
Communicating with Computers 
By JIM KYLE 

Alphabetic and numeric symbols must be converted into a binary 

number code tvhich can be operated on by a computer. In order to 

communicate back to the operator, reverse procedure is followed. 

FROM a television network's studios on election night 
to the payroll department of most large companies, 
computers have moved into commanding positions. 

Thousands of words have been printed concerning the func¬ 
tioning of computer circuits—yet all these circuits are value¬ 
less until a means is provided for communication between 
the computer and its user. 

It is obvious that communications are necessary, if for 
no other reason than to provide a way of determining the 
output of the computer. And since output implies that 
some input was provided, a second need for communica¬ 
tions capability arises. Finally, the computer must be 
4 programmed” to solve any problem given it, and the third 
communications requirement is for a manner of feeding 
the program into the machine. 

While it might appear that communications techniques 

Table 1. Comparison of symbolic codes. Note that both Hol¬ 
lerith and ASCII are in order to allow direct sorting (the ir¬ 
regularity in the left digit for ASCII is due to the parity bit); 
Baudot is not. Baudot uses same codes for both letters and fig¬ 
ures, transmitting a "37" or "33" to indicate which is meant. 
Once "33" is sent, ail codes are interpreted as figures until 
"37" is sent. Punctuation differs from machine to machine. 

CHARACTER BAUDOT HOLLERITH ASCII [ind, pen 
0 26 0 260 
1 17 1 061 
2 23 2 062 
3 01 3 263 
4 12 4 064 
5 20 5 265 
6 25 6 266 
7 07 7 067 
8 06 a 070 
9 30 9 271 

A 03 12-1 301 
B 31 12-2 302 
C 16 12-3 103 
D 11 12*4 304 
E 01 12-5 105 
F 15 T 2-6 106 
G 32 12-7 307 
H 21 12-8 310 

1 06 12-9 111 
J 13 11-1 112 

- K 17 11-2 313 
L 22 11-3 114 
M 34 11-4 315 
N 14 11-5 316 
O 30 11-6 117 
P 26 11-7 320 
Q 27 11-B 121 
R 12 1 1-9 122 
S 05 0-2 323 
T 20 0-3 124 
U 07 0-4 325 
V 36 0-S 326 
w 23 0-6 127 
X 35 0-7 130 
Y 25 0-8 331 
z 21 0-9 332 

LTRS 37 not used not used 
FIGS 33 not used not used 

Car. Return 10 not used 015 
Line Feed 02 not used 212 
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would be different for each different model of computer, 
actually the basic principles are almost identical for all 
models in current production. In fact, many of the tech¬ 
niques have been standardized within the computing indus¬ 
try, allowing interchangeability from one make of machine 
to another. This interchangeability has led to develop¬ 
ment of nationwide hookups between computers and users. 

Machine-Language Communications 

The majority of today’s computers use the binary num¬ 
ber system for all internal communications. Binary num¬ 
bers consist of only two digits, 1 and 0. The base of the 
system is two; and two is written (in binary) as 10. Three 
would be 11, four is 100, and so forth. Computers use this 
system because the two digits (1 and 0) lend themselves 
ideally to electrical representation as high or low voltage 
levels; if ‘"high” is defined as meaning “1”, then fom* wires 
can represent up to 16 different numbers. The first wire 
would contain the lowest binary digit, the second the next 
lowest, and so forth, so that if the voltages were “high”, 
“low”, “high”, and “low” (in order) the binary number 
contained would be 0101, which is equal to five. 

A binary digit is known as a “bit” in the computer indus¬ 
try and a group of bits which are associated with each 
other is called a “word”. The previous paragraph contains 
an example of a four-bit word, 0101. 

One key specification of a computer is its “word length”, 
since this is a measure of the largest binary number the 
machine is capable of processing. Word length in modern 
computers ranges from 8 bits to more than 40 bits; many 
general-purpose machines operate in the 20-bit to 30-bit 
range. 

A 20-bit computer word is a difficult item to read or re¬ 
member since each of the 20 bits must be correct. A typi¬ 
cal such word might be “01011001111100100101”. To'aid 
in the reading and use of such words, both programmers 
and technicians make use of octal numbers. 

