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INTRODUCTION

Our generation is the witness of rapid development of science and technology.

The boldest fantasies, until recently seeming to be unrealizable dreams, are

embodied in life. In. the last three hundred years, humanity has passed from the

simplest steam engines to motors working on atomic energy; it has mastered super-

sonic speeds of flight, attaining several thousand kilometers per hour. People have

harnessed the energy of huge rivers, created gigantic excavating mechanisms, re-

placing the labor of tens of thousands of diggers. The launching of Soviet artifi-

cial earth satellites began the attack of outer space of the universe. The greatest

achiexments of technical thought of man are such accomplishments, as the multi-

day flights of Soviet astronauts in satellite vehicles in circumterrestrial orbit,

photographing the reverse side of the moon, and creation of maneuvering space

satellites. Also created are numerous instruments and devices which increase sharp-

ness of senses of person.

Force of human genius knows no boundaries in the knowledge and subordination of

natare to itself, in the creation of newer and newer machines and apparatuses,

facilitating and- replacing the ,physical labor of man, colossally increasing the

force of his hands, making possible movement .with great speeds, and immeasurably in-

reasing the sharpness of his sensory organs.

However, until very recently almost all, even the most accomplished mechanisms

and instruments were designed for the execution of highly varied but only executive

"'unctions. Their construction always anticipated a more or less complicated control,

performed ly man, which would estimate external situation and external conditions,

watch the movement of this or that process, and correspondingly control machines,

-FTD-M4T-1 1-422



m=ieernit of transport, etc. The region of mental activity, phychics, the gphere or

lgitcal functions of the human brain seemed until recently an absolutely inac.essitle

mechardzation.

In sketcring pictures of life of a future soclety, the authors of fantastic

torles and narratives often presented life in a manner that all man's work would

_ e done ty machine, and the role of man would be only In watching the work of these

machines, and pressing corresponding buttons on a panel controlling defined opera-

Lions.

However, contemporary level of development of radio electronics permits the

scientists and engineers to place and .to solve problems of creating new devices,

which would free man from the need of watching Industrial process and controlling

It, Le., it would replace the operator and the dispatcher. New class or machine:-

has appeared - control machines - which can execute the most varied and often very

zompli:ated control problems of industrial processes, movement of transport, control

ships, to pilot aircraft, etc. The creation of contrql machines permits crossitst

from automation of separate machiues and units to overall automation of conveyers,

workshops, and entire plants.

The theory of different control systemn or more exacti,, the general mathe-

matical theory of control in-the widest sense of the work, formed in the last de,-a.P

in a new, independent scientific direction, has obtained the name cybernetics. The

work of cybernetics comes from the Greek word "cybernetes" which signifies Osteer-

Ing," or "pilot."

At the end of last century and mainly in first half of present century, Ly

efforts of numerous domestic and foreign scientists base was prepared for the crea-

tion of strict mathematical theory of general principles of automatic adjustment

and control. Worthy contribution to it was introduced by such great Russian ald

3oviet scientists as I. A. Vyshnegradskiy, A. M. Lyapunov, A. A. Markov,

V. S. Kulebakin, A. N. Kolmogorov, A. A. Andronov, V. A. Kotel'nikov and othrz. ,:.

important role in the creation of general control theory in living organisms wi.7

playeo 1,y the teaching of reflexes, well-developed by the Russian physl','ri.,tr

I. 1. Sech3nov and 1. P. Pavlov and their followers.

in its contemporary form, cybernetics as a new scientific direction was zhapt',

ty great American scientist-mathematician, professor of Massachutts InstitUtt T

,'ochnolog5y, Norbert Wiener (1894-19L,4):, known by his works In field of analysir-,

m . . ... . .. m.. . . . . .. . .. . . - ... . ..-
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CHAPTER I

BASIC EAS OF TECHNICAL CIYERMETICS

1. General Control Principles

As was said! in the lntroduction, characteristic trait of cybernetics: is the

:flt sdu-iy of coirrol processes :!n technical devices and in living organisms. What

Ji-,es cs te rigt. to compare control processes In systems differing so qualitatively

fro eac k 3erh'

Control circuit

ation r- ~ Control signals ofleTh.st.-- tilon Leaerontronle
Sbject

Infor-ration signals

Feedback circuit

Fig. 1. Bloek diagram of nonautomatic object control.

n rder to establish presence of analogies allowing us to do this, let us

-nZiier zevera! general olock diagrams of control, pertaining to different systems.

F-. I diagra= is represented of nonautomatic control of some form of object

kiaaine, aorveyer, workshop, plant, transport unit and so forth), done by man

.achinist, dispatcher chief), subsequently named the leader.

influence of th% leader on controlled object can take place by mechanical means,

:lt h the helD of levers or flexible connecting rods of hydraulic or pneumatic drive;

lec trical means; a change of currents and voltages brought in or a change of

frequnzy of a.ternatinC currents, the series of electrical pulses, and so forth;

i the help of oral orders, by telephone or by any other communication channel, if
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tre controlled object, such as, for instance, a workshop, conveyer, or plant, has

executors which control the units in accordance with wishes of the leader. All

enumerated and many other means of transmission of the control signals form a

control circuit of the object or direct circuit of influence on the controlled

object. However, it is/absolutely natural that expedient control of the object Is

Impossible, if the leader does not know the state of the object, cannot personally,

with the help of instruments or through executors periodically or continuously con-

trol the actual state of ithe object and fulfill the orders of control. Leader must

obtain (by so-called channel of feedback) information about the actual behavior of

controlled object, compare it with required operating conditions, make correspond-

Ing signals or instructions, so-called control information.

Let us consider concrete examples of nonautomatic contr&.

Let us assume that before the operator (leader) problem is set to support as

constant a number of turns of an electric motor, rotating a certain device (object).

Let us assume that the assigned speed of electric motor is equal to 1,500 rpm.

According to log book data, such rotation speed is obtained at defined values of

feed voltage and current in excitation winding.

However, by virtue of a number of circumstances condidered with difficulty,

such as, for instance, change of load, friction in the bearings, change of ambient

temperature, and (connected with this) change of resistance of windings, and others,

the actual rotation speed may not correspond to the assigned. This speed must L,,

measured by any method, for instance, by a tachometer, and measurement data must

become known to the operator. Data about speeds, measured by the instruments, are

transmitted to operator along feedback channel. Knowing, thus, the actual rotation

speed of the electric motor, composing, let us say, 1,480 rpm, the operator, follow-

ing instructidhs and practical experience, makes a decision to change corresponding

(with the help of rheostat) magnitude of excitation current. If,, as a result of" t ..

speed of electrtc motor exceeds the assigned, then by a change of excitation curreot

in opposite direction, it is possible to decrease this speed.

As another, more complicated example let us consider control of a plant (object),

performed by dispatcher (leader). By channels of control, connecting the dispatcher

with workshops, he issues order to executors subordinated' %to it, obtaining from them

in turn by feedback channels, information about situations in workships, supply of

raw material, issue of ready production, and so forth. On the basis of information,

-6-



abtained, dispatcher makes certain decisions and issues orders (control signals).

In the case of such indirect control over industrial process - through fomen of

a workshop, executors at the machines and units and other intermediaries, on the

one hand, possiblity of distortion of control signals is increased by these

intermediaries, and on the other hand, -movement of the industrial process can be

improved due to the fact that the intermediaries do not execute the wishes of the

dispatcher mechanically, but can process them creatively, introducing some correc-

Lives in the general instructions of the leader.

In Fig. 2 diagram is represented of
C .ntrol, rcUlt

:ortm: sigr u automatic object control. Diagram as we can

RAg- cr bject see, does not differ externally from the

slaa•se oM z',, preceding; however, control process is carried
Feediack cir:1mu

out in this case without participation of

man. From controlled object, by-means of
rig. 2. Block diagram of automatic
;ontrol. (not shown on diagram) measuring instruments

and converters, information about state of the controlled object along the feedback

circuit enters the regulator. Here it is processed, and the regulator (in accord-

ance with obtained data and assigned program) produces control signals, proceed-

ing along control circuits to the object. Program of adjustment can be determined

ry the actual construction of the regulator or, in more complicated systems, can be

introduced into the regulator from without.

As an example of automatic adjustment we will consider well-known design of

centrifugal steam engine regulator, invented by Watt in 1784 (Fig. 3). System works

in the following way. With the axis of

., 0 machine 01, using gears 11 and I 2 axis of

regulator 02 is connected, coupling M of which,

thanks to elasticity of spinning 11, working

on compression with motionless machine is in

the lowest position. With an increase of V

1ig. 3. Diagram of centrifugal re- rotation speed of the machine, loads rp, under
*,ilator of a steam engine.

action of centrifugal force, depart from axis

0,, compressing spring R and lifting coupling M. Here levers PI and P2 shift,

Ilap 3 decreases arrival of steam in cylinders of the machine, which lowers its

py:.. Considered system completely corresponds to general diagram of automatiz
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control (Fig. 2), where the controlled object here is a steam engine; feedback

circuit, delivy!ring information-, to regulator about rotation speed of -team engine,

consists of system of axes 01 and 02, gears f ,and: 2, and control circuit is

formed by leiers P, anu P2 .

Thus, qommunication channels in the considered system have a purely mechanical

structure.

,Program-of adjustment (assigned rotation speed of machine and limits of its

deviation)- depends on construction of the regulator itself, mass of loads i*P and

and elasticity of spring 11, as well as on characteristic of control and feedback

circuits, i.e., relationship of lever arms, transmission ratios of geared engagement,

etc.- Regulator in this system, replacing man, executes simplest logical function,

which can be expressed in the following form: "if speed of machine is great, then

it is necessary to decrease admission of vapor; if spedd is low, then admission of

-vapor must be to increased."

In more complicated contemporary systems of automatic adjusx ment, when the

controlled object includes several units or regulation occurs not by one paraineter,

but by several (for instance, speed,, temperature, pressure,, aid. so forth), as

communication channels (as a rule) electricalcircuits are used, but as the most

accomplished regulators, able to perform sufficiently complicated and varied log ica.

functions, electronic computers are used (see Chapters 2 and 3).

Let us now consider control system, acting in living organism. According to

the teachings of great Russian physiologist I. P. Pavlov, "the living organism as a

system exists among surrounding nature only due to continuous balancing of this

system with the external medium, i.e., due to defined reactions of the living system

to irritations arriving at it from without, which in the higher animals is carried

out chiefly by means of the nervous system in the form of reflexes."' The route b,,

which reflex is carriod out has obtained in physiology the name reflex arc. Block

aiagram of reflex arc _wn in Fig. 4:. Arc consists of not less than two nervous

tracts: sensitive and motor, connecting the central nervous system (spinal and

l'raln), executing the function of a regulator, with. organs of the living organism

which are controlled objects. Reflex arc starts with receptors located in contrll,-

organ; these perceive irritation of the ends of sensitive nerves. If one were to us-

1I. P. Pavlov. Full collection of compositions, Vol. III, book 2, Academy of'
Sciences of USSR, 196i, p. 323.
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-crxr-1 c1rcuit (v.tr-..r .. ) technical terminology, then receptors execute

|.1,., OI imf: lthe role of measuring instruments or data

' ?:"' -units. By location the receptors- are

~ .~ -t -x D divided into external (exteroreceptor),

located in the skin, ears, eyes etc., and.

Fig;. 4. Block diagram. of reflector internal (interoreceptor), located in internal~are in a living organism.

a i li n organs, vessels and muscles. To the action

of some stimulant (light, sound, heat and so forth) the receptor corresponds by

appearance of excitation, which by feedback channel - along the sensitive nerves -

spreads to the central nervous system and thus reports to it information about the

influence of stimulant on an organ. In central nervous system processing of obtained

information occurs. In the simplest case this -is simply a transition of excitation

to the motor nerves. This occurs, for instance, in the spinal cord during an un-

conditioned knee reflex, consisting of tossirg of the leg during a hammer blow to

the knee cap (Fig. 5). In more complicated cases,

during conditional reflexes, the arc locks through time

connections formed in the cortex of large hemispheres

of the brain. From centralI nervous system, process of

*l S excitation along communication channels -- the motor-

nerves - spreads to the working organs - muscles and

glands, causing their activity.

By comparing now three block diagrams considered

by us of control (Figs. I, 2 and 4), pertaining to

- nonautomatic control, automatic control in technical

device, and control in living organisms,, we arrive at

a conclusion concerning essential structural similarity,

!Ug. 5. Diagram of reflex of these diagrams and about the conformity of relations
arc of a knee reflex. i -
centripetal or sensitive between analogous elements in the different systems.
(afferent) nerves; 2 -
spinal cord; 3 - centrif- First of all, all considered control circuits
-gal or motor (efferent)
nerves, are characterized by the presence of a closed cycle,

closed link chain of signal transmlsion, that is,

transmission of information. On the one hand, from regulator to cntrolled object

along control circuits information proceeds in the form of control slgnals; on the

othe.r hand, from object to regulator the transmission circuit is lockM 3 by feedback

-9-



signals, -carrying information about the actual state of controlled object. Under

communication channels, transmitting information, we should understand any system

which.iS able-to carry out such transmission: mechanical, pneumatic, electrical and

other channels in technical devices and nervous communications in living organisms.

Role of the leader n nonautomatic control systems consists of processing the

information bbtained 'aiout state of the controlled object, comprehension of this

information, and production of the best, most expedient decisions on object control.

In systems of- automatic control the role of man is transmitted to a regulator,

which on the basis, of obtained information, will make the corresponding "decision."'

Instead of man, now the regulator must execute defined "logical" functions, character-

ized by formula "if..., then ..." (if some information is obtained,. then it Is

necessary to iender on the controlled object a certain influence). Role of the

regulator belongs to organs of central nervous systems in living organisms.

Consideration of above mentioned control circuits permits making the conclusion
that cybernetics as a mathematical science regarding control in the widest sense of

the word should include the following main divisions.

I. Theory of systems of automatic adjustment, where basic attention of

Cybernetics is allotted to role of, feedbacks both in technical devices and in living

organisms.

2. Information theory, considering questions of information transmission along

-various communication channels, including the nervous system of living organisms,

and processing the informatii, in regulators, including in the organs of the central

nervous system of living organisms.

3. Theory of regulators from the point of view of their ability to perform

defined logical functions. Practically, at present, as the most accomplished re-

gulators, allowing a comparison with functions of organs of the central nervous

system of living organisms and man, high speed electronic computers are used. Ther-

fore, in cybernetics theory is considered of these machines and, in the first placo,

theory of their ful-fillment of logical processes, similar to the processes of human

thinking.

'Here and subsequently everywhere it is necessary to remember that the use or
similar anthropomorphous (manlike) termin6logy with respect to machines is purely
conditional, and serves for simplification of the account. Actually, of course
machines do not "make decisions," do not "think," and do ot possess a "memory" i.n
the~general concept of the word.

-iO-



In cybernetics, belonging to class of exact sciences, the most important role

is played by mathematical methods of lhvestiga ion., Especially important for

cybernetics are such divisions of mathematics as the probability theory, mathematical

statistic:, theory of -random processes, mathematical logic, theory of algorithms,

set theory, theory of functions, theory of games and investigation of operations.

Elementary questions of the theory, structure, designs, programming and use of

contemporary cybernetic machines are presented in Chapters 2 and 3. Below certain

initial information is given about forms of automatic devices, according to the

theory of automatic adjustment, and also basic ideas from the information theory.

2. Automatic Devices

For practical realization of an automatic control system by some sort of process,

certain complex of automatic devices is necessary. Depending upon concrete require-

ments presented to the system, these devices can be built on mechanical, electro-

mechanical, pneumatic, electronic, and other elements. However, regardless of

those physical principles which 'are assumed in the basis of construction of these

devices, they can be subdivided into the following basic forms (Fig. 6) devices

of automatic monitoring, automatic protection, automatic control, and automatic

adjustment.

Classification of Automatic monitoring is a

field of technology, to which

pertain means and methods designed

for automatic observation of the

u autouati automatic state of units and movement of an
-o nit 6rlr.p; protection ccrntrc adjustment

industrial process. Devices of

automatic control include the means

Fig. 6. Classification of automatic devices, of automatic yield of different

data (data units of pressure,

temperature, level and others), control of dimensions and quality of the treatment

of articles, all possible forms of automatic singalling, automatic 'measuring devices,

and so forth. At th, output of devices of automatic monitoring there can be different

indicators (measuring scales, light signals, tableaux, sirens), self-recording

registering attachments, and actuating attachments, designed for automatic sorting of

articles.

Devices of automatic protection serve to automatically prevent accidents and
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breakdowns, which can appear in any units due to exceeding the permissible values of

currents, voltages, opressures, shifts, and so- forth. Especially wide- propagation

hasbeenenjoyed.b3 devices of relay protection in power systems. At present,

relay protection has-been turned into an important, independent field of automation.

Devieds of automatic control are the totality of technical means for automatic

turning on and turning off, start, stop, change of direction and speed of any mech-

anisms and systems.

Automatic control is carried out especially successfully during the use of

electrical drive. Here problem is considerably facilitated of smooth speed adjust-

ment, service of c6rresponding mechanisms is simplified, and possibility of remote

- control at great distances is ensured.

Automatic adjustment is that field of automation to which -pertain methods and

means, ensuring support for a certain time with an assLgned accuracy of defined

constant jarameters of-the adjustable process. In a number of cases the parameters

characterizing pirocess movement must be automatically changed in time by certain

previously assigned law, or depending upon f-low conditions of the actual process.

3. Automatic Adjustment

Let us return once :again to the block diagram of automatic control, depicted in

Fig. 2. In any control sytem there exist so-called assigning and perturbing

influences. Assigning are useful influences,. ensuring the assigned operating con-

ditions of-the system. Perturbing are undesirable influences which are the con-

sequence of a change of external- conditions (temperature, pressure and so forth),

load, and several other factors, which often cannot be anticipated beforehand: they

are the cause of disturbance of the necessary functional connection between coritroll-

ing action and adjustable magnitude. The existence of disturbances causes the

necessity for the presence in systems of feedbacks and, consequently, of a closed

transmission cycle of information. in general, automatic adjustment can be defined

as automatic control along a closed cycle.

Assigning influences are divided into three- forms: constant influence, pre-

viously undetermined influence, and, finally, influence which is a certain assigned

time function. Correspondingly we distinguish three forms of automatic adjustment:

stabilizing, follow-up, and programming. During stabilizing adjustment, problem of

supporting some parameter of a process as constant is performed. The above considered

centrifugal regulator of a steam engine constitutes one of the first systems of
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stabilizing adjustment. Stabilizing systems have found wide application in

supporting the constancy of speed, pressure, temperature, voltage, magnitude of

current,, and' so forth. In radiotechnical practice, for instance, such stabilizing

devices are widely applied as different stabilizers of current and supply voltage,

automatic gain control in receivers, (ensuring relative constancy of voltage at

output of receiver during considerable changes of voltage at the input), compressors

in modulation devices (ensuring relative constancy of modulation coefficient during

considerable oscillations of modulating voltage), frequency stabilization devices,

and others.

in follow-up adjustment, the value of adjustable parameter is changed depending

upon some other parameter, introduced from without or characterizing the flow of the

very same process. Follow-up systems are widely used for remote control of different

objects, when, for instance, a turn of a.handle at certain angle causes a turn to

the same angle of a shaft or rudder, and in telemetries, when, for instance, shift

of a measured object causes corresponding shift 6f the pointer of a measuring in-

strument. Such follow-up systems,. in which input and output magnitudes are mechanical

shifts, are sometimes called servomechanisms. Examples of application of follow-up

systems in radiotechnical practice are devices of automatic control of receivers,

radar tracking systems of aircraft, and others.

Program adjustment is such a system, in which the values of' adjustable para-

meters are automatically changed in time in accordance with the program embodied in-

the regulator. However, even in this case, the role of feedbacks is not lowered,

since it remains a necessity of control due 'to the fact that the controlled object

actually reacts to control signal, but consequently there is t e necessity of

correcting control signals in accordance with the program andjlith information about

the actual state of the object.

According to the character of change of the adjustable magnitude, we distinguish

continuous and discrete systemsof automatic adjustment.

Continuous are such systems,, in which a continuous change of the adjustable

parameter is conditioned by continuous change of mechanical, electrical, and other

magnitudes in all links of the system. Here the structure of all connections in

the system remainsconstant, and output signals of each link constitute continuous

functions of influences and time.

In discrete or intermittent systems of automatic adjustment, continuous change

S-3-
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of adjustable parameter corresponds to Intermittent change of signals, at least

in one-of the sections of the system. Discrete systems in turn can be divided into

relay and pulse types. f
.The relay is such a system, one of basic sections of which is an element of

relay action (relay), ensuring ihtermitteht change of the output magnitude during

continuous zhanges -of the input, -when the latter passes through certain fixed values,

called threshold.

As a sidMle example we will consider relay System of automatic adjustment of

temperature, deptcted in Figj 7a. Such- a system is applied, for instance, in

thermostats df mastdr oscillators of radio- transmitters, where to ensure the constancy

of generated frequency,. very imidrtant is the c€astancy of temperature of components.

and the -stabIlizing quartz plate. -Constant temperature in the thermostat is supported

by heating element H-. For automatic temperature control here thermoregulator is

applied, which is mercury thermometer T, in the upper and' lower -parts of glass tube

of which pJatium electrodes are soldered. Upon switchir4g on the feed to- grid of

tube A, threugh resistor R positive voltage is sen., as a result of which in- anode

circuit- of the tube great curent is established, flowing through the winding of

relay P. Rely armature is attracted and locks, the circuit of heating element.

