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Basic ldeas of cybernetics are popularly expounded as a sci-
ence of general principles of .control. Primary attention is
allotted to technical cybernetics, in which questions are con-
sidered of control of technical processes and création of artifi-
cial controlling systems, consisting of devices for perception,
transmission, storage, and processing of information. Elementary

. Information from information theory, is given as well as that of

automatic adjustment and electronic computers, Possibilities are
considered of fulfillment by the latter of different logical
functions. Considerable quantity cf practical applications of
cybernetic technology is described both in field of automation of
control, calculation and planning, as well as in fleld of simula-
tion of physiological processes in. 1living organisms. In second
publication materials are represented more widely regarding
informational-logical machines, information converters, self-.

organized systems, .and bionical methods of improving cybernetic
technology.

The book was written for radio amateurs and for wide circles
of persons, familiar with radio electronics and interested in
the questions of cybernetics., For mastering the material of the
book general preparation in a secondary school is fully sufficient..
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INTRODUCTION ~

Our generatiorn is the witness of rapid development of science and ‘technology.

The toldest 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 enginss to motors working on atomic energy; it has mastered super-

conic speeds of flighf, attaining several thousand kilometers per hour. Pepple 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 earcth satellites began the attack of outer space of the universe, The greatest

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

day flights of Soviet astronauts in satellite vehicles in clircumterrestrial orbit, J

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 knowiedge and subordination of

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

; Junctions, Theirvconstruction always antlcipated a more or less complicated control,
performed 1y man, which would estimate external situation and external conditions,

g watch the movement of this or that process, and correspondingly control machines,
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movenent of “‘ransport, etc. The region of mental activity, phychics, the Sphliere of
logical fnnctidns of the human brain seemed until recently an absolutely inac=essille
nechanization.

In sketcning pictures of 1life of a future society, the authors of fantastic
stories and narratives often presented life in a manner that all men's work would
12 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-
iions.,

However, coniemporary level of development of radio elec‘i;ron:lcs permits the

g o

scientists and engineers to place and to solvg problems of creating new devices,
which would free man from the need of watching industrial process and controlling
it, l.e., 1t would replace the operator and the dispatcher, New class of machines
has appeared — control aachines — whith can execute the most varied and often very
zomplicated control problems of industrial processes, movement of transport, control
ships, to pilot aircraft, etc., The creation of coptrqi machines permits crossin:

Trom automation of separate machlixs and units to overall automation of conveyers,

P

workshops, and entire plants, )

The theory of different control systems or more exactiy, the general mathc-
matical thecry of control in-the widest sense of the work, formed in the last decanc
in a new, Independent scientific direction, has obtained the name c&bernétics. The
work of cybernetics comes from the Greek word "cybernetes®™ which sigﬁifies "steer-
ing," or "pilot." ‘

At the end of last century and mainly in first half of present century, Ly
afforts of numerous domestic and foreign scientists base was prepared for the creé-
tion of strict mathematical theory of general principles of automatic adjustment :
and control, Worthy contribution to it was introduced by such great Russian aud
Soviet scientists as XI. A. Vyshnegradskiy, A. M. Lyapunov, A. A, Markov,
V. 5. Kulebakin, A. N. Kolmogorov, A. A. Andronov, V. A..Kotel'nikov and others., ru
important role in the creation of general control theory in living organisms wa.:
playea ty the teaching of reflexes, well-developed by the Russian physi<l-orists
I. M. Sechenov and I. P. Pavlov and their followers.

In Its contemporary form, cybernetics as a new sclentific direction was shaps.s

by great American scientist-mathematician, professor of Massachutts Institute f

fechnology, Nerbert Wiener (1894-19¢4), known by his works in field of analysic,
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CEAPTER I
EASIC IDEAS OF TECENICAL CYBERRETICS

1. General Control Principles

As was said in the intrcduction, characteristic trait of cybernetics: 18 the
Jaint ztudy of comtrol processes in technical devices and in living organisms. Wwhat
sives as the right o compare control processes in systems differing so qualitatively

from cach Oother?

Control circuit

Control signals *]
Instruction | ) Controlle
Leader i ob J ect

Inforration signals

Feedback circuit

Fig. ¥. Block diagram of nonautomatic object control.

o

n: drder to estatlish presence of analogies allowing us to do this, let us

-:nziler several general slock diagrams of control, pertaining to different systems.

1

:. Tig. 1 giagram is represented of nonautomatic control of some form of object
i=2ckine, conveyer, workshop, plant, transport unit and so forth), dons by man
{.porator, machinist, dispatcher chief), subsequently named the leader.

influence of the leader on controlled objJect can take place by mechanical means,
:iihr the help of levers or flexible connecting rods of hydraulic or pneumatic drive;
‘lentrical means; a change of currents and voltages brought in or a change of
frequoney of asternating currents, the seri:s of electrical puises, and so forth;

»itn ihe nelp of oral orders, by itelephone or by any other communication channel, if




. -

the controlled object, such as, for 1nstance; a workshop, conveyer, or plant, has
exeqptéri:uhich control the units 1n>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 personaily,
with the ﬁelpAof 1ns§guqent§ or through executors periodically or continuously con-
trol Fhe acfual.state of the 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 exsmples of nonautomatic controt,

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'assuie that the assigned speed of electric motor is equal to 1,500 rpm.
According to log book data, sucq;rotation speed is obtained at defined values of
feed voltage and current in excitation winding.

However, by virtue of 'a number of ciréumstances 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 correspdnd to the assigned. This speed must (e

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

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 instructidns and practical experience, makes a decision to change corresponding
(with the help of rheostat) magnitude of excitation current, If, as a result of thi..
speed of electric motor exceeds the assigned, then by a change of excitation current
in opposite direction, it 1is 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 1issues order to exécutors subordinated to it, obtaining from them
in turn by feedback channels, information about situations in workships, supply of

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

-6-




autained, dispatcher makes certain decisions and issues orders (control signals).
In the case of such indirect control over industrial process — through formen of
z 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 ﬁﬁe

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

tives in the general instructions of the leader.

In Fig. 2 diagram 1is represented of

Contrel . circuit
l Yortro: sigrals

automatic object control. Diagram as we can

b et e e, s

Pro v | - .
— Regilotor b;‘::u" see, does not differ externally from the
T - l_; Sigrals of informetion ) preceding; however, controli proceés is carried
Peedtack ciruit
out in this case without participation of
man, From controlled object, by means of
rig. 2. Block dlagram of automatic .
control. (not shown on diagram) measuring instruments

and converters, information about state of the controlled object along the feedback
circuit enters the regulator. Here 1t is processed, and the regulator (in accordf
ance with obtained data and assigned program) produces control signals, proceed-
tng 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 regulatvor, invented by Watt in 1784 (Fig. 3). System works
in the following way. With the axis of
b machine O,, using gears 1[I, and I, axis of

regulator O2 is connected; coupling M of which,

thanks to elasticity of spinning N, working

Stean '|
ensir.

on compression with motionless machine is in

the lowest position. With an increase of

Fig, 3. Diagram of centrifugal re-

rotation speed of the machine, loads I'p, under
;ulator of a steam engine.

action of centrifugal force, depart from axis
0:, compressing spring II and lifting coupling M. Here levers P1 and P2 shift,
»d tlap 3 decreases arrival of steam in cylinders of the machine, which lowers its

rpr., Considered system completely corresponds to general diagram of automatic

e

" e P




coni rol,(Fig. 2)s where the coentrolled object ‘here is a steam engine; feedback
circuilt, del*VEring Information. to regulator sbout rotation speed of steam engine,
ceonsists of system or axes 01 and 02, gears “1 and’ m2 and control circuit is
forned by levers P and. P2.

. Thgs,,,pmgunicatign channels in the considered system have a purely mechanical
struéture. ﬂ
Programyoﬁ adjustment (assigned rotation speed of machine and limits of its

deviation) depends on construction of the regulator itself, mass of loads T'p and

" and elasticity .of épring I, as well as on characteristic of control and feegback

sircults, 1l.e., relationshlip of lever arms, transmission ratios of geared engagement,
etc.- Regulator in this system, replacing man, executes simplest logical function,
uhich'cah bé expressed in the following form: "if speed of machine is great, then

it is necessary to decréase admission of vapor; if spesid is low, then admission of

_vapor mist be to increased.”

In more c¢omplicated contemporary systems of automatic adjusument, when the
contro;léd object includes several units or regulation occurs not ty one parameter,
but by several (for instance, speed, temperature, pressure,.and,eg,forthg, a
communication channels (as a rule) electrical .circuits are used, buit as the most
accomplished regulators, able to perform sufficiently complicated and varied lopical
functions, electronic computers are used (seé 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 orgarism 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 irfitations 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 carried out has obtained in physiology the name reflex arc. Rlock

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

train), executing the function of a regulator, with. organs of the living organism

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

organ; these perceive irritation of the ends of sensitive nerves, II one were to use

i1, P, Paviov. Full collection of compositions, Vol. 1II, book 2, Acadeiny of
Scdences of USSR, 1961, p. 323.
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technlcal terminology, then receptors execute
the role of measuring instruments or data
units. By location the receptors are

divided into external (exteroreceptor),

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

Fig. 4. Block diagram. of reflector internal (interoreceptor), located in internal

arc in a living organism.

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 réports to it information about the
influence of stiiulant on an organ. In central nervous system processing of obtained g
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

%¥ig. 5. Diagram of reflex
arc of a knee reflex. 1 -
centripetal or sensitive
(afferent) nerves; 2 —
spinal cord; 3 — centrif-
ugal or motor (efferent)
nerves,

transmission of information,

the knee cap (Fig. 5). In more complicated casés,
during conditional reflexes, the arc locks through time
connections forméd'ip the cortex of large hemisphéres
of_tne brain., From central nervous system,Aproéess:of
excitation along communication channels -- the mctor:
nerves —-épréads to the working organs — muscles and

glands, causing thelr activity.

by us of control (Figs. 1, 2 and 4), pertainihg to
nonautomatic control, automatic control in techniégl
device, and control in living organlsms, we arrive at

a conclusion concerning. essential structural similarity

of these diagrams and about the conformity of relations

organs, vessels and muscles. To the action

By comparing now three block diagrams considered

-

between analogous elements in the different systems,

First of all, all considered control ¢ircuits

are characterized by the presence of a closed cycle,

closed link chain of signal transmission, that is,

On the one hand, from regulator to cwntrolled object

along control circuits information proceeds in the form of control signals; on the §

other hand, from objeet to regulator the transmission circuit is lockid by feedback
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'§1gnnls[icaffy1ng 1nrormationzaboﬁ§ the actual state of controlled object. Under

‘communication chhnnels, transmitting infgrma%;on, we should understand any system

which 1§ able.to carry out such trﬁnSmission° mechanical, pneumatic, electrical and

other channels in technical devices and nervous communications in living organisms.
Role of the leader in nonautomatic control systems consists of processing the

1ﬁfor§ation obtained about state of the cqntrolled—object, comprehension of this

information, an&{production‘of the best, most expedient decisions on object control.

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

which oh"ihq,basis;ér obtained information, will make the corresponding "decision."1
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

‘neceé§gfy to render on. the controlled object -a certain influence). Role of the

regulator belongs to organs of centrai. nervous systems in 1living organisms.
Consideration of above mentioned control clrcuits permits making the conclusion
that cybernétiés as a mathematical science régardigg control in the widest sense of
the word should include the following main divisions.
;;1AThgoiy o6f systems of automatic adjustment, whefe basic attention .of
cyberfietics is allotted to role of feedbacks both in technical devices and in living
‘organisms,

2. Information theory, considering gquestions of information transmi'ssion along

- various. communication channelé, 1nc1uding‘¢ﬁe nervous system of living organisms,

_and processing the informatici. in régulators, including in the organs of the central

nervéus systém of living organisms.

3. Theory of regulators from the pcint of view of their ability to perform
defined logical functions. Pfactically, 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, Thers-
fore, in cybernetics fheory is considered of these machines and, in the first place,
theory of their fulfillment of logical processes, similar to the processes of human

thinking.

~ lHere and subsequently everywhere it is necessary to remember that the use of
similar anthropomorphous (man«like\ terminology with respect to machines is purely
conditional, and serves for simpliiication of the account, Actually, of course
machines do hot "make decisions," do not "think," and do. hot possess a memory in
the -general concept of the word.
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In cybernetics, belonging to class of exact sciences, the most important roleE
is played by mathematical.methods of investigation. Especially important for
cybernetiés are such divisions of mathematics as the probability theory, mathematical
statistics. theory of random processes, mathematical logic, theory of algorithms,
set theory, theory of functions, theory of games and investigatfon of operatioﬁs.

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 glven about fcrms of automatic devices, according to the

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

2. Automatic Devices

For practical realizationof an automatic control system by some sort‘of process,
certain complex of automatic devices is necessary. Depending upon concrete ¥equire-
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 aﬁtomgtic

-adjustment,

Classification of JAutomatic monitoring is a
automatic devices ’

field of technology, tco which

pertain means and methods designed -

e - R L - o e i s s o X s K3 |

\ for automatic observation of the
revices of § Devices of Devices of |- Devices of ) '
satomatic  .|.).  eutomatic automatic | atomarse”  f, -state of units and movement of an
ronitoring protection | contro} ad justment E
- - 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 thc‘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

-11-




breeﬁaouns,"uhich can appear in any units due to exceeding the permissible values of
currents, voltages;,pressnres, shifts, and so- forth. Especlally wide propagation
has°been enJoyed by deviees of relay protection in power systems, At present,

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

Devices of gutomatic 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., - .

Autoqetic eontrol is carried out especially successfully during the use of
eleétrical drive. Here problem is considerably facilitated of smooth speed adjust-
ment service of corresponding mechanlsms is simplified, and possibility of remote
control at great distances 1§ ensured.,

Automatic adﬁustment 1s that fleld of automation to which pertain methods and
means, -ensuring support for a certain time with an .assigned accuracy of defined
constant parameters of.the adjustable process. In a number of cases the parameters
characténizihg piocess movement -must be automatically changed in time by certain

previously assigned'iEW, or depending upon flow conditions of the actual process.,

. ) 3. Automatic AdJustment

Let us return once :again to the block diagram of automatic control, depicted in
Pig 2, In any control sytem there exist sé-cailed assigning and perturbing
influences. Assigning are useful influences,.ensuring the assigned operating con-
ditionsvofﬂthe system, Perturbing are undesirable influences which are the con-
sequence  of a ehange»of external conditions (temperature, pressure and so forth),
load, and several other factors, which often cannot be anticipated beforehand: they
are tne cause of disturbance of the necessary functional connection between coneroll-
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 conkrol 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

-12.
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stabilizing adjustment. Stabilizing systems have found wide application in

supporting the constancy of speed, pressd}e,’temperature, voltage, magnitude of
carrent, and sc forth. In radiotechnical practice, for instance, such stabilizing
devices are widely applied as different stabilizers of current and supbly voltage,
automatic gain control in recelvers, (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 durihé
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 wldely used for remote control of different
otjects, when, for instance, a turn of a handle at certaln 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 of the pointer of a measuring in-
strument. Such follow-up systems, in which input and outpit ‘magnitudes #fe mechanical
shifts, are sometimes called servomechanisms., Examples of application of follow-up
systems in radiotechnical practice are devices of automatic control of recelvers,
radar tracking systems of aircraft, and others.

Program adjustment iIs 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?é necessity of
correcting control signals in accordance with the program andJLUﬂxinformation about
the actual state of the object. ‘i

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
vhe system remains cconstant, and output signals of each link constitute continuous
functions of influences and time,

In discrete or invermittent systems of automatic adjustment, continmous change

-13-
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of:ddﬂustéble paremete; coerespdnds to 1nte;mittent change ef sighale, at least
ie‘one;ot the sectlions of theesystem. Discrete systems in turn can be divided into
,relay'pnd’pu;se:types., ! ‘

The'felhy:is such a system, one of basic sections of which is an element of
relay action (relay), ensuring intermittent change of the output magnitude during
continuous changes -of the 1nput -when the 1atter'passes through certain fixed values,
called threshold

A8 a simple examp‘e ve will consider relay system of automatic adjustment of

temperature, depicted in Fig. 7a. Such:a systém is applied, for instance, in
of generhted*ftequeﬂcy,=very‘impértenttis the constancy of temperature of components

by heap}ng 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‘uhich piat;hum‘electrodeg:ere soldered. Upon switching on the feed to. grid of
tube I, through resistor R poéitive voltage is sen’, ae a reéult of which in- anode
- eircult. of the .tube great current is established, flowing through the winding of
rela; P. Reiay armature is attracted and locks the circuit of heating element,
When temperature in the thermostat ~eaches a certaiﬂ given value, mercury in thermo-
. and 1is potential oL grid becomee equal to zero, Plate current -here is considerably
decreased, refay 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.

[

. Fig. 7. Devices of automatic adjustment, a) reléy
! ’ 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

~14-

thermostats .of masteerscillgtgrs of radio transmitters, where to ensure the constancy

e s

ané thefstébillzihg guarti;platé. -Constant temperature in the thermostat is supported

regulabor reaches the upper elec trode, .grid of tube locks through mercury with cathode,
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3 off, where in the process of work it will be in a continuous oscillatory mode.
Regulators of similar kind, in which there i1s a two-position relay element are
called vibration elements.

Similarly, automatic control of speeds of electric motors is 6:ten,pe;fo;-ed, ’
The circuit for this can be built in such a way that the centrifugal reg,ulgator;.~ -
mounted on axis of electric motor, upon exceeding the assigned number of t;ins locks :
the contact, shunting additional resistor, switched cbnggcutively 1nto'c1rcnit of .
excitation winding. With this current is increased, 2rd, corresponding go 1s the
magnetlie flux of excitation, which leads to deceleration and, consequently, the

e ke

3 shunting contact will be opened. Speed increases again, comtact locks, etc. Thus,
under action of ;ibiatioh regulator continuous oscillation of electric motor speed
near a certaln assigned va’ue occurs.

Pulse system of automatic adjustment is that system in which the-nagnitu@e
at output of one of its elements constitutes a sequence of pulses. Amplitude,
duration, or frequency -of following of these pulses are the function of the magnitude

Y

on element input in separate moments of time.

As an example let us consider pulse element with so-celled “incident arc"
~ (Fig. 7pb). Element consists of incident arc 1, ‘which cyclically shifts upwards and
downwards with the help of drive 2, rotating with certain assigned angular velocity
@. Under the arc there is contact 3, connected with pointer of measpring 1nstrdment,
5. During shift of arc downwards, contact 3 is ccnnected with,potentiameter 4,
where it locks output circuit 6. Magnitude and poiarity of voltaée at output of
element QBHX depend on position of contact 3 with respect to point O at the moment

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-

o mpy, 4

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

vy

potentiometer is .constant and does not depend on position of contact. Thus, duration
of voltage pulses, taken from potentiometer tc the .output, is also constant, and

. amplitude anc polarity of each of these pulsés 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
zequence of pulses, more often different electronic circults are being used.
Considered simplést examples pertain tc systems in which stabilizing adjustment o

is arried out by one parameter (temperature, speed of rotation).

-15-
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systems of zutomaiic adjustment, possessing rigid chafacteristics,
soxetizes work worse than nonsutomztic systems with the participation of a hhm?q
operator, wWho can, upon nscessity, by adjusting the flow of adjustable process,
changa the nsthods of control. )

The successes ztiained in develonzent of electronic cybernetic tezhnology,
nave zllowsd creating so-called self-adjusting systems of automatic adjustment. In
gistinction from= ordinary systems, where automatic control is performed by a
strictly definsd law, Iin self-adjusting systems automatic change of adjustment law
takes place, I most casas this automatic change of law has as its purpose a

guzrantes of eztreme (mzrximu=m or miniru=) values of certain parameters of the ad-

-

Juszaple process.

2, Irnforration Theory

Troz that presented szrlier, it fellows that in the process of automatic control
ihere occurs a2 transwission of different signals (informzatiocn) along communicaticn

channals as well as processing of this information in regulators. Therefore, one

of the most ixportent divisioms of cyternetics is the so-called information theory,
whichn, in techniczl vndersianding, can be definsé as transmision theory of infor-

mn2tion 2long coc—unication channels,

Ler us consider diagram of information transmission along communication channel

showa in Pig. 9. Infor—ation produced by the source and subject to transmission
. . (human speech, music, text of a
- loomamizaciie sipevel

[}« Toomastoe

Secizient o]

telegram, an image and so forth)

s == =forzaticn rmust be preliminarily turned into
ieziemeten Stealf oores of )Stoa) any  Ixformaticn an electrical signal which is con-

b2 Srtertferorce
.. L= i3 venient for transmission along the

line. This conversion occurs in the
transmitter, to which we will refer

=icrophone, telegraph key, a2 transmitting television tube and other converters

h
b
S

i

ot

[
5
=

nto electrical signals, and also the necessary high frequency

0

~seiliators, modulatiun devices, amplifiers, and so forth. From the transmitter the
siznzl enterc line (wire, cable, radio link) and spreads along it to the receiver,
in which lhere >ccurs inverse transformation of the signal into information delivered

“rznsmitter, line, and receiver form the communication channel.