Where binary numbers use two as a base and have only 
the two digits 1 and 0, octal numbers use eight for their 
base and have the eight digits from 0 through 7. Thus an 
octal number bears a close resemblance to the familiar 
decimal number and is easy to remember. The resemblance 
is only superficial; octal 100 is equal to decimal 64, and 
decimal 100 equals octal 144. 

The only purpose for which octal is commonly used is to 
aid in the use of binary numbers; no computation is actu¬ 
ally performed using the octal numbers. 

The usefulness of octal stems from the easy mental con¬ 
version which may be made between binary and octal, or 
vice versa. To make the conversion from binary to octal, 
simply group the bits by threes, beginning at the right. 
Next, convert each group of three bits to decimal (001 = 
1, 010 = 2, 011 = 3, 100 = 4, 101 = 5, 110 = 6, 111 
= 7, and 000 = 0). “Push” the resulting decimal digits 
back together to obtain the octal equivalent for the binary 
numbers. 

As an example, the 20-bit word cited previously is con¬ 
verted as follows: 
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01011001111100100101 original binary 

001 011 001 111 100 100 101 grouped by threes 

1 3 1 7 4 4 5 converted by threes 

1317445 octal equivalent 
Note that an extra zero had to be added on the left (un¬ 

derlined) to fill the last group out to three bits. “Leading 

zeros” have no effect on the value of a number; 001 is the 
same as 1. 

Conversion from octal to binary is the reverse process. 

When the binary equivalents of the eight octal digits are 

memorized, either method may be done mentally. 

Since the conversion is so simple, virtually all operating 

manuals, reference books, etc., for any computer give octal 

numbers for “machine language” communications. It is 

important to keep in mind that this is for human conveni¬ 

ence; the machine uses only binary numbers and the octal 

numbers must be converted before the machine can use 
them. 

All three of the main communications requirements of 

the machine are accomplished through binary numbers, 

composed of bits grouped in words of the length specified 

by the machine’s design. Certain bit combinations are de¬ 

fined by the designers as “machine instructions” (frequently 

called “operation codes” or simply “op codes”). When the 

computer’s control circuits detect these combinations on 

the input lines, specified machine actions result. For in¬ 

stance, if octal 7200000 is the op code for “add” in some 

machine, and the 21 input lines contain binary 11101- 

0000000000000000, the machine will perform an addition. 

The op codes provide the machine-language means of 

programming, since the programmer may arrange the vari¬ 

ous operations in any sequence he finds necessary to solve 

a particular problem. The choice of sequence to be fol¬ 

lowed consitututes the art of programming, which is an 
entire subject in itself. 

It might appear that the op codes prevent the machine 

from processing certain numbers, since octal 7200000 also 

represents a number. This does not occur, however, since 

all input is assumed to consist of op codes unless other¬ 

wise specified. The specification of input as data rather 

than as instructions is usually accomplished by storing data 

in a different part of the computer’s memory than that 

used by the program. Thus the location of the number 
determines its meaning. 

Of course, communications are necessary for the storage 

of the numbers in the memory in the first place. The op 

codes which command storage of a number usually con¬ 

tain certain spaces to be filled by the “memory address” of 

the number to be stored, and the address in which it is 

to be stored. If the basic “store” op code were 6300000, 

for instance, the two digits immediately following the 

“63” might specify the source address, and the final two 

digits specify the storage location. Thus, instead of sending 

the op code as 6300000”, the programmer might send 

“6325050”. This would cause the machine to take the 

number presently located in memory address “25” (010101, 

since all op codes are assumed to be in octal) and store it 

in address “50” (101000). If the first number sent to the 

machine is automatically placed in location “00” and each 

subsequent number is placed in the next higher numbered 

location, then the source location for each number is known. 

Input data can be transferred to the higher numbered por¬ 

tion of the memory, leaving only op codes in the low num¬ 

bered part, and the separation is accomplished. 

