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BEFORE WE BEGIN OUR DISCUSSION 
(IN LIEU OF A FOREWORD) 

fontemoorarv cybernetic devices model technological processes and 

P rvhêrnetics has found an application in biology and medicine for the 
investigatio^o^physiological aSd specifically genetic processes or «- 
licono.;?«; of illnesses, for the replacement (during operations or illnesses) 
ofainternaliseif-regulating control organs, and also for prosthetics design. 
From cybernetics has blossomed the new scientific discipline of hionic 
wVlirh studies the possibility of employing the laws, methods of control, 
transmission3 ranffer and siorage of information encountered in living or- 
eln? Is fir «ctaîcal purposes. Finally cybernetics has begun to equip the 
sciences which study psychics (pedagogy, psychology, psychiatry^ gnosio- 
logy) with methods of investigation which must assist them, just as wit 
the biological sciences, to achieve the strictness of physicomathematical 

sciences. 

As we shall see cybernetics has penetrated not only technology and 
natural scUnce! but also the social sciences and even into such fields as 
political economy, law, linguistics, logic, etc. 

Why has the wide penetration of cybernetics into various fields of 
knowledge become possible and what permits it to be so "aggressive with 
respect to other sciences? 

It is sufficient to remind ourselves how the similarity of dynamic 
processes in mechanical, electrical, acoustic and other physical systems 
led to the establishment of general laws of dynamic modeling and to the 
development of a scientific discipline-the theorv of osciliations. Many 
positions of biomechanics, biophysics and biochemistry rest on the ge^ra 
laws of mechanics, physics and chemistry to which everything living and 
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non-living is subject. Therefore it is not surprising that a quantita- 
tive--in the broad meaning of this concept—similarity in the processes 
of communication and control, which occur in living organisms and in 
automatic systems, led to searches for general laws which are valid for 
both categories. Thus cybernetics appeared—a theoretical basis for the 
study of control systems in living beings, machines and society. In 
view of the almost boundless diversity of vitally important processes in 
which control occurs, it has been possible to cybernetics to penetrate 
practically all fields of knowledge. 

It is necessary to emphasize that cybernetics does not identify the 
processes which occur in the living organism or in society with the pro¬ 
cesses which occur in automatic systems. Cybernetics is not interested 
in the qualitative characteristics of biophysical and biochemical processes 
which characterize living nature. It is limited to studying the question 
of how the living organism and the machine accomplish information pro¬ 
cessing associated with the control process. The same applies to a com¬ 
parison with society. 

Numerous spirited scientific discussions have arisen and do arise 
in the discussion of cybernetic problems. 

During the course of the 20 years which cybernetics has passed in 
the course of its development—an extremely short period in '■.he history of 
a science—it has achieved many remarkable results. First of all funda¬ 
mental improvements, including semi-conductors, ferrites, printed circuits, 
microminiaturized components and many others has been introduced into the 
technical foundation of cybernetics, i.e., into "higher" automatons, com¬ 
puters and mathematic electron devices. As a result of this it became pos¬ 
sible to significantly increase the speed of operation of machines to 
many millions of elementary actions per second and in addition to raise 
significantly their reliability, and to reduce their dimensions and cost. 
All of this, coupled with the stormy development of theory almost auto¬ 
matically removed from the agenda many controversial questions which 
naturally were generated by the new science. 

For example in 1955 the French physiologist Kossa in the book 
"Cybernetics" decisively wrote that the machine was not capable of passing 
beyond predetermined frameworks, was not capable of learning or of passing 
from the concrete to the abstract or of accomplishing a critical function. 
But today most of these assertions are groundless. Man has "taught" the 
machine much, has expanded broadly the limits of its application and with 
his help the machine penetrates the sphere of activity which previously 
was accessible only through thought. 
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‘he hUh"SíhS“gre;'¿f Î°ïfe”t1iÔn!teîltdirl0Ped a"d kredUCed by n*tu« 
broadest possibilities and an amaziño n ^k®1fystem whlch Possesses the 
of the most diverse processes of 10 th® ÄCComPlishment 
elementary ealcalatiSns and enSfné wüTth« a„a"flySiS’ !¡e8i"ni"* Kith 
abstract concepts and theoretical gencralUaíiõír^rf"^ Synthesis of 
a function which cannot be forced Li! - 11,! "I' 11 15 a syste” “ith 
ferulas and epuations, which controls t^entL'“«““^1 

a coll'-'c‘¡™0ofUmechanismsteand0eÍectroñÍc’eÍemÍMsbrh-"iand hlS h“dS’ is 
accordance with the laws of mathematics Ünd '™c! StrÍCU)' in 

of automatically accomplishin^man irlc‘easirlf universal. It is capable 
witnessing how 'the automaton with its^nr^i!!?" pr?cepcs • To^y “e are 
dually masters one field after anntk ^ u- u^'V ca^cu^ated actions gra- 
the direct and exclusif 

concerning'th^interrelation of'macMn60^0!! question wil1 «ise 
problem is closely connected with the ha 8nd ^°ughtLcaPab 111 ties. This 
problem of the relationship of cnncri b 1C PhilosoPhlcal question--the 
solution of the proM^^u^r^^al"^ “í."*»"- ‘he 

sible toSeL^^Shae^aystemnashcoV^pïexVasd IhThman^1' ^ ÍS P°S- 
the capability is asserted of renroducino a ra^i 80 brain‘ in other words 
characteristic of human thought, sfveial scholl h10" °u the actlvity 
about feeling and thinking machines and even^íT ^ !8Un t0 Speak 
the displacement of people bv machines ni« * ?1SCUJS the prospects of 
this basis in which Soviet and foreipn'srhoi .¡0nS haVe occurred on 
»Ost interesting statements^re^lu^edt^iL^:!,^'^^“^' 

hand this means first of all^harseveral^11*'1 t0 the discussion at 
to clarify a number of concepts which ar Puirements have been advanced 
philosophy, for cybernetics anH * °f Utmost Sortance for 
cepts "lif!", ''coi c™s ess“ ■ °houeh!nlereS; these ‘he eon- 
"automaton", "information" etc th°ught,\"creativity", "machine", 

broaden or to replace aval lab le* de finitions t0 correct* 
qualitative limits of the capabilities ^ statements concerning the 
dialectic of the final ext™o1v £ee autZr'0"8 and ‘“"«"’i"* ‘he 
self-roprodueing automatons and the relaUonsMn'of0!!01? ? ‘earning and 
technical device are very interesting. P ^ ^1Vin^ being in the 
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The most important elements of the discussion concerning the 
creative capabilities of machines appear with particular clarity during 
attempts to penetrate terra incognita. Notwithstanding all the efforts 
of cyberneticists to dot the "i", for many the question concerning 
thinking machines remains a question. The fact of the matter here, of 
course, is not that the cyberneticists are not able to furnish a popular 
explanation of a specialized, very complex matter to non-specialists. 
The entire difficulty here lies in the philosophical lack of development 
of the problem. Attempts to solve this problem unilaterally will hardly 
be successful through cybernetics alone. Tills is not only a technical 
and not only a mathematical problem but is a profound philosophical pro¬ 
blem and it may be solved only by a close alliance of all sciences with 
the philosophy of dialectical materialism. 

For the present neither a single cyberneticist nor a single mathe¬ 
matician can decisively and clearly formulate proof of the possibility of 
creating a valid artificial thinking being and by the same token no one 
can say how such a possibility can be transformed into reality. It must 
be stated categorically that such problems are still impossible. 

It is not out of place to mention here the words of Marx that 
"...Mankind always poses for itself only those problems which it may solve, 
since the closest examination always shows that the problem itself arises 
only when the material conditions for its solution already exist or are 
at least in the process of formation." 

We can say today with complete conviction that all of the actions 
which replace not only the physical but also the intellectual labor of 
man are performed by cybernetic devices only because man has created them 
in accordance with a specific design and with a specific purpose which he 
has included in a specific program for their functioning. Ibis is also 
true in a case when the machines themselves compile a program for the solu¬ 
tion of a problem presented to them, which occurs in the more modem devices; 
or when they do not operate in accordance with a rigid program but consider 
random changes in external conditions; or, having solved a certain quantity 
of related problems they themselves find a method for their solution which 
is shorter than the initial method; or when they correct maladjustments and 
also when they refuse to solve a problem which is mistakenly fomilated, 
and eyen in this almost fantastic case when the machines reproduce them¬ 
selves or make even more modernized versions. 

If the science of the future also creates artificial living material 
and grows artificial organisms which possess psychic elements there would 
hardly be any basis for considering these to be "machines" and to expand 
the 'Inachine" and "living organism" concepts to the extent that they merge. 
This would lead to nothing by confusion. 
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He who does acknowledge the essential difference between the living 
and the non-living (and equally between the animate and the inanimate) 
commits no less an error than those who separate completely the living 
from the non-living (and the animate from the inanimate), who deny the 
natural origin of the living and the animate from the non-living and the 
inanimate. 

Objectively, notwithstanding the intentions of its adherents, the 
view ascribes to the machine life and consciousness and which therefore 
considers that man and his brain are machines, has something in common with 
the denial of the existence of consciousness, psychics, and with attempts 
to reduce psychics to biochemistry and physiology to the material reaction 
of an organism to stimulation. 

Although captivated, one should not forget that consciousness in 
our earth-bound human concept is, according to Lenin's expression, a func- 
tion "of that special complex bit of matter which is called the human brain" , 
and that as the highest fora of the reflection of objective reality the 
brain is a product not only of natural evolution but also of the working 
social activity of mankind. 

A man cannot live "to think" outside society just as he cannot 
exist outside matter, energy fields and their effects. 

Our consciousness percei'^s through sense organs part of the objec¬ 
tively and materially existing information. This process we call the re¬ 
presentation or the reflection of the objectively existing world, of matter-- 
of substance and energy which bears information. We live as long as and to 
the extent that we perceive inforaation which produces and supports our life 
activity. Death is an informational vacuum for a living being. But infor¬ 
mation has a two-fold nature or rather two-fold sources which are identically 
important; these are nature and interaction with members of society. This 
interaction in the process of work also generates thought and consciousness. 

Society produces the requirement for the exchange of information be¬ 
tween its members and generates languages, codes, and all of the symbol 
systems for contacts between living thinking people, and for the satisfac¬ 
tion of their spiritual and material needs. 

Intelligence is not an absolute but is a relative concept; it may be 
applied only to social objects. There is no meaning in speaking of 
"intelligence" outside society. 

>V. 1. Lenin, Complete works, Voi. id, n. ¿59. 
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activitvI?«e!n«*enCe" out!ide the collective, outside the social work 
less ¿íivirs^ sens«less as life of one "living" being in a limit- 

fruit be St?î*d directly that cybernetics presents a very 
ÍmÍ í^rífÍÍÍtf confllc?in8 views* It is here that the Leninist con- 
ÎîÎÎJt “ a universal but none the less strictly differen- 
tieted property of matter may be comprehensively revealed. It is here 

Drêblems^or successful »nal/sis of complex and serious 
machine" f science which are associated with the problem of "man and 

th* iS that with the publication of similar books 
the disputes will not end and all the problems posed will not be solved. 

a a~»/ïnîer1!îir08reSSJin c>rb8rn8tics and in other sciences will clarify 
a greet deal with regard to complex problems and will, of course, pose 

wi 1 l^iiar^B^rSU1 i “ík11 ariîe fd new’ “"«Pected points of view 
«hat cTb. .ch£,.d P SCi*n" f0r lt "U1 Mv,r rest "ith 

A. Berg, E. Ko1'man and V. Pekelis 
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CHAPTER 1. THE ARGUMENT SURROUNDING THE PROBLEM. 

Only an Automaton? No, a Thinking Being! 
Automatons and Life 

A. Kolmogorov 

My report "Automatons and Life", prepared for a seminar of scien¬ 
tific workers and aspirants of the mechanical-mathematical faculty of 
the Moscow State University, evoked interest among the broadest groups 
of listeners. A popular account of the report was prepared by my col¬ 
league at the laboratory of probability and statistical methods of the 
MGU [Moscow State University] M. G. Rychkova. This account is corree 
in all essential features, although sometimes the philological formula¬ 
tion of thoughts and therefore certain of their inflections belong o 
M. G. Rychkova. 

I shall emphasize the basic ideas of the report which hold the 
most interest. 

I The definition of life as "a special form of the existence of al¬ 
buminous bodies" (Engels) was progressive and correct, since we were 
dealing only with specific forms of life which developed on the earJJ* 
îrih" c°"tury of ,p.c. tr.v.1 «her. ¡5 . «.1 po«ibi ity |h.t « »h. 1 
encounter "forms of living matter" (see the article Life j" th* 
Soviet Encyclopedia), which possess the fundamental properties, of prac- 
tic.^import anee tom, of living and of thinking being.. but of different 
structure. Therefore a more comprehensive definition of the concept of 
life acquires a significance which is completely real. 

II. Contemporary electronic technology opens up the e*trf™*ly 
capability of modeling life and thought. The discrete 
nature of contemporary computers and automatons does not 1° »is respect 
impose significant limitations. Systems of a great number of elements, 
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each of which act "arithmetically" may acquire 
perties. qualitatively new pvo- 

III. If the property of a material system "of being alive" or of 
Sw?-51"? the Cap£ility of "thinking" is to be determined in a purely 

*K?naí m??ner ^for exaraPle» anX material system with which i/is X 
possible to discuss intelligently problems of contemporary science or 

«be acl;n°wl«d8edKas thinking), then we must acknowledge 

à"dPSííg bet„gs P feaSlblllty °f the aM^ial of living 

IV. In this connection however it must be pointed out that the real 
successes of cybernetics and automation on this path are significantly 
Foi^examnle ^ s«netimes portrayed in popular books and articles 
ca^ni ’./rcr-pt,rs 0f ,,self-teaching" automatons or automatons 

» mUSiC °r °f Writin« poetry sometimes go beyond the 
limits of a simplified concept of the real nature of the higher nervous 
activity of man and in particular, of creative activity. 

nfVM«?!al advancemen? in the direction of understanding the mechanism 
croît?!!*? ^1^0115 activity, including the higher manifestations of human 

d°eS n0t i" ^ Way di,ninish the value and beautv of the cre- 
ative ach evements of man. I think this is the same as placing the síoean 
'Materialism—It Is Wonderful!'1 under the heading of my report* * 

* * * 

no funfwÜi??8!—?8 -11086 extremely desperate cyberneticists who see 
Hfí 'n r in the cybernetic approach to the problem of 
life and believe that it is possible to analyze life in all of its fuV- 

niethodsnofUcybernetics^0nSCÍOUSneSS "ith a11 °f its oo^ity. by ,he 

The following questions are very often asked. 

Can the machines reproduce themselves and 
°fcuf in the process of reproduction, leading to 
significantly improved over the initial ones’ 

can progressive 
the development 

evolution 
of machines 

Can the 
or can they be 

machines experience emotions, including gladness, 
dissatisfied with something or want somebody? 

sadness , 

k Fln?lly can íhe machines themselves formulate problems which have 
not been given to them by their constructors? 
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Sometimes the attempt is made to avoid these questions or to sub¬ 
stantiate negative answers to them, while assuming for example a defini¬ 
tion of the "machine" concept as nothing more than an artificial creation 
of man. With such a definition part of the questions, the first, for 
example, no longer apply. But a stubborn reluctance to investigate in¬ 
teresting and complex questions by concealing these with a forced limita¬ 
tion in terminology is hardly intelligent. 

The question of whether it is possible in the course of the cyber¬ 
netic approach to an analysis of living phenomena to create authentic, 
genuine life which will continue to exist and develop remains a vital con¬ 
temporary problem. It is already an urgent problem and suitable for 
serious discussion for a study of analogies between artificial automatons 
and a genuine life system already serves as a principle for the investi¬ 
gation of life phenomena themselves, on the one hand, and as a method 
which permits searching for the means for developing new automatons on 
the other hand. 

There is still another way to give immediate answers to these 
questions. This includes a reference to the mathematical theory of al¬ 
gorithms. It is well known to mathematicians that within the limits of 
each formal system, sufficiently endowed mathematically, it is possible 
to formulate questions which appear to be meaningful, intelligent and 
which must assume the existence of a specific answer, although within the 
limits of a given system it is not possible to find the answer. Thus 
for some reason it is proclaimed that the development of the formal sys¬ 
tem itself is a machine problem while thinking up the correct answer to 
the question is man's affair, a preemptive property of human'thought. 

Such an argument, however, uses an idealized interpretation of the 
concept of "thought", by means of which it is easy to prove that not only the 
machine but man himself is unable to think. Here it is assumed that man 
is able to give correct answers to any questions, including those stated 
informally, and that the human brain is capable of accomplishing complex 
formal calculations without restriction. However there is no basis what¬ 
soever for representing man in such an idealized way—as an organism called 
infinite complexity in which an eternal quantity of truth reside. In 
order to achieve such a position, we note in jest, we would have to settle 
humanity on the stellar worlds in order to organize, by utilizing the 
infinity of a world, formal logical calculations(in infinite space and 
even to pass these along as a legacy. Then it would be possible to be¬ 
lieve that any mathematical algorithm of mankind could be developed ad 
infinitum. 
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This argument hardly has any relation to the real question. In 
any ease tnis is not an objection to posing the question of the possi¬ 
bility of developing artificial living beings, capable of reproduction 
and progessive evolution, in higher forms and possessing emotions, will 
and thought. 

This same question is presented gracefully but formally by the 
mathematician Turing in his book, "Can a Machine TMnk?" Is is possible 
to construct a machine which cannot be distinguished from a man? Such 
a statement of the Question is not worse than ours and is also simpler 
and shorter. In fact it does not completely reflect the essence of the 

Essentially the point of interest here is not the question of 
whether it is possible to create automatons which reproduce the pro¬ 
perties of man known to us; we need to know whether it is possible to 
create new life, just as highly organized, although perhaps quite original 
and not resembling our own at all. Stories which touch upon these topics 
are now appearing in contemporary science fiction. TTie story, "Friend" 
in the collection of Stanislav Lem, "The invasion from Al’debaran" is 
interesting and sharply witty; it concerns a machine which desires’to 
control humanity. However the fantasy of the novelist is not characterized 

cm«« rtir..i?rntlI*neSS;, ’• A- Vefre"ov- f°* '«"Pie. advances the concept that All perfect things resemble each other." Thus all highly 
nI5înn!e^bein8S T5*’ ín hi^ °Pinion’ have two eyes and a nose, although 

a somewhat changed fonn. In the century of astronautics the 
>0 tl0Vhat We mau collide with other living beings is not an idle 

one, these beings may be highly organized and may not resemble us at all. 
WUl we be able to establish the internal world of these beings and 
whether they are capable of thought, whether esthetic experiences are 
inherent or whether they have ideals of beauty or alien ideals, etc? 
o ^•f°ï-?Xalnple,/h0Uld a hi8hly-organized being not have the shape of 
a trun ril!n--or of a mold, spread on rocks? 

What is Life? Is an Artificial Intelligent Being Possible? 

what c*uesJ1°n.whiJh w® have posed is closely associated with others: 
1Tf \What Is thou8ht> what is emotional life and esthetic expe- 

t*™ Wïa * f^r examPle* do the iatter differ from simple elemen¬ 
tary satisfactions--from pie, for example, or something of that sort? 
ILlt 3 m?re S®rious tone then we may state the following: the 
exact definition of such concepts as "will", "thought", "emotion"? has 
not yet been successfully formulated. But such a definition is possible 
nn«?huatUral scientlflc level of strictness. If we do acknowledge this 
possibility we remain unaimed against the arguments of solipsism. 
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It is preferable to learn on the basis of facts of behavior, 
for example to make conclusions concerning the internal state of a living 
highly-organized being. ' 5 

How does one study higher nervous activity, utilizing the cyber¬ 
netic approach? Here the following paths are open: first it is posrible 
to study in detail the behavior of animals or man; secondly, it is pos¬ 
sible to study the structure of their brains; and finally it sometimes is 
possible to be satisfied with so-called sympathetic understanding. If, 
let us say, we simply observe attentively a cat or a dog, not knowing 
the science of behavior and of conditioned reflexes, we may still clearly 
understand what they are thinking and what they want. It is somewhat 
more difficult to achieve such an understanding with birds, or, for 
example, with fish, but this too is hardly impossible. This question is 
not a new one; part of it has already been solved, part of it we may solve 
easily and part of it is difficult. Experience in the inductive develop¬ 
ment of science tells us that all problems which have remained unsolved 
for a long time are gradually solved and it is hardly necessary to believe 
that previously established limits exist here beyond which we may not 
penetrate. 

If we consider that the analysis of any highly-organized system 
naturally falls within the purview of cybernetics, we must dissociate 
ourselves from the widespread opinion that the fundamentals of cyber¬ 
netics include only the study of systems which have been previously designated 
aims. Cybernetics is frequently defined as a science which is concerned 
with the study of control systems. It is believed that all such systems 
possess common properties and that property No. 1 for these systems is 
the presence of a purpose. This is true only as long as everything that 
we isolate as organized systems, which control characteristic activity, 
resembles us ourselves. However if we wish to use cybernetic methods to 
study the origin of such systems, and their natural evolution, then such 
a definition becomes narrow. Cybernetics would hardly turn to another 
science to explain how an ordinary causal relationship in complex systems 
leads by means of natural development to the possibility of examining the 
entire system as one which acts rationally. 

The usual concept "to act rationally" includes the ability to 
protect, ones self from harmful external influences or, let us say, the 
capability of assisting in ones own reproduction. The question is asked: 
do crystals act rationally or not? If the "nucleus" of a crystal is 
placed in a non-crystalline medium, will it develop? It is impossible 
to distinguish individual organs on a crystal, and it follows that this 
is an intermediate form. The existence of such forms is inevitable. 
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Apparently specific problems similar to this one will be solved 
by the sciences which are directly associated with them. The exper¬ 
ience of the individual sciences cannot in any way be disregarded. 
But we cannot exclude from the content of cybernetics common concepts 
concerning causal relationships in systems which act rationally and 
which set aims for themselves just as it is impossible, for example, 
in the imitation of life by automatons, not to consider the fact that 
these aims change in the process of evolution and the concepts con¬ 
cerning them change as well. 

When we say that the organization of the mechanism of inheritance 
which permits living organisms to pass their rational structure to des- ’ 
cendents, has the purpose of recreating a given form, and passing to it 
specific properties, as well as the capability for variability and pro¬ 
gressive evolution, who establishes this purpose? Or if we examine the 
system as a whole then who, except for the system itself, places before 
it the purpose of developing by means of eliminating unsuitable copies 
and reproducing the improved ones? 

In summing up we may state that the study in general form of the 
origin of systems in which the concept of rationality is applicable is 
one of the main tasks of cybernetics. Here the study in general foim 
naturally assumes knowledge abstracted from the details of physical ac¬ 
complishment, from power engineering, chemistry, the capabilities of 
technology, etc. Here we are interested only in how the capability for 
the storage and accumulation of information has developed. 

,.rr. f11?11 a broad statement of the problem contains within itself manv 
.5:iciî*ties kut t0 reject this during the contemporary stage of scien¬ 

tific development is no longer possible. 

If we acknowledge the importance of the task of defining in ob- 
jective generalized terms the existing properties of the internal life 
(of the higher nervous activity) of a certain kind of highly-organized 
system which is unfamiliar to us and which does not resemble us then 
should we not offer the same path for application to our system--to that 
of human society? A common language is required, the same for all highly- 
organized systems, which is capable of describing all the phenomena of 
life in human society. Let us suppose the existence of an imaginary by¬ 
stander and observer of our life who has no sympathy whatever for us nor 
the ability to understand what we think and endure.' He simply observes 
a great accumulation of organized beings and wishes to understand how 
it is constructed. This is just the same as, for example, when we observe 
an ant hill. Perhaps after a certain amount of time he will be able to 
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understand without particular difficulty the role played by the informa¬ 
tion contained, for example, in railroad time tables (an individual 
loses his time table and is unable to board the train required). It 
is true that the observer will encounter great difficulties. How, for 
example, is he to understand the following picture: a multitude of people 
arrive in the evening at a large area, and a few of them climb up on a 
raised platform and begin to make disordered motions while the remainder 
sit quietly? Finally the people all disperse without any discussion. 
One young mathematician, perhaps in jest, cites a different example of 
unexplainable behavior: the people are located in a certain area where 
they receive bottles with a certain liquid, after which they begin to 
gesticulate senselessly. For an observer on the sidelines it would be 
difficult to establish what this means--simply disorder in a machine, a 
certain kind of pause in its continuous work; or it is possible to des¬ 
cribe what occurs in both of these cases and to establish the difference 
between them. 

Putting aside this jesting tone we shall seriously formulate the 
problem which arises here; it is necessary to learn in behavioral terms 
to realize an objective description of the mechanism itself which is re¬ 
sponsible for this behavior and to be able to distinguish individual types 
of activity of a highly-organized system. For the first time in our 
country I. P. Pavlov established the possibility of objective study of 
the behavior of animals and man, as well as the cerebral processes which 
regulate this behavior, without any type of subjective hypotheses, ex¬ 
pressed in psychological terms. This intense study of the problem pre¬ 
sented represents nothing but a Pavlovian program of analysis of higher 
nervous activity and of its subsequent development. 

The creation of highly-organized living beings exceeds the capa¬ 
bility of our present-day technology. But any limiting tendencies, and 
any skepticism or even assertions of the impossibility on rational grounds 
of achieving an objective description of human consciousness in a1^ of 
its fullness now appear as brakes on the development of science. The 
settlement of this problem is necessary for even now the interpretation 
of various types of activity may serve as an impetus for the development 
of machine technology and automatons. On the other hand the possibilities 
for the objective analysis of the nervous sytem are now so great that it 
is not desired to dwell in advance on problems of any difficulty. 

If technical difficulties are overcome then the question of the 
practical feasibility of accomplishing the corresponding work program 
will at any rate remain controversial. 
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no materiaIistic ideology there are 
question. Moreover this nnc^♦■•^ n*S a8ains^ a positive answer tr> 

basis'of °co COnCernin« th® natuíaiaSHgirnÍofnufethe dCOn,ten,P°rary oasis of consciousness. lgin of llfe and the material 

,S Th0U3ht »'«■•.t« or Continuous? 

which consist'of^f 0Perati°n of discrete devices i e , tunsisr of a large number nf -j , lces> i.e., such devices 
£*!:«• cycles, has been h"ghíy deieíÔn^“?1 u16”""15 and »Perate w“th 

the theory of automatons. Èích ei™«?P! b?th in cybernetics and in 
states, and a change in the state ôf ^ “ü '’6.1" a smali number of 
ÎÏLF"vio“ etete of a compaîativelv^in«??1Vldsal ele"®"t depends on 

mr °e ÎSîo n-’“.ch.-"diviiual ela- 
grandiose within^^;.^^^' 

itself with ^discrete s'mct^res" inlv"“^“1“1 cybarnetics must concern 

wen°af.]lFírSt' existi"* complexes terns ^inc^ud”0 °bjectlons t0 'his well as all living beings in fn#.«- y tems» mciudmg many machines as 
principle of continuous^tion^ AsT8*85 specific devices based on the 
“ »T:!6 :: í^-hed/:::^ s?yx ™ 
ir we turn to human activity i e • 1 f the automobile, etc 

« 'v,tV : la”S °f fan“l logic!'Í T tlo0TjXity' bUt not enbordil 
m Í’/ exalnPle to motor «actim.* tw ‘ 1 lv* or semi-intuitive 

the high degree of perfection ..ji?' then we “ill discover th.t 
mechanism is based m motioïï “ °f the continuous actiín 
wan accomplishes trióle . contlnuous-geometric nature 
P.res for a distaÜcTsUloT hLUT Wlth Six' or- for eLmpie pro3 
ns continuous (for mathematicims rtfr.:!?* desie"atad in adiaSH' 
be an analytical curve), it ., !' *oe,path of a slalom racer prows to 
not a radical objection to discrete'mech t0 aSSUme however tía^his ís° 
continuous line intuition in ?he bra?n • Sn,S* 11 is most likely ?hat 
a discrete mechanism. b ain ls accomplished on the basis of 

lowing: clearly the humOT^rlin^d^50”16 approach involves the fol i:;ixitnot aiways a«Ä«r:r^ °fta" “mpûte'rs 

Siven cell, often depends“ Cl" a 
aesirmg to counter 
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DossibiJtn^ ^ ^ p0jSlble to ^ that «v«« ™ automatons it is 
possible to introduce randomness". But a simulation of randomness 
U.c., the replacement of an event by some kind of regularities having 

¡?latl5n*bip witb.^he matt®r) may lead to some kind of serious damage 
is often°«!t ’ rt is true tbat tbe interference of randomness 
is often studied somewhat primitively: a sufficiently long tape of 

numberf is Prepared which is then.utilized for the simulation of 
events in various problems. But with continued use this prepared 
tíríÜíct-5 finallVeases t0 be random. Based on these considerations 
the question of simulating events in automatons must be approached with 
possible1*’ Fundamentally however this is a thing which in any case is 

The argument just stated leads us to the next basic conclusion. 

It is certain that the processing of information in control pro- 
cessesm living organisms are constructed on a complex interweaving of 
discrete (digital) and continuous mechanisms with a deterministic action 

others16 °n the °ne hand and a probability »ction principle on the 

However discrete mechanisms are the leading ones in information 
processing activities and control in living organisms. There are n¿ 
justified arguments in favor of a fundamental limitation on the possi¬ 
bilities of discrete mechanisms in comparison with continuous mechanisms. 

What is "Very Much"? 

,1 ï- is. fre(luently said in connection with doubt of the possibility 
of modeling human consciousness on automatons that the quantity of func- 

the hl|?ber nervous activity of man is incomprehensibly great 
and that no machine can become a model of human conscious activity in its 
full scope. The number of nerve cells alone in the cortex of the human 
oîdeî to ç?m i must.the quantity of elements in a machine be in 
oilman?0 late the entlre comPlexity of the higher nervous activity 

roiic wS aííÍVÍ!í’ h°wever' is not associated with disconnected nerve 
Í h raîher Llar8e aggregates of them. It is impossible to 

imaginé, for example, what kind of mathematical theorem "sits" in a 
^ue nerve cell or even in a certain specific number of nerve 

is íompÍe?eítadiffeíeStrednf0r this.purpose* Apparently the situation is completely different. Our consciousness operates with small quantities 

aid nro^if* ^ quf-1^ °f UnitS °f in{ornA^on which a man perceives 
and processes per second is quite small. Here is one somewhat paradoxical 
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example: the slalom racer, in overcoming distance, in the course of 10 
seconds perceives and processes a significantly greater quantity of 
Ä dUrin? °ther seeminrly m0Te intellectual types^f 
through uk!"5! 5“! he »ore than a mathematicianpasses 
through his head during 40 seconds of tense work on an idea. In seneral 
the entire conscious life of man is somehow arranged in a very unioue 
thf "*nn#f but when the "««infinies are studied we find that 
of\m*îî 1?qu}re* much fewer «ie»®ntary cells than for the modeling 
of the entire brain, no matter how amazing it is. * 

What volumes of infonaation may create the Qualitative 
of complex phenomena which resemble life, consciousness, etc.Y 

«imavti4fk is P0*8101«' divide all numbers into low, médius, high and 
1,115 sP*clfic*tion is not strict for within the ft-ame- 

ïl impossible to say that a specific muber is a medium nukber 
L he i0?* one t0 one* ’Ü'® rnabers are divided into 

categories with an accuracy of an order of magnitude. But here we do 

withrdefiiitiMUrÂCï* "b*! îind of C8te*ories these? We shall begin ith definitions understandable only to mathematicians. * 

.,1: Je 8h*lJ the number A a low number if in practice it is nos- 
b Î® consider all circuits of A elements with two inputs and outwits 

g«ents*COrd f°r thMe *U fü"ctt<,n» of th* *lS«l>r. of lo|ic with A w- 

c»n *|¡» "«»••r B • Mdlua maiber if we prove to be not 
in a position to consider all circuits of B elements, but mav consider 

ôÆ.vîr'Tor ("hich l!, ’“«b« ■»« «-pi.» diwíop a system of designations for any system of B elements. ^ 

m. Finally we shall call the nuaber C a large maber if we are not 
Miî ÎÎÎÎkÏJV0 consider in Practice such a number of elements but may 
nly establish a system of designations for these elements. Y 

make- aï^S.n1! be.,“Perhl*h if i" practice they are impossible to make, as we shall see below, they are not necessary to us. 

.We shall now clarify these definitions for intelligible examples. 

which .irbri^r^hTi^ni;^ äxä* rn . 

^111^^23h!t8thewrihinle Combin;tion! of positions of the three switches will be 2 - 8. We shall count these for a clear representation: 
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1) LU 3) LRR 5) RLL 7) RLR 
2) LRL 4) LLR 6) RRL 8) RRR 

*7 ta calculation then the results show that the variant posi- 

tiens of ‘h« »itches, sccocpinled by these «sitings, .ill be 2^3 i , 

by the reader byM^íeKntUgNhè^Huên^.Ítl^"11^ ‘,,deP",d'ntÍy ’ 
with the .artini, ^ of th‘ «“<*« 

but five, for example, then we would have to write - 4 294 <*7 

rr. rd‘Äfbr.ca rtzjrrl? ^ Ä«‘- 
Therefore the nusfcer S can no longer be considered a lo. ”-"*r y' 

In order to nake the ten "medium" number clear »• .k.n 

¿¿Äs :"h* ,,A 
Zi ZnLIZ Âc'aîttni'fuîii“ “0U,,t 0f "Ô? 

ïïs-Âïr Âï'S'S-.S-iif' r 
oneT shLÎng8îinÎÏî! ^ ,,S0^ted,, ^°00 eleB,ents ^ noting «.ch 

?i4SSl;=h£Hí™^ 
££:; xHï" -— 
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»,. s; ä" “• --- 

Numbers 

Low 
Medium 
High 

Man 

3 
1000 

1O100 

Machine 

10 
10 io 
1010 10 

£-:»F“7“ä——; 
Se n^rs íi^h s"*u f°r th. »»Sin., jusTL 

ü:.Äi°;in ío^f¿R;T?"*rr-"f” “‘Cine 

characterized by large numbers. Y “ ° sorting are 

of Äf^poMib.irM 

machineW.^2bilities'of'the^^h"* “iS'1 re“ín b')'0nd th' °' 
and cultura, U1 1 f h h,8he5t de*”e of •tevelopMnt of technology 

infinity* ‘0?clu>i.°n “ithout '“"'in« to the concept of 

äs,"ä!; :?á”“ 
■ay be ^'IndlÖlvÖd “thou?XS ‘"P0”“': 00 Pro*,lelBS exist which 
Such prSblems must first of «n ?! necessiJy for large-scale sorting? 

c^rtïelf b“,i:gUSsoí«dti„0,r.,Ííi;rre8t CybernetiCiSt5' f0r th^ 

In «, analysis of the ph.no.en. of life íhé dialeMic Ó”iifl^ttyd,PPe,r5' 
not appear, but rather th. dialectic of the laíg, ÍÍ5bêí. " y 8 
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Be Careful, We are Being Carried Awayi 

more is^being ‘■P0"“* for oyl»nietics thlt 

other hand, vulgar „ípUfi^tiôí ‘ e“**"*tlons' »" ‘"e 

American cybernetic literature »tk) 4n a ^ * Poor^* ^or ©xainple, in 
counter works concernin! í^ “d in our own one may occasionally en- 
quite serious scientific journals* ÍtÍícomposin8 “»chine even in 
R. Kh. Zarinov). îy thist^r^,' .does not «PPly to the work of 
memory of the machiüe îs -sîÛffeJ^ ^ h “^“^^»tood: the 
number (70, let us say) of crJhoí ««Í? the î1“16*1 notation for a large 
then the machine, according to the first^ónr^ hymns; 
songs, searches through an «î lui 1 f°ur no.tes of one of these 
countered in the same8order and havi^r»^” theserfo“r notes «e en- 
takes from this sona the next «rj! in? one of these at random, 
four notes (tw^ ethe »achi"o »«»in has’ 
the search and selection in the same manned ^îk” thJ machine accomplishes 
touch, •'creates*' some iHnri «r » Banner. Thus the machine, as if by 

notes in a sequence? Since in ~onî„S!arCh n0t four» but by seven 
seven identical note« in »lity two compositions which contain 
obviously the machine hav'SHuvlT1'1 pr,ctic,u>' Mv'r »• «"countered. 
be forced to pïïfÎîé'song !o tíê .nd Tr "ot« £«>» ««"« ««"i. mould 
ficient for the machine to know oniv ?e other hand* 11 is suf- 
(compositions with two identical üotes are°l!ainnî* 8!îUinî creaJivity 
would be presented with such a wide «ei then here the machine 
from the Sachin. í, ¿SSlS heaS ToV™“* °f * 

«h. 'tas:!ô.e^pr:sïuS:pifcsLeic'iri„uiii^pnsrted in iiterMu« « 
that »Uh an increase in the SSSh.; . il is s««<»»ly declared 
machine »ill begin to creSre S^S Jf " ” "’V1"4 "for Priming", the 
and »ith a decrease in this number the^SÏÏnS'Snrihift5«“1 i*1“"' jazz music. cnine win shift to contemporary 



Today we are still very far from the accomplishment of un analysis 
and a description of the higher forms of human activity; we have still 
not even learned in objective terms to give definitions for many cate¬ 
gories and concepts encountered here in not only the modeling of such 
complex types of this activity which includes the composition of music. 
If we are not able to understand how living beings which want music 
differ from beings which do not want music then by proceeding immediately 
to the machine composition of music we find ourselves in a position of 
modeling only purely external factors. 

The "machine composition of music"--thi. is only an example of 
the simplified approach to cybernetic problems. Another widespread 
shortcoming consists of the fact that adherents of cybernetics are so 
involved in the possibilities of the cybernetic approach to the solution 
of any of the most complex problems that they permit themselves to dis¬ 
regard the experience accumulated by other sciences during the long cen- 
tuides of their existence. They frequently forget that the analysis of 
higher forms of human activity was begun long ago and has extended over 
a long period. And although this analysis has been conducted in other, 
non-cybernetic terms in essence it is objective and it must be studied 
and utilized. Those who are able to make cybernetics "with bare hands" 
and raise such a sensation around it frequently do not pass beyond the 
framework of investigating the most primitive phenomena. Once at a 
meeting in the Moscow House of Writers one of the participants made a 
speech to the effect that our time must create and had already created 
a new medicine. This new medicine was the achievement and an article 
of study not of medical men, but of specialists in the theory of auto- 
matic regulation! The most important point in medicine, in the opinion 
of the speaker, is the cyclic processes which occur in the human organism. 
These processes are exactly described by differential equations, studied 
in the theory of automatic regulation. Thus the study of medicine in 
medical institutions has become obsolete—it must be transferred to the 
control of engineering colleges and mathematics faculties. Perhaps it 
is correct that specialists in the theory of automatic regulation may 
have their word in the solution of individual problems which now confront 
medicine. But if they wish to participate in this work then first of 
all they are required to possess high qualifications for the experience 
accumulated by medicine, which as the oldest of sciences is tremendous 
and in order to do anything serious in it, the science must first be 
mastered. 

Why Only Extremes? 

In general the analysis of higher nervous activity in cybernetics 
is concentrated for the present in two extreme poles. On the one hand 
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cyberneticists actively participate in the study of conditioned re¬ 
flexes, i.e., of the simplest type of higher nervous activity. Ap¬ 
parently it is clear to everyone what a conditioned reflex is. If two 
stimulants of some type are repeatedly accomplished simultaneously (for 
example, a bell is rung simultaneously with the delivery of food), then 
after a certain amount of time only one of these stimulants (the bell) 
causes a responsive reaction in the organism (salivation) to the other 
stimulant (the delivery of food). This association is temporary and if 
it is not reinforced it gradually disappears. A significant portion of 
cybernetic problems, which are now known under the name of the mathema¬ 
tical theory of learning, encompass very simple schemes which do not 
exhaust even a small fraction of the entire complex higher nervous ac¬ 
tivity of man and in an analysis of conditioned-reflex activity itself 
represent only an initial step. 

The other pole is the theory of formal-logical decisions. This 
side of the higher nervous activity of man yields well to study by 
mathematical methods and with the creation of computer technology and 
computer mathematics, investigations of this type have moved forward 
rapidly. Here cybernetics has been quite successful. 