When temperature in the thermostat 'eaches- a certain given value, -mercury in thermo-

S regulator- reaches the upper electrode, -grid of tube locks through mercury with cathode,

and is potntial, cf 'grid becomes equal to zero. Plate current -here is considerably
decreased,- rflay releases the contact, and preheating circuit is broken. Upon cool-

ing of thermostat,. circuit in thermoregulator breaks, relay is attracted, and again

turns or, the preheating.

AI -' I I

f 4-

a) b)

Fig. 7. Devices of automatic adjustment, a- relay
system of automatic adjustment of temperature in the
thermostat; -b) pulse element "with incident arc." '

In the described system the relay element can have two states - switched on and
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off, where izn the process of work it will be in a continuous osciflator mode.

Regulators of similar kind, in which there is a two-position relay element are

called vibration elements.

Similarly, automatic control of speeds of electric motors Is often performed.

The circuit for this can be built in such a way that the centrifugal regu 'tor,

mounted on axis of electric motor, upon exceeding the assigned ntmber of turns locks

the contact, shunting additional resistor, switched conVecutively into circuit of

excitation winding. With this current is increased, and, corresponding so is the

magnetic flux of excitation, which leads to deceleration and, comsequently, the i

shunting contact will be opened. Speed increases again, contact locks, etc. Thus,

under action of vibration regulator continuous oscillation of electric motor speed

near a certain assigned va'ue occurs.

Pulse system of automatic adjustment is that system in which the magnitude

at output of one of its elements constitutes a sequence of pulses. Amplltude,

duration, or frequency of following of these pulses are the function of the magnitude

on element input in separate moments of time.

As an example let-us consider pulse element With so-called U-incident ard"

(Fig. 7b). Element consists of incident arc I, which cyclically shifts upwards and

downwards with the help of drive 2, rotating with certain assigned angular velocity

w. Under the arc there is contact 3, connected with pointer of measuring Instrument,

5. During shift of arc downwards, contact 3 is connected with potentiometer 4,

where it locks output circuit 6. Magnitude and polarity of voltage at (utput of

element U depend on position of contact 3 with respect to point 0 at the moment~BUY
of touch of this contact with potentiometer. Since contact is connected with pointer

of measuring instrument, voltage at the output in the end turns out to be propor-

tional to input magnitude measured by instrument. Touching time of contact 3 with

potentiometer is constant and does not depend on position of contact. Thus, duration

of voltage pulses, taken from potentiometer to the output, is also constant, and

amplitude and polarity of each of these pulses are determined by position of the

contact with respect to median point of potentiometer, i.e., value of input magnitude.

At present, as elements which execute conversion of input magnitude into a

.equence of pulses, more often different electronic circuits are being used.

Considered simplest examples pertain to systems in which stabilizing adjustment

is --arried out by one parameter (temperature, speed of rotation).
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-aeszrD-ed systems of automat c adjustment, possessing rigid characteristics,

sonetimes work worst; til-an nonautoatic systems with the partilcipation of a hum-an

operator, who can, upon necessity, by adjusting the flow of adjustable process,

change the methods of control.

The successes attained v develonpent of electronic cybernetic technology,

ale a!!owed creati-g so-called self-adjusting systems of automatic adjustment. In

cdistin.tion fro= ordinary systems, where automatic control is performed by a

strictly def Tned law, in se-f-adjusting system automatic change of adjustment law

takes place. In most eases this automat-c c.hange of law has as its purpose a

gua-rantee of ex'tree ( or -ini-=) values of certain parameters of the ad-

justable process.

L. Iformation Theory

zl tiat presented earlier, it follows that in the process of automatic control

:here occurs a trans ission of different signals (information) along communication

cha-n els as well as processing of this information in regulators. Therefore, one

of the =ost imortant divisions of cybernetics is the so-called information theory,

which, in teciaical t-.derstandine, can be define as transmision theory of infor-

-io- alocng co=Lnication cbtan-nels.

Let us consider diagram of information transmission along communication channel

shown in Fig. 9. lb-form-tion produced by the source and subject to transmission

(human speech, music, text of a

telegram, an image and so forth)

El"TE- must be preliminarily turned into

.-- .;-a S' 4;r |s.of, _ :42 -- : 1= an electrical signal which is con-

. avenient for transmission along the

;ig. 9. Diagra- of information transmission- line. This conversion occurs in the

3 !or±g cotnication system, transmitter, to which we will refer

a =--zrophone, telegraph key, a transmitting television tube and other converters

: ln.formt io n into electrical signals, and also the necessary high frequency

-sclliators, modulatin devices, amplifiers, and so forth. From the transmitter the

.:.-al enterz line (wire, cable, radio link) and spreads along it to the receiver,

r w!hizh there .ccurs inverse transformation of the signal into information delivered

-n er:ipl-nMt. Transmitter, line, and receiver form the communication channel.

-.rn 5 :rin isslon along ca.emunication channel atsorption and diztr:tion cf signal



occur,:And. furthermore,. sources of interferences mix interferences with signal which

in the and also hinder corect, reproduction of information on the receiving end.

Bati.c problems which -stand before the information theory are first, the question

about ~the cst productive use of the channel, i.e., how to transmit the greatest

quatity -6k.formation along channel, and, secondly, question about reliability

of commnatij,, i~e., the ability of the communication system to deliver informa-

tion -to recpient with minimum losses and distortions.

Leit us, first consider the question about efficiency of using the communication

chinnel. Role of communication channel consists of transporting information from

sourde-to recipient. Therefore, from the point of view of transmission technology,

it is necessary to find such properties of signals by which it is convenient to

characterize conditions of their movement along the channel. It is possible to

conduct a certain analogy between transporting signals along channels and loads along

means of communication. From the point of view of shipment technology, we are by

far interested in all characteristics of the load. Thuz, for instance, from the

point of view of the transport worker, such characteristics are very important as

load weight and its size (dimensions). However, for instance, the color of this

load does not affect the technical conditions of its transport. Similar to this,

the signal can be characterized by certain basic parameters (properties), having

the greatest value during its transmission along the channel.

Sue. signal properties are obviously its magnitude or intensity, and the

frequency band occupied by the signal, since these parameters determine the corres-

ponding requirements for the communication channel. Another important characteristic

is the signal duration, determining holding time of the channel. At the same time

the mraning of the information contained in the given signal plays no role from the

j point of view of transmission technology. Transmission of the information "terminal

stage of powerful amplifier broke down" or "on Monday meet the twentieth train, ral!-

road car i" requires identical time and identical expenditures of electrical envrfy,

since each of these reports contains an identical quantity of letters, although they

sharply differ from each other in meaning.

Let us stop more specifically on the basic (from the point of view of trans-

mission) characteristics of the signal. Most important is the signal intensity,

expressed by its electrical power. However, since practically the properties of th.

signal as a carrier of information are not determined by its absolute magnitude,

but by going beyond the level of the signal above level of interferences, then az a
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standard of signal intensity we select the relation of signal power Pc to power

acting in interference channel P Here, to obtain a more convenient mathematical
n

relationship we take not the absolute value of this relation, but its logarithm.,

Thus, magnitude of signal excess over interference, or relative average level of

signal over interference,

*P'

Following parameter of the signal is the width of its spectrum, F, constituting

the difference between maximum and minimum frequencies available in signal spectrum:

Finally, signal is characterized by duration T, equal to difference between

cessation time (end) of signal t and time of its begi-nning t
K H

T-t.-..

If one were to imagine the signal characteristics which we selected in the form

of segments of straight lines, expressed in a defined scale, and to place these

segments parallel to three mutually perpendicular axes of coordinates: axis of

relati.ve levels h, axis of frequencies f, and axis of time t, then it is possible

geometrically to imagine the signal in the form of the volume of a parallelepiped

with ribs I- F and T, constituting the dimensions of the signal (Fig. 10). Product

V = HFT will be called volume of the signal.

By analogous parameters we can characterize the

communication channel. Let us designate by H. the

SA .- permltsible range of changeb of power in the channel,

P. " and by F. the spectrum width of frequencies, passed

- H-,, , by the channel, and by T. the busy period of the

AM .channel. Then properties of the channel on the whole

can be characterized by product V. IFHTH, which will

Fig. 10. Geometric repre- be called capacity of the channel.
sentation of the signal.

'This expression for H is convenient to use when the signal considerably exceed5
the interferences. More exact is the expression

U)'
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So that channel ensured transmission of a given signal, it is necessary to 4
observe condition V V i.e., so that sigrnal volume fit in channel capacity.

C
Capacity of:effective communication channels is usually greater than volume of

signalstrtnsiittedalong - it, and to increase efficiency of channel use it is
necessary, by app.lig corresponding signal conversion methods, to seek as large as

p- ssibl a appr oximatioh to equality V, = Vc . Transmission of signals in comiunica-

tionf, sysms hot an end in itself. In the end we are interested not in transmission

ofsi aJ, but in'transmission of information; signals are only convenient for the

trAnSmission by form, into which information will be converted. Therefore,

problem of effective use of a communication channel also requires maximum filling

of sigwil volume by transmitted information or reports.

However, if we relatively lightly dealt with measurement of signal volume and

channel capacity, then the measurement of quantity of reports or amount of informa-

tion is a more difficult problem, especially considering the qualitative uniqueness

of different reports (literal text, speech, music, image) and the necessity of

finding such a unit of measurement which would turn out to be useful for the measure-

ment of these qualitatively different forms of information. After prolonged searches

for the unit of information it was agreed to accept the so-called binary digit,

which is a quantity of information obtained as the result of single selection from

two equiprobable possibilities. Let us examine this determination.

We assume that we have a box, into which we placed two white spheres. Let us

now extract one of the spheres. Certainly, this sphere will be white, and nothing

new (as a result of such an experiment) will be recognized. Since we knew beforehand

that we would extract a white sphere, then, removing it, we do not obtain anything

new, no infornation. Quantity of information obtained as a result of the experiment

which we performed is equal to zero.

Let us now lower into the box one white and one black sphere. Now we no longor

can predint beforehand what color the sphere will be which we will remove from the

box. The probabilities of extracting a black or white sphere are absolutely

identical, and, thus, extracting this or that sphere, i.e., performing a single

selection from two equiprobable possibilities will be recognized as something pre-

viously unknown, and we will obtain certain information, the quantity of which was

agreed to be accepted as equal to one binary digit.

Let us now assume that we lowered into an urn 32 tickets with different ]ettrs
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of alphabet written on them. If tickets are well mixed, then probability of

extracting any one of tickets is identical. Let us try to calculate in binary

digits the quantity of information which we will obtain when extracting one of the

ticl'ets. For this it is necessary to reduce the process of detecting a defined

ticket to a series of single selections from two equiprobable possibilities. This

is posoible so. Let us divide all tickets into two equal groups of 16 tickets

each. licket interesting us will appear in one of these groups. That group where

the desired ticket is absent, will be placed aside, and the remaining we wil- divide

by two. No., as a result of second experiment, the necessary ticket will appear in

one of the gioups of eight tickets. We will perform such selections from two

equiprobable possiblities until in the group there remains only the one ticket

which interests us. It is not difficult to calculate that this will be obtained as

a result five sesettions from two equiprobable possibilities. Hence conclusion can

be made that quantity of information, obtained as a result of extraction of one of

32 equiprobable tickets, will be equal to five binary digits. In general it -is easy

to show that with such an approach to measurement of information, the quantity of

information I, obtained duiing accomplishment of one of n equiprobable events, will

be equal to logarithm of the number of these events, taken at base 2:

Everything said until now pertains to information obtained as a result of the

fact that one of several equiprobable events is accomplished. However, in real cases

of information transmission along communication channels as a rule we deal with

events of unequal probability. Thus, for instance, during transmission of telegraph

text in the Russian language, probability of obtaining the letter 0 is considerably

greater that probability of obtaining the letter N, since in Russian text 0 is

encountered approximately 6 times more frequently than U. Comparatively simple con-

elusion permits determining information I, pertaining to one letter of the alphabet

of a language, characterizing a defined distribution of probabilities of the appear-

ance of separate letters:

---(p& logsp+pogp +... +p. logap.) binary digits. A

In this expression p P, p2  " Pn constitute the probability of appearance

of each of n letters in a given language. Let us remember that probability p of

mm ~ m~ m mmm mmm mmmmmmmmm~ m m . .. 4



some event is called the relation of the number of events interesting us to total

mogunt o6f :ev~nts accoiished in a sufficiently large total amount of events, i.e.,

in a maschacte.of operations. For instance, in order to determine the

probability, of appearance in. a text of a given language of the letters a, b etc., it

is necessary t6 tak1 some book, printed in this language, calculate the total

amount ofletters in the text, n, and quantity of letters a (na), b (ha) etc. Then

pr'baoili of letter a will be pa: nln, and probability of letter b w il be

Proability of any event p is always smaller or is equal to one (p < I).

Probability of a -reliable event is equal to one (such, for instance, as the prob-

ability of.extracting a white sphere from the urn, filled only with white spheres).

Probability of an impossible event is equal to zero (for instance, probability of

extractinga white sphere from an urn filled only with black spheres). It is still

n.cessary to stress that results of determination of probabilities close to truth

cau be only dbtaine In the analysis of sufficiently mass operations. Thus, for the

determination of probabilities of the appearance of letters in a text it is possible

to take any sufficiently thick book in a given language, and the results here will

practically coincide. However, if we try to determine the probability of letters

by analyzing only one page of the text, the results obtained will be different,

and in the analysis of only one line, absolutely untrue results can be obtained.

After all, if in this line we assume that the letter d was totally absent, then-we

will find that its pro.)ability pA = 0, i.e., we will make the absurd conclusion that

the appearance of letter d in Russian text is an impossible event.

Above we described a method convenient for tne measurement of so-called discrete

information, i.e., information, composed from a sequence of separate (discrete)

elements, letters. Text of a report, transmitted by telegraph, is a typical example

of discrete information. However, transmission of continuous information consider-

ably more frequently occurs, a typical example of which is the transmission of a

telephone report. Really, the current in a telephone circuit is a function which

is continuously variable in time (Fig. 11). A continuous function of time is the

television signal. Such a function, in general, in a finite interval of time from

t to t2 can be completely exactly expressed only by an innumerable set of values,

i.e., an infinite quantity of numbers, corresponding to instantancouz values of the

function. However, practically, we always deal with functions limited by spectrum.
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Any function of complicated form of a sum of sinusoidal-

oscillations of the basic frequency and a .number of

harmonics, where the spectrum of audio-ffequehc&§ i s

limited by the highest frequency near 10 kil6-cc!es,

and in telephone communications by a frequency-or

about 3-5 kilocycles.

Fig. II. Graph of contin- For such functions V. A. K6tel!ihkov.proved 'a
uous time function.

very important theorem, stating that.& funetion with

a frequency spectrum, limited by highest frequency fS can be completely exactly

represented by a finite number of separate values i, , i3 , .. , counted off

through time intervals

Theorem of V. A. Kotel'nikov allows, thus, presenting the continuous information

in the discrete form, and, in particular, to spread to the continuous information

methods of determining its quantities, based on the measurement of the quantity of

discrete information. On the basis of this theorem there have been developed

practical methods of so-called signal quantization, i.e., transmission of a con-

tinuous signal in the form of sequence of its discrete values, which is most widely

used in different forms of pulse modulation.

Important in information theory is the idea regarding excess. For a elementary

understanding of this idea we will conduct the following reasoning. In the Russian

alphabet there are 32 letters. If one were to limit the length of a word to one

letter, then the maximum quantity of possible words when using this alphabet would

also be 32. If one were now to set the word length at two letters and assume that

any, differing from another combination of two letters (including and identical),

is a significant word, then the quantity of possible words will already be 322 = 1,024

words. Finally, at word length of three letters, the quantity of possible words A

o*omposed by such a principle will already be 323 = 32,768 words, i.e., considerably

Greater than we use in dialy speech.

At the same time, average word length in the Russian language is about 6 letters.

onsequently, all our written texts, spoken language, telephone reports, and so forth,

arc approximately two times longer than they could be with the use of a more economic

;:, ,Lhod of encoding, i.e., for natural language a considerable excess of encoding is
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characteristic.

HoWever, is spite of the ecohmic disadvantage of encoding excess, it has its

essentilmieris. 'he fact is that with economic encoding, when each, for instance,

tip di*i bihatilon corresponds to a -defined new idea, any error, i.e., an

;acidet-treplaement of one letter by another will -lead to the formation of a new

-word,; coresponding to a new idea. At the same time the complicated system of

e# oini ideas in oral and written language enables us as a rule, not only easily

to: ev eal, but also to correct similar errors. Thus, if we read or heard the word

"oshaba," izbytuchnost" "kodirobaniye," and others, then without special difficulty

we Woulduniderstand that these are distortions of the words "oshibka," "izbytochnost,"

and "1kdirobaniye,"

The same pertains to the problem of correct identification of images and other

objects - the greater the quantity, one would think, of immaterial od sects, not

determining the essence of given object, but nonetheless criteria u~ually peculiar

to it, more errorfree would be the identification of this object.

OA the basis of achievements of the information theory, at present there have

been developed a number of greatly improved encoding methods of reports. This permits

achieving the most complete use of communication channels, and also to increase

considerably reliability of information transmission. In particular, there have

been developed new modulation methods, the so-called correlation method of reception,

which allows separating the useful signal in the presence of level of interference

exceeding it, special correcting codes, i.e., codes, permitting revealing and

correcting errors appearing and others.

5. Calculation Systems

One very important questions, both from the point 3f view of communication,

as well as from the point of view of work of electronic computers is the question

of the simplest, most convenient, and most accomplished methods of encoding magnitud

Any magnitude is usually represented (encoded) in the form of a number; world-

wide propagation nas been obtained by now so-called decimal system, based on the usp

of ten figures 0, i, 2, 3, ..., 9 and initially appearing as the result people using

the ten fingers of their hands for counting. However, decimal system is not at all

the onLy possible system. In various time, various, various peoples have used

different number systems. Thus, for the acient Indians of Maya tribe icosal number

system was applied in which after units followed not ten, but twenties and after trno
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not hundreds, but fourhundreds (twenty twentieths). Even now remainders of icosal

numler system are found (counting by dozens, grosses, i.e., a dozen dozens, ete).

For an expression of numbers in the icosal system it is necessary to ,arrange

by twenty, and in duodecimal, - by twelve figures. Systems are possible also with

a considerably smaller quantity of figures. Thus, in the most primitive unit system

it was sufficient to have only one figure , with the help of-which it isp6ssible

to express any number in the following way.

Decimal system 1 2 3 4 ... 8 ....

Unit system 1 11 111 1111 ... 1iiiiii..

It is possible to construct a quinary (with five figures), ternary (with three

figures), binary (with two figures), and an infinite number of other number systems.

Let us establish certain general laws of the construction of position number

system, i.e., systems in which the value of each symbol (figure) is determined not

only by its outline, but also its position in the number (position). For this we

will consider (first of all) the most wide-spread decimal system.

In decimal system, any number N can be represer ed in the form of a sum of

products of different degrees of ten in coefficients, which can take one of ten
possible values.

In reduced form this can be written so:

where ki = 0, 1, 2, .. , 9, and n - is quantity of digits in a number. For instance,

thefou-diit umbr 7405 can be shown the form of a sum: 7,405 =7.10+ -O+
1 01

+ 0-I01 + 5.100. Here kI = 5, k2 = 0, k3 = 4 and k4 = 7.

For simplification of recording the number we write only the values of these

coefficients 7, 4, 0, 5, placing them from left to right by diminishing indices.

Here we remember that if coefficient stands in the first place to the right, then

[t signifies the quantity of tens in the zero degree, i.e., the quantity of units,

but if it stands, for I.nstance, in the fourth place on the right, then it signifies

the quantity of tens in cube, i.e., the quantity of thousand, etc.

In general, in any position number system, certain quantity a of units of first

digit (where a is called the base of system of calculation) are joined in one unit

oi' thr second digit, a units of the second digit is joined in one unit of the third

_u;it, (tc. Thus, any number N in a position number system with base a is
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expesedin the- form:.

sag

.where I - uisordinal nwmber of di , but ki is copfficient which can take a different

vialues: 0,i, 2, ... ,i (-i). When recording numbers, for simplification only value

of coeffdients ki"are written which are placed from left to right by diminishing

Idce.

.f, greatest interest for communication, telemechanics, telemetries, and espe-

cily 'for c9mpter technology, is the-binary number system, in which any number

can be recorded by placing only two figures, 0 and 1. In binary number system the

overwhelming majority of contemporary high speed electronic digital computers works.

In acc6rdance with the general recording formula of numbers in position number

systems,, "Ay .nunber. in the binary system can be recorded in the form

lt

where ki can take only two values: 0 or 1. For instance, number 21 in binary system

can be shown in the form of the sum:

21-1 • 26+0- 20+1 2+.2'+1- 20.

Recording this number by the same principle as in the decimal system is possible in

the form of consecutively located coefficients with corresponding degrees, i.e., in

the form

21- 1*0101.

This recording when reading is deciphered thus: once 20 1; not once 21 = 2; once

22 = 4; not once 23 = 8; once 24 = 16. Altogether, 16 + 0 + 4 + 0 + i = 21.