Output communication is usually by separate lines or in¬ 

dicators. Essentially the only machine-language output 

communication in most machines is the bank of indicator 

lights on the operator’s console. Each light indicates a 

“1” binary value, in the corresponding bit position of the 

register to which the light is connected. Some machines 

have only one indicating register, while others have huge 

banks of lights. However, machine-language output is 

usually used only while troubleshooting the computer in 
case of breakdown. 

The machine-language input communications provided 

for most computers consists of one or more banks of 

switches, either push-button or toggle, located (like the out¬ 

put indicators) on the operator’s console. These switches 

are similar to the output lights; each switch controls the 

value of a single bit, with one switch position representing 

1 and the other “0”. After all switches are set, operating 

another switch inserts the setting into the associated com¬ 
puter register. 

While it is possible to load a complete program and all 

its input into a machine in this manner (and a few ma¬ 

chines exist which make no other provisions for program 

inputs), it is a slow and tedious process, open to many 

errors. For these reasons, direct switch-input communica¬ 

tions are usually used only in troubleshooting or during 
initial “debugging” of new programs. 

The “normal” input communications paths, like normal 

outputs, operate with other than machine language, through 

intermediate means. Usually one of several of the “symbol¬ 

ic codes” is employed. They will be discussed below. 

Symbolic Codes 

A code is merely a table which matches two sets of 

symbols, so that one is understood to have the meaning 

normally attached to the other. Thus it appears that a 

“symbolic code” is a redundancy; the term is used in the 

computer industry to emphasize that one set of symbols in 

the code is the conventional set consisting of the alphabet, 

the decimal digits, and required punctuation marks, while 

the other set of symbols is a series of binary (usually writ¬ 
ten in octal) numbers. 

The symbolic code most familiar to communications- 

oriented personnel outside the com¬ 

puter industry is the “7-unit teleprinter 

code” frequently called “Teletype® 

code”. This code represents the letters 

of the alphabet, the numerals, the punc¬ 

tuation marks, and the various control 

functions necessary on a teleprinter 

(such as line feed, carriage return, up¬ 

shift, and downshift) by 5-unit com¬ 

binations of “mark” and “space” con¬ 

ditions. In addition to the five units 

which indicate the letter or other data, 

the code contains a “start” unit which 

is always a “space” and a “stop” unit 

which is always a “mark” to indicate 

the beginning and ending of each 
character. 

Merely replacing the terms “mark” 

and “space” with “1” and “0” respec- 

Fig. 1. Typical punched card, produced on IBM Model 026 key-punch machine with 
printing attachment. Printed line across top of card is for convenience of users only. 
Two unmarked rows between printing and row "0" are called "12" (upper row) 
and "11" (lower row) and are so identified under the Hollerith column in Table 1. 
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Fig. 2. Typical punched paper tape as produced by Model 33 
Teletype equipped with tape-punch attachment. This tape was 
punched under computer control as part of output; computer was 
programmed not to produce parity bits. Normally, outside hole 
on wide side of tape (bottom)) would be parity. Each hole that 
has been punched indicates binary "1", lack of hole a "0". 

tively changes the teleprinter code into a binary symbolic 

code in which every character begins with a “0” and ends 

with a “l7’. The five intervening bits determine the character. 

When this change in terminology is made, the code be¬ 

comes the Baudot code widely used by computers. Fre¬ 

quently a sixth “data” bit, called the “parity bit”, is added 

to assist in determining the correctness of each character. 

The parity bit may be either a “1” or a “0”, whichever is 

necessary to make the total number of “l's” in the six bits 

together an even number. Then a lost bit may be detected 

by counting “l's” in each character; if the total is odd, a 

bit lias been lost from that character. 

Baudot code may be used with punched-tape reading de¬ 

vices or with teleprinters connected to special “input buffer 

units” oil a computer for either input or output. The con¬ 

version from Baudot code to the machine's language is 

accomplished by special circuits in the reading device or 

buffer unit; the conversion from alphabetic/numeric sym¬ 

bols to Baudot is accomplished by the teleprinter or tape 

punch. By this means, the user may type in data directly 

and need not have any concept of the computer's own 

internal language. 