25 trancmission along communication channel atsorption and distcortion cf signal
-17-
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,Qcéut;;gpg; furthermore,. sources of interferences mix interferenves with signal which

in ‘the ‘eénd=also hinder .correct. reproduction of information on the receiving end.

N

Basic Sroblems.-which stand before the information theory are first, the question

;gb6§E£§ﬁ§2§é§t;gr§6&c€1Vé use of the channel, i.e., how to transmit the greatest

quagpitjig?:ipfbrhation'along channel, and, secondly, question about reliability
of gcqﬁﬁﬁiégp;éh,!fge., the -ability of the communication system to deliver informa-
tion&to~r§§ip§§§t with minimum losses and.distortions.
‘ Lé@iuslfir§t consider the question about efficiency of using the communica;ion
channel. Role of communication chamnnel consists of transporting informaticn from
souréénfo':eéipient. Therefore, from the point of view of transmission technology,
it is n@ées$a@y 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 intére§%ed in ali charaétgristics of the load. Thus, 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.

Suc» signal properties are obviously its magnitude or intensity, and the
frequency band occupied by the signal, since these parameters determine the corres-
vonding requirsments for the communication channel., Ancther important characteristic
is the signal duration, detérmining holding time of the channel., At the same time
the meaning of the information contained in the given signal plays no roie from the
point of view of transmission technology. Transmission of the information "terminal
stage of powerful amplifier broke down" or "on Monday meet the twentieth train, rail-
road car 11" requires identical time and identical expenditures of electrical enersy,
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 poinf 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 the

carrier of information are not determined by its absolute magnitude,

signal as a
but by going beyond the level of the signal above level of interferences, then ac a
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standard of signal intensity we select the relation of signal power Pe to power
acting in interference channel Pn. Here, to obtaln a more convenient mathémgtigé}
relationship we take not the absolute value of this relation, but 1t5»1ogar}%hm;
Thus, magnitude of signal excess over Interference, or relative average }evei49f1

signal over interference,

Pl
lltiklii’a

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

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

-F -!-ou-',-u- . * *«

Finally, signal is characterized by duration T, equal to difference bétween
cessation time (end) of signal tK and time of its beginning t :
H

1'- '-'—‘..

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 3
segments paraliel to three mutually perpendicular axes of coordinates: axis of
relative levels h, axis of frequencies f, and axis of time t, then it is possible 1
geometrically to imagine the signal in the form of the volume of a parallelepiped %
with ribs {, F and T, constituting the dimensions of the signal (Fig. 10). Product K
V = HFT will be called volume of the signal, .

N By analogous parameters we can characterize the :

communication channel, Let us designate by q{ the

/}----»- permissible range of changes of power in the channel,

and by Fk the spectrum width of frequencies, passed

H

%

£

:

$

H
! by the channel, and by TK the busy period of the f
* faunfacncena | . J
_ -:/’ i;aé channel, Then properties o the channel on the whole é '§

can be characterized by product Vk = HkaTx’ which will

[
I

;éﬁéatgén g?o?ﬁzrégggzgre" be called capacity of the channel.

1This expression for H is convenient to use when the signal considerably exceed:
the interferences., More exact is the expression

= l+u'
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§oﬁthat channel ensured transmission of a given signal, it is necessary to

bbééfvg_gdngition Y& 2 o2 i.e., so that signal volume fit in channel capacity.

© Capatity-of :.effective communication channels is usually greater than volume of

,sigﬁaigftiéﬁsﬁit§g4}aicﬁé'it, and to increase efficiency of channel use it is
=ne§é§§é§§%dif‘éﬁﬁljihg corresponding signal conversion methods, to seek as large as
'§§$éi?i?*éﬁ”aﬁiiéximafiqn to equality V, = V.. Transmission of signals in communica-
tﬁﬁﬁﬁsféféﬁ‘igrhoﬁ an énd in itself., In the end we are interasted not in transmission

gr’éigﬁalé, but in transmission of information; signals are only convenient for the

. §f§§$m£é$ion by form, into which information will be converted, Therefore,

problém of effective use of a communication channel also requir-:s maximum filling
of signal volume by transmitted information or reports.

However; if we relatively lightly dealt with measurement of signal volume and
channel capacity, then the measurement of guantity of reports or amount of informa-

~ tion i§ a more difficult problem, especially considering the qualitative uniqueness
of different reports (literal text, sgeech, music, image) and the necessity of
tfinding 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 seiection from
two equiprobatle 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 information. Quantity of informationrobtained 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 longrr
can predict 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 letters
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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
tictets. For this it is necessary to reduce the process of detecting a defined
ticket to a series of single selections from two equiprobable possibilities. Tnis
is possaible 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 5rbupAyhéré
the desired ticket is absent, will be placed aslde, and the remaining we will divide
by two. Nowv, as a result of second experiment, the necessary ticket will appégf 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

vhich interests us. It is not difficult to calculate that this will be obtalned as
a result five sesextions from two equiprobable possibilities. Hence conclusion can
be made that quantity of information, obtained as a result of extraction of one of
32 equiprovable tickets, will be equal to five binary digits., In general it 4is easy
§o show that with such aa approach to measurement of information, the quantity of
information I, obtained during accomplishment of one of n equiprobable events, will

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

I=logn.

Everything said until now pertains to information obtalned 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 O is considerably
greater that probability of obtaining the letter H, since in Russian text O is
encountered approximately 6 times more frequently than H, Comparatively simple con-
clusion permits determining information I, pertaining to one letter of the alphabet
of a language, characterizing a defined distributicn of probabilities of the appear-
ance of separate letters:

I=—(pilogs ps+prlog: p2 + ... +pa logapa) binary digits,

In this expression Pys Pos vees Py constitute the probability of appearance

of each of n letters in a given language., Let us remember that probability p of
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For instance, in order to determine the

S5 haracter of operations.

etters 1n the ‘text, n, and quantity of letters a (ng), b (ny) etc. Then
na/n, and probability of letter b will be

“P;obability of any event p is always smaller or is egual to one (p < 1).

'Prohability of a reliable eveént is equal to one (such, for instance, as the prob-

abilityuggleXttact;ng a white sphere from the urn, filied only with white spheres).
Pro%abiiity of an impossible event is equal to zero (for instance, probability of
extracting.a white sphere from an urn fiiled only with black spheres). It is still
nacessary to stress that results of detérmination of probabilities close to truth
car: be only obtainet 'n the analysis of sufficiently mass operations. Thus, for the
determination of probabilities of the appearance of letters in a text it 1s possible
to take any sufficiently thick book in a given language, and the results here will
practically coincide. However, 1f we try tc 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 4 was totally absent, then- we
will find that its provability pn = 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-
allly 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
t1 to t2 can be completely exactly expressed only by an innumerable set of values,
i,e., an infinite quantity of numbers, corresponding to instantancous values of the

funciion, However, practically, we always deal with functions limited by spectrum.
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oscillations of the basic firequency and. a numbei of

harmonics, wheré the spectrum of audidaffegﬁéhgiéﬁ is

limited by the highest frequency near'lofgiiééy?iés,

about 3-5 kilocycles.

Fig. 11. Graph of contin- For such functions V. A. Kotel!inkov-proved a
uous time function. kL LNX

very important theorem, stating that. -a funétion with
a frequency spectrum, limited by highest frequency fB can bé completély éngtlY
represented by a finite number of separate values 11, 12, i,, ..., counted of f
through time intervals |

w—

Theorem of V. A. Kotel'nikov allows, thus, presenting the continuous informaticn
in the discrete form, and, in particular, to spread to the continuous information

methods of determining its quantities, based on the measurement of thé guantity 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 slementary

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 guantity of possible words will already be 322 = 1, 024
words. Finally, at word length of three letters, the quantity of possible words
composed by such a principle will already be 323 = 32,768 words, i.e., considerably
preater 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,

are approximately two times longer than they could be with the usc of a more economic

meLhod of encoding, i.e., for natural language a considerable excess of encoding ls
-23-
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characteristic.

~g§§§§§ir ih spite of the econdomic disadvantage of encoding excess, it has its

essénﬁi 1 merits, ‘The fact is that with economic encoding, when each, for instance,

tfiéfépﬁiv §6ﬁ§§§ﬁt;¢gﬂ¢6;gesggn§§ to a defined new idea, any error, i.e., an

Y
e

fféélaéegent of one letter by another will dead to the fcormavion of a new

:wpigﬁyé§i§é§§9ﬁﬂing to & néw idea, At the same time the complicated system of

épép@iﬁg‘idééé.injoral and written language enables us as a rule, not only easily
t@ﬁigﬁé@é;‘puﬁAQISOAto correct similar errors. Thus, if we read or heard the word
"oshabKa," "izbytuchnosty" "kodirobaniye," and others, then without special difficulty
werﬁou;d:yn@ersﬁgnd that these are distortions of the words "oshibka," "izbytochnostt"
and. "kKoditobaniye,"

- The same pertains to the problem of correct identification of images and other
objects — the greater the quantity, one would think, or immaterial o* ,ects, not
determining the essence of given object, but nonetheless criteria u.ually peculiar
to it, mqré.errorfree would be the identification of this object.

-On tﬁe basis of achie&ements 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 of 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 mest accomplished methods of encoding magnitui
Any magnitude is usually represented (encoded) in the form of a number; world-
wide propagation has been obtained by now so-called decimal system, based on the use
of ten figures O, 1, 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 on.y 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, tut twenties and after teng

-2l
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not hundreds, but fourhundreds (twenty twentieths). Even now remainders of icgsgl
numt er system are found (counting bty dozens, grosses, i.e., a dczen dozens, ete).
For an expression of numbers in the icosal system it 1is necessary to»grrange
by twenty, and in duodecimal, — by twelve figures. Systems are poSsiblq‘glsg;with
a considerably smaller quantity of figures.
it was sufficient to have only one figure 1, with the help of.which it,iS%ﬁé$§ibie
to express any number in the following way. :
Decimal system 1 2 3 4

* e 8 LA A

Unit system 1112 3141 1111 ... 11114144

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 a2ll) the most wide-spread decimal system,

In decimal system, any number N can be represér‘ed in the form of a sﬁm 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:

I=n
”’Z“m“”
iI=t

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

the four-digit number 7,405 can be shown the form of a sum: 7,405 = 7-103 + 4-102 +
+ 0-10" + 5.20%. Here k, = 5, k, = O, ky = 4 and &, = 7.

For simplification of recording the number we write only the values of these
coerficients 7, 4, 0, 5, placing them from left to right by diminishing indices,
ilere we remember that if coefficient stands in the first place to the right, then
it signifies the quantity of tens in the zero degree, i.e.,, the quantity of units,
but if it stands, for instance, 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

of" the second digit, a units of the second digit is joined in one unit of the third

aizit, etc., Thus, any number N in a position number system with base a is

-25-
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(\bfdiﬁﬁi ﬁumﬁéf'of digit, but k; is coefficient which can take a different
’7, 2, wsb 9 (a-1) ﬁhen'recording numbers, for simplification only value

Of greatest 1nterest for communication, telemechanics, telemetries, and espe-

'éiglly.gor qpmpgter technology, is the binary number system, in which any number

S ity

é i éaﬁ*ﬁe‘récdr&ed”by Placing only two figures, O and 1. In binary number system the
i : 'ovnruhelming majority of contemporary high speed electronic digital computers works.
: ‘In gccqggance with the general recording formula of numbers in position number
§ Syétems,xaﬁy'nunper~1n the binary system can be recorded in the form

5 .

’ . Ng): 28,

4 - =l

% where ki can take only two values: O or 1, For instance, number 21 in binary system
ﬁ can be shown in the form of the sum:

4 .

% el 20402941 240-2041.29

y

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

AL, T I BT S RTINT e A

the form
: 21 - 10101.
f This recording when reading is deciphered thus: once 20 = 1; not once 21 = 2; once
- 2? = 4; not once 23 - 8; once 2“ = 16, Altogether, 16 + O+ 4 + 0 + 1 = 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 1is necessary to write in the in
column the number in decimal system and the resultc of its in series division by

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

—26-
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place 1, and opposite each even number place G, and unit anc zeroes - dbtained‘in order
of from bottom to top will be recorded in line from left to right.. “

Let us illustrate this rule by examnle of recoded number 7405 ’rom L

BT

;%ﬁ 5 the decimal system in binery. We divide it by 2 and obtain 3702.5, but h
l% 3 roundirg it to an integer towards decrease, we record 3702 asain a*vid ﬁ
ﬁ; i by 2, record 1851, etc., until we obtain 1. e
2{ 5' Thenr we write opposite the odd numbers ones, angd éﬁposite the evensy”
'; ‘? we write zero€s, and record the obtained binary number 1110014101&51,
? ! which actually, as a result of checks turns out to be equal to decimal
number 7405. '
Let us compare (from the point of view of machine count) the binary considered

number system which we considered with the decimal. Equivalent numbers have iﬁ the
binary system 3-% times greater amount of digits than in the decimal system. In
our example the four-digit number 7,405 in binary system is depicted by thirteen-
digit number 1110011101101, This is a deficiency of binary system. However, here
the r.umerical certificate is considerably simplified. Instead of ten figure-symbols,
0, 14, 2, 3, 4, 5, 6, 7, 8, and 9, necessary for depicting numbers in the decimal
system, any number in binary system is expressed by using only two symbols: O and 1.

Let us compare the possibiiity of depicting (encoding) a number in the form of
voliages or currents with different number systems (Fig. 12). Any number can be
2ncoded ang transmitted in so-called infinite number system, in the form of a voltage
pluse or current, proportional in magnitude to this number. Thus, number 7,405 can
be encoded hy voltage pulse with amplitude of 7,405 v,

In decimal number system it is possible to encode in the form of a sequence af
cour pulse., the first of which will have voltage of 7 v, the second % v, the third

v, ana the fourth ¢ v, Let us assume now that amplitude of pulses is lowered by

-27-
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e wiewxpdint of mechins copmsuier tecknology, encoding by the binsry

LIMBer SPETEN DISSISEAs @ very Significevi advaniage,

since it permits consiructirg
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sia elememts with two stekle states: two-position electromagnatic

lzys, megratic elemsnts with rectengmiar Rysterssis loop, and so

#
[}

cesiieradly more sinple and more rejisble than eiefents
This advamtage can be reslized Im machines ty conditiemally
e stable states, for Instarce tha initis? ) corresponds to
cerg, ang the ssoomd, the working stete, correspormds to cme. Finally, 2 very
Imporiant zdvanizgie of binsry systen Ix the extivems simplirity of $he pules of
FERriiimant of arithmatica? oparaitlioms. Roelly, for additiom of rmxters in the

Irzry sysuem £t is nmecassary to know only the following rule (takbis of additiem):

400
$rl=l
1401
141=00

fhe East REime mast Te osciphered thums: 2 + 2 wi2E give im sun O, a2nd Iin

traccer to JoRlowims S3cfz, %,

4

Tabie of malitipiicatiom im the birarsy

xl=8
1%0-8
IXie]

Techmicel rules of fmlfitlime arithmetical opsrations remalin . the bhimary

. Let ws produc~, for instamce, adéition and

msdiiplication in binary system of mmmbers 5 (201) and G {2001):

+5-0 o xs-o ™
9 - 10 - M
—_———

IS 1110

.
S 01101

Sorirecticn eny Fivision. Howsver, praciicz2lly, proceeding from the .rotlexm of
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In binary number system, as can be seen from given example, multiplication neturally

i3 1

leads to s&ddition of the muitiplicand with itself as many times as there are ones

N e ekt v

in the zultiplier, omly with sizultanecus reaiization or shifts of these compoanents

NSRRI TN

to the left,
Sy applying certain artificial‘zethods it is possible tc bring also suabtrzction i
of nurters to addition., Finally, divisior can be performed by subtracting the

ARSI AR LI

divisor from the dividend. Thus, ali four arithemetic operations can he repiaced
by addition. Since different, rore compliicated calculating operztions in turn lead
to simple arithmetic operations, then the possitility arpears, by using only the
cperation of sumsatiorn and certain si=mple suxiliary logical cperaticns, of solving
cozplicated probiems of a coxputaticnal native, |
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CHAPTER II
ELECTRONIC COMPUTERS

6. Generai Infornation szbout Computers

Rapid development of science and technology reguires the realization of

continuously increasing guantity of more and more cosmplicated and labor-consuming

calculations and cozmputations, Humanity for a long time has used 211 possible

computing instruments, facilitating this caiculating work. Such instruments include
ordinary office calculators, slide rules, adding mzchines, all possible calculating

ané perforating cachines of mechanical action, electronic analog and digital com-

AT U8 1 R N
‘

T I RO AT D

puters. £11 these various ccmputing instruments can be divided into two basic

Fifas et

groups: anealog and digital calculating instruments and machines.

W

] In analog instruments the numoers, with which all possible cperations are produced

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

enlss ol

can: bte such widely used computing device as the slide rule. Here numbers are sirmlated

13,5580 o e 1y

vy lengths. 1In producing tnese or those operations on the slide rule we actually

PRITY

a2dd or subtract defined sections of length of the body and slide, or which (in

&

s,

logarithmic scale) number are written.

ot

Humbers can zlso be simulated by angies of rotation of a shaft, pressures,
; :urrents, voltages, and so forth. Let us imagine an adder circuit (Fig. 13), con-

>

sisting Of twoc potentiometers R1 and Rz,with the help of which we can establish

sltages U1 and Ug, corresponding to the components and measured by vcltmeters

¥ and V.. Then voltmeter V will show us voltage U = U1 + 02, i.e., voltage,

Loy
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e L e N
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rorra2spording 1o the sum., Thus wo will immediately obtain a ready answer, the sum,

iving relatively simple tube circuits, it is also possitle to carry out
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~ -impl: arithmetic operzations, trigonometric operations, integration and so
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forth,

The main merit of analcg computers is their

high work speed, ensuring solution of complicated

mathematical problams during the time of seconds or

even fractions of a second. However, analog

computers #1s0 possess a serious deficlency —

T T comparatively low accuracy of calculations. 1If is
Fig. 13.. Simplest electrical

§¢§ér_é;rcui§ on potentio- known, for instance, that during caiculations on a
meters. - - slide rule we obtain 2-3 exact signs in 211, 1In
eiecir;cil and electronic anajiog machines the accuracy of caiculations fs influenced
by‘interférences and oscillation of volitage of the power supplies, #Finally, in
general, in conditions of rapid work it is difficult to establish exactly and tc
measure exactly the voltage or currents with high accuracy. Therefore, practically,
eiectronalog computers give errors on the ovder of units of percents. Another
deficiency of the analog cozputers 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.

i The deseribed properties of analog computers determine ailso the field of their
use in solvriions of engineering protlems, problems of 2 military character (firing,
Yombing, ané 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 reguired.