The whole tremendous expanse between these two poles, that is 
between the most primitive and the most complex psychic acts (even such 
simple forms of synthetic activity as, for example, the mechanism of the 
exact calculation of geometric motion, which we spoke about earlier, 
for the present yields poorly to cybernetic analysis) has been studied 
very little if it has been studied at all. 

Cybernetics and Language 

A special position is now occupied by mathematical linguistics. 
This science has only recently been created and is developing in propor¬ 
tion to the accumulation of cybernetic problems associated with language. 
It deals with the analysis of higher forms of human activity or more 
on the intuitive side than of a formal-logical nature, for this activity 
yields poorly to exact description. Everyone knows what a grammatically 
constructed phrase is, and the correct agreement of words, etc., but for 
the present no one can adequately pass this knowledge to a machine. An 
exact, logically and grammatically faultless machine translation would 
now be possible, perhaps, only from Lat.n and to the Latin language, for 
the grammatical rules of this language are sufficiently complete and un¬ 
ambiguous. The grammatical rules of new, living languages are apparently 
still insufficient for the accomplishment with their help of machine 
translation. Here the required analysis has been going on for sometime 
and at the present time machine translation has become the subject of 
broadly and seriously applied activity. It is possible, perhaps, to say 
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"at“'«' linguists 1hâs^been concentrated** S'“ attentlon of "«ha- 
on mathematical linguistics one cííc^st.n^T'^1" theoretioal works 
studied; this is the fact that ^ been insufficiently 
formal-logical thought, it is possible *5°** siSn¿ficantly earlier than 
one of the most interesting investigations L k Science 
bernetics, the new mathematical apparatus and rn!¡¡Ch the ldea5 0f cy' 
be successfully combined) is the îÏJqÎ?» co"tefPoraiy logic may 
t o" of words as a seconda^ sígnaísvL°í process of forma- 
with a total lack of concepts word« j Initially, in connection 
which generated a specifi/reâction îh!red int° th® role.of signals 
refers to comparatively recent time«* « emergence of logic ordinarily 
T* ? clearly understood and foimulitedPthaJtly Tly in ancient Greece 
the designations of certain dire!? 1 1 d th e words are not simply 
concept might be isolated from !o«eÎMCep?S md images but that tbe 
formal logical thougír^ T*’ Prior t0 «onuine, 
bination of words which b rough toîheïword««/, ^concept, and as a com- 
establish directly a flow of imnone fdS a^ter t^em as an attempt to 
T.rfc.ln* ‘hi» mechanism of the cî£s“.n”iü! .ût H “".“"»«»‘“ness, etc. 
which carried a complex of imacel anddÎÎÎÎ ^ f WOrds and si8nals 
basis are extremely rewarding lields^f ^ l0pi?8 6arly logic on this 
the mathematician. Incidentîy ihifs^iect'h 'í110"' MPecU11y 
upon in cybernetic literature. ^ct has be,n repeatedly touched 

thought1fôr^d1“lâimïÎ7Stirs“ïi‘Îuemnt1trrSUn*a h°“ is lo*ic,1 
process in an example of the work of I 5t*8es of this 
b1«"- At first, apparently thl dêeiî. ^ iclan over * ««.in pro- 
or mother, followed by t0 investi8*te one question 
which reflects what we hope ro^btïîî é. “"“P' of unknown origin 

'»• »thods by which £ hope ío^btãin investigations8 
stage we start our internal "add^no mo u- result; during the next 
IMs is apparently the path ofdthe8fo™ÍÍion reasoning, 
of the creative process It mav °f l0gical thought. a Plan 
tigate not only the first, intuitivfstaee^f5??- S°me interest t0 Mes¬ 
set a task of creating . ¿achine cwabî^As Í J3 pr°cess but also ^ 
process during the stage of coüropî forouUtÍ! PS8 man in the creative 
for example, during the stage of format’• r°n ^cr a ma^bematician, 
entrust to such . machine Se mdemmÍ?n".0fnr1CUlKa“0ns) in ort»r 
form of certain unclear sunni«mon* and establishing in complete 
which every mathe^tici« Z?™ °jf figures foSJL 
searches, or, for example,\he roronííroSfín'í the Process creative 
sentation of figures in milti!dî^«c?Î ? from drafts of the repre- 
is interesting to think about the creation^f06’ In otber words it 
replacing man, are already in a position Which’ while not 
processes. For the present it iï still díí«1?/1"1 in complex «eative 
mmner md by what method suíh* ln WhM 
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for the present this problem is far from being solved. Conversations 
concerning all these questions have already been raised in cybernetic 
literature, which apparently we can only welcome. 

As we have already seen from several examples cited here, there 
are many different problems associated with the understanding of the 
objective structure of the smallest areas of higher nervous activity in 
man. All of these deserve the responsible attention of cyberneticists. 

Materialism—It's Wonderful! 

In conclusion we shall dwell upon questions touching upon, if we 
may say so, the ethical side of cybernetic ideas. The often-encountered 
hostility and denial of these ideas emerge from a lack of desire to ac¬ 
knowledge that man is in fact a complex material system, but a system of 
finite complexity and of extremely limited development and therefore may 
be successfully simulated. Many find this concept to be degrading and 
strange. Even after accepting this idea people do not reconcile them¬ 
selves to it; such a picture of the universal penetration of the secrets 
of man, even to the possibility, so to speak, of "encoding" him and 
"sending him by telegraph" to another place seems tó these people to be 
repulsive and frightening. Misgivings of another sort are also encoun¬ 
tered; will our internal structure even permit exhaustive objective des¬ 
cription? It was proposed, for example, to place before cybernetics the 
task of learning to distinguish from objective indicators beings who 
want topical music from beings who do not want it. We analyze and 
analyze and it turns out that in actual fact there is no intelligent basis 
for isolating such music as noble in comparison with other harmonies. 

The concept appears to me to be important that there is nothing 
degrading and strange in this aspiration to comprehend ourselves to the 
ultimate. Such impressions may arise only from half knowledge; real 
understanding of the entire magnificence of our capabilities, the sen¬ 
sation of the presence of eternal human culture, which comes to our aid 
must generate a tremendous impression and must evoke admiration I Our 
entire structure would be comprehensible but comprehensible to the extent 
that the structure contains within itself immense and unlimited capabili¬ 
ties . 

In fact we must attempt to replace this silly and senseless fear 
of our simulation by automatons with the tremendous satisfaction inherent 
in the fact that such complex and wonderful things may be created by man, 
who not very long ago thought that simple arithmetic was something in¬ 
comprehensible and lofty. 
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MACHINE CANNOT LIVE, AND MOLD CANNOT THINKI 

ONCE MORE ON A SENSE OF SIZE 

E. Kol'man, Acdemlci.n of the Ctechoslovekian Academy 
of Sciences 

netic machtnes^nown^o'us « .‘he^tUme"“","0^"1 °f "°St 
there is no difference between a u-ls U 15 true that 
high organization and a man i e ^ f1®110 J1®0111116 of sufficiently 
"natural" method of machine’creaiioï? '»«ificial" and the 

axperl.íseei^«:„stt“,“ír^e^<1habv: that they may 
want something? reJ01ce. be sad, be unsatisfied with something or 

losopher°andtsurgeon Jufien&0ffí^ °ut*tandín8 French materialist phi- 
"M*n. the Machine?"” In “ Âd'Â' fUblifed his «"Portion, 
living matter are the s»e. Æ „«t“r 5 f" Iivl"«.imd 
matter only quantitativelv th»/?! offers from non-living 
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by Marx and Engels. This science examines not only the material unity 
of the living and the non-living but also their qualitative differences. 
Although living beings are subject to the same material, physical and 
chemical laws as non-living matter, they are not subject to these alone. 
Living beings have their own inherent and specific biological confor¬ 
mities with law. During the transition from the non-living to the 
living state an abrupt change occurs. In this sense there is a funda¬ 
mental difference between the living and the non-living states. 

Of course, more than 100 years have also passed since Marx and 
Engels made their study. The development of natural sciences has been 
exceptionally intensive. Therefore the question naturally arises-- 
should we not reexamine all of their views just as in connection with 
the beginning of cybernetics? Marxism itself requires that its indi¬ 
vidual positions be reexamined if this is required by new scientific 
discoveries. 

However in the given case there is no basis for such a reexamina¬ 
tion. The reverse is true. Cybernetics merely confirms again one of 
the basic positions of Marxism--the study concerning quality and quan¬ 
tity. 

Cybernetics is a mathematical science. It studies any self- 
controlling systems independently of whether they are partially equiva¬ 
lent or whether they are organic, or even social systems; however it 
studies these from the quantitative viewpoint alone (in the broadest 
meaning of this word, i.e., not only in the sense of number or value, 
but also in the sense of order and structure). 

It is here that the strength of cybernetics lies. The discovery 
of a community of quantitative control regularities made it possible, 
for example, to model thinking operations with the aid of computers 
and, on the other hand, to utilize the experience of work with computers 
for a study of the central nervous system of man. 

But unity is not uniformity. That which creates the strength of 
cybernetics also includes its weakness, or at least a great temptation 
not to see the differences between man and machine due to their simi¬ 
larities . 

Those who maintain that man is a machine and that cybernetic 
devices think, feel, have a will, etc., first of all miss one "detail"-- 
the historical approach. Machines are a product of the social-labor 
activity of man, while man is a product of natural evolution. Here the 
material base is different--in the first case cells of organic material 
are involved, while in the second there are electron tubes, transistors, 

I 
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•tc., and the time scales are incommensurate. For this reason it is 
incorrect to obliterate the difference between "natural" and "artificial." 

It is true that other arguments may be used as well in order to 
defend the theses "Man is a Machine" and "The Machine Thinks." 

It is said that it is not necessary to limit strictly under¬ 
standing of the terms involved. For example, if we define "machine" 
as just something which is artificially created by man, then it is clear 
that a machine cannot reproduce its own kind nor by the same token can 
machines improve over the original ones. 

What is right is right. Such deliberately narrow definitions 
may be given only by the narrow-minded enemies of cybernetics. These 
definitions are also advanced by those who, as adherents of vitalism, 
the study which attempts to explain the phenomena of life with the aid 
of some kind of special far-fetched "forces" or "principles," draw an 
impassible boundary between living and non-living matter. However in 
addition it must be said that even machines capable of self-reproduction 
and self-improvement had these remarkable properties exclusively be¬ 
cause of the fact that in the final analysis they were given by the de¬ 
signers concept. 

All, including the most complex "machines fulfill only auxiliary 
operations in agreement with purposes, established by man." A. N. 
Kolmogorov ended his article "Cybernetics" in the Great Soviet Encyclo¬ 
pedia (Vol. 51, 19SS) with these words, and they remain valid as before. 
No factors which prove otherwise exist. Machines do not exist which can 
set up problems for themselves not posed for them by their constructors, 
since machines, for example, which develop for themselves a program for 
their work or even those which create scientific hypotheses do this 
only because this self-programming or hypothesis development was pro¬ 
grammed into them. K 

But is this entire matter really only one of definitions? Does 
V "S1-, } ?°Pend on whftt w® aAitrarily call a machine? Why not expand 

the definition of a machine far enough so that it also encompasses man? 

But this argunent does not apply. Definitions cannot be expanded 
arbitrarily for they must correspond to reality. In any logical dispute 
it is possible to prove anything convenient with the aid of arbitrarily 
expanded definitions. For example, there are no differences between dogs 
and chairs because both are "four-legged," or there are no differences 
between the proletariat and capitalist because they are both "producers." 
This is rather adroitly done by several contemporary Anglo-American 
sociologists so that they can "eliminate" the class struggle, once and 
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for all. Similarly it is possible to expand the "machine" concept to 
the entire universe, to call it a "clock," and then legally raise a 
question concerning the "watchmaker," the creator. This means that an 
examination of the definition of a machine does not lead to proof that 
man is a machine and that a machine thinks.

Let us assume this, but should we not reexamine the concept "life?" 
The belief that life is a method of existence of albuminous bodies, as 
defined by Engels, is now too narrow. It is possible that as a result of 
the development of astronautics we shall meet other forms of life, not 
based on high-molecular carbon compounds. Why not then define "life" 
so that it also encompasses the work of cybernetic devices?

Although there is a grain of truth in this argument, we cannot 
consider it to be well-grounded. Apparently it is true that life cannot 
be defined on the basis of chemical structure but the definition must be 
based on life functions; assimilation and dissimilation, growth, self­

reproduction and first of all self-regulation of the exchange of matter 
and energy with the environment. It is quite possible that in the future, 
and possibly not very far in the future, cybernetic devices will be con­

structed which model such functions. This, however, does not imply that 
they will become living machines,

A subsequent argument in favor of "living machines" is as follows. 
If they are not built today, then they will be built tomorrow. Instead 
of electron tubes, transistors, ferrites, printed circuits, cryotrons 
and other devices of contemporary electronics, the machines will employ 
albumin, living cells, and a living brain will be created in the labora­

tory.

Let us assume this. But is it really not clear that these cyber­

netic devices will begin to function on a living basis, and therefore 
will differ fundamentally from contemporary computers? But it is to the 
latter that some wish to attribute the ability to live and to think.

However in connection with the current state of science, cyber­

netic devices constructed fully or partially with the use of living 
elements must be relegated for the present to the realm of dreams. We 
would like to see some dreams realized immediately. But first of all it 
is necessary to perform a great deal of difficult work in order to create 
the condition which will permit us to enter upon the realization of these 
dreams. In fact even "ordinary" cybernetic devices have not yet found 
the distribution and penetration which they must find. Many problems 
within the field of cybernetic technology, solved in principle, are 
still technically not realizable. What shall we say about the biochemical, 
physiological, and psychological bases of these future cybernetic devices 
which we can only daydream about!
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ÍwHnnne fSUmeS that SUCh artificial living beings, capable of• repro- 
thm.aK? evolutlon and possessing emotions, will and^ 
thought in the highest forms will be constructed from the non-living 
Âí%w0fthe automaíon» 5hen he is greatly mistaken. No matter 
how high their order, they will be only a part of technology, which is 
an artificial medium which society places between it and nature in 
order to subordinate natural elements to its purposes. Automatons will 
always be only derivatives of man and they will execute physical actions 
only. Man alone regardless of the "free run" which he gives the machines 
will always stand near the cradle; he alone will rationally interpret 
their actions in ideas, which without this interpretation would remain 
only physical actions. 

Nevertheless certain people are convinced that it is possible to 
create automatons which not only possess all the properties of a man 
i.e., automatons indistinguishable from man, but also those which will 
possess qualities of highly-organited living beings unfamiliar to us, 
living in other worlds and completely dissimilar to us. It is as if 
this wouid facilitate our task of analyzing the psyche of these Gods 
of Olympus, if in the future we encounter them as a result of space 

All this sounds quite fascinating, doesn't it? But scientific 
where *S ab°Ve a11, Fantasy is g°od but groundless fantasy leads no- 

First of all it is not correct that cybernetic automatons may re¬ 
produce all the properties of man, his entire psyche, or that they may 
become indistinguishable from living people or even animals. These de¬ 
vices cannot be charged with anything more (and this is not a small 
order) than recalling in connection with conditioned reflexes, thought 

°Pe rat ions ; in this connection it has already been pointed out 
that this certainly does not mean that they are thinking. A tremendous 
area of brain functions, which cannot be described formally, cannot be 
transmitted to machines. 

Of course one may make the assumption that this limitation is 
only a temporary one, that in the future we will succeed in formally 
describing the sensations, perceptions, emotions, wills, temperament and 
nature of man and then there will be no fundamental obstacles to the repro¬ 
duction of these qualities by cybernetic devices. Although in our time 
it is hardly possible to imagine even hazily the avenues of approach for 
the solution of the problem, we certainly do not intend to dispute the 
legitimacy of this assumption. We shall only require that those who ex¬ 
press this and those who are acquainted with it are clear that this is 
only an assumption, a hypothesis, and is far from reality. 
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How shall we understand the concept of extremely highly-organized 
beings which at the same time are completely unlike us? If they do not 
resemble us at all then this is because their physical chemical basis is 
different, for example, not carbon but silicon, not oxygen but fluoride, 
or they not be solid bodies but perhaps may be liquid; finally it is pos¬ 
sible that they are made of some forms of matter unknown to us--particles 
and fields, or from some other substances unknown to us. If in this 
connection they present a certain similarity to living beings it is in 
the sense that they possess the property of self-regulation of material 
exchange with the environment. If in addition they are highly-organized, 
then they have the capability of transforming this environment, of creating 
their own artificial environment, their own "technology", and on the basis 
of this "labor" process to develop their property of reflection to an 
extremely high degree. 

It is clear however that just as it is naive to represent that all 
highly-organized beings must have a pair of eyes and a nose between them 
just as we have, it is just as naive to assume that the regu¬ 
larities in their functions of controls and reflection are so close to 
ours that we may model these with cybernetic automatons. It is a joke to 
say or to establish what kind of internal world these beings havei 
Laplace once expressed the idea that in order to communicate with Martians 
we should construct an intensively illuminated Pythagoras theorem on the 
plains of Siberia so that they would know that thinking beings inhabit the 
earth. At the present time some people believe that this same purpose may 
be served by powerful radio signals of proper sequence. However if we, 
for example, assume that somewhere in the Great Nebula in Andromeda there 
are highly-organized beings, and if they, for example, are watery in¬ 
habitants of a watery environment, they would have no metric geometry, 
nor even arithmetic in our sense, and therefore it would be impossible to 
establish any kind of contact between them and us by means of concepts in 
these sciences. If with the aid of cybernetics we are successful in de¬ 
ciphering the ancient writing of the Mayan Indians then it is only because 
we have common concepts with them which reflect a community of environment. 
If somewhere there exists a world which is constructed of antimatter 
then we shall not be able to agree with the inhabitants even about where 
left and right sides are. 

In general, ascribing to hypothetical beings, completely foreign 
to us,'a certain psyche similar to our own (thought, emotions, esthetic 
experiences) has just as little basis in fact as believing that while 
being attracted to each other, unlike electrical charges experience a 
feeling of love and that while beings repel from each other like charges 
experience hate. Anyone who reduces his arguments concerning beings which 
are completely unlike us but which possess a psyche similar to our own 
must, if he carries his arguments to their logical conclusion, pass to 
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Panpsychism, to the study of the all-pervasive animation of 
noï Íí’1 h! negatlon of qualitative changes during the transition from 
capable1 of Sin" ^ ^ t0 ^-organized nature^ 

nOS8ihi^e.SCh0iaH answer the question "Is an artificial thinking being 
conrini!' h«.£• t0 the develoPment °f exact definitions of such 8 
feel h¿"kÍ28¿ ''emotion," "will," etc. In this connection they 
feel that specific definitions do not exist, although (on the level of ^ 
strictness of natural science) they may be developed. It seems to us that 
hey unjustly reproach physiology, psychology and philosophy, which have 

witíTthe Jh®fedefinitions long ago. Is this not the case, for example, 
with the definition of thought as "an indirect, abstract and generalized 
reflection of objective reality," or as "a higher product of the brain, 
a higher product of matter?" it is another matter that such definitions 
may be considered as insufficiently developed and exact, or too narrow. 
Naturally with the development of a science its definition must also de- 

en?ire questi°n is on what basis and in what direction; 
^ <Jefinition be founded on the basis of new, scientifically es¬ 
tablished data and in the direction of a more intensive agreement with 

direction'of‘fantasy? 0n d«ir” »"<* »Wathies in the 

,. Th®1® are no experimental bases for extending the definition of 
• ?? Wel1 “ {0T£8enBati0ri> »ill, etc., to all matter. There are 

no scientific arguments for the reexamination of Lenin’s position that 
híohltS/learlí exPress®d form sensation is associated only with the 
higher forms of matter (organized matter)" and that "It is possible only 
to assume the existence of a capability conformable with sensation in Y 
the structural foundation of matter." 

«rj!nlS*?0rrrCt l? note that one of th® reasons encountered up to 
the present time for the negative attitude toward cybernetics is purely 
a psychological one. Notwithstanding the fact that cybernetics has 
existed as a science only since 1948, its achievements are amazing. To 
one who knows about cybernetics only from popular publications, the pic- 
thlM5 °ftKn preaenJed fif® automatons, which have taken over 
the lions share of the physical and mental work of man. For some this 
is extremely tempting, while for others it evokes fear. In other words 
some people do not wish to become reconciled to the fact that the auto- 

iîiîîte„their ^hinkin8 activity, which seems to them to be a 
privilege of the tsar of nature" alone. Others allow themselves to be 
uhfS6? aW&k t0 íhe °PPosite extreme by the same psychological grounds 

?ro“ght.succ®ss Jo cybernetics, which are capable intact of 
aking the head spin. In this respect they were not able to avoid the 
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danger which Norbert Wiener, the founder of cybernetics, repeatedly 
warned against (although he himself often yielded to temptation); the 
warning included the influence of the idea of the so-called "cybernetic 
philosophy," metaphysical exaggerations which attempt to establish the 
cybernetic method as a single and universal method and cybernetics as 
the science of sciences. In his lectures Professor Wiener said, "There 
exists a Jewish legend of the Middle Ages that a Rabbi Lev ben Betsalel, 
who lived during the time of the Emperor Rudolph the II, created a 
"golem," a clay slave, as a woodchopper and water carrier. He animated 
this by placing in its mouth a note with the cabalistic God name of 
"Shem." However, the Rabbi went out once and forgot to remove the note; 
the golem chopped up all his furniture and flooded his quarters. Then 
he threatened the entire region until the Rabbi himself destroyed the 
"golem." The same plot was also used by Karel Capee in his drama, 
"RUR," "Cybernetic devices," continued Wiener, "cannot only reproduce 
themselves but can also produce devices which are improved to a greater 
and greater degree. But the most complex devices are the ones which fail 
easily. Does not the case here involve man? The workers who will service 
these devices must be of incomparably greater development than workers 
on an assembly line. But the more educated a man is the less he is in¬ 
clined to subordinate himself to a strange will. If the machines do not 
also revolt against man, then the danger that society will disintegrate 
is very serious..." 

Wiener's novel "The Tempter" (a translation of which will prob¬ 
ably be published in Russian) reveals that Wiener sharply defended the 
defects of contemporary American society. But Wiener, of course, was not 
a Marxist. He does not understand that the danger of a revolt of man 
against automation was entirely determined by the exploitational de¬ 
humanizing essence of capitalism. A man in communist society will con¬ 
sciously subordinate himself to collective discipline and the will of 
the collective becomes his will. Realizing that it was planned to employ 
cybernetics for nuclear rocket war, Wiener was not able to destroy the 
golem which he himself had created. 

Norbert Wiener's small book "Man and God," published in the year 
of his death (1964) was devoted to these ideas which he traced clearly. 
Similar to Einstein, who felt deeply his responsibility before mankind 
in connection with the fact that with the formula E = m*c2 he had un¬ 
willingly opened up a path for the military use of nuclear energy, 
Wiener also tortured himself over the idea (he spoke to me about this 
himself in the fall of 1964 during the Congress on Cybernetic Medicine 
in Naples), that his child, cybernetics, might serve the purpose of the 
destruction of peoples and the annihilation of humanity. Unfortunately 
Wiener did not understand to the end that neither cybernetics nor science 
itself but the social structure was guilty of the fact that the most 
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rom these in which information is neither matter nor consciousness and 
pronouncements which smack of the positivistic, evoked by mixed con- 
cepts of information and quantity of information, as well as ambiguities 
which can be solved immediately on the materialistic basis of the Leninist 
theory of reflection. Their desire for the universal application of 
cybernetics is clearly expressed; under feed-back, for example, they 
place every inverse action, every interaction in general, and they con¬ 
sider self-régulâtion to be conformity with law which applies everywhere 
in all degrees of development of the universe. From this comes their 
exaggerated declarations to the effect that the revolutionary effect of 
the discovery of cybernetics may be compared with the discovery by Marx 
of the laws of social development; that cybernetics, more than other 
sciences, is essentially a dialectic science; that it represents a special 
intermediate link between philosophy and a number of specialized sciences* 
that Marx was the first cyberneticist, that his economic plans for re- * 
production in "Capital'’, and also the policy of the Marxist-Leninist 
Parties must be considered as an application of cybernetics...all this is 
confusion which renders a disservice both to cybernetics as well as to 
our philosophy. 

Cybernetics, along with atomic physics and astronautics, belongs to 
the most progressive fields of contemporary science. But just because it 
opens up for us unaccustomed communications links (analogies between the 
control functions of machines, organisms and social systems), it still 
collides with misunderstanding and a negative attitude on the part of 
present-day conservatively-thinking people. On the other hand some of 
these, who have penetrated the meaning of its exceptional significance, 
close their eyes to the limits of its capabilities. Both of these groups 
act according to inertia, along the lines of least resistance, and yield 
to the awful force of habit" of thought, against which Lenin repeatedly 

But cybernetics is called upon under conditions of the communist 
society to help man most effectively overcome this inertia of thought 
the struggle against which demands greater, more resolute efforts than 
overcoming the inertia of material bodies. Cybernetics has not one, but 
four basic functions: to free man from monotonous actions of physical 
and mental labor, to serve biology and medicine, to help economics and 
sociology; to assist logic, psychology, psychiatry, pedagogy and gnosio- 
logy to become exact sciences to the maximum extent. These functions of 
which the second, and in particular the third and the fourth which will 
isplay their validity only in the future, are of ever increasing sig¬ 

nificance, and will bring to new communist man a happy and joyful life 
in a society where the structure and moral level of its members will 
harmonize with the highest technology which will no longer serve for the 
enslavement and annihiliation of man. 
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In any specialized science cybernetics (just as mathematics) may 
be employed fruitfully if it is based on the principles of this 
specialized science (for example, geology or medicine), and no attempt 
is made to subordinate these principles to cybernetic principles. 
Einstein correctly noted that if we disregard real phenomena, then 
mathematically (cybernetics is a mathematical science) it is possible 
to prove whatever we wish. 

In order that cybernetics may fulfill its third function, and 
so that it can stand at the service of scientifically controlled society 
it is necessary that it develop in accordance with principles developed 
by Marx in "the Civil War in France" and Lenin in "State and Revolution" 
for a Communist society and its first (socialistic) phase (considering, 
ot course, the newest experience in the building of socialism). Only 
under this condition will the cybernetic model of scientifically con¬ 
trolled society be not only a toy of the intellect, but will reflect 
reality. Then, if we impart a cybernetic structure to this model we 
will be able to obtain the solution to problems which arise during the 
development of society and we will be able to plan this development to 
the optimum degree. 

What kind of cybernetic model will this be and what conditions 
must be maintained for it? The model must have no idle and overloaded 
elements. Negative feed-back links in the system must eliminate deviations 
»which inevitably appear in the process of development) from a state of 
dynamic equilibrium. All sub-systems must act not in accordance with a 
rigid program, but with consideration of random fluctuations, as well as 
local and temporary peculiarities. Information must flow along communica¬ 
tions channels equally well in both directions--from the "brain" to the 
"peripheral organs" and vice versa with minimum distortions. TTie 
"memory" must have maximum volume and maximum variety. Of course such a 
society will be arranged so that with minimum expenditures on production 
and distribution of material and cultural goods, it will guarantee all 
its members the maximum use of these goods. 

As far as the fourth function of cybernetics is c-ncemed today 
a mathematical theory is already being developed of its applicability to 
teaching, based on certain assumptions concerning the dynamics of habit 
formation. Although this theory for the present is only phenomenological, 
in that it does not analyze processes which occur in the cortex of the 
human brain during habit foimation, but only describes their results, 
it nevertheless gives us a quantitative picture of how, under different 
circumstances, a habit is reinforced, or, on the other hand, is lost 
and this gives us the opportunity to evaluate the complexity of the 
mechanism" which controls these processes. TTiis is one of the paths-- 
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THE THERMODYNAMIC RIDDLE OF LIVING MATTER 

Dr. of Biological Sciences K. Trincher 

The opinion exists that any function of living matter, no. matter 
how complex, may be modeled and that the fundamentally unlimited re- 
ducibility of biological phenomena to physipochemical processes is 
proved by this fact--by the possibility of the material modeling. Since 
physicochemical processes in a modeled mechanism may be completely 
studied in principle, then it follows therefore that the modeled func¬ 
tion of a living system supposedly may also be fully studied in the 
physical-chemical aspect. The error of this position may be proved on 
the basis of the second law of thermodynamics. 

TVro fundamental concepts are included in the formulation of the 
second law; these are energy and operations. The transformation of one 
form of energy into another through the medium of operations occurs under 
conditions or irreversibility with a certain energy depreciation in the 
form of heat. With the occurrence of operations over an unlimited period 
of time in an isolated system possessing a certain store of free energy, 
the transformation of the entire free energy into heat must occur. This 
state, which designates the cessation of all operations is also the 
attainment of stability in an isolated system--the state of maximum en¬ 
tropy, or the most probanle state (The Clasius principle). In the clas¬ 
sical statement of the second law of thermodynamics only diffusion energy 
is the source of increasing entropy. In fact, however, one more source 
of increasing entropy exists--wear of the machines. 

A machine is a cyclic operating mechanism which in the course of 
transforming energy of a specific type into the energy of operations 
continuously loses structural integrity. The operation of a machine is 
simultaneously the reason for its failure. Therefore an increase in en¬ 
tropy exists in an isolated system not only as a result of unavoidable 
dissipation of energy, but also as the result of the unavoidable degre- 
dation in the structures of the operating mechanisms. The state of maxi¬ 
mum entropy in an isolated system indicates not only the transformation 
of all the system energy into heat, but also the transformation of all 
machines, i.e., of all the structured formations which operate in 
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accordance with a program into randomly moving non-structured substances. 
Hiere is no machine which can operate without increasing entropy as a 
result of a continuous loss of its structure. In the language of cyber¬ 
netics structural machine loss is designated as "memory'’ loss. In ap¬ 
plying the second law of thermodynamics to an existing active mechanism, 
i.e., to a machine operating irreversibly and in the form of continuous 
cycles, we come to the conclusion that after a specific number of operat¬ 
ing cycles the machine will cease to operate due to sufficiently high 
losses in structure, or in "memory." 

The fate of an operating machine is doom in the sense that the 
machine itself must, in a certain length of time, dissolve into a so- 
called chaotic medium. There is no machine which can extract progranming 
instructions from its environment. A machine may Withdraw only the com¬ 
ponents which it requires for the creation of new structural formations, 
including those programming devices which are included within it. How¬ 
ever since the programming devices in a machine, beginning with the 
first operating cycle, enter into the disintegration phase and in a 
chaotic medium there are no replacements in the form of initial program¬ 
ming devices not affected by the degradation process, then it follows 
from this that no matter how improved are the programming devices with 
which the machine is equipped, it must inevitably become degraded and 
operate in a chaotic medium. 

As shown above the concept of an operating mechanism or machine is 
a fundamental one. We shall attempt to find its empirical roots. During 
the pre-biological age on the earth various processes of the chemical 
synthesis of complex organic compounds occurred, but there is not a single 
phenomenon which indicates the existence during this age of any kind of 
continuously and cyclical!'' operating mechanism with no connection with 
living systems. Cyclic processes on astrophysical, planetary and geo¬ 
physical scales represent pulsation phenomena in the general flow of the 
transformation of energy leading to a small but irreversible increase in 
the entropy of a given system. These cyclic processes, not associated 
with living systems, can hardly be examined as the prototypes of cyclic 
processes of operating machines. 

The well-known specialist in the theory of the behavior of complex 
systems St. Bier considers that "A machine intended for the accomplishment 
of certain functions is nothing more than a system with an organization 
which, from a specific point of view, is subject to the accomplishment of 
the problems placed before it." 

"From a more general and physical point of view the machine and 
the living organism are similar," maintains philosopher E. Kol'man, "be¬ 
cause they represent islands in an ocean of increasing entropy in all 
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the macroprocesses in that part of the universe which we inhabit- these 
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low «Íií1 thei 0ther haíld we have seen from 8X1 examination of the second 
exi-tLrh 710d)?a,niCSthat the machine is «" unstable structure and its 
existence (continuous, irreversible, and cyclically occurrine operations! 
becomes the reason for its destmrtinn r« y cumng operations; 
th«» 1 j. ; aestructlon. In this manner we have discovered 
the following contradiction: 1) the machine, as a derivative of a livin* 
system, is always to a certain extent a model of a living system- 2 the 
machine, not being a living system, inevitably loses its smcmal in¬ 
tegrity as a result of its existence. structural in- 

f j I? c°ntrast to this, living systems are not only stable stmetur*« 
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properties of a living system cannot fundamentally be modeled materially 
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of its existence due to a living system is maintained at the temperature 

operations which continuously eliminate 
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randomly occurring structural defects associated with the thermal des¬ 
truction of the living system. 

3. All operations in the living system are catalytic; the catalysts 
are the operating structures in the foimation of the livinv system it¬ 
self, i.e., complex proteins. 

4. Due to the catalytic nature of operations in the living system, 
the transformation of the chemical energy of food substances to heat 
through operations occurs at the temperature of the existence of the 
living system. Under these temperature conditions the food substances 
are stable substances in the absence of catalysts. 

These four cardinal properties, which characterize the livinv 
system as a thermodynamically closed system with specific properties, may 
serve as an illustration of the classical definition of life which was 
given in 1874 by Engels: "Life is a method for the existence of albumi¬ 
nous bodies, and this method of existence consists in essence of the 
constant self-renewal of the chemical components of the parts of these 
bodies." 

□lemical reactions occur in the living system due to the high 
chemical potential of food substances and to the catalytic properties of 
the living system. Operations in the synthesis of the structure occur 
on the basis of chemical reactions which equalize random processes of 
the theimal destruction of the structure. Therefore the living system is 
a chemical machine, the work of which, on the one hand, is possible only 

hLd ir !nn,r?LUre Î existence of the livin8 system, and on the other 
hand, it consists of the constant elimination of structural defects which 
continuously and randomly arise at the life temperature. The dialectic 
law of unity and the struggle of opposites, in this case the presence of 
operations for the elimination of thermal destruction, when the opera¬ 
tions themselves are possible only at the life temperature, form the in- 
ernal contradiction of the existence of the living system; this is the 

basic property which distinguishes the "living machine" from the non¬ 
living. 

We have pointed out above the thermodynamic difference between 
th? derivatives of livin8 systems, or machines. The 

acts of machines are inevitably accompanied by their structural degrada- 
Îirî: nîereaS th- agfre*ate of livin* systems possesses not only the pro- 
tî«ne K Preaervi"g its mass during the co irse of replacement of genera- 

alf° ïhe Pr°Perty of continuing complexity and perfection of 
its morphological and physiological functions. To explain the origin 
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existence, reproduction and evolution of living systems within the frame¬ 
work of contemporary physical theories seems in our view to be impos¬ 
sible, since the objects which are investigated within the framework of 
these theories are always examined as an aggregate of spatially finite 
uniform phases. 

A machine which models any function of a living system consists of 
a certain number of moving parts of finite dimensions. Each part rep¬ 
resents a single (homogeneous) phase. The living system, in contrast to 
the mechanism which models it, is a system with unlimited "heterogeneity" 
(microheterogeneity). In order to describe the living system it is 
necessary to assume the presence of action factors which are associated 
with the infinite heterogeneity of the living system in the microstructure. 
In contrast to the non-living machine with moving parts of homogeneous 
phases, the moving components in the living system do not represent homo¬ 
geneous phases. In order to describe the living system it is necessary to 
consider the presence of new parameters which appear during a study of 
the unlimited microheterogeneity of the structure of living matter. 
These new parameters are the specific factors of the unlimited micro¬ 
heterogeneity of a complex dynamic system. 

At the present time the problem of the artificial creation of 
living material has become particularly important in connection with the 
creation of cybernetic devices which accomplish complex rational pro¬ 
cesses. Since a living organism is also a dynamic system which accom¬ 
plishes complex rational functions, then a cybernetic machine, even 
though it performs only one of these functions, may be considered as 
something alive, in a certain conditional, lower order. The transition 
of a cybernetic device from a lower to a higher order is, however, prin¬ 
cipally unlimited in the sense of the accomplishment of functions of 
evor increasing quantity and complexity. In fact the cybernetic machine 
may accomplish processes of any degree of complexity if only the action 
realizable is expressed in the symbolic language of algorithms, which are 
deposited in the form of a program in the cybernetic machine. From this 
we conclude that from the point of view of cybernetics the difference be¬ 
tween a living organism and a cybernetic device, which accomplishes the 
same function as the living organism, rests in the final analysis only 
in the history of their creation, rather than in a fundamental difference 
in physical conformities with law which control both systems. 

The cyberneticist, therefore, has a right to maintain that the 
artificial creation of living material is possible in principle. In this 
connection we must keep in mind that a cybernetic device, especially con¬ 
structed for the fulfillment of biological functions, fulfills these 
functions exactly as does the living organism and therefore according 
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to the acknowledgement of the fulfillment of well-known biological func¬ 
tions there is no difference between living matter and a cybernetic de¬ 
vice created from non-living matter. The functions fulfilled by the 
machine may be the most diverse, taken both from the medium of the 
physiological behavior of an animal organism, as well as from the in¬ 
tellectual activity of man. 

'ft. now examine the opposite, or anticybemetic position. 
The artificial creation of living matter in the form of a functionally 
creative cybernetic machine is impossible, since in principle the bio¬ 
logical exchange of matter cannot be reproduced with the aid of non¬ 
living matter. 

In approaching the problem of the artificial creation of living 
matter on the contemporary level of natural science, we must acknowledge 
that both assertions contradict each other and therefore they must con¬ 
tain mutually exclusive theoretical positions. The logical contradic¬ 
tion between cybernetics and anticybemetic assertions is eliminated, 
however, if we assume the following: living matter which possesses bio¬ 
logical matter exchange cannot be created by any kind of artificial 
methods from non-living matter, but the diverse functions of the living 
organism which are the "derivative functions" of the biological exchange 
of matter, may be simulated as accurately as desired by cybernetic de¬ 
vices. If this position, which satisfies both the "cybernetic" as well 
as the "anticybemetic" assertions, is correct, then it simultaneously 
indicates the principal physical difference between the basic function 
of living matter—the biological exchange of matter--and all remaining 
functions of the metabolizing organism, which are arbitrarily called 
"derivative functions." 

j-rr ti^odynamic essence of this physical difference between 
different functions of the living organism, if it does in fact exist 
is encompassed by the following: those functions of the living organism 
which yield insofar as desired to exact simulation by cybernetic de¬ 
vices represent operations which do not contradict the second law of 
thermodynamics. They, i.e., the functions of the organism, which repre¬ 
sent these operations, may be reproduced with any degree of accuracy by 
automatons, robots, and other cybernetic devices. However, insofar as 
the biological exchange of matter is concerned, i.e., that specific 
function of the living organism which lies at the basis of all of its 
iverse functions, this basic function of the living system represents 

an inherent, characteristic operation only for living matter; this con¬ 
tradicts the second law of thermodynamics. This process, since it does 
contradict the second law of thermodynamics, cannot be modeled materially 

?x^sts» theref°re, a thermodynamic prohibition—this is the im¬ 
possibility of the material reproduction of the basic function of livine 
matter-the biological exchange of matter. or living 
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No matter how complex the behavior of a living organism any ob¬ 
servable functions which make up its behavior may be represented in the 
form of operations which in principle yield to simulation by cybernetic 
devices; here we even detect a certain superiority of the cybernetic de¬ 
vice over the living organism. It proves to be the case that a cyber¬ 
netic machine, in fulfilling any complex function of the organism, 
operates longer and more rapidly than the living organism. This func¬ 
tional superiority of the cybernetic machine over the organism is par¬ 
tially associated with the fact that the organism always fulfills a 
multiplicity of diverse, mutually related functions, whereas the 
special1> developed cybernetic machine is free from "extraneous" functions. 
The superiority of the machine over the organism proved to be even more 
surprising when we arrived at the conclusion by theoretical means that 
it is possible to create a cybernetic device as a universal converter of 
information which is delivered to the machine in the form of appropriate 
signals. 

The distinguishing features of the cybernetic device (the capa¬ 
bility of modeling any complex biological function having the nature of 
an "external" operation, and the superiority of the cybernetic machine 
over th': organism in the sense of the multiple repetition and rapidity 
of accomplishment of a given function) form the basis for the assertion 
that the activity of the organism supposedly represents the functioning 
of a mechanism which is subordinate in all of its parts to the same laws 
of physics and chemistry as any machine. 