A code used even more widely than Baudot is that known 

as Hollerith code. This code is based on the punching of 

holes in cards at specified locations. From one to three 

punches may be made in each column of the card, and up 

to 80 columns may be punched in each card. Each column 

corresponds to one character; the specific character is de¬ 

termined by the number and location of the punches in 

that column. For instance, a single punch in row 9 desig¬ 

nates the decimal digit 9. Two punches, one in row 11 and 

the other in row 5, designate the letter “E”. 

The familiar “IBM card” is a typical example of a Hol¬ 

lerith-coded card. These cards may be read into the com¬ 

puter by special card-reading machines which sense the 

presence and locations of the holes and convert the code 

into its binary equivalent for the specific computer with 

which they are used. 

Since each card contains up to 80 characters and cards 

may be read at rates up to and exceeding 300 cards per 

minute, the punched-card communications channel is wide¬ 

ly used for mass input of programs and data. The com¬ 

puter may also drive a card punch, producing new punched 

cards as output. This is a frequently used output channel, 

since many other business machines operate with punched- 

card data. Additionally, the output obtained during one 

pass through the computer may be used as input for a 

later pass if it is taken in the form of punched cards. 

A relatively recent symbolic code which is, however, 

gaining almost industry-wide acceptance is the American 

Standard Code for Interchange of Information (ASCII). 

This code provides for 32 control characters and 96 data 

characters, allowing both capital letters and lower-case 

letters to be included in the alphabet along with all digits 

and punctuation marks. 

ASCII is especially well suited to some of the more 

recent applications of computers in the areas of typeset¬ 

ting for printing plants; it remains compatible with all 

previous codes as well. This code is presently in use (com¬ 

pletely, or in part) on punched-tape devices, teleprinters, 

video-display units, and for communications between re¬ 

motely located computers. One of its major features is 

that any ASCII-coded device can communicate with any 

other, as long as both operate at the same speed. Data 

transmission speeds are standardized as well, with a choice 

ranging from 45 bits per second up to 2400 bits per second 

(equivalent to 40-w.p.m. telegraphy at the low speed up to 

approximately 200 w.p.m.). 

Table 1 compares the three symbolic codes discussed 

here. Baudot and ASCII are shown in octal notation. The 

listing for ASCII includes the parity bit, since ASCII in¬ 

cludes “odd parity” as part of its standardization. Hollerith 

code is shown in decimal notation; the hyphen indicates 

an additional punch location. 

The communications channels with which these symbolic 

codes are usually used have already been mentioned brief¬ 

ly in the discussion of the codes. Now, let us take a more 

detailed look at each medium. 

A typical Hollerith-coded card is shown in Fig. 1. To 

punch the card, a special key-punch machine is used. This 

machine has a keyboard similar to that of a typewriter, al¬ 

though the arrangement is sufficiently different from a type¬ 

writer that special training is required to operate the key 

punch. 

To input information via punched cards, it is necessary 

to write out the information first, then deliver it to a key¬ 

punch operator to be punched into cards. After the initial 

punching, a second operator “verifies” each card by “re¬ 

punching” it in a different machine, from the same copy. 

If the data on the card is not identical to that indicated 

by the verifier's keying, an alarm light indicates the error. 

After verification and correction of any errors, the card 

is ready for loading into the computer's reader for input. 

The verification step is essential; in a recent election 

tally in the Midwest, key-punch operators attempted to 

speed their output by accepting vote totals by telephone 

and punching without verification. The resulting unofficial 

returns contained errors of as much as 12,000 votes, which 

were traced in every case to single-digit key-punch errors 

on the cards. One “lucky” candidate discovered to his dis¬ 

may when the official returns were posted that he had lost 

what had been declared unofficiall) an easy victory. 

Because of the special additional equipment and trained 

operators required, card input is usually used only for 

large computer installations which process data in vast 

quantities. 

Punched paper tape is similar in many ways to the card 

process but provides slower input rates since only one char¬ 

acter is read into the computer at a time. The tape may 

be punched with teleprinter equipment, separate special 

tape punches, or by a tape punch connected to the com¬ 

puter output terminals. Fig. 2 shows a typical punched- 

tape input, in modified ASCII code, as produced by a Model 

33 Teletype machine. 

Output from a computer is frequently obtained by means 

of a “high-speed printer” unit, which is a special kind of 

typewriter that prints an entire line of data at once. These 

printers can produce output at rates greater than 800 lines 

per minute, gobbling stacks of continuous-form paper. 

