 38. Because 4-wire
circuits have 2 separate paths or directions, a
suppressor is required on each side of the line.
Echo suppressors operate under control of
relays and will change from "on'' to "off" and
vice versa with the direction of conversation. The
time interval required for the suppressors to
switch from one state to the other is called "turn
around time' and is commonly about 50 milli-
seconds. The two suppressors associated with a
4-wire circuit always must be opposite or the
inverse of each other in state to avoid blocking
of communication in both directions at the same
time,

CONDITIONED VOICE GRADE LINES

There are three types of channels of a grade
similar to those furnished for voice grade
channels. They are designed to meet certain
specifications of attenuation, delay and noise.

This is called conditioning. Most common carriers
offer two or three levels of conditioning which incur
additional charges at each station,

When voice grade channels characteristics can
be held to particular specifications, certain types
of modulation and/or higher data speeds can be
utilized.

BROADBAND CHANNELS

The voice grade channel has been considered to be
the basic building unit in carrier systems. This

D < FIRST ECHO
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TALKER LINKED ECHO SUPPRESSORS
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Figure 38. Principle of echo suppression
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building block is commonly called a channel or
voice equivalent. If 12 voice channels in a carrier
system are terminated in a special way as one
single channel 48 kc wide, rather than a group of 12
channels, the resultant facility is called a broad-
band channel.

With modern technology, channels can be de-
rived on conventional wires having bandwidths of 8,
12, 16, 24, and 48 ke. Any channel wider than
voice grade is often considered to be a broadband
channel. The terms wide band and broadband, how-
ever are used synonymously. Common carriers
offer broadband channels in both leased and
switched mode, as described in the next section.

Given physical or radio facilites having greater
capacity, wider channels or 96, 240 and 1000 ke (1
megacycle) can be developed. These are the most
common widths used by communication common
carriers. For data transmission the common carriers
reserve the right to do all modulating or condi-
tioning of signals for transmission on the broadband
channel they provide. Thus in general the com-
munication companies provide the modulating de~
vices for use on a broadband channel.

SPECIAL CHANNEL FACILITIES

The 48 ke and 96 ke broadband channels can be pro-
vided over specially conditioned 4-wire circuits.
Carrier techniques are used to translate these
signals to a higher frequency slot to take advantage
of transmission characteristics. However, the two
wider band channels (240 k¢ & 1 mc) cannot use
conventional wires and must use special facilities.
High frequency waves tend to radiate in all directions
into space. Theseradiatedwaves not only represent
losses in signal power but they also cause interfer-
ence in adjoining communications channels. Because
of these problems, new techniques were developed
which solved the loss-interference problem and
facilitated broadband communication systems with
greatly increased capacities.

These techniques have been in use for some
time and yet the general public is less aware of
these than the '"normal" transmission by wire
concepts. Two of the most familiar techniques are
coaxial cable transmission and microwave trans-
mission. Each of these require special facilities
and a short description of each is found in
Appendix A.
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COMMUNICATION SERVICE OFFERINGS

There are two basically different ranges that
common carriers offer in communication channels.
One is called Public or Exchange Service and
consists of subscriber lines connected to a switch-
ing system. It is "public' in the sense that all
customers are connected to the same system: and
it is "exchange'" in the sense that calls are placed
by the originator and connection to a destination
lasts only as long as needed. Usually the cost of
exchange service consists of tolls based on distance
and length of connection, and a monthly service
charge to maintain system access. Obviously one
subscriber station can place a call to any other
station whether or not it is the same customer.

The other is Private Line Service or Channels,
which consist of full time leased point-to-point or
multipoint lines connecting only locations belonging
to one customer. Usually the cost of a Private
Line consists of monthly rental based on length and
type of lines. For this purpose, each line consists
of two or three separately priced parts, as shown
in Figure 39. Some line offerings combine the
function of local loop into one channel terminal
charge for each station. The pricing configuration
of lines has no relationship to the way the physical
channel will be routed. Private line connections
are dedicated and communications are, therefore,
only between points connected to the same line.
Such lines may be interconnected by switching
equipment to provide a private version of an
exchange system, or may be connected to common
processing equipment to provide data processing
service to many such lines.

m——————— - e
CHANNEL : CHANNEL
TERMINAL | TERMINAL
— [ e T
CENTRAL ! | IXC / | OFFICE

OFFICE !
[ INTEREXCHANGE !

CHANNEL l/

LOCAL
CHANNEL

STATION

Figure 39. Component parts of a private line

20

Distance measurement for public exchange and
private line purposes is defined in a variety of
ways by the common carriers, but allow an attempt
to mechanize the measurement of airline miles so
that the mileage between any two points will always
be the same. For public exchange mileage meas-
uring, Western Union has divided the domestic U.S.
into rate ""squares'" whose centers are roughly 50
miles apart (FCC Tariff 232). Each square is
numbered, and the arithmetic difference between
any 2 squares numbers is translated in a table to
airline miles. AT & T has developed a "V & H
Coordinate" system (FCC Tariff 255) for all Bell
System services and most telephone companies
concur with it. This system overlays the U,S.,
Canada and Mexico with a grid system whose lines
are about 0.3 mile apart. Western Union also uses
this method for determining the private line
mileage. Both Western Union and AT & T have
created long lists of locations and their correspond-
ing rate square number or V & H Coordinate, which
can be found in the above tariffs,

To determine INTEREXCHANGE Channel mileage
by the V & H Coordinate method between any two
points it is only necessary to determine the V & H
Coordinates of the points from the tariffs and solve
the following formula.

d = distance in miles

\/ 2 2
(V2-V1) + (H2-H1)
10

STATION
cITy'c"



The coordinate or grid system has been so
chosen that the distance represents the airline
mileage between points 1 and 2 which can be used in
the calculation of line charges.

Multipoint Interexchange Channel pricing is also
based on airline mileage as was the two point
service. The charges however, are based on a
"minimum tree" or the shortest total distance of all
the possible ways the various stations may be in-
terconnected. Asbeforethe selection of the shortest
route for pricing may be independent of the way the
circuit is routed. Figure 40 is an example of a
typical multi-point private line channel and illus-
trates how airline mileage is determined for
pricing purposes. In the example the distance
calculations are already completed so that all that
remains is the trial and error method of deter-
mining least distance. In the example, arrange-
ment four provides the interconnection with the
lowest total mileage.

Based on this arrangement each IXC must then
be priced separately. The mileage is not just

applied once on the total channel distance of 1630
miles but rather on the three separate links.

380 mile 250 miles @ $1.21 = $303,00
link (380 - 250) miles @ .605 =__79.00
Total $382. 00
750 mile 250 miles @ $1.21 = $303. 00
link 250 miles @ .605 = 151.00
250 miles @ .484 = 121.00
Total $575. 00
500 mile 250 miles @ $1.21 = $303. 00
link 250 miles @ .605 = 151,00
Total $454. 00
GRAND Total = $1411/

NOT - one mo.
1630 mile line! 250 miles @ $1.21 = $303, 00
250 miles @ .605 = 151,00
500 miles @ .484 = 242,00
630 miles @ .424 267. 00
Approx. $963. 00

1. 3.
950
650 280 650
650
TOTAL 1980 MILES
2. 4.

950
380
500

TOTAL 1830 MILES

500

Figure 40. Multi-point IXC mileage determination

750
380
650

TOTAL 1780 MILES

750
380
500

TOTAL 1630 MILES

(SHORTEST
TOTAL
DISTANCE)
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In the following sections, the common carrier
offerings are described separately as exchange or
private line, in the general speed groupings.

LOW SPEED SERVICE

This classification includes those facilities origi-
nally developed for use with teletypewriters and
other channels ranging up to 300 bps. Reference
is also included to higher grade facilities that are
used at speeds of 300 bps or less.

Teletypewriter Exchange Service

TWX is the U.S. and Canadian exchange teletype-
writer service offered in the U.S. by the Bell
System and other telephone companies. Like the
familiar telephone service, each subscriber has an
individual line which is assigned a TWX number and
is listed in a nationwide directory. Each station

is equipped with a dial and numbers are dialed in
the conventional telephone manner, The basic
terminal provided is a teletypewriter with keyboard
and printer. Paper tape equipment is optional.

At present, business machines can attach to
TWX to communicate with teletypewriter stations.
Through the use of data sets the business machine
can be made to appear as a teletypewriter station
or vice versa. When business machines communi-
cate with business machines the service is referred
to as TWX Prime. TWX Prime Service is de-
scribed in the next section.

The original TWX network was separately con-
structed and maintained. All signals were either
unipolar or bipolar direct current (DC) pulses. As
the service grew, the demands on the network
increased and it became necessary to provide addi-
tional facilities. Carrier telegraph systems were
developed which adequately filled most growth
requirements. As mentioned earlier, these
systems derived as many as 18 telegraph grade
channels from one voice-grade facility. Frequency
division was used to derive the channels with each
one assigned a different 180 cycle wide slot in the
voice channel band. The carrier telegraph terminal
ordinarily was located in the central office and the
teleprinter operated on a DC basis between there
and the customer's location. At the central office,
the DC signals were frequency shifted to bursts of
tone - each tone being within the limits of the
channel's distinct 180 cycle band.

At one time, all TWX connections were made on a
manual basis by operators at central switchboards.
In 1963, all TWX stations were equipped with dials
and permitted to dial their own connections. At the
same time, the TWX network as a dedicated or
separate entity was dissolved and all TWX stations
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began using the same exchange voice facilities used
by telephone subscribers. Under this arrangernent,
DC signalling would not work over the voice oriented
telephone network and a device called a MODEM
(Modulator-Demodulator) was required at each
teletypewriter to frequency-shift modulate the data
signals at their source.

The MODEM serves the same purpose as the
carrier telegraph terminal but instead of being at
the central office, it is built into the TWX station.
Most TWX stations operate on conventional
telephone lines and have a MODEM built into their
housing to condition DC signals for transmissicn,

From its introduction TWX has been a 60 WPM
(45.45 bps) service using baudot coded terminals.
It is now also available at 100 WPM (110 bps) with
the data interchange code. Even though 60 and
100 wpm TWX stations use different coding and
operate at different speeds, they are able to
communicate with each other because of speed
and code converters built into the TWX networl.

The overall cost of TWX is the sum of three
factors: The cost of the subscriber loop and the
monthly rental for the basic terminal or station
equipment used on the line. There is a message
or circuit usage charge based on the distance be-
tween the two stations, and the duration of the c¢all.
Circuit charges are the same for both 60 and 100
speed TWX service., With TWX as with telephone
service, there is a 3-minute minimum period
charge.

TWX 100 word per minute stations are equipped
for unattended operation (optional on 60 word per
minute). The unattended feature permits the
machine to turn itself on, print the incoming
message, and then turn itself off automatically
without an operator. 60 word per minute stations
are given a TWX number which has the same area
code as telephones in that locale. However, 100
word per minute stations have one of four distinct
area codes reserved for their exclusive use. This
difference facilitates the communication between
the two services.

TWX CE (TWX - Prime)

The customer provided terminal onthe TWX station
is capable of handling a transmission rate of up to
150 bits per second when a business machine calls
a business machine. The common carrier will
provide a special TWX line to be used with the
customer terminal, and such an arrangement is
popularly referred to as TWX prime (TWX'). TWX'
operates the same as TWX with the exception that
TWX stations and TWX'stations are prevented



from interconnecting without the extra cost
arrangements shownin Figure 41. Businesses can
transmit data in any form or code at up to 150 bits
per second on an exchange basis in half or full
duplex mode and the circuit charges are at the same
TWX toll rates (see Table 2),

As previously described, all TWX stations
have a MODEM which, on a frequency shift basis,
changes the data signal to a series or sequence of
tones. With TWX' stations, a MODEM is altered to
operate with its frequencies inverted (I) to make
TWX' stations incompatible with regular (N) TWX
stations. TFigure 41 shows several ways of con-
necting to TWX and TWX',

TABLE 2

TWX - CIRCUIT USAGE CHARGES

(INTERSTATE)

MILES FIRST MINUTE
0-50 .20
51 - 110 .25
111 - 185 .30
186 - 280 .35
281 - 450 .40
451 - 800 .45
801 - 1300 .50
1301 - 2000 .55
2001 & up .60

Notes: All rates are approximate and intended
for information only. Rates do not
include Federal Tax.