However the following fundamental difference with respect to the 
relationship of structure and functions exists between the living or¬ 
ganism and the machine. The machine may also not operate, thus not 
wasting its structure during a time comparable with the time of the 
machine operating cycles. The machine possesses the stability of its 
structure at the temperature of its activity; the structure is also main¬ 
tained when the machine is not operating. A living organism, on the 
other hand, must always function and if for some reason the organism 
ceases to accomplish its functions at the temperature of its vital ac¬ 
tivity then it irreversibly loses its structure and perishes. Since 
structural losses of the non-functioning organism are associated with a 
thermal variation in substances at the same temperature at which the 
vital activity of the organism occurs, structural maintenance in the 
vital organism must be associated with some kind of anti-fluctuation 
processes of the living matter apart from all the other operations of 
the active organism. In the organism the external operations and anti- 
fluctuation processes for the maintenance of the structure, while bearing 
the information content of the living system, are interlinked and take 
place at the same time and within a specific (narrow) temperature range 
in which the vital activity occurs. 
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We have established two fundamental, distinguishing properties of 
the living system. 

First, at the vital activity temperature of the structure, the 
cells are thermolabile (thermally unstable) in connection with the cry¬ 
stalline, thermolabile structure of the intracellular water which is 
subject to continuous microphase transitions; crystal -* liquid and liquid -* 
■* crystal. 

Secondly, all nonaqueous components of the living cell (proteins, 
nucleic acids, etc.), which form with the water the structure of the 
cell, are carriers of information and in the presence of water possess 
thermal stability at the temperature of matter exchanged. 

We have formulated the thermodynamic principle for the existence 
of living matter on the basis of these two fundamental properties of 
the living cell: living matter is a dynamic structure which operates at 
the temperature of the thermal dissolution of its structure. 

It is impossible to create a dynamic system of non-living matter 
which would operate at the melting point of its structure. We may, 
therefore, formulate the following thermodynamic prohibition: it is im¬ 
possible to create a machine, the function of which is encompassed in an 
inherent structure which is theimolabile at the active temperature of 
this machine. In fact, any "non-living" machine is subordinate in all 
parts and actions to the laws of physics for non-living nature. 

The thermodynamic principle of the existence of living matter is 
an independent principle which indicates the independence of the physics 
of living matter and the impossibility of the origin of living1[Tr note-- 
2-3 words missing] non-living matter known to us. 

TVo cardinal questions arise [Tr note--2-3 words missing], 

1. Is it possible to create artificially [Tr note--2-3 words missing]? 

2. How did living matter originate [Tr note--2-3 words missing] aspects? 

At the present time it is impossible to give a decisive answer to 
the first question. Let us assume that in fact we will be successful in 
creating from non-living matter all of the non-aqueous components of the 
living cell--biomacromolecules (proteins, nucleic acids, etc.), i.e., 

‘Part of the text is missing in the reproduced copy submitted for trans- 
lation--Tr. 
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all the information components of a living system. Then the task of 
creating a living cell will be included in the assembling of all of 
these non-aqueous components which carry information in accordance with 
a specific plan compatible with the main component of the living cell, 
i.e., water. Since the intracellular water is in a quasCrystalline 
thermolabile state, the assembly of living cell components is possible 
only by two methods: either at an extremely low temperature in the 
presence of "frozen" (ordered, but thermolabile) water, or at the vital 
activity temperature, but without water, i.e., in a dry form. In the 
first case it is necessary to heat the system to the vital activity tem¬ 
perature so that the system may acquire biological matter exchanged; 
in the second case it is necessary to "moisten" the system. 

Theoretically both methods are realizable. But in the experimental 
sense there are insurmountable difficulties. It is apparently impossible 
to make a structure of macromolecular components in the presence of cry¬ 
stalline water, i.e., at a low temperature when the macromolecular com¬ 
ponents are immobile; and it is also apparently impossible to make a 
structure of macromolecular components when water is not present, i.e., 
at the cell vital activity temperature, but in a dry state, when the 
macromolecular components are also immobile. 

We shall now pass to the second cardinal question: in what manner 
did living matter originate as one of the material parts of existence if 
a thermodynamic prohibition exists against the origin of living matter 
from non-living matter which exists at the present time? 

The analyses presented indicate the historicity of matter, both 
living and non-living. The world is material at all times. It is in¬ 
teresting to note that the age of living matter is of the same order as 
the age of the universe during the phase of its expansion. 

The signs of the biosphere have been observed in deposits in the 
earth's crust with an antiquity of more than 2*109 years. Apparently the 
roots of life go back even considerably farther into the depths of time. 
It is believed that the age of the earth is equal to 3-4»109 years and 
the age of the stars is 5*109 years and that of the universe, 10*1010. 
In the interval of time from 5 to 10 billion years ago the universe is 
believed to have been in a state of "primary chaos", the existence of 
which was controlled by those physical processes which were determined 
by the condition of the state of the material world of the time. 

The conditions of the state of the universe changed several billion 
years ago. In this period of the existence of the universe the planet 
Earth originated and life grew upon it, apparently, similar to the thermo¬ 
dynamic phase which originated suddenly under quickly changing physical 
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conditions during which time a given phase state existed. The generation 
of living matter is thus represented as the simultaneous origin of all 
the combinations of primary living substances under adequate conditions 
for their survival, and not as the birth of individual or several living 
substances, capable of unlimited reproduction. "From the geological and 
the geochemical point of view the question does not concern the synthesis 
of the individual organism, but the origin of the biosphere," wrote 
Vemadskiy. 

The world of living matter and the world of non-living matter in 
the form in which they are known to us today have, therefore, approximately 
the same age, which is from 2 to 4 billion years. From this we may con¬ 
clude that more than 4 billion years ago, when the universe began its 
present phase of development, i.e., the phase of expansion, two material 
substances (B) and (C), living and non-living matter, originated from a 
certain protomaterial (A): 

'/ 
A 
\ 

C 
time -+ “ 

and each of these developed according to its physical laws. 
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A LIVING BEING AND A TECHNICAL DEVICE 

Academician E. Artobolevskiy and Dr. of 
Technical Sciences A. Kobrinskiy 

One of the central questions raised in the article by Academician 
Kolomogorov is the possibility of creating an artificial living being. In 
discussing this problem, A. N. Kolomogrov expressed many interesting con¬ 
cepts, arguments and hypotheses which evoke a great deal of interest and 
a wide response from readers. 

Of course it is natural that the article does not contain a direct 
answer to the question raised. Nevertheless the attitude of Academician 
Kolomogrov to the problem is rather clearly expressed by the following 
reasoning, cited at the conclusion of the first part of the article: 
"The fundamental possibility of creating valid living beings, constructed 
of discrete digital mechanisms for the processing of information and con¬ 
trol, does not contradict the principles of the materialistic dialectic." 

We consider it impossible to discuss the arguments of the author and 
his possible opponents until it is made clear what or, more correctly, who 
is understood by "valid living beings." 

In addition, desiring to take a constructive part in the discus¬ 
sion of problems concerning the relationship between man and machine, we 
wish to fill in this gap by offering our formulation of the concept 
"valid living being." We shall warn that our formulation is partial, 
carries no quantitative appraisals and probably contains a number of other 
shortcomings. But since for the present other proposals are lacking, we 
shall consider it suitable for a first discussion. 

We understand a "natural valid living being" as a being in partic¬ 
ular who continuously grows and develops; who, as a one-year old, cries 
for unexplained reasons and soils his clothing; who at the age of three to 
five-years asks both wise and senseless questions; who at the age of fif¬ 
teen gets school marks of twos and fives, becomes interested in verse and 
sometimes washes his neck without special reminders; who at the age of 
20 works at a machine or in the field, passes examinations, or feeds a 
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child; who at the age of 30 drives tractors and plans satellites; who 
during the course of his entire life is necessarily tied with thousands 
and thousands of other valid living beings; who at the end of his life 
dies, for the process of dying is still one of the unavoidable living 
processes. 

We agree to acknowledge as living and valid such an aptifioial 
being which, while included in a society of similar natural valid living 
beings during the course of its entire life from birth to death is able 
to exist and act in accordance with the laws of this society with equal 
rights for all of its members, while working, moving, thinking and 
resting just as others wojrk, move, think and rest. 

If we agree with such a definition then it becomes difficult to 
detect in the article by Academician Kolomogorov aiguments in favor of 
the fundamental possibility of artificially creating valid living beings. 

It is possible, of course, to use the assertion that the cogni¬ 
tive power of a correctly organized human society is unlimited, that 
there is no meaning in compressing the region and capability of his 
creative activity in advance. But today this assertion is a generally 
accepted truth and it is hardly expeditious to dispute it during the dis¬ 
cussion of each particular question which does not lead to specific ar¬ 
guments in a given case. 

A completely different aspect is reflected by the question of 
whether to give the term valid living being to a technical device which 
fulfills at a certain rate some kind,of logical or computer operations. 
Then the conformity with law of the discussion of the fundamental pos- 
sibili'v of creating such a "valid living being" causes no doubts. 
Howev» it remains unclear how far forward we will be pushed by this 
new pretentious label, which is pasted on a technical device which will 
possess one, two or several properties characteristic in fact of a living 
being, and which will probably surpass the living being with respect to 
these properties while it will not possess a countless number of other 
properties which in fact distinguish the living being from the technical 
device. 

The expediency of such "desperately cybernetic" terminology, is, 
in our view, apparent because there still exist specific contradictions 
between purely logical structures and physical realizations, just as 
contradictions exist between fantasy and reality. 

Let us turn to a simple example. Let an electronic machine control 
the fabrication of some kind of part on a machine tool under digital control. 
A sufficiently powerful computer may calculate the fabrication program with 
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any degree of accuracy. In connection with this calculation each place 
after the decimal point, has, if we may so express it, profound signi¬ 
ficance for the computer. What about the machine tool? Only the first 
or second significant figure after the decimal point has any meaning (in 
machine construction dimensions are given in millimeters). For the 
machine the rest of the digits remain only numbers. Physical limitations 
(elastic and thermal deformation, gaps and clearances, tool wear, etc.) 
reduce to zero all attempts of the control device to force the machine 
tool to operate in accordance with the program calculated. In order for 
the control device to force the machine tool to perceive one more place 
after the decimal point, i.e., to operate with an accuracy of 1 micron, 
the control device must first be taught the theory of elasticity and 
dynamics, chemistry and physics and the methods of heat treatment and 
technological processes for the manufacture of the ultra-accurate parts 
of the machine tool. The control device must be taught design and this 
is quite difficult. To a certain extent design is an art, just as 
painting or sculpture. Stated briefly, even in connection with the so¬ 
lution of such a narrowly limited technical problem it comes out that 
the hypothetical control device must possess the capabilities and pro¬ 
perties of a collective of valid living beings, broadly qualified, 
talented, work-loving, and creatively oriented toward their work. 

In order to create such a machine it is necessary to explain to 
the designer the meaning of creative process, talent, thinking and to 
explain these not from a social point of view but rather so that the 
designer obtains specific quantitative concepts. 

Are the scholars prepared to give the engineer the technical task, 
if not for the planning of a "valid living being," then only for the de¬ 
sign of a "valid thinking machine?" 

We find an indirect answer to this question in the article by the 
Academician Kolomogorov. His opinion relative to the level at which we 
find ourselves now in the field of the concept of mechanisms of thought 
may be judged from the example given in the second part of the article, 
where he attempts to trace the stages in the process of the formulation 
of the logical thought of a mathemetician, working on some kind of a 
problem. 

"At first, apparently (the italics are ours--the authors), the 
desire to investigate a certain problem arises and then some kind of 
approximate concept is formed from an unknown source concerning what we 
hope to obtain as a result of searches and by what methods we will, 
perhaps, succeed in attaining this result and during the last stage we 
set in motion our internal "adding machine" of formal-logical reasoning." 
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Apparently the level of our concepts in the field of the thinking 
process and by the same token in the field of the mechanisms which lie at 
the basis of these processes is still extremely low. Therefore it is 
difficult for us to reconcile ourselves to the proposition, the essence 
of which is expressed correctly, in our opinion, in the premise, "In 
other words it is interesting to think about the creation of machines 
which, while not replacing man, will help him in the complex processes 
of creation." 

Why is it difficult to reconcile ourselves to this proposition? 
In order to explain this we shall give an example from the field of 
technology. 

A visionary once described a certain universal and fully adequate 
food product, synthesized by an industrial method. 

Imagine food tablets which are small in size and which contain 
everything required to feed the organism, and which possess outstanding 
taste qualities and evoke sensations of pleasant fullness; in other 
words they fully satisfy the requirements of the most exacting consumer. 
Is it not true that the idea concerning the creation of such food tablets 
is extremely attractive? What quantity of labor they would save! How 
simplified it would be! Until the ends of their lives people would main¬ 
tain small waistlines !...etc., etc. 

Now we shall study this problem and as a first operating hypothesis 
in the direction of its solution we shall express the following statement: 
"At first, apparently, it is necessary to solve the problem of the chemical 
composition of this product and then settle how to form an approximation 
of the most suitable technological process for its manufacture; then we 
must put in the taste sensations from an unknom source which it must 
possess and finally, it is not olear how and on whom the products could 
be extensively tested." 

And what if immediately after this preliminary hypothesis itself 
we should express the concept of developing an automaton which will manu¬ 
facture food tablets from this product? 

How shall we meet this proposition? We shall answer it in the fol¬ 
lowing manner. 

Of course work on an automaton represents specific interest in the 
light of the fact that the creative possibilities of man are inexhaustable 
and that sometime such a product will be created. But the main task now 
and later consists and will consist of solving and continuing to solve 
countless times the expressions "apparently," "somehow," "perhaps"... 
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It is these which are of the utmost importance and complexity and trouble 
many with their vital importance. And while no serious prospects for 
their solution have been indicated the possibility of creating a "valid 
thinking machine" remains just as fantastic as the possibility of 
creating a "valid living being." 

There is still another question which we wish to touch upon, and 
that is the question of analogies. 

We are completely convinced that "thinking" automatons of the 
future (we do not doubt that such automatons will be created) will "think" 
in a completely different manner than man does. However, if in the 
first stage of their creation the affair concerns automatons who neces¬ 
sarily must think "according to the image and likeness of man," then 
first of all it is necessary to understand how a man thinks and to under¬ 
stand the entire mechanism of thought as a whole! Specifically it is 
necessary to understand and not simply to agree that by thinking we mean 
this or that! Only when this thought mechanism is understood and ex¬ 
plained to the engineer will the problem of the creation of a man-like 
thinking automaton stand on a solid foundation. 

The more intensively man becomes acquainted with himself, the more the 
deep chasms of ignorance will be open before him, and the more man will 
contribute of his "man-likeness," utilizing this knowledge, to automa¬ 
tons; to be precise he will be able to indicate the difference between 
himself and his creation and, to get to the main point, the more essen¬ 
tial these differences become. Such is the dialectic of cybernetics! 

The mechanics of the Middle Ages and contemporary engineers, in 
studying working processes accomplished by man and in mechanizing and 
automating these processes, have become convinced on each occasion that 
the living organism and efficiently constructed machine or automaton 
fulfill these processes by acting completely differently. An aircraft 
does not fly like a bird, a steamship does not swim like a fish and a 
dough kneading machine does not knead dough like a baker; the first at¬ 
tempts to construct a locomotive "with legs" were unsuccessful... 

Of course we can always find certain elements of similarity in the 
actions of a technical device and the living organism, and these simi¬ 
larities are broadly and usefully employed. But the more complex tech¬ 
nological progress becomes, the fewer and fewer are these similarities; 
thus the gulf of the difference between the living organism and the 
technical device becomes increasingly apparent. 

We are convinced of this by the entire history of the development 
of technology and it is hardly possible for the matter to change when 

-52- 



humanity approaches in real earnest to the creation of "thinking" auto- 

nu*:ons. 

As our knowledge of the thinking mechanism becomes more exact it 
will become clearer that insofar as technical (rather „ 
realization is concerned, this mechanism is of little suitatnnty, cna 
the functions which it perfoims are performed far better by f ^ 
different design, and that the technological process of the thinking 
of an automaton -^completely to 

be°transferred "from legs" to wheels, so must the process of the creation 
of a "thinking" automaton be transferred from the head to the legs. 

This means that in order to create a thinking automaton, knowing 
little of all of the details of the thinking mechanism of a valid living 
beingt we must still develop or invent such forms of mechanisms which 
make these suitable for technical realization. 

This amounts to a gigantic and perhaps even an incomparable amount 
of work if we consider the contemporary level of our and all 
of the characteristics of man as an object of the investigation! 

We shall consider our established aim as achieved if the readers 
feel the distance which separates the automaton today from the valid 
living being if they see ?he high level of development of science and 
technology Í1ready achieved and in addition understand that the more 
that is done, the more remains to be done and finally if they learn to 
distinguish iith greater certainty the desirable from the impossible and 
the imaginary from the real. 

However there is evidence of the danger of propaganda from tech¬ 
nical "clouding of the issue," where the developers of contemporary 
torVmninav are condescendingly patted on the shoulder with the im- 
rlication^being that formulated ideas for "unusual" a^tomatPns.alr?^. _ 
eiist wSich possess cybernetic (!) properties which fire the imagination. 

Therefore it is quite important during broad discussions of 
technical problems to get as far away as possible from the position of 
technical "clouding of the issue." 

-53- 



THE MACHINE AS A PERSONALITY 

S. Gansovskly 

Hie future abundance of "thinking" machines predicted by many 
scholars brings to life a question--will the time ever come when the 
necessity of disassembling one "intelligent" robot or another will 
place before man not only a technical but also an ethical problem? 
In other words will the disassembly of a machine somehow remind us of 
murder or in any case of punishment in accordance with the sentence of 
a certain scientific-technical court? 

Since we apply ethical and moral criteria only to the persona¬ 
lity (or to society which in turn consists of personalities), the 
question in essence is reduced to the following: "May a machine be a 
personality?" In addition, there are a number of other topics here. 
In the final analysis will not the "machine personality" become higher 
and more meaningful than the human personality, will the machines not 
be more clever than we and will we not have to examine under this as¬ 
sumption the possibility of the replacement of human civilization with 
machine civilization as an orderly, natural evolutionary step? In 
short, will the machine not force mankind from his cradle—the earth? 

In all probability we have nothing to fear from this. We will 
not be ejected. And the day when the machine will have to examined as 
a personality is also not coming. 

Why? In order to answer this question we must analyze what human 
personality is. 

Human personality, in addition to the physiological aspects, has 
also a social and social-historical aspect. Hiis is always the result of 
four biographies. In order to be a man, subject A must, first, repeat the 
phylogenesis (the history of the development and existence of a type of 
"intelligent man"), i.e., must have a body of human structure. Then it 
is necessary to fulfill his inherent physiological biography--to grow, 
and third, to be able to speak (i.e., to have contact with people) while 
not being detached from the thousand-year old human culture or from the 
culture, let us say, of his tribe. Fourth, it is necessary that he 
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fulfill his social biography, to study something and to participate in 
the process of social life. 

In connection with this, the further man goes from his wild fore¬ 
bears, the higher the value displayed by the latter two points, the 
social biographies, in his formation as a personality. In contemporary 
society we all are approximately identical as representatives of a bio¬ 
logical form and different from each other first of all by our social 
position and social behavior. It is as if each of us stands on a high 
mountain which is formed by that which has been thought and accomplished 
by people before us and during our time. In any social decision we base 
ourselves first of all on*our social and cultural experience, while not 
noticing this ourselves. If history is taken away from man and if 
people are separated from each other, humanity would immediately collapse. 

Thus human intelligence and personality are formed by four bio¬ 
graphies, of which the two latter, i.e., the social biographies, are es¬ 
pecially important today. 

What does a machine have to enable it to foimulate a personality? 

Here it stands in the laboratory--a huge block of billions of ele¬ 
ments (and perhaps also of small elements, accomplished by means of micro¬ 
miniaturization). We shall assume that in capabilities it is the equal of 
our brain. But how shall we give it historical and personal social bio¬ 
graphies? How do we teach it? 

Some people believe that this is the simplest task of all. They 
believe that somehow the machine will learn easier than a man does and 
that in a month it would be possible to introduce into the machine a 
century's accumulation of human wisdom. 

Well, let us test this. We shall introduce into the machine the 
novel "War and Peace." This can be done and the machine will then in fact 
"know" the novel, but only in an extremely narrow sense. It is in the 
sense that on the question, what lines follow the words: "...and this is 
again from the German. He will be in his place. And Deni"--it will give 
a decisive and rapid answer. But is this knowledge of a novel? Here Tolstoy 
begins to mean something for us only to the extent that what he has 
written, is in keeping with our personal living experience. Natasha 
Rostova involves us only in view of the fact that we ourselves have 
lived through something similar to her dreams. And if this harmony does 
not exist, if to the reader the written marks and images are strange then 
even the most wonderful lines of Lermontov will have for him no greater 
meaning and emotional significance than x y = z under conditions that 
all three are unknown. 
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give the machine the same organs as Homo Sapiens. We will equip the 
machine with a stomach which prefers rare beefsteaks with a dry crust and 
with skin which is capable of perceiving the coolness of a spring breeze... 
If with the help of the proper genetic code we can create a biological 
robot which resembles man in everything, then what?” 

Then our relations with such a being will pass outside the frame¬ 
work of the problem discussed. As far as the machines proper is concerned, 
which differs in some way from man, without a sufficiently stable, developed 
and uniform society of its own kind, it cannot become a personality and be 
an object of ethical relationship with our side. This is true because 
personality is meaningless without society, "I" does not exist without 
"we," "he" and "they." The possibility that man can create such a society 
independent of himself is for the present quite hypothetical. 

One more question remains: can a machine surpass a man in intel¬ 
ligence? We must believe that in general it is not possible to mix the 
concepts "human intelligence" (which, obviously, does not exist without 
personality) and "machine intelligence." 

If in agreement with Professor William Ashby we consider intelli¬ 
gence to be "the capability of accomplishing a suitable choice based on 
information received," then in connection with the solving of many narrow 
problems the machine has already left us far behind. But if we understand 
intelligence as the ability to combine in one whole, in a certain system, 
the elementary particle with the universe, and both with an unfamiliar 
face which appeared on the street; with musical accord and with the state 
of affairs in Southeast Asia; with the poetry of Pushkin and God knows 
what else; if we understand it as the ability to combine and evaluate the 
phenomena listed, and others, from the point of view of the interests of 
society, of which you yourself are the result; furthermore, if in being 
conscious of all these links we understand intelligence as the ability to 
discover paths for the improvement of the life of society, then according 
to such a definition the most clever machine passes, not only in compari¬ 
son with the best minds of humanity, but also in comparison with the most 
unpretentious of its children. 

By the act of placing man on the same footing with a machine, we 
already desocialize him and separate him from society. Cybernetics is 
powerful and a great deal is possible with it, but it is not possible to 
place a robot on the same footing with Homo Sapiens. 
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2. CYBERNETICS, WHAT PEOPLE THINK ABOUT IT. 

FROM THE SPECTRUM OF CYBERNETICS 

THE PHYSICS OF CYBERNETICS 

Albert Dyukrok (France) 

A New Scientific-Technical Revolution 

Information is mainly associated in two aspects with the birth of 
industry. 

From a practical point of view the results are tremendous and fore¬ 
shadow the mass introduction of automation. Outstanding examples are 
already available: the complete automation of petroleum refining plants, 
blast furnace complexes, chemical factories and electrical stations, thé 
work of which has been optimized by means of electronic devices. TTiese 
devices are particularly widely employed to control contemporary atomic 
electrical stations. From the moment that machines obtained the capability 
of controlling themselves, the hope appeared that in the final analysis 
cybernetic devices would free man from any kind of work, beginning with 
the extraction of raw materials and ending with the distribution of manu¬ 
factured products, provided, of course, that we could program them. 

We shall emphasize, however, that technology in general will not 
imitate the human labor process. At the contemporary state of technology 
a machine is equipped with certain devices which permit it to accept only 
one category of information. This is the difference between the machine 
and man; he "sees" the external world, i.e., uses synthetic information 
incessantly, which permits him to reconstruct effectively a picture of the 
external world in his brain. It follows from this that a man in his active 
state is an extremely multi-contact entity. Just as a machine, a man is 
sluggish and uncertain, but he is distinguished by universality in con¬ 
trast to the systematic specialization of the robot. Thus man is a real 
reflection of the world and remains in constant contact with it, while the 
robot is only a machine. 

It would be Utopia to attempt, at the contemporary state of tech¬ 
nology, to impart universality to a robot, similar to the universality of 
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man. For example, in the process of sight approximately 140 billion cells 
are activated in our retina, but the information which is transmitted to 
the brain is encoded by a complex system of 15 billion neurons. If we 
even assume that a universal machine could be materially accomplished, its 
cost would so high that it would occur to no one at all to utilize it in 
place of a man. 

The required limitation in the perception channels of robots leads 
to one important consequence of their employment in industry: in automa¬ 
ting a factory, one cannot maintain its traditional structure; it must be 
transformed in order to reduce information obtained to a minimum. This 
leads to a change in the nature of the raw material, in the methods of 
processing or in the characteristics of the manufactured product. For 
these reasons the practical consequences of the introduction of automation 
will be much deeper than we usually assume. 

Within the field of the intellect it is already possible to guess 
about the concept of cooperation which will arise between man and machine: 
man will occupy himself with the study of the surrounding world and will 
assign tasks to the machine which will then solve this; these are tasks 
which not very long ago were insoluble by man. From this point of view 
we can only guess very approximately the prospects of the cybernetic re¬ 
volution, for in the past we could find no criteria for comparison. The 
history of progress to the present time has consisted of the fact that 
machines have been developed which have helped the work of our muscles. 
But the time is approaching when machines will help us to think. 

Of course, this is already the philosophical side of the affair. 
It leads us to the conviction that cybernetics foreshadows the most intense 
transformation in the sense that it permits us to construct machines which 
are already capable of functions characteristic of living beings and, not 
unlike these beings, capable of organization, i.e., of negative entropy. 

The Electronic Fox 

Recently a diligent study was made of the problem of negative 
entropy, which arose due to machines. This was the main reason, cited as 
far back as 1953, for the development of an electronic fox, the behavior 
of which gave much valuable information. The affair concerned an arti¬ 
ficial animal based on the same principles as the well known artificial 
dogs of Henri Piraux or the tortoises of Grey Walter. 

However a new method was employed for the fox. This device fed 
itself with electricity and was set in motion by a system of motors. 
The fox had five sensory channels: 
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—tactile, which are excited when the fox encounters some kind of ob¬ 
stacle; 

--a capacitive sense of smell, consisting of plates connected to the 
input of an oscillator circuit, the characteristics of which changed 
when the fox approached any kind of electrical current-conducting body, 

--microphone ; 

--a pair of photo cells; 

--a potentiometer, mounted on the body of the animal and imparting to 
it a sense of orientation. 

According to the design each channel had its own capability of in¬ 
fluencing a specific circuit--an electrical circuit which formed the 
"brain" of the animal. The circuit structure was changing at all times 
under the action of these influences, so that the behavior of the fox at 
any given moment was a function not only of a directly acting stimulant, 
but also the sum of all previously obtained stimulants, due to which the 
circuit acted as an integrating memory. 

We shall add that we also introduced discontinuity in the percep¬ 
tions and that the "animal" was capable of informing us of its internal 
development with the aid of a binary code, for which two electrical lamps 
were mounted on its head. 

The development of the animal, left to itself, was quite charac¬ 
teristic. Observations revealed that after a certain length of time con¬ 
ditioned reflexes appeared; this means that the electrical circuit of the 
animal organized itself to correspond to a picture of the external world 
with which it was connected through the sensory channels. 

The Birth of the Stars 

Our attention must be attracted by still another fact. We construct 
cybernetic machines, however nature in this respect surpasses us by a 
great deal. 

The organization of the cosmos is characteristic from this point of 
view. If we go back several billion years, and then imagine a picture of 
the "elementary" cosmos, it would probably consist only of a cloud of 
hydrogen. Under the influence of gravitation a cloud inside was broken 
up into parts, in which gravitation found a ground for new activity: it 
collected the hydrogen into gigantic spheres and their nuclear energy 
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created stars. Thus arose "factories", where the matter of the universe 
was processed. The stars (they may remain in operation for billions of 
years) have dimensions which are automatically controlled, for in the 
process of formation these are determined by their mass. But this con¬ 
ditionality is duplicated again by a surprising thermal organization, the 
generation of "hot sources": in the black sky the surface of the stars 
release, like gigantic mountains, radiated light and heat. 

In this matter the matter of the primitive cosmos entered into the 
work of the creation of structures which are the result of a plav of the 
mechanisms of nature. vi 

Here it is necessary to raise a question for ourselves which touched 
upon all the examples cited above: are not all of these foims of evolution 
in essence a refutation of the laws of thermodynamics? 

it was only yesterday in physics that the fonnal principle of the 
degradation °f energy" was enforced, which not only denied every pos¬ 

sibility of the spontaneous appearance of orçanization, but also involved 
the unavoidable constant increase in disorder in the world. Physics went 
so far as to describe the quantity of disorganization in an isolated system 
i.e., in a system where the entropy could not be reduced. How under these 
conditions are we to understand the natural and autanatic process of the 
organization of the universe, which we may imagine purely on the basis of 
physical mechanisms? 

We had the opportunity of thinking about this contradiction, all 
the more so since cybernetic technology was successful in proving that 
this law of fatal disorder had never been proved. The electronic fox re 
duced its entropy while not changing the medium in which it developed. 
Tnis means that the total entropy was reduced in the isolated system 
which comprised the fox and its environment. 

Our conclusion was clear: it is necessary to refute the old concept 
of entropy and it is necessary to analyze the hypothesis and conclusions 
of physics which have raised the philosophy of disorder to the level of 
a universal law. 

Tins philosophy arose on the basis of thermodynamics and science, 
and was considered a tremendous scientific achievement of the XIXth 
Century. But cybernetics peimitted us to understand that thermodynamics 
is not a universal science. It is the physics of special systems, formu¬ 
lated, as we shall see, by tracing in detail the development of thermo- 
dynamics, its laws with the aid of entropy, but relegating to the background 
the description of systems of other classes, not amenable to proof with 
the aid of its conclusions. Only cybernetic physics can tell us abou+ 
the systems. 
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The principles of such a division are clarified during the detailed 
description of the development of themodynamics while the consequences 
which flow from this give us a key to the understanding of the history of 
the universe. 

The Process of Entropy * 

The birth of the philosophy of disorder was caused in the last cen¬ 
tury by the development of thermodynamics, which arose at a time when 
physics began to investigate mechanical work in heat. 

The new science very quickly evoked furious disputes. Physicists 
found that a body weighing 3 t, falling from a height of 1 m, releases 
7,000 cal, which is sufficient to raise the temperature of 1 l of water 
from 8 to 15 C. It was very tempting to conduct the reverse operation, 
i.e., to take as "raw material" 1 l of water at 15°C, to obtain from it 
7,000 cal and thereby raise a mass of 3 t to a height of 1 m or to ac¬ 
complish some other equivalent mechanical work. The "remainder" after the 
operation was 1 Z of water at 8°C. 

But this is a chimera--or the immediate comment of the heat specialist; 
they looked very mistrustfully upon the possibility of accomplishing such 
a process and from the very beginning considered that it was too good to 
be true. In fact, 1 l of water at 15°C contains potentially 7,000 cal 
more than 1 Z of water at 8°C. But physicists have ascertained that if the 
environment has a temperature of 15°C then these 7,000 cal cannot them¬ 
selves be released from the water and thus lower its temperature to 8°C. 
Clasius says that in an isolated system no quantity of heat can be trans¬ 
ferred from one body to another which has a higher temperature, and in 
general temperature differentials cannot appear themselves without outside 
assistance. 

We are forced to agree with this. There must be a temperature dif¬ 
ferential in any thermal machine, since mechanical energy cannot be ob¬ 
tained other than by black body radiation from the source of heat: a 
certain part of this will be absorbed by a cold machine and only the dif¬ 
ference will be transformed into heat. Thus the theoretical equivalent 
of heat and work obtains the characteristic of irreversibility. 

The Concept of Irreversibility 

In 1865 Clasius introduced the concept of entropy in order to make 
it possible to calculate this thermal energy value. It became a nightmare 
for many generations of students and a bone of contention for physicists. 
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*hï »jtr»nsf°™«tion proves to be irreversible: the molecules are 
not individual ones which choose for themselves a direction according 
to ijheir will, but are material particles which do not enter into any 
Kind of order; in other words, returning from disorder to order is not 
possible for thm. Accidently of course it is impossible that all 
molecules at a given specific moment may be in motion in the same 
direction; then the thermal energy again would be transformed into 
mechanical energy. But a simple calculation shows that the probability 
of a similar phenomenon is too small to keep in mind. 

Such were the conclusions which physicists gradually arrived at 
during the second half of the XIXth Century. Physicists under¬ 
stood that heat and work were equivalent only quantitatively, rather 
than qualitatively, since "innate" disorder is characteristic of heat 
while an object in motion, where all points are in motion identically, 
is characterized by order. 

Order and Disorder 

he shall remind ourselves that disorder in itself should not be 
considered to be more probable than order, since the evaluation in 
these terms is purely subjective. But for thermodynamics all the dif¬ 
ference consists of the fact that in the one case, which is characterized 
by order, we find billions and billions of other cases under the sign of 
disorder. Always, therefore, when we are dealing with a system which is 
"left to itself (for example, a gas, the molecules of which are dis¬ 
tributed at random and all cases aré identically probable), there is 
only one chance for order while there is an uncounted number of chances 
for disorder. The conclusion of the probability calculation is formally 
faultless. 7 

If each structure, realized by any state, is called a component, 
then the general direction which permits a system to shift may be re¬ 
presented as an individual case which is realized by the minimum number 
of components, whereas the huge anonymous group of cases of thermal 
motion will consist of billions of various components. Boltzmann dis¬ 
covered for the entropy of Clasius a special physical meaning: he 
proves that entropy is measured by a logarithmic number of components 
which pertain to a specific state. 

The Danger of Generalization 

The new concept of entropy may be significantly broadened. 

May we not apply the description based on the calculation of com¬ 
ponents to any state of matter? We become witnesses to the generalization 

-64- 



that we are beginning to express the development of all systems in terms 
of entropy. 

Physicists maintain that the entropy of their isolated systems may 
only either remain constant or increase. Each "factual change", as ex¬ 
pressed by one of the most outstanding physicists, facilitates an in¬ 
crease in entropy, while if the system is left to itself it will have a 
tendency to degrade and its development will pass from order to disorder. 

In addition, the i.dea arises that as a result of a bold generali¬ 
zation the entire cosmos (in fact, with what or with whom could it enter 
into an exchange!), may be considered as an isolated system, and there¬ 
fore its entropy must continually increase so that each irreversible 
phenomenon, i.e., each evolution, increases the entropy of the cosmos. 

This is how the picture of the systematic degradation of the 
universe appears. In a philosophical sense this picture expresses a 
concept dear to each man. In fact, instinctively man has always wanted 
to see a grandiose development in the history of the universe, when at 
first only a certain order was given, while all history passed to the 
side of disorder. 

This intuitive concept was consecrated by science with its dogma 
concerning the undeviating increase in entropy and forced the physicists 
to see in the development of the universe a number of events whic i 
systematically destroys initial order. This means that the initial, 
baeio etate was oonsidered to be a highly organized one, which in sub¬ 
sequent development was unceasingly disrupted; only living beings 
appeared to be special exceptions who are capable of creating negative 
entropy, locally and for a short period of time. It would seem that in 
this respect our physicists had nothing to object to. To culminate all, 
on earth scales everyday experience proves their rightness. We never 
observed that any substance could spontaneously divide into two parts 
with different temperatures, and we never saw a heat machine operate 
without a source of heat. 

Is not natural degradation a tragic law of nature? Everywhere 
around man metal is covered with rust, matter decays, the wonderful 
creations of nature and technology disintegrate, time brings wounds and 
disorder, works for disintegration, and not for creation. Notwithstanding 
all this, we find in these classical discussions one great error. All 
examples on which physicists base their conclusions concerning entropy, 
possess one common characteristic: the case always concerns "anarchic" 
systems. 
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Under terrestrial conditions gas in a vessel consists of molecules 
which are not subject to the influence of external conditions. Physicists 
hypothetically liken the molecules to globules upon which, while they are 
in the vessel, gravity has no influence. These globules are in motion 
under conditions which exclude any kind of atomic forces (incidently, in 
the XIXth Century atomic forces were completely unknown). It is 
further assumed that these molecules possess a constant structure, that 
they are electrically neutral and that they are repelled from the sides 
of the vessel and from each other, like simple globules. The components 
in this case do not depend upon environment; collisions, which are 
assumed to be completely, elastic, insure completely random molecule dis¬ 
tribution. 

Under these conditions, which in the physical sense gives an im¬ 
proved picture of the anarchic system, an ordered structure is only a 
separate case in comparison with the astronomical number of other cases 
for which disorder is characteristic. And since each of the cases is of 
identical probable realization in the process of molecular motion, order 
cannot arise spontaneously. 

Such a conclusion is reached because the system is anarchic. To 
speak of entropy under such conditions would be simply tautology; for a 
physicist entropy means only that the components of a system are 
arranged randomly. This is the result of a hypothesis which he silently 
accepts. 

It would seem that these hypotheses are well confirmed by the 
example of a gas which is in a vessel under terrestrial conditions. But 
can we not a priori imagine other conditions which differ from thir case? 
If we are dealing with plasma, particle motion within it cannot be con¬ 
sidered as random, since it is controlled by an electrical field. On a 
cosmic scale neutral gas particles also have a specific direction, since 
gravity acts on them. In other words, the language of entropy has meaning 
for hypotheses which in fact relate only to an ideal oaee. It seems 
almost unbelievable that for almost the entire century physicists have 
not pointed out this fact, since it is a fundamental one. 

Maxwe)11s Demon 

Here it is necessary to raise the question: what will happen if the 
components of any system become the objects of selection? 

The physicist Maxwell was disturbed by this problem as early as the 
last century. Untiringly Maxwell worked on the problem which he was not 
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SOlVe and which for a lon8 time has been known under the name 
of "Maxwell's demon." 

great physicist postulated two identical, closed chambers, 
filled with air and connected with a channel through which air could 
pass freely. Probability calculations indicated that the same quantity 
of molecules would pass in both directions per second. Let us now 
imagine that the connecting channel is extremely narrow and that it may 
be closed with a small door, the control of which has been entrusted to 
a small, dexterous demon: he opens the door when a molecule is traveling 
from right to left and closes it against a molecule which is traveling 
from left to right. As a result of such manipulation the pressure in 
the left chamber will continue to increase, and since the opening and 
closing of the door theoretically requires the expenditure of no energy, 
then asymmetry, i.e,, negative entropy, appears. 

Here only one condition is necessary; the molecules must be forced 
to act differently, depending on their direction of motion. 

We find such selection behavior on a cosmic scale, where gravita¬ 
tion plays the role of the concentrating factor, which directs hydrogen 
to those regions where it has begun to accumulate in random fashion. 
Then asymmetry, which we call disorder, ceases to be random and becomes 
a state which the system approaches; then all the concepts of probability 
lose meaning, since we are dealing with a system of evolution which pro¬ 
ceeds not randomly, but conditionally. 

The Phenomenon of Feedback 

The birth of stars or galaxies is very important from a logical point 
of view. If we are dealing with interrelated systems, then here, on the 
very threshold of space history the tenet of disorder is refuted in a 
remarkable manner; simultaneously we obtain a remarkable illustration of 
what may be called consequence No. 1, i.e., positive feedback. 

From the moment when a specific quantity of hydrogen is accumulated 
at a certain point in space, it confines matter which is diffused in the 
vicinity; the mass increases, the force of gravity increases, and as a 
result*it attracts more and more. Here we see positive feedback, i.e., 
as shown by the name, a picture in which the consequence produces the 
cause. From this moment all laws of randomness are thrust aside and the 
unavoidable^ ÍtS6lf WÍth an ever_increasing sweep; development becomes 
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.. P100655 began on the scale of a galaxy or a star, and feedback 
no remarkable fact h6re is that in connection with 
P suive feedback the source of conditionality is not something external. 
Tins remark has fundamental importance. A physicist who desires to de¬ 
scribe the universe attempts to find a language which remains valid for 
any selected code of relationships and which does not express the im- 
pressions of the observer, but the laws of nature. Such was the sense 
of the work accomplished in science by Einstein, 

In describing the phenomena, we must consider feedback to be the 
ckÍÍÍ Pf°ce?® of development; it arises in a system which operates in a 
itself''irCUlt* Wlth positive feedback conditionality is generated 'by 

SHn aootber consideration arises. As a result of exponential in- 
«ftüfn vai?e ^lch fs controlled by the positive feedback process will 
attam fantastic dimensions so that the process will not continue fur- 
fuî^ay1 devel0pment chan«ed th6 base of the problem itself in a meaning- 

Here it is necessary to make note of two statements. Positive feed¬ 
back is a source of organization, but at the same time its very nature 
prevents it from oeaetng independently. It will cease to act only... 