We will give comparative recording of simplest numbers in decimal and in binary

systems of calculation (Table 1). For fast translation from decimal system into

binary it is possible to use the following rule. It is necessary to write in the in

column the number in decimal system and the results of its in series division by

2 (with rounding to integer) towards decrease, then opposite every odd number to
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Table I

!n =-bier st 4- 4 333s- I if s Ia =MbW Z-SY--

t4t two ° .. "
p , d ose ac be-A7 place bG.d7 uni zero t e rr

7-J13 I_"__-

0 5 103 I n -IS 3313
1 I 6 31013t 103 316' 3111 -

2 10o 12 1100' 17 l0101l
3 11 st low 333 weIobtai- I w
4 IGO 9 101 -14 3130 1Is-III

place 1, and opposite each even number place 0, and unit and zeroes obtaii 0in order

of from bottom to top will be recorded in line fro s left to right.

Let us illustrate this rule by example of recoded number cons5drom

ou0 0ml the decimal system in binars. We divide it by 2 and obtain 30i., but
925 1 rounding it to an integer towards decrease, we record 3o2, Again- dVide
462 0
231 1 by 2, record 1851, etc., until we obtain n. e nItS I
573-
3 e u Then we write opposite the odd numbers ones, and bppsite the evens14 0
7 3 we write zeroes, and record the obtained binary nuber Ani0ni cani,

d Inwhich actually, as a result of checks turns out to be equal to decimal

number 7405.

Let us compare (from the point of view of maihide count) the binary considered

nu oder system which w e considered with the decimal. Equivalent numbers have in th

inary cimaumb system 3-4atamount of digits than in the decimal system. In
our example the four-digit number 7,l 05 in binary system is depicted by thirteen-
digit number i11O0i110i10i. This is a deficiency of binary system. However, here

the namerical certificate is considerably simplified. Instead of ten figure-symbols,

* 0, 1, 2, 3, 4~, 5, 6, 7, 8, and 9, necessary for depicting numbers in the decimal

s.;stem, any number in binary system is expressed by using only two symbols: 0 and 1.

Let us compare the possibility of depicting (encoding) a nu~mber in the form of

voltages or currents with different number systems (Fig. 12). Any number can be

32oded ana transmitted in so-called infinite number system, in the form of a voltage

plisu or current, proportional in magnitude to this number. Thus, number 7,4~05 can

be encoded by voltage pulse with amplitude of 7,4~0 5 v.

In decimal number system it is possible to encode in the form of a sequence of"

:,ur pulse.,the first of which will have voltage of 7 v, the second 14 v, the third

v, ar,: the fourth 5 v. Let us assume now that amplitude of pulses is lowered by
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In binary number system, as can be seen fr-a given example, multiplication natural]y

leads to additido of the nultiplicand with itself as many times as there are ones !

in the xultiplier, only with siultaneous reaiization of shifts of these componrents

to the 1eft.

By applying certain artificial xethods it is possible to bring also subtraction

of . fbers to addition. Finally, division can be performe-d by suotracting the

divisor frow the dividend. Thus, all four arlthmetic operations can be replaced

by addition. Since different, more complieated calculating operations in turn lead

to sinple arithmetic operations, then the possibility appears, by using only the

operation of smatioe and certain simple auxiliary logical operations, of solv -g

complicated problems of a coeputational native.

I-a
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CHAPTER II

ELECTRONIC COMPUT R

6. General Information about Computers

Rapid development of science and technology requires the realization ofIi
continuously increasing quantity of more and more complicated and labor-consuming

calculations and computations. Humanity for a long time has used all possible

cmuting instruments, facilitating this calculating work. Such instruments include

ordinary office calculators, slide rules, adding machines, all possible calculating

and perforating machines of mechanical action, electronic analog and digital com-

puters. All tnese various ccmtuting instruments can be divided into two basic

groups: analog and digital calculating instruments and machines.

In analog instruments the numbers, with which all possible operations are produced

are simulated by certain physical quantities. Classic example of analog instrument

can te such widely used computing device as the slide rule. Here numbers are simulated

ty iengths. In producing these or those operations on the slide rule we actually

add or subtract defined sections of length of the body and slide, on which (in

logarith-mic scale) number are written.

Numbers can also be simulated by angles of rotation of a shaft, pressures,

_urrens, voltages, and so forth. Let us imagine an adder circuit (Fig. 13), con-

zistlnC of two potentiometers R1 and Rwith the help of which we can establish

Z-!tares U1 and U., corresponding to the components and measured by veltmeters

V and V. Then voltmeter V will show us voltage U = U1 + U2, i.e., voltage,

.rresponai.g to the sum. Thus we will immediately obtain a ready answer, the sum.

.. applying r-lati'v-,":.. simple tube circuits, it is also possible to carry out

:'.izn! arithmetic operations, trigonometric operations, integration and s-1 -31-
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forth.

The main -merit of analog computers is their

high work speed, ensuring solution of complicated

mathematical problems during the time of seconds or

even fractions of a second. However, analog

computers also possess a serious defictency -

comparatively low accuracy of calculations. It. is
Fig. 13 . Simplest electrical
adder _frcuit on potentio- known, for instance, that during calculations on ameters-.

slide rule we obtain 2-3 exact signs in all. In

electrical and electronic analog machines the accuracy of calculations is influenced

by interferences and oscillation of voltage of the power supplies. Finally, in

general, in conditions of rapid work it is difficult to establish exactly and to

measure exactly the voltage or currents with high accuracy. Therefore, practically,

eiectronalog computers give errors on the order of units of percents. Another

deficiency of the atnalog computers is their specialized character: diagram and

arrangement of the machine ensure solution of problems of a defined type: for

solution of problems of another type it is necessary to use another machine.

The described properties of analog computers determine also the field of their

use in solrtions of engineering problems, problems of a military character (firing,

bombing, and others) and other problems, for which the accuracy on the order of

units of percents is sufficient, and at the same time, high work speed and simplicity

of exploitation are required.

Digital computers work on the principles of by-digit count. Widely-spread

simplest digital devices are office calculators and adding machines. Work accuracy

of these instruments in principle is not limited: It is conditioned only by their

construction, i.e., the quantity of wires with balls in the abacus and quantity of

digital wheels in the adding machines. Namely this property of digital devices-

high accuracy of calculations-conditions their exceptional use in bookkeeping works.

The zenith of contemporary computer technology are the electronic digital computers,

enabling us to carry out calculations with high speeds, attaining at present a

.mission arithmetical operations per second, and with accuracy on the order of tens

of correct signs. The most important positive property of electronic digital

computers is also their universality. The same machine can solve the most varie,:

calculating and logical problems, and, consequently, electronic digital
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computers open wide prospects of mechanization of mental labor. The future of

cybernetics is intimately connected in the first place with the development of

digital computers; therefore, we will subsequently concentrate our basic attention

on their arrangement and work.

Let us consider a simplified block diagram of electronic computer (Fig. i).

In this diagram only basic units of machine are shown nd their connections among

themselves. The iost important parts of the

Fr Y machine are ememory, arithmetical and control

systems. The memory unit, [MUj (B), or

(shorter) the 'memory" of the machine serves
as more or less prolonged storage of Informatio

III introduced into the macnine. and intermediate

AF and final results of calculations performed by

machine. In arithmetic unit, [AU] (Ay), there
Fig. 14. Block diagram of
electronic digital coemuter. Bx.y. occur arithmetical operations on numbers
Y - Inlet; Bux.Y. Y - output device;
YY - control system; 37 - memory corresponding to program which enter into it
unit; AY - arithmetic unit. from M.U, where results of these operations

return to "-memory" of the machine and are fixed in it. Finally the control system,

[UUJ (yy), serves control of all elements of the machine in accordance with program

introduced in it.

Through inlet [IU] (Bx.Y) lead-in into the machine of initial data and program

of calculations takes place, while through output devices [OU] (Bb-x.Y) the outlet

of the final, and in a number of cases the important Intermediate results of

calculations from machine takes place. Circuits of information transmission (numbers,

program) are shown on diagram by solid lines, and control circuits are shown by

troklen lines. Thus, if by program the machine must execute an operation of addition

t two numbers, then then the control system will prepare AU for execution of

addition, and memory unit will issue numbers into AU which subject to addition. Sum

f rim AU will proceed again to M, and if it is the final result, tLen from ZU it will

enter output device and will be printed.

Subsequently we will show hew each of the devices of the machine works.

:towever, since the arithmetical, memory, and controlling devices, as a rule, include

- uctronic elements with two stable states (bistable or two-position elements) of

.,-cnl!ed trigger type or trigger circuits, we will give first of all certain

-33-
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information about the work of triggers and their application in circuits of

cybernetic machines.

7. Triggers and Their Application in Cybernetic Technology

There exists a large quantity of diverse variants of trigger circuits. In

Fig. 15-one of simplest variants is represented of trigger circuit on two triodes.

Circuit is a two-tube amplifier with positive feedback. At first glance it seems

that with full symmetry of all elements of the circuit it will be in state of

equilibrium and currents in both tubes

and Ia will be identical. However,

during more detailed consideration of

circuit it turns out that this

equilibrium is unstable. Like a pencil,

even with ideal vertical setting of it

f on the point, will fall by action of

Fig. 15. Diagram of a trigger on triodes. some random cause (concussion, puff of

wind, and so forth), we cannot beforehand

predict to which side the trigger (if left to itself) would cross to one of two

stable states, at which the current in one tube will reach a certain maximum, and in

the second a minimum, magnitude.

Actually let us imagine that by some random cause current I in tube -

was at least insignificantly increased. This immediately will lead to an increase

of voltage drop on resistor .Ra, and consequently, to a decrease of voltage Uai on

anode of the first tube. But since grid voltage of the second tube U 2 is composed

of negative voltage drop Uk on resistor and positive voltage drop U'c2 on resistor

R1 where is proporticnal to Uai then decrease of voltage! Rc2, 'C2 Ul (,-Er" Jt,&+A '  thndceseo otg

Ua will lead to a drop of potential Uc2 or grid of tube 12, and it means, also to a
decrease of current Ia2. But a decrease of current ia2 will lead to decrease of

voltage drop on resistor Ra, an increase of voltage Ua on anode of tube J12 " and

increase of potential U"cl of tube grid 1, since Ucl depends on Ua2 ( 08eX

X. i,+i- Increase of potential Uci will cause a further increase of current

lia , lowering of potential Uai, decrease of current i xc.

During corresponding selection of elements of the circuit this process will

tHrow In the avalanche method and will be ceased, when current I in the first tut-

reaches certain greatest value, and tube ) 2 will be locked by negative voltageI_4



Uc2 -U k + U',c2 . Similar state is stable and will be maintained until to input

1 negative volgate pules will be sent. This pulse will cause sharp lowering of

current i a , and this means an increase Ual and U'c2 , which will lead to unlocking

of the second tube, an increase of ia2, a decrease of Ua2, lowering U'c2 and, in the

end, to an avalanche-type process, as a result of which the trigger will cross to a

new stable state, characterized by the fact that tube A I is locked, and current

in I12 reaches the greatest value. To return the circuit to first position it is

now necessary to send negative pulse to grid of second tuve (to input 2).

Capacitors C1 and C2 facilitate acceleration of trigger transfer from one stable

state to another. Trigger circuit is usually not gathered on two separate tubes,

but on two halves of one double triode, or pentode.

We will now supplement our considered circuit in accordance with the needs of

computer technology (Fig. !6). Let us join both inputs among themselves, as a

result of which there will be formed one common input; we will make a tap from anode

of tube I 1 and will call it the trigger output, and we will join grid of tube A2

------. • through valve [V3] (B3 ) with one more

I input, which we will call extinguishing

input and we will connect in parallel to

resistor Ra2 the neon tube [NL] ( ),
oil which, obviously, will burn only when the

current ia2 reaches a great magnitude

and creates on resistor Ra2 a sufficient
Extinguishin voltage drop. Let us agree to consider

Fig. 16. Diagram of a trigger as an as the initial state of the trigger that
element of a counting circuit.

when the current in the first tube is

the greatest, and second tube is locked, and will allot to this initial state the

value 0. Second state, when first tube is locked, but current in second tube is

the greatest will be called the worker, and will be allotted value 1. Criterion

of working state of the trigger is the burning of neon tube H.

Negative pulse, sent to common input, arrives at the grids of both tubes,

however, in locked tube it causes no changes, but in an open tube the current drops

rapidly and trigger will cross to the second stable state. Thus, supply of negative

pulse to input of extinguishing, it arrives only on the grid of tube i2 sinct valve
2'
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V2 does not pass it to tube 31, and, consequently, trigger transfers to initial

state-., -During -transition from initial state to working, potential on anode of

tube)! is sharply increased which leads to the appearance at the output of the

trigger-of -a-positive pulse. During transition from working state to initial,

ptential Uai sharply drops and at output of trigger there appears a negative pulse.

--Let us now consider how from several triggers it is possible to compose a

circuit of a pulse counter. For registration of the number of pulses which is

expressed in the binary number system by n-digit number, the counter must have n

triggers. Block diagram of the counuer is shown in Fig. 17, where every trigger

... ,, T2 , ., Tn is shown in simplified

V 1form of a rectangle with two inputs

(for working pulses and pulses of

extinguishing), one output, two tubes

Fig. 17. Block diagram of a counter on A. and A2, and neon tube NL. Counter
triggers, is designed for fixation of the quantity

of negative pulses proceeding to its input. Upon entry of the first pulse, trigger

T. passes to the working state, from which tube NL is lighted, and to input of

trigger T2 positive pulse, is sent, which does not change its state, since valves

V. and V2 (Fig. 16) do not pass positive pulses into the circuit. Thus, after the

first pulse, a state will be established characterized by the first line of Table 2.

Second negative pulse will

Table I move trigger T1 into initial state,

*f trs mber.-lud its neon tube will go out, from

- z1- in WN.Isa statio, C.1Ws ~ ~t
of trwr In wrkins sat. , tube it to trigger T2 negative pulse

ule bu s in br.sry .C_.

a" - u- . will proceed, which will transfer

-_ _ the latter to the working state

0I 0 0 0 .. l I (second line of Table 2). Third

3 0 § 0-.0II1 3.JI6 * 0.. .0100 4 pulse will cause a transition of
S0 00... 010
S... 0110 6 trigger T1 to the working state,

0r 0 0O...Oiil1

8 0 0 0 0... MD a fourth pulse will cause a transferi 01 0 0 0 °'0...WI 910 0 0 0 ...010 0 of it to the initial state, where

negative pulse will be issued to

trigrer T,, which also wiil cross to the initial state and will issue negative pulse

to trigger T., which will cross to the working state, etc. Table 2 characte-rizes
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state of the counter -.fter each new pulse.

in orde- t-, -rat information fixed by the cunter it is necesssary to transfer

all trig;ers rWering it int the initial state by supplying a negative pplse at '
the 2 tin,-uishing input. Here all triggers, located in workin- state, will isue

r-a-iive oulses which zan te used as readout pulses or for selection of information

1'rom the counter.

As was aiready mentioned, the quantity of triggers of which the counter consists -

- uld correspond c the quantity of aigits of a fixed number in the binary number

systemn. Thus, for instance, for storage of number 14 three triggers are necesssary,

and f'r storage of number 9, four triggers, etc. Hence it is possible to assume

that f or fixation a.d sutseauent storage oi a large number of pulses there will be

r-ee~ie i a very large quantity of triggers, but this is not so. For example,, for the

stora;e af nu1mber 127 only seven triggers are necessary and for storage of number

o twelve trigg'rs, while for storage of number 1,OOO,000, only twenty triggers

are )-2essary. Flowever, memory units on triggers are nevertheless quite bulky and

r,-qc1nre -rontinuous -onsumptlon of power. Therefore, at present for information

F orage onziderablj wider use is enjoyed by other devices, further described.

Let us now zonsider possibility of using trigger as element of an arithmetic

u2. I an adder. Piagram r' one-ligit adder on triggers for in-series addition of

-n rs it. -lie Unary nurnler system is shown if Fig. 18. Anodes of tubes of the

two trig".ers TI and T, are fed from source a through resistors R1, R, and R

:uses jl' lfo and W3 and valves B3-B8 . By magnitude resistors R1, R, and R are

_ ,nz-derai.y larger than resistors of trigger tubes by constant current. Therefore,

it* 3ne of the tubes conducts current, then on the busses to which it is connected,

Jie to the large voltage drop on resistors, the potential will be very small. If,

,-owver. to the Lus only locked tubes are connected, then on this bus there will

-r high p:sitlve potential Ea. Voltage at the output of circuit C (sum) and 11

(t ransfer) iz connected with potentials of the buses: voltage at the output of R is

equal to potential U1 5 with respect to ground, and at output of C, equal tc the higher

W p.:":iu.qls i oir l. fiie to the presence of valves B1 and B2, bus with higher

:,oenrial is not shuntoed through the bus with low potential.

Let ,U; a,re chat the oresence at output of high potential signifies 1, and

v ..; po-ontial -arrcsponlo to 0, and let us follow how addition is carried out in the

• i ' "or. ,ns A :u B are int'oduced into triggers T, and F.,. After addition
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of each of the digits, the triggers, by

envelope of tne extinguishing pulse zust

- n be tran-sfer-red to initial state, at whi
- current in X]~ is mawximum, and tube 3!? !:

Alocked. If A 0and B 0, i.e., pulzz's

do not proceed to inputs of triggers, then

both triggers remain in the initial state,

Fig~ & A]agra of oe-diit ader where bus E, is grounded through I1 J92 , and
(hlfadei) n r~gesbus UIis grounded through TJ., and bus

Lis kkrounided through 311T1 and ~IT.Consequently, on all buses there will be low

pbotenttial, and on both outlets C and HI we will obtain. 0. Thus the operation of

aiddiln. Is realized 0 + 0 =0. if now number A =I and B =0, then trigger T1 will1

crops. to -the,. working state, where bus U1 will be grounded through 1127, and J1lT., ar__

bus. -1will be grounded through 31T , and bus "1 1; will be ungrounded, and the hir)h

potential Xroii It+ will arrive at output C. Thus W.11l be realized the ineration

I + 0 = T in. the sum and: 0in the transfer.

The circuit will work similarly also when A =0 and B =1, only here thlehi,

potential will arrive at output C from bus M,.If A = 1 and B=1, then both

triggers will be shifted to the working state, bus M11I will be grounded throuah

A127±, bus &ll will be grounded through .I 2  and bus 115will app ear ungroandel,

thanks to which high potential from it arrives at output RI. Thus the operatix _r-

addition 1 + 1 0 in the sum and I in the transfer will be realized. However, in

such a form tLe adder permits addin3 only one-digit numbers; therefore it Is calledi

4 also a half-adder.

cF-)r addition of niumbers with arsyeI, n t
4 -3 quantity of digits, it is necessary ju

construct a circuit which consists o* ,wo

Fion of. muli-diit fon-ers sma

t~o of muliit nme half-adders Zand '2and a delay litt,ii. 313 delaying pulses passing throurgh it Lji

.one 4stroke (Fig. 19). Both half-adders are absolutely identical, and cach of' uho'I is constructed by the diagram in (Fig. 18), i.e., it has two inpUuf- for lead-1i I

components A and F, and two outputs for outlet of the sm and the transf*(,z. Acti t)

of the Arcui t an t~e followed ly example of adding numbers 7 (in binary sy.-.t ~

~J)anti 14 (in binary sistem 1110):



l4..Ol . . .

Numbers in the form of a sequence of pulses are sent to,,correspdhd1hk 'inputs Z.-

consecutively, digit by digit, starting with the Juniior digit., Let -us _conilder

the state of the circuit at different moments of tine. .

At the first stroke to input i of half-adder Z. proceeds pu se (1); at its

input, 2, the pulse is absent (0). Here at output C of first haif-adder Qi6e oJ-t-_

pulse which joins input I of 1half-adder X, and as a result, the second liaifedder

issues a pulse at output C. In the second stroke there are pulses on both InpsAuts -

of the half-adder , and- the first half-adder issues pulse on outpti. plse
passes through delay line 313 and arrives at input of half-adder Z only in the third

stroke. Consequently, in the second stroke at both inputs of the secondL h -ider

the pulses are absent and at its output C there also will be no pulse. in h4e" -

third stroke, to both inputs of half-adder, which arrives at input of half !-a

p pulses again proceed, issuing a pulse at output F! of first half-add Z di-l :in

the fourth stroke. At the same time, due to a pulse at the second input of half-
adder -2 , proceeding from second stroke, at the output C of this half-adder in third

stroke pulse is obtained. In fourth stroke the first half-adder, to one of the

inputs of which a pulse is sent, issues pulse to output C. This pulse arrives at

input I of half-adder Z, but from the third stroke through delay line 33 there will

also arrive a pulse at its input 2, as a result of which there will be no pulse on

output C, but a pulse will be obtained on output H. This pulse, in the fifth stroke,

passing through delay line J1, will appear at input 2 of half-adder ', and winl

issue a pulse at its output C.

With the help of the described adder on triggers, it is possible to perform

by-digit (in series) addition of numbers with any quantity of digits, where the time

spent on addition is equal to quantity of digits of the sum.

Above described circuits can be, of course, built not only on tube triggers,

,ut also on more economic and small-size triggers (transistors) which are the Uasic

elements in circuits of contemporary computer technology.