Digital computers work on the principles of by-digit count. Widely-spread
simplest digital devices are office cazlculatcrs 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 gquantity of
digital wheels in the adding machines. RKamely 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,
enatling 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 variec

calculating and logical problems, and, consequently, electronic digitel

-32-
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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. 14).
in this diagram only basic units of machine are shown - n0d their connections among
themselves, The .iost important parts of the

——{ =y [ ez ¥ _'ﬂ‘f: machine are ememory, arithmetical end control
A\ ' systems. The memory unit, [MUj (), or
:'"4‘ (shorter) the “memory" of the machine serves
. J » as more or less prolonged siorage of information,
‘\‘ introduced into the macnine. 2nd intermediate
'I Ay and final resvlts of calculations performed by

rpachine. In arithmetic unit, [AU] (1Y ), there
Pig. 13. Block diagram of

electronic digital computer. Bx.y. occur arithmetical operations on anumbers
¥ — inlez; Bux.Y. ¥ — output device;
YY — control system; 3/ — memory corrasponding to prograz which enter inteo it

unit; AY — arithmetic unit,
from U, where results of these operaticns

return to “memory"” of the machine and are fixeé in it. Finally the control systenm,
ivu} ), serves control ol 211 elements of the machine in accordance with program

P\

introduced in ic.
Through inlet [IU] {Bx.Y) lead-in into the machine of initial date and program
of calculations takes place, while through output devices [0U] (Bsx.Y) the outlet
of the final, and in z number of cases the important intermediate results of
calculations from mechine takes place. Circuits of information transmission (numbers,
program) are shown on diagram by solid lines, and control circuits are shown by
troker. lines., Thus, if by program the machine must execute an operation of addition
27 two numbers, then then the control system will prepare AU for execution of
addition, and memory unit will issue numbvers into AU which subject tc adéition. Sum
from AU will proceed again to MU, and if it is the final result, tlen from ZU it will
enter output device and will be printed.
Subseguently we will show hcw each of the devices of the machine works.
‘iuwever, since the arithmetical, memory, and cocntrolling devices, as a rule, include
~icctronic elements with two stable states (bistable or two-position elements) of

sa-cnlled itrigsger type or trigger circuits, we will give first of all certain
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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

ngge e:gisﬁs a large quantity of diverse variants of trigger circuits. 1In
Fig. 15.one of simplest varlants is represented of trigger circuit on two triodes.
Circult 1s a two-tube amplifier with positive feedback., At first glance it seems
that with full symmetry of all elements of the ecircult it will be in state of

':tL . equilibrium and currents in both tubes
ol & i,, and i, will be identicel. However,
during more detailed consideration of
1 15'. D L 8
otpaty | ‘;‘ ) ) ﬂ .z..,.'--«l. circuit it turns out that this
A 1 v [ equilibrium is unstable. Like a2 pencil,
l ? @ l" even with ideal vertical setting of it

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 cress to one of two
stable states, at which the current in one tube will reach a certzain maximum, and in
the second a nminirmum, magnitude.

Actually let us imagine that by some random cause current ial in tube ﬁi

was at least insignificantly increased. This immediately will lead to an increase
of voltage drcp on resistor Ral’ and consequently, to a decrease of voltage U a1 OP
andde of the first tube. But since grid voltage of the second tube U,‘? is composed
of negative voltage drop Uk on resistor Rk and pesitive voltage drop U'c2 on resistor
R'.,, where U' ., is proporticnal to U, (U',,-v.. R..:tl’t'c. then decrease of voltage
Ua will lead to a drop of potential Uc2 onn grid of tube J,, and it means, also to a
decrease of current 1 20° But a decrease of current ia2 will lead to decrease of
voltage drop cn resistor Rae’ an increase of voltage Ua2 on anode of tubn.ﬁz, and

increase of potential " of‘ tube gric¢ 14, since U,, depends on Ua2 (U'..==l!..x

ci
Kes .
)(T“Tr- Increase of potential Uci will cause a further increase of current
ial’ -caermg of potential Ual’ decrease of current 132, etc.

During corresponding selection of eiements of the circuit this process will
grow in the avalianche method and will be ceased, when current ia‘ in the first tut~

reaches certain greatezt value, and tube JJ, will be locked by negative voitage
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Uop = -Uy +U' ,. 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 ial’ and this means an increase Uai and U'ce’ which will lead to unliocking
of the seccond tube, an increase of ia2’ a decrzase of Ua2’ lowering U'cz 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 Hl is locked, and current
in 52 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 01 and 02 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 doutle triode, or pentode.

Ytie will now supplement our considered circuit in accordance with the needs of
computer technology (Fig. 16). Let us join both inputs among themselves, as a
result of which there will be formed one common input; we will make a iap from anode

of tube Hl and will cell it the trigger output, and we will join grid or tube.]!2
through valve [V3] (33) with one more

§+£, input, which we will call extinguishing

input and we will connect in parallel to

resistor R , the neon tube {wLY (M),

which, obviously, will burn only when the

current ia2 reaches a great magnitude

and creates on resistor Rae a sufficient

Extingsishing voltage drop. Let us agree to consider

g%%&ei?'ofniaggﬁﬁtgggacgiég if as an as the initial state of theitrigger that
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 tubde 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 neorn tube H.
Negative pulse, sent to common input, arrives at the grids of both tubes,

fowever, in loccked 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 ﬁg, since valve
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V2 does not pass it to tube 111 and, consequently, trigger transfers to initial
state‘;,g‘ :i}uring ‘transition from initial state to working, potential on ancde of

tube Elis sharply increased which leads to the appearance at the output of the
ti‘j._g‘gez}sgr ‘a-positive pulse. During transition from working state to initial,
péigeptigf.;ifai §hérply drops and at output of trigger there zppears a negative pulse.

"’\Ij.gt’ ‘;s-~ hnou\conside‘r how from several triggers it is possible to compose a

s:ix}éqituof a pulse counter. For registration of the number of pulses which is
expressed in the tinary number system by n-digit number, the counter must have n
tzli‘ggexfs. Block diagram of the coun.er is shown in Fig. 17, where every trigger

B T % n Ti’ Thy eees Tn is shown in simplified

e [ ®
@3 9@

form of a rectangle with two inputs

| @)...,
@ @ @ @ (for working pulses and pulses of

Extinsulshlng

> extinguishing), one output, two tubes

JI s ~
Fig. 17. Block diagram of a2 counter on 'Hl and p» 2na neon tube HL. Counter

triggers.: is designed for fixation of the quantity

of negative pulses proczeding to its input. Upon entry of the first pulse, trigger
’I’1 passes to the working state, from which tube L is lighted, and to input of

trigger T2 positive pulse, is sent, which does not change its state, since valves
v, and V, (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 1 move trigger T, into initial state,
Siats of trizpers: Bamber fixad its neon tube will go out, from
= rig-er in initisl stata, roon lams b7 couster -
[ oes notT barn; 2 Y
:;w @ = trigier in working siate, peon tubs &s it to trigger T2 negative pulse
fuls Sarns in birary E &
rember fo vwill proceed, which will transfer
-] nj o= 2
the latter to the working state
' Ol e 0...0001 1 second line of Table 2). Third
2 § " e 0...0010 2 ( )
g ® (‘) 8 3'8‘{3, 2 pulse will cause a transition of
®ejO}]e® 0...0101 5
¢ ® o O 0...0110 6 trigger T1 to the working state,
7 Ojelele 0...011t 7
s ©; 0O|l]0O0| O o0..i00 8 fourth pulse will cause a transfer
2} 0 ‘® 8 o) ® 0...1001 9
w|oO ° ® | G| 0.0 |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 TB’ which will cross to the working state, etc. Table 2 characterizes
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staite of the counter ~fter each new pulse, -
In ordec v <rar information fixed by the counter it is recesssary to trggggég
all iriggers mntering it ini» the initial state by supplying a negative pulse:at.

the xiinguishing input., Here all triggers, located in workiggxstgte,.wilixigépe

I}
Wy
]
"
X
povs
<
»
=
e
(]
n

25 whicl: can te used as readout pulses or for selection ofvinfqgmgpion

W A byt ke

i'rom the counter, -

As wag aiready mentloncd, the guantity of trigsers of which the qqﬁnt§x~¢6ﬁsists-»

should correspond tc the quantity of aigits of a fixed number in therbipg;y number

AL 0 16 143023, 800

i
T LR

syzrem. Thus, for instance, for storage of number 4 three triggers are necessary,
and for storege of number 9, four triggers, ete. Hence it is possible to assume
that for fixation ard sutsequent storage oi a large number of puises there will be

neeie i a very larse quaniity of triggers, but this is not so. For gggmple,‘foi‘the . o

s

storase 3§ number i07 only seven triggers are necessary and for»gﬁorége of number . -
ByQs |, twelve triggors, while for storage of nquer 1,000,00C, orly twenty triggers
are ) *2essary. Howaver, memory units on triggers are nevertheless éuite bul&yAénd
reguire contimaous consumption of power. Therefore, at present for information
st orape considerarly wider use is enjoyed by other devices, further described.
let us now consider possibility of using trigger as element of an arithmetic
m:i+ an adder. Diasgrem > one-iigit adder on triggers for in-series addition of

i ers in the tinary nurter system is shown if Fig. 18. Anodes of tubves of the

Lo o

o -

5 Are fed from source E_ through resistors Rl’ R,, and R5,

[o3
o

and
1 20 *a

ruces [, mg, and m3 and valves 33-38. By magnitude resistors Rl’ R2, and R3 are

>oncideratly larger than resistors of trigger tubes by constant current. Therefore,
if" one of the tubes conducts current, then on the busses to which it is connectedqd,
duc to the large voltage drop on resistors, the potential will be very small., If,
rowever, to ihe Lus only locked tubes are connected, then on this bus there will

war high pisitive potential E . Voltage at the output of circuit C (sum) and 0
{transter) is connected with potentials of the buses: voltage at the output of 1 is
egqual to potential i3 with respect to ground, and at output of C, equal tc¢ the higher

of poiontials hy OF .. Due to the presence of valves Bl and B

pienrial is not shunted through the bus with low potential,

o9 bus wlth higher

Let ues acree that the presence at output of high potential signifies 1, and

!} ww potential corregpondc to J, and let us follow how addition is carried out in the

[0V

Sircait, Compononis A ar i b oare introduced into triggers T, and 1., After addition
£

4
-
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of each of the digits, the triggers, by

envelops of the extinguishing pulse must

W " .

be transferred to initial state, zt whi:i

current in E1 is maximum, ang tube,ﬁ2 is

locked, Iif A=0anéd5 =0, i.e., pulcas

both friggers remain in the initial state,
'Diagram or ope-dig.t adder where bus Iy is grounded through,ﬁfzz,ana
aa‘ ?) on tr*ggnrs. bus FH, is grounded through I,T,, and tus

‘a,grounded through Ji T1 and.Bl;z. Censeguently, on all buses there will be low

) notential anu on both outlets C and T we will obtain 0. Thus tne operation of

4agd%§;qpu1§vrea;;§gd 0+ 0=0, If now nucber A =1 and b = O, then trigger T; will
crbés,id‘ihé,worﬁing state, where bus W, will be grounded through J,T, and i,T,, ar:
‘bus. 33~u111 be grounded through T2, and bus Ee will be ungrounded, and the higl:
potential zrom it will arrive at output €. Thus will be realized the operation

1+ 0= in the sum and’' O in the transfer,

The circuit will work similerly also when A = O and B = i, only here the hi.h
p%tential will arrive at outpvt C from bus ml. If A=1and b =1, then both
triggers will be shifzed to the working state, bus m #ill be grounded through
ﬂzTi, bus m2 will e grourded through ﬁgTa, and bus m5 will appear ungroundeid,
thanks to which high poteptial from it arrives at output @I, Thus the operation .f
addition 1 + 1 = O ir the sum and 1 in the transfér will be realized, However, in
such a form the adder permits addinz unly one-digit numbers; therefore it is calleud

also 2 half-adder,

i c ! 4 it For addition of numbers with any
.M 21 n -@.2« 22 n quantity of digics, it is necessary .o

construct a circuit which consists of (wo

Fig. 19. Circult for in-series swnmna- . .
tion of multi-digit numbers. half-adders Zl and Z? and a delay limn

J13 delaying pulses pass through it Ly
.one ‘stroke (Fig. 19). Both half-adders are atsoluvtely identical, and cach of then
is constructed by the diagram in (Fig. 18), i.e., it has two inputc for lead-in of
components A and [ and two outputs for outlet of the swn and the transfer, Acti n

of the Circuil can te followed ty example of adding numbers (in binary syat e

U111) and 12 (in binary system 2110):

~38-
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Humbers in the form of a sequence of pulses are seg£‘touchrespdbéﬁggjjhéygé‘

consecutively, digit by digit, starting with the juniov aigit.. ietrné.ggg;id

the state of the circuit at different moments of tine. -

input, 2, the pulse is absent (0). Here at output C of Tirst half-adder we obtain

—T

pulse which joins irbut 1 of halif-adder Z,, and as a result, the sgcoéguhglthm_

of the half-adder Zl,

passes through delay line Ji3 and arrives at input of half-adder Zé onijuiﬁiﬁhéiﬁﬁird

stroke. Consequently, in the second stroxe at both inputs of the seconq‘ﬁgi?eﬁaﬁéf
the pulses are absent and at its output ¢ there also will be no pulse. iq iheﬂ:
third stroke, to both inputs of half-adder, which arrives at input of haif&i&éé? “
21 pulses again proceed, issuing a pulse at cuiput I of first half-adder fé éﬁijiiﬁ
the fourth stroke. At the same time, due to a pulse at the second input of half-
adder 22, proceeding from second stroke, at the output C of this half-adder in third
stroke pulse is obtained. In fourth stroke the first half-addef, to one of the
inputs of wnich a pulse is sent, issues pulse to output C. This pulse arrives at
input i of half-adder 22, but from the third stroke through delay line 113 theré wiil
also arrive a pulse at its input 2, as a result of which there will be no pulse on
output C, but 2 pulse will be obtained on output N, This pulse, in the fifth stroke,
passing through delay line Ji3, will appear at input 2 of half-adder Eé and will -
issue a pulse at its cutput C.

With the help of the described adder on triggers, it is possible to perform
by-digit (in series) add@ition of numbers with any quantity of digits, where the time
spent on addition is equal to quantity of digits of the sum.

. Above described ci;cuits can be, of course, built not only on tube triggers,
‘ut also on more economic and small-size triggers (transistors) which are the basic
- elements in circuits of contemporary computer technology.
In Fig. 20 diagram is shown of a trigger with general input, built on two junc-
tion transistors. Trigger transfer to a new state occurs upon entry at the general
input of the nexat positive pulse. Here, like in ihe tube trigger, the unlocking of

oe transistor creates (due to the connections between their circuits) conditions

...39...

and the Tirst half-adder issues puise on,outpﬁ&éQQ iﬁiﬁ} ulse o
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Tor Bockinmg the oiler, 2m3
comrarsaly.,

Triger cironil with
direct cammecticon (Fig. 22) Es

Tery simple xnd acomomfc, In

this clvogit thare sre oniy
W of its work comsists
T the foilowimg, IET ome of
ke tramsistors, fwmm?l, iz open, them - Itzr> on Iits coliector is
Irnenfficient for coening tremsistor '2'2- Eare volitaxs a= th> collectar of cramsistar
Tgismtmvjﬂ.cﬁ&twma;?mmism?immmsm“ -

Tor trigger Imversiom it is mecessary S0 Rowar tie voltage =t tase of opao
transistar, or, waick: is the sam thimg, at collscicr of (ke lccked gramcsistar,
Coprrol of suh tyigper reyplirsg, ag 2 zole, thae agplfcstiom of additlorel Lramsistors
wafehr lowers the axic aivamtags, the excepticra? simplicity of the clrmomit.

Triggers with direct commectices on high-fregosrncy surface tesrrier Jysosisgrs
nzve found apelicstiom im certafin conputers tmist Sm Che Tmitsc States,

Reperialiy orear high speed speration Eistimpalghaer the frigsers om so-cailed
tennel diodes, Swultckdnms tine of 2 trigr=r om turmsl ffodss can rezch mmits and
even Fra-tions ~F a raoocecond. ISy this the fzrt is detemmimed (Rt fm 2 memBer ST
rouniries RPomg-tern develicpments aye fefng copfnoted with cybermetic mechimes e
tennel dicdes wifich wil} possesr high speed opzrziiom om ke order 37 TEms oF

zissions of aritimatica® sgperations per szoamd.

8. Informaticm Stomzce Devices

Hemory units urilized for storage of informziicn in mechimes zre chawscierises
Lo

(23
R

2, such tasic indices a2s cepaecizy, duraticn azmi rolizcilicy of imfornzt

tiom, a2ccess tinme, dinemsioms, cost, znd ecomomy.

~

g
3
:::
;

in machinss they are distinguished two tasic forms of "nemory
or Intermai, and extermal, First Is directly commscied with arizfowetic unit 2n¢
is designed for storage 57 comperatively Aimited (Ly wolume) frnr¥smumeilor, mecessary
for the closest calculetiioms, In contemporary machimes, cepacity oF operztionai
mogory is limited (im m=ost cases) %0 several ihivgsand numbeors, zitflwsd: Toneiing s

ns and evrr hundreds o thdusaznds of nuniers,

by
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Brasis ragnirzmems swesenTed o cperziices? memsry davices it 3 tine yedumetion

37 thz: See-csiled F33 soprersion oycle, e, the ot time macessary Yor m“t;m .

rexsSooy and recording. This tine £ czizs tems of microsecunds, althoagh in the
test meshins symsles it Es Zowered o Zvmctices of a xicvosscand,

Sxterss? Tmemoryt s dasigrmed for prolopged sticrage of & lsrge quantity of
Emdormmtion, mepsmred by houmrdrsd os tBocseecs aod niilices of zumbers., Extemal

4

7y czits zre ofiem ceiled Sturuge umilts. They are ciarssterized bty considerably
nelisr sprad of recaniimg aal salaction {resdoot) of Izformetion and they cowmicate
with asithmegic cmits, @ x e, thwonsh opsraiicral memsry.

Forskarmues, darfee gix Ixgt fex pears, esoarially im specialiived machinesg,
acwre god none sflem the so-xiled constast cr lomg-ternm nemcry cxits kave been ased;
thage are dzcigmad for stcmsgpe of 2 cz2rgrin corstasnt Imf'ommetion - comstasts of

proprens, cgefricismis, fpiles mvi rafavercse datz, These devices Eave capecily

of from thousands to jems gf thomcemds of mmbPers, amd im certaim specisl caces,
#iiZioms of combters, &=t slmes Sx em in wordk process of Infomation recordirg is

e perforned, Bot oniy readops, them Sine of comyesrzism cpole cxn e frzclisms oF

& mEcracecornd,

Pet uwo consider Jiffermmt comcrels mompry waits MU, desipnsd for Information
siorags. Let s bhewe nenorize thet Iy saprezsime momber im Birsry systen Im the fomn
o gmzs and reross, we canm record these remfews by aspliying two-position Secknical
elementis 2of siesifering that 2 chergsd capecitor, magretized core, attrzcted relay,
somdzriing obe, amt 3o farth correspand o 2 recordimgz of doe, Wetle uncharged (or
crzryad in opposize sign) czracitor, momeomatized or oooositely magretized core,
relzzsed relay, and locked tute correspend (o 2 recording of zero.

e tramschenical and electranic relays, Im the first models of computers as

W slectromechanicz} relzys were widcly zpplisd. Howevsr, such M, with iimited
szpecity (on ke orier of humdreds of mrbers) have rather large dimemsions,

consume a2 consifersile guantity of slectric powsr, and 2liow relatively small speeds
oY recording anf readsui, sinmce for relzy cperation 2 time of notl less than several
Besides this, the preseacte of mechenical contzets sharply
uoh oan M, Consiserally mors reliavie aznd high-speed
¥ oean 12 tuiit om 2laciromic triggers, comtzetless elements wxith an coperation

icrosecond. However these MU on triggers z2lso

=i lzrge dimencion:, comiinucusldy consume electriczl current, and
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Wm;zewcﬂywmwmﬁmm, cxiogiatad for e storase
m 7 lines., Memory urits on delay lines zre cnme of forms of so-caliled dymomiz

amSry; At which nuaber codes In the form of = series of palses eontimunsly
circulate-along the closed circuit (Fig. 22). Delay linme 55 3n electrical systes,
” alorg which colses spreed with relstively low
speed v, L2t us assume tEat dolay Aime hes
Jengit 2, thexm proragailiom tim> of tha polsss
2icmg 1t wil) Be ¢t = fv, If oo were to send

to dalay Iims pulses with frequsney £, Shem the
totel smomatl of pulses, which can sEwmmBismecusiy
shIfe 2long delay Rime, will Bem = i, Tzives
Bi,Ez,aﬁ%pmmmk&mw&s,

Fig. @h?:kd}m"f controlled by electrical mesns. Code pulses of

maners are Introdured at the froot snd, 54 om

mfeslmlmkiuvoltageismt, they are pacssad bty this valve to éalay 2Sms
they pass along 1t, experfismcimg certainm cawping, which I comperszred ty ampiifier
¥ ;assthm@mlve?z, normally sessing pulz=s, 2nd agzin emtzr dalay ifne, ste.
Upon necessity €0 read mumter ciwrcul=tiny slonz system Lo the impnt rezdout comirol
volitage is sent, which unlocks the normaZly closed =alus 3} 2nd pulses brameh _a
o system output; however, t2eir cirezlaticn z3icnz the system comzlinmmes. Sor
erasing the recording voliage is sent o inpnt ezasing, wheve ‘5? is locked,
cireulation of pulses is cexsod, snd he 58 Ic reafy o reord mow Infarmaiion,

in the first elscirgnic ooapuiers. ¥nich were tall: at the sng of the foriies,
opcrational Wi on mereary delay lines were widely used; thess were tubes, Fillos
®iih zmercury, on 2nds of waich piezosleciric crystals, for insrtence guartz, xer:

placed., To input of the tuizs pulse modulatedé oscillations »f high-freguensy x-~r

0

ent, wnich caunsed mechanical oscillations of cuurtz, transeitted 2o them by ==rour, .