These printers do not usually use a symbolic code which 

is one of the standard varieties; instead, they take binary 

output directly from the computer and convert it to sym¬ 

bols as determined by the computer's built-in “character 

set” (which is a special symbolic code of the specific com¬ 

puter, and normally is used only with the corresponding 

printer units). Frequently the printer's design and that of 

the computer are so closely related that neither can operate 

without the other. 

Previous mention has been made of the similarity be¬ 

tween teleprinter codes and symbolic codes and of the use 

of teleprinters for communication with computers. This 

means is one of the least expensive and simplest available 

for general input and output of data; its major disadvantage 

is its slow speed, in com- (Continued on page 77) 
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At 300 rpm all you can hear is the music. 
Most turntables utilize motors that operate at 1800 rpm. The new Sony Servo- 
Controlled TTS-3000 employs a motor that provides optimum torque at 300 rpm. 
The slower the motor, the less chance of rumble-producing vibration intruding 
upon your record-listening pleasure. 

For precise speed-regulation, Sony employs the first precision servo-controlled 
motor ever used in a turntable. No rumble, no noise, precise speed, beautiful music 
from the Sony TTS-3000, $149.50 (base extra). 

For the finest playback system, add the Sony VC-8E moving coil cartridge, $65 
and the PUA-237 professional arm, $85. Prices, suggested list. At your Sony high 
fidelity dealer. Sony Corporation of America, Dept. H, 47-47 Van Dam Street, 
Long Island City, N.Y. 11101 
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parison with other input-output devices. 

Teleprinters, operating with either 

Baudot or ASCII codes, may be con¬ 

nected to computers either directly 

or through standard telephone lines 

(by use of special digital data sets at 

each end of the line). Thus they allow 

a user in New York to communicate 

with a computer in Los Angeles and 

permit nationwide networks of users 

to share a single computer. With spe¬ 

cial controller units at the computer, 

all users may communicate at ap¬ 

parently the same time (actually, the 

computer communicates with only one 

at a time but switches from one to an¬ 

other so rapidly that the users are not 

aware of the changing). 

The teleprinter keyboard is virtually 

identical to that of a typewriter, so 

that anyone can provide computer in¬ 

put through this channel. The print¬ 

out provided is also similar to that of 

a typewriter except that only capital 

letters are used. 
Aside from the slow speed, the sec¬ 

ond greatest disadvantage of the tele¬ 

printer as a communications device is 

the vast amount of paper consumed 

(which must be disposed of in some 

manner). Even a brief bout with a 

program can result in a printout five to 

ten feet in length—before any usable 

results are obtained. 
To overcome this problem, a num¬ 

ber of manufacturers have developed 

“buffer displays” or “video display units” 

which operate in essentially the same 

manner as a teleprinter, except that 

the output is shown on a CRT screen 

rather than being printed on paper. 

This is known in the computer industry 

as “soft copy” (a paper print is “hard 

copy”). When the screen becomes 

cluttered with data, it can be erased 

and communication continues with a 

clear screen. Among industry leaders 

offering such units are IBM, RCA, Gen¬ 
eral Electric, Raytheon, and Strom- 

herg-Carlson. 

Summary 

Essentially, then, communication 

with a computer is accomplished by 

first coding alphabetic and numeric 

symbols into binary numbers so that 

the computer can make use of it. With¬ 

in the computer, certain numbers in 

the “program” part of the memory 

cause similar numbers in the “data” 

portion to be manipulated. At the 

completion of the program, numbers 

in the “output” sub-part of the “data” 

portion of memory are either recorded 

into a symbolic code for most output 

devices, or transmitted directly to such 

devices as the printer and card punch. 

Finally, the all-number code (whether 

Here’s a great new way to solve electronic 
problems accurately, easily ... a useful tool 
for technicians, engineers, students, radio-TV 
servicemen and hobbyists. The Cleveland 
Institute Electronics Slide Rule is the only 
rule designed specifically for the exacting 
requirements of electronics computation. It 
comes complete with an illustrated Instruc¬ 
tion Course. You get four AUTO-PRO¬ 
GRAMMED lessons . . . each with a short 
quiz you can send in for grading and con¬ 
sultation by ClE’s expert instructors. 

See Cor yourself. Learn how to whip through 

allkinds of reactance, resonance, inductance, 
AC and DC circuitn, problems in seconds ... 
become a whiz at conventional computations 
too! 

This all-metal 10" rule is made to our rigid 
specs by Pickett, Inc_comes complete with 
top grain leather carrying case ^/^Instruction 
Course. A $50 value for less than $25. Send 
coupon for FREE illustrated booklet and 
FREE heavy vinyl Pocket Electronics Data 
Guide. Cleveland Institute of Electronics, 
1776 E. 17th St., Dept. EW-135, Cleveland, 
Ohio 44114. 

GET BOTH FREE! 
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today-—* 
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c^hidio-Qolor 
Lets you see your music 

ASSEMBLED KIT FORM 
$54.95 $44.95 

$5 DOWN-$5 MONTH 

Walnut finished cabinet Included 
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CONAR Division of National Radio Institute 
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in machine language or in symbolic 

code) is decoded back into alphabetic 

and numeric symbols for the benefit 

of the user. 

While it is possible to communicate 

with a computer directly in its own 

binary language by use of the console 

switches and indicator lights, the mul¬ 

tiple-coding communication techniques 

add vastly to the speed of operation. 

Since all the coding is accomplished 

by machine (or mechanical means 

such as the self-coding keyboard of a 

teleprinter or video-display unit), the 

user gains speed by being able to com¬ 

municate in symbols which are famil¬ 

iar to him and the computer gains 

speed by not having to wait for the 

user. 

Present communications techniques 

are still short of the ultimate. Bell 
Telephone Labs has demonstrated a 

device which recognizes spoken words 

and converts them into computer ma¬ 

chine language. A number of firms 

make units which re-convert machine 

language into speech (most are based 

on the principle of the time-by-tele- 

phone machines used in all parts of 

the country). Perhaps the day will 

soon arrive when an article of this na¬ 

ture must be titled “How to Talk to a 

Computer—and How to Listen to Its 

Replies”. A 

Radar Signature Analysis 
(Continued from page 25) 

By using appropriate formulas and by 

counting the number of lobes in one 

period, one can find the length and ra¬ 

dius of the object. 

Reentry Body Study 

Besides satellite target recognition, 

signature analysis is being used to study 

reentry bodies. When a reentry vehicle 

enters the atmosphere, the shock waves 

formed by the vehicle cause a plasma 

sheath—a concentrated layer of elec¬ 

trons—to be formed on the vehicle. The 

plasma sheath has a drastic effect on 

the cross-section—the reentry vehicle 

may show a significant increase or de¬ 

crease in cross-section compared to its 

cross-section as measured in free space. 

The ionized field—called the “wake”— 

which trails behind the vehicle will 

show similar effects. Using signature 

analysis, we can then determine how 

the vehicle is being affected by reentry. 

In the military area, anti-radar sig¬ 

nature devices (decoys) use built-in 

electronics to reshape the returning 

radar echoes so that a small, inexpen¬ 

sive decoy can “look” like a larger re¬ 

entering vehicle. 

A more important use of signature 

analysis is to be able to determine 

which reentry bodies are enemy war¬ 

heads and which are merely decoys in 

the mass of reentry bodies. Since the 

warhead must be identified in time for 

us to take defensive action, a computer 

is necessary. A computer, however, 

tends to take things too literally: if a 

return differs onh slightly from the de¬ 

scription which was given to it, the 

computer will not recognize the object. 

But with new computers which are 

capable of learning and with improved 

optical techniques for pattern recogni¬ 

tion, perhaps this problem is closer to 
solution. ± 

Satellites such as Mariner IV have a more complicated radar 
signature on account of the solar-cell paddles that are used. 
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