In Fig. 20 diagram is shown of a trigger with general input, built on two June-

tion transistors. rrigger transfer to a new state occurs upon entry at the general

input of tle next positive pulse. Here, like in the tube trigger, the unlocking of

o:.t transistor creatcs (due to the connections between their circuits) conditions A
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~a~ e fr,: c~resS% -e., icril Mv tvi m5ezes 7 air eut

~ hsa,- i i tso altb=& in tbe-

le, S~M==ies 1z is izwered to 'fr~tI=S ef a Md

-=Pr-l=3 is d-mS!vze foi-- pr=I'c=d storave ie a 2arge qnmitar ce

Infai-=lon r'1- b ~drved ~ as tdt Sri 1 CT =Mes. Ekteml"

=e*- -is; arve afem trI1ed s-trae- mIt's. Mbe -re Mctazurzed ty , M eb~

aL-~~ c~s s -- !~le thrrmqZt!' Me2=7

the list f.ew Yers In~U SpeC~a2Ite-W ACh~deM5i

=M S-Z=th sa-z-lled C~a r lai -temm Mezy =Itz &ave be=n used,

tesz arm adsed for CC ;r- i cemI Camsat - CCxtM~t af

pr~~iirs. -L~~., ~ ~ afe~r~edata.. Mn~ d&7fzes bae cSPaciy

or I*r=2 tb=Z=Ss tO af ad mmerz =5 1- cermalm specla1 came=,

a af

1&t camsder ffr: ce em =nitz 3, desIgm for I~fomtlton

szorr L.et wz are m I~ze t1-- 1,6 expre-s5Ig =men I-- bIry system in tlz f c -.

elem-,s ~d =I-r-ingUbat ch--b~d tzr, m etIzed =are, attracted relay,

';arved In' appsie sign) czaciar n==e-t.Ize or appositely7 mtized core,

released relayr, 2--,- lok-ec vu- corresirr d to a recaorJI:-g or zero-.

Metrcroa; d-cal and eleercmiA relays. i n zbe 11ist wdels of couputers as

~ e~~r -arc~lrelays were vidcl'B a=2lied .~ ewr such MUJ, ith 111-ited

-aazivr (on &z arer of !L~~esof rz~ers) have rat!ber la--&- dkfr-e!sions,

:s~a cars ider±ale atrntity- of' electric =Twer., and a 'ov relativelly s=al spee-ds

af ecrd-ngan-A readidut, since for relay ageratico a off not less t!~an several

-~~ir ' -zs s CUiired. 5esides this, t!he prese-nee of -echanical coratacts sharply

-.-. ~si~rayzer -e.a'l am i!-spee

V- can -.- On el~ctronic triggers, contactless ele-.ents wilth an Gperation

ty: fr-~n of a -Icosecmdn. H ~c~er these AUJ on triggers a-!so

el 1.i~ ;-1- ki--e J'Menclontz, co;iinuo'zsIyczsn electrical currer.;, and



teeoearxe used Only3 as I ccieprtxI3MJ, CMICZLA-ad ro- ?.-e szar2 e

BOW~ Alns uck =Its an delay 'I's ---a of fo=s !2-

=mo at *ibcbz =w r codes in the fore of a seriges of maises ecP-t--u-si

Usezlaeami i closed cix--vt (BUn. 22). Daa Is aneleee.Ica SZs4-

alwg vedth Palses Spread W-iE3 rela i'rTe!y lCUC

Speer v* et = asm tlat delay lli kas

F lengthz 'a tb pxoagatica t of the PmLse-

*I=&g It idJll be t S/T !r.If ~ere to sema

to delay 7Hn gulses with f 'ejsey :r, tUze- t1.-

-- total Mom of =0lsezs7d-h a 5=~Me=j

-42fif a!:0 delay "I1: be r- .-alwez

I I EFU. :22. M~c*dUan of 19~
~or uzit celu ~e.controlled ty e2=tricaL4 Mfp~man Cod'a ofse

Muers areit~e at t~ue !=at e~if on

21V 31 Uloddf Toltagie is Sent, t--yL are passed tT tais waIve to delaylie

the qass ali It. expele=:rb certain C3.:71:. whc Is cc=;--Sted 1-7 aepMLTfer

71. ;ass throcg valve '-:2, wra]27pssn uls a=-' agsin e-nter delay --I'', etc -
Lrv necessty to read ==ter ci"cU--t" a C*- syte to -9-=nat rdcrt ol

voltage is s--t, wich mmlocks the na1iy clrosed -dA 37 and vRlzes :.ih ;t

to systen outpmt; howeTer, :21eIr c~clt~alcg takes_ co

easing the recording vol.tage is se!* :Lnfrt ersi . e lced

cl-mulatira of pulses is ceftacd, -2nd thne 30 1v red to re-& aod ew f ai~

"En the first e__-trcr1c eem-rputers. Which W~ere te-flt at tlhe ea6 Zf, the forties,

o-perationai WO or- 2-ezcary dc2ay er ee ildely used; thes~t were tubez, fillf-J

vlLh mercuy, on ends of waich plezoe].ectric crystal--, for instanve qcartz, xei

p 1Pced. ?o input of tfhe tte oa3se =ouated esaat Psf hi~-fre-uon-2y '

sent, which c&.used ehadical osci ~latims of quartz, transritted to the= by rur-

These oscllations s-pread alcng t-he maercury with a speed near 1,500) Wlsc, W Ae

tIransslt ted at output of tube to the quartz, vhich transfor-ell the= inf, clectritcal

oscillations, again proceeding to tuue inrpu:.. in mercury delay line wit' lenxg:!

of almost a meter It is practically possible 1,o store up to 1,000 pulses. i~esid s

=ereury delay lines, in Ad there can he used ma&-.etostricti ve lines, in~ whi--h

oscillations of ferroagetlc rod during i's polarity reversal ezl'cr,
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e~e~r.~ekcz-me -_.m 1I tucancaes and cancitanaes or resistances )10 and -

~ tanes, Tede ary! other delay lines ame used. M e delay hues are

ch_ter1ed by grat work reliabllty, btat thelr deficiency is the fact, timt

inforamion rea Ot can 002Y ocur at %be tis of pess*Ve of correspMOPig si0p0lt

oast -&17e F3, leich 4elajs Slection of Infomtion.

At present, %G of sinilar tpe cm lare trictigre dela" lines are appliedoEZIy

e-rm-en O %-rinorationstmrae I.. ch rapodcedtging of

jexist seweraltpe -'mem ~ci-emtae;bwvr heSrrlP~aa Of

their york can be descrribed In the folcadn way.$1 forma:tcm recordfr.-- o-curs cm dSieletrIc screen, at any place of which the
cent -- be directed ty correm nin-g selection of vzltages onm deflectirg plates.

B -- ; r*Lng tnhe naw rate Of electra S and voltage cc sig!?al plate Ia.ated tehind

edlielectric sareen, It is pc=iible, b7 msing *hmennmno of seecondry electr==

enislo, t Iart- to any -oin-t of.O the screen a pasitive or negetiUve electrical

zlarge. BY assignIn-, let as aste, to a positive chSrge the value 1, and to a

negaetive the value ta, it is oosbeto record Wn a =ubier code on the screen.

For L racnreadact 1L is repeatedly mecessairS to direct the beam to

- :irreseonding --ants :)f the screen, which ensures, during supply of correspmni.

; La ;ohe sigal plate receotlon of pulises in Its circuit. Puring readout there

~u~neoslyozeurs erasure of" recording. 71merefore, If the recording mvst be

prezervei, then readoit walses are again used for restoration of recording on the

I The sa-e =ethod is also used fi3r prolong-ed storage of inforsation: to avoid

z zrasuzre due to gradual rmneff of charges, in the circuit periodic erasure and

Srecording information are ensured. Usually in each tube only one digit of theI ~ a dregoa" n-digit nnbers the MU ms' contain

J IO0 ari srebi'rv igis.If the MU consists, let us say of 23

r: n4 nd ea,? i inompi_- inelectron-tean MU occur very fast, ini -4_3-



tnits of *9 rsee s and 1m, an Se~ienze. ~i encmdcaily disti'j-iiesh-es e2 ectrx -

te~~r dely l#es, ~eeit is -ecessary to aicalt the massage nzent of

~e~ssa~ sris or pzses- past readouzt 'ial -. 7herfore, for sever31i years thte

s~oy o~, ~ecro~estutes was tLhe tzslc for=i oz oerati'wa1  ~ry in i speed

cniir~i dLt#a1 couters. However, defleiencies of soch 30I are t e- re'l v,~

cbzkersis ~md:strImge~t requirezets for --tablity of voltage of the Pawer

stpies..Threorat present, the awerideimng =aJor-sty of =aclnes *.-Te been

ccmstruated vi-th oerational ane=r on =Smetle cores.

iLL o - ,zsgetc cores. For the =aufActuzre of 3WR = magtetic cores maoretic

materials are used (ferrites) uith rectang-ilar .hys-eresis 1=0. As can te s

fr FUC. 23. In ubc lda-e I r e twn.*? EBsteres1=0o~ at' sametic mater"a 1 S

jrepresesnted, with magaitrie af ffleld strezgt, -;Z~r

Infut~oln in thxe Masmetic Material reacthes a

L gntue of +13 and, lt =-W w A-. W-91- de s 2L-

u I fleld stre~gth to zero or e-'en- create a f71el~

U-:=-ho =oledra-ino bw

**dujr-Ing app oimatien of magnitude of field s*_Etg*_a:

to -~occurz a reviersall or polarity of' *the era

Fig23 IealIzed hysteresis ~U.tnreaches nagnitude -3 aeA for a n~
-0. if =aeialolarity reversal it is necessary to creae Le i

s, zr en gth of +H Ti. , material wit'n rec tangS-aar ktysteresls !,>= is characterized

v y th.:_ presence of two stable states (B - + and 3 = -B ), where Lrpansferrin the

material frcm one stab~le state to another can be done by creating field strength

-H o ~-H

From such ferromagnetic --aterIal annular cores are prepared which ensure

*sL.3ra~e of inforzaton iJr the for= of binary digits (0 or 1), corresponding to tL.i:

or tnat polarity of the magnetic state of cores. On each core there are threct

* windins: two for recording and one flor readout of Information. Cores ar-~ disoseq

in zt e form of a systezi c-_zssing of rej.0ar hzoriZontal and rta rosi.?-

where every horizonitalI row serves for recording ofl all digits of O~n, numi, r, arid

every vertical row serves for recoriding of one 3f tLe digits ,f a..l n-.~'ror. -Mus,

the quantity o f horizontal. rows Jetermines the amount A"f nun.;-rs ah_: rh can -

In the %-- anJ quan:_Itty of vert ical row determin-s maximarm quartiTY f Iii-1to in.

each nix.- er.



wjmingns are 3woiEd-_ anm ;emselvej, -as Asj

sha in F~g 24, by rwas, and an readout

xdndlngs copose an ln-series cIxcuit. M~aiude

off curren~t prace:!Imng to Impmmts Xi. I ,...

and~r I.~' ~-~ eTmi to 1,1O were-

I'_ a.- the current conitted nemessar7 for tbe

currnt ITalco ofthecore 2rdndins ca1mat

ets~ge Its magnetic state. Zf, havewer, mue patss

?i. ~ iare~ fa =e=y currents along toth windings In smuch a manr
uns m3 -la xae~gtic cores.

that field stren~gths created by *th- are added,

t!is will ensure fall polarlty rewuesal of the core. Tet u~s accept as the Inotilal

state necative =mgmetizat iOM of anl ccres, for the crea-tion of u&Aeh It Is necessary

;.o send me~atile voltage to inputs of all vertical and hor1izontal' rows.

let = a=== -tha !_-s1- w~ bm tow r th, rwrnI l

Le -et us send asittwe voltage for this to the mlrmut Y2 and to Inputs -positlye

(1S). I- - rsegative (0) and I- mosItive (1) voltage. 7hen In cores 4 ad 6

positive Inensity will te created, suffticnt for their polarity reversal to a

stat o ositi-re ca.gneizatisn. Core 5 rem.ins In state of* negative mcnetizatlor..]

*IIn mu4ch a form the lnfor ation can be saved for an im-11-Sted time without any4

ndture af energ ..C !fe are now required to read the recorded number, tthen to
zorresnonding 'horizonta:' in-put (i'n our case to input i2) negative voltage is sent and

to all vertical L'iptts X,, X,, . .. , X negative voltage pulses are sent consecutively,

oe after another. !)a"gsupolyr of pulse to Input X therwilocrmgec

reversall of care 4, as a consecu,-n-e of which i the readout w-iding electromotiveI irze is induzed which will create a pulse at readout output. Supplying a pulse to
*;nu X will not cause polarity reversal of core 5, since it was negatively

za;;etized, and at the output we will not obtain a pulse; finally, during supply of

a pulse to inout X. core 6 will be reversed and at the output we will obtain a Dulse.

:or reduction or cost of the device and simplification. of its manufacture, theI sinjirijs an cvres can te simply replaced by conductors, threaded through the annular
c-ores, as is shown in Fig. 21 .A

.w~ert~ r~sderd 11J iruit possesses essential deficiencies which

-onsiz* fact that first, here l-y-digit readout. takes place, ani, consequently,
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readou.t or a munlti-dig t nwtber requires

considerable time ande, secndy, wgh _sc

a circuit It Is Dractic11jl 1npossible to

7- construct. ME of great capacity.

11herefore in an kEU with coincidene

of curLrents. of great capac~tance for each..

digit of all nrm ers, a separate flat

utrix Y- used, in which qs-antity of- ccrez.

is centained1 which is eq-al to capacitV

Of 3&J In rmctbers. Censequently, an W

desigmed to store N n~bers with n digits

Fig.~. ~moy uit n anulr cres a pliece sh='zld contain = mtricer with 2,

vith threaded cmbdtctors Instead orfoe~I ahoe. eemt~e r
windIngs. c~- nec ~.?-s ti rIcollected in a general1 un- t.. schematie

vie2. of a sli-ilar unit, or, as It Is often called, a er=ory cube with cavacity

of D4,096 24-drgit n= .ers is represen~ted In Fig. 26. Uniit Includes 40 matrices, in

each of which there are 64 v A= 0,

ferrite cores.

InF- Fi"g. 27 diagran is shown of'

Internal mtrix connections, whnere for

sitp~lification a matrix with 16 cores in

all is shown. For selection of the

13 -4-heassIgnied nummerical cell there are eight

selecting buses: X.. Y2, Y X , and

YI y2 v Y,, and Y... Bus , pierces all

cores of the first horizontal row of the

matrix, goes to the second matrix,

pierces all cores of its first horizontp-1
F±ig. 2.Schematic view of memorv V. nf th matri v, s t e ecn

unit block with coincidence of currents.
matrix, pierces all cores of its first

horizontal matrix row, goes to the second matrix, pierces all cores of itz firot

* horizontal row, and further, passing in the same manner throug~. all :matrics,

grounded. Tn the saime manner are all remaining horizontal i uses Z( an: vertic'al c-1.:.

Y assemi led.



!V
-! Conseouen-tly, when sending current

A pulses coinciding by directios and in

" time pulses with asplitude of I,/2 by

any pair, including ome vertical and

one horizontal bus, magnetic reversal

- s insured to this or that state of

all cores n a_'; matrices located in the

ss=e place. Thus, if oee were to send

00 uositive pulses with a plitude i/2 to

innuts X3 and Yt, then in all matrices

cores 12 w ld be reversed, i.e., in

al" digits of nu-erical cell !o. 12

there would be recorded code I.

Besides the selecting buses, in

eacn, matrix zhere are two =ore -indings -

Fig. 27. Diagram of meory unit. =atri. recording and readout, which are
with col-neldence of currents.

seLarate for each tri. D.uring

recordinr of I in a given digit, to the in_.ut of recording windin, no current is

sent, a:.' under the influence of currents of the selecting buses, one is recorded

In given atrix. if, however, in a given matrix in the chosen core zero must be

-ecorhed, then in recording winding negtive pulse is sent with amplitude of !1_12,

which compensates half of the field st-ength created by positive pulses in selecting

'uses. Tnerefore, the chosen core remins in the. initial, i.e., zero, state.

Readout is carried out by means of sending to the corresponding selecting buses
:ezative pulses with amplizude of _12, where the chosen cores in all digit matrices

Pr.? reversed to the zero state and those of theIn wnich one was recorded induce in

rea:xa: winding readout pulses of one. Thus are ensured simultaneous (parailes)

r.zor'ing and readout of all digits of multi-digit binary numbers.

Along with the described diagram of an NW with coincidence of currents, there

av -en spveloped a number of other diagrams which ensure higher speed and
* ±-elini ilit-: of' work -. i:h direct selection, wit. recording and readout by full

:V''.J an. ;s -' F

. hanks to great speed of work, reliability, relatively small dimensions, and

..... t " :n magntic cores are now the most wide-spread typ- of operational
[' "?' in .- _,-tiz -eh,!~.Furth.-r ways of iimprc,,ing operational WU on

rxr, .-net _i !,i-:enxs consist of using elements of comolicated c-nfigurations (sO-
•, " ti - ,rtur.ferrite plates, ref la:ng o mperraiocl ith large

:. '." !- . .res an.;, 1*1nally, Lhin magnetic f ilms. :



The latter are layers of per-za1loy with thic'-ness on the order of hundreds or

thoumsnds of angstron, obtained by -eans of precipitating the vapors of metal -11

a vacm= by electrolytic =eans. T-hanks to very small thickness, and consequently

the zall volumes of =aa-netically rei ersed =mterial, =meory elemn'its on thin

.agnetic films can be magnetically reversed in fron units to tens of nanoseconds,

which facilitates constructing on their basis a so-called super-operatlonal %W with

a t -me of fn11 conversio cycle en the order of tenth and even hundredths of

fractns cf a microsecond.

H agnetic tapes, drums and disk-s. For storage of a large quantity of numbers

in external MU, in =achies magetic recording of electrical pulses is widely used

by the za-e principle as sound recording in a tane recorder (iig. 28). During

movent of the tave on it, under the Influence of =agnetic field creat-ed by the

recording head, =agnetized sections called dipoles are created. On a cent---et-er -of

tape length it is possible to record, depending UpO recording method, head

construction, =agnetIc characteristics and speed of --ove=ent of tape, tens ane even

hundreds of dipoles with a width of recording channels froa 1 to 3 m. in general,

fan one roll of tape it Is possible to record several tens or hundreds of thousands

of =u'ti-dlgit nu=bers. For readout the sa=e head can be used as was used for

recording: during passage past the head of di.oles recorded on tape, readout puls,-:

are induced in its winding.

A deficiency of MU on

mgnetic tape is the relatively

prolonged waiting period during

(selection of the needed number,

which is due to the n cessIty of

:i'. 3. Diagram of Fig. 29. Memory unit rewindinr the tape. This
.e.or..- unit of magnetic on magnetic drum.
Ds- deficiency is elirlnated during

information storage on magnetic

arum (Fig. 29). The drum is made of aluminum, on surface of which a ferromagneti:

shee- with thickness of 0.01-0.03 mT. is applied. Recording and readout heads are

i2t7 a 1r-t :lA the±-~ drr.D ng -..crk the drum -an.

continuously with speed on the order of thousands or tens of thousands of turns

per minute. On one drumi it is possible to store several thousand or thens -)f

thouSa:.is )f nwmrers. Since 1-. means of proper head s'lection any place of the

drum 1: ac,:-csi- e in one turn, then recording and readout time is near units or
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tens of -- !!isezonds, i.e., ccnslderably less than with recording on tape. However,

dimensons of on r,- a drum are considerably larger, since its internal cavity is

not usei at all.

For one of the conputer models (the United States) there has been developed a

nU an 50 =ag.etic disks, planted on vertical axis, contimously rotating at a speed

of 1,200 rpa (Fig. 30). Distance between disks is about 8 =, which permits bringing

the head to any of 100 concentric chsa-nels, located on each

of the 'Iwo sides of the disk. The total capacity of such a

device reaches several hundreds of thousands of numbers, theI-- recording and selection of whi ch can be produced in any sequence

in a ti=e necessary for bringing the head to desired channel,

i.e., on the order of fractions of a second.

Fi1. 30. .e-mor- The described rethods of a-gnetlc information recording
unit on- -agnetlc
disks. possess these essential merits: great capacity, device simplicity,

hig- reliability, possibility of information readout withat

its erasure, possibility of as long a storage as desired of information without Its

regeneration and with disconnected feed sources. Deficiencles of magnetic recording

include she oresence of mechanical movements and consequently the wear-Out of parts,

the necessity of accurate observance of rotation speeds and acc-racy in the

=agnitude of magnetic gaps, as well as relatively long recording time and readout

time. Nevertheless, magnetic recording.is at present the basic form of external

memory of machines.

9. Arithmetic Units

Arithmetic units of electronic digital computers are designed to execute

addition of the numbers expressed in binary system of addition. In § 7 adder was

descrih-ed which was built on triggers. In contemporary machines also used are

various arithmetic units built on so-called lo6ical circuits- Let us consider

three of the simplest logical circuits: inverter, c3incidence, and collecting, by

using which it is possible to con. truct aritbmetic units.

in inverter circuit (Fig. 31) great negative potential E is sent to the grid

of the triode lot king 1the tube. Pate current i is equal to zero; voltage cn
a

resistor :% JOes not drop and at the output high voltage Ea is obtalnelu. During

supply of p,. sitive p,)t-ntial to input .he tube is unlocked, and since resistor R

Is much 1 .-er than recistance of the tube to direct current, voltare at the output



becomes minute due to the voltage drop on resistor

R. Thus, in the absence of a signal at the input

there is a signal at the output, and conversely.

in block diagrams the inverter will be designated

by rectangle with inscription [NO] (HE).