Telex

TELEX is a world-wide exchange teleprinter
service offered domestically by Western Union and
operates with baudot code at 66 words per minute.
The method of operation is similar to that of TWX.
Teleprinter is the Western Union equivalent term
for the Bell System and the telephone companies
teletypewriter,

BUSINESS STANDARD
MACHINE  INTERFACE TELETYPEWRITER MODEM  REMARKS

( >—‘|: I’i Standard TWX

Arrangement

Old standard TWX
Arrangement with
Business Machine
connected

l_1|1[ Standard TWX'
- Arrangement

New standard TWX
Arrangement for
connecting Business

{7 —
Machine
Extra Cost Switching
‘ . Arrangement Permits STD
. TWX Terminal To Alternately

Converse With a TWX' Station

M
Is

I-INVERTED MGDE N-NORMAL MODE

* THIS MODEM INCLUDES A Bl DIRECTIONAL SERIALIZER-DESERIALIZER.

Figure 41, TWX & TWX' station arrangements

Each station is equipped so the calling party
or station can dial the called station's number.

No more than 7 digits are required to reach any
TELEX customer. There also are fewer interme-
diate switching points , which make connection
times faster than those of TWX.

The biggest difference between TELEX and
TWX is the method of charging for use of the
service. Although the cost for both services is
based on time and distance, there is no minimum
TELEX period. Depending upon distance, each
call is assigned a specific pulse rate. This rate
is expressed as pulses per minute (PPM) and
billing is based on the number of pulses used per
month. On an 18 PPM call, if the connection
lasted for only 1/2 minute, the customer would be
charged for 9 pulses. Table 3 shows the pulse
rates and equivalent cost for one minute calls of
any distance. The montly service charge includes
both the line and station equipment charges.
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with TELEX, all stations are equipped for
unattended operation.

The TELEX billing arrangement offers
several advantages - especially if messages are
very short. In addition to paying only for what
time he uses, the customer with heavy volumes
(over 15 to 20 minutes/day) can take advantage of
a discounted rate which applies to all pulses over
3500 in a billing month. Business Machines con-
nect through TELEX Interface units and can orig-
inate and answer calls without human intervention.

TELEX stations can interconnect directly with
TELEX stations anywhere in the world without
speed or code conversion. There are about 100, 000
such terminals at present.

TEL(T)TEX is a service whereby a TELEX
subscriber can send regular telegrams to any non-
TELEX subscriber in certain TEL(T)TEX equipped
cities. It gives the customers station equipment a
dual use and enables the subscriber to send his own
telegrams at rates that are sometimes lower than
regular telegram rates. However, not all TELEX
cities are TEL(T)TEX cities.

High Speed Offerings Operating at Low Speed

The telephone companies, through use of a unique
data set, provide a full duplex (FDX) data mode on

the regular public exchange telephone system at up
to 300 bps. The operation and rates remain the
same.

Western Union has a relatively low speed sched-
ule in Broadband and Exchange Service for up to
600 bps in FDX mode. The operation is the same
as in higher speed schedules except there is no
alternate voice capability. The schedule alsc has
a special set of rates.

Private Line Services

Teletypewriter Grade (dc)

Both the telephone companies and Western Union
offer this as both a service (with dc teletypewriters)
and a channel (lines only). Because the dc teletype-
writer machines operate at three discrete speceds,
the carriers offer the service at these three speeds
and the channels are offered at three equivalent
maximum bit rates. These are 60, 75 and 100 wpm,
and 45, 55 and 75 bps. The lease rates for these
facilities are the same whether obtained as a
service or as a channel, and from either carrier.
They consist of three parts, as previously explained:
an interexchange (or intercity) channel, channel
terminal, and local channel.

The basic rate is for the 60 and 75 wpm services,
which have been combined. The 100 wpm service

TABLE 3
TELEX
CIRCUIT USAGE CHARGES
Pulse Rate Equivalent Rate Per Minute**
Miles Pulses Per Minute (PPM) First 3500 Pulses | All Pulses Over 3500
5 12, 5¢ 7.5¢

The U.S. is now divided 7 17.5 10.5
into 12 rate areas and 9 22.5 13.5
pulse rate applies from 12 30.0 18.0
rate area to rate area - 15 37.5 22.5
no longer dependent on 18 45.0 27.0
mileage. 21 52.5 31.5
24 60.0 36.0

Rates do not include Federal Taxes.