These oscillations spread ajong the xercury ¥ith a speeé near 1,500 n/sez, ware

o

ransnitted at output of {udbe {o ike quartz, which transformed thex inio electrical

<

scillations, again proceeding to tuwve Inpus. In mercury delay line with lensh
of almost a meter it is practically possitle 10 store up to 1,000 pulses. besidecs

. w=nich

pn

mercury delay lines, in MU there can he used magnetostriciive lines,

oscillations of ferrozagnetic rod during its pclarity reversal piezoslectiric,
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electroesnetie stete Syom indeolsnces and capscitences or resistances MU and

czpecizances, wevegaide and other delsy lines are used. MU am delaylinu a:e
charesterized by great work relfsbility, but thelr deficiency is the fact that
irdoroation readout c2n only occur 2t the time of passige of correspondi r N , -
gast valve By, uxich Zelays selection of information. R

At present, NI of simiisr type om xagratostrictive deiay lires area;;pneaany
i soel) machines

Slestror-bean J. For informetion storage in machines produced at teginning of

tioe Fifties, elsctrom-bean tubes wepe wldaly used which reserkled kinescopes. There
exist several iypes of nemory electron-beam tules; however, the gensrsl px:'lnc:lple of
their work can bte described im the following way.

Information recordimg occurs on dleletric scresm, at any plzce of which the

133

ean zan te dirscied by correspomding sslection of vwolteges om deflecting plates.

-

By charging the flow rete of electroms and voltsge oz Signal plate Iocated behind

t

1he dfelectric scroen, it is possible, by usimg phenomerom of secondary electron
smission, 1o fmpart to any point of the screen a positive or megztive electrical

sheege. By assionimg, lst ws assume, to 2 positive chzrge the value 1, and to 2

regative the value §, it is possidie Lo record or a nunder code on the Soresn. §
For imformaticn readomt 3t is repsatediy necessary to direct ths beam to ~
carresponding points of the screen, which ensures, during supply of corresponding 3
solvage Lo ihe sigmel plate reception of pulses Inm its circuit. During readcut there “
2

simglianeousiy oxcurs erasurs of recordinz., Therefore, if the recordéing rmist be 3
preserved, then readout pulses are ag2in used for rastoration of racorcing on the 4
scresn,
E

The szme method is z2lso useé for proisnged storage of information: to avoid E

I crasure dus to graduzl runcff of charges, in the circult periocdic erasure ang

P4 infor=ailion are ensursd. Usuz2lly in each tube only cne céigit of the

redel s

nami =r is stored; thersfore, for a recording of n-digit nusbers the ¥ musi centain

EY IR

o tutes. on the screen of each tuve of the types applied it is possivle te record

2,025 or J,usc units of information, a2lthough there have been descrited tubes w@ith

P TR T
et 082 N Y S T b
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rapzacity of 1,000 and more binary digits. If the MU consists, let us say, of 20

(dd
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aneously there can te stored 1,024 or 2,048 twenty-digit
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- riing and reagcout of information in electron-tean MU occur very fast, in
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u....g.s 02‘ .r:bee:mﬁs, ard In any ssguence, ‘This cconcerdcsdly distinguishas elecirso-

”bee....yéﬁ; "m de.nw l:Ex:es, Whers it is necesseary &g 2amit thoe pessepe moment of

} m»ss.ry s.r‘es pa.ses past reasdeat wvalve. ‘!h-e-..ore for ssyeral years the
) mo m eleetrw-‘bm Tcbes was the besic form of oparaticme?® momory In high spead

miwersq}; §:§g!ta1 computers. EBowever, defliclencies of such N are their yolative
cmbersmssnani stri.':sgw regqairsments for stabiljity of voltage of tha power
szg;jiiéé. Eher-,i‘ore, at present, ths crarzheining majority of mechimss hezve kesn
comstructed with cperaticmal memory ea megnetic cores.

. m”m g@eue cores. For ths mermfscture of M om magnetic cores msonmets
materials ave used (ferrites) with rectangular hysteresis icop. £S5 can 3@ sween
fram Flg., 23, in shich idealired rectamgeelr hysteresis Iocp of megnstic nailerizt s

representad, with negnitude of Tield strengih ﬁiﬂ,

Indoction im the magnetic mapterial weaches 2

4

nagmituse of ~.~=t and, 2% mow we will decreass the

figld strength to zero or 2ven crsate 2 field

¥

strength of opposite @irection of abomt - /2 znd

nore, Inmduction will pressrve its value +3 . Tmi
oar

curing approximation of magnitude of field stircogti:

ez

p£+ ]

- Induction reaches ce -5 i For 2 mew

Fig. 25. ZIdealized i .g steresis < megnituce -5, and for 2 ne
‘I

1000 h 1
100p of maenetic zater polarity reversal it is necessary o creale rials
sirepgth of +E§g. Thus, materizl xith rectangular hysteresis loop is charzcterized

\

oy tho presence of two sta2ble st2tes (B = +B_ and 3 = -3 _), =here iransferring

2 =

zaterial from one stavle stats to 2noiner can te done by creating ficlé sirengih
¥rom such ferromagnetic materiz) annular cores are prepareé which ensure

storage of inrorration in the form of bimary digits (0 or 1), corresponding to t

Lhre

l\l

or ithat polariiy of the ragnelic ctate of ecres. On each core there arz
windings: w0 for recording and one for readout of information. Cores are disposece
viie form of a system consisting of rogu norizonial
where every horizontazl row serves for racording of all digits oy oun» numier, and
every vertical row serves for recording of one ol the digits of 2.1 rumicrs. Thus,
the gquantity of horizontial rows determines the amount 5f numi«rs shich can -+ Ziors:
in the . and *‘ua.-tvi:,~ of vertical rows determin~s maximum quantity of 4isits in

each nwnter,

Y

-8 occurs a2 reversal of polarity of the naterial,
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¥indings sre Join2d among themselves, as is
shoun in Fig. 2%, by rows, and all vesdout
windings compose an in-series circuit. Magritude
of current procesding to Imputs X, X, -:is X
and ¥, T, -.es T» 15 2qual to L /2, where

Irgﬁmmtcmtﬁmcmfbtt& .
cresticn of fTieid sivergth E.n. Thus, passepe: of

czrrent only a2loog on= of the core windings camnot
chernpre its magnetic state, If, howster, we Dess
it o armular nzgretic corss, carrents ad Both in

that field strenmgihs creaied by then ave added,

this will ensure Tull polarity reverss® cf the core, Izt us accept as the Initisl

4]

aie megziive negretirzatiom of 23R cores, for the cre=tiom of which It is necessery
10 send megptive voltage o imputs of 23R vertica® amd horicomial rows.

Lot =g 2ssume et in ceommd horiromisl row wo vant to record the mamber 2103,
ist us send pasitive voltage Tor ithis to the Impul ‘fz and to Imputs 3’.1 - positive
{z). L, — negztive {0) and 323 — positive (1) voltage. Them in cores § and 6
positive intensizy xill ke created, sufficiemt for their polarity reversal to a

state Of positive magmetizzctisn, Core 5 remaims In state of negative magnetizatior,

In such 2 form the information can be szved for an unlimited £ime without any
czpenditure of enargy. If w2 azre now required to rzad the recoréeé nuxber, then to

rorrzsponding horizontal ipput (in cur cass to imput ‘z‘z) negative wvoltage is zent and

or

o 21} vertical inputs .:1 ’ ‘I:_,, cees Kn negative voltage pulses are sent consecutively,
one after another. Baring supply of pulse {o imput X, there will occur magnetic

core &, as z conseguence of which in the readout winding electromotive
forze is induced xhich will create 2 pulse at readout output. Supplying a2 pulse to
input Xz will not cause polarity reverszl of core 5, since it was negatively
ma,metized, and at the output we will not ottain 2 pulse; finally, during supply of

2 pulse to input ):3 core € will be reversed and at the output we will obtain a2 pulse,

or reduction of cost of the device and simplification of its manufacture, the

sincings on cores can te simply replaced ty conductors, threaded through the annular

L]

ores, as is shown in Fig., 2%
Lomover, ti o corsidered MU circuit possesses essential deficiencies which

ronsict i e fast that first, here rty-digit readout takes place, and, conseguently,

-45.
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; ¥ig, 2€, Schematic view of
unit block with coincidence

horizontal matrix row, goes

horizontal row, and further,

Y assem! led.

” Fig. 25. Mepory unit oo annular cores
3 with threaded conductors insteag¢ of

nemoxy
of currents.

readout of 2 miEti-digit mober requires
consicerable time and, secomdly, with such
2 cireuit it is practieally Inpossible to
construct Mj of great capacity,

Therefore in 2n X with coincidence
of currents of great capacitence for each
cigit of all rmmbers a seperate flzt
matrix is used, in which quantity of ccres
is contained which is egua) to capacity
of ¥j in murbers. Camsequently, an ¥
desigred to store R nunbers with m éigits
a plece should contzin p matricec with X
cc@ée in each cma, These matrices are

collected in a2 gensral unift, Schematic

vien of a similar unit, or, as it is often called, 2 memory cube™ with capecity

of 3,005 50-digit nurters is represented in Fig. 26. Unit inclucdes 50 mairices, in

each of which there are 6% x &% = 5,09
ferrite cores.

In Pig, 27 diagrem is shoxn of
Internal matrix connections, where for
simplification 2 matrix with iI¢ cores in
211 is shown. Por selection of the
assigned numerical cell there ars eight
selecting buses: Zi’ 12, 13, Ag, anc

Yl’ Y2,

cores of the first horizontal row of the

Y3’ angd Y&. Bus X, pierces all

matrix, goes to the second matrix,
pierces 2ll cores of its first horizontz:

row of

[t

he

to the sscond matrix, pierces all cores of iis first

passing in the same manner through all mairices,

pore

grounded. In the same manner are all remaining horizontal tuses X an: vertical oo

P
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Conseguently, when sending current
pulses coinciding by direction and in
time puises with a=plitude of In/é by
any pair, including one vertical and
one horizontal bus, megnetic reversal

is Insured to this cr that state of

saze place, Thus, iIf one were to send

positive pulses with smplitude Imfb to

70 Wisea X of follawing matrix

Inputs XB ané ¥,, then in 2}] matrices

corss 12 would be reversed, i.e,, in

ali digits of nuxerical cell %o, 12
there would be rscorded code 1.
Sesides the selecting puses, in

each mairix thera are two core windings
¥ig, 27. BPlagrex= of memory unil matrix

- : o recoréing and readout, which are
with coincidence of currents.

sepzrate For each matriz, During

recording of £ in 2 given digit, t

0y

e input of recording xinding nc current is

Q
er

sonl, z:nd under the influsnce of currents of the selecting buses, one 1s recorded
ir. given =a2trix. If, however, in 2 given matrix in the chosen ccre zero must ve
recoried, ithen ip recording winding negative pulse 1s sent with amplitude of 12/2,
strength created by positive pulses in seiecting
wreiore, the choser core remzins in the inicizal, i.e,, zero, state,

fieadout is carried out ty means of sending to the corresponding selecting buses
3
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res in gll digit matrices
znd those of them in wnich con2 was recorded induce in
ses of one. Thus are ensurad simultaneous (parziles)
gits of mulsi-digit vinary numters.

£iong with the deseribed diagranm of an MU with coincidence of currants, there
. a r e

of other cdiagrams which ensure higher speed and

and

hanks to great speed of work, relieability, reiatively small dimensions,
rrornomy, the VU on magnetic cores are now the most wide-spread type of operational

oin oo terns Iz lechnology. Further ways of improving operational XU on
seromagcnetic »lements consist of using elements of complicated cnfigurations (so-
*wll @ transtrlaxoers) ~alvi-apertured ferrite pla

i tes, replacing meirices with large
iicn i, of cores ang, fipally, thin magnetic films

_u?_

ail cores in 213 zatrices located in the

N LU R PR TP B T3 VeI,

AR,

TN

TS

A $t st Lath s

202,

TN

i1

T




T

=

LIV iy

AR o

The latter are layers of per—alloy with thickness on the order of hundreds or
thousands of angstirom, obtained dy =eans of precipitating the yapors of mstazl in
e vzcuu= by electroiytic mesans, Then¥s {0 very szall thickness, andé consequently
the smeil yolumes of magnetically reversed material, me=ory elexzents on thin
magnoatic f£ilms can he magnetically reversed in fromz units to tens of nanoseconds,
xhich facilitates constructing on their basis 2 so-called super-operaticnal 4ij witn

2 tizme of full comversion cycle cn the order of tenth and even bunéredths of

fracitions ¢f a =icrosecond.

¥acnetic tapes, drums and disks, For storage of a2 large guantity of numhers

in external MU, in machines magnetic recording of electriczl pulses is xidely used
by the gaxme principle 2s sound recording iIn a2 tape recorser (Fig. 28). Buring
movexant of the tape om it, under the influence of megnetie flielc crezted by the
recording head, magnetlzed sections called dipoles are created., On 2 centizeter of
tape lengih it 1s possible to record, depending upcn recording =ethod, head
construction, magnetic characteristics and speed of movemeni of tape, to2ns anc oven
hundreds of dipoles with a2 width of recording channels from 1 to 3 ==, In genaral,
an ane roll of tape it is possidle 0 record severzl <ens or hundreds of thousands

of malti-digit nu=bers. Por readout the sazme head can be used as was used for

et

recording: during passage past the head of diroles recordec on tape, readou
are induced in its winding.

A deficiency of MU on
magnetic tape is the relatively

prolonged waiting period during

selection of tie needed number,

°) °)

-. 23. Diagram of Pig., 29. Memory unit rewinding the tape. This
wory unit of magnetic on pagnetic drum,

which is due to th? necessity of

deficiency is elirinated during
information storage on magnetic
crums (Fig. 29). The drum is made of aluminum, on surface of which a ferromagneii:
sheel with thickness of 0.01-0.03 mm is applied., Recording and readout heads are

3 in a row axlong gensrstriz of the drum D

continuously with speed on the order of thousands or tens of thousands of turns
per minute, On one drum it 1s possible to store several thousand or thens »f
thouzarnas >f nunrers, 3Since bty means of proper head s~lection any place of the

o

drum io accessitle in one turn, then recording and readout time is near units or

vt

~48-

puls«:

LTS PSS TR T W T T T

SLERYs

Lial

[ IR T TR OF TRV S T

AT TP

T

il




L2

Por ore of the compuler models (the United States) there has been cdeveloped 2

411
of
T basss

-

-~

s
Fig. 30. Mexory
unit on =agnpetic
disks.

its erasure, possibpi

3 on & drum a2re considerably larger, sines iis internal cavity is

on 50 magnetic éisxs, planted on vertical axis, contimucusly rotating at a speed

1,200 rpn (Fig. 30). ©Ddstence between disks is about 85 =1, which permits bringing

o

asiderably less than with recording on tape. However,

.
-
(4]

the nead to any of i00 concentric chemmels, located on each

hie twc sides of the disk, The total capacity of such & _

(o]
“'l
o

evice reaches several hundreds of thousands of nurbers, the

(=N

recoréding and selection of xhich can ve produced iIn any sequence
in a time necessary for bringing the head to desired chammeil,
i.e,, on tnie order of fractions of a2 second.

The described methods of ragnetic inforrmation recording
possess these essentlel merits: great capacity, device simpliciy

high relizbility, possibility of inforration readout without

of as long & storage as desired of information without its

(2
nr
(34
D

regeneration ané with disconnected feed sources. Daficiencies of magnetic recording

include the pres

the necessivy of

ence of machenical movements and consequently the wear-out of parts,

accurate ocservance of rotation speeds and accuracy in the

zagnitude of magnetic gaps, as well as relatively long recording time and readout

time. Nevertheless, magnetic recorging.is at present the basic form of externzl

memory of machines,

Arithmetic

9. Arithmetic Units

units of electronic digital computers are designed tc execute
numbers expressed in binary system of addition. In § 7 adder was

was built on triggers. 1In contemporary machines a2lso used are

various arithmetic units built on so-called logical circuits. Let us consider

turee of the simplest logical circuifs: inverter, coincidence, and collecting, by

using which it is possible to conitruct arithmetic units.

in inverter circuit (Fig. 31) great negative potentiail E, is sent to the grid

of the triode locking the tube., Plate current ia is equal to zeroc; voltage cn

resistor »n ao°s

not drop and at the output high voltage Ea is obtained, During

suppiy of pocitive pot-ntial to input the tube is unlocked, and since resistor R

i3 much lerger than recistance of the tube to direct current, voltage at the output

~Lg-
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LR o
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tecozes rinute due to the voltage drop on resistor
R. Tnus, in the esbsence of a2 signal at the input
there is a signal at the output, and conversely.
In plock diagrams the inverter wiil be designated
by rectangie with inscription [NO] (HE).
Coincidence circuit (Fig. 32) is =z multipole
Pig. 31. Inverter with any quantity of inputs and one output. If to

circuit,
all inputs we send a pesitive signzl, then a2ll

e i

valves will be locked, current through resistor R

will not pass, there will be no voltage drop created
on it, and at outoput voltages Ea w#1)1 take place.
_ ( 15——trf If on et least one of the inputs positive signal
z b o | i .
I . | is absent, thern thiough corresponding valve and
B

resistor current ?ill p2ss, due to which viliage
#ig. 32. Colinciderce circult, at output will become minute, Thus, signal at
zutsee of coincicdence circult takes place only when

there are signals at thz first, second, znd at any input. In block diagrams we will
designate this cirzuit by a ractangle with the inscription [AED] (#).

Coilecting circuit (Pig. 33) gives positive signel at the output, when there
iz n positive signal on at least one of the inputs., In other words, signal at cutput
is ottained when there is a signzl at first, second, or at any of the irputs, or
a2t soveral inputs simultaneously in any combination. In block diagrams such a
circuit is designated dy rectangle with inscription [OR] (yny).

Y2 have considered cne by one the variants of lozical

 H diagrams HO, AND, and OR. Any of these three logical
Z) - L7/ ] - .
-In functions can be realized with the help of a large
Output
2 guantity of variants of different circuits, gathered cn
vacuum and semiconductor diodes and transistors, as well

fi%:u?z’ Collecting as on other elements. In particular, in tne last few
- WAV,

years there have been developed logical circuits on
“_rromagnretic cores which permit constructing a computer containing at solutely 1.
clecrronic devices, Considering the unlimited period of service of ferromagnetic
-orec, the possitility of their exploitation during considerable cosciliaticns of
toemperature, thelir mechanical strength, small dimensions, and othier advantages, onr

shoul ! note that the creation of tutless mathines on ferrite cores is vory promisins,
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in Pig, 3% dizgram is given of

8 £ X:‘m‘ :-.;: mono-digit adder of in-series action on
y T — gjajojo logical elemenis, Components in the form
6+ —1 M ; : ; : of =lectrical pulses are introduced to
o 2 . 1irjo]¢ inputs A and B of the adder, having two

Pig. 34. Diagrem and logical tazble of cutputs: C is sum ané I is transfer to
§gggzgig§§eggg:§'(half~adder) on follewing digit. By remembering functions
cf logical diagrams KO, AND, and OR, it is
simpie te trace the work order of the adder, recorded in the form of a table in
Fig. >3%.
Iy

or in-series addition of multi-digit numbters it is possible to use the

diagram in Fig. 1S, which we already considered earlier during the use of an adder

on iriggcrs.

in this case dlagram remains absolutely constant, only instcad of

an adder on triggers we can use in it adders on logical elements,

In-series
addivion of multidigit numbers occurs in as many strokes as there are digits in the
components,

fo 1

ncrease work speed of computers it is possible to use more complicated

. circuits 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,
iiowever, quantity of elements in adders and quantity of conneciing wires with memor:y
units here are considerably increased, since in the arithmetic unit there should

simultanecously 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

Fl, >2, cees Zpe To both primary inputs Ai and Ei of each mono-digit adder

P corresponding digits of components A and B
Corr ? '

are sent, Every unit Zi has tvio outputs of sum

:E, Ci and of transfer Hi; the latter 1s connected

with third additional input of mono-ulgit

(]
A, &, Ay 5y A, b, 4 b edder T;44+ Thus, in the ond each mono-dirit

2 ”/»-n-n ’ltﬁ

adder must contair three inputs, A, B, and
Pig. 35, Multi-digit adder of

. s -
parallel action, I, and two outputs C and ' wher 0, is ovirwui
of transfer to following dipgit,

iagram ana lorical tat le Of such 2 mono-digit birary adder on throe inputs,

et toon losical olements, are shown in Fig. 36.
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i Diagram and logicel tabis of i
£ a3der on three Irputs.
= = . =10, Devices of and t
5 Of-the mechine with the external medium is carried out through spezeial :
; . :ard;ttg'igput and -output,. throu;b input and ocutput devices. It is necessary
i .- .to3ntroduce ipitiai data for calculations into machine; i.e., the nuzber and program :
of work, a2 description of the actions which mechine =ust perfore on the initisl date, j
_ As wl}.g ‘E"M@ the following parsgraph, the work program is crncoded by a systes :
:"“' ] V- @.': ﬂ%ﬁlfégg: * ‘;
- Thus, all that 1z subjected to lead-in into machine is a series of nukbers in
: z defined order. For this purpose a device with 2 keybord is used, similar to 3
keyt-oard of a typewriter, Hoxever, during 2 biox on the key, figure is not printed
§ on paper, buf a hole is pierced on special paper cards, tepe or film, Cards periorated 4
. : thus, or tape or film, are unigue mexory units which store information, introduced 3
l ¥ A
‘§ : inlo the machine, For information readout there can be applied either mechanical 3
i :
; : »ethod of probing the cards or tape with special brushes, closing zan electrical ;
i )
! circuit ir presence of holes, or the improved photozlectric method. 3

£ith photoelectric readout (Fig. 37) beam of light free the source, concerirat <

A e 1 B,

ty opiical lems, passes through holes (perforations) in the tape and zcis om 2

|
.

!

phctocell, which transforms ine package of light Inio 2lectrical pulses, amplified

Ty an asplifier znd then proceeding to memory unit of machine, 4

Data ocutlet frox machine can aiso be casried out with the nelp of puncheld tzps,
elest romechanical or photeprinting device, Printing the results of calicutations

takes place In the conventicmal decimal system, for xhich in the cuiput Sevice tler:

Y AP ETH NS 1T B 1 2 Tokrs
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Fig. 37. ~Fotceieciric - -
Beitad of informatio: resd- tisck dimgrem dn Fig. 2); to its irput most frequently =

Sat dering dste isput Inta )
z;a:i*.i:’.s B+ panched tape; data proceed from ithout :lnzhe fcxz of cax’t:lmms 2t

5 = somrse of Xight; O — R ’
Fovical Jeni; @ — phutceail;  signals, and the Zachine Mﬁmm:-m_ -
o ' k4 ) - . el .

¥ — aapiifier. ) -

cdntinuous acticns on the éomtrolieéd objest. - - -

in ihis cass, data input intc machine does Lot réquire use of integied;ate, S e
punchers, Wt takes plsce by means of automatic conversiom: of the continucus nforsas- e
tisn into discrate (Jdigital) form. Iz turn, during outlet of discrete mtcmakio,n
“ros rachine, it is nezesasry, as a rule, to convert it irxto eor‘-im:asxs form., Thzse
functiong are cxscuted by #Zpecial Informatlion Convertérz, zzxnzs.mzing the xele of
sonnesting Links between resl objects of systems of automatic control and digital
aomputers.,

var

i1i. Information Cmveri:ers

Inforzation converiers can be divided into two basic groups: converters of

zontinucus (analog) form of informetion into digital, which we subsequently wiil cail

B

aralss-figure converiers, and converters froe digital Form into analog, which we

will 2211 fizurs-analog converters,

Assignment of converters of the first group (analcg-figure) is to obtain nusbers

bl e <t v e S

zz }efired moments, which correspond to mosentary vaiues of magnitude procesding ©o
rout £ comverter, continuously changing in time, IHere, by step of guantizaticn of - T

2 sontiruous regnitude Ly level accuracy of conversion is Jetermined, znd by ziap

P

of puentization iy time, the fempo of information lead-in in digital somputer. :
Jigital-to-z2nalog converters are designed for the produstion of analog magnituinz, o
priporeionzl (takirg into acesunt assigned scale) to pu=bers, procceding to input of £
-

rroveeser fraen 2he 3igital computer. Here ithe an2lcg values are issued in dissrete f‘j
o

zizencns of tize, and, conceguently, outpui magniinde has the form of certain sier -53:

|
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nl::g-.:v-d.;i‘x. ‘ar::erter:, are most frq:a':ly use3 In presrics Ior sonversion

;;.ﬁs.ul’mormmgmut.-sumsiﬂfts, ¥Sifage, anz tine

i..tenﬂs ..zt as cms;laer engls.-s of tachpnicaireslization of sixilar cirrerters,

‘Asﬂwdqlmummrotmnrmm.ocose (stafe-digit) av Iow

- r;.g':;iaa speeds it is yos:ible o use a systex with & so-called pulss wheal,

&bmﬂanyrepmtedinﬁg- 33. e tue stafty, anguler shifts 57 which xust e

. rec.,«mied b 13 d:lgital form, ihere is piaced a cogwleel, In the notches of which thars
e!:'.eys. the -end or a lever, held ty springs in the neutral position,

= 79 levar voltase brougkt in from poser supply E, azd on
the other end of the isver there ars cm\.acts, whiich can iock

T uith m;imléqsﬁontact during cicsckwise rotetionm of pulss whissl
or id.th contact b during count emlmkwise rotation of wheel. Eere
‘pulses are sent to in Lidirectional pulse counter [RSI} (FGEY),

which upon entry of pulses from input A works on addition, and

_upon entry of pulses from input B works onr substraction. ihws,

E‘i& 39 Shaft-  on the meter there is Tixed (in digltal Torm) resultant shasr't

41 gix; c@m’ercﬂ: )
with-palse wh2sl. - turn in & certain dircction from the assigned initial position.

AL bigh récat,i.é“i speeds the geared disk should be replaced by a cellector with
yrushes, and at very great speed one should periorm optical yield with the help of
rotazing '_opaque disk with cuts. This disk 1s iliuminated by a beaxz of light, going
through the cuts ontc 2 photocell, which issues pulses to recording devics,

in improved converters of similar type disks are applied of opiical glass with
several channels, on whichk the code is applied In the forz of comsinations of
transpareni_and opaque sections. This ensures removal of quantities coded in a certain
cesn'eu code without pulse counting by the current position of code elexents on
chanrels cpposite readcut lirme, Thus can we otiain not only tke usuzl birary code,
tut 2lso speclal codes, ensuring increesed noise imunity of the syste=m.

As an example of a converter of {ime interval into code we will consider diagrax

depicced in Fig, 39. Converters of sixmilar type find especially wide appliecatisne

-
-

ir. rzdar and navigational systess.

Stavilized pulse generator {¥G} (I3}) produces sequence of pulses, where the

period of their following determines a selected reading unit of time.,

enser paise counter [PC] {C3) through X, state of wideh ("cpen" or "lockes™) is

58—
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is Zzterzined iy state of trigger T, sortrolled ty
prizes of taginming and end of convertel tisme
intervsl. Accuracy <f sach canverter deperds om
the fraquevcy snd stabllity of work of the FG.
Daring comversion of voltage ints code, wide
propagetion has peen cttained ty method of so-called
time concoding. mmmmcm—dhu
carri>d cut ir two stages. In the first stage

Fig. 3%. =lock 3iasraxn of a conversion occurs of irput voltapge into a tix
corarter of a tirze interval ‘ ‘
int> oode. intervai proporziomsl to 1t, while in second stazs,

conversion of time irterval intc cocde takes place.

tiock diagram of one of the variantr of voltage sonverters intc cide with time
zorversion 1s shown in Fig., 10. Upper part of diagram including pulse generator

PG, key K, puise counter PC and trigger ~, iz =

m - K o ‘ repetition of the atove considered ilagrax ir
| o I ' Fig. 39.

Pulses from the PG alss pricesl o frequency

divider (FT] (JIy), whose coefficient of “ivisi:e

is determined by assigned step of quartizaticrn

by time,., Pulse from FL 1s usel, first, to stsr:

the generator of sawtooth voltage [GSV] (PFE:

angd, second, to control trigger T, which in turn

is Jetarmined ty ihe state of K.

Thus, at time tl of the appearanze of z pulre
ir:m the FL key X i3 operel anid tegins juantity

z:unt of puizes in the PC. At the same =momerns

btuild-up of saxizoth voltace i;'q starts, szens £

circuit of comparison CC, ¢z sther inpat of wnicrn

I2g. wo. zisex diagraz of a ccnverted voltage © proceeds. 5% mozment T sher
zioverter of viltage inko 2o0dz,

Y reaches magnitude U, 2oxparissn eireuit o7

IESuls a pudss orarturning trigger T, which leads €5 cutsff i key K ani ceszatiin LT

*+ 2 suppiy =f ralses from the P53 to the PC., Xuzter of pulses flzeid bty 2 2tviously,

ot

Ial T proporsiinal to time Intaesyval Ty - L, and, corresponaingly, 10 wilizags
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The Indicatior of the EC is opled iz corresponilrng replster [r memcry =it
after whick the counter drops to zero state, ani ucder the Influence >F I:liiuirg
pais< froe the FD at moment t’ beglns the fellowing conversion cyclie. Faturally,

e perizd cf sswtooth oscmnti:ns ‘r‘-ut‘ee selected in sccordence with assigne:
guntization step of tise ’rn in such a ismmer thet condition :fa E 'Inus satisriad,

Devices for zémversion of voltage intc code are ased also for encoding Tuma-
ag;ee:u during telephons transmiision along cudmonication chamnels, sxund recorsiiz—
303 30 forth. Bere the osclilations percelved ty the mocrcphone sre sect 3 sz
arairzer, whizhi presents thea in the fora of elezertary sourd combinatiors. Thas
Foltages cofrespopdicg to these coxbinations w11l e converted into codes, whick

_ are cransaitted along the conmication channel. At the receiving end Imveus=

“rancformation of codes into voltages takes place, from which in synthesizing favice
the speech r?ant is recreated. Use of such systess permits by several tars of
times caapxe;si’ng the necessary frequaency band for transaission of telsphone
:anveret:tj_’.ma and, consequently, incressing considerscly the carrying capacity of
raeucization <hannelsx. o

The most wide-spread type of digival-to-analog converters are converters of
el 1:1;‘_.0 corresponding current or voltage, where the cuvtained electrical magnitudes
ers. iIn tum be worked in the form of angular shift, speed of :r:ﬂ:atm'n, and so forth,

A_; an exaxple of converter of code intc voltage we will canisider the diagres
scplrted in Fig. %1. XNuaber code subject to conversion into analog magnitude is

rixed by triggers Ty» 'Te, T, ... Triggers

Eﬁ 5 f
r—"'—‘: = - —.5 l control the current statilizers [5%;] (C%,; ),

1 | e 'i i " ‘tf; 'l ST2,_ S‘.l‘3 ..., Which are calculated Tor
l l ' - transmissicn of current of starndard cagnitude
] s I. Here only those statilizers pass currzni
':v 1% [h which corréspond to triggers located in
‘9 ..‘ state 1.
- o

ILet us consider an exasple, correspemin::

kir. -1. Diagram of a converter of to the diagram ir Fig. 41, when to the irput

2243 into vGltage.
the nuxter 101 is sent and is registered

ts wriggers. Here stabllizers STi and S‘i'3 work, and through stzndard resizicrs pass

Tthe £31)lowing currsnis: through resisior R-(on the right) passes current 231, and

“:ry. i remaivins rosistors R and ZXR passes current I. Thus, the total wolfage aror

Leftween satpur ciavwp and grourns {tody) compoases:
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T.e., it wiEl te proporiimal t coefficlent 3, the decimal equivalént of code I°L, - [T 7]

‘

£13n the Inorasse of mmeter 3T Jigics ot\caun.ereﬂ'annbers, catrespandihgly ‘»l: .
Iinbs of soawwerter are added including stazilizers nnﬂ'stanzarﬁ rtsistors 3%, “88~¢... ‘

sxeeriers gonsiderad tarz glive only a zer.erz‘l Yepresentation nep.ﬁing L=
rrinciplss adé teckmologs € comversiam, which has presantly turred Inte sn T

i

h i
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i
SO v maFe )

Irdacenieny and isporiant IrEach of = emetic re,h;ai,gy

22. T@pas :&aezxani wanpazers and the Pr‘gpects 0; Tbelr apneﬁt - _:—=

Iat us now Kpet with Teriain concrete types of elecsronic ﬁiglta]*conpnters, — e
fesisned 2nd =uiit in our coamiry. . - . -

The high-speed electronic computer [BESM] (E3CY) is most widely knownj 1t was
created at neginning of the Tifties in Institute of Precision Mechanics and Computer N

Toshnology of Academy of Sciences of USSR, under leadership of academician n;

3. &. Levedev., ?his large universal machine contains alﬁoét 5000 elecirqhic tub-esi
it 1§ located In a hall with an ares almost 4150 ma, and: consumes up to 100 kilowatis
of electric power. Machine cxecutes up $o 10 thousand arithmetlcal operstions pox
gecond with numbers containing niﬁe decimal places, JConsequenhtly, 1t can count
tillions with an accuracy of one, or units with an accuracy of up to one billion.

The BESM s a paralleleaction computer. Its arithmetic unit is made on electy “ni.
relars (trigger circuits). Operational memory worked on eléctron-beam tubes, which
at teginning of 1957 were replaced by a magnetic memory on ferrite cofes. External
mermory of the machine is made in the form of recording on magnetic tape (120,000
numt 2rs) and on magnetic drum (almost 5 thousand numbers).

Izta input into the machine is carried out with speed of almost 20 numbers per

sezond, using punched paper tepe with photoelectric readout, Outlet of calculation v

resuits is produced with the help of a2 photoprinting device on film with speed of

-

SR

Z<o3 numt2rs per second and with considerably lower speed — with: the help of a
Jlgetro mechanieal printins device,
Suizegquently the machine was modernized anig wac produced in series under £he :
came SEESM-2.  In this variant 231 vacuus diodes were replaced by gs rsaniuy dipdes
wnison Jecreasssd dimensions of Thie machine and perritted lowering consideratly the

Y

> i¢s fe=d.

ey
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g ﬁﬁnég uith the developlent of kigh speed, at correspsodingizy more :aqgﬁica&ei
os.lier'!lchincs. uide\prug-s;tinn‘u-s ottained >y cheap sanxl"size k.~ A <,

. a: essl:lg.toﬁsc‘eatiric Tresearch instltnxes,~de:1¢n'bure-nz an& largz enterrxisex.

in ;9:c the :;rst.;odesl of "Ural”™ -chine were prodnced desi;ned Ibr sezinl

prosuction, -
. This sschipe Scntsins alsost 800 tubes, 3000 germenium diodes, and consuses

pbs;} eZ:ijf}lou;tts. For placement the machins requires: an area of alsost 50 »°,

:{f works with. speed of 100 .operations per second, operating with: numbers containing

3L 1nary dlsits. Basic £lements of tﬁe machine are triggers, inverters, and
) s&apers. Memory unit of the mechine includes a magnetic drum with 192% cells and

hagnetiu taﬁe with capacity of up to %0,000 cells. .For dat_.innut into the machine
with speed of‘h 500 nusbers per minute there is used a preliminarily lighted,

'perfo;atgg standard\flhl, readout fram which is performed with ihe heip of

-ﬁ;maniun phofbdiodes Printing of computation results is producea on paper tape

“with sgeed of 100 numbers per minute.

Machine "Ural" is the most wide-spread of Soviet computers, However, being

a rclatively slowly acting machiné, it at present has been removed from production.

In-1958-1959 there was crested a modern form of the machine, "Ural-2," in which

~oparaﬁieﬁal ZU’Bn fer:ite cores” was used which permitted increasing work speed

from 100 to 5}000 operations per second. Later there was developed and placed into
production the machine "Ural-4."

In the Ukraine machine "Kiev" was developed, ensuring fulfillment of 10,000-
13,000 operations per second.

Machine "Setun" is interesting; it wes developed in Moscow State University
and is presently 1n 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 peint of view of economy of construction of machine
devices and simplicity of fulfillment of arithmetlical operations. Furthermore,
the machine is very reliable, since it is bulilt completely on magnetic =lements.

Also produced in series is the machine "Minsk-2," built on semiconductor elements
and working with speed of 5-6 thousand operations per second, having a capacity of
operavional memory of %096 numbters and consuming avout 4 kilowatts.

nlsce constructed on semiconductor and ferrite elements is the machine "Razdan-2."
It works with speed of % thousand operations per second, has capacity of operational

-

M oor 20%Y numrers, and consumes power of about 3 kilowatts.
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5 pagner of sovrkellsed-machives ii'r.vc:&%ee:’: dﬂsiimf-d and coastructed: for - -

smirol of ¥Industirisd BTOIRSSSd, :a:moai..«:aiiﬂical .Al,.hhtions, m:tamtion of -

7 L~

- -

“raisn seks-up ant driving, and for Gﬂhe!:pqrpoees ‘/_» f’ﬁ s ’: E

1\3\

-

Paring crea tion oF het- m.!:xz;es, desigx;grs a... yﬁ to niecreue thej.r mre-ents

and welghs, and sttexpr to lower oixgiﬂ:‘"immt me‘c ?by httodaﬁmgm :edcmdm.tor
dilzizz and transistors, ssing of xmgu“citcuitsras L‘em%e cérea, and ma'easing
vsluse of memory @ith simultaresus decreass of Azewons ot;aze::ry units. Braad
proseects in Tield of creating mewory Jnlts of:great cupacity'and -great high speed
cperation are telng cpenel in comnection with the.posslbiliiies ot using,-ngnetic

£ilms, tunnel diodes; superconductor (c:ypgenic) 1ns§xu-eg%§, and so torth for this

purpose. .
¥ork speeds of sarial machines in the near~f§tuie-aiii reggh,hqutedslof

thousands of operations per Second. Furthetzéfé, fﬁéxe ﬁiread§~nov<§xis§ pnique.

machines, described in English and American press; wctkisbec@.nfiuﬁich féaches millions

of operations per second (Atlas; STRETCH). In théAﬁext<ieg years we can expect

the creetion of models of machines which will be able to exeGute tens of millions

of operations per second.

In the technology of digital electronic machine building, even greater application
bhas been made of contemporary achievements of tﬁelﬁechnology of the printed circuit,.
microminiaturization, f£ilm electronics, and solld<state clrcults,

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 achlievements in the swiftly developed

technology of elecitronic 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 + ¢ = O with known values of b ard ¢ we, by using

formula x -—---—t b' place the numerical values of coefficients b and ¢
and then perform a number of operations, such as division, addition, subtraction,
involution, extraction of root, ete, It is possible to show that all these
operations in turn can bve performed in the form of addition and sutiraction. Thus,

I.r instance, in order to multiply number 50 by 10, it is sufficient to add the
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ﬁu-ber £0 1C t;ie;; COnseqneqply;xlnltiplicatioh ;s,reddceé{is gélt;pie'additicn.
Dividing the number 20 by 5 can be—dane by means 5r*i.nun£ef o4 ~onsesutive sub
subtra.tians of the divisor from dtvidend, 1 = 20 5 = iS, 15 =5 = 10;
3-10-5=5; ¥=5-5=0. Atter obtain1n¢wzern‘ix:is necessary*te »alcu;ate
how many tisss lnbttnction‘u-s‘gprror-ed (1n our-else, A t;nes), and'this nu-ber
is the quotient, .e., thp :esult 6L, the’divisigﬁ. MInyG&uﬁion is. lnltipsinatian of
-a nnlher'by 1tse1£, and--nltiplictticﬁ, aa.ue glxgady'hale sﬁoun 1s reduced-to

t . L
Y < 4—,‘ -

additim’ em’ - -**:.‘A : _t"?:.w": ’:-. - , _:;" - -

Horeaver, snbtmt}_gq }tself canﬁ:e broughb t& addltion dur.ing. correepzmding
conversian_nt nn-ber coﬁeg, -This 1s‘espnc1u11y conveniﬂntly done In binary ‘nugbexr
sgstea, ihich pnrnits‘ns.ng ‘n arithnetic~un1 of: cogpgter; -as a universal instrument

‘;the adder cansidered by‘ns earlier. _2:4‘;~> T
E “ossibility or reducfion ot'a rather complicated‘prdblem'to a defined finitn

- not -even penetratlng the -essence or proolem not evers understanding i | if only
ianohher person, a mathematician, composes detalled 1nstructions, a: description of
nhe me@hod used in‘solution of this problem. For instance, we can, absolutely not
knowing what a déggee‘is, to find~correcfly result of 53 = 125, if we knhow that one

>shoﬁ1d multiply 5 by 5 and once agaiﬁ multiply by 5. Such system of formal rules,
allowing purely automatically, not penétrating the essence of the matter, to. solve
cérrectiy:all probilems of a certain cdefined type, 1s called the algorithm of
solution of these problems, This means that by compoging algorithm of a given
problenm, we make accessible to man a :purely mechanicdl. solution of this provlem, and
if we can manage to force (in accordance with composed algorithm) machine fo wérk,
then the machine cén also correctly solve this problem. Solution process of a
problem by: algorithm leads to fulfillment of the final chain of elementary
arithmetical 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 arithmeticdl 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 cperations (addition, subtraction, multiplication, etc,) in machines are
also‘enccded by defined numbers. Let us assume that in our machine there are

accepted the fcllowing codes of operations: addition 0,1, subtraction 0.2,
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Yatle 2 maiziplication 0.3, orinting of result 07, etc. Then the
s cmice, ol s instruciion of Tatle 3 is decoded 1in ‘the following way:
| -ker. Tyoe  JAimzacohes
- 3 =12 wdex o - ; ¢
e P e o add the numbers recorded in 21st and :27th memory cells,. .
e and record result of addition in 34tL ‘memory cell.
. ] ‘R m -
= — Let us give an examplé of prograsming of somé simple
] 21:’11 » problem., Let us assume that, for instance, it 1s necessary

to ctalculate the expression

+8)(C-D).