Coincidence circuit (Fig. 32) is a multipole

Fig. 31. Inverter with any quantity of inputs and one output. If to
circuit. t

all inputs we send a positive signal, then all

valves will be locked, current through resistor R

will not pass, there will be no voltage drop created

Son it, and at output voltages Ea will take olace.

of Ar If on at least one of the inputs positive signal

is absent, then through corresponding valve and

resistor current will pass, due to which v:ltage

?ig. 32. Coincidence circuit, at output will become minute. Thus, signal at

-tpt t of coincidence circuit takes place only when

there are signals at tb-- first, second, and at any input. In block diagrams we will

I I designate this circuit by a rectangle with the inscription [AND] (4).

Collecting circuit (Fig. 33) gives positive signal at the output, when there

iz a positive signal on at least one of the inputs. In other words, signal at output

z u)!,ained when there is a signal at first, second, of at any of the inputs, or

at several inputs simultaneously in any combination. in block diagrams such a

ircuit is designated by rectangle wt inscrition bOR (teMa.

We have considered one by one the variants of ioti o Ogical

diagrams NO, AND, and OR. Any of these three logical

a functions can be realized with the help of a large

quantity of variants of different circuits, gathered or.

vacuum and semiconductor diodes and transistors, as well

iC. 33. Collecting as on other elements. In particular, in tne last few
circ uit.

years there have been developed logical circuits on

•,riomagnetic cores which permit constructing a computer containing al solutely i.,)

elec"ronic devices. Considering the unlimited period of service of ferromagnetic

.oro,, the possillilty of their exploitation during consideloatle orciliations of

omfneratur2, their mechanical strength, small 'J mansions, and other advantages, o(

shoul! note that the creation of tubless machines on f:errite cores is v.cry promi7ir,,.
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in rig. 34 diagram is given of
C =Pt mono-digit adder of in-series action en

A0 0 60 logical elements. Coaponents in the form
i I 0I oa- electrical pulses are introduced to

At 11 inputs A and B of the adder, having two

,.. 3routputs: C is sum and H is transfer toFig5. 34. Diagram and logical table of

mono-digit adder (hair-adder) on following digit. By remembering functions
logical elements.

of logical diagrams NO, AND, and OR, it is

simple to trace the work order of the adder, recorded in the form of a table in

Fig. 34.

For in-series addition of multi-digit numbers it is possible to use the

diagram in Fig. 19, which we already considered earlier during the use of anl adder

on triggerz. In this case diagram remains absolutely constant, only instead of

an adder on triggers we can use in it adders on logical elements. In-series

addition of multidigit numbers occurs in as many strokes as there are digits in the

components.

ro increase work speed of computers it is possible to use more complicated

rlrcuits of adders, which ensure simultaneous addition of all digits of components.

Here addition of multidigit numbers takes place in one work stroke of the machine.

:;owever, quantity of elements in adders and quantity of connecting wires with IMnr--y

uni'.s here are considerably increased, since in the arithmetic unit there should

simultaneously be introduced all digits of components.

Simple diagram of such a parallel action adder is represented in Fig. 35. For

parallel addition of two n-digit numbers the adder must contain n mono-digits adders

''2' ''1 n To both primary inputs Ai and of each mono-digit adder

corresponding digits of components A and B

cf~l __ *are sent. Every unit Zihas two outputs of sum&., 7, 7, C,

Ci and of transfer fi; the latter is connoctod

with third additional input of mono-ulgit

A 6, A 6 A, 51 4, So adder Y* .  Thus, in the end each mono-ditrit

adder must contain three inputs, A, B, and
:16. 35. Multi-digit adder of
•arallel a( tion. R, and two outputs C and H' wher, H', is outrit

of transfer to following digit.

iagr'arm ano Ior'-al ta ' , of such a mono-'igit binary adder on thr-e inputs,
" "'c* n o-.cal -leinents, are shown in Fig. 36.
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19 %
-- -zJib

. .... C

-'AV

-~ -d~t biuary am"e on three Inputs.

:;,10._ DevieS oC XBOt ad OztVt

C~mip~tzig machuinbne ith the extezual nedi& Is carried out trou&g Special

- ~ ~ ~ ~ ~ n -otpt, thUwJ~~~ AWj~s~~ ib Inp~ut. ad oupu deics It Is~ necezsar7

t;o Introduce InItIadata for cacltosInto machine; I.e., the niinber and progra=

cf" work, AAescriptiza of the acticas which mnchine zu-t perform or. he initia sat-

As will, sbou in the followlng peravraph, the work progran is cricoded by' a .3-et

I Th1us, all that iU subjected to lead-in Into nachine Is a seriez of numbers In

adefined order. For this purpose a device with a keybord is used, sinilar toI
keyb~oard of a typewiter. However, during a blow on the key, figure Is not printed

ano~ paper, but a hole Is pierced on special paper cards, tape or fil . Cards perforated

thas, or tape or filan, are unique senorf units which store iforation, Introduced

into Lhe mrachine. For :Informtion readout there can lbe applied either mechanical

meho ofpoigtmcrso aewt pca rsecoiga l 'rca
circuit- in presence of -holes, or the improved photoelec-tric zethod.

k.:-th photoelectric readout (Fig. 37) bean or light f10ro the soairce, cone'trat'-.

1iy otical len , passes throu.-f tholes; (perforations) in the tave and acts on~ a

photwcell, which transforms tne nackage of ig.t Into electrical pulses, a lifi'!'i

1an aziplifier and th1-en prooceeding to aeory unit of machine.

Dita outlet from machine can also be Carried out with the- helv of vutchned ta=

elezt-omec!1manical or photoprinting device. Printing the results of calculation'.S
4takes place 1-n the cenrenional deci- s~ stu_-, for wh~'ich in the output _'evfiz- tter -
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re zpzta de=zSer, x;.- the help " 1wh14+ zrxm

Seze itlxa~ glyf -JADui 44uLt *

prat3m, emiitIces or wMe~ are ta~ o adine J
ky mmn, an emalt& f m@autim, -i ta Usid by

inebi~e in ic~.f, -cmavm1 tw use, byW

=w. Zzer,. *Oc1tekvt1c inechi iolves pr~lai

ccueo~d iliraut ct n cmro ir a43uai -(Zee

il"2 iis caaep data inibut int* amchine doe3 not~ re--quire use or Interxmediate,

~~r~hers, bu takes p~a.e by Aeans or Autooatic donVersimm-of the continuous-irra-

t - aion into dizer-ote- (digital.) £0112 In turn, durirn outlet ot- dicrete intormA'10.-I ~ r "A~ne t 4,s nrcory, as -a rule, to convert it Ito dowminuAo"~ toxm. 1h

Nlw, lofs re (inow.ed by speoil& Wnormmtlon conv'rteirm, amr-cming -the Are of
* Iinecting I1nR. btween -re*al objects of- syst "s- of automtaic cont-kol and digital

i-i. Information Converters

Inform-ation converters can be divided, into two basic groups: converters of

z-atinuoras (analog) form or informatIon into digital, Which we subsequently -will call

,mmzZfigreconverters, and converters f.rom digital foria into analog, -which weI __Azs&erzn- af -onverters of the fIrst group (analog-figure) Is to obtain nuzlverz
a~ fir e -.1ets, Which correSDOnd to mm~entr vauso-antude p~roceed;ing- to

inu z: z canerer, cntinuou~sly chlanging In time. Here, by step or quantizatiz o~f

iI- - : tdncuz ragmiieude by levwel accaracy of conversion is deternd, swuld by : g~
r-2Itizat or. ky z;-e, the tempo of Iffaation lead-in in digital = puter.

- 2igitalto-~sal~;cowverters are designed for t;he vroduetion a-a' aralog ~giu'z

r~~l(takr into accvuri assigned scale) to nrtbers, nroeed-iz tn kzvut of

z:-'reri fr~i *.e iitil czo-puer- 12ere the .anAlS values are iszzued nilsrt

- ~ ==, -,f sie, and, canzequentl-,otu ~gi'ie1st UG' et.1 x~seout tma~tdeha Ve " eral zoI-53



~~ ~Z=erter= are x~e xfr; =sa in Pra-ZL1_e f zr eric2

II S~~ ~igta~1 or c( -h aiinI* qamnKities as aruar shifts, -wlojage, mo time

I i -Ieu . ietU S ciamadr Vaqies of tedkwgialaflat of -similar czx'rerters.,

I As tb SIMilest cmverter Of aMgula Stift Into code (shkft-digit) at 1
- r~at~. s~eedsi Is *ossitle zo use a systm wit-,h a so-cafle,-us wel

E Scbt;Iz.3I ]Mres~ittd 1n Fi9- 33- Om the shaft, anpjuir sh-fts 'jr whi-'t st l'e

-a recrJed In i'a-'- rm=. there 1zs placed a cq&-el ir. the eke or -jr-

'~ eont-rs tbe -end Or a lever, held 'by sprig In. -the z1eutra1 on~tx.

I - To lever voltage !-s brought !n fr,-= Wwer =Wpl$ E, and cc

the other edor -the lever there are contacts,. which_ can locAIIWitb !ionle-sfontact during cli wise rotation of pulse -Azeet.

7 ~or with dontact, b during counterclockwite rotation of wheel.Er

4 ~~pulses are sent to In bidirectional -pulse countter [iprS-(G] )

-which upon entry of pulses froms Input A works on addition., agul

j upon. entry of p.41ses rrom Input -B works or. 3u",traction.ih,

VIC . S~~ on, the xe.toir there Is fixed (n.igtITr)e~uanshi

SP~i5 WbSl. -turn.in ceirtMin direction 1Trcr the asei~gned Initial position.

At -high -rottai speeds -the geared disk should be replaced -by- a collector with

bLrushes, and at very great speed' one should perform optical yield-with the-help of

xotating opaque disk with cuts.. This disk is Illuminated by a beanm of lighit, going

throiqgh -the cuts onto aphotocell, which issues pulses to recording device.

in Improved converters of sfiilar type disks are applied of optical glass With

several dhan.nels,, on which, the code Is applied in the form- of combinations of

traspaen .. ndopaque sections. This ensures kemioval of quantities coded in a certain

desired code without pulse cosanting. by the currenlte position of code elements on

c!±a:nels opposite readout line. Thus can we obtain not only the usual binary ccde,

-ut a-so special codes, ensuring increased noise Irunity of the systen.

As an exasple of a converter of tizze interval Into code we wifll consider diagr-ar.

diepizz:ed In Fig. 39. Convrerters of similar ty4pe find especiall- widie apnliceatisr.

In -adar and nxavigational systec .

Stabilized pulse generator ;PSJ I' produces sequence of-pulses, where the

period of their following determines a selected reading unit of time. T-hese vulsezs

enter pulse coanter [n]~ (C7,%) thrvught K, state of x- h (ncmen" or "locked") iz~
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is leterclrued 11 state of trgrger r, -. trolled ty

iN 50 azes .3r teglnrinj ad end of caurerte-1 time

Interva. Accuay at mah converter dqmwft an

Irthe frbqqraty ad stability of wt or -te C

- - AAABAAAA-*ADuring covesica of voltage Into zooe, W
a~ba S piagc IsPe attained ty awthod of so-called J

* Itime cucodiug.. By 'Chis notbo the conversio Is

carr:1-- cut In two xtamvex. In the first stage

fi-39. Bla-A 11am~ra 20 a convrsion occurs of icpt votage into a ti5
aoL-erter or a time Interval
Into ce.Interval proportioum. to It, while In second stage,

conversion of tie Interval into code taks place-

Elock diagram of one of the varantr of voltage --v rters Iwnte c_-4e with tine

zov7erxion, Is thoc. In Fig. ;Co Upper part of diagram Imebad'ing pulse gMerator

PC, k~ey K. pulse counter PC and trigger ', I= a

repetition of the save ccusidered iiagrax In

Fig. 39.
r FrPulses frce the PG als3 pr~zee-i to fieqw~; n

divider fFIrj (JDF), whose coefficient of AVISI n

ALis determined by assigned step of qiaartzatF~

I r by time. Pulse from R', is used, first, t7.7r:

.. ~!AA~hA.AA4.Ai[L the generator of sawtooth voltage fS;QV1 ('ia:E'

~sA~ -.... ~LL and, second, to control trigger T, whith in turn

W __ Is deteimAined by the state of K.

Of~s jAAAAIEY It t Thus, at t*ixe t 1 of the appearanze af a rlc

I fr: theFL ky K z apneJAand tergIns quantity

cat f u~sinteP.At the sae -zcer7

build-up of sawct~ivth vciltasre U start-,zw

circuit of camparisen CC, t:: .Aher input :X vnii,7,.

--Z . _tlz _- 3iagrar_ )t a ccrnyerted voltage U proceeios. At =-en s., wh.

zf :,1-,gein-i -aa. U rreaches rnagnitude U, cozcpariz= cirirzit C-

at.1e-rtrnrgtrigger T, w1.ich leali to cutoff f key*.' K an-1 -o iFr- sa

Ply T :frues ffro the P3 to the PC. Nut er of pulses flzed; I1Y '_f 7ROuIly,

~e rz ~i~~2to tim~e s2zea and, csrrespon2Angly, to
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after which the ezinter drops to zero state, aMi ucer %be 1zafbewe :Tf::_:

pualet from tae VD at SOMt r, ,-gnthe f*1100ng CwhVerSIOR Cycle- N~t2UUT

tbe per-9A ird sfawtooth oscilatIms? T nst te selected in aczardee with *ssignel

qut1mt1e stop oi tin T Lu n uch a iuer that eceitim" a ST 1 was satIrf'ied.

M3evlces-for azinvrsion of voltage Into caole are used also for enaoding haza:.

speezt Our~f telft anwem aloug czinicat1= cbetwls, szw reczr.i-_

and4 so forth. Bare the- ac~latimas perceived ty tbe morephmxe arm sent ta an

aralszer, ifletpresents thm Lu the form or elemtay soued ccv*mtzrs. -

w.Atag c~irg to tee -~mi~swill t cmwerted into codies, wi

a" re vamItted alng the cication cbeunel. At the rec-eiving end Irxe~se

tansroruatimr or -codes into voltaftes. takes. place, -fr= which ina synt"esiing teVze

the speech rior$t is recreated-. Use of such systems permits by several tecs af

Utimps comresebrg tMa -necessar~y Trequericy band for tranissiG -f telephwae

- - :ncverzatiwi and, coruseqaently, Icrezsing ccxasideraktly the zarrjIr-g capacity .-,f

The most wide-spread type of digital-to-analog icorwerters are eoverters of
~4-Into corresponding current or voltage, where the obetained electrical magnItudez

Crs. In turn be worked in the form of angular shift, speed of -rotation, and so forth.

Az an exasple or converter of code into voltage we will consider the diagrez,

[ .- t eJ -in Fig. 41. Mumber zode subject to convrersion into analog magnitude Is

fixed by triggers TV, T2' T., ... Tr~rgers

control the current stabilizers [STj] (C7174,

STP ST3 w.,hich are calculated for

transmission of current of stan.dard m~aiitude

I. Here- oraly those staicilizers pass ce*rret

OL which corresponid to triggers located in

* state 1L.

L,.Let us consider an exsz-ple, correspore-ir,

ki-. 1. Diagram of' a converter of to the diagram In Fig. 41, when to the ir.npit
:~~into voltage.

the rraxter 101i is sent and 'is registered

Txs.gers. Here stabilizers Sand S work, and-throuagh standard resiztors pass
'St

the f A1:wing zurre ts: through resistor R - (on the right) pazses zurrent 21, and4

rzr.ain resistorz R and 2-R passes curren~t 1. Thus, the total -;oltage tiror

ttwee:. asu 1. and grourd1 (toiy) co~pises:
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-I-M! Ume .1-rs l"rw~ C-pars ~th ss orf Theorevalcipmei

-Mak a snt _-.tre viii h A-eti conet ype of.1r 4Ncrci :iitl -ts - -

The i~-peede~etr give onlyt aLES7 (e(ar ): iersma n mosgeykowdn t'

:Lc3rea& at A Ugi -rofthe z1 ties o n Istibtut fPeio ehnc n c ue

ihn12, fAcd of je ces of USSR, and te lership of aca~rdev.icWi

S.A. Lebedev.. This large univerzal machine contains almost 5000 electronic tutlpz4

j Qof electric power. M~achine executes u~p to 10 -thouzamd &rQlhmetJlcai opti t1.or -pt-r

~otn with numbers containing nine deciyppl places. Consequelitly, -it can couit,

tilions with an accuracy of one, or 1,nits with an accuracy of up to one billion.

She ESMis a par&llel-action computer., Its arithmetic unit is made on electy l
rela.,s (trigger circuits). Operational memory worked on electront-beam tubes, -which

at t egin~ning of 1957 were replaced by a magnetic memory on ferrite cores. External

rnemory or the machine is made in the form of recording on magnetic tape (120,000

nvst erz) and on -.avictic drum (almost 5 thousand numbers).
r'ata i Dut irto the machine is carried oaat with speed of almost 20 numberz P~r

zz -dusing punched paper tape with vhot,.oelectric readout. Outlet of calculatlcr.

rezult's is Droduced with the help of A photoprinting device on film with speed Qi

2~ nut rs per second and with considerably lower speed - with the help of a

Ae;c!tra mechanical printir.g device.

Ztuzequentl..: the machine was modernized and wsaz produced in zer1 ez under thr-

- :'ESMT-2. in thiz variant all vacuum diodez were replaced ihy germanium diolco

x-ni-r 3e ,reased 4Jizensi,>ns of the machine and perntitted lowering consi-derat ly tfv
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- - -> - ~ W1tz w t he 4evepoimt of h10 speed. tait car.,~~gj~r ~ tz

-Xi - as'Ytir machines, wide nrqpagtion va otalned Ity cheap 4=f lze mar~ms,

&: cessrIv-~ to- lenatiric reaeka 1nzmitgte3, 4esign buremus, SO&. LarWee frk~e

in 1,5t9 the first ode1 -fU=7, melm vere produced, Oesigned for se-rial,

This bcdie q~iu almost 800 tubes, 3000 gemaidmK diodes, and cchsummes

p~m~ .Z '1omtts.For placement -the maclIm requires an area of alsiost 43 ; 2 .

[t works with- speed of 100 :aeratias, -per second, acperatz~g wi1th numbers ccmtainir

-5~ tinarY digits. Basic elments or the inchrie are triggers, Jwverterz, and

shapers. Moory unit of the machine Inel-des a magnetic dr~im with 1024 -cells and

nagnetic tape with capacity of uap to !I0,000 cells. XFor data- input into the mazWine

with speed o;t 4,5oo numbers; per miute there is used a preliminarily lighted,

perforated standard film, readout from which is performed with the help of

germaijium photodiodes. 'Printing of computation results; is produced-on paper tape

withl speed of 1OO numbers per minute.

Machine "Ural" is the most wide-spread of Soviet computers. However, being

a relatively slowly act~ing machine, it st present has been removed from production.

R,- 958_-1959 there -was ?created, &modern Tox~n of -the- manchine, "lUral-2, " -in which

T1 oppravlaona~l MI on 1texrite core-d- was us-ed wfich 1Vermtted increasii qorl speed-

I from 100 to 5,-000 operations per second. Later there was developed and placed into

production the machine "Ural-4." I
In the Ukraine machine "Kiev" was developed, ensuring fulfillment of 10,000-

13,000 operations per second.

Machine "Setun" is interesting; it was developed in Moscow State University

=nd is presently in serial production. This is the first machine working in the

ternary number system; it possesses, in the opinion of the authors of development,

a number of advantages from point of view of economy of construction of machine

devices and simplicity of fulfillment of arithmetical operations. Furthermore,

the machine is very reliable, since it is built completely on magnetic elements.

Also produced in series is the machine "Mnsk-2," built on semiconductor elemenzts

and warking with speed of 5-6 thousand operations per second, having a capacity of

ape.-itional memory of 4096 numbers and consuming about 4 kilowatts.

Al1so'const*ructed on semiconductor and ferrite- elements is the machine "Razdan-2."

- it :ork.s with sneed of s thousand operations per second, has capacity of oprtionalI MU of 2 numbers, and consumes power of about 3 kilowatts.
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1 - ~fz~ Li. stiv~ tee i desiped. and. constructed-- for
~Xl r rirasst- , an~a~ia~ a~~sAttc of

24rig Creittio~ ot n; hW,"&hekzs d, stefp 4rAo e their sesurpnts

anki Wei, an. .tempt t°o lover -;td"W 1o-pCr- bT tiu iq ew -iemiconduator

ieand transistors, UZ!Mr et 1iogiacrut teaite c46res, -n inraing,

'Yilume of nmor*l Q~t~i swlmtaneauz decrease of -di-enaina, Bi eoy nt road

prozpects in field or cteating neimory anits o!gr a cacitand -great bil speed
opera-tion are -eLIg cpened In connection- iith the posslbiles o sifii mgnetic -

fib!m, tunnel diodes, superconductor (cryzgenic-) instruekts, and so ofth f6r this

purpose.

Work speeds of serial machines in the near future ili reach-hundreds of

thousands of operation.n Per second. Furthermore, there aIreafy now exist unique,

machines, described in English and American prebs work speed of which reaches millions

of operations per second (Atlasi STEC). In the next few years we can expect

the creation of models of machines which wil be able to exedute tens of millions

of operations per second.

In the technology of digital electronic machine building, even greater application

has been made of contemporary achievements of the technology of the printed circuit,.

microminiaturization, film eloc tonics, and solid-state circuits.

After the appearance of the first electronic digital computers, there has

passed a little more than fifteen years. In such a short period huge successes have

been achieved in their design and production. There are excellent reasons to expect

within the recent future new, striking achievements in the swiftly developed

technology of electronic machine building.