**First 3500 pulses in any month are billed at 2. 5¢ per pulse.
All pulses over 3500 in any month are billed at 1,5¢ per pulse.
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is generally 10% above the basic rate. Table 4
shows these rates in detail.

Teletypwriter service and channels are available
only on a full time basis to most customers. There
is another tariff offering, using an entirely different
price structure, which offers part time channels and
service to press customers. This special offering
is beyond the scope of this book.

TABLE 4

When this facility is obtained as a service (with
teletypewriters), both common carriers provide
varieties of control systems to use with them. In
general, these systems are based on the trans-
mission of sequences of characters to indicate such
events as: Start of Message, Address, Answer-
back, End of Address, End of Message, etc.

These systems are discussed in following sections.

INTERSTATE PRIVATE LINE TELETYPEWRITER

GRADE CHANNELS

(Each link between two channel terminals is priced separately

for mileage)

MONTHLY COST

AT&T Nomenclature Type 1(1)02 2 ST—);IPZ 1100§
Western Union Nomenclature Schedule 1 or chedule
Class A&B Class C
HALF DUPLEX SERVICE
a) Interexchange Channel
Rate Per Mile For:
First 250 miles (0-250) $1.10 $1.21
Next 250 miles (251-500) .55 .605
Next 500 miles (501-1000) .44 .484
Next 500 miles (1001-1500) . 385 .424
Thereafter (1501 & over) . 385 . 424
b) Channel Terminal 12.50 13.75
c) Local Channel (Loop) 6.70 7.37
FULL DUPLEX SERVICE
a) Interexchange Channel
Rate Per Mile for:
First 250 miles (0-250) $1.21 $1.331
Next 250 miles (251-500) .605 .666
Next 500 miles (501-1000) . 484 .532
Next 500 miles (1001-1500) .424 .466
Thereafter (1501 & over) .424 .466
b) Channel Terminal 13.75 15.13
c) Local Channel {Loop) 13.40 14.74
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Subvoice

Both Western Union and the telephone companies
offer this facility as both a service (with teletype-
writers) and a channel (lines only). As a service
the facility operates within the speed limitation of
the teletypewriter although the facility has a speed
limitation of either 150 bps or 180 bps. The lease
rates for these facilities are the same whether ob-
tained as a service or as a channel, and from either
carrier. They consist of three parts as previously
explained: An interexchange (or intercity) channel,
channel terminal, and local channel. In addition, a
station arrangement is required on each local chan-
nel. Table 5 shows these rates in detail.

TABLE 5

VOICE GRADE SERVICES

This classification includes those facilities
originally developed for use with telephone handsets,
and today identifies a channel having a usable band-
width of about 3000 cycles per second.

Public Exchange

Telephone System

This facility is offered by the telephone companies
and provides the basic residential and business tele-
phones with which we are familiar. Connections can
be established to almost any telephone in the world,

INTERSTATE PRIVATE LINE SUBVOICE GRADE CHANNELS

(Each link between two channel terminals is priced separately for mileage)

AT&T - Type 1006, Private Line Service maximum speed 150 bps
WU - Class D, Service maximum speed 180 bps

MONTHLY COST

HDX FDX

Interexchange Channel

First 250 miles $1. 375 $1. 513

Next 250 miles . 688 . 757

Next 500 miles . 550 . 605

Over 1001 . 481 . 529
Each Channel Terminal 15. 63 17.19
Each Local Channel 8.38 16. 75
Each Station Arrangement:

AT&T Channels $25. 00

WU send & receive stations 13.75

WU send only stations 13.75

WU receive only with WU machine 5.25

WU receive only with business machines 6.25
For AT&T Channels, specify one type of regenerator for each line:

ASC II Type 11. 0 bits/char. , 110 bps

BCD Type 9. 0 bits/char. , 134. 49 bps

Baudot Type 7.42 bits/char., 74.2 bps
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Every access to the telephone system is now a sub-
scriber loop and there must be a telephone on that
loop. All equipment directly attached to the loop
(including data sets) must be provided by the common
carrier. Because each telephone company provides
this equipment, these rates are filed in intrastate
tariffs rather than with the FCC.

For data use of this facility, the telephone com-
panies provide several data sets. Most telephone
companies also require that data sets can only be
attached to single party business lines.

Monthly charges (other than equipment), include
a service charge (intrastate tariffs) based on the
number of telephones that can be called toll-free and
charges for each call to all other phones based on
distance, length of call (with a 3 minute minimum),
and time of day and day of week.

The toll rates for interstate calls are shown in
Table 6. Distances under 25 miles are subject to
greater minimum times and range from 10 to 25
cents.

The United States and Canada have been divided
into Numbering Plan Areas (now called Area Codes),
as shown on the map in Figure 42. Each telephone
line within an area has a 3 digit exchange number
(may be alphameric) and a 4 digit line number. The
resulting 10 digit number is therefore unique within
the United States and Canada and permits direct
distance dialing (DDD) between dial equipped
telephones.

These facilities can be specially arranged for
customers in several ways:

PBX - A customer may have an interior tele-
phone system in which certain (or all) interior
telephones can be connected with the outside
telephone system via a customer operator.
Two varieties of this permit direct outward
placing of calls, and direct inward calling
(Centrex). The PBX system allows several
customer locations to be interconnected into

a decentralized interior systemn using the
lines as in Figure 43. When such a system-
is completely dial operated, without operator
intervention, it usually becomes a Common
Control Switching Arrangement (CCSA) with
many optional features beyond the scope of
this book. Decentralized interior systems
originally designed for voice may have to be
upgraded before satisfactory data trans-
mission can be accomplished.

Foreign Exchange (FX) - A foreign exchange
line is a combination of both exchange and
private line services. It is a telephone con-
nected to an exchange but located outside
(foreign) of the geographical area served by
exchange. Figure 44 is an example of a
Philadelphia customer with a St. Louis FX
line. The local exchange designation in
Philadelphia is RI 3 and in St. Louis is SL 7.
As seen by the sketch, the St. Louis telephone
line SL7-1200 is in effect "stretched' to
appear in Philadelphia. It is a St. Louis
number served from St. Louis but its tele-
phone is in Philadelphia. When Philadelphia
picks up the telephone, the dial tone comes
from St. Louis and with this line, all calls
from Philadelphia to St. Louis are on a local
charge basis. Conversely, all calls from
St. Louis to Philadelphia on that particular
line also are billed as local calls. The
Philadelphia customer pays for the St. Louis
business line plus the cost of the private voice
grade line between the two cities.

DATA-PHONE - When data transmission over
the telephone system is desired, the telephone
company supplies a data set and Bell System
companies call such an arrangement DATA-
PHONE.
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TABLE 6
STATION TO STATION TELEPHONE TOLL RATES

(within Continental U, S, A,)

RATE TABLE — TWO-POINT SERVICE, PAID AND COLLECT RATES

Rate D Evening and Saturday Night and Sunday
Airline Miles ay 6-8 PM 8 PM to 4:30 AM
Init, 3 Min, Tnit. 3 Min, Init, 3
Min,
Up to and | 2tion Fach Addi- | ration Each Addi- | “2HOR | Bach Addi-
Over | 1 cludi to tional Minute | . tional Minute | _ % | tional Minute
Cluding | station 1 1 Station n Station | ©° 1w
24 30 $ .30 $. 10 $ .30 $. 10 $ .30 $. 10
30 40 .35 .10 .35 .10 .35 .10
40 55 .40 .10 .40 .10 .40 .10
55 70 .45 .15 .40 .10 .40 .10
70 85 . 50 .15 .40 .10 .40 .10
85 100 .55 .15 .40 .10 .40 .10
100 124 . 60 .15 .45 .15 .45 .15
124 148 .65 .20 . 50 .15 . 50 .15
148 172 .70 . 20 .55 .15 .55 .15
172 196 .75 .20 .55 .15 .55 .15
196 220 .80 . 20 .60 .15 . 60 .15
220 244 .85 .25 .65 . 20 .60 .15
244 268 . 90 .25 .70 .20 . 60 .15
268 292 .95 .25 .70 .20 . 60 .15
292 316 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>