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Foreword

VALENTIN TURCHIN presents in The Phenomenon of Science an evolutionary
sheme of the universe-one that begins on the levd of individud aoms and
molecules, continues through the origin of life and the devdopment of plants and
animds, reaches the levd of man and sHf-constiousness, and develops further in the
intellectud cregtions of man, paticulally in scientific knowledge. He does not see this
devdopment as a purposgful or preordained ore, snce he accepts entirdy the
Dawinian law of trid and error. Sdection occurs within a st of random vaiaions,
and survivd of forms is a happendance of the reationship between particular forms
and paticular environments. Thus there are no gods in evolution. Nonethdess, there
are discernible paterns and, indeed, there is a "law of evolution® by which one can
explan the emergence of forms capable of activities which are truly novd. This law is
one of the formation of higher and higher levds of cyberngtic control. The nodd
points of evolution for Turchin are the moments when the mog recent and highest
controlling subsysem of a large sydem is integraied into a metasysem and brought
under a yet higher form of control. Examples of such trandtions are the origin of life,
the emergence of individud sdfconsciousness, the gopearance of language, and the
development of the scientific method.

Many authors in the last century have atempted to sketich schemes of cosmic
evolution, and Turchin's verson will evoke memories in the minds of his readers. The
names of Spencer, Haeckd, Huxley, Engds, Morgan, Bergson, Telhad de Chardin,
Vernadsky, Bogdanov, Oparin, Wiener and many others sarve as labels for concepts
gmilar to some of those discussed by Turchin, Furthermore, it is dear that Turchin
knows many of these authors, borrows from some of them, and cites them for ther
achievements. It is probably not an accident that the title of Turchin's book, "The
Phenomenon of Science” closdy pardlds the title of Telhard's "The Phenomenon of
Man." Yet it is equdly dear tha Turchin does not agree entirdy with any of these
authors, and his debts to them are fragmentary and sdlective. Many of them assigned a

place dther to vitdidic or to theologicd dements in ther evolutionary schemes, both
of which Turchin rgects Others reied heavily on mechanidic, reductionis principles
which left no room for the quditatively new leves of biologicd and socd orders that
are 0 important to Turchin. And dl of them-with the possble exception of Wiener,
who left no comprehendve andyss of evolutior-wrote a a time when it was
impossible to incorporate information theory into their accounts.

The two aspects of Turchin's scheme of cosmic evalution which didinguish it from its
wdl-known predecessors are its heavy reliance on cybernetics and its induson of the
devdopment of sdenttific thought in evolutionary devdopment that begins with the
inorganic world. The fird agpect is one which is intimatdy tied to Turchin's own fidd
of specidizaion, snce for many years he was a leeder in the theory and desgn of
Soviet computer systems and is the author of a sysem of computer language. Turchin
bdieves tha he gained ingghts from this experience that lead to a much more rigorous



discusson of evolution than those of his predecessors. The second aspect of Turchin's
acoount--the treetment of scientific concepts as "objects’ governed by the same
evolutionary regularities as chemicd and biologicd etities-is likdy to rase
objections among some reeders. Although this approach is adso not entirdy origind--
one thinks of some of the writings of Stephen Toulmin, for example--I know of no
other author who has attempted to integrate science 0 thoroughly into a scheme of the
evolution of phydcd and biologicd nature Taking a thoroughly cybernetic view,
Turchin maintains that it is not the "substance” of the entities being described that
matters, but their principles of organization.

For the person seeking to andyze the essantid characteridics of Turchin's sysem of
explandtion, two of his terms will dtract atention: "representation” and "metasystem
trangtion.” Without a dear understanding of wha he means by thee terms one
cannat comprehend the overdl developmentd picture he presents. A centrd issue for
critics will be whether a dear understanding of these terms can be gained from the
materid presented here. One of the mogt difficult tasks for Mr. Frentz, the trandator,
was connected with one of these centrd terms This problem of finding an English
word for the Russan term preddavienie was eventudly resolved by usng the term
"represantation.” In my opinion, the difficulty for the trandator was not Iamply a
linguigtic one, but involved a fundamentd, unresolved philosophicd issue The term
predgavienie is used by Turchin to mean "an image or a representation of a part of
redity.” It plays a cudd role in dexribing the gtuations in which an organiam
compares a given drcumdance with one thet is optima from the standpoint of its
aurvivd. Thus Turchin, after introducing this term, spesks of a hypotheticd animd
that "loves a temperature of 16 degrees Centigrade’ and has a representation of this
wonderful studtion in the form of the frequency of impulses of neurons The animd,
therefore, atempts to bring the given drcumdances dossr and cdoser into
correpondence with its neurond representation by moving about in water of different
temperatures. This same term preddavienie is dso used to describe human behavior
where the teem "mentd image’ would seem to be a more fdicitous trandation. If we
look in a good RussanEnglish dictionary, we shdl find preddavienie defined as
"presentation, idea, notion, representation.” At firsg Dr. Turchin, who knows English
wel and was consulted by the trandator, prefared the trandation "notion”” Yet it
seemed raher odd, even vagudy anthropomorphic, to atribute a "notion” to a
primitive organiam, an amoeba, or even a fish. On the other hand, the term
"representation” seemed too rudimentary for human behavior where "ided" or "menta
image' wes dearly preferable. This difficulty arose from the efort to cary a condant
teem through evolutionary sages in which Turchin sees the emergence of quditatively
new properties. The problem is, therefore, only secondarily one of language. The basic
issue is the familiar one of reductionism and nonreductioniam in descriptions of
biologicd and psychologicd phenomena Since the Russan language happens to
posess aterm thet fits these different stages better than English, we might do better to

retain the Russan preddavienie In this text for a wide drde of English readers,
however, the trandator chose tie word "representation,” probably the best that can be
done. The difficulties of underganding the term "metasysdem trandtion” arise from its
induson of a paticular interpretation of logica attributes and rdations. Turchin



bdieves that it is inmpossble to describe the process by which a paticular system
develops into a metasysem in the terms of dassca logic. Classcd logic, he says
describes only attributes, not relaions. For an adequate description of relations, one
mus rdy on the Hegdian didectic, which permits one to see tha the whole of a
metasysem is gregter than the sum of its subsysems. The Hegdian concept of
quantitative change leading to quditetive change is thus not only explicitly contained
within Turchins scheme, but plays an essntid role in it. The behavior of human
sodidy is quditaivdy different from the behavior of individud humans. And socid
integration, through the "law of branching growth of the penultimete levd," may lead
eventudly to a concept of The Super-Being." These concepts show some affinities to
Maxig didetticd maeridism, in which a gmilar differentigtion of quditatively
didinct evolutionary levels has long been a characteridic festure. The British scientigt
J D. Band once went 0 far as to dam tha this concept of didecticd leves of
naturd laws was uniquey Marxig, when he wrote about “the truth of different laws
for different levds, an essentidly Marxig idea" However, many nonMaxids have
adso advanced such a view of irreducible levels of laws one should therefore be
caeful about terming a system of thought Marxis smply because it possesses this
festure Mog Maxids would rgect, @ a minimum, Turchin's discusson of the
concept of the Super-Bang (dthough even in early Soviet Marxism "God-building
had a subrosa tradition). In Turchin's case we ae probably judified in linking the
induson of Hegdian concepts in his interpretation of nature to the educetion in
philosophy he received in the Soviet Union. Sovige Marxiam was probebly one of
severd sources of Turchin's philosophic views others are cybernetics and the thought
of such earlier writers on cosmic evolution as Chardin and Vernadsky.

In view of the links one can se between the ideas of Turchin and Marxiam, it is
paticulaly interesting to notice that Turchin is now in politicd difficulty in the Soviet
Union. Before | give some of the deals of his political biogrgphy, however, | shdl
note tha in this essatidly nonpaliticd manusript Turchin gives a few hints of
possible socid implications of his interpretation. He remarks that the cybernetic view
he is presenting places great emphasis on "control" and that it draws an andogy
between sodety and a multicdlular orgenism. He then observes, "This point of view
concedls in itsdf a great danger that in vulgarized form it can easly lead to the
conception of a fascig-type totditarian Sate” This posshility of a totditarian Sate, of
whatever type, is dealy repugnant to Turchin, and his persond experience is a
witness that he is willing to risk his own security in order to druggle agang such
dae As for his interpretation of socid evolution, he contends that "the possibility thet
a theory can be vulgarized is in no way an agument agand its truth." In the lagt
sections of his book he presents suggedtions for avoiding such vulgarizations while
ill working for grester socid integration.

Turchin is wredling in this las pat of his interpretation with a problem that hes
recently plagued many thinkers in Western Europe and America as well: Can one
combine a sentific explanaion of man and sodety with a commitment to individua
freedom and sodd judice? Turchin is convinced that such combingtion of gods is
possble indeed, he sees this dliance as imperdive, snce he beieves there is no



conceptud  dternative to the sdentific worldview and no ethicd dternative to the
maintenance of individud freedom. It is the Steedfastness of his support of science thet
will seem surprisng to some of his readers in the West, where stience is often seen as
only a patid worldview, one to be supplemented with rdigious or nonscientific
ethicd or esthetic principles. Turchin, however, bdieves that humans can be explained
within an entirdy naturdidic framework. His bdief tha ethicd and dtruidic modes
of behavior can emerge from an evolutionary scheme is, therefore, one thet brings him
in contact with recent writers in the West on sociobiology, physica anthropology, and
evolutionary behavior. His emphases on information theory, on irreducible levels, and
on the dangers of wvulgarizations of sdientific explanations of human behavior while
nonethdess remaning loyd to scence may make contributions to these dready
interesting discussions.

Vdentin Fedorovich Turchin, born in 1931, holds a doctor's degree in the physcd and
mathematical sciences He worked in the Soviet science center in Obningk, near
Moscow, in the Physcs and Energetics Inditute and then later became a senior
sietific researcher in the Inditute of Applied Mahemaics of the Academy of
Sdences of the USSR. In this inditute he soedidized in information theory and the
computer sciences. While working in thee fidds he deveoped a new computer
language that was widdy gpplied in the USSR, the "Refd" sysem. After 1973 he was
the director of a laboratory in the Centrd Scientific-Research Inditute for the Design
of Automated Condruction Sysems. During his years of professond employment
Dr. Turchin published over 65 works in his fidd. In sum, in the 1960s and early
1970s, Vdentin Turchin was conddered one of the leading computer specidids in the
Soviet Union. Dr. Turchin's palitica difficulties began in 1968, when he was one of
hundreds of scientigs and other liberd intdlectuds who sgned letters protesting the
crackdown on dissdents in the Soviet Union preceding and accompanying the Soviet-
led inveson of Czechodovakia In the same year he wrote an aticle entitted "The
Inertia of Fear” which drculaed widdy in samizdat, the sysem of underground
tranamisson of manuscripts in the Soviet Union. Later the same atide was expanded
into a book-length manusript in which Dr. Turchin aiticdzed the vediges of Sdiniam
in Soviet ociety and caled for democratic reform.

In September 1973 Dr. Turchin was one of the few people in the Soviet Union who
came to the defense of the prominent Soviet physas Andre D. Sskharov when the
dissdent scientis was dtacked in the Soviet pres. As a result of his defense of
Sakharov, Turchin was denounced in his inditute and demoted from chief of
laboratory to senior research associate. The computer scientist continued his defense
of humen rights, and in July 1974, he was dismissed from the nditute. In the ensuing
months Dr. Turchin found that he had been blacklisted at other places of employment.

In the lagt few years Professor Turchin has been chairman of the Moscow chepter of
Amnesty Internationd, an organization that has worked for humen rights throughout
the world When other Soviet scholas were persecuted, incduding Andre
Tverdokhlebov and Serge Kovdev, Dr. Turchin hdped publicize thar plight. During
this period, his wife, a mathematician, has financialy supported her husband and ther
two sons.
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In 1974 and 1975 Dr. Turchin received invitations to teech a severd American
univerdties, but the Soviet government refused to grant him an exit visa Severd
writers in the West speculated that he would soon be arested and tried, but o far he
hes been dble to continue his activity, working within necessry limits His gpartment
has been searched by the police and he has been interrogated.

Dr. Turchin wrote The Phenomenon of Science before these pearsond difficulties
began, and e did not intend it to be a palitical statement. Indeed, the manuscript was
acoepted for publication by a leading Soviet publishing house, and prdiminary Soviet
reviewers prased its qudity. Publication of the book was stopped only after Dr.
Turchin was criticized on cother grounds Therefore, that the initid publication of The
Phenomenon of Science is outdde the Soviet Union, should not be seen as a reault of
its content, but of the nonscientific activities of its author after it was written.

Loren R. Graham

Columbia University
June 1977

11



Preface

WHAT IS sdentific knowledge of redity? To answer this quedion from a scentific
point of view means to look a the human race from outdde, from outer space 0 to
goeek. Then human beings will gopear as catan combinations of matter which
perform certain actions, in paticular producing some kind of words and writing some
kind of symbols How do these actions aise in the process of lifeés evolution? Can
their appearance be explained on the bads of some generd principles rdaed to the
evolutionary process? What is sdentific activity in light of these generd principles?
These are the questions we shd| atempt to answer in this book.

Principles s0 generd that they are gpplicable both to the evolution of stience and to
biologicd evolution require equdly generd concepts for their expresson. Such
concepts ae offered by cybernetics the stence of rdationships, control, and
organizetion in dl types of objects Cybernetic concepts describe physicochemicd,
biologica, and sodd phenomena with equa success. It is in fact the devdopment of
cyberndtics, and paticulaly its successes in describing and modding  purposeful
behavior and in pattern recognition, which has made the writing of this book possble.
Therefore it would be more precise to define our subject as the cybernetic gpproach to
science as an object of study.

The intdlectud pivot of the book is the concgpt of the metasysem trandtion-the
trangtion from a cybernetic sysem to a metasysem, which incdludes a st of systems
of the initid type organized and controlled in a definite manner. | fird made this
concept the bass of an andyss of the development of sgn sysems usad by science.
Then, however, it turned out that investigating the entire process of lifés evolution on
eath from this point of view permits the condruction of a coherent picture governed
by uniform laws Actudly it would be better to ssy a moving picture, one which
begins with the firg living cdls and ends with present-day scientific theories and the
sydem of indusdtrid production. This moving picture shows, in paticular, the place of
the phenomenon of science among the other phenomena of the world and reveds the
dgnificance of sdence in the overdl picture of the evolution of the universe That is
how the plan of this book arose. How convincingly this picture has been drawn |
propose to leave to the reader's judgment.

In accordance with the plan of the book, many very diverse facts and conceptions ae
presented. Some of the facts ae commonly known; | try to limit my discusson of
them, fitting them into the system and reating them to my basc idea. Other facts are
less well known, and in such cases | dwdl on them in more detal. The same is true or
the conceptions, some are commonly recognized while others are less wdl known and,
possbly, debatable The varied nature of the materid crestes a dtudion where
different parts of the book require different efforts from the reader. Some pats ae
descriptive and easy to read, in other places it is necessary to go deeply into quite
specidized matters. Because the book is intended for a broad range of readers and
does not assume knowledge beyond the secondary school leve, | provide the

necessaty theoreticd
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informetion in dl such cases These pages will reguire a certain effort of the untraned
reader.

The book gives an important place to the problems of the theory of knowledge and
logic. They are, of course, trested from a cybernetic point of view. Cybernetics is now
waging an dtack on traditiond philosophical episemology, offering a new natura-
science interpretation of some of its concepts and rgecting others as untenable. Some
philosophers oppose the rise of cybernetics and congder it an infringement on thar
territory. They accuse cyberneticists of meking the truth "crude' and "smplifying” it;
they dam cybeneticds ignore the "fundamentd difference’ between different forms
of the movement of matter (and this is despite the thess of the world's unity!). But the
philosopher to whom the possessive attitude toward various fidds of knowledge is
foreign should wdcome the atacks of the cyberneticists. The development of phydcs
and astronomy once destroyed naturd philosophy, sparing philosophers of the need to
tak gpproximatdy about a subject which scientists could discuss exactly. It gppears
tha the devdopment of cyberndtics will do the same thing with philosophica
epigemology or, to be more cautious, with a dgnificant pat of it. This should be
nothing but gratifying. Philosophers will dways have enough concarns of ther own;
science rids them of some, but gives them others. Because the book is devoted to
sience in toto as a definite method of interaction between human sociely and its
environment, it contans practicdly no discusson of concrete  naturd-science
disciplines. The presntation remains etirdy a the levd of the concepts of
cybenetics logic, and mathematics which are egudly dgnificant for dl modern
science. The only exception is for some notions of modern physcs which ae
fundamentdly important for the theory of dgn sysdems A concrele andyds of
stiences interaction with production and socid life was dso outsde the scope of the
problem. This is a diginct metter to which a vagt literature has been devoted; in this
book | remain & the level of genera cybernetic concepts.

It is dangerous to atempt to combine a large amount of materid from different fidds
of knowledge into a dngle, whole picture; detalls may become digtorted, for a person
cahnot be a specidig in everything. Because this book atempts precisdy to create
such a picture, it is very likdy that specidids in the fidds of science touched on here
will find omissons and ineccuracies; such is the price which mugt be paid for a wide
scope. But such pictures are essentid. It only remains for me to hope that this book
contains nothing more than erors in detall which can be diminated without detriment
to the overdl picture.

V.F. Turchin
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CHAPTER ONE

Thelnitial Stages Of Evolution

B THE BASIC LAW OF EVOLUTION

IN THE PROCESS of the evolution of life, as far as we know, the totamass of living
maiter has dways been and is now increesng and growing more complex in its
organization. To increese the complexity of the organization of biologica forms, naure
operates by trid and eror. Exiding forms are reproduced in many copies, but these are
not identica to the origind. Indead they differ from it by the presence of smdl endom
vaiaions These copies then sarve as the maerid for naturd sdection. They may act as
individud living beings in which case Sdection leads to the consolidation of useful
vaidions, or dements of more complex forms, in which case sdection s aso directed to
the dructure of the new form (for example, with the gopearance of multicdlular
organiams). In both cases Hection is the rexult of the druggle for exigence, in which
more viable forms supplant less vigble ones

This mechenian of the devdopment of life, which was discovered by Charles Dawin,
may be cdled the basic law of evolution. It is not among our purposes to substantiate or
discuss this law from the point of view of those laws of nature, which could be dedlared

more fundamental. We shdl teke the basic law of evolution as given.

mTHE CHEMICAL ERA

THE HISTORY OF LIFE before the gppearance of the human being can be broken into
two periods, which we shdl cal the "chemicad" era and the "cybernetic’ era The bridge
between them is the emergence of animds with disinct nervous sysems, induding sense
ogans, nerve fibers for trangmitting information, and neve centers (nodes) for
conveting this information. Of course, these two terms do not Sgnify that the concepts
and methods of cybernetics are ingpplicable to life in the "chemicd” erg it is Smply that
the anima of the "cybernetic" era is the classcad object of cybernetics the one to which
its gppearance and establishments a scientific discipline are tied.

We gl review the higory and logic of evolution in the pre cyberngtic period only in
passing, meking reference to the viewpoints of present-day biologiss[1] Three stages can
beidentified in this period.

In the fira dage the chemicad foundations of life are lad. Macromolecules of nudec
acids and proteins form with the property of replication, making copies or "prints' where
one macromolecule saves as a marix for syntheszing a dmilar macromolecule from
dementary radicds. The bagc lav of evolution, which comes into play a this stage,
caues marices which have gregter reproductive intendty to gan an advantage over

14



matrices with lessr reproductive intendty, and as a result more complex and active
mecromolecules and sysems of macromolecules form.  Biosynthess demands free
energy. Its primary sources solar radiation. The products of the partid decay of life forms
that make direct use of solar energy (photosynthesis) dso contain a certain reserve of free
energy which may be used by the dready avalable chemidry of the macromolecule
Therefore, this reserve is used by specid forms for which the products of decay serve as a
secondary source of free energy. Thus the divison of life into the plant and animd
worlds arises.

The second stage of evolution is the gppearance and development of the motor gpparatus
inanmas

Fants and animds differ fundamentdly in the way they obtan energy. With a given levd
of illumination the intensty of absorption of solar energy depends entirdy on the amount
of plant surface, not on whether it moves or remains dationary. Plants were refined by
the creation of outlying light catchers--green leaves secured to a sysem of supports and
couplings (ems, branches, and the like). This desgn works very wdl, ensuring a dow
dhift in the green surfaces towad the light which matches the dow change in
illuminetion.

The gtudtion is etirdy different with animas in paticular with the mogt primitive types
such as the amoeba. The source of energy-- food--fills the environment around it. The
intake of energy is determined by the peed a which food molecules are diffused through
the shell that separates the digestive gpparatus from the externd environment. The speed
of diffuson depends less on the Sze of the surface of the digestive goparatus than on the
movement of this surface rdaive to the environment; therefore it is possble for the
animd to take in food from different sectors of the environment. Consequently, even
ample, cheotic movement in the environment or, on the other hand, movement of the
environment redive to the organiam (as is done, for example, by sponges which force
water through themsdves by means of ther dilia) is very important for the primitive
anima and, consequently, appears in the process of evolution. Specid forms emerge
(intrecdlular formations in one-celled organiams and ones containing groups of cdls in
multicdlular organisms) whose basic function is to produce movement.

In the third dage of evolution the movements of animds become directed and the
incpient forms of sense organs and nervous systems appear in them. This is dso a naturd
consequence of the badc law. It is more advantageous for the animd to move in the
direction where more food is concentrated, and in order for it to do s0 it must have
sensors that describe the date of the externd environment in dl directions (sense organs)
and information channds for communication between these sensors and the motor
goparaus (nervous sydem). At fird the nervous sysem is extremdy primitive. Sense
organs merdy diginguish a few dtuations to which the anima must respond differently.
The volume of information transmitted by the nervous system is dight and there is no
soecid gopaaus for processng the information. During the process of evolution the
sense organs become more complex and ddiver an increesng amount of information
about the externd environment. At the same time the motor gpparatus is refined, which



makes ever-increesng demands on the carrying cgpacity of the nervous system. Specid
formations appear--nerve centers which convert information recaved from the sense
organs into information controlling the organs of movement. A new ea begins the
"cyberndtic” era.

B CYBERNETICS

TO ANALYZE evolution in he cybernetic period and to discover the laws governing the
organization of living beings in this peiod (for brevity we will cdl them "cybernetic
animas’) we must introduce certain fundamenta concepts and laws from cybernetics.

The term "cyberndtics’ itsdf was, of course, introduced by Norbert Wiener, who defined
it descriptively as the theory of rdaionships and contral in the living organism and the
mechine. As is true in any sdentific discipling a more precise definition of cybernetics
requires the introduction of its basc concepts. Properly spesking, to introduce the basc
concepts is the same as defining a paticular science, for dl that remans to be added is
that a description of the world by means of this sygsem of concepts is in fact, the
particular, concrete science.

Cybernetics is based above dl on the concept of the system, a certain materid object
which conggs of other objects which ae cdled subsysems of the given sysem. The
ubsysem of a certain system may, in its turn, ke viewed as a sysem consging of other
ubsysems. To be precise, therefore, the meaning of the concept we have introduced
does nat lie in the term "system” by itsdlf, thet is, not in ascribing the property of "being a
sysem” to a certain object (this is quite meaningless, for any object may be consdered a
sysem), but rather in the connection between the terms "system” and "subsystem,” which
reflects definite reaionship among objects.

The second crucid concept of cybernetics is the concept of the state of a sysem (or
ubsysem). Jugt as the concept of the system rdies directly on our spatia intuition, the
concept of date relies directly on our intuition of time and it cannot be defined except by
referring to experience. When we sy that an object has changed in some respect we are
saying that it has passed into a different Sate. Like the concept of sysem. The concept of
date is a conceded rdaionship: the rdaionship between two moments in time. If the
world were immobile the concept of state would not occur, and in those disciplines where
the world is viewed gaticaly, for example in geometry, there is no concept of date.

Cyberndtics gudies the organization of systems in gpace and time, that is, it Sudies how
subsysgems are conneded into a sysem and how change in the Sate of some subsystems
influences the date of other subsysems The primary empheds of course, is on
organizetion in time which, when it is purposeful, is cdled control. Causd rddions
between daes of a systen and the characteridics of its behavior in time which follow
from this are often cdled the dynamics of the system, borrowing a term from physcs
This term is not gpplicable to cybernetics because when we spesk of the dynamics of a
sydem we are indined to view it as something whole, whereas cybernetics is concerned
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manly with invesigaing the mutua influences of subsysems meking up the paticular
sysem. Therefore, we prefer to speak of organization in time usng the teem dynamic
description only when it mugt be juxtgposed to the static description which consders
nothing but oatid relationships among subsystems.

A cyberndtic destription may have different levels of detall. The same sysem may be
described in generd outling, in which it is broken down into a few large subsysems or
"blocks" or in gregter deal, in which the dructure and internd connections of each
block are destribed. But there is dways some find levd beyond which the cybernetic
description does not apply. The subsysems of this levd are viewed as dementary and
incapable of being broken down into condituent parts. The red physcad naure of the
dementary subsysems is of no interest to the cyberneticist, who is concerned only with
how they ae interconnected. The nature of two physcd objects may be radicdly
different, but if & some levd of cybendic desiption they ae organized from
ubsysems in the same way (consdering the dynamic aspect!), then from the point of
view of cybernetics they can be conddered, & the given levd of desription, identicd.
Therefore, the same cybernetic congderaions can be gpplied to such different objects as
aradar circuit, acomputer program, or the human nervous sysem.

mDISCRETE AND CONTINUOUS SYSTEMS

THE STATE OF A SYSTEM is ddfined through the aggregate of dates of dl its
ubsysems, which in the lag andyss means the dementary subsysems There are two
types of dementary subsysems. those with a finite number of possble sates, dso cdled
ubsysems with discrete dates, and those with an infinite number, dso cdled subsysgems
with continuous dates. The whed of a mechanicd cdculaor or taxi meter is an example
of a subsysem with discrete dates. This whed is normdly in one of 10 pogtions which
correspond to the 10 digits between 0 and 9. From time to time it turns and passes from
one date into ancother. This process of turning does not interet us. The correct
functioning of the sysem (of the cdculaor or meter) depends entirdy on how the
"normd" pogtions of the wheds ae interconnected, while how the change from one
postion (Sate) to another takes place is inconsequentid. Therefore we can consder the
cdculator as a sysem whose dementary subsysems can only be in discrete daes A
modern high-speed  digitd computer dso congsts of subsysems (trigger circuits) with
discrete dates Everything that we know a the present time regarding the nervous
sygems of humans and animds indicates that the interaction of subsysems (neurons)
with discrete datesis decigve in ther functioning.

On the other hand, a person riding a bicycle and an and computer are both examples of
systems congging of subsystems with continuous daes In the case of the bicyde rider
these subsysems ae dl the pats of the bicyde and human body which ae moving
relative to one ancther: the wheds, pedds, handiebar, legs, ams, and so on. Ther dates
are their pogtions in space. These podtions are described by coordinates (numbers)
which can assume continuous sets of values
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If a sydem conggs exclusvey of subsysems with discrete daes then the sysem as a
whole must be a system with discrete dates We shdl smply cdl such sysems "discrete
sysems” and we shdl cdl sysems with continuous sets of states "continuous systems.”
In many respects discrete sysems are smpler to andyze than continuous ones. Counting
the number of possble dates of a sysem, which plays an important part in cybernetics,
requires only a knowledge of dementary aithmetic in the case of discrete systems
Suppose discrete system A congds of two subsysems a; and ap; subsystem a may have
n; possible gates, while subsystem a, may have n,. Assuming that eech dae of system a
can combine with each date of sysem a, we find that N, the number of possble dates of
sysem A, is mnz. If sysem A congsts of m subsystemsa; wherei =1, 2, ..., m then

N=ning,...NMm

From this point on we shal congder only discrete sysems. In addition to the pragmetic
condderdion that they are smpler in principle than continuous sysems, there are two
other arguments for such aredriction.

Frg, dl continuous sysems can in prindple be viewed as disorete sysems with an
extremdly large number of dates In light of the knowledge quantum physcs has given
us, this gpproach can even be conddered theoreticdly more correct. The reason why
continuous sysems do not Smply disgppear from cybernetics is the exigence of a very
highly refined goparaus for condderaion of such sysems mahematicd andyss, aove
al, differentid equations.

Second, the most complex cybernetic systems, both those which have arisen naturdly and
those crested by human hands have invaiably proved to be discrete This is seen
egecidly dealy in the example of animds The rdaivdy smple biochemica
mechaniams that regulae body temperature, the content of various subgances in the
blood, and smilar characteridics are continuous, but the nervous system is constructed
according to the discrete principle.

B THE RELIABILITY OF DISCRETE SYSTEMS

WHY DO DISCRETE SYSTEMS prove to be preferable to continuous ones when it is
necessry to perform complex functions? Because they have a much higher rdiability. In
a cybernetic device based on the principle of discrete dates each dementary subsystem
may be in only a smdl number of posshle dates, and therefore the system ordinarily
ignores amd| deviations from the norm of various physcd paamees of the sysem,
reedablishing one of its pemissble daes in its "primevd purity." In a continuous
system, however, smdl disurbances continuoudy accumulate and if the sysem is too
complex it cesses functioning correctly. Of course, in the discrete sysem too there is
dways the posshility of a breskdown, because smdl changes in physicd parameters do
lead to a finite probability that the sysem will switch to an "incorrect” sate. Nonethdess,
discrete sysems definitdy have the advantage. Let us demondrate this with the following
smpleexample.
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Suppose we mugt transmit a message by means of eectric wire over a disance of, sy,
100 kilometers (62 miles). Suppose dso that we are able to st up an automatic Sation for
every kilometer of wire and that this gation will amplify the sgnal to the power it had at
the previous gation and, if necessary, convert the sgnd.

B Continuous
= signal

Discrate
signal

Transmitter Infermediabe stations Recaivar

Figure 1.1. Transmission of a signal in continuous and discrete systems (The
shaded part shows the area of signal ambiguity.)

We asume that the maximum ggnd our equipment permits us to send has a magnitude
of one volt and that the average digortion of the sgnd during transmisson from dation
to gation (noise) isequd to 0.1 volt.

Fra let us condder the continuous method of data trangmisson. The content of the
message will be the amount of voltage gpplied to the wire & its beginning. Owing to
noise, the voltage at the other end of the wire—the message recaived--will differ from the
initid voltage. How grest will this difference be? Congdering noise in different segments
of the line to be independent, we find that after the Sgnd passes the 100 ations the root-
mean quare magnitude of noise will be one vot (the mean squares of noise ae
summed). Thus average noise is equa to the maximum sgnd, and it is therefore plain
that we shdl not in fact recaive any useful information. Only by accident can the vadue of
the voltage recaived coincide with the vaue of the voltage tranamitted. For example, if a
precison of 0.1 volt satisfies us the probability of such a coincidence is gpproximetey
1/10.

Now let us look a the discrete variant. We shdl define two "meaningful’ dates of the
initid segment of the wire when the voltage gpplied is equd to zero and when it is
maxima (one volt). At the intermediae Sations we inddl automatic devices which
tranamit zero voltage on if the voltage recaived is less than 0.5 volt and transmit a norma
one-volt sgnd if the voltage received is more than 0.5 valt. In this case, therefore, for
one occason (one sgnd) information of the "yesno' type is tranamitted (in cybernetics
this volume of information is cdled one "bit"). The probability of recaving incorrect
information depends drongly on the law of probebility didribution for the magnitude of
noise. Noise ordinarily follows the so-cdled normd law. Assuming this lav we can find
that the probability of eror in tranamisson from one dation to the next (which is equd to
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the probability that noise will exceed 05 volt) is 025 - 10°. Thus the probahility of an
aror in trangmisson over the full length of the line is 025 - 10™. To transmit the same
message as was trangmitted in the previous case-thet is, a vaue between 0 and 1 with a
precison of 0.1 of a catan quantity lying between 0 and +-dl we have to do is send four
"yesn0" type dgnds. The probability thet there will be eror in a least one of the Sgnds
is 10, Thus, with the discrete method the total probability of error is 0.01 percent, as
againg 90 percent for the continuous method.

B INFORMATION

WHEN WE BEGAN describing a concrete cybernetic system it was impossble not to
ue the tem information--a word familir and underdandeble in its informd
conversaiond meaning. The cybernetic concept of information, howewer, has an exact
quantitative meaning.

Let usimagine two subsysems A and B

Figure 1,2,

The two subsystems are interconnected in such a way that a change in the date of A leads
to a change in the ate of B. This can dso be expressad as follows: A influences B. Let
us condder the date of B a a certain moment in time tiand a a later moment t2. We shdl
ggnify the fird date as S; and the second as S, StateS, depends on state S;. The ration
of S to § is probabiligic, however, not unique This is because we are not consdering
an idedized theordticd sysem governed by a determinigic lav of movement but rather a
red sysem whose dates § are the results of experimenta data With such an gpproach
we may dso ek of the law of movement, undersanding it in the probabiligic sense--
that is as the conditiond probability of Sdate S a moment t, on the condition that the
gydem was indate S a moment t1. Now let us momentarily ignore the law of movement.
We ddl ue N to desgnae the totd number of possble sates of subsysem B and
imagine that conditions are such tha & any moment in time system B can assume any of
N dates with equa probability, regardless of its date a the preceding moment. Let us
atempt to give a quattitaive expresson to the degreg(or drength) of the cause effect
influence of sygdem A on such an inertidess and "lawless' subsysem B. Suppose B acted
upon by A switches to a cartan completely determinate Sate. It is clear tha the "srength
of influence’ which's required from A for this depends on N, and will be larger as N is
larger. For example, if N= 2 then B, even if it is completdy unrdaed to A, when acted
upon by random factors can switch with a probability of 5 to the very dae A
"recommends” But if N = 10°, when we have noticed such a coincidence we shdl hardly
doubt the influence of A on B Therefore, some monotonic incressng function of N
should sarve as the measure of the 'drength of the influence’ of A on B. What this
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essentially means is tha it saves as a measure of the intensty of the causeeffect
relaionship between two events, the date of A in the time interva from t; to t; and the

dae of B a t.. In cybendics this measure is cdled the quantity of information
tranamitted from Ato B between moments in time t; and t,, and a logarithm serves as the

monoatonic increasng function. So, in our example, the quantity of information | passed
fromAtoBisequd tolog N.
Sdection of the logarithmic function is determined by its property according to which

log N1N2 = log N1+ log N2

Suppose sysem A influences sysem B which congsts of two independent subsystems Ba
and B, with number of possible gates N1 and N respectively.

Then the number of dates of sysem B is NiNjand the quantity of information | that must
be transmitted to sysem B in order for it to assume one definite date is, owing to the
above-indicated property of the logarithm, the sum

| =IogN1N2:IogN1 +|CXJN2:|1+ I

where I, and I, are the quantities of information required by subsystems B, +B,. Thanks to
this property the information assumes definite characteridics of a subdance it spreads
over the independent subsystems like a fluid filling a number of vessdls We are spesking
of the joining and separdtion of information flows, information cgpecity, and informetion
processing and storage.

The quedion of information dorage is rdated to the question of the law of movement.
Above we mentdly st adde the lav of movement in order to define the concept of
information trangmisson. If we now condder the lawv of movement from this new point
of view, it can be reduced to the tranamisson of information from sysem B & momen t;
to the same system B & moment t1. If the state of the sysem does not change with the
passge of time, this is information dorage. If date S is uniquey determined by S at a
preceding moment in time the sysem is cdled fully deterministic. If S is uniqudy
determined by S;the sysem is cdled reversble for a reversble sysem it is possble in
principle to compute al preceding dates on the bass of a given dae because information
loss does not occur. If the system is not reversble information is log. The law of
movemant is essantidly something which regulates the flow of information in time from
the system and back to itsdlf.
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Fgure 14 dhows the chat of informaion trangmisson from sysem A to sysem C
through sysem B.

X
)
0,800

B is cdled the communication channel. The gate of B can be influenced not only by the

date of sysem A, but aso by a certain uncontrolled factor X, which is cdled noise. The
find date of sysem C in this case depends not only on the state of A, but dso on factor X

(information digtortion). One more important diagram of information exchange is shown

)
S

This is the so-cdled feedback diagram. The dae of sygem A at t; influences the date of
B a t2, then the later influences the date of A a ts. The drde of information movement
is completed.

With this we condude for now our familiaization with the generd concepts of
cybernetics and turn to the evolution of life on earth.
B THE NEURON

THE EXTERNAL APPEARANCE of a neve cdl (neuron) is shown schemdicdly in
figure 1.6.
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Figure 1.6. Diagram of the structure of a neuron.

A neuron conggts of a farly large (up to 0.1 mm) cdl body from which severd processes
cdled dendrites spread, giving rise to finer and finer processes like the branching of a
tree. In addition to the dendrites one other process branches out from the body of the
nerve cdl. This is the axon, which ressmbles a long, thin wire. Axons can be very long,
up to a meter, and they end in tredike branching sysems as do the dendrites. At the ends
of the branches coming from the axon one can see smdl plates or bulblets The bulblets
of one neuron gpproach close to different segments of the body or dendrites of another
neuron, dmaogt touching them.

These contacts are cdled synapses and it is through them that neurons interact with one
another. The number of bulblets gpproaching the dendrites of the single neuron may run
into the dozens and even hundreds In this way the neurons are closdy interconnected
and form anervenet.

When one condders catan physcochemicd properties (above dl the propagetion of
eectricad potentid over the surface of the cdl) one discovers the neurons can be in one of
two dates-the date of dormancy or the date of dimulaion. From time to time
influenced by other neurons or outsde factors, the neuron switches from one date to the
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other. This process takes a certain time, of course, 0 that an investigator who is studying
the dynamics of the dectricdl dae of a neuron, for example, condders it a sysem with
continuous dates. But the informeation we now have indicates that what is essentid for
the functioning of the nervous sysem as a whaole is not the nature of switching processes
but the very fact that the particular neurones are in one of these two dtates. Therefore, we
may condder that the nerve net is a disrele sysem which condss of dementary
ubsystems (the neurons) with two sates.

When the neuron is dimulated, a wave of dectricd potentid runs dong the axon and
reaches the bulblets in its branched tips From the bulblets the stimulation is passed
across the syngpses to the corresponding sectors of the cell surface of other neurons. The
behavior of a neuron depends on the date of its syngpses. The smplest modd of the
functioning of the nerve net begins with the assumption that the date of the neuron a
eech momat in time is a ange-vdued function of the dae of its syngpses. It has been
edablished expeimentdly that the dimulation of some syngpses promotes simulaion of
the cdl, wheress the dimulaion of other syngpses prevents gimulation of the cel.
Fndly, cetan syngoses ae completdy unable to conduct simulation from the bulblets
and therefore do nat influence the date of the neuron. It has aso been established that the
conductivity of a syngpse incresses after the firsd passsge of a simulus through it
Esstidly a dodng of the contact occurs This explans how the sysem of
communication among neurones, and consequently the nature of the nerveret's
functioning, can change without a change in the rdlative pogtions of the neurons.

The idea of the neuron as an indantaneous processor of information received from the
gynapsss is, of course, vary amplified. Like any cdl the neuron is a complex machine
whose functioning has not yet been wdl undergood. This machine has a large internd
memory, and therefore its reections to externd simuli may show grest vaiety. To
undergand the generd rules of the working of the nervous sysem, however. we can
abgract from these complexities (and redly, we have no other way to go!') and begin with
the asmple modd outlined above.

B THE NERVE NET

A GENERALIZED DIAGRAM of the nerve sydem of the "cybendic animd” in its
interaction with the environment is shown in figure 1.7.
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Figure 1.7.Nervous system of the "cybernetic animal”

Those sensory nerve cdls which are simulated by the action of outsde factors are caled
receptors (that is, receivers) because they aréte firg to receve information about the state
of the environment. This information enters the nerve net and is converted by it. As a
rellt certan neve cdls cdled effectors are simulated. Branches of the effector cdls
penetrate those tissues of the organism which the nervous sysem dffects directly.
Simulation of the effector causes a contraction of the corresponding muscle or the
dimulation of the activity of the gppropriate gland. We dhdl cdl the date of al receptors
a a catan moment in time the Situation a thet moment. (It would be more precise--if
more cumbersome--to say the "result of the effect of the Stuation on the sense organs”)
We will cdl the date of dl the effectors the "action." Therefore, the role of the nerve net
isto convert a situationinto an action.

It is convenient to teke the term "environment” from figure 1.7 to meen not just the
objects which surround the animd, but dso its bone and musde sysem and generdly
evaything that is not pat of the nervous sysem. This makes it unnecessary to give
separate representations in the diagram to the animd body and what is not the body,
especidly because this didinction is not important in principle for the activity of the
nervous sysem. The only thing that is important is that simulation of the effectors leads
to catan changes in the "environment." With this generd gpproach to the problem as the
beds of our condderaion, we need only classfy these changes as "useful” or "harmful”
for the animd without going into further detall.

The objective of the nervous system is to promote the survivad and reproduction of the
animd. The nevous sysem works wdl when dimulaion of the effectors leads to
changes in the date of the environment that hdp the anima survive or reproduce, and it
works badly when it leads to the reverse. With its increesing refinement in the process of
evolution, the nervous sysem has performed this task increesngly wel. How does it
succeed in this? What laws does this process of refinement follow?

We will try to answver these quedions by identifying in the evolution of the animd
nervous sysem severd dages that are dearly disinct from a cybernetic point of view and
by showing that the trandtion from esch preceding Sage to each subssquent Sage
folows inevitebly from the besc law of evolution. Because the evolution of living bengs
in the cyberndtic era primaily concans the evolution of ther nervous sysems a



periodizetion of the devdopment of the nervous sysem yidds a periodizetion of the
development of lifeasawhole.

B THE SMPLE REFLEX (IRRITABILITY)

THE SIMPLEST VARIANT of the nerve net is when there is no net & dl. In this case
the receptors are directly connected to the effectors and stimulation from one or severd
receptors is trangmitted to one or severd effectors. We shdl cdl such a direct connection
between simulation of areceptor and an effector the simple reflex.

This dage, the third in our dl-indusve enumeration of the dages of evolution, is the
bridge between the chemicd and cyberndic eras. The Codenterata are animds fixed a
the levd of the ample reflex. As an example let us take the hydra, which is sudied in
school as a typicd representative of the Codenterata. The body of a hydra has the shape
of an dongated sac. Its interior, the codenteron, is connected to the environment through
a mouth, which is surrounded by severd tentacles. The wadls of the sac consst of two
layers of cdls the inner layer (entoderm) and the outer layer (ectoderm). Both the
ectodem and the entoderm have many musde cdls which contan amdl fibers that ae
able to contract. thus setting the body of the hydra in motion. In addition, there are nerve
cdls in the ectoderm; the cdls located closest to the surface are receptors and the cdls
which are sat degper, anong the musdles, are effectors. If a hydra is pricked with a needle
it squeezes itdHf into a tiny bdl. This is a ample reflex caused by trangmisson of the
dimulation from the receptors to the effectors.

Inleslinal cavily

. developing

Entoderm calls

Ectoderm cells

Figure 1.8. The structure of the hydra.
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But the hydra is ds0 capable of much more complex behavior. After it has captured prey,
the hydra uses its tentades to draw the prey to its mouth and then swdlows the prey. This

behavior can dso be explaned by the aggregate action of smple reflexes connecting
effectors and receptors localy within smdl segments of the body. For example the

following modd of atentacle explainsits ahility to wrap itsdf around captured objects.

Figure 1.9. Model of a tentacle

Let us picture a catan number of links connected by hinges (for smplicity we gl
condder a two-dimensond picture). Points A and B, A' and B', Band C, and B' and C,
elc. are interconnected by srands which can cortract (musdles). All these points are
sengtive and become simulated when they touch an object (receptors). The dimulation
of each point causes a contraction of the two strands connected to it (reflex).

B THE COMPLEX REFLEX

THE SMPLE REFLEX rddionship between the simulated cdl and the musde cdl
aises naurdly, by the trid and eror method, in the process of evolution. If the
corrdation between dimulation of one cdl and contraction of another proves useful for
the animd, then this corrdation becomes edablished and reinforced. Where
interconnected cdls are mechanicdly copied in the process of growth and reproduction,
naiure receves a sysem of pardld-acting smple reflexes resambling the tentacle of the
hydra But when nature has available a large number of receptors and effectors which are
interconnected by pairs or locdly, there is a " temptation” to meke the sysem of
connections more complex by introducing intermediate neurons. This is advantageous
because where there is a sysem of connections among dl neurons, forms of behavior that
are not possble where dl connections are limited to pairs or locdlities now become so.
This point can be demondrated by a smple cdculaion of dl the possble methods of
converting a sSituation into an action with each method of interconnection. For example,
assume that we have n receptors and effectors connected by pairs. In esch par the
connection may be pogdtive (dimulation causes dimulaion and dormancy  evokes
dormancy) or negative (Simulaion evokes dormancy and dormancy causes simulation).
In dl, therefore, 2" variants are possible, which means 2' variants of behavior. But if we
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assume that the system of connections can be of any kind, which into say that the dae of
eech efector (dimulation or dormancy) can depend in any fashion on the dae of dl the
r ors, then a cdculation of dl possble vaiants of behavior yidds the number
* 22N \which isimmessurably larger than 2"

Exactly the same cdculation leads to the concluson that joining any subsysems which
join independent groups of receptors and effectors into sngle sysem aways leads to an
enormous increase in the number of possble variants of behavior. Throughout the entire
course of the higory of life therefore, the evolution of the nervous sysem has progressed
under the banner of incressing centraization.

But ‘centrdization” can meen different thins If dl neurons ae connected in one
sendedy confused dump, then the sysem-- despite its extremdy "centrdized” nature -
will hardly have a chance to survive in the druggle for exisgence. Centrdization poses the
folowing problem: how to sdect from dl the concavable ways of joining many
receptors with many effectors (by means of intermediate neurons if necessary) that way
which will corrdae a correct action (that is, one useful for survivd and reproduction) to
eech dtuation? After dl, a large mgority of the ways of interconnection do not have this
Characteridtic.

We know that nature takes every new sep toward greater complexity in living structures
by the trid and error method. Let us see what direct gpplication of the trid and error
method to our problem yidds As an example we shdl consder a amdl sysem congsting
of 100 receptors and100 effectors. We shdl assume that we have avalable as many
neurons as needed to creste an intermediate nerve net and that we are ale to determine
eesly whether the particular method of connecting neurons produces a correct reaction to
each dtuation. We shdl go through dl concalvable ways of connection until we find the
one we need. Where n = 100 the number of functiondly different nerve nets among n
receptorsand n effectorsis

2(2"n)n — 1d10" 32)

This is an inconcavably large number. We cannot sort through such a number of variants
and neither can Mother Nature. If every aom in the entire visble universe were engaged
in examining variants and sorting them a a oeed of | hillion items a sscond, even dfter
billions of hillions of years (and our earth has not existed for more than 10 hillion years)
not even one hillionth of the total number of variants would have been examined.

But somehow an dfectivdy functioning neve net does foom! And higher animds have
not hundreds or thousands but millions of receptors and effectors. The answer to the
riddle is concedled in the hierarchical structure of the nervous sysem. Here again we
must meke an excurson into the area of generd cybernetic concepts. We shdl cdl the
fourth dage of evolution the dage of the complex reflex, but we shdl not be able to
define this concept until we have familiarized oursdves with certan facts about
hierarchicaly organized nerve nets
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[11 an genegdly folowing the report by S. E. Schnall entitied "The Essence of Life
Invariance in the Gengd Direttion of Biologicd Evolution,” in Materialy seminara
"Dialektika i sovremennoe estestvoznanie'(Maerids of the "Didectics and Modern
Naturd Science’ Seminar), Dubna, 1967.
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CHAPTER TWO

Hierarchical Structures

B THE CONCEPT OF THE CONCEPT

LET USLOOK a a nerve net which has many receptors at the input but just one effector
a the output. Thus, the nerve net divides the set of dl dtudions into two subsets
gtuaions that cause gimulaion of the effector and Stuatiors thet leave it dormant. The
task being performed by the nerve net in this case is cadled recognition (discriminaion),
recognizing that the Stuation beongs to one of the two sts. In the druggle for existence
the animd is condatly solving recognition problems, for example disinguishing a
dangerous dtuation from one that is not, or diginguishing edible objects from inedible
ones. Thee are only the dearest examples. A detalled andyss of animd behavior leads
to the concdluson tha the peformarce of any complex action requires that the animd
resolve alarge number of "smdl" recognition problems continuoudly.

In cybernetics a set of Studions is cdled a concept.[1] To make clear how the cybernetic
undergtanding of the word "concept” is rdaed to its ordinary meaning let us assume that
the receptors of the nerve net under condderaion are the light-senstive nerve endings of
the retina of the eye or, spesking in generd, some light-sendtive points on a screen which
fead informetion to the nerve net. The receptor is simulated when the corresponding
sector of the screen is illuminated (more precisdly, when its illumingtion is greater then a
catan threshold magnitude) and remains dormant if the sector is not illuminated. If we
imagine a light spot in place of each simulated receptor and a dark spot in place of each
undimulated one, we shdl obtain a picture that differs from the image driking the screen
only by its discrete nature (the fact that it is broken into separate points) and by the
absence of semitones We shdl condder that there are a large number of points
(receptors) on the screen and that the images which can gopear on the screen
(“pictures’) have maximum contragts-that is, they conds entirdy of black and white,
Then each Stuation corresponds to a definite picture.

According to treditiond Arigoteian logic, when we think or tak about a definite picture
(for example the one in the upper left corner of figure2.1) we are deding with a particular
concept. In addition to particular concepts there are general or abstract concepts. For
example, we can think about the spot in generd--not as a particular, concrete spot (for
example, one of those represented in the top row in figure 2.1) but about the oot as such.
In the same way we can have an abdtract concept of a sraght ling, a contour, a rectangle,
asguare, and so on.[2]
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Figure 2.1. Pictures representing various concepts.

But what exactly does "possess an abdract concept” mean? How can we test whether
Someone Possesses a given abstract concept--for example the concept of "spot"? There is
planly just one way: to offer the person being teted a series of pictures and ask him in
eech case whether or not it is a spot. If he correctly identifies each and every spot (and
kegp in mind that this is from the point of view of the tes-maker) this means that he
possesses the concept of gpot. In other words, we mugt test his ability to recognize the
dfiligtion of any picture offered with the st of pictures which we describe by the word
"gpot." Thus the abgtract concept in the ordinary sense of the word (in any case, when we
are tadking about images percaved by the sense organs) coincides with the cybernetic
concept we introduced--namdy, thet the concept is a st of Stuations. Endeavoring to
make the term more concrete, we therefore cdl the task of recognition the task of pettern
recognition, if we have in mind "generdized patens' or the task of recognizing
concepts, if we have in mind the recognition of particular instances of concepts.

In traditiond logic the concrete concept of the "given picture’ corresponds to a set
condging of one dtudion (picture). Reationships between sats have their direct andogs
in relationships between corcepts. If capitd letters are used to sgnify concepts and small
ones are used for the respective sats the complement of st a, thet is the st of dl
concelvable Stuaions not induded in a corresponds to the concept of "not A "The
intersection of sets a, and b, thet is the set of Stuaions which belong to both a and b,
corresponds to the concept of "A and B smultaneoudy.” For example, if A is the concept
of "rectangle’ and B is the concept of "rhombus’, then "A and B smultaneoudy” is the
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concept of "square” The union of sets a and b, thet is the st of Stuations which beong
to at least one of sets a and b, corresponds to the concept "either A, B or Aand B." If set a
includes st b, that is each dement of b isinduded in a but te contrary is not true, then
the concept B is a particular case of the concept A. In this case it is said that the concept A
is more generd (abgtract) than the concept B, and the concept B is more concrete than A.
For example, the square is a paticular case of the rectangle Findly, if ssts a and b
coincide then the concepts A and B are actudly identicd and disinguished, possbly, by
nothing but the externd form of ther description, the method of recognition. Having
adopted a cybernetic point of view, which is to say having equated the concept with a st
of dtuations, we should condder the correspondences enumerated above not as
definitions of new tems but smply as an indication that there are severd pars of

Synonymsin our language.

B D|ISCRIMINATORS AND CLASS FIERS

WE SHALL CALL a nerve nat that peforms the task of recognition a discriminator
(recognizer), and the date of the effector a its output will Smply be cdled the gate of the
discriminator. Moving on from the concept of discriminator, we shdl introduce the
somewha more generd concept of classifier. The discriminator separates the set of all
concelvable gStuaions into two nonintersecting subsets A and not -A. It is possible to
imagine the divison of a complee st of gtudions into an abitray number n of
nonintersecting subsets. Such subsats are ordinarily cdled classes. Now let us picture a
catan subsysem C which has n possble daes and is connected by a neve net
containing receptors in such a way that when a Stuation belongs to class i (concept i) the
subsysem C goes into date i. We shdl cdl such a subsystem and its nerve net a classifier
for a set of n concepts (classes), and when spesking of the dae of a dasdfier it will be
understood tha we mean the dae of subsysem C (output subsystem). The discriminator
is, obvioudy, acdlassfier with number of sates n= 2.

In a sysem such as the nervous sysem, which is organized on the binary principle, the
ubsygsem C with n sats will, of course, conss of a catan numbe of dementary
ubsystems with two stages that can be consdered the output subsystems (effectors) of
the discriminators. The date of the dlassfier will, therefore, be described by indicating
the dates of a number of discriminators. These discriminators, however, can be dosdy
interconnected by both the dructure of the net and the function performed in the nervous
system; in this case they should be considered in the aggregete as one classfier.

If no redrictions are placed on the number of states n the concept of the dassfier redly
loses its meaning. In fact, every nerve net corrdaes one definite output Sate to eech
input state, and therefore a set of input states corresponds to each output state and these
sets do not intersect. Thus, any cybernetic device with an input and an output can be
foomdly viewed as a dasdfier. To give this concept a narower meaning we shdl
congder that the number of output dates of a dassfier is many fewer than the number of
input dates 0 that the dassfier truly "dassfies the input ates (Stuaions) according to
ardaivdy smdl number of large dasses
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B HIERARCHIES OF CONCEPTS

Figure 2.2. Hierarchy of classifiers.

FIGURE 22 shows a diagram of a cdassfier organized on the hierarchicd principle The
hierarchy is, in generd, that dructure of a sysem made up of subsystems in which eech
Ubsysem is given a definite whole number, cdled its level, and the interaction of
Ubsysgems depends dgnificantly on the difference in ther leves according to some
generd prindple Ordinaily this principle is trangmisson of informaion in a definite
direction, from top to bottom or bottom to top, from a given levd to the next. In our case
the receptors are called the zero bvd and the information is propagated from the bottom
up. Each fird-levd subsystem is connected to a certain number of receptors and its date
is determined by the dates of the corresponding receptors. In the same way each second-
levd subsysem is comected with a number of fird-levd subsystems and s0 on. At the
highes leve (the fourth levd in the diagram) there is one output subsystem, which gives
thefind answer regarding the effiliation of the Stuationswith aparticular dass.

All subsysens & intermediate levels are dso dassfiers. The direct input for a dassfier
a levd K is the daes of the dassfiers on levd K - 1, the aggregate of which is the
Stuation subject to dassfication on levd K. In a hierarchicd sysem containing more
than one intermediate levd, it is possble to Sngle out hierarchica subsystems that bridge
sved levds For example, it is posshble to congder the dates of dl fird-levd dassfiers
linked to a third-levd dassfier as the input dStuaion for the third-levd dassfier.
Hierarchicd sysems can be added onto in breadth and height just as it is possble to put
eight cubes together into a cube whose edges are twice as long as before. One can add
more cubes to this congtruction to make other forms

Because there is a sygem of concepts linked to each dasdfier the hierarchy of classfiers

gengrdes a hierachy of concepts. Information is converted as it moves from levd to
levd and is expressd in terms of increesingly "high-ranking” concepts. At the same time
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the amount of information being transmitted gradudly decreases, because information
that is inggnificant from the point of view of the task given to the "supreme’(output)
classfier is discarded.

Let us daify this process with the example of the pictures shown in figure 2.1. Suppose
that the assgned task is to recognize "houses’. We shdl introduce two intermediate
concept levels. We shdl put the aggregate of concepts of "segment” on the firg level and
the concept of "polygon” on the second. The concept of "house” comes on the third leve.

By the concepts of "ssgment” we mean the aggregate of concepts of segments with
termina coordinates X, Y1, and X2, Yo, Where the numbers X1, yi1, and Xz, Y2, can assume
any vaues compdible with the organization of the screen and the system of coordinates.
To be more concrete, suppose that the screen contains1,000x 1,000 light-sendtive points.
Then the coordinates can be ten-digit binary numbers (2° = 1,024 > 1,000), and a
ssgment with given ends will require four such numbers, thet is to say 40 binary orders
for its description. Therefore, there are 2° such concepts in dl. These are what the first-
level dassfiers mug didinguish.

One should not think that a ssgment with given ends is a concrete concept--a set
congding of a sngle picture When we dassfy this picture as a ssgment with given ends
we ae abdracting from the dight curvature of the line from variaions in its thickness
ad the like (see figure 21). Thee ae different ways to edadlish the criterion for
determining which deviations from the norm should be conddered inggnificant. This
does not interest us now.

Each fird-levd dassfier should have a the output a subsysem of 40 binary orders on
which the coordinates of the ends of the segment are "recorded.” How many classfiers
are needed? This depends on what kind of pictures are expected a the input of the
sysem. Let us suppose that 400 segments are aufficent to describe any picture. This
means that 400 cdlassfiers are enough. We shdl divide the entire screen into 400 sguares
of 50 x 50 points and link each square with a dassfier which will fix a segment which is
cdoses to it in some sense (the detals of the divison of labor among dasdfiers are
inggnificant). If there is no ssgment, let the dassfir assume some conventiond
"meaningless’ date, for example where dl four coordinates are equa to 1,023.

If our sygem is offered a picture that shows a ceatan number of ssgments then the
corresponding number of fird-level dassfiers will indicate the coordinates of the ends of
the segments and the remaining dasdfiers will assume the dae "no ssgment.” This is a
description of the dtuion in terms of the concepts of "ssgment.” Let us compare the
amount of information & the zero levd and & the fird levd. At the zero levd of our
system 1,000 x 1,000 = 106 receptors receive 1 million bits of information. At the first
leve there are 400 classfiers, each of which contains 40 binary orders, that is, 40 bits of
information; the totd is 16,000 bits During the trangtion to the firs levd the amount of
information has decreasad 625 times The sysem has presarved only the information it
consders "ussful” and discarded the rest. The rdativity of these concepts is seen from the
fact that if the picture offered does not correspond tithe hierarchy of concepts of the
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recognition sysem the sysem's reection will be incorrect or smply meaningless. For
example, if there are more than 400 ssgments in the picture not dl of them will be fixed,
and if a picture with a spat is offered the reection to it will be the same as to ay empty
picture.

We divide the aggregate of concepts of "polygon,” which occupies the second levd of the
hierarchy, into two smdler aggregates isoscdes triangles and pardldograns. We single
out a spedid aggregate of rectangles from the pardldograms. Congdering that assgning
the angle and length requires the same number of bits (10) as for the coordirete, we find
that 50 bits of information are needed to assign a definite isoscdles triangle, 60 bits for a
pardlelogram, and 50 hits for a rectangle. The second-level dassfiers should be designed
accordingly. It is essy to see that dl the information they need is avaldble a the firg
level. The exigence of a polygon is established where there ae severd segments tha
dand in définite rdaionships to one another. There is a further contraction of the
information during the trangtion to the sscond leve. Taking one third of the total of 400
segments for each type of polygon we obtain a sysem capable of fixing 44 triangles, 33
rectangles, and 33 pardldograns (Imultaneoudy). Its information capecity is 5830 hits,
which is dmog three times less than the cgpacity of the firgt levd. On the other hand,
when faced with an irregular triangle or quadrangle, the system is nonplussed!

It is easy to describe the concept of "house” in the language of second-level concepts. A
house consss of four polygons--one rectangle, one isoscdes triangle, and  two
pardldograms--which gand in definite rdationships to one ancther. The base of the
isosceles triangle coincides with one Sde of the rectangle, and so on.

To avoid misunderdanding it should be pointed out thet the hierarchy of concepts we are
discussng hes a much more gened meaning than the hierarcchy of concepts by
abdractness (generdity) which is often smply cdled the "hierarchy of concepts” The
pyramid of concepts used in dasdfying animals is an example of a hierachy by
generdity. The separate individud animas (the "concrete” concepts) are st a the zero
level. At the firs levd are the species, a the second the genera, then the orders families,
clases, and phyla. At the peak of the pyramid is the concept of "animd.” Such a pyramid
is a paticular case of the hierarchy of concepts in the generd sense and is distinguished
by the fact that each concept a leve k is formed by joining a certain number of concepts
a levd k - 1. This is the case of vary dmply organized dassfiers In the generd case
classfiers can be organized any way one likes The discriminators necessary to an animd
are dos to ahierarchy based on complexity and subtlety of concepts, not generdity.

® HOW THE HIERARCHY EMERGES

LET US RETURN agan to the evolution of the nervous sysem. Can a hierarchy of
classfiers arise through evolution? It is gpparent that it can, but on one condition: if the
cregtion of each new leve of the hierarchy and its subsequent expangon are ussful to the
animd in the druggle for exigence As animds with highly organized nervous sysems
do exid, we may conclude that such an expanson is usgful. Moreover, dudies of
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primitive animads show that the sysems of concepts their nervous systems are capable of
recognizing are dso vary primitive. Conseguently, we see for oursalves the ussfulness of
the lowest levd of the hierarchy of dassfiers.

Let us sketch the path of devdopment of the nervous sysem. In the initid stages we find
that the animd has jus a few receptors The number of possble methods of
interconnecting them (combinations) is rdaivey smdl and permits direct sdection. The
advantageous combination is found by the trid and eror method. That an advantageous
combination can exis even for a very andl number of neurons can essly be seen in the
folowing example Suppose that there are just two light-sendtive receptors. If they are
st on different Sdes of the body the informetion they yidd (difference in illuminaions)
is sufficent for the animd to be aile to move toward or away from the light. When an
advantageous combination has been found and redized by means, we shdl assume, of
one intermediate neuron (such neurons are cdled associative), the entire group as a whole
may be reproduced. In this way there arises a sysem of asodative neurons which, for
exanple, regider differences between the illumination of receptors and sum these
differences, asin Figure 2.3a

Figure 2.3. Simplest types of connections among receptors.

Any pat of a sysem of connected neurons may be reproduced, for example one or
severd receptors. In this way there arises a sysem of connections of the type shown in
figure 2.3b. The diagrams of both types teken together form the firs levd of a hierarchy,
based on the concepts of the sum and difference of illuminations. Because it is very
important that anima movement be able to adjus to changes in illumingtion a a given
point, we may assume that neurons cgpable of being triggered by changes in illumination
must have gopeared in the vary ealy dages of evolution. They could have been ather
receptors or associative neurons connected to one or severd receptors. In generd, fird-
levd dassfiers can be destribed as regiders of the sum and differences of the simuli of
receptors in space and time.

Having proven thar usffulness for the animd, fird-levd dassfiers become an
esablished pat of its cgpabilities in the druggle for exigence. Then the next trid and
eror series begins a gndl number of fird-levd dasdfiers (to be more precise, ther
output subsystems) are interconnected into one second-levd trid dassfier until a useful

combinaion is obtained. Then the reproduction of this combingtion is useful. It may be
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assumed that on the second leve of the hierarchy (pertaining to the organs of sght) there
gppear such concepts as the boundary between light and shadow, the spot, the average
illumingtion of a spot, and movement of the boundary between light and shadow. The
uccessive leves of the hierarchy will arisein the same way.

The stheme we have outlined leads one to think that any complex sysem which has
aisen by the method of trid and eror in the process of evolution should have a
hierarchicd  organizetion. In fat, naure--unable to sort through dl concelvable
combinations of a large number of dements--sdects combinations from a few dements
When it finds a useful combination, nature reproduces it and uses it (the whole of it) as an
dement to be tentatively connected with a smdl number of other Smilar dements. This
is how the hierarchy arises. This concept plays an enormous role in cyberndtics. In fact,
any complex sysem, whether it has arisen naurdly or been created by humaen bangs
can be consdered organized only if it is based on some kind of hierarchy or interweaving
of saverd hierarchies. At leest we do not yet know any organized sysems that are
aranged differently.

B SOME COMMENTS ON REAL HIERARCHIES

THUS FAR our condusions have been purdy speculative. How do they sandup againgt
the actud dructure of the nervous systems of animds and what can be sad about the
concepts of intermediate levels of a hierarchy which hes actudly emerged in the process
of evolution?

When compaing our schemdtic picture with redity the following must be consdered.
The divison of a sydem of concepts into leves is not 0 unconditiond as we have
dlently assumed. There may be cases where concepts on leve K are used directly on
levd K + 2, bypassing levd K + 1. In figure 2.2 we fitted such a posshility into the
overdl diagram by introducing dassifiers which are connected to just one dassfier of the
preceding level and repeet its date; they are shown by the squares amntaining the X' s. In
redity, of course, there are no such sguares, which complicates the task of bresking the
syslem up into levels. To continue, the hierarchy of dassfiers shown in figure 2.2. has a
cdealy maked pyramidd character; a higher leves there are fewer dasdfiers and at the
top levd there is jus one Such a Studion occurs when a sysem is extremdy
"purposeful,” thet is, when it serves some very narrow god, some precisdy determined
method of dassfying Stuations In the example we have cited this was recognition of
houses’ And we saw that for such a sysem even irregular triangles and quadrangles
proved to be "meaningless’; they are not included in the hierarcchy of concepts. To be
more universd a sysem mugt resemble not one pyramid but many pyramids whose
goexes are aranged a goproximady the same level and form a set of concepts (more
precisdly, a set of sygems of concepts) in whose terms control of the animd's actions
takes place and which ae ordinarily discovered during invedigation of the animd's
behavior. These concepts are said to form the bass of a definite "image" of the externd
world which takes shape in the mind of the animd (or person). The dae of the dassfiers
a this leve is direct informetion for the executive part of the nerve net (thet is, in the end,

37



for the effectors). Each of these classfiers relies on a definite hierarchy of dassfiers a
pyramid in which information moves as described above. But the pyramids may overlep
in thar middle parts (and they are known to overlap in the lower part, the receptors).
Theoreticdly the totd number of pyramid gpexes may be as large as one likes, and
specificdly it may be much grester then the totd number of receptors. This is the case in
which the very same information ddivered by the receptors is represented by a set of
pyramidsin aset of different formsfigured for dl casesin life

Let us note one other circumstance that should be taken into account in the search for
hierarchy in a red nerve net. If we see a neuron connected by syngpses with a hundred
receptors, this by itsdf does not mean tha the neuron fixes some smple firg-levd
concept such as the totd number of dimulated receptors. The logicd function that relates
the date of the neuron to the dates of the receptors may be very complex and have its
own hierarchicd dructure.

® THE WORLD THROUGH THE EYES OF A FROG

FOUR SCIENTISTS from the Massachusetts Ingtitute of Technology (J. Lettvinet d.)
have written an atide entitted "What the Frog's Eye Tdls the Frog's Bran" which is
extremdy interesing for an invedigation of the hierarcchy of dasdfiers and concepts in
relation to visud perception in animas[3] The authors sdected the frog as ther test
anima because its visud gopardus is rddivdy dmple, and therefore convenient for
sudy. Above dl, the retina of the frog eye is homogeneous, unlike the human eye it does
not have an area of increased sengtivity to which the mog important pat of the imege
mus be projected. Therefore, the glance of the frog is immobile it does not follow a
moving object with its eyes the way we do. On the other hand, if a frog dtting on a water
lily rocks with the motion of the plant, its eyes make the same movements, thus
compensdiing for the rocking, so that the imege of the externd world on the retina
remains immobile. Information is passad from the retina done the visud nerve to the so-
cdled thdamus opticus of the brain. In this regpect the frog is dso smpler than the
humen beng, the humen being has two channds for trangmitting information from the
retina to the brain.

Vidgon plays a lage pat in the life of the frog, enabling it to hunt and to protect itsdf
from enemies Study of frog behavior shows tha the frog disinguishes its prey from its
enemies by Sze and date of movement. Movement plays the decisve pat here. Having
gootted a smdl moving object (the dze of an insect or worm) the frog will legp and
capture it. The frog can be fooled by a smdl inedible doject wiggled on a thread, but it
will not pay the dightest atention to an immobile worm or insect and can Sarve to degth
in the middle of an abundance of such food if it is not mobile The frog congders large
moving objects to be enemies and flees from them.

The retina of the frog's eye, like that of other vertebrates, has three layers of nerve cdls

The outermost layer is formed by light sendtive receptors, the rods and cones. Under it is
the layer of associative neurons of severd types. Some of tem (the biopolar cdls) yidd
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primaily verticd axons dong which dimulaion is trangmitted to deeper layers. The
others (the horizontal or amacrine cells) connect neurons that are located on one levd.
The third, degpest layer is formed of the ganglion cdls Ther dendrites recave
information from the second-layer cells and the axons are long fibers that are interwoven
to form the visud nerve, which connects the retina with the brain. These axons branch
out, entering the thaamus opticus, and tranamit informetion to the dendrites of the
cerebral neurons.

The eye of a frog has about 1 million receptors, aout 3 million asocdidive sscond-levd
neurons, and about 500,000 ganglion cdls. Such a retind dructure gives reason to
assume that andlyss of the image begins in the eye of the animd and that the imege is
tranamitted done the visud nerve in terms of some intermediate concepts. It is as if the
retina were a pat of the bran moved to the periphery. This assumption is reinforced by
the fact tha the arangement of the axons on the surface of the thdamus opticus
coincides with the arangement of the repective ganglion cdls a the output of the retina-
-even though the fibers are interwoven a number of times dong the course of the visud
nerve and change ther pogtion in a crosssection of the nervel Fndly, the findings of
embryology on development of the retinalead to the same condusion.

In the experiments we are describing a thin plainum eectrode was gpplied to the visud
nerve of a frog meking it possble to record dimulation of separate ganglion cdls. The
frog was placed in the center of an duminum hemisphere, which was dull grey on the
indde. Various dark objects such as rectangles, discs, and the like, were placed on the
ingde surface of the hemigphere; they were held in place by magnets set on the outside.

The results of the experiments can be summarized as follows

Each ganglion cdl has a definite receptive field, thet is, a ssgment of the retina (sat of
receptors) from which it collects information. The state of receptors outside the receptive
fidd has no effect on the date of the ganglion cdl. The dimendons of receptive fidds for
cdls of diffeet types if they ae messured by the angle dimendons of the
corresponding visible aress, vary from 2 degreesto 15 degreesin diameter.

The ganglion cdls are divided into four types depending on what process they record in
ther receptive fidd.

1. Detectors of long-lagting contrast. These cells do not reect to the switching on and off
of generd illumination, but if the edge of an object which is darkker or lighter then the
background gppears in the receptive fidd the cdl immediady begins to generae
impulses

2. Detectors of convex edges Thexe cdls ae simulaed if a small (not more than three
degrees) convex object gopears in the receptive fidd. Maximum dimulation (frequency
of impulses) is reached when the diameter of the object is gpproximatdy haf of the
diameter of the receptive field. The cdl does not react to the Straight edge of an object.
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3. Detectors of moving edges. Their receptive fields are aout 12 degrees in width. The
cdl reacts to any disinguishable edge of an object which is darker or lighter then the
background, but only if it is moving. If a smoothly moving object five degrees in width
passes over the field there are two reactions, to the front and rear edges.

4. Detectors of darkening of the fiedd. They send out a saries of impulses if the totd
illumination of the receptive fidd is suddenly decreased.

The arangement of the ends of the visud fibers in the thdamus opticus is extremdy
interesting. We have dready sad tha on a plane this arangement coincides with the
arangement of the corresponding ganglion cdls in the retina In addition, t turns out thet
the ends of each type of fiber are st a a definite depth in the thalamus opticus, o that
the frog bran has four layers of neurons that recave visud informaion. Each layer
receives a copy of the retind image--but in a certain aspect that corresponds to one of the
four types of ganglion cdls. These layes ae the trangmitters of information for the
higher parts of the brain.

Experiments such as those we have described are quite complex and disputes sometimes
arise concerning ther interpretation. The details of the described system may change or
recaeve a different interpretation. Nonetheess, the generd nature of the system of firg
levd concepts has evidently been quite firmly established. We see a trangtion from point
destription to locd description which takes account of the continuous gStructure of the
image. The ganglion cdls act as recognizars of such primary concepts as edge,
convexness, and movement in relation to a definite area of the visble world.

B FRAGMENTSOF A SYSTEM OF CONCEPTS

THE LOWEST-LEVEL concepts rdated to visud perception for a human being probably
differ little from the concepts of a frog. In any case, the dSructure of the retina in
mammals and in human beingsisthe same asin anphibians

The phenomenon of didortion of perception of an image dabilized on the retina gives
some idea of the concepts of the subsequent leves of the hierarchy. This is a very
interesting phenomenon. When a person looks a an immobile object, "fixes' it with his
gyes, the eyebdls do not reman absolutdy immobile they meke smdl involuntary
movements. As a result the image of the object on the retina is condantly in motion,
dowly drifting and jumping back to the point of maximum sengtivity. The image “marks
time" in the vianity of this point.

An image which is dabilized, not in continuous moation, can be created on the retina To
achieve this, the object must berigidly connected to the eyebdl and move dong withit.
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Figure 2.4. Device for stabilizing an image on the retina

A contact lens with a smdl rod secured to it is placed on the eye. The rod holds a
miniaure optica projector[4] into which dides a few millimeters in Sze can be inserted.
The test subject sees the image as remote to the point of infinity. The projector moves
with the eye 0 the image on the reinaisimmobile.

When the test subject is shown a dabilized image, for the firs few seconds he perceives
it a he would during norma vison, but then digortions begin. Frs the image disappears
and isreplaced by agrey or black background, then it regppearsin parts or whole.

That the gabilized imege is percaived incorrectly is veary remakable in itsdf. Logicdly,
there is no necessity for the image of an immabile object to move about the retina Such
movement produces no increese in the amount of information, and it becomes more
difficult to process it. As a mdter of fact, when gmilar problems aise in the area of
enginexring--for example when an image is tranamitted by televison or deta are fed from
a screen to a computer--specid efforts are made to gabilize the image. But the human eye
has not merdy adapted to a jerking image; it Smply refuses to recaive an immobile one.
This is evidence that the concepts rdated to movement, probably like those which we
observed in the frog, are degply rooted somewhere in the lower stages of the hierarchy,
and if the corresponding dassfiers are removed from the game correct information
processing is disupted. From the point of view of the desgner of a complex device such
as the eye (plus the data processing sysem) such an arangement is srange. The desgner
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would certanly fill dl the lower stages with datic concepts and the description of object
movement would be given in terms of the conoepts of a higher level. But the hierarchy of
visud concepts arose in the process of evolution. For our remote froglike ancestors the
concepts rdaed to movement were extremey important and they had no time to wait for
the devdopment of complex dtatic concepts. Therefore, primitive dynamic concepts arose
in the very earliest stages of the devdopment of the nervous system, and because nature
uses the given units to carry out subsequent dages of building, these concepts became
firmly etablished a the base of the hierarchy of concepts. For this reason, the human
eyebd| mugt condantly make brownian movements.

Even more interesting is the way the image bresks up into pats fragmentation). Smple
figures, such as a lone segment, disgppear and come back in toto. More complex figures
sometimes disgppear in toto and sometimes bresk into parts which disgppear and

reappear independent of one another.
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Figure 2.5. Fragmentation of a stabilized image.
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Fragmentation does not ocaur cheoticaly and it is not independent of the type of image,
as is the case when a drawing on a chdkboad is erased with a rag; rather the
fragmentation corresponds to the "true’ dructure of the image. We have put the word
"true" in quotation marks because fragmentation actudly occurs in accordance with the
dructure of image perception by the eye-brain sysem. We do not know exactly what the
mechanics of the didortion of perception in dabilizetion ae we know only that
dabilization dissbles same component of the perception system. But from this too we can
draw certain condlusons

Imagine that severd important design dements have suddenly disgopeared from an
architecturd dructure. The building will fal down, but probably the pieces would be of
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vay different Szes In one place you may see individud bricks and pieces of glass while
in another a pat of the wal and roof may reman, and in Hill another place a whole
corner of the building maybe intact. Perception of the Sabilized image is gpproximatey
that kind of dght. It makes it posshle to picture the nature of the concepts of a higher
levd (or higher levels) but not to evaduate ther mutua relaions and dependences. It
should be noted that in the human being the persond experiece of life, the learning (to
ek in cybernetic language), plays a large pat in shgping higher-leve concepts. (This
will be the next dage in evolution of the nervous system, 0 we are getting somewhat
ahead of things here. For an invedtigation of the herarchy of concepts, however, it is not
vay important whether the hieracchy were inherited or acquired through onés own
labor.)

Let us cite afew excerpts from the work mentioned above (footnoted).

The figure of the humen prdfile invariably fades and regenerates in meaningful units The
front of the face, the top of the head. The eye and ear come and go as recognizeble
entities, separady and in various combinations. In contragt, on fird presentation a
meaningless paten of curlicues is desribed as extremdy “adtive'; the individud
elements fade and regenerate rapidly, and the subject sees dmogt every configuration thet
can be derived from the origind figure After prolonged viewing however, cetan
combinaions of curlicues become dominant and these then disgppear and regppear as
units. The new reformed groupings persst for longer periods.

Linear organization is empheszed by the fading of this target composed of rows of
squares. The figure usudly fades to leave one whole row visble horizonta, diagond, or
vertica. In some cases athree-dimensond "waffle’ effect is aso noted.

A random collection of dots will fade to leave only those dots which lie gpproximetdy in
aline . . . Lines att independently in stabilized vison, with bregkage in the fading figure
adways a an intersection of lines Adjacent or pardld lines may operate as units. . . In the
cax of figures drawn in solid tones as disinguished from those drawn in outline. . . the
corner now replaces the line as the unit of independent action. A solid square will fade
from its center, and the fading will obliterate fird one and then ancther corner. Leaving
the remaning cormnas shaply outlined and isolaed in space  Regenerdion
correspondingly  begins with the regppearance of fird one and then another corner,
yielding acomplete or partid figure with the corners again sharply outlined.

B THE GOAL AND REGULATION

WE HAVE DESCRIBED the firg hdf of the action of a complex reflex, which condss
of andyzing the dtuaion by means of a hierarchy of dasdfiers. There ae cases where
the second hdf, the executive hdf, of the reflex is extremdy smple and involves the

dimulaion of some locd group of effectors--for example the effectors that activate a
catan gland. These were precisdy the conditions in which |. P. Paviov st up mogt of his

expeiments, experiments which played an important pat in the sudy of higher nerve
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activity in animds and led to his widdy known theory of unconditioned and conditioned
reflexes. Elementary obsarvaions of anima behavior under naturd conditions show,
however, that this behavior cannot be reduced to a set of reflexes that are rdlated only to
the dae of the environment. Every action of any complexity whatsoever congds of a
sequence of ampler actions joined by a common god. It often heppens that individua
components in this aggregate of actions are not Smply usdess but actudly harmful to the
animd if they are not accompanied by the other components. For example, it is necessary
to fdl back on the haunches before jumping and in order to grasp prey better it must be
let go for an ingant. The two phases of action, prdiminay and executive, which we see
in these examples cannot be the result of independent reflexes because the firgt action is
sensdless by itsdf and therefore could not have devel oped.

When describing behavior the concepts of goal and regulation must be added to the
concept of thereflex. A diagram of regulation is shown in figure 2.6.

action

COMmparison

environment
bloch

situation goal

Figure 2.6. Diagram of a regulation.

An action which the sygem is undetaking depends not only on the gStuation itsdf but
adso on the goal, tha is, on the dtudtion thet the system is trying to achieve. The action of
the sydem is determined by compaing the sStuation and the god: the action is directed
toward dimingting the discrepancy between the gStudion and the god. The gtudion
determines the action through the comparison block. The action exerts a reverse influence
on the gdtuation through change in the environment. This feedback loop is a typicd
fedure of the regulation diagram and diginguishes it from the reflex diagram where the
gtuation Imply causes the action.

B HOW REGULATION EMERGES

HOW COULD A SYSTEM organized according to the regulaion diagram occurin the
process of evolution? We have seen tha the gppearance of hierarchicdlyorganized
classfiers can be explaned as a rexult of the combined actionof two basic evolutionary
factors replication of biologicd sructuresand finding useful interconnections by the trid



and eror method. Wouldn't the action of these factors cause the gppearance of the
regulation diagram?

Beng unable to rdy on data concarning the actud evolutionary process that millions of
years ago gave rise to a complex nervous system, we are forced to content oursalves with
a purdy hypotheticd combingive dructure which demondrates the theoreticd posshility
of the occurrence of the regulaion diagram. We shdl make a sysdematic invedigation of
al posshilities to which replication and sdection lead. It is naturd to assume that in the
process of replication reations are presarved within the subsysem being replicated, as
are the subsysem's relations with those pats not replicated. We further assume tha
owing to ther dose proximity there is a rddionship among newly evolved subsystems,
which we shdl depict in our diagrams with a dotted line. This rdaionship may ether be
reinforced or disgppear. We shdl begin with the smples case--where we e just one
nerve cdl that is receptor and effector a the same time (figure 2.7a).

AN A A

Figure 2.7
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Here there is only one posshility of replication, and it leads to the gppearance of two
cdls (figure 27 b). If one of them is dosest to the surface and the other closer to the
muscle cdls a divison of labor between them is useful. This is how the receptor-effector

diagram emerges (figure2.7 ).

Now two avenues of replication are possble Replication of the receptor yidds the
pettern shown in figure 2.7 d; after the disgppearance of the dotted-line rdaionship, this
becomes figure 2.7 e A Smilar process generates the patterns in figures 2.7 f, g, and 0
on. In thisway the zero leve of the hierarchy (receptors) expands.

The second avenueis replication of effectors (see figure 2.8).
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Figure 2.8



In figure 2.8 b, the dimulaion of one receptor should be trangmitted dong two channds
to two effectors. But we know that the dectricd resstance of the syngpses drops sharply
dter the fird time a current passes dong them. Therefore, if the simulation is sent dong
one channd this communications channd will be reinforced while the other will be
bypassad and may "dry up" (figure 2.8 ¢). Then the dimulaion may make a way across
the dotted-line rdaionship (figure 2.8 d), which marks the hirth of the fird levd of the
hierarchy of dassfiers

o AD
SR A

Figure 2.9.

Fgure 29 shows possble variaions of the devdopment of the threeneuron diagram
shown in figure 2.7 d. The diagrams correspond to replication of different subsystems of
the initid sygem. The subsysem which is replicated has been drded. Fgures 29 ac
explan the expangon of the zero levd, while figures 29 d-f show the expanson of the
first two levels of the hierarchy of dassfiers. In the remainder we see patterns that occur
where one fird-levd dasdfier is replicated without a receptor connected to it. The
trangtion from figure 29 h to 29 i is explained by that "drying up" of the bypass channd
we described above. Figure 2.9 j, the find devdopment, differs subgtantidly from al the
other figures that represent hierarchies of dassfiers. In this figure, one of the dassfiers
is "hanging in the ar"; it does not receive informeation from the externd world. Can such
adiagram be useful to an animd'? It certainly can, for thisis the regulaion diagram!

As an example we can suggest the following embodiment of figure 2.9). Let us condder a

certain hypotheticd animd which lives in the sea Suppose R is a receptor which
percaives the temperaure of the environment. Classfier A dso records the temperature of
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the water by change in the frequency of stimulation impulses Suppose thet grester or less
dimulation of effector E causes expanson or contraction of the animd's shdl, which
results in a change in its volume the anima dther rises toward the surface of the sea or
descends deeper. And suppose that there is some definite temperature, perhaps 16deg. C
(61deg. F) which is mog suiteble for our anima. The neuron Z (the god fixer) should
mantan a certan frequency of impulses equa to the frequency of neron A a a
temperature of 16deg. Effector E should regiger the difference of simulaion of neurons
A and Z and in conformity with it, raise the animad toward the surface where the water is
warmer or immerse it to deeper, cooler water layers. Such an adaptation would be
extremdy hdpful to our imaginary animdl.

B REPRESENTATIONS

REPLICATION of the various subsysems of the nerve net can give rise to many
different groups of dassfiers which "hang in the ar." Among them may be copies of
whole steps of the hierarchy whose dates correspond exactly to the dates of those
"informed" dassfiers which receive information from the receptors. They correspond but
they do not coincide. We saw this in the example of neurons A and Z in figure 29. In
complex sysems the uninformed copies of informed dassfiers may qore a large amount
of information. We shdl cdl the dates of these copies representations, fully aware thet in
this way we ae giving a definite cybernetic interpretation to this psychologica concept.
It is obvious that there is a dose rdaionship between representations and Stuations.
which ae redly nothing but the dates of andogous dassfiers, but ones recaving
information from the receptors. The god is a paticular case of the representation, or
more precisdy, it is tha case where the comparison between a condant representetion
and a changing gStudion is used to work out an action that brings them closer to one
another. The hypotheticd animd described above loves a temperature of 16deg. and the
"ludd image' of this wondeful dtuation, which is a cetain frequency of impulses of
neuron A, lives in its memory in the form of precisdy that frequency of pulses of neuron
Z

This is a very primitive representation. The more highly organized the "informed” part of
the nevous sysem is the more complex its duplicates will be (we shdl cdl them
representation fixers), and the more varied the representations will be. Because classfiers
can bdong to different levels of the hirarchy and the Stuaion can be expressed in
different systems of concepts, representations can dso differ by their "conogot language”
because they can be the dates of fixers of different levels. Furthermore, the degree of
dability of the dates of the representation fixers can dso vay greatly. Therefore,
representations differ subgtantidly in ther concreteness and dability. They may be exact
and concrete, dmos perceptible to the sensors. The extreme case of this is the
hdludnetion, which is percaved subjectivdy as redity and to which the organiam
responds in the same way as it would to the corresponding Stuation. On the other hand,
representations may be very agpproximae, as a rexult of both ther ingability and ther
abdraction. The later case is often encountered in atidic and scientific creative work
where a representation acts as the god of activity. The human bang is dimly aware of
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what he neads and tries to embody it in solid, object form. For a long time nothing comes
of it because his representations do not have the necessary concreteness. But then, & one
fine moment (and this is redly a fine noment!) he suddenly achieves his god and
redizes clearly that he has done precisdy what he wanted.

® MEMORY

IN PRINCIPLE. as many representation fixers as desred can be obtained by replication.
But a quedion aises here how many does an animad nesd? How many copies of
"iffoomed" dasdfirs ae needed? One? Two? Ten? It follows from generd
condderations that many copies are needed. After dl, representation fixers serve to
organize experience and behavior in time The god fixer dores the gStuaion which,
according to the idea, should be redized in the future. Other fixers can dore Stuations
which have actudly occurred in the past. The tempora organization of experience is
essantid to an animd which is driving to adapt to the environment in which it lives, for
this environment reveds certain rules, that is, corrdations between paedt, present, and
future dtuations We may predict that after a catain initid increese in the number of
receptors the further refinement of the nervous sysem will require the cretion of
representation fixers and a large number of them. There is no reason to continue to
increase the number of receptors and dassfiers and thus improve the "indantaneous
sngpshots’ of the environment if the sysem is not able to dtect corrdations among them.
But the detection of corrdations amnong the "indantaneous sngpshots' requires that they
be sored somewhere. This is how representation fixers, which in other words are
memory, arise. The dorage of the god in the process of regulaion is the smplest case of

the use of memory.

B THE HIERARCHY OF GOALSAND PLANS

IN THE REGULATION DIAGRAM in figure 25 the god is shown as something
unified. But we know very well that many gods are complex, and while working toward
them a sygem sats intermediate gods We have dreedy cited the examples of two-phase
movement: to jump onto a chair, a cat fird setles back on its haunches and then srings
up. In more complex cases the gods form a hierarchy consging of numerous levels Let
us suppose that you st the god of traveling from home to work. This is your highest god
a the paticular moment. We shdl assgn it the index (levd number) O. To trave to work
you mugt leave the building, wak to the bus sop, ride to the necessary stop, and so on.
These are gods with an index of --1. To leave the building you must leave the goatmernt,
take the devator down, and go out the entrance. These are gods with an index of --2. To
take the eevator down you must open the door, enter the devaor, and so on; this is index
--3. To open the devator door you must reach your hand out to the handle, grasp it, and

pull it toward you; thisisindex --4. These goas may perhgps be consdered eementary.
The god and a daement of how it is to be achieved-tha is a bresk down into
subordinate gods--is cdled a plan of action. Our example is in fact a desription of a
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plan for traveling to work. The god itsdf, which in this case is the representetion "me--at
my work place” does not have any hierarchica dructure The primary logica unit thet
forms the hierarchy is the plan, but the gods form a hierarchy only to the extent that they
are dements of the plan.

In their book Plans and the Sructure of Behavior American psychologiss G. Miller, E.
Gdanter, and K. Pribram teke the concept of the plan as the bads for describing the
behavior of humans and animds. They show tha such an agpproach is both sound and
ussful. Unlike the dasdcd reflex ac (without feedback) the logicd unit of behavior
description used by the authors contains a feedback loop.

test

match

mizmatch

operate

Figure 2.10. T-O-T-E. Test-operate-test-exit unit.

They cdl this unit the Tex-Operate Tes-Exit diagram (T-O-T-E—based on the fird
letters of the English words "ted," "operate” "test," "exit.") The test here means a test of
correspondence between the dtudion and the god. If there is no correspondence an
operation is performed, but if there is correspondence the plan is consdered performed
and the system goes to "exit.”

test of nail's |head level with

pogition surface
[

head of nail
protruding

hammer blow

Figure 2.11. Driving a nail.
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As an example, figure 211 shows a plan for driving a nal into a board; the plan is
represented in the form of a FO-T-E unit. The FO-T-E diagram in figure 2.10 shows the
same phenomenon of egulaion that was depicted in figure 2.6. The difference is in the
method of depiction. The diagram in figure 26 is dructurd while in figure 210 it is
functiond. We dhdl explan these concepts and & the same time we shdl define the
concept of control more precisdly.

B STRUCTURAL AND FUNCTIONAL DIAGRAMS

A STRUCTURAL DIAGRAM of a cybernetic sysem shows the subsysems which meke
up the paticular sysem and often aso indicates the directions of information flows
among the subsysems Then the dructurd diagram becomes a graph. In mathematics the
term graph is used for a sysem of points (the vertices of the graph), some of which are
connected by linearcs). The grgph is oriented if a definite direction is indicated on each
ac. A dructurd diagram with an indication of information flows is a directed graph
whose vertices depict the subsysems while the arcs are the information flows.

This destription of a cybenetic sysem is not the only possble one Often we ae
interested not so much in the sructure of a sysem as in its functioning. Even more often
we ae smply unble to say anything sengble about the dructure, but there are some
things we can sy about the function. In such cases a functional diagram may be
congructed. It is dso a directed graph, but in it the vertices represent different sets of
dates of the sysem and the arcs are possible trandtions between sates. An arc connects
to vetices in the direction from the firg to the second in the case where there is a
possihility of trangtion from at leest one dae rdaing to the firs vertex into another Sate
relating to the second vertex. We shdl dso cdl the sets of dates generalized States.
Therefore, the arc in a diagram shows the posshility of a trangtion from one generdized
dae to another. Whereas a dructurad diagram primarily reflects the spatid aspect, the
functiond diagram dresses the tempora aspect. Formadly, according to the definition
given above, the functiond diagram does not reflect the spaid agpect (divison of the
sysgem into subsystems) a dl. As a rule however, the divison into subsysems is
reflected in the method of defining generdlized dates thet is, the divison of the st of dl
dates of the sysem into subsets which are "assigned” to different vertexes of the grgph.
Let us review this usng the example of the sysem whose dructurd diagram is shown in
figure 2.12. Thisisacontrol diagram.
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Figure 2.12. Structural diagram of control.

Ore of the subsysems, which is cdled the control device, recaives informaion from
"working" subsystems Aq, A,As, . . ., processes it, and sends orders (control informeation)
to subsystems Ai, A2,As, . . ., as aresult of which these subsystems change their Sate. It
must be noted that, drictly spesking, any information received by the sysem changes its
dae Information is cdled control information when it changes cetan didinct
parameters of the system which are identified as "primary,” "externd,” "observed,” and
thelike.

Often the contral unit is amdl in tems of information-capacity and serves only to switch
information flows, while the red processng of data and deveopment of orders is done by
one of the subsysems, or according to information stored in it. Then it is sad that control
is passed to this subsysem. Tha is how it is done, spedificdly, in a computer where
ubsysems Aq, Az, As,. . . ae the cdls of operationd memory. Some of the cells contain
"passve informaion (for example numbers), while others contan orders (ingtructions).
When contrd is in the cdl which contains an indruction the control unit performs this
ingruction. Then it passes control to the next cell, and so on.

The functiond diagram for sysems with trandfer of control is congtructed as follows. To
each vertex of the grgph is juxtaposed one of the subsysem A and the st of al dates of

the sysem when contrdl is in the particular subsysem. Then the arcs (arrows) dgnify the
trandfer of control from one subsystem to another.

- 0
\_%

Figure 2.13. Functional diagram of transfer of control.
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Even where each successive date is fully determined by the preceding one there may be
branching on such a diagram because each vertex corresponds to a vast number of dates
and the trandfer of control can depend on the gate of the control unit or the subsystem in
which control is located. Functiond diagrans are often drawvn in genedized form,
omitting certain inconsequentia details and seps. It may then turn out that the path by
which control branches depends on the date of severd different subsysems. The
condition on which this switch is made is ordinarily written dongsde the arow. The
diagram shown in figure 210 can he undersood in precisdy this sense Then it will he
asumed that the sygem has two subsystems, a test block and an operation-execution
block, and control passes from one to the other in conformity with the arows The
sysem can ds0 have other subsysems ( in this case the environment), but they never
receive control and therefore are not shown in the diagram (to be more precise, those
moments when the environment changes the dae of the sysem or changes its own date
when acted upon by the system are included in the process of action of one of the blocks).

We can move even further from the dructurd diagram. Switching control to a certain
subsystem means activating it, but there can be cases where we do not know exactly
which subsystem is respongble for a particular observed action. Then we shdl equate the
vertices of the graph with the actions as such and the arcs will dgnify the trangtion from
one action to another. The concept of "action as such,” if drictly defined, must be equated
with the concept of "generdized date’ ("set of dates’) and this returns us to the fird,
mogt abdract definition of the functiond diagram. In fact, when we say that a dog "runs”
"barks™" or" wags his tall," a st of concrete states of the dog fits each of these definitions.
Of course one is druck by a discrepancy, "da€’ is something datic, but "action” is
planly something dynamic, doser to a change of date than a date itsdf. If a photograph
shows a dog's tall not leaving the plane of symmetry, we dill do not know whether the
dog is wagging it or holding it Hill. We overcome such contredictions by noting thet the
concept of dae indudes not only quantities of the type "podtion,” but aso quantities
such as "veocity,” "accderdion,” and the like. Specificaly, a description of the date of
the dog indudes an indication of the tengon of its tal musdes and the simulaion of Al
neurons which regulate the sate of the muscles

B THE TRANSTION TO PHENOMENOL OGICAL
DESCRIPTIONS

THEREFORE In the functiond diagram an action is, formdly spesking, a st of dates.
But to say that a particular action is some st is to say virtudly nothing. This st must he
defined. And if we do not know the dructure of the sysem and its method of functioning
it is precticaly impossble to do this with precison. We must he content with an
incomplete phenomenologicad  definition based on externdly meanifested consequences of
internd dates. It is this kind of functiond diagram, with more or less exactly defined
actions a the vertices of the grgph, that is used to describe the behavior of complex
sysems whose organizetion is unknown—such as humans and animads The diagrams in
figures 210 and 2.11 are, of course, such diagrams. The phenomenologica gpproach to
bran activity can be caried out by two stences psychology and behaviorisics (the
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dudy of behavior). The former is based on subjective observaions and the latter on
objective ones. They are dosdy connected and are often combined under the generd
name of psychology.

Because the operationa component of the FO-T-E unit may be compaoste, requiring the
performance of severd subordinate plans, FO-T-E units can have hierarchica dtructure.
Miller, Gaatier, and Pribram give the fallowing example If a hammer driking a nal is
represented as a two-phase action condsting of rasng and lowering the hammer, then the
functiond diagram in figure 211 which depicts a plan for driving a nal, becomes the
diagram showninfigure2.14.
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Figure 2.14. Hierarchical plan for driving a nail.

In its turn, this diagram can become an dement of the operationa component of a FO-T-
E diagram on ahigher levd.

We have seen that the dementary dructurd diagram of figure 2.6 corresponds to the
dementary functiond diagram in figure 29. When plans make up the hierarcchy, wha
happens to the dructurd diagram? Or, reversng the datement to be more precise, what
Sructurd diagrams can ensure execution of a hierarchicdly congtructed plan?

Different vaiants of such diagrams may be suggested. For example. It can be imagined
that there is dways one comparison block and that the same subsystem which gores the
god is dways used, but the dae of this subsysem (that is, the god) changes under the
influence of other pats of the sysem, ensuring an dterndtion of gods that follows the
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plan. By contrad, it may be imagined that the comparison block-god pair is reproduced
many times and during execution of a hierarchica plan, control passes from one par to
the other. A combination of these two methods maybe proposed and, in generd, we can
think up many differently organized cybenetic devices that cary out the same
hierarchicdl  functiond diagrams. All that is dear is that they will have a hierarchica
dructure and that devces of this type can aise through evolution by the replication of
ubsysems and sdlection of useful variants

But what kind of dructurd diagrams actudly appear in the process of evolution?
Unfortunaidy, we cannot yet be certan. That is why we had to switch to functiond
diagrams This is jud the fird limitation we shdl be forced to impose on our driving for a
precise cybernetic description of higher nervous activity. At the present time we know
vay little aout the cybernetic sructure and functioning of the brains of higher animas
epecidly of the human being. Properly spesking, we know virtudly nothing. We have
only certain facts and assumptions. In our further andlyss therefore, we shdl have to
rdy on phenomenology, the findings of behavioridics and psychology, where things are
somewha better. As for the cybernetic agpect, we shdl move to the levd of extremdy
generd concepts, where we shdl find certain rules so generd that they explain the dages
of devdopment of both the nervous sysem and human culture, in paticular sience. The
relaively concrete cybernetic andyss of the fird dages of evolution of the nervous
sysem, which is posshle thanks to the present dae of knowledge will serve as a
running dart for the subsequent, more abdract andyss. Of course, our red god is
precisdy this abdract andyss but it would be more satisfying if knowing more about the
cybernetics of the brain, we were able to make the trangtion from the concrete to the
abgtract in amore smooth and well- substantiated manner.

B DEFINITION OF THE COMPLEX REFLEX

SUMMARIZING our decription of the fourth stage in the development of the nervous
sysem we can define the complex reflex as that process where simulation of receptors
caused by interaction with the environment is passed dong the nerve net and is converted
by it, thus activating a definite plan of action that immediaidy begins to be executed. In
this diagran of behavior dl feedbacks between the organism and the environment are
redized in the process of regulation of actions by the plan, while overdl interaction
between the environment and the organiam is described by the dassicd gimulus response
formula. Only now the response means activation of a particular plan.

Footnotes:

[1] Laer we shdl give a somewhat more generd definition of the concept and a st of

Stuations shdl be cdled an Arigotdian concept. At present we shdl drop the adjective
"Arigotdian’ for brevity.



[2] According to the terminology accepted by many logidans juxtgposng abdract
concepts to concrete concepts is not a al the same as juxtaposing generd concepts to
particular ones.

[3] See the Russen trandation in the collection of atides entitted Elekronikai
kibernetika v biologii i meditsine (Electronics and Cybernetics in Biology and Medicine),
Foreign Literature Publishing House, Moscow, 1963. [Origind Lettvin et d., Proc. IRE,
47, 1940-1951 (1959, # 11)].

[4] See R. Pritchard, "Images on the Retina and Visud Perception,” in the colledion of
aticles Problemy bioniki (Problems of Bionics), Mir Publishing House, 1965. [Origind
in English Stabilized Images on the Retina Scientific American 204 no. 41 (June 1961):
72-78.




CHAPTER THREE

On The Path Toward The Human Being

B THE METASYSTEM TRANSI TION

SUBSEQUENT STAGES in the development of the nervous sysem will be described as
dated above, on a more phenomenologica levd. For this we must summarize the results
of our invedigaion of the mechanisn of evolution in the ealy dages udng the
terminology of generd cyberndtic concepts. Having begun to think in this direction, we
dhdl easly detect one generd characteridic of trangtions from lower to higher stages In
eech dage the biologicd sydem has a subsysem which may be cdled the highest
controlling device this is the subsysem which originatled mos recently and has the
highes levd of organistion. The trangtion to the next stage occurs by multiplication of
such sysems (multiple replication) and integration of them:-by joining them into a sngle
whole with the formation (by the trid and error method) of a control sysem headed by a
new subsysem, which now becomes the highest contralling device in the new dage of
evolution. We dhdl cdl the sysem made up of control subsysem X and the many
homogeneous subsysems Az, Az, Az . . . controlled by it a metasysem in rddion to
sysgems Ay, A, As . . . Therefore we shdl cdl the trangtion from one stage to the next the
metasystem transition.

A

oo

LA \
e

Figure3.1. The metasystem transition

This concept will play a crucid pat in our subsequent presentation. The metasystem
trandtion creates a higher leve of organization, the metalevel in rdaion to the levd of
organization of the subsystems being integrated.

From the functiond point of view the metasysem trandtion is the case where the ativity

a, which is characteridtic of the top control sysem a a lower stage, becomes controlled
a the higher stage and there appears a quditatively new, higher, type d adtivity b which
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controls the activity a . Replication and sdlection bring about the credtion of the necessary
dructures.

The fird metasydem trangtion we discan in the higory of animds is the gopearance of
movement. The integrated subsystems are he parts of the cdl that ensure metabolism and
reproduction. The pogtion of these parts in gpace is random and uncontrolled until, a a
certain time, there gopear organs that connect separate parts of the cdll and put them into
mation: cdl membranes dlig flagdla A metasygem trangtion occurs which may be
defined by the formula

control of position = movement.

In this sage movement is uncontrolled and not corrdated in any way with the sate of the
environment. Naturés next task is to control it. To control motion means to make it a
definite function of the dae of the environment. This leads to irritability. Irritability
occurs when-under the influence of externd factors--there is a change in the date of
some ssgments of the cdl, and when this change spreads to other sectors-specificaly
those which ensure movement. Thus, the formula for the metasysem trangtion from the
second dageto thethirdis:

‘ Chemicd Era ‘1. Chemicd foundations of life
‘ ‘2 Movement

‘ ‘3 Irmitebility (Smple reflex)
|

|

|

Cybernetic Era
4 Nerve net (complex reflex)
‘5 Assodiating (conditioned reflex)

Figure 3.2. Stages in the evolution of life before the era of reason.
control of movement = irritability.

The integration of cdls with formation of the multicdlular organism is dso a trangtion
from a sysem to a metasysem. But this trandtion concerns the dructurd aspect
exdusvey and is not describable in functiond terms From a functiond point of view it
is ultimady unimportant whether reproduction and integration of a ceatan part of the
organiam occur or whether organisms are integrated as whole units This is a technicd
quedion, 0 to spesk. lrritability is dready manifeted in unicdlular organisms but it
revedsits cgpebilities fully after odl integration.

An important characteridic of the metasysem trangtion mugt be pointed out here. When
the subsystems being integrated are joined into a metasystem, Specidizaion occurs, the
ubsysems become adgpted to a paticular activity and lose ther cagpability for other
types of activity. Speddization is seen paticulaly dearly where whole organiams are
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integrated. Each subsystem being integrated in this case contains a great ded which is
"superfluous'--functions necessry for independent life but usdess in the community,
where other subsysems peform these functions Thus specidized musde and nerve
cdls gopear in the multicdlular organiam.

In generd we must note that the integration of subsysems is by no means the end of their
evolutionary devdopment. We mud not imagine that sysems Aq, Ay, As, . . . ae
reproduced in large numbers after which the control device X suddenly arises "above
them." On the contrary, the rudiments of the control sysem form when the number of
ubsysems A is dill quite smal. As we saw above, this is the only way the trid and error
method can operaie. But after control subsysem X has formed, there is a massve
replication of subsysems Ai and during this process both A and X ae refined. The
gppearance of the dructure for control of subsysems A; does not conclude rapid growth
in the number of subsysems A;; rather, it precedes and causes this growth because it
mekes multiplication of A; useful to the organiam. The carier of a ddfinite levd of
oganization branches out only ater the new, higher levd begins to form. This
characterigtic can be cdled the law of branching growth of the penultimate level. In the
phenomenologicd functiond description, therefore, the metasysem trandtion does not
appear immediady after the edablishment of a new levd; it gopears somewhat later,
ater the penultimate levd has branched out. The measysem trandtion dways involves
two levels of organization.

Let us continue our survey of the stages of evolution. Ve shdl gpply the principle of the
metasydem trangtion to the levd of imitability. At this levd, dimulaion of certan
sectors of a unicdlular organism or a edidized nerve odl in a multicdlular organism
occurs directly from the externd enviromrment, and this simulation causes direct (one-to-
one) dimulaion of muscular adtivity. What can control  of imitability Sgnify?
Apparently, crestion of a nerve net whose dements specificdly the effectors are not
dimulaed by the environment directly but rather through the mediation of a complex
control sysem. This is the sage of evolution we related to the concept of the complex
reflex. The control of irritability in this sage is seen eypedidly dearly in the fact tha
where there is a god, dimulation of the effectors depends not only on the date of the
environment but dso upon this god--that is, on the date of certain internd neurons of the

net. Thus, the formula for this metasysem trangtion (from the third sage to the fourth)
IS
control of irritability = complex reflex.

What next'?

B CONTROL OF THE REFLEX
NO MATTER how highly refined the nerve net built on the principle of the complex

reflex: may be it has one fundamentd shortcoming: the invaridbility of its functioning
ova time The animd with such a nevous sysem cannot extract anything from its
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experience; its reactions will dways be the same and its actions will dways be executed
according to the same plan. If the animd is to be able to learn, its nervous system must
contain some variable components which ensure change in the rdations among Studions
and actions Thexe components will therefore cary out control of reflexes It is
commonly known that animas have the ability to learn and develop new reflexes. In the
teeminology introduced by 1. P. Pavlov, the inborn reflex induded in the nervous system
by naure is cdled an unconditioned reflex while a reflex developed under the influence
of the environment is cdled a conditioned reflex. When we spesk of a complex reflex we
have in mind, of course, an unconditioned complex reflex. The presence of components
that control complex reflexes manifests itdf, in experiments with teeching animds, as
the ability to form conditioned reflexes

We cannot, however, equate the concept of the conditioned reflex with the concept of
control of a reflex. The latter concept is broader. After dl, our concept of the complex
reflex, taken in the context of the description of generd principles of the evolution of the
nervous sysem, essentidly dgnifies any fixed connection between the daes of
classfiers representation fixers, and effectors. Therefore, control of reflexes must be
underdood as the credtion, growing out of individud experience, of any vaiadle
connections among these objects. Such connections ae cdled associations of
representations or smply associations. The term "representation” here is understood in
the broad sense as the date of any subsystems of the brain, in particular the classfiers
ad effectors. We dhdl cdl the formation of assodidions assodiaing (this terminology is
somewhat awkward, but it is predse). Thus, the fifth dage of evolution is the stage of
asoaations Theformulafor the metasystem trangtion to thisstageis

control of reflexes = associating.

B THE REFLEX ASA FUNCTIONAL CONCEPT

THE CONCEPTS of the reflex and the associaion are functional not structural concepts.
The connection between simulus S and response R in the reflex (see figure 3.3) does not
represent the trangmisson of information from one subsysem to another, it is a trangtion
from one genedized date to another. This digtinction is essentid to avoid confusng the
reflex, as a definite functiond diagram which describes behavior, with the embodiment of
thisdiagram, that is, with the cybernetic device thet reveds this diagram of behavior.

Figure 3.3. Functional diagram of the unconditioned reflex

Confuson can eadly aise because the smples embodiment of reflex behavior has a
dructurd diagram that coincides extendly with the diagram shown in figure 3.3, except

tha S and R in it must be undersood as physcd subsysems that fix the simulus and
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response. This coincidence is not entirdy accidenta. As we have dready sad in defining
the functiona diagram, bresking the st of dl dates of the sysem down into subsets
which are ascribed to vertices of the graph is dosdy tied to bresking the sysem down
into subsystems. Specificdly, each subsysem that can be in two dates (yes/no) can be
rdaed to the sat of dl dates of the sysem as a whole for which this sysem is in a
definite date, for example "yes" More amply, when defining the generdised date we
congder only the dae of the given subsystem, paying no atention to what is happening
with the other subsysems Let us assume tha the letters S and R Sgnify precisdly these
Ubsygtems, that is to say, subsysem S is the discriminator for stimulus (st of Stuations)
S and subsysem R is the effector that evokes response R. Then the datement that "yes' in
ubsysem S is trangmitted dong a communications channd (arow) to subsysem R
putting it dso in the "yes' date, coincides with the Statement that the ,generdised date S
switches (arrow) to state R Thus the gructurd and functiond diagrams are very amilar.
It is true that the dtructurd diagram in no way reflects the fact tha "yes' evokes a "yes'
not a "no," wheress this is the very essence of the reflex. As we have dready sad, the
reflex isafunctiond concept.

BWHY ASSOCIATIONS OF REPRESENTATIONS ARE
NEEDED

THESE PRELIMINARY condderations were required in order for us to be able to better
grayp the concept of asodaion and the connection between a functiond description
usng asoddions and a dructurd description by means of dassfiers Because eech
classfier can be connected to one or severd generdized dates, there is a hierarcchy of
gengdized daes corresponding to the hierarchy of dassfierls When introducing the
concept of the classfier we pointed out that for each date of the dassfier (we can now
say for each generalized state of the sysem as a whole) there is a corresponding, definite
concept a the input of the system--thet is the input Studtion is afiliated with a definite
set. The concepts of the Arigtotdian "concept” and the "generdized date”’ are close to one
another; both are sets of dates. But the "generdised dtate’ is a more generd concept and
may take account of the dae not just of receptors but dso of any other subsysems in
paticular dassfiers. This is essentid to follow the dynamics of the dae of the sysem
during the process of information processng.

Let us see how the generdized dates of the K leve of the hierarcchy and the next leve, K
+ 1, ae interconnected. As we know, the chief task of the dassfiers is to Sore
"dgnificant” information and discard "inggnificant” information. This means that there is
some st of daes on levd K which in the functiond diagram has an arow going from
eech of the dates to the same date a levdl K + 1. In figure 3.4 below, the representations
(generdized gates) T1 and T2 evoke representation U equdly.
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Figure 3.4. Association of representations

If Tiand T, dways accompay one another this diagram will unquestiongbly be
advantageous to the anima. He does not have to know that T, and T, are occurring; it is
enough if he knows that U is occurring. In this way superfluous information is discarded
and usful information is compressed. The compresson of information is possble
because T1 adT, are dways encountered together. This is a fact which is externd to the
nervous sysem and refers only to the stream of Stuions being fed to it. It tedtifies to the
exigence of a ddinite organization in the stream of Stuaions, which is a consequence of
the organized nature of the environment surrounding the animd. The organization of the
nervous sydem and its activity (the sysem of reflexes) reflect characteridics of the
evironment. This hgppens because, by teding different ways to discard information,
neture findly finds the variaion where the information discarded is indeed superfluous
and unnecessary owing to the partialy organized nature of the environment.

In the stage of the unconditioned reflex the dructure of such connections, as shown in
figure 34, does nat change during the life of the animd and is the same for dl animds of
the given species. As we have dreedy said, however, such a Studtion is not satisfactory.
The metasysem trangtion occurs, and the connections between generdized dHates
become controlled. Now if T; adT, in the individud experience of the animd aways (or
a leest quite often) accompany one ancther, new connections form in the anima bran
which ae not detemined uniquely by heredity. This is assodaing--the formaion of a
new asocidion of representations It is dear that associaions form  among
representations of the highest level of the hierarchy. Thus the most generd corrdaions
in the environment, those which are the same for dl times and al places of habitation, are
reflected in the permanent organization of the lower levds of dassfies The more
particular correlations are reflected by variable connections at the highest leve.

m EVOCATION BY COMPLEMENT

THE DIAGRAM shown in figure 34 may cause misunderganding. When spesking of an
asodidion of represatations we usudly mean something like a two-way  connection
between T1 and T2, where T1 evokes T2 and T2 evokes Ti. But in our diagram both
representetions evoke something  different, spedificdly U, and there are no feedback
arowsfrom U to T1 and Ta.

In fact, the diagram shown in figure 3.4 more dosdy corresponds to the concept of the
association of representatiors than a diagram with feedback does. Specificdly, it contains
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an evocdtion, in a certain sense, of representation T» by representation T; (and vice versa),
but this is evocation by complement. The representation U contains both T, and Ty; after
dl, it was conceived by our nervous sysem as equivadent to the smultaneous presence of
T, and T;. Therefore, when T; evokes U in the absence of T, then T, is contained
conceded in U itAf. By evoking U we, s0 to spesk, complement Tz with the nonexident
To.

This process of menta complementing is in no way rdaed to the fact that the associdion
is devedoped by learning. Only the method by which the bran processes information
plays a pat here When inborn lower-levd mechanisms operate the effect of the
conplementing shows itsdf even more dealy; no kind of leaning or traning will
wesken or srengthen it.

Figure 3.5. The points make a line.

Look at figure 35. In it you see not just points but dso a line, an ac. In fact there is no
line a& dl. But you mentdly supplement (complement) the drawing with points 0 that a
solid line is formed. In terms of figure 34, Ti here is the actudly exiding points, U isthe
ling and T, is the complementary points The fact that you discern a nonexigent line
tedifies to the presence in the bran (or in the retind of dassfiers which creste the
representation of U.

Why did thee dassfiers aise? Because the gtuaions ariving & the input of our visud
gopaatus posess the characterigic of continuity. The illuminations of neighboring
receptors of the retina are srongly corrdaed. The image on the retina is not a mosaic set
of points, it is a set of light spots. Therefore, trandating the image into the language of
soots, the brain (we say "bran” ahitrarily, not going into the quesion of where the
tranddion is in fat made) rgects usdess information and dores useful informetion.
Because "congding of spots' is a universa characteridic of images on the reting, the
language of spots must be located a one of the lowest levels and it must be inborn. The
linewhich we "seg" in figure 35 isalong, narrow ot

B SPOTSAND LINES

NOTICE, we have reduced the concept of the line to the concept of the spot. We had to
do this because we were edablishing the theoreticd bess for the exidence of the
corregponding dassfiers In redity, it is possble to condude from the two-dimensond
continuity of the image on the retina that the basc concept for the brain should be the
concept of the spat, not the line. The line can be indluded as aither an exoticadly shagped
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oot or as the boundary between spots. This theoretical consderaion is confirmed by
numerous observations.
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Figure 3.6. Concealed circle formed by the vertices of angles

A drde formed by the vertices of angles is dearly seen in figure 3.6 a In figure 3.6 b the
vertices of the angles are located a exactly the same points, but their Sdes are directed
every which way, some outdde and some indde. As a result the circle disgppears. It is
possble to follow the vertices dong, switching dtention from one to another, and
ascartan that they are s&t in a drde, but you cannot see this as you can in the fird
drawing, even though the points which make up the drde are dl vertices of angles and
dl lie on the drcumference of the drde The dmples machine program for recognizing
crcles would "seg" the drcle in figure 3.6 b (as well as figure 3.6 d). But our eye does not
e it. In figure 3.6 a where dl the rays are directed out, however, our eye glosses them
into something like a rim and dealy sees the intend drde a two-dimensond
formation, a spat. The circumference, the boundary of this spot, aso becomesvishle.

There are many visud illusons reaulting from the fact that we "see in gpots” They offer
ingructive examples of inborn associaions. One of the best onesis shownin figure 3.7.

a b -

Figure 3.7. The illusion of the approximation of diagonals.

Figure 3.7a is a square, and its diagonds intersect a right angles. Figure 3.7 b is
condructed of arcs, but its vertices form precisdy the same sguare as in figure 3.7 a and
therefore the diagonals aso intersect a right angles. This is dmogst impossble to ldieve,
0 gredt is the illuson that the diagonds of figure 3.7 b are gpproximated to the verticd.
This illuson may be explaned by the fact that dongsde the microcharacterisics of the
figure--that is, the detals of its shgpe-we dways percave its macrocharacteridics, its
overd|l gppearance. The overdl appearance of figure 3.7 b is that of a spot which is
elongated on the verticd. The degree of dongaion may be judged by figure 3.7 c. This
figure is a rectangle whose area is equd to the area of figures 3.7 a and b, while the ratio
of its width to its height is equd to the ratio of the average width of figure 3.7 b to its
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average height. The hypothetical dassfier which records the overdl dongation of the
figure will arive a the same date in contemplaing figure 3.7 b as in contemplating
figure 3.7 c. In other words, whether we desre it or nat, figure 3.7 b is asociated in our
mind with the rectangle in figure 3.7 c. Following the diagonds in figure 3.7 b in our
mind, we equate them with the diagonds of figure 3.7 ¢, which form acute vertica
angles The dassfier that records dongation of the spot is unquestionably a ussful thing
it was egpedidly ussful for our digant ancestors who did not perceive the world in more
subtle concepts. But because we cannot switch it on or off at will, it sometimes does us a
dissarvice, causng visud deception.

B THE CONDITIONED REFLEX AND LEARNING

BUT LET US RETURN from inborn associations to developed ones, thet is, to the actud
asociding of representations. The very essence of the metasysem trandtion from the
fourth dage of evdution to the fifth lies in the difference between the suffixes of two
words from the same root. The association is Smply one of the aspects of the complex
reflex, while associating is control of associaions the formation of new assodations and
disgppearance of old ones.

The capability for associaing representations appears most fully as the capability for
forming (and therefore aso recognizing) new concepts. The dog that recognizes its
madter from a digance may serve as an example.

The Pavlovian conditioned reflex is a more paticular manifetaion of the cgpability for
asodiaing. The diagram of thisreflex is shown in figure 3.8.
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Figure 3.8. Diagram of the conditioned reflex.

The unconditioned gimulus S; (food) is dways accompanied by the conditioned simulus
S (a whidle), and as a result they become associated in one representation U, which,
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because of the presence of S in it, causes the response R (divaion). Then simulus S
causes U, and therefore R, even where § is not present. The whigtle causes sdivation.

A question may aise here. The conditioned reflex arises on the bads of the unconditioned
reflex whose diagram is S > R At the same time, if the conditioned simulus is removed
in figure 3.8, we dhdl obtain the diagram > U -> R How do we know that step U
exigs? Isthis an arbitrary hypothesis?

In redity the diagram shown in figure 3.8 contans aolutdy no hypotheses We shdl
emphadze once more that this diagram is functiond, not dructurd. We are making no
assumptions about the organization of the nerve net; we are Smply describing observed
facts which are theser firs, date S leads, through the mediaion of some intermediate
dates, to Sate R; second, sate S in the end d<0 leads to R Therefore, a some moment
these two processes are combined. We desgnate the dtate a this moment U and obtain
the diagram we ae discussng. In this way our diagram, and our gpproach in generd,
differ from the Pavlovian diagram of the reflex arc, which is precisdy the dSructurd
diagram, aphysologicd modd of higher nervous activity.

The process of learning, if it is not reduced to the development of certain conditioned
reflexes (that is, touching only the discriminatory hierarchy) dso indudes the dement of
acquiring  know-how, deveopment of spedfic skills. The process of learning dso fits
within the diagram of assodating representations in the generd meaning we give to this
concept. After dl, learning involves the development and reinforcement of a detailed plan
to achieve a god. a new plan that did not exist before. The plan may be represented as an
organized group of associaions. Let us recdl the regulation diagram (see figure 2.6).
With a fixed god the comparison block mugt juxtgpose a definite action to each Stuation.
The "untaught” comparison block will test dl possble actions and stop a those which
yield a reduction in the discrepancy between the Stuaion and the god (the trid and error
method). As a result of learning a connection is established between the Stuation and the
aopropriate action (which is, after dl, a representation dso) so that the "taught
comparison block executes the necessary action quickly and without error.

Now for a few words about instinct and the rdaionship between indinctive behavior and
behavior devdoped through learning. Obvioudy, indinct is something passed on by
inheritance--but exactly what? In the book dready referred to, Miller, Gdantier, and
Pribram define indinct as a "hereditary, invariable, involuntary plan.” Plans, as we know,
ae organized on the hierarchicd principle. It is theordticaly possble to assume the
exigence of an indinct that goplies to dl dages of the hierarchy, induding both the
gengd draegy and paticular tacticd procedures dl the way to contracting individud
muscles. "But if such an indinct does exis," these authors write, "we have never heard of
it" The indinct aways kegps a definite levd in the hierarchy of behavior, permitting the
animd to build the missng components a lower levds through learning. A wolf cub
which is trying to cgpture a fleeing animd unquestionably acts under the influence of
indinct. But it is one thing to try and another to succeed. "It may be congdered,” Miller,
Gdantier, and Pribram write, "that copulation is an indinctive form of behavior in ras In
catan repects this is in fact true. But the crudeness of copulative behavior by a ra



which does not have experience in the area of courting shows plainly that some practice
in these indinctive responsesiis essentid.”

As the organization of an anima becomes more complex and its ability to learn grows in
the process of evolution, the indincts "retrest upward,” becoming increasingly abstract
and leaving the anima more and more space for ther redization. Thus the behavior of
animas becomes increesngly flexible and changes operationdly with changes in exterrd
conditions. The gpecies chancesfor surviva grow .

B MODELING

IN OUR DISCUSSION of associations of representations thus far we have completely
ignored ther dynamic, tempora aspect; we have conddered the representations being
connected as datic ad without any coordinate in time. But the idea of time can enter
actively into our representations. We can picture figures that are moving and changing a
a certain gpeed and we can continue the observed process mentaly. A whed rolls down
the road. We close our eyes for a second or two and picture the movement of the whed.
Upon opening our eyes we e it in exactly the place where we expected it. This is, of
course, the result of an association of representations, but this means an association, or
more correctly representations, which are organicaly bound up with the passage of time,
The whed's pogtion x @& moment t is assocaed with the postion X2 & moment t + Dt
with pogtion x2 a moment t + Dt , and 0 on. Each of these representations includes a
representation of the time to which it refers We do not know the mechanism by which
this indugon is made and, in conformity with our approach, we shdl not congruct any
hypotheses regarding this We ddl damply note that there is nothing paticularly
urprigng in this It is commonly known that an organism has its own time sensor, the
"interna clock."

The association of representations that have a time coordinate enables us to foresee future
gtugtions in our imagination. We have just edablised the exigence of such
representations relying on internd, subjective experience. But the fact that animds aso
reved the cgpability for foresght (look a the way a dog catches a piece of sugar) leads
us to conclude that animal representations may dso have atime coordinate.

Spesking in the language of cybernetics the interconnection of representations which

have a time coordinae and the resultant capability to foresee the future is Imply
modeling, congtructing amodel of the environment.
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Figure 3.9. Diagram of modeling.

Let us give the generd concept of the modd. We shdl condder two sysems a and b. Let
us assume that to each date Ai of sysem a we can somehow juxtgpose one definite state
B of sygsem b. The inverse correspondence does not have to be unique (Sngle-vaued);
that is many daes of a may correspond to one state of b. Because, according to our
definition, the genenalized state is a st of dates, this propostion may be described as a
one-to-one correspondence of the states of sygem b to the generalized states of sysem
a . Thisis necessary but not aufficdent to condder sydsem b a modd of sysem a .
Additiondly there must be a trandformation T(t) of sysem b which depends on time t and
models the naturd passage of time in sysem a . This means the following: Suppose that
sydem a isinitidly in generdized dae A; which corresponds to state By of sysem b.
Suppose that dfter the passage of time t the date of sysem a becomes Ay Then the
converson T(t) should switch sysem b to dsate By, which corresponds to generdized
date A,. If this condition ismet we cdl s)gem b amodd of sysem a .

The converson T(t) may involve nothing more, spedificdly, than permitting sysem b by
itsdlf to change its Sate with time. Such models are cdled real time modds.

The besiegers dug an opening under the fortress wall and placed severa barrels of
powder in it. Next to them a candle was burning and from the base of the candle a
trail of powder ran to the barrels. When the candle burned down the explosion would
take place. An identicd candle lighted at the same time was bur ning on atablein the
tent of the leader of the besieging forces. This candle was his modd of the first
candle. Knowing how much time remained until the exploson he gave his last
orders.... Wild faces leaned over the table, hairy hands clutched their weapons. The
candle burned down and a fearsome explosion shook the air. The modd had not let
them down.
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The image on a televison streen when a soccer game is being broadcast may adso be
formdly conddered a modd of the soccer fiedld and dands All conditions are in fact
observed. But one senses a great difference between the case of the two candles and the
case of the soccer broadcast--a difference in the information links between sysems a and
b. Any imege b of object a isamodd of it in the broad sense; but there is a continuous
flow of information from a to b and it is only thanks to this flow that the correspondence
between dtates a and b is kept. With information access to b, we in fact have access to
a .Sygem b operates as Imply aphasein the trangmisson of informetion from a .

The gtuation is quite different in the case of the two candles Candle b burns a the same
soeed as candle a , but independently of it. The leader of the besieging forces does not
have access to candle a and cannot receive any red informaion regarding its Sate. By
modding he compensates for this lack and obtains equivdent information. System b here
plays a fundamentdly different and more ggnificat role. A gpatid barier is overcome,
0 to ek, by this means and this is done without etablishing any new information
channds

Even more important is the case where the modd helps overcome a barrier of time rather
than space. One cannot, das, lay an information channd to the future But a modd
permits us to operate as if there were such a channd. All that is required is that execution
of the converson T(t) on the modd take less time than time t itsdf. Many other examples
could be given of the use of such modds in modern life, but thet is hardly necessary. Let
us return once again to associations of representations.

We have seen that assodiations of datic representations reflect the exigence of odid
corrdations, interrdaionships in the environment. In exactly the same way associaions
of dynamic representations (modds crested by the brain) reflect dynamic tempord
corrdaions tha characterize the environment. Stuation X &fter time t evokes (or may
evoke) studion y--thet is the generd formula for such corrdations, and in the brain these
correations are imprinted in the form of the corresponding aions.

B COGNITION OF THE WORLD

WHAT IS knowledge? From a cybernetic point of view, how can we describe the
Stuaion where a person or anima knows something or other? Suppose we know there
are two people in an adjacent room. Since they redly are there, if we go into the room we
shdl see two people there. Because we do know this, we can, without actualy entering
the room, imagine that we are opening the door and entering it; we shdl picture the two
people who ae in the room. In our brans therefore, an association of representations
takes place which engbles us to foresee the results of certain actions that is there is a
certain model of redity. For the same reason, when we see a rolling whed, we know
where it will be a second laer, and for the same reason when a gick is shaken a a dog
the anima knows that a blow will follow, and so on.
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Knowledge is the presence in the bran of a cetan modd of redity. An increase in
knowledge--the emergence of new modds of redity in the brain-is the process of
cognition. Learning about the world is not a human privilege, but one characteridic of dl
higner animads The fifth dage of evolution may be cdled the dage of individud
cognition of the world.
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CHAPTER FOUR
The Human Being

CONTROL OF ASSOCIATING

WE HAVE COME to the mogt exciting moment in the higory of life on eath, the
gopearance of the thinking being, the human being. The logic of our narative compds us
to link the gppearance of thought with the next metasystem trandtion. We dill know s0
little about the process of thinking and the dructure of the thinking brain that any theory
daming to explan this phenomenon as a whole is hypothetica. Thus, our conception of
thinking must dso be trested as a hypothess. However, this conception indicates the
place of thinking in the series of naurd phenomena and, as we shdl see puts a vast
multitude of facts together in a sysem. The complete absence of particular, abitrary
assumptions, which ordinarily must be made when a theory incdudes a dructurd
description of a littlestudied object, is another pogtive feature. The core of our
conception is not some  hypothess  regarding the concrete dructure and  working
mechanism of the brain, but rather a sdection of those functional concepts through which
a conggent and sufficently convindng explandaion of the facts we know about thinking
becomes possible.

Thus, we assart that the gopearance of thinking beings, which marks the beginning of a
new dage--perhgps a new era--in evolution (the era of reason) is nothing short of the next
metasystem trangtion, which occurs according to the formula

control of associating = thinking.

To prove this assation we shdl andyze the conseguences that follow from control of
assodiaing and equate them with the forms of behavior we observe in thinking beings.

Frgt of dl. what is control of associating? Representations X and Y are associated in an
anima only when they gppear together in its experience. If they do not appear together
(s a rule, on many occasons), the assodation will not aise The animd is not free to
control its asodidions, it has only those which the environment imposes on it. To control
asodding a mechanism must be present in the brain which makes it possble to asociae
any two or saverd representations that have no tendency at dl to be encountered together
in experience--in other words, an arbitrary association not imposad by the environment.

This action would appear to be completdy meaningless An eder tree in the garden and
an uncdle in Kiev--why connect these two totdly unrdated facts? Nonethdess ahitrary
asodding has profound meaning. 1t redly would be memingless if bran adtivity
amounted to nothing more then passivdy receving impressons sorting them, grouping
them, and 0 on. But the bran ds has another function--its basic one to control the
organism, carrying out active behavior which changes the environment and cregies new
experience. You can bet that the darm dock and the holder for the tegpot are in no way
associated in your consciousness. Nor in the consciousness of your three-year-old son.
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However, this is only for a certain time. One fine day, for some reason an assodiaion
between these two objects occurs in the head of the young citizen and he is overcome by
an insurmountable desire to rgp the darm dock with the holder. As a reault, the objects
enter adtate of red, physicd interaction.

In the metasygem trandtion, some thing that was once fixed and uniquely determined by
externd conditions becomes varigble and subject to the action of the trid and eror
method. Control of associding, like every metasystem trangtion, is a revolutionary step
of the highes order directed againd davish obedience by the organiam to environmenta
dictatorship. As is dways true in the trid and error method, only a smdl proportion of the
abitrary assoddions prove ussful and are reinforced, but these are associaions which
could not have arisen directly under the influence of the environment. And they are wha
permits a reasoning being those forms of behavior which are inaccessble to the animd
that was frozen in the preceding Sage.

B PLAY

HIGHER ANIMALS reved one interesting form of behavior, play, which rdaes them to
human beings and is a kind of herdd of the era of reason. We ae not refaring to
behavior related to mating (which is aso cdled play sometimes), it rather to "pure” and,
by appearance, completely purposdess play--play for plessure. That is how a ca plays
with a piece of paper, and how the young (and the adults) of dl mammds play with one
another.

But what is play? How does this phenomenon aise in the animd world? Ray is usudly
explaned as a rexult of the need to exercdse the muscdles and nervous system, and it
certanly is ussful for this purpose But it is not enough to point out the usfulness of a
form of behavior; we 4ill mus explan how it becomes possble When a kitten plays
with a piece of paper tied to a dring it behaves as if it thinks the paper is prey. But we
would underetimate the mentad capabilities of the kitten if we supposed that it was
actudly decaived--it is not. It has caught this paper many times, hitten it, and amdled its
offendve, inedible odor. The kitten's representation of the paper is not induded in the
concept of "prey." However, this representation partidly activates the very same plan of
action normdly activated by the concept of "prey.” Smilaly, a walf frolicking with
another wolf does not teke its playmate for an enemy, but up to a certain point it behaves
exactly as if it did. This is the very essence of play. It can be understood as the arbitrary
establishment of an associaion between two objects such as the paper and the prey or the
fdlow wolf and the enemy. As a result there arises a new representation which, drictly
gpesking, has no equivdent in redity. We cdl it a "fantasy,” the result of "imagination.”
Thus the peper planly is not prey, but & the same time seems to be prey; thus fdlow
wolf is gmultaneoudy friend and enemy. The synthetic representation generates a
gynthetic plan of action-a play plan. The walf is completdly serious and tries as hard as it
can to overtake and catch itsfriend, but when it bitesit is no longer serious.
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Indeed, play exercises the muscles and develops <kills which are ussful during serious
activities, but this impresses one more as a ussful dde effect than as a gpecid drategic
god for whose sske play forms of behavior are developed. Everyone knows how children
love to play, but whet is dtractive in their play is not so much the pleasure gained from
physcd exerdse or showing ones agility as it is the game as such. When boys play
sldiers and girls play dolls they are not exerasng anything except their imagination -
that is ther ability to meke arbitrary assodiations. It is these arbitrary associations which
give them plessure Childrerls play is a phese of devdopment through which every
person mugt inevitably pass in order to become a person. In his remarkable book From
Two to Five K. Chukovsky devotes many pages to developing the idea of the absolute
necessty for dements of play ad fantasy in a child's upbringing. Children cannot get
dong without these things They give themsdves up to play completdy, feding it to be
something needed, important, and serious.

K. Chukovsky writes:

I knew a little boy who was pretending to be a chimney sweep and shouted, "Don't
touch me, mama, you'll get dirty! . . ."

Another little boy who had been pretending he was a megtball for quite some time
and was conscientioudy Szzling in the frying pan pushed his mother away in
irritation when she ran up and began kissing him. "How dare you kiss me when I'm
cooked!" he shouted.

No sooner had my three-year old daughter Mura spread out her books on the floor in
play than the books became a river where she caught fish and washed clothing.
Accidentaly she stepped on one of the books and exclamed ™Oh, | got my foot
wet!" It was so natural that for a minute | believed that the books were water and
amog ran over to her with atowel.

In al of these games the children are both the authors and the rformers of
fantasies which they embody in play-acting. And the desire to believe in their make-
believe is so strong that any attempt to bring them back to redlity evokes hested
protest.

The gpparatus for controlling associaions fird announces its exigence through the need
for play. And because it exigs it must work: it needs something to do. This is jus as

naturd asthe lungs needing air and the somach food.

B MAKING TOOLS

BUT LET US leave play behind and pass on to the serious acts of sarious adult people.
When spegking of the origins of human beings the use and manufacture of tools are
pointed out as the firg difference between humans and animds. The decisve factor here
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Is, of course, making the tools Animas can aso use objects as tools. The woodpecker
finch of the Galgpagos Idands uses a spine of cactus or smal chip to pick worms out of
the bark of a tree. No one who has seen pictures of the skillful way the finch manages the
oike hed in its beek can fail to agree thet this is a dear and very artful use of atool. The
Cdifornia sea otter lies on its back on the surface of the water, places a flat rock on its
chest, and bresks mussels open with it. Monkeys sometimes use sicks and sones. These
are very meeger examples, but they show that in principle there is nothing impossible in
animads usng tools. In fact, why cant a plan of action passed on by heredity and
reinforced by learning indude the sdection and use of certain types of objects? Concepts
such as "long and shap' or round and heavy" ae fully accessble to animds It is
obvious that examples such as those given above are rare, because the tools that can be
recaeived from nature without specid manufacture are very imperfect and in the process
of evolution animds have grester success usang and refining ther naturd organs. besks,
claws, and tegth. If the use of toadls is to become the rule, not the exception, it is necessary
to be able to make them or a least to be adle to find suitable objects especidly for the
particular case.

Suppose that you have to drive a nall but do not have a hammer handy. You look around,
seeking a suitable object and spot a bronze bust of Napoleon on the table. You have never
before had to drive nals with Napoleons. We can even assume that you have never
before driven nails with anything but a red hammer. This will not prevent you from
taking the bust and driving the nal. You did not have the associdion "nal = bug," you
cregted it. In your imagination you compared the nal and the bust of Nagpoleon, pictured
how you could drive the nail with him, and then did 0.

B |MAGINATION, PLANNING, OVERCOMING INSTINCT

IF IN THE BRAIN of the animd there is an asociaion between object X, atool, and
object Y, the object of the action (and, of course, if it is physcaly possble to execute the
action), the animd will be capable of udng the tool. But if there is no such associaion,
the anima does not "guess' that it should do this A dog may be trained to drag bench X
in its teeth to fence Y, dimb up on the bench, and jump from it over the fence, but if it is
not taught this it will not figure it out with its own mind. The dog knows very wdl thet
the bench can be moved from place to place. It dso knows what opportunities open up
when the bench is next to the fence if you put the bench there it will immediatdy jump
up on it and legp over the fence (assuming that there is some need for it to do s0). This
means that it is ale to foresee the result of the combination of X and Y, it has the
corresponding modd in its brain. But this modd is just dead weght, because the dog
cannot picture to itsdf the combination XY as a god to drive toward; it does not have the
imagination for this It is not enough to know what will be, one must dso imegine what
can be The bare foomula which equates thinking with control of assodaing may be
trandaed into less precise but more figurdive language by dating that the human being
differs from the anima by the possesson of imagineation.
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Let us construct a very Smple modd of the working of imagingtion, usng A to desgnate
the dtuation occuring a a given moment and Z for the Stuaion to be achieved. We dhdl

condder that for the given dtuation only some other dtuaions ae immediady
achievable Thiswill be written by the formula

A-> (B,CH,2
where stuationsimmediaidy achievable from A are shown in parentheses.
Let us assume tha a certain animd (or person) knows which Studions are achievable
from which others--that is in its brain there is a series of assoddions that can be
represented in formulas resembling the one aove. We shdl dso condder that for eech
trangtion from the given gtuaion to ancther, directly achievable one the action which
executes it is known. We shall not introduce designations for this, however, so as not to
clutter up the formula
If the bran does possess the exact association shown above, and therefore dtae Z is
achievable from A, the anima will immediatdy execute the necessary action. Now let us
uppose that the brain contains the following group of associations:

A-> (B,C,D)

B-> (E F)

D-> (G HIJ)

H-> (B, C)

| > (B,C, 2

In this table there is no action which would switch Ato Z, and therefore the animd given
this problem will ot be ale to solve it. It will @ther do nothing or flounder in confusion,
executing dl the actions in the table without any order. But the human being will imagine
that he has peformed action A in order to underand what Stuaions will become
accessble to him in this case. In other words, he will creste new associations, which can
be written asfollows:

A>B>E
A>B>F

It is true that in the given case these associaions will prove usdess but continuing with
such atempts the human beingwill findly find the solution:
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A>D->1-> Z

It is ds0 possble, of course, to approach the problem from god Z. The main thing is that
the table of associations itsdf does not remain unchanged; it becomes an object of work
according to the trid ad error method and new lines are added to it. Further, these lines
do not appear through the influence of the environment (which determines only the initid
lig of asodaions), they result from the functioning of a specd mechanism which
folowsits own rules and laws

The higher animds dso have the rudiments of imaginaion, which manifes themsdves
as has dready been noted, paticularly in games. Elements of imagination can be dealy
discerned in the behavior of the anthropoid gpes, which show a resourcefulness dogs and
other animas cannot atan. There have been experiments in which an gpe has used a
support (a cube) to reach a suspended lure, and has even placed one cube on top of
another if necessary. With a gtick, the gpe can push a lure out of a ssgment of pipe. It can
find an gppropriate gick, and even plit it in hdf if it is too thick and does not go into the
pipe. This can be congdered the beginning of toolmaking.

All the same, the boundary is not between the dog and the gpe, but between the gpe and
the human being. At some moment our ancestors ability to control associating crossed a
threshold, beyond which it became an important factor for survivd. Then this cgpability
was refined during the course of evolution. The metasystem trandtion was completed; the
human being had become distinct from the world of animals

Many factors played parts in the process of humanization, above dl the organization of
the limbs of the manrgoe No mater what wise indructions the bran might give they
would come to naught if it were physcdly impossble to execute them. On the other
hand, the exigence of organs cgpable of executing subtle actions does not by itsdf give
rise to thinking: Insects are physcdly cgpable of very complex operations, the limbs of
the dinosaurs could, in principle, have sarved as the garting point for the development of
ams the tentades of the octopus ae more pefect in dedgn than our ams
Unquestiongbly the leading role is played by the brain. At the same time, the ams of the
man-gpe and the possihility of having them free when walking fostered a stuation where
the brain's capability for control of associaions became (through the mediation of usng
and making tools) a factor of decidve importance for survivd. Other factors, such as a
shap change in naurd conditions, could operate in this same direction. It may be that
some other circumstances dso played a pat. Claifying the concrete conditions of the
origin of the human being and the rale played in this process by various circumsances is
a complex and intereding problem on which many scentists are working, but it is not the
subject of this book. For us it is enough to know that the combination of conditions
necessary for the metasystem trangtion did come about.

Because the gods which are the mog important dements in a plan are representations,
the ability to associate representations abitraily means the &bility to make plans
abitrarily. The human being can decide as follows fird | will do A, then B, then C, and
50 forth. The corresponding chain of associations arises. The human being can decide that



it is absolutely necessary to do X. The asociaion "X--necessary” arises. New, concrete
plans dso occur to the animd condantly, but the mechanism of ther occurrence is
different. They are dways pat of a more gengd (danding higher in the hierarchy) plan
and, in the end, a pat of indinct. The gods the animd sets are dways directed to
executing an indinctive plan of actions The instinct is the supreme judge of anima
behavior--its asolute and immutable law. The humen beng aso inherits catan
indincts, but thanks to the ability to control associaions he can get around them and
cregte plans not governed by indinct and even hodtile to it. Unlike the animd, the humen
being sats his own gods. Where these gods and plans are taken from and wha purpose
they sarve is another matter. We shdl take this up when we discuss the human being as a
socid being. For now, the only thing to kegp in mind is that the humen brain is organized
in away that makes it possible to go beyond the framework of ingtinctive behavior.

B THE INTERNAL TEACHER

THE HUMAN BEING does not by any means peform each operation "through persond
imagingtion™-thet is, as if discovering it for the firg time. On the contrary, a person (at
awy rae an adult) does mog operations without usng imagination; they are routine and
cusomary, and they are regulated by areedy edablished associaions The mechanism of
such operdions does not differ from what we obsarved in animds, and we cdl the
method by which the necessary associations are developed learning, just as with animas.
But the mechaniam of learning in humans and animas differsradicaly.

In the animd, new asociaions ae in a catan sense imposed from outsde. For an
asociaion to form it must have mativational grounds, be related to a negative or postive
emotion. Reinforcement is essentid. In other words, teaching takes place only by the
"carrot and gick" [in Russan, literdly, "knout and cake€’]l. When a person learns, he
himsdlf is taking seps toward learning; but this is not because he knows that "learning is
useful." The baby does not know this, but it learns most eadly and actively. In the baby,
asoddions "dmply form" without any reinforcement. This is the functioning of the
mechanism for control of assodaing, which requires nourishment. If he does not have it
the person becomes bored, a negative emotion. There is no need for the teacher to force
anything on the child, or upon people in generd: the teache’s job is Smply to provide
nourishment for the imeginaion. Upon recaving this nourishment a peson feds
sidaction. Thus, he himsdf is dways leaning indde This is an active, credive
process Thanks to the metasygem trangtion, the human being acquired his own internd
teacher who is congantly teaching him, driving him with the internd gick and luring him
with the internd carrot.

The "internd teache” is not a fandtic, he takes a redidic goproach to his pupil's
cgpabilities. Representations which coincide or are cdose in time by no means dways
form gable associdions. If they did, it would indicate the exigence of absolute memory:-
that is tota recal. We do not know why we do not have this cgpdbility; it may be
upposad that the brain's information cgpacity is amply inadequate. But the exisgence of
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people whose capabilities for memorization are subgtantialy greater than average gppears
to contradict this hypothess and leads us to conclude thet the lack of such cgpability is
more likdy the result of some detalls involving the organization of control of associaing.
In any case, because there is no absolute memory there must be a criterion for sdlecting
asoddions. One of the humen criteria is the same as found among animds emationa
drain. We memorize things involving emations firg of al. But the human being dso hes
another criterion (which is by the way, evidence of the exidence of control of
asociding): we can decide to memorize something and as a result in fact do memorize it.
Findly, the third and most remarkable criterion is that of novety. We know that people
memorize things new to them and let old things go by ('in one ear and out he other").
But what is the difference between "new” and "old?' After dl, driclly spesking no
impression is ever repeated. In this sense every impresson is a new one. But when we
hear tak on a hackneyed subject or see hackneyed Stuations on a movie screen we Start
to yavn and wave our hand in annoyance: "This is old!" When the dream of impressons
fits into dready exising modds, our "interna teacher™ sees no need to change the modd
and the impressons dip by without any consequences. This is the case when we know
ahead of time what is coming. But when we do not know what is coming (or even more
s0 when it contradicts the modd) then new associations gppear and the modd  becomes
more complicated. The rdaionship to the modd dreedy exiging in the bran is the
criterion for the novelty of an impression.

As we begin to tdk about memory and other aspects of the human psyche, we touch on
many unresolved problems Fortunatdy, a sysemdic presentation of human psychology,
paticulaly in its "cyberneticized" variation, is not pat of our task. We shdl be content
with a quick survey of the psychologicd characteridics thet diginguish human beings
from animds in order to be sure that they are the naturd results of the metasysem
trangtion--the appearance of an gpparatus for controlling associating.

We have seen tha the control of assodiding leaeds to a quditaive difference between the
human and the animd in susoeptibility to learning. We shdl dso note in passing thet the
enormous quantitative difference that exids beween thee levds for humans and
animds, and that is expressed dmply in the quantity of information memorized in the
process of learning, is dso a direct consequence of the metasystem trangtion. It follows
from the aorementioned law of branching of the penultimae levd. In this case the
penultimate levd consds of the phydcd devices for the formation of assoddions.
Multiplication of these devices means enlarging memory. We shdl deviaie here from our
principle of not consdering dructurd modes of the brain to point out the branching of
the human cerebrd cortex, which according to generd (and well-founded) opinion is the
storage place for associations.
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Figure 4.1. Area of the cerebral cortex in the horse, orangutan, and human
being.

B THE FUNNY AND THE BEAUTIFUL

ALL THE SAME, quditaive differences ae more intereting. We have dreedy
esablished that the exigence of a specid gpparatus for the control of associating makes
learning an active process involving postive and negaive emations for the human being.
These are truly human emotions which are inaccessble to beings that do not possess this
goparaius. The god of associating is the condruction of a modd (or modes) of the
environment, and we may therefore condude that a new emotion will be pogtive if it
esteblishes an assodaion which improves the brain modd of the world. This emation can
be cdled the pleasure of novelty usng the term "novety” in the sense we gave it above.
The corresponding negative emation is caled boredom We have dready enumerated the
criteria for establishing and reinforcing associations and separated the criterion of novety
from the citerion of the exigence of emationd reinforcement. We hed in mind ordinary
emotions common to humans and animas. When we raise the pleasure of novety to the
rank of an emotion we can declare the third criterion to be a paticular case of the fird.
Then we can sy tha involuntary assodating dways involves emotiond  reinforcemert,
but compared to the anima the human being possesses a fundamentdly new dass of
emations

Yes tha is right, a dass. The "plessure of novdty” is a very generd term which covers a
whole dass of emations We can immedady pont out two planly different
representatives of this dass the sense of the funny and the sense of the beautiful. Hardly
anyone today would try to maintain that he has fully and findly undersood the nature of
these emations and can give them a detaled cybernetic interpretation. Unquestionably,
however, they are inssparadle from cognition of the world, from the cregtion of new
models.

What makes us laugh? A disruption of the "normd” course of events which is completely
unexpected but a the same time naturd, and in hinddght entirdy undersandable an
unexpected association, meaningless a fird glance but reflecting some deep-seated
rdaionships among things All this of course, crestes a new modd of the world and
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gives plessure proportiond to its novety. When it is no longer new it is no longer funny.
When someone tries to meke us laugh usng a very familiar modd we cdl it "flat" humor.
But this is a very rdaive concept. Everyone is familiar with the dtuation where a joke is
told and one ligener burds out laughing while the other amiles sourly. The difference
between the two ligeners is obvioudy the absence or presence of the corresponding
modd. Another gtuaion very important for darifying the nature of humor occurs when
one person laughs and another glances around uncomprehending. "He didn't get it," they
say in such cases. The joke was too subtle for this person; it relied on associaions he did
not have Wha is funny is dways on the bordeline between the commonplace the
uninteligible Every person has his own borderline and the line shifts in the process of
individua development. Nothing shows the level of a person's sophidication 0 dearly as
his underganding of wheat is funny.

There are more individud differences among people in thar sense of the beautiful--a
sense more subtle and mysterious than the sense of humor. But here too we find the same
dynamism reated to the novdty of the impresson. Frequent repetition of a pleasing piece
of mudc cedes indfference to it, and findly revulson. A dhap snstion of the
beautiful is short in duration; it indudes the dement of revdation. enchanting surprise. It
can aso be described as the sudden discernment of some deep order, correspondence, or
meening. If we atempt to interpret this phenomenon cyberneticaly, we may assume thet
the sense of the beautiful evokes impressons which give nourishment to the most
complex and aubtle modds which employ dassfiees on the highest levd. These
dasdfiers mug, of course, compress informetion to the maximum degree and recognize
extremdy complex concepts That is what disceenment of a deep internd order in
gpparent disorder is.

All modds are hierarchicd. The more complex is built on the smpler, and the higher
rests on the lower. A person may be insufficiently developed in esthetic terms and not see
beauty in a place where others do see it. To an untrained ligener a maderpiece of
symphonic music will seem to be a meaningless cacophony. On the other hand, a band
mdody or a primitive geometric ormament will not didt a sensation of the beautiful in
us in this case the order is too obvious When we say in "us" we are spesking of modern,
civilized people It is possble that a Neandertha would be sheken to the depth of his soul
upon seeing a saies of precisdy dravn concentric crdes. The beautiful too is dways
found on the bordealine between the commonplace and the unintdligible Shifting this
line, which we can define as eshetic education, is cognition of the world and the
consequent congtruction of new modesin the brain.

We ae taking the sense of the beautiful in its pure form. In redity it is ordinarily bound
up with other human fedings often forming insgparable groups and therefore influendng
many spheres and agpects of socidd life The vdue of esthetic experiences, which may
be cdled its goplied vaue, has long been widdy recognized. The Stuation with pure
eshetics is worse. Now and again through the course of human higory there lave been
cdls to put an end to pure esthetics once and for dl, as something not smply usdess but
even directly harmful. (The ham has been undergood in different ways Some have
proclamed beauty to be snful while others have argued thet it didracts from the dass
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druggle) On the other hand, there have been atempts by the vulgar maeridigt school to
explan and "judify” the beautiful by reducing it to the useful in the most ordinary,
everyday sense of the word. This is like someone praising a randggtor radio because it can
be usad to drive nals and crack nuts. This atitude arises from a failure to understand thet
pure eshetic education trains the brain to peform its highet and mog subtle functions.
The bran is unitay. The modds cregted in the process of egshetic education
unquestionably influence a person's perception of the world and his cregtive activity.
Exactly how this happens is unknown. Eshetic education is more precious because we
know of no subdtitute for it.

® | ANGUAGE

UNTIL NOW we have conddered the human being as an individud only and have been
intereged in the cgpabilities of the human brain. With this gpproach it is not a 4l
obvious that the gppearance of the human being on earth was such a mgor revolution in
the higary of life The frog was more intdligent than the jdlyfih. The dog was more
intelligent then the frog. The gpe was more intdligent than the dog. Now there gppeared a
being which was more intdligent then the ape. Well, so what'?

The revolution was crested by the gppearance of human society which possessed a
definite culture, aove dl language The key aspect here is language. Language in
generd is undersood to be a certain way of corrdaing objects R, which are consdered
to be some kind of gimary redity, to objects L; which are cdled the names of objects R
and are viewed as something secondary, especidly crested to be corrdated to objects R .
In rddion to the name Li object R is cdled its meaning. The aggregate of dl objects L is
frequently dso cdled a language (in a more expanded form it would be better to cdl it
the materia fixer or carier of the language). The set of objects R can be much broader
and more varied than the st of language objects L This is the case, for example with
naturd languages such as Rusdan, English, and others It is dear tha an enormous
amount of information is lost when word descriptions are subdtituted for the perception of
red objects and Stuations. In those cases where the information levels of objects R and
Li are on the same order of magnitude, the cybernetic term code is often usad in place of
the word "language” The trandtion from R to L is cdled coding and the oppodte
trangtion from L to R is decoding. Thus, when a message is tranamitted in 'Morse Code
by radio, the initid text--a st of letters--is coded in a set of dots and dashes. In this code
(language), informetion travels through the ar and is received a an assgned point, where
decoding from the language of dots and dashes to the language of letters takes place. In
this case the process of coding and decoding does not cause information |oss.

Because there ae no more convenient and generdly accepted terms then coding and
decoding for the trandtion from the meaning to the name we shdl use these terms in the

most generd sense, digegarding the ratio of information leves (and cdling languege
smply that, and not "code”).
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Objects R and L; may be arbitrary in nature; they do not have to be physical objects but,
gesking generdly, may be phenomena such as sound osdlldions. Let us note that
‘Phenomenon” is the most generd term we can use to designate a part of physca redity
which is limited in space and time "physcd object,” by contred, is a less dear-aut
concept which refers to phenomena of a gecid type that reved a catan dability: they
have a surface across which the exchange of maiter does not take place. This concept is
not dear-cut because there are no absolutely impenetrable boundaries in redity and so-
cdled "physicd objects’ are continuoudy changing. This is a rdative concept which only
reflectsalow rate of change.

Elementay language is dso found among animds egpeddly among those living in
communities, which therefore must somehow coordingte their actions and "darify
rdadionships”" We cdl this languege dementay only in compaison with humen
language by itsdf animd language is not & dl dample and evidently wel tidies the
needs of members of the community for the exchange of information. The danger Sgnd,
the cdl for hdp, the intention to initiale mating reaionships and the acoeptance or
rgection of this intention, the order to obey, and the order for everyone to head home--
these and other components are found in the languages of mog birds and mammas They
ae expressed by gestures and sounds. When bees return to the hive from a honey-
gathering expedition they show the other bees where they have been by peforming
certain unique movements which resemble adance.

B CREATION OF LANGUAGE

HUMAN LANGUAGE differs radicdly from animd language. As was the case with the
use of todls the animd language is something given a the dart--an dement of indinctive
behavior. If language does change it is only dong with changes in  behavior
accompanying the generd evolution of the spedies. For the human being, language is
omething incomparably more mobile and vaiadle than behavior. The human being
himsdf cregtes language he has the capability (and even the need) to assign names,
something no animd can do. Giving names to phenomena (spedficdly, to physcd
objects is perhgps the smplet and most grgphic manifestation of the control of
asodding. There is nothing in common between the word “lion" and a red lion, but
nonetheess the association between the word and its meaning is established. It is true that
many onomatopoetic words gopeared in the dawn of human culture There is an
abundance of such words in the languages of primitive cultures. The same thing is even
more true of gestures, which have obvioudy dways been imitative & base. But this does
not change the nature of the assodiaion between the name and the meaning as the result
of deliberate asociding. Let us suppose that in some primitive Bnguage the lion is cdled
"rrrrr.” The association between "rrrir” and the lion does not arise because this sound can
be confusad with the lion's roar (it would be quite a hunter who was capable of making
such a migake), but because in searching for a name for the lion the human being sorts
through the animd's characterigics in his imaginaion and sdects one of them which
pemits a least an goproximate reproduction. The crestior of a name percaves it
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ubjectively as something dose to the meaning-- something like it or, to be more precise,
likened to it. This is because the objective resemblance between the name and the
meaning cannat be large it is dmog nil and saves only as an umbilicd cord, which
withers away soon after the name is born. The associdion between the name and the
meaning does not arise a dl in the way that the associaion between types of dishes and
«ivation aose in Pavlov's experiments with dogs The laiter was a conditioned reflex,
but the former is cregtion of language. The occasion that brought about the choice of the
name is forgotten and the name itsdf is trandformed, but the rdationship between the
name and its meaning does not uffer from this

® | ANGUAGE ASA MEANS OF MODELING

LANGUAGE ARISES as a means of rdationship, of communication anong members of
a primitive community. But once it has aisen it immediatdy becomes a source of other,
completldy new posshiliies which ae not in prindple rdaed to rdaionships among
people. What these posshilies ae we shdl demondraie with the example of the
language of numbers

Let us imagine a young man from the primitive Nyam-Nyam tribe. We dhdl cdl him Uu.
Now let us see how he performs the duties of scout.

Uu is lying behind a thick old oak tree and keeping constant watch on the entrance
to a cave on the oppodte bank of the river. At sunrise a group of men from the
hogtile Mayn-Mayn tribe goproach. They are obvioudy planning something bad,
probably setting up an ambush in the cave. They scurry back and forth, now goingin
the cave and now coming out, first disgppearing in the forest and then returning to
the cave. Each time an enemy enters the cave Uu bends over one finger, and when
an enemy comes out of the cave he unbends one finger. When the enemy goes away

Uu will know if they have left an ambush party and, if they have, how many people
areinit. Uu will run to his own tribe and tell them with his fingers how many enemy
men remain in the cave.

Our hero is adle to know how many men are in the cave a any moment because he has
used his fingers to condruct a moddl of tha pat of the externd world which interests
him. And what interets him is the cave and the enemy in it. In his modd one bent finger
corresponds to eech enemy in the cave. A bent finger isthe name of the enemy in the
cave an enamy in the cave is the meaning of a bent finger. The operations performed on
the names, bending and unbending the fingers, correspond to the entrances and exits of
enemies from the cave. This is a language. It can be cdled a finger language if we ae
looking a the physcd maerid from which the modd is condructed or a number
languege if we are looking & the method of corrdating names with meanings. And this
language is used not so much for information transmisson as for condructing a modd
which is needed precisly as a modd--as a means of foreseeing events, a means of
finding out indirectly that which cannot be found out directly. If his native NyamNyam
tribe is far avay and Uu does not intend to tell ayone how many enemy men are in the
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cave, in order to plan his own course of action he Hill has reason to count them. The
communicetive use of language (@ means of communication among people) is
supplemented by the noncommunicative use of language (a means of condructing modes
of redlity).

We come now to the crux of the matter. The modding function of languege is that find
eement which we lacked for assessing the gppearance of the human being on earth as the
boundary between two ages, as an event of cosmic importance When an astronomer
determines the podtion of the planets in the sky, makes certain cdculations, and as a
result predicts where the planets will be &ter a cartain intervd of time, he is essentidly
doing the same thing that Uu did when he bent and unbent his fingers as he watched the
entrance to the cave. Art, philosophy, and science--adl these are Smply the credtion of
linguisic models of reality. The remainder of this book will be devoted to an andyss of
this process, its laws ad results. But fird we shdl take a generd look a its place in the
evolution of the universa

B SEL FKNOWLEDGE

THE ANIMAL has no concept of itsdf; it does not need this concept to process
information received from outdde. The animd brain can be conpared to a mirror that
reflects the surrounding redity but is not itsdf reflected in anything. In the mogt primitive
human society eech person is given a name. In this way, a person, represented in the form
of sentences containing the person's name, becomes an object for his or her own dtention
and gudy. Language is a kind of second mirror in which the entire world, induding each
individud, is reflected and in which each individud can see (more correctly, cannot hep
but see!) his or her own sdf. Thus the concept of "I" arises. If the stage of cognition may
be cdled the concluding stage of the cybernetic period, the era of reason is the era of -
knowledge. The sysem of two mirrors, the brain and language, cregtes the possibility of
a vad multtude of mutud reflections without going outsde the space between the
mirrors. This gives rise to the unsolved riddies of sdf-knowledge, aove dl the riddle of
death.

B A CONTINUATION OF THE BRAIN

LET US SUPPOSE that three enemies enter the cave and two come out. In this case even
without the use of fingers the primitive man will know that one enemy has remained in
the cave. A modd he has in his brain is operating here. But what if 25 go in and 13 or 14
come out? In this case the human brain will be impotent; it does not contain the necessary
moded, the necessary concepts. We ingantaneoudy and without error digtinguish sets of
one, two, three, and four objects and can imagine them dearly. These concepts are given
to us from nature and are recognized by the nerve net of the brain, just as the concepts of
spat, line, contiguity, and the like are. It is not so easy with concepts expressed by the
numbers between five and eight; here a great ded depends on individua characteridics
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and training. As for the concepts of "ning" "ten." and so0 on, with very rare exceptions
they are dl merged into the single concept of "many.” And then the human being creates
a language whose materid carier (for example the fingers) sarves as a fixer of new
concepts peaforming the functions of those dassfiers for which no room was found in
the brain. If there are not enough fingers then pebbles little sticks, and chips will come
into play . . . and in the more deveoped languages, numbers and sats of numbers. The
language usad is not important; the ability to encode is. The process of counting serves
for the recognition of new concepts, performing the functions of the nerve net which is
put in a dimulated date by some paticular dassfier. As a result of counting, the object R
(which for example represents an enemy detachment) is correlated with object L (which
for example is a saries of chips or numbers). Findly, the rules for operations with the
language objects and the rdations among them (for example of the type 6 + 3 = 9 and so
on) correspond to associaions between concepts in the brain. This concludes the andogy
between modds redized by means of language and modds created by the neuron nets of
the brain.

If the todl is a continugtion of the human hand, then language is a continuation of the
human brain. It sarves the same purpose as the brain: to increase the vitdity of the
Species by creding modds of the environment. It continues the work of the brain usng
maeid lying outdde the physcd body, basng itsdf on modes (concepts and
associations) of the pre-language period which are redized in nerve nets It is as if the
human bang had depped across the boundary of his own bran. This trangtion, this
eseblishment of a rdationship between internd and externd materid, became possble
owing to the capability for control of associating, which was expressed in the cregtion of

languege.

The two functions of language, communication and modding, ae inspaably
interconnected. We gave counting on the fingers as an example of a modd which arises
only thanks to language and which cannat exig without language. When language is used
for communication it performs a more modest task: it fixes a modd which dready exids
in someones bran. Phraes such as "It is raning" or "Thee ae wolves in the
neighboring forest,”" or more abgract ones such as ‘poisonous adder” or "fire extinguishes
waer," ae modds of redity. When one person communicates this to another the
asociations, which were formely in the heed of the fird person only, become
established in the head of the second.

Owing to the exigence of language humen sodey differs fundamentdly from animd
communities In the animad world members of a community communicate only on the
levd of functions rdaed to food and reproduction. Membears of humen sodety
communicate not only on this levd, but dso on the hignes levd of thar individud
organization, on the levd of modding the externd world by means of the assodation of
representations. People have contact by brain. Language is not only a continugtion of

eech individud bran but dso a generd, unitary continuation of the brans of al members
of socety. It is a collective modd of redity on whose refinement dl members of society
are working, one that stores the experience of preceding generations .
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B SOCIAL INTEGRATION

THE METASYSTEM trandtion in the dructure of the brain, control of assodating,
generated a new process, that of socid integration-the unification of humen individuds
into a certain new type of whole unit: human sodety. All human higory has gone forward
under the banner of socid integration; reaions among people are growing quditatively
and quantitatively. This process is taking place a the presat time vay intendvdy in
fact, and no one can say for sure how far it will go.

Socid integration is a metasystem trangtion; it leads to the gppearance of a new leve of
organization of metter, the socid sphere. Communities of animas can be viewed as the
fird (and unsuccessful) atempts to meke this trandgtion. We know communities of
animas for example ants, in which certain individuas are s0 adgpted to life within the
community thet they canot live outdde it. The anthill may with full judification be
cdled a dngle organiam; thet is how far interaction among individuds and spedidizaion
of them has gone in it. But this interaction remans a the levd of the lowest functions
There is no "contact among brans” There is no cregtion of new modds of redity. No
fundamentaly new posshilities are opened up because of the joining of ants into a
society; they are frozen in ther devdopment. The anthill is, of course, a metasysgem in
rdion to the individud ant. The integration of individuals takes place. However, this is
not a new dage in evolution, but merdy a digresson, a blind dley. In Russan literature
the word sotsal'nyi (socd) which has the same litee)d meaning as the word
obshchestvennyi, has traditiondly been used to goply to humaen sodety only, thus
emphaszing the fundamentd difference between it and anima sodiety. That is why | use
the term sotsial'nyi here and it is how the phrases "socid sphere’ and "socid integration”
must be understood.

1  Chemical foundabtions of life

Chemical ara 2 Movement

3 irrailny (simple relles)

. 4 HNerve nel (complax reflax)
Cybernatic ara v

5 Associaling (condilioned reflex)

6 Thought
Era of reason

T Social inlegration, cultura

Figure 4.2. Stages in the evolution of life.

Thus, atempts by nature to form a new dage in the organization of matter by integraing
multicdlular organisms had no dgnificat reslts for a long time thee was no
gopropriate materid. A metasysem trangtion in the structure of the brain was nesded in
order for individuds to acquire the cgpability to make the necessary connections One
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other consequence of the control of associaing is very important for development of the
socid sohere. This is the cgpability of the human being to go beyond indinct, to congtruct
plans of action that are completely unrdated to indinct and sometimes even contradict it.
Thexe two characterigics make the human beng a social being--tha is maerid suitable
for buildng human society, the socd unit as opposed to the individud. The word
"materid" in reference to human beings sounds wrong, somehow degrading. Do you in
fact think there is some kind of higher bang who is building sodety usng human bengs
as materid? Of course not. The human being himsdf is the crestor. And this is hot some
abdract Human (with a capitd letter), but a concrete human, a human persondity, an
individud. Everything that society possesses has been produced by the credtivity of
humen individuas. But a the same time (such is the didectic of the reationship between
the persondity and sodety) the human beng is dgnificant only to the extent thet he or
dhe is ggnificant for society. This must not be understood, of course to mean tret
someone who is nat recognized is not a genius. A person may oppose the entire society,
that is to say dl those people living a a given moment, but a the same time be guided by
the interests of society, the logic of society's development. There are two leves of the
organization of mater: the animad levd, for which the highes laws are the indincts of
«df presarvation and reproduction, and the human levd, which means human society.
Everything in the humen bang that we cdl didindly humen is a product of the
devdlopment of society. The human being as a purdy biologicd (presocid) being is
nothing but the posshility of the human being in the full sense of the word. If there is any
logic & dl in humen attions it is dther the logic of animd ingincts or the logic of society
s devdopment (possbly velled and not recognized as such). There is Smply nowhere dse
to find any other logic. Therefore, dthough there is no being to whom the human. acting
as cregior, is subordinate, the human beng is neverthdess subordinate to some highest
law of evolution of the universe and, it may be sad, is the materid for the action of this
law.

B THE SUPER-BEING

THE APPEARANCE of human sodety is a lage-scde metasysem trangtion in which
the subsystems being integrated are whole organisms. On this levd it may be compared
with the devdopmett of multicdlular organisms from unicdlular ones But its
dgnificance, its revolutionary importance, is immeesurably greater. And if it is to be
compared to anything it can only be compared to the actud emergence of life. For the
gopearance of the human being dgnifies the gopearance of a new mechanism for more
complex organizetion of matter, a new mechaniam for evolution of the universe Before
the human being the devdopment and refinement of the highest levd of organization, the
brain device, occurred only as a result of the sruggle for exigence and naturd sdection.
This was a dow process requiring the passage of many generations. In human sodiety the
devdopment of language and culture is a result of the credtive efforts of al its members
The necessty Hection of variants for increesng the complexity of organization of
meatter by trid and error now tekes place in the human head. It can take place a the levd
of intuition-- as the result of sudden enlightenment and inspirationt- or it may bresk down
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into diginct, dearly recognized seps. But in one way or the other it becomes insgparable
from the willed act of the human persondity. This process differs fundamentdly from the
process of natura sdlection and takes place incomparably faster, but in both its function
(congructing and usng modds of the environment) and in its results (growth in the totd
mess of living mater and its influence on nonliving métter) it is completely anadlogous to
the earlier process and is its naturd continuation. The human being becomes the point of
concentration for Coamic Crestivity. The pace of evolution accderates manyfold.

Society can be viewed as a Sngle super-being. Its "body" is the body of dl people plus
the objects that have been and are being crested by the people dothing, dwdlings
mechines, books, and the like Its "physology” is the physology of dl people plus the
culture of society--that is, a certan method of contralling the physica component of the
socid body and the way tha people think. The emergence and development of human
socety marks the beginning of a new (the seventh in our count) dage in the evolution of
life The funciond formula of the measysem trangtion from the dxth dage to the
sventhis

contral of thinking = culture

Language is the mog important condtituent part of culture. It fulfils the functions of a
nervous sygem. As in the nervous sysem of a multicdlular organiam, its fird function
higoricdly and logicdly is the communicative function, the exchange of information
among subsysems and coordination of their activity. In the process of carrying out this
function languege, agan precisdy like the nervous system "one step lower,” receives a
second function: modding the environment. And just as dages reated to metasystem
trangtions can be identified in the devdopment of the bran, so the devdopment of
language modes takes place (as we shdl see) by successve metasysdem trangtions in the
dructure of language.

The pardlds between sodety and a multicdlular organism have long been noted. But the
question is. what are we to make of these pardles? It is possble to consder them, if not
random, then a leed wpefidd and inggnificant--something like the resemblance
between the boom of a hoising crane and the human arm. But the cybernetic approach
brings us to another point of view according to which the andogy between society and
the organian has a profound meaning, tedifying to the exidence of extreordinarily
generd laws of evolution thet exist a dl leves of the organization of matter and pointing
out to us the direction of society's development. This point of view conceds in itdf a
grest danger that in vulgarized form it can eedly lead to the conception of a fastid-type
totditarian date. In chapter 14, in our discusson of the problem of credtive freedom of
the persondity, we dhdl consder this quesion in grester detall too. For now we shdl
note that the posshbility a theory may be vulgarized is in no way an argument agand its
truth. The branch of modern science cdled cybernetics gives us concepts that describe the
evolutionary process & both the levd of intracdlular structures and the levd of sodid
phenomena The fundamentad unity of the evolutionary process a dl levds of
organization is trandformed from a philosophicd view to a sdettificdly subgtantiated
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fact. When thinking of the dediny of humanity and its role in the universe one cannot
ignore this fact.

To emphasize the cosmic importance of reason the French scientists Leroy and Teilhard
de Chardin introduced the term "noosphere” (that is, the sphere of reason) to sgnify that
part of the biogphere where reason reigns. These ideas were taken up by V. P. Vernadsky
(see his aticle entitled "A Few Words About the Noosphere”). In the preface to his main
work Le phénomene humain (The Phenomenon of Man, trandated by B. Wall, New Y ork:
Haper and Row Torchbook ed, 1965 p 36) Telhad de Chadin writes

In fact | doubt whether there is a more decisive moment for a thinking
being than when the scales fal from his eyes and he discovers that he is not an
isolated unit logt in the cosmic solitudes, and redlizes that a universa will to live
converges and ishominized in him.

In such avison man is seen not as a satic center of the world--as he for
long believed himsdlf to be--but as the axis and leading shoot of evolution, which
is something much finer.
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CHAPTER FIVE
From Step To Step

B MATERIAL AND SPIRITUAL CULTURE

A DISTINCTION IS MADE between "materid” and "spiritud” culture. We have put
these words in quotes (the fird time henceforth they will parade themsdves in the
cusomary way, without quotes) because the didinction between these two manifedtations
of culture is arbitrary and the terms themsdves do not reflect this difference very wdl.
Materid culture is teken to indude society's productive forces and everything linked with
them, while spiritud culture indudes at, rdigion, sdence, and philosophy. If we were to
atempt to formulate the principle on the bads of which this didinction is mede, the
following would probably be the best way: materid culture is cdled upon to stidy those
needs which are common to humans and animds (materid needs), while spiritud culture
sidies needs which, we think, are spedficdly humaen (spiritud needs). Clearly this
diginction does not coincide with the diginction between materid and oiritud on the
philosophicd leve.

The phenomenon of science, the chief subject of this book, is a pat of spiritud culture.
But stience emerges & a comparaivey late dage in the devdopment of society and we
cannot discuss this moment until we have covered dl the preceding dages. Therefore we
cahnot bypass maerid culture without saying a leest a few words about it. This is
especidly true because in the devdopmett of maerid culture we find one highly
interesting effect which the metasystem trangtion sometimesyields.

B THE STAIRWAY EFFECT

A baby is playing on the bottom step of a gigantic stone Sairway. The steps are high
and the baby cannot get to the next step. It wants very much to see what is going on there;
now and again it tries to grab hold of the edge of the step and clamber up, but it cannct....
The years pass. The baby grows and then one fine day it is suddenly able to surmount this
obstacle. It climbs up to the next step, which has so long attracted it, and sees that there is
yet another step above it. The child is now able to climb it too and thus, mounting step
after step, the child goes higher and higher. As long as the child was unable to get from one
step to the next it could not ascend even a centimeter; but as soon as it learned how, not
only the next step but the entire stairway became accessible.
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Figure 5.1. The stairway effect.

A schemdic representation of this "sarway effect” is shown in figure 5.1. The darway
effect forms the bags of many indances in which smdl quantitaive trandtions become
large quditative ones Let us teke as an example the dasscd illudration of Hegd's law
of the change of quantity into qudity: the cryddlization of a liquid when the temperature
drops bdow its mdting point. The adility of a molecule osdllaing near a certan
equilibrium pogtion to hold severd adjacent molecules near ther equilibrium pogtions is
precisdy the "cgpability of trandtion to the next dep." When this capability manifests
itsdf as a result of a drop in temperaure (decrease in the amplitude of osdllations) the
process of cryddlization begins and "sep by sep’ the postions of the molecules are st
in order. Ancther wel-known example is the chain reaction. In this @se the trangtion to
the next gep is the sdf-reproduction of the reagents as a result of the reaction. In physicd
systlems where dl rdaionships important for the behavior of the sysem as a whole are
ddidicd in naure, the darway effect dso manifeds itsdf Saidicdly; the criterion of
the posshility of trandtion to the next gep is quantitative and datidicd. In this case the
darway effect can be equated with the chain reaction, if the latter term is undersood in
the very broadest sense.

B THE SCALE OF THE METASYSTEM TRANSTION

WE ARE MORE INTERESTED in the case where the trandtion to the next dep is
quditative, specificdly the metasysem trangtion. For the darway effect to occur in this
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caxe it is dealy necessary for sysem X, which is undergoing the metasystem trangtion
(see figure 5.2), to itsdf remain a subsysem of some broader sysem Y, within which
conditions are secured and maintained for multiple trangtions "from sep to dep’--the
metasystemn trangition beyond subsystem X.

Figure 5.2. The stairway effect within ultrametasystem Y. The arrows indicate
changes taking place in time.

We dhdl cdl such a sysem Y an ultrametasystem in reaion to the series X, X', X", . . and
0 on. Let us take a more detaled look a the question of the connection between the
metasystem trangition and the system- subsystem relation.

We have dready encountered metasysem trandtions of different scde. Metasysem
trangtions in the dructure of the bran are caried out within the organism and do not
involve the entire organiam. Socdid integration is a metasysem trangtion in reation to the
organism as a whole, but it does not teke humenity outsde of the biogeographic
community, the sydem of interacting living beings on a world scde. There is dways a
sydem Y which indudes the given sygdem X as its subsysdem. The only possble
exception is the universe as a whole, the sysem Z which by definition is not pat of any
other sysem. We say "possible” exception because we do not know whether the universe
can be consdered asystem in the same sense as known, finite systems.

Now let us look in the opposte direction, from the large to the amdl, from the whole to
the pat. Wha hgppens in sysem X when it evolves without undergoing a metasysem
trandtion? Suppose that a cetan subsysem W of sydem X mekes a measysdem
trangtion.
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Figure 5.3. The metasystem transition W = W' within system X.

This means tha sysem W is replaced by sysem W, which in rddion to W is a
metasystem (and contains a whole series of W-type subsystems) but in rdation to X isa
ubsysem andogous to W and peaforms the same functions in X as W had been
performing, only probably better. Depending on the role of subsysem Win sysem X, the
replacement of W with W' will be more or less important for X. In reviewing the Sages in
the evolution of living beings during the cybernetic period we subgtituted the organism as
a whole for X and the highest sage of control of the organiam for W. Therefore the
metasysem trangtion W > W was of paramount importance for X. But a metasysem
trandtion may aso occur somewhere "in the provinces"” & one of the lower levels of
organization.

| X

Figure 5.4. Metasystem transition at one of the lower levels of organization.

Suppose W is one of the subsysems of X., V is one of the subsysems of W, and U isone

of the subsysems of V. The metasysem trandtion U - U' may gredly improve the
fundtioning of V, and consequently the functioning of W dso, dthough to a lesser degree,
ad findly, to an even amdler degreg, the functioning of X. Thus, evolutionary changes
in X, even though they are nat very sgnificant, may be caused by a metasystem trangtion
a just one of thelower leves of the Sructure.

Thee obsavaions provide new maerid for assesdIng quatitaive and quditative
changes in the process of development. If sysem X contains homogeneous subsysems W
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and the number of these subsystems increases we cal such a change quantitative We
dhdl unquestionably dassfy the metasysem trandtion as a qualitative change. We can
assume tha any quditaive change is caused by a metasydem trandtion & some
paticular leve of the dructure of the sysem. Conddeing the mechanics of evolution
described above (replication of systems plus the trid and error method) this assumption is
highly probable.

B TOOLS FOR PRODUCING TOOLS

LET US RETURN to materid culture and the darway effect. The objects and
implemants of labor are pats subsysems of the sysem we have cdled the "super-
being,” which emerges with the devdopment of human society. Now we shdl smply cdl
this super-being culture, meaning by this both its physcd "body" and its method of
functionng (“physiology”), depending on the context. Therefore, the objects and
implements of labor ae subsysems of culture They may possess ther own complex
dructure and, depending upon how they are used, they may be pat of larger subsystems
of culture which aso have their own internd Sructures.

Speedificdly, the divison of materid subsysems into objects of labor and implements of
labor (tools) is in itsdf profoundly meaningful and reflects the gSructure of production.
When a human being gpplies tool B to objects of a certain class A, this toal, together with
objects A, forms a metasysem, in reation to subsysems A. Indeed, subsysem B acts
directly upon subsysems A and is specidly created for this purpose. (Of course, this
action does not take place without the paticipaion of the human hand and mind, which
are pat of any production sysem.) Thus, the gppearance of a tool for working on certain
objects that had not previoudy been worked on is a metasystem transition within the
production sysem. As we have seen, the ability to credte tools is one of the firgt results of
the devdopment of humen traits and because the human being remans the permanent
moving force of the production sysem, the metasystem trangtion from object of labor to
implement of labor may be repeated as many times as one likes. After having crested tool
B to work on objects in class A the human bang begins to think of ways to improve the
tool and manufactures tool C to use in meking tools of dass B. He does not stop here; he
makes tool D to improve tools of class C, and so on. The implement of labor invariably
becomes an object of labor. This is the dairway effect. It is important to assmilae the
vay principle of meking tools (learning to dimb up a dep). After this asamilation
evarything follows of its own accord: the production sysem becomes an ultrametasysem
cgpeble of devdopment. The result of this process is modern industry, a highly complex
multilevel sysem which uses naurd maerids and sep by sSep converts them into its
"body"--dructures, machines, and indruments--jus as the living organism digess the
food it has esten.
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B THE LOWER PALEOLITHIC

LET US CONSTRUCT a gened outline of the devdopment of materid culture. The
higory of culture before the emergence of medworking is divided into two ages the
Pdeolithic (Old Stone Age) and the Neolithic (New Stone Age). In each age didinct
cultures are identified, which differ by geogrgphic region and the time of thelr exisence,
The cultures which have been found by archaeologicd excavation have been given names
derived from the names of the places where they were first discovered.

Traces of Pdedlithic culture have been found in many regions of Europe Asa and
Africa They endble us to confidently make a periodization of the development of culture
in the Pdedlithic and divide the age into a number of dages (gpochs) which ae

universdly important for al geogrgphic regions.

The most ancient sages are the so-cdled Chdlean, followed by the Adheulean and then
the Mouderian. These three stages are joined together under the common name Lower
(or Ealy) Pdedlithic. The beginning of the Lower Pdedlithic is dated about 700,000
years ago and the end (the late Mousterian culture) is dated about 40,000 years ago.

The Chelean and Acheulean cultures know just one type of sone tool--the hand ax. The
Chdlean hand ax is very primitive; it is a gone cruddy flaked on two Sdes, resembling a
modern axhead in shagpe and dze. The typicd Acheuleen hand ax is smdler and much
better made; it has carefully sharpened edges. In addition, signs of the use of fire are
found a Acheulean Stes.

The tools of the Mouderian culture reved a dear differentigtion. Here we didinguish &
leest two unquestionably didtinct types of stone tools points and scrgpers. Stoneworking
technique is condgderably higher in the Mouderian period then in the Acheulean. Objects
made of bone and horn appear. Fire is universdly used. We do not know whether the
Mougerians were able to makefire, but it is clear that they were able to preserveit.

In a biologicad sense the human being of the Lower Pdedlithic was nat yet the modern
form. The Chdlean and Acheulean cultures belonged to people (or semipeople?) of the

Pithecanthropus and Snanthropus types The Mouderian was the culture of the
Neanderthds. In the Lower Pdedlithic the devdopment of techniques for making tools
(not only from gone but dso from wood and other materids which have not survived
until our day) proceeded padld with the devdopment of humaen physcd and mentd
cgpabilities, with humen evolution as a species. The increese in bran gze is the mog

convindng evidence of this evolution. The following table shows the cgpadity of the
cranid cavity infossl forms of man, the anthropoid apes, and modern man:
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Garilla 600-685 cn
|Pithecanthropus | 800-900 cnr
'Snanthropus  1.000-1,1100 cm”
\ Neanderthal 1,100-1,600 cn?
\Modern Man  |1,200-1,700 cn?

Let us note that dthough the Neanderthd brain is only dightly smdler in volume then the
brain of modemn man it has dgnificantly smdler frontd lobes and they play the chiegf role
in thinking. The fronta lobes of the brain gopear to be the principd dorage area for
"arbitrary” associations.

B THE UPPER PALEOLITHIC

AT THE BOUNDARY between the Lower and Upper Pdedlithic (approximately 40,000
years ago) the process of establishment of the human beng condudes. The human being
of the Upper Pdedlithic is in biologicd terms, modern man: Homo sapiens. From this
moment onward naure invess dl its "evolutionary energy” in the culture of humen
soaety, not in the biology of the human individud.

Three cultures are didinguished in the Upper Pdedlithic. Aurignadan, Solutreen, and
Magddenian. The fird two ae vay dose and ae joined together in a sngle culturd
epoch: the Aurignac-Solutrean. The beginning of this epoch is coincident with the end of
the Mouderian epoch. Sevard dtes have been found contaning bones of both
Neanderthds and modern man. It follows from this that the last evolutionary change
which completed the formation of modern man, was very sgnificant and the new people
quickly supplanted the Neanderthas.

In the Aurignac-Solutrean epoch, stone-working technique mede great advances in
compaison with the Mouderian epoch. Various types of tools and wegpons can be
found: blades, spears, javdins, chisds, scrapers, and awls. Bone and horn were usd
extendvely. Sewing appeared, as evidenced by needles which have been found. In one of
the monuments of Solutrean culture a case made of bird bone and containing a whole
assortment of bone needles was found, as was a bone fishing hook. By the Magddenian
epoch (about 15,000 years ago) throwing spears and harpoons had appeared. A
noteworthy difference between the Upper Pdedlithic and the Lower is the emergence of
visud at. Cave drawing appeared in the Aurignac-Solutrean epoch and reached its pesk
in the Magddenian. Many pictures (primarily of animas) have been found whose
expressveness, brevity, and exactness in conveying naure ameze even the modern
viewer. Sculptured images and objects used for ornamentation aso gppear. There are two
points of view on the quedion of the origin of at: the fird dams at is deived from
megic rituds, the second from esthetic and cognitive gods. However, when we consder
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the nature of primitive thinking (as we dhdl bdow) the difference between thee two
ourcesisinggnificant.

Looking & materid production as a sysem, the crucid difference between the Upper
Pdedlithic and the Lower is the gopearance of compodte implements (for example, a
goear with a gone point). Their gppearance can be viewed as a metasysem trangtion,
because in meking a compodte implement a sysem is cregted from subsystems. Before,
the maker would have viewed the two components as independent entities (the point as a
piercing sone tool and the pole as a dick or wooden spear). This is not a dmple
trandtion; even in hidoricd times there could be found a group of people (the
indigenous inhabitants of the idand of Tasmania) who did not know composte
implements

The Tasmanians no longer exig as an ethnic group. The last pure-blooded Tasmanian
woman died in 1877. The information about the Tasmanian culture thet has been
preserved is inadequate and sometimes contradictory. Nonetheless, they may certainly be
conddered the mog backward human group of dl those known by ethnography. Ther
isolation from the rex of the humen race (the Tasmanians nearet neghbors the
Austrdian aborigines, were dmogt equaly backward) and the impoverished nature of the
idand, in paticular the absence of animds larger than the kangaroo, played pats in this.
With due regard for differences in naturd conditions, the culture of the Tasrenians may
be compared to the Aurignac-Solutreen culture in its early stages. The Tasmanians hed
the sone hand ax, sharp point, crudey shaped stone cutting tool, wooden club (two types,
for hand use and throwing), wooden spear, stick for digging up edible roots, and wooden
gpade for scraping mussdls off rocks. In addition they were able to weave dring and sacks
(baskets) from grass or har. They made fire by friction. But, to again repest, they were
not able to make compogte tools--for example, to atach a one working pat to a
wooden handle.

B THE NEOLITHIC REVOLUTION

UNLIKE THE PALEOLITHIC CULTURES, the Neolithic cultures (which are known
from both acheeologicd and ethnogrgphic findings) show great diversty, specifiaty,
and locd characteridics. In terms of techniques of producing tools the Nedlithic is an
dabordion of the quditaive jump (metasygem trandtion) mede in the lae Pdedlithic:
composite tools made usng other tools. Following this route human beings made a series
of outdanding advances, the most remarkable of which is dealy the invention of the
bow. Great changes dso took place in dothing and in the condruction of dwelings.

Although the Neolithic cannot boast of a large-scde metasysem trangtion in regard to
too manufacture, a metasystem trangtion of enormous importance nevertheless did occur
during this period. It concerned the overdl method of obtaining food (and therefore it
indirectly involved tools ds0). This was the trangtion from hunting and gethering to
livetock herding and faming--sometimes cdled the Nedlithic revolution. The animd
and plant worlds, which until this had been only externd, uncontrolled sources of food,
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now became subject to active influence and control by human beings. The effects of this
trangtion Soread Seedily. We are thus dedling with atypicd metasystem trangtion.

Archaeologigs date the emergence of faming and livestock herding to about 7,000 years
ago, emphagzing that this is an gpproximae date. The most ancient cered crops were
wheet, millet, barley, and rice. Rye and oats appeared later. The fird domesticaied animal
was the dog. Its domedtication is dated in the Early Neolithic, before the emergence of
faming. With the trangtion to faming, people domedticated the pig, sheep, goat, and
cow. Later, during the age of meta, the domesticated horse and came appeared.

B THE AGE OF METAL

THE AGE OF METAL is the next page in the higory of humaen culture dafter the
Nedlithic. The trangtion to mdting metd marks a metasysdem trangtion in the sysem of
production. Wheress the materid used earlier to make tools (wood, stone, bone, and the
like) was something given and reedy to use, now a process, mdting metd, emerged and it
was directed not to making a tool but rather to making the materid for the tool. As a
result people recaived new materids with needed characteridics tha were not found in
neture. Firg there was bronze, then iron, various grades of sted, glass, paper, and rubber.
From the point of view of the dructure of production the age of metd should be cdled
the age of materials. Strictly spesking, such crafts as leather tanning and pottery, which
originated ealier than meta production, should be viewed as the beginning of the
metasysem trandtion to the age of materids But there is a crudd phase in each
metasysem trandtion when the advantages of creating the new levd in the sysem
become obvious and indisputable. For the age of materids this phase was the production
of metas especidly iron.

The mogt ancient traces of bronze in Mesopotamia and Egypt date to the 4th millennium
B.C. Iron ore began to be melted by 1300 B.C.

B THE INDUSTRIAL REVOLUTIONS

THE NEXT quditdive jump in the sysem of production was the use of sources of
energy other than the muscular energy of humen beings and animds This, of coursg is
dso a metasydem trangtion because a new levd of the sydem emerges the levd of
engines which control the movement of the working pats of the machine The firg
indudrid revolution (eighteenth century) radicdly changed the entire gopearance of
production. Improvement of engines becomes the letmotif of technicd progress Firg
there was the seam engine, then the internd combugtion engine, and then the dectric
motor. The age of materids was followed by the age of energy.

Findly, our day is witness to one more metasysem trangtion in the dructure of

production. A new levd is emeqging, the levd of control of engines The sscond
indudtrid revolution is beginning, and it is obvious thet it will have a greater effect on the

97



overdl makeup of the sysem of production then even the firg did. The age of energy is
being replaced by the age of information. Automation of production processes and the
introduction of computers into nationa economies lead to growth in labor productivity
which is even more rgpid than before and give the production sysem the character of an
autonomous, saf-contralling sysem.

B THE QUANTUM OF DEVELOPMENT

THE SIMILARITY between successve stages in the desdopment of technology and the
functions of biologicd objects hes long been noted. The production of indudrid
materids can be corrdated with the formation and growth of living tissue The use of
engines corresponds to the work of muscles, and autometic control and trangmisson of
information corresponds to the functioning of the nervous sysem. This pardld exids
despite the fundamenta difference in the nature of biologicd and technica sysems and
the completely different factors that cause their development. Nonethdess, the smilarity
in the sages of development is far from accidental. It arises because dl processes of
devdopment have one common feeture development dways takes place by successve
metasysdem trangtions. The metasysem transtion is, if you like the dementary unit, the
universd quantum of devdopment. Therefore it is not surprigng in the leest thet having
compared the initid dage of devdopment of two different sysems--for example
industrid materids and living tissue--we recelve a naturd corrdatiion among later stages,
which are formed by the accumulation of these universd quanta.

B THE EVOLUTION OF THOUGHT

OUR NEXT TASK on the higoricd plane is to andyze the devdopment of thought
beginning with the mod andet phase aout which we have rdiadle information. This
phese is primitive society with Late Pdedlithic and Ealy Neodlithic culture But before
goesking of primitive thinking, before "putting oursdves in the role’ of primitive people,
we ddl invedigae thinking in generd, usng both the modern thinking goparatus as an
investigative tool and modern thinking as an object of invedtigaion that is directly
accessble to each of us from persond experience. This is essentid in order that we may
cearly see the difference between primitive thinking and moden thinking and the
generd direction of the devdopment of thinking. The invedigation we are preparing to
undertake in the next two chapters can be defined as a cybernetic gpproach to the basic
concepts of logic and to the problem of the relaionship between language and thinking.
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CHAPTER S X
L ogical Analysisof Language

m ABOUT CONCEPTSAGAIN

LET US BEGIN with the mogt fundamentd concgpt of logic, the concept of the
"concept.” In chapter 2 we gave a cybanetic definition of the concept in its Aridotdian
versdonas a st of dtudions a the input of a cybernetic sysem. To master a concept
means to be able to recognize it, thet is to be able to determine whether or not any given
gtuaion beongs to the sat that characterizes this concept. This definition goplies equaly
to complex cybernetic systems of naturd origin about whose organization we have only a
genad idea (for example the bran of an animd) and to those rdaivdy smple sysems
we oursalves cregte for gpplied and research purposes.

In the firs case we arive a the condusion, that the system recognizes a certain concept,
by obsarving externd manifedations of the system's activity. For example, when we see
that a dog becomes happily excited when it hears its magter's voice and responds in a
completely different way to dl other sounds we conclude that the dog has the concept of
"madter's voice" This concept develops in the dog naturdly, without any specid effort by
the experimenter. To detemine the maximum cgpabilites of the dog bran the
experimenter may create unusud conditions for the animd and watch its reaction. |. P.
Paviov and his school conducted many such expeiments. If a dog is shown plywood
crcdes and squares of different Szes and colors and is fed dfter the presentation of a cirde
and punished after the presentation of a square, the dog will learn to didinguish the cdrde
and the square and will respond differently when these shapes are presented. Thus, the
dog is capable of recognizing certain generd (abgract) concepts-in this case the concepts
of crcde and square abgracted from the features of Sze and color. This means we must
conclude that the dog possesses the abstract concepts of "circle” and "square.”

But no sooner do we say this than we begin to fed tha perhgps this conduson was too
hasty. The statement that the dog can possess the concept of "magter’s voice” (referring,
of course, to the voice of a specific person) can be accepted without reservation, but the
datement that the concept of square is accessble to the dog seems true in one sense and
not in another. We shdl take note of this now and return to the quedion laer. In the
meantime |l us examine the dogs mentd cgpabilities by indicaing the very Imple
concepts known to be inaccessble to the animd. Suppose that you show the dog a box
divided into two parts, eech of which contains severd billard bals. You want to force the
dog to digtinguish the case where the number of [ls in each pat is equd from the cae
where the number of bdls in the parts differs. It is a sofe bet that no matter how much
you feed the dog and no matter how much you best it you will not achieve your purpose.
The concept of different numbersisinaccessible to the dog.

Cyberndtic sydems posessng the abdility to recognize concepts ae adso created

atifiadly. Ther importance is deadily growing in connection with cybernetic stence
and production. The devdopment of atifica recognition devices (discriminators) plays a
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cudd pat in underdanding the generd prindples and concrete mechaniams of the
working of the brain. These devices sarve as modds with which people try to lift the vell
from the process of thinking. The cregtion of an "atificid bran" which peforms, a leest
patidly, the same functions as the naturd brain provides indications of how to approach
invedigation of the activity of the naturd brain. It is intereding that one of the firg
results of comparing atificid and naturd recognition sysems was the conduson tha
natura sysems are very narowly goa-directed and specidized. Within thar own
oecidization they reach a high levd of refinement, but they are completdy impotent
when the problem goes beyond this framework. Recognizing a person by voice is an
extremdy difficult problem for atificid cybernetic devices but the bran of a dog
resolves it easly. At the same time the problem of comparing the number of billard bals,
whichisvery smplefor an atificid sysem, is beyond the ability of adog.

In chapter 2 we conddered a cyberndtic discriminator that was fed information by sgnds
from light-sengdtive receptors arranged on a screen. We cdled the Stuation, that is to say
the aggregate of vaues of dl sgnds from the receptors, the "picture”; it coincides with
the image on the streen with a precddon down to semitones This device (picture
discriminator) will serve as anillugtration in this chapter too.

B ATTRIBUTESAND RELATIONS

O FAR, the examples of concepts we have given have fit within the definition of the
concept as a st of Studions But as it turns out, this definition does not goply to every
concept that seems intuitively dear to us and manifeds itsdf in language. For example
let us take the concept expressed by the prepostions “ingde” or "in." For those who do
not like to see a concept expressed by a prepostion, we can express it by phrases such as
"to be locaed ingde’ or "location in." This concept is goplicable to a device to whose
input "pictures’ are fed.

Figure 6.1.
In figure 6.1 for example, spot A is ingde contour B. But can we correate the concept of

"ingde’ to some definite set of pictures? No, we cannot. This can be seen, for exanple,
from condderation of the picture shown in figure 6.2.
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Figure 6.2.

In figure 6.2 a gpot A is indde contour B, but not ingde contour C. In figure 6.2 b, spot A
is outsde contour Bwhile spat C isingdeit.

Could these pictures be dassed with a st of Studions for "ingde’ which we would have
to condruct? Any answer will be unsatifactory and arbitrary, because the quetion itsdf
is meaningless. The concept of "indde' does not characterize a picture (Studion) as a
whole but rather the rdation between two definite objects, detalls in the picture. As long
as thee objects are not indicated, a definite spot and a definite contour, it is meaningless
to ask the question "indgde or not™?

B ARISTOTELIAN LOGIC

WE SHALL cdl the concepts that express dtributes of the gtuation as a whole
"Arigotelian,” because Arigotlés logic is smply a consgtent theory of the correct use of
such concepts. For each Arigtotdlian concept there is a definite corresponding set of
gtugtions, spedificaly those dtuations in which the atribute expressed by this concept
occurs. Therefore the Aristotdian concept can dso be described as a certain st or dass
of gdtuations (phenomena, objects in that extremely generd sense in which these terms
ae uxd hee they ae dl equivdent to one another and to the term "something” [in
Russan nechto] which is the most precise but dso the most inconvenient because of the
difficulties with Russan grammar its use entals). Therefore dl the laws of Arigotdian
logic can dso eadly be derived from the Smplest properties of operations on sets.

For example, let ustakethe dasscd syllogiam:
All men are mortd

Socratesisaman

Therefore Socratesis mortd.

Three Arigtotelian concepts participate in this reasoning: "man," "mortd," and "Socrates.”
The concept of "man” is characterized by the set of Stuations in which we say, "This is a

101



man." The same thing gpplies to the other concepts. To make the properties of the sets
graphicaly clear let us represent eech Stuation as a point within a certain square, as is
shown infigure 6.3.

Somaihing

Morlal

Figure 6.3.

Then this square will embody the st of dl conceivable Stuations corresponding to the
maximaly generd concept "something.” The other concepts, to which deterrent sets of
points correspond, will be shown by different areas indde the square. The satement thet
"dl men are mortd," in other words "every man is mortd,” Sgnifies that every point
included in the area of "man” is dso within the area of "mortd” ("mortd being"’), which is
to say that the "man" area is entirdly ingde the "morta" area. In exactly the same way the
second premise of the syllogism means that the "Socrates’ area is entirdy indde the
"man" area It follows from this that the "Socrates’ area is within the "morta” area, or in
other words the statement " Socrates is mortd” is true.

Fgure 64 demondrates the correctness of the following deduction rule ("disamis’ in
logicd terminology):

All A aeB

Some A aeC

Therefore, ome B are C.
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Figure 6.4.

Arigotles logic played an important role in the devdlopment of European culture. But it
does not go deegply enough into the dructure of our thinking: it is not adle to reflect the
process of bresking Stuations up into didinct pats (objects) and investigating the
relaions among thee pats. In discussng the atributes of objects Aridoteian logic is
completely adequate, because an isolated object can be pictured as a certain Stuation.

Forming the st of such gStuaion-objects, we obtain an abstract concept that expresses
one of the propeties of the object. Things are different with reations. Arigotdian logic
can express the concept of the aggregate of objects which are in a given rdaion, but it
has no means for expressng the concept of the relation as such. We can represent a set of
pictures that have the form of contours with spots in the middle this st generates the
Arigotelian concept  (atribute) of "being” a contour with a oot in the middle” But there
isno Aristotelian concept for "being indde.” Arigotléslogic istoo globa and superficid.

Let ustake the following deduction:

Ivan is Peter's brother

Therefore, Peter is | van's brother.

The inference is correct, but to subdantiate it one must Sate openly the premise which is
taken for granted here that the rdaion of "brothers’ is symmetrical. This premise can be

expressed by the phrase: "If x isthe brother of y, theny isthe brother of x ."

In this the letters x and 'y, represent any persons of the mae sex. But this symbolism goes
beyond the limits of Arigtotdlian logic.

Can this syllogism be expressad in the language of Arigotles logic? It can if we consder
not individua people but pars of people-or, more exactly, ordered pairs, which is to say
pars where one person is assigned the number one and the other recaives the number
two. Here is this syllogiam, which is completdy proper from the point of view of
Arigotdian logic.
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The par (Ivan and Peter) possesses the atribute: the firdt is the brother of the
second

Each par possessing the dtribute "the firg is the brother of the second”
poseses the dtribute "the second is the brother of the firg"

Theaefore the par (lvan and Peter) haes the dtribute "the second is the
brother of thefirg."

Even though formdly it is the same ressoning usad before, this dumsy syllogism misses
the mark because it does not reflet the man demett in our initid syllogiam, the
symmetry in the rdation of "brothers” The dtributes "the firg is the brother of the
second” and "the second is the brother of the firs" are in no way broken down, in ro way
connected with one another, and in no way connected with the fact that they are gpplied
to objects which have the gppearance of an ordered pair.

It was not accidentd that we began our cybernetic invedtigation of concepts from
Arigotdian concepts They are dmpler because they pemit definition exdusvdy in
tems of input and output dates without refering to the internd dructure of the
recognition sysem. The same thing occurred in the higory of human thought. People firg
became aware of the exigence of Aridotdian concepts awareness of reations came only
much |ater.

Because the chigf thing in mahematics is to invedigate rdations among objects,
Arigotdian logic is completdy inadequate for expressng mahematica proofs. This was
noted long ago; the examples from mathematics which traditiond logic uses spesk for
themsdves they ae extremdy primitive and uninteresting. Until the very end of the
ningteenth century, when a new ("mathematica”) logic began to be crested, mathemdics
and logic deve oped independently of one another.

B HEGEL'SDIALECTIC

IN PHILOSOPHY Hegd ddivered the decisve blow agang Aridotdian logic. With his
didectic he showed that the world must be viewed not as an aggregate of objects that
possess certain dtributes, but rather as an aggregate of objects that stand in certain
relaions to one ancther. This does not exdude atributes from condderation, of course,
for the concept of the relation is much broader than the concept of the attribute.

A relation may be defined for any number of objects Specificdly, the number of objects
may be one such a rdation is an atribute, a property. Par rddions, that is to sy
relaions between two objects are the dearest intuitivdly and & the same time the most
important. Two is the minimum number of objects for which the rdaion ceases to be an
atribute, and becomes a relaion proper. The number two lies & the foundaion of the
Hegdian method, which isreflected in the very term "didectic.”
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The mog important features of Hegd's didectic follow directly from the description of
phenomena in taems of rddions not dtributes Above dl, wha follows from this
agoproach is the theory of the interaction and interrdatedness of everything that exigs.
Further: If two dements are in correspondence and do not contredict one another, they
act as something whole and ther common atributes become paramount while the
interaction, the reaion, between them withdravs to a seconday postion. Redations
among dements, objects manifest themsaves to the extent that they are reaions of
opposgtion, contradiction, and antagonism. Thus, the idea of the gruggle of oppodtes
plays an important part in Hegd.

When congdering the relaion between the state of an object a a given moment and the
date of this same object a some other moment in time we come to the concept of change.
Change is the rdation between objects ssparated by a time intervd. In the language that
operates with dtributes but not with rdations, change cannot be expressed. The mogt that
such language is capable of is depicting a saries of dates of the object which are in no
way interconnected.

Zeno's gporia concerning the arow in flight is a brilliant expresson of this ingbility. Let
us condder the arow in flight. Take a certain moment in time. At this moment the arrow
occupies a definite pogition in space. Take another moment. The arrow again occupies a
completely determinate pogtion in space. The same thing is true for any other moment.
This means that the arrow adways occupies a definite podtion in space. This means that it
is ganding in place. In Arigotdian concepts the world is represented as something Static,
frozen, or a best mechanicdly duplicated with certan variaions. On the other hand,
having made the invedigation of rdations its object, the didectic sudies things from the
point of view of ther change, movement, and devdopment. It disdoses the higtoricd
caudity and rddivity (from the word "rdaion’) of things which are represented as
unconditiond and extend when described in Aridotdian concepts  Combining  the
concgpt of oppogdtion with the concept of the reaion among daes a Successve
moments in time generates the concept of the negation and the concept of the negetion of
the negation. The didectic is dynamic and revolutionary.

In relation to Arigtotdian logic, Hegd's didectic acted as a dedtructive force-and not just
because of its "generd” revolutionary nature but dso because it pointed out the many
contredictions that arise when a destription of phenomena which demands the language
of reations is squeezed into the narrow framework of the language of aitributes. In Hegd
and his followers these contradictions were often surrounded with a certain exdted aura
and, one might sy, a semi-mydicd sSgnificance. This reflected, on the one hand, the
idedigtic orientation of Hegd's philosophy, and on the other hand a generd characteristic
of new doctrines theories and movements in the initid dages of ther devdopment,
trying to liberae themsdves from the old intdlectud framework, they prefer a
paradoxica, exaggerated form and become heroic and romantic. Hegd's didectic is the
heroic epoch of the new logic, when the old logicd formdism had been broken but the
new one was not yet crested. Therefore things seemed contradictory and not subject to
formdisation (“didectica”) which later proved to be beautifully ordered and formdized.
To modern thinking, which makes free use of the language of rdations and is amed with
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andyss of logica concepts and condructions, the Hegdian style of thinking appears as
obscure philosophizing @out  things which ae dear. The following ressoning is a
cuddy dmplified, caicaurelike sketch of the Hegdian didecticd contradiction,
showing the source from which this contradiction arises.

"Let us put the quedtion: is the number 1,000 large or smdl? It is large because it is much
more than one It is smal because it is much less than 1 million. This means thet it is both
large and smdl a the same time. A didecticd contradiction. Whet is large is a the same
timenot large, A isnot-A."

The concepts of "lage” and "smdl" were conddered here as dtributes of objects
(numbers). In fact these are not attributes but concedled (by means of the grammaticd
caegory of the adjective) rdaions. An exact meaning can be given only to the concepts
"larger” and "smdle." If we andlyze the reasoning given above from this point of view it
will prove to be smply nonsense This caricaiure was not directed agang Hegd (the
credit due him for creating the new logic is indisoutable) but rether againg those who
take an uncriticd atitude toward Hegd's didecticd method and, in the second hdf of the
twentieth century, propegate the dyle of thinking of the fird hdf of the nineteenth
century, ignoring the enormous progress made by logic in this century and a half.

B MATHEMATICAL LOGIC

THE DECIS'VE FACTOR in the advance of logic was the developmert of mathematica
logic in the late ningteenth and early twentieth centuries. This process was generaed by
the needs of mahemaics and was caried out by mahemaicians. The ggp between
mathemdatics and logic was findly overcome. Having expanded its language and mede it
mahematicad. Logic became suitable for describing and  investigating  mathematicd
proof. On the other hand, mathematicd methods began to be used to solve logicd
problems.

Having gained a base of operations in the fidd of mathematics the new logic began to
penetrate the naturd sciences and philosophy. In this process the role of the mathemeticd
eement proper (the use of mathematica methods) declined. Nonethdess dl modern logic
is often caled "mathematica" because of its language and origin.

B OBJECTSAND STATEMENTS

BEFORE GOING on in our andyss of language and thinking we need to give a short
sketch of moden logic and those concepts which are rdaed to language. For now we
will leave the concepts related to the logica deduction (proof) aside.

Modern logic divides everything tha exigs into objects and statements In naurd

language datements are represented by sentences or groups of sentences and objects are
depicted by words or combinations of words which make up the sertences. Examples of
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objects are "heron," "Uncle Kolya" or "kolkhoz charman." Examples of datements are
"The heron died," or "Uncle Kolya was eected charman of the kolkhoz." Objects are

most often expressed by nouns, but this is not mandatory. For example, in the Statement
"To anoke is harmful,” "to smoke" is the object. In application to mathematics objects are

usudly caled terms and Satements are cdled relations.
Examplesof temsare

(1) 3.14;

(2) ad +bx +¢;

)’ f@)dz

Examples of rdlaionsare:
(1) ax® +bx+c=0;
(2)0<z0O1,

(3) no matter what naturd number n > 1 may be, a smple number p will be found which
isadivisor of number n;

(4) the sum of the squares of the legs of a right triangle is equd to the square of the
hypotenuse.

In logic the concepts "object" and "datement” are conddered primay, intuitively dear,
and indefinable. The formd difference between them is that a datement may be sad to be
true or fadse Thus the examples (3) and (4) of mahemaicd rddions above ae true,
while the fird and ®cond may be true or fase depending on the vaues of the variables x
and z The concepts of truth and fasehood are not gpplicable to objects.

In logic objects and datements, which are conddered dementary-meaning that they
cannot be broken down into didinct condituent partsare represented by letters. Objects
ae usudly represented by andl letters and Saements by capitd letters We shdl follow
this sysem but we shdl introduce one more convention. For darity in writing and to
reduce the number of vebd explangions we shdl sometimes desgnate dementary
objects and statements with words and phrases within quotation marks. Therefore phrases
in quotes will be conddered equd to letters.

Objects and datements which are not dementary are obvioudy condructed from other
objects and satements. We must now point out the methods of congdruction. Where there
ae two types of dements (objects and datements) and assuming that the dements
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sarving as building maerid al beong to one type, we fnd that there are four possble
types of congructions. We have reduced them to the following table.

What It Is

What |'s Constructed Name of the Construction

Constructed From
Statement Statements Logica Connective
Statement Objects Predicate
Object Statements
Object Objects Function

m | OGICAL CONNECTIVES

THERE ARE FIVE widdy usad logicd connectives. Negation (depicted by the symbal -
), conjunction (9gn &), digunction (dgn V), materid implication (9gn =>), ad
equivaence (sign E), and equivaence (Sgn © ).

The datement -A (read "not A") means that satement A is fase. In other words, -Aistrue
when A is fdse and it is fdse when A is true The datement A & B (read "A and B")
ggnifies the asstion that both A and B are true It is true only if both Satement A and
Satement B are true.

The daement AV B ("A or B") istrue if a least one of the two Saements A and B is
true.

The statement A E B is read "A entails B" or "if A then B." Thisis untrue if A istrueand B
isfadse but is conddered truein dl other casss.

Findly, the datement A [ Bistrueif satements A and B are @ther both true or both false.

Parentheses are used to designate the dructure of connections, Smilar to the way they are
used in dgebra to desgnate the order of performance of aithmetic operaions. For
example, he satement -A & B means 'S is untrue but B is true" while the datement - (A
& B) means"it is untrue that both A and B are true” And, just as in dgebra, an order of
seniority among connectives by the tightness of the bond is edtablished to reduce the
number of parentheses. Above we liged the connectives in order of decreasing tightness.
For example the conjunction is a tighter bond than implication and therefore the
datement A E B& Cisunderstood asA E (B& C), not as (A E B) & C. This correponds
to dgebrawhere A+ Bx C isthesameas A + (B x C), but not thesameas (A + B) x C.

Let us give a few examples of compodte satements. A common Russan tongue-twister
is "The heron withered, the heron dried, the heron died" [in Russan, "tsaplya chakhla,
tsaplya sokhla, tsaplya sdokhla’]. This statement may be written as follows "The heron
withered" & "the heron dried” & "the heron died." The rdation 0<Z< 1 is the conjunction
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"Z>0" & "Z< 1" while the rdation [Z| > 1 is the digunction "Z> 1"'V"Z< -1" The
definition given above for the logical connective® can be written as follows

[(A° BIE (A& BV (-A&-B)] & [(A&B)V (-A&-B) E (A° B)]

We will let the reader trandate the following satement into conventiond language "The
light is turned on" & “the bulb is not burning" E "there is no dectricity” V "the plugs
have burned out" V "the bulb is burned out." If we condder that Statements can only be
true or fdse, and condgder nothing else about them, then the connectives we have lised
ae enough to express dl concavable condructions made of daements Even two
connectives ae adequate-for example, negation and conjunction or negatlion and
digunction. This gdtudaion obtans in paticular, in rddion to mathemdicd Saements.
Therefore other connectives are not used in mathematicd logic.

But naurd language reflects a gregter diverdty in the evdudion of daements then
amply separating them into true satements and fdse For example, a Saement may be
conddered meaningless or implausble even though it is possble (“There are probably
wolves in this fores"). Specid branches of logic which introduce other connectives are
devoted to these matters. For modern stience (unlike cdasscad mathematica logic) these
branches are not very important and we shdl not ded with them.

B PREDICATES
A CONSTRUCTION that associates a statement with certain objects is cdled a predicate.
Predicates are divided into one-place, two-place, three-place, and so on according to the

number of objects they require. Functiond notation is used to represent them. The
predicate can be written as a function with unfilled places for variables, for example:

PO,
L(,),
IC, )

or intheform
P(X),
L(x, ¥),
I(x, y, 2)
having dipulated that x, y and z are object variables, that is symbols which mugt in the

last andyss be replaced by objects-dthough which objects is not yet known. But the
second form of notation, grictly gpesking, no longer represents a predicate; rather, it is a
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datement containing object variadles. In addition to capitd letters we dhdl dso use
words and phrases within quotation marks, for example: "red” &) or "between” &, y, 2
and specid mathematicd sgnsauch as< (X, Y).

The one-place predicate expresses an attribute of an object while a predicate with more
than one variable expresses a relaion among objects. If the places for variables in the
predicate are filled, then we are deding with a datement which asserts the exisgence of
the given attribute or relation. The statement "red” ("bal™) means that the "bal" possesses
the attribute "red." The condruction < (ab) is equivdent to the rdaion (inequdity) a < b.

By joining predicate condructions with logica connectives we obtain more complex
daements. For example we formerly wrote the [Z| > 1 without bresking the Statement

down into dements, but now we write it

>(z"1" W <(z,"1")

B QUANTIFIERS

IN MATHEMATICS a large role is played by assations of the univerdity of a given
atribute and of the existence of a least one object that possesses the given attribute. To
record thee assations the following so-cdled quanttifiers are introduced: universd

quartifiers ®  and the exigentid quentifier $. Let us suppose that acertain statement S
contains a vaiadle (indeterminate object X, therefore we dhdl write it in the foom §X).

Then the statement (* X)S(X) means tha Sx) occurs for dl x, while the statement ($x)(x)
represents the assartion that there exids a least ane object x for which the datement )
istrue.

A vaidde induded in a daement under the Sgn of a quantifier is cdled a bound
variable, because the gatement does not depend on this varidble just asthe sum

Sm(i=ntom) §
does not depend on the indexes i. The bound variable may be replaced by any other |etter
that does not coincide with the remaining variables and the meaning of the Satement will
not change as a result. A vaiable which is not bound is cdled free. The Satement
depends entirdly on the free variables it contains.

Here are some examples of satements containing quantifiers.
D" x) ™ y) ["brother” (x, y) & "man" (y) E "brother" (y, X)].

For every x and every v, if x isthe brother of y and y isaman then y isthe brother of x.

2) If D(X, y) is used to represent the statement "X is a divisor of y," then one of the
relationships cited above as an example of a gatement will be represented in the form
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(" M>(n"1") E $p)D(P1 )]
($OWK) E- (" x)- WX)

The lagt reation is true for any statement W(X) and shows that there is a connection
between the universal and exigentid quantifiers. From the exisence of object x for which
W(X) istrueit follows that the assertion that "W(X) isuntruefor dl X" isnot true.

A quantifier is ds0, in essnce, a logicad connective. The atribution of a quantifier
changes a daement into a new datement which contains one less free vaiadle The
difference from the connectives we conddered above is that one mugt indicae in
addtion to the datement, the free variable tha must be coupled. The coupling of a
vaiable means that concrete objects will be put in its place. If the number of objects that
can be subdtituted for the varigble is finite then the quantifiers can be viewed Imply as
convenient abbreviations because they can be expressed by the logica connectives of
conjunction and digunction. Suppose variable X can asume ~l vadues which we shdl
desgnate by theletters xs, Xo, . . ., Xn. Then the fallowing eguivaences will occur.

(" NW(X) <=>W(X1) &W(X2) & ... &W(Xp),

$X)WX) - W(x1) VW (x2) V . .. VW (Xn)

B THE CONNECTIVE "SUCH THAT"

THE THIRD LINE of our table describes a condruction that corrdlates an object to a
datement. In naturd languages this condruction is very widdy used. When we say "red
bdl,” we have in mind an object "bdl" which possesses the dtribute "red,” that is, it is
such that the statement "red” ("bdl") is true. We transfer the statement about the object to
the adjective which modifies the noun by which we designate an object; in other cases
this can be achieved by participles, participid condructions, and condructions with the
connectives "which" and "such that" If we cary this andyds further we dhdl find that
the noun, like the adjective, indicates firg of dl a definite atribute or atributes of an
object. Like the word "red," the word "ball" depicts a certain class of objects and may be
corrdlaed to a one-place predicate, "is a bdl" &), or amply "bdl™ &). Then "red bal" is
such an object that the statements "bdl” (&) and "red" @) are true; in other words, the
gatement "bdl” (a) & "red” () is, true.

Notice that there are three independent dements operaing in the logicd notation: the
letter a and the objects "bdl" and "red” while in writing in naturd language there
continue to be just two, "red" and "bdl." But the letter a, which is introduced in logica
notation to identify the given object and didinguish it from others (and which is cdled
the identifier), does not completey disgppear in natura notation. It has been transferred
to the concept "bdl," changing it from an attribute to an object’ Unlike the word "red," the
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word "bdl" identifies; you can say, "This is the bdl we log yesterday" or | have in mind
the same ball | was taking about in the previous sentence.”

But what is an "object"?

B THE PHYSICAL OBJECT AND THE LOGICAL OBJECT

EXPERIENCE TEACHES US that the world we live in is characterized by a certan
dability and repetition (and dso, of course, by congant movement and variation).
Suppose we see a tree. We wak away from it and the image of the tree on the retina of
our eye changes in rdationship to our movements. This change follows a definite lav
which is very familiar to us from observation of other objects. But when we return to our
former place the image becomes amog exactly the same as it was before. Then we say,
"This is the tree" having in mind not only the image of the tree-the merta photograph-at
the given moment in time but dso the Stuations & nearby moments If we are taking
about dassfying didinct Studions by themsdves without conddering ther rdations to
other gtuations, then there is no difference a dl between the noun and the adjective; the
concept "bal,” just like the concept "red,” is completely defined by indicating a certain set
of gtuaions, and the discriminator (netura or atificid) of these concepts need only be
adle to use the following sentences correctly: "This is red," "This is not red," "This is a
bdl," and "Thisisnot abdl."

It is different when we mudt dasdfy time sequences of gtudions rather than separae
gtuaions we shdl represent them as if they were a movie film whose frames each depict
the gtuation & a given momentt. In the movie film "bdl” is not dmply a detal of the
gtudion in one frame it is a deal that recurs in many. The discriminator of the concept
"bal" cannot smply say, "Yes my friends, this is a bal!" It mug identify the particular
details in the frames, saying: "Here is how the bdl looks in frame no. 137; here is the
same bdl in frame no. 138; here it is again in frame no. 139; and here is what it looked
like in frame no. 120" and so on. The deal of the Stuaion which is cdled "the same
bal" can change quite condderably because of change in the podtion of the eye redive
to the bdl or a change in the shape of the bdl itsdf, but the bal itsdf is invariably and
absolutey the same This invaidbility reflects the rdaive and tempord invarigbility we
find in redity. It is as if we were to draw a line in time connecting the detals in the
different frames of film and declare that everything on this line is "the same" dyject. It is
this ling, in combination with a certain st of dtributes (characteridics), that forms the

concept of the physica object.

The logica concept of the object reflects a property of physcad objectsthey preserve
ther identity. The object of logic is smply an identifier. Sameness is its only dtribute, as
reflected in our imaginary connecting line. If there are severd different classes of objects,
then various types of identifiers are ordinaily used to denote the objects in different
clasees. For example, line ssgments will be represented by smdl letters points by capita
letters, angles by Greek letters, and so on. But more concrete attributes characterigtic of
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objects are written in the form of disinct assertions which indude the introduced
desgndtions. This makes it possble to get by without a condruction involving the
connective "such that." It is true that a the very beginning of his famous tregtise Eléments
de mathematique Bourbaki introduces the desgnation [tau] JA(X)] for a certain object
which possesses atribute A(X), thet is, such that A{[tau]x[ A(X)]} is a true Satement. After
this, however, the dedgnaion disgppears from his text. Thus a definite name for the
condruction that associates an object with a statement has not even been established and

we are forced to leave a blank in our table In the lagt andyds, a complete divison of
labor between identifiers and satementsis more convenient.

For example let us take the sentence: "The reddish-brown dog of Lieutenant Pshebyssky's
widow killed the dray ca." When written in the language of logic this sentence bresks
down into saverd datements which are implicitly contained in it and expressed by means
of the grammatica caegory of dtribution. They can be joined into one datement usng
the conjunction sign, but we can obtain a more conventiond and readeble notation if we
amply write out dl the assartions being made-each on a new line separated by commeas

indead of conjunction dgns. Assuming thet the meaning of the atributes and rdations
being introduced is dear from the context, we recave the fallowing equivdent of the
above sentence:

"dog” (@),

“reddish brown'" (a),
"belongs’ (a, b),

"widow" (b, ©),

"Lieutenant Pshebysky” (C),
"killed (g, d),

"’ ()

"stray” (d).

B FUNCTIONS

IN THE EXAMPLE, the predicate, Lieutenant Pshebysky (c), is the only one that is
planly not dementary. In the atribute "to be Lieutenant Pshebyssky" we digtinguish two
agpects to have the rank of lieutenant and to have the surname Pshebysky. That is why
this predicate is expressed by two separate words. Of course, we could have put each of
these words in the form of a distinct predicate, but the fact that "lieutenant” is the rank of
object ¢ and "Pshebyssky” is the surname of it would not have been reflected in this case,
and therefore we congidered such a separation meaningless.

113



"Surname’ and "rank” are examples of a function of one free varidble of a congruction
that juxtaposes the object which is the meaning of the function to the object which is the
free vaidble. The function is written, as cusomary in mathemdtics, "surname’ ), "rank”
(X), and 0 on. If there are saverd free variables they are separated from one ancther by
commas, ater which we ae deding with the function of severd vaidiles This
condruction associates an object-vadue with a st of object-varidbles (their order is
important!). An example of a function of two free variadles is "the result of a game of
chess' (x, Y). Let us give examples of functions from mathematics. Functions of one free
vaidde gn (x), [X|; functions of two vaiades aithmetic operations which may be
written + (X, y), ~ (X, y), and so on; the distance (A, B) between two pointsin space A and
B; a furction of three varidbles the angle formed a point B by paths to points A and C:
the designation < (A, B, C), abbreviated as< ABC.

Not every object can be subgtituted into the given function as a free vaiable or varidbles.
If object a is a reddisrbrown dog, then obvioudy the condruction "rank" (a) is
meaningless. The condruction + @, B) is ds0 meaningless where ais a number and Bisa
point in space. The set of objects (or sets of groups of objects) that can be free variables
of a function (or unctions) is cdled its domain of definition. The doman of definition of
the function "rank" (x) is formed by dl those objects which are military servicemen. The
objects which can be vaues of the given function form the set which is cdled the area of
values of the function. The area of vdues of the function "rank” ) includes such objects

as "endgn,” "lieutenant,” "mgor," and the like, but it cannot include "3.14" or "reddish-
brown dog." The function "rank" (X) ascribes a definite rank to each serviceman.

When we ded with functions, one of the rdations among objects, the rdation of equdity,
becomes paticularly important. It is essentid for establishing correspondence between
functional congdructions and the names of objects from the aea of vadues of the function.
When gngling out an equdity from the mass of other rdaions we preserve its
conventiond notation X = yingead of writing it in the form of a predicate = (X, y). The
fact that object ¢ has the surname "Pshebyssky” and the rank "lieutenant” will look as
folows

(‘sumame’ (9= "Pshebyssky’) &
(‘rank" (©)="lieutenant")

The equality relation can be defined formally by the following four assertions
1.(" a) @@= a)
2.(" ) (" bl@@=b)E (b= a)]

3.(" (" b)("olla=h) & (b=0) E (a=0)]

4.(" a) (" b{[a=b] E[W@& =WDb)]}
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The lagt assation is true for ay datement W(X) which depends on vaiadle x. As an
exercise we suggest that the reader trandate these assartions into natura language.

In one of the eamples given aove we introduced the predicate D(X,y), which has the
meaning "X is a divisor of y." The concept of divighility is wholly determined by the
operation (function) of multiplication: therefore the predicate D(x,y) can be expressed by
the function x. The naturd (that is, whole postive) number p is a divisor of the number n
when and only when there exigs a naturd number m such that n =pxm. In the language of
predicate caculus

" P " NI(OP:n) O ($ m)n =x(pm)]}

To each function from n free varigbles we may corrdae an n + 1 = place predicate which
expresses the rdation where one (for example the lagt) free variable is the given function
from the remaning varidbles For example, corresponding to function x(xy) is the
predicate M(X, vy, 2), which yidds a true gatement if and only it z = x X y. In the generd
case, corresponding to the function F(x, y, . . .2) there is the predicate F(x, vy, . . .z u),
which possesses the property:

"Xy D2WFXY, ...,z U Off(XY, ..., 2 = U]}

The predicate F in fact expresses the same concept as the function F. Any datement
which contains functiond symbols can be rewritten, usng predicae symbols only and
introducing a ceatan number of additiond object vaiadbles Thus neither of the
congtructions that generate new objects-the condruction with the connective "such that”
and the functiontis essntid in principle, and it is possble to get dong without them.
Unlike the condruction "such thet," however, functiond symbols are very convenient and
they are used extengvely inlogic.

B SYNTAX AND SEMANTICS

IN CONCLUDING our short sketch of logic we shdl condder the quedion of the
relaion between the language of logic and naturd language. In the course of our
discusson the important concepts of the syntax and semantics of language will be
introduced.

Let us recdl the sentence about the reddish-brown dog, which we expanded into a set of
datements expressed by means of predicates. The meaning of this set coinades with the
meaning of the initid sentence, but the form of notation, the dructure of the text, differs
fundamentaly. In semictics (the stience that dudies Sgn sysems) the aggregate of rules
of condruction of language dements is cdled its syntax and the reationship between
language dements and their meanings is cdled semantics. Thus, the firg thing thet
drikes ones eye in comparing logicd and naturd language is that the language of logic
hes a different syntax-one that is smple and uniform. It is based on the style of notation
which has taken shgpe in mahemdics the condruction of more complex language
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dements from Impler ones is represanted by andogy with mathemeticd notation of
operations and functions The syntax of the language of logic is completdy formdized,
that is there is a st of precisdy formulated rules with which one can condruct any
language dement. Moreover, no matter what correctly condructed languege eement
(object or daement) we may teke it will dways be possble to re-create the dement's
condruction. This process is cdled syntactical analysis of the dement. It is easy to see
that syntacticd andysisis extremdy smple and unambiguousin the language of logic.

The syntax (in the samiotic sense) of naturd language is its grammar-that is, the rules by
which sentences are condructed from words (syntax in the narrow, linguigic sense of the
word) and the rules for condructing words from letters (morphology). Unlike the
language of logic, the syntax of naurd language is far from completdy formdized. It
indudes an enormous number of rules with an enormous number of exceptions This
difference is entirdy underdandable The language of logic was cregted atificdly, while
naurd language is a result of long development which no one controlled conscioudy, in
which no preconceived plan was used. The gramma of naturd language has not been
condructed or desgned; it is an investigation of an dready complete sygem. an atempt
to discover and formulate as clearly as possble those rules which spegkers of the
language use unconscioudy.

Syntacticd andyds of the sentences of naturd language often requires reference to
semantics for without congdering the meaening of a sentence it will be ambiguous. For
example, let us take the sentence: "Here are the ligs of students that passed the physics
exam. In this sentence the attribute "that passed the physics exam” refers to sudents. If
we use parentheses to make the syntacticd dructure of the sentence more precise, as is
done in writing dgebraic and logicd expressons, they would be placed as follows: "Here
are the ligs of (dudents that . . . passed)." Now let us take the following sentence: "Here
are the ligs of dudents that were lying on the deen's shef. Formdly the dructure of this
sentence is exactly the same as in the preceding one. But in fact a different placement of
parentheses is assumed here, specificdly: "Here are the (lists of students) that . . . were
lying." When we arage paentheses in this way mentdly we are rdying exdusvey on
the meaning of the sentence, for we assume that sudents could not be lying on the deen's
f.

In generd, condructions with the word "that" [Russan kotoryi] are very treacherous. In
his book Sovo o slovakh [A Word about Wordg], L. Uspensky tells how he once saw the
fallowing announcement:

CITIZENS-TURN IN SCRAPMATERIAL TO THE YARDKEEPER THAT ISLYING
AROUND!

Itisnot surpriging thet this condtruction did not find a place in mathemetica logic!
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m | OGICAL ANALYS S OF LANGUAGE

THUS, to make a logicd andyds-to condruct the logicd equivdent of a sentence in
naturd language, we mug firg of dl meke a syntacticd andyss of the sentence the
results of the andyds will be reflected directly in the syntactical dructure of the logica
expression. But semantics is by no means left out ether. When we say that "reddish-
brown' is a one-place predicate, "killed" is a two-place predicate, "digance” is a function,
"and" is a logicd connective, "dl" is a quantifier, and 0 on, we ae peaforming a
semantic andyss of the concepts expressed in natura language. We dlassfy concepts in
accordance with a scheme fixed in the language of logic and we establish rdaions among
the concepts Logicd andyss is essatidly semantic andyss. Syntacticd  andyss is
necessary to the extent that it is needed for semantic andysis.

Logicd andyss may be more or less degp. In our example it is very superficdd. Let us
seeif we could continue it, and if S0 how.

The concepts of "dog,” "reddish-brown" and "ca" are one place predicates, obvioudy
dementary and not subject to further andyss. Thee ae dmple Arigotdian concepts
which rely directly on sensory experience; every norma p@rson is able to recognize them
and the only way to explain what a"cat" isto point one out.

The concept "dray” is dso a one-place predicate, dthough a more complex one. If we
were reasoning in a foomad grammaicd menner we could condude that “dray” means
"that which drays" But this would be an incorrect concluson because the verb to dray
does not desgnate a length of time. A pefectly wel-bred house ca may go out for an
hour and dray across a roof, but this does not give anyone the right to cal it a "stray.” It
would be more correct to define a Sray ca as a cat that has no master or, usng a relaion
which is dready incdluded in our logicd expresson, as a ca that does not bdong to
anyone. Hereisaformd notation of this definition:

"stray” (x) © - ($y) ["belongs’ (x,y)]
(It isassumed herethat x isan arbitrary object.)

Let us look a the reation "belongs” In a certain sense we sneaked it in because the word
"belong” was not in the initid sentence. But it was underdood and semantic andyds
reveded it! In the Russan sentence the rddion of beonging was conveyed by the
genitive ca= Hee we see a dear example of the ambiguity and inedequacy of
gyntactical andyds. We used the genitive case in the condructiors "the widow's dog |
“the dog of the widow"] and "the dog's midress' but in no way can it be sad that the
midress belongs to her dog. The condruction "the widow's nosg" can of course be
interpreted as the "nose that belongs to the widow.” But here we are dready encountering
the semantic ambiguity of the word "belong,” for it is obvious that the nose beongs to the
widow in adifferent way then the dog belongsto her.

117



It requires a good ded of work to bresk the concept "beong® into its dementary
condituent parts; this would require a description of the cusoms and laws relaed to the
right of ownership. Only in this case can the meaning of "bdong” be explaned. The
predicate "widow" and the functions "rank” and "surname’ (which we introduced during
our andlyss of the concept "Lieutenant Pshebyssky") are dso bound up with the socid
gphere and require further andyss. Findly the concept "killed" dthough it is not linked
with the socdd sohere and is planly smpler (dosxr to sensory experience) than the
preceding concepts would adso have to be subjected to logicd andyss In this andyss it
would be posshle to identify. firgt of dl the dement of completion in the action. which is
expresed by the Russan verb form secondly the find result (the death of the victim) and
thirdly the typica characteridtic of the action expressed by the Russan verb zagryzt' |-use
of the teeth.

Logicd andyss of laguage is an extreandy interesting line of investigaion, but we
cannot dwell on it here. Those who are interested are referred to Elements of Symbolic
Logic (New York: Free Press. 1966) by H. Reichenbach one of the founders of thisfield.

Let us summaize the results of our comparison between naurd language and the
language of logic. The language of logic has a smple and completey formdized syntax.
By gyntacticd and semantic andyss a text in naturd language can be trandated to the
languege of logic-that is, it can be corrdated with a text in the language of logic that fas
the same meaning. Semantic andyds of the naturd text during trandaion may be more
or less degp which is to say that the predicates and functions included in the logica text
may be doser or further from immediate sensory and emotional experience. There are
predicates and functions which cannot be broken down into more dementary condituents
and which therefore cannot be defined in any way except by reference to experience. We
shdl cdl such predicates and functions primary.
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CHAPTER SEVEN
L anguage and Thinking

®WHAT DO WE KNOW ABOUT THINKING?

THE HRST THING we mug do to gpproach the problem of language and thinking
correctly is to dearly separate what we know about thinking from what we do not know.
We know that thinking is a process that kes place in the nerve nets of the brain. Because
the tern "representation” to us means a date of some subsystem of the brain it may be
sad that thinking is the process of change in the aggregate of sdf-representations. But a
awy gven momat in time only a certain (obvioudy andl) pat of these representations is
accessble to, as we say, our consciousness. These representations can be consolidated
into one (for severd subsysems taken together conditute a new subsystem), which is the
sate of consciousness a the given moment. We do not know what consciousness is from
a cybaneic pont of view. we have only fragmentary informetion (specificdly, thet
constiousness is dosdy rdaed to the activity of what is cdled the reticular formation of
the brain).

Thus, thinking has an extend, manifex agpect: a dream of conscious representations
This dream can be fixed and sudied, and from it we try to draw conclusons indirectly
about those processss in the brain which are illuminated by consciousness. We are fairly
sure about some things regarding the sreem of consciousness. We know that it is
regulated to a sSgnificant degree by assodiaions of representations which form under the
influence of experience and reflect the characteridics of our environment. Specificdly,
we receive our ability to foresee future Stuations to one degree or another thanks to the
asocidion of representations We dso know that humans, unlike animds, have the
ability to control the process of assodation; this is manifeted as imagination, encoding,
and conscious memorization. But we do not know the concrete cybernetic mechaniam of
this ability or, as a matter of fact, the mechaniam of the associaion of representations
These mechaniams are not given to us subjectively ether: in the stream of constiousness
we merdy obsarve ther appearance, the result of ther action. Findly, we are subjectively
given a sensdion of freedom of choice in our actions free will. Free will dso manifests
itdf in thinking. We are adle to turn our thoughts to any subject we wish. We do not
know the cybernetic interpretation of free will ether, and this Stuaion is perhaps worst
of dl.

B INGUISTIC ACTIVITY

REPRESENTATIONS of linguidtic objects, words and sentences, occupy a diginct place
among dl representetions in the process of thinking. These representetions are (with the
exception of deaf mutes, of course) a combination of aurd and motor representations and
(for people who have dedt with written language from childhood) the visua component
may dso be joined to them. When we picture a catain word in our mind we mentaly
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pronounce it, ligen, and possbly see it written. For brevity we will cdl these linguistic
representations. The dream of linguidic representations is precisdy what is ordinaily
cdled thinking. The presence of this dream is a spedficdly human characteridic; it is
not found in animads So-cdled "abdract” thinking is actudly thinking in words, the
dream of linguisic representations. Without such thinking, the achievements of thought
in which the human race takes such pride would have been impossible.

The ggnificance of linguidic representations is theat they are uniquey rdaed to words
and sentences as the materid dements of the maerid system “language” This sysem is
the aggregate of dl words and sentences pronounced ordly, tranamitted by telephone and
radio, written on paper, encoded on punched cards for computers, and so or+-in short, the
aggregete of what we have cdled the higher nervous sysem of the materid body of
culture. Functiondly, a dream of linguisic represantations in no way differs from a
sequence of their materid corrdatives words. The externd, observed aspect of thinking
may be dexribed as activity condging of the crestion of catan maeid linguidic
objects, for example pronouncing sentences out loud (unfortunately these objects are very
short-lived) or writing them on pgper. We shdl cdl thisactivity linguistic.

There are compdling reasons to condder linguidic activity the basic, primary aspect of
thinking and the dream of linguidic representations merdy a trangtiond eement--a form
of connection between the materid linguidic objects and the aggregate of dl (not just
linguidic) representations. In fact, it is precisdy the linguidic objects which dore and
trangmit information and operate as the dements of linguistic modds of redity. The child
is taught linguistic activity in the same way as it is taught to wak, shoot a bow, or
hamme nails. As a reault the child becomes, 0 to spesk, plugged into the language he
uses the modds dready avaldble and enriches it with new ones Furthermore, he may
dso use language in a noncommunicative manner (for his own purposes) as did the
young man Uu of the Nyam nyam tribe when he counted the enemy with his fingers
During noncommunicative use of language there may be a dream of linguidic
representations  without gpparent  linguigic  activity ("I think!™); but after dl, these
representations emerged and acquired thar meanings as a rexult of activity involving
ubgantid, materid linguisic objectd And often during the process of reflection we
whisper ceatan words and whole phrases returning them to ther materid form. The
primecy of subdantive linguidic activity is especidly dear when we are deding with
sdientific modds of redity. After long, hard sudy with red, written symbols a person
may be able to multiply a few smdl numbers or reduce smilar dements of an dgebrac
expression in his head. But give him a problem thet is a little harder and he will demand a

pencil and paper!

Linguidics and logic investigate linguidic activity. Linguigics is intereted primaily in
the syntax of language (in the broad, semictic sense) while logic is chiefly interested in
semantics. When syntax and semantics are interwoven it is not possble to separate
linguidics from logic. It is true that traditiond logic dedares itsdf to be the sdence of the
laws of thinking, not the sdence of language, but this pretentious statement should not be
taken too sioudy. Of dl the fidds of knowledge which sudy thinking, logic has the
mos externd, superficid approach. It does not invedigate the rea mechaniams of the
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work of the bran, as neurophysology does it does not condruct modds of mentd
activity, as cyberndtics does, and it does not atempt to record and classfy subjectively
percaved emotiond dates, as psychology does. It recognizes only precise, socidly
sonificant thoughts (not the ravings of a madman!) as its object of study. But such
thoughts are in fact nothing dse but linguidic representations with soddly  Sgnificant
smatics Logicd (sematic) andyss of language leeds to primary, undefingble
concepts and stops there; it does not take us beyond language. Logic dso contains its
theory of proof. If language is used in a form of notation which kegps within the rules of
predicate cdculus not in the foom of naurd language, it is possble to edadlish the
forma characterisics of the correctness of deductions and formd rules which, if used,
will dways yidd correct condusons from correct premises These rules (the laws of
logic), which are dso expressad in the form of a linguidic object, form a metasystem in
relation to the satements obtained as aresult of application of therules.
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Figure 7.1. Logic as a metasystem.

Sentences are the object and result of work for the theory of proof. Thus, dl of logic lies
whally in the sohere of linguigic activity. Its lower dage is samantic andyss and its
higher dage is the theory of proof. We will tak about proof theory later; for now we are
interesed in the lower dage (it may even be cdled the foundaion): the reationship
between language and the working of the brain.

We shdl condder tha by logicd andyss we can trandae ay sentence in naturd
language into the languege of logic. Of course, this somewhat exaggerates the advances
mede to date, but it is farly dear that in princple there is nothing impossble about it.
Logicd andyds reveds the internd dructure of language, the fundamenta nodes of
which it conggs Therefore we shdl review the basic concepts of the language of logic,
daify exactly why they ae as they ae and discover how they are rdaed to bran
activity. Wheress in the lag chepter we were primarily concerned with the syntax of
language, here we shdl pose the question of the semantics of language.
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B THE BRAIN AS A "BLACK BOX"

FIRST LET US try to find direct corrddives of language dements in brain activity. The
fird concept we introduced in our description of the language of logic was the Statement.
With what can it be corrdaed? The answver suggests itsdf: the association of
representations. Indeed, like the brain, language is a sysem used to creste modds of
redity. In the case of the brain the basic independent unit that can operae as a modd is
the assodiaion of representations, while in the case of language it is the Satement.

Now there is a temptation to correate the representation to the object. At first glance this
crestes a complete and harmonious interpretation: the object corresponds to the
representetion; the relation among objects, which is the Statement, corresponds to the
relaion among representations, which is the assodiation. We may take the example of the
association "In the forest there are wolves” which we gave in chapter 4, and interpret it as
folows "foret" and "wolves' are objects and, a the same time, representaions, while
"In theforest there are wolves' is astatement and, & the same time, an association.

But a caegu andyss shows tha this interpretation involves a sarious midaken
assumption; we have atificdly trandered linguigic dructure to the sphere of
representetions. In redity this sphere has no such dructure Begin from the fact that an
association of representations is aso a representation. A representation may be correlated
with the sentence "In the forest there are wolves' just as it may be corrdated with the
nouns “forest” and "wolves." We should recal that an association between representations
S and & is a new synthetic representation U (see figure 3.8). It is true that the
associdion of representations is a modd of redity, but if we undersand the term "modd”
in the broad sense as a certain corrddive of redity, any representation is a modd. If,
however, we undersdand modd in the narow sense as a corrdative of redity which
permits us to predict future Sates, then not any association can be a modd, but only one
that reflects the tempord aspect of redity. The process of asodiaing is important,
because it leads to the cregtion of a new mode where none existed before. This process
permits completdy drict logicd definition and can be reveded by experiment, smilar to
the way we eadly define and uncover the process of the formation of a sysem from
Ubsytems But it is impossble to define the difference between an asodidion of
representations and a representation just as it is impossble to establish criteria that would
didinguish a system from subsysems

So the satement dicits a representation and the object dicits a representation and our
harmonious sysem crumbles. The representation proves too broad and too indefinite a
concept to be made the bads of a Sudy of the semantics of language. All we know about
the representation is that it is a generdized dae of the brain, but we know virtudly
nothing about the structure of the brain.

In chapter 4 we defined language as the aggregate of objects Li each of which is the name

of a certain object R, which is cdled its meaning. Concerning objects R we sad only thet
they are some kind of red phenomena The time has now come to work toward a more
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precise answver as to what kind of phenomena these are in other words, the quegtion is
"what are the semantics of naturd language?'

In the amplest examples usudly given to illudrae the rdaionship Li-R and which we
cited above (the word lion-the animd lion, and so on), the object R is a representetion of
a definite object. In generd, language emerges as the result of an association between
linguigtic and other representations, and therefore it is naturd to atempt to define the
semantics of language by means of those representations which emerge in the process of
linguidic ectivity. It can be sad tha the meming of a linguidic object is tha
representation which it evokes--the change in the date of the brain which occurs when a
representation about a linguidic object gppears in the consciousness This definition is
entirdy correct, but unfortunately it is unproductive because the daes of the bran as
objective redity are not directly accessble to us, and we make our judgments about them
on the basis of their manifestation in human actions only.

Therefore let us take another route. We shdl view the brain as a black box; we shdl
investigate the obsarved manifedations of its activity without any atempt to undersand
its internd organization. We are interested in the semantics of language, the connection
(associdions) between linguidtic representations and dl others.

Linguistic objects

Black box

Linguistic reprezemations

L F

Semanlics : Aclions

Y L

Monlinguistic representations

Manlinguistic reality

Figure 7.2. The brain as a black box.

Because the representations are ingde the "black box,” however, we shdl rdy only on the
input data corresponding to them- which is to say the linguistic objects and dl the other
activity that, for the sske of brevity, we shdl cdl nonlinguidic. This is the input of the
black box. Its output is obvioudy the person's observed actions

Because the sysem of actions is very complex, we shdl not make progress in our
atempts to sudy semantics if we do not choose some smple type of action as a sandard.
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Of course there mugt be a least two vaiants of the action s0 that it will cary some
information. Suppose there are exactly two. We shdl cdl them the firg and second
standard actions. We shdl formulate the dementary act in sudying semantics as follows
Linguigtic objects will be presented to a person who is perceiving a definite nonlinguidic
redity and we shdl assume that he responds to them by performing one of the two
standard actions.

B AFFIRMATION AND NEGATION

WE CONCEIVED this scheme in a purdy theoreticd manner as the smplest method of
defining the semantics of language under conditions where the brain is pictured as a black
box. It tuns out that this scheme adtudly exigs in linguidic adtivity, emerging
goontaneoudy in the early sages of the devdopment of language! In dl known languages
we find expressons for two standard actions--affirmation and negation. These actions are
of great antiquity, as evidenced by the fact tha among a large mgority of peoples
(possbly dl) they are expressed in gestures as well as words. If we open the top of the
black box just a crack, to the degree shown in figure 7.2, we can define the afirmation as
an ation paformed when the linguidic object and redity ae in the rdaion name-
meaning (that is the necessary assodidion exists between the linguidic and nonlinguidic
representations), and we can define negation as the action peformed when there is no
such relaion. But a person leaning to use affirmative and negative words and gestures
correctly knows nothing, of course, about representations, associations, and the like At
fird he is amply taught to sy "ca" "dog," and o0 forth while pointing a the
corresponding objects, and then he is taught to peform the affirmative action when
someone says “this is a ca" while pointing a one and to peform the negative action
when someone makes the same satement while pointing a a dog. In both ingances we
learn correct linguidic ectivity while rdying on the bran's adility to recognize and
asociae; but we have no knowledge of the brain s mechanisms; to usit is a black box.

The lagt remak explains why it is hardly surprisng that the scheme of dandard actions
has become an established part of linguidic practice. A person's brain is a black box both
for himsdf and for other members of sodety. This is the origin of the need for a soddly
meaningful way of determining more precise semantics, this need gppears as soon as
language reeches aminimum levd of complexity.

The dandard actions of affirmatiion and negation are not relaed to redity itsdf, as
primary linguidic objects ae rather they refer to the rdaionship between primary
linguigic objects and redity. They are dements of a metasysem in reaion to the sysem
of primary linguigic objects The introduction of the actions of afirmation and negeation
into the practice of sodely was the beginning of tha measysem trangtion within
linguidic activity whose subsequent dages are the appearance of the language of logic
and the theory of deduction. Although afirmation and negetion appeared very ealy in
the devdopment of human culture, they did not gopear sufficiently early for a prototype
of them to be found in animd actions. We know that such prototypes exig for primary
linguidic objects in the form of animd sgnds Among these dgnds there are ones which
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could be desribed as dfirmative and negetive, but they have nothing in common with
the semantic actions of afirmation and negation which are oriented to the dgnds
themsdves and lay the foundations of the metasydem. In this we see one more
manifedation of the law of branching (expanson) of the penultimate leve. The enormous
growth in the number of primary linguigic objects (Sgnads) which is found in human
sodey began Smultaneoudy with the beginning of the metdeve.

B THE PHENOMENOL OGICAL DEFINITION OF
SEMANTICS

NOW IT WILL not be difficult for us to interpret the basc concepts of logic from the
point of view of the phenomenologicd ("black box") approach. The <Statement is
obvioudy the linguisic object to which the actions of afirmation and negation refer. The
semantics of a language aopear t0 an extend obsaver as the function of two free
vaidbles (the datement and the true date of &ffars); the function assumes one of two
truth vaues: "true" ("yes" "truth”) and "untrueé ("no,”, "falsehood’). The vdue of this
function is worked out by the black box, the humen brain, which knows the given
language. How this happens the externd observer does not know.

The gaement is the bagc unit of language. In onddering language as a system we must
discover how the gatement, a sysem of Statements of subsysems, can be condructed.
Thus we come to the introduction of logical connectives, which were discussed in the
preceding chapter.

Redity is percaved by the human being through the medium of the sense organs it
gppears to the human being as an aggregate of receptor Sates, a situation If a person were
unable to control his sense organs and concentrate his atention on certain parts of the
gtuation, that is if the Stuation dways gopeared to a person as something whole and
completely given from outsgde, then dl logic would probably be limited to propostiond
(statement) calculus. But a person can control his sense organs and can, for example, fix
his vison on a paticular object. Therefore the Studion is not smply redity, it is redity
with an attention characteristic--that is, with an isolated area (gpproximady defined)
which we are spesking about and on which we concentrate our atention. The concept of
attention aso has a psychologicd aspect, but we shdl try to bypass it. We can determine
from obsarving a person what he is looking a (or feding, smdling, and o on), because
the atention characterigic can be determined objectively. Redity with the atention
characterigic can therefore be viewed as a free varigble of the function in the "black box"
goproach. People resort to gestures or verbd daificaions to define the pogtion of the
area of atention more precisdy. In either case the result will be the same. If you say, "l
am looking a the thick book the girl in the pink dress is holding in her hands" the person
you aretaking to will look around until he locates the girl and the book.

The tempord agpect of the input data of semantics must dso be taken into account. If the
reection of the bran were determined only by the Stuation a one specific moment,
unredaied to gStuations cose in time once agan logic would probably be limited to
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propogtiond cdculus. In fact, however, the bran dores its memory of many past
gtuations, the brain's reection (and specificdly, the sandard action) is therefore dways a
function of the moving picture of dStuations. We often fal to recognize this because there
are in the environment around us objects which show a rdaive invariability, and when
we concentrate our atention on the invariant object it seems to us that we are not deding
with a moving picture but rather with a dngle frame In actudity, the andyss of the
concept of object which was given aove shows that the time aspect plays the decisve
part in it. Now, when we have introduced the concept of the attention characterigtic we
can define the object as a moving picture of gStuations with the atention characteridic
represented by one continuousline.

The extent to which we are inclined to ignore the dynamic aspect of perception can be
seen from the gtuation we ordinarily describe as the exigence of a least two distinct
objects. It seems to us that we are perceiving each object sepaady and 4ill we
diginguish among dl the objects and concentrate our dtention on them sSmultaneoudy.
But the smplest psychologicd sdf-andyss will persuade us that in fact in such a case
our atention darts rgpidly from one object b another. In the moving picture of Stuations
the line of the datention characteridic will be broken; it will, indeed, esdly become
possible to make severd (according to the number of objects) continuous lines.

ﬁgn T a@s

Figure 7.3. Broken line of attention out of which two continuous lines can be
formed

We have now come to defining the concept of the object in logic. We have established
that the "nonlinguigtic activity,” shown in 7.2, which is fed to the input of the black box is

often broken, divided up in gpace and time. It can be imagined as a moving picture on
which the line of movement of the atention characteridtic is drawn in. Moreover, it turns
out that this line can be broken to become severa continuous lines. These continuous
lines are the objects.

Thus the object of logic is whally liberated from its materid meaning; this is tranderred
to satements about the given object. The object is an identifier. Its only atribute is to be

identicd to itsdf and it Sgnifies a continuows line of atention. This propostion has
dready been explained in sufficient detail in the preceding chepter.

When in place of undivided redity we feed to the input of the black box a redity divided

into objects, the statement becomes dependent on the method of divison-that is on the
objects we are angling out; the Satement is converted into the predicate.
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B THE LOGICAL CONCEPT

WE HAVE ALMOST completed our andyds of the fundamentds of logic from the
black-box point of view. We have dill to define the generd concept of "logical concept,”
but that is Smple: the concept is the predicate or logica connective. The grounds for this
are tha predicates and connectives are those basc functiond nodes we discover in
linguidic activity. The concept of function in the sense that we have defined it above may
not be eevated to the rank of the basic logical concept because, as we have seen, it can be
expresed through predicates and connectives. But in the broader sense both logicd
connectives and predicates are functions--that is, corrdations by a certan method of
vaues (truth vaues in the given case) to free varidbles. Thus it can be sad tha the logicd
concept is a function whose free variables are linguidic objects and Stuations and whose
values are linguidic objects. The result of a logica andyss of language is a breskdown
of linguigtic activity into homotypic functiona eements: connectives and predicates.

Every logicd concept is defined in the fird place by its maeid carier, the linguisic
object (in most cases a word or phrase), and in the second place by the method of using
this object in linguigic ectivity in sodety. The sscond point offers an opportunity to
refine the firs. The words "koshka," "koshka" "KOSHKA," and koshka [Russan for
"ca'] ae different linguidic objects (the firsd two differ by ther placement while the
third and fourth dso differ by therr type face) but we condder them to be cariers of a
gngle concept because they appear indidinguisheble in linguiic adtivity. The same
thing can be sad--with certain redrictions--about the German die Katze, for it is used
andogoudy (but only andogoudy!) to the Russan koshka

The concepts of a language form a hierarchicd sysem. In certain gpedidized languages
(sublanguages) used by the exact sdiences this hierarchy is determined in a completdly
dear and drict manner. The concepts located higher in the hierarchy acquire ther
meaning by logicd definitions through concepts of a lower order--that is it is pointed out
how, being abdle to determine the truth vaues of the predicaies a a lower leve, one can
determine the vaue of the predicaie of a higher levd. In naurd languages there is no
drict hierarchy, but there is an gpproximae one. We @n therefore assess the "degree of
remoteness' of a concept from the direct data of experience by logicd andyss and
bresking complex concepts down into Smpler components, the degree of remoteness of a
concept from direct experience can be equated with its devaion in the hierarchy. This
edimate of pogdtion in the hierarchy is approximate, because the breskdown in the
components is not unambiguous, the actud method of subdividing has not been fully
formdized, and no one has yet done such work for dl language. Perhaps the mogt firmly
edablished fact is that the predicates which cannot be subdivided a dl ae primary
(belonging to the lowest leve of the hierarchy).

Between the concepts of a language there are numerous interconnections given by the set
of dl true datements in which the concepts under congderation are induded. Language is
a sygem and its concepts have meaning only as dements of the sysem. The meaning of a
word is determined by the way this word is used in linguigtic activity. Each word, so to
ek, bears the imprint of dl the sentences in which it has ever been incduded; it is an
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eement of the sysem. When traditiond logic spesks of concepts, the two functions of the
concept are pointed out: to serve as an dement of reasoning--that is, a method of shgping
thought--and a the same time to concentrate aready exigting thoughts and knowledge of
an object in onedf. This dudity is a result of the system nature of the concept. The
linguidtic object (word) which expresses a concept is used as an dement for condructing
a modd of redity and is asodaed functiondly--that is in linguidic activity (and
therefore ds0 in our imaginaion)--with al modds in which it paticpaes Therefore,
dthough a trained dog does didinguish between a square and a cirde, it cannot be said
that it has madered the concept of "square”; this word incdludes many things about which
the dog does not have the dightest idea. Therefore dso the mog exact trandaion from
one language to another is by no means dways a literd trandation; the difference
between the sysems must be taken into account. Strictly spesking, an absolutdy exact
trandation is generdly impossble (with the possble exception of dSatements which
contain only primary concepts accessible to adog).

B THE STRUCTURAL APPROACH

WE HAVE DEFNED the logicd concegpt as an dement of the functioning of the
linguigic sysem. We ddl now dtempt to give a more gened definition of the
cybernetic concept of "concept,” relying on the dructurd rather than the functiond
approach.

Let us again condder the concept "ingde’ in goplication to the picture discriminator. How
would we begin to build a sysem that contains the concept ingde™? It is gpparent that at
firda we would have to congruct classfiers for the concepts of "spot” and "contour.” Let
us recdl that the dassfier is a cyberndic sysem tha recognizes the dfiliation of an
input date ("dtuation”) with a definite set (Aristotdlian concept), and converts it to an
output dtate that reflects the most important characterisics of the gtuation. The spot
classfier, for example, recognizes the exisence of a gpot and fixes the coordinates of the

points which bound it.
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Figure 7.4.
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In figure 7.4 we have desgnated the classifiers of gpots and contours by the letters [pi] 1,
[pi]2,. . .. and Ki, Ky ... These dassfiers form the firg levd of a hierarchy, for ther
input is the dtates of the receptors. They trandae the Stuation from the language of
illuminated points to the language of spots and contours.

Having condructed the firg level, we begin work on the second. We condruct dassifier
B (as in figure 7.4) to whose input is fed the output of one spot dassfier, [pi]i, weddl
assume, and one contour clasdfier, Kj. Classfier B mugt have just two output dates one
("yes ) occurs when the spot fixed by cdassfier [pi]i lies indde the contour fixed by
dasdfier Kj, while the second ("no”) occurs in the opposite case. We woud like dassfier
B to be gpplicable to any pair (pi]i, Kj). But it would be insanity to make as many copies
of B as there are pairs (pi]i, Kj)! Therefore we need some kind of switching device by
means of which information from different points of the sysem could be fed to the one

and only device B. Because it is memingless to feed information directly from the
receptors or from any other ingppropriate points to a classfier, the switch should be

desgned w0 thet it is able to fead information from any of the pairs (i, Kj) ad nothing
de

Classfier B is located on the sscond leve of the overdl system. It may possbly be used
as an input for the third levd. For example, let us suppose that the system is required to
recognize the concept "enter into . . ." This is a dynamic concept rdaed to time. As the
input here we must consder not one Studtion but rether a series--that which above was
cdled a moving picture of Stuaions. With such a moving picture we say that the spot has
"entered into” a contour if a firs it was outsde the contour and then assumed a postion
indde it. It is goparent that the discriminator of the concept "enter into" (in figure 7.4 it is
designated BB) will require & its input the output from discriminator B or from severd
discrimingtors B' rdlated to different frames of the moving picture (in the firg case it
should have a device for storing the sequence of "yes' or "no" answers).

A hierarchy of cdasdfiers has been obtaned. For us this is not new; in chepter 2 we
conddered hierarchies of dassfie's But in tha chapter we limited oursdves to
Arigotdian concepts, and the hierarchy of cdassfiers acted soldy as a means of
recognizing concepts and was not incduded in the definition of the concept of the
"concept." We defined the concept of the "concept” (Arigtotelian) independently of the
organization of the hierarchy of dasdfiers as a catan st of Studions--in other words a
function thet assumes atruth vaue of "true” in the given st of Stuations.

But now, searching for a cyberndtic interpretation of such concepts as "indde” we see
that we cannot define the more generd concept of "concept” by relying on the level of
receptors done indead it can only be defined as an dement of a system of concepts
Corresponding to the concept of "ingde" in figure 7.4 is the classfier B, not only as a
device which converts the given input into the given output but dso as a subsystem of the
totd recognition sysem- that is as an dement connected in a catan way with other
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dements of the sysem (in the particular case, recaiving input information from one type
[pi] dassfier and onetype K dassfier).

We have condructed a cybernetic modd of the concept "ingde' But how is this modd
related to redity? What rdationship does it have to the true concept of “indgde" which
manifests itsdf in language and gopears to us as one of the dements of our thinking? Can
it be assarted that the bran has a dassfier tha corresponds exactly to the concept of
"ingde"?

Although the generd gopearance of the diagram in figure 7.4 with its receptors and
cassfiers reflects neurophydologica findings, the concrete functions of the dassfiers
and ther interrdationships reflect logicd data Therefore our diagram is not a modd of
the organization of the brain, but raher a modd of the functioning of the linguigic
sysem-or more precisdy a dructurd diagram of a device that could peform the
functions discovered in linguigic activity. In this device the dassfiers paform the
functions described by logica concepts and the switching devices (which are not shown
in the diagram but mentioned in the text) fix the domain of definition of the conoepts .

The diagram shown in figure 74 may be embodied in a red cybernetic device whose
sources of information will be the illuminated points of a screen. But even if such a
device works very wdl it will not, drictly spesking, yet give us the right to condder it a
modd of the organizetion of the bran. Possbly the divison of the neve nes into
classfiers as suggested by figure 7.4 or andogous diagrams taken from the functioning of
language does not reflect the true organization of the brain a dl!

B TWO SYSTEMS

WE HAVE BEFORE US two cybernetic sysems. The first sysem is the human brain. Its
functioning is individud human thinking. Its task is to coordinate the actions of separate
pats of the organism in order to preserve its exigence. This task is accomplished,
soecificaly, by cresting modds of redity whose materid body is the nerve nets and
which we therefore cdl neurond modds. We know that the brain is organized on the
hierarchical principle We cdl the dructurd dements of this hierarchy dassfiers The
functions of the dasfiers conddeing ther sysems agpect--which is to sy ther
interrdationships--are the individuad concepts (in the cyberndtic sense of the word, which
amply means according to the cybernetic definition of the concept of "concept”), which
may be identified in the functioning of the bran as a whole We will cdl them neuronal
concepts. The ssocond sysem is language. Its functioning is linguidic activity in Sodiety.
Its task is to coordinate the actions of individua members of society in order to peserve
its exigence. This task is accomplished, specificdly, by cregting modds of redity whose
materid body is linguigic objects and which we therefore cdl linguistic models. Like the
bran, language is organized hierarchicdly. The functiond dements of this hierarchicd
sysem arethe logical (linguistic) concepts
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These sysems are by no means independent. The linguistic system is st in motion by the
human brain. Without the brain, languege is dead. On the other hand, the brain is srongly

influenced by language.

Now the problem may be formulated as follows wha is the rdaionship between
neuronal and logical concepts? Let us survey the sources of information about these
systems of concepts. Logica concepts are on full display before us phenomendlogicaly
goesking, we know virtudly everything that can be known about them. We know very
little about neurond concepts Neurophydological reseerch  offers some  information
about the lowest levels of the hierarchy only; aout the higher levels we have absolutdy
no informaion which is independent of language But we do know that language is an
offgoring and, in a cetan sense, a continuation of the bran. Therefore a dose
reaionship must exig between the highest dages of neurond concepts and the lowest
dages of logica concepts. After dl, logica concepts came from somewherel The logicd
concept of an object unquestionably has a very definite neurond corrddive; that is long
before the gppearance of language and independent of it the world presented itsdf to
people (and animas) as an aggregate of objects From the ease with which people and
animds recognize some reaions among objects (in paticular trandformations in time)
we may conclude that there is dso a specid neuron gpparatus for rdations anong a amdll
number of objects. It can scarcdy be accidentd that the languages of dl people have
words that Sgnify the objects surrounding human beings and words for the smplest
relaions among them-such as the rdaion of "indde" which we used as an example
above. Thus figure 7.4 can be conddered a modd of brain organization with a certan
probability after dl!

When spesking of neurond modds and concepts we have in mind not only the inborn
foundation of these concepts but dso those concrete concepts which form on this
foundetion through the action of the dream of sensttions In higher animas and human
beings the formation of new concepts as a result of association of representations plays an
enormous part, as we know. It begins from the moment the individud gppears on eath
and devdops expedidly intendvely a@ a young age, when the conceptud "flesh” fills out
the congenita conceptud "skeeton.” This introduces a new dement into the problem of
the mutud rdaions of neurond and logicd concepts Those initid neurond  concepts
which form in a baby before it begins to undersand speech and tak can be consdered
independent of language, and then logicd concepts can be conddered reflections of them.
But the more complex concepts form in a baby under the direct and very powerful
influence of language. The asodaions of representations which make up the beds of
these concepts are dictated by society's linguigtic activity; to a ggnificant degree they are
thrus upon the child by adults during the process of teeching the language. Therefore,
when we andyze the intarddions of linguidic adtivity and thinking and dtempt to
evauate the degree to which the language is a continuation of the brain we cannot view
neurond nets as a given agang which the logica concepts of the particular languege
should be compared. Conddering the inverse influence of linguigic activity on thinking,
the question can only be put as follows what would the neuronad and logica concepts be
likeif the development of language were to follow this or that particular path?
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B CONCEPT "PILINGS'

THE INFORMATION capecity of the brain is incomparably greater than that of language
(in the process of gpeech). Language does not reflect the full wedth of sensations and
cognitive representations. We know, for example, tha the ancient Greek language hed
just one word for both dark blue and green; as a result they had just one concept in place
of our two. Does this mean that they percaeived color differently? Of course not. The
human eye didinguishes hundreds of nuances of color but only a few words exig to
denote them.

The primary logica concepts may be compared with buttresses or, better, with pilings
driven into the ground of the neurond concepts. They penetrate to a certain depth and
occupy just a smdl pat of the area Hoor by floor the entire building, the hierarcchy of
concepts of the language, is erected on these piles. We take pride in the building because
it contains concepts which were not even concaved of a ground levd, among the
neurona concepts. But have the pilings been driven wel? Could they have been driven a
other points and is it too late now to drive additiond ones? How does this affect the
building? In other words is the sdection of primay predicaes fundamentd for the
deveopment of language, culture, and thinking? We rardy ask oursdves this quedion
because we do not see the ground itsdf; it is covered by the edifice of language. But if we
go down under the floor we can touch the origind soil and fed around in the darkness
with our hands. By doing this we may learn once agan how much of the ground is not
touched by the pilings (especidly in the sphere of spiritud experience) and we shdl
recall the words of the poet Tyutchev: "The thought expressed isalie”

From this metaphor one more question arises how good is the achitecture of the
building? Is it the only possble architecture, and if not, how much does its sdection
influence the functioning of the edifice, the posshility of expanson, remodding, and 0
on? In other words, is the gramma of language (a leest in its mog important,
fundamentd feetures) something externd and unimportant for thinking, or does it
fundamentdly affect thinking and direct its development?

We have formulated both of these quedtions, concerning the effect of sdection of primary
predicates and of grammar, in a form requiring a yes or no answer only for purposes of
clear presentation. The point is not, of course, to answer them amply by yes or no. The
ansver will dways in the lag andyss, contain a conditional eement, and the fact that
there is some influence is undoubted. Our job is to invedigate red findings regarding
languages influence on thinking.

B THE SAPIR-WHORF CONCEPTION

THE WORK of two American linguids, E. Sgpir and B. Whorf, is very interesting from
this point of view. The following quote, which Whorf used as the epigrgph to his atide
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"The Reldion of Hebitud Thought and Behavior to Language” gives an idea of Sepir's
views

Human beings do nat live in the objective world done, nor done in the world of
socid activity as ordinarily understood, but are very much a the mercy of the
particular language which has become the medium of expresson for their society. It is
quite an illuson to imagine that one adjudts to redlity essentialy without the use of
language and that language is merely an incidental means of solving specific problems
of communication or reflection. The fact of the matter is that the "red world" isto a
large extent unconscioudy built up on the language habits of the group.... We see and
hear and otherwise experience very largely as we do because the language habits of
our community predispose certain choices of interpretation.[1]

B. Whorf takes this conception as his bass and gives it concrete form in his sudies of
catan Indian languages and cultures and his comparisons of them with European
languages and culture. We will present some of Whorf's observations and thoughts on
such logica categories as gpace and time, form and content.[2]

Whorf notes that to correctly evauate such categories one must fird rgect those views
regading the interaction of language and thought which are ordinaily conddered an
integral part of "common sense” and are called, by Whorf, "naturd logic." He writes

Natura logic says that talking is merely an incidental process concerned gtrictly with
communication, not with formulation of idess. Taking, or the use of language, is
suppcsed only to express what is essentidly adready formulated non-linguidtically.
Formulation is an independent process, cdled thought or thinking, and is supposed to
be largely indifferent to the nature of particular languages. Languages have grammars,
which are assumed to be merely norms of conventiona and socia correctness, but the
use of languages is supposed to be guided not so much by them as by correct, rationd,
or intelligent thinking.

Thought, in this view, does not depend on grammar but on laws of logic or reason
which are supposed to be the same for dl observers of the universe--to represent a
rationde in the universe that can be "found” independently by al intelligent observers,
whether they spesk Chinese or Choctaw. In our own culture, the formulations of
mathematics and of forma logic have acquired the reputation of dealing with this
order of things, i.e,, with the relm and laws of pure thought. Naturd logic holds that
different languages are essentidly parallel methods for expressng this one-and-the-
same rationale of thought and, hence, differ redly in but minor ways which may seem
important only because they are seen a close range. It holds that mathematics,
symbolic logic, philosophy, and so on, are sysems contrasted with language which
ded directly with this relm of thought, not that they are themsdves specidized
extensions of language[3]

This conception has taken such deep root that we are not even aware that it can be
ubjected to criticd andyss. Smilaly, we are only aware tha we bregthe ar when we
begin to experience a scardity of it. Whorf gives one more illudration. Suppose that
owing to a certain defect in vison a certain people can perceive only the color blue. For
them the vey tem "blue' will be deprived of the memning which we give it by
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contragting it with red, ydlow, and the other colors In the same way, a large mgority of
people who tadk, or a least think, in only one languege ae smply unaware of the
limitetions it imposes and the abitrary dement it contains With nothing with which they
can compare their language, its limitations and arbitrary character naurdly seem to them
universd and unconditiond. When linguists conducted critica  invedigaions of large
numbers of languages, the dructures of which differed greatly, they encountered
violaions of rules they formerly had conddered as universd. It turned out that grammar
is not amply an indrument for reproducing thought, but a program and guide for the
thinking activity of the individual. Whorf writes:

'We dissect nature dong lines laid down by our native languages. The categories and
types that we isolate from the world of phenomena we do not find there because they
sare every observer in the face; on the contrary, the world is presated in a
kaeidoscopic flux of impressons which has to be organized by our minds--and this
means largely by the linguistic systemsin our minds." [4]

It should be noted here that Whorf is plainly carried away when he spesks of organizing
the dream of impressons, and he incorrectly describes the divison of labor between the
neuron sysem and the linguisic sysem, asoibing the organizaion of impressons
"largey” to the linguidic sysem. In redity, of course, a very large pat of the work of
intid organization of impressons is done a the neuron levd and what language receives
is no longer the raw materid, but rather a semifinished product processed in a completdy
definite manner. Here Whorf makes the same midake in relation to the neuron ystem as
"naturd logic' makes (and Whorf correctly points out!) in ration to the linguidic
system. He underestimates the neuron system because it isthe samein dl people.

It is difficult to condude that the linguigic system is important for the organization of
impressions if we redrict oursgves to a comparison of modern European languages, and
possbly dso Lain and Ancient Greek. In ther fundamentd features the sysems of these
languages coincide, which was an argument in favor of the concgation of naturd logic.
But this coincidence is entirdy explaned by the fact tha the European languages (with
minor exceptions) bedong to the sdngle family of Indo-European langueges, ae
condructed generdly according to the same plan, and have common higtorica roots,
moreover, for a long period of time they participated in cregtion of a common culture and
in large pat this culture, egpecidly in the intdlectud ares, developed under the
determining influence of two Indo-European languages Gresk and Lain. To edimate the
breadth of the range of possble grammars one must refer to more linguisic materid. The
languages of the American Indians, the Hopi, Shawnee, Nutka, and others, serve as such
materid for Whorf. In comparison with them the European languages are o dmilar to
one another that, for convenience in making comparisons, Whorf consolidetes them into
one "Standard Average European” language.
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m SUBSTANCE

STANDARD AVERAGE EUROPEAN has two types of nouns which denote materia
parts of the world around us. Nouns in the firs group--such as "a treg," "a gtick,” "a man,"
ad the like--refer to definite objects which have a definite form. Nouns of the second
group--such as "water," "milk," and "mest"--denote homogeneous masses that do not have
definite boundaries. There is a very dear granmadicd didinction between these groups
the nouns which denote substances do not have a plurd case. In English the article before
them is dropped, while in French the patitive atide is placed in front of them. If we
think deeply about the meaning of the difference between these two types of objects
however, it becomes dear that they do not differ from one another so0 dearly in redity as
in language, and possibly there is no actud difference whatsoever. Water, milk, and meet
ae found in naure only in the foom of lage or andl bodies of definite shepe The
difference between the two groups of nouns is thrust upon us by language and often
proves o inconvenient that we must use condructions such as "piece of meat" or "glass
of water,” dthough the word "piece’ does not indicate any definite shape and the word
"glass" dthough it assumes a cetan shape, introduces nothing but confuson because
when we sy "glass of water" we have in mind only a quantity of water, not its shape in
the container. Our language would not lose any expressve force if the word "mesat”
meant a piece of meat and the word "water" meant a certain amount of water.

This is exactly the case in the Hopi language. In their language dl nouns dencte objects
and have angular and plurd forms. The nouns we trandae as nouns of the second group
(substances) do not refer to bodies which have no shgpe and sze, but rather to one where
these characterigics are not indicated, where they ae ignored in the process of
abdraction just as the concept of "sone" does not indicate shgpe and the concept of
"gphere’ does not indicate size.

Therefore the concept of subgtance as something which has materid exisence and a the
same time cannat in principle have any shgpe could obvioudy not occur among the Hopi
or be understood by a person spesking only the Hopi language. In European culture the
concept of substance emerges as a generdization of the concepts which express nouns of
the second group while the generdization of concepts which express nouns of the firg
group leads to the concept of the object. For the Hopi, in whose language there is no
divison of nouns into two groups, only one generdization is possble and it leads, of
course, to the concept of object (or body), for it is possible to abstract from the shape of
an observed materid object but it cannot be sad that it does not exigt. The intellectud
dividon of everything exiding into a certain nonmaterid form (shgpe) and a materid, but
nonform content (substance), which is 0 typicd of traditiond European philosophy,
will probably seem to the Hopi to be an unnecessary invention. And he will be right!
(This is not Whorf's remark, but mine) The concept of substance, which played such an
important pat in the aguments among the Medievd Scholagics has completdy
disgppeared in modern science.
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B THE OBJECTIVIZATION OF TIME

WE WILL NOW take up one more interesting difference between the Hopi language and
the Average European Standard. In the European languages the plurd forms and cardind
numbers are usad in two cases: (1) when they Sgnify an aggregate of objects which form
a red group in space and (2) to dassfy events in time, when the cardind number does
not correspond to any red aggregate. We say ten men” and "ten days." We can picture ten
men as a red group, for example ten men on a dreet corner. But we cannat picture ten
days as the aggregate of a group. If it is a group, then it is imagined and conssts not of
"days" for a day is not an object, but of some objects which are arbitrarily linked to days,
for example pages of a cdendar or segments in a drawing. In this way we convey a time
sequence and a spaid aggregate with the same limguidtic gpparatus, and it seems to us
that this dmilarity is in the nature of things In redity this is not true a dl. The rdaions
to be "later” and "to be located near” do not have anything in common subjectively. The
resemblance between a time ssguence and a spatid aggregate is not given to us in
perception, but rather in language. This is confirmed by the exigence of languages in
which there is no such resemblance.

In the Hopi language the plurd forms and cardind numbers are used only to designate
objects which may form red groups. The expresson "ten days' is not used. Indead of
saying "They dayed ten days" the Hopi will say "They left after the tenth day." One
cahnot say "Ten days is more than nine days" one mugst sy "The tenth @y is after the
ninth."

Whorf cdls the European representation of time objectivized because it mentdly
converts the subjective perception of time as something "which becomes later and later”
into some kind of objectively (or, it would be better to say, objectively) given objects
located in externd space. This representation is dictated by our linguisic system, which
uses the same numbers both to express tempord rddions and to messure Spaid
quartities and dedgnate gpatid rdations. This is objectivization. Such terms as
"summer." "September,” morning,” and "sunst" ae nouns in our languages just as the
words which designate red objects are. We say "at sunset” just as we say "a a corner,”
"in September”, just aswe say "in London.”

In the Hopi language dl time terms such as summer, morning, and the like are not nouns,
they ae specid adverbid forms (to us, the teminology of the Average European
Standard). They are a specid part of gpeech which is diginguished from nouns, verbs an
even from other adverbs. They are not used as subjects, objects, for any other noun
function. Of course they have to be trandated "in the summer," "in the morning,” and o
on, but they ae not derivaives of ay nouns. Thee is no objectivization of time
whatsoever.

In European culture the very concept of "time" is a result of the objectivization of the

relation of "earlier-later” combined with our notion of substance. In our imagination we
creste nonexistent objects such as year," "day," and "second,” and we call the substance of

13€



which they condgt "time" We say "a little time" and "a lot of time" and we ask someone
to give us an hour of time as if we were asking for a quart of milk. The Hopi have no
bassfor aterm with this meaning.

The tripartite (padt, present, future) verba sysem of the Average European Standard
directly reflects the objectivization of time. Time is represented as an infinite draght line
dong which a point is moving (usudly from Ieft to right). This point is the present, while
to its Ieft is the past and to the right is the future. In the Hopi language, as one might
assume, things are different. Ther verbs do not have tenses as the European verbs do.
Veb forms reflect the source of information and its nature. And this corresponds more
closdy to redity than the three-tense system. After dl, when we say "we shdl go to the
movies tomorrow," this does nat reflect what will actudly occur but only our intention to
go to the movies an intention that exigs now and may change a any minute. The same
thing gopliesto padt time.

B LINGUISTIC RELATIVITY

ALL THAT HAS BEEN sad in no way leads to the condudon that the objectivization of
time is a bad thing, that we ought to renounce it and change to a Hopi-type language. On
the contrary, the most important traits of European culture which have secured such an
outdanding place for it--its higorica sense (interest in the padt, deing, chronicles) and
the devdopment of the exact sciences--are linked to the objectivization of time. Scence
in the only form we yet know it could not have exiged without the objectivization of
time The corrdation of tempord to gpatid reaions and the following dep, the
measurement of time, amounted to the condruction of a definite modd of sensory
experience. It may be tha this was the fird modd created a the levd of language. Like
ay modd, it contains an dement of abitray and willful trestment of redity, but this
does not meen that it mugt be discarded. It must, howewer, be improved. To improve it,
we must conceve of it as a modd, not as the primary given. In this respect linguigtic
andyss is extremdy useful because it teaches us to diginguish the rdaive from the
abolute; it teeches us to see the rddive and conditiond in what a firs glance ssems
abolute and unconditiond. Thus, Whorf cdls his conception the conception of linguistic
reldivity.

There is a curious amilaity here with the phydcd theory of rdaivity. Objectivized time
is the foundation of dasscd Newtonian mechanics Because the imagined space into
which we project time is in no way linked to red space, we picture time as something that
“flows' evenly a dl points in red space Eingen dared to recondder this notion and
showed that it is not uphdd in experimenta data and that it should be rgected. But as we
know very wel, this rgection does not come without difficulty, because, as Whorf
writes "The offhand answer, laying the blame upon intuition for our downess in
discovering myderies of the cogmos such as rdaivity, is the wrong one The right
ansver is Newtonian space, time, and matter are no intuitions. They are recepts from
culture and language. That is where Newton got them."[5] Once agan here we should
temper the datements of the enthusadic linguist. Newtonian concepts, of course, rely
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directly on our intuition. But this intuition itsdf is not a pure reflection of primary
sensory experience, of the "kdedoscopic flux of impressons’; rather it is a product of
the organization of this experience and language and culture redly do play a
congderable part in this organization.

B THE METASYSTEM TRANSTION IN LANGUAGE

LANGUAGE EMERGES when the phenomena of redity are encoded in linguigic
objects. But after its origin language itsdf becomes a phenomenon of redity. Linguidic
objects become very important dements of sodd activity and are induded in human life
like tools and household accessories. And jugt as the human being crestes new tools for
the manufacture and refinement of other tools so he crestes new linguisic objects to
desribe the redity which dready contains linguidic objects A metasysem trangtion
within the sysem of language occurs. Because the new linguidtic objects are in ther turn
elements of redity and may become objects of encoding, the metasytem trandgtion may
be repested an unlimited number of times Like other cyberndic sysems we have
congdered in this book, language, is a pat of the developing universe and is developing
itsdf. And like other sysems language--and together with it thinking--is undergoing
quditaive changes through metasydem trangtions of varying scde that is to say,
trangtions which encompass more or less important subsystemns of the language sysem.

With dl the physcd-chemicd differences that exis between the linguigic sysem ad
the neuronad sydem it is essy to see thd, functiondly, metasysem trandtions in language
ae a naurd continugtion of the metasysem trandtions in the neurond dructures, serving
to creste more highly refined models of redity. To darify this thought let us look again a
the diagram in figure 7.4, this time viewing it as a diagram of a device for processng
information coming from an illuminated screen and, consquently, as a partid (and
crude) modd of the organization of the bran. In the diagram we see dassfiers which
correspond to the concepts of "spot,” "contour,” "ingde,” and "enter into." These concepts
dand a differet levds of the higrarchy and the number of levds is in prindple
unlimited. But let us ask: how is it possble that there could be a metasystem trandtion of
such large scde tha it would be represented not by adding a new leve to figure 7.4 but
as adeparture from the plane of the drawing in generd, asthe creation of anew plang?

If we compare our atificid sysem to red biologicd sysems it corresponds to a nerve
net with a rigidly fixed hierarchy of concepts  This is the dage of the complex reflex. To
reech a new plane would Sgnify the trangtion to the dage of assodding, when the
system of connections among classifiers becomes controlled.

The concepts involved in figure 7.4 ae taken from language. In addition, there are in
language concepts that "go outsde the plang’ of the diagram. Regarding the concept
"indde’ we can say that it is an example of a spdid rdaion among objects. Other
exanples of goatid rdations are the concepts "touches” "intersects” and "between'
Classifiers to recognize these @ncepts could be added to the diagram But how about the

vay concept "spatid rdaion"? It is the sought-for metaconcept in reaion to the
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concepts "ingde” "between, and S0 on; its reation to them is that of name to meaning. If
we were able to think of a way to embody the concept of "spatid rdaion in the form of
some kind of device that supplements the device in figure 7.4, it would plainly have to
form a metasystem in rddion to such dasdfiers as "ingde" "between,” and others. The
task it would be ade to peform would be modifying the dructure of work of these
classfiers or cregting new ones that recognize some new Spatid rdaion. But is not the
very purpose of the gopearance of the concept of "spatid relaion” in language itsdf to
achieve a better underganding of how the linguigic sysem works-to modify it and
cregte new concepts? Mogt catainly it is The metasygem trangtion in the deveopment
of language performs the same role asit does in the development of neurona sructures.

B THE CONCEPT-CONSTRUCT

CONCEPTS SUCH AS tha of "spatid redion rdy on redity indirectly, through the
mediaion of intermediae linguigic dructures. They become possble as a rexult of a
catan linguidic condruction, and therefore we shdl cdl them constructs Statements
containing constructs demand a cetan linguidic activity to edablish ther truth or
fdsehood. Concept-condructs do not exist outsde the linguidic sysem. For example, the
concept of "spatid relation” cannot aise where there are no words "ingde" "between,"
and s0 on, dthough the corresponding neurond concepts may have exiged for a long
time

We can now make a survey of the levels of language viewed as a control hierarchy. We
dhdl teke the dgnds of animds for the zero levd of language The gopearance of the
dandard actions of affirmation and negation, logicad connectives, and predicates is, as we
have dready sad, a measysem transtion. They credte the firg leve of language. The
next metasysdem trangtion forms the second levd of language, whose concepts are
condructs. Among the concepts are grammar and logic. At the fird leve, grammar and
logic are the highest control systems that create language but are not themselves subject
to control; however, & the second leve they become objects of study and control
(atifidad condruction). The second levd of language may be cdled the levd of
congructs, and aso the leve of saf-description.

The levd of devdopment of languege determines the rdation between the linguigic and
the neurond sydems. At the zero levd, language transmits only dementary control
information: at the fird levd it acquires the ability to fix and trangmit certan modds of
redity, but only those modds which dreedy exigs a the neurond levd. Frg-levd
language may be represented as a copy or photogrgph of neurond modeds (teking into
account the inverse of language as corrective). Findly, a the levd of congructs language
becomes ale to fix modds of redity which could not (bearing in mind the given
biologicd species of the human being) occur & the neurond leve. Such modds ae
cdled theories

We have cited numbers and operdions with them as the smplex and most grephic
example of modds that do not exig a the neurond level and are cregted a the language
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leve. Arithmetic was one of the fird theories created by the human race. It is easy to see
that numbers, or more precisdly large numbers, are condructs. Neurond —concepts
correspond to the numbers two and threg we diginguish two objects from three and from
one a the fird glance But the number 137 is a condruct; it has meaning only to the
extent tha the number 136 has meaning, which in its turn relies on the number 135 and
s0 on. Here there is a metasystlem trangtion, the emergence of the process of counting
which generates concrete numbers. Within the framework of the metasysem of counting,
a hierarchy by complexity arises the naiurd series of numbers. The agppearance of the
concept of "number" marks a new metasystem trangtion which assumes that counting has
become an edablished pat of everyday life. An abdract concept of "number” is not
required for counting: it only becomes necessacy when people begin to think about
counting. The concept of the number is a condruct of a higher levd than concrete
numbers. The concepts of arithmetic operations are located at the same levd.

On the second leve of language we have consolidated dl the concepts which do not rely
directly on neurond concepts but rather require auxiliary linguidic condructions. With
auch a definition the second leve is the lagt one formdly, but it contans a control
hierarchy that forms through metasysem trangtions and may in princple be as high as
one likes. We have seen this in the example of concrete numbers and the concept of
"number.” Metasysem trangtions can differ in scde and occur in readion to different
ubsysems of language. Therefore, second-levd language has a complex dructure which
can be figuraivey pictured not in the form of even layers lying one upon the other but in
the foom of a building or complex of buildings with veticd and horizontd sructure
Different control hierarchies and hierarchies of complexity generated by the subsysems
become intewoven and form a multifaceted architecturd complex. Second-leve
language is the language of philosophy and science Frd-levd language is ordinarily
cdled "everyday" or "conversationd” language.

B THE THINKING OF HUMANS AND ANIMALS

IT IS SOMETIMES SAID that the human being can think in abgtract concepts, wheress
abgract concepts are inaccessble to the anima, who can atan only a few concrete
concepts. If the term "abdtract” is understood (as is the case here) to mean devoid of
nonessantid  characteridtics, this assartion will not withstand even the dightest criticiam.
We have seen tha the cruad diginguishing feature in humen thinking is the presence of
control of associaions, which manifess itsdf above dl as a cgpability for imagination.
As for a difference in the concepts, in any case it cannot be reduced to an opposition
between abdtract and concrete. Every concept is abdtract. The concept of cat is abstract
for the dog because, for example, it contains an aodtraction from the coloring of the cat (a
nonessentia  characteridic). If we messure mentd cagpabilities by the degree of
abdraction of concepts the frog will prove to be one of the mogt intdligent animds, for it
thinks with just two concepts dbeit extremdy abdract ones "something smdl and
rapidy moving" and "something large, dark, and not moving very repidly." As you see,
our language does nat even have specid terms for these concepts.
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The truly profound difference between the conceptud apparaius of higher animds and
that of human bengs is that animads cannot atain concept-condructs, these concepts
assume a cgpability for linguidic activity. It is not abdract conocgpts which distinguish
human thinking; it is conogpt-condructs. In partid judtification of the Statement above,
we should note that the expresson "abdract concept” is commonly used to refer to
precisdly what we cdl the concept condruct, and people tak about the degree of
abgraction where they should actudly spesk of the "construct qudity” ["konstruktnogt™-
the degree to which condructs are used--trans)]. It is true that the concept of number is
formed by abdraction garting from concrete numbers and that the concept of the spatid
redion begins from concrete reddions but the didinctive festure here is not actud
process of abdraction (which, as we have seen, appeared in the very early sages of the
cybernetic period of life), rather it is the fact that in the process of abdraction linguistic
objects play the most esentid pat. The prindpad thing here is construction not
abdraction. Abgraction without condruction Smply leads to loss of meaning, to concepts
such as"something” and "some.”

[1] Quoted from Novoe v lingvistike (New Devdopments in Linguidics). No 1. Moscow,
1960. [Origind Whorf atide in Language, Culture, and Personality, Menasha.
Wisconsin, 19 41, pp 75-93.

[2] | have taken the quotes by Whorf from the above-mentioned Soviet publication.

[3] [Origind aticle, "Science and Linguidics” in The Technology Review 42 no 6 (April
1940), Massachustts Indtitute of Technology.]
[4] "Science and Linguigtics™

[5 [Origind atide, "The Rdaion of Habitua Thought and Behavior to Language'
published in Language, Culture and Personality (Menasha, Wisconan: Sgpir Memorid
Publication Fund 1941), pp. 75-93]
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CHAPTER EIGHT

Primitive Thinking
B THE SYSTEM ASPECT OF CULTURE

LET US CONTINUE our excurson through the stages of evolution. The subject of our
andyds now will be the higory of the devdopment of language and thinking, the most
important component of "spiritud” culture. As we have dready noted, the divison of
culture into "materid” and "spiritud” is quite arbitrary and the terms themsdves do not
reflect the substance of the divison very accurady, so that when we want to emphasize
this we place them within quotation marks. The use of a tool and, even more so, the
cregtion of new ones demand the work of imagination and are accompanied by emotions,
giving us grounds to condder these phenomena pat of "spiritud” culture. At the same
time, the process of thinking manifests itsdf as definite linguisic activity directed to
completdly materid objects- linguidic objects. Language and thinking are very dosdy
interconnected  with materid culture The hidorian who sas himsdf the task  of
investigting the mechanism of the devdopment of culture can only condder these
phenomena in ther interdationship. He mugst dso teke account of other aspects of
culture--above dl the socid dructure of society--as wedl as the influence of naturd
conditions, higorical accidents, and other factors. But the present invedtigetion is not
higoricd. Our task is Smpler: without going into the detalls of higorica devdopment to
describe what happened from a cybernetic or, as is ds0 sad, from a systems point of
view. As with the quedion of the origin of human beings, we shdl not be interested in a
profound, intricate presentation of the higtorica circumdtances that led to the particular
dep in the devdopment of culture a the particular place and time. Our gpproach remains
vay globad and generd. We are interested in just one agpect of culture (but it is the mogt
important one in the mechanics of deveopment!)--its sructure as a control hierarchy.
Accordingly, we will view the devdopment of culture dso as a process of increesng
complexity in this hierarchy through successve metasysem trangtions. We will show, as
was ds0 true in the case of biologica deveopment, that the most important stages in the
development of language and thinking are separated from one another by precisdy these
metasystem trangtions.

B THE SAVAGE STATE AND CIVILIZATION

IN THE DEVELOPMENT of culture we discern above dl two dealy disinct seps the
savage state (primitive culture) and civilization. The clear delineation between them does
not mean tha there are no trangtiond forms a dl; the trandtion from the savage dae to
cvilization is not caried out indantaneoudy, of course But orce it has begun, the
devdlopment of culture through the credtion of civilization takes place s0 rapidly that an
obvious and indisputeble difference between the new levd of culture and the old
manifests itsdf in a period of time which is vadly smdler tren the time of exigence in
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the savage dae The emergence of civilization is a quditative legp forward. The totd
time of exigence of cdivilization on Earth (not more than 5,000 to 6,000 years) conditutes
a and| pat of the time (a least 40,000 years) during which the human race has exiged as
a hidogicdly invaidble spedes. Thus the emegence of dvilization is a phenomenon
which beongs entirdy to the sphere of culture and is in not linked to the biologica
refinement of the human being. This dginguishes it from the emergence of language and
labor activity but the consequences of this phenomenon for the biosphere ae truly
enormous, even if they are measured by smple quantitative indexes rather than by the
complexity of the dructures which emerge In the short time during which dvilizetion
has exiged, the human race has had incomparably more effect on the face of the planet
than during the many millennia of the savage date. The dze of the human race ad its
effect on the biogohere have grown a a paticularly swift pace in the lagt three centuries,
thisisaresult of the advances of stience, the favorite child of avilization.

This fact requires explanaion. Such an dorupt quditaive legp forward in the observed
manifesations of culture must be linked to some essentid, fundamentad change in the
internd gructure of culture. Language is the core of culture it insures its uniformity, its
"nervous sygem.” We have in mind here not language as an abdract sysem possessng
paticuar grammédtica chaacteridics and used for expressng thoughts but rather
language as a living redity, as the socid norm of linguidic activity. In other words, we
have in mind the full obsarved (materid if you like) sde of thinking. Therefore, when we
say "language’ we immediatdy add "and thinking'. So languege (and thinking) are the
nervous sysem of culture and it may therefore be expected that there is some important
difference between the language and thinking of primitve and of modern peoples
Indeed, a sudy of the culture of backward peoples reveds that they have a way of
thinking which greetly differs from that of modern Europeans This difference is by no
means Imply one in levds of knowledge If a Europesn is placed under primitive
conditiors he will hardly be adle to use (or even show!) his knowledge of Ohm's law, the
chemicd formula for water, or the fact that the Eath revolves around the Sun and not
vice versa. But the difference in way of thinking, in the gpproach to the phenomena of
redlity, remains and will quickly show itsdf in behavior.

That difference can be summarized as follows. To a primitive person the observed
phenomena of the world appear to be caused by invisble supernaturd beings The
primitives resort to incantations, ritud dances sacrifices, drictly observed prohibitions
(tabus), and s0 on to gopease or drive off such beings. E. Taylor, one of the founders of
the sdentific dudy of primitive cultures, has cdled this view of the world animism,
assuming the exigence of spirits in dl objects To primitive people, certain myderious
relaions and influences can exid between different objects ("mydic participation,” in the
teeminology of the French ethnographer L. Levy Bruhl). Such rdaions dways exid, in
paticula between the object and its image, or name From this follow primitive magic
and beief in the mydica connection between the tribe and a particular anima Species
(the totem).

But what is mogt surprisng to the European is not the content of the representations of
primitive people, rather it is ther extreme resdance and insengtivity to the data of
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experience. Primitive thinking is inconcaivably consarvaive and dosed. Obvious facts
which, in the European's opinion, would inevitably have to change the notions of the
primitive individud and force him to recondder cetan convictions do not, for some
reason, have any effect on him a dl. And atempts to persuade and prove often lead to
results diametrically oppodte to what was expected. It is ths not the beief in the
exigence of oirits and a mydtica connection among objects, which is the more profound
difference between primitive and moden thinking. In the lag andyss, everything in the
world is truly interrdated! When presanting the law of universa gravity we could say
thet there is a sairit of gravity in every body and each oirit Strives to draw dosdy to the
other spirit with a force proportiond to the mass of the two bodies and inversdy
proportiond to the square of the distance between them. This would not hinder us & dl in
correctly cdculaing the movement of the planets But even if we do not use the word
"goirit," we dill use the word "force” And, in actudity, wha is the Newtonian force of
gravity? It is the same spirit: something unseen, unheard, unfdt, without taste or amdl,

but nonethdess redly exising and influenaing things

These characterigtics of the thinking of primitive people are amazingly widespread. It can
be sad that they are common to dl primitive peoples, regardless of ther racid afiliation
and geographic conditions and despite differences in the concrete forms of culture where
they manifex themsdves This gives us grounds to spesk of primitive thinking,
juxtgpodng it to modern thinking and viewing it as the fird, higoricaly inevitable phase
of human thinking. Without negating the correctness of such a divison or of our atempts
to explain the trandtion, it should be noted that, as with any divison of a continuous
process into distinct phasss, there are trangtiond forms too; in the thinking of a modern
cvilized person we often discern characterigtics that go back to the intellectud activity of
mammoth and cave-bear hunters.

BTHE METASYSTEM TRANSTION IN LINGUISTIC
ACTIVITY

THE PRMITIVE PHASE is the phase of thinking which follows immediaidy after the
emergence of language and is characterized by the fact that linguistic activity has not yet
become its own object. The trangtion to the phase of modern thinking is a metasysem
trangtion, in which there is an emeagence of linguidic activity directed to linguistic
activity. The language of primitive people is fird-levd language, while the languege of
modern people is second-leve language (which spedificaly indudes grammar and logic).
But the trangtion to modern thinking is not amply a metasystem trangtion in languege if
we view language daticdly, as a catan posshility or method of activity. It indudes a
metasysem trangtion in red linguigic adtivity as a soddly sgnificant norm of behavior.
With the trangtion to the phase of moden thinking it is not enough to think about
something: one mugt dso ask why one thinks that way, whether there is an dternaive
line of thought, and what would be the consequences of these particular thoughts. Thus,
moden thinking is citicd thinking, while primitive thinking can be cdled preciticd.
Critical thinking has become s0 accepted that it is taken for granted today. It is true that
we someimes sy that a paticular individud thinks uncriticdly: however, the term itsdf

144



means that uncitical thinking is the exception, not the rule An uncaitical qudity in
thinking is ordinarily conddered a weekness, and atempts are made to explain it in some
way-- perhaps by the influence of emotions, a desire to avoid certain conclusons, and so
on. In the case of certan convictions (dogmas. for example), uncritica thinking may be
judified by ther specid (or sacred) origin. But the generd dream of our thinking
continues to be citicd. This does not meen that it is dways origind and free of
Sereotypes, but even when we think in Sereotyped ways we are nonethdess thinking
criticaly because of the nature of the gereotype. It incdudes linguidic activity directed to
linguigic activity, it teeches to separate the name from the meaning and remember the
arbitrary nature of the connection between them, and it teaches us to think. "Why do |
tak or think this way?' Not only do we use this Serectype, we aso employ the results of
its use by preceding generations.

Things are different in primitive society, where the rdation between language and redity
IS not yet the object of thought. There the socid norm of thinking is to trest the words,
notions, and rules of ones culture as something unconditiondly given, absolute, and
insgparable from other dements of redity. This is a very fundamentd difference from the
modern way of thinking. Let us congder primitive thinking in more detall and show that
itsbadc observed characteristics follow from thisfesture, itsprecritical nature

We use bdow materid from the writings of L. Levy-Bruhl, Primitive Thinking.[1] This
book combines materid from Levy-Bruhl's La mentalité primitive and Les fonctions
mentales dans les sociétés inférieures). This book is interesting because it collects a great
ded of maeid on primitive culture which convindngly demondrates the difference
between primitive and modern thinking. A feaiure of Levy-Bruhl's conception is that he
describes the thinking of individud membes of primitive society as controlled by the
collective representations of the given culture (actudly, of course, this does not goply
only to primitive sodety, but Levy-Bruhl somehow does not notice this). Also to Levy-
Bruhl's credit is his obsarvaion thet collective representations in primitive society differ
fundamentdly from our own and therefore it is completdy incorrect to explan the
thinking of a primitive parson by assuming (often unconscioudy) that he is moden. The
res of Levy-Bruhl's concgption is quite unimportant. He describes primitive thinking as
"prdogicd,” "mydicdly oriented," and "controlled by the lawv of paticipation.” These
concepts remain very vague and add nothing to the maerid which has been collected.
Only the teem "prdogicd” thinking arouses our interest: it resembles our definition of
primitive thinking as precriticd.

B THE MAGIC OF WORDS

THE ASSOCIATION name-memning Li-R dready exids in primitive thinking for
language has become a firmly edtablished part of life but the associgion has not yet
become an object of atention, because the metasysem trangtion to the second leve of
linguigic activity dill has not teken place Therefore the assodation Li-R is percaved in
exactly the same way as any association R-R among dements of redlity, for example the
asoddion between lightning and thunder. For primitive thinking the relation between an
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object and its name is an asolute (0 to spesk physcd) redity which smply cannot be
doubted. In fact--and this follows from the fundamenta characteristic of the assodiation--
the primitive person thinks thet there is a Sngle object Li-R whose name L; and materid
appearance R are different parts or agpects Many investigators testify to the existence of
this attitude toward names among primitive peoples. "The Indian regards his name not as
a mere labd, but as a didinct pat of his persondity, just as much as are his eyes or his
tegth, and bdieves tha injury will result as surdy from the mdidous handling of his
name as from a wound inflicted on any pat of his physcd organism. This bdief was
found among various tribes from the Atlantic to the Padfic."[2] Therefore many peoples
folow the cusom of not usng a person s "red” name in everyday life, but indead usng a
nickname which is viewed as accidentd and abitrary. A. B. Hlis who dudied the
peoples of West Africa daes that they "bdieve tha there is a red and materid
connection between a man and his name, and tha by means of the name injury may be
done to the man... In consequence of this bdief the name of the king of Dahomi is
aways kept secret.... It gppears drange that the birth-name only, and not an dias, should
be beieved cagpable of carrying some of the persondity of the bearer dsawhere . . . but
the native view seems to be that the dias does not redly bedong to the man.[3] This
dividon of names into "red" and "not red" is obvioudy the firsd step on the pah toward
the metasystem trangtion.

The reaion between an object and its image is percaived in exactly the same way as
between an object and its name. In generd primitive thinking does not make any essntid
diginction between the image and the name This is not surprisng, because the image is
connected with the origind of the same assodation that the name is. The image is the
name and the name is the image. All images are names of an object taken together with
the object itsdf form a sngle whole something (spedificaly a representation crested by
an asoaidion). Therefore it seems obvious that when we act on a part we act by the same
token on the whole, which dso means on its other parts By meking an imege of a buffdo
pierced by an arow the primitive bdieves that he is fostering a successful hunt for a red
buffdo. G. Cdlin, an atis and scentis who lived among the Mandans of North
America, notes tha they believed the pictures in the portraits he made borrowed a certain
pat of the life principle from ther origind. One of the Mandans told him that he knew he
had put many buffao in his book because the Indian was there while he drew them and
ater that observed that there were not so many buffdo for food. Obvioudy the Indian
underdood thet the white man was nat literdly putting buffdo's in his book; but it was
nevethdess obvious to him that in some sense (pedificdly in reaion to the red-
buffao-buffdo-picture complexes) the white man was putting the buffdo in his book,
because their numbers declined. The word "put” [the Russan ulozhit--to put in, pack, fit]
is used here in a somewha metaphorical sense if the primary meaning refers to an action
on a "materid" buffdo, but this does not afect the vdidity of the thought. Many terms in
dl the worlds languages are used metgphoricaly, and without this the development of
language would be impossble. When we use the Russan expresson ulozhit' sya v golove
[literdly--to be packed, fit in the heed; the idiomaic meaning is "to be understood'] we
do not mean that something has been put in our head in the same way that it is packed in
asuitcase.
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B SPIRITSAND THE LIKE

NOW LET US MOVE ON to "spirits" which play such an important part in primitive
thinking. We dhdl se tha the gopearance of supenaturd beings is an inevitable
consequence of the emergence of language and that they disgppear (with the same
inevitability as they gppeared) only upon the metasysem trangtion to the levd of criticd
thinking.

Frd let us think about the gtuaion where language dready exids but its reation to
redity ill has not become an object of dudy. Thanks to language, something like a
doubling of objects occurs ingead of object R a person deds with a complex RL; where
Li isthe name of R . In this complex, the linguistic object L; is the more accessble and, in
this sense, more permanent componet. One can sy the word "sun" regardiess of
whether the sun is vishle a the particular moment or not. One can repeat the name of a
person as often as one likes while the person himsdf may be long dead. Each time his
face will rise up in the imagindion of the spesker. As a reault the rdation between the
name and the meaning becomes inverted: the object Li acquires the characteridics of
something primary and the object R becomes secondary. The normd reletion is restored
only after the metasystem trangtion, when R and L; are equdly objects of atention, and
the connection between them is of specid importance. Until this has happened the word
Li plays the leading role in the complex RL; , and the faithful imaginaion is reedy to link
any pictures with each word used in socd linguidic practices. Some words of the
language of primitive culture dgnify objects which redly exig from our modern point of
view while others ggnify things which from our point of view do not redly exig (soirits
and 0 on). But from the point of view of the primitive individud there is no difference
between them or perhgps smply a quantitative one. Ordinary objects may or may not be
visble (perhgps they are hidden; perhgps it is dark). They may be visble only to some.
The same is true of Sirits, only it is harder to see them; either no one sees them or they
ae 2en by sorcerers. Among the Klamath Indians in North America, the medicine nan
who was summoned to a Sck person had to consult with the spirits of certain animds.
Only one who had gone through a five-year course of preparation to be a medicine man
could see these spirits, but he saw them judt as plainly as the objects around himsdf. The
Taragumars believed that large snekes with horns and enormous eyes lived in the rivers.
But only shamans could see them. Among the Buryas the opinion was widespread that
when a child became dangeroudy ill the cause was a little animd cdled an anokkha
which was eating the top of the child s head away. The anokkha resembled a mole or c4,
but only shamans could see it. Among the Guichals there is a ritud ceremony in which
the heads of does are placed next to the heads of stags and it is consdered that both the
does and the stags have antlers, athough no one except the shamans see them.

There is an enormoudy broad variety of invisble objects in the representations of
primitive peoples They ae not just formless soirits, but dso objects or bangs which
have completdy defined externd agppearances (except thet they are not adways perceived
and not percaived by dl). Language provides an abundance of materia for the crestion of
imagined essences Any qudity is eadly and without difficulty converted into an essence.
The difference between a living peason and a dead one produces the soul, and the
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difference between a sck person and a hedthy one gives us illness. The representation of
illness as something subgtantia, objective, which may enter and depart from a body and
move in pace, is perhaps typica of dl primitive peoples The same thing is true of the
soul. It is curious that just as there are different illnesses among some peoples there dso
exig dfferent "souls' in the human being. According to the observations of A. B. Ellis
the Negroes of the West African coagt didinguish two human spirits kra and sraman.
Kra lives in the person as long as he is dive but departs when the person deeps, dreams
are the adventures of the kra When a person dies his kra may move to the body of
another parson or animd, but it may indead wander the world. The sraman forms only
upon the deeth of the person and in the land of the dead continues the way of life which
the deceased had followed.

This bdief shows even more dealy among the American Indians The Maenads for
example, beieve tha every person caries severd Spirits one of them is white, another is
swarthy, and the third is a light color. The Dakotas believe that a person has four souls
the corpord soul, which dies dong with the person; the spirit, which lives with the body
or near it; the soul, repondble for the actions of the body; and the soul that dways
remans near a lock of the deceased's harr, which is preserved by reatives until it can be
thrown onto enemy teritory, whereupon it becomes a wandering ghost carrying illness
and degth. G. H. Jones a stientig who dudied bdiefs in Korea, writes of spirits that
occupy the sky and everywhere on earth. They supposedly lie in wait for a person dong
the roads, in the trees in the mountains and valeys, and in the rivers and sreams. They
folow the person condantly even to his own home, where they have sdttled within the
walls, hang from the beams, and aitach themsdlves to the room dividers.

B THE TRASH HEAP OF REPRESENTATIONS

AS WE HAVE NOTED, it is nat the fact of bdief in the exigence of invisble things and
influences that didinguishes primitive thinking from modemn thinking, but the content of
the representations and particularly the relation between the content and the data of
experience. We bdieve in the exigence of neutrons dthough no one has ever seen them
and never will. But we know that dl the words in our vocabulary have meaning only to
the extent that, taken together, they successfully describe observed phenomena and help
to predict them. As soon as they sop fulfilling this role, as a result of new data from
experience or owing to reorganistion of the sysem of word use (theory), we toss them
adde without reget. That is what heppened, for example, with "phlogigon” or ether.
Even ealier, dl kinds of imagined beings and objects which were 0 typicd of the
thinking of our ancestors disgppeared from language and thinking. What irritates us in
primitive thinking is not the assumption of the exigence of Soirits but rather that this
assumption, coming together with certain assumptions about the traits and hebits of the
Soirits, explains nothing a dl and often smply contradicts experience. We dhdl cite a
few typicd obsarvations by invedigators. In his Nicobar Idand diaries, V. Solomon
wrate "The people in dl villages have peformed the ceremony cdled "tanangla™
agnifying dther "support” or "prevention.” This is to prevent the illness caused by the
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north-east monsoon. Poor Nicobarese! They do the same thing year after year, but to no
effect.” [4]

And M. Dobrizhoffer obsarved that

A wound inflicted with a spear often gapes so wide that it affords ample room for life
to go out and deeth to come in: yet if the man dies of the wound they madly believe
him killed not by a wegpon but by the deadly ats of the jugglers... They ae
persuaded that the juggler will be banished from amongst the living and made to atone
for their relation’s death if the heart and tongue be pulled out of the dead man's body
immediately after his decease, roasted at the fire and given to dogs to devour. Though
so many hearts and tongues are devoured, and they never observed any of the jugglers
die, yet they dill religioudy adhere to the custom of their ancestors by cutting out the
hearts and tongues of infants and adults of both sexes, as soon asthey have expired.[5]

Because primitive people are unable to make thar representations an object of andyss,
these representations form a kind of trash hegp. The trash hegp accumulaes eeslly but no
one works to dean it up. For the primitive there are not and cannot be meaningless
words. If he does not undersand a word it frightens him as an unfamiliar anima, wegpon,
or naurd phenomenon would. An opinion which has aisen as a result of the chance
combination of crcumstances is presarved from generdtion to generation without any red
bass. The explangtion of some phenomenon may be completdy arbitrary and nonethdess
fuly stidy the primitive. Critica thinking condders each explangtion (linguidic modd
of redity) dongdde other competing explangtions (modds) and it is not satisfied until it
is shown that the paticular explandtion is better than its rivds In logic this is cdled the
lav of auffidet grounds The law of suffident grounds is asolutdy foreign to
precriticd  thinking. It is here that the metasysem trangtion which separaies moden
thinking from primitive thinking is seen mogt dearly.

Thanks to this characteridic the primitives bdief in the effectiveness of magic
incantations, sorcery, and the like is unconquerable. His "theory” gives an explanation
(often not just one but severd!) for everything that hgppens around him. He cannot yet
evaduae his theory--or even individud parts of it--criticaly. P. Bowdich tdls of a savage
who took up a fetish which was supposed to make him invulnerable. He decided to tedt it
and let himsdf be shot in the am; it broke his bone The sorcerer explaned that the
offended fetish had just reveded to him the cause of what had happened: the young man
had had sexud rdations with his wife on a forbidden day. Everyone was stidied. The
wounded man admitted that it was true and his felow tribesmen were only renforced in
their beief. Innumerable Smilar examples could be given[6]

® BELIEF AND KNOWLEDGE

WHEN WE SAY that a primitive person believes in the exigence of spirits or certain
actions by them we predispose oursalves to an incorrect understanding of his psychology.
When spesking of beief we juxtgpose it to knowledge. But the very difference between
bdiegf and knowledge emerges only a the levd of criticd thinking and reflects a
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difference in the psychologicd vdidity of representations which follows from the
difference in their sources For a primitive there is no difference between bdief and
knowledge and his attitude toward his representations resembles our attitude toward our
knowledge, not our beliefs From a psychologicd point of view the primitive person
knows thet spirits exist, he knows that incantetions can drive out illness or inflict it, and
he knows thet after desth he will live in the land of the dead. Therefore we shdl avoid
cdling the primitive pesons worldview primitive rdigion; the tems “primitive
philosophy” or "primitive science' have equd right to exis. These forms of activity can
only be diginguished a the levd of caitica thinking. This refers both to the difference
between bdief and knowledge and to the difference between the "otherworldly” and that
which is "of this world" The fact that the representations of primitive people involve
soirits, ghogts, shadows of the dead, and other devil figures gill does not make these
representations  reigious, because dl of these things ae peacaved as entirdy of this
world ad jus as red (maeid if you like) as the animds, wind, or sunlight. L. Levy-
Bruhl, who defines the psychologicd adtivity of primitive man as mydic, nonethdess
emphaszes that this is not a al the same as mygidam in the moden meening of the
word. "For lack of a better term,” he writes, "I am going to use this one this is not
because of its connection with the rdigious mydicdsn of our soddies which is
something quite different, but because in the narowest meening of the word "mydic' is
cose to bdief in forces, influences, and actions which are unnoticed and intangible to the
sensss but red dl the same” Many observers are druck by how red the shadows or
goirits of ther ancestors seem to primitive peoples. R. Codrington writes about the
Mdanesans[7] When a native says that he is a person, he wants it understood thet he is a
person not a spirit. He does not meen that he is a person not an animal. To him,
intdligent beings in the world are divided into two categories. people who are dive and
people who have died. In the Motu tribe this is tamur and ta-mate When the
Meanesans see white people for the firg time they take them for ta-mate, tha is, for
spirits who have returned to life, and when the whites ask the netives who they are, the
latter cdl themsdves ta-mur, that is people not spirits. Among the Chiriguanos of South
America when two people meet they exchange this gredting: "Are you dive?--"Yes, |
am dive" Some other South American tribes dso use thisform.

B THE CONSERVATISM OF PRECRITICAL THINKING

CONSERVATISM is inherent in precriticd thinking; it is a direct consequence of the
absence of an goparaus for changing linguidic modds. All conceiveble kinds of rules
and prohibitions guide behavior and thinking adong a drictly defined path sanctified by
tradition. Violation of traditions evokes superdtitious terror. There have been cases where
people who accidentdly violated a tabu died when they learned what they had done.
They knew that they were supposed to die and they died as aresult of self-suggestion.

Of course, this does not mean that there is no progress whatsoever in primitive society.
Within the limits of wha is pemitted by cugom, primitive people sometimes
demondrate amazing feats of at, dexterity, paience, and pesgence. Within the same
framework tools and weapons are refined from generation to generation and experience is
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accumulated. The trouble is that these limitations are extremdy narrow and rigid. Only
exceptiond drcumstances can force a tribe (mogt likely the remnants of a tribe which has
been degtroyed by enemies or is dying from hunger) to violate custom. It was probably in
precisdy such gtudions that the mgor advances in primitive culture were made. A
people which has fdlen into isolation and owing to unfavorable naturd conditions is not
able to multiply and bresk up into bitterly hodile peoples may mantain its levd of
primitive culture unchanged for millennia

In the stage of precriticd thinking, language plays a paradoxicd role. In peformance of
its communicative function (communication among people, passing experience down
from generation to generation, dablizing socid groups) it is useful to people. But then its
noncommunicative, modding function causes more harm than good. This refers to those
modds which ae cesed not a& the levd of the asoddion of nonlinguigic
representations but only a the levd of language that is primaily the primitive "theory
of goirits" As we have dready noted, the communicative function itsef becomes possble
only thanks to the modding function. But as long as linguisic modds merdy reflect
neurond modds we spesk of the purdy communicative functions when new modds
(theories) are crested we ek of the noncommunicative function. In primitive society
we ¢ two theories the rudiments of aithmetic (counting by means of fingers, chips,
and the like) and the "theory of spirits" Arithmetic is, of course, a postive fhenomenon,
but it does not play a mgor pat in primitive life and is in fact asat among many
peoples the "theory of soirits” on the contrary, permeegtes dl primitive life and has a
negative influence on it. And this is the paradox. The fird indepedent Seps of the
linguidic system, which should according to the idea lead to (and later in fact do lead to)
an enormous legp forward in modding redity, a fird produce poisonous discharges
which retard further development. This is a result of the savage S0 to spesk, growth of the
"theory of spirits” It can be compared with a weed which sprouts on well-fertilized soil if
the garden is not managed. As we have seen, the weed's seeds are contained in the soil
itdf, in language Only the trandtion to the levd of aiticd thinking (careful cultivation
of the soil, sdlection of plantsfor crops, and weed control) produces the expected yield.

B THE EMERGENCE OF CIVILIZATION

WE KNOW THAT this trangtion took place. The emergence of criticd thinking was the
mogt important milepost of evolution after the gopearance of the human being. Criticd
thinking and dvilizetion aise a the same time and devedop in dose interdependence
Increasing labor productivity, contacts among different triba cultures, and the breskup of
society into dasses dl inexorably weeken traditiond triba thinking and force people to
reflect upon the content of their representations and compare them with those of other
cultures. In this critica thinking takes root and gradudly becomes the norm. On the other
hand, criticd thinking emancipates people and leads to a high rise in labor productivity
and to the appearance of new forms of behavior. Both processes support and reinforce
one ancther: society begins to develop swiftly. There is a kind of 180 degree turn in the
vector of society's interest: in primitive society it is directed backward, to the padt, to
obsarvance of the laws of ancetors, in a developing Studtion, a leest among pat of

151



society (the "cregtive minority” accordng to A. Toynbee), it is pointed forward, into the
future, toward change in the exiging gtuation. Thanks to a metasysem trangtion culture
acquires dynamiam and its own internad impetus toward development. The redirection of
language activity to itsdf crestes the darway effect: eech levd of logicd (language)
thinking, which has emerged as a result of the andlyss of logicd thinking, becomes, in its
turn an object of logicad andyds Criticd thinking is an ultrametasystem capable of sdf-
development. Primitive tribal cultures evolve by the formetion of groups and the druggle
for exigence among them, jus as in the animd world. Civilization evolves under the
influence of internd factors. It is true that the dvilizations of the past typicdly $opped in
their development upon reaching a certain leve; but dl the same the legps forward were
extremdy grest in compaison with the advances of primitive cultures, and they grew
larger as critica thinking became ever more edablished. Modern divilization is globd, so
that the factor of its druggle for exigence as a whole (that is to sy, agand rivads)
disgopears and dl its devdopment occurs excdusvdy through the action of internd
contradictions. Essentidly, it was only with the trangtion to the levd of citicd thinking
that the revolutionary essence of the emergence of thinking manifeted itsdf, and the age
of reason began in earnest.

In the process of a metasysem trangtion there is, as we know, a moment when the new
atribute demonstrates its superiority in a way which cannot be doubted, and from this
moment the metasystem trangtion may be conddered findly and irreversbly completed.
In the trangtion to citicd thinking this moment was the culture of Ancient Greece,
which it is absolutdy correct to cdl the cradle of modern dvilization and culture. At that
time, about 2500 years ago, philosophy, logic, and mathematics (mathematics in the full
sense of the word, that is to say, induding proof) emerged. And from that time critica
thinking became the recognized and essentid basis of developing culture,

[1] In Russan, Pervobytnoe myshlenie [Pimitive Thinking]. Ates Publishing House
1930.

[2] Origind in James Mooney, "The Sacred Formulas of the Cherokeg” 7th Annud
Report of the Bureau of Ethnology. Washington, GPO, 1885-1886, p. 343--trans.

[3] Origind A B. Ellis, The Ewe-Speaking People, London. 1890. p. 98--trans.

[4] Origind V. Solomon, "Extract from Diaries Kept in Car Nicobar,” Journal of the
Anthropological Institute of Great Brittain and Ireland 32 (January-June 1902); trans .

[5] Origind in M Dobritzhoffer, An Account of the Abipones, (London, 1822), Val 2, p.
223-trans.

[6] T. Edward Bowdich, Misson from Cagpe Coast Cadlle to Ashantee, (London: Frank
Cassand Co., Ltd, 3rd ed, 1966), p 439 - trans.

[7] The Mdanesan Languages (Oxford, 1891).
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CHAPTER NINE
M athematics Before The Greeks

NATURE'SMISTAKE

WE HAVE ALREADY mentioned the process of counting as an example of usng a
modd of redity tha is not contained in the brain but is created a the levd of language.
This is a vaery dear example. Counting is based on the ability to divide the surrounding
world up into disinct objects This ability emerged quite far back in the course of
evaution; the higher vertebrates agppear to have it in the same degree as humans do. It is
plan thet a living being capable of diginguishing separate objects would find it useful in
the sruggle for exigence if it could aso count them (for example this would hep one
become oriented in an unfamiliar areg). Destription by means of numbers is a naurd,
integrated complement to differentia description by recognition of didinct objects. Yet
the cyberndtic gpparatus for recognizing numbers, for counting, can be extremey smple
This task is much eader then disinguishing among separate objects. Therefore one would
expect thet, within limits imposed by the organizetion of the organs of Sght, recognition
of numbers would have gopeared in the course of evolution. The human eye can
didinguish tens and hundreds of didinct objects a once. We might expect that human
beings would be able to tdl a group of 200 objects from a group of 201 just as eedily as
we tell two objects from three.

But nature did not wish or was unable to give us this capability. The numbers which are
immediady recognizable ae ridiculoudy few, usudly four or five Through traning
cartain progress can be made, but this is done by mentaly bresking up into groups or by
memarizing pidures as whole units and then counting them in the mind. The limitation
on direct discrimination remans. It is in no way relaed to the organization of the organs
of dght and apparently results from some more deegp-seated characterigics of brain
dructure. We do not yet krow what they are. One fact forces us to ponder and suggests
some hypotheses:

In addition to spatid disrimingtion of numbers there is tempord discrimingion. You
never confuse two knocks a a door with three or one. But eight or ten knocks is adready,
no doubt, "many” and we can only didinguish such sounds by ther totd length (this
corresponds to the tota area occupied by homogeneous objects in spatid discrimination).
The limit which redricts both types of discrimingtion is the same Is this a chance
coincidence? It is possble that direct discrimingtion of numbers dways has a tempord
nature and that the capadity of the indantaneous memory limits the number of Stuations
it can diginguish. In this case the limitation on spatid discrimination is explained by the
hypothesis that the visud image is scanned into a time sequence (and there is a rgpid
switching of the eyes attention from object to object, which was discussed above) and is
fed to the very same gpparatus for andyss.
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Be that as it may, naure has left an unfortunate gap in our mentd device therefore
human beings begin work to creste a "continuation of the bran" by correcting netureés

mistake- -humans learn to count, and thus mathemetics begins.

B COUNTING AND MEASUREMENT

FACTS TESTIFY dealy tha counting emerges before the names of the numbers In
other words, the initid linguisic objects for condructing a modd ae not words but
diginct, uniform objects fingers gones knots and lines That is naurd. During the
emergence of language, words refer only to those concepts which dreedy exis, which is
to say, those which are recognized. The words "one," "two," and possibly "three" gppear
independently of counting (taking "counting” to mean a procedure which is prolonged in
time and recognized as such) because they rdy on the corresponding neurond concepts.
There is as yet nowhere from which to take the words for large numbers. To convey the
gze of some group of objects, the human being uses standard objects, establishing a one-
to-one correspondence among them, one after the other. This is counting. When counting
becomes a widespread and customary matter, word designations begin to emerge for the
mogt frequently encountered (in other words smdl) groups of standard objects. Traces of
their origin have remained in certan numbers For example, the Russan word for five,
pyat," is suspicioudy smilar to the old Savic pyad,’ which means hand (five fingers).

There are primitive peoples who have only "ong" "two," and "threg"; everything d<e is
"many." But this in no way excludes the &bility to count by usng standard objects, or to
convey the idea of sze by bresking down objects into groups of two or three, or by using
as yet unreduced expressons, such as "as mary as the digits on two hands, one foot, plus
one" The need for counting is Smply not yet great enough to edablish specid words.
The sequence "one, two, three, many" does not reflect an inability to count to four and
beyond, as is sometimes thought, but rather a diginction the human mind makes between
the firg three numbers and dl the res. For we can only unconscioudy--and without
exertion--diginguish the numbes to three To recognize a group of four we mus
concentrate especidly. Thus it is true for us as wel as for savages that everything which
ismore than three is "many.”

To convey large numbers people began to count in "large units”: fives, tens and twenties.
In dl the counting systems known to us large units are divisble by five, which indicates
that the fird counting tool was dways the fingers Sll larger units arose from
combingtions of large units. Separate hieroglyphs depicting numbers up to ten million are
found in Andient Egyptian papyruses.

The beginning of messurement, just as with counting, goes back to andent times
Measurement is dready found among the primitive peoples. Messurement assumes an
ability to count, and additiondly it demands the introduction of a unit of measure and a
measurement procedure that involves comparing what is being measured agang a unit of
messurement. The mos ancient meesures refer to the human body: pace cubit [lit.
"elbow"; the unit was the length of the forearm], and foot.
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With the emergence of dvilization the need for counting and for the &bility to perform
mathematica operations increases greatly. In developed socid production, the regulaion
of reaions among people (exchange, divison of property, impostion of taxes) demands
a knowledge of aithmetic and the dements of gometry. And we find this knowledge in
the mogt andent avilizations known to us Babylon and Egypt.

B NUMBER NOTATION

THE WRITING OF NUMBERS in andent times demondraes graphicaly the atitude
toward the number as a direct modd of redity. Let us take the Egyptian sysem for
example. It was based on the decimd principle and contained hieroglyphs for the one
(verticd lineg) and "large ones" To depict a number it was necessaxry to repeat the
hieroglyph as many times as it occurred in the number. Numbers were written in a amilar
way by other ancient peoples.
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Adapled from: G| Gleizer, Izioriya mealamatikl v shkode (The History of Mathematics in Schosd],

Prosveshchania Publishing House, Moscow, 1564

Figure 9.1. Number notation by different ancient peoples. Adapted from G. I.
Gleizer Istoriya matematiki v shkole (The History of Mathematics in School)

Prosveshchenie Publishing House Moscow, 1964.
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The Roman sygem is dose to this very form of notation. It differs only in that when a
gndler unit dands to the left of a larger it must be subtracted. This minor refinement
(together with introduction of the intermediate units V, L, and D) diminated the necessty
of writing out a series of many identicd symbols giving the Roman sysem such vitdity
that it continuesto exigt to the present day.

An even more radicd method of avoiding the cumbersome repetition of symbols is to
designate key numbers (less than 10, then even tens, hundreds, and so on) by Successve
letters of the dphabet. This is precisdly wha the Greeks did in the eighth century B.C.
Their adphabet was large enough for ones, tens, and hundreds, numbers larger than 1,000
were depicted by letters with a smdl dash mak to the left and beneath. Thus, [betg
dgnified two, [eta] Sgnified 20, and /[bet] sgnified 2,000. Many peoples (such as the
Armenians, the Jews, the Savs) borrowed this sysem from the Greeks. With dphabetic
numerdion the “modd” form of the number completdy disgppears, it becomes merdy a
symbol. Smplification (for purposes of rapid writing) of characters which initidly hed
modd form leads to the same result.

"Arabic’ numerds are bedieved to be of Indian origin, dthough not al specidids agree
with this hypothess Numbers are firg encountered in Indian writings in the third century
B.C. At this time two forms of writing were used, Kharoshti and Brahmi, and each one
had its own numerds. The Kharoghti system is interesting because the number four was
sdected as the intermediate age between 1 and 10. It is likely tha the oblique cross (x)
usd as a 4 tempted the crestors of the Kharodhti numbers by its amplicity of writing
while ill preserving the modding qudity in full (four rays). The Brahmi numerds are
more economicd. It is beieved that the fird nine Brahmi characters findly gave rise to
our modern numerds.

I m X IX IX XX ?

1 2 3 4 5 6 B 10
3 233 333 5333 Al U
20 50 &0 0 100 200

Figure 9.2. Kharoshti numerals.
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Figure 9.3. Brahmi numerals
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Figure 9.4. The genealogy of modern numerals (according to Menninger,
Zohlwort and Ziffer)

The loss of the modd form in numbers was more than compensated for in the ancient

world by the use of the abacus, a counting board with pardld grooves dong which
pebbles were moved. The different grooves corresponded to units of different worth. The
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abacus was probably invented by the Babylonians. It was used for dl four aithmetic
operations. Greek merchants used the abacus extensvely and the same kind of counting
board was common among the Romans. The Latin word for pebble, "caculus” began
adso to mean "computation.” And the Romans concelved the idea of putting the counting
pebbles on rods, which is how the abacus dill in use today originated. These very smple
counting devices were enormoudy important and only gave way to computetions on
daeboards or paper after the postiona system of notation had completely formed.

B THE PLACE-VALUE SYSTEM

THE BABYLONIANS lad the foundations of the place-vaue sysem the number sysem
they borrowed from the Sumerians, we see two basc "large ones”: ten and sixty, from the
most andent day tabletls which have come down to us, daing to the beginning of the
third millennium B.C. We can only guess where the number Sxty was teken from. The
wdl-known higorian of mathemdtics O. Neigebauer bedieves that it originated in the
relaion between the basc monetary units in drculaion in Mesopotamia one mana (in
Greek mina was Sxty shekels). Such an explanation does not satisfy our curiosity because
the quedion immediady aises why ae there axty shekds in a mana? It it precisdy
because a system based on sixty was used? After dl, we don't count by tens and hundreds
because there are 100 kopecks in a rublel F. ThureauDangin, an Assyriologis, gives
linguigic arguments to show tha the number sysem was the primary phenomenon and
the sysem of measures came second. Sdection of the number Sxty was apparently a
hisgorical accident, but one can hardly doubt that this accident was promoted by an
important characterigic of the number gxty, namdy that it has an extraordinarily large
number of divisors 2, 3, 4, 5, 6, 10, 12, 15, 20, and 30). This is avery useful festure both
for a mongay unit (dnce its exigent money has been evenly subdivided) and for
esablishing a sysem of counting (if we assume that some wise man introduced it, guided
congderations of convenience in caculation).

The mathemdicd culture of the Babylonians is known to us from texts daing from the
Ancdient Babylonian (1800-1600 B.C.) and the Sdeucidee epoch (305-64 B.C.). A
comparison of these texts shows that no radica changes took place in the mathematics of
the Babylonians during thistime.

The Babylonians depicted 1 by a narow veticd wedge ¥, while 10 was a wide

(

horizonta wedge

((( f"l

The number 35 looked like this

All numbers up to 59 were represented anadogoudy. But 60 was depicted once again by a
narrow verticd wedge, just the same as 1. In the most ancient tablets it can be seen tha
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the wedge representing 60 is larger than the wedge for 1. Thus the number 60 was not
only understood as a "lager one' but was 0 represented. "Large tens' appeared
corregpondingly for large units multiplied by 10. Later, the difference between large and
amdl wedges was log and they began to be diginguished by ther pogtion. In this way
the postiona sysem arose. A Babylonian would write the number 747 = 12 x 60 + 27 in

Yvy

V((vyy

the form . The third 60-base postion corresponds to the number
60° = 3600 and 0 on. But the most remarkable thing is that the Babylonians dso
represented fractions in this way. In a number following the number of ones each unit
ggnified 1/eo, in the next number each unit was 1/3600, and SO on. In modern decima
notetion we separate the whole part from the fraction part by a period or comma. The

v(((

Babylonians did not. The number could sgnify 1.5 or 90 with equa success
This same uncertainty occurred in writing whole numbers the numbers n, n x 60, n x
60% and so on were indistinguishable. Multipliers and divisors divisble by 60 had to be
added according to the ®nse. Because 60 is a farly large number, this did not cause any
particular problems.

When we compare the Babylonian pogtional sysem with our modern one we see thet the
uncertainty in the multiplier 60 is a result of the absence of a character for zero, which we
would add the necessary number of times a the end of a whole number or the beginning
of a fraction. Another result of the abisence of the zero is an even more serious
uncertainty in interpreting a numerical notation that in our system requires a zero in an
intermediate position. In the Babylonian notation, how can the number 3601 = 1.60° +
0.60 + 1 be diginguished from the number 61 = 1.60 + 1? Both of these numbers are
represented by two units (ones).  Sometimes this kind of uncertainty was diminated by
separding the numbers, leaving an empty place for the missng postion. But this method
was not used sysematicdly and in many cases a lage gap between numbers did not
mean ay thing. In the adronomicd tables of the Sdeucidae epoch one finds the missng
pogtion desgnated by means of a character resembling our period. We do not find
awthing of the sort in the Andent Babylonian epoch. But how were the ancent
Babylonians able to avoid confuson?

The solution to the riddle is beieved to condg in the following[1] The early Babylonian
mathematicd texts which have come down to us are collections of problems and thar
solutions, unquestionably cregied as learning ads. Their purpose was to teech practica
methods of solving problems But not one of the texts describes how to perform
aithmetic opeaions, in paticua the opeaions complex for tha time of
multiplication and divison. Therefore, we assume that the dudents knew how to do them.
It is improbable that they performed the omputaions in therr heed: they probably used
some abacus-like cdculding device On the abacus, numbers appear in their naurd,
spontaneoudy postioned form and no specid character for the zero is needed; the groove
corresponding to an empty podtion smply remains without pebbles Representation of a
number on the abacus was the basc form of assgning a number, and there was no
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uncatanty in this representation. The numbers given in cunaform mathematical  texts
srve as answers to dage-by-dage cdculaions, so that they could be used to check
correctness during the solution. The sudent mede the caculations on the abacus and
checked them agang the day tablet. Clearly the absence of a character for empty
postions did not hinder such checking & dl. When voluminous asronomica tables
became widespread and were no longer used for checks but rather as the sole source of
data, a separation dgn began to be used to represent the empty postions. But the
Babylonians never put their own "zero" a the end of a word; it is obvious that they
percaived it only as a separator, and not as a number.

Having familiarized themsdves with both the Egyptian and the Babylonian sysems of
writing fractions and performing operations on them, the Greeks sdected the Babylonian
sydem for adronomicd cdculations because it was incomparadly better, but they
preserved ther own dphabetic sysgem for writing whole numbers. Thus the Greek sysem
used in asronomy was a mixed one: the whole part of the number was represented in the
decima nonpostiond sysem while the fractiond pat was in the 60-base postiond
sydem-not a vey logicd solution by the crestors of logic! Following their hgopy
example we continue today to count hours and degrees (angular) in tens ad hundreds,
but we divide them into minutes and seconds

The Greeks did introduce the modern character for zero into the postiond system,
deriving it--in the opinion of a mgority of geddids--from the fird letter of the wo
doudeg, which means "nothing." In writing whole numbers (except for the number 0) this
character was not used, naturdly, because the aphabetic sysem which the Greeks used
was not apodtiona one.

The modern number sysem was invented by the Indians a the beginning of the sxth
century A.D. They gpplied the Babylonian podtiond principle and the Greek character
for zero to designate an empty place to a base of 10, not 60. The system proved to be
conggent, economicd, not in contradiction with tradition, and extremdy convenient for
computations.

The Indians passed their syslem on to the Arabs. The positiond number system gppeared
in Europe in the twdfth century with tranddions of aKwaizmi's famous Arab
aithmetic. It came into bitter conflict with the traditiond Romaen sysem and in the end
won out. As lae as the sxteenth century, however, an aithmetic textbook was published
in Garmany and went through many editions usng exdusvely "German,” which is to say
Roman, numerds. It would be better to say "numbers” because a tha time the word
"numerds’ was used only for the characters of the Indian sysem. In the preface of this
textbook the author writes "I have presented this aithmetic in conventiond German
numbers for the benefit and use of the uneducated reeder (who will find it difficult to
learn numerds a the same time)." Decmd fractions began to be used in Europe with
Simon Stevin (1548-1620).
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®APPLIED ARITHMETIC

THE MAIN LINE to modern science lies through the culture of Andent Greece, which
inherited  the achievements of the andent Egyptians and Babylonians The other
influences and relations (in paticular the trangmisson function caried out by the Arabs)
were of grester or lesser importance but, evidently, not crucid. The sources of the
Egyptian and Sumerian-Babylonian divilizations are log in the dark of primitive cultures
In our review of the higory of scence therefore, we shdl limit oursdves to the
Egyptians, Babylonians, and Greeks.

We have dready discussed the number notation of the Egyptians and Babylonians Al
we need now is to add a few words about how the Egyptians wrote fractions. From a
moden point of view thar sydem was veay orignd, axd vey inconvenient. The
Egyptians had a specid form of notation used only for so-caled 'basc” fractions. that is,
those obtained by dividing one by a whole number; in addition they used two smple
fractions which had had specid hieroglyphs from ancient times 2/3 and 3/4. In the very
latest papyruses, however, the soecid designaion for 3/4 disgppeared. To write a basic

fraction the symbol . , which meant "pat" had to be placed above the

conventional number (the denominator).

Thus -
IIn=112

The Egyptians expanded the other fractions into the sum of severd badc fractions For
example, 3/8 was written as 1/4 + 1/8, and 2/7 was written as 1/4 + 1/ 28. For the result of
dividing 2 by 29 an Egyptian table gave the following expanson:

2/29 = 1/29 + 1/58 = 1/174 + 1/232.

We ae not going to dwdl on the computaiond techniques of the Egyptians and
Babylonians. It is enough to say that they both were able to perform the four arithmetic
operations on dl numbers (whole, fractiond, or mixed) which they met in prectice. They
ussd auxiliary mahematica tables for operations with fractions these were tables of
inverse numbers among the Babylonians and tables of the doubling of badc fractions
among the Egyptians. The Egyptians wrote intermediate results on papyrus, wheress the
Babylonians goparently performed their operations on an abacus and thus the details of
their technique remain unknown.

Wha did the andent mathematicians caculate? One fragment of an Egyptian papyrus
from the times of the New Empire (1500-500 B.C.) describes the activity of the pharaoh's
scribes very colorfully and with a large dose of humor; for this reason it is invariably

cited in we shadl not be an exception. Here is the excerpt, somewhat shortened:
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| will cause you to know how matters stand with you, when you say "1 am the scribe
who issues commandsto thearmy. ". . . | will cause you to be abashed when | disclose
to you a command of your lord, you, who are his Royd Scribe.... the clever scribe
who is a the head of the troops. A building ramp is to be constructed, 730 cubits long,
55 cubits wide, containing 120 compartments, and filled with reeds and beams, 60
cubits high at its summit, 30 cubits in the middle, with a batter of twice 15 cubits and
its pavement 5 cubits. The quantity of bricks needed for it is asked of the generals, and
the scribes are dl asked together, without one of them knowing anything. They al put
their trust in you and say "You are the clever scribe. my friend! Decide for us
quickly!" Behold your name is famous.... Answer us how many bricks are needed for

it72]

Despite its populaity, this text is not too intdligible. But it neverthdess does give an idea
of the problems Egyptian scribes had to solve.

Specificdly, we see that they were supposed to be able to cdculate areas and volumes
(how accurady is ancther quedion). And in fact, the Egyptians possessed a certan
knowledge of geometry. According to the very sound opinion of the Ancient Greeks, this
knowledge arose in Egypt itsdf. One of the philosophers of Arigotlés school begins his
trestise with the words:

Because we must survey the beginning of the sciences and arts here we will state that,
according to the testimony of many, geometry was discovered by the Egyptians and
originated during the measurement of land. This measurement was hecessary because
the flooding of the Nile River congtantly washed away the boundaries. There is
nothing surprising in the fact that this science, like others, arose from human need.
Every emerging knowledge passes from incomplete to complete. Qriginating through
sensory perception it increasingly becomes an object of our congderation and is
finaly mastered by our reason. [3]

The divison of knowledge into incomplete and complete and a cartain gpologetic tone
concerning the "low" origin of the science are, of course, from the Greek philosopher.
Nether the Babylonians nor the Egyptians had such idess. For them knowledge was
something completely homogeneous. They were able to make geometric condructions
and knew the formulas for the area of a tiangle and cirde just as they knew how to shoot
bows and knew the properties of medicind plants and the dates of the Niles floods. They
did not know geometry as the at of deriving "true' formulas, among them it exised, as
B. Van der Waerden expressed it, only as a divison of applied arithmetic. It is obvious
that they employed certain guiding congderdtions in obtaining the formulas, but these
condderations were of little interest to them. They did not affect ther aititude toward the
formula

B THE ANCIENTS KNOWLEDGE OF GEOMETRY
WHAT GEOMETRY did the Egyptians know? -- the correct formulas for the area of a

triangle, a rectangle, and a trapezium. The area of an irregular quadrangle, to judge by the
one remaning document, was cadculated as follows hdf the sum of two oppodte Sdes
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was multiplied by hdf the sum of the other two oppodte sdes This formula is grosdy
wrong (except where the quadrangle is rectangular, in which case the formula is
unnecessary). There is no reasonable sense in which it can even be cdled goproximate. It
aopears tha this is the fird higtoricaly recorded example of a propostion which is
derived from "generd congderaions” not from a compaison with the daa of
expeience. The Egyptians cadculated the area of a crcle by squaring 8/9, of its diameter,
adifference of about 1 percent from the vaue of p.

They cdculated the volumes of pardldepipeds and cylinders by multiplying the area of
the base by the height. The most sophisticated achievement of Egyptian georretry known
to us is correct computation of the volume of a truncated pyramid with a square base (the
Maoscow papyrus). It follows the formula

V=(a’ +ab +b?) W3
where histhe height, a and b are the sides of the upper and lower bases.

We have only fragmertary information on the Ancent Babylonians knowledge of
mathematics, but we can gill from a generd idea of it. It is completedy certan that the
Babylonians were aware of what came to be cdled the "Pythagorean theorem™--the sum
of the squares of the ddes of aright triangle is equd to the square of the hypotenuse. Like
the Egyptians they computed the aess of triangles and trapeziums correctly. They
computed the drcumference and area of a dirde usng a vadue of p = 3, which is much

worse than the Egyptian goproximation. The Babylonians cdculaed the volume of a
truncated pyramid or cone by multiplying haf of the sum of the aress of the bases by the
height (an incorrect formuld).

® A BIRD'SEYE VIEW OF ARITHMETIC
THE SITUATIONS and representations in the human nevous sysem modd the
uccesson of daes of the environment. Linguidic objects modd the successon of

Stuations and representations. As a result a theory is a "two-gory" linguisic modd of
redity.
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Figure 9.5. Diagram of the use of a linguistic model of reality

This diagram shows the use of a theory. The Stuaion S is encoded by linguistic object
Li. This object may, of course, conds of a st of other objects and may have a very
highly complex dructure Object L; is the name for S;. Sometime later Stuation S
changes into dtuation $. A catan linguigic activity is performed and we convert L; into
another object Ly; if our modd is correct Ly isthe name of S,. Then, without knowing the
red dtuation S, we can get an idea of it by decoding linguidic object L. The linguidic
moded is planly determined by both the semantics of objects L; (the "materid part"
according to Russan militay terminology) and the type of linguidic adtivity which
convertsL into L.

Notice tha we have not sad anything about "isolaing the essentid aspects of the
phenomenon,” "the cause-effect reaion" or other such things which are usudly st in
places of honor when describing the essence of sdentific modding. And in our
presentation, dtudion § does not "gengrate’ gStuation S but only “"changes into” it. Of
course, this is no accident. The diagram we have drawvn logicdly precedes the above-
mentioned philosophical concepts. If we have a linguisic modd (and only to the extent
that we do have one) we can tdk about the essentid agpect of a phenomenon,
idedlization, the cause-effect rdation, and the like. Although they gppear to be conditions
for the credion of a linguidic modd, dl of these concepts are in fact nothing but
description in generd terms (dthough very important and necessay ones) of dready
exising models. Although these concepts gopear to "explan® why a linguistic modd can
exig in gened, in redity they are dements of a linguidic modd of the next levd of the
control hierarchy and, of course, appear later in higory than the primary linguistic models
(for example aithmetic ones). Before usng these concepts, therefore, we mugt ascertan
thet linguisic modds exis in generd. And on this levd of destription we need not add
anything to the diagram shown in figure 9.5.

But theories are crested and developed by the trid and error method. If there is a garting
point, then beginning from it a person tries to build linguidic constructions and test the
results The phases of building and tesing are condantly dternating: condruction gives
riseto testing and testing givesrise to new condructions.
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The dating point of arithmetic is the concept of the whole number. The aspect of redity
this concept reflects is the following: the reaion of the whole to its parts the procedure
for bresking the whole down into parts. The same thought can be expressed the other way
around: a number is a procedure for joining parts into a whole, that is, into a certain set.
Two numbers are conddered identicd if thelr parts (st dements) can be placed in a one-
to-one correspondence; edtablishing this correspondence is counting. It is obvious
however, that numbers are not enough for a theory; we must aso have operations with

them. These are the dements of the modd's functioning, the conversons L; ® Ly. Let us
take two numbers n and m and represent them schematicdly as two modes of bresking a

whole down into parts (figure 9.6 a).

n

Figure 9.6. Operations on whole numbers

How can we from these two numbers obtain a third--that is, a third mode of bresking
down the whole into parts? Two modes come to mind immediady. They can be cdled
padld and sequentid joining of breskdowns In the pardld mode both wholes form
parts of a new whole (figure 9.6 b). This breskdown (number) we cal the sum of the two
numbers. With the sequentid mode we take one of the breskdowns and bresk down each
of its parts in accordance with the other breskdown (figure 9.6 ¢). The new number is
cdled the product. It does not depend on the order of the generating numbers. This can be
seen vary wel if we interpret the actions with the numbers not as joining breskdowns but
as forming a new set. The sum is obvioudy the result of merging the two sets into one
(their union). The prototype of the product is the st of combinations of any dement of
the firg st with any dement of the second (in mathematics such a st is cdled the direct
product of sets). The connection between this definition and the preceding one can be
traced as follows. Suppose the firgt breskdown divides whole number A into parts ai, a, .
.., ap and the second divides B into parts by, by, . . ., by . After performing the firgt
breskdown we mark the parts obtained with the letters g. Bresking down each part into
parts b; we keep the firdt letter and add a second. This means thet in each part of the result
there will be an g by, and dl these combinations will be different. The approaches from
the whole to the part and from the part to the whole complement one ancther. It is dso
easy to see from figure 9.6 ¢ that multiplication can be reduced to repested addition.

Of course the ancients who were credting aithmetic were far fram this reasoning. But

then again, the frog did not know tha its nervous sysem had to be organized on the
hierarchicd principle ether! What isimportant is that we know this.
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Having linguigic objects that depict numbers and being abile to peform additon and
multiplication with them we receive a theory thet gives us working modds of redlity. Let
usfigure avery ample example, which darifiesthe diagram in figure 9.6.

Suppose a ceartain famer has planted whegt in a fiedd 60 paces long and 25 paces wide.
We dhdl assume that the farmer expects a yidd of one bushe of wheat per square pace.
Before beginning the harvest he wants to know how many bushds of wheat he will get.
In this case S is the dtuation before the wheat harvest, specificdly induding the result of
measuring the width and length of the fidd in paces and the expected yidd, S is the
gtudtion dter the havest, spedficdly induding the result of messuring the amount of
whegat in bushds, L; is the linguistic object 60 x 25 (the multiplication Sgn is a reflection
of gtudion S just as the numbers 60 and 25 are it reflects the dructure of the st of
square paces on the plane as a direct product of the sets of linear paces for length and
width); $ isthe linguistic object 1,500.

Note that by theory we mean smply a linguisic modd of redity which gives something
new in comparison with neurona modds. This definition does not take into account that
theories may form a contral hierarchy; this fact is difficult to reflect without introducing
mathematical apparatus. More generd models can generate more paticular ones. We
shdl congder the teems theory and linguistic model to be synonymous, but nonetheess
when we are spesking of one modd generating another, we shdl cal the more generd
one atheory and the more particular one amoded.

B REVERSE MOVEMENT IN A MODEL

A THEORY THAT has just been created mug first be tested comprehensively. It must be
compared with experience and searched for flaws If the theory is vaid, an atempt must
then be made to give the modd "reverse movement,” to determine specific characteridtics
of Ly on the bads of a given L,. This procedure is by no means without practica
importance. A person uses a modd for planning purpossful activity and wants to know
whet he mugt do to obtain the required result--what L; should be in order to obtain a
gven Ly. In our example with the farmer, the question can be put as follows given the
width of acertain fied, what should the length be to obtain a given amount of wheat?

But sudying the reverse movement of a modd is not dways dictated by practicd needs
of the moment. Often it is done for pure curiogty--to "see what happens.” Nonetheless,
the result of such adtivity will be a better underdanding of the organization and

characteridtics of the modd and the creation of new condructions and models which, in
the lagt andyds, will lead to greatly enlarged practicd ussfulness. This is the supreme
wisdom of nature, which gave human beings "pure” curiosty.

In arithmetic the reverse movement of a mode leads to the concept of the equation. The
amplest eguations generate the operdions of subtraction and divison. Usng modern
dgebrac language. we define the difference b--a as the solution of the equation a + x =
b-- in which x is the number that makes this equdity true The quotient from dividing b
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by a is determined andogoudy. The operation of divison generaes a new condruction:
the fraction. Repeated multiplication of a number by itsdf generaes the condruction of
exponentid degree, and the reverse movement generates the operation of extracting the
root. This completes the lig of aithmetic condructions in use among the Ancient

Egyptians and Babylonians

B SOLVING EQUATIONS

WITH THE DEVELOPMENT of techniques of computation, and with the development
of dvilization in generd, increesingly complex eguations began to gopear and to be
solved. The ancients, of course, did not know modern agebraic language. They expressed
equations in ordinary conversationd language as is done in our grammar school
aithmetic textbooks. Neverthdess, thar substance was not changed. The ancients (and
today's school children) were solving equations.

The Egyptians cdled the quantity subject to determination the akha which is trandaed as
"certain quantity” or "bulk." Here is an example of the wording of a problem from an
Egyptian pepyrus "A quatity and its fourth pat together give 15" In moden
meathematicd terminology this is the problem of "parts” and in agebrac language it
corresponds to the equation X + 1/4 x = 15.

Let us give an example of a more complex problem from Egyptian times "A square and
another square whose gde is 1/2 + 1/4 of a Sde of the firg square together have an area
of 100. Cdculaethisfor me" The solution in modern notetion is as follows

X% + (3/4x)% = 100

(1+ 9/16)x° = 100

54 x=10

x=8,34x=6
Hereisthe description of the solution in a papyrus.
"Take a square with dde | and take 1/2 + 1/4 of 1, that is, 1/2 + 1/4, as the Sde of the
second area Multiply 1/2 + 1/4 by itsdf; this gives 1/2 + 1/16. Because the sde of the
fird areais taken as 1 and the second as 1/2 + 1/4, add both aress together; this gives 1 +
1/2 + 1/16. Take the root from this: this will be 1 + 1/4. Take the root of the given 100:
thiswill be 10. How many times does 1 +1/4 go into 107 It goes eight times.”

The rest of the text has not been preserved, but the conclusion is obvious 8 - 1 = 8 isthe
Sdeof thefirg squareand 8 (1/2 + 1/ 4) = 6 is the second.
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The Egyptians were adle to solve only liner and very smple quadratic equaions with
one unknown. The Babylonians went much further. Here is an example of a problem
from the Babylonian texts
"| added the areas of my two souares 25 - 25/60. The sde of the second square is 2/3 of
the 9de of the firsd and five more™ This is followed by a completdy correct solution of
the problem. This problem is equivaent to a sysem of equations with two unknowns.
x? +y? = 25" 25/60
y=2/3x+5
The Babylonians were able to solve afull quadratic equation:
X2 +- ax = b,
cubic equations.
x3=a
x*x+1)=a
and other sysems of equations Smilar to those given above aswell as ones of the type
X+-y=a Xy=>b
In addition to this they used formulas
(a+ b)?>=a’+2ab+ 1
(a+ b)(a-b) = (a*- b?)
were aile to sum aithmetic progressons, knew the sums of catan number saries and

knew the numbers which later came to be cdled Pythegorian (such whole numbers X, v,
and zthat X% +y* = 7).

B THE FORMULA

THE PLACE of Andent Egypt and Babylon in the higtory of mathematics can be defined
as follows the formula firs appeared in these cultures. By formula we meen not only the
dphanumeric expresson of moden dgerac language but in (gened ay linguidtic
object which is an exact (formd) prescription for how to make the converson Ly ® Lo,
or awy axiliay conversons within the framework of language. Formulas ae a mogt
important pat of any eaborated theory dthough, of course, they do not exhaud it
because a theory dso indudes the meanings of linguidic objects Li. The assartion tha

16¢



there is a rddion between the magnitudes of the ddes in a right triangle, which is
contained in the Pythagorian theorem, is a formula even though it is expressed by words
rather than letters. A typicd problem with a description of the process of solution (Do it
this way!") and with a note that the numbers may be arbitrary (this may not be expressed
but rather assumed) is ds0 a formula It is predsdy such formulas which have come
down to usin the Egyptian papyruses and the Babylonian clay teblets.

[1] See B. L. van der Waerden's book Ontwakende Wetenschap, in English: Science
Awakening, New Y ork: Oxford University Press, 1969).

[2] van der Waerden, Science Awakening, p. 17.

[3] This fragment has come down to us through Procul (fith century B.C), a
commentator on Eudlid.
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CHAPTER TEN
From Thalesto Euclid

B PROOF

NEITHER IN Egyptian nor in Babylonian texts do we find anything even remotely
resembling mathematica proof. This concept was introduced by the Greeks and is ther
grestes contribution. It is obvious that some kind of guiding condderaions were
employed earlier in obtaining new formulas. We have even dted an example d a grody
incarrect formula (for the area of irregular quadrangles among the Egyptians) which was
planly obtaned from externdly plausble "generd consderations” But only the Greeks
began to give thee guiding condderdaions the serious atention they deserved. The
Greeks began to andyze them from the point of view of how convincng they were, and
they introduced the principle according to which every propogtion concerning
mahemdticd formulas with the excgption of jus a sndl number of "completdy
obvious' basc truths, must be proved--derived from these "perfectly obvious' truths in a
convincing manner admitting of no doubt. It is not surprisng that the Greeks, with ther
democratic socid order, created the doctrine of mathematical proof. Disputes and proofs
played an important pat in the life of the dtizens of the Greek city-gtate (palis). The
concept of proof dready exided; it was a soddly dgnificant redity. All that remained
was to trander it to the fidd of mahematics, which was done as soon as the Greeks
became acquainted with the achievements of the ancient Eagtern civilizetions It mugt be
assumed that a certain pat here was dso played by the role of the Greeks as young,
curious sudents in relaion to the Egyptians and Babylonians, ther old teachers who did
not aways agree with one another. In fact, the Babylonians determined the area of a
drde according to the formula 3r?, while the Egyptians used the formula (8/9. 2r)%
Where was the truth? This was something to think about and debate.

The creators of Egyptian and Babylonian mathematics have remaned anonymous The
Greeks presarved the names of ther wise men. The fird, Thdes of Miletus is dso the
fird name induded in the higory of science Thdes lived in the sixth century B.C. in the
cty of Miletus on the Ada Minor coast of the Aegean Sea. One date in his life has been
firmly edtablished: in 585 B.C. he predicted a solar edipse--unquestionable evidence of
Thdess familiaity with the culture of the andent dvilizations, because the experience of
tens and hundreds of years is required to etablish the periodicity of eclipses Thdes had
no Greek predecessors, and could therefore only have taken his knowledge of astronomy

from the stdentigs of the Eadt. Thaes the Greeks assat, gave the world the firg
mathematical proofs. Among the propostions (theorems) proved by him they mention the
fallowing:

1 Thediameter dividesacircleinto two equal parts.

2 Thebase angles of anisoscelestriangle are equal.

3 Two triangles which have an identical side and identical angles adjacent to it are equal.
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In addition, Thales was the fird to congruct a cirde crcumscribed about a right triangle
(and it issad that he sacrificed an ox in honor of this discovery).

The very ample nature of these three theorems and ther intuitive obviousness shows that
Thaes was entirdy aware of the importance of proof as such. Fanly, these theorems
were proved not because there was doubt about their truth but in order to meke a
beginning a sysgemdicdly finding proof and deveoping a technique for proof. With
such apurposeit is naturd to begin by proving the Smplest propositions.

Suppose triangle ABC isisoscdes, whichisto say Sde ABisequd to Sde BC.

B

A c
D

Figure 10.1. Isosceles triangle.

Let us divide angle ABC into two equd pats by line BD. L& us mettdly fold our
drawing dong line BD. Because angle ABD is equd to angle CBD, line BA will lie on
line BC, and because the length of the ssgments AB and BC is equd, point A will lie on
point C. Because point D remans in place, angles BCD and BAD musgt be equd. Whereas
fomely it only seemed to us tha angles BCD and BAD were equa (Thdes probably
gooke this way to his flow ditizens), we have row proved that these angles necessarily
and with absolute precison must be equd (the Greeks sad "smilar”) to one ancther: thet
is, they match when oneis placed on the other.

The problem of condruction is more complex and here the result is not & dl obvious
beforehand. Let usdraw aright triangle.
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A c

Figure 10.2. Construction of a circle described around a right triangle

May a cdirde be drawn such that dl three vertices of the triangle gopear on it? And if so,
how? It is not dear. But suppose that intuition suggests a solution to us. We divide the
hypotenuse BC into two equal ssgments a point D. We connect it with point A. If
ssgmett AD is egud in magnitude to ssgment DC (and therefore adso to BD) we can
eedly draw the required cirde by putting the point of a compass & point D and taking
ssgmet DC as the radius Bt is it true tha AD =DC, tha is to say triangle ADC is an
isosceles triangle? It is not clear. It seems probable, but in any case it is far from obvious.
Now we shdl take the crucid step. We shdl add point E to our triangle, meking rectangle
ABEC and draw in a second diagond AE. Suddenly it becomes obvious that triangle ADC
is isocdes Indeed, from the overdl symmetry of the drawing it is dear that the
diagonds are equd and intersect & the point which divides them in hdf--at point D. We
have not yet arived a proof, but we dreedy ae a tha levd of daity where formd
completion of the proof presents no difficulty. For example, reying on the equality of the
opposte Sdes of the rectangle (which can be deived from even more obvious
propositions if we wish), we complete the proof by the following ressoning: triangles
ABC and AEC ae equd because they have sde AC in common, Sdes AB and EC ae
equa, and angles BAC and ECA ae right angles, therefore angle EAC is equd to angle
BCA. Tha is, triangle ADC is an isoscdes triangle, which iswhat had to be proved.

B THE CLASSICAL PERIOD

SO, FROM a few additiond points and lines on a drawing, a chain of logica reasoning,
and ample and obvious truths we receive truths which are by no means smple and by no
means obvious, but whose correctness no one can doubt for a minute. This is worth
saorificdng an ox to the gods for! One can imagine the ddight the Greeks experienced
upon meking such a discovery. They had druck a vein of gold and they diligently began
working it. In the time of Pythagoras (550 B.C.) the sudy of mathematics was dreedy
very widesoread among people who had leisure time and was corsidered a noble,
honorable, and even sacred matter. Advances and discoveries, each more marvelous than
the one before, poured from the horn of plenty.

173



The gppearance of proof was a metasysem trangtion within language. The formula was
no longer the gpex d linguidic activity. A new dass of linguigic objects gopeared, proaf,
and there was a new type of linguigic activity directed to the sudy and production of
formulas. This was a new sage in the control hierarchy and its appearance cdled forth
enormous growth in the number of formulas (the law of branching of the penultimeate
leve).

The measygem trangtion dways means a quditative legp forward--a flight to a new
dep, swift, explosve devdopment. The mahematics of the countries of the Andient East
remaned dmaost unchanged for up to two millennia, and a person of our day reads about
it with the condescenson of an adult toward a child. But in just one or two centuries the
Greeks cregted dl of the geometry our high school students sweet over today. Even more,
for the present-day geometry curricullum covers only a pat of the achievements of the
initid, "classcd," period of devedopment of Greek mathematics and culture (to 330
B.C.). Hereisashort chronicle of the mathematics of the dassicd period.

585 B.C. Thales of Miletus. The first geometric theorems.

550 B.C. Pythagoras and his followers. Theory of numbers. Doctrine of harmony.
Condruction of regular polyhedrons  Pythegoreen  theorem.  Discovery  of
incommenaurable line ssgments. Geometric adgebra. Geometric  condruction  equivaent
to solving quadratic equations.

500 B.C. Hippasas, Pythagorean who was forced to bresk with his comrades because he
shared his knowledge and discoveries with outsders (this was forbidden among the
Pythagorearns). Specificdly, he gave away the condruction of a sphere drcumscribed
about a dodecahedron.

430 B.C. Hippocrates of Chios (not to be confused with the famous doctor Hippocrates of
Kos). He was conddered the most famous geometer of his day. He sudied squaring the
cdrce, making complex geometric condructions. He knew the rdaionship between
inscribed angles and arcs, the condruction of a regular hexagon, and a generdization of
the Pythagorean theorem for obtuse- and acute angled triangles Evidently, he consdered
dl these things dementary truths. He could square any polygon, tha is condruct a
square of equd areafor it.

427-348 B.C. Plato. Although Plao himsdf did not obtain new mahemdicd resuits, he
knew mathematics and it sometimes played an important pat in his philosophy--just as
his philosophy played an important part in mathemaics. The mgor mahematidans of his
time, such as Archytas, Thesetetus, Eudoxus, were Plato's friends, they were his students
inthefield of philosophy and histeechersin thefidd of mathematics

390 B.C. Archytas of Tarentum Stereometric solution to the problem of doubling the

cube--that is condructing a cube with a volume equa to twice the volume of a given
cube.
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370 B.C. Eudoxus of Cnidus Elegat, logicdly irreproachable theory of proportions
cosdy gpproaching the modern theory of the red number. The "exhaugion method,”
which forms the basi's of the modern concept of theintegrd.

384-322 B.C. Aristotle He marked the beginning of logic and physics Arigtotle's works
reved a complete magtery of the mathematicd method and a knowledge of mathemdtics,
dthough he, like his teecher Plao, made no mahematicd discoveries Aridotle the
philosopher isinconceivable without Aristatle the mathemetician.

300 B.C. Euclid. Eudid lived in a new and different age, the Alexandrian Epoch. In his
famous Elements Eudid collected and sysematized al the most important works on
mathematics which exisged a the end of the fourth century B.C. and presarted them in
the spirit of the Patonic school. For more than 2,000 years school courses in geometry
have followed Eudid's Elements to some extent.

B PLATO'SPHILOSOPHY

WHAT IS MATHEMATICS? What does this science ded with ? These questions were
rased by the Greeks after they had begun to condruct the edifice of mathematics on the
bass of proofs, for the aura of asolute vdidity, of virtud sanctity, which mathematica
knowledge acquired thanks to the existence of the proofs immediatdy made it gand out
agang the background of other everyday knowledge. The answer was given by the
Matonic theory of ideas. This theory formed the bass of dl Gresk philosophy, defined
the style and way of thinking of educated Greeks, and exerted an enormous influence on
the subsequent deveopment of philosophy and science in the Greco-Romant European
culture.

It is not difficult to edablish the logic which led Plao to his theory. Wha does
mathematics tak about? About points, lines, right triangles, and the like. But are there in
naure points which do not have dimendons? Or absolutdy draight and infinitdy fine
lines? Or exactly equd line segments, angles, or areas? It is plain that there are not. So
mahemdiics dudies nonexigent, imagined things it is a sdence about nothing. But this
is completdy uneccepteble. In the firg place, mathematics has unquestionably produced
practical benefits. Of course, Plato and his followers despised practicd affairs, but this
was a logicd result of philosophy, not a premise In the second place, any person who
Sudies mathemetics senses very dearly that he is deding with redity, not with fiction,
and this sensation cannot be rooted out by any logicd arguments. Therefore, the objects
of mathemdtics redly exig but not as materid objects, rather as images or idess, because
in Greek the word "ided' in fact meant "imege' or "form."[1] Idess exid outdde the
world of materid things and independent of it. Materid things percaived by the senses
are only incomplete and temporary copies (or shadows) of perfect and eterna idess. The
assartion of the red, objective exigence of a world of idess is the essence of Pato's
teaching ("Platonism”).

175



For many centuries hopdesdy irresolveble disputes aose among the Plaonids over
atempts to in some way give concrete form to the notion of the world of idess and its
interaction with the maeid world. Plao himsdf wisdy remaned invulnerable, avoiding
specific, concrete terms and using a metaphorica and poetic language. But he did have to
enter a polemic with his sudent Eudoxus, who not only proved mathematicd theorems
but dso defended trading in dlive oil. Such a postion of course redricted the influx of
new problems and idess and fodered a canonization and regimentation of scientific
thought, thus retarding its development. But beyond this Paonism dso had a more
concrete negative effect on mathematics. It prevented the Greeks from creeting dgebraic
language. This could be done only by the less educated and more practicad Europeans.
Later on we shdl condder in more detal the higory of the crestion of modern dgebraic
language and the inhibiting role of Plaonism, but fird we shdl discuss the answers given
by modern science to the questions posed in Platonic times and how the answers given by
Mato look in higtorical retrospect.

B WHAT ISMATHEMATICS?

FOR US MATHEMATICS is aove dl a language that makes it possble to cregte a
catan kind of modds of redity: mathematicd modds As in awy other language (or
branch of language) the linguidic objects of mahematics mahemdicd objects ae
materid objects that fix definite functiond units mathematicd concepts. When we say
that the objects "fix functiond units' we take this to meaen tha a person, usng the
discriminating capabiliies of his brain, peforms ceatan linguidic actions on thee
objects or in rdation to them. It is plain that it is not the concrete form (shgpe, weight,
andl) of the mahematica object which is important in mathemdtics it is the linguidic
activity rdaed to it. Theefore the tems "mahemdicd object” and "mahematica
concept” are often used as synonyms. Linguidic activity in mathematics naturdly bregks
into two pats the edablishment of a rdaionship between mathematica objects and
nonlinguidic redity (this activity defines the meanings of mahematicd concepts), and
the formulations of conversons within the language, mathematicad cdculaions and
proofs. Often only the second part is wha we cdl "mathemetics' while we congder the
firgt as the "gpplication of mathematics.”

Points, lines, right triangles, and the like are dl mathematicad objects. They make up our
geometric drawings or sereometric modds. spots of color, bals of modding day, wires,
pieces of cardboard, and the like. The meanings of these objects are known. The point,
for example, is an object whose dimensons and shgpe may be neglected. Thus the "point”
is gamply an abdract concept which charecterizes the rdaion of an object to its
surroundings. In some cases we view our plangt as a point. But when we condruct a
geometric modd we usudly make a smdl spot of color on the pgper and say, "Let point A
be given." This oot of color is in fact linguistic object L;, and the planet Earth may be the
corresponding object (referent) R. There are no other true or ided” points, thet is, without
dimengons. It is often sad that there are no "tru€’ points in nature, but that they exig
only in our imagindtion. This commonplace datement is dther absolutdy meaningless or
fdse, depending on how it is interpreted. In any case it is harmful, because it obscures the
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essence of the matter. There are no "true’ points in our imagination and there cannot be
any. When we sy that we are picturing a point we are Smply picturing a very smdl
object. Only that which can be made up of the daia of sensory experience can be
imagined, and by no means dl of tha. The number 1,000 for example cannot be
imagined. Large numbers ided points and lines exist not in our imagination, but in our
language, as linguidic objects we handle in a cetan way. The rules for handling them
reved the essence of mathematica concepts, specificaly the "idedity of the point.” The
dimendons of points on a drawing do nat influence the devdopment of the proof, and if
two points must be st s0 close that they merge into one, we can increase the scde.

But aent the assations of mathemdics characterized by absolute precison and
correctness which differs sharply from the content of empiricd knowledge -- which is
primarily approximate and hypotheticd? We can find by messurements that two
segments are gpproximatdy equd, but never that they are exactly equd; such assartions
are the privilege of mahematics. On the bass of long centuries of human experience we
can predict evay evening that the sun will rise agan the next moming. But this
prediction is nothing more than a hypothess dthough an extremdy probable one. It is
not impossble tat somewhere n the interior of the sun or outgde it a cosmic catastrophe
of unknown nature is coming to a head which will cause the sun to go out or bresk into
pats But when we say that adding two and two will give four or that the equation x> =2
has no rationad solutions, we are convinced that these predictions are absolutely correct
and will be true dways and evaerywhere, even if the sun and the entire gdaxy as well
bresk into litle pieces We dmply cannot imagine that it could be othewise
Consequently, there is a difference between mathematicd modds of redity and other
modds which are made up of the content of our everyday experience of the naturd
stences. What isthe nature of this difference?

mPRECISION IN COMPARING QUANTITIES

IT IS EASY to see tha the aisolute precison in comparing measurable objects in
mathemdtics and the absolute definiteness of mahematicd assations ae amply results
of the fact that mahemaica languege is a disrete cyberngtic sysem. But is it redly
discrete?  There is no doubt with respect to aithmetic, dgebra, and in generd the
language of symbols. If the top part of the numerd two is enlarged or decreased in Sze it
will not become 2.01 or 1.99. A text conggting of N symbals is a cybernetic sysem of N
subsystems, each of which can be pictured as a cdl contaning a symbol.  Suppose tha
the full number of different symbals is n; then each subsystem may be in one of n States.
But geometric language, the language of figures, seems a firg glance to be acontinuous
sysem. Lines on a drawing may have abitrary length, form arbitrary angles and so on.

Nonetheless, in action geometric language proves to be a discrete sysem.  The detalls of
a geometric drawing, such as the vaues of the lengths of segments and the magnitudes of
the angles, play no pat in the development of the proof or in decoding the drawing. The
only essentid things are such characterigtics of the drawing as whether two given draight
lines intersect, whether a given draight line passes through a given point, whether a given
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point lies & the intersection of a given draight line and a given drce, and so on.  All of
this information may be coded in text using some specid sydem of desgnations or
amply in the Russan or English bnguage. The language of geometry can be compared
with the language of chess-playing. The chess pieces never occupy the exact centers of
the squares of the board and they may even protrude in part outsde their own square, but
this has no effect a dl on the moves the pieces can make.

Assrtions of the absolutdy exact equdity of segments angles, and the like are Smply
catan daes of the “geometric language’ sysem. Because this sysem is discrete and
determinigtic, on the condition that the rues of logica deduction are observed, if it
follows from the conditions of the problem that AB = BC, we shdl invariadly recave this
result, no matter how many times we repeet the proof (it is assumed, of course, that the
sysem of axioms is noncontredictory; in mathematics only such systems have a right to
exid). Because the condition of the problem is dready formatted in geometric language,
the entire path from the condition to the result is a syntectica converson L1® L, within a
discrete linguigic sysem. The assations of empiricd language have an entirdy  different
daus By itsdf this language is, of course, discrete dso, but empiricd assations reflect
smantic conversons Li® § leading us into the area of nonlinguidic activity which is
neither discrete nor determinigic. When we sy that two rods have equd length this
means that every time we measure them the result will be the same. Experience, however,
teeches us that if we can increese the precison of measurement without redriction,
sooner or laer we shdl cetanly obtan different vaues for the length, because an
empirical assertion of absolutdy exact equdity is completely sensdess Other assartions
of empiricd language which have meaning and can be expressed in the language of
predicate caculus, for example "rod no. 1 is smdler than rod no. 2" possess the same
"absolute precison” (which is a trivid consequence of the discrete nature of the
language) as mathematical assartions of the equdity of segments This assartion is ather
"exactly” true or "exactly" fdse Because of vaiaions in the measuring process,
however, nather is dbsolutdly relidble.

B THE RELIABILITY OF MATHEMATICAL ASSERTIONS

NOW LET US DISCUSS the rdiability of mathematicad assartions Plato deduced it
from the ided nature of the object of mathematics from the fact that mathematics does
not ry on the illusory and changing data of sensory experience. According to the
mahematician, drawvings and symbols ae nothing but a subdgdiaay means for
mathematics the red objects Plao deds with are contained in his imagination and
represent the result of perception of the world of idess through reason, just as sensory
experience is the result of perception of the materid world through the sense organs
Imagination obvioudy plays a crudd pat in the work of the mathematician (as it does
we might note, in al other aress of credive activity). But it is not entirdly correct to say
that mahematica objects are contained in the imagingtion: bedcdly they ae dill
contained in drawings and texts and the imagination takes them up only in smdl pats
Rather than holding mathematica objects in our imaginaion we pass them through and
the chaatterigics of our imaginaion delermine the functioning of mathematicd
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language. As for the source which determines the content of our imegination, here we
disagree fundamentaly with Plato. The source is the same sensory experience usd in the
empiricd stiences Theaefore, even though it uses the mediation of imaginaion,
mathematics crestes modds of the very same. unique (as far as we know) world we live
in.

However, dthough they condructed a dunningly beautiful edifice of logicdly drict
proofs, the Greek mathematicians nonethdess left a number of ggps in the structure; and
these gaps, as we have dready noticed, lie on the lowest dories of the edifice-in the area
of definitions and the most dementary properties of the geometric figures And this is
evidence of a veled reference to the sensory experience o0 despised by the Platonigts.
The mathematics of Plao's times provides even dearer materid than does present-day
mathematics to refute the thess that mathematics is independent of experience.

The fird datement proved in Eudids fird book contans a method of condructing an
equilaterd triangle according to agiven sde. The method is as follows.

c

Figure 10.3. Construction of an equilateral triangle.

Suppose AB is the given dde of the triangle Teking point A as the certer we describe
adrcde pa with radius AB. We describe a amilar cirde fg) from point B. We use C to
desgnate ether of the points of intersection of these drdes Triangle ABC is equilaerd,
for AC= CB = AB.

There is a logicd hole in this reasoning: how does it follow tha the cirdes congructed by
us will intersect a aAl'? This is a question fraught with complications, for the fact that
point of intersection C exigs cannot be related ether to the attributes of a cirde or even
to the atributes of a par of crdes (for they by no means dways intersect). We are
deding here with a more spedfic characteridic of the given Stuaion. Eudid probably
sensd the existence of a hole here, but he could not find anything to plug it with.

But how ae we catan that drdes pa and pg intersect? In the lagt andyss, needless to
sy, we know from experience From experience in contemplaing and drawing draght
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lines, drdes, and lines in generd, from unsuccessful atempts to draw drdes pa axd ps
so that they do not intersect.

So Pao's view that the mathemdics of his day was entirdy independent of experience
cannot be consdered sound. But the question of the naiure of mathematical reidbility
requires further invedtigation, for to smply make reference to experience and thus equate
mahemdticd rdigbility with empiricad rdiability would meen to rush to the opposte
extreme from Paonian. Ceatanly, we fed dealy tha mahemaicd rdidbility is
somehow different from empirical rdiability, but how'?

The assation that drdes of radius AB with centers of A and B intersect (for brevity we
dhdl desgnae this assartion E;) seems to us dmog if not completdy rdidble we smply
cannot imagine that they would not intersect. We cannot imagine... This is how
mahematica rdigbility differs from the empiricd! When we ae taking aout the sun
rigng tomorrow, we can imagine that the sun will not rise and it is only on the bass of
expeience that we beieve that it probably will rise Here there are two posshbilities and
the prediction as to which one will hgppen is probabilisic. But when we say tha two
times two is four and that drcdes condructed as indicated above intersect we cannot
imagine that it could be otherwise. We see no other posshility, and therefore these
assertions are perceved as absolutdy religble and independent of concrete facts we have
observed.

B [N SEARCH OF AXIOMS

IT IS VERY INSTRUCTIVE for an underdanding of the naure of mathematicd
rdiability to cary our andysis of the assartion Ex through to the end. Because we 4ill
have certain doubts that the drcles in figure 10.3 necessxily intersect, let us atempt to
picture a dtuation where they do not. If this atempt fals compledy it will mean that
assertion E; is mahematicdly relidble and cannot be broken down into smpler
assartions: then it should be adopted as an axiom. But if through greater or lesser effort of
imagination we are ale to picture a Studion in which [pi]a and [pi]s do not intersect, it
must be expected that this Stuation contradicts some smpler and deeper assartions which
do possess mahematicd rdiability. Then we shdl adopt them as axioms and the
exigence of the contradiction will serve as proof of E;. This is the usud way to establish
axiomsin mathemdtics

Fird let us draw cirde pa. Then we shdl put the point of the compass a point B and the
writing dement & point A and begin to draw drde ps. We shdl move from the center of
crcde pa toward its periphery and a a cetan moment (this is how we picture it in our
imagination) we mud ether intersect drde pa or somehow skip over it, thus bresking
ardepe.
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Figure 10.4.

But we imagine drde pg a a continuous line and it becomes dear to us tha the
atributes of continuousness, which are more fundamentad and generd than the other
fegtures of this problem, lie a the bass of our confidence thet cirdes pa and pg will
intersect. Therefore we sat as our god proving assartion Ei1 beginning with the attributes
of continuousness of the circle. For this we shdl need certain condderations related to the
oder of placement of points on a draght line We indude the concepts of

continuousness and order among the basc, undefined concepts of geometry, like the
concepts of the point, the draight line, or distance.

Here is one possble way to our god. We introduce the concept of "indde" (applicable to
adrde) by meansof thefollowing definition:

D1 It is sad that point A lies indde cirde p if it does not lie on p and any draght line
passing through point A intersects p a two points in such a way tha point A lies between
the points of intersection. If the point is neither on nor indde the drde it is sad that it lies
outside thecirce

The concept of "between" characterizes the order of placement of three points on a
draight line. It may be adopted as basc and expressed, through the more generd concept
of "order," by the following ddfinition:

D2 It is sad that point A is located between points B, and B; if these three points are set
on one draght line and during movemet dong this line they ae encountered in the
order B, A,and B; or By, A, and B;.

We shd| adopt the following propostions as axioms

Az The center of adrdeliesingdeit.

A2 Thearc of acdirde connecting any two points of the cirdeis continuous.

Az If point A liesingde drde p and point B is outsde it, and these two points are joined
by a continuous line, then there is a point where thisline intersects the cirde,
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Reying on these axioms, let us begin with the proof. According to the Satement of the
problem, circdle pg passes through center A of drde pa. If we have confidence that there
is & least one point of drcde ps that does nat lie indde pa we shdl prove Ei. Indead, if it
lieson pa then E; has been proved. If it lies outsde pa then the arc of circle pg connects
it with the center, that is with an indde point of crde pa. Therefore, according to axioms
A, and A3 thereisapoint of intersection of pg and pa.

But can we be confident thet there is a point on cirde pg which is outdde pa? Let us try
to imagine the opposite case. It isshown in figure 10.5.

Figure 10.5.

This is the second atempt to imagine a Stuation which contradicts the assartion being
proved. Wheress the fird atempt immediatdy came into explicit contradiction with the
continuousness of a circle, the second is more successful. Indeed, dretching things a bit
we can picture this case. We take a compass, put its point a point B and the pendl a
point A. We begin to draw the dircle without taking the pencil from the paper and when
the pendl returns to the arting point of the line we remove it and see that we have figure
10.5. And why not?

To prove that this is impossble we mugt prove that in this case the center of circle [ps is
necessaxrily outsde it. We shdl be heped in this by the following theorem:

T4 If drde p1, lies entirdy indde drde p, then every indde point of drde p; isdso an
indde point of crdeps.

To prove this we dhdl take an ahbitrary ingde point A of drde p1, which is shown in
figure 10.6.
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Figure 10.6.

We draw a draight line through it. According to definition D; it intersects pi, a two
points Br and Bz Because By (just as Be) liesingde p2 this sraight line dso intersects p2
a two points C; and C,. We have received five points on a draght line and they are
connected ky the following rdaionships of order: A lies between B; and By; By and B; lie
between C; and C,. That point A proves to be between points C; and C; in this Stuation
seems 0 obviousto us that we shdl boldly formulate it as il another axiom.

Az If points B; and B, on a draght line both lie between C; and Cy, then any point A
lying between By and Bz dso liesbetween Crand Co.

Because we can take any point indde p; as A and we can draw any draght line through
it, theorem T+ is proven.

Now it is easy to complete the proof of Ei. If crde ps lies entirdy indde pa then
according to theorem T its center B must dso lie indde pa. But according to the
datement of the problem point B islocated on pa. Therefore pg contains a least one point
whichisnat ingdeinrdaiontopa.

SO to prove one assartion Ex we needed four assertions (axioms Ai-As), but then these
assartions express very fundamentd and generd modds of redity rdaed to the concepts
of continuousness and order and we cannot even imagine that they are fdse The only
question that can be raised refers to axiom A; which links the concept of center, which is
metricd (that is, incdluding the concept of measurement) in nature, with the concept of
"indde" which reies exdudvely a the concepts of continuousness and order. It may be
dedred that this connection be made usng smpler geometric objects, under conditions
which are esder for the functioning of imagination. This dedre is easly met. For axiom
A1 let us subdtitute the fallowing axiom:

A1’ if on a draght line point A and a certain distance (ssgment) R are given, then there

are exactly two points on the draight line which are st & distance R from point A, and
point A lies between these two points.
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Rdying on this axiom we ddl prove assation A; as a theorem. We shdl draw an
abitrary draight line through the center of the drde. According to axiom A;" there will
be two points on it which are st a disgance R (radius of the cirdle) from the center.
Because a drde is defined as the st of dl points which are located a disance R from the
center, these points belong to the cirde. According to axiom Ai” the center point lies
between them and therefore, according to definition Dy, it is an ingde point. In this way
axiom A; has been reduced to axiom A;". Now try to imagine a point on a draight line
which does not have two points set on different sdesfrom it at the given disance!

B CONCERNING THE AXIOMS OF ARITHMETIC AND
LOGIC

THE PRIMARY PROPOSITIONS of aithmetic in principle possess the same nature as
the primary propostions of geometry, but they ae perhaps even smpler and more
obvious and denid of them is even more inconceivable than denid of geometric axioms.
Asan example let ustake the axiom which saysthat for any number

a+0=q

The number O depicts an empty set. Can you imagine that the number of dements in
some certan set would change if it were united with an empty set? Here is another
aithmetic axiom: for any numbersaand b

at+(b+1)=(a+b)+1,

that is, if we increase the number b by one and add the result to a, we shdl obtain the
same number as if we were to add a and b firg and then increase the result by one. If we
andyze why we are unable to imagine a Stuation that contradicts this assertion, we shdl
e tha it is a mater of the same condderations of continuousness that aso manifest
themsdves in geometric axioms. In the process of counting, it is as if we draw continuous
lines connecting the objects being counted with the dements of a sandard set and, of
course, lines in time (et us recdl the origin of the concept "object”) whose
continuousness ensures that the number isidenticd to itsdlf.

Naturd auditory language trandferred to paper gives rise to linear language, that is a
sysem whose subsysems are dl linear sequences of dgns. Signs are objects concerning
which it is assumed only tha we are dile to diginguish identicd ones from different
ones. The linearity of naturd languages is a rexult of the fact that auditory language
unfolds in time and the rdation of following in time can be modded eedly by the rdation
of order of placement on a timdine The specidization of naturd language led to the
cregion of the linear, symbolic mathemaicd language which now forms the beds of
mathematics

Operaing within the framework of linear symbolic languages we are condantly taking
advantage of cartan other atributes which seem s0 obvious and sdf-evident that we don't
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even wat to formulate them in the form of axioms. As an example l& us take this
assation: if symbol a is written to the left of symbol b ard symba ¢ is written on the
right the same word (Sequence of characters) will be received as when b is written to the
right of a and followed by c. This assetion and others like it possess mathematicd
rdiability for we cannot imagine that it would be otherwise. One of the fidds of moden
mathematics, the theory of semi-groups, studies the properties of linear symbolic systems
from an axiomdic point of view and declares the smplest of these properties to be
axioms.

All three kinds of axioms geomeric, aithmetic, and linear-symbolic, possess the same
nature and in actudity rely on the same fundamental concepts. concepts such as identity,
motion, continuousness, and order. There is no difference in principle among these
groups of axioms. And if one term were to be sdected for them they should be cdled
geometric or geometric-kinematic because they dl reflect the atributes of our goace-time
experience and pacetime imagingion. The only more or less ggnificat difference
which can be found is in the group of "properly geometric’ axioms, some of the axioms
concerning draight lines and planes reflect more specific experience reated to the
exigence of solid bodies. The same thing evidently gpplies to metric concepts. But this
difference too is quite arbitrary. Can we say anything serious about those concepts which
wewould have if there were no solid bodiesin the world?

Thus far we have been dscussng the absolute rdiability of axioms But where do we get
our confidence in the rdigbility of assations obtained by logicd deduction from axioms?
From the same source, our imagination refuses to permit a Stuation in which by logicd
deduction we obtain incorrect results from correct premises. Logica deduction consdts
of successve geps. At each gep, relying on the preceding propostion, we obtain a new

one. From a review of formd logica deduction (chepter 11) it will be seen that our
confidence that a every sep we can only recaive a true propostion from higher true
propostions is based on logicd axioms [2] which seem to us just as rdiadle as the
mathematical axioms conddered above. And this is for the same reason, that the opposte
Studion is dsolutdy inconcaivable Having this confidence we acquire confidence that
no meter how maty deps a logicd deduction may contan it will gill possess this
atribute. Here we are using the following very important axiom:

The axiom of indudion: L& us suppose that function f (X) leaves atribute P (X)
unchanged, thet is

(" X{P () EP[f ()}

We will ue f "(x) to signify the result of sequentid Rtime gpplication of function f (x),
thetis

f60 =f (0, £ =f [ * ()]
Thenf "(X) will dso leave dtribute P (X) unchanged for any n, that is
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(") P () =>P [f (]}

By ther origin and naure logicad axioms and the axiom of induction (which is dassed
with arithmetic because it indudes the concept of number) do not differ in any way from
the other axioms they are dl mahematicd axioms. The only difference is in how they
are ued. When mathematicd axioms are gpplied to mathematicd assartions they become
dements of a metasygem within the framework of a sysem of mahemaicdly rdicble
assertions and we cdl them logicd axioms. Thanks to this the sygem of mahematicaly
relidble assertions becomes cgpable of development. The great discovery of the Greeks
was that it is posshble to add one certainty to another certainty and thus obtain a new
cartanty.

DEEP-SEATED PILINGS

THE DESCRIPTION of mathematicd axioms as modds of redity which are true not
only in the sphere of red experience but dso in the gohere of imagination relies on their
subjective perception. Can it be given amore objective characterization?

Imagination emerges in a catain dage of devdopment of the nervous sysem as ahbitrary
asociating of representations. The preceding sage was the dage of nonarbitrary
asodding (the levd of the dog). It is naurd to assume tha the trangtion from
nonarbitrary to arbitrary associating did not produce a fundamenta change in the maerid
a the disposal of the asodating system, thet is, in the representations which form the
asociaions. This follows from the hierarcchicd principle of the organization and
devdopment of the nervous sysem in which the superdructure of the top layers hes a
wesk influence on the lower ones And it follows from the same principle that m the
process of the preceding trangtion, from fixed concepts to nonarbitrary associding, the
lowest leves of the sysem of concepts remained unchanged and conditioned those
universal, degp-seated properties of representations that were present before associating
and that asodding could not change Imaginaion cannot change them dther. These
properties are invariat in reaion to the trandformations made by imaginaion. And they
arewhat mathematica axiomsrely on.

If we picture the activity of the imaginaion as shuffling and fixing catan dements,
"pieces’ of sensory perception, then axioms are models which are true for any piece and.
therefore, for any combingtion of them. The ability of the imaginaion to bresk sensory
experience up into pieces is not unlimited; emerging & a cartain sage of devdopment it
takes the dready exising sysem of concepts as its background, as a foundation not
ubject to modification. Such profound concepts as motion, identity, and continuousness
were pat of this background and therefore the modds which rely on these concepts are
universdly true not only for rea experience but aso for any condruction the imagination

is cgpable of creeting.

Mathematics forms the frame of the edifice of naturd sciences Its axioms are the support
piles that drive degp into the neurond concepts, bdow the levd where imagination
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begins to rule This is the reason for the dability of foundation which disinguishes
mathematics from empirical knowledge. Mahemdics ignores the supeficd assodations
which make up our everyday experience, preferring to continue condructing the skeleton
of the sysem of concepts which was begun by nature and st a the lowest leves of the
hierarchy. And this is the skdeton on which the "noncompulsory” modds we dass with
the naturd sciences will form, just as the "noncompulsory” associations of representations
which make up the content of everyday experience form on the bass of inborn and
"compulsory” concepts of the lowest levd. The requirements dictated by mahematics are
compulsory: when we are condructing models of redity we cannot bypass them even if
we want to. Therefore we dways refer the possble fasehood of a theory beyond the
gphere of mathematics. If a discrepancy is found between the theory and the experiment it
is the externd, "noncompulsory” part of the theory that is changed but no one would ever
think of expressng the assumption that, in such a case, the equdity 2 + 2 = 4 has proved
untrue.

The "compulsory” character of dasscd mahemaicd modds does not contradict the
gopearance of mahematicd and physcd theories which a fird glance conflict with our
soace-time intuition (for example nonEudidian geomery or quantum  mechanics).
These theories are linguidic modeds of redity whose usefulness is seen not in the sphere
of everyday experience but in highly specidized Studions. They do not destroy and
replace the dasscd modds they continue them. Quantum mechanics for example, rdlies
on cdasscd mechanics And what theory can get dong without aithmetic? The
paradoxes and contradictions arise when we forget that the concept condructs which are
incduded in a new theory are new concepts, even when they are given old names. We
goeek of a "draight ling' in non-Eudidian geometry and cdl an eectron a "particle’
dthough the linguigic activity related to these words (proof of theorems and quantum
mechanics computations) is not & dl identicd to that for the former theories from which
the terms were borrowed. If two times two is not four then either two is not two, times is
not times, or four is not four.

The specid role of mathematics in the process of cognition can be expressed in the form
of an assation, that mathematicd concepts and axioms are not the result of cognition of
redity, rather they are a condition and form of cognition. This idea was daborated by
Kant and we may agree with it if we condder the human being to be entirdy given and
do not ask why these conditions and forms of cognition are characteridic of the human
being. But when we have asked this question we mus reach the concluson that they
themsalves are models of redity developed in the process of evolution (which, in one of
its important aspects, is Imply the process of cognition of the world by living sructures).
From the point of view of the laws of naure there is no fundamenta difference between
mahematicd and empiricd modds this diginction reflects only the exigence in
organization of the human mind of a certain border line which separates inborn modds
from acquired ones. The postion of this line one must suppose, contains an dement of
hisoricd accident. If it had originated & another levd, perhaps we would not be gble to
imagine that the sun may tal to rise or that human bengs could soar above the earth in
defiance or gravity.
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B PLATONISM IN RETROSPECT

PLATOS IDEALISM was the result of a sort of projection of the dements of language
onto redity. Plao's "ideas' have the same origin as the spirits in primitive thinking; they
are the imagined of redly exiding names In the fird dages of the development of criticd
thinking the nature of abdraction in the interrdationship of linguidic objects and non-
linguigic activity is not yet correctly undersood. The primitive name-meaning unit is
dill pressng on people an idea of a one-to-one correspondence between names and thelr
meanings. For words that refer to concrete objects the one-to-one correspondence seems
to occur because we picture the object as some one thing. But what will happen with
genera concepts (universals)? In the sphere of the concrete there is no place a dl for
their meanings, everything has been taken up by unique concepts, for a labd with a name
can be atached to each object. The empty place that form is filled by the "idea" Let us
emphesze that Plao’s idedism is far from induding an assrtion of the primecy of the
Spiritud over the materid, which isto say it is not spiritualism (this term, which is widdly
used in Wedern literature, is little used in our country and is often replaced by the term
"idedism,” which leads to inaccuracy). According to Plato spiritud experience is just as
empiricd as sensory experience and it has no reation to the world of idess Pao's
"ideas’ are pure specters, and they are specters born of sensory, not spiritud, experience.

From a modern cybernetic point of view only a drictly defined, unique Stuation can be
conddered a unique concept. This requires an indication of the date of dl receptors tha
fom the input of the nervous sysem. It is obvious tha subjectivdy we ae totdly
unaware of concepts that are unique in this sense. Studions that are merdy smilar
become indiginguishable somewhere in the vary eally dages of information processng
and the representations with which our consciousness is deding ae generdized dates,
that is to say, gened, or abdtract, concepts (sets of gStuations). The concepts of definite
objects which traditiond logic naively takes for the primay dements of sensory
experience and cdls "unique' concepts are in redity, as was shown above, very complex
condructions which require andyss of the moving picture of Stuations and which rdy
on more dementary abdract concepts such as continuousness, shape, color, or Spatid
relaions. And the more "gpecific' a concept is from the logicd point of view, the more
complex it will be from the cyberndic point of view. Thus a spedific ca differs from the
abdract cat in that a longer moving picture of Stuations is required to give meaning to the
fird concept then to the second. Strictly gpeeking the film may even be endless, for when
we have a edfic ca in mind we have in mind not only its "persond file' which has
been kept since its hirth, but aso its entire gnedogy. There is no fundamentd difference
in the nature of concrete and abstract concepts; they both reflect characteridtics of the red
world. If there is a difference, it is the oppodte of what traditiond logic discarns
abgract, generd concepts of sensory and Spiritud  experience (which should not be
confusad with mathematicd constructs) are smpler and doser to naure than concrete
concepts which refer to the definite objects. Logicians were confused by the fact tha
concrete concepts appeared in language earlier than abgract ones did. But this is evidence
of ther rddively higher podtion in the hierarchy of neurond concepts, thanks to which
they emerged a the point of connection with linguistic concepts
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The Patonic theory of idess, podtulaing a contrived, ided exigence of generdized
objects, puts one-place predicates (aitributes) in a pogtion segparaie from multiplace
predicates (relations). This theory assgned dtributes the Satus of true exigence but
denied it to rdations, which became pefectly evident in Arigtotles lod. The concrete,
visud orientation and datic qudity in thinking which were so characteridic of the Gresks
in the cdasscd period came from this. In the next chapter we shdl see how this way of
thinking was reflected in the development of mathematics.

[1] The resemblance in sound between the Greek idea and the Russan vid is not
accidentd; they come from a common Indo-European root. (Compare dso Latin "vidi" -
pest tense of "to see)

[2] For those who are familiar with mathematical logic let us note that this is in the broad
senge, induding the rules of inference.
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CHAPTER ELEVEN

From Euclid to Descartes

B NUMBER AND QUANTITY

DURING THE TIME of Pythagoras and the early Pythagoreans, the concept of number
occupied the dominant place in Greek mathematics. The Pythagoreans believed that God
hed made numbers the bass of the world order. God is unity and the world is plurdity.
The divine haamony in the organization of the cosmos is seen in the form of numericd
rationships A subgtantid pat in this conviction was played by the Pythagoreans
discovery of the fact that combinations of sounds which are plessant to hear are created
in the cases where a gring is shortened by the ratios formed by whole rumbers such as
12 (octave), 23 (fifth), 34 (fourth), and 0 on. The numeicd mydicdsn of the
Pythegoreans reflected their bdief in the fact that, in the last andyds dl the uniformities
of naturd phenomena derive from the properties of whole numbers

We s here an indance of the human indination to overesimate new discoveries The
phydcigs of the late ningteenth century, like the Pythagoreans, beieved that they had a
universd key to dl the phenomena of nature and with proper effort would be able to use
this key to reved the secret of any phenomenon. This key was the notion that gpace was
filled by partides and fidds governed by the equations of Newton and Maxwell. With the
discovery of radioactivity and the diffraction of dectrons, however, the physcigs
arrogant posture crumbled.

In the case of the Pythagoreans the same function was performed by discovery of the
exigence of incommensurable line segments, thet is, segments such that the ratio of ther
lengths is not expressed by any ratio of whole numbers (rationa number). The sSde of a
guare, and its diagond are incommensurable, for example It is easy to prove this
datement usng the Pythagorean theorem. In fact, let us suppose the opposite, namdy that
the diagond of a square dands in some retio mn to its Sde. If the numbers m and n have
common factors they can be reduced, so we shdl consder that mand n do not have
common factors. This means tha in messuring length by some unitay segment, the
length of the Sde is n ad the Iength of the diagond is m. It follows from the Pythagorean
theorem that the equaity nm?= 2" must occur. Therefore, m? must be divisble by 2, an
consequently 2 must be among the factors of m, thet is, m = 2m;. Making this subditution
we obtain 4% = 2n? | that is, 2m? = n? . Thismeans that n adso must be divisble by 2,
which contradicts the assumption that m and n do not have common factors. Arigotle
often refers to this proof. It is believed that the proof had aready been discovered by the

Pythagoreans.

If there are quantities which for a given scde are not expresssd by numbers then the
number can no longer be consdered the foundation of foundations, it is removed from its
pedestd. Mahematicians then must use the more generd concept of geometric quantity
and dudy the rddions among quantities tha may (dthough only occasondly) be
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expresed in a ratio of whole numbers. This gpproach lies a the foundation of dl Greek
methematics beginning with the dasscd peiod. The rdaions we know as agebrac
equdities were known to the Greeks in geometric formulaion as rdaions among lengths,

areas, and volumes of figures congructed in a definite manner.
B GEOMETRIC ALGEBRA

FIGURE 111 shows the wdl-known geometric interpretation of the rdationship
(a+b)? = &+2ab+?,

a b
a al ab
b ab b?

Figure 11.1. Geometric interpretation of the identity (a + by = a®+2ab+b?.

The equdity (atb)(ab) = & - 1%, which is equaly commonplace from an agebraic point
of view, reguires more complex geometric condderation. The following theorem from
the second book of Euclid's Elements correspondsto it.

A a8 C [}
a b a-b
a-b a-b
E F G H
b b
! J a-b K

b

Figure 11.2. Geometric interpretation of the identity (a -b)(a +b) = a2 - b?
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"If a dgraght line be cut into equa and unequa segments, the rectangle contained by the
unequa ssgments of the whole together with the square on the draight line between the
points of the section is equd to the square on the half."[1]

The theorem is proved as follows. Rectangle ABFE is egud to rectangle BDHF.
Rectangle BCGF is equd to rectangle GHKJ. If square FGJI is added to these two
rectangles (which together form rectangle ACGE which is "contained by the unequd
segments of the whole’) what we end up with is precisdy rectangle BDKI, which is
constructed "on the hdlf." Thus we have the equdity (a + b)(a - b) + F = & whichis
equivdent to the equality above but does not contain the difficult-to-interpret subtraction
of aress.

Clealy, if these very dmple dgebrac rdations require great effort to underdand the
formulaion of the theorem--as well as inventiveness in condructing the proof--when they
are expresad geomericdly, then it is impossble to go far down this path. The Greeks
proved themsdves great magters in everything concerning geometry proper, but the line
of mathemaicd devdopmentt tha began with dgeora and laer gave rise to the
infintesmd andyds and to moden axiomdic theories (that is to say, the line of
development invalving the use of the language of symbols rather then the language of
figures) was completdy inaccessble to them. Gresk mahemdics remaned limited,
confined to the narrow framework; of concepts having graphic geometric.

B ARCHIMEDES AND APOLLONIUS

DURING THE ALEXANDRIAN EPOCH (330 200 B.C) two gregt learned men lived in
whose work Gresk mathematics reached its highest point. They were Archimedes (287-
212 B.C.) and Apallonius (265?- 170?B.C.)

In his works on geometry Archimedes goes far beyond the limits of the figures formed by
graght lines and cirdes. He daborates the theory of conic sections and dudies spirds
Archimedess man achievement in geomelry is his many theories on the arees volumes,
and centers of gravity of figures and bodies formed by other than jugt draight lines and
plane surfaces He uses the "method of exhaudion.” To illudrate the range of problems
solved by Archimedes we shdl lig the problems induded in his tredtise entitted The
Method whose purpose, as can be seen from the title, is not a full summary of results but
rather an explanaion of the method of his work. The Method contains solutions to the
folowing 13 problems aea of a parabolic ssgment, volume of a spherE, volume of a
pheroid (dlipsoid of rotation), volume of a segment of a paraboloid of rotetion, center of
gravity of a segment of a pardboloid of rotation, center of gravity of a hemisphere,
volume of a segment of a gohere, volume of a segment of a goheroid, center of gravity of
a ssgment of a sphere, center of gravity of a ssgment of a spheroid, center of gravity of a
segment of a hyperboloid of rotation, volume of a ssgment of a cylinder, and volume of
the intersection of two cylinders (the last problem is without proof).
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Archimedess invedigations in the fidd of mechanics were just as important as his work
on geometry. He discovered his famous "law” and sudied the laws of equilibrium of
bodies He was extraordinaily <killful in meking different mechanica devices and
attachments. 1t was thanks to machines built under his direction thet the inhabitants of
Syracuse, his ndive dty, repulsed the Romans firg attack on thar cty. Archimedes
often used mechanicd arguments as support in deriving geometric theorems. It would be
a migake to suppose, however, tha Archimedes deviated a dl from the treditiond Greek
way of thinking. He conddered a problem solved only when he had found a logicdly
flavless geometric proof. He viewed his mechanicd inventions as amusements or as
prectical concarns of no sdentific importance whatsoever. "Although these inventions”
Plutarch writes, "made his superhuman wisdom famous he nonethdess wrote nothing on
these maiters because he fdt that the condruction of al machines and dl devices for
practicd use in generd was a low and ignoble husness He himsdf drove only to remove
himsdlf, by his handsomeness and perfection, far from the kingdom of necessity.”

Of dl his achievements Archimedes himsdf was proudest of his proof that the volume of
a Yhere inscribed in a cylinder is two thirds of the volume of the cylinder. In his will he
aked that a cylinder with an inscribed sohere be shown on his gravestone. After the
Romans took Syracuse and one of his soldiers (agangt orders it is sad) killed
Archimedes, the Roman generd Marcdlus authorized Archimedes rddives to cary out
the wish of the deceased.

Apallonius was primarily famous for his work on the theory of conic sections His work
is in fact a condgent dgeuac invedigaion of second-order curves expressed in
geometric language. In our day any college sudent can eesly repeat Appolonius results
by employing the mehods of andytic geomery. But Apollonius needed to show
miraculous mathemdticd intuition and inventiveness to do the same thing within a purdy
geometric approach.

B THE DECLINE OF GREEK MATHEMATICS

"AFTER APOLLONIUS" writes B. van der Waerden, "Greek mathematics comes to a
dead dtop. It is true that there were some epigones, such as Diocles and Zenodorus, who,
now and then, solved some smdl problem, which Archimedes and Apoallonius hed |eft for
them, crumbs from the board of the gredt. It is dso true tha compendia were written,
such as that of Pappus of Alexandria (300 A.D.); and ,geometry was gpplied to practical
and to astronomica problems, which led to the devdopment of plane and spherica
trigonometry. But gpat from trigonometry, nothing grest nothing new appeared. The
,geometry of the conics remained in the form Apoallonius gave it, until Descartes. Indeed
the works of Apollonius were but little reed and were even patly lost. The Method of
Archimedes was log 9ght of and the problem of integration remained where it was, until
it was attacked new in the seventeenth century. . . "[2]

The dedine of Greek mathematics was in pat caused by externd factors--the palitica
dorms tha enguifed Mediterranean cvilization. Nonethdess, internd  factors were
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decisve. In astronomy, van der Waerden notes, development continued steedily dong an
ascending ling there were short and long periods of stagnation, bu after them the work
was taken up agan from the place where it had dopped. In geomelry, however,
regresson plainly occurred. The reason is found, of course in the lack of an dgebrac

language.

"Equations of the firda and second degreg” we read in van der Waerden, "can be
expresed dearly in the language of geometric agebra and, if necessary, dso those of the
third degree. But to get beyond this point, one has to have recourse to the bothersome tool
of proportions.

"Hippocrates, for instance, reduced the cubic equation X2 = V to the proportion
a:xx=x:y=y:b.
and Archimedes wrote the cubic
x? (ax) = bc?
intheform
(ax) :b=c? x2."

"In this manner one can get to equations of the fourth degree; examples can be found
in Apollonius.... But one cannot get any further; besides, one has to be a
mathematician of genius, thoroughly versed in transforming proportions with the aid
of geometric, to obtain results by this extremely cumbersome method. Anyone can use
our agebraic notation, but only a gifted mathematician can deal with the Greek theory
of proportions and with geometric agebra.

Something has to be added, that is, the difficulty of the written tradition.

Reading a proof in Apollonius requires extended and concentrated study. Insteed of a
concise dgebraic formula, one finds a long sentence, in which each line segment is
indicated by two letters which have to be located in the figure. To understand the line
of thought, one is compelled to transcribe these sentences in modern concise formulas

An ora explanation makes it possble to indicate the line segments with the fingers;
one can emphasize essentids and point out how the proof was found. All of this
disappears in the written formulation of the grictly classica style. The praofs are
logicaly sound, but they are not suggestive. One feds caught as in a logicad mouse
trap, but one failsto see the guiding line of thought.

As long as there was no interruption, as long as each generation could hand over its
method to the next, everything went well and the science flourished. But as soon as
some externd cause brought about an interruption in the ord tradition, and only books
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remained, it became extremely difficult to assmilate the work of the great precursors
and next to impossble to pass beyond it.[3]

But why, despite ther high mathematicd sophidication and abundance of taented
mathematicians, did the Greeks fal to creste an dgebraic language? The usud answver is
tha thar high mahemaicd sophidication was in fact what hindered them, more
soedificaly ther extremely rigorous requirements for logicd drictness in a theory, for
the Gresks could not congder irrdtiond numbers in which the vaues of geometric
quantities are ordinarily expressed, as numbers if line segments were incommensurate it
was conddered that a numericd rdationship for them smply did not exig. Although this
explanation is true in generd, 4ill it must be recognized as imprecise and supeficd.
Striving toward logicd drictness cannot by itsdf be a negative factor in the development
of mahemaics If it acts as a negative factor this will evidently be only in combingtion
with certain other factors and the decisve role in this combination should certainly not be
aribed to the driving for drictness Peafect logicd drictness in his find formulaions
and proofs did not prevent Archimedes from usng guiding congderations which were not
drict. Then why did it obgtruct the creation of an dgebraic language? Of course, this is
not smply a mater of a high dandard of logicd drictness, it concerns the whole way of
thinking, the philosophy of mahemdics In ceding the moden dgdurac language
Descartes went beyond the Greek canon, but this in no way means that he snned againg
the laws of logic or tha he neglected proof. He consdered irrationd numbers to be
"precisg’ dso, not mere subdtitutions for their goproximate vaues. Some problems with
logic arose dter the time of Descates during the age of swift devdopment of the
infinitesmd andyds At that time mathemdicians were 0 caried avay by the rush of
discoveries that they smply were not interested in logicd aubtleties In the nineteenth
century came time to pause and think, and then a solid logicd basis was established for
the andysis.

We gl gragp the causes of the limitations of Greek methematics after we review the
substance of the revolution in mathematics mede by Descartes.

B ARITHMETIC ALGEBRA

ADVANCES IN GEOMETRY forced the at of solving eguations into the background.
But this art continued to develop and gave rise to arithmetie algebra. The emergence of
dgebra from aithmetic was a typicad metasysem trandtion. When an equation must be
solved, whether it is formulated in everyday conversationd language or in a ecidized
language, this is an aithmetic problem. And when the generd method of solution is
pointed out--by example, as is done in dementary sthool. or even in the form of a
fomula--we dill do not go beyond aithmetic. Algebra begins when the equations
themsdves become the object of activity, when the properties of eguations and rules for
conveting them ae dudied. Probably everyone who remembers his fird acquantance
with dgebra in school (if this wes & the levd of underganding, of course, not blind
memorization) aso remembers the happy feding of surprise experienced when it turns
out that various types of aithmetic problems whose solutions had seemed completdy
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unrelated to one another are solved by the same conversons of equations according to a
few ample and undergdandable rules. All the methods known previoudy fdl into place in
a harmonious sysem, new mehods open up, new equaions and whole dasses of
equations come under condderdtion (the law of branching growth of the penultimae
level), and new concepts gopear which have aolutdy no meaning within arithmetic
proper: negdtive, irrationd, and imaginary numbers,

In principle the credtion of a oecidized language is not essentid for the development of
dgebra In fact, however, only with the credtion of a specidized language does the
metasysdem trangtion in peopleés minds conclude The specidized languege makes it
possible to see with ones eyes that we are deding with some new redlity, in this case
with eguations, which can be viewed as an object of computations just as the objects
(numbers) of the preceding level were. People typicaly do not notice the ar they breathe
and the language they speek. But a newly created specidized language goes outside the
sphere of nawrd language and is in pat nonlinguidic adtivity. This fadlitates the
metasysem trangtion. Of course, the practicd advantages of using the specidized
language ds0 play an enormous pat here among them are making expressons vishble,
reducing time spent recopying, and so on.

The Arab scholar Muhammed ibn Musa a-Khwarizmi (780-850) wrote severd tregtises
on mathematics which were trandated into Latin in the twefth century and served as the
mogt important textbooks in Europe for four centuries. One of them, the Arithmetic, gave
Europeans the decmd sysem of numbers and the rules (agorithms--the name is based
on a-Khwarizmi) for peforming the four aithmetic operations on numbers written in
this sygem. Another work was entitted Book of A Jabr Wall Mugabala. The purpose of
the book was to teach the at of solving equations, an art which is essentid, as the author
writes, "in cases of inheritance, divison of property, trade, in dl busness reationships
as wdl as when messuring land, laying cands, making geomelric computations, and in
other cases...” Al Jabr and al Mugabala are two methods a-Khwarizmi uses to solve
equations. He did not think up these methods himsdf; they were described and used in
the Arithmetica of the Gresk mathematician Diophantus (third century A.D.), who was
famous for his methods of solving whole-number (“diophanting”) equations. In the same
Arithmetica of Diophantus we find the rudiments of letter symbolism. Therefore, if
anyone is to be conddered the progenitor of aithmetic dgebra it should obvioudy be
Diophantus. But Europeans firs heard of dgebrac methods from d-Khwarizmi while the
works of Diophantus became known much later. There is no gpecid agebrac symbolism
in a-Khwarizmi, not even in rudimentary form. The egudions are written in naturd
language. But for brevity's scke, we shdl describe these methods and give our examples
using modern symbalic notation.

Al Jabr involves moving dements being subtracted from one pat of the eguation to the
other; d Muggbda involves subtracting the same dement from both parts of the equation.
Al-Khwarizmi condders these procedures different because he does not have the concept
of anegative number. For example let us take the equation

7xX-11=5x - 3.
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Applying the d Jebr method twice, for the 11 and 3, which are to be subtracted, we
receive:

7x+3=5x+11
Now we use the d Mugabaa method twice, for 3 and 5x. We receive
2x=8.
From thiswe see that
X =4,

So dthough d-Khwarizmi does not use a specid dgebraic language, his book contains
the fird outlines of the agebrac approach. Europeans recognized the meits of this
aoproach and developed it further. The very word dgebra comes from the name of the
firg of d-Khawarizmi's methods.

B | TALY, SXTEENTH CENTURY

IN THE FIRST HALF of the axteenth century the efforts of Itdian mathematicians led to
maor changes in dgebra which were associated with very dramdtic events. Scipione de
Ferro (1465-1526). a professor a the Universty of Bologna, found a generd solution to
the cubic equation X3 +px = qwhere p and q are positive. But dd Ferro kept it secret,
because it was veay vdudble in the problemsolving competitions which were hdd in
Ity a tha time Before his death he reveded his secret to his student Fiore. In 1535
Fore chdlenged the brilliant mathematician Niccolo Tartaglia (1499-1557) to a contest.
Tartaglia knew that Fore possessed a method of solving the cubic equaion, so he made
an dl-out effort and found the solution himsdf. Tartaglia won the contest, but he dso
kept his discovery secret. Findly, Girolamo Cardano (1501-1576) tried in vain to find the
dgorithm for solving the cubic eguaion. In 1539 he findly gopeded to Tarteglia to tel
him the secret. Having received a "sacred oath” of dlence from Cardano, Tartaglia
unveiled the secret, but only patialy and in a rather uninteligible form. Cardano was not
saidied and made efforts to familiarize himsdf with the manuscript of the late dd Ferro.
In this he was successful, and in 1545 he published a book in which he reported his
dgorithm, which reduces the solution of a cubic equaion to radicads (the "Cardano
formul@’). This same book contained one more discovery made by Cardano's student
Luigi (Lodovico) Ferari (1522-1565): the solution of a quartic equetion in radicas,
Tartaglia accused Cardano of violaing his oath and began a bitter and lengthy polemic. It
was under such conditions that modern mathematics mede itsfirgt significant advances.

Usng a tod suggests ways to improve it. While griving toward a uniform solution to
equaions mahematidans found that it was extrendy usgful in achieving this god to
introduce certain new objects and treat them as if these were numbers. And in fact they
were cdled numbers dthough it was undersood that they differed from "red” numbers
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this was seen in the fact that they were given such epithets as "fdseg' “fictitious”
“incomprehengble” and "imeginary." What they correpond to in redity remaned
somewha or entirely unclear. Whether their use was correct dso remained debatable.
Nonethdess, they began to be used increesingly widdy, because with them it was
possble to obtan finite results containing only "red" numbers which could not be
obtained otherwise. A person condgtently following the teachings of Plao could not use
"unred” numbers. But the Indian, Arabic, and Itaian mathematicians were by no means
condgdent Paonigs For them a hedthy curiodty and pragmeic condderdions
outweighed theoreticd prohibitions In this however, they did meke resarvations and
gppeared to be gpologizing for their "incorrect” behavior.

All "unred” numbers are products of the reverse movement in the aithmetic modd:
formdly they are solutions to equations tha cannot have solutions in the area of "red"
numbers. Arg of' dl we mus mention negaive numbas They ae found in quite
devdoped form in the Indian mahemdicdan dl Bahascara (twdfth century), who
peformed dl four aithmetic operdions on such numbeas The interpretation of the
negdtive number as a debt was known to the Indians as early as the seventh century. In
formulating the rules of operations on negative numbers. Bhascara cdls them "debts” and
cdls postive numbers "property.” He does not choose to declare the negative number an
abdract concept like the podtive number. "People do not goprove of abdract negeive
numbers” Bhascara writes The dtitude toward negative numbers in Europe in the
fifteenth and gSxteenth centuries was dmilar. In geometric interpretation negative roots
ae cdled 'fdsg" a didinguished from the ‘true" podtive roots The moden
interpretation of negative numbers as points lying to the left of the zero point did not
gppear until Descartes Géométrie (1637). Following tradition, Descartes cdled negative
roots fase.

Formd operations on roots of numbers that cannot be extracted exactly go back to deep
antiquity, when the concept of incommensurability of line ssgments had not yet gppeared.
In the fifteenth and sixteenth centuries people handled them cavdiely: they were hdped
here, of course by the dmple geometric interpretation. An underdanding of the
theoretica difficulty which arises from the incommensurability of line segments can be
.seen by the fact that the numbers were cdled "irrationd.”

The square of any number is podtive therefore the square root of a negative number does
not exis among podtive, negative, rationd, or irrationd numbers. But Cadano was
daing enough to use (not w without resarvations) the roots of negaive numbers. '
Imaginary” numbers thus gopeared. The logic of udng dgeorac language drew
mathemdicians inexorably down an unknown path. It seemed wrong and myderious. but
intution suggested that dl these impossble numbers were profoundly meaningful and

that the new path would prove useful. And it certainly did.
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B ETTER SYMBOLISM

THE RUDIMENTS of dgebrac letter symbolism ae fird encountered, as mentioned
above, in Diophantus. Diophantus used a character resembling the Latins to desgnae an
unknown. It is hypotheszed that this desgnation originates from the last letter of the
Gresk word for number: Ufiégitiid grho][iota][theta]u[omicron][Sgmd] (arithmos). He
adso had abbreviated notations for the square cube, and other degrees of the unknown
quantity. He did not have an addition sgn: quantities being added were written in a
series, something like an upsde-down Greek letter @ [pS] was used as the subtraction
sgn, while the firg letter d the Greek word é6i6 [iotald[omicron]d for "equa” was used
as the equd Sgn, everything dse was expressed in words. Known quantities were dways
written in concrete numericd form while there were no designations for known, but
arbitrary numbers.

Diophantus  Arithmetica became known in Europe in 1463. In the late fifteenth and early
gxteenth centuries European mahemaicians firg Itdians and then others began to use
abbreviated notations. These abbreviations gradudly wandered from aithmetic agebra to
geometric, and unknown geometric quantities adso began to be dedgnated by letters. In
the late sxteenth century the Frenchman Frangois Viedtla (1540-1603) took the next
important step. He introduced letter designations for known quantities and was thus able
to write equations in gened form. Vida dso introduced the term "coeffident." In
externad gopearance Vidas symbols are gill rather far from modern ones. For example,
Viegtawrites

o B cubum 2
I _D eubo

B cubo
+0 cubo

instead of our notation

D(2B® - D%

B+ D3

By the beginning of the seventeenth century the Stuation in Europesn mahematics was
as follows. There were two dgebras. The fird was arithmetic based on symbols created
by the Europeans themsdves and representing a subgtantid advance in comparison with
the arithmetic of the ancients The second agebra, geometric agebra, was pat of
geometry. It was taken, as was the whole of geometry, from the Greeks The
fundamentds were from Eudids Elements and the further devdopment came primarily
from the works of Pgppus of Alexandria and Apollonius, who had been thoroughly
sudied by that time Nothing fundamentaly new had been done in this fidd. We cannot
sy that there was no reationship a dl between these two dgebra equation of degrees
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higher than the firg could only receive geometric interpretation, for where dse could
squares, cubes, and higher degrees of an unknown number occur but in computing aress,
volumes and manipulaions of line ssgments rdaed to complex sysems of proportions?
The very names of the second and third degrees, the square and the cube, illudrate this
veay doquently. Nonetheless, the gap between the concepts of quantity (or magnitude)
and number remained and in full conformity with the Gresk canon only geometric proofs
w ere conddered red. When geometric objects-lengths, areas, and volumes--appeared in
equations they operated ather as geometric quantities or as concrete numbers. Geometric
guatities were thought of as necessrily something spatid and, because of
incommensurability not reducible to a number.

This was the dtuation that René Descartes (1596-1650), one of the greatest thinkers who
has ever lived, encountered.

®\WHAT DID DESCARTESDO?

DESCARTES ROLE as a philosopher is generdly recognized. But when Decartes as a
mathemdatician is discussad it is usudly indicated that he "refined agebraic notations and
cregted andytical geometry.” Sometimes it is added that a approximatey the same time
the basic podulates of andytic geometry were proposed, independently of Descartes, by
his countryman Pierre de Fermat (1601-1665), while Vieta had dready made full use of
dgebraic symbols. It comes out, thus, tha there is no specid cause to prase Descartes
the mathematidan, and in fact many authors writing about the hisory of mahematics do
not give him his due However, Descartes caried out a revolution in mathematics He
cregted something incomparably greater than andytic geometry (undersood as the theory
of curves on a plane). What he created was a new gpproach to describing the phenomena
of redity: the modern mathematical language.

It is sometimes said that Descartes "reduced geometry to dgebrd’ which means, of course
numericd agebra, arithmetic dgebra This is a flagrant migake. It is true that Descartes
overcame the ggp between quantity and number, between geometry and aithmetic. He
did not achieve this by reducing one language to the other, however: he crested a new
language, the language of agebra Not aithmetic dgebra, not geometric dgebra, Smply
dgebra In syntax the new language coincided with arithmetic dgebra but by semantics
it coincided with geometric. In Descartes language the symbols do not designate number
or quantities, but rdations of quantities. This is the essence of the revolution cdled out by
Descartes.

The modern reader will perhgpos srug his shoulders and think "So what"? Could this
logica nuance redly have been very important?' As it turns out, it was It was precisdy
this "nuance” tha had preverted the Greeks from taking the next step in ther
meathematics

We have become 0 accugtomed to placing irraiond numbers together with rationd ones
that we are no longer aware of the profound difference which exigts between them. We
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write 2 as we write 4/5 and we cdl ~Z number and, when necessary, subditute an
goproximate vaue for it. And there is no way we can undersand why the ancient Greeks
responded with such pan to the incommensurability of line ssgments But if we think a
littte, we cannot help agreeing with the Greeks that +Z is not a number. It can be
represented as an infinite process which generaies the sequentia  characters of expansion
of +Z in dedmd fractions It can aso be pictured in the form of a boundary line in the
fidd of rationd numbers--one that divides rationd numbers into two dasses those which
are less than +2Z and those which are greater than +2. In this case the rule s vary smple
the rationd number a bdongs to the first dass if a® < 2 and to the second where this is
not true Findly, +2 can be pictured in the form of a rdation between two line segments,
between the diagond of a square and its sde in the particular case. These representations
are equivdent to one another but they are not a dl eguivdent to the representation of the
whole or fractiona number.

This by no means implies that we are making a midake or not being sufficently drict
when we ded with v2 as a number. The god of mahemdics is to cregte linguistic
modds of redity, and dl means which lead to this god ae good. Why shouldnt our
language contain characters of the type +2 in addtion to ones such as 4/5? It is my
language and | will do what | want to with it." The only important thing is that we be ale
to interpret these characters and perform linguigic conversons on them. But we are adle
to interpret +Z. In practicd computations the firg of the three representations in the
preceding paragraph may serve a the bads of interpretation. while in geometry the third
can be used. We can ds0 cary out other computations with them. All that remains now is
to refine the terminology. Let us dipulate that we shdl use the term rational numbers for
what were formerly cdled numbers, name the new objects irrational numbers, and use
the tem numbes for both (real numbers according to modern mathematica
teeminology). Thus in the lad andyss there is no difference in prindple between 2
and 4/5 and we have proved wiser than the Greeks. This wisdom was brought in as
contraband by dl those who operated with the symbol 2 as a number, while recognizing
that it was "irraiond.” It was Descartes who subgtantiated this wisdom and established it
aslaw.

B THE RELATION AS AN OBJECT

THE GREEKS falure to cregte dgebra is profoundly rooted in ther philosophy. They
did not even have aithmetic dgebra Arithmetic eguations hed little interest for them:
ater dl, even quadratic equaions do not, generdly spesking, have exact numerica
solutions  And  goproximate cdculations and  everything bound up with practica
problems were uninteresing to them. On the other hand, the solution could have been
found by geometric condruction! But even if we assume that the Greek mathematicians
of the Paonic school were familiar with aithmetic letter symbols it is difficult to
imagine that they would hae peformed Descates sciettific feat. To the Greeks
relaions were not idess and therefore did not have red exisence. Who would ever think
of udng a leter to desgnate something tha does not exig? The Plaonic idea is a
genadized image, a form, a characteridic: it can be pictured in the imagingtion as a
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more or less generdized object. All this is primary and has independent exigence an
exigence even more red than that of things perceved by the senses But what is a
rdion of line ssgments? Try to picture it and you will immediady see tha what you
are picturing is precisgy two line segments, not any kind of rdaion. The concept of the
relation of quantities reflects the process of measuring one by means of the other. But the
process is not an idea in the Plaonic sense it is something secondary that does not redly
exid. ldess ae demnd and invariable and by this done have nothing in common with
Processes.

Interestingly, the concept of the rdation of quantities which reflects characteridtics of the
measurement process, was introduced in drict mathematicd form as ealy as Eudoxus
and was induded in the fifth book of Eudids Elements. This was exactly the concept
Decates used. But the rdation as an object is not found in Eudaxus or in later Greek
mathemdicians dter being introduced it dowly gave way to the proportion which it is
essy to picture as a chaacteridic of four line ssgments formed by two pardld lines
intersecting the Sdes of an angle.

The concept of the reldion of quantities is a linguidic condruct, and quite a complex
one. But Paonism did not pemit the introduction of condructs in mathematics it
limited the basic concepts of mathemdtics to precisaly representeble datic spatid images.
Even fractiors were conddered somehow irregular by the Platonic school from the point
of view of red mahemdics In The Republic we reed: "If you want to divide a unit.
learned mathematicians will laugh a you and will not permit you to do it: if you change a
unit br smal pieces of money they believe it has been turned into a st and are careful to
avoid viewing the unit as congding of pats raher then as a whole” With such an
atitude toward rational numbers, why even talk about irrationa oned

We can brigfly summarize the influence of Plaonic idedism on Gresk meathematics as
folows. By recognizing mathemeticd Statements as objects to work with. the Greeks
made a metasysem trangtion of enormous importance but then they immediady
objectivized the basc dements of mahemaicd Satements and began to view them as
part of a nonlinguidtic redity, "the world of idess” In this way they dosed off the peth to
further escaation of critica thinking to becoming aware of the basc dements (concepts)
of mathemaics as phenomema of language and to credting increasingly more complex
mathematicd condructs The devdopment of mathemdtics in Europe was a continuous
liberation from the fetters of Platonism.

B DESCARTES AND FERMAT

IT IS VERY INSTRUCTIVE to compare the mathematicd world of Descates and
Fermat. As a mahematician Ferma was as gifted as Descartes, perhgps even more so.
This can be seen from his remarkable works on number theory. But he was an adent
disciple of the Greeks and continued the traditions Fermat set forth his discoveries on
number theory in remaks in the magins of Diophantus Arithmetica His works on
geometry originated as the result of efforts to prove certain Satements referred to by
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Pappus as beonging to Apollonius, but presented without proofs. Reflecting on these
problems, Fermat began to sysematicaly represent the podtion of a point on a plane by
the lengths of two line ssgments. the abscissa and the cardinal and represent the curve as
an equdion reating these segments. This idea was not a dl new from a geometric point
of view: it was a pivotd idea not only in Apollonius but even as far back as Archimedes
and it originates with even more ancient writers. Archimedes describes conic sections by
their "symptoms' thet is, the proportions which connect the adboscissas and ordinates of the
points. As an example, let ustake an dlipsswith the longer (mgor) axisAB.

Figure 11.3.

Perpendicular line PQ which is dropped from a certain point of the dlipss P to axis ABis
cdled the ordinate, and segments AQ and QB are the abscissas of this point (both terms
are Lain trandaions of Archimedes Greek terms). The ratio of the area of a square
condructed on the ordinate to the area of the rectangle congtructed on the two abscissss is
the same for dl points P lying on the dlipgs This is the "symptom™ of the dlipss, that
is, in essence, its equation. It can be written as Y?: X3 X, = const. Andogous symptoms
are established for the hyperbola and parabola. How is this not a system of coordinates ?

Unlike the ancents, Fermat formulaes the symptoms as equations in Vietds language,
not in the form of proportions described by words This mekes conversons esser:
spedificdly, it can be seen immediady that it is more convenient to leave one abstisa
than two. But the gpproach continues to be purely geometric, spatid.

Fermat st forth his idess in the tredtise "Ad locos planos e solidos isagoge’
(Introduction to Plane and Solid Loci). This work was published posthumoudy in 1679,
but it had been known to French mathematicians as early as the 1630s, somewhat earlier
than Descartes mathemétical works,

Decates famous Géométrie came out in 1637. Descartes was not of course, a dl
influenced by Fermat (it is unknown whether he even read Fermat's treatise); Descartes
method took shape in the 1620's, long before the Géométrie was published. Nonetheless,
the properly geometrica idess of Descates and Ferma ae precticdly identicd. But
Descartes created a new dgebra based on the concept of the reaion of geometric
quantities. In Vieta only amilar quantities can be added and subtracted and coefficients
mug incdude an indication of their geometric nature. For example, the equaion which we
would write as
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A+ BA=D.
Vietawrote asfollows:
A cubus+ B planumin A aequatur D solido.

This means the cube with edge A added to area B multiplied by A is equd to the volume
D. Vidga and Fermat are intelectud prisoners of the Greek geometric dgebra Descartes
bresks with it decigvely. The rdaions Descates adgebra deds with are not geometric,
gpatia objects, but theoretical concepts, "numbers” Descartes is not redricted by the
requirement for uniformity of things being added or the generd requirement of a spatid
interpretation; he undersgands raisng to a power as repeated multiplication and indicates
the number of factors by a andl digit above and to the right. Descates symbolism
virtualy coincides with our modern system.

B THE PATH TO DISCOVERY

FERMAT WAS ONLY a mahematician; Descates was above dl a philosopher. His
reflections went far beyond mathematics and dedt with the problems of the essence of
being and knowledge. Descartes was the founder of the philosophy of rationdism which
dfirms the human being's unlimited &bility to underdand the world on the bass of a
sndl number of intuitivdy dear truths and proceeding forward dep by step udng
definite rules or methods These two words are key words for dl Descartes philosophy.
The name of his fird philosophicad compodtion was Regulae ad directionem ingenii
(Rules for the Direction of the Mind), and his second was Discours de la méthode
(Discourse on the Method). The Discours de la méthode was published in 1637 in a
ange vdume with three physco-mahematicd tregtises "La Dioptrique’ (the Dioptric),
"les Meteores' (Meteors) and "la Gemétrie” (Geometry). The Discours preceded them as
a presentation of the philosophica principles on which the following parts were based. In
this Discours Descartes proposes the following four principles of investigation:

The first of these was to accept nothing as true which | did not clearly recognize to be so:
that is to say, carefully to avoid precipitation and preudice in judgements and to accept in
them nothing more than what was presented to my mind so clearly and digtinctly thet |
could have no occasion to doubt it.

The second was to divide up each of the difficulties which | examined into as many parts
as possible, and as seemed requisite in order that it might be resolved in the best manner

posshle.

The third was to carry on my reflections into order, commencing with objects that were the
more smple and easy to understand, in order to rise little by little, or by degrees, to
knowledge of the nost complex assuming order, even it a fictitious one, anong those
which do not follow anaturd sequence relatively to one another.
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The last was in dl cases to make enumerations so complete and reviews so generd that |
should be certain of having omitted nothing.[4]

Descartes arived a& his mathemdatica ideas guided by these principles. Here is how he
himsdf describes his peth in Discours de la méhode

And | have not much trouble in discovering which objects it was necessary to begin with,
for | dready knew that it was with the most smple and those most easy to gpprehend.
Congdering dso that of dl those who have hitherto sought for the truth in the Sciences, it
has been the mathematicians done who have been able to succeed in making any
demongtrations, that is to say, producing reasons which are evident and certain. | did not
doubt that it had been by means of a smilar kind that they carried on their investigations....
But for dl that | had no intention of trying to master al those particular sciences that
receive in common the name of Mathematics; but observing that, athough the objects are
different, they do not fail to agree in this, that they take nothing under consderation but the
various relaionships or proportions which are present in these objects. | thought that it
would be better if | only examined those proportions in their generd aspect, and without
viewing them otherwise than in the objects which would serve mogt to facilitate a
knowledge of them. Not that | should in any way restrict them to these objects. for | might
later on al the more easily apply them to al other objects to which they were gpplicable.
Then, having carefully noted that in order to comprehend the proportions | should
sometimes require to consider each one in particular, and sometimes merely keep them in
mind, or take them in groups, | thought that in order the better to consder them in detall, |
should picture them in the form of lines, because | could find no method more simple nor
more capable of being diginctly represented to my imagination and senses. | considered,

however, that in order to keep them in my memory or to embrace severd a once, it would
be essentia that 1 should explain them by means of certain formulas, the shorter the better.
And for this purpose it was requisite that |1 should borrow dl that is best in Geometrica

Analysis and Algebra, and correct the errors of the one by the other.[5]

We can see from this extremdy interesting testimony that Descartes was dearly aware of
the semantic novdty of his language based on the abdract concept of the rdation and
goplicable to dl the phenomena of redity. Lines sarve only to illudrate the concept of the
redion, jus as a collection of little gticks sarves to illudrate the concept of number. In
ther mahemaica works Descates and subssquent mathematicians have  followed
tradiion and used the term "quantity” for that which is dedgnaed by letters but
semanticdly these are not the spatid geometric quantities of the Greeks but rather ther
relaions. In Descartes the concept of quantity is just as abdtract as the concept of number.
But of course, it cannot be reduced to the concept of number in the exact meaning of the
word, that is the rationd number. Explaining his notations in the Géométrie, Descartes
points out thet they are Smilar (but not identical) to the notations of arithmetic dgebra:

Just as aithmetic condsts of only four or five operations, namely, addition, subtraction,
multiplication, divison, and the extraction of roots, which may be consdered a kind of
divison, so in geometry, to find required lines it is merely necessary to add or subtract
other lines. or ese, taking one line which | shal cdl unit) in order to relate it as closdly) as
possible to numbers, and which can in generd be chosen arbitrarily and having given two
other lines, to find a fourth line which shdl be to one of the given lines as the other is to
unity which is the same as multiplication: or, again, to find a fourth line which is to one of
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the given lines as unity is to the other (which is equivdent to divison): or, findly, to find
one, two, or several mean proportionas between units and some other line (which is the
same as extracting the square root. cube root, etc., of the given line). And | shdl not
hestate to introduce these arithmetica terms into geometry, for the sake of grester
clearness."[6]

The samantics of Descates dgeorac language ae much more complex than the
semartics of the aithmetic and geometric languages which rdy on graphic images. The
use of such a language changes ones view of the rdation between language and redity. It
is discovered that the letters of mathemdicd language may sgnify not only numbers and
figures, but dso something much more abdract (to ke more precise "condructed”). This
is where the invertion of new mathematica languages and didects and the introduction
of new condructs began. The precedent was set by Descartes. Descartes in fact lad the
foundation for describing the phenomena of redity by means of formdized symbolic
langueges

The immediae importance of Descates reform was tha it untied the hands of
mahemdicdans to creste, in abdract symbolic form, the infinitesmd andyds whose
basc idess in geometric form were dready known to the ancients. If we go jugt hdf a
century from the publication date of the Géométrie we find oursdves in the age of
Lebnitz and Newton, and 50 more years brings usto the age of Euler.

The higory of scence shows that the grestest glory usudly doesnot go to those who lay
the foundations and, of course, not to those who work on the smal finishing touches
rather it goes to those who are the firg in a new line of thought to obtain mgor results
which drike the imegindion of thar contemporaries or immediae descendants. In
European physico-mathematical science this role was played by Newton. But as Newton
sad, "If | have seen further than Descartes, it is by sanding on the shoulders of giants”
This is of course, evidence of the modesty of a brilliant scientig but it is ds0 a
recognition of the debt of the firsd great successes to the pionears who showed the way.
The gpple which made Newton famous grew on atree planted by Descartes.

[1] The Thirteen Books of Eudlids Elements, trandated and annotated by T. L. Hesth,
(Cambridge: Cambridge University Press, 1908), vol. 1. p. 382.

[2] B. van der Waerden Science Awakening (New York: Oxford Universty Press, 1969),
p. 264.

[3] B. van der Waerden Science Awakening, p. 266.

[4] Descartes, Spinoza, Great Books of the Western World, Encyclopaedia Britanica Inc.,
Vol 31, 1952, p. 47.

[5] Descartes, ibid., p. 47.

20€



[6] Descartes, ibid., p. 295
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CHAPTER TWELVE

From Descartes To Bourbaki

FORMALIZED LANGUAGE

"THE NEXT STOP IS APRELEVKA STATION", a hoarse voice announces through the
loudspesker. "I repest Aprdevka Station. The train does not have a sop a Pobeda
Sation.”

You are riding a commuter train on the Kiev Railroad and because you have forgotten to
bring a book and there is nothing br you to do you begin reflecting on how cardesdy we
il treet our native language. Redlly, what an absurd expresson “"does not have a stop.”
Wouldnt it be smpler to say "does not dop'? Of these bureaucratic governmenta
expressons, people write about it dl the time, but it hasn't done any good yet.

If you do not get off a Aprdevka, however, and you have time for further reflection you
will see that this is by no means a mater of a cadess atitude toward our naive
language; in fact "does not have a stop” does not mean quite the same thing as "does not
sop." The concept of the stop in railroad tak is not the same as the concept of ceasing
movement. The following definition, not too degant but accurate enough, can be given: a
dop is a ddiberate cession of the tran's movement accompanied by the activities
necessxy to ensure that passengers get on and off the train. This is a very important
concept for rallroad workers and it is linked to the noun "stop" not to the verb "to stop.”
Thus if the enginear stopped the train but did not open the pneumatic doors, the tran
"stopped” but it did not "have astop.”

The ralroad worker who made the announcement did not, of course, peform such a
linguidic andyds He amply used the ordinary professond term, which enabled him to
express his thought exactly, even if it seemed somewha cdumsy to a nonprofessond.
This is an indance of a vey common phenomenon: when language is usad for
comparativey narrow professond purposes there is a tendency to limit the number of
terms used and to give them more precise and condant meanings. We say the languege is
formalized. If this process is caried through to its logical concluson the language will be
completdy formalized.

The concept of a formaized language can be defined as follows Let us refer to our
diagram of the use of linguidic modds of redity (see figure 95) and put the quedtion:
how is the converson L; ® L, peformed, on what information does it depend? We can
picture two possbilities

1. The converson L; ® L, is deemined exdusvedy by linguidic objects L1 which

paticipate in it ard do not depend on those nonlinguigic representations S; which
correspond to them according to the semantics of the language. In other words, the
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linguidtic activity depends only on the "form" of the language objects not on ther
"content” (meaning).

2. The result of the converson of linguigic object L1 depends less on the type of object
L1 itsdf than on representaion S it generdes in the person's mind, on the
asociaions in which it is induded, and therefore on the person's persond
experience of life.

In the fird case we cdl the language formalized, while in the second case it is
unformalized. We should emphasize that complete formdization of a language does not
necessarily mean complete dgorithmization of it, the dtuaion where dl  linguidic
activity amounts to fulfilling precise and unambiguous prescriptions as a result of which
eech linguidic object L; is converted into a completely definite object L,. The rules of
conveson Li; ® L can be formdized as more or less rigid condrants and leave a
certan freedom of action; the only important thing is that these condraints depend on the
type of object L1 and potential dyjects L, by themsdves done and not on the meanings of
the linguidtic objects

The definition we have given of a formdized language applies to the case where
language is used to creste modes of redity. When a language serves as a means of
conveying cantral information (the language of orders) there is a completdy anaogous
divison into two possible types of responses.

1. The person responds in a drictly forma manner to the order, that is, his actions
depend only on the informetion contained in the text of the order, which is viewed as an
isolated meterid system.

2. The person's actions depend on those representations and associations the order

evokes in him. Thus he actudly uses much more informetion than thet contained in the
text of the order.

There is no difference in principle between the language of orders and the language of
modds The order "Hide!" can be interpreted as the mode "If you dont hide your life is
in danger.”" The difference between the order and the mode is a maiter of detals of
information use. In both cases the formaized character of the language leads to a definite
divigon of syntax and semantics, a it between the maerid linguidic objects and the
representations related to them; the linguigtic objects acquire the characteridics of an
independent sysem.

Depending on the type of language which is used we may ek of informd and formd
thinking. In informd thinking, linguigic objects are primaily important to the extent that
they evoke definite sets of representetions in us. The words here are strings by which we
extract from our memory paticles of our experience of life we rdive them, compare
them, sort through them, and so on. The result of this internd work is the converson of
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representations S; ® S, which modds the changes R; ® R in the environment. But this
does not meen tha informd thinking is identicd to nonlinguidtic thinking. In the firs
place, by itsdf the dismembering of the sream of perceptions depends on a system of
concepts fixed in language. In the second place, in the process of the converson § -> S
the "natura form" of the linguigic object, the word, plays a congderable pat. Very often
we use assodations among words, not among representations. Therefore the formula for
norformd thinking can be represented asfollows (S, L) ® (S, Lo).

In formd thinking we operate with linguigic objects as if they were certan independent
and df-auffident essences, temporarily forgetting ther meenings and  recdling them
only when it is necessary to interpret the result recaived or refine the initid premises. The
formulafor formd thinkingisasfdlows S ® Li® L, ® S

In order for formd thinking to yidd correct results, the semantic system of the language
must possess catan charecteristics we describe by such terms as  "precison,”
"definiteness”" and "lack of ambiguity." If the semantic sysem does not possess these
characteridics, we shdl not be adle to introduce such forma conversons Ly ® Ly in
order that, by usng them, we may dways receve a correct answer. Of coursg it is
possble to edablish the formd rules of conversons somehow and thus obtan a
formdized language, but this will be a language that sometimes leads to fase
conclusons. Here is an example of a deduction which leads to a fdse result because of
ambiguity in the semantic sysem:

Vanyaisagypsy.
The gypses came to Europe from India

Therefore, Vanyacameto Europe from India

In practice, thus, semantic precison and syntecticd formalization are insgparable, and a
language that satidfies both criteria is cdled formdized. But the leading criterion is the
gyntactica one, for the very concept of a precise semantic sysem can be defined drictly
only through syntax. And indeed, the semantic sysem is precise if it is possble to
egdablish formalized syntax which yidds only true modds of redlity.

B THE LANGUAGE MACHINE

BECAUSE the syntacticd conversons L1 ® L2 within the framework of a formaized
languege ae deermined ettirdy by the physcd type of objects L, the formdized
language is in essence a mechine that produces different changes of symbols. For a
completey dgorithmized languege, such as the language of aithmetic, this theds is
perfectly obvious and is illusrated by the exisence of machines in the ordinary, narrow
sense of the word (cadculators and dectronic computers) that cary out aithmetic
dgorithms. If the rules of converson are condrants only, it is possble to condruct an
dgorithm thet determines whether the converson L1 ® Lz is proper for given L1 and Lo.
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It is ds0 possble to condruct an dgorithm (a "supid’ one) which for a given L; beginsto
issue dl proper results for L, and continues this process to infinity if the number of
possble Ly is unlimited. In both cases we are deding with a certan language machine,
that can work without humean intervention.

The formdization of a language hes two direct consequences. In the fird place the
process of udng linguidic modds is amplified because precise rules for converting Ly ®
L, aper. In the extreme cae of complete dgorithmization, this converson can
generdly be caried out automaticaly. In the sscond place, the linguisic modd becomes
independent of the human brain which cresied it, and becomes an objective modd of
redity. Its semantic sysem reflects, of course, concepts that have emerged in the process
of the devdopment of the culture of human sodiety, but in terms of syntax it is a language
machine that could continue to work and preserve its vaue as a modd of redity even if
the entire human race were to suddenly disgppear. By udying this modd an intelligent
being with a certain knowledge of the object of modding would probably be able to
reproduce the semantic system of the language by comparing the modd to his own
knowledge. Let us suppose that people have built a mechanicd modd of the Solar
Sysgem in which the planets ae represented by spheres of appropriste diameters
revolving on pivots around a centra sphere, representing the sun, in gppropriate orbits
with gppropriaie periods. Then let us suppose that this modd has fdlen into the hands
(perhgps the tentades?) of the inhabitants of a neighboring sdlar sysem, who know
some things about our Solar System--for example, the distances of some planets from the
aun or the times of ther revolutions They will be gble to undersand what they have in
front of them, and they will recaive additiond informetion on the Solar Sysem. The same
thing is true of sdettific theories which are modds of redity in its different aspects,
built with the maeid of formdized symbalic language. Like a mechenicd modd of the
Solar Sysem, eech sdentific theory can in principle be deciphered and used by any
intelligent beings.

B FOUR TYPES OF LINGUISTIC ACTIVITY

Language can be characterized not only by the degree of its formdization but dso by the
degree of its abdraction, which is measured by the abundance and complexity of the
linguidic condructs it uses As we noted in chapter 7, it would be more correct to speak
of the "condruct qudity” of a language rather than of its abstractness, but the former term
[the Russan "kongtruktnogt”] has not yet been accepted. Therefore we shal use the term
"abdractness” We shdl cdl a language which does not use condructs or uses only those
of the very lowest levd "concrete” and we shdl cal a language which does use complex
condructs "abdract.” Although this is a conditiond and rdative digtinction, its meaning is
noretheless pefectly clear. And it does not depend on dividing languages into formaized
and unformdized, which ae different agpects of languege By combining dl thee
agpects we obtain four types of languages used in the four most important spheres of
linguigtic activity. They can be arranged according to the table beow:
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Concrete Language | Abstract Language
Unformalized Language | Art Philosophy
Formalized Language | Destriptive Sciences | Theoreticd sciences (mathematics)

Nether the vertica nor the horizonta divison is drict and unambiguous, the differences
are more of a quantitative nature. There are trangtiond types on the boundaries between

these "pure” types of language.

Art is characterized by unformdized and concrete language. Words are important only as
symbols which evoke definite complexes of representations and emations. The emationd
agpect is ordinarily decisve, but the cognitive aspect is dso very fundamentd. In the
most dgnificant works of at these aspects are inseparable. The principa expressive
meansis the image, which may be synthetic but dways remains concrete.

Moving leftward across the table, we come next to philosophy, which is characterized by
abdract-act, infforma thinking. The combindion of an extrendy high degree of
congructs among the concepts used and an indgnificant degree of formdization requires
greet effort by the intuition and mekes philosophicd language unquedtionably the mogt
difficult of the tour types of language. When art raises abdract idess it comes close to
philosophy. On the other hand, philosophy will use the atigic image now and again to
gimulate the intuition, and here it borders on art.

On the bottom right haf of our table we find the theoretical sciences, characterized by an
abdract and formdized language Science in generd is characterized by formdized
languege; the difference between the destriptive and theordticd stiences lies in a
different degree of use of concept-condructs. The language of destriptive stience mugt
be concrete and precise; formdization of syntax by itsdf does not play a large part, but
rather acts as a criterion of the precison of the semantic sysem (logicd consstency of
definitions, completeness of dassfications, and so on).

The modds of the world given by the descriptive sciences [bottom left of the table] are
expresed in terms of ordinary neurona concepts or concepts with a low degree of
condruct usage and, properly speeking, as modes they are band and monotypic: if some
paticular thing is done (for example, a trip to Audrdia or cutting open the abdomind
cavity of a frog) it will be possble to see some other paticular thing. On the other hand,
the whole essence of the theoretical stiences is that they give fundamentdly new modds
of redity: sdentific theories based on concept-condructs not present a the neurond
levels. Here the formdization of syntax plays the decisve pat. The mog extreme of the
theoretical sciences is mathemaics, which contains the most complex condructs and uses
a compledy formdized language Propaly speeking mahemdics is the formdized
language used by the theoreticd sciences.
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Moving back up from the destriptive sdences we ae agan in the sphere of at.
Somewhere on the border between the destriptive sciences and at lies the activity of the
journdigt or naturdig-writer.

® SCIENCE AND PHILOSOPHY

ALTHOUGH THE LANGUAGE of sdence is formdized, scentigs cannot redrict
themsdves to purdy formd thinking. The use of a complete and finished theory does
indeed demand formd operations tha do not go outdde the framework of a definite
language, but the cregtion of a new theory dways involves going beyond the formd
system; it is dways ametasystem trangtion of greeter or lesser degree.

Of course, we catanly cannot say tha everyone who does not bresk down old
formdisms is working on band and uncregtive things This gpplies only to those who
operate in accordance with dready avalable dgorithms essntidly performing the
funcions of a language mechine But farly complex formd sysgems cannot be
dgorithmized and they offer a broad aea for credive ativity. Actions within the
framework of such a sysem can be compared to playing chess In order to play chess
wel one must dudy for a long time, memorize different variaions and combinations, and
acquire a spedific chess intuition. In the same way the scientig who is deding with a
complex formdized language (that is to say, with mahemdics ether pure or applied)
devdops in himsdf, through long sudy and training, an intuition for his language, often a
very narow one, and obtains new theoretica results. This is, of course, activity which is
both noble and credtive.

All the same, going beyond the old formdism is an even more serious cregtive sep. If the
sientids we were discussng above could be cdled chessplayer-scentists, then the
stientigs who creste new formdized languages and theories can be caled philosopher-
sientigts We saw an example of these two types of scientigt in our discussion of Fermat
and Descartes in chapter 11. The concepts of new theories do not emerge in precise and
formdized form from a vacuum. They become cryddlized gradudly, during a process of
abdract but not formalized thinking--i.e,, philosophical thinking. And whereas here too
intuition is required, it is of a different type-- philosophica. "The sciences" Descartes
wrote in his Discours de la méthode "borrow their principles from philosophy.”

The cedion of fundamentd sdentific theories lies in the borderline area between
philosophy and stience. As long as a stientis operates with conventional concepts within
the framework of conventiond formdized language he does not need philosophy. He is
like the chess player who pictures the same pieces on the same board, but solves different
problems. And he does obtain new results, rdying on his intuition for chess. But in this
he will never, in his game of chess go beyond the limits inherent in his language To
improve language itsdf, to formdize what has not yet been formdized means to go into
philosophy. If a new theory does not contain this dement it is only a consequence of old
theories. It can be sad that the amount of what is new in any theory corresponds exactly
to the amount of philasophy iniit.
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From the above discusson the importance of philosophy for the activity of the sdentigt is
clear. Inthe Dialectic of Nature, F. Engelswrote:

Naturdists imagine that they are free of philosophy when they ignore or downgrade it. But
because they cannot take a step without thinking, and thinking demands logica categories
and they borrow these categories uncriticaly ether from the everyday, generd
consciousness of so-caled educated people among whom the remnants of long-dead
philosophical sysems reign, from crumbs picked up in required university courses in
philosophy (which are not only fragmentary views, but aso a hodgepodge of the views of
people affiliated with the most diverse and usudly the most despicable schools), or from
uncritical and unsystematic reading of every kind of philosophicd works--in the end they
are dill subordinate to philosophy but, unfortunately, it is usudly the most despicable
philosophy and those who curse philosophy most of al are daves to the worst vulgarized
remnants of the worst philosophica systems|[1]

That sounds amazingly modern!

B FORMALIZATION AND THE METASYSTEM
TRANSITION

THE CONVERSION of language, occurring as a result of formdization, into a redity
independent of the human mind which cregtes it has far-reaching consequences. The jus-
cregted language meachine (theory), as a pat of the human environment, becomes an
object of sudy and description by means of the new language. In this way a metasystem
trangtion tekes place. In rddion to the desribed languege the new languege is a
metdanguage and the theories formulated in this language and concerned with theories in
the language-object are metatheories. If the metdanguage is formdized, it may in turn
become an object of study by means of the language of the next levd and this
metasystem trandtion can be repeated without restriction.

In this way, the formdization of a language gives rise to the dairway effect (see chepter
5). Jug as madering the generd principles of making toals to influence objects gives rise
to multiple repetitions of the metasystem trandtion and the credion of the hierarchicd
sydem of indudrid production, O medeing the genad princple of describing
(modding) redity by means of a formdized language gives rise to credtion of the
hierarchicd sysem of formdized languages on which the modern exact scences ae
based. Both hierarchies have great height. It is impossible to build a jet arplane with bare
hands. The same thing is true of the tools needed to build an arplane One mugs begin
with the gmples implements and go through the whole hierarchy of complexity of
ingruments before reaching the arplane. In exactly the same way, in order to teach the
savage quantum mechanics, one must begin with arithmetic.
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B THE LEITMOTIF OF THE NEW MATHEMATICS

THE ESSENCE of what occurred in mathemdtics in the seventeenth century was thet the
generd prindiple of usng formdized language was medered. This marked the beginning
of movement up the darway; it led to grandiose achievements and continues to the
present day. It is true that this principle was not formulated so clearly then as now, and
the teem "formdized language' did not gopear until the twentieth century. But such a
language was in fact used. As we saw. Decartes reform was the fird sep dong this
path. The works of Descartes, in particular the quotations given above, show that this step
was far from accidentd: rether it followed from his method of learning the laws of nature
which, if we put it in modern terms, is the method of cresting modds usng formdized
language. Descates was aware of the univerdity of his method and its mathematicd
character. In the Regulae ad directionem ingenii he expresses his confidence tha there
must be "some generd stience which explains everything related to order and meesure
without going into invedigation of any paticular objects” This science” he writes,
should be cdlled "universl mathemetics”

Ancther grest mathemaician-philosopher of the seventeenth century, G. Lebnitz (1646-
1716), undersood fully the importance of the formdization of language and thinking.
Throughout his life Leibnitz worked to develop a symboalic caculus to which he ,gave the
Lain name characteristica universalis. Its god was to express dl dear human thoughts
and reduce logicd deduction to purdy mechanicd operations. In one of his early works
Leibnitz dates, "The true method should be our Ariadnes thread, thet is a certain
papable and rough means which would guide the reason like lines in geometry and the
forms of operations prescribed for dudents of arithmetic. Without this our reason could
not make the long journey without getting off the road." This essentidly points out the
role of formdized language as the maerid fixer of concept-condructs--i.e, its man role.
In hishistoricd essay on the foundations of mathematic§2] N. Bourbaki writes

The many places in the works of Leibnitz where he mentions his grandiose project and the
progress which would follow upon its redization show how clearly he understood
formdized language as a pure combination of characters in which only their coupling is
important, 0 that a machine will be able to derive dl theorems and it will be possble to
resolve dl incomplete or mistaken underdanding by smple cadculation. Although such
hopes might seem excessive, it must be admitted that it was in fact under the constant
influence of them that Lebnitz crested a sgnificant share of his mathematica writings,
above dl his works on the symbolism of infinitesma caculus. He himsdf was very well
aware of this and openly linked his idesas of introducing indexes and determinants and his
draft of the "geometric calculus' to his "charaterigtica” But he fdt that his most significant
work would be symboalic logic.... And adthough he was not able to create such calculus, a
least he started work to carry out his intention three times.

LebnitZs idess on the characteristica universalis. were not daborated in his day. The
work of formdizing logic did not get undeway until the sscond hdf of the ningteenth
century. But Lebnitzs idess ae tedimony to the fact that the principle of describing
redity by means of formdized logic is an inborn characteridic of European mathematics,
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and has dways been the source of its development, even though different authors have
been aware of thisto different degrees

It is not our purpose to st forth the higory of modern mathematics or to give a detailed
description of the concepts on which it is based; a separate book would be required for
that. We shdl have to be stidfied with a brief sketch that only touches that aspect of
mathematics which is mogt interesting to usin this book--specificaly, the system aspect.

The latmotif in the devdlopment of mahemaics during the last three centuries has been
the gradudly despening awareness of mahemdics as a formdized language and the
reilting growmth of multiple leves in it, occurring through metasydem trangtions of
vaying scae.

We dhdl now review the mog important manifestations of this process, they can be
cdled vaiaions on a basc theme peaformed on different indruments and with different
accompaniment. Smultaneoudy with upward growth in the edifice of mathemaics there
was an expangon of dl itsleves induding the lowest one--the leve of gpplications.

B "NONEXISTENT" OBJECTS

WE HAVE ALREADY goken of "impossble® numbers-irrationd, negaive, and
imaginay numbers. From the point of view of Plaoniam the use of such numbers is
absolutely inadmissble and the corresponding symbols are meaningless But Indian and
Arabic mahemdidans began to use them in a minor way, and then in Europeen
mathematics they findly and irreversbly took root and received renforcement in the
form of new "nonexigent” objects such as an infinitdy remote point of a plane. This did
not happen dl a once, though. For a long time the posshility of obtaining correct results
by working with "nonexigent” objects seemed amazing and myderious In 1612 the
mahemdican Clavius discussng the rule that "a minus times a minus yidds a plus'
wrote "Here is manifested the weskness of human reason which is unable to understand
how this can be true" In 1674, discussing a certan relaion between complex numbers,
Huygens remarked: "There is something incomprehensble to us conceded here” A
favorite expresson of the early eghteenth century was the "incomprehensible riddies of
mathematics” Even Cauchy in 1821 had very dim notions of operations on complex
quantities[3]

The last doubts and uncertainties related to uninterpreted objects were cleared up only
with the introduction of the axiomatic approach to mathematicd theories and find
awareness of the "linguigic natue' of mathematics We now fed that there is no more
reason to be surprised a or opposed to the presence of such objects in mathematics than
to be surprised & or opposed to the presence of parts in a car in addition to the four
wheds, which are in direct contact with the ground and set the car in mation. Complex
numbers and objects like them are the internd "wheds' of mathematicd modes, they are
connected with other "wheds" but not directly with the "ground,” thet is, the dements of
nonlinguidic redity. Therefore one may go right on and operate with them as formal
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objects (that is, characters written on paper) in accordance with their properties as defined
by axioms. And there is no reason to grieve because you cannot go to the pastry shop and
buy square root (-15) ralls

B THE HIERARCHY OF THEORIES

AWARENESS OF THE PRINCIPLE of desribing redity by means of formdlized
language gives rise, as we have seen, to the dairway effect. Here is an example of a
darway consding of three geps Arithmetic is a theory we goply directly to such objects
of nonlinguidtic redlity as gpples, sheep, rubles, and kilograms of goods. In reation to it
school dgera is a metatheory that knows only one redity--numbers and numericd
egudities--while its letter language is a metdanguage in rdation to the languege of the
numerds of aithmetic. Modern axiomdic dgebra is a metatheory in reation to schoodl
dgebra It deds with cetan objects (whose nature is not gpecified) and certan
operations on these objects (the naure of the operations is dso not gpecified). All
condusons are drawn from the characterigics of the operaions. In the gpplications of
axiomatic agebra to problems formulated in the language of school agebra, objects are
interpreted as varidbles and operations are aithmetic operations. But modern dgebra is
aoplied with equa success to other branches of mathematics, for example to andyss and
geometry.

A thorough dudy of mathemdicd theory generates new mathemdicd theories which
condder the initid theory in its different aspects Therefore, each of these theories is in a
catan sene dmpler than the initid theory, just as the initid theory is smpler than
redity, which it dways condders in some certan aspect. The modds are dismembered
ad a st of ampler modds is isolated from the complex one Formdly speeking, new
theories are just as universd as the initid theory: they can be gpplied to any objects
regadless of thar naure if they saidy the axioms With the axiomatic approach
different mathematicd theories form what is drictly spesking, a hierarchy of complexity,
not of control. When we consder the modds that in fact express laws of nature (the ones
used in goplications of mathemaics), however, we see that mahemdicd theories are
veay dealy divided into leves according to the nature of the objects to which they are
actudly applied. Arithmetic and dementary geomelry ae in direct contact with
nonlinguidic redity, but a certan theory of groups is used to creste new physca theories
from which results expressed in the language of dgebra and andyss are extracted and
then "put in numbers': only dter this ae they mached with experimenta results This
digribution of theories by levels corresponds overdl to the order in which they arose
higoricaly, because they arose through successve measysem trandtions The gStuation
here is essentidly the same as in the hierarchy of implements of production. It is possble
to dig up the ground with a screwdriver, but that tool was not invented for this purpose
and redly is needed only by someone working with screws and bolts Group theory can
be illustraied by smple examples from everyday life or dementary mathematics, but it is
redly used only by mathematicians and theordticd physcdgs A dek in a ore or an
enginer in the fidd has no more use for group theory then the primitive has for a
screwdriver.
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B THE AXIOMATIC METHOD

ACCORDING TO THE ancient Greeks, the objects of mathematics had red exisence in
the "world of idess" Some of the properties of these objects seemed in the mind to be
absolutely indisputable; they were declared axioms. Others, which were not so obvious,
had to be proved usng the axioms. With such an approach there was no great need to
precisdy formulate and to completdy lig dl the axioms if some "indioutable” attribute
of objects is usad in a proof, it is not that important to know whether it has been incduded
in a lig of axioms or not: the truth of the propaty being proved does not suffer. Although
Eudid did give a lig of definitions and axioms (induding podulates) in his Elements as
we saw in chapter 10, now and again he used assumptions which are completdy obvious
intuitively but not induded in the lig of axioms As for his definitions, there are more of
them than there are objects defined, and they are completdy unsuitable for use in the
proof process. The ligt of definitionsin the first book of the Elements begins as follows

1. Thepointisthat which does not have parts.

2. Thelineisalength without width.

3. Theendsof linesare points.

4. A draght lineisalinewhich liesthe same rdativeto dl its points.

There are a totd of 34 definitions. The Swiss geometer G. Lambert (1728-1777) noted in
this regad: "What Eudid offers in this @undance of ddfinitions is something like a
nomenclature. He redly proceeds like, for example, a watchmaker or other artisan who is
beginning to familiarize his gpprentices with the names of the tools of histrade.”

The trend toward formdization of mathematics generaied a trend toward refinement of
definitions and axioms Lebnitz cdled atention to the fact thet Eudid's condruction of
an equilaerd triangle rdies on an assumption that does not follow from the definitions
and axioms (we reviewed this condruction in chapter 10). But it was only the credtion of
non Euclidean geometry by N. 1. Lobachevsky (1792- 1856), J. Bolya (1802-1860), and
K. Gauss (1777- 1855) which brought universa recognition of the axiomatic gpproach to
mathematica theories as the fundamenta method of mathematics At firs Lobachevsky's
"imaginary” (conceptud) geometry, like dl "imeginay" phenomena in mahemaics,
encountered disrus and hodility. Soon the irrefutable fact of the exigence of this
geometry began to change the point of view of mathematicians concerning the reation
between mahemdicd theory and redity. The mahematicdan ocould not refuse
Lobachevsky's geometry the right to exis, because this geometry was proved to be
noncontradictory. It is true tha Lobachevsky's geometry contradicted our geometrica
intuiion, but with a suffidently smdl paamege of aid cuvaure it wes
indiginguisheble from Eudidean geometry in smdl spaid volumes. As for the cosmic
sde, it is not a dl obvious that we can trust our intuition there, because our intuition
fooms under the influence of experience limited to smdl volumes Thus we face two
competing geometries and the question arises which of them is "true'?

When we ponder this question it becomes clear that the word "true’ is not placed in
quotation marks without reason. Strictly spesking, the experiment cannot answer the
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quedion of the truth or fasehood of geomelry: it can only answer the question of its
usefulness or lack of usefulness, or more precisdy its degree of ussfulness, for there are
perhgps no theories which are completdy usdess. The experiment deds with physicd,
not geometric, concepts. When we turn to the experiment we are forced to give some
kind of interpretation to geometric objects, for example to consder that draght lines are
redized by light beams. If we discover that the sum of the angles of a triangle formed by
light beams is less than 180 degrees, this in no way means that Euclidean geometry is
"fdse" Possbly it is "trug" but the light is propagated not dong draight lines but dong
acs of drcumference or some other curved lines. To spesk more precisdy, this
experiment will demondrate that light beams cannot be consdered as Eudidean sraight
lines Eudidean geomelry itsdf will not be refuted by this The same thing applies, of
course, to non-Eudidesn geomelry dso. The experiment can answer the question of
whether the lignt beam is an embodiment of the Eudidean draght line or the
Lobachevsky draight ling, and this of course is an important argument in choodng one
geometry or the other as the bass for physcd theories. But it does not take away the
right to exigence of the geometry which "loses out." It nay perhaps do better next time
and prove very convenient for describing some other agpect of redlity.

Such congderdions led to a reevauation of the rddive importance of the naure of
mathematicd objects and their properties (induding relations as properties of pairs,
groups of three, and other such objects). Whereas formerly objects seemed to have
independent, red exisence while their properties gopeared to be something secondary
and derived from their nature, now it was the properties of the objects, fixed in axioms,
which became the bass by which to define the specific naure of the given mathemdica
theory while the objects logt dl specific characteridtics and, in generd, logt ther "nature”
which is to sy, the intuitive representaions necessarily bound up with them. In
axiomdic theory the object is something which satidfies the axioms. The axiomaic
goproach findly took root a the turn of the twentieth century. Of course intuition
continued to be important as the basic (and perhaps only) tool of mathemetica credivity,
but it came to be conddered that the find result of credtive work was the completdy
formdized axiomatic theory which could be interpreted to gpply to other mahematicd
theories or to nonlinguidtic redlity.

® METAMATHEMATICS

THE FORMALIZATION of logic was begun (if we do not count Lebnitzs first
atempts) in the mid-nineteenth century in the works of G. Boole (1815-1864) and was
completed by the beginning of the twentieth century, primarily thanks to the work of
Schroeder, C. S. Perce, Frege, and Peano. The fundamenta work of Russl and
Whitehead, the Principia Mathematica, which came out in 1910, uses a formalized
language which, disregarding inggnificant variaions, is dill the generdly accepted one
today. We described this language in chapter 6, and now we shdl give a short outline of
the formaization of logicad deduction.
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Thee ae sverd forma sysems of logicd deduction which ae equivdent to one
another. We dhdl discuss the most compact one. It uses just one logica connective,
implication E, and one quantifier, the universd quantifier ™ . But then it indudes a
logica congant which is represented by the symbol O and denotes an identicdly fase
statement. Using this congtant it is possible to write the negation of Satement pas p E O,
and from negaion and implication it is easy to condruct the other logicd connectives
The quartifier of exigence is expressed through negaion and the quantifier of generdity,
S0 our compressed language is equivaent to the full language consdered in chapter 6.

The formd sysem (language meching) contains five axioms and two rules of inference
The axioms are the fallowing:

AL pE (QEE=>p
A2.[pE@ENIE[PEQ)E(PETN)]
A3 [(PEOECQ EPp

A4 (" X[ PE q(X)] E [PE (" x)q (X)]
AS. (" X)q(x) Eq ®)]

Inthis p, g, and r are any propogtions in A4 and A5 the entry q(r) means that one of the
free variables on which propostion q depends has been isolated: the entry q(t) means that
some tem t has been subdituted for this varidble findly, in A4 it is assumed that
vaiabler does not enter p asafree varidble.

It is essy to ascartan that these axioms correpond to our intuition. Axioms Al-A3
involve only propogtiond cdculus and ther truth can be tested by the truth tables of
logicd connectives. It turns out that they are dways true, regardless of the truth vaues
assumed by propostions p, g, ad r. A4 sys that if q(r) follows for any r from
proposition p which does not depend on r, the truth of q(r) for any r folowsfrom p. A5is
in fact a definition of the universd quantifier: if q(r) is true for dl r, then it is do true for

ayt.

The rules of inference may be written conasdly in the following way:

P e =8 ooy Pix) _
O

In this notation the premises are above the line and the condusion is bdow. The fird rule
(which treditiondly bears the Lain name modus ponens) says that if there are two
premises, propostion p and a propodtion which afirms that q fdlows from p, then we
deduce propogtion p as the condudon. The second rule the rule of generdizaion, is
based on the idea that if it has been possble to prove a certain propostion p(x), which
contains free vaiade r, it may be conduded tha the propostion will be true for any
vaue of thisvariable

The finite sequence of formulas D = (dy, b, . . ., dy) such that d, coincideswith q and
eech formula d, is ather a formula from a st of premises X, a logicd axiom, or a
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conclusion obtained according to the rules of inference from the preceding formulas d is
caled the logical deduction of formula g from the st of formulas (premises) X. When we
congder axiomdtic theory, the aggregate of dl axioms of the given theory figures as the
st X and the logicd deduction of acertain formulaisitsproof.

Thus the formulds proof itsdf became a formd object, a definite type of formula
(sequence of logicd daements) and as a result the posshility of purdy syntacticd
investigation of proofs as characterigics of a catan language machine This posshbility
was pointed out by the grestes mahematician of the twentieth century, David Hilbert
(1862-1943), who with his dudents lad the foundations of the new school. Hilbert
introduced the concept of the metdanguage and caled the new school metamathematics
The tem metasystem which we introduced a the gart of the book (and which is now
genedly acoepted) arose as a result of geneardizing Hilbet's terminology. Indeed, the
trandtion to invedigaing mahematicd proofs by mahematicd means is a brilliant
example of alarge-scale metasystem trangtion.

The basc god pursued by the program outlined by Hilbert was to prove that different
sydems of axioms were conggtent (noncontradictory). A sysem of axioms is cdled
contredictory if it is possble to deduce from it a certain formula g and its negation --q. It
is easy to show tha if there is a least one such formula thet is to say if the theory is
contradictory, then any formula can be deduced from it. For an axiomatic theory,
therefore, the question of the conagency of the sysem of axioms on which it is basad is
extremdy important. This quedion admits a purdy syntacticd trestment: is it possble
from the given formulas (drings of characters), following the given formd rules to
obtain a given formd result? This is the formulation of the question from which Hilbert
began: it then turned out that there are dso other important characteristics of theories
which can be invedigated by syntacticd methods. Many very interesting and important
results, primarily of anegative nature, were obtained in this way.

B THE FORMALIZATION OF SET THEORY

THE CONCEPT of the aggregate or st is one of the most fundamenta concepts given to
us by nature: it precedes the concgpt of number. In its primary form it is not differentiated
into the concepts of the finite and infinite sets, but this differentiation gppears very early:
in any casg, in vary andent written documents we can dready find the concept of infinity
and the infinite set. This concept was used in mathemdics from andent times on,
remaning purdy intuitive teken as Hf-explanatory and not subject to  specid
condderation, until Georg Cantor (1845- 1918) developed his theory of sets in the 1870s.
It soon became the bads of dl mahematics. In Cantor the concept of the st (finite or
infinite) continues to be intuitive. He defines it as falows "By a set we meen the joining
into a Ingle whole of objects which ae dealy didinguishable by our intuition or
thought." Of course this "definition” is no more mahemdicd than Eudids "definition”
that "The point is that which does not have pats" But despite such imprecise darting
points, Cantor (once agan, like the Greek geometers) created a harmonious and logicdly
condgent theory with which he was ale to put the basc concepts and proofs of
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mathemdtical andlyss into remarkable order. (It is Imply amazing," writes Bourbaki,
"‘what daity is gradudly acquired in his writing by concepts which it seemed, were
hopdedy confused in the dasscd conception of the "continuum.”)[4] In st theory
mahemdicians recaved a uniform method of creding new conoept-condructs and
obtaining proofs of their properties. For example, the red number is tre st of dl
seguences of rationd numbers which have a common limit: the line segment is a st of
real numbers: the function isthe sat of pairs (x, f) wherex and f are real numbers,

By the end of the nineteenth century Cantor's s&t theory had become recognized and was
naturdly combined with the axiomaic method. But then the famous "criss of the
foundetions’ of mathematics burst forth and continued for three decades. "Paradoxes”
which is to say condructions leading to contradiction, were found n set theory. The firg
paradox was discovered by Burdi-Forti in 1897 and severd others gppeared later. As an
example we will give RusHl's paradox (1905), which can be presented usng only the
primary concepts of set theory and a the same time not violaing the requirements of
mathematica drictness. This is the paradox. Let us define M as the set of dl those sets
which do not contan themsdves as an dement. It would seem tha this is an entirdy
proper definition because the formation of sets from sets is one of the bases of Cantor's
theory. However, it leads to a contradiction. In order to make this clearer we shdl use
P(X) to dgnify the property of st X of bang an dement of itsdf. In symbalic form this
will be

P(X) =X € X «y

Then, according to the definition of set M, dl its dements X gave the property which is
the opposite of P(X):

x € M= -P(x) 2

Then we put the question: is st M itsdf an demeant, that is, is P(M) true? If P(M) is true,
then M € M according to definition (1). But in this case, subgituting M for X in
propostion (2) we receive -P(x) , for if M is induded in s M, then according to the
definition of the laiter it should not have property P. On the other hand, if P(M) is fdse,
then -P(M) occurs, then according to (2) M should be induded in M, that is, P(M) is true.
Thus, P(M) cannot be ether true or fdse. From the point of view of formd logic we have
proved two implications

P(M) E -P(M)

-P(M) E =>P(M)
If the implication is expressed through negaion and digunction and we use the property
of digunction AVA = A, the fird datement will become -P(M) while the second will

become P(M). Therefore, a formad contradiction takes place and therefore anything you
like may be deduced from set theary!
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The paradoxes threstened st theory and the mathematicd andyss based on it. Severd
philosophica-mathematicd  schools emerged which proposed different ways out of this
blind dley. The mog radicd school was headed by Brouwer and came to be cdled
intuitionism; this school demanded not only a complete rgection of Cantor's st theory,
but dso a radicd revison of logic. Intuitionis mathematics proved quite complex and
difficult to deveop, and because it threw cdlasscd andyds onto the scrgp hegp most
mathematicians found this pogtion unacceptable. "No one can drive us from the heaven
which Cantor created for us" Hilbert announced, and he found a solution which kept the
basc contet of s theory and & the same time diminated the paradoxes and
contredictions With his followers Hilbet formulated the man channd dong which the
current of methematical thought flowed.

Hilbert's solution corresponds entirdy to the gpirit of deveopment of Europeen
mathematics. Whereas Cantor viewed his theory from a profoundly Platonis standpoint,
a an invedigdaion of the dtributes of redly exising and actudly infinite sets, according
to Hilbert the sats must be viewed as smply certain objects that satisfy axioms, while the
axioms mugt be formulated s0 that definitions leading to paradoxes become impossble
The fird sysem of st theory axioms which did not give rise to contradictions was
proposed in 1908 by Zermdo and later modified. Other sysems were aso proposed, but
the dtitude toward sa theory remained unchanged. In modern mathematics sat theory
plays the role of the frame the skeleton which joins dl its parts into a sngle whole but
cannot be seen from the outsde and does not come in direct contact with the externd
world. This Stuation can be truly undersood and the forma and contentud aspects of
mahematics combined only from the "linguigic' point of view regarding mathematics.
This point of view, which we have followed persgently throughout this book, leads to
the fdlowing conception. There are no actudly infinite s#s in redity or in our
imagingtion. The only thing we can find in our imagingion is the notion of potentid
infinity--thet is, the posshbility of repesting a certain act without limitation. Here we mugt
agree fully with the intuitionigt criticiam of Cantor's set theory and give due credit to its
indght and profundity. To use st theory in the way it is used by modern mathematics,
however, it is not & dl necessary to force ones imaginaion and try to picture actud
infinity. The "sts' which are used in mathematics are Smply symbols linguidic objects
used to congruct models of redity. The postulaied atributes of these objects correspond
patidly to intuitive concepts of aggregateness and potentid infinity; therefore intuition
helps to some extent in the devdopment of st theory, but sometimes it aso decaves.
Each new mahematicd (linguidtic) object is defined as a "' condructed in some
paticular way. This definition has no dgnificance for reating the object to the externd
world, thet is for interpreting it: it is needed only to coordinate it with the frame of
mathemadics, to mesh the internd wheds of mathematicd modds So the language of st
theory is in fact a metdanguage in reaion to the language of contentud mahematics
and in this regpect it is amilar to the languege of logic. If logic is the theory of proving
mathematical datements then st theory is the theory of condructing meathemdicd
linguigtic objects.

Precisdy why did the intuitive concept of the sat form the bess of mahemaica
condruction? To define a newly introduced mathematica object means to point out its
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semantic ties with objects introduced before. With the exception of the trivid case where
we are taking about redesgnaion, replacing a 9gn with a sgn, there are dways many
such ties, and many objects introduced earlier can participate in them. And 0, indead of
saying that the new object is rdated in suchand-such ways to such-and-such old objects,
it is sad that the new object is a set condructed of the old objects in such-and-such a
manner. For example, a rationd number is the result of dividing two naturd numbers: the
numeraior by the denominator. The number 5/7 is object X such that the vadue of the
function "numerator” (X) is 5 and the vadue of the function "denominator” (X) is 7. In
mathemdtics, however, the raiond number is defined Imply as a par of naurd
numbers. In exactly the same way it would be necessary to spesk only of the realization
of ared number by different sequences of rationd numbers undersanding this to meen a
definite semantic relation between the new and old linguigtic objects. Indtead of this, it is
sad that the red number is a set of sequences of rational numbers, At the present time the
terminology should be conddered a vestige of Plaonic views according to which what is
important is not the linguidic objects but the dements of "ided redity” conceded behind
them, and therefore an object must be dfined as a "red” set to acquire the right to exis.
The idea of the set was promoted to "executive work" in mathematics as one of the
agpects of the rdaion of name and meaning (spedficdly, tha the meaning is usudly a
condruction which indudes a number of dements), and it is hardly necessxy to prove
that the rdatiion of name and meaning aways has been and adways will be the beds of
linguidtic congruction.

B BOURBAKI'STREATISE

AT THE CONCLUSION of this chepter we cannot hdp saying a few words about
Bourbaki's multivolume tredtise entitted Eléments de mathematique. Nicholas Bourbaki
is a oollective pseudonym used by a group of prominent mathemdicians primarily
French, who joined together in the 1930s. Eléments de mathematique <Started publication
in 1939.

Specidids from different fidds of mathemdtics joined together in the Bourbaki group on
the bass of a conception of mathemdics as a formdized language. The god of the
treetise was to present dl the mogt important achievements of mahemaics from this
point of view and to represent mathematics as one formdized language. And dthough
Bourbaki's tregtise has been criticized by some mahematicians for various reasons it is
unquestionably an important mileone in the devdopment of mathematics dong the path
of sdf-awareness.

Bourbaki's conception was set forth in layman's terms in the article "The Architecture of
Mahemdtics” At the dat of the aticle the author asks is mathematics turning into a
tower of Babd, into an accumulation of isolaed disciplines? Are we deding with one
mathematics or with severd? The answer given to this quedion is as follows Moden
axiomatic mathemdatics is one formdized language that expresses abdract mahematica
dructures that are not diginct, independent objects but rather form a hierarchicd system.
By a "dructure’ Bourbeki means a certain number of relaions among objects which
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posess definite properties. Leaving the objects completdy undefined and formulating the
properties of reations in the form of axioms and then extracting the conssquences from
them according to the rules of logicd inference, we obtain an axiomdic theory of the
given dructure. Trandated into our language, a dructure is the semantic agpect of a
mahematicd modd. Severd types of fundamentad generaing dSructures may be
identified. Among them ae dgduac dructures (which reflect the propeties of the
composition of objects), structures of order, and topologica sructures (properties related
to the concepts of contiguity, limit, and continuity). In addition to the mos generd
dructure of the given type--tha is, the dructure with the smadlest number of axioms--we
find in each type of geneding dructure dructures obtained by induding additiond
axioms. Thus, group theory includes the theory of finite groups the theory of abdian
groups, and the theory of finite abelian groups. Combining generating sructures produces
complex dructures such as, for example, topologica dgebra In this way a hierarchy of
dructures emerges.

How is the axiomaic method employed in cregtive mahemdics? This is where
Bourbaki writes, the axiomatic method is cdosest to the expearimentd method. Following
Decartes, it "divides difficulties in order to resolve them better.” In proofs of a complex
theory it tries to bresk down the man groups of arguments involved and, teking them
separatdy, deduce consequences from them (the dismemberment of modeds or dructures,
which we discussed a@oove). Then, returning to the initid theory, it agan combines the
dructures which have been identified beforenand and sudies how they interact with one
another. We conclude with this citetion:

From the axiomatic point of view, mathematics appears thus as a dorehouse of abdract
foms--the mathematical dructures and it S0 hgppens--without our knowing why--that
catan agpects of empirica redity fit themsdves into these forms as if through a kind of
preadaptation. Of course, it cannot be denied that most of these forms had origindly a
vay ddinite intuitive content; but it is exactly by ddiberady throwing out this content
that it has been possble to give these forms dl the power which they were capable of
disdlaying and to prepare them for new interpretations and for the devdopment of ther

full power.[5]

[1] Engds F. Dialektika prirody (The Didectic of Naure). Gogpolitizdet Publishing
House, 1955, p. 165.

[2] Bourbaki, N. Elements d'histoire des mathematiques. Paris. Hermann. The quote is
from the firg essay, in the sesson "Formdization of Logic.”

[3] This opinion and the quotations cited above were taken from H. Weyl's book The
Philosophy of Mathemdics (Russan edition O filosofi matematiki. Moscow-Leningrad,
1934).

[4] Bourbaki, figt essay, section "Set Theory."
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[5] Bourbaki, "The Architecture of Mathematiques™
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CHAPTER THIRTEEN

Science and M etascience

B EXPERIMENTAL PHYSICS

WHEN THE FOUNDATIONS of the new mathematics were being condructed at the
tun of the seventeenth century, the basic principles of experimentd physcs were dso
developed. Gdlileo (1564-1642) played a leading role in this process. He not only mede
numerous discoveries and inventions which condituted an epoch in themsdves, but dso--
in his books, letters, and conversations--taught his contemporaries a new method of
acquiring knowledge. Gdlileo's influence on the minds of others was enormous. Francis
Bacon (1566-1626) was ds0 important in edablishing experimenta science. He gave a
philosophicd andlyss of scientific knowledge and the inductive method.

Unlike the ancient Greeks, the European scientists were by no means contemptuous of
empirical knowledge and practicd adtivity. At the same time they were full magters of
the theoreticd heritage of the Greeks and had dready begun meking thar own
discoveries. This combination engendered the new method. "Those who have trested of
the sciences" Bacon writes.

"have been either empirics or dogmatica. The former like ants only hegp up and use ther
dore, the later like spiders spin out their own webs. The bee, a mean between both,
extracts matter from the flowers of the garden and the field, but works and fashions it by its
own efforts. The true labor of philosophy resembles hers, for it neither relies entirely nor
principaly on the powers of the mind, nor yet lays up in the memory the matter afforded
by the experiments of natural history and mechanicsin its raw state, but changes and works
it in the understanding. We have good reason, therefore, to derive hope from a closer and
purer dliance of these faculties (the experimenta and rational) than has yet been
attempted.[1]

®m THE SCIENTIFIC METHOD

THE CONCEPT of the experiment assumes the exigence of a theory. Without a theory
there is no expeariment: there is only obsarvatiion. From the cybernetic (systems) point of
view the experiment is a controlled obsarvaion: the controlling sysem is the sdentific
method, which rdies on theory and dictates the organization of the experiment. Thus, the
trandtion from dmple obsarvaion to the experiment is a metasydem trangtion in the
rellm of experience and it is the fird agpect of the emergence of the scientific method. Its
second agpect is avareness of the scentific method as something danding above the
theory--in other words, mastering the generd principle of describing redity by means of
formdized language, which we discussed in the previous chepter. As a whole the
emegence of the sdentific method is one measysgem trandtion which crestes a new
levd of control, induding control of obsarvation (organizetion of the experiment) and
control of language (development of theory). The new metasystem is what we mean by
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science in the modern sense of the word. Close direct and feedback ties are established
between the experiment and the theory within this metasystem. Bacon describes them this
way: "Our course and method . . . are such as not to deduce effects from effects, nor
expaiments from experiments (as the empirics do), but in our cgpacity of legitimate
interpreters of nature, to deduce causes and axioms from effects and experiments”[2]

We can now give a find answer to the quedtion: what happened in Europe in the early
sventeenth century? A very mgor measysgem trandtion took place, engulfing both
linguidic and nonlinguidic attivity. In the sphere of nonlinguidic activity it took shepe
as the experimentd method. In the redm of linguidic activity it gave rise to the new
mathematics, which has developed by metasysem trandtions (the darway effect) in the
direction of ever-degper Hf-awareness as a formdized language used to creste modes of
redity. We described this process in the preceding chepter without going beyond
mathematics We can now complete this description by showing the sysem within which
this process becomes possble This sydem is sdence as a whole with the sdentific
method as its control device--that is the aggregate of dl human beings engaged in
stience who have magtered the scientific method together with dl the objects used by
them. When we were introducing the concept of the darway effect in chepter 5 we
pointed out thet it takes place in the case where there is a metasystem Y which continues
to be a metasysem in rddion to sysems of the series X, X', X”,. . . , where each
ccessve sysem is formed by a metasystem trangtion from the preceding one and,
while remaning a metasysem, a the same time insures the posshility of metasysdem
trangtions of amdler scde from X to X', from X" to X", and 0 on. Such a sysem Y
poseses inner potentid for devdopment: we cdled it an ultrametasystem. In the
devdlopment of physca production ultrametasysem Y is the aggregae of human beings
who have the ability to convert means of labor into objects of labor. In the deveopment
of the exact sciences ultrametasysdem Y is the aggregate of people who have mastered the
sentific method--thet is, who have the adility to cresie modds of redity usng
formdlized languege.

We have seen tha in Descartes the scientific method, taken in its linguidtic aspect, served
as a lever for the reform of mathematics But Descartes did not just reform mathematics,
while deveoping the same aspect of the same scientific method he created a st of
theoreticd modes or hypotheses to explain physicd, cosmic, and biologicd phenomena.
If Gdileo may be cdled the founder of experimenta physcs and Bacon its idedlogis,
then Descartes was both the founder and ideologist of theoretical phydics. It is true that
Descates models were purely mechanicad (there could be no other modes at that time)
and imperfect, and mog of them soon became obsolete. But those imperfections are not
0 important as the fact that Descartes edablished the principle of condructing theoreticd
modds In the nineteenth century, when the fird krowledge of physcs was accumulated
and the mathematical gpparatus was refined, this principle demondirated itsfull utility.

It will not be possble here to give even a brief survey of the evolution of the idess of
physics and its achievements or the ideas and achievements of the other natura sciences.
We dhdl dwel on two aspects of the sdentific method which are universaly important,
namdy the role of generd principles in stience and the criteria for sdecting scientific
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theories and then we dhdl consder certan consequences of the advances of modern
phydcs in light of their great importance for the entire sysem of scence and for our
overd!l view of the world. At the concduson of this chapter we shdl discuss some
prospects for the development of the scientific method.

B THE ROLE OF GENERAL PRINCIPLES

BACON SET FORTH a program of gradud introduction of more and more generd
daements (‘causes and axioms’) beginning with unique empiricd daa He cdled this
process induction (that is to say, introduction) as diginguished from deduction of less
generd theoreticd statements from more generd principles. Bacon was a grest opponent
of generd principles; he sad that the mind does not need wings to raise it doft, but lead
to hold it on the gound. During the period of the "initid accumulaion” of empiricd facts
and very smple empirical rules this conception dill had some judtification (it was d0 a
counterbalance to Medievd Scholagticiam), but it turned out later that the mind gill reeds
wings more then lead. In any case, tha is true in theoretica phydcs. To confirm this let
us turn to Albet Eingen. In his aticle entitted "The Principles of Theoreticd Physics”
hewrites

To apply his method the theoretician needs a foundation of certain generd assumptions,
so-cdled principles, from which he can deduce consequences. His activity thus breaks into
two stages. In the first place he must search for the principles, and in the second place he

must develop the consequences which follow from these principles. School has given him
good wegpons to perform the second task. Therefore, if the first task has been
accomplished for a certain areg, thet is to say a certain aggregeate of interdependencies, the
consequences will not be long in coming. The firgt task mentioned, establishing the
principles which can serve as the basis for deduction, is categoricaly different. Here there
is no method which can be taught and systematicaly applied to achieve the god. What the
investigator must do is more like finding in nature precisaly formulated genera principles

which reflect definite general characteristics of the set of experimentaly determined
facts.[3]

In another aticle entitted "Physcs and Redity,"[4] Eingtein spesks very caegoricaly:
"Physcs is a developing logicd system of thinking whose foundations cannot be obtained
by extraction from past experience according to some inductive methods, but come only
by free fantasy." The words about "free fantasy” do not mean, of course thet generd
principles do not depend on experience a dl but raher that they are not determined
uniquely by experience The example Eindein often gave is that Newton's cdedid
mechanics and Eingen's gengd theory of rdativity were condructed from the same
facts of experience But they began from completdy different (in a cetan sense even
diamdricdly opposed) gened prindples which is dso seen in thar different
meathematica apparatuses.

As long as the edifice of theoretica physcs had just a few "stories’ and the consequences

of generd principles could be deduced eeslly and unambiguoudy, people were not aware
that they had a cetan freedom in edtablishing the principles. The digance between the
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trial and the error (or the success) n the trid and error method was 0 dight that they did
not notice that they were usng this method, but rather thought that they were deducing
(dthough it was cdled inducing, not deducing) principles directly from experience
Eingein writes "Newton, the crestor of the firsd ved, productive sysem of theoreticd
physcs dill thought that the basc concegpts and principles of his theory followed from
experience. Apparently this is how his satement, 'Hypotheses non fingo' (I do not
compose hypotheses) must be undergtood.” With time, however, theoreticd physcs
changed into a multigory congtruction and the deduction of conseguences from generd
principles became a complex and not dways unambiguous busness for it often proved
necessry in the process of deduction to meke additiond assumptions, most frequently
"unprindpled” smplifications  without which the reduction to numerica cdculdion
would have been impossble. Then it became dlear that between the generd principles of
the theory and the facts permitting direct teding in experience there is a profound
difference: the former are free condructions of human reason, while the later are the raw
meaterid reason recaives from nature. True, we should not overesimate the profundity of
this dfference. If we abdract from humaen afars and drivings it will appear that the
difference between theories and facts disgppears. both are certain reflections or modds of
the redity outsde human bengs The difference lies in the levd & which the modds
originate. The facts if they are completdly "deideologized,” are determined by the effect
of the externd world on the human nervous sysem which we are compdled (for the
present) to condder a system that does not permit dteration, and therefore we relate to
facts as the primary redity. Theories ae modds embodied in linguidic objects They ae
entirdly in our power and thus we can throw out one theory and replace it with another
just as eesly as we replace an obsolete tool with amore highly refined one,

Growth in the abdractness (condruct quaity) of the generd principles of physicd
theories and ther remoteness from the immediate facts of experience leads to a Studion
in which it becomes increesngly more difficult usng the trid and eror method to find a
trid which has a chance of success. Reason begins to experience an acute need for wings
to soar with, as Eingein too is saying. On the other hand, the increese in the digance
between generd principles and verifidble consequences makes the generd principles
invulnerable to experience within certain limits, which was aso frequently pointed out by
the dassics of modern physcs. Upon finding a discrepancy between the consequences of
a theory and the experiment, the investigator faces two dternatives: look for the causes of
the discrepancy in the generd principles of the theory or look for them somewhere
between the principles and the concrete consequences. In view of the great vaue of
generd principles and the Sgnificant expenditures required to revise the theory as a
whole, the second path is dways tried fird. If the deduction of consequences from the
generd principles can be modified so that they agree with the experiment, and if this is
dore in a suffidently degat manner, everyone is gopeased and the problem is
conddered solved. But sometimes the modification very clearly gppears to be a paich,
and sometimes patches are even placed on top of patches and the theory begins to tear
open a the seams nonethdess its deductions ae in agreement with the daa of
experience and continue to have thar predictive force. Then these quedions arise wha
attitude should be taken toward the generd principles of such a theory? Should we try to
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replace them with some other principles? What point in the "patchwork™ process, how
much "patching,” judtifies discarding the old theory?

B CRITERIA FOR THE SELECTION OF THEORIES

FIRST OF ALL let us note that a dear awareness of sdentific theories as linguistic
modes of redity subsatidly lessns the impact of the competition between scientific
theories and the naive point of view (rdaed to Plaonism) according to which the
linguigtic objects of a theory only express some ceartain redity, and therefore each theory
is dther "redly” true if this redity adudly exids or "redly" fdse if this redity is
febricated. This point of view is engendered by trandferring the datus of the language of
concrete facts to the language of concept-condructs. When we compare two competing
statements such as "There is pure dcohdl in this glass’ and "There is pure water in this
glass” we know that these datements permit an experimenta check and that the one
which is not confirmed loses dl meaning as a modd and dl truth vdue It is n fact fdse
and only fdse Things are etirdy different with Satements which express the generd
principles of sdentific theories. Many veifiable consequences are deduced from them
ad if some of thexe prove fdse it is cusomay to sy tha the initid principles (or
methods of deducing consequences) are not gpplicable to the given sphere of experience;
it is usudly possble to edablish formd criteria of applicability. In a catan sense
therefore, generd principles are "dways true”. to be more precise, the concepts of truth
and fdsehood are not gpplicable to them, but the concept of ther greater or lesser utility
for desribing red facts is gpplicable Like the axioms of mahematics the generd
principles of phydcs ae adract forms into which we atempt to squeeze naturd
phenomena. Competing principles sand out by how well they permit this to be done. But
what does "wdl" mean'?

If atheory is a modd of redity, then obvioudy it is better if its gohere of gpplication is
broader and if it can make more predictions Thus, the criterion of the generdity and
predictive power of a theory is the primary one for comparing theories A second
criterion is amplicity; because theories are modds intended for use by people they ae
obvioudy better when they are smpler to use.

If scientific theories were viewed as something stable, not subject to eaboraion and
improvement, it would perhgps be difficult to suggest any other criteria But the human
race is continuoudy daborating and improving its theories, which gives rise to one more
criterion, the dynamic citerion, which is dso the decisve one. In The Philosophy of
Science this criterion was wdl sated by Phillip Frank:

If we investigate which theories have actualy been preferred because of their amplicity,
we find that the decisive reason for acceptance has been neither economic nor esthetic, but
rather what has often been caled "dynamic.” This means that the theory was preferred that
proved to make science more "dynamic,” i.e.,, nore fit to expand into unknown territory.
This can be made clear by using an example that we have invoked frequently in this book:
the struggle between the Copernican and the Ptolemaic systems. In the period between
Copernicus and Newton a great many reasons had been invoked on behdf of one or the
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other sysem. Eventudly, however, Newton advanced his theory of motion, which
accounted excellently for al motions of celestid bodies (e.g., comets), while Copernicus as
well as Ptolemy had accounted for only the motions in our plangtary syssem. Even in this
restricted domain, they neglected the "perturbations' that are due to the interactions
between the planets. However, Newton's laws originated in generdizations of the
Copernican theory, and we can hardly imagine how they could have been formulated if he
had started with the Ptolemaic system. In this respect and in many others, the Copernican
theory was the more "dynamic” one or, in other words, had the grester heuristic value. We
can say that the Copernican theory was mathematicaly "smpler" and aso more dynamic
than the Ptolemaic theory.[5]

The eshetic criterion or the criterion of the beauty of a theory, which is mentioned by
Frank, is difficult to defend as one indegpendent of other criteria But it becomes very
important as an intuitive synthess of al the above-mentioned criteria To a sdentig a
theory seems beautiful if it is sufficdetly generd and Imple and he feds that it will
prove to be dynamic. Of course, he may be wrong in thistoo.

B THE PHYSCSOF THE MICROWORLD

IN BOTH PHYSICS and pure mathemétics, as the abstractness of the theories increased
the underdanding of ther linguidic nature became olidly rooted. The decidve impetus
was given to this process in the early twentieth certury when physics entered the world of
aoms and dementary patides and quantum mechanics and the theory of redivity were
cregted. Quantum mechanics played a paticulaly large pat. This theory cannot be
understood a dl unless one condantly recdls that it is jus a linguisic modd of the
microworld, not a representation of how it would "redly” look if it were possble to see it
through a microscope with mondrous powers of megnificaion; there is no such
representation nor can there be one. Therefore the notion of the theory as a linguidic
modd of redity became a condituent pat of modern physics essentid for successul
work by physdds Consequently ther atitude toward the nature of ther work dso
began to change. Formerly the theoretical physad fdt himsdf to be the discoverer of
something which exised before him and was independent of him, like a navigator
discovering new lands, now he feds he is more a crestor of something new, like a master
atisan who creates new buildings, machines, and tools and has complete magtery of his
own tools This change has even gppeared in our way of taking. Treditionally, Newton is
sad to have "discovered” [otkryl] infinitesma caculus and cdesid mechanics when we
speak of a scientist bday we say that he has "created” pozdal], "proposed” [prediozhil],
or "worked out" [razrabotal] a new theory. The expresson "discovered” sounds archaic.
Of course, this in no way diminishes the merits of the theoreticans, for credtion is as
honorable and ingpiring an occupation as discovery.

But why did quantum mechanics require avareness of the "linguidtic qudity” of theories?
According to the initid atomidic conception, atoms were Imply very smdl paticles of

meaiter, smdl corpustles which haed, in paticular, a definite color and shape which
determined the color and physicd propeties of larger accumulaions of aoms The
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atomic phydcs of the early tenth century trandferred the concept of indivighility from the
aom to dementary particles-the dectron, the proton, and soon after the neutron. The
word "atom" began to mean a condruction congging of an atomic nucleus (according to
the initid hypothess it had been an accumulation of protons and dectrons) around which
dectrons revolved like plangts around the sun. This representation of the dructure of
metter was conddered hypothetical but extremdy plausble The hypotheticd quaity was
undersood in the sense discussed above the planetary modd of the @om mugt be ather
true or fase If it is true (and there was virtudly no doubt of this) then the ectrons
"redly” are amdl particles of matter which describe certain trgectories around a nucleus.
Of course, in comparison with the a@oms of the ancients, the dementary particles were
dready beginning to lose some properties which would seem to be absolutdy essentid
for paticles of matter. It became cear that the concept of color had absolutely no
goplication to dectrons and protons. It was not that we did not know what color they
were the quesion was smply meaningless, for color is the result of interaction with light
by a leest the whole aom, and more precisdly by an accumulation of many atoms,
Doubts dso arose regarding the concepts of the shgpe and dimensions d dectrons. But
the mogt sacred dement of the representation of the maerid particle, that the partidle has
adefinite pogtion in gpace a each moment, remained undoubted and taken for granted.

B THE UNCERTAINTY RELATION

QUANTUM MECHANICS destroyed this notion, through the force of new experimenta
data It turned out thet under certain conditions dementary particles behave like waves
not particles; in this case they are not "blurred” over a large area of space, but keep ther
andl dimendons and discreteness. The only thing that is blurred is the probability of
finding them at aparticular point in space.

Asanillugration of thislet us consder figure 13.1.
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Figure 13.1. Diffraction of electrons.
The figure shows an dectron gun which sends dectrons & a certan velocity toward a

digphragm behind which stands a screen. The digohragm is made of a materid which is
impervious to dectrons, but it has two holes through which dectrons pass to drike the
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screen. The screen is coated with a substance that fluoresces when acted upon by
dectrons, 0 that there is a flash a the place druck by an dectron. The dream of
dectrons from the gun is aufficently infrequent 0 that each dectron passes through the
digphragm and is recorded on the screen independently of others. The distance between
the holes in the digohragm is many times grester than the dimensons of the dectrons
(according to any edimate of their 9ze) but comparable with the quantity h/p where h is
the Planck congant and p is the momentum of the dectron-i.e, the product of its
veocty and mass These ae the conditions of the experiment. The rexult of the
expaimentt is a didribution of flashes on the soreen. The fird conduson from andyzing
the resllts of the expeiment is the following: dectrons drike different points of the
screen and it is impossible to predict which point each dectron will drike The only thing
that can be predicted is the probability that a particular dectron will drike a paticular
point--that is, the average densty of flashes dter a very large number of dectrons have
druck the screen. But this is jugt hdf the trouble. One can imagine that different dectrons
pass through different parts of the hole in the digphragm, experiece efects of differing
force from the edges of the holes, and therefore are deflected differently. The red
troubles arise when we begin to invedigate the average densty of flashes on the screen
and compare it with the results which are obtained when we cdose one of the holes in the
digohragm. If an dectron is a smdl patide of matter, then when it reaches the region of
the digphragm it is either absorbed or passes through one of the holes Because the holes
in the digohragm are set symmetricaly redive to the dectron gun, on the average hdf of
the dectrons pass through each hole. This means tha if we close one hole and pass 1
million dectrons through the digphragm then dose the sscond hole and open the first and
pass 1 million more dectrons through, we should receive the same average densty of
flashes as if we were to pass 2 million dectrons through the digphragm with two holes
open. But it turns out thet this is not the case! With two holes open the didribution is
different; it contains maximums and minimums asis the case in diffraction of waves.

The average dendty of flashes can be cdculaed by means of quantum mechanics,
rlaing the dectrons to the so-cdled wave function, which is a cetan imaginary fidd
whose intensity is proportiond to the probability of the observed events.

It would take too much space to describe dl the atempts, none successful, which have
been made to corrdae the representation of the dectron as a "conventiond” particle
(such paticles have come to be cdled classcal as opposed to quantum particles) with the
experimenta data on dectron behavior. There is a vadt literature, both specidized and
popular, devoted to this quedion. The following two things have become dear. In the
fira place if we smultaneoudy measure the coordinate of a quantum particle (any such
particle, not necessarily an eectron) on a cetan axis X and the momentum in this
direction p, the erors of messurement, which we desgnate Ay and A, respectively,
comply with Heisenberg's uncertainty relation:

AxAp 3 h

No clever tricks can get around this relation. When we try to measure coordinate X more
exadtly the soread of magnitudes of momentum p is larger, and vice versa The
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uncertainty redion is a universdly true lav of nature, but because the Planck congtant h
isvery smdl, the rdation plays no part in measurements of bodies of macroscopic Sze.

In the second place, the notion that quantum particdes really move dong cetan
completdly definite trgectories--which is to say & each moment they really have a
completely definite coordinate and velocity (and therefore aso momentum) which we are
amply uncble to measure exactly--runs up agang insurmountable logicd difficulties On
the other hand, the refusd on principle to ascribe a red trgectory to the quantum particle
and adoption of the tenet that the most complete description of the date of a particle is an
indication of its wave function yidds a logicdly flavess mahemdicdly smple ad
degat theory which fits brilliantly with experimentd facts spedificdly. the uncertainty
rdaion folows from it immediatdy. This is the theory of quantum mechanics. The work
of Nids Bohr (1885-1962) the grestes scientist-philosopher of our time, played the
mgor pat in daifying the physcd and logicd foundations of quantum mechanics and
interpreting it philosophicaly.

B GRAPHIC AND SYMBOLIC MODELS

SO AN ELECTRON does not have a trgectory. The most that can be sad of an dectron
is an indication of its wave function whose square will give us the probability of finding
the dectron in the proximity of a particular point in space. But a the same time we sy
that the dectron is a maeid patide of definite (and very amdl) dimendons Combining
these two represatations, as was demanded by observed facts, proved a very difficult
maiter and even today there are dill people who rgect the sandard interpretation of
quantum mechanics (which has been adopted by a large mgority of physicigs following
the Bohr school) and want to give the quantum particles back their trgectories no metter
what. Where does such persstence come from? After dl, the expropriation of color from
the dectrons was completdy painless and, from a logica point of view, recognizing thet
the concept of trgectory cannot apply to the dectron is no different in principle from
recognizing that the concept of color does not gpply. The difference here is that when we
reect the concept of color we are being a little bit hypocriticd. We say that the dectron
has no color, but we oursdves picture it as a little greyish (or shiny, it is a maiter of tagte)
sphere. We subgtitute an arbitrary color for the absence of color and this does not hinder
us a dl in usng our modd. But this trick does not work in relation to podtion in space.
The notion of an dectron which is located somewhere & every moment hinders
underganding of quantum mechanics and comes into contradiction with experimentd
data Here we ae forced to rgect completey the graphic geomelric representation of
particle movement. And this is what causes the painful reaction. We are so accustomed to
associating the spacetime picture with true redity, with what exigs objectivdy and
independently of us that it is very difficult for us to beieve in an objective redity which
does not fit within this conception. And we ask oursglves again and again: ater dl, if the
electron isnot "blurred” in space, then it must really be somewhere, mugtn't it?

It requires red mentd effort to recognize and fed the meaninglessness of this question.
Frs we mugt be aware that dl our knowledge and theories are secondary models of
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redity, that is models of the primary modds which are the data of sensory experience.
These data bear the ineradicable imprint of the organization of our nervous sysem and
because space-time concepts are <&t in the very lowest levels of the nervous system, none
of our perceptions and representations, none of the products of our imagination, can go
outdde the framework of space-time pictures. But this framework can 4ill be broadened
to some extent. This must be done, however, not by an illusory movement "downward,"
toward objective redity "as it is independent of our sense organs” but raher by a
movemat "upward," that is by condructing secondary symbolic modds of redlity.
Needless to sy, the symbols of the theory preserve their continuous space-time exisence
just as the primary data of experience do. But in the reations between the one and the
other, which is to say in the semantics of the theory, we can dlow oursdves sgnificant
freedom if we ae guided by the logic of new experimentd facts, and not by our
customary space-time intuition. And we can condruct a 9gn system whose functioning is
inno way relaed to graphic representations but is entirdy gppropriate to the condition of
adequatdly destribing redlity. Quantum mechanics is uch a sysem. In this sysem the
quantum particle is neither a little greyish sphere nor a shiny one and it is not a
geomeric point; it is a certain concept, a functiond node of the system which, together
with the other nodes, ensures description and anticipation of the red facts of experience
flashes on the screen, indrument readings, and the like.

Let us return to the question of how the dectron “redly” moves We have seen that,
owing to the uncatanty rdaion, the experiment cannot in principle give an answver to
this question. This quegtion is therefore meaningless as an "externd part” of the physcd
modd of redity. All that we can do is to ascribe a purdy theoreticdl meening to it. But
then it loses its direct linkege with observed phenomena and the expresson "redly”
becomes pure deception! When we go outsde the sphere of perception and declare that
suchrand-such "redly” takes place we are dways moving upward, not downward; we are
condructing a pyramid of linguidic objects and it is only because of the opticd illuson
that it seems to us we ae going degper into the relm which lies benesth sensory
expeaience. To put it metgphoricdly, the plane that separates sensory experience from
redity is absolutdy impervious and when we atempt to discern what is going on
beneeth it we see only the upside-down reflection of the pyramid of theories This does
not mean that true redity is unknowable and our theories are not correct models of it; one
must remember, however, that dl these modds lie on this Sde of sensory experience and
it is meaningless to corrdae didinct dements of theories with the illusory "redlities’ on
the other Sde, as was done by Plao for example. The representation of the eectron as a
little sphere moving dong a trgectory is jus as much a condruction as is the interlinking
of the symbols of quantum theory. It differs only in that it indudes a space-time picture
to which, falowing convertion, we ascribe illusory redity by usng the expresson
"redly," whichismeaninglessin this case.

The trandtion to conscious condruction of symbolic modes of redity that do not rely on
any graphic representetions of physicad objects is the grest philosophica achievement of
guantum mechanics. In fact phydcs has been a symbolic modd snce Newton's time and
it owes its successes (numerical cdculations) to precisdy this symbolic naure but
graphic representations were present as an essential dement. Now they are not essentia
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and this has broadened the cdlass of possble models. Those who want to bring back the
graphic qudity no metter what, athough they see that the theory works better without it,
are in fact asking that the dass of modeds be narrowed. They will hardly be successful.
They are like the odd fdlow who hitched his horse to a seam locomoative for, dthough he
could see that the train moved without a horse, it was beyond his powers to recognize
such a dtuation as normd. Symbolic models are a geam engine which has no need to be
harnessed to the horse of graphic representations for each and every concept.

B THE COLLAPSE OF DETERMINISM

THE SECOND IMPORTANT result of quantum mechanics, the collgose of determiniam,
was ggnificat in generd philosophy. Determinism is a philosophical concept. It is the
name used for the view which holds tha dl events occurring in the world have definite
causes and necessarily occur; thet is, they cannot not occur. Attempts to meke this
definition more precise reved the logicd defects in it which hinder precise formulation of
this viewpoit a a <detific propodtion without introducng any  additiond
representations about objective redity. In fact, what does "events have causes’ mean?
Can it redly be possble to indicate some finite number of “"causes' of a given event and
say that there are no others? And what does it mean that the event "cannot not occur?' If
thismeans only that it has occurred then the satement becomes a tautology.

Philosophicd  determiniam can, however, obtan a more precise interpretation within the
framework of a sdentific theory which dams to be a universal destription of redlity. It
actudly did recdve such an interpretation  within the framework of  mechanism
(mechanicd  philosophy), the philosophicad-scientific conception which emerged on  the
bass of the advances of dasscd mechanics in goplication to the motions of the cdedid
bodies. According to the mechanidic conception the world is three-dimensond
Eudidean soace filled with a multitude of dementary partides which move adong certan
trgectories. Forces operaie among the particles depending on ther arangement relative
to one ancther and the movement of patices follows the lavs of Newton's mechanics.
With this representation of the world, its exact Sate (that is, the coordinates and vdocities
of dl patides) a a certan fixed moment in time uniquely determines the exact date of
the world & any other moment. The famous French mahematician and astronomer P.
Laplace (1749-1827) expressed this proposition in the following words:

Given for one ingance an intelligence which could comprehend al the forces by which
naiure is animated and the respective Studion of the beings who compose it--an
intelligence sufficiently vast to submit these data to andysis--it would embrace in the same
formula the movements of the grestest bodies of the universe and those of the lightest
atom; for it, nothing would be uncertain and the future, as the past, would be present to its

eyes|[6]

This conception became cdled Laplacian determinism. It is a proper and inevitable
consquence of the mechanisic conception of the world. It is true thet Laplace's
formulation reguires a certain refinement from a modern point of view because we cannot
recognize as proper the concepts of an dl-knowing resson or absolute precison of
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mesesurement. But it can be modemnized eedly, dmog without changing its meaning. We
sy that if the coordinates and velodties of dl paticdes in a suffidently large volume of
goace are known with adequate precison then it is possble to cdculate the behavior of
ay sygem in awy gven time inteva with ay given predision. The conduson that dl
future dates of the universe are predetermined can be drawn from this formulation just as
from Laplaces initid formulation. By unredrictedly increesing the precison and scope of
measurements we unredrictedly extend prediction periods. Because there ae no
resrictions in principle on the precison and range of messurements (that is, redtrictions
which follow not from the limitaions of human capabiliies but from the nature of the
objects of measurement) we can picture the extreme case and sy tha redly the entire
future of the world is dready dsolutdly and uniquely determined today. In this case the
expression "redly” acquires a pefectly dear meaning: our intuition eesly recognizes that
this"redly" is proper and we object to its discrediting.

Thus, the mechanigic conception of the world leads to the notion of the complete
determinism of phenomena But this contradicts our own subjective feding of free
choice. There are two ways out of this to recognize the feding of freedom of choice as
“illusory” or to recognize the mechanidic conception as unsuitable as a universa picture
of the world. It is dready difficult today to say how thinking people of the "pre-quantum”
age were divided between these two points of view. If we goproach the quedtion from a
modern gandpoint, even knowing nothing of quantum mechanics we mug firmly adhere
to the second point of view. We now undersand that the mechanistic conception, like any
other conception, is only a secondary modd of the world in rdation to the primary daa
of experience therefore the immediate data of experience dways have priority over any
theory. The feding of freedom of choice is a primary fact of experience just like other
primary facts of soirittd and sensory experience. A theory cannot refute this fact; it can
only corrdlate new facts with it, a procedure which, where certain conditions are met, we
cdl explanation of the fact. To declare freedom of choice "illusory” is just as meaningless
as tdling a person with a toothache that his feding is ‘illusory." The tooth may be
entirdy hedthy and the feding of pain may be a result of dimulation of a certan segment
of the brain, but this does not make it "illusory.”

Quantum mechanics dedroyed determinism. Above dl the representation of dementary
paticles as little corpuscles moving dong definite trgectories proved fdse, and as a
consquence the entire mechanidic picture of the world--which was s underdandable,
cugomary, and seemingly absolutdy beyond doubt--aso collgpsed.  Twentieth-century
physcds can no longer tdl people what the world in which they live is really like as
nineteenth+ century physicigs could. But determinism collgosed not only as a pat of the
mechanidic conception, but dso as a pat of any picture of the world. In principle one
could concalve of a complete description (picture) of the world that would indude only
redly obsarved phenomena but would give unambiguous predictions of dl phenomena
thet will ever be observed. We now know tha this is impossble. We know Studions
exig in which it is impossble in principle to predict which of the sets of concavable
phenomena will actudly occur. Moreover, according to quantum mechanics these
gtuations are not the exception; they are the generd rule. Strictly determined outcomes
ae the exception to the rule The quantum mechanics destription of redity is a
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fundamentally probabiligtic description and indudes unequivocdl predictions only as the
extreme case.

As an example let us agan condder the experiment with dectron diffraction depicted in
figure 131. The conditions of the experiment ae completdy determined when dl
geomdtric parameters of the device and the initid momentum of the dectrons rdeased by
the gun are given. All the dectrons propdled from the gun and driking the screen are
operding under the same conditions and are described by the same wave function.
However, they are absorbed (produce flashes) at different points of the screen, ad it is
impossible to predict beforehand a what point an eectron will produce a flash. It is even
impossble to predict whether the eectron will be deflected upward or downward in our
picture; dl that can be done is to indicate the probability of triking different segments of
the screen.

It is pemissble, however, to ak the following question: why are we confident thet if
quantum mechanics cannot predict the point which an dectron will drike no other future
theory will be adle to do this?

We ddl give two answers to this quedion. The fird answer can be cdled formd.
Quantum mechanics is based on the princdple that description by means of the wave
function is a maximdly complete description of the dae of the quantum patide This
principle, in the form of the uncertainty rdaion thet follows from it, has been confirmed
by an enormous number of experiments whose interpretation contains nothing but
concepts of the lowest leve, directly linked to observed quantities. The conclusons of
quantum mechanics, induding the more complex mathematical cdculations, have been
confirmed by an even lager number of expaiments And there are asolutdy no dgns
that we gshould doubt this prinaple But this is equivdent to the impossbility of
predicting the exact outcome of an experiment. For example, to indicate what point on
the screen an dectron will grike one must have more knowledge about it than the wave
function provides.

The second answer requires an undersanding of why we are so disindined © agree thet it
is impossble to predict the point the dectron will drike. Centuries of development in
physcs have accusomed people to the thought that the movement of inanimate bodies is
controlled exdudvey by causes extend to them and tha thee causes can dways be
discovered by suffidently precise invedigation. This datement was completdy judtified
as long as it was conddered possble to watch a sysem without affecting it, which held
true for experiments with macroscopic bodies. Imagine that figure 131 shows the
digribution of cannonbdls indead of dectrons and that we are sudying ther movement.
We see that in one case the bdl is deflected upward while in another it goes downward;
we do not want to believe that this hgppens by itsdf, but are convinced thet the difference
in the behavior of the cannonballs can be explained by some red cause. We phaotograph
the flight of the bal, do some other things, and findly find phenomena Aw and Az, which
are linked to the flight of the cannonbdl in such a way that where A; is present the bdl is
deflected upward and where A: is present it goes downward. We therefore say that Az is
the cause of deflection upward while A; is the cause of deflection downward. Possbly
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our experimental area will prove inedequate or we shdl smply get tired of invedigating
and not find the sought-for cause We ghdl dill remain convinced that a cause redly
exigs, and that if we had looked harder we would have found phenomena A; and Ap.

In the experiment with éectrons, once again we see that the dectron is deflected upward
in some cases and downward in others and in the search for the cause we try to follow its
movement, to peek behind it. But it turns out here tha we cannot peek behind the
electron without having a mogt catagtrophic effect on its destiny. A dream of light must
be directed a the dectron if we are to "see" it. But the light interacts with the substance in
portions, quanta, which obey the same uncertanty reaion as do dectrons and other
paticles Therefore it is not possble to go beyond the uncertainty relation by means of
light or by any other investigative means. In dtempting to determine the coordinate of the
dectron more precisdy by means of photons we dther trander such a lage and
indeterminate momentum to it that it gpoils the entire experiment or we measure the
coordinate so cruddy thet we do not find out anything new about it. Thus, phenomena A
and A, (the causes according to which the dectron is deflected upward in some cases and
downward in others) do not exigt in redity. And the Statement that there "redly” is some
cause loses any saentific meaning.

Thus, there are phenomena that have no causes, or more precisdy, there are series of
posshiliies from which one is redized without any cause. This does not meen that the
principle of causdity should be entirdy discarded: in the same experiment, by turning off
the dectron gun we cause the flashes on the screen to completely disgppear, and turning
off the gun does cause this But this does meen tha the principle must be narrowed
condderably in comparison with the way it was undersood in dasscd mechanics and
the way it is dill understood in the ordinary consciousness. Some phenomena have no
causes, they must be acogpted smply as something given. Thet is the kind of world we
livein.

The second answer to the question about the reasons for our confidence that
unpredictable phenomena exist is that the unceartainty rdaion assss us in darifying not
only a maess of new facts but dso the naiure of the bresk regarding causdity and
predictability thet occurs when we enter the microworld. We see that beief in aosolute
causdity originated from an undated assumption thet there are infinitdy subtle means of
watching and invedigaing, of "peeking" behind the object. But when they came to
dementary patides physdds found that there is a minimum quantum of adtion
measurable by the Planck congant h, and this creates a vicious circle in atempts to make
the description of one particle by means of another detalled beyond measure. So adbsolute
caudity collgpsed, and with it went determinism. From a generd philosophicd point of
view it is entirdy naurd that if matter is not infinitdy divisble then description cannot
be infinitdly detailed 0 that the collgpse of determiniam is more naturd then its surviva
would have been.
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m"CRAZY" THEORIES AND METASCIENCE[7]

THE ABOVEMENTIONED SUCCESSES of quantum mechanics refer primaily to the
desription of nonrdatividic particles--that is partides moving a veodties much dower
then the velocity of light, so that effects rdaed to rddivity theory (rdaividic effects)
can be neglected. We had nonrdativigic quantum mechanics in mind when we spoke of
its completeness and logica harmony. Nonrdaivigic quantum mechanics is adequate to
describe phenomena a the aomic levd, but the phydcs of dementary high-energy
patides demands the credtion of a theory combining the idess of quantum mechanics
with the theay of rdativity. Only partid successes have been achieved thus far on this
pah; no sngle, consgent theory of dementary patides which explans the enormous
materid accumulated by expeimenters exids Attempts to condruct a new theory by
supeficid modifications of the old theory do not yidd dgnificant results. Cretion of a
saidfactory theory of dementary particles runs up agang the uniqueness of this redm of
phenomena, phenomena which seem to take place in a completdy different world and
demand for thar explanation completdy unconventiond concepts which  differ
fundamentaly from our customary scheme of concepts.

In the late 1950s Heisenberg proposed a new theory of dementary particles. Upon
becoming familiar with it Bohr sad that it could hardly prove true because it was "not
crazy enough." The theory was not in fact recognized, but Bohr's pointed remark became
known to dl physdds and even entered popular writing. The word "crazy” [Russan
sumasshedshaya, literdly "gone out of the mind’l was naurdly associated with the
epithet "drange” which was goplied to the world of dementary particles But does
"crazy” mean jud "srange” "unusud"? Probably if Bohr had sad "not unusud enough,”
it would not have become an gphorism. The word "crazy" has a connotation of
"unreasoned,” "coming from an unknown place” and brilliantly cheracterizes the current
dgtuation of the theory of dementary patides in which everyone recognizes that the
theory mugt be fundamentaly revised, but no one knows how to doit.

The quedion arises: does the "drangeness' of the world of dementary particles--the fact
that our intuition, developed in the macroworld, does not goply to it--doom us to wander
eterndly in the darkness?

Let us look into the nature of the difficulties which have aisen. The principle of cresting
formdized linguidic modds of redity did not suffer in the trangtion to sudy of the
microworld. But if the wheds of these modds, the physcad concepts, came bascdly
from our everyday macroscopic experience and were only refined by formdization, then
for the new, "drange’ world we need new, "drange’ concepts. But we have nowhere to
take them from; they will have to be condructed and dso combined properly into a whole
scheme. In the fird sage of sudy of the microworld the wave function of nonrdaividic
guantum mechanics was condructed quite easly by rdying on the dready exising
mathematical apparatus used to describe macroscopic phenomena (the mechanics of the
meterid point, the mechanics of continuous media, and matrix theory). Physcdds were
amply lucky. They found prototypes of what they needed in two (completey different)
concepts of macroscopic physics and they used them to make a "centaur,” the quantum
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concept of the wave-partide. But we cannot count on luck dl the time. The more degply
we go into the microworld the greater are the differences between the wanted concept-
condructs and the ordinary concepts of our macroscopic experience it thus becomes less
and less probable that we shdl be able to improvise them, without any tools, without any
theory. Therefore we must subject the very task of condructing scientific concepts and
theories to sdientific andlyss that is, we must make the next metasysem trangtion. In
order to condruct a definite physcd theory in a qudified manner we need a generd
theory of the condruction of physicd theories (a metatheory) in the light of which the
way to solve our specific problem will become clear.

The metgphor of the grgphic modds of the old physcs as a horse and the abdract
symbolic models as a geam engine can be daborated as follows. Horses were put a our
disposd by naure. They grow and reproduce by themsdves and it is not necessaxry to
know ther internd organization to meke use of them. But we oursdves mug build the
deam engine. To do this we mugt undersand the principles of its organization and the
physcd laws on which they are based and furthermore we must have certain tools for the
work. In atempting to condruct a theory of the "srange" world without a metatheory of
physcd theories we are like a person who has decided to build a deam engine with his
bare hands or to build an airplane without having any idea of the laws of aerodynamics.

And 0 the time has come for the next metasystem trangtion. Physics needs . . . | want to
sy "metephyscs” but, fortunatdy for our terminology, the metatheory we need is a
metatheory in reldion to any naurd sdence theory which has a high degree of
formdization and therefore it is more correct to cdl it a metascience. This term has the
shortcoming of cregting the impresson that a metasdence is something fundamentaly
outsde of science wheress in fact the new levd of the hierarchy cregted by this
metasystem trangtion mug, of course, be included in the generd body of science, thereby
broadening it. The dtuaion here is dmilar to the dtuaion with the term
metamathematics after dl, metamathematics is dso a pat of mahematics Inasmuch as
the term "metamathematics was acceptable nonetheess, the term "metascience” may dso
be conddered acceptable But because a very important pat of metascientific
investigation is investigation of the concepts of a theory, the &rm conceptology may dso
be suggested.

The badc task of metascience can be formulated as follows. A cetan aggregate of facts
or a ceatan generator of facts is given. How can one condruct a theory that describes
these facts effectively and makes correct predictions?

If we want metascience to go beyond generd satements it must be condructed as a full-
fledged mathemdtica theory and its object the naturd science theory, must be presented
in a foomdized (dbet smplified: such is the price of formeization) manner, subject to
mahemdics Represanted in this form the sdettific theory is a formdized linguidic
modd whose mechaniam is the hierarchicd sysem of concepts a point of view we have
caried through the entire book. From it, the creation of a mathematicd metascience is the
next naurd metasydem trangtion, ard when we make this trandtion we make our
objects of dudy formdized languages as a whole--not just their syntax but adso, and
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primarily, thar semantics their gpplication to description of redity. The entire course of
development of physico-mathemetical science leads usto this sep.

But in our reasoning thus far we have been basng oursdves on the needs of physics
How do things sand from the point of view of pure mathematics?

Wheress theoreticd physcists know wha they need but can do litle "pure’
mathematicians might rather be reproached for doing a great ded but not knowing what
they need. There is no question that many pure mathematical works are needed to give
coheson and hamony to the entire edifice of meahematics and it would be dlly to
demand immediate "practicd” gpplication from every work. All the same, mathemétics is
cregted to learn about redity, not for esthetic or sporting purposes like chess, and even
the highet dages of mahematics are in the las andyss needed only to the extent that
they promote achievement of thisgodl.

Apparently, upward growth of the edifice of mahematics is dways necessay and
unquestionably vadueble. But mathematics is dso growing in breadth and it is becoming
increeaingly difficult to determine what is needed and what is not and, if it is needed, to
what extent. Mahematicd technique has now deveoped to the point where the
condruction of a few new mathemdtica objects within the framework of the axiomaic
method and investigation of their characteriics has become dmost as common, dthough
not adways as easy, a mdter as computations with fractions were for the Ancient
Egyptian scribes. But who knows whether these objects will prove necessary? The need
is emerging for a theory of the application of mathematics and this is actudly a
metascience. Therefore, the development of metascience is a guiding and organizing task
in relaion to the more concrete problems of mathematics

The cregtion of an effective metasdience is dill far digant. It is difficult today to even
picture its generd outlines. Much more preparatory work must be done to darify them.
Physads mus meger "Bourbekism” and devdop a "fed" for the play of mahemaicd
gructures, which leads to the emergence of rich axiomdtic theories suitable for detaled
description of redity. Together with mathematicians they must learn to bresk symbolic
modds down into ther individuad dements of condruction in order to compose the
necessary blocks from them. And of course, there must be deveopment of the technique
of meking formad computations with abitrary symbolic expressons (and not jus
numbers) usng computers. Just as the trangtion from aithmetic to agebra takes place
only ater complete assmilaion of the technique of aithmetic computations, 0 dso the
trandtion to the theory of credting arbitrary dgn systems demands highly sophidticated
techniques for operations on symbolic expressons and a practicad answer to the problem
of carying out cumbersome forma computaions Whether the new method will
contribute to a resolution of the specfic difficulties that now face the theory of
dementay patides or whether they will be redlved ealier by "oldtime’ manud
methods we do not know and in the end it is not important because new difficulties will
undoubtedly arise. One way or another, the cregtion of a metascience is on the agenda
Sooner or later it will be solved, and then people will receve a new wesgpon for
conquering the strangest and mogt fantastic worlds.
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CHAPTER FOURTEEN

The Phenomenon of Science

B THE HIGHEST LEVEL OF THE HIERARCHY

THE UNIVERSE IS EVOLVING. The organizaion of meter is condantly growing
more complex. This growing complexity occurs through metasysem trandtions from
which new levds of organization emerge which are levds of the control hierarchy. The
inorganic world, plants animds the human being--such has been the course of evolution
on our planet, and as far as we know this is the greatest advance which has been made in
the part of gpoace that surrounds us. It dso seems highly probable that the human being is
the crown of evolution of the entire cosmos In ay case, we do not have any direct
indications or even the dightes hints of the exidence of a higher levd of organization.
Therefore dl we can do is consder oursgves the highest.

The gopearance of the human being marks the beginning of the Age of Intdlect, when the
leading force of development becomes conscious human credtivity and the highest leve
of organizaion is the culture of human society. In its development culture generates the
next levd of the higrarchy within itsdf. This is aiticd thinking which, in its turn, gives
rise to modern science, condructing modes of edity usng dgn sysdems. These ae new
models, they did not and could not exig in the minds of individua human beings outsde
of dvilization and culture, and they enlarge human power over nature colosdly. They
meke up the continuoudy improving and deveoping super-brain of the super-being
which is humanity as a whole Thus stience is the highest levd of the higrarchy in the
organizetion of cosmic mater. It is the highet growth point of a growing treg the
leading dhoot in the evolution of the unverse This is the dgnificance of the cosmic
phenomenon of stience as apart of the phenomenon of man.

m SCIENCE AND PRODUCTION

JUST AS IN THE EVOLUTION of animds there was a sage when the centra nervous
system formed and as a result profound changes occurred in the sructure, behavior, and
extend gppearance of the organiam, an age of swift and profound changes under the
direct influence of sdence has now arived in the devdopment of sodey. At the
beginning of the fird indudrid revolution scence played a rdaively smdl part, but then
cane discoveies in physcs and chemidry which led to revolutionary changes in
technology and the conditions of socigd life In the 1950s the second indudrid
revolution began, indebted entirdy to sdentific advances. It is ill picking up Speed
today and even its very immediate repercussons are difficult to anticipate.

It is now widely recognized that science has become a direct productive force. On the

other hand, it cannot deveop without the development of indudtrid production, and that
IS becoming increesngly expendve. Modern production requires not only that resdy
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formulas from science be used but aso that scientific research and the scientific gpproach
be introduced in dl dements of production. More and more it comes to resemble science.
On the other hand, stience, atracting a dgnificat pat of the human and physica
resources of society and becoming a regulated, mass occupdion, is acquiring the
characteristics of production. Science and production are growing together into a sSngle
hierarchical sysem. The uppermost growth point sends out leaves which grow repidly a
fird but then sop and become sandard, sable forms of interaction with physcd redity:
eectricd motors, arplanes, machines to produce synthetic fabrics, and genetic methods
of sdection. But the growth point rises higher and higher and generates more and more
new leaves.

B THE GROWTH OF SCIENCE

SCIENCE IS GROWING. It grows exponentidly, which is to sy tha its quantitetive
Characteridics increase SO many times eech so many years. The tota number of articdes in
scientific journds throughout the world doubles every 12 to 15 years[1]

The number of workers in science doubles every 15 years in Western Europe, every 10
yeas in the United States, and every 7 years in the USSR, With such a furious growth
rate the contemporary generation of scientists conditutes 90 percent of dl the scientigts
who have ever lived on Earth.

Along with sdence other quantitative characterisics of the humen race are growing
exponentidly: the totd number of people and the totd volume of production of meaterid
goods. But science ggnificantly surpasses them in growth rate The growth rates of
population, production, and science are roughly in the ratio 1:2:4. This is a hedthy raio
which reflects that evolution of an organism where the mass of musdes is growing more
rapidly than the totd mass of the body but the mass of the brain is growing more rgpidly
than the mass of the musdes Unfortunatdly, the territorid digtribution of growth is poor.
High populaion growth fdls primaily in countries with low production growth and
virtudly no contribution to world science. We hope, however, that humanity will be able
to handle these growing pans There can hardly be any doubt that growing pans is dl
they are. After dl, the rapid population growth in the underdeveloped countries is due to
the high levd of world sdence (medicd sarvice socid changes). Already today the
human race represents a highly integratled system and its overdl takeoff, which is
conveyed by the raio 1:2:4, is the result of the development of scence, a very recent
phenomenon. If we extrgpolate the present rate of population growth (on the order of two
percent a year) into the pad, it appears tha there would have been jugt two people living
on Earth a mere thousand years ago!

The proportion of people employed directly in the sphere of science is ill smdl, even in
the highly deveoped countries. It ranges from 05 to one percent. The figure is now
growing rapidly, but it is obvious that sconer or later its growth will dow down; it will
reech a condant levd which is difficult to predict today. As far as can be judged by the
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literature, it is conddered improbable tat this level will exceed 25 percent. After dl, by
weight the human brain isadso asmdl part of the entire body.

The dsolute number of people engaged in sdentific work will nonethdess grow seadily,
and together with it the quantity of informetion produced by them will dso grow Seedily.
This quantity is dready enormous today. The fird scientific periodicas began to come
out in the second hdf of the seventeenth century. By the gat of the 1960s the totd
number of periodicas was about 50,000 jee figure 14.1) 30,000 of these were ill being
published in 1966.
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Figure 14.1. Growth in thetotal number of scientific journals

A tota of 6 million atides had been published in them, and this figure was increesing by
500,000 a year.[2] The totd number of paents and author's certificates recorded was
more than 13 million. This sream of information, which must be usad, gives rise to
serious difficulties. For a long time scientific work has demanded an extreme degree of
Specidization, but recently it has become increesingly common for sdentigts to be uneble
to follow dl the new work even in their own narrow aress. They face a dilemma ether
reed atides or work. Moreover, as a result of technica difficulties in disseminating and
processng enormous amounts of information (we might aso mention the imperfections
in the information sysem in stence and technology) subdantid effort must often be
expended to find the necessary information, and this effort is not dways successful. As a
result a great ded of work is duplicated or not properly done. According to estimates by
American stientigs, between 10 and 20 percent of scientific research and experimenta
design work could be digpensed with if information on dmilar work alreedy done were
avalable. The reaulting losses in the United States have been $1.25 hillion. According to
G. N. Dobrov, in 1946 40 percent of gpplications for invention certification in the area of
cod-combine congruction were rgected as repetitious. In 1961 this figure had risen to 85
percent.
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B THE FORMALIZATION OF SCIENTIFIC LANGUAGE

CAN WE CONCLUDE from this that there is an information crigs in scence? It is
perhaps too early to spesk of a crigs, but we can dready see tha as a rexult of the
continuous growth in the sream of information there will be a cigs in the near future if
quditative changes do not take place in the organization of sdentific research. Until now
sdentific ressarch has been organized in fooms which devedoped traditiondly, by
themsdves Not only are they not the result of sdentific investigation, but until recently
they have not even been a subject of investigation. So there must be a scientific gpproach
to the problem of organizing scentific activity--that is, a new metasysdem trangtion:
stientific control of the sysem of stience. This metasysem trangtion has two aspects
The fird, which does not go beyond the framework of science as a subsysem in the
systlem of culture, cregtes a new leve of the hierarchy within the framework of science as
a primaily linguigic activity. This is wha we cdled measdence in the preceding
chapter. The second aspect concerns science as a socid phenomenon. This agpect has
cometo be cdled the stience of stience [in Russan, naukovedenig.

We introduced the concept of the metasdence without having connected it to the
information problem. When spegking of mahemdics, however, we remarked that the
metascientific, conceptud gpproach is the organizing principle for the limitless number of
theories and problems axiomatic symbolic mathematics can generate. The connection
with the information problem in the naturd and technica sciences is obvious here. There
is a greet ded that can be invedigated, and many research plans can be loldly outlined.
But one mug have fird dear planning principles, plans for plans. Othewise there will be
anarchy among plans, and when anarchy occurs the decisve factors are frequently those
remote from the interests of science: condderations of prestige, persond contacts, and the
like. Furthermore, it is essentid for the language of the naturd sciences and enginesring
to be completdy formdized; then the aggregate of human knowledge will gppear in the
foom of a hamonious sygem; only then will it become possible to work out the scientific
principles of planning science. One should not think thet the process of formdization is
something "formd,” thet is to sy syntacticd and amounting to nothing but new
notations The problem of formdization of the sdentific language is a conceptud,
semantic problem. It is the problem of working out new concepts, a problem which
resembles the formdlization and axiomatization which occurred in mathemetics

A completdy formdized language is a language accessible to the machine. When the
edifice of science has a formdized frame we can separate the work that can be done by
machines and automata from the jobs tha require cregtive human paticipation. After the
separdtion the machine work can be assgned to machines. Today, of course, the very
amplest tasks of this sort are dready being done by machines (automation and the use of
computers), but formdization will make it possble to rase condderably the levd of
problems solved by machines. This refers above dl to the processng of information
flows Sysemdization and dorage of informetion, sdection of needed informetion, and
vay dmple informaion oconverdons- these and other tasks which make up the
information problem today cannot be sidactorily resolved by machines without
complete formdization of language It is difficulties in formdizing language which a the
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present time limit the gpplication of computers in informetion science. The advances thet
ae being made in this area ae primarily relaed to more or less successful formalization
of more or less extendve parts of the scientific-technica language.

B THE HUMAN BEING AND THE MACHINE

HOWEVER, turning over the lower leves of science to machines should involve, and
dready is invalving, not only linguidic activity but dso direct manipulaion of the naturd
objects under sudy. Properly spesking, each time modern automation is used in scientific
experiments it is indeed an "entry of the machine into research.” Rasng the levd of
automation in this or that particular sphere of research implies complete formaization of
a corresponding pat of the sdentific language. Automatic scanning of photogrgphs with
traces (tracks) of dementay patides and sorting out given configurations of tracks is a
prototype of future achievements in this area The universal ariva of machines in direct
contact with nature will require universal formdization of the languege of stence The
next dage which can be antticipaied is independent machine formulation of experiments
in accordance with metascientific recommendations.

As meachines ae increasngy usad in sdence and production, the human beng will
become increesingly free from noncredive activity--which, no metter how paradoxicd it
may seem, becomes needed precisely because of the successes of credtive activity! For
what is credivity? Above dl credtivity is condructive action, action that leads to an
increase in the levd of organization in the world. But an action is not characterized as
cregive only on the bads of its results These results must be consdered within the
relaionship to the mechanism of the action or the rdations between this action and the
sysem that gave rise to it. The same action may be a credtive act when it is done for he
firg time and mechanica repetition of the past when it is done according to established,
known rules by applying sandard procedures. Nothing thet is produced within the
framework of an dready exising sysem of control, whether it is work by a computer or
the compogtion of dereotyped aticles, is credivity. Credivity dways goes beyond the
framework of the system; it is free action. Credivity is a measysem trangtion. The
evolution of the universe is continuous credtivity. One of the manifedaions of this
process is crediive acts in culture which establish new leves of control and in this way
deprive lower-leve actions of ther credive character. Thousands of daves had to be
driven to build a pyramid; thousands of aithmetic operaions had to be performed to
cdculate the exact pogtions of the planets on paper. Machines will rid the human being
of thet sort of work and trandfer humean activity to that level of the hierarchy which is dill
credive & the given moment. With time, this levd will dso cease to be credtive the
boundary between creetive and uncreative work is steedily crawling upward.

Idedly, immediatdy after the discovery of the presence of a sysem in some activity, this
activity (or the pat subordinate to the sysem discovered) could be turned over to a
machine. Unfortunately, there is a& present a condderable ggp between the time an
uncregtive component appears and the time when there is a practical posshbility that it can
be tuned over to a machine The devdopment of automation in the redm of
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nonlinguidic  activity, accompanied by formdization of languege in the redm of
linguidic adtivity, is lessening the ggp, but it remans lage The informaion problem in
stience, the necessty of routine, Stereotyped research, and the need to overcome
organizaiond difficulties to conduct expeaiments are dl evidence this ggp exids in
sdientific activity. In production, we are gill a long way from autométic plants cagpable of
producing motor vehides and tdevison sets acoording to plans fed to them. We are even
farther from the time when there will be nothing but autometic plants. But sooner or later
this will occur. The ggp will be diminated or reduced to a minimum. The formdization
of language and automation will rid human beings of uncregtive work jugst as the use of
mechanica energy hasfor the mogt part rid us of heavy physicd labor.

B SCIENTIFIC CONTROL OF SOCIETY

THE SOCIAL ASPECT of the problem of contralling sdence is insgparable from the
problem of controlling society as a whole. Science and production are growing into a
dngle sygem, and palitics and ideology are dso insgpardbly linked to it. Furthermore,
both aspects of the metasystem trangtion necessary for the deveopment of science (the
metasdientific and socid agpects) ae dso inseparably linked, and there is no hope of
fuly carying out the former without carying out the laiter. Thus we have here
essantidly a sngle problem-the problem of sdentific control of society. And even from
the point of view of "puré' science this problem is the principd one progress is
impossble unlessit is solved.

In the initid dtages of the development of stience, stientists had a comparatively proper
judtification for nonintervention in the practica affars of society. It was possble to say
that science itsdf was one of the highest vaues of exisence and would demondrate its
amazing cgpabilities in the future in its embryonic dae it would have to be given the
peace and warmth needed for development, no matter what. The scientist could say, like
a hen gtting on her eggs "Do what you want, but just leave me in peacel | am haiching a
remarkable chick. That isthe main thing."

In our day this sort of reasoning is pure hypocrisy. The remarkable chick has come out of
its shel and requires food. To isolate it from the environment now would mean to darve
it to desth.

B SCIENCE AND MORALITY

THUS SCIENCE CLAIMS the role of supreme judge and meder of the entire society.
But will it be ale to handle this role€? After dl, people need not only knowledge of the
laws of nature and the &bility to use them. They aso need catan mord principles
answers to such questions as what is good and what is bad? What should a person drive
toward and what should a person oppose? What is the meaning and god of the exigence
of each person and of dl humanity?
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Strictly spesking, science cannot answer these questions. The idess of the good, the god,
and the duty which are part of mord principles are beyond the bounds of science. Science
engages in the condruction of modds of thet redity which actudly exids not that which
should be It answvers the questions What redly is? What will be if suchand-such is
done? What mugt be done so that suchrand-such will be? But scence cannat in principle
ansve the question "Wha must be done?' without any "if" or "in order that." As a
catan American philosopher remaked, no maiter how much you Sudy the train
schedules you will not be dble to choose a train if you do not know where you are going.
All atempts to condruct mord principles on a sdentific bass inevitebly lead in the end
to the quedion "What is the Supreme Good?' or "What is the Supreme God?' which are
essntidly the same thing. Sdentific knowledge and logicd deductions are rdevant to
mord problems only to the extent thet they help deduce answers to particular questions
from the answer to this generd, find quedtion. The problem of the Supreme God remans
outsde science and its solution necessarily requires an act of will; it is in the las andyss
aresult of free choice

This in no sense means that science has no influence a dl on the solution to this problem.
True to its prindple of investigaing everything in the world, stence can look from
outsde a the human being and a entire soceties which are deciding the problem of the
Supreme God for themsdves Science can andyze vaious aspects of this Stuation and
predict the results to which adoption of a particular decison will lead. And this andyds
can dgnificatly influence the process of solving the problem, dthough it does not
change the nature of the solution as a fredy made choice.

B THE PROBLEM OF THE SUPREME GOOD

WHEN AND HOW does the problem of the Supreme Good and the Supreme God
emerge? It is obvious that the animds did not have it, nor was it found in the early dages
of the devdopment of human society. Until a certain time, good for both human beings
and animas was that which brought satisfaction, and there was a hierarcchy of gods--
cowned by the indincts for presarvation of life and continuation of the species-tha
corresponded to the hierarchy of .satisfactions. The concept of the god and the concept of
the good are, in generd, inseparable; they are two aspects of a sSngle concept. The human
being drives toward good, by definition, and cdls that toward which he drives good. In
the sage when good is equated with satidaction the human being does not differ in any
way from the animd in a mord sense for the human being, mord problems do not exis.
The point here is not the nature of the satisfaction, but the fact that it is given, tha the
criterion of stidaction is the highest contralling system--one that changes gods but that
does not undergo changes itsdf. Even from a purdy bidlogicd point of view humen
stidfactions differ from animd satidactions As an example we may recdl the sense of
the beautiful. And as the sodd dructure becomes more complex the human being
acquires new sdtidactions which are unknown to animas. Nonetheless, this does not
cregte the problem of the Supreme Good. That arises when culture begins to have a
decisve effect on the sysem of stidfactions, when it turns out tha what people think,
sy, and do is cgpable of changing ther attitude toward the world to such an extent that
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events which formely caused satifaction now cause dissidaction, and vice vesa
True, sidections a the lowest levd (those deriving from direct satifaction of physica
needs) hardly change a dl as culture deveops but satisfactions of the highest leved
(dation a ones kill in hunting, physicd endurance, and the like) are sometimes capable
of outwaghing low-levd dissatidaction. In this way the criteion of stidaction itsdf
proves subject to control. A metasystem trangtion occurs, the socid scae of vaues and
syslem of norms of behavior emerge.

But this is only the prologue to the problem of the Supreme Good. In primitive society
the norms of behavior can be compared to animd indincts; in the socid super-brain they
are in fact a predise andogue of the indincts embedded in the brain of the individua
animd. Control of asociation (thinking) destroys indincts or, to put it better, it demotes
them and puts sodd norms of behavior in the topmost place In primitive society these
norms are just as abolute as indincts are for the animd. And dthough they do change in
the process of society's development, just as indincts change in the process of evolution
of the species, this is unconstious change. They ae percaived by each individud as
something given and beyond doubt. But then one more metasysem trandtion occurs, the
trangtion to criticd thinking, and then the problem of the Supreme Good emergesin full.

Now people not only influence ther own criteria of satifaction through ther linguidic
activity, but they are conscious of this influence. The smple "I want it that way!" loses its
primary, given qudity. When a person becomes aware tha what he wants is not only a
reult of his upbringing but dso depends on himsdf and may be changed by reflection
and Hf-education, he canot hdp aking himsdf what he should wat. In his
constiousness he finds an empty place that must be filled with something. "Is there an
absolute Supreme Good toward which one should grive?' he asks himsdf. "How should

one live? What is the meaning of life?"

But he cannot get unequivoca answers to these quedtions. A god can only be deduced
from a god, and if a person is free in his desires, then he is d<0 free in his desires for
dedres. The circle of doubts and questions closes and there is nothing more to rