CTS: 60-31,421

JPRS: 3580
13 July 194C

DISTRIBUTION STATEMENT A
~ Approved for Public Release
Distribution Uniimited

Gg5CVEEOY
0 Fosmanion stmr bewegs Frg ey o FEs Plfugy k4T
g;_gﬂ.{-ﬂ.&' RATIL A C‘IBERQEB,I
-5 S YA @Ai‘l ‘~ RN L”;..hg»s sdd v‘d

-irsyro -msm‘:evcy BreheY & LDIVAIZ TUAATES

m0.8 sg.t;gzzxrw +’b§r u-sfrgiogedéﬁfc{sias e ifes

tes ovn3 zr:ar*”j 343 ¢ =besn doxscaet bos

Distributed by:

OFFICE OF TECHHICAL SERVICIS
DEPARTMENT OF COM ERCE
"IASH[‘TGTON 25, Do c.

~.

Reproduced From
Best Available Copy

19990630 138 ]

- o Vet S wew - - et S - G WS S i et Geme W = -y e s e -

. . - U. S. JCIIT PUELIC CATION3 R:'ST"\RCT‘I V-:PVIC-LI
- 205 EAST 42nd STREZT, SUITE 300
' . ' .l] VN T\JK ..a.l, .""4:. Y. .




\
< I
\ ’
.
t
7
. ' s
N B
e P
Lo . p ~T
T PR ~a 4 -
Led Ry .Lb‘dn-‘-é "Ca LARE IR
g N
- .
AT N 4 o 1 -
DT e e,
L edm N vhede O e

— A THIMATAT2 MOITUGIART2IC
: eassiafl oildu9 10! bevoiggA
_ befimilny noitudiveiO
.. FOREWORD.

‘ : o8,
- This publication was prepared under conbdract

by the UNTTED STATES JOINT PUBLICATIONS RE- o A
SEARCH SERVICE, a sedoii b overment organi-

sation established bo.geryics the translation

and research aseds of ﬁe varicus govmt

departmeﬁts.

-
) :
<) iy -
oD 5
<
°
wyro! Sy el gt 80
A cuIFnIicae s
12
RNV PRGN R [
~ o TRy TIIe L
'_'__S :1-;.:) ._-.'.Ziu;'.'
AN
[ o . Gy
(V. Lg e 30%aq
- R, U — e e e e e e
Pt - txee
't de - R X .
r. T
N <




THE HUMAN BRAIN AND CYBERNETICS
- USSR -

[F-ollovﬁ.rig ‘{5 a translation of an article by Yu. Frolov in the Russian-
Sanguage_periodical Moskva (¥oscow), Moscow, ilo. 3, March 1960, pages
n78-182,/ |

Since time immemorial there has been a kind of competition going
cn between man's genius In design and the machines he creates. The more
powerful, rapid, and accurate the machine, the more intelligent and
trained man must be. b

Inventors are rarely sutisfied with what they create; there is
a0 limit to their attempts. When designing the implements of lavor, tney
#ry to create complexes that can fully replace humen labor; in so doing
they frequently look for prototypes ¢mcdels) for their offspring in ani-
ate nature. An excavator, for instance, suggests the huge hand of &
man, a kind of continuation of his body; the sirfoils of an aircraft,
‘the wings and tail of a bird; a caterpillar tractor, the moveaent of
larve of a glant insect. . ' _

; " Until now, mechanization has increased only the physical strength
{ of man and the sensitivity of his organs. By teming steam and electri-

| uity, scientists and engineers have strengthened man's nuscles; by '
creating microscopes and telescopes, they have made his eyes keener; b7

designing motor vehicles end aircraft, they have quickened his feet.

In our time we are faced with the problem of essentially ligthen—
ing mental labor, the 1abor of scientists and design engineers thene
celves, the creators of machines, the orgenizers of production.

Several years ago & new word, a new concebdb, entered science and -’
our daily life——eybernetics. "Kybernos" in Greek means a steering -vheal;
~r control in general., The founders of cybernetics affirm that it i3
the science of commnication and control, of communication both in inaale
mate nature and in animate organisms, since in both cases we mean the
sontrol of verious organs on the basis of information received vred wibie-
out, and the processing of this information.

: At first cybernetics was a field of commnications close to tele--
vhony, telegraphy, remote control. The simplest automatic telephone
~onnects one with any unengaged subscriber of the network, if ons drops
in the slot a l5-kopeck piece, which the machine itself weighs before

osteblishing contact, If the weight of the coin is less than it should be.
the machine rejects it. 4nd although the automatic telephone does not In-

.1ude the ideas of cybernetics, we still find in it a very importanv
zharacteristic~—so—called feedback or reverse signalization of the ubility
of the act being dore, the presence of which feedbaclk permits the macha--
rism of the machine to correctly adjust to the necessary situation.
Similar feedback, comprising the basis of self-regulaticn, is found
:n more perfect automatic machiness room-cooling refrigerators with &
device to mairtain a given temperature; automatiz pilots insta}.l 23
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sircraft and in other self-regulating machines.
‘ B ased on auntomation, cybernetics is an extension of it, The N
cyberneticist-designers have built apparatuses which, like a live telephione -
cperator, give a connection to whoever at the moment needs it niost, few
_fusing a connection to those wishing to make less sssential conversations,
Likewise, in accordance with a strict prioritr system, considering the
situation (conditions) in the air, thz l.nding of modern transport ajre
araft are controlled by an aubom ic landing controller.

The work of cybernetic -achines is somewhat lile what in human
practice is called the forming of habits, professional skills, based on
sxperience acquired earlier. But a humen dispatcher must have a vell—-
Jeveloped memory, which is one of the properties of the brain, The laws
of the activity of the brain have always been the subject of study of a
rpecial science: physiology. Therefore the desizners of the newest seife
~ontrolling instruments take as their model the work of the animcte self-
~egulator of the nervous system: -the brain, converting its reactions
:nto means of modern technology.

Thus cybernetics is the offspring of physics, expecielly electronics;
+nd of the physiology of the nervous systen. Mathematics must also be
sdded to these. Cybernetic machines are first of all digital analzers,
that is, differential analyzers. They are 2 combination of many ccumon
vachines and instruments, Here there occurs something similar So autome-
sie information by telephone; here are realized the principles of the uwepe ' . S
recorder preserving recorded sounds, the arithmometer melking a lighiniag R
calculation, televisicn, the typewriter, electric servo-mechanisms which
#y1fill commands on the basis of computations. Liachines like the "BESM, ¥ e
*Strela," "Pogoda," are equipped with instruments which help altexr the
speed of the solution of mathematical and logical tasks, depending on e
results of operations performed-earlier. : ' '

Cybernetics is confidently entering factory shops, laboracorits,
zadical institutions. Zlectronic machines widely use modern automaiion
and remote control to control maciine tools, shops, and plants; o regii~
iate the work of hydro- and thermo-electric stations without the help ani
‘ntervention of man, Together with metal-lurgists, control enginesss
have created the first "self-servicing! and figel f-controlling® autometic
electric furnace. Cybernetic machines can deal ~ith integrel and differ-
~atial calculus, can read aloud to the blind with the aid of a system of
hotoelements, and can translate scientific articles from one langvage inwo
.nother. Translation is taken up in a special article in the current
~ssue of this journal; from it readers mey glean some information aboul the
roriding principles of eybernetic machines — in this case, translation
:;achines. Cybernetics aids weather forecasters and physicians., Tlec-

. ronic machines count the red cnd white blood worpuscles, regulate tha
cosage of anesthetics and oxygen during operations, read electronardio--
zrams, etc. e are accuainted with the use of a specisl electrenic
machine Yo diagnose illnesses., .

Our country's victories ia maste~ing spacz wWoiidld by impo=~liie

without the fiowsring of Soviet crbernetics. Cuaputers have heipes

v
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cgleulate the trajectories of Soviet earth satellites and space rocketse
Tlectronics has made possible the commmication of satellites and rockebs:
ith the earth, and the launching of an antomatic interplanetary station.
Tlectronics is also pleying a decisive role in the completion and accurate
aim of powerful rockets for launching heavy earth satellites and for mak- -
. ing flights to the planets of the solar system. ' .

The speed and accuracy of the electronic machines used in pro-
Auction and transportation exceed all possible human endeavors they can
nerform more than 10,000 computing operations a second, and they continue
to increase in capacity. ,

The Seven-Year Plan for the further development of the national
sconomy of our country discloses the enormous perspectives flor 21l branches
of science and technology. In the solution of the tasks set by the XXIT
ongress of the CPSU and by the June Plenum of the CC CPSU in the field of
sechnical progress, an important place belongs to electronic computing.
Sybernetic machines will help sokve the most varied problems of the
sechanization and automatization of production.

Let us examine the other side of the qguestion, The achieverents
of cybernetics evoke certain fundamental controversies. This occurs
secause the foreign literature more and more often is trying, prodeeding
Pronm the successes of the new applied mathematics and electronics, O COni~
der bhe work of the humesn brain as the work sul generis of a computer .
serving to produce responses to a given type of ninformation® coming Irow
without . ,

Is this assertion correct? S

The central nervous system is defined by foreign cyberneticists as cL
an instrument possessing the raactions of choice, analogousl” to the abcve~ ,
nentioned machines, Tracking systems are equated to attention, etcs

" This comparison, and, sometimes, the complete identification, cf
she human brain with a machine clearly contradicts Darwin's éevolutionary
theory of the gradual development of all nature, including the brain., Tiis
tendency has its roots in the views of the 17th century philosophar
Descartes regarding the essence of "animal-mechines," and of Lamettrle
segardinz man as & machine Some_ modern cyberneticists call cybernetic
aachines reflex machines [see liiotg of.

(/Notes/As we know, the term Treflex!! arrse with Bescartes fror a
zomparison of the transmission of nerve excitation to the reflection <f 2 1
1ight ray in the mirror of an optic telegraph, i.e., from a comparisor _ ﬁ o
7ith the action of a physical instrument. This comparison played its I
sositive role in the science of the brain. The reflex concept was wodely
ised by I. . Sechenov and I. P. Pavlov.)

Can we agree with this? : §

The attempt of cyberneticists to find general principles in all of
nature, to lighten mental work, the work of the memory, attention, and -
many other human mental functions, by transferring them to 2 weil-buiib,
antiring electronic machine, should be welcomed, The new machines
created by cyberneticists are in a certain sense comhines of mental WCrk.
However, one rusgt bear in mind that we are in ns way referring o




"robot era," that we do not imply that with the appearance of cybernetics
the role of man in the production process has become less imporbant. The
skill of our cerebrum--the organ of sccial consciousness—as an analybic
calcualtor, possessing, in the opinion of some c7berneticists, a slower
and less perfeét action then a calculator, is extremely questionable,

The difference between these biological and technical devices is
r.ot only that animals are  capable of self-development {meny cyterneticists
~dmit this), but that man, possessing a developed brain, begins at a defi-
nite stage of culture to alter his’surroundings, occupying himself with
' socially-useful constructive labor, But eleftronic machines c an enter
into no kind of production relrtionships with each other, .can create no
rew socizl milieu. They form no new abstract concepts characteristic even
¢f an adolescent, e.g., the concepts of beautiful and ugly, of good and
The incorrect idea of the brain as an electronic machine is achered
0 by many foreign authors: Iorbert. Wiener, (the first to define cyber-
netics as' the science of .commnication functioning in machines, in animsl
orgenisms, and in humcn society), Shamnon, Couffignal, i. elter, ashby,
st. al., CThey consider it possible to unite the "theory of information,”
Lhe theory of computers, and the laws of hizher nervous activity into one
whole, This is incorrect. Piological phenomena represent a particular
type of movement of matter much more complex than the movement of electrcis.
7n the brain, as in all animate nature, there is an exchange of substzace:,
in the process of which the very matter of the brain is created and kEr
which its reactions are assured. Tut in a machine, as in other inemimale
todies, the exchanje of substances leads not to the creation of new elew
wents and properties, but th destruction. The corrosion of metals is an
axample, ' )

I, P. Pvalov, the founder of the theory of conditioned reilezes, of
~emporary connections in the contex as the basis of higher rervous
~ctivity, long ago foresaw the possibility of such a simplified explanalic.
of his discoveries, and struggled against superficial anszlogies. in cne
of his articles, likening the work of the centers of the cortex to the
action of an automatic telephone statijon where many contacts betwesn in-
dividual subseribers are made, I. P, Pavliov emphasized the qualitative pe-
suliarity of neuro-cerbral commnication in comparison with telephone
sommnication, and actively struggled azainst the term "mechanies of the
erebrum,® [see ".ot._e] which many unthinkingly use very widely but which

does not express the chemical and other aspects of the activity of the brain.

te_:] ijechanics of the Cerebrum® was the title of a popular-
~¢ience £film produced in 1923 {directcd by Pudkovkin and Ty2 ;3, in the
-aking of which I. P. Pavlov refused to participate personally.) o
' In the study of technical instruments and physiological reactions,
which also are conderned with conditiomed reflexes, I. P. Pavlov demanded
that their similarity not be exaggerated, that we not be satisfisd with

~ models ‘and hypothese, even the most brilliant ones, but that we search for
facts, new laws of higher nervous activity. OJo far science has no such
unquestionable facts in fdvor of identifying cyhermetics with th:




‘the nervous systen? ,

. rlexes. An electronic machine, on the other, hand, has introduced into 1%

“that the new technology may lead to programming machines. Sven these wil:

' the mathematical theory of probahility, that is, to purely statistical

physiology of the nervous system. Moreover, L. P. Pavlov thought that
?pom the competition (but not from the merzingl) of the two sclences
physiology and physics — physics might be the winmer.” . . . -

: Tat are the essential differences between & cybernetic machine

Pavlov!s first proposii,:‘.on states that conditioned reflexes, -
temporary communications, always arise on the basis of unconditioned re-

carlier by the-mathematician a great cuantity of data — prozrams and ‘sub
irograms — which are storad in the electronic memory (television tube, -
magnetic tape), Nevertheless, these programs can in no way be eguated to -
on vnconditicned reflex, which came into being over the course of millions .
of years and which is the basis of the instincts which regulate the bio~
iozical conduct of animals. “In cybernetics, in all its magnitude there

srises before us the work of men: the creator of the mathematical pro-

prams and designer of the mocern machines. By means of combinations of the -
Aata introduced, the machine establishes commnication, solves the most :
romplex tasks with a most astonishing speed, depending on the rate of mobicn .-
¢f the electrons in the cathode tubes of the semiconductors. This com- ‘
sanication and this processing of information cahnot at all be compared

with conditioned reflexes, since there is no creative act, no new gquality,
ro transformation of matter to another for of matter, even if we consider

te invented by man! [either in the case of self-regulating machines -
{the homestats of Ashby and others) can we speak of the creation of an
-lectronic brain — with or without quotation marks. _
resentatives of modern foreign cybernetics forget the main’
thing = that the labor of manm, regulated by the brain, is 2 purpcseful
activity: in the process of which the tools of labor and machines are creai-
«d, including mathematical nachines. It ‘never oceurs to the mechanists
ihat the work of a mathematician's brain'is formed by degrees, at the
nighest of which is inventive and design activity. - , : .
Cyberneticists assume thet their science in its modern form is o
sble to explain to the physiologists several very complex points about ti
work of the brain. We ‘cannot reject this tendency. ‘We camnot,  however,
halieve that all higher mnervous activity is supject to happenstance, to-

~egularity, since this is contrary to Pavlov!s principle. This itself -
would repudiate the ‘casnal relationship of the phenomena which ‘takes placs
in our brein, -in our thinking, in our ‘behavior. And this leads to the
dealism and agnosticism from which the American behaviorists suffer. .
Does this denial mean'a break between cybernstics and physiology?
No, it does not. Physiciologists ‘occupied with the elaboration of -
she Pavlovian legacy, though they do not recognize the American inter-
preters of cybernetics, share with ‘the designers of the new ‘control machinés
their experience in studying the complex phenomena of higher nervous ' '
sctivity in ordeér to enrich technolozy. Iany of these complex phenomena

may be reproduced by our ‘industry by the usval engineering’peans, ‘easting




“ Put suffice it to recall that speech, spoken intercourse, characteristic

sside the incorrect attempts to make analogy pass for sameness, Thus the
«lose relationship between physiology and physics dreamed of by I. P,
Pavlov is fully possible and is already coming about. _ o
 Further, foreign cyberneticists, basing their ideas on the data
of American idealistic physiology, taking on faith many of its conclusior
consider the notorious "all or pothing® law as fully proven. They campare
the merve cell to the cathode relay, in which there really exist only bwo -
situations: open and closed. This comparison is necessary to thea in
order to justify the dual system of notation, that peculiar language
which is used in compnters for speed in camputing. - o

B ut the "all or nothing" law, even with respect to the nerve fiber,
snd even more so the cell, must be lLimited or even rejected, as not
~orresponding to the facts of the biology and physiology of the nervous
system, Betmeen the two extreme degrees (higher excitation and compleie
mest) is a great number of transition phases which we saw in the laborato-
ry of I. P, Pavlov, working on the higher nervous activity, on the procezz .= .. SRS
.f esteblishing and extinguishing reflexes. - : | I

- One of the bases of the philosophic, and not only the terminolo- - R S
gical, misunderstandings in this dispute of nrinciples is the cyberneti-
rist-mechenists? lack of understanding of the gifference between reflexes
of ‘the Pirst and second signal system in the sense given to this by I, P,
Pavlov. We recall that the second system, characteristic only of man, is
¢hown by the ability. to generalize and abstract broadly. This genera-~
1ization and abstraction takes physiologically entirely different routes
than in the first{indirect) system of the brain, although the reflexes of
“oth systems are the products of the same nerve fabric. If the work of -
the first signal system realizes the indirect commnication with rsality,
ihen the second siznal system—and only the second—, serves thought in
sbstract concepts and uses words and formules, In the case of mothema*dcs
he second signal system creates the theory of non-Boclidian geometries
which do not stem indirectly from daily experience. .

It is just this point, this possibility of introducing inlo a
machine the ability to abstract, that the designers of these tthinking, "
sontrol, reading, and translating machines are laboring. They wan®t to
rmove that the development of the ®thinking® of these machines is unlimited.

-7 man, embraces the phenomena of the world more broadly than a computation
«f objects done by a machine, although the counting operations are accom~
r Llished with lizhtning speed.

TYhen we speak of a "table" we, with the help of the second
~ignal system, embrace not all tables which- have ever existed, and will
¢xist, the objects of all historical epochs, all countries, in which’
seople have lived and do live. This is "table" in general, -Finally,
“.naginary objects of this sort, still not existing in nature, also are
the field of the second signal system. A machine cannot accomplish such
t.road foreseeing, although it can count any phenomena, each having its
cefinite algorism, that is, the strict rules and ordsr of solution of
tasks. Concepts of "morality," "technical progr:ss, " Lo say notiing of
the dlales-ical movement of abstract ideas, sspacially the philosonidecus
differenie between necessity and chance, etc., cen of course not be
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worked out by any self-regulating rmach:ines or l-omeostats.

' of animate and inanimete nature, which have become rela{'.ed, ‘the isolatdo

- %+he physician in determining- diagnoses, ' But’ undoubtedly hot ‘even the
- ;58 ideal machine can replace the clinical t.hin!n.ng of the: phys:.cian at
_the sickbed of the patient, Every men is a unicue individual; the pm*es.; :

_the best surgeon, studying and transfering to an electronic device ail .

'ure 88 many vametles of this surg:.cal iliness as there are’
'~3“e:m‘°' to a certain degree replacing not only eyes and ears but also touch_i,'

g0 - e ED —

That should be the further development of the union’ 61' the s

of each fiom the other having been surmounted? .

O course, in the presence of the i ..nc’isaensable parbicioat:.on and
sctivity of both sides — the mathematicians and the phiysiologists,
people pretty often forget: them, incorrectly asswing: that the theories
:f Pavlov have said all thepé is ‘to say. Phys:.ologa.sts and physicians,
~op their pait, must acc;uamh themselves in greater detail vith the mork:
of electronic machines, in order to adapt them to the -urposes of labora’c.orv
end clinical practlce. Cybeme’c:.cs may become a miraculous assistant t.o

fhealmgasmkpersonwmotbemechamm and standarized.
'~ We can imitate, or as they say, program ‘the work of the hands of ‘

Lis work, for examply, an appendectomy. Nevertheless, the operat:.on 1’c.-
sslf canmot be entrusted to the most perfect cybernstic machine:- there :

_the new universal and special compubers, those- coming g mtb’:' h

end equlpped with analyzers for sorting out &hd ‘geﬁeral:.zmg ‘the informa—
+ion perceived by their "sense organs® can never fully replace the wori
(‘f mebmnorall the work of man. A study in depth of the newest -
wsage in the development of automation and cybernetics shows that the
-"1bst1tu'bz.on of a machine for amn does not threaten us, . In the future
oybernetics wiil lighten more and more the mental work of millions of
pzople, the fulfillment of creative and production plans, but it will
r.5ver be able to replace the higher creative activity of inventors and
-.,:Lent:.sts, ¢an never create a revolut:.on in" social: life, - Antomatic
machine control will never supplant the dearest ‘thing in our society —
she initiative of the workers and collectives of workers which by t.ne:u
~xperience and enthusiasm advance ‘the economy and sc:x.ence 1tseli' -
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