]
'
& b oo o T SUIAAR T W
o

Let us assume that initial data for calculation, i.e., values A, B, C, and D, are

placed correspondingly in 22nd, 29th, 36th, and 40th memory cells.

Program of problem solution will have the form represented in Table k.

As a result of fulfillment of the first instruction (first line of table), in
31st memory cell will bLe placed sum of A + B, After second instruction, in 3§th
memory cell there will appear the difference of C - D. After third instruction, in

- 50th memory cell there‘will~;ppear result of (A + B).(C - D) which will be printed

after fulfillment of fouwrth instruction.

T Program of solution of .sufficiently complicated
Table 4 :

- — problem can consist of very great quantity of instructions,
' Midress ef merory cells ¥
9+ fon Considering, however, the possibility of machine C
€ .1 n | m ¢
WA S fulfillment of ‘tens of thousands of operations per
o g 2 2 | 3 second, I% turns out that the machine can even solve
02 | % 40 34
03 31 34 50 complicated problems in very short intervals of time,
07 50 - - Important peculiarities of programming electronic 35
] computers are the possibilities of cyclical repetition of
E
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 rasses to fulfillment of following
instruction, or stops, etc, WAll these special methods of programming permit, with a
comparatively short program, exectuing a great volume of calculations, automatically
changing the movement of the calculating proéess, depending upon obtained intermediatce
results of calculations, and also permit the machine itself to produce a program

1 ' fuarther works, based on the general initial principles of programming.

Compositicn of programs is a very labor-consuming process, and at present
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 nathemiizigzes bave silred the proviex 37 exiomatic progrsmizg,
of programs of Compater work by Iwmgritary Shemgeives.
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2%, Cociwrsiiisg Mechipes
ERmarwom Timpolers, the mans Infizaies, are desipned to perforn calcainiicrs,

2., SpEracioms with mgnkers. Sowever, st presset they have ctialresd widsr sl
wEder pea fm xaiczion oFf soomrkzimetisal protiess, in particuzliar for awtomstic
raries? of SmErrrwial procssses, military techmslogy, AnS movement of Sraniplri.
Faxsiniiity of mectines SoE{RIEieg control femcticons i determines ty possITIIILy o
rzroriting tiege oy ctier procerses Ty maihemstical egsatioms, sslution of whish: cax
o parlfyemed by scheemeric machies

Igt T oocrider, Zfor Sectaros, fgeoticrs executsd Ly the englireer =f ax 7 -
riexferiz Zzoomotive, peiling 2 train. Thz operator knows the scheduiz of movameres,
222 way of the roube, irain welghi, and technical capsbilitier of electris lscamsaive.
e wmarches the comditiom of the rmocte, the sipwmisz of the autamatic tiocking systen,
rinciizrs atmospheric conditiccs, and actial fulfilimer: of the schedule, 1.e.,
xnether the frain is akhead of Texird screduie. ¥ accordance with this various

fmfrr=mcion, by welghing it the operator solwes the problem of the most expediernt

»omzeol 2f the eleciricz locomsiive. Eeo solves this problem rsughly, using his suan -
sexinizad krowlecge, Indusirial experience, ancd Iintuition. However, with appro 6

t

of somtrsi proviex the latier is often perforzed in ty far not the test !

mEehod. Really, im the sare secticr uilder identical conditlons a gocd engineer carn

gxonamize on 23sciric power, tut a less experienced one might oversipend it. But even
2 go33 engireer does not zlways make the best decision, since he often has little
zime for »onsideration of this desisicn while, farthermore, both experience ang

irzaition still do not ensure the fact that the accepted decisicn is indeed best.
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mmw mhhﬂamwmqmﬂze;mthm: tice} trEimirg

ke codld 20t be cccupled ty ibese cal=z ations dae Lo lack of time. The Tact 33
mtuumum ol movement urexvtu exginee: meat react guiciiy to
. chefges of extermsl cobiitioss, eves. 1f this spesd lesds to a certain dsgree To

mﬁnmdﬂuﬁQWMcaRxﬂsaﬂiﬂm T the slaciric
acamotive. )

The use of sn electronic control machine — sn satomatic erzimser — comkizfzg
t2 possibility of exact soluticn of movement comurol of the trafn with grexs high
Mmﬂm, ersaring obttainiry these exact solutione im a time calcuiated in
sacands, permizs it to camtrol the movement of 2 irain tetter than the srgineer
325, to lower thus the cwﬁ# electric power and t5 increase zafé‘:j@g‘

. Aalogous principlss can be sssawed in the btasis of automation of aby 3nZustrisl
trazsport process. For realization of this problem necessary first of all ic the
srecerze of a sufficiently accurste methemstical Gescription of the process subjeft
to auzomation. Suck mathemailical descripiion should be performesd, obriousty, by
ergincers of corr-rs;;onding speciaity, familiar in detain with character and
.:mu.:iari tles of the fiox of the glven process.

Thus, 1f* 1t is necessary to automate the £ontrol proc‘_s.—, of the Iocomotive, Ty
an engineer . specialist in so-called traction calculations. To automate coatrol

FN

of chemical production, sguations which estadblish numerical ratios characterizing *

~ this production, must te recorded by a chemist-technologits, etc.

After corresponding :system c_if equations has bégn composed déscribing the
given process, program can be developed for electronic control machine, ensuring the
solution of these equations and the realization of necessary conrtrol actions.

It is important to stress here that a solution by cybernetic means of automatic

" ¢entrol problen of any industrial process can give an essential egonromic and

technological effect only when this process is carried out on highly productive,
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e siwrized aysipmers and Is tlorooghly sod rationelly organived. j’-:poorly_
meiarized snterprise with Inmificiently prodective wnits, the spplication of
, TRerzeils tedzology, =5 a rale, ddes not rive the proper effect and 1s ecomomically

Enpagaiiens. Sefore we Introdece cybernetic sethods of control over m

Frocesses, :lt:isna:usgqﬁr:to{ﬂl wwﬁmMWﬁ
cr-arizailiorsl reconstractioe: of processes themselves,

4

forirg otservante of ibe indicated conditions all advantages of using cybernetic- -
camirol systems are most fally reslized: Mﬁcmﬁﬂmmmﬂmw, -
ercoring Zigh profactivity azd ecomomic elficiency. mﬂywm

P S
DT T ey

4
¢

iz possitilicy of replacing the fncticas of man ss s controlling link of the
sjiernetic nechines in sach places, where the locatior of mer is ispermissitle or
wmissiratle (in comiitiors of sirong radicsctive emissions, in hormful chemical
prodictions, during distsat sgscz flights, and so forth).

I all cases of using cybternetic machines to cantrol various processes genersl
princiglez are used of autauatic programmed cantrol, illustrates bty Rig. 8 ans o

[P R S,

segzrited fn § 3. Iot us consider more specifically certain comcrete cases of the ; :
| use of electromic computers for purposes sf control of different processes..

Control of matal-workirg machires, One of the forms 6f control autamaticn of

machines without the use of electromic computers is the system of automatic Treatm:sit
of & ‘

relative motion of preparation and development of a tocl during treatment on - i
sg-zalied copyinmg, most fregquently duplicating, milling machines. Alcng the feeler

) =ethanicm moves 2 rolier or pin, feeling its profile, comtrolling in turn the ’

movenent of the tool and its preparation. The menufaciure of a -good feeler mechanism

raguires high accuracy and is a rather labor-consuming operation.’

The use of electronic digital ecazputer permits replacing the feeler mechanisx=

'

device by such a device, in which the profile of the processed article is assigﬁevj

Al ey WA e E 37
PRI . .

ty 2 system of numbers recorded in coded form on perfcrated‘.papgr i:ape; photographic

£ilm, or magnetic tape. In such a2 form the information about required form of the

L i

prepaved article entérs electronic digital device, executing corresponding

calculations and producing instructions for machine control, These instiuctions,

in the form of voli~ge pulses or in a form converted into continuous values of voliage

aeoup

L4

ey

PO

W ee e

nter three effectors of the system, ensuring, let us say, shift of the milling

<lit 2r Ly needed magnitudes along three axes of coordlnates,

g,,;; IV AP
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. "¢ - Eatic confrol of an enterprise

! witi: a contimious technological
. process. 1 — central electron.
S computer; 2 — analyzer of raw

T rmaterial; 3, ¥, 5 — local

b regulators of stages of the pro-
N i cess: & — analjzer of ﬁnished

) predact; :—)1, S5 3 stages of

F “_ Fig. 22. Block diagram of auto-

B - Ip primciple, scring sctomatian of machines, the camputer can be plssed
mmﬁetbem, where it can cantrol sisplitarscasly the work of savzysl
¥y . g ’ \ g

’m-eoteloem digital coatrol machines increases productivity of Xater
ami‘imtheutotmau a redaction in adjcstzeut time of machines,
amntwhmwmw,mimimmotm

l’hll mﬂm of M uith ccnumms M processes. Development
aammmtmmummmamnm e the guestise
of fall sutosation of eqnegt& industrial objects: comveyers, workshops, whole
'Ajﬂaﬁts‘ ‘fhis problem cen most essliy be realized in enterprises with contimsus
(am! not pizce or intermittent) industrial processes, for instancs, in dﬂf&l‘!‘.’h-
ehenlclf ar] oil ref.lnhg erterprises.
The ]:rlnelple of automatic control possitle here is fllustrated by dlagram in

=gz, ¥2 Iztnsuaﬁe that rex material during processing passes a nunier of
stages ofghe teclnoloslal processes 31. 32, 33, etc. Corirol of =ach stage is

parformed by one of the local regulators 3, %

5, constituting alectronic digital compuier,
to whichk pragramjustusnt of given stage

ot process is assigneﬂ\ Local regulators have
two communication “hannels eacn: (Lrecc and yoverss)
toth with the units carry:l.ng out stages o1 .ne
technological procsss, as well as xith central
electronic computer. The latter outains
irforsation from iocal 'regulators about moverment
of the process by stages .andfrom analyzers 2 and
6 it obtains data of analysis results of initial
raw material .and finished product. By comparing

resulis of analysis of finished product with the

ﬁecimical zrequirepents presented to it and by processing all rema,ihirig proceeding

infomaﬁi;on, the central electronic computer, as if executing the role of “dispatcher”
o“ tha enterprise, 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 'z;. product of the desired quality.
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& 2z cenitrzl slacivomic conputer it is expedient to use a machine, which in
zxirol pracess can find the test operating conditions of the enterprise. For this
in Its me=cry there must te contained Jdefined appraisals cf comtrol movement by one
ar anotlher program and possibilily should be saticipated of actamatic transition to
arsihar, more profitatle work programs.

Already there now exist fully satamated Mtede;, in which cytemnetic
techoslogy pernits (ty assigred recipes) automaticzily meking dough frox needed
companents ard in reguired proportioms, camtrolling its taking, srd to produce ]
verizus finished articles. In such plantc theré =xists an antometic system which
processes statistical dsta sboat the welght of produced articles and sutomatically
correcting the messur:ment of dough. This has allowed cansideribly decreasing the

orerexpeniiture of dough and at the sane time decrsasing deviation in. weight of R
arcicles fram the norm,

In the direction of full autosation of enterprises only the first steps have
teen maje. However, it is possible to say with coufidence that in the future,
appiication of elecironic computers for this purpose will alloy considerably increasing
the accuracy and operational quality conirol, and consequently also Improving the
bacic technical 2nd economic indices of production.

Control of electiric power stations and power systems. A very bright future

t2longs to "dispatcher” machines in automated electric power stations, in power

sysiexs, ard in fature single high-voltage network of the Soviet Union, as well as

vy

single network of socialist countries, joined by the Council of economic mutual
assistance. ‘* 7

For control of all working stages of contemporary electric power stations, N
especially thermal stations, it 1s necessary tc¢ use a huge number of data units which -
signal regarding movement of flow of various processes (unioading and preparation of
Tuel, its supply to boilers, work of the boilers, turbogenerators, transformers,

system of energy distribution, and others). Quantity of data units in electric

COPULY

power station reaches several nundreds, where the wires from them are wound up in
special instrument cabinets and on boards, designed for observatibn and adjustment ?
of the processes of production of electric power by the duty staff,

A considerable raduction of guantity of duty staff; and in principle complete

automation of control over the work of electric power station can be attained by

e

mzans of using a cybernetic machine for this purpose. Here the outputs from all
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data tmits are l=d Into the sachine, which comparer ihelr In¥lcEtichs with txe
mw;}mdcommm&u,mimmct&vhﬁmé!m
m&um:t&mitmmwcmtmﬁamammmu ar
Wmummwmlmts thenthe-chine {1z process. of
mtm)ulmmmumm_m
mmmtnwmamucmnwmmms@

b

. large umified power systems, wngmmcmummsep-nte secticns

of the systes, the cybernetic “dispaicher™ solves ;roblg of optimom distritutioe of
energy sources and loads, and ensures sutomatic switch on and stop of units in the
electric power stations, switching of transformer substatlons, high-voltage iines,
and 30 forth. ST :

!n:enleofcjgrmuc techo;ggintnnspor' AL ;.he‘ws..mlngai'ﬂa.s e!sa;:t.r
we considered the 1des of a device for autc-ntically driving a locm*ive. miis

:ldea 15 assumed on basis or eachine developed and tuilt in Soviet Ihi—.‘?;, i‘:i.led
,aut_tic ezg;lneer. It 1is tullt completely on mpet:lc logical elenents azd
semiconductor-valves and does not contain one tube, if cneiere not to consider

ke kenstrons in power supplies. First sample of the automatic engineer designed
for autﬁ-ﬁticilly dirving electrosections of suturtar trains. Sch§eqy§ntljﬁﬁa£éiné§
were developed for automation of control over eleétr.*;c locomotivas and dlesel
lozim'_otifgé, as well as subway trains.. . ‘

Another model of computer, also made op magnetic ele;‘méni:s,‘~ is designes for
automating the process: of fgrning-trainsfog‘so-called sérting.hi.ié of iarge
railroad stai:iqns. ‘The rolling stock, subject ito sg;tigg? wil1l approach by cars
forxard to the hill where uncoupling takes place. Baﬁiﬁgtnofed through summit of
the hill, under action of .gravity the railroad cars are rolled dosnwards along the
slanted ‘part of the hill, whére, depending upon where the load is going, thne

railroad car (with the help of pointers) goes fb one 6f the routes of so-called

park at the bottom of the hill, where trains for different directions are formed.

30 that the railroad ;:ar did not strike against railroad cars g.lrea.d& standing
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 railrcad-
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 perfermed by the

operator from control post. However, since different railroad cars (lvaded and
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erpty, with gont ar bsd baarlrgs) Szvelcp different spseds ok posssss wvarious
erzrzy, and siss coosiderinz ot Jepending upon the congesticn of routes in_the
gark az the bottom of the hi2), they must vass s different distance, snd their
brakizg stouid be carried ozt with different intensity, determined by toe operator
¥ €5%, InaSurately. Therefors soes railrosd cars stop sarlier then necessary,
a3 iRy must iiem be roilel marsally or by tractor, and others s;riiehggninst
alreasy stopped raiirosd cers whick lesds to them being dezaged. ‘

Feplacing the Gperator ty & slsstronic computer can give a sharp isprovement
in the wark of 8 soriing RiEl SpecIsl yadar Sevice, using so-called Toppler effect,
saniiruonsly messares the spesd of rallroed car rolled frop hill, and thus
Zateraireés Its runcing nropsrtiss, caused by weight and gquality of be&tings. Acsther
giocvrical device daterninmes the distance to the closest railroad cars standing in
1= routes at the botiom of the Riil. A1 this Anferzation enters the electronic
scmpazer, whick sclves the dimanic problesy, at u¥at speed the railrcad car shouls
exarze Trom the retzrder wo that it sicpped at ithe assigned place, and correspondiniy
sintrols the braking in the retarders. ’ i

Tith the use of electromic computers there car be created systexs of aﬁtceatic
—ConTroY aver Eovezent of trains in entire dispatcher secticns, a device for autocatic
tickat selliné for distant iocations including also those with transfers, with
automatils elimination of cccupied seats, and cthers. " ‘

Aproad there has been developed 2 model of ‘a superhighway with autematic eonir:s
of motor vehicle movement along it without drivers, where antomaﬁic passing 15‘ -
antizipated of slowly moving iaqhines, and thelr automatic entrance ané'departure
onin the superhighway.

On superhighways there exist auicmatic radar speed measuriﬁg devices of passing
rachines, which, in the case of exceeding the speed limit, a camers is automaticaliy
turned on, capturing on film the machine number. Thus, at the end of duty; the
regulator need only (by automatically manifested f£ilm) to extract and to dispatch
tickets to the offenders.

The use of cybernetic machines has great prospects for streest traffic control.
s :cording to reports of foreign press, in 120 crossroads of busiest part of
"-w York there is a device which regulates street traffic considerably betier and
~.ore exactly than was done by traffic policemen. Inte it information is introduced

resardint the quantity of machines accumulating in each direction, proceeding
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from special meters uth photoeslls or suspended rlriars, atout the expectation tize
of the first motor vehicle, and finally, atout the load of the neightoring
;:rossrs;dr The use of thls sysiem Ias permitted raducing 360 policemen and
decmsxngbyw-nmmedq-mntmm "peak” hours.

' For'e'en] yenrstberelnsbeeninﬁ.eldtestingacybemeuclisht sigrai in
Leringrad, de\'eloped by colleagues of I.eningraa electrical institute of comwunicaticn
im. M, A, M-Bmevich, Jointly with [ORUT) (M]{) (Division of Strest Traffic
Regnht.on) hborator,y of Leningrad police department.

This lnu-tl.. 1ight signal records: the accumulation of machines approaching
from vu-lous directions, and solves the probig-, at xhich moments and for how long
it is ;olt,prénuble 19; light the green light in a given direction. It passes out

~ of turn fire trucks and ambulances, which have special distinctive radio signal

de\'ices. When ‘transport moves for a iong time in cnly cne direction, tne cybemnetic
reguh:n; stops this movement to allow passage ct» pedestrians,

‘ Already at yi'esen;—ti;ere‘ are being used, and subsegquently more and more
sidely cybemnic devices will be introduced shich are designe Tor automatic
driving (by ass,gzed p"ograa) of ships and -automatic piioting of alrcraft.

c;bemetic- technolgg -in.military affairs. Possibility of creating self- .

caﬁsrallegzégy;cés& acting without participation of man, naturally attracts

2onsidera le\x tention. bf‘specialists working in field of militafy’téchnology.