13. Principles of Work Programming of Machines

Solution of the overwhelming majority of mathematical problems leads to the

fulfillment of simple arithmetic operations To discover, for instance, the roots

-f the quadratic equation X + bx + c = 0 with known values of b and c we, by using

formula x "--y± ±--c place the numerical values of coefficients b and c

and then perform a number of operations, such as division, addition, subtraction,

involution, extraction of root, etc:. It is possible to show that all these

perations in turn can be performed in the form of addition and slibtraction. tTus,

xLr instance, in order to multiply number 50 by 10, it is sufficient to add the
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n~mber 50 10 times. Consequently', :mxlplicatcan Is reduced toi WZultip* 'addition~.

Dividing~ the nuimber 20 by 5 can be donie by ben f -a numtbei od-6zbnse-ezuUe sub,

subtrae-tims- of the divisor fromiidnd 20 i; 5 am 15; 2 15 5 =10;

3 1 5. 5 -55 0. Mter bbtiii. i'zerq -It Is; necs to zcaltul~te

bow =W Utius a btrmtLiaais jRfo (An, dur -c;,,!tzm.An this abr

Is the qudtient,' i.e j,, Up esl -df _he_ diisood-., Zniwvojutidxn is. aultivilrcation os,

n maber by itself a4 l*t1O3ICa'ti a-I~eet6ady--h've--,Ao* is reduced-to

additiait, etc-

M loreover, subt bi-lc 'Itselfca be6 brought~ tckad1ltlon Ourint corres-psdinc

convereli of otimber. 0c, ai is- e-eifycovnetydone In -binary nuziber

sysbem 1 -whc-10 -_uig l-- aritaetic -tunit of copters ais a universal ins trumenit

the ~dder tconslired by us' earlief. --

Posibiiyo reduction of az rather complicated problem -to a defined finite-

nuMbTer* 1§f it s -of :'."-l a~ tic'l. actions perits anyone to isolve& this problem

not even -pehietrting the-. es~ence- of proem, rnot even understanding it,, if onlyI
anothei person-,_a -mathematiciaxi, composes detai-led instructions, a description of'

the method used in solution of this problem. For instance, we-can, absolutely not

should multiply 5 by 5 and one& again multiply by 5. Such system of formal rules,

allowing purely automat-ically, not penetrating the essence of-the 'Matter, to-solve

correctiy 611 problems of a certain- defined type,- is called the algorithm of

solution, of these problems. This means that by composing algorithm of a given

problem, we make accessible to man a tpurely mechanicgl.solution of this Problem, and

if we can manage to force (In accordance with composed algorithm) machine to work,

then the machine can also correctly solve thi-s problem. Solution Process iof a

problem by-algorithm leads to fulfillmient of the final chain of elementary

arithmretical and logical operations.

Description of sequence of these operations is introduced Into the machine in

the form of a so-called program, consisting of a series of consecutively executed

instructions. Every instruction serves for execution of one arithmnetic6., or logical

operation. For an example let us consider the system of three-address Instructions,

content of -which has the form of Table 3.
All operations (addition, subtraction, multiplication, etc.) in machines are

also encoded by defined numbers. Let us assume that In our machine there are

accetedthe following codes of operations: addition 0.1, subtraction 0.2,
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Zatle ] ztiplication 0.3, printing of result 07, etc. Then the

I~ ~ 2r:.-Zinstruction of Table 3 Is decoded In -the following way:

-- ~: ~ add the numbers recorded In 21st and .27th amory Oells,_

IN1* and, record result of addition In 34tL mamry cell.

- - Let us give an example of programing of soe simple

In 21 V 36 problem. Let us asswe that, for Instance, it Is necessary

to calculate the expression

Let us assume that initial data for calculation, i.e., values A, B, C, and D, are

'placed correspondingly in 2_nd, 29th, 36th, and 40th memory cells.

Program of problem solution will have the form represented in Table :..

As a result of fulfillment of the first instruction (flrat line of tabe)in
31st memory cell will be placed sum of A + B. After second instruction, in 34th

memory cell there will appear the difference of C - D. After third instruction, in

50th memory cell there will appear result of (A + Bo)o(C - DI which will be printed

after fulfillment of fourth instruction.

Program of solution of 'sufficiently complicated
Table 4-

problem can consist of very great quantity of instructions.

01_ InIConsidering, however, the possibility of machine
______-fulfillment of tens of thousands of operations per

01 22 29 31 second, it turns out that the machine can even solve
02, 36 40 34

03 31 so complicated problems in very short intervals of time.
0Y 50 -- "Important peculiarities of programming electronic

computers are the possibilities of cyclical repetition of

separate sections of the program with new initial data, the presence of instructions

of conditional transition, at which the machine (depending upon obtained results)

either returns to repetition of calculations, or passes to fulfillment of following

instruction, or stops, etc. 'All these special methods of programming permit, with a

comparatively short program, exectuing a great volume of calculations, automatically

chan-ing the movement of the calculating process, depending upon obtained intermediate

--esults of calculations, and also permit the machine itself to produce a rrogram

-f farther works, based on the general initial principles of programming.

Composition of programs is a very labor-consuming process, and at present
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Mex =zm;=erx, thre ~ i1t241s, are desiawi to put,= ca1calmzIcrS,

= perazl 70.. =merz,- Sav-er, *t presermt t]be7 awe :*talked v~dkw mu

=e Im ___tl a pKot*es, 1n pinitlealalar "tctI

i zrzrltlU tbz sr c-.?r prae~sex t7 mt mtIa e~nt1~, zautim vX c

L-.= =-mr-der fr fum=11e, - exected ty the enIeer !,f a

~ ~~r2- l ==mIve, ;i i-a train. n~e oeator kams the stdbeiule of rene=,

wa f a-- Iatoe, t~l- we!&L. and, zed-kmcal capbilties of eletvriciiw .

~z5rsat =pheric, cmffItSs, arA azvm iaJ.f3fi]]nectz af the schedule, I.e.,

jrnth- thLe tra-I is aheaSd tehlmd S±~21. in 8acOIrdamc with this vim~s

!=fzzt= 1-i we-12g r- the oerator solves the vrzblem of the mzst expedient

zsz--f the elezzriz locantive. Ee salves this problcm r=SWly, using 1-a wrn

±r.-z ledge, in-dutrial experee!e, and Intuitioni. However, ith approxiluat-e

:i Of zatra1 or(*1 the latterk is often. perfor--ed In bry fAr not the brest,

~noi. Really, in the san.e sectimm ikder identical conditions a Socd en~gineer can
e=3n--Ize -- eleztriz vowek, tutat a less expez-ence. one mi&t overeipend4 It. -,,ut evmrt

a ruti engieer does not ='a ke the best dedision, since he often ha--: little

F ie £3r zonsiderat :Y-- of thi dezisicn whie, Ifirther~ore, both exoerience and

in:uition sUUl do not ensure the fact that the accented decision is indeed best.
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atx o tonmlatd sia to IN:c I' i&S es P efflciuts -the 02tzesp611=6 ez*t

-we ow m~aa& asim W weow ir i k it 1:-- mseema s to inccelmr'Oe C~r

d2iemes a uiANOW with v iec* -etc.~,____

rjiwer the winer. ewe 1f be E1~ p'ess; crr~jcl Mtbanw.a tSS_,4

- =-= SO -*a Ocliee ty tae calti~Mas. aattk laick or tuse-. Tt -nt _z

Akat dw to cldezaktins of =mnz saietr er lae: zast reat qat~kly vv

ctiw a-enml camaims- tmm 1f ads, speed leod!& to a certain degr~ee r-;

Sertinmt in. .curaco aCeletlef thme test cautral coaItlrns a! te el.--ril

Mw us ats electrule control mchzme - an smtiatlic eneer -
4 te aostlto et uolutica of m umavt c~tr--i of the traln Adlt Excas, ldr

sp-tc operation. epsurea ottafrize these e=-Ct xvtt1=i atm az ta ;L

se u3nf, peroita it to control the samimt of a train tetter ttsz the *taLceer

d~isp to 71me thums tme consmton of electric pmfer aed to lzr~- a246t ir%

vy7ent.

klqoms -prineiples can bte &ssne In the basis of *u-tczation of SSW iiiazstrial

trampdrt process. -Tor eazainof this problema necessary first of all isz tte

pree:_e of a aaffcimhtly :accurate th ialdesciption or 'the process subjeft

to sAiation. Such mtcale deser.4p;1on shmuzld be performed, o usly, by

en.&Lneers of corr--spondirig speialty, faniliar In detain. wdth character and-

,*ez-aliariries of the f2Loi or the given process.

Thusp If- It is necessary to autonate the 4tontrol procesrs of the locomotive, -by

an engineer "specialist in so-called traction calculati ons. To automate r-odtrol

of chemlical production, equations which establish -numerical ratios chara terizing t

this production, must be recorded by a cheaist-technoiogits, etc.

After corresponding ~systes of equations has been composed deciigthe

given process, program can be developed for electronic control machine, ensuring "he

solution of these'equitionis and the realization, of necessary control actions.

It is important to stress here that a solution by cybernetic means of automatic

-control problem or any industrial :Process can give an essential economic and

technological effect only when this process is carried out on highly-Okoductive,
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___a--43 is tbarq&ly azd ratlamlly cwMmn:zed!. in p oorly

twmaW as a rule, dws a~t give %he pacger effect "Au Is ezankla1r

j-wxet-t Sfose im 1-trowe qybernetic -mtbs of eintral Oriwwra

proessez, it~ Is mecezy first of aln to peztm cmsierau techpwa~i:4ca sm4
j ar-zialowzl recastr~aei of proceses tbenelves.

j trizz Otserfame Q.- t*e Iidict.e cowaita all admmtaes at IUWM eyvereti-

c j.rol systms are no= fawIy reaUzed: 1I1h catsl aacumc and semetiz speed,
e==~n hg pr dat1'viy agbA e~cnA e-_Tcieuwy. Rwc~rivueIy iq.owtamt aiza

1z i-simit of replacing the 0mtlans of men as a controlling rank of the

Z7emetic me-dus Lu m places, where the loatIm of -n Is iqCsfl r

Lz~ezlralze- (In cviitlocs a straig radlemetIve emsims. In bmftl chescm4

prod-=tis, duaring distantz xce fl1*ts and =o fot).

7=4 anl cases of -sIn cytetle mldes to contral variams proesses Venera1

30. Let Q5 COCSIder more s-ecificily certain camcrete cases or fsr

mse of electronic omputers for puiposes axf control of differet processes.,

- Control, of Oneavokk Ccfe.~ f -*-e forms of control autowtimo of

michtInes itkof the use of electronic camuters Is the system of autistic trcwtxt;=

ez Pr;i:cles ty feeler neAnisn. The feeler inecbaniss Is iLa ponent controllingI ~tte rslatiwe namtion of preparation- ank! development of a tool durirz treatment on

se -za_13ed conying, =:)t frequently duplicating, milflnfg machines, Along the feeler

soz:api =aver. a roller or pin, feeling Its proflle, coentrolling In turn the

-moe~ent of the tool and its -preonratiori. The aawnufarture of a good feeler aechankzz

requiires high accuracy and Is a rather labor-consumirig operation.

The use of electronic digital arwputer permits replacing the- feeler inechanis"

4eviee lcy such a device, in which -the profile of -the pi-ocessed, Article is assigried

iLy a system of numbers 'recorded in coded form, on perforated4_pajper tape, photographic

* film, or magnetic tape. In such a form-the information About required torn of the

prepared article entdrs electronic digital device, executing corresponding

- calculations and producing :instructions for machine control, These instructions,

in the form of volt-ge pulses or in a form converted into continuous values of voltage-

.nter three eff'ectors of" the system, ensuring, let us say, shift of' the milling

nit er by needed magnitudes Along three axes of' coordinates.
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1* pftm~iple, orizn amtxmtim of madrzes, the c~qm&er can be *Aaef ~ si low Vortsimp, *ame it e~Cantrol sImztanekmsly the mork of serezmal

fe e 6C ev1Sctrd ad1 l. control madubs inceaes, prodet~vity of later

inal lOs, the Cast at prat~on, dam to a reimetion la A1j~tet time oar sschbes,

a deertam of rwiw at f 11.e labor, and an Increse of evaipmeal

*nl mt=St 'oU a eterprises ith catlmos Infstria-1 processes. iere1qpment

-or Ui - dlgta tecmlqW peiwts aV4om 9d&g a lut on. of the queston
at favl antuatim of eomlIcated in.stra]L objects: zonveyer, wzarksL~as, *l

plants.cm mos p~t easily be rZemlized in enterpuises 1ith coenmis

(&n4- no plc r lntemwttat) 1ndstr~al processes, for Instance, In dem

ca1-1 an odl reluizg eunteprises.

7T!e priniple of antomatic control possible here is illusyjtrated liy diagra= In~

flg. '42. Let 'US asie that raw materlal. duiring pr~ocesaiug passes a r~aer of

stageA ok the ecobgCl processes 31 321 331, etc. Control of -ezz stage iz
- performe1 by ane of tIe lcal regtorsA

5, constitutin elec"tronic digtal campu&er,

to Which prograan oirr ustment or given stage

, 45of -rkcxessassned' local r egulators, lave

two ccmin--cation channel*, eackv J~irect and r-versB)
-14 A- both with the wits car"-in out stages oi a.Le

Fig.~2. Blck iagrm o a~to- tecbnological -process, as -dell as w-Ith central
rattz -c ontrol of an enpterpriie electronic computer. the latter obtains
with a co-neiniious technologica
process. I - cenitral electrc6n Irfor~ation from. local regulators about moverent :
computer; 2 - analyzer of 7raw
r-aterial; 3% 4, 5 -- local of the process by stages .and-from analyzers 2 and
reguilatojrs of stages of the pro-
cezs; 6 -- analyzer of ftihe 6 it obtains -data of analysis results of initial

techologcal koces-.raw material and finished product. By comparing

results of analysis of finished product with the

technical requirements presented to it and by processing all remaining proceeding

informati-on, the central electronic computer,, as If executing the role of "dispatcher"

of-the-enter rise, introduces the necessary- correctives into work programs. of the

local regulators. This leads to changes of flow of, the stages of the technological

process, .which ensure obtaining a product of' the desired quality.
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A- tt -zentrt e1e--r.-eciz eazpzer 1it 1z expefient, to use a mahne, lich inM

~-z~-r*!l prp-ess can fli the test qperatiug cndItions; of the enterprise. Fur this
:L- Its memr there must be contained defined appralsais ct camtkol uovinint by mne

ar another prga and possibMility shoud be ofiipt atatic tmzibatioi to

Already there naw exist fulautmtdbaels 1 hc ytrei

to-t'nogr permfts (ty assipmed recipes) atmleaymingii~u& from nee

capnet acd In reequired Proportions. controUixi, iUs taking. aerJ to praduze

wrijrs flnishe rils In suth ipantr there exists an autmt.Le SYStM Adien

aro~esses statistical data atout the ueigbt of produced articles and antomtipafly

z3rre2inM the xmirnetof dough. This has allowed cousIderably decresing the

oierexpenditure of doughb and at the same time decreasing deviation In. weight of -

articles from the nors.

in the direction or fufl automtion of enterprises onl~y the first steps lave

ier imde. However, It is possible to say-with conf-dence that In the futur,

application of electronic computers for this purpose will. alloy considerably iiwreazing,

-e acciaracy and operational quality control, and conseqently also impreying the

I ,--' techxnical and economic indices of, production.

Control of electric 2aver stations and power systems. A vrery bright future

i iloags to Odispatcher' machines in automted electric pjower stations, in power

syssezs, and in future single high-voltage network of the Soviet Union, as well az

single -network of socialist countries, Joined by the Council of economic m5utual

assistance.

For control or all working stages of contemporary electric power stations,

especially thermal stations, it is necessary to use a huge number of-data units which

signal regarding movement of flow of various processes (unloading and prep.ratloon of

fuel, Its supply to boilers, work of the boilers, tUrbogenerators, transformert-,

system ot energy distribution, and others). Quantity of data-units in electricA

power station reaches several hundreds, where the wires from them are wound Lip In .

special instrument cabinets and on boardi;, designed for observation and adjustment

of the processes of ~production of electric power by the duty staff.

A considerable reduction of quantity of duty, staffi and in principle complete

z',utozation of control over the work of'electric power station can be attained by

.m, ans of using a cybernetic machine for this purpose. Here the outputs from all



data rritw are led into the m-ine, Yhich c tre- lre d ltoi x vit!t --e

asslged w e of Corresem a p10eters, and in case of 6eylati= of these
psmeters frnn the mn. it ensms swe of coracting lnfbae ccs an c-itrols. If

adjustmt c be Verfomed by several variants, then the machine (In proess _of

las - galfle-rm w sytm. ned p power CCOes=1roM aPi f-h ut tIn sep rt eseos

or Lte syata, the cybe ectc -spaters solves .prflir of optiim U stributia of-]

enrw suresan lad, bdenaiesauam ith qnd Stp -Of Uaii= in thn I
electric power stqtims. sitching oftranformer &x* mshihatae

we zonsidered the det of a device for antti ca-r e drivi.- al occc tAve. mksi

Jl _is &ssed ani basis of achine de ve1ed and uilt Ini

t oautmntic deer. It Is built -ompletel om magnetic logisa eleents anrd

smoatndactorovalves and does not ctaiA am tube, if on--aseere not to cu si-der

ttbe kenotrms In power supplie. First, sample-of -the automatic es- gireer di ie i

wowr ot e ll aser suway in _ks lae Aai. oe trus t

for autticdlly dirving electroseto s of suburban trainsr Sae se uentlyonite
eveloped -for o thm i of deit over electric I o vs and ese

Another model of computer, also made- on mgnec ehlements Is designed a r

autocating the rocess of forming trains or so-called srtingr bills ofare rd .

o troat h sta ions. The ro i nstock, subject t sorting, wcil apprah by cars

for;.ard to the hill where uncoupling takes place. HaVin oeed through svmit -of e

the hill, under action of',gravity the railroad cars are rolled downwards along the

olanted part of the hill, where, depending upon wherwe ,a the load is going, th

railroad car .(with-the help of pointers) goes to one of the routes of so-called

park at the bottom of the hill, where trains for different directions are formed.

So that the railroad car did not strike against railroad, cars already s-tand&ing

at bottom, of the hill, it must be braked. Braking on nonmechanized hills is carried-

out by laying special brake shoes under wheels, and on mechanized hills by railroad-

car retarders, which are braking tires located on both sides of the rails, pressing

the landing of the wheels. Control of railroad-car retarders is performed by the

operator from control post. However, since different railroad cars (loaded and
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with1E4 gt r a , : 'wlc difterent speedis Adi possess various

en==V, an aiz: z =nsik-ringt~t dee.4n mp te nestIon ofi routes in-

Pat'_ *:: t .e_ .- he hill, ZW Mat ass a dierent distane, and their

trk- z~nld te carried it wth different intensily. ;deteamlikedbyt operator

t , nF*tey Thereffore z-= ilroad cars itmip earlier thln -necessark.

a=:- they =st t e rolld . aawniay or ty tractor, and others strike aglns t

already aspee rail2-ro cas itieik leads to t t daged.

E"placinz -e r-perat-r t7 a. eleztr ide couter can give a sbarp ibroenment

Ite wzrk of -a sartIngg !!IT--# - £oecia radar device, using so-alled 1~ler effeest,

-eezases the speed at rallroad car rlled frm. h lle and tus

I2

jetetmres, Iz uenieg proerzlez, caused by verg t and quality or tearigs. A.tIter

ele~ri el deice deeraones the distae t3 the closest railroad carst anding

the r_* at !te tton of thel AT. All this infef.ation enters the electroric

z bzrzer, ich salves the devaieprdble , at what speed the railroad car sh=41d

emerge r= ethe rtarder that it stopped at the- assigned plae, and cakespri L1 .ntiroia ofhe brakoy In the retarders..

iith thh use of exlectrmli computers there car be created aysteis of autocatia

tcneo over optrent of trains In entiredispatcher sections, a device for autzati
ticket selling for distant locatios Including also those with transfers, with

tic eliinaton of occupied eats, and others.

Abroad there hs been developed a model ofa superhighway withautatic contr.~

of motor vehicle movement along it without drivers1 where autuuatic passing Is

ontripated of slowly moving machines, and their automatic entrance and departure

onto the superhighway.

O. superhighways there exist acatic radar speed measuring devices of passing

machines, which, in the case of exceeding the speed limit, a camera is autosatically

turned on, capturing on film the machine number. Thus,-at the end of duty, the-

regulator need only by automatically manifested-film) to extract and to dispatch

tickets to the offenders.

The use of cybernetic machines has great prospects for street traffic control.

P.cording to reports of foreign press, in 120 crossroads of busiest part of

1: -4 York there is a device which regulates street traffic considerably better arnd

, .,re exactly than was done by traffic policemen. Into it information is introduced

regardint the quantity of machines accumulating in each direction, proceeding
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frm sseclal met.ers with pbo tzells or suspended radars. at-:t the expeetat -- ie j

of the first. motor vebicle, and fim33y, about the load of the nel'ori

zrosroas. Te use of tAis syste bas -permitted reducing 360 policemen ar

Fox se"ral years there has been in field testing a cybernetic 2lght sligal In

Lergrad,- 3elOped 1by colleagues of Leningrad electrical inst tute of con=z.zeation

In. R. A. BopchBr.yevich. -Pintly with [(HID] -((I) (Division of Street Traffic

Regalatiam) laboratory of Leningrad police department.

Thi auttic light Sigal records the accumlation of machines approaching

fro varliw directions, and solves the problem, at which moments and for how long

it -is most.profitable -to 11ght the green light In a given direction. It passes o-it

of turn fire trucks and ambulances, which have special distinctive radio signal

devices. Mean transport moves for a :Long time in caly one direction, the cybernetic

regkula.r. stops this movement to allow passage of pedestrians.

Already at presen. there, are being used, and subsequently more and more

iidel cybernetic- devices ill be introduced uhich are designed for autotic
dr g (by assigned progr) Of ships and autmati plotng of aircraft.

Cbzrnetic technology J,. litary affalrs. Possibility of creating self-

•nero!led- devices, . acting without participaton of tan, naturally attracts
.!derable attention bf specialists working in field of military technology.

Cybernetics was engendered during the- years of the Second World War,. and was

i-zediately, used for solution: of a number of problems of a military character. For

post-war period, technology cf electronic machines has made great successes. it is

difficult to enumerate all their possible uses; therefore, we will indicate on the

basis of foreign sources only certain military areas, where -systems are already used

-or projedted which include eleiatronic computer technology.

First of all, machines are! widely- used for the production of highly labor-

consuming aerodynamic, ballistic (i.e., connefted with determination of tlight

trajectory'of missiles (and rockets).and other calculations. The great high speed

operation of the machine permits calculating exact trajectory of -missile in a time

shorter than time of the actual flight of the missile.

One of the most wide-spread applications of cybernetic devices in military

affairs are systems of automatic fire control of anti-aircraft artillery, joining a

radar station,.revealing the aircraft at a distance, and an analog computer, which
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ty th? ata frm radar, calc -'~as the further route of the aircraft and produces

insr-,xction.s; for cevice which gaide the ueapon and controls automatic firlng.

A special role belongs to cybernetic tSechnology in, systems of distant detectim-

and interception of high-speed bomber aircraft And ballistic rockets. 7he American

press reported a unique semiautomatic system, of antiaircraft defense developed In

the Un-j-tates. In this system information from a large quatity of distint

detezti-radars enters central computer, in the memory of vhich there are data

regarding the 'presence of means of antiaircraft defense and fighter aviation.

.::chine solves tactical problem of the best distribution of these means and through

computer "subordinated" to it controls automatic opening of antiaircraft .zenith

artillery fire, the scramb. i-g of fighter aircraft, and launching of guided missiles.

Very promising is the creation (on basis of cybernetic machihes) of systems of

automatic aircraft flight control. For example, in 1952-1953, in the United States

the "MDigitac" system was tested in scores of takeoffs; the system was designed for

automatic flight control of a bomber and bombing. System permits, by means of radio

navigation, determining the position of aircraft,,calculating the course of aircraft

to an assigned target, and automatically ensuring this course, and by target

position data, altitude, flight speed, and meteorological data to determine the

point where 'aircraft -must drop its bombs, and automatically cohtrl -the bombing,

itself. Electronic computer of system contained 260 tubes and 1,300 germanium

diodes. Power drain, including power consumption for cooling, was 1.3 kilowatt.

Volume of entire "Digitac" system, including electronic computer, power supplies,

receiving and measuring device, cooling an4--dapter for connection with automatic

pilot of the aircraft, composed almost 0.3 p 3 at a weight of about 100 kilograms.

At present there exist considerably more economic, light weight, and small-size ,

systems of automatic aircraft control. ]
In connection with rapid growth of intensity of air traffic, and increase of

quantity of aircraft located simultaneously in the air in the area both of air bases

as well as civil airports, of exceptional value is the automation of dispatcher

control over air traffic. For this purpose special control centers have been

created.

According to reports of the American press, similar centers are equipped with

four specially developed (for this purpose) electronic computers. One of them is

.-sCcned to process data about the aircraft's following its course, the second will
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vatth for movement of aircraft In are&. of the airporti thir4 is a reserve, end-

fourth -serves as -an Intermediate link to camnect the center with antiaircraft

-defense system.

Cyvbernetic systems. exist iihich are deaigued for iutomtic control over torpedo

boats.

Very Important role can be played by cybernetic machines in the solution or

operation-tactlcil problems: the collection and treatment of reconnaissance data,

encoding and trabnission of Information about the enemy and about his troops to

he6adquarter~s of bgher subdiv isions, drawing the situation, on a map, preparation of

calculated-data for the commnders to make a decision, development of variLants ofIthese, decisions and, others.
Of considerable benefit canbe electronic digita computers working away frari

t?-. - ti dtmta of supply, of the army. Their use permits essentially

-reducing the timot for- shaping and- realizing: requests, making More operational. the

-prozesses -of calculation- of goodp, their storage. transport, and so forth. Machines

can ensure botzh the deVelopment of plans- -in, materlal-tedhnical suppliy of troops,

and automatic control. of the realizatioh ofthse plans.

Finally, dmportant role can be played by cybernetic mach-Iis in the improvement

of combat training of military specialists as automnatic trainers. Wide propagation

*has been otaned by trainers for the preparation of pilots, astronauts, drivers,

tankmen, and other specialists.

15. Informational-Logical Machines.

Besides 'the solution of problems of a calculating character and their

application in control systems, cybernetic machines can be used for mechanization ofI a number of other forms of-mental work amenable to formalization, i.e.,. those which
~1 can be carried out in accordance with clear, preset rules. Examples of similar

forms of mental labor are calculation, statisticsP certain planning problems,.

translation from one language into another of scientific texts, and so forth.

The informal forms of mental labor are piroblems -of a creative character, for

instance, invention, develobment of new-scientific theories, literary and musical

creative work, and other problems, in which, although there exists certain

conventional rules and norms, the dominating role is played by ta-lent,, inspiration,

and intuition of the creAtor. solution of creative problems is inaccessible to

inadhines, in any case in -their contemporary form.
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Xachines designed for the 'mechanizatio of certain processes -of the mental

labor of man, found in perception, storage, and data processing-by a defined

logical program, are called intomtional-logical machine. They can be used for:

automtic translations of texts from one language to another for treatment of -

results of scientific investigations and engineekring developents, for a."cmaticn

of proaesses of inforizatiGn search (issue of references), for diagnosis of

diseases, for the treatment of different statistical data and ulfment of

planning and economic calculations, for Instruction, and for several other purposes.

Let us consider certain of the most interesting and prospective types and' the

application of similar machines.

Automatic translation. First public demonstration of machine translation took

place bn the [-]-70] 701)electronic computer in New York, in January, 195.

In memory unit of machine there were introduced- a Russian-Engllsh dictionary of

250 words and a program which contained almost 2,4#00 Instructions. For the

translation simple text was selected consisting of words Oknown" by the machine.-
In 1955, in [BFSM] (&CA) machine experiments were carried out in translation

from English language to Russian. For this In machine memory dictionary was

introduced of 952 English and 1,075 Russlan words. Among the English words 121 hawl

two different meanings, which was indicated in dictionary with the help of -a special

code. Regarding the success of these-experiments, it is possible to Judge by the

following extract from at, article printed in one of the French magazLnes in 1956.

"Last summer, during their stay in Russia, members of American delegation were

invited to a demonstration of work of an electronic computer, created,, by Soviet

scientists. An experiment in translation from the English language to Russian showed

thaz the Russian machine operated with a dictionary of over 1,000 words and $composes'

phrase with much greater accuracy than does the American machine.

The famous Massachusetts Institute of Technology recently grganized a committee

consisting of five mathematicians and philologists to detect the secret of the

Russian electronic c mputer."

In fact there were no special "secrets" in the Soviet machine. As is mentioned

above, experiments took place in universal machine BESM, not desfned- especially for

translation. Serious successes in this effort were reached thanks to the great

work which Soviet mathematicians and linguists performed, developing more perfect

methods of translation programming.

-73-



Let zs 1 t:1 _br Voampd the s1slt *xrincalplez of ma:- vzrk =:ring

s~t~iv tuu~a1~. k%_Vves of the tnslator, 4et us -,ay, durine

f*MaZ~ )twin ~ 381m~ -to 301roklan c~sist.,s in, fir-ang Tim meory or

inZ Z_" dictlmnryitlenl cut ua eqvlns of jbiaish words, L

- amlyss C th. AA tatj- -Ae, 1izmny, in cmxrezt CGOWstnac (sjnthesis) ar

IMa -text. -MW mast 83mle prowlent Is frg1A 2"Ssian wordsX dAC-h corx*esr-*

to tthe WAI Sb.. Let us Te tht we mum 'to trantste lato 7iinssiez the Mmgllsh word

UoK (bodi). For Irft of the EWL1i text frto -the mahne, It must e exbzzied

it- m ei naer., I :.*.., eplazed iy =Mera, sirci- the w~ahize ca 061jr 0De~ate

-wtlh inder. let- =s fesI~ate th lett'tr b of latin ailuabet thranb 6 te

U ltter- o thrbuft 2S, and'letter k thrm&~ 19- Then the Ish word t-ozk w-91l

zarre~pwd to the =kr0229.For lrqt --L Mme-sh teim Anto =ackine a-ra-zaa

iLs used ith tyPeiriter eytnasr kawiS& Vwith la'sIn, PrInt. i)pirinj ; ta blg ante

ktWad_ this apparatus pler~es it b,#]- In paper- txpe- cr p=-hed adcrepnrg

"z -de or a Stv! 2etter, MMe tape Izz sent -to Iiq0k devicewec '~es

~rrs~i~ to hg~shwords, ezrer =ch2ne in the -form or epetrcl 'lser,.

in =MchL-W mezory tnit thep diciACAry pre Icusly r~aeed there Is storeod 5Ln

'zih each EgIsh andFssa word is also replaced by- a !luner. search for

desiirei word tix* consists of C-aWs13 ty the sttraztIon nethod, ezore-Zs:Lrg itz

r:- er 362Pi9 with all - wer of the H!~i~ay ere difference will be

3btain-ed equ-4 t zera,. oly wben th±e desired ward is revealei3 -Cons:!erir-g that

n=zhirne can perform, let us say, 10,U zubt-ractiorts p;r zeconi, we cm--e to coc~zusion

#,ha even If desired, word, vere A~t the er-d of the dictio.nAry, then v-ith a dictionaxy

:)e f A, t jsa-nd words, locating the word vo~ld take 0.1 sec.

H.-mever It i-gs possiblie tbus to trsnslate cnly siipwle words, whbich are in

initial frz and to revlzae all. DnglI sh, words by Russian words in the same order as

they were in the ZhglIsh text.. For coetent translation of real texts It Is

necessary to select one of t'he zary-possible =eanlngs of a xmultiple-m-eaning werd by

=ears of aralysis olf words surrounding it, to analyze Mnglish text fro= the Psoint

af view of Ehglish graa~ar, and competently to construct a Russian translation in
accodane wth Rssin gra=zPr. AilI this requires extraordinarily great preparatory

woric in, coc-ition of a. -suffice t zy accomplished prL a of machine wor.Porz

s1lczild be previouxsly introduced, t achnirne along with dictionary,. where the larg-.:

a_.aunt o3f rules and excentijons to the= requires -:ery great eapacity of memory units,
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san :1.-es ex:ee t.e disgy necessary for dicti mry storage.

At pre-Zent, wark on further Impro7ement of methods of machine translation Is

_. = icted by a large nuater of scl mt1flc collectives both In Soviet Unl!w -

well. as abroad. Results of this work will allovw, In the future, crossug fron

ex -rln.ts to practical application of autactic translation machines. - In the
fsrs; place this prdble will be solved for translation of scientific texts, in

wehih, flrst, the quantity of words Is limited, as a rule, to several thousand and,

] secoly, the constructicn of sentences considerably more exactly follows existing

rales al graZ ar.

Translation, of artistic literature is hampered -not only by considerably richer

dictio-ary, but also by the fact that in an artistic literature all kinds of

Dkicatic expressions are used more often. However, the main difficulty of

tr nslatng artistic tey-ts consists of the fact that sometimes even formally correct

translatlon turns out to be very far from meaning and spirit from original, because

translator of the artistic product must not only know the language well, but should

also !mow the life, culture, and customs of the people from whose language the

-ransaetion is taken. And, such requirement we, of course, cannot present to the

thhough translation experiments were carried out in ordinary universal

=sechines, subse-quently for translation there will be created specialized machines

with considerably more capacious memory unrts, with special sets of instructions,

and with fast-working input and output devices.

Principally solved, but requiring still greater practical development, are the

most interesting problems of direct lead-!n into the machine of p inted text (book,

newspaper, magazine),, so that in the input device there occurred automatic encoding

of letters by numbers. Still more complicated is the problem of direct encoding

of sounds of human speech. All of these are problems, which Qill be solved by joint

efforts of mathematicians, linguists, engineers, and physicists.

Reference-bibliographic machines. The continuously increasing flows of

scientific information in the form of books, articles, accounts, reports, and

patents more and more hamper their use in connection with the difficulties of

investigation and familiarization with corresponding materials. If a scientist in

the past centuries could become acquainted with practically all of the somewhat

soarse literature on an interesting question and this took away from him only an
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Insignificant ;part of this, working time, then at present such an abundance of

literatuire is pubilshed an all questions 'of science and technology that familiariza-

tion with. all this literat re evei -in some narrow field of knowledge becomes

back-breakihg for a man even when. he devotes all his- operating time to this.

Paradoxical situatlon appears when the actual abundance of scientific materials

on different branches of knowledge becomes an obstacle to the full value and deep

mastering of. these- branches. ,At the same time the cost of "efforts expended in

vain" in scientific research work, according to affirmations of certain authors, is

at present more than half of the full cost of these works, since often, in every

-concrete case, the problem on hand could have been solved by more effective methods

or even an already prepared .solution could have been had, if beforehand it had been

possible to examine all available literature concerning this question.

In- connection with the fact that the growth of the number of scientific

publications of statistical data occurs not in arithmetical or even in geometric

progressioni .but by power law, then occurs a further rapid "impariment" of the

possibil-ties of Access to these all-increasing masses of information.

The only apparent radical means of long-term solution of this question is the

creation of data processing computers, capable of accumulation and systematization

of large quantities of Information and issuing references during the approach from

without into the machine in a definite way of an encoded question. The work of

similar data p rocesslng'cgmputer of the future can be graphically shown in the

following way.

In memory unit of machine there are recorded (in defined sequence). systematized

I nformation on various questions. The number of scientific disciplines in the

machine and the width of its scope by material are determined, obviously, by logical

possibilities and, in the first place, the volume of its memory. Further, all

newly arriving scientific literature on questions which are in the sphere of

"competence" of the machine is sent to its input device. Here automatic reading of

text, its automatic translation into "native" language of machine, and encoding into

digital form takes place. After that the information enters machine and is compared

with that already recorded in its memory units. If it turns out that in the newly

arrived materials there is no new information as compared to that which is already

contained, then this material is not fixed in machine memory. New information is

systematized and is recorded in the form of supplements to information already
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available In machine.

Appeal to the machine can -be carried out -by -means of- guering it -by -dotined -

code, which corresponds to the discipline of knowledge which interests us or to

concrete object of information. Here the machine issues through its outlet organs

extensive information in the form of text on a, foru or in oral form regarding; the-

given question, illustrating it by drawings on television tube screen. For

production of information it is not oblifat6ri to be near 'the data processing

computer. Its subscribers can be connected with machine with the help of 'special

or telephone lines. ' Here for the subscriber there should be-a panel of a set of the

query code and a device for reproduction of information proceeding from machine. '

Future machines or complexes of machines of similar type can be called' informatoria,

telelibraries, or telearchives.

All technical problems connected with the creation of such machines are

solved in principle. Devices exist for automatic readout of texts, automatic- - -"

translation, recording storage, treatment, and Teproduction of information. 'However,

the practical realization of the idea of similar ihformatoria is still far from.

realization. Contemporary '(vices of automatic reading and translation are quite

imperfect, complicated, and expensive, and have a greater cognitive than practical

value. Theref6re, at first stage of' creation of data processing computers the

input of information into them will be, obviously, produced manually by operator.

However, the most important obstacle in. the creation of informatoria is the

present absence of sufficiently capacious operational memory units with flexible

address organization, adjusted for the execution of individual problems placed

before them. The fact is that existing units of operational memory have capacitance

on the order of tens of thousan-Is or, in the best case, hundreds of thousands of

words, whereas data processing cdmputers must have a memory volume measured by at

least tens and hundreds of mil-ions of words and more. Ideally the memory capacity

of such machines must considerably exceed the memory of man, which is estimated to

have a volume of billions and hundreds of billions of words.

Further, so that during information input the machine itself might classify it

by content, and during reproduction might detect required objects of information by

defined criteria, it is desirable and sometimes vitally necessary to have in the data

processing computers memory units with information search not by address, but by

content, which are called associative memory units. If the usual address system of
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informati e In. memory can'be likened to-a search for an addressee by street

nae, housenumber, and apaitment number, then associative system is similar to

S search f Oaddresste, by -his external criteria (sex, height, color of hair,, and so

" t: us- cobsider construction principles of simplest associative memory units or,

more exactly, memory units with search by content and by criteria. Let us assume

-thit in the-zmory there are .m. so-called fields, corresponding to m-objects of

informatio,. -lEach ,field contains n words, determining the criteria of these objects.

To detect a oqbject of information it is necessary to find the field in which a

deflnedquantity o,.criteria, in troduced in associative memory unit, coincides with

the driteria recorded in the field.

'Besides ,-efeence-intormational and bibliographic devices, a similar device

can beused--for instance, in diagnostic machines,, which must issue a diagnosis of

a disease .by the sum of criteria (symptoms), characterizing state of the organism.

Analogously, automatic determinants of chemical compounds, geological rocks, plants,

and so forth can work. :Such determinants by combination of separate criteria must

issue designation of object of information corresponding to these criteria.

Fin lly, problem of. detecting an object of information can be augmented by

issuing certain accompanying infori&atin. For instance, diagnostic machine, along

with diagn6sis, can issue reccmmendation-about therapy of the patient.

One of the variants of block diagram of

associati'e memory unit is shown in Fig. 43. The

criteria intended for searching out the object of

information are introduced into device of a set of

criteria, connected with fields corresponding to these

Fig. 43. Block diagram of criteria in associative memory unit. Upon coincidence
associative memory unit.
I - set of criteria del of the criteria recorded in certain field with the
2 - unit of associative
memory; 3-control devic..; assigned, the control device ensures entry into outlet
4 - address system; 5
, -t of accompanying device of the designation of the detected information
information; 6 - outletdevice n object. Simultaneously the control device switches on

address system of the unit of accompanying information,

which additional information issues to outlet device, characterizing the given

objedt.

Process of search for object of information in described device includes,

obviously the following operations.
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1. Comparison of introduced criteria with criteria, recorded in the fields of

information objects. Here the laiter must be kept, for -which it is.neeessary that

in associative memory unit there take place so-called noninterrupted information

readout.

2. Determining the object of information on the basis of coincidencepf

introduced criteria with criteria, recorded in field corresponding to this object.

3. Noninterrupted readout and outlet of designation of the manisfested object

and information accompanying it.

In already developed different variants of associative memory-units as the

information carrier punched cards, capacitor matrices, magnetic elements (cores,

transfluxors and biaxes), and cryogenic elements.. Further-development of

associative memory units of great capacity is one of the most important,prerequisites

of creating-new informational-logical machines of varied assignment.

Control of-national economy. The most important problem of cybernetics, -as

a science of control, is the development of optimum control methods and the

construction of control systems. Along with technical and biological control systems,

even greater role is played -by the use of methods of cybernetics in ccntrol processes

of planning the national economy of our country.

Basic directions of the use of cybernetics in People's economy are:. A - the

use of cybernetic methods in planning and economic calculations, and 2 the use

of cybernetic technology for collection and treatment of statistical data and otner

economic information.

By using exact mathematical methods of solving economic problems, it is

possible to reach optimum distribution of efforts and means in the different branches

of People's economy, and to obtain the maximum economic effect.

One of the ways of solving similar problems is the so-called method of linear

programming, bases of which were laid in 1939 by works of Soviet scientist of

L. 1. Kantorovich. Linear programming permits by .,athematical means finding tife

optimum value of a certain magnitude, which estimates the investigated process,

and which linearly depends on a large number of different factors.

Typical example of the use of methods of linear programming are transport

problems, connected with the planning of shipments, ensuring minimum transport

expenditures, problems on optimum lay-out of material (leather, sheet steel, fabrics),

problems on optimum distribution of the load of a machine-tool organization, and
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others. SolutLon of problems from field of linear programming requires the

fulff.1lment of-a. l e quantity of relatively simple but very' labor-consuming

calculations. Therefore, successful practical realization of these methods is

intimately connected with the wide use of contemporary high speed comptuters.

Great benefits. can brought and already are being brought by introduction of

the lateit computer technology in the sphere of calculation and statistics, in.

the organization of-material-technical supply, in credit-financial system, in the

:Sphere of tfade, in transport 'control, and so forth.

In conditions of socialist planned economics and centralized control of the

national economy exclusively favorable prospects are opened creating a single

state network of cybernetic and central computers, connected among themselves by

channels ensuring continuous circulation of fluxes of information from enterprises

to Council of.National Economy and planning bodies and control information from

the leading economy organs to the eterprises. Such use of cybernetic theory and

technology is a very-important factor in the improvement of organization and control

of national economy of the country, accelerating the tempo of our movement to

Communism.

"Playing" machines. One of the new divisions of mathematics, intimately

connected withcybernetics, is the so-called theory of games. Its founder is one

of the gieateSt mathematicians of contemporary time, J. Neumann.

Theory of games was developed on basis of studying such well-known games as

chess, checkers, card games, dominos, and'others. HoweVer it subsequently turned

out to be possible to spreaa its assumption to different situations in national

economy and military affairs, which are of a character close to a game.

In point of fact, theory of games constitutes a theory of planning the

behavior of sides, aimed at the achievement of an outlined result. Since the

theory of'games is used to determine optimum form of actions in certain situations,

then it canbe considered, to a known degree, a branch of'linear programming.

Not wishing to go further ito details of bases of he theory of games, we

will consider the simplest example of possibility of using cybernetic machines for

appraisal of a certain situation, for instance for the appraisal of a position

during a game of checkers or chess and for selecting one of the reasonable moves

corresponding to a given position.

This problem is not simple,. For instance, it is impossible to recognize the
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best move with which it is necessary to start a chess game, since it is i:mpossible

beforehand to foreseethe course of a game, depending not only .on -us,. but also on J
our opponent. However, in any situation it is possible to indicate certain

relatively good moves and at the same time a iumber of obviously bad moves, leading

to a loss of pieces or sharp impairment of their arrangement.

For an appraisal of a psi-tion in an automatic chess game numbrical appraisal

of the value of pieces and their location is applied, for instance, iby following

scale: king - QO, queen -- 9, rook - 5, bishop - 3, knight - 3,- pawn in normal

conditions - 1,, the remaining - 0.5, isolated - 0.4, doubled - 0.3, mobility -- 0.1

(under mobility we understand quantity of free fields for movement of the strongest

pieces). General-situation is estimated by the difference of total appraisals of

both sides., Good moves are considered to be those which ensure obtaining the

greatest positive difference of appraisals in favor of the player. During selection

of a move the machine sorts a great number of possible varlants-of its own moves and

answers of the opponent several moves Ahead. Practically, the machine now succeeds

during chess game in examining all possible variants by only on two or three moves

ahead, since with an increase of quantity of moves the quantity of possible

variants grows so rapidly that even with its high speed operation the machine,

'examining all possible varitnts, including those absolutely absurd from the point

of view of the chess player, arrives at the most -severe "time trouble."'

From the above said it is clear that by "seeing" in all two or three moves

ahead, the machine cannot master strategy of the chess game and, consequently,

"plays" with mediocrity, at the level of beginning chess player. Therefore, certain

information appearing in foreign press of an advertisingcharacter is incorrect

about the fad' 'that electronic computers even now defeat 'masters in chess. Certainly,

in the future, according to improvement of the methods of programming of the chess

game "qualifications" of machines-chess players will be increased.

Considerably more useful is the machine at end of chess game, when number of

pieces on bvard is small, and, thus, quantity of -possible variants is sharply

lowered. Machine solves rather well the two or three move problems.

Although at present machine chess game does not give serious positive results,

intense work on its programming continues and is attracting serious attentlon of

chess players and scientists. The fact is that the methods developed and checked

for game of checkers, chess, and other games, can also be used for many practical
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purposes, for instance, as the planning of idustrial processes and military

operations.

-Teaching machines. If we consider the teaching process from purely cybernetic

point-or view, then role- of the teacher can -be determned as control over process

of obtaining knowledge by the one taught. Here, as in any control process, a very

inportant condition of increasing its quality is the presence of feedback from

control object (student) to-controller (teacher.).

......In- secondary school this fdedback takes place by systematic interrogations

-and-checks of home assignments, as a result of which the teacher, although with

certain delay, obtains information (by far not exhausting) about mastery of the

sub'dect by the students. This enables the teacher to correct educational process,.

to-Tepeat poorly mastered-material, to cYmnge the tempo of presentation, to

.modify mthod of presentation of Yar bus subjects, etc.

In higher educational institutions, where educational process, especially in

.snior pourses, is based -primarily on lecture method, systematic feedback is absent

and the teacher will recognize the degree of mastery of material only by examination,

at the, end'.of the semester or educational year,-wheh some-corrections of the course

for given flow of students is already impossible. Regardless of the understanding

by the -teacher of this circumstance, he cannot set systematic feedback from tens,,

and often from hundreds of students- attending the lectures, and in the best case

he is limited by episodical conversations with few students, and in the worst case

in general, becomes aquainted with them only by examinations.

Meanwhile, successes in development of contemporary cybernetic technology

ensure a fundamental possibility of essential improvement of bilateral contact

between teacher and student by means of so-called teaching machines.. Here the role

of teacher not only is not lowered, but increases considerably, while center of

gravity of his work is transfered to the deep and tedious work in creation of

so-called textbooks and other educational-methodical materials, which would allow

the students subsequently to master new material, reinforcement of this material, and

a check of this knowledge in process of communication of the students with teaching

machines.

Creation of cybernetic teaching machines, which would satisfy all requirements

ol' the pedagogic process, is a very complicated problem, which at the contemporary

level of cybernetic technology is yet unsolved, especially if we consider the

-82-



I°

necessity of-mass manufacture of such machines. For this even greater work is

necessary in creation of corresponding logical circuits, input devices, directly

from a manuscript or printed text and from voice, identification of images,

development of very complicated programs, etc.

1Iowever, partial solution of automation problem of teaching can be reached

already by means of using relatively simple and cheap teaching machines designed to

check the readiness of students for fulfillment of laboratory worksp jreliminary

pre-examination check, self-control of students, and so forth.

As 'an -example let us consider one such machine, developed in the Moscow- power

institute and called "Ekzamenator.' With the help of this machine, the student

is assigned a number of questions, accompanied by several enumerated, mutually '

exclusive answers, from which only one is correct. Student must select correct

answer and press the button corresponding to its number. After an answer to all the

assigned questions, machine -(depending- upon relative quantity of correct answers)

gives the student his grade.

Information is stored in machine on frames of film, glued in a ring, which

contain several tens or even hundreds of separate frames. Part of the frame is

projected on small screen of the machine. On this part of frame question is

recorded and five answers to this question. In lower part of frame, not projected

on screen, there is a band separated into seven white or black parts, which are

rectangles. First five rectangles are designed for encoding the number of the

correct answer, and other two rectangles are for encoding time, given for consideration

of the answer (depending upon degree of complexity of question).

Block diagram of automaton "Ekzamenator" is shown in Fig. 44. Upon pressing

starting button [P] (fl), unit of random frame selection [BSVK] (WOB switches to a

certain, changing each time, time tape-driving mechanism. After frame stop its

code part is projected on set of photocells of answer number unit [BNO] (BHi) and

Lime delay [BVV] (BBB).

After considering the answer, student presses one of the-numbered buttons,

whereupon signal from it proceeds, first, to meter of number of answers [S00] (GOO),

and secondly, to coincidence circuit N, which establishes the correctness of the

of the answer, i.e., the conformity of number of the pressed button to the number

fixed by unit BNO. If answer is incorrect, then meter of incorrect answers

fSN'0J (CHO) also works.

483-.



; -

After the student

S-preses-each button, and also

upon expiration of considera-

tion time-BSV is automatically

switched-on and on the screen

a frame is projected with new-

question and answers. If

frame replacement occurs due

to a student delay, not having

pressed one button, then meter

S . .. SNO works,, Just as with af,

-incorrect answer..
'Fig. -44. Block diagram of automaton "Ezamenator.""

Upon completion of

answers-to assiged series of

questions, comparator [SU], (GY),works, which determines the general appraisal,

depending upon relationship of the number of -ncorrect answers and general number

of answers. Corresponding apprisal (in digital for) , is reproduced onhligt
tableau [ST] (CT) and can be simultaneously placed in student's examination book

by perforationz device [PU] (1)}, All automata, located in class of programmed

instruction, can be joined with special panel -of the teacher, on the tableau of which

grades are repeated which, the students received during their interrogation by the

machine.

Here we have considered one variant of a relatively simple teaching automaton,

performing control functions. During the last few years in higher educational

institutions, technical schools, and secondary schools of only our country there

have been developed hundreds of variants of teaching devices and machines of

different assigment and different degree of complexity.

If one were to additionally equip universal electronic digital computer with

special devices of input and with control panels,then it could ensure teaching and

control with a sufficiently complicated program of tens and even hundreds of

students.

16. Self-OrganizedSystems

ne of the essential deficiencies all the more widely used cyLernetic devices

at present is the fact that they can work successfully only by relatively rigid
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program, previously composed by a man. If, however, durin' the control of a certain-

process there appears a previously unforseen (by the program) situation, th .

similar cybernetic device cannot further successfuliy execute control function,

and either ceases the process, or allows it to be developed spontanedusly, or,

finally, continues the control, not considering this newly apparilng situation. All-

these cases can end irn the worst case, In an, accident, whIle in- -the best case :lhe

process is developed, by Aeans which are far from upI=;m.

Therefore, in recent years, very considerable attention has been allotted -to

development of machines, able to perceive and to classify iifoimation, ccing inzto

them from external medium, and "independentlyn to develop for themselves programs

of information proceo ing, estimating the efficiency of these programs by finil

results and memorizing the optimum programs for further use in similar situation-s.

Similar systems have been called self-organized systems. -The first, simplest

step of self-organization is so-called self-tuning. Self-tuning system, ii.

distinction from. ordinary systems, performing adjustment of some process by a

strictly defined law, are designed for the realizat on of more eomplicated processes

of control, requiring automatic self-change of the law o adjustment. Post

frequently the self--adjusting systems are .designed for automation of search for

extreme (maximum or minimum) values of a certain parateter of a controlled Process

(speed,pressure, temperature and so forthl Here each time, during change o f low ccni-

tions of the process, system again performs search, adjusting to new work, conditions.

At a higher level of organization are the taught systems,, a characteristic

peculiarity of which is presence of a memory, allowing them not only to detect, but -

also to memorize -the most profitable operating conditions corresponding to certain

sitations. With repeated appearance of the same situation, the taught .system,

already possessing the "'experience" of behavior, can immediately select this

profitable operating mode, already "memorized" by it..

In distinction from the self-adjusting systems, self-teaching systems often,

at the beginning of their work are absolutely incapable of performing the functions

of control. However,, there also exist such learning systems-,, into which have been

placed, during their constructlon, defined rules of behavior, but subsequently, in

the work process, it is as if they "complete their education" by investigating

controlled objects and processes and by producing perfected methods of control.

Finally, the highest degree of self-organization is characterized by systems
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tL-.._r he toes t.. tarricade with his forward contact. Then it turned to

t±e r!t :ej azI r4 the walls with its left contact, etc. Its r6:te

was fixed by a specil relay =-htry unit, and if it entered and emerged -from some

jarrid.:r, _eM L :1n It' there was no "6alt and during the repeated
_-.erl--nz e-tranee inl.to thi s corridor was blocked; prohibited.

Desc- be =ode! 15s created by Shannon as a prototype of the system offered

:y :iener tanzernLng acelerated copnections of subscribers of an automatic

:eleh--ne ex.c.%-rnGe, often speaking am onst themselves.

"Tor-toize " of 'l-*ter si=mla tes certain behavior traits of a living orgaism and

is a Jeuice on -:te wheels, located in a body, s !milar in form to an iron. V
.rtaise" is equipped wuidtka, sto-ae battery, two electric motors (one of which

-m-aras to it f-ard mtia- and the second rotation) and two attachmentsi. playing

Sra!e af "seitiv-e ed eptors. One of the receptors is a photocell,

reazzing to the light sourze, an! tie second Is an esecial y desined contact

. z-_ lo;ks dur ng eacqniter of the "ntortoise" with an obstacle or during its

em: along a steep scoe. In front of the "tortoise" there is a, control lamp,

~.hi tte '"on" szate -and &;t the same time play'. the role of a headlight.

Z-,eLng in .the dark the "tOrtoise," in search of light source,. moved along a

:moplicated tzaectory, l.-pezzin in an hour several tens of square meters of

.rfaae. Voon ew-coziter with obstacles it by passes large objects and removes from

iiC: ctztacles its route. It avoids =ovemen. along steep slopes and rises,

atteting to select horlzontal surface for movement. Upon appearance within the

!L-m;ts of OvisRb iity" of the "tortoise" of a light source, it moves to it; however,

if this sozuree is too bright then the "blinded" "tortoise" turns and starts a

zearch for another, =oderately bright source. Upon encountering -a mirror, "tortoise"

Aill recogize itself and move in front of the mirror in a complicated trajectory,

:Ir.t appraach:ing the mirror,, and then depating from it.

if ane were si-ilta.eously to release several "tortoises," then during a
"r mal appreach they would turn from each other and, missing each other, continue

...... n n Collisions of "tortoises," they react to one another as to the

.zua! obstacles. ThDring the appearance of light source all "tortoises" go to it in

~ "-rc " p .zhing one another. If one vere to illuminate a "cage" of a "tortoise,"

i.en it would enter it, where if its battery needed a charge, the "tortoize" would

.:mwt tiOif to c-ai'-,& currinrt source and rezain motionless until termination of
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the charge, after which it disconnects itself, turns off the light in the cage, and

departs anew-in its search.

later the device was even more complicated to simulate the formation in

living organism of the conditioned reflex, where as nonconditional stimulus light

was used, perceived by- a photocell, and as conditional accompanying stimulus sound

was used, perceived by a miciophone. The model acted in the following way. It

always began to move under the action of light; it moved, consequently, during

simultaneous influence of light and sound, and in no way reacted to sound alone.

However, if one -were to repeat let us say, ten experiments, simultaneously "showing"

the "tortoise" light and issuing a sound, then after -that the "tortoise" would

begin to mdve- under sound alone. But if then during a defined time or a defined

quantity of experiments we did not reinforce sound by light, then the formed

temporary-connection wold disappear, and "conditioned reflex" would be eliminated.

Given description of-"behavior" of the "tortoise" may cause an assumption of

exceptional complexity of its circuit. However, its circuit was very simple,

although this simplicity was attained as a result of long and persistent searches

for the most expedient solution of the problem.

Models similar to the "tortoise" are of interest for engineers who Work in

field-of Automation, both as prototype of machines, adjusting to surrounding

situation, as wel-l as for physiologists as a means of studying certain behavior

processes of living organisms by methods of simulation. True, the described models

are very primitive and are far from reproducing entire complexity of the processes

of a living organism. However, subsequently considerably more complicated models

were created, more closely reproducing true physiological processes.

Perceptrons. One of the most interesting self-organized systems is

self-organized identifying device, developed in Cornel laboratory (the United States)

and called the perceptron "Mark I."

In general, perceptrons (from the work perception).are a class of automata,

designed for the perception and identification of visual, aural, .nd other forms.

Of essential interest also are perceptron which can identify objects, inaccessible

to direct perception of man, such as sources of infrared radiation, radio frequency

and ultrasonic oscillations. Application of perceptrons helps the essential

simplification of information introduction directly into machines in the form of

images, texts, vocal commands, and so forth.
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The simplest method of identifying certain images,, for instance, letters and

figures, can be brought to a simple comparison of them with samples using, let us

say, previously prepared patterns. In improved. identifying devices different methods

are used of image scanning, similar to television, as a result of which coded

signals are obtained in a definite way which can be compared with standard codes.

Still more flexible are -the taught -self-organized systems, which -in principie

can be taught to identify any situations and objects. As an example of a similar

system we will consider perceptron "Mark-I."

In Fig. 46, in an extremely

simplified form, model is. shown

of perception with three perceiving

photocells, eight assoclating, and

one executive cell.

During illumination of the

photocell, at one of its outlets

there appears a positive,, and on

another, a negative signal. These

outlets are randomly, in a- disorderly

manner, joined with associating

cells, which work in, the followL=,g

way.. If the algobraic sum of

Fig. 46. Diagram explaining working principle signals, proceeding to a certain
of perceptron. 0 - photocell; A - associating
cells; M - executive cell., associating cell, is a positi-ve and

exceeds a certain threshold magnitude, then the cell issues a signal to the executive

cell. if total value of the signals proceeding-to executive cell exceeds the preset

threshold value, then it operates in turn.

Since assembly of the perceptron circuit is carr.Led out by random law, tiri

during the showing of a certain image the executive cell -can either operate or

not operate. The operator involved in the instruction of perceptron randomly changes

the characteristic parameters of associating cells until the perceptron begins (in

the desired way)-to react to a showing to it of a recognized form. Thus is

perceptron circuit arranged, calculated for identification of several objects. It

has a general field of photocells, a general network of associating cells, an4

separate (corresponding to each recognized object) executive cells. After a certain
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Deriod -of instruction the perceptron subsequently can "independently" recognize

objects about which it- was Instructed.

I7. Bionical Ways of Development of Cybernetic Technology

For the last twenty years the developments of cybernetic technology have

reached huge successes in the development, design, and production of cybernetic

machines of the most'highly varied assignment. If the first modesl of machines

were characterized by high speed operation on the order of tens of simple operations

per second-and capacity of operational memory on the order of tens of words, then

at present has been mastered the mass production of machines working with a speed

on the order of tens and hundreds of thousands of operations per second and having

a memory capacity on the order of thousands and tens of thousands of words. Unique

machines have been created which -execute missions of operations per second with an

operational memory capacity of hundreds of thousands of words.

However, 'by many indices cybernetic machines continue to lag far behind the

human brain, a number of functions of which they are called upon to simulate. One

of the most important deficiencies of these machines, as was already noted above,

is the relative rigidity of their program and absolutely insufficient practical

results, which have been attained up t6 now, in field of creating actually useful

and workable self -organized devices. Although fulfillment speed by man of formal-

logical operations is considerably lower than in the machines, this is essentially

compensated in man by his capabilities for the finest analysis and synthesis of

phenomena, and, inherent to nervous system, much more effective methods of

information processing.

Another important advantage of living organisms is in their incomparably better

organs and perception mechanisms of external information. Inspite of certain

successes reached in the construction of quasivisual and quasiaural perceptrons, the

latter still are very far from visual and aural analyzers not only of man but also

of living organisms in general.

Further, the undisputable advantage of living organisms as compared to

technical cybernetic devices is their considerably higher reliability. If we compare

separately taken technical and biological elements intended for data processing

(for instance, electron relay or ferrite cores and nerve cells - neurons),, then the

first possess considerably high reliability. However, multicomponent technical

systems turn out to be, as a rule, considerably less reliable than control system of

-90-



living organisms, which-contain quantity of elements several orders greater.-

Living organisms are an example of highly-reliable systems, composed from

relatively unreliable elements.

This is attained by special structure of nervous networks and-considerabl,

possibilities of redundancy, caused by an excess of their organization and the use

of excess information encoding.

Finally, biological control systems are many times smaller in dimensiorns and more

economical than technological devices.

All these very thin adn perfect mechanisms offpercepti6n, storage, and

information processing, as well as the remarkable processes of metabolism and

energy conversion were produced in living organisms as a result of many millions of

years of evolutionary development and natural breeding. The study of these

mechanisms for the purpose of using kiowledge about them during the development and

construction of various technical devices is the content of a new discipline in

science - bionics. Thus, bionics can be defined as the science of creating artificial

systems, the structure, functions, and characteristics of'which are borrowed from

biological -organisitS

Elementary structural unit of the nervous system of living organisms is nerve

cell or neuron. Total amount of neurons in living organisms of the highest

animals is determined by a number on the order of 109iOIo . In simplified treatment

the neuron is likened often to a two-position relay, which can- be in one odf two

states, actuated or braked. However, it is incorrect to imagine the matter in such

a way that it is sufficient to create a cybernetic device with a quantity of relays

of the same order as the quantity of neurons in an organism, so that this device

might be compared by its capabilities and characteristics with living organisms.

The remarkable specific characteristics of nervous systems and processes in

living organisms are determined not only and not so much by the quantity offneurons,

as by how much more immeasurably great are possibilities of the neuron as compared

to a relay, which is caused by its most complicated and finert organization. This

explains the great attention which in bionics is allotted to- questions of studying

both the mathematical and technical simulation offneurons as prototypes of basic

structural elements of cybernetic machines of the -future.

In accordance with data of neuro-physiology, the simplest model of a neuron

(Flug 47) must reproduce its following peculiarities:
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i. Diagram of the model must have a

set (n) of entrances, to which there can in

Ar different time sequence proceed signals p,,

2. These signals influence the,,-body of

the neuron through synaptic contacts, where

the degree of Influence of signals on state of

Fig. 'q. Schematic m6del of heurm. the neuron is unequal and is characterized by

so-called weight of entrance or synaptic number Si, S2 , ... , Sn-

3. In synaptic contacts delay occurs of the signal for a certain time r.

4. Influence on neuron body of certain i-th entrance is quantitatively

characterized byr product piSi .

5. Resultant influence on the neuron is deterikined by the sum of influences

from all n entrances (summation in space) and previous-history, i.e., -preceding

Influences, cons! de.,ing their damping by exponential law With certain time constant

(lummation in time).

i -6. Mbdel of neuron must operate (be excited) only when total influence on it

exceeds~.a certain threshold Value K.
7. During operation, on branched outlets of the neur-n there must appear p__se

P with certain standard amplitude and, duration.

At present there has been built a huge quantity of various models of neurons

on electromechanical relays and tubes, transistors and tunnel diodes, ferrite cores

and fili',s and so forth . All of them, while more or less primitively reproducing

the characteristics of natural neurons, which are the most complicated systems,

capable of accumulating the greatest volumes of information and fulfilling sufficiently

complicated logical functions.

Further problems of .bionics are the discovery of mechanisms of exceptionally

noise-immune information enconding in living organisms, simulating by technical

means the memory and analyzers of living organisms, construction of highly reliable

data processing systems on the basis of studying methods by which reliability is

attained in living organisms, and so forth.
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