Pages 118 and 119 are missing from original text submitted for translation 

thfe sfsta?cei thus ^ loa65 a significant part of its mass 
hich in the final analysis is reduced insofar as the process ceases to 

play a significant role. Is this not a space version of the speed regu¬ 
lator invented by Watt in the XIXth Century? ’ F 8 

ín Watt'S d?Vi?e 5W0 rods with two balls suspended from them were 
= e Hr-%rrtlCal/haft' Which obtained it5 "K>tion from a steam engine. 
Under the influence of centrifugal force the balls moved away from each 
other, and by this action set a ring into motion, which controlled a slide 
rnJ!r¿-the Sllde ^î1Ve ln tUrn controlled machine motion. If under these 
conditions an accidental or random decrease in speed occurred, the device 
automatically increased its activity, and vice versa. 

A similar idea is at the foundation of contemporary technical 
^usiri®1 regulators, in which an electric motor is controlled 

by the indications of a tachometer machine-generalor, which functions as 
íní¡¡?ed-tKnSOr: 11 15 ?huS P°ssible t0 maintain a constant speed at any 
outnútWÍfhthA inc?ease load the machine-generator increases the power 
output of the engine. The reverse is also true; if the engine is idling 
the speed"6 Renerator reduces the strength of the current and slows down 
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may define the field of thermodynamics: it includes 
systems which consist of "independent" components. 

the nrnMem ^°me °ut ,of this stat* °f zero organization then before us 
problem is raised of the creation of the physics of organized systems 

We more ®xact the hases of the overall hierarchy of 
rS H en 7 U S!e that classical thermodynamics serves as 

its foundation and organized systems which have created the development 

cvbe^etirnh ated ^ SUmmit °f thermodynamics. The contentif 
cybernetic physics must be an exhaustive panorama of structures-just 
as until recent times the basic problem of chemistry was the compilation 
of the complete table of elements-as well as an approach to their syn¬ 
thesis with the help of technical methods. ^ 
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CYBERNETICS—THE ART OF CONTROL 

Professor Lui Kuffin'yal' (France) 

Why is Cybernetics an Art? 
Cybernetics Studies Action 

According to Wiener's definition, cybernetics studies control 
by machines and by living organisms. Examples given by Wiener himself 
reveal that the sphere of activity of cybernetics encompasses both the 
aggregate of separate parts which form the machine as well as the ag¬ 
gregate of individual organs which the living organism presents as a 
whole, or the aggregate of living organisms consisting of a society of 
animals or people. 

What is observed in common in such diverse objects--that which 
permits the development of a single theory of control for them? The 
single common characteristic is the fact that all of these objects act 
on each other and that the concept of control pertains only to action and 
to nothing else. It is possible to control the actions of one man or a 
group of people; the nerves control the action of the muscles; the cams 
of a lathe control the action of the cutter which processes the billet. 
Therefore cybernetics studies the action of certain objects on others 
whether they are living beings or machines created by man. 

What is Action? 

Even a short investigation of any kind of action indicates that 
the logical operations controlling it fall into specific categories. 

Action is accomplished by the performer, while the objects of 
action with respect to the performer are included in the environment. 
For example, a brigade of bricklayers, which is engaged in building a 
brick wall, is the performer of the action, which consists of placing 
some bricks on other bricks and cementing them with a suitable mixture. 
The bricks, the mixture, tools and the place where the wall is being 
built represent the external environment which is subject to the action 
of the brigade of bricklayers. 
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■Hie action has 
the environment into a specific purpose which consists of transformine 

a certain new state. 

mmenti’ ^ « * 5P«ifi' ^tial 

inal moment the environment is in the new final st&t» rk« 
action is considered to be effective if f*„«i’ f*1 *ta5e* ^16 
ment corresponds to the purpose St,te °f the envir0"- 

The Control of Action 

ness. Therefore the basis for evaluating an action lies in its effective- 
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Hie control of action is required due to the reaction of the 
environment. 

Environmen ta 1 Reaction 

The fact is that the environment, which is transformed in the 
process of action, in most cases reacts to the changes produced in it 
and this reaction may be most diverse, depending on the nature and 
character of the action. 

Environmental reactions may be divided into three basic groups. 

a) The reaction ie the eame ae that predicted in the program. 

The example cited above concerning the erection of a wall belongs 
to this category; the ground offered no opposition to building the wall. 
In this case environmental reaction is passive. In this case it is 
possible to fix the sequence of operations in advance, which in all 
probability will lead to the purpose established. 

b) The reaction cannot be predicted, but it rune in accordance with 
known laws which associate it with the action of performance organs. 

For example, the purpose of the action of a system of regulation 
for central heating includes the maintenance of a constant temperature 
in a room. The temperature of the room depends on the temperature of 
the water in the radiators, which in turn depends on the degree of 
opening of the air duct, through which air enters the furnace. The air 
delivery valve is the performance organ of the system of temperature 
regulation. The reaction of the environment consists of the fact that 
the temperature in the room depends on the temperature of the surrounding 
air, on how many windows are open, on the number of people which are 
located in the room, etc. 

All these factors cannot be predicted in advance. In general it 
is possible only to evaluate their influence, the result of which is the 
real temperature of the room. However the relationship between the 
temperature of the room and the position of the air delivery valve is 
known: if the temperature in the room is reduced, the air duct must be 
opened wider, while if the temperature increases, the air delivery de¬ 
creases . 

Under such conditions it is said that the reaction of the environ¬ 
ment is deterministic. Here it is not possible to establish in advance 
a sequence of operations which would lead to the purpose indicated; it 
is possible only to indicate a method of action which must be adhered 
to by the executive agents under certain circumstances. 
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c) The environmental reaction cannot he predicted and the relationship 
between the environment and the performing organ ie unknown. 

The catching of butterflies may serve as an example: a man steals 
up to a sitting immovable insect, but at the moment when he plans to 
catch it with a net the butterfly flies off to another flower. 

In this case we say that the reaction of the environment ie random. 

There are very many examples of the third category of environmental 
reactions. In most cases the effect of one man on another or of a man on 
living organisms belongs to this category. Such are the actions of the 
army commander, of the developer of an economic plan, and of the head of 
the state. 

Since it is possible to develop neither a program nor a method of 
action which will permit with certainty the achievement of the established 
aim, the performer at each moment must select that action which more than 
any other will place him closer to his target. It is essential that 
control over the action be exercised by the commander, who is informed 
at any given moment of the situation as it develops and who makes 
decisions and issues commands to accomplish the required operation. 
Here the art of control appears which the commander possesses. In the 
same sense we speak of the art of the engineer and of the ocean navigator. 

Thus the management of activity, the variety of which comprises 
control as examined by N. Wiener, makes up one form of thought which is 
accompanied by action and which is understandable in a wider sense than 
the "theory" of control. The term "cybernetics" also refers to this form 
of thought. 

In expanding the significance of this term even further, we arrive 
at a definition which was given, at my suggestion, at the time of the 
first International Congress on Cybernetics in the city of Namur (1956), 
"Cybernetics is the art of effective action. " 

Cybernetic Logic 

Ordinarily the intellectual activity of man is divided into literary, 
scientific and technical activity. Cybernetics creates a new form of in¬ 
tellectual activity, and the interrelations of this activity with the 
types of activity enumerated above must be strictly defined. From a 
comparison of cybernetic logic with the discussion method of the scholar, 
the activity of the technician or of the writer, it followed that this 
"art" is of a completely different type. 
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Science, Technology end Cybernetics 

characteristics* l0®*C ^^ers ^Toa scientific thought by the following 

}n connection with the behavior of bodies science is occupied with 
detecting the laws which describe the interrelations of these bodies, 
whereas cybernetics develops programs of actions; 

Scientific laws aspire to the closest generalizations and do not 
consider certain absurd phenomena to which known laws are not applicable 
* f ■K>BenJ; cybernetics, in developing a program of effective 
action, deals only with the limited field of the environment, but in 
this connection must take into consideration all known properties of 
rí?4eíVÍr0nB!nt* incluiiní those which are not considered in the es- 

1#ws; science occupies itself with that which 
is past and that which is real and often refrains from conclusions 
concerning the future, whereas cybernetics must predict the future and 

aí" °í ÂCtioní its task includ®s the selection of 
methods which will permit the achievement of aims which are established 
before the action commences. 

.. li11!® dJfferences listed also show that cybernetics is not an 
"applied science." 

» . Attempts have been made to identify cybernetics with the science 
of behavior. George P. Bulanzhe even limited the field of cybernetics 
íñi^T5?^ beh,víor- But ln th« sei«"« Of behavior» eveiTof purpose- 
fui behavior, one observed action i. tzplairud as the consequence of 
another »ction, whereas cybernetics selects the action for the achievement 
L\ZCif C .Plaï° wittily investigated the actions of the 

^th the actions of the captain and the 
SÄ hlïir îf affîCtS 0,6 hela» its ÄCtion hM 8 fln«l purpose. But the helmsman himself controls the actions of the rudder so that the 
ship reaches port and the thought of the helmsman is cybernetic thought. 
commands?*6 °f th* ÄCti°n is deten"ined by the captain^who issues Se 

♦.u u?1® jhou*ht the helmsman represents an example of cybernetic 
thought and tne word "cybernetics" is derived from the ancient Greek word 
icußcpvnTtien, which means "helmsman." 

doîS I01 pertain t0 • ficld of technology, as it does to the 
f sciencf• !t does not represent a certain technical theory 

a* co?parabu1®» for «»»"P1«. «Ith the theory of turboengines,^ 
hich describes the general relationships between the action of the 

turbines, pumps, fans and other similar machines. 
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In fact, the technological process is reduced to the application 
of a program while cybernetics develops the program itself and changes 
it depending on environmental reaction. 

Thus cybernetics, while differing simultaneously from both science 
and technology, is characterized by a special method of thought. 

Cybernetic logic is complex and all of its forms have not yet been 
fully studied. However at the present time the method of analogies and 
models is already employed widely and it is thus possible first to give 
a scientific survey of them. 

Mechanisms, Analogies and Models 

It has already been pointed out above that action develops with 
time and that as a result of action the environment changes. This 
phenomenon may be expressed exactly by means of the concept "Mechanism." 

A mechanism is a physical system which may change its state in 
sequence. For example a motor vehicle engine consists of parts which 
occupy in the course of its operation a mmfcer of various sequential 
positions. The engine is a mechanism. Chemical substances which inter¬ 
react and which change with time also represent mechanisms. In the 
same sense we speak of the mechanism of a chemical reaction, about the 
economic mechanism, and about the mechanism of mathematical proof. 

Several other simple concepts are associated with the concept of 
mechanism. 

A mechanism is termed formalised, if its relationships with the 
environment are known in advance. A formalized mechanism obtains basic 
data through an input device, processes them at the input and issues results. 
The action of the mechanism is determined by the local relationship 
between the initial data and the results; the structure of the mechanism 
depends on the nature of its organs and the method of their action. 

The difference between action and structure of the mechanism is 
quite significant: action is based on the fact that mechanisms having a 
different structure may accomplish the same action, while the same 
mechanism may accomplish several different actions. 

As a first example, in order to heat a kettle containing water it 
is possible to employ any such mechanisms as an ordinary stove, a gas 
stove or an electrical plate. As a second example, the most obvious 
action of the muscles of the human body consists of the fact that they 
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set into motion the skeletal bones, but they also have a less obvious 
function, consisting of the accumulation of glucose. 

Tuo meahanisme are similar if their corresponding organs accom¬ 
plish the same function. For example, a phonograph disk and magnetic 
recorder tape are similar mechanisms since their functions consist of 
the preservation of a musical recording. 

The analogy concept is widely employed; in the process of thought 
everyone resorts to analogies and comparisons. However, as we showed 
earlier, cybernetics cannot be satisfied with the method of scientific 
thought, i.e., deductive thought, but must analyze the judgments which 
it has utilized and the conditions of their effectiveness. For this 
reason the substance and method of analogy have been studied. 

The analogy method consists of the following; Having become 
convinced of the similarity of tuo mechanisms (i.e., due to the fact 
that they fulfill certain common functions), we assume that known func¬ 
tions of one mechanism are also characteristic of the other mechamsm, 
for which their presence has not been established. 

For example, we have observed that the functions of animal or¬ 
ganisms, such as feeding, respiration, blood circulation, elimination, 
etc. are similar to the functions of the human organism and that the 
performance of these functions may be disrupted by the same illnesses. 
In the study of the action of a medicinal preparation we first carry 
out tests on animals and then assume that in designating this medicine 
for man the results will be similar to the results obtained for 
animals. The approximate dosages of medicine for man are determined 
in this manner. 

An artificially created mechanism which has specific analogies 
with a given mechanism is called a model of a certain mechanism or action. 

We shall now return to the preceding example. 

Before animal tests are begun, the microbes of a specific disease 
are cultured in a nourishing medium which represents a model the 
humoral medium of the living organism. Both the nourishing mediums and 
the animal organisms represent analogies of the human organism, but the 
nourishing mediums are prepared by man and therefore are models; the 
animal organism cannot be created by man and represents a natural analog 
of the human organism. 

It becomes clear from the definition and from the example given 
above that the development of models is closely associated with the method 
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of thought by analogy. The progress of man in the knowledge of the sur¬ 
rounding world and in his effect on the surrounding world has occurred 
due to the development of models to which the method of thought by 
analogy has been applied. 

One of the most remarkable consequences of the results of studying 
the method of thought by analogy has been the development of conditions 
required so that a higher probability of model effectiveness would occur: 

The model must be correct, i.e., it must be analogous to the original; 

The model must reproduce the principal functions of the original, 
rather than its structure; 

The model must be simple. 

For example, a vector serves as an ordinary force model. This is 
a correct model because such characteristics as the origin of the vector, 
its direction and length are analogous to force properties: to the point 
of application, direction, and magnitude. Therefore in most problems 
the dynamics of force may be represented by a vector model with a great 
probability that the solutions obtained during operations with vectors 
will be confirmed by experiment. We note, however, that the French in¬ 
vestigators Pol' Penleve and Et'yen Dellassyu cited examples of existing 
real systems, the behavior of which cannot be described by means of the 
application of the laws of dynamics to their vector model. In 1951 
Norbert Wiener at the Paris Congress "Computers and Human Thought", 
pointed out the similarity between closed circuits of the nervous system 
and the closed electrical circuits of computers, in which the pulses act 
for as long as required while forming the "memory" of the machine. Such 
a similarity permitted us to think that the closed circuits of the nerves 
represented the memory elements of the brain. However another participant 
in the Congress, Lorente de No, revealed that this was not the analogy 
noted by Wiener, since it was based only on a structural similarity of 
circuits and it proved to be ineffective. 

Below, in the section "Population Reaction to Psychological In¬ 
fluence", we shall relate similarities between the circuits indicated, 
which are based on functional similarities and which have proved to be 
quite effective. 

Mathematical models predominate in theories which state those 
changes to which certain models may be subordinated by means of employing 
the rules of logic. The development of a great part of theories at a 
specific stage has ceased and more attentive study has revealed that this 
moment arrives when the models become so complex that the human mind can 
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no longer encompass them. Thus the theory of algebraic curves, which has 
been worked out in detail for curves of the second order, in relation to 
curves of the third order in the best case is limited by the classifica¬ 
tion of their forms, while a study of curves of higher orders is reduced 
to an examination of individual particular cases. 

Information 

Just as steel serves as the material for mechanical constructions, 
information is the material for thought. N. Wiener presented clearly the 
tremendous significance of information by combining in his definition of 
cybernetics such concepts as "Control" and "Communication", i.e., the 
transmission of information. 

Several theories of information have been developed, of which the 
most well known is the theory of C. Shannon. But cybernetics in the wide 
concept which we accept must reflect those circumstances which are re¬ 
flected by different theories of information. 

Using ordinary curves, we may define information as "A physical 
influence which causes a responsive physiological action." 

This definition must be clarified for the effective use of informa¬ 
tion with the aim of controlling action. 

In his bold comparison Grey Walter examined psychological actions 
as the transmission of physiological functions. He termed the functions 
of thought as the reception, storage and processing of information. The 
psychological actions of perception, memory and imagination correspond to 
the receipt, storage and processing of information. It is also convenient 
to isolate the function of the will which appears in taking certain posi¬ 
tions which represent one of the varieties of infoimation. 

Thinking is analogous to the assimilation of food. Overcooking food 
has a similarity with perception, since during cooking the food is trans¬ 
formed into chemical substances such as glycogen and glucose which may be 
stored in the tissues of the organism. Memory has similarities with the 
glycogen activity of the liver and of the muscles, which accumulate and 
store the energy derived from food. 

Finally, imagination is analogous to that function of the organism 
which creates one or another physicochemical energy carrier which corres¬ 
ponds to a method of the utilization of this energy in a certain organ of 
a living being. Briefly analogies between the assimilation of food and 
thought consists of the fact that in the first case the human organism 
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receives from without, stores, changes the form of and distributes the 
energy which it requires and in the second case, in the process of thought, 
the analogous operations are accomplished with respect to information. 

The "thought" concept is associated with one peculiarity. The 
organ of thought is not known to us, just as the organs of memory, 
imagination and will are also unknown. But who can say what material 
substance is the carrier of radio waves which pass from the transmitting 
to the receiving antenna? In cybernetics no difficulties arise due to 
the fact that the information carrier is not known, for the communica¬ 
tions engineer utilizes radio waves while knowing nothing of the nature 
of their carrier. 

The definition of the concept "information" may now be clarified 
if we call information "a physical action which influences thought." 

Therefore information has two sides: aemantioe, which is included 
in the action of given information on thought, and the information 
carrier—a physical phenomenon which exerts a semantic action bn thought. 

The Universality of Cybernetics 

During the control of action we must keep in mind the entire 
aggregate of information concerning the environment, since even a certain 
insignificant, inexact circumstance may exert a serious influence on 
action effectiveness. 

This means that during the development of models and in the appli¬ 
cation of cybernetic logic it is necessary to utilize knowledge relative 
ordinarily to various fields, including physics, chemistry, biology, 
psychology, mechanics, mathematics, literature, etc. In other words it 
is necessary "to take kindness wherever it lies." 

Cybernetic methods of thought fit with difficulty into the categories 
of existing psychological theories. Therefore it is difficult to establish 
a sequential con iecvion between results obtained in cybernetics and the 
author must be excused due to the fact that the statement of the material 
in the following chapter is not arranged according to a strictly rational 
plan. 

Any reasoning, any direction, any creative idea may be employed in 
cybernetics if they are effective and notwithstanding how they are ob¬ 
tained. In this connection between the ideas which differ in nature and 
in origin, relationships which are established with the aim of such 
control of activity which could lead with success to an established purpose, 
as well as to the freedom of cybernetic thought to touch upon all problems 
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of influence on surrounding nature and man in order to obtain effective 
information concerning these and for effective influences on these-- 
all of this is included in the universality of cybernetics. 

Recent Results 

The universality of cybernetic thought appears in analogies which 
associate in the most unexpected manner points of the most diverse 
categories. We shall cite several typical examples. 

Population reaction to psychological influence. At the beginning 
of the XXth Century, some neuropathologist, in particular the 
French investigator Lui Lamik and the Englishman Charles S. Sherrington 
revealed that during the stimulation of a nerve ending an electrical wave 
was propagated along the nerve which had the shape shown in Figure 1, 
where time is shown along the axis of the abscissa and difference in’ 
potential along the axis of the ordinate. Danny Gabor revealed that the 
wave, carrying an instantaneous pulse through an electrical filter, may 
be examined as the result of waves overlapping each other, similarin 
shape to the curve of Lapik and displaced in time with respect to each 
other. This shape is displayed by a wave which is propagated in a circuit 
consisting of nerves and nerve centers (ganglions), and is transmitted 
from one nerve to another through a formation called a synapse, without 
contact between nerves. 

During searches for other analogies it was established that an 
electronical lamp has a similarity with the synapse, since the connection 
between the electrodes of the lamp is also accomplished through a poorly 
conducting medium. Thus the nerve center and the electrical filter act 
according to the same principle, but are distinguished from each other 
by their structure. 
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If we now consider that electrical pulses, propagated along the 
nerves, are almost always carriers of Information andthat pulses in an 
electrical circuit also often serve to transmt information, then in 
connection with this analogy we may assume described 
mechanism which utilizes information upon stimulation J"*1 ?» “»»"'“» 
hv a curve similar in shape to the Lapik curve, even when the stimulation 
is noî Seated bÿ eiêctrical pulses. In particular, such a mechanism may 
be employed to examine a population which receives oral or visual informa- 

tion. 

Figure 2. The Curves on the Upper Drawing Show the Course 
of a Clearance Sale of Identical Goods During One.Month; 
the Middle Drawing Represents a Clearance Sale ^^h Was 
Held for One Week at Various Times of the Year; the Lower 
Graph Reveals the Course of a Clearance Sale During an Ex 
tended Period of Time; the Arrows Designate Days When In 
tensive Advertising of the Goods was Accomp ished. If we 
compare all these curves, as has been done in Figure i, 
then we see that they have the same shape. 
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The following experiment was accomplished in order to check the 
analogy method. The customers of a large Paris store were examined as 
a mechanism. Communications concerning an advertised clearance sale of 
goods served as information, and receipts during the sale were accepted 
as a reaction measurement. The goods advertised included stockings, 
gloves, perfumed articles, undeiwear and household goods. The advertised 
clearance sales were held at different times of the year and their 
duration was also varied. After statistical processing of the results, 
curves were obtained which are shown in the drawings. The peaks of 
these curves have an abscissa which equals 10 and the ordinate equals 
100. M 

It is possible to conclude from this test that a sufficiently 
uniform population reacts to psychological influence in a specific way 
which is characteristic for the population. 

For the discovery of this conformity with law we are indebted to 
the method of thinking by analogy, described above in all details. 

Figure 3. Both Infinitely Removed Phenomena as Well 
as Phenomena Approaching Complete Coincidence of 
Structure May be Easily Compared Where Their Functions 
are Identical. The processes of pulse transmission in 
the nervous system of a man are described by the same 
mathematical curve as the dependence of demand for goods 
on the course of an advertising campaign. 

The work of an enterprise. If the method of analogies is applied 
in another field—with respect to the behavior of an individual organ of 
an animal organism, or of an individual living being, or of human society 
we note that: 
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the actions of the individual organs of an animal are in agreement 
among themselves and their purpose, in all probability, is to support 
the existence of the animal and to give to it the capability to act, 
which is a need which the animal attempts to satisfy; 

the actions of human organs and frequently their structure as well 
has much in common with the actions of animal organs and in their func¬ 
tioning follow the same purpose; but in almost every man the thinking 
function is developed to a considerably greater degree and the needs 
which a man attempts to satisfy have a special nature: these are esthetic 
requirements. 

Therefore the obvious purpose of the activity of man consists of 
the satisfaction of his needs. 

In prehistoric times people joined together for the hunt, while 
under contemporary conditions they join together in production groups 
so that due to the cooperative direction of their efforts they may 
satisfy their needs which they could not do if each one acted separately, 
or so that they may enjoy themselves together, when satisfaction cannot 
be obtained by each one of them individually. 

An analysis of contemporary social relationships with the help of 
analogies between animal and man, between man and society, between the 
organs of man and the organs of society, isolates those features in the 
life of society which up to the present time have remained unnoticed or 
could not be investigated. 

a) The action of all of human society consists of the satisfaction 
of the needs of its members. We shall call this function the economic 
function of society. A group of persons, the activity of which serves 
to fulfill an economic function of society shall be called an enterprise. 

For example, a factory which produces pneumatic tires is an enter¬ 
prise, the function of which consists of the production of tires in order 
to satisfy the needs of people who use motor vehicles. 

A library is an enterprise, the function of which is reduced to 
placing books at the disposal of persons who experience reading needs. 

An entire nation, the main function of which consists of providing 
all its citizens with well being and happiness, and for which they feel 
a need, also represents an enterprise. 
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b) The work of an enterprise is comprised of the actions of individual 
people who utilize the weapons of production: tools, machines, transporta- 
tion facilities, etc. kn enterprise provides the production process with 
the weapons, of productiont while the workers of the enterprise are the 
source of information. 

The usually cited example of the worker who pours metal into a 
casting mold has the aim of showing that there are workers in the enter¬ 
prises who are basically sources of physical energy. But since as a 
result of production training it is possible to obtain the same production 
with a lower expenditure of physical labor, it is clear that in the case 
of physical labor actions of the worker are controlled by information. 
Even the fact that certain people experience difficulty in coping with 
production training indicates that during his work the worker utilizes 
to the maximum his inherent capability for information processing. 

When the worker controls the machine his complex motions which are 
accomplished without great physical efforts send to the machine informa¬ 
tion for the accomplishment of its individual parts of power operations. 
The worker in the given case does not expend his energy for the fulfill¬ 
ment of these operations. 

Hie actions of all workers of the enterprise, beginning with the 
brigade leader and ending with the director, are reduced to the assign¬ 
ment, at the required moment, of information required for enterprise 
functioning. 

c) The workers of an enterprise differ from each other according to 
the quantity and quality of information which they furnish. The produc¬ 
tion qualification of a worker is the aggregate of qualities which make 
up the information which he possesses in his profession, the force of 
imagination which he allots for development on the basis of this new 
information, and finally, his capability for transmitting infoimation 
to other workers. 

d) Keeping in mind that the activity of individual members of society 
is reduced mainly to the exchange of information, cybernetics rationally 
solves the "public relations" problem. This is what the Americans call 
the problem, which often arises during human relations and is connected 
with the fact that it is sometimes difficult for them to understand each 
other and to come to a common opinion. These difficulties arise in the 
relationships between managers and their associates, between the seller 
and the buyer, between the service worker and the administrative insti¬ 
tution, etc. 
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fr.^aJob*rnetÍ‘C^ ®xamin®s "Public relations" as a special form of the 
tranamasion of information. Similar to the transmission of information 
y edio, where the transmitter and the receiver must be tuned elec- 

tricaily to the same frequency so that the transmission may be accom- 
?nï«ÏÜd^lth°Uî d¿stortions» the thought images of the man who transmits 
information and the man who receives it also must be in agreement. And 
since the information receiver does not know what infoimation he will be 

tranfmitter must in ^ appropriate manner accommo¬ 
date him and thus he must know: 

what information the information receiver already possesses and 
m what form it was communicated to him; 

to what extent the receiver is capable of mastering new information. 

Based on this, the transmitter of new information must put it into 
a form which is accessible fòr receiver perception. 

it . «. Brief1y^put, cybernetics sees a simple solution to the problem of 
/a<r£Zit£ealatl0nS ^ ^ assimilation of information tranemieaion 

fflHní?««anÍCUlar¿ cfrcumstantial study of such information transfer 
facilities as speech, drawing, motion pictures, must become a part of 
popular education which will lead to good professional qualification. 

e) Finally, in observing human reaction to psychological influence, 
it is possible to assume that the enterprise consists of a aelf- 
orgonizing unit. J 

tí on WK-h the “orker* wh0 has bis specific method of communica¬ 
tion with the machine, and ending with the director, who has his 

Îiîh?ntÎÎ1Sî-C !‘eth2d uf mana8in8 People, all production workers act 

characteristic1initiative|aSkS ^ in a8reement with 

f in instruction it is necessary to transfer workers 
rom one brigade to another depending on urgency in the fulfillment of 

certain work. Tlie organization of the work is modified, depending on 
circumstances and in accordance with indicators from the work producer. 
Therefore such a structure represents a self-organizing production unit. 

TTie following aspects are isolated within the concept of the self¬ 
organizing production unit: 
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P.id «ÄSL°rg™Ä 0f'he P*rticul.r attention is 
enternri« -ÎÎ \ h!r.?an t0 lts stru«ure. T^e structure of an 
plish its function; 1 required 80 that the «"terprise may accom- 

•»«lined't*Cit;ity ^ '** productl°" ^11 is *»*™in.d by targets 

Dertaií^t^ín”?110" which. is ®xch«nged by production unit managers 
rri" z'ï: or to the rMu,ts of th'ir ««vity. wMch St» 

.... .P1“8 the ftrad««ntal essence of an enterprise consists of the fact 
entendi» îï “sociaticn of people whose basic contribution within the 
^.hTÍ\, l furnishing of inforaation. Therefore the industrial 

training, nave a great deal of significance for the correct functionino 
of an economic mechanism. The problem of -public relauîns- ÍolíÍd 
by studying information transmission facilities. An investigation of the 
«».nee of .n enterprise has revealed that it cons^ts of s.îîîSis Sî 
units. Numerous problems associated with the organization of winter- * 
prise are solved, based on this position. 

cvbemetiea^N*!?««0* °f ^11168^ In order to construct an analogy in 
ÄSi» LUT* íí“íií.rs; ífr" í* co,,cept of or 
machines. ^ * At fim* therefor®, cybernetics was occupied with 

But what is a machine? 

The most ancient machine known to us is a lathe Í2000 B r ï a 

T. S 
•nd'placed •*•*”* th* rotating shaft^He moved the cutter 

.o Âífí»nd.^Â^ítl0"’wMle “ln*1 bMri ln p*"11'1 

a «ráiTtiZn1.’ Ín t0 ^ in *>” WUlmnt of 

-87- 



viw«, An#organ »ccomplishing an action which causes a change in the en- 
Î8 ?! ?Urp0se* is CÄlled “ •ffntor. The remaining 

^ans, which are intended for control of effector action are oybemetio 
organe. ^ 

;he »«^ological point of view the oontrol of a machine ie an 
of euoh^eraUon^^ ^ 01Vaw replace man in the fulfillment 

We mU8t mÄk* ®ne re,Bark very rarely formulated with 
whí2CÍent •cf“r*cy* Effectively operating machines are not those machines 
which repeat the gestures and logical operations of a man, i.e., of work. 
IÍ?ÍÍ,!*í5Ínef T COn,i<i*red t0 be •ffective which, at a given moment, 
rÍÍÍlÍ! sinP}estJmeans for the solution of a given production problem 
(and these are already employed in production). A problem is before us 
which requires a solution and they solve it with satisfactory means, from 
a mechanical point of view. These machines are eimulatore. 

Here is one example. 

At the end of the First World War the first hydroelectric station 
was built in the Rocky Mountains which was controlled from a distance. 
A4Î?b?tiinu he f0ni of a with le88» • trunk and a head was equipped 
with telephone apparatus, and was placed on rails in front of the 
instruments and control buttons. By raising his "arm" to the instruaent 
scales he considered their indications, by which the condition of the 
station was determined (level of the water, voltage, power, etc.), and 
transmitted these indications several hundred kilometers into a valley. 
wmÎk Vîileï ÎT containing instructions concerning maneuvers 
which the robot had to accomplish. Tlien the robot moved along the rails 

the appropriate control buttons. Information was transmitted 
m the form of five notes of a musical scale. 

.4* îhe P'fseiJt d®vices for remote readings and remote commands are 
situated in « fixed housing, while electrical pulses, which pass through 
distributing devices to the appropriate performing elements, serve as * 
information carriers. In external shape, the performing elements no 
longer resemble a man and although they carry out logical operations in 

Çii.\c: £‘stt*cc“pllsh th"e through t,chnic»1 ■'thods- 

Machine elements or machines which control themselves are called 
automatme. Automatism is attained by means of cybernetic elements. 
Therefore many engineers confuse automation with cybernetics and even with 
the mathematical theory of machine-automatons. 
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®ngineer a mathematioal theory •is a model of phenomena 
which exist in nature, the advantage of which consists of the fact that 
this model changes in agreement with strictly defined rules—the rules 
of logic. The definiteness of these rules facilitates their application, 
especially with the help of computers, or of "thinking" machines. The 
application of mathematical models is a particular case of cybernetic 
logic, when deductive argument is wedged in between two arguments on 
analogy. Only in the case when conclusions obtained as a result of the 
mathematical transformations of a model are confirmed by experiment does 
theory find a practical application. In other words, cybernetic logic 
does not separate technology and theory. 

For example, if we investigate work on the development of artificial 
satellites in different countries, we note that shortcomings are always 
caused by technical reasons, rather than by shortcomings in theory. 

Recent examples. The originality of cybemetical logic and its 
contrast to the deductive method of thinking was clearly emphasized in 
recent methodological works. 

First we must note the meaningful work of the Polish Professor 
Kh. Gren'yevskiy, "Cybernetics without Mathematics" (Warsaw, 1958), in 
which he systematically studies the question of the presentation of 
natural phenomena in the form of models. These are models which are 
called "dialectical modelsnt i.e., in which analogies with the original 
are established by means of its description. The language of the models 
of Gren'yevskiy is not mathematical, but is a special graphic language 
which is quite similar to the diagrams of electronic machines. 

But the very diversity itself of phenomena studied by this method 
indicates the great possibilities of the modeling method, i.e., of the 
method of cybernetic logic. In particular such simple models easily 
permit us to understand what behavior according to Pavlov consists of, 
and they also indicate avenues for the development of machines to trans¬ 
late from one language to another. 

The feedback mechanism, which ordinarily interests the engineer 
oniy in the case when it is stable (negative feedback), and which may be 
described mathematically only when it is linear, was applied by the 
English scholar Stanley Johnson in biology in its most general form 
with the use of ordinary language. Henri Labori (France) also describes 
this mechanism, using a diagram of his countryman Pierre de Latil, which 
was similar to the models of Professor Gren'yevskiy. 
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■Hie basic ideas of the mathematical information theory of Shannon, 
who compared it with the kinetic theory of gases, was investigated by 
the French investigator Francois Bonsak, who succeeded in revealing the 
nature of the paradoxes of statistical thermodynamics and in eliminating 
these, as well as in interpreting Shannon's mathematical results in the 
fields of biology and psychology. 

The study of economics with the aid of cybernetic logic is being 
carried out in the Institute of Applied Economic Sciences in Paris under 
the leadership of Professor Francois Perru. Thus the development of the 
cybernetic concepts expands the field of cybernetics, which has been 
limited initially by the mathematical theory of machine-automatons and 
by the application of this theory to certain mechanisms, and permits us 
to examine cybernetics as an original method of thinking; the form which 
has been most studied is the method of analogies and the utilization of 
models. 

The results already obtained along this avenue permit us to state 
that suchja concept of cybernetics will become general in the future. 
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WHERE PREDICTION AND FORESIGHT ARE NEEDED 

CYBERNETIC AND ECONOMIC CONTROL 

Academician V. Glushkov 

Naturally first of all two questions arise: In what measure u 

aíd *fPíh“wsîïb"“^ 5*cllities P?!sibl‘ i" intellectual work, tney are possible, is there a requirement for them? 

the fim^/thiifoSiiiw."0“ ï? 8ive ,.fulî>' infinitive answer to 

curren^soicalled Íi1v^sÍree;Íc'i£Lt“SPiV°frnaPP^””"'05fven 

«xactlÆ^o^iiiïLrreTul^Us^/^^^ur^tt'^iS^' 
s^.ih;i: sr:^‘oi“i: )ZuT«iiutïL?iy in r“her 

begun and d¿Stl«rSlíi ~cÍii« ÍÍ. ÍÜr%°! crea'ive «“''¡‘f) b« only 
^collectives íf”iiÍl“ °f eff0« 

of human °£ fieIds 
required and may noticeably accelerate tie^ÎCsTÆ^f^^^ss. 
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The first and at the present time the most(important of these 
is a system for the calculation, planning and control of the economy. 
It is known that the quantity of information which is processed by this 
system increases much more rapidly than production increases. In addi¬ 
tion, the race of mechanization and automation (and therefore, the in¬ 
crease in productive labor as well) in the sphere of planning, control 
and calculation were, up until recent times, considerably less than in 
the sphere of material production. 

As a result the productivity of labor of a large collective of 
engineer-technical and office workers, as well as economists, which are 
occupied in the planning, control and calculation sphere, increases 
extremely slowly. This has a negative effect on the development of the 
entire national economy, causes serious defects and miscalculations in 
planning, and does not permit the utilization to the full of the ad¬ 
vantages of the socialistic structure. 

The volume of information arising from production, and therefore 
production difficulties as well will increase in proportion to a further 
increase in production. Tentative calculations reveal that if the 
existing level of the quality of planning is maintained (and this level 
still does not correspond to the requirements of the present day) and 
if the level of the technical base remains unchanged in the sphere of 
planning, control and calculation, by the year 1980 the entire adult 
population of the Soviet Union will be required to serve in this sphere. 

Therefore the automation of calculation, planning and control of 
the economy is a problem of tremendous, overall state importance. To a 
significant degree part of the problem may be solved on the basis of 
universal electronic digital machines which already exist. 

But the matter cannot be reduced only to the development and manu¬ 
facture of a required quantity of electronic computers. In this concept 
the given problem would be relatively simple, while its solution would 
not lead to the expected economic effect. 

A basic task in the introduction of electronic computer technology 
into the sphere of calculation, planning and control of the economy 
consists not in the simple replacement of manual labor with a different 
type of calculations, but in a basic change of the methods themselves of 
administrative work, and in the transition to optimum planning and control. 

The essence of optimum planning and control consists of selecting 
at a given moment the best variant which would provide a solution for 
these problems in the shortest possible historical periods from the 
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countless numbers of variants of the devAinnmont- 
in the direction of the solution nf velopment of our national economy 

r “ FH-»- 

hardlft aï tb'e^lfS^1 ‘ï "°“ld 
optimum methods of planning and control will at^ücî -î0" 

Xs'Zïiz « lï tb. 

th. problems'of Jhf^Í^Moí^ríoüÜíc^anSuu^n^pt0 SH°1Ve 
control on the basis of electronic computer techÍJÍ^! 8 

economuecïïtCïoïSisthÂt««ïtïriï.ddiïïIïdUCti0n °f c>,bernetic "««hods in 
comparison with thï ïsï ïï ïïïïïlï' y dlstin8«>hing features in 
and engineering-technical calculations0”1*^6^-te-hn£l0P for scientific 
that information flows îhiïh aï. ï*?!;, °f these is the fact 

ScM^“ 

information, whichPif transferred to^unched**6*1 n ''““Íí'7 of inPut 

tteteÂÏS îllZZZrZ™*- ïl.Ât 
but for information 

mationAïfiïïï;^candnïoP™ïttï1ïïocr:ïsU!nTiï°ïhdïtïï;oïa0triïïeoïUt1hlaUt0- primary selection of basic data. 8 tn automatlon of the 

essentially^roadened^I^the3«^™^!^ P' by electronic “"P^ers has 
calculation or in the'solïtiïï P °f SOme type of en8¡neering 
machine mainly ïïrriïs ï« ïrithm. P „ 'f-SCientiflc P"6!“*, the 
subtraction and rnïmïnïïrfnïÍ6„0pfmi°ri3• including addition, 

the processing orïStï„0îo“Ît rï1ï:igf ïtiïfCtrïïï0nt^th 

miiZíii™1 dra“ds fpr high-speedaïp:r.uïïc„rnîïïtïïïïïpre- 
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Higher requirements are established in programming, for in a program 
of average complexity utilized in the processing of economic information, 
there are a significantly greater number of instructions than in a similar 
program for scientific or engineering calculations. In addition, the 
problem of the correct organization of the work of programers, and of the 
rational distribution of work among them, is essentially a complex one. 

In fact, these are typical problems which arise in the study of 
complex systems and their solution is studied by a new science--the theory 
of large systems. 

Much depends on the correct approach to the introduction of computer 
technology for economic control. In this problem it is necessary to 
utilize the systemic approach, i.e., not to introduce individual machines 
(even if they are very good and are suitable for the solution of planning- 
economic problems), but to introduce control systems. This means that the 
development of a system of algorithms, of the means of the primary collec¬ 
tion of information and communications methods together with the construc¬ 
tion of appropriate electronic computers must be accomplished simultaneously 
by the same collective of developers. It is obvious that the accomplishment 
of these tasks must be preceded by laborious work at the places of intro¬ 
duction (in enterprises and in organizations) in the investigation of 
operations, in the preparation of appropriate instructions for the accom¬ 
plishment of the entire complex of technical-organizational measures which 
provide for the introduction of an automated control system. 

In view of the complexity of automated control systems and short¬ 
comings in the corresponding cadres for their technical servicing, it is 
necessary to provide for correct order in their production and in the 
organization of their use. 

It is completely understandable that the production of such systems 
must be complex: in addition to technical equipment for the processing of 
information (EVM) [electronic computer] it is necessary to produce also 
devices for the assembly and transmission of information (sensors, commu¬ 
nication devices, etc.), as well as for the transmission of an entire 
complex of input and output information. 

We may only conceive of the installation, alignment, organization 
of use and repair of these systems as centralized. It is obviously 
necessary to provide for a system of guarantees of uninterrupted work, 
for a sequence of operational transmission of functions (during a break¬ 
down) to other systems or to computer centers, etc., etc. This does not 
exclude, but rather intensifies, the need to create advanced bases or re¬ 
search groups at enterprises where typical control systems are introduced; 
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these groups would study the improvement of system functioning, the 
development of algorithms and programs lacking in the initial search, 
and the preparation of additional technical requirements. All of the 
problems enumerated must be considered in the development of a single 
state automatic system for the processing of planning-economic infor¬ 
mation and for economic control, which unites the activity of all lower- 
echelon automated control systems, functioning at individual enterprises 
or in groups of smaller computer centers for the processing of planning- 
economic information. We must keep in mind the circumstance that the 
requirements above must be considered during the manufacture and intro¬ 
duction of control systems, beginning at the lowest level (at enterprises), 
while foreseeing the possibility in the informational plan of joining 
these systems with the aid of modem communication lines to territorial 
information processing centers and also foreseeing the transmission of 
data required to all higher control elements. 

The effect which may be achieved by the system described is tre¬ 
mendous. The solution of a number of particular planning-economic 
problems, included in existing computer centers, reveals that even at 
the present time not less than 10% of facilities and material resources 
expended in the development of production is lost due to lack of optimum 
planning. 

Specialists in the field of cybernetics are already accustomed, 
for example, to the fact that in a transition to automatic transportation 
planning, savings amounting to 10-15%, and in certain cases up to 50-60%, 
are obtained as a rule. Thus a complex of problems accomplished by the 
Institute of Cybernetics of the Academy of Sciences of the Ukranian SSR, 
in conjunction with Gosavtodor Nil [State Motor Vehicle Road Scientific 
Research Institute] of the Ministry of Motor Vehicle Transport and High¬ 
ways of the Ukranian SSR, on the operational planning of motor vehicle 
transport work in cities of the Ukranian SSR (Kiev, Odessa, L’vov, 
Khar'kov, Dnepropetrovsk, Krivoy Rog, Cherkassy, Simferopol', etc.) 
permitted a yearly saving of more than 1 billion rubles. 

In recent times the Institute of Cybernetics of the Academy of 
Sciences of the Ukranian SSR has solved and introduced into planning 
and control practice more than 300 various undertakings, which guarantees 
savings of government facilities of many millions of rubles. A study of 
the significant economic effect resulting fiom these solutions emphasizes 
with great clearness that current rates and scales for the introduction 
of computer technology into economic control cannot satisfy us, and that 
they still lag behind the fast-growing questions of our national economy. 

A very important segment of intellectual work which is extremely 
required in automation is engineer-construction work and technical design. 
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The problems which occasionally arise here are so complex that in a number 
of cases even now there is no human collective which is in a position 
within a r:asonable length of time to find, in fact, the best designed 
version. We shall take as an example the problem of finding the best 
plan for a railroad several hundred kilometers in length, which passes 
through a mountainous area. An investigation conducted in the Institute 
of Cybernetics of the Academy of Sciences of the Ukranian SSR revealed 
that with the usual (manual) method of planning only one of the parts of 
this problem (the optimal design) would not be solved with the required 
degree of accuracy in less than 50 years! A computer expends a total of 
several hours in the solution of this problem. 

At the present time the work of designers in the best case is auto¬ 
mated only in those parts which touch upon the fulfillment of the most 
complex calculations. The transition to optimal design will require 
complex automation, when all stages of design, including evaluation and 
comparison of various versions will be fulfilled automatically by machines. 
Such a transition will demand important changes in the direction of 
scientific investigations. Previously the basic efforts of specialists 
were directed toward the development of design methods calculated for use 
by man, whereas now the center of gravity must shift toward the development 
of such methods which will be oriented toward use by electronic calculators. 
In this connection it will be necessary to maintain entire libraries of 
standard programs suitable for any specific planned tasks, rather than 
partial programs, compiled anew for each newly developed design. 

Several works on the automation of technical design processes have 
been accomplished in the Institute of Cybernetics of the Academy of 
Sciences of the Ukranian SSR. In addition to the optimal railroad pro¬ 
filing already mentioned, we may, as an example, indicate still another 
complex automation of design processes and of the manufacture of ship 
hull parts and to the design of electrical, gas and water distribution 
networks. The experiments of our Institute and of other Institutes has 
permitted us to hope that the effect of the ubiquitous transition to 
design automation might save many billions of rubles per year. 

Of course the solution of this problem will require a great deal of 
time and will encompass separate stages. 

' An important area of human intellectual activity, where a known 
requirement for automation is also felt, is that of scientific creativity. 
An increase in scale has now been achieved, just as in technical design, 
first of all as the result of an increase in the number of scientific 
workers and auxiliary personnel. The rates of this growth are such that 
if this condition is maintained in the future, in 150-200 years the entire 
population of the world would have to be transformed into workers of 
scientific-research institutes. 
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methodfin the "eC'SSity of W1)'1»« »utomation Hicwiuas in nie development of science itself. The Question of 

DaïStiÎnaïî0mati0ü ?f thÍS process at the Present time has been in pre- 
paration to a much lesser degree than automation of the processes of 
economic planning and technical design. Nevertheless ffofinit» have also been noted here. Nevertheless, definite prospects 

mi nt-i «ncde ír0m the already known automation of various types of cal 
culations and computations accomplished during the process of sriJííf 
creativity, the question is now being solvíJ of the automation of 
quiry-informational and reference work which occuoi^ » ? f 
of time in th. work of th, coníempõ«^ scíoía? Te^tiní 0™^°.“"' 
uncovered in the automation (on the b«i^ of "¿v.Lüî Î 
machines) of experiments and observations with the simultaneous nro18* 81 

hf ?ata obtained* first of all, in contemporary experimental 

î hy<lr0"eCh,nlcS' »d in 

Kowever maximun interest is presented, apparently by the auto 

theoriesfand°>)vS*v?f theorems within the framewwk of various deductive 

lirnii for Ew Î capacity of the brain of a man establishes a known 
limit for the complexity of theories and proofs created hvhS 

similafiab«raSiEh»EfiraChi"S' eVen for the Partial automation of 
time "Æ’foE tÜ. siLEtrS SS? abafply curtail the periods of 

tremendously the intellectual pS.r Ef hímSitS^pEEhmESvSh lnC”“eS 

E“ h» “ 

ÄTS; ES ÄliisTO 

cyberneticsSndShe EoStEn'SuEtpSv^SE °f 

Äi^l^TSE'as^^^ 
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and other powerful installations determines the power might of a nation, 
the total output of electronic digital machines and other cybernetic 
devices determines its informational-intellectual might. 
to production complexity and other successes of science and technology, 
thePinformational-intellectual power will, to an even greater extent, 
define the industrial-economic potential of a state, for only * 
sufficient level of informational armament makes• ^«Í 0Í thé bwiî of 
utilization of productive and human resources. Achieved on the b“1* 
cybernetics and electronic computer technology, the accel;ra^°" ^he 
rates of growth of science has tremendous significance and may become 
the decisive factor in the economic competition between two systems. 

All the possibilities exist in our country for the solution of 
the oroblems enumerated in the shortest periods. The approaching 
Comnunist society must have and certainly will have the most effective 
system, automated to the maximum extent, for control °f Jts econ?^!vthe 
most improved forms of production automation, and it will also widely 
employ^ybemetic means in the intellectual activity of man. 
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CYBERNETICS AND THE MODELING OF SOCIAL PROCESSES 

Candidat# of Philosophical Sciences E. Arab-Ogly 

Cybernetics is a science which in many respocts is paradoxical* 
it places scholars in a dead-end almost as often as it extricates 
them from a whole series of dead-ends in our consciousness of the 
surrounding world. Paradoxes have accompanied cybernetics even from 
its birth and during the first days of its existence as an independent 
science. In fact, cybernetics had hardly appeared in the world when 
it turned out that a book published more than 100 years ago contained 
not only the name invented for the new branch of knowledge, but also 
defined its place in the system of sciences and gave a description of 
the object of the investigation. 

This definition, which belongs to the outstanding French mathe¬ 
matician Andre Marie Ampere, deserves that we reproduce it here in full, 
CybermtioB. The relationships of people to people, studied by two 

preceding sciences; this is only a small part of the objects which 
government must take care of; its attention is also continuously de¬ 
manded by the maintenance of the social order, the execution of laws 
the just distribution of taxes, the choice of people which it must 
appoint to responsibility, and everything which promotes improvement 
in the social states. It must constantly choose between various measures, 
the most suitable for the achievement of its purpose; and only due to 
intensive study and comparison of various elements, granted to it for 
this selection by the knowledge of everything that pertains to a nation, 
it is capable to govern in agreement with its character, customs, means 
of existence and prosperity of organization and with laws which may 
serve the common rules of behavior and with which it governs in every 
common case. For, only after all sciences, which occupy themselves with 
these various objects, it is necessary to place this, which the matter 
now concerns and which I call oybemetioe, from the word xußep vimxn; 
this word, accepted at first in the narrow sense to designate the art of 
ship navigation, has obtained usage among the Greeks themselves in the 
incomparably broader sense of the art of oontrol in general. " 

-99- 



After the origin of cybernetics the reference itself by Ampere to 
this term, and moreover the definition given by him was accepted by 
many as simply another curiosity in the history of science. Having 
begun its triumphal march, cybernetics, as it seemed then, was whatever 
was convenient--a branch of mathematics, a theory of automatic devices, 
applied science in the design of electronic computers, the technology 
of electronic modeling, etc., but never a social science, never a 
political discipline, as considered by Ampere in his time, who had 
placed it in his classification of sciences between diplomacy and the 
theory of power. Moreover, the first attempts by cybernetics to invade 
the field of sociology--just as pretentious as they were superficial-- 
in general forced doubts about the prospects of its fruitful application 
in social sciences. The expression "social cybernetics" with a well- 
known basis long ago became a nominal expression for the designation of 
idealogical speculations, which were accompanied by the outstanding 
successes of this science in the field of natural science and technology, 
and frightened the sociologists from cybernetics, and the cyberneticists 
from the sociologists. Only a few serious scholars were convinced that 
in science concerning society cybernetics had a future no less important 
than that of natural science and technology. Among these was also the 
founder of this new branch of knowledge Norbert Wiener, who in his auto¬ 
biography subsequently wrote: "It became clear to me almost from the 
very beginning that new concepts concerning information and control would 
involve a new interpretation of man, of human knowledge concerning the 
world and society." 

The Cybernetic Invasion of the Social Sciences 

The penetration of cybernetics into both natural science and 
sociology was accompanied by a sharp idealogical struggle, comparable 
perhaps in its social response to the assertion of the heliocentric 
system, to Darwinism and the theory of relativity. This was completely 
understandable, for, just as they had in their own time, cybernetics not 
only overturned many prejudices in science and habitual concepts in 
ordinary consciousness, but also encroached upon social interests invested 
in these. This polemic has not ceased by far, and cybernetics continues 
to be an object of sharp attack. Nevertheless the times when it was 
necessary to defend the right of cybernetics to existence have disappeared 
into.the past. 

Although the penetration of cybernetic achievements, the techniques 
and methodology of investigation created by it, as well as its terms and 
categories began later in the social sciences and progressed more slowly 
than in the natural sciences, up to the present time it has convincingly 
demonstrated its fruitfulness and prospects. Electronic computers, 
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developed through cybernetics, have already found a wide application in 
social sciences as technical facilities for the collection and processing 
of statistical data and other information concerning various aspects of 
social life. Immediately thereafter the modeling of individual social 
processes on electronic machines began to lay a foundation for itself in 
political economy, demography, specific sociology, psychology and pedagogy. 
This in turn unavoidably led to conflict between many phenomena and 
regularities in society with cybernetic concepts, to instructive analogies 
from the point of view of form among processes occurring in society and 
the functioning of any other highly-organized, self-regulating system. 
Finally this led logically to the concept of the possibility of employing 
certain general concepts of cybernetics for the improvement of the organi¬ 
zation and control of society, including economic planning and prediction, 
legislation, teaching processes, etc. 

Now Ampere's definition of cybernetics does not appear quite as 
absurd as it seemed previously. Of course it would occur to no one today 
to reduce cybernetics to the scientific control of society, or to or¬ 
ganize the scientific control of society with cybernetics. However, it 
becomes increasingly clear that cybernetics will not be fully valid if 
its successes are not applied in the science of society while the 
scientific control of society will suffer serious damage in the case 
of refusal to utilize the achievements of cybernetics. Hie more we 
think about it the harder it is to imagine in what manner, if do not 
turn to cybernetics, we will be able to manage all of the infoimation 
required for control, define optimum solutions for economic problems, 
strike a balance in the national economy, foresee social processes and 
the consequences of legislation. 

It should be noted that cybernetics by far does not intend to re¬ 
place any of the specialized sciences; also it does not pretend to be a 
science which stands above other sciences, i.e., the next higher "science 
of sciences." Its "universality" is of a different type and in certain 
aspects reminds one of mathematics, although it is not so general, since 
it is limited by a formal resemblence to the functioning of self¬ 
regulating, "automatic" systems. As long as such systems exist in 
reality in the unlimited and limited world, in society and in technology 
created by man, so will cybernetics not be considered a natural, a social, 
or a technical science parexellence (for the most part). Moreover it is 
perhaps the first breach in the wall which specialization of scientific 
knowledge of the world has erected between natural science and sociology, 
and by the same token may represent the embodiment of the profound pre¬ 
diction of Marx, made in his economic-philosophical writings of 1844: 
"Subsequently natural science will include the science of man in the same 
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measure as the science of man includes natural science: this will be one 
science." 

The application of cybernetics in social sciences, therefore, has 
nothing in common with attempts to extend to society the laws of physics 
or biology, which has repeatedly been attempted in the past and which, 
of course, was rebuffed by the Marxists. The concepts, categories and 
laws of cybernetics (regardless of their origin!) do not belong exclu¬ 
sively either to natural science or to sociology; their use, therefore, 
is fully legitimate in either area, just as in technology. With their 
help it may not only be possible to accomplish a description of social 
processes and phenomena in the language of cybernetics, i.e., to 
systematize knowledge already accumulated concerning society from a 
specific point of view, and also to obtain new knowledge concerning 
society if in this connection the peculiarities and characteristics of 
the effects of information, control and feedback in social systems are 
considered. 

The application of cybernetics in social sciences coincided with 
the process of their "mathematization"-- in other words, with the be¬ 
ginning of the broad use in these sciences of quantitative analysis, 
and mathematical methods of investigation in general: game theory, 
theory of graphs, operational analysis, etc. This was a coincidence not 
only in time, but first of all in content of the process itself. Cyber¬ 
netics proved to be the main channel for the introduction of mathematics 
into social sciences because, on the one hand, it permitted to a great 
extent the formalization of our knowledge concerning society and made it 
accessible for translation into the language of mathematics; on the 
other hand, by leading to the development of high-speed computers, it 
granted the technical capability for the accomplishment of complex 
mathematical operations. Moreover new and tempting prospects for the 
development of social sciences were revealed, with respect to which the 
well-known remark of Marx maintains its force, to the effect that science, 
in general, only becomes mature when it masters mathematics. It is true 
that for the present the application of cybernetics, as well as mathe¬ 
matical methods of investigation, in social sciences still remains in 
the initial stage. This is explained mainly by the incomparably greater 
complexity of social phenomena and processes than those which are dealt 
with.in physics or even in biology. It is said that Albert Einstein was 
once asked why it happened that while human intellect penetrates so 
deeply into the structure of the atom, we remain incapable of developing 
the political means to prevent our death from the atom. "This is because 
politics is more difficult that physics!" answered the great scholar. 
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However, in conjunction with similar objective difficulties, sub¬ 
jective causes also exist which interfere with the application of 
cybernetics and mathematics in social sciences. Certainly the main 
point is the broadly held delusion that the use of mathematical methods 
by their very nature are reduced to operations with quantity and are not 
suitable for the study of qualitative characteristics of a phenomena. 
From this it is concluded that as in the life of society the qualitative 
characteristic of phenomena in processes clearly predominates over t eir 
quantitative community, this means that the application of mathematics 
in social sciences unavoidably will remain much more limited when com¬ 
pared with natural science. However, we must emphasize that these errors, 
no matter how convincing they appear at first glance, in principle, 
represent complete confusion. 

First of all mathematical methods of investigation are certainly 
not exhausted by quantitative analysis, while quantitative analysis in 
its own turn is not identical to the analysis of quantity. The fact, 
already established by the dialectical method of thought, that gradual 
quantitative changes lead to fundamental, qualitative abrupt changes pre¬ 
supposes the fundamental possibility of quantitative expressions of any 
qualitative property of a given phenomena studied by us ("..»removed 
quality equals quantity"t wrote Marx). Mathematics itself includes both 
the quantitative analysis of quality relationships as well as the quali¬ 
tative analysis of quantitative relationships. 

This is why it would be naive to assume that calculation is the 
single benefit which the social sciences may extract from the application 
of electronic computers. Strictly speaking, as one specialist remarked 
wittily, we call the cybernetic devices "computers" only because the 
practical use which we have found for them almost disappeared for a long 
period of time. However, as is known, the same machines with appropriate 
programming may be quite successfully employed in the solution of a whole 
series of other problems, which surely presuppose operations associated 
with the qualitative evaluation of elements. These include the finding of 
a winning plan in so-called strategic games, particularly in chess; the 
solution of complex logical problems, which foresee the foimulation of 
hypotheses and their checking; translation from one language to another 
and the decoding of writing systems; the modeling of various processes 
in nature and in society. One circumstance which deserves attention is 
that of the possibility, in the types of operations listed, that cyber¬ 
netic devices may far surpass the capabilities of their designers and 
programmers and may find solutions which were not previously given to 
them and sometimes which are not even suspected; these devices may be 
designed and programmed in such a way that they possess a capability for 
self improvement during the process of their activity. 
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It must be said that in principle, from the point of view of 
theopr no social problems exist, the solution to which cannot be 
found with the aid of electronic computers under the conditions that: 
1) Such a solution really exists; 2) The problem itself is formalized, 

11 , w5lttfn in comprehensive form and the machine is infonned 
of the rules for its solution; 3) The machine is given all the infor¬ 
mation required for the solution of a given problem. 

Frequently, in objecting to the formalization of social sciences 
and in derogating the value of the use in these sciences of the 
¡ÍKÍÍÍI!!!eítS«.¡ÍÍ Cybe5n®tjcs* some Persons maintain that tho knowledge 
obtained by this method is entirely formal. This, of course, is not true 
L î°r\by the,history of natural science, scientific knowledge may be 

B^the^ssün^nf^i T" lf ^ “ ac(luired with the aid formal means. But the essence of the dispute between the adherents and the opponents 
of the application of cybernetics in social sciences is not involved in 
this point. Let us assume in fact that with the aid of mathematical 
methods of investigation, of electronic computers, and modeling as well, 
we find only a formal solution to specific social problems! In this 

r* S“rt°í/UCe î° aSk Wîat knowledge or what supernatural means 
^ mathematics and cybernetics? TTie conditions 

required for the solution of social problems on electronic computers 
represent, in essence, ordinary requirements proposed for any serious 
scientific investigation. 

The application of cybernetics also involves two other important 
consequences for the social sciences, taken as a whole. 

One of these consists of the fact that the modeling of social 
phenomena and processes with time will permit us to resort on a laree 
scale to experiment, although not on real processes in society (which 
is extremely complex and unjustified, for a number of reasons), but 
rather on their models. The first encouraging attempts at this type of 

bïPAreôîdtTÎsH«0nntieCîr°ïiCc,n-dîlin8 deViceS (analogs) were undertaken 
íd T ?tin* ?ttotJ* M* Smith, et al. During recent years even more 

interesting investigations have been started in this direction in 
ïw u V ilth ®lectronic computers. One case concerns the modeling of 
the behavior of voters in the presidential elections in the U.S.A., 
which was accomplished by a group of sociologists from Columbia University 
and was utilized in practice during the course of the election campaign 

£ er ^01^5 th® modeling of demographic processes, 
when the Bureau of the Census made a satisfactory prognosis of the popu¬ 
lation increase in the country on the basis of the most probable be- 
havior of several thousand American families. Now, since the principles 
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of Similar modeling on computers have been developed 
their further wide use. ' we may expect 

Another consequence which must be kept in mind is the forthcoming 
í“f!.injhe r?UtionshiP between so-called "general and specific" 

of1!*!10”?«" î8"7 SîCial sciences- The fact is that the characteris¬ 
tic of a specific type of investigations in science as "specific" is not 
only Purely^arbitrary, but is more a derivative of their designation 

iny®sti8ation in contrast to a "general" investigation * 
represents for the most part the result of a direct generalization of a 

tio^of^uîî 0n-the baSiS °f m0re °r less ful1 induction. The applica- 
1 VumpUîerS haS S0 exPanded the empirical base ofPthe 

social sciences and has increased the possibility of induction in these 
that many investigations characterized as "specific" may be raised to ’ 
the level of theoretical generalization of concrete material, which in 
the past was the privilege of "general" investigations. 

An Electronic Analog of the Capitalistic System 

mod*! If fr*”1? ÎW0 meth0dS eXist for the construction of a physical 
model of any social process or phenomenon. One method is the construction 
of an appropriate system which in all respects will be simiUr ^ îhT 
social process which it describes. An example of sue? l m£ îouH be 
the modeling of money circulation by means of a closed electrical circuit 
where the circulation of an electrical current would simulate the movement 
of money masses, batteries would fulfill the role of banks delays in 
Cîîrïîatl?n dU® t0 various causes would be reproduced by switching in 
additional resistance and with capacitors, the mutual influence of naraiiei 
£ be Sl“î^d Kith “ curlt ¿hfl. S: J 
the cost of money could be simulated by a change in voltage, etc. 8 

element^V!n !"ethod is suitable only for the modeling of comparatively 
elementary social phenomena and relationships. In most cases social nrn. Y 
cesses are so complex that the direct reproduction of these in the form nf 
physical models goes beyond the limits of pract câl fe^sibilUy Tbê„ i? 
isexpedient to resort to another method, namely, to describe a'giïlT 
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In investigating social processes, we turn most often to the second 
method of physical modeling. The remarkable possibilities inherent in the 
method of modeling social processes by means of electronic analogs may be 
judged on the basis of investigations which were accomplished in 1951- 
1953 at the University of California under the leadership of Professor 
Otto Smith. The interrelationship of available industrial equipment with 
the requirement for its amortization, the dependence of capital invest¬ 
ments on national income and the desire for maximum profit, as well as 
delay in equipment delivery with respect to capital investments and the 
realization of consumer goods with respect to paid salaries--all of this 
was preliminarily worked out mathematically. The equations formulated, 
after certain simplifications, were represented graphically and then an 
appropriate electronic analog was constructed for the given (capitalistic) 
economic system. 

The development of this type of analog does not present any kind of 
technical difficulties as soon as the design is worked out. Thus in 
0. Smith's analog capital movement was reproduced by an electrical current 
of specific frequency, delay in the manufacture of goods was represented 
by a transiómer and for a time scale one year was equated to 200 micro¬ 
seconds, etc. The difficulty consists first of all in the definition of 
an objective criterion for those concepts and categories which are 
modeled; for example, "system stability", its "regulation", etc. It is 
here that the value of theoretical thought appears, which the machinery 
places weakly. 

Such an electronic analog was utilized in order to analyze the 
stability of the economic system investigated and its reactions to various 
disturbances. First of all it was established in this connection that an 
economic system of this type is extremely unstable and ia subject to 
periodic fluctuations approximately once every 10 years. Introduction 
into the system of the additional factor of ethical equipment wear, i.e., 
the tendency toward increasing the length of service of the equipment 
during a slow-down period and toward its renewal during an ascending 
period, which would be expected, only contributed to system instability 
and to an increase in the amplitude of fluctuations in pr Auction. 
"Speaking philosophically," writes Otto Smith, "two factors exist which 
influence system instability. One of these is infomation losses asso¬ 
ciated with time delay. This means that a capital depositor does :»ot 
know.about the affairs of other capital depositors until their articles 
of production appear in the market...The other factor is the positive feed¬ 
back loop of demand. While the consumers increase their expenditures in 
proportion to the national income (instead of saving), a process of 
accumulation occurs which causes amplitude fluctuations to reach destruc¬ 
tive proportions." 
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Huis the electronic model of the capitalistic system clearly 
demonstrated the cyclic nature of the development of capitalism and 
clearly revealed the inevitability and periodicity of economic crisis 
of overproduction and detected their reason: commodity production in 
the market, which leads to production amrohy, and the lagging of sol¬ 
vent demand behind capital accumulation, caused by the private form of 
appropriation. 

Continuing his experiment with the electronic model of the 
system, 0, Smith found that the flow of capital invest¬ 

ments, cheap credit and unfavorable prospects in the market contribute 
to a certain reduction in the frequency of fluctuation or to an increase 
in the duration of the economic cycle, but simultaneously the insta¬ 
bility of the entire system increases; accelerated capital turnover 
leads to the same result. Further experiments forced 0. Smith to the 
conclusion that there is practically no method of stabilizing a similar 
system and that all government efforts to regulate production are clearly 
unsound. "No matter what methods of regulation are employed--legislative 
measures, government tax policy, limitation of investitures, subsidies or 
government contracts, etc.--the stockholder is conversant with all this 
and takes appropriate action to obtain maximum profit," concludes Smith. 
"This is negative feedback, which almost completely eliminates the 
effectiveness of proposed methods of regulation." 

Also characteristic of such an economic system is the extended 
preservation of the consequences introduced by various additional dis¬ 
turbances, for example, by wars. "In other words," Smith notes, "the 
disturbance introduced by the First World War in essence has still not 
faded...Events which led up to the Second World War were a reaction of the 
economic system to the previous disturbances; however the beginning of 
the War was a nonlinear process, which added energy to the system, i.e., 
by introducing a new disturbance." 

The investigations of Professor Smith correspond to the course of 
the capitalistic method of production. In addition they represent out- 
standing experimental oonfimation of Marxist political economy, in 
particular, the theory of economic arises. The achievements of applied 
cybernetics in sociology by the same token permit us to embody in elec¬ 
tronic machines the purpose of Marx, which he wrote about in his letter 
to Engels: "I have repeatedly attempted--in order to analyze crises-- 
to calculate these ascendings and descendings in the form of curves and 
thought (and I still think that with sufficiently reliable material it is 
possible) to derive mathematically from this the principal laws of crises."^ 

Marx and F. Engels. Letter about "Capital", Moscow, 194Ô, p. 19¿.- 

-107- 



This simplified model of the capitalistic method of production was 
set forth by me for the first time ten years ago (see "Problems of 
Philosophy", 1958, No. 5). Since that time it has repeatedly appeared 
in scientific and popular literature both in our country and abroad. 
However the commentaries which accompanied it may give rise to annoying 
confusion. The fact is that in the analog with which Professor Smith 
experimented, the movement of information concerning the state of the 
market was identified with the commodity mass itself, which under condi¬ 
tions of classical capitalistic economy was its material carrier. In " 
addition during the past decade, after the Second World War, supplemen¬ 
tary sources of information appeared concerning the state of the market 
which permitted predicting the course of economic processes independently 
of commodity mass movement and long before price changes could be de¬ 
tected. The paradox consists of the fact that similar foresight and 
prediction of market conjuncture became possible to a significant extent 
specifically due to the successes of economic modeling, in which Otto 
Smith himself was a pioneer, but by the same token one of the main con¬ 
ditions which he established as a basis for his model was objectively 
refuted (I came to the same conclusion later, of course). 

As soon as the movement of information concerning the market 
condition is divorced from commodity mass movement and leads it, the 
course of the capitalistic cycle of reproduction changes sharply, and 
therefore other models with different parameters are required. 

The duration of the capitalistic reproduction cycle is the sum 
of the duration of periods of increase, decline, depression and re¬ 
viving, taken separately. The length of each period in the XIXth 
Century was longer than now and in general they possess a certain 
specific length. Why? Some reasons are completely obvious: in order 
to accomplish, let us say, investitures not in monies, but in machines 
and equipment, i.e., for the renewal of basic capital a certain amoimt 
of time is required so that these machines can be made. The intention 
of the capitalist to increase production cannot be accomplished in¬ 
stantaneously. The length of this period, therefore, to a well-known 
degree depends on the level of industrial development, on its capability 
to transform the intention of the capitalist to invest into reality. 

However, in addition to such obvious reasons, others exist which 
are less obvious; for example, the time delay concerning information 
on market conjuncture. In other words, production anarchy under con¬ 
ditions of a good economy, as a result of which periodic crises of over¬ 
production occur, leads to the fact that infoimation required concerning 
the state of the economy is received by the owner-capitalist on the basis 
of conjunctures, expressed in prices, which have already occurred in 
the market. From this it follows that he finds out about a decline 
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sometime after the drop in prices, and about increases sometime after 
the rise in prices for specific goods. 

The duration of the capitalistic reproduction cycle thus coincides 
in time with the use of information concerning the state of conjuncture 
in individual phases of the cycle, expressed predominantly in market 
prices and coincides with the time required for its utilization in 
separate phases of this cycle. From this the inevitable.drop in prices 
during a period of decline and their increase after a depression was a 
characteristic feature of the cycles in the XJX and beginning of the 
XX Centuries. Aside from other functions the^ also played the role of 
information for the capitalist concerning the state of the economic 
conjuncture. This also partly explains to us why there were never any 
identical cycles, since the state of this information, in addition to 
objective and constant factors, was influenced by a mass of additional 
factors of a subjective and even of a random nature. 

Then what happened after the Second World War? First the broadening 
of a firm, guaranteed market occurred, which certainly exerted a definite 
influence on infoimation movement. A guaranteed market represents firm 
reliable information or demand, notwithstanding random market processes. 

Secondly, other sources of information appeared concerning the 
state of the economy in addition to information by means of price move¬ 
ments; these sources significantly outstrip information concerning the 
state of the conjuncture by means of price changes. 

Due to economic and other predictions, and due to a carefully 
developed plan of mutual dependence of some branches of the national 
economy on others, the capitalist-owner and the state obtained informa¬ 
tion concerning the conomic position long before random price changes 
in the market. They are not, of course, able to change the production 
anarchy, since to predict does not mean to control, and production 
anarchy is explained not simply by the circumstance that individual 
owners do not know what others are doing, but by the basic contradiction 
of capitalism, private property, which forces each one to follow his 
personal advantage. More reliable and advance information therefore . 
cannot eliminate production anarchy. But within known limits the possi¬ 
bility appears of taking several measures in advance. 

One of the most important consequences of information acceleration 
is compression in time of individual phases of the cycle, since capitalists 
who are warned concerning, for example, a forthcoming decline will begin 
earlier to curtail production, and fewer will be in a state of uncer¬ 
tainty in a period of depression and upturn, and the more rapid will be 
the attempts to utilize the conjunctural rise. Naturally, the entire 
cycle is curtailed. However curtailment of the cycle apparently will be 
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voce because objective causes exist 
different as a result of different p ’sible to make several con“ . 
which determine P>«se1furati°":t ¡hemselves from this proposal concerning 

the5role Ä°rÄ -h!?h is speculative to a certain degre . 

Curtailment of .ole length* „asicallv ,st occur at the árpense 

of depression and recove, P—- ^ _dlty 

J; iî ÄU Somewhat less. 

3- Z ZZ mu^'in'th^overproductio^o^th^conunodity mass, « in 

•< 
4 Since curtailment of ^"‘““J^Je^prices will lose, to a signi- 

in prices and independently of them, ma* P conjuncture and 
fleant »«ent their value as^nfomatron^con^^ l ^ increased, if 

they6ar^not^disturbed by s», other phenomenon. 

These logical conclusions from ^ ” 
position in the economy of developed capit 

However, is not the proposed change and 
periodicity of the cycle under J1 . the difference between social 

•su: ä-eäS - rrriï. 
Äii Ei” ÍSu.1^ 
The^question of ^ "“‘“r^'ïënection of =o“m-eure in market pr «s 

already an attendant factor. 

The facts mentioned above ^ ^^^of’^600^^6cycle! The 
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twin during an upturn, since the course of the cycle is accelerating 
it is necessary to buy one's ticket in ÍJí accelerating, 
v»c.~„ot darin« th/uptun, or Lc.nSinTp™ ,. 

Lîr^u0™“'“^ PrW,UCtlV* “»“”« -hich 4 b. " z¡d B i?S* - «Ä— «ä - 
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in cÔÍtíÍst tro ^X;r5UH„r.*th0?rDU*"Kh0LPr«t?0“d T f""“1 
turn « characteristic cosido dit y mass line annears behind 8 dwn- 

aîtônther13 t0 th' Ph«"»e'oí 
no market for it.iff1;1 îh,t 1 ct®5lodity mass accumulation which finds 

»Phare, but ori.in.í.r.íi^y^^ rproLcUo^hrre^',^1,3,;:1^:" 
cue certain palliative, may be employed more“, less iucwsIÎÛuv But 

c^tS bSÄlSSSl^ ” o'ÄIon. 

of commodity mass production surpluses by underloadií^o^threíte^rises. 
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MODELING--A TOOL FOR PREDICTION AND CONTROL 

N. Amosov, Member Correspondent of the Academy of Sciences of the USSR 

During the last decades science has made a tremendous step forward 
In particular we speak even today of the fact that it has the means which 
permit it to organize the life of the people in the best manner. This 
instance concerns modeling as a tool of prediction and optimum control. 

Every concept represents modeling. When a man speaks, this means 
that ,fhe knows**, and that means that in the cortex of his brain there 
exists a certain complex of nerve cells, joined by connectives, in which a 
model as an object known to him is presented. TTie brain is a tremendous 
modeling device, capable of creating the most diverse models of systems of 
both the internal and external world. In this connection our sense organs 
perceive energy which arrives from external objects and codes this with 
nerve impulses, thereby isolating primary information. Then this informa¬ 
tion is transmitted to the brain and is subjected to processing, which 
consists either of the stimulation of already prepared models of gray matter 
ce11s--and here we are already dealing with the recognition process—or in 
the formation of new models, which reflect the concept and quality of the 
external world. 

The overall complex of information processing in a computer is 
approximately the same. In preparing the machines for operation, specific 
basic information in programs for the solution of problems are placed in 
its memory. If information is now introduced into the machine concerning 
an object, the information is subject to processing in accordance with the 
existing program and as a result a new model is obtained-the problem 
solution. This model may be maintained in the memory of the machine for 
utilization in the solution of other problems or it may pass to the "output." 

Analogy with the process of thought is not the single factor in the 
use of computers as a method of modeling. Any model is a combination of a 
number of physical elements which reflect the structure or the function of 
a certain system--the original. In this connection it is possible to 
divide arbitrarily the systems into static and dynamic (active) systems. 
For example, a drawing, figure, photograph or plan characterizes a system 
statically. Motion picture film gives us a representation of the dynamics 
of structural change and therefore of system functions. Thus in dynamic 
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models not only the structure but also the functions of a system are 
reflected in the form of a change in its construction and energy with 
time. Not very long ago dynamic models were presented in the form of 
mechanical toys. Now the position is changed due to the appearance of 
computers, which permit us to reproduce dynamically the interaction of 
all elements of models of comparatively complex systems. 

Under complex systems we may arbitrarily include systems which 
consist of a very large number of different elements, interconnected with 
each other in such a way that they may function as a single unit. In 
practice these are systems "of the living type", and the cell, organism 
brain and finally even society may serve as models of the systems. Our’ 
contemporary methods of modeling are not sufficient to reflect the entire 
complexity of similar systems. In fact, the human brain, thus far the 
most highly perfected of modeling devices, consists approximately of 
14*10^ cell-elements. Naturally it is not in a position to reflect with 
completeness the structure and function of such a complex system as the 
human organism which consists of approximately of 102' atoms. 

From this the question arises immediately concerning the complete¬ 
ness of modeling. In practice, for each complex system, it is possible 
to construct an infinite number of models, since they will be to a cer¬ 
tain extent simplified and distorted reflections of the original. The 
degree of simplification depends on the complexity of the object*and the 
capability of the modeling mediums: of a number of nerve cells in the 
cortex of the brain or physical elements in the machine memory. Since 
the activity of a complex system is characterized by structure and by 
functions (by programs), the completeness of a model may be characterized 
mathematically by the ratio of the reproduced programs of the original to 
their total number. For example, even the simplest living beings are 
characterized by such programs as reaction capability, adaptability 
capability for motion, growth and reproduction as well as variability 

simP1®st model of such a being will possess only reaction, 
a more complex model must add to this adaptability to environmental 
conditions, and a still more complex model must include gross and repro- 

mütaîiL y m0St COmpleX Wil1 aCqUire the ^ability for 

ç , !fith !. ce^ain moxmt of assumption we may isolate three basic types 
are comPlete (°r more exactly, arbitrarily complete) 

model?, which reproduce all the basic programs of the original. The 
second type includes generalized models which reflect certain total 

ofThonî1-11“ 0f °b;iects: If* for example, we imagine that the content 
of a book is a complete model of certain events, then a short abstract 

model* A description of personalities, characters 
and individual episodes—these are all partial models. Thus the third 
type--the partial models—reflectsone of the programs or one of the 
properties of a complex system. We must add to this the fact that each 
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of these models, taken as a physical structure, may again be m°deled, 
thus erecting in this manner "multi-story" models with various degrees 
of generalization. 

Unfortunately our capabilities for the modeling of very complex 
systems are still extremely limited. Of course, f 
possible to imagine a complete model of society, for example, i 
of a certain aggregate of machine-robots, functioning in real time. How¬ 
ever íhere is no blsic concept for the creation of such a model even if 
the monumental technical difficulties connected with this could b* 
come. The use for such a model would hardly be great, if tbe people in it 
were modeled in a simplified manner, then society would quickly outstrip 
the model and, on the other hand, if the robots were ^ven a,^rea^^® 
program then the model would begin to develop by itself and its paths 
would again differ from those of society. 

However, all these considerations are groundless: for the present 
it is difficult to develop a complete model of even a single man, let 
alone an entire society. Therefore even with consideration for futu?® 
prospects, it is worthwhile to discuss only certain kinds of generalized 
models and partial models of society, which do not 
representation, but nevertheless characterize the c 
the interrelation of its individual elements. Such models will be dynamic 
(active) models of society. 

The "World" System and a Model of Man 

People live in a world of nature and things created by them, the 
number and diversity of which grow catastrophically. Therefore as 
applied to the modeling problem, it is expedient 5°.Sp?^ °ddiîion 
as himself, but a, a certain "world" system, which indues, in addition 
to the society of people, the world of nature and the world of things 
(technology). In addition, it is also expedient to nclude in this 
system as independent elements static models of an old world in the 
form of books, drawings and diagrams and also dynamic models of a "®w 
type Of world, represented by electronic devices and computers. For the 
present all the links of this system are associated with each other only 
through people. But in future dynamic models, apparently, we will 
direct links with nature, with the world of things (technology) a 
static models. 

A society of people in the person of a certain abstract man is the 
basic link in the "world" system. Therefore one of the most complex tasks 
in the problem of modeling and control of the development of^ociety is 
the creation of a generalized model of man, which reveals the basic re¬ 
gularities of his behavior. 
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the categories of mathematics, we may say that each feeling has a plus or 
minus sign, depending on whether it is "pleasant" or "unpleasant". Part 
of the centers of this block are under the constant influence of the in¬ 
ternal sphere of man--sensations of cold, warmth, pain and hunger. Another 
part reacts on the so-called secondary feelings, implanted by education 

Key: a, External world; b, Sense organs; c, 
"Internal" speech; d, Information models; 
e, Sense organ tuning; f, Muscular sense; 
g, Organs of movement; h, Direct links; i, 
Consciousness-attention; J, "Pleasant" centers; 
k, Feelings and emotions; 1, "Unpleasant" 
centers; m, Internal organs; n, Feedback links. 

The information block is connected with the "action models" block, 
in which muscle control programs are concentrated, in the form of a set of 
models of various motor acts and processes. The selection of a specific 
motor program is determined by influence from the "feelings and emotions" 
block, after which it is realized with the aid of the organs of movement. 
The correctness of the selection and realization of the program is con¬ 
trolled and corrected by the "muscular sense" and "sense organ" blocks. 
The first of these establishes whether the movement accomplished is in 
accordance with the initial plan established in the model, and the second 
establishes to what extent the effect corresponds to the proposed effect. 
For example, the perception by a man of the unpleasant fact that he is 
sinking "switches on" a program of arm movement. The "muscular sense" 
block signals that the man is waving his arms while the sense organs 
establish how effectively this chosen program is supporting him in the 
water and whether or not it is necessary, for example, to make these 
motions more often. 

The third excitation transmission path leads to the "consciousness- 
attention" block, the role of which we shall discuss in greater detail. 
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important; much information is processed in this area, material is pre¬ 
pared for the conscious level, and most of the sensations from the ex¬ 
ternal organ pass through it. 

The diagram of brain functioning and the psyche of a man described 
above may be reproduced in an artificial modeling device. The difficulties 
which arise in this case are more of a technical than of a fundamental 
nature. The complex matter in this connection consists of modeling the 
programs which characterize man as a member of society. Any man to some 
extent is characterized by three qualities: "narrow-mindedness", which is 
a shortcoming of the models in reflecting the entire diversity of the 
environment; "subjectivity", which is a distorted reflection, depending 
on attitude toward an object and "fascination capability" (hypertrophy), 
which imparts excessive value to a certain model with frequent usage. 

The latter quality presents a certain amount of interest. A man 
appears in the world with an assembly of innate programs, or instincts 
of self preservation and preservation of the species, which are based 
in the subcortex and in the endoctine system. The cortex in this case 
is relegated to the role of a medium which provides a choice of the best 
variant for the realization of innate programs. But the structure and 
function of the cortex of the brain as a modeling device are such that 
they permit imparting to it new programs which transform man into a 
member of a more complex system, which is society. A physiological 
basis for this property is contained in the inclination of the gray 
matter cells toward hypertrophy, which is an intensification of functions 
of a specific model in connection with frequent and purposeful training 
in the process of education. The result depends on the effectiveness of 
the latter, i.e., to what degree the cortex is transformed from a tool 
of the subcortex into its own master. 

Social education also imparts to man such social programs as 
concepts of duty, conscious and truth, ideals of faith, and a capacity 
for creativity. The development of similar programs may be traced by 
using as examples such interesting and important categories as "truth" 
and "faith". Models of the external world may be divided into two groups: 
those obtained as a result of direct perception of phenomena by the sense 
organs and those constructed on the basis of verbal description. The co¬ 
incidence of both these models is perceived as a pleasant sense of "truth." 
This is also carried over to the source of the verbal information--for 
example, to the teacher who proved the validity of his explanations with 
experiments. After this the teacher becomes an authority and his sub¬ 
sequent verbal information is also perceived as truth which requires no 
proof. This information automatically becomes a part of experience es¬ 
tablished by true models and further may serve as a criterion for the 
evaluation of other verbal descriptions. 
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the final analysis the problem of modeling and control is reduced to a 
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of which must obviously be the happiness of its members, stability and 
capability for development (progress). staniuty and 

TS« M* ^ "degree" and "quantity of happiness" are measurable values 

M0Ck.°f the Cortelt «num, unpleasant centers, the excitation of which in the course of a specific 
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characteristic 
quired for the reflects the relationship of training influences 

suppression or amplification of a given program. 
re- 

A Model of Society and the Future 

From a modeling standpoint, society represents a complex system 
an in order to intensify our concept of it we require models which reflect 
the phenomena which occur in society not only qualitatively but also 
quantitatively. The development of similar models, eveí as a píosíect 

proMe": one °f th‘ appro.ch.s to rte 
0fKthls Rrobl®m consists of dividing society into a number of 

closed subsystems, through the model of a man, such as 'state " 

r "sclen“"' 'Education wd'training" 
ana art. Naturally the division into subsystems has the features of a 

St SÛ’u1"“1"“/’ SiîCe there *” »» bonndarias b.Sä” than 
V1 is.required: each modeling operation is associated with a certain 

simplification, includad within tha saquanti.l isolation of lora 

contínuousnprocesses*her WOrdS' ^ exp^sSTf"1 

The modeling of any of the subsystems enumerated is characterized 

realized if^hese t0UCh UP°n thC SCOpe ^ essence of the ">odeis \ If«.îh r delS are coarsely divided into simple and complex 
models, then the former must be characterized by formal structures with 
simple codes for information exchange. These will be models which re- 
produce the structure of a network of organizations and institutions 
reflecting the presence of education, facilities, quantity of work content 

generalized characteristics of the performers and which consider the 
influence on their professional activity of various stimuli. The 
development of similar models is the simplest problem variant. 
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Complex models must reproduce not only the structures and functions 
of the subsystem, but also their essence: the psychology of the partici¬ 
pants, the content of ideas, theories and hypotheses, controversial 
problems and general interests. Here there are no fundamental limitations — 
in the final analysis the content of any word description which reflects 
a theory or even an idea may be expressed by a structural model with 
specific element functions. This model will "act" in accordance with 
programs which issue from the structure and the characteristics of elements 
and external actions. 

All such characteristics of subsystem models and mainly models of 
human psyche force us to assume that the problem of modeling such a 
complex system as society will initially be solved in the form of an 
extremely complex diagram, which will be calculated on whole complexes 
of gigantic digital machines. Later, probably, a new technology will be 
founded for the development of artificial "neurons" and methods will be 
worked out for the synthesis from these of complex structures in the 
form of analogous modeling devices. 

Such models may be used first of all for such purposes as 
managing the economy, and subsequently for control over education and 
even the policy of the state. It is well known that a complex system may 
be transformed from one state into another by several paths. In this 
connection the more complex the system, the greater the number of 
possible variants. Naturally it is desirable to select from these the 
most advantageous or optimum variant. For this purpose, having a model 
of a complex system, we must establish for it a basic real and desirable 
final state, and then "calculate" how the system structure and function 
are to be changed with time. 

To choose an optimum variant for the transformation means to cur¬ 
tail time, sacrifices and efforts. Since the process of the transformation 
is accomplished with the aid of controlling influences, the latter must be 
of maximum effectiveness. In principle the controlling influences may be 
external, for example, in the teaching of a child and the curing of ill¬ 
nesses. But external controlling influences do not exist for a system of 
the type represented by society. In this connection questions of the 
control of a complex system from inside acquire special importance, and 
as a consequence modeling requirements are raised primarily in such a 
system as a "state." 

The structure of the "state" subsystem may be reproduced in the 
form of a combination of models of such performance elements as central 
government, local controls, juridical elements, armies, organizations for 
education, public health and social insurance. By governing from general 
positions limited by a constitution, and through legislation and traditions, 
these organs accomplish programs appropriate to them—from programs of 
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development and security to programs of education concerning limitations 
which protect the interests of society from the acts of citizens who ha 
gone beyond the limits of the law. The effectiveness of the realization 
of these programs is controlled by feedback links, i.e., information 
which proceeds from the controlled objects. 

Problems which are solved by the "state" subsystem are extremely 
complex--even if we accept only three positions as optimal criteria: 
these are the happiness of most of the citizens, stability and progress. 
The reconciliation of these positions is difficult. For example, 
stability may be obtained at the price of restrictions but here happiness 
and progress suffer. In running after happiness and peraitting excess 
freedom, we may cast aside progress and go beyond the limits of a stable 
state since enthusiasm is a characteristic of the people. 

Therefore in a model of the "state" subsystem, we must f^d 
a reflection of a definite conservatism, which appears in the stability 
of the laws, in combination with intelligent variability, which is in¬ 
volved in the improvement of the laws as society develops. 

The goal of modeling the "state" subsystem consists of the op¬ 
timization of the most diverse forms and methods of managing the country. 
In the future, for example, the question of the determination of a share 
of personal and public property may become one aspect of modeling, with 
the development of society the production of material goods will increase 
many times. On the one hand, this will lead to an increase in well being, 
but on the other hand, we cannot exclude the danger that greed, like rust, 
will undermine the morale of the least stable elements of society. Thus, 
this may generate a requirement to establish certain standards for per¬ 
sonal property (possible for a certain period of time only), while the 
satisfaction of a greater amount of personal needs will be accomplished 
at the expense of public property. 

The "state" subsystem is closely associated, on the one hand, with 
the "idealogy and politics" subsystem. The model of the latter with a 
certain degree of strictness may be presented on the basis of the funda¬ 
mental positions of Marxist-Leninism or in more detail, on the statements 
of the Party programs for a specific length of time. This also may be the 
most complex model, which reproduces the structure andprograms of a 
hypothetical society, controlled by these positions. The use of such 
models permits us to determine the optimum forms and methods for struggle 
on the idealogy front. 

On the other hand, the "state" subsystem comes into close contact 
with the "economic" subsystem, in which all people participate, some as 
producers and others as consumers. The models of this subsystem must 
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reflect all goods and machines, factories and installations, financial 
and production documentation, and the scope and form of information ex¬ 
change. The use of such models permits us to optimize control of the 
economy, secure the best distribution of means and efforts between the 
private and public spheres of life, and between the "science", "art" 
and "education" subsystems. 

The modeling of such a subsystem as the "science" subs'stem is 
considerably more complex. Even the formal reproduction in the form of 
a structure of a net of scientific institutions, of their equipment, 
staffs, of technical and material facilities, is associated with a great 
deal of difficulties due to the tremendous quantity of information in 
circulation within this subsystem. An attempt to reproduce the content 
of science in dynamics—to reflect its facts, theories, hypotheses, 
disputes and conclusions—would require the inclusion of a still more 
powerful modeling technology. 

Such complex models may be employed with the aims of predicting 
the future of the subsystem itself. With such models it would be 
possible to establish the initial state of the subsystem, the internal 
and external influences, and then "calculate" how the functions and 
structure of its parts would change with time. This aspect of the 
problem of modeling is extremely interesting, although the possibilities 
here, unfortunately, are limited: in models it is difficult to reproduce 
and to foresee creativity, therefore every prediction has a probability 
nature. Nevertheless this does not exclude the possibility of attempting 
to "calculate" the future of subsystems, even if this is within the 
limits of specific periods, or to utilize models of a subsystem for the 
"generation" of new ideas, theories and hypotheses. 

To a great extent the difficulties cited are also characteristic 
of modeling the "art" subsystem. This subsystem contains many subjects, 
including works of art, which are exceedingly complex articles to express 
in models. Therefore here we are apparently forced to limit ourselves to 
formal models which repx-oduce the subsystem structure and which in a 
certain generalized form reflect the essence of art, its ideas, content 
and form. Nevertheless even such models may be used as the means which 
will permit us to "project" measures for the improvement of the influence 
and educational aim of art. 

• Finally we come to the "education and training" subsystem. Its 
model must reflect not only the existence of structure and function in the 
form of a network of educational institutions and their staffs, as well as 
teaching means and methods; it must also include consideration for the 
educational capabilities of the new technology, e.g., television or 
teaching devices. In addition, the fact must also be reflected that with 
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an increase in well being and culture, the educational capabilities of 
the family will be steadily raised. It is true that the society of the 
future can hardly reconcile itself to the fact that work which requires 
not only heart but also knowledge is entrusted to the least qualified 
educators--parents. This does not mean that the children will be isolated 
from their parents, but that the share of public participation and control 
in the education of children, obviously, will increase by many times. All 
of this will pexmit the organization of programmed teaching and education 
with an individual approach, based on modeling with consideration for the 
personality characteristics of each child. 

There is no doubt that the development of society will be accompanied 
by an ever-increasing role on the part of science. In this connection since 
"happiness" is a psychological concept, one of the leading places will be 
occupied by social psychology among the sciences of the fiiture. Its pri¬ 
mary task will be the development and undeviating improvement of the 
"complete" model of the human psyche; by virtue of this fact, various 
social-psychological experiments will acquire great importance in the 
life of society. With their help generalized, physical models may be 
developed with consideration for sex, age, geographical origin, profession 
and position in society. Simultaneously these experiments will pexmit us 
to obtain information on which to base judgments concerning the welfare of 
society and to "project" social-economic measures which will lead to 
further progress. The role of instrumental psychology will also increase 
in the future, including in particular the role of neurophaxmacology in 
psychic control. 

It seems that this is perhaps the place to put the period, for any 
prediction, even with the use of modeling technology, has a probability 
nature. We should say only that if the technology of the future expands 
the possibilities of control, then science will bring it to the optimum 
point. Armed with modeling methods, science will thus permit all 
planning measures to be first ’»played" on models, and then will check 
their effectiveness in limited experiments; only after this will they 
be applied in life under the constant control of feedback links--infoxma- 
tion which is obtained mainly from the "service of social psychology". 
Science is not only a theory or a collection of models. It is also the 
practice of the control of the most complex systems. Its highest purpose 
is the service of people. We may count upon the fact that it will help 
them to create not only material goods, but also methods for the scienti¬ 
fic control of society. 
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LINGUISTICS AND PRACTICE 

Doctor of Physlcomathematical Sciences R. Dob rush in 

A period of essential changes has arrived for linguistics, which is 
the science of language, just as for many other sciences. First of all 
this has been brought about by the fact that with the appearance of cyber¬ 
netic technology, the sphere of the application of this science has 
broadened considerably. 

In fact, previously the basic applications of linguistics were 
associated with the use of languages by man, for example, in teaching 
native or foreign languages. This determined the nature of linguistics 
as a humanitarian science. 

With the appearance of electronic computers the problem arose of 
communication between man and the machine. It is more convenient for 
a man to express his ideas in a language format, and therefore it was 
necessary to teach the machine directly to perceive and to process veibal 
speech and texts in the natural languages of man. This complex problem 
has still not been solved. One of the most important reasons for this 
is concealed in the contemporary state bf linguistics. 

It is possible to name four fields of cybernetic technology where 
development is being held up as the result of lagging in the science of 
language. First of all there is the well-known problem of machine trans¬ 
lation from one language to another. The work of recent years has re¬ 
vealed that although this problem has been solved unconditionally in 
principle, it is more difficult than it appeared at first glance. The 
difficulties hare are not cybernetic, but are linguistic. In order to 
achieve success, first of all it is necessary to have a much deeper under 
standing of the grammatical and in particular of the meaningful structure 
of the language than has been achieved thus far. 
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In connection with the unbelievably rapid increase in the volume 
of knowledge accumulated by humanity, the problem of the development of 
informational cybernetic devices which store and search for scientific 
information on request became particularly pressing. For this purpose 
it was necessary at first to "teach" the machine to perceive information 
written in a natural language. However, the translation from ordinary 
language to machine language rests upon lagging linguistic theory. 

The problem of machine "stenography" is very important, or, to 
put it another way, the problem of the perception by the machine of 
vexbal speech. The solution of this problem would permit us to control 
machinery by means of the voice and, as is known, voice reaction is the 
quickest and most natural reaction of man to a changing situation. The 
problem here consists of a lack of study of the phonetic-acoustic side 
of language. 

Finally, the avalanche-resembling increase in the quantity of con¬ 
versations over communications channels forces us to search for means of 
speech compression. It is necessary to learn to isolate the essential 
features of speech so that in transmitting these over communications 
channels, the speech in its initial form may be restored at the receiving 
end. This would permit a significant load reduction in communications 
channels. In order to solve this problem a deep understanding of the 
statistical properties of speech is required from positions of informa¬ 
tion theory. 

In a word, an intensive study of the laws of speech is required. 
However, when cybernetics and technology encountered linguistics, it 
appeared that the contemporary level of the science of language did not 
correspond to their needs. What was the reason for this? It is known 
that the language of mathematics is the language of contemporary cyber¬ 
netic technology. Therefore in order to solve technical problems it is 
necessary to be able to describe the qualitative and quantitative re¬ 
gularities of language on the same level of logical depth and fullness 
which can only be achieved by mathematics. Here the matter does not 
involve individual corrections which might be introduced into the methods 
of contemporary linguistics, nor does it involve a supplementary study of 
individual particular problems. It is necessary to refine or to re¬ 
examine the solution of almost all fundamental problems of linguistics 
and, moreover, it is also necessary to solve problems which previously 
could not even be raised. 

Notwithstanding the practical demands raised in connection with 
the appearance of electronic computers, internal processes in the de¬ 
velopment of the science of language itself have led many linguists to 
the realization of the necessity for fundamental changes in the technique 
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of their investigations. The representatives of the direction con¬ 
veniently termed structural linguistics are closer than others to an 
understanding of the new problems. It is important to emphasize that 
the structural approach to language took shape in a natural manner at 
the roots of linguistics itself as a result of an intensification in 
the understanding of the nature of language. Characteristic of this 
direction is the clear delimitation between the meaningful and formal 
sides of language. Its representatives understand the fruitfulness of 
the study of the form of language, notwithstanding the history and 
meaningful content of these forms, while utilizing for this purpose the 
achievements of mathematics and natural sciences. 

The new linguistic methods have also proved to be useful in the 
classical problems. For example, the use of mathematical methods in an 
analysis of language permitted us to formulate more exactly several 
rules of grammar and orthography. Of course it would be wrong to main¬ 
tain that the classical methods have become obsolete for all areas of 
linguistics. Thus in a study of language history the application of 
mathematical methods thus far is only of secondary importance. However 
there is no doubt that at the present time the mastery of mathematical 
methods must be a required element in the scientific education of every 
linguist to a degree not less than for an engineer. 

-127- 



3. CYBERNETICS UNEXPECTED 

EXCURSION INTO TERRA INCOGNITA 

INFORMATION SIGNALS AND THE PROBLEM OF ARTISTIC VALUE 

Candidate of Philological Sciences Yu. Fllip'yev 

The situation in contemporary esthetics and poetics is such that 
we have no exact presentation of many concepts. Therefore prior to the 
application in certain esthetic fields and in the study of art of mathe¬ 
matical methods, it is necessary that we clarify the nature of these 
basic concepts, including, for example, the nature of esthetic efforts, 
which transform the figurative thought of the artist and the poet into 
what is called esthetic values. 

In this light the task of my article is not to determine quan¬ 
titatively the accuracy of the relationships of certain esthetic informa¬ 
tion elements in certain works of art, but first of all to uncover the 
material essence itself, the material basis of esthetic organized efforts, 
while showing (and not merely asserting in a declaratory manner) that this 
basis is signal-informational. 

It may be maintained with complete correctness that the scientific 
materialistic solution of the question concerning esthetic organizational 
efforts and concerning their nature at the present time for esthetics is 
more serious than quantitative approaches to the relationship of esthetic 
information elements of certain works of art. 

I understand, however, that from the point of view of the technical 
and mathematical aspect of the theory of information, articles which re¬ 
veal the relationship of esthetic informational elements in certain works 
of art present a great deal of interest. But they present this interest 
only for specialists in the mathematical aspect of information theory. 
For esthetics itself, the qualitative approach to problems of esthetic 
and artistic efforts is at the present time more important and pressing 
than the quantitative approach. This cannot be doubted if we consider the 
state of affairs in contemporary esthetics. 
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In addition I am inclined to think that in these questions we must 
consider the extremely curious statement of Academician A. N. Kolmogorov 
that "The exceptional enthusiasm which is predominant now for the reduc¬ 
tion of all questions to a calculation of information quantity must be 
replaced by searches for a fuller characterization of various types of 
information, while not ignoring their qualitative aspect." 

This is a very remarkable conclusion which indicates that even the 
representatives of the mathematical aspects of cybernetics themselves 
understand the necessity of approaches toward the analysis of informational 
processes from the point of view not only of their quantitative aspect, 
but also from the point of view of understanding the qualitative pecu¬ 
liarities of the informational structure itself of certain processes. 

The special material essence of the control pulse phenomenon has 
appeared within the concept of the cybernetic signal. The effect of a 
signal is completely incommensurable with its inherent energy. 

Cases exist when a signal displays energy which is not less, but 
is rather several times more than that of the events with which the pulse 
is associated. For example, a Geiger counter registers with an electrical 
current pulse the path of cosmic or radioactive radiation particles. 
The energy of these pulse signals exceeds by many times the energy of the 
particles themselves. 

But phenomena are very frequent in which the signal causes the 
occurrence of energy processes of high power. For example, the pulse 
applied to the control grid of a radio tube is very small in comparison 
with the energy of the entire system, but nevertheless this pulse is 
capable of "commanding" the entire‘radio tube plate current. 

Of course, signal always exists in a certain physical embodiment, 
including the mechanical motion, radio waves, heat, sound, light, etc. 
But a signal which exists in nature is not in itself the physical object 
in which the signal is embodied. 

The same signal may have several quite different material carriers. 
But for signal meaning and effect this is not significant. For example, 
the same words of speech may be recorded on magnetic tape and on a phono¬ 
graph record, transmitted by telephone or with the aid of electromagnetic 
radio waves, or may exist in written letter form, etc. Although their 
physical carriers in a given case are quite different, their informational 
meaning remains the same. The codes in which this meaning resides and is 
maintained are different and may be transfozmed from one medium or form of 
energy to another, but the "meaningful information" remains the same. 
Here so-called infoimational isomorphism of signals occurs, i.e., a 
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similarity in sense and content of action, but not in the material or 
energy state. "Information is information, and not matter or energy," 
emphasizes N. Wiener. 

The essence itself of the signal pulse is not in a clear "quantum" 
of matter and energy with which the pulse is associated, is not in the 
code in which it is expressed, but, as stated by the German philosopher 
G. Klaus, it is in the "semantic, informational sense" of the signal, in 
that the signal, in entering a certain system is capable, as if setting 
the system in motion, of freeing all of the potential energy within it. 

In this scheme the signal represents a dynamic beginning and acts 
as a sort of "primary impetus" for such systems, which are incapable of 
action and self development prior to signal introduction. 

In this case the signal acts not in accordance with its material 
and energy characteristic, but in accordance with its semantic value. It 
could not be otherwise, for prior to its action the signal and its 
structure are isomorphically transformed so that nothing remains from the 
former material and energy state. This is why only the semantic value 
is active in the signal and in its structure. 

Such a contemporary concept of informational signals is very im¬ 
portant in attempts for the sequential solution of certain basic problems 
of esthetics and artistic creation. 

At the present time the problem has been placed on the agenda of 
analyzing what artistic value consists of, and what forces are active 
within it. Obviously we must first of all approach the nature of artistic 
value from its active side. 

In this sense such cybernetic concepts as signal and information 
obviously must help us in discovering the internal organizational forces 
of artistic value. 

However, having introduced the term "information" into the study of 
art, certain esthetes attempt to construe this to mean only that which has 
been called the grapho-factual side, i.e., only those specific facts which 
are reflected in works of art. 

However, artistic and esthetic information cannot be understood in 
so trivial a manner; it is known that grapho-factual material in artistic 
works is organized and mastered in a special way. In the task of esthetics 
as a science is the comprehension of that which inherently makes the artis¬ 
tic image not only a grapho-factual repetition of certain living phenomena, 
but also transforms it specifically into artistic, esthetic value and in¬ 
fuses it with internal living forces, "imparts movement to life", according 
to the catch-words of Balvac. 
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The idea that the concept of artistic information designates only 
the grapho-factual side of works of art is associated only with with the 
pre-cybemetic concept of information, which reflects factual commun 
tions specifically. 

The contemporary idea of information is of greater capacity and it 
therefore includes, of course, the particular cas? 
of information, but mainly it expresses the capacity of certain 
for a specific type of structural organization. In this sense the concept 
of information contradicts the concept of entropy. 
measure of disorganization, so information signals transmitted in a series 
are a measure of organization," stated N. Wiener. 

Such a contemporary idea must also pertain to artistic information. 

Esthetic information signals must play a tremendous role in this 
plan for the entire system of artistic thought. 

The higher we climb in the degrees of development of natural 
phenomena in their gradations from the nonliving to the 
rnmniex matter is organized, and the more often we encounter the signal 
foiJn of interrelationships. The signal form of interrelationships acquires 
even greater significance for living beings in connection with their 
evolutionary origin from lower to higher forms. 

In this connection it is curious to note that a specific st5ucJu^al 
combination of colored spots and lines unified with a ^”ound^f^a^round 
or a certain structural sound combination, i.e., those w^cl) we, 
as neople, often call elementary beauty in nature, are for the living 
world characteristic pulses organized as signals. Of co«1®®» li^ngh^1*ing 
do not experience this effect specifically as the effect of beauty, but 
experience the "signal-acquiring" force of this action. 

In the "songs" of certain birds we distinguish "calling songs", 
"seductive songs", and "threatening songs". Each "song" is a complete and 
self-sufficient complex structure which differs from another song. Each 
such complex structural signal of the "song", which ®nJ®rs 
system of another bird, is capable of inwardly tuning the bird for spe¬ 
cific behavior. 

Each "song" separately fulfills here a role of a certain typ® 
"signal key" for "winding" the living system of the birds for specific 
behavior and action. The signal is not a monosyllabic pulse, but possesses 
a specific structure. 

It is important to note that when the structural combination of 
harmonies, colors or rhythmic motions acts on living beings as signals for 
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certain behavior, these signals are perceived by the living beings not in 
their direct, material state, but are transformed into a state or code of 
a sensual, psychic stimulus. But even in this code they preserve that 
structural composition which they also had in the material code of natural 
phenomena. This is also structural isomorphism, or an isomorphically re¬ 
peated structure, which is capable, as if "in its own image and likeness," 
of "winding" the system of the living being for specific behavior. 

In the pre-human stage of the development of living nature, there 
was no consciousness and emotional life in the exact meaning of the word. 
Therefore the active signal structures in nature itself were capable only 
of directly and "rigidly" guiding living organisms toward appropriate be¬ 
havior. 

When due to the development of the first primitive tools of labor 
the process began of the transformation of our monkey-resembling fore¬ 
bearers into man, then gradually, as Marx wrote, appeared the "object- 
oriented development of the wealth of the human being" and for the first 
time a wealth of subjective human sensuality began partial development 
a musical ear, an eye sensitive to beauty of form, or in other words, 
those feelings which are capable of human enjoyment." 

Differentiated and sharpened sensations developed in man of the 
multi-sided properties of the surrounding object world, and those pro¬ 
perties which could act on human perception as structural-organizational 
factors multiplied. 

But without tracing the forms of signal action in nature, including 
the signal action of elementary beauty, we cannot trace materialistically 
the origin of the human capacity to feel the attracting and organizational 
force of beauty as one of the natural forces. 

Beauty becomes for people a strength, which awakens, in the words of 
Gor'kiy, "wonder, pride and joy." 

Neither elementary beauty in nature nor beauty in the creativity 
of man acts on us "purely materialistically," nor generates within us any 
kinds of feelings of need or longing. 

In this connection one of the main points in the history of esthetic 
thought has oeen the question of the non-consumer effect of beauty and 
esthetic values. This question was a stumbling block for both materia¬ 
listic and idealistic esthetics. Not without reason did Kant state among 
his outstanding antinomies (unresolvable contraditions) the question of 
the so-called lack of personal interest in the effect of beauty. 
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Notwithstanding the entire metaphysical absolutization of the 
moment of "lack of personal interest", Kant correctly noted that beauty 
does not act as a force of consumer attraction to an object ("an 
esthetic evaluation is not directly a consumer evaluation"). But to 
call this consumer effect "lack of personal interest" is possible only 
in a relative sense. The fact is that although beauty and esthetic value 
carry no consumer-utilitarian use, they nevertheless act on man no less 
intensively, but in another manner: they create the characteristic, 
direct organization of perception and attention. 

In contrast to ordinary satisfactions and enjoyment, the enjoy¬ 
ment of beauty and esthetic values is an intuitive admiration. Esthetic 
enjoyment is unselfish. 

If it touches our esthetic sense, we would not dream of trans¬ 
forming, let us say, a birch forest into firewood. On the contrary, it 
gives us joy to see its thin, delicately glistening columns with the blue 
haze behind them, and the play of light in the whispering leaves. 

Having entered our perception, beauty and esthetic values act as 
an organizing pulse for the appropriate arrangement of our spiritual world. 
Here this is expressed in the special signal-organizing nature of beauty 
and esthetic values. 

The meaning of signal organization is qualitatively quite different 
than we saw for the meaning of material of energy interrelations. The 
difference in this case is great, while the effect is not less. 

We are convinced with our own eyes that the approach to the signal¬ 
organizing sense of the effect of beauty is capable of explaining also 
the entire special material base of this effect and in addition to solve 
that antinomy "allegedly of no personal interest", which Kant raised. 

It is specifically in this problem of the non-consumer effect of 
beauty that materialism and idealism in esthetics cross swords. 

The signal-informational point of view is strong in that it may 
give an explanation for the functional properties of beauty in nature, in 
life and in the artistic activity of people, while at the same time it may 
raise the question anew concerning the material carrier of beauty—one 
of the forms of informational inter-reaction. 

The organizational role of beauty will become clear and dynamic. 
It is beginning to act as a characteristic, directing and organizing 
stimulus. 
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In occupying themselves with living and productive activity, people 
develop in conjunction with this those stimuli which have an optimal- 
organizing sense for their lives. Consciously or spontaneously people 
find the means in order to reduce the chaos of living perceptions and to 
increase the organization itself of impressions from activity whidj sur¬ 
rounds them. Among these means of human self-assertion in the world, 
a great role is always played by all of the possible esthetic values 
created by people. 

Although in nature and in life there are not really very many 
structural combinations of colors and sounds which may, in passing to 
an isomorphic state, become characteristic signal organizers of the 
psychic world, nevertheless people have constantly encountered and do 
encomter such phenomena in daily life. 

• The experience of such encounters is fixed in certain sections of 
human memory, although it may only be intuitive. Exceptionally gifted 
natures are particularly sensitive to this. 

Artists capture the appearance of all possible esthetic signals 
which arrive from objects of nature or from some other objects of the 
creativity of people. They absoib these signals within themselves and 
infuse their creativity with them. 

In the accomplishment of the signal-organizational foundation, the 
art masterpieces of antiquity, in any case, do not yield to later stages 
of the development of art. The solution of this phenomenon is concealed, 
apparently, in the structure itself of the expression of thought by ihe 
ancient peoples. Primitive thought confirmed not the formal-logical side 
of a thoughtful reflection of reality, but was such that it attempted, as 
noted by Gor'kiy, by the very force of a word, and by the force of ex¬ 
pressiveness to influence phenomena of nature which oppose people. Al¬ 
though such a form of thought was applied to external, natural phenomena, 
in its reflection in the consciousness of the people in the environment, 
it was capable of giving the entire force of its expressiveness to the 
consciousness and will of the people. 

In the subsequent development of human consciousness and forms of 
high-principled expressiveness, this method of thought construction^ 
gradually yield its place to the rationalistic method. Invocation forms 
of expressiveness were maintained only for religious and cult practices. 
These were taken as armament by priests and preachers as forms for the 
hypnotizing of the will and consciousness of the people, and as forms for 
their religious stupefaction. However, in primitive thought the in- 
vocation" form of the expression of ideas was still far from any kl¡Jd of 
meaningful disorganization of the people and indicated only how much the 
people believed in the expressive forces and possibilities of ideas. 
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This property of primitive thought as a whole also pertained to 
artistic thought. In essence, the expressive characteristics of the 
thought of ancient people transform all the thought forms in art. Ihe 
verbal structures of ancient mythology confirm this. Ihese structures 
are ornamental. Ifcey are particularly effective, for they create the 
specific structure of the signal effect on the spiritual world of the 
perceivers by such ornamental pressure of philological periods. 

A similar type of ornamental pressure of the object represented 
occurs in Easter images, thus, for example, in images of animals on the 
ceiling of the Altamira cavern in Spain, we observe the multiple re¬ 
petition of drawings of aurochs, caught in various poses, in various fore¬ 
shortenings and aspects of behavior. These poses and foreshortenings 
create for the viewers mutually corrected and mutually strengthened 
versions, i.e., it is the ornamental structure of the various behavioral 
inflections of the animals which transmit the powerful stimulus of ex¬ 
pression for the perception and consciousness of the people. The pri¬ 
mitive artist not only attempts to represent animals in his drawings, but 
through the conveyance of expression and habits of the animal he attempts 
to infuse into the consciousness of the persons in the environment the 
stimuli which will organize their will and behavior. Therefore the sense 
of all Easter and cavern images is first of all authoritatively organi¬ 
zational. It is this particular characteristic which has become the es¬ 
thetic expressive strength without which art cannot manage. At the time 
when art appears this organizational force was the main point. It 
attracts and startles us in the art of primitive artists. 

The same thing also applies to the dances of primitive peoples. 
The rhythms themselves of the dance become a disturbing force, just as 
did the rhythmic motifs of ornament or the ornamental pressures of the 
verbal periods. In this sense Professor I. nonov is absolutely correct 
when he writes: "A group of primitive hunters executes a ritual dance. 
From time to time the warriors attack with spears and steeds the figure 
of a mammoth, drawn on the wall (such drawings with traces of blows have 
been found frequently by archeologists). Do the dance participants ob¬ 
tain additional information on how best to hunt the mammoth? Apparently 
they do not. Have they acquired a new experience? Perhaps only the 
youngest have done so. But after the dance the group which set out on the 
hunt was not a herd of trembling creatures, ready to run at the first de¬ 
feat, but a collective of warriors, assured of victory, seized by combat 
excitement and filled with enthusiasm and strength." 

This was accomplished by the force of the dance rhythm acting in 
the given case as a signal origin, awakening and organizing the internal 
energy and will of the primitive hunters. Thus the artistic mastery of 
antiquity reveals to us in its own way initial esthetic values particularly 
in the structure-signal significance of its images. 
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Even an artistic project, while stijl only in the head of the artist 
in the form of ideal psychic images, is not created with a simple, flowing, 
figurative concept. Both in an artistic plan and in its embodiment in an 
already completed work of art, the painter, writer, and sculpter are able 
to organize the psychological and high-principled value of the images so 
that they not only transmit the typical characteristics of the individual 
but also add at the same time that force, which acts, in accordance with ’ 
Balzac's expression "With the movement of life", and is capable of ac- 
‘.ively affecting the perception and consciousness of the people. Commu¬ 
nicated to the readers, viewers or listeners, this force is transformed for 
them into a psychologically active foundation which correspondingly or¬ 
ganizes both the very structure of the senses and the consciousness. 

In other words, the artist not only thinks figuratively, but he is 
able to organize the internal structure itself of the images so that it 
becomes a characteristic factor capable of appropriately arranging the 
feelings and consciousness of the viewers, readers or listeners. In 
this connection such organization in structure of the images iscertainly 
not any kind of element of form and is not a compositional formulation 
but is an inseparable property of the content itself, of the transmission 
itself of the meaningful thought in artistic works. 

Such is the structure-organizational function of works of art. 

In his short story "The Blue Cup", A. Gaydar remarkably reveals 
the novelty in a vision of the world. A small girl finds out from her 
father many new things concerning the environment and objects of reality. 
With direct inquisitiveness she obtains her first-formed view of the world. 
This is the plot of the story. But the architectonics of the narrative 
structure of the story attempts to find its response in the soul of the 
reader. It has the esthetic purpose of awakening in the reader such 
stimuli for a fresh, transparently new and crystal clear perception of 
the world that all colors, all sounds and all objects will be unusually 
bright, prominent, outstanding and as exciting as a "first-formed" 
interest. Briefly, the architectonics itself of the structure of a story 
merging with the development of the plot, becomes a signal structure which 
is capable of optimum development of the perception and consciousness of 
the reader for a "first-formed" sensation of the world. 

We shall now take an example from the comparatively recent past 
TTie story of Karamzin, "Poor Liza" is sentimental not only in idea but’ 
also in plot. With all of its stylistic structure, even more so perhaps 
in the plot, the story is directed toward "cheerful sensitiveness " 
which destroys any aspect of firmness on the part of the reader's’per¬ 
ception of the world. In this sense in Karamzin's story the idea the 
plot and the stylistic structure are "suspended" from the tuning fork of 
sentimentality. 5 
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The harmonious foundation of the Rublev 'Trinity” penetrates the 
soul of the viewer in a striking and winning manner. This permits a 
significantly softer perception of the human images and the images o 
the object world, and the capturing of their rhythmic bond. Therefore in 
the "Trinity” of Rublev, as correctly noted by V. N. Lazarev, the in- 
vestigator of ancient Russian painting, "There is something calling and 
tender, which inclines one to extended contemplation. The lines them¬ 
selves have something which is so melodious and so tuneful. They are 
warmed by deep feeling and for a long time after contemplation, the 
viewers of 'Trinity' sense in themselves the echo of these remarkable 
harmonious lines.” 

In the remarkable description by Gogol* of the Ukrainian night, 
the very structure of the narrative, the selection of stylistic methods 
and finally, the rhythmic-intonational constructure of thp periods re¬ 
present a structure which makes the entire description inspire rhythmic 
prose; in striking our perception the narrative of Gogol & 
romantically exaulted and emotion-arousing poetic glow in our senses. 

In comparison with literature, painting and sculpture, decorative 
art for example, contains practically no image-cognitive significance, 
butnevertheless we cannot deny its esthetic value. This value is 
concentrated in this form in the sense that it more or less directly 
clarifies the force of the esthetic organizational foundation in a more 
"stripped” form than in such image-cognitive forms of art as literature, 
painting or sculpture, in which this force to a certain degree is veiled 
by the cognitive sense of the images. 

Beginning at the end of the XVIII Centuiy, when the philosophical 
systems of German classical idealism were created, which were devoted to 
the development of the dialectic of hum™ con!c!ousr,f,ss» 
systems was examined only from its image-cognitive aspect. Esthetically 
the organizational aspect of art remained in oblivion. This tradition 
of the concept of art was maintained in one way or another up to the 
present time. 

However in speaking of artistic value we must not define ^ as 
cognitive force only. It is necessary to understand it as an esthetically 
organizing force which is capable of esthetically orienting our entire 
spiritual world. 

However, esthetically the organizational force may remain in various 
isomorphic states. Therefore in works of such cognitive foims of art as 
literature, painting and sculpture, esthetically the organizational force 
does not act by itself, but in the isomorphic states of the images them¬ 
selves and of the artistic fiber of the works, while at the same time 
still remaining a force which is capable of esthetically orienting the 
spiritual world of the observers. 
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It happens that a work apparently written in accordance with the 
rules, with observance of the truth of life and with regard for indi¬ 
vidual and characteristic relationships, is still perceived by us as non- 
artistic. We say that this work does not impress or inflame us esthe- 
tically, that it is esthetically weak, and that it does not bear a single 
spark of artistic excitement. 

In such cases traditional poetics usually speaks of the artistic 
weakness of such works. But traditional poetics cannot answer and does 
not answer the question as to why this is true and where in works of art 
we may find that esthetically active "zest” which characteristically 
gives a work of art its esthetic value. 

While asserting the signal-like nature of the organizational 
effects of esthetic and artistic values, by the same token we may in a 
certain way explain this "zest" of esthetic action. 

In fact, as has been made clear from cybernetics, only a signal 
which corresponds to a certain system is capable of setting it in motion, 
while merging in ui isomorphic state with the structure of this system. 

Not yielding to study from the point of view of traditional poetics 
and thus remaining hidden, the force of esthetic effects becomes completely 
explainable and carries nothing irrational if it is looked upon from the 
point of view of the signal property. 

In revealing the signal basis of the effect of the esthetic 
foundation and of esthetic and artistic values, we see that a study of 
information theory helps to clarify much in the esthetic forces of artistic 
value. 



THE AUTHOR, THE CONSUMER AND OTHERS 

Doctor M. Kempisty (Poland) 

We wish to present here certain problems which touch upon works of 
art and for this purpose we shall employ the concepts of cybernetics. 
This is a rather thankless task, since cybernetic investigations usually 
result in a calculation of the course of the process investigated. Among 
the many conditions required to conduct such calculations, there is an 
indispensable condition; this is the capability of measuring the objects 
investigated. But if we speak about art, we are dealing with objects for 
which science has found neither measurement units nor measurement devices. 

We shall speak here about esthetic experience, treating it as an 
internal state of man (internal from the point of view of psychology and 
physiology), which exerts an influence on a subsequent internal state. 
Thus esthetics experience appears in our discussions as so-called self¬ 
locking links and whenever required will be examined only qualitatively, 
with no quantitative approach involved. However, limitation of the dis¬ 
cussions by the qualitative aspect is a general and thus far an unremovable 
shortconing. 

First of all it is necessary to assume that the reader of this 
article has mastered known concepts in the field of cybernetics, parti¬ 
cularly in the theory of relatively isolated systems. Speaking concretely, 
it is assumed that the reader knows: 

About the relatively isolated system (or more properly, concerning 
a system which is developing and which is reliable), and he has, therefore, 
an understanding of input and that a stimulus is the state at the input 
and the reaction is the state at the output; 

About local determinism, i.e., he understands that in a growing 
system each reaction is determined by stimuli which act simultaneously 
with the reaction or which have occurred in the past; 

That the system acts on other systems by means of camunioationst 
and on itself by means of feedbaaki 
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Ab out reinforcement (i.e., the supplying of mass or enerevl and has 
an understanding of information (as opposed to the concept "supply"). 

not difflcultthtok^í=eí8rt”qUÍre<1 fr0" the read0r iS not " 

a mnrf*iBLerSl0yi"8-therC0nCeptS cit*d we "'»X attempt to construct 
ôf ?ÍÕ systiîs: 8 & W°rk °f art (Figure lh Such a model cons^ts 

°f w*"0**^ by the artist with the aim of stimulating 
esthetic experience in other people; » laiing 

work ofA;;^0,”-individual Pe«on or a group of people who created the 

Both systems are defined relatively--one depending on the other 
since mutual connections exist between them. These connections are as* 
follows: the informational connection A-WA (from the A system to the WA 
tioínVA-A b® reinforcen,ent conn®ction A-WA and the informational connec- 

We may consider the A system to be each man, regardless of his 
profession, who creates a work of art (a picture or a musical composition) 
The A system is also a group of people (the author of song lyricsPand the 

cSXlrkVof art°togetherîVeral ^ °M who 

of .voC 

"S P0S!iMe)-. ^ authoi thiÔC ïhat hts 
' and !ometlnl«s he 0"ly wants to please the con- 

«"ÎS; patron of in™ COnSU,Mr’ f°r eXa,npl,!- a heloved ” » 

We sha!! now pass .to a detailed examination of the inputs and out¬ 
puts available in our model, and we shall begin with the A system. 

Per8on«1 reinforcement—this is required so that the author can 
create, for example, energy reinforcement (nourishment and breathing) and 
energy isolation (clothing, shelter). oreamingj and 

th* ;js.the ®ntire histoiy of the author including all of 
nw ¿ w5lcl\he .obíained before he began to create his work of 

art. (Thus we understand the term "memory" more broadly than previously 
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accepted, and more broadly than the term is accepted in psychology). This 
so-called memory includes inherited features, knowledge obtained during 
studies, personal experiences, esthetic experience, ®tc- This encompasses 
millions of bits of information, collected in the author s brain in 
specific structures and comprising his individuality, talent, etc. 

flOniCItUWMHlM 
rjlnxccmDciiuJii 
uufipnoHua 

Figure 1. Key: a, Observation of the work of art; 
b, Memory; c, Personal reinforcement; d, Observation 
of reality; e, A-author; f, Material; g, WA-work of 
art; h, Potential artistic Information; i, Useful 
value. 

Observations of reality are accomplished by the author during the 
period of the creation of his work of art. The role of this information 
is usually insignificant in comparison with the role of information held 
in the memory. In certain types of art this input is deserving of atten¬ 
tion, for example, in attempts to understand different trends in painting, 
by carefully determining the type of transformation to which a selected 
fragment of reality has been subjected. 

Observations of the work of art are accomplished by the author many 
times during the process of his creation. Each change in the work of art 
accomplished by the author (both connections A-WA) evoke a new evaluation 
of the work of art as a whole (infonnational connection WA-A), which in 
turn influences subsequent changes which are made in the work of art pro¬ 
duced (again through the informational connection A-WA and the reinforcing 
connection A-WA). TTius we are dealing here with feedback. 

Within the A system there occurs a transformation of stimuli, ob¬ 
tained at the inputs enumerated above, in .»pecific creative acts (informa¬ 
tional connection A-WA), as well as those obtained from unavoidable acts 
in this connection (for example, shaking of the hands during painting, 
drawing, etc.), although these are not essential for art discussions, the 
actions have the character of reinforcement (reinforcing connection A-WA). 
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.. . . In order to create a work of art the author requires not only 
•working force" (reinforcement!) and "spirit" (information!), but also 

materiale (paper, pencils, a typewriter, marble, solvent, a root of 
fantastic shape, etc.) 

TVio outputs come from the WA system, aside from the WA-A connec¬ 
tion already mentioned. 

Ueefül value in a work of art is seldom encountered. This would 
encompass, for example, a table, covered with a beautiful mosiac, on 
which we place coffee and pastry. This quality is also possessed by a 
volume of verses when we use it to light a fire or for an autographed 

Potential artietio information serves to excite esthetic impres¬ 
sions for a potential consumer. This information is always possessed by 
the material aepeot (letters, sheet music, colored spots, and also their 
mutual arrangement), which sooner or later we will be able to formalize 
i.e., perceive as a unique mathematical record. ’ 

During the past ten years a great deal of investigation has been 
carried out in the entire world on this topic. It is impossible to 
examine this work here even in approximate form, since in this case it 
would be necessary to become acquainted with the basic concepts of in¬ 
formation theory and probability calculations, as well as to cite several 
numerical examples. We shall point out that only as a result of these 
investigations such achievements have appeared as the ability of an 
electronic machine to distinguish the text of one author from the text 
of other authors or the ability to compose a short musical composition of 
a specific type. 

In addition to the material aspects, artistic information also con- 
WhÍCh eV0kes esthetic exPeri«nce in the consumer. 

Perhaps in the future cybernetic investigations in the field of artistic 
information will permit us to clarify the types of elementary signal 
structures (for example, letters, sounds) which evoke in the consumer the 
maximum emotional effect. 

With this we shall terminate our examination of the model of the 
origin of a work of art; the work has been created, exists and will exist 
until such time as it is destroyed. In subsequent discussions we shall 
uevote our interest only to potential artistic information which the con¬ 
sumer may receive (although he is not obligated to do so). 

We shall begin our discussions touching upon the perception of a 
art 1 -tke ^»"««istics of the O-ooneianer system (Figure 2) 

with an examination of its inputs: 
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Artistic information through the WA-0 connection: the consumer 
looks, reads or listens to the work of art. 

The memory of the consumer in principle is the same as the 
m«innrv of the author. However, experience in the perception of a given 
Kof ent TZi « «.ociatfons with the circu»»»« of percep- 
tion of similar works of art deserve special attention here. 

Personal reinforcement merges from the same factors whl^J *h® 
author has. These must be considered here, since ^®”^onsw ¿ u 
tainly be somewhat different for a hungry or cold consumer. We shall 
assume that the consumer who actively breathes the remarkab 
air is particularly sensitive to beauty. 

The influenae of the medium-this is mainly an evaluation heard or 
rend by .given consum« of works of .rt which .re c‘os.toth.tf ich is 
being perceived .t . given moment. The influence of this input is 
usually underestimated. 

Stimuli from all of these four inputs evoke specific reaction in 

ÄSÄäSiSSS» 
the work of art. Consumers are sometimes encountered (for examp , 
children) in which identical reactions are found at both outputs. 

A work of art furnishes artistic information in a sPe®i£if 
it is not always that the code permits the consumer to perceive the work 
l\ «rt0directly5(asin the diagram in Figure 2). In many works of art 
f t^sfaïioî froî one code to another is required. This translation is 
accomplished in the T-translator system (Figure the 

mav be a translator for a musical composition, he translates rn 
IZZtZ from Me Of notes to . specific J1* W 
of the translation is then influenced by the state of the piano (rein 
foiling Ä. «.d by the .rt md «lent rmemory") of . given trims- 

lator. 

Poetic works of art may be perceived directly (if the consumer 
reads them for himself), but may also be subjected to transformationi 
th* translator system. The translator may be a reader who transforms the 

ESäms srrs ssf 
T1 and T2 and with connections WA-Tj in the a code, Tj-T^ in the ß code 
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and T2-0 in the y code. Each translator, if he is a specialist (or a 

group of specialists), correctly translates the material aspect of the 
work of art. But whether he translates the emotional side, whether he 
imparts the author's conception, enriching it or "cutting" it in his 
translations—this depends on his memory (in the meaning of the word 
accepted here) or on his capabilities, intelligence and talent. 

Figure 2. Key: a, WA-work of art; b, Artistic 
information; c, Personal reinforcement; d, In¬ 
fluence of the medium; e, 0-consumer; f, Memory; 
g, Esthetic experience; h, Opinion concerning 
the work of art. 

In all of the preceding discussions we had in mind only one con¬ 
sumer, while an artistic product is usually a social activity and almost 
every author wants his work of art to be perceived by many people. So 
that it may be seen by thousands of consumers, the condition of reproduc¬ 
tion is required (although it may be insufficient). 

Reproduction is the role of the system called the C-copier system 
(Figure 4). 

Such a system may be typography, which issues thousands of copies; 
a museum, accessible to crowds of viewers; a radio, which transmits re¬ 
corded music; a motion picture theater, which presents (many times or even 
only once) a given program, or television, which presents film made pre¬ 
viously. 

It is assumed that artistic information at the input of the C 
system is identical with artistic information at all of its outputs, although 
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this assumption is a simplified one. For the reproduction of this informa¬ 
tion we require, in addition to characteristic stimuli for reinforced in¬ 
puts (see Figure 4), a decision to reproduce it, made by a competent 
element. We call this element the P-populariaer system. This is usually 
a patron of art, the owner of a press, an editer-in-chief, the board of 
an appropriate ministry, or the director of a museum. 

-T- 
. . 1 

. P.;t t . y» . , •' • 
¡tyOPMCCmi. k- 
iiMiimpHouua ñ KOtIc et_ 

llu'iiine nodxpcnrciiiic, m.ncpuon ç 

ï i 
e Î . I -mpaiKimmop £ 

d 5 

XyDo nccrnO unMpttcn;fH ß HOtle ß f 

Figure 3. Key: a, WA work of art; b, Artistic informa¬ 
tion in the o code; c, Personal reinforcement, material; 
d, I translator; e, Memory; f, Artistic information in 
the 6 code; g, 0-consumer. 

Figure 5 shows an overall diagram of the populariser. The following 
stimuli influence the output reaction--"the decision to reproduce": 

Artistic information; 

Economic information, which furnishes material for an evaluation of 
the profitability of reproduction (by copier K) or of secondary usefulness 
of reproduction; 

Political information, which furnishes material for an evaluation 
of whether reproduction of a given work of art is profitable from the point 
of view of the long-term policy of the populariser (whether the conse¬ 
quences will be useful or harmful for a given enterprise, social group, 
etc.); 
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opinion of experta (for example, a reading of criticism of 
previous works of art of a given author); 

Personal views of the popularizer. 

—8— b fl-npoui8edcitut Homepuon, iiuóovon cuna 

1_ PCUJl'ttUC 0 ptumo- _ 

^ ^ MtHUU 

\ 
QH[ 

K-Konuucm ¿ 

- 0.' 

figure 4. Key: a, WA work of art; b, Materia), working 
force; c, Decision concerning reproduction; d, K- 
copier; e, 0p. 

1,1118 Figure S we have five inputs which influence the decisions 
taken concerning reproduction. For each given popularizer the stimuli at 
individual inputs act with different force: for example, sometimes the 
popularizer s admiration dominates, while sometimes economic information 
is predominant. However, the decision of the popularizer is always in¬ 
fluenced in a certain measure by each of these five stimuli, so that to 
ascribe an exceptional influence to the stimulus of "artistic information" 
means closing ones eyes to reality. 

The reactions of the reinforced popularizer output must provide 
the copier with the capability of accomplishing a decision concerning re¬ 
production. V systems exist which never give reactions at the reinforced 
output which are not equal to zero (for example, a censor). 

.The three systems mentioned--the translator, copier and popularizer- 
are not obligated in any way to be individual organizational units. It 
:î;qü!ntly hapPens the popularizer is the director of an institution, 
and his co-workers fulfill the multiple transformation of a work of art so 
that in the final analysis it is reproduced for thousands of consumers. 
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Figure 5. Key: a, Personal views; b, Opinion 
of experts; c, WA work of art; d, Artistic 
Information; e. Economic Information; f, 
Political Information; g, P-popularlzer; h, 
Reproduction methods; I, Decision concerning 
reproduction. 

Let now examin« a mod®l of the social perception of a work of 
' mîdeluiS extremely simplified in comparison with 

reality, this appears, by the way, in that we have encountered each type 
of system only one time. Here the 0 system is seen three times. The^ 

"con?umerltyman", the broad masses of 
consumers and the third one is the "consumer-expert", who differs by a 
special property which may be understood from the drawing. 

. , frawin8 shows only those connections which characterize a 
model of social perception; several of the inputs and outputs which are 
already familar to us have been omitted for greater clarity in the drawing. 

n«e k-Aí íhe Very h®ginnin8 of our discussions we acknowledged one weak¬ 
ness which has a methodological nature; specifically this involved the 
impossibility of n»asunng those features of an artistic production which 
present esthetic interest. But even under these unfavorable conditions the 
cybernetic point of view apparently proved to have a certain value. Here 
w?"sh;î° Present schematically a situation of an artistic work of art 
within the frameworks of a complex network which has a social nature. If 
someone should reproach us for the fact that we have not given a standard 
for a cybernetic approach to esthetics, but rather a textbook for the cy- 

^•°mprehenSuible sociol°8y of “ «tistic work, then we can only agree with this reproach. 7 
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Figure 6. Key: a, WA work of art; b, Artistic information; 
c, Political information; d, T-transiator; e, C-copier; 
f. Copies; g, Consumer-layman; h, Esthetic experience; i, 
Opinion; J, Review; k. Prepared copy; 1, Economic information; 
m, P-popularizer; n, Decision; o, Esthetic experience; p, 
Consumer-layman; q, Opinion; r, Consumer-expert; s, Esthetic 
experience; t, Review. 

The social network consisting of the author, consumer, translator, 
copier, .populariser, expert and even the consumer-layman, clearly has a 
schematic nature; it is not reality, but a model, i.e., a simplification 
of reality. 

It would be good if the reader, before becoming indignant about 
the "intolerable diagramming" of these discussions, would remember that in 
the natural as well as in the social sciences reality is investigated not 
directly, but by means of the construction of simplified models. Reality 
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is too complex to describe it fully and exactly and to make it accessible 
for investigation without simplification. The work of the investigator, 
of his talent, experience and tact is to construct a model sufficiently 
close to reality (i.e., of sufficient complexity), so that it may be in¬ 
vestigated and at the same time sufficiently far from reality (i.e., 
simplified), so that it has a didactic significance. Only such investi¬ 
gations will have practical value. 

In accordance with this consideration it is still difficult to 
express relatively the values of the model cited above (one of many 
possible ones) or the expediency of constructing other models on principles 
set forth here. But nevertheless we have described here the basic problems 
in the sociology of art, in definite, simple and clear language, the 
language of common cybernetics, while avoiding traditional unclear terms 
which are often employed by professional critics of art. We hope that the 
elimination of unclear terms leads to the disappearance of discussions of 
various imaginary problems. The formulation of problems touching upon the 
role of art in society, upon language applied and applicable in other 
sciences (in economics, in the study of language, and in medicine), i.e., 
in the language of cybernetics, opens up new possibilities for us. Due 
to the employment of a common language, these problems will become com¬ 
parable with those which we encounter in other, quite varied branches of 
science. 



THE LOGIC OF POETRY 

Doctor of Physicomathemattc Sciences, G . Khll'mi 

Each word used in business or scientific language may be employed 
in poetry. But why do the meanings of the same words, when employed in 
poetry and in ordinary language, frequently differ from each other? Why 
in poetry are combinations of words possible which, from the point of 
view of the logical ordinary language, have no meaning but nevertheless do 
not seem to us to be an accidental choice of words? Thus, for example 
in the stanza written by S. Yesenin: * 

How I grow wore tone in my ambitione. 
Life, were you dreame and no other thing. 
As if I galloped by on a pink stallion 
Through the echo-filled morninge of Spring? 

We do not perceive the two last lines as a communication to the effect that 
on a Spring morning someone galloped on a rose-colored horse. 

Just as the words of A. Blok 

And the ill will of the director 
Carried the wind through the harpe 

Of course this does not indicate that as a result of volitional impulse on 
°f m ®mblttered director in a concert hall, flows of air arose 

which blew on the harps. 

But if the "logic" of poetic language differs from the logic of 
ordinary language and the language of science and thus permits us to 
broaden the meaning of the words employed, then naturally the desire 
arises to understand this phenomenon and to answer what appears to be at 
first sight a very simple question: what is the essence of these differences’ 
Searches for the answer to this question lead us to the borders of psy¬ 
chology and theory of knowledge. 7 
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., Sensations generate in man's consciousness representations ofob- 
C °f the eXt!rnal world* represent for h m sources 

of information concerning this world. These images provide man not onlv 
ti: hs^r^ in addlJion» th«y evoke specific emotions and become 
the source of his internal experiences. Events of personal or social 
1 fe also evoke definite emotions: joy or grief, quiet certainty hone 
or alarm, and sometimes a feeling of fear. y* °pe 

Of course not all information is accompanied by emotions For 
exampie, practical reference information, which orients us in one respect 
QrhÜüníher’ ln5ludin* tables of mathematical or physical values, train 
scheduies, road maps, rules for the servicing of technical devices 
traffic rules for city transport, etc., ordinarily evSke no emotio^s. 

However in the overwhelming majority of cases involving the per¬ 
ception of elements of reality, and also their images on photographsP 
motion picture film, and their reproduction in the memoryPor their verbal 
description not only furnish us with information concerning these elements 

Infomatfon which enters the consciousness of man in connection 
with the perception of objects in the external world and in connection with 
the perception of events surrounding his life reflects the objective nro- 
perties of reality. The ability to experience emotions is an objective 
property of man but it is an internal property of his psyd^ ih ^h 

o earfo™r ^hÍS 'T1?6“* mher than ^ «terna! & étions are 

r\rd rd events of environnent, ih.^ore^otions 
s®.thing, ‘ ' t0 deSi” InMthin*. or t0 “rt« purposefully for 

j ,. Notwithstanding the fact that the ability to perceive information 
“ t h ,ablllty t0.exPerience «motions represent phenomena of variíü^ as- 

•CînSC1!“neSSi a re^Àlcœ oonfomity existe between the content 
thirinfomati^rinVan ^ ^ °f emotionB whio* ™ associated with zms injornatton in our consciousness. 

• •« Perceptions or recollections which contain similar information evoke 
smur,notions On the other hand, perceptions or recollectl™ which ™ 
q ite diverse with respect to information content generates different 
emotions. Everyone knows from personal experience how different the emotinnc 
are which are caused by a picture of a stoïmy sea aíd that ^ a starxy" ; 5 
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on a dark August night. The impressions from a violent waterfall and from 
the calm flow of a broad, full river are not comparable. No one will 
identify or confuse emotions caused with infoxmation concerning joyous 
events and those associated with grief. Similar examples may be cited as 
required. 

The oonfomity whioh existe in the oonsoiousness of man between 
emotions and information explains why the emotions may become for man 
carriers or sources of information. 

In fact, let certain information A be associated with emotion B. 
Let us assume that in some way or another we may excite in man emotion B, 
while not transmitting infoxmation A to him. If the individual who per¬ 
ceives this possesses a suitable level of emotional culture, he will 
accomplish an association of emotion B with information A in his conscious¬ 
ness, and thus a concept of its content will arise. Of course this concept 
will unavoidably be generalized and somewhat indefinite, but nevertheless 
it will be correct. 

This sketch may appear to be abstract and far-fetched. However, 
this is not true. A factual confirmation of this sketch is the transmission 
of musical information, for example, a symphonic work, not accompanied by 
song or by choreography (which in themselves could be sources of information). 
It is obvious that the direct transfer of information does not occur in 
symphonic music. But it is capable of exciting in the consciousness of 
the listener emotions which are associated with certain information. Thus 
in symphonic music the transmission of information occurs through emotions, 
i.e., secondarily. 

It is indisputable that information which is transmitted by a 
symphonic work is not simple and each listener will impart to it a sub¬ 
jective shading. But this is not arbitrary. The brilliant description of 
the repulsive automatism of Hitler's war machine, expressed musically by 
Shostakovich in his Seventh Symphony will not be accepted by anyone either 
as a lyrical song or as the rustle of leaves during a hushed autumn night, 
or as the thunder of the breakers on rocky shores. Although the listener 
does not receive specifically expressed sociological information, the con¬ 
demnation of war, expressed musically, possesses tremendous conviction. If 
we permit ourselves to employ cybernetic terminology, then we may say that 
the information contained in the symphonic work, indirectly transmitted 
through emotions, possesses significant entropy; however, this is not chaos, 
and it is not noise deprived of meaning. In a meaningful sense it is in¬ 
tensively generalized information which leaves broad possibilities for 
concrete aspects, but specifically in accordance with its emotional 
coloring. 
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„„. s.™ s;;iirr.Ä.s-7‘““«is1 
““ÄTS. .S ï-T’ the sea the mountains and individual phenomena of nature--dawn, » storm, a 

social life. 

Emotionally colored information, accumulated in the ®x?erj®"c® °f 

°Äs:xisftetSrÄi4ii%i: ■ 
“Ä Ä-oÄ «io«d Œ. 

™ emotion.l^colored information. However, prior to the invention 
If th7steam locomotive and the construction of a comparatively net 
work of railroads such emotionally colored information did not exist. 
tv I^materialand spiritual progress of man and the complexity of social 
life^gradually4increases the store of primary e^otionaUy colored infor- 
mation. At the present time this process occurs with particular intensity. 

In ooetry we employ the capacity of words to transmit infomirtion 
to man ThS source of infoxmation in equal measure is represented by words 
nronounced by others and words which we pronounce ourselves--either alo 
or silently/for example, during minutes of thinking, recollection or 
during the reading of books. 

_ Ps r. °pÄ"UTÄr.“ fnifÄÄti;r°- 
= Æiyt‘cSî ^rtiÄÄ «r r Än. 
the skeleton of a verse rather than its living tissue. 
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In poetry any kind of information is examined from the point of 
view of its emotional coloring, and the task of poetry consists of de¬ 
cisively passing beyond the limits of ordinary primary emotions. There¬ 
fore, a reflex, self-generating emotional coloring of information cannot 
form the richness of poetry. The primary reflex coloring of information 
by the emotions is employed in poetry only as initial material, similar to 
the way in which the selection of colors on the palette of an artist 
represents the initial material for the creation of a picture. 

The basic principle for the solution of the difficult problems 
in poetry is included in the following. To "direct" information, which 
possesses an inherent primary key, we add supplementary information, which 
in the point of view of meaningful logic may and may not be connected with 
the "direct" information, but which, with its emotional sound, increases 
or intensifies the emotional coloring of the "direct" information and even 
gives it a new shading. This supplementary information, employed for the 
emotional tinting of the "direct" information, is appropriately called 
"image" information. It is associated with "direct" information not by 
objective logic, but by "the logic of emotions." It is for this reason 
that combinations of words, which have no meaning from the point of view 
of ordinary language, become understandable in poetry. 

We shall attempt a direct analysis of some lines of poetry in order 
to clarify this abstract in rather difficult concept. 

Let us return to the stanza of Yesenin which we quoted at the be¬ 
ginning of this article. 

Now I grow more tone in my mbi tient,. 
Life, where you ¿beam and no other thing? 

contain information of a growing miserliness in ambitions and that the part 
of the poet's life which has passed seems to be a dream. 

Let us take the next two lines, leaving out, however, the first two 
words; they read: 

...I galloped by on a pink stallion 
Through the echo-filled mornings of Spring. 

In the form just quoted these lines contain information that the 
author galloped on a pink stallion during an echo-filled morning in Spring, 
i.e., the information content has no meaningful connection with information 
contained in the first two lines. However, the omitted words "As if" in 
the third line completely eliminate any bewilderment. It appears that 
Yesenin in the last two lines is not at all informing the reader that he 
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galloped on a pink stallion; these lines, in conjunction with the first two 
and with the help of the words "As if" mean that the past life of the 
poet seems like a dream, filled with the same emotions which might arise 
if he would gallop on a pink stallion in early Spring. Therefore, it is 
not the content of the two last lines, but rather the emotions stimulated 
by them which are joined to the first two lines of the stanza. In other 
words, the last two lines serve as an emotional tint for the first two. 
It is not the association of content, but rather the associated created 
by the logic of emotions which makes the stanza examined purposeful and 
poetic to a high degree. It is clear that the first two lines contain 
basically "direct" information while the last two contain only "image" 
information; the emotional ring of all four lines merges in a single 
poetic accord. 

In turning to the first stanza of another poem by Yesenin: 

I've decided, now, to abandon 
My home fields which I no more shall see. 
And the poplars will no longer rustle 
Their winged foilage above over me. 

Without difficulty we detect that the first two lines contain "direct" in¬ 
formation to the effect that the poet has decided irrevocably to abandon 
his homeland and that the following two lines contain only "image" infor¬ 
mation which speak of the emotional color of the decision taken, and of 
the secret feeling of doubt. 

It is interesting to note that the last two lines, taken alone, 
express emotions of doubt, without, however, specifying the cause, which 
remains to a certain degree indefinite. In actual fact, these lines could 
also pertain, for example, to dried or cut trees. However, when we combine 
these lines with the first two, the uncertainty disappears: the poplars will 
no longer rustle in the author's verses as a result of his final departure 
from his homeland. We are again convinced of the indivisibility of "direct" 
and "image" information in verse. The collision or interaction of these 
two types of information generates something new, which is contained neither 
in the "direct", or in the "image" information, which, when taken in 
isolation are examined independently of each other. 

We have cited relatively simple examples in which the "direct" and 
"image" information are very clearly separated and it is easy to point out 
the lines in which each type of information is contained. Frequently, 
however, both types of information are interwoven and it becomes impossible 
to separate them so simply. 

It is difficult and obviously not necessary to give an exhaustive 
description of methods of the construction of verse which permit the reader 
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to distinguish "direct" verse information from "image" information, which 
participates in verse not with its literal sense, but with emotions, 
generated in the consciousness of the reader and coloring "direct" in¬ 
formation. In any case one point is clear: verses must be written so 
that this aspect of the question does not generate any insurmountable 
difficulties for the reader. 

"Direct" and "image" information must be present in each verse. 
However, the relative volumes of these types of information may be quite 
different, and in this respect no standards can exist. Sometimes "direct" 
information is only given in the form of a weak allusion, in one or two 
lines, and the entire remaining part of the poem is "image" information, 
which evokes the associations required to color the "direct" information. 
Such poems may exert on the reader a strong influence which resembles the 
influence which we experience from musical works. As a successful example 
of this, we may point to the poem of Svetlana Kuznetsova. 

Me gra) from our childhood 
With the blue land in our hearts. 
From where oomee the river Vitim? 
From blue reflections? 
From where comes the river Vitim? 
From thought, perhaps? 
Do you want to fly away 
To blow one hundred fires about? 
Do you fust want to fret and find no refuge anywhere... 
Fran where comes the river Vitim? 
Does it come from childhood? 

Only the first lines, which by the way are not free from "image" 
information (blue land), contain a hint of "direct" information concerning 
the ties to our homeland which return with the passage of time. The last 
line adds to this information referring us to childhood. The remaining 
lines create an emotional accompaniment associated with this information. 
They represent poetic music. We shall become convinced of this if we read 
the poem again but this time omitting the first two and the last lines. 

■Hms the image concept is the spirit of poetry. The musicality of 
speech^ i.e., its rhythm, its terminal and internal rhymes, assonances and 
other forms of the organization of a poetic line may substantially re¬ 
inforce the emotional effect of the images, but in themselves they are 
insufficient for this effect. In other words, the musicality of verse is 
not the source of its effect, but is an amplifier which becomes useless if 
there is nothing to amplify. There is no poetry without images. 
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This may be proved by the experimental method. 

For this purpose it is sufficient to write a poem in which rhymic 
demands are fulfilled, which has rhyme, but no images, and we shall become 
convinced immediately that such a poem cannot be termed a poetic work. 

In former times the verses of Ye. Sokolova and G. Semenov, "At 
the Pioneer's Campfire", appeared in print: 

The beetle propagates thrioe a year. 
His relatives grow and grow. 
And then at the appointed time 
The female lays up to eight hundred eggs. 
In appearanoe the beetle is small and slow. 
And he is only a centimeter long. 
He has yellow stripes on his wings 
These are ten—a basic sign, etc.— 

—and represents such an example. The text quoted possesses the formal 
characteristics of verse. However the lack of images completely eliminates 
any emotional effect which would intensify the information. We are dealing 
only with information extracted from a text book of entomology; here the 
verse-resembling delivery of this information does not enrich us and even 
under the best conditions only helps us to remember the facts. 

On the other hand, free verse, without rhythm and free of rhymic 
rigidity, but written in the language of images may be a genuine poetic 
work. As an example we cite the poem of the Estonian poet Ellen Niyt in 
the authorized translation by Yunny Morits: 

Time has wings, my beloved. 
The days fly like birds before the eyes. 
Autumn has come, 
A convoy of cranes shouts farewell. 
In the sky. 
The birch drops 
Its auturm leaves 
And the stars fall at night 
From heavenly branches. 
Come quickly! Me shall gather 
All that summer has left. 
Me shall taste sweet wisdom of the fruit 
And shall save until Spring 
The seeds. 
And I would like several leaves 
To remain in memory 
Of this autumn. 
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Poetry originated naturally as a result of the specific demands of 
human intellect. The analysis given above shows that poetry, based on 
primary relationships between information and emotions, is an art which 
permits the meaningful creation of new associations between emotions and 
information, transmitted with the aid of words. 

The question naturally arises: why is this necessary and what human 
needs does it satisfy? 

This question may be answered in the following manner. Information 
which appears during our perception of the external world or which is con¬ 
tained in some thought, and the emotional accompaniment of this information 
represents separate sides of a complete whole. Of course, emotions which 
express our relationships to objects and events of the external world are 
generated within us and in this sense they are subjective. But at the same 
time they are involuntary and represent subjective experiences which are 
caused by the objective properties of external objects and events. 

The emotional accompaniment is required for the transmission of 
those shades of information which cannot be transmitted by purely logical 
means. The emotional coloring of information intensifies its perception, 
makes its perception alive, permits us to sense our relationship to it, and 
therefore to develop a responsive reaction. Information which is deprived 
of emotional coloring is dead. By means of combining information with 
emotions in human consciousness we accomplish a meaningful synthesis of 
external objective action with internal subjective sensation for a possible 
or required response to this action. In listening to verses or music, in 
examining a picture or sculptures, in being present during the development 
of a choreographic effect, etc., we experience this and evaluate the works 
of art to the extent that the emotions and experiences reflected in them 
become our inherent internal experiences. 

It is difficult to give an exhaustive list and a classification of 
specific problems, solved through the use of poetry and other arts. How¬ 
ever, individual important cases must be noted. 

Not every man can write verse or compose music, but in life every 
man has minutes which are deserving of representation in poetry or in music. 
Under these conditions man needs poetry which is capable of reproducing in 
him something close to what he has experienced and which comprises the in¬ 
ternal value of his emotional biography. Thus, with the aid of poetry man 
can experience that which he has been forced to live through, but which is 
worthy of experiencing. Not only an accumulation of information but also 
an accumulation of emotional experiences improves the intellect of man and 
makes him stronger. Thus some of the significance of the huge emotional 
stock contained in poetry, music and other arts becomes clear. 
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The value of poetry as a supplemental means for the expression of 
the ideology of social movements or of large-scale historical events 
very greatf It is not accidental that the revolutionaries of the past were 
drwn to poetry and, while not professional poets, wrote verses. As 
brilliant examples we may point to Nikolay Morozov and Vera Finger, who 
wer.1authors*^?1verses witch expressed well the mood of the revolutioo.nes 

of their time. 

If we are speaking of the place of poetry during the days of large- 
scale and difficult historical events, then we must mention the huge ro 
wh?t£ poetry played in 1941-1945, when it helped us to formulate our 
attitude toward events of the war and to reflect this «ttitude. Durg 
those years Soviet poetry inspired the warriors on the military fronts and 
helpedythe Soviet people, under difficult war. conditl?"*’"^1?yly ^ 
preserve human dignity, but also to rise to the ^^¡^^ent 
absolutely clear fact requires no particular proof, since it is sufficient 
to remenber the well known war-time verses of Simonov, Berggol ts, Surkov 
and many other poets. 

Even abstract scientific concepts of philosophical trutJ? ar® 
colored in our consciousness by the accompaniment of emotions which are 
very difficult to describe. Scientific positions and h 
are for us not only objects of understanding, but are also objects °* 
feeling Very frequently not only the information contained in a scientifi 
o^philòsophic.ltruth, but .Iso th. flings which w. «xpersne. in connec¬ 
tion with this information, pomit us to evaluate the concept and to under- 
stand its intensity and significance. 

Familiarity with Darwin's theory of natural selection and struggle 
for existence specifically evokes sensations of the organic world as a 
stormy, suffering but victorious element. 

A study of the theory of celestial mechanics produces a feeling 
which we may call one of the shadings of a sensation of space. 

The harmonious development of the logic of a mathematical concept 
creates a sensation, a paternal feeling, which may be experienced from the 
musical compositions of Bach. 

. "in the scientific sense," wrote Einstein, "an «lement of PJ«^ 
is always present. Real music and real science require a uniform thinking 
process." 

Poetry opens amazing possibilities for the expression of feelings 
which illuminate and intensify an abstract concept. Poetry may not only 
reproduce these feelings, but may reinforce them while introducing no dis¬ 
tortions . 
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We have seen that the task of poetry consists of the transmission of 
concepts concerning nature, historical events, social goals, the internal 
life of man, etc., through the use of information were colored by an emo¬ 
tional accompaniment which furnishes an evaluation of this information or 
which expresses a specific attitude toward it. Poetry represents a type 
of literature which is not so much informative as active. 

But what should guide the poet in the development of images re¬ 
quired for the solution of a specific problem in poetry? Obviously he should 
be guided by a direct sensation of those regular relationships (in our 
opinion, non-informational), by virtue of which emotions are associated 
with information in human consciousness. In other words, the task of 
writing verse capable of displaying the required emotional action must be 
solved empirically. In creating a poem the poet verifies its effect on 
himself and by controlling his inherent perception modifies and edits the 
poem in the process of its writing. It is therefore impossible to write a 
poem with no cause for poetic perception. 

Thus direct ccnd feedback linke exist between the author and the 
verse which he has oreated9 as a result of which a poetic work is bom. 

The concepts which we have outlined permit us to evaluate correctly 
the capabilities of cybernetic, or, it is better to say, "machine" poetry. 

The machine may create texts in which the rules of rhyming and rhythm 
are observed. The machine may employ a specified volume of infoxmation and 
a store of figurative expressions introduced into it. The combination of 
information, images, rhythm and rhyme may be programmed and not arbitrary. 
In essence this is all or almost all that a cybernetic machine which writes 
verse can do. 

But the main point is that which is required for the writing of 
genuine works of poetry is inaccessible to the machine, unless this machine 
is a man. 

The machine has no requirement for verse, and it does not perceive 
its verses. There is no feedback between the machine and the verses which 
it has created; the machine lacks an intellect which is capable of ex¬ 
periencing the inverse effect of its own creations. 

In addition, the machine does not perceive the phenomena and events 
of the external world which man experiences and which furnish the food for 
his poetry. The machine does not participate in the events of life in the 
same sense in which man participates and therefore on the basis of living ex¬ 
perience and internal experiences the machine cannot control its poetry 
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by means of the feedback required both for selection and for evaluation of 
the images utilized in the verse for the emotional coloring of information. 

The program given to the machine may limit somewhat the random order 
of information and images in the text, created by the machine, but this 
limitation is insufficient for the generation of that "emotional logic" 
which is meaningful and which is the essence of any poetic work. Of course, 
individual lines may appear accidently in the machine text which are not 
lacking in a hint of poetic logic and even possessing poetic logic, but 
like any random happening this will not be the rule, but the exception-- 
and a rare exception. 

Actual examples of machine verses confirm our thoughts. 

Here is an example of a poem created by the RCA-301 machine, which 
was taught to write blank verse: 

As the dream sailed above the shattered hopes. 
Space trickled painfully above a shattered love. 
Your light was slowly banished from the hidden people 
And the heavens did not sleep. 

And here is another composition from the same machine: 

All girls sob like slow enows. 
Near a couch, that girl won’t weep. 
Rains are silly lovers, but I am not shy. 
Stumble, moan, go, this girl might sail on the desk. 
No foppish, deaf, cool kisses are very humid. 
This girl is dumb amd soft. 

The reactions of readers to these lines are interesting. Although 
they do not create a great impression, nevertheless they are sometimes per¬ 
ceived as poetic works of an average level, although, of course, not 
completely understandable. I attempted to clarify the freason for this 
attitude. It turned out that this is explained by a certain uncertainty 
on the part of the reader, which, no matter how strange it appears, was 
brought about by the impudence of mediocre and slovenly poets who juggle 
images and who are inclined to amaze others with an incomprehensible and 
imaginary intensity, as thought not accessible to all. Many readers, not 
understanding such authors, take this upon themselves and assume that they 
do not possess the required level of poetic culture and have not reached 
an understanding of the more complex forms of poetry. 
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« ,1116 ®xcessively frequent penetration of the press by verse written 
on the level of machine poetry facilitates the propagation of this unjust 
and depressing concept and hinders the readers' correct evaluation of 
machine poetry and its capabilities. The reader feels that it is difficult 
for machine poetry to attain the level of genuine, human poetiy. But in 
this connection he often forgets that verses written by man are not obliged 

o surpass the level of machine poetry. Therefore, having noted the 
similarity of machine poetry with certain verses of a certain poet, the 
reader is inclined to think that in this case the machine has succeeded in 
approaching the level of human poetry, rather than feeling that the poet 
has descended to the level of machine poetry. 

But there is one area of emotional experiences in which it is im- 
possibie to deceive anyone-this is the feeling of love. TTierefore, if we 
charge the machine with writing not a poem, but rather a declaration of 
love, then immediately we can clearly detect the level of machine lyrics. 
Here, for example, is the text of a love letter written by the "MUK" 
electronic machine of the University of Massachusetts: 

"My little treasure! My persuasive affection miraculously 
attracts your tender delight. You are my loving adoration, my 
heart-straining adoration. My brotherly feeling with bated 
breath awaits your dear impatience. My adoration of love ten¬ 
derly awaits your avid ardor. Your miserable MUK. " 

This text can evoke nothing but an ironical smile. However if the 
machine had written this text in the form of blank or rhyming verse, then 
ÎÎLf* °f P*fmitiveness would have probably been somewhat more 
difficult. Many absurdities may be concealed by the arbitrariness of poetic 
language. r 

The machine may be an investigative tool, useful for the analysis of 
verse and for the clarification of its formal and structural peculiarities 
but it cannot be a poet. ’ 

-163- 



ALMOST FANTASY 

THERMODYNAMICS, INFORMATION AND THOUGHT 

Candidate of Physicomathematlcal Sciences A. Mitskevich 

Where is the Mechanism of Thought Located? 

What does a man think with? The assertion that a man thinks with his 
head has already become an ironic truism, and doiibts concerning the relative 
correctness of this assertion have been laid aside long ago. However during 
the course of the current century the question has been discussed in two 
ways: in connection with the problem of the "head of Professor Dowell" and 
in connection with the appearance of "thinking" machines. An analysis of 
the possibility of thinking with the head, separated from the whole organism, 
somewhat complicated the understanding of the problem, for it was clear that 
in the process of thinking not only the brain but also the entire nervous 
system takes part, for which the cortex of the brain is a sort of "control 
panel." 

In a word, it seems that the entire man thinks, rather than a par¬ 
ticular part of him. Htis is also confirmed by the fact that numerous 
attempts to localize the "thinking organ" in the brain have proved to be 
unsuccessful. 

"Thinking" machines have forced an examination of the problem from 
another aspect: is it required that the seat of thinking have a biological 
nature or is there no fundamental significance in the material from which 
the organ of thought is created? Can these organs be semiconductor diodes 
and triodes, radio tubes or pneumatic elements of computers? 

In the stormy discussion relating to the possibility of creating a 
"thinking" machine from non-biological elements, the ultra-cyberneticists 
have completely excluded from consideration ooneoioueneee and have concen¬ 
trated their attention on the final result, i.e., on a conclusion which 
could have been reached by an electronic machine supplied with a reliable 
volume of initial infoimation and the algorithm for its processing. The 
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expression "information processing" has somehow become a synonym for 
thought, although this is not at all the case. 

However this is done, the cortex of the human brain has a de¬ 
cisive role in the process of thinking and science is pióbably faced with 
a deeper understanding of this role, although in no case a negation of it. 
The adherents of the "thinking" machine do not without reason exclude from 
their consideration the individual spiritual qualities of man and machine, 
while declaring that these are outside the competence of science, since no 
one can "crawl into another spirit", machine or living, and convince him¬ 
self that it thinks. Acknowledgement of the capability of "strange brains" 
to think is more a question of polite agreement rather than one of 
scientific proof. 

Atoms, Molecules and Brains 

It is known to everyone that man and naturally all the parts of his 
body consist of atoms and molecules. Far-ranging conclusions have been 
made, based on this circunstance. 

Based on the atomic-molecular structure of the brain, the American 
mathemetician McCulloch, for example, wrote, "Since nature has already given 
us a working model, it is not necessary for us to ask whether it is possible 
theoretically to build a machine which processes information in a manner 
similar to the brain." 

In other words, the atomic-molecular structure of the brain somehow 
guarantees the 100% possibility of constructing an artificial brain. It is 
true that the scholar left a logical loophole, in speaking only of machines 
"which process information, in a manner similar to the brain." 

Another and no less violent advocate of machine thinking, W. Ashby, 
in his book "The Structure of the Human Brain" maintains that knowledge of 
"elementary physicochemical events in the living organism" are sufficient 
for describing all biological phenomena. 

Thinking is doubtless a biological phenomenon and therefore it must 
fall under an atomic-molecular description. But when science established 
that the DNA and RNA complex molecules were capable of fulfilling the func¬ 
tion of storing and transmitting information, this to an even greater ex¬ 
tent confirmed the belief that complex information processes, including 
thinking, are accomplished by atomic-molecular mechanisms. 

However, Lenin once expressed himself with insight against the 
possibility of the vulger-mathematical description of complex natural 

-165- 



phenomena. This must always be remembered, especially if we speak about 
such a complex and mysterious phenomena as the intellectual activity of 

man. 

In 1966 Doctor of Chemical Sciences N. I. Kobotey came to a con¬ 
clusion which raised the question anew concerning f0Ug 

necessary to analyze a gestion from the point of view of thermodynamics-- 
the mos^general science of molecular-kinetic systems. If infoimati°n*? 
Ind thought activity is in fact associated with atomic-molecular mechanisms, 
then all the laws of thermodynamics and in particular, the law of the o 
servation of energy and the law of increasing entropy must be extended to 
thiUcÍivity. -me atoms and molecules of the brain are at a temperature 
of approximately 310°K and therefore remain under intensive 
The work of information and of thinking somehow contradicts the chaotic 
"Brownization" of atoms and molecules and imparts a directive nature to 

the process. 

Thus the problem consists of the following: how does the Brownian 
atomic-molecular system, which the brain presumablyresertlesinthe 
thermodynamic sense, "fit" with known regularities in information and 

thinking? 

Entropy and Information 

Entropy is one of the complex concepts of thermodynamics which often 
places students at a dead end. In processes which occur a 
mentary source of energy from without (isoenergetic processes), the decrease 
in internal system energy is accompanied by a proportional increase 
entropy and vice versa. In all known spontaneous physical processes entropy 
at tempts ücrease and this fact was the reason for the intensive analysis 
of entropy. Such an analysis was fulfilled in the last century by Boltzma . 
ïhus entropy expresses the probability of a given state for a physical 
system. 

What does this mean? 

Atoms and molecules take part in any physical, chemical or bioi°8ical 
process. At each instant their theimal motion creates a situation (state), 
not resembling the state which occurred a second ago. Thus «ntropyisa 
measure of the passage of a body, or of a system of bodies, from aiess 
probable state to a more probable state, or from a less stable to a more 
stable condition. In this connection entropy increases. 

Kobozev, N. 1.,""The Hxysicochemical Modeling of Information and Thinking-' 
Processes", Zhurnal Fizicheskoy Khimii, No. 2, 1966. 
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The increase in entropy is not something mysterious. It arises 
rrturally from the atomic-molecular structure of all the bodies in the 
universe, and since atoms and molecules always remain in motion, they 
attempt to scatter in infinite space. This will not occur only under one 
condition and that is if all thermal motion ceases, i.e., at the tem¬ 
perature of absolute zero. Then entropy is diminished is zero. But this 
will never occur in nature. 

Since entropy is considered a measure of the probability of a 
physical system, and its increase is a passage from greater to lesser order, 
we can make a number of generalizations. The most important of these is 
associated with the concept of the theory of information. In the theory 
of information, similar to thermodynamics, a value is introduced which in¬ 
troduced which represents a measure of information associated with the 
probability of logical judgment concerning the system, and this value is 
also called entropy. The matter here concerns not only a formal analogy. 
The relationship between system entropy and information, i.e., the know¬ 
ledge of its state, is quite profound. 

Let us imagine a vessel filled with hydrogen. With this volume 
of gas it is possible to accomplish a number of experiments in order to 
define its temperature, pressure and to show that all the atoms accomplish 
thermal motion in a given segment of space. By the same token we can ob¬ 
tain certain information concerning the gas examined. 

What would happen if the vessel is open and we make it possible for 
the hydrogen atoms to mix with the surrounding air? Ihe entropy of the gas 
will begin to increase continually, while our information concerning it 
will become more indefinite with each second, until we completely "lose 
sight of it", i.e., we cease to know anything at all definite about it! 
Thus system information decreases with an increase in entropy! 

In order to reduce both concepts to one form, information is 
measured, just as we measure entropy, but with a "minus" sign. In an 
analogy with thermodynamic entropy, in order to reduce the degree of un¬ 
certainty in the system it is also necessary to accomplish work, i.e., the 
work of obtaining information. 

• 
A Thermodynamic Mode) of Information 

Human consciousness is a storehouse of diverse information, ob¬ 
tained as a result of experience or due to teaching. This information is 
used each instant by man in the course of his cognitive life. It is 
necessary to him for the fulfilment of the most diverse working tasks. 
Each second he extracts from this gigantic warehouse the required informa¬ 
tion, while "forgetting" about the tremendous quantity of other information 
which he may require at other moments of his life. 
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^ While extracting specific infoxmation from his consciousness, man 
reduces the entropy of the entire system while accomplishing work pre¬ 
cisely equal to the reduction in initial entropy. The consciousness, in 
which information is stored, may be represented in the form of a certain 
volume where information is distributed in a specific manner (for example, 
"recorded" in RNA molecules). Up until the moment when man by strength of 
will selects from his storehouse information which is specific and which 
he requires at a given moment, the position of this infonnation is remines- 
cent of the position of an acquaintance whose address we do not know. 
After completion of the information work, man extracts from his conscious¬ 
ness the required data, which corresponds to the transformation of the system 
into a completely single-valued state, when the consciousness is fixed on 
only one "outcome" (i.e., on a specific address). 

These analogies permit us to create a model of consciousness, while 
examining it in the form of a certain volume, filled with a hypothetical 
"chance-gas", each particle of which represents one of the possible out¬ 
comes of an infonnation search. The selection of the required information 
is reduced to the conversion of all "chance-particles" into one and the 
compression of the entire volume to a value which uniquely corresponds to 
the infoxmation required. 

A calculation of the thermodynamic work for such a "change-gas" 
leads to a value which corresponds precisely with the infonnation work, 
calculated by the American scholars Shannon and Wiener based on the general 
theory of information. The modeling of infoxmation in the foxm of an ideal 
"change-gas" leads to conclusions which agree with the theory of informa¬ 
tion, and it follows from this that all informational processes may be 
accomplished on the atomic-molecular level. 

A Thermodynamic Model of Thought 

Information, in contrast to thought, cannot appear as a product of 
pure deduction from other data. It is impossible, not having expended any 
work, to simply stand aside and by means of "pure" reasoning to know the 
address of an acquaintance. It is impossible to establish by means of 
deduction where a specific gas molecule is located within a given volume. 

. Logically informational data are indepenlent of each other, as if 
the selection of "primary", independent infoxmation were selected from no¬ 
where (in physicochemistry, this is a "system of noninteracting particles"). 

Thought (particularly in its limited, formal-logical form) operates 
with informational data according to the laws of logic and this is remines- 
cent of the chemical reaction of "heterogeneous" particles of a gas mixture 
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vrtüeh enter into a reaction according to strictly defined laws. The result 
of thought is conclusion, which can be recorded. TTiis includes various 
elements of initial information. "Thought arises," N. I. Kobozev believes 
where the act of judgment begins, as a result of the cognitive selection ’ 

of initial data or messages in the form of certain data (information), self- 
evident position (axioms) or specific assunptions (hypotheses) and the 
application to them of a certain algorithm which is constructed in aeree- 
ment with the laws of logic." K 

With a given system of infoimation, axioms and hypotheses, the 
process of thought always leads to a s'ngle-valued conclusion. This is a 
very important property of thought. It is similar to a certain spontaneous 
process, the outcome of which is independent of the physical and chemical 
properties of the medium in which it occurs and is always the same. 

This is like movement down a hill along a railroad. The point of 
arrival does not depend on anything. It is determined only by the attempt 
of the system to pass to a stable state. 

The final result of the thinking act is a conclusion or a deduction 
and is the stable state of the consciousness in the thermodynamic sense of 
this word. 

The amazing uniqueness of the final result of thinking activity 
proves its strictly directed, (spontaneous), vector nature, which apparently 
does not depend on the chaos of Brownian movement of the atoms and molecules 
which make up the matter of the brain, or any other mechanism where thought 
occurs. A deduction may be repeated an infinite number of times with the 
same result. For example, the proof of the Pythagorast theorem may be re¬ 
peated as many times as desired. This means that probability in a thermo- 
ynamic system, which accomplishes a thinking process, is always equal to 

unity, which corresponds to a single possible state of the microparticles 
responsible for thought and to complete order and nonsusceptiblity to 
thennal chaos. 7 

^'e5e^ore* l°8ical judgments are fundamentally without entropy 
(ordered and single-valued). Physically this corresponds to only one con¬ 
dition: the particles from which the thinking apparatus is constructed must 
be at a .temperature of absolute zero! 

"From this," says N. I. Kobozev, "comes a conclusion of fundamental 
importance: the thought mechanism cannot be located at an atomic-molecular 
level through particles known to us." 
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The scholar accompanies this conclusion with a remark of particular 
significance. Having rejected electron gas of high density as being 
"responsible" for thought, he writes: 

"However it is not possible to believe that all forms of particles 
and statistics are exhausted and that new, light particles will not be 
found with properties and statistics which provide for lack of entropy in 
connection with their combination at ordinary temperatures and at low den¬ 
sity. The neutrino with half-integral spin (fermion), with no charge and 
with zero mass already seems to approach these requirements." 

Fantasy and Hypothesis 

In 1962 I wrote a scientific-fantasy pamphlet "Direct Proof", in 
which a certain theoretical physicist, having examined all of the 
"objective" properties of the soul—its immortality, indestructability, 
omnipresence, etc., came to the conclusion that the neutrino was the single 
particle from which the soul could be constructed. This particle has zero 
mass and zero charge, its lifetime is infinite and its interaction with 
ordinary matter is practically nonexistent. 

Of course this was a conjecture in jest. However, there are more 
serious arguments against the neutrino.. In order to think we require 
initial information which, as pointed out above, is "recorded" at the 
atomic-molecular level. Therefore with every act of thinking the neutrino 
must interact with atoms and molecules. However, calculations reveal that 
the probability of such reaction is insignificantly small and increases with 
an increase in neutrino energy. What kind of energy must these particles 
possess in order to accomplish clearly and uniquely the process which occurs 
continuously in our brain? 

Laying aside the question of the interaction of the neutrino with 
atoms and molecules, we must direct our attention to the fact that this 
particle has a characteristic rotation (spin). The fact that the spin of 
an elementary atomic particle is somehow associated with the process of 
thought was expressed as a hypothesis by the English scholar Bowen as early 
as 1961. He formulated a certain new principle—the principle of derivi- 
tiveness, in agreement with which all observable macroscopic properties of 
bodies must be derived from the elementary properties of atomic particles. 
The charges of particles correspond to electrical currents, the energy levels 
of atoms correspond to the properties of solid bodies, kinetic energy and 
momentum correspond to temperature and pressure, etc. 

In what macroscopic phenomena is spin reflected? "In thought," 
answers Bowen. 
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"Searches for thought" at the level of elementary atomic particles 
are nothing new in contemporary science. If we are successful in showing 
by direct experiment that the hypothesis discussed here is correct, then 
all problems associated with biological science, especially with bio¬ 
chemistry, will have to be examined from a completely different point of 
view. 

It may prove to be the case that intimate phenomena of life are 
not limited by the summation of elementary physicochemical processes, thus 
many so-called puzzling phenomena in organic nature will cease to be puz¬ 
zling. 

The heart of the matter is not so much in proving or refuting the 
presence of certain puzzling phenomena, but rather in the development of 
completely new methods of approach to an objective, psychic investigation. 
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MACHINES OF THE FUTURE 

Academician A. Dorodnttsys 

In our century of gcholaw^schoorchildren, P 
of man and machine occupies the people, who are 

Totlnuiby"«^;!«. "tîs i» th. natural Influ«.» of intanslv. 
technological^progress, and this Is th. curious part of it. 

Rapid progress is characteristic 

îif "qÄ;nböf its^lationship^to^man—th. question is on. which »ay be 
coarsely formulated as follows: who will be the victor. 

,n f,ctf !rorkkir.«sauuire”r^Lp”»c.egt :li 
power ratings of 500,000 kilowatt this means that the machine 

replaces'th.aphysical pow" of 5 minl0n pe°ple- H0',eVer• "° °"' 
power of machines of this type. 

The time passediongagowhen /“"Js^erating'spMd! but by 
(incidentally, it was also feared , - rlt has b,en dear for 
virtue of a certain illusion of.in this way, 
some time that any powerful wlll not be placed in operation 
“wuíoií'h'iM^en'if t"s is the most powerful and fearful military machine). 

It seems that even the mmlô’bü mwÎtwîîab“ 

rdeíh.»£?rete.rfúlStiriSts:if. The' fact ^«puterajep»»«^ 

CS of but ^lify his intellect' 

For the present, computers are making their first steps» They 
simply count and carry out the simplest logical operations., mey remain 
completely without wills, and do only what man orders them to do. 

-172- 



Ü!rhf!!üle?!k Íl iS already clear that in principle man can entrust these 
machines with any computational work. No one has any doubts on this 

iS kn0wn that U is also possible to create machines which have inherent senses. 

. *J®Plest aenses are physical sensations. A machine may per¬ 
ceive these differentially. A machine which is equipped with all possible 
acoustic, optical, and thermal devices (similar to our sense organs), may 
perceive the environmental situation and evaluate it. But this of 
course, is only under the condition that the designer provides ¿he machine 
with these properties, i.e., he introduces into the design of the machine 
the appropriate devices. 

The problem of perception may be regarded as technically solved. 
Now many mathematicians and cyberneticists are occupied with the problem 
of the recognition of images by a machine. The machine itself must re- 
cognize the specific image which it has perceived. There are machines 
which recognize printed text, letters, and sounds. It may be arranged so 
that these images which are perceived and encoded by the machine will be 
associated in it with specific emotions. Depending on the nature of the 
perceptions and their evaluation, the machine will undertake certain actions. 
It is possible to include a will in the machine-to include in its program 
a specific goal for the existence of a given machine. 

Thus in all aspects the machine may become a model of man. 

Now only a few people doubt the possibility of achieving this. 
Marxism maintains that we will learn to apprehend the world, and that all 
processes in it have a material basis. Psychic processes also have a 
material basis and are capable of being understood, which means that they 
!^\iepr??U?ed; IJoreover‘ since processes in technology may be more 
rapid than biological processes, this means that an artificial brain may be 
constructed which is improved over our own. y 

??? linking automatons and robots are possible. Machines are also 
fundamentally possible which oppose man. From this fundamental possibility 
arise sociological theories of semi-fantastic nature to the effect that in^ 
ÎnÜH ¡J“™0 S?Ciet£ 0fJmach'nes wil1 arise which will enslave humanity. 
Such theories have found a reflection in the pessimistic novels of science 
» eSCape fr0m livin* life* In Edition, it is a complete inability to distinguish abstract possibilities from reil ones, 
which are determined by real conditions in the creation of a machine, and 
oy the laws of progress. 
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Of course everything does not occur in life as primitively as in 
fantastic novels. It is only according to the will of the writers that 
a certain great inventor, such as Captain Nemo or the invisible mwi creates 
alone a certain special super-machine. This does not occur in 
Machines are not created by individual people, but by humanity. They are 
also not created by one small laboratory, but by huge collectives. 

Let us assume that in our country there is a brilliant designer 
of computers, Sergey Alekseyevich Lebedev. We all admire his talent and 
love for work. But even he could do nothing if he were alone, without his 
large collective (how many large institutes are occupied with the de¬ 
velopment of the physical and technological bases for machines!]. It 
would hardly be possible to plunge them all into collective suicide. 

Of course since states exist in the world where society is divided 
into antagonistic classes, it may be possible to find groups of people and 
even states which would want to employ the power of machines to harm man¬ 
kind. But humanity would also be able to curb these machines. History 
shows that even when machines have been created for the anhiliation of man, 
after subsequent development they have nevertheless become our helpers. 

Let us take aircraft, for example. At first they were employed at 
fronts in order to destroy man. But now aircraft properly and peacefully 
serve the people. Rockets also found their first application in war, but 
now work in meteorology, in topography and in communications. The in- 
vestigation of space by rockets is a peaceful work. Even the splitting of 
the atom has become a peaceful work. After the bomb came the electrical 
power station. This has occurred because the power of the atom is not 
controlled by Nemo alone. Humanity invariably proves to be more clever 
and stronger than individual personalities and in the final analysis trans¬ 
forms into a peaceful tool even that which has been created with malicious 
intent. 

I hope, however, that electronic computers are not forced to change 
their profession and to transform themselves from friends into enemies. 
Apparently thinking robots will be created when humanity shows significant 
social improvement over the present time. 

But if machines will have an inherent will, will they not transform 
themselves into the enemies of man? No, man is in a position reliably to 
provide for the subordination of the machines, having given them from the 
very beginning the purposeful structure required. Let us assume that some 
very clever dogs correctly and conscientiously serve man. Even when man 
beats a dog, the dog nevertheless loves him and serves him (remember 
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Chekhov's Kashtanka, who ran away from a kind master for a worse one, be¬ 
cause he was the first one to whom the dog became attached). The dog 
sacrifices himself in favor of his master, and the interest of the master 
are invariably placed ahead of his own. It is the nature of the dog to 
become attached to man—it is placed in his program. 

This attachment is one of the emotions which can be fully repro¬ 
duced in a machine. This is how the creators of machines will act if they 
are noxmal, human people. 

The development of man, his properties—both the bad ones and the 
good ones—all these are caused by the instinct of self preservation. 
This is a basic, universal purpose of humanity, an instinct which has de¬ 
veloped over billions of years of the history of the earth. Apparently 
with the aid of natural selection, only those survived in which this pur¬ 
pose was strong. Mankind cannot put an end to this instinct; while 
controlling him, it will necessarily save him from machines by placing 
in them the same simple idea, the same purpose, directed toward the pre¬ 
servation of the masters. Man creates machines with feedback. The feed¬ 
back will be directed toward permitting the machine itself to find the 
path for the fulfilment of its main purpose, as defined by man. 

This is why I do not fear at all the era of "thinking" machines. 
In fact I think that they will significantly increase the capability of 
man. Even now the machines are doing a great deal. The new technology 
will simply be impossible without them. The capitalistic countries are 
already attempting to avoid crises through the use of machines. With their 
help analyses and predictions of market conjunctures are accomplished, as 
are analyses and predictions of commodity demand. To a certain extent this 
permits firms to adapt in advance to anticipated changes. Of course it is 
difficult now to evaluate what the result will be of such a use of machines, 
since the effect of these predictions is masked by the narcotic injections 
of tremendous military orders into the economy. In socialistic states the 
machines help to organize an absolutely non-deficient economy, and make op¬ 
timal planning of the economy possible. 

It is quite possible that in the future machines will possess 
emotions, and this will further increase their capabilities. Emotions were 
given to man by nature for the most rapid achievement of his aims under diffi¬ 
cult conditions, such as, let us say, under conditions of insufficient in¬ 
formation and insufficient time for meaningful analysis of a situation. 

The problem of modeling the psyche includes the modeling of emotion. 
In this connection the attempts to model creativity are interesting. Let 
us assume that a machine may compose melodies. Sometimes we shall obtain 
primitive boogie-woogie, but sometimes the results will not be bad. 
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Probably if we give the machine inspiration it will create quite good music. 
Unfortunately, however, for the present we do not know what the secret of 
inspiration consists of. I am not a poet and not a composer and will there¬ 
fore not take it upon myself to judge how inspiration comes to them. The 
essence of inspiration in scientific work is more understandable to me. 
The scientist becomes interested in a certain problem, thinks about it a 
great deal, gradually accumulates information associated with the problem, 
and searches for methods to solve it. This process of the accvnulation of 
information extends for a long time--many months, or perhaps for many years. 
But then, finally, the accumulated information reaches the required level 
and then the solution of the problem becomes clear. 

Naturally the scholar experiences a feeling of joy, which is trans- 
foimed, perhaps, even into ecstacy; he forgets about everything around him, 
and becomes completely enmeshed in his work and for many days does things 
which it appears that years have been wasted on previously. We are speaking 
of that state of the scholar—"the inspiration has come." If we analyze 
this without illusions, then it appears that a transition from quantity to 
quality has occurred: the accumulation of information has reached a level 
required for problem solution. The accmulation of information and ex¬ 
perience plus a specific aim and desire--all this may be programmed into 
a machine. 

Of course, our future creations will little resemble contemporary 
computers. They will differ from these much more than the arithmometer 
differs from the most advanced contemporary machine. 

But the only people who are frightened of this are those who hold 
the intellect and will of man in low esteem. 



IN THE SYMBOIOSIS WITH THE ROBOT 

Doctor of Phys IcomathematI cal Sciences K. Flalkovskly (Poland) 

A basic question, and one which is not new, which has received 
special significance during the development of electronic-logical devices, 
is as follows: "Can a machine think?" In order to answer this question 
accurately, first we must insofar as possible clearly define what we mean 
by the word "think." In the context cited this question evokes many supple¬ 
mentary problems which in turn leads to innumerable discussions, but not 
always to unambiguous conclusions. It seems to me that a different state¬ 
ment of the problem would be more successful: "Is is possible to create a 
device, the capabilities of which will be comparable to the capabilities 
of the human brain?" One such device, as we know, already operates; this 
is the human brain itself. 

Naturally, everything depends on individual views on similar 
questions; however, in any case in my opinion in the process of the evolu¬ 
tionary formation of the human brain there were no conditions impossible 
to repeat. Therefore, in undertaking work in this direction, we must 
clearly assume that a solution to the problem of creating a thinking de¬ 
vice is only a question of time. If we accept as a prototype the nervous 
systems of the simplest animals, the evolutionary process of the formation 
of the device which interests us extended for more than billions of years. 
However it should be remembered that our civilization, in solving, the 
problem of the creation of a brain, has available in comparison with evolu¬ 
tion, immeasurably greater capabilities. First, it does not act with the 
evolutionary method of trial and error which certainly was not a confluence 
of happy circumstances in the process of the formation of the brain. In 
addition, it has before it a functioning model of one possible solution and 
studies the operating principles of this model. Nevertheless I suggest that 
even under these conditions, with the maintenance of the contemporary 
tempo in investigations, a constructive solution of a device for informa¬ 
tion processing, the capabilities of which will be comparable to the 
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capabilities of the human brain, is a question of hundreds rather than 
tens of years. Perhaps I am a pessimist. 

Of course the number of intermediate problems which must be solved 
is huge. I shall discuss one, and that is the problem of a memory of 
appropriate capacity. Norbert Wiener foresaw that this problem might be 
solved by means of utilizing memories for machines created on the basis of 
nucleic acids, i.e., memories which utilize the same information carrier as 
in the genetic memory of animals. 

In contrast to the memory problem, which may be considered a problem 
of a technical nature, problems in the logical structure of the device also 
exist. John von Neumann, the creator of the theory of games and of the 
arithmetical-logic principles of contemporary computers, maintained that 
the language of mathematics and logic to which we are accustomed, is secon¬ 
dary and arbitrary in comparison with the arithmetical-logical language 
which the brain employs. The search for this ’’language of the brain" is 
of fundamental importance in the development of work on "thinking" machines. 

I suggest that the study of the processing of information by our 
brain will lead to a reexamination of a number of our thinking habits, which 
we are inclined to consider as a certain type of absolute law. Thus the 
assertion of von Neumann that the language of mathematics which we employ 
is not an absolute logical necessity, but only a historically caused acci¬ 
dental form of expression, possible throws a new light on the arithmetical- 
logical bases of our contemporary computers. 

Another problem which is also associated with future devices in¬ 
tended for information processing in the widest sense of the word, is the 
problem of the limits of the capability of the human brain. 

If methods exist for the creation of a device, the capabilities of 
which are comparable to the capabilities of our brains, then the question 
asks itself: is it possible to create a device which is improved over the 
brain? This question collides with a conviction which is deeply rooted in 
our consciousness that our brain represents a device of ideal dimensions . 
However, this opinion is simply a conclusion from assumptions, as if we were 
in a state to solve any problem no matter how complex. Any problem? 

A more frequently encountered argument in favor of a limitation in 
the capability of our brain is the fact that the brain consists of a finite 
number of elements, which therefore must have only a limited number of inter¬ 
relations, i.e., to accomplish only a finite number of actions. 

This argument, although it is also employed as support for the 
validity of the thesis, does not convince me for the reason that although 
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clearly theyindividuîîtphysicochemical statesnofethneVertheleSS t0 isolate very simple. P V ocnemical states of these connections is not 

which is based°on the^volutíonarv^onH-t-81" coJc®rned» is the argument 
final analysis ?he staws of ev^t^ °f b/ain In the 
vice which is our brain were detlüííní/01 Jhe. infOI™atlon processing de¬ 
conditions which surrounded our a^storT ïn y— th* environmental 
statistically, we mav sav that eíaniinin8 the ^«stions 
optimum adaptation to existing cnn^t-brain whljh might provide for the 
of th. existence°ofta gíÍ« ty8ne ^"ÍJ:Pr°dUC*d fUrther “ 1 
of the l«,s of geometry, s" COm“1OUr lntui‘ive sensation 

rock or for a 3^^0^¾^ S!“1 thr0WÍng °f thC 

cheract.risti^of forTtio" of our bril" ““ 
was shaped by his environment P The e?t5bliahment of man, when he 
tion of the environ“ ! dltîeTa! by adaPta‘ 
transformations of our brain. Howeîer lust J ?h«PeCÍflÍ-eVOlUtÍOnary 
these transformations flowed from actions^ f Precedin8 period, 
Therefore we may assune that from an ”1 a sPeciflc ground environment, 
brain is a speîï.“’” dîv“. ^ ^ o{ ïie,' the h“"“ 
tions of a given earth environment1 f£^!?tÍOn Processin8 ^«r the condi- 
adaptation of the brain to new .. j.. .erbaPs Process of evolutionary 
parison with the rate nf «-ti j onditions also continues now but in com- 

fh«u zi i* c™siî^d'v'Âtfi?Lîechn?io?y 11 °ccurs s" 
speaking, there is no 3?ff're„ca bêtw^n îê thT¿^1S> C°"tlUiona1^ 
t^por^ man and the thinking c.pabiUties of 

brain prSÍe^^Ít^^ÔÍT ^ already PU“d beio« our 
automobile during rush hours • at ^ S°lve’ driver of an 
craft, works at fhÄ of’th. cZ míe's S'f °t a.jet air- 
point we are speaking of a soecificHmít i°f-th human braina At this 
logical decisions. A way out of thi« on sPe®d of making 
in border cases the finitions of .sftuation 15 comparatively simple: 
by a machine, foï exa^ by an nloSZ? ^ PÍl0t are aSSU"ed 
pilot we have no observations We eoLÍSlñ t0 the aut0' in its place. servatl°ns. We consider that here the machine will stay 

ii:Æ Sip»rHsVï: «a"™ «-“«iñ: aof man? rgan aaapted for information processing under conditions on 
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earth, the third planet of the Solar System, is capable of solving any 
problem which humanity encounters in studying space and the atom. The 
fact that in the 60's of the XX Century, our brain, sporadically »«PP^ed 
by primitive automatons, copes with rocket construction, the 
of music, the control of the national economy, and with theoretical Pjysics» 
does not in any measure prove that this will be eternal. This is ratlJ®' 
a successful confluence of circumstances. Perhaps the potential P®”^" 
lities of information processing, concealed in our brain, will be sufficie 
for a certain period. However, for how long? Problems are already noted 
today which are briefly termed the "information barrier", the existence 
of which was not foreseen by the preceding generation. Perhaps a con¬ 
ceptual barrier" will be raised before the next generation? 

Of course, the way out of this situation will be through devices 
for information processing in the same broad sense in which our brain is 
such a device. Obviously these will be devices more specialized than our 
brains and in specific areas of problems improved over them; in other 
areas these devices will not have the capabilities of our brain. Th1« is 
presented as the most rational concept of all those possible, in any case, 
from the point of view of contemporary man. 

When machines of type appear we shall find befor®.us1* w 
serious problem—that of man-machine relationships. In his last intervie 
given shortly before his death, Wiener warned against the creation of 
machines not controllable by man. In this connection he h»d 
basically machines which decided the fate of man or ev®" 
out the participation of man. Perhaps such machines will not be «ejted, 
however, when the machines appear, capable of independently formulating 
problems, in the sense that they will not be problems foreseen by their 
designers, the machines, capable of improving their activity on th® basis 
of information obtained (experience) will result in the fact Jhat tb® 
existence of humanity with such machines will become problem No. 1 in our 
civilization. 

Hypotheses on this subject--the possibility of similar co-existence- 
have been put forward by many people: these range from m;cbines 
the obedient tools of man, and which differ in no respect from the lathe 
or the automobile, to a struggle between humanity 
These extreme points of view appear to me to be unjustified, first, because 
before the matter could reach the stage of a struggle, an era must occur 
during which man would have the capability of coming to the co,lclusJ°" 
that the further development of his child may prove to be unsafe. Periiaps 
he would not want to make this conclusion and then all decisions, as Wiener 
said, would remain in the hands of the "Iron Ian." 
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As far as the problems of man-machine relations are concerned, I 
have my own characteristic point of view, which of course is only one of 
all possible hypotheses. However it follows from this hypothesis that 
the struggle between man and automatons is impossible. I personally do 
not believe in the possibility of such a collision. I also do not be¬ 
lieve that automatons with capabilities for self-improvement programmed 
into them and with the capability of independent problem formulation will 
be as simple to control as, for example, the automobile. 

It seems to me that a way out of this situation has begun to 
appear un recent years. This avenue involved bioelectrical systems. A 
typical example in this case is the brain of a cat, which controls a rocket. 
The isolated head of a cat is observed on a screen, on which the object at 
which the rocket is aimed is projected, and the motor nerves are connected 
with the control engine of the rocket. The impulse is sent out by the 
brain, instead of setting the muscles of the cat in motion, set the rocket 
engines in motion. I. N. Kelly foresees the use of similar bioelectrical 
systems in the 1980's for space flights and in the far more distant future 
he sees prospects for the realization of more complex systems of this type. 

The question arises: is not the bioelectrical system itself a 
solution to the problem of the co-existence of man and automaton? la this 
not oo-exiatenoe by means of aymbioaia? 

On the one hand, connected directly with devices for information 
processing, finds the capability of mental operations over a great quantity 
of data at speeds which contemporary man cannot even dream of, and on the 
other hand the problem of conflict with automatons disappears for with 
this type of symbiosis it would not be possible to determine whether a 
device which processes information is an automaton or a man in the contem¬ 
porary meaning of this word. Such a question would simply have no meaning. 

If this does in fact occur a new man and a new humanity will arise 
which have little in common with us. However, this humanity will be much 
better adapted to knowledge of the environment. 

Could this be conformity with law, in that it is an evolutionary 
regularity in the adaptation of protein structures to life in space? 
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THE CYBORG--MAN OF THE SPACE AGE 

Candidate of Philosophical Sciences I. Akchurin 

This hypothesis is the child of bionics, of contemporary astro¬ 
nautics and cybernetic medicine. It speaks about the pads of human 
evolution and in addition, raises profound philosophica! questions : these 
include establishment of the limit within which it is permissible for 
science to interfere in human existence, and where the area begins in 
which no one has the right to intrude, including all humanity as a whole, 
and even with the kindest of intentions. 

These questions are very difficult to solve. The best intellects 
have thought about these for a long time, but up to this time from an 
aspect purely theoretical and philosophical. Now these problems a« raised 
fo? surgeons, biologists and engineers as practical problems in space and 
cybernetic technology of the contemporary and future ages. 

Briefly put, the idea of '»technical modernization'' of material 
existence consists of the following. Already engineer-medical workers have 
constructed an artificial heart, created artificial limgs, artificial kidney 
and other completely reliable electron-mechanical "substitutes ... 

Pages 304-305 are missing t’rom the original text submitted for transiatloñT 

..The nerve ceils make up a completely insignificant share of those neurons 
wiich they obtained at birth. As a practical matter the proionging of human 
life with an artificial body will require several thousands of years, if not 

more... 

We shall not personify here the other side—that of the enemies of 
the cyborgation cf people. This is simply because it is almost certain that 
each of us at first acquaintance with this hypothesis involuntarily and for 
^certain5period of tiSe remained in this group oma.lves; this hypothesis 
at first evokes something similar to an emotional shock. Immediately 
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arguments of the following type come into ones head: "We cannot interfere 
so deeply in the nature of human existence", "No one has the right to carry 
out such anti-human experiments, even on himself", etc. But we then remember 
where we have read similar judgments and even with a certain awkwardness we 
do remember: almost the same words formed the basis for the prohibitions of 
the scholastics of the Middle Ages against anatomical investigations of the 
human body; this was said even by the Protestant fanatic Calvin, while 
sending to the bonfire Michael Servetus, who had given for the first time 
a correct concept of blood circulation in the human body. 

Briefly put, in conjunction with all the prohibitions and objections 
against the interference of science in human nature, it is necessary to be 
more circumspect. To some extent we interfere in the operation of the hunan 
brain when we take a tablet of pyramidon for a headache. In this connection 
the extended consequences of such interference may be far from those usually 
predictable. 

In general the cyborgation of people, the replacement of their organs 
with artificial ones will doubtlessly occur and continue to develop in 
contemporary medicine. Even at the initial stage this will bring relief 
from all kinds of suffering to a huge number of people and will even save 
their most valuable possession--their lives. A prohibition against this 
trend would be equal to a death sentence for many, many people. 

As far as the question is concerned as to whether there is a funda¬ 
mental boundary of permissible interference by man in his inherent nature 
and specifically where this boundary is located, this question certainly 
requires very serious scientific examination on the part of the entire com¬ 
plex of the sciences of man, including medicine, physiology, psychology, 
neurophysiology, and of course, sociology and philosophy. 
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MYTHS OF SCIENCE 

Stanislav Lem (Poland) 

Cybernetics has experienced two decades of life, and therefore it is 
a young science, but it is developing with amazing rapidity. It has its 
own schools and trends, its enthusiasts and skeptics; the former believe 
in its universality, and the latter seek limits for its application... 
Specialization has arisen in this science, just as in other sciences. Since 
each science creates a characteristic mythology, cybernetics has this as 
well. The mythology of science sounds like a contradiction, or an empirical 
irrationalism. Nevertheless each science, even the most exact, develop not 
only as a result of new theories and facts, but also due to the guesses and 
hopes of scholars. Development justifies these only partially. The re¬ 
mainder turn out to be illusions and thus become similar to myths. Classi¬ 
cal mechanics had its myth in the form of the Laplace demon, who knew the 
instantaneous speeds and possession of all atoms of the universe, and could 
somehow predict their entire future... Now roaming about in cybernetics is 
the myth of the Middle Ages concerning the homunucleus—an artificially 
created intelligent being. The dispute concerning the possibility of 
creating an artificial brain which displays features of the human psyche, 
has frequently attracted philosophers and cyberneticists into its orbit. 
This is a fruitless dispute because the matter actually does not concern 
a reproduction of the human brain, but rather it concerns understanding the 
human brain. 

Is it possible to transfer mercury into gold?—we ask an atomic 
scientist. Yes, he answered, but we do not occupy ourselves with this. 
Such a conversion is nonessential for us and does not influence the direc¬ 
tion of our work. 

Will it be possible sometime to construct an electronic brain--an 
exact copy of a living brain? Certainly it will, but no one will do it. 

This means that we must distinguish possibilities from real goals. 
In science possibilities always have their "negative prophets." I have 
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always been amazed at their number as well as with the vehemence with which 
they prove the impossibility of constructing flying machines, atomic or 
thinking machines...People who are drawn into fruitless discussions may 
easily lose sight of the real problems. The "antihomuncularists" are 
convinced by denying the possibility of a synthetic psyche, they protect 
the superiority of man over his creations, which in their view can never 
surpass human genius. Such a defense would at least have some meaning if 
someone in fact wanted to replace a man with a machine--not for a specific 
form of work, but within the framework of our entire civilization. But no 
one dreams of this. The affair also does not concern the construction of 
a synthetic humanity but it concerns only the opening of a new chapter in 
technology—of systems of an arbitrarily greater degree of complexity. 
Since man himself, his body and brain belong to this specific class of 
such systems, the new technology will recognize the complete power of man 
over himself, over his inherent organism, which in turn makes possible the 
realization of such an eternal dream of man as a craving for immortality, 
and perhaps even a transformation of processes which are today considered 
to be nonreversible (such as biological processes, and in particular that 
of aging). It is another matter that these aims may prove to be fictitious, 
as were the aims of the alchemists. Even if man can do everything it will 
probably not be with the best method. If he wants to do it he will achieve 
in the final analysis any aim, but perhaps it is still too early to grasp 
that the price which must be paid will make attainment of the goal an 
absurdity. 

For we may establish for ourselves a final point, but the path to 
it is defined by nature. We may fly, but not with the aid of outstretched 
aims. We may walk on water but not in the way which the Bible represents. 
Peihaps we shall invent longevity which is practically equal to immortality, 
but for this it wril be necessary to discard the solid shell which nature 
has given us. Perhaps due to anabiosis we shall be able to travel freely 
for millions of years--but those who awaken from a frozen sleep will find 
themselves in an alien world, or during the time of their inverse death, 
they will find that the world and the culture which foims them have dis¬ 
appeared. Thus in fulfilling our desires, the material world demands of us 
behavior which may make the fulfillment resemble either victory or harm. 

Systems as complex as the brain or as society do not yield to de¬ 
scription by the language...of simple laws. In this sense the theory of 
relativity and its mechanics are simple, but the mechanics of the thinking 
processes are no longer simple. Cybernetics concentrates its attention on 
these processes because it attempts to understand and to subordinate complex 
phenomena, and the brain is the most complex of material devices known to us. 
Of course it is certain that even more complex systems are possible. We 
shall recognize this when we leam how to construct them. Thus cybernetics 
is first of all a science concerning the achievement of aims which cannot 
be achieved by simple methods. 
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Cybernetics is occupied with such "schemes", not as a result of 
"homuncular" ambitions, but because it is preparing to solve design 
problems of a similar order. It is still very very far away from the 
chances of creating such a device. But it has existed now for only two 
decades. For its solutions evolution required more than two billion 
years. Let us assume that cybernetics will require still another one 
hundred or one thousand years in order to achieve this; for all of this, 
the difference in time still speaks in our favor. 

As far as the "homuncularists" and the "antihomuncularists" are 
concerned, their quarrels...indicate the childhood or the young age of the 
new science and no traces of these will appear in its future development. 
There will be no artificial people because they are not required. TTiere 
will be no "revolt" of thinking machines against man. The basis of this 
dream lies in another ancient myth or Satan, but no one intellectual am¬ 
plifier will be an electronic anti-Christ. All of these myths have a 
common, anthropomorphic denominator, to which the thinking activities of 
machines must apparently be reduced. A true treasure house of stupidity! 
In fact we do not know whether automatons, in crossing a specific "thres¬ 
hold of complexity" will display signs of inherent "individuality." 
If this does happen their individuality will differ from the individuality 
of man just as the human body differs from an atomic reactor. We must be 
prepared for surprises, troubles and disturbances which we are not able to 
imagine today but not to the technical masks of demons land to evil snirits 
of the Middle Ages. F 