Cyternetics was engeruered during the years of the Second Worid ¥ar; and was

jcxedjately uséd for solutior of a nuwber of problems of a military character. For

post-war period, technology cf electronic machines has made great successes. It is

ﬁ;fficﬁlt to erumerate all their possivle uses; therefore, we will indicate on the

basis of forelgn sources 6n1y certain military areas, where systems are already used

-or projectéd which include electronic computer technclogy.
Fiist of all, machines are widely wused for the production of highly iabor-

éonsuming aerodynhmic,'Béllistic (i.e., conneited w;th determination of flight

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 aciual flight of the missile. a
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

radaz; station, revealing the aircraft at a distance, and an analog computer, which

i
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Ty the caia from radar, calcalatizs the further route of the alrcrart and producas
» instruciions for cevice which galde the weapon ani controls automatic firing; ) = B
| i A special role telongs to cyvernetic fachnology in systems of distant detection
and interception of high-speed btomber aircraft and ballistic rockets. The American
ress reported 2 unigue sewiautomatic system of antiaircrart defense dévélQpedfin

'S

er

he Unis7~States. Ir this system inforsation from a large quantity of distant

etect._ . Tacars enters cantral computer, in the merory of which there are data

SR
'
£

regarding the presence of mzans of antiaircraft defense and fighter aviation.
Hachine solves tactical problem of the best distribution of these means and through
computer "subordinated" to it controls autqnitic opening-of antisircraft zenith

artillery fire, the scrazﬁ-fng of fighter aircraft, and launching of gulded missiles.
Very pronising is the creation (on basis of cybernetic machines) of systems of

automatic alrcraft ilight control. For example, in 1952-1953, 1in the United States

the "Digitac™ system was tested in scores of takeoffs; the system was designed for

automatic flight control of a bomber and bambing. System permits, by means of radic
- navigation, determining the position of ai£z;agt,calcu1at1ng 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 deﬁermine*the'
point where aircraft must drop its bombs, and automatically control ‘the bombing

itself, Eiectronic computer of system contained 260 tubes and:1,300 germanium

[

diodes. Power drain, including power consumption for cooling, was ;;3 kilowatt.
Volume of entire "Digitac" system, including .electronic comruter, power supplies,
receiving and measuring device, cooling anéwgdapter for connection with automatic
pilct of the aircraft, composed almost 0.3 m3 at a weight of about 100 kilograms.
: At present there exist conslderably more economiec, 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 aireraft located simultaneously in the air in the area both of air bases

. as well as c¢ivil airports, of exceptional value is the automation of dispatcher

control over air traffic., For this. purpose special control centers have been

- created,
Aczording to reports of the American press, similar centers are equipped with

four specially developed (for this purpose) electronic ¢omputers. One of them is

vrsigned Lo process Jdatuo about the aircraft's following its course, the second will

~T1-
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watch for no@e-ént ot ailrcraft in area of the airport; third is a reserve, and
fourthAsexres as an 1nter-ediate link to cannect the center with antiaircraft
- defenss s;nta-. ' :

Cybernetic syste-s exist hich are designed-fbr yutamatic control over torpedo
boets. ’

Very'ilportant role can be plaseé by cybernetic machines ir the solution of
opetation~tact1cal'pruble-s the collection and treatment of recornaissance data,
encoqipg and trnnag;ggion of information about the enemy and about his troops to
hébdqpnrteiszgtihxghgr subdivisicng, drawing the situation on a map, preéaiation of
' calcuhteddata for the commanders to mske a deciéim, developmer:t of variants of
these. decisions and others, ‘

.. or conslderaole benefit car be electronis digita; camputers working away from

. the front in automation. of supply of the army. Their use permits essentlally

redu»ing the tino for shaping ané realizing requests, making more qperat‘oral the
prozesses -of calculation of goods, thelr storage, transport, and so forth. Hachtnes
can ensure bOth the develqp-entnof‘plansuin.=ater4a1-ueuhn;¢a1 supply of troops,
and autcmatic control of the realization of these plans.

F&nally,'inportant role can be‘played by cybernetic machinés in the improvement
of combat training of'mil;tary special;sts as automatic trainers, Wide propagation
has been oﬁt;ined by trainers goi the preparation of pilots, astronauts, drivers,

tankmen, and other specialists.

15. Informational-Logical Machines.

Besides thé solution of problemms of a calculating character and their
application in control systems, cybernetic machines can be used for mechanization of
a number of other forms of mental work aménéble to formaiization, i.e., those which
can be carried out in accordance with clear, preset zulés. Examples of similar
forms of mental labor are calculation, statistics, certain planning problems,,
translation from one language into another of scientific texts, and so forth.

The informal forms .of mental labor are problems -of a creative character, for
instarnce, invention, ?evelopment 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 talent, inspiration,
and idéuition of the creator. Solution of creative problems is inaccessible to

machines, in any case in ‘their contemporary form.
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Yachines designed for the mechanization of éertainjprbcesses-ot th;flental.
istor of man, found in perception, storsge, and data processing-by a*der;ngd »
logizal program, are called informatiomal-logical machines. Ihef;csn'be used rqfi
automatic translatlons of texts fram one language to another for treatment 6:5. i
results of séientific investigations and engineering developeents, for duiomation
of" processes of information search (issue of rezerences), for diagnosis of -
diseases, for the treatement of different statistical data'qu:tulfillpeqt of -
plancing and economic calculations, for instruction, and for several Othéf purposes,
Let us consider certain of the most Interesting .and prﬁSpectiVe types gnh=the
application of similar machines.

Auto-atic<translatioh. Pirst public demonstration of machine translation took

place in the [IEM-701] (4R{-701) -electronic computer in KevAYorg, in January, 195%.
In memory unit of machine there were introduced a Russian-English dlctioharonﬁ‘
250 words and a program which contained alrost 2,300 instructions. For the
translation simple tex% was selected consisting of words "Known" ty the maghiﬁe.»

In 1955, in [BESM] (B3CY) machine experiments were carried out in translation
from English janguage to Russian. PFor this in machinre memory 61Ctionary was
introduced of 952 English and 1,075 Russian words. Among the Engiish words 2% has
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 an article printed 'in one of the French magazines in }95&.

"Last summer, during theirrstgy‘in Russia, members of American delegation Qere
invited to a demonstration of work of anféiectrcnic computer, created by Soviet
scientists. An experiment in translation from the English language tO»Ru§sian showa:d
that the Russian machine operated with a dictionary of over 1,000 words and *composes!
phrase with much greater accuracy than does the American machine. M

The famous Massachusetts Institute of Technology recently organized a committee
consisting of five mathematicians and philologists to detect the secret of the
Russian electronic coumputer.,"”

In fact there were no special "secrets" in the Soviet machine. As is mentioned
above, experiments took place in universal machine BESM, not des’zned: especially for
translation. Serious successes in this effort were reachéd thanks to the great
work which Soviet mathematicians and linguists performed; developing more pérfect

methods of translation programming.
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‘ k‘umﬁsﬁcﬁqwﬂxb&@u&;ﬂ.&iﬂa L machive wirk Saricgs
. ¥3TonMTAT m}lucn. “Grk. process ct*tne tnns].a.er, 1=z us 8y, Juring
51 mu;aamhgwmtom.mw‘s in Fiz3ing Trom wesory or
© fn the dictionafy scfficiently sccarate Pussiar equivelents of English words, In
; snalysis of the Engiish text;-ac2, n;-n:-, in correct comstruction (synihesis) of
Russisn text. The wosz simple protien is finirg Russian words which corresponi
to the. English. let us-say that we want to irinslate into Sussiar ihe English word
took (book). mmtummsn.ext.n.afhe-mm, 1t must Lo encoaded
An 3 defined samer, 1.e., mh:e:ltjnﬂ:ers s.nc-themchiznmaulymemw
» Mtk mebers. utuwummbanmnmtmm@w the
5 letter 6 through 29, snd letter k through 19. Then the English xord Lock xill
~correspond to the mader OG252319. For imput of Brgliskh text into machine azzaratus
15 ‘used with :yp'zintér keytoard having with iatin priat. During a blow on the

kzymﬁmnmmmmﬁsabﬂ_i.m tape or punched card corresponding
.#3 233e of a giver letter. Then fspe is sent to ;!npa,&. device, xhence gunbers,
rrespaﬂin; M.s!s mr:!s, er ms.hine in the form cf elactirical pulses.
= Iz machine mesory m'd‘ the éiedmry previcusly piaced there is stored, in

= x?:i\-‘. cach English and Pussiam word 1s slso replaced ty 2 number. Search for

Zesires word took consists of comparisod by the subtraction method, erpressing its
r—-?—*?er 36232819 with all wmbers of ihe dfctlonary. Here difference xill be

Soralined tqml to zera;,, only wbee the desired word 1:s ravealed. Considering that
>.._.. rine can perrom, let us say, .0 0D sattractiops per second, we come to conrlusion
*%az. w:.'en 1:! destred word were at the erd of the dictionary, then with a dictionary
wsleme of a snmsa;:z:,( »ords, locaa:mg tha word xm}a ta¥e 0.1 ssec.

‘ ‘iimrever' 1% 4s possible thus to tramslste cnly simple words, xhich are in
inizial form, and to raplace all English words by Russian words in the same order as
fhey were in the Enslish text. For campatent translation of real fexts it is
necessary to select ons of tha many possibie meanings of z multiple-meaning werd Ty
means of amaly "'*s of words surrounding if, to analyze English text from the nmnt
of _;:iew of English grazmr, and competently to construct a Russian translation in
accmfdancé with Russian gr;a?:_;?r. &A1Y this 'requires extraordinariiy great preparatory
“work in compc-ition of a s Lic &gﬁmg accezplished pregran of machine work. Program
st:culd be previcusly introduced. .-; rachine along with dictionary, where the larg:

azouni of rules and excaptions to thex requires vwery great capacity of memory units,

]
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=ar s simes excseding the apariiy necessary for dictionary storage.

At presért, work o furiter improvement of methods of machine translation is
fairs cornducted Ty & large nuster of scli:ntific collectives beth in deiét Unionm, -
as well as abroad. Results of this work will allow; in the future, czoss1§g'fro-
exgparimants to practical application of automatic translation machines, - In tbe
firsy place this provliem wiil te solved for tramslation of sciegtt?ic texts, in

which, fivst, the guantity of words 1s 1imited, as z rule, to several thousand and,
secondly, the constructicn of sentences considerably more exactly follows eiiSting

rales g grammar, .
Translation of artistic literature is hampered not only by considerably richef

dictionary, but also by the fact that in an artistic litergture'allriiﬁds of

[ ixicrmatic expressionis are used more often. However, the main dirfiqnlty of

0 s b Ne Sl s i oLy Ao SR A
o
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Translating artistic texzs consists of the fact that sometimes even formally correct

trarslation tums oul 0 be very far Irom meaning and spirit from originai, because

translator of the artistic product must not only know the language well, but should )
- also know the iife, culture, and customs of the people from whose language the

transiation is taken. And such requirement we, of course, cannot present to the A

Although transiation experiments were carried out in ordinary universal
rachines, subsequently for translation there will be created specialized machines

with consiﬁerabiy more capacicus memory units, with special sets of instructions,

T p——
e e

and with fast-working input and output devices.

—

Pringipally solved, but requiring still greater practical development, are the

most interesting problems of direct lead-in into the machine of piinted text (boo&,

T

4 newspaper, magazine), so that in the input device there occurred automatic enccd;ng ¥

T

of letters by numbers. Still more complicated is the problem of direct encoding

of sounds of human speech., All of these are problems, which will be solved by joint

efforts of mathematicians, iinguists, engineers, -and physicists.

: * Refergnce—bibliographic machines. The continuously increasing flows of

scientific information in the form of books, articles, accounts, reports, and

§ - patents more and more hamper thelr use in connection with the difficulties of
i investigation and familiarization with corresponding materials., 1If a scientist in >

e past centuries could become acduainted with practically all of the somewhat

—

3 sparse literature on an interesting question and this took away from him only an
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’ ;nsign;riéantzpart.of this working time, then at present such an abundance of
Aliten;tu}e 1s pubiiiheé on all questions of science and technology that familiariza-
tion with:gli this lite;ptgre_gygﬁ in some narrow field of knowledge becomes
~b§c;ﬁbréakihg fér‘;.qahfeien_iben:he devotes all his operating time to this.

QPnrndoxiéal:situa€IOn appears when the actual abundance of scientific materials
' 9h different branches cf knowledge becomes an cbstacle to the full value and deep

ma#fer%ng‘of;fhggé'branéhés. At the same time the cost of “efforts expended in

vain" in scientific ;éﬁé;rbh work, according to affirmations of certain authors, is
-- -at present gorevthah‘half of the full cost of these works, since often, in every
~concrete case,lthexprébiem on hand could have been solved by more effective methods
or even an a}readxjﬁrepared‘SOlution could have been had, if beforehand it had been
possible té‘éxamine all available literature cbncerhingAthis question.

” 7; In-connection with the fact that the growth of the humﬁer of scientific
publications of statistical data occurs not in arithmetical or even in geometric
progression; but ﬁy-péugr law, then occurs a further rapid “imparimeﬂt" of the
pqssibilii1§§ of apqgss to these all-increasing masses of information. -

‘ Th;'bﬁly apparent radical means. of long~term solution of this question is the

creation of datawprocegsing comﬁuters,~capab1e of accumulation and systematization -
of large quantities of Information and issuing references during the approach from '
withgut into the machine in a definite way of an .encoded quéstion. The work of
similar data processing computer of the future can be graphically shown in the
following way.

In memory unit of machine there are recorded (in- defined sequehce). systematized
information on various questions. The number of scientific disciplines in the '
machine and the widtn 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 éutomatic 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 fhat in the newly
arrived materials there is no new information as compared to that which is already
contained, then thig material is not fixed in machine memory. MNew information is

~ systematized and is recorded in the form of supplements to information already
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available in machine. P
Appeal to the machine can be carried out-byﬁmgansaof»guegying};%iby\ggtineq:,
code, which corresponds to the discipline of knowledge whick interests s or to

concrete object of information. Here the machine issués through its outlet organs
extensive information in the form of text on a form or in oral forh. regarding: the:
given question, illustrating it by drawings on television tube screen. For. )

production of information it is not obligatory to be near the gata:ptocéssing

computer, Its subscribers can be connected with machine with the help of ‘special .
or telephone lines. Here for the subscriter there should be a panel of a ‘set.of the
query code and a device for reproduction of information proceeding from ﬁachihe.

Future machines or complexes of machines of similar type can be called‘ihfbnwgtgria,

telelibraries, or telearchives;

All technical problems connected with the‘CIeétion of such machines are

. y
e B, W i W Wy e o

solved in principle. Devices exist for automatic readout of texts, automatic- — = 1
translation, recording storage, treatment, and reproduction of information. -However,

thé practical realization of the idea of similar informatoria is still far from

R R Ta

realization. Contemporary w.vices of automatic reading and. translation are quite

5w s Gt

imperfect, complicated, and expensivé, angihave a greater cognltive than practical

e

value, Theréfore, at first stage of création of data processing computers the
input of information into them will be, obviously, producéd manually by operator.

However, the most important obstacle in. the creation of informatoria is the

R R I
L . .

present absence of sufficiently capaclous operational memory units with flexible

far

address organization, adjusted for the execution of individual probliems placed
beforé them,

v g A

The fact is that existing units of operational memory have- capacitance
on the order of tens of thousanis or, in the best case, hundreds of thousands of

words, whereas data processing c.mputers must have a memory volume medasured by at

et sk o e o

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 volumé of billions and hundreéds of billiodns of words, {

Further, so that during information input the machine itself might classify it %i
by content, and during reproduction might detec¢t 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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. name, housewnu-ber, and apartment number, then associative system is simlilar to

fbrth) i‘“ol o

-1n£ornation,search:in memory can‘be 11kened to a search for an addressee by street
o :seerch forwaddressee by'his external criteria (sex, height color of hair, and so

Iet us consider constructian principles or simplest assoclative memory units or,

- \more“exactly; -emory units with search by . content and by criteria. ILet us assume

‘that 1n the menory there are m:-so-called fields, corresponding “to n obJects of

1nformatiop. Each,field cantains n uords, determining the criteria of ‘these objects.

- To detect ap,pbject of informgtioniit 1s necessary to find the field in. which a

&

defined-quantity otfcriteria;_igtrodqced in associdtive memory unit, coincides with

the riteria recorded in the field.’

‘Besides reference-informational and bibliographic devices, a similar device

can be -used for instance, in di@gﬁoétic machines, which must issue a diagnosis of

‘ issuerdesygnatiog of obJect of information corresponding to these criteria.
Finally, p;oblemrdf deteetihg an object of informetion can be augmented by

a disease by the sum of criteria -(symptoms), characterizing state of the organism;
Analogously, automatic determinants of chémical compounds, geological rocks, plants,

and so forgh can work. :Such determgnants by combination of separate criteria must

issuing ¢értain accompanying informaticn. For instance, diagnostic machine, along

with diagnodsis, -can issue reccmmendation about therapy of the patient.

One of the variants of block diagram of

] e ‘o associative memory unit is shown in Fig, 43, The

; . . B criteria intended for searching cut the object of

A

criteria, connected with fields corresponding to t

Fig. 43. Block diagram of criteria in associative memory unit, Upon coincid
associative memdry unit.

i — se: of criteria de: . of the criteria recorded in certain field with the
2 — unit of associative

memory; 3 — control devic.; @assigned, the control device ensures entry into ou
4 — address system; 5 =
it of accompanying
information; 6 — outlet
device. object, Simultaneously the control device switche

device of the designation of the detected informat

address system of the unit of accompanying informa
which additional information issues to outlet device, characterizing the given
object.
: Process of search for object of information in described device includes,

: obviously the following operations.

~78-

i D P TS

i ne B4F ne Nl me I information are intréduced into device of a set of

hese

ence

tlet
ion
s on

tion,

b L ek e e S AR v P o iyt iy, AR Pt L P

¢ S e

PSR PSS




o

o e R i i = o L et

TS skttt st P T

1. Comparisun of introduced criteria with criteria, recorded in the fields of

informazion objects. Here the latter must be kept, for which it is necessary that -

in associative memory unit there take place so-called noninterrupted information
readout. - ’

2. Determining the cbject of informetion on the basis of coiq;idencp?g?
introduced criteria with criteria, recorded in field corresponding to. this 6ﬁject. ’

3. Noninterrupted readout and outlet of designation of the manisfested object
and information accompanying it.

In already developed different veriants of associative memory units as the
information carrier punched cards, capacitor matrices, magnetic elements (cores,
transfluxors and biaxes), and cryogenic elements.. Fnrtheradevelopmept of
associative memory units of great capacity is one of the most important .prerequisites
of' creating new informational-iogical machines of varied assignment.

Control of national economy. The most important problem of cybernetics, as

a2 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 cyberhetics in People's economy are: 1 — 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 probléms, it ié
possible to reacih 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 linecar
programming, bases of which were laid in 1939 by works of Soviet scientist of
L. V. 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
provlems, connected with the planning of shipments, ensuring minimumtransport
expenditures, problems on optimum lay-out of material (leather, sheet steel, fabricc),

problems on optimum distribution of the load of a machine-tool organization, and

..79;.
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others. Solution of problems from field of linear programming requires the
fulfil;méht‘offg‘ld;ge quantity of relatlyé}y simple but very labor-consuming

R I el i

calculat;ohs. Therqroré,'succgssrul practical realization of'fheée methods is
intimately: connected with the wide use of contemporary high speed comptuters,
Greatfbeﬁéfits.c&n“brought and already .are being brought by introduction of

“&- o

the latest computer technology in the sphere of calculation and statistics, in

T s e

"~ the Qréanizatiqp of-material-technical supply, in credit-financial system, in the
.sphere of tfh&e,’;n transport :control, and.so forth.

In conditions sf éoci&list planned economics and cénfralizgd control of the
national economy éexclusively favorable prospéctS‘are opened creating a single
sfaté netuo;k»b? cybernetic and central computers, connected among themselves by '

_ channels ensuring continuous cireculation éf fluxes of information from enterprises

to’Council of National Economy and planning bodies and control information from

the leading ecogomy organs to the enterprises. Such use .0 cybernetic theory and

technology is a very important factor in the improvemént of organization and control

of national ecqnogyhof the country, accelerating the tempo of our movemént to -

Communism, . ‘ ‘
fPla&ingW @achiées. One of the new divisions ‘of mathematics, intimately . .

connected with cybernetics, is the so-called theory of games. Its foundér Is one 1

of the,gfeatest mafhematicians of contemporary time, J. Neumann.
?i Theory of games wa$ developed on basis of studying such well-known games ds a
chess, checkers, card games, dominos, and others,. However it subsequently turned

f out to be poésible to spreaa its assumption to different situations in national

f economy and military affairs, which are of a character close to a game,

In point of facﬁ,‘theory of games constitutes a theory of planning the

behavior of sides, aimed 'at the achievement of an outlined result, Since the

gg theory of ‘games is used to determine optimum form of actions in certain situations,
f then it can.be considered, to a known degree, a branch of' linear programming. i
Not wishing to go further into details of bases of the theory of games, we * i :
will consider the simplest example of possibility of using cybernetic machines for 3 E
appraisal of a certain situation, for instance for the appraisal of a position - g :

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 3t is necessary to start a chess game, since it is impossible ) ¢
beforehand to foreseethe course of a game; depending not only -on-'us, tut alsc on
our opponent. However, in any situation it is possible to indicate certain
relatively good moves and at the same time a number of obviously bad moves, leading‘
to a loss of pleces or sharp impairment of thelr arrangement.

For an appraisai of a position in an automatic chess game numbrical appraisal
of the valué of pleces and their location is applied, for instance, by following
scale: king — éQO,'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‘mqbility we understand quantity of free fields for movement‘of the strongest
pieces). General situstion is‘est;mated 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 variants 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 T

- variants grows so rapidly that even with its high speed operation the machine,
3 LR

% -éxamining all possible variants, including those absolutely absurd from the point

e e

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,

e
N

"plays" with mediocrity, at the level of beginning chess player. Therefore, certain
E information appearing in foreign press of an advertising character is incorrect
E about the fac! that electronic computers even now defeat masters in chess. Certainly,
i in the future, according to improvement of the methods of programming of the chess
ﬁ 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 buard 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,

O a2 Sl S D

z intense work on its programming continues and is attracting serious attention of

chess players and scientists, The fact is that the methods developed and checked

-

w

A for game of checkers, chess, and other games, can also be used for many practical

~81- .
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purposes, :for instance, as the planning of industrial processes and military
operations.

Teacring machines. -If wé consider the'teaChing process from purely cybernétic

poOint’ og view, then role of the teacher can be determined as control over process
- of oﬁtaining knowledge'by the one taugnt Here, as in: any control process, a very
:jimnortant condition of 1ncreasing its qnalitv is ‘the presence of feedback from
control object (studenc) to-controller (teacher).
© TT T In:eecondgry school th;s féedback takes place by systematic interrogations
» ”ahdmchecks’of beme asétgnméﬁts,nas a~resu1fgbf~which the teacher, .although with
ce;téin»de;ay, oﬁtains information (by far not exhau§@ing) about mastery of the
subzject by the studento. This enables the teacher to correct educational process,.
’to repeat poorly mastered material to change the témpo of presentation, to
.modify"method of p;eeentation of vaxious subjects, etc,

In higher educagieqal institutions, where*eduéationa} process, especially in
.seﬁior,gourses,,is\pased'primapily on lecture method, systematic feedback is absent
ard the teacher wili recognizelthe'degreeeof mastery of material only by examination,
at the:endhér the semester or educational year;:when some -corrections of the course
for given fiow‘of students is already impossible, Regargless-of the understanding
by the teacher of this circumstance, he cannot set systematic feedback from tens,
end eften from hundreds of students attending the lectures, and in the best case
he is 1imi§ed 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 bnly is not lowered, but increases considerably, while center of
gravity of his work is transfered to the deep and tedious work in creation of
soecalled 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 requivrements
of the pedagogic process, is a very complicated problem, which at the contemporary

level of cybernetic technology is yet unsolved, especially if we consider the
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necessity of mass manufacture of such machines., For this even greater work Is
necessary in crzation of corresponding logicéal circults, input devices, d;rgctly
from a manuscript or printed text and from voice, identification of 1magesé‘
development of very complicated prograns, etc. N
ilowever, partial solution of automation problem of teaching can be reacﬁeq
already by means of using relatively simple and cheap teaching machines designed to
check 'the readiness of students for fulfillment of laboratory work;ezP;Q;;miégry

pre-examination chetk, 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
i 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

gives the student his grade.

. Information is stored in machine on frames of film, glued in a ring, which

contdin 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 whité or black parts, which are
F rectangles, First five rectangles are designed for encoding the numﬁer of the

correct answer, and other two rectanglés are for encoding time, given fdr considerstion
of the answer (depending upon degree of complexity of queétion).

Block diagram of automaton "Ekzamenator" is shown in Fig. #4. Upon pressing

; starting button [P] (II), unit of random frame selecticn [BSVK](Bcﬁxiswiéches 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] (BHO) and
time 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] (G00),

i - and secondly, to coincidence circuit Ui, 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

{SNO] (CHO) also works.,
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After the student

E ;jﬁizfﬁc:):—— presses each button, and also

: A'f;:: / upon éxpiration of considera-

o | tion time BSVK is automatically

% switched oh and on the screen
[ ‘a fraie is projected with new

) ap  question and answers, If

ig;i*~ B ﬁ;" frame repldcement occurs due
. —d ~ to a student delay, not having
:;”5": or A prééséd one button, then meter )
R ‘ﬂ'l" IZ SNO works, Just as with an

: “ - . incorrect answer,.
Fig. 44, Block diagram of automaton "Ekzamenator."
. ’ g - - ‘Upon completion of
qn§w§rsvto,éssighed series of
.questibné, comparator fSU],(CY)«WOrks, which determines the gereral appraisal,
depénding upon relatidnship,of the number Qf/igcorréct answers and general mumber
of‘answers. Corresponding appraigal (in digital form) is reproduced on }ight
%ableau [sT] (CT) and canvbe>simultaneously placed in student's exgﬁipation book
by perforation: device [PU] {ﬁY)4 ‘All automata, located in ciaSs<of programmed
1nstruction; car be joined with special panel of the teacher, on the tableau of which
grédes are repeated which. the students received during their interrogation by thek
machine,
‘Here we have considered one variant of a relatively simple teaching automaton,
performing control functions. During the last few years in higher sducational
insiitutions, technical schools, and secondary schools of only our country there
have been developed hundreds of variants of teaching devices and machines of
different assignment and different degree of complexity.
If one were to additionaliy 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-Organized .Systems

One of the essential deficiencies all the more widely used cy_ernetic devices

at present is the fact that they can work successfully only by relatively rigid
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program, previously composed ty¥ a man. If, however, during the cantrol of a certein

process there appears a previously unforseen (by theé program) situatiom, thénwv

similar cybernetic device carnot further successfully execute gcgtrol'func}:ialjx,w

and either ceases the process, or allows it to be developed spontanecusly,’ or;’

Firally, continues the control, not considering this newly&gppégiiné sitgétioh. K1)

these cases can end in the worst case, in an accident, while in thé best g@sg the

process 1s develcped by means which are far from optimum. ) -
Therefore, in recent years, very considerable attention has beéﬁ ;11ﬁttéé‘to ’
development of machines, able to perceive and t@vclassitz‘iﬁroi-@tion,'coging~1§to
them from external medium, and "independently” to develop for themselves programs -
of information proces ing, estimating theé efficiency of these prcgrams by final
results and memorizing the optimum programs for further use in similar situations.
Similar systems hdave been calledAselfsarganrzed syste-s; Thé frirst, s1g?iest
step of self-organization is so-called self-tuning. Selr-tuning‘systém, in '
distinction from ordinary systems, performing adjustment of scme process by a

- strictly defined law, are designed for the realization cf more cozplicated chcésses
of control, rzquiring automatic self-change of the law of adjustzent. EQ;C ’ -

- frequently the sélf-adjusting systems are designed for automation of’searéh for
extreme (maximum or minimum) values of a certain parareter of a controlied process
tions of the process, system agalin performs search, adjusting to new yorkigaﬁéitioaé{

At a higher level of organization are the taught systems, a characteristic
pecullarity of which Is presence of a memory, allowing them not only to detect, but
also to memorize the most profitable operating .conditions cdrresponﬁing to _certain
sitvations., With repeated appearance of the same situatlon, 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 exisl such learning systems,. into which have been -

L placed, during their construction; 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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W T Eu man miy memoxire an Irowoved Comrrol prosres, tul aliss reconstrust (in
g, P -

senfomity with comoditizes an3 comiwcd protlems) thelr own mumigrsd sirussure., I

is rvivis that In such systems < commmnication betwssn elements percedving

- -

= Treviocosly risidiy prefecermined, ot mast be established as 2 vesuit of

atTeiimert to work cxdfTices. Systexs oF a sinilsr xS are, 3w f2l) semes of

phis &ord, seiforsarivad sysTews.

A

Teackirgy meohiwmes, Sinmgle arngd Ixlewaslivg eybtrglazg o2f {spohirg machiras ave

trsze relatively primitive dzvices crested at th2 end of the fifties, often shepad,

. f3r Interest, Im ths form of axfusls, and capeile of cttaining ars staring certzin

Comd
daryrints " creatsd by aoe of thz= foomisrg of tie imformeraam thocry, Shammnn; the
"torvaise,” dewslopez ty English prysiclcgist Wslter; tha ":.«:qui.v'zel" of Ber¥iey,
e MZox™ ty FPusrock, a=d othars. Ecpecisliy popular are "mouss im Aatprinch” zoz
zarzaice,™ oTran repeatsd with certadin charnges by diffewent dzsiprars, In

Tarsizalar, In the Irstiicte of aztometion and Telemschamics of the fcadeny of

dZommy “rorooise.® Izt us shfrcly césiribe the behayicr of Thaouse” of

i
(‘g .
W

Jhareon zrnd TioricissT of Welter In tratw Enizisd cocioms.

- . Toz "mouse™ w2s 2 cars with dirive, uxnich wac starfaed In g labmelech of 25
] sg=arzs (Fig. 35), formesd osing detachoble pertizioms. “Mouce”™ moved gropseziy '
i

- turtirg the partitions, arnn finsily,

i g - - g2d warierirs, reanked the "bais™ in the
e =| s ,
1R - b o 2i23 ognizsi, placed Enm Iamct souewe of fhe

< E | M prop— sver, b2izg placed im &hs izbyrcinth &

B ! H - "mouse™ moved to the “veiz™ ty the

[ | ]

- E : Jf oot giing i2co any dead-ends; i.e., 22

| 11l "leamed™ ¢ be oriested in the latyrinth.

i 1

Sempimer
sesmss . N P - bz
L2 a relaiively sisple progrexm, insroducsed info the =2 five,
23 =
-, - m " ] . >,
In tE2 Tmauce” wore tws fesler contasis: front 2ng el
. - = = flee, = -
- o P LS 3 - - - 2 L] ]
_— STRZ. ~o. TAUESE 33 In ascordzrnce with the acsigresd program, the "mouce
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t£as, unt¥l ke touches the barriczde with his forward contact. Then it turned to

ke rigni, —oved zgaldn, touthing the wails with iis left contact, ete. 1Its réute

was fizsd Ly a special relay xemery unli, and if it entered and emerged from some
2oryriisr, then this o

sant that in it there was no "bait) and during the repeated

2 into this corridor was blocked; prohibited.
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=4 =odsl was crsated by Shannon as a2 prototype of the system offered
ry Ziemer soncerming aceelerated connections of subseribers of an automatic
teleghone exchangs, offen speaking swongst t!:enselveé.

®Torzoise™ of ¥alter simalates certain behavior GLralts of 2 living organlism and
iz 2 3evice op Aiczile wheels, ixa,}‘:ed in & bédy, similar in form to an iron.
orzpise™ is eguipped witl & storage tatiery, two electric motors (cne of which
it forward movion znd the second rotation) and two attachments;. playing
o role of “sersitive eleweniz;™ rfeceptors. One of the receptors is a photocell,
reazsing To the lighi scurce, ani the second is an especially designed contacs .
wficn lacks during encounter of the “fortoise™ with an obstzcle or during its

=sverent zlong 2 steep slope. In front of the "tortoise" there is 2 control lamp,

showing the "or® state and 2% {he sawe Lire pleay_ng the role of a headlight.

Eeing in the dark the "tortoise," in search of light source,. moved alcng 2

- -
“a

zomplicated frajectory, inspecting in an hour severzl tens of sguare meters of

Upon ehcounter wiih ohstacles it by passes large objects and removes frem

iigmr otsfacles its route. It avolds rovezenc along stieep slopes and .rises,

atterrting to select horizonital surface for movement. Upon a2ppearance within the
Mimits of "visitility®™ of the "tortoise” of a light source, it moves to it; however;
if this ssurce is too bright then the ®"blinded™ “tortoise™ turns and starts a
cearch for znother, moderateiy vrignt source, Upon encountering—‘a mirror, "tortoise"
#ill recopnize itself and move in front of the mirror in a complicated trajectory,
first epproaching the mirror, and then departing from it.

if one were sizulianecusly to releasé several "itortoises,” then during a

"
o
i
4
k
]

opreoach they would turn from each other and, missing eazch other, continuc
. Upon zollisions of "tortoises,”™ they react to one another as to the
asu2l Onstacles. During the appearance of light source all "tortoises” go to it in
1 "eorowd’ pusking one another. If one were to illuminate 2 "cage" of a "tortoise,"
-2n 3t would enter it, where if its battery needed a2 charge, the "tortoise" wounld

et LL3sif o chasce current source amd rexzin motionless until termination of
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1 the charge, after which it disconnects itself, turng off the light in the cage, and

. Fes e kW

departs anew-in its search. _
Iater the device was evén more complicated to simulate the formation in

1iving organism of ﬁhe~conq1tionedfreflgx,:whére as nonconditioral stimulus light

awry e vesbu e L

was used: perceived by a photocell, and as conditional aécompapying,stimulus sound
was used,*pe}ceived.by~a gicfophone. The modél -acted in ‘the foiiowiﬁg way. It
always bggaﬁ to move undef the action of light; it moved, consequently, during
si@hltaﬁeous iﬁfluenéelof iight_and sound, and in no way reacted to sound alone. .
Howe;e;, 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 move under sound alone. But if then duriﬁg a defined time or a defined

gnantity 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‘compIQXLty of its circult. However, 1ts circuit was very simple,

iy
Y

H although this simplicity was attained as a result of long and pérsistent 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, bdtb as prototype of machines, adjusting to surrounding

situatioh, as weii as for physiologists as a means of studying certain behavior ;

processes of living organisms by methods of simulation. True, the described models

2 s .y

are very primitive and are far from reproducing entire complexity of the processes
of a living organism., However, subsequeﬁtly considéerably more complicated models
werc created, more closely reproducing true physiological précesées.

Pércegtroné. 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."

B Atermanie oo
B e i S et 2 e Ay A

In general, percéptrons (from the  work perception),are & class of automata,

Yoy s o < e~

designed for the perception and identification of visual, aural, and other forms, -

Of essential interest also are perceptron which can identify objectis, inaccessible

T T

to direct perception of man, such as sources of infrared radiation, radio frequency !

,
;
x
H
.
3
[
14

; znd ultrasonic oscillations. Application of percepirons helps the essential

simplification of information introduction directly into machines in the form of

E images, texts, vocal commands, and so forth, ]
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The simplest method of identifying certain images,. for 1nstancé,'1e$ters and
figures, can be brougnt to a simple comparison of them with sampies using, let us ]
'say, previously prepared patterns. In improved identifying devices differént methods
are used of image scanning, similar to television, as a result of qhiéh»cpded
signals are obtained in a definite way which can be compared with standard codes.

Still moreé flexible Qre‘the taught ‘self-organized systems, which 1n,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

A N ) ,
/,; - simplified form, model 1s. shown
? ‘ P Ay of pérception with three perceiving
(] / = . ) ) :
SN~ [ \ photocells, eight assoclating, and
\\\\' oy 4’ - * .
7 > one executive cell. )
RN T2 ‘ , :
/ \(\ 4 - During illumination of the
¢2 ", EA N V4 — . ”
X AA : di ‘I photocell, at one of its outlets
Ny 45 ; -
e there appeéars a positive, and on
— - 1S 1 % another, a negative signal, These
AN e \ it i )
“‘5“ 1/ > t:\\~ i ¥ outlets are randomly, in a. disorderly
. 4 7
KN . .
\’\~\~;-~\ B manner, joined with assceiating -
i célls, which work in: the followi:g

way. If the -algchraic sum of

Fig. 46. Diagram explaining working principle
of perceptron. @ — photocell; A = associating
cells; 1 — executive cell.

signals, proceeding to a certain
associating cell, is a positive 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 exceedé’the preset
threshold valune, then it operates in turn,

Since assembly of the perceptron circuit is carr.ed out by random law, thron
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, and

separate (corresponding to each recognized object) executive cells. After a certain
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period-of instruction the perceptrom subsequently can "indévendently" recognize

T e T o e b I

objécts about which it ‘was instructed.

i7. §1onicg} Ways qf Developggnﬁ of Cybernetic Technolqu

For the last twenty years the dé&eloéments of cybernetic technology have
reached'hugelsucce§§é§ in the development, deSigﬁ! and producticn of cybernetic -
machinesfof—the most ‘highly varied assignment. If the first modesl of machines
were cha;actefi?ed by high speed operation on the order of tens of simple operations -
ier Second and caﬁacipy,of operational memory on the order of tens of words, then
at preseﬁ; paswbeeh mastered the mass production of machinés working with a speed
oy tﬁe order of tens and hundreds .of thousands of operations per second and having
a memory capacity on the ordef of thousands and tens of thousands of words. Unique
machines have been created wh;ch-exécute:missions of operétions‘per second with an
operational memory»capaéify of hundreds of thousands of words. -

Hoﬁéver,’by many indices cybernetic machines continué to lag far behind the
humar: 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 relatlive rigidity of their program and absolutély insufficient practical
results, which have been attained up t6 now, in fiéld of creating actually useful
and workable self-organized devices. Although fulfillment speed by man of férmal-
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 méthods of
information processing,’

‘Anpther impoftant &dvantage of living organisms is in their incomparabliy beﬁter
organs and perception mechanisms of external information. Ingpite of certain
successes reached in the cpnstruction of quasivisual and quasiaural perceptrons, the
lattef still are very far from visuzl 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
rirst possess considerably high reliability. However, multicomponent technical

systems turn out to be, as a rule, considerably less reliable than control system of
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living organisms, whichconiain quantity of elements several orders«gréatgr;-
Living organisms are an example of highly-reliable systems, composed from
relatively unreliable elements.

This 1s attained by special structure of nervous networks and.considerable
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 dimensions and more
economical than technological devices,

All these very thin adn perfect mechanisms of perception, storage,>and
information prozessing, as well as the remarkable processes of metabolism gnd
energy conversion were produceéd in living organisms as a result of many miilions of
years of evolutionary devélopment and natural breeding. The study of these
mechanisms for the purpose of using khowledge about them during the development and
construction of various technical devices is the content of a néw discipline in
science = bionics. Thus, biqnics can be defined as the sclence of creating artificial
systems, the structure, functions, and characteristics of which are borrowed from

biological -organisms.

Elementary structural unit of the nervous system of living organisms is nerve
cell or neuron, Total amount of neurons ir living organisms of the highest
animals is determined by a2 number on the ordeéer of 10911010. In simplified treatment

the neuron is likened often to a two-position relay, which can be in one «0f 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 gquantity of neurons in an organism, 5o that this device
might be compared by 4ts 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 ci' neurons,
as by how much more imméasurably great are possibilities of the ncuron as compared
to a relay, which is caused by its most complicated and finest organization, This
explains the great attention which in bionics is allotted to questions of studying
both the mathematical and technical simulation of .neuroris 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

(Fig. 47) must reproduce its following peculiarities:
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1. Diagr&m of the ‘model -must have a

K]
set {(n) of entrances, to which there can in
N 7 different time sequence proceed signals Pys
5 . 5 )
:g‘ . g pag ecey pno
s .

2. These signals influence thépbbdy of

Af= the neuron through synaptic contacts, where

. . n the degree of influence of signals on: state of
Fig. 47. Schematic model of heuron. 4y neuron is unequal and is characterized by
3so-caiIg& welght of entrance or synaptic number“si, S,y eees Sn.
" "3, 1n syhsptic contacts delay occurs of the sighal for a certain time T.
4, ‘Influence on neuron bod& of certain i-th entrance 1s quantitatively
characterized by product p,S;. ;

5. Bgsultani 1nr1u;pée on the neuron is determined by the sum of influences
from all n,ghérapges (sﬁmmagion~1n space) and previous:history; i.e., preceding
1nf1uehces, consideiing their daﬁping by exponential law with certain time constant
T &éummétion in time).,

6. Model of ééu;qp:@usi operate. (bé excited) only when total influence on it
exceedéfa,cértain threshold. value. K. _

7. During operation, on branched outlets of the neuron. there must appear pulse
P with cerfaig standafd»amplitude and‘ quration.

At present there has been built a hige quantity of various models of neurons
on electromechanical relays and tubes, transistors and tunnel diodes, ferrite cores
and films, andlso 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 bilonics are the discovery of mechanisms of exceptionally
noise—immupe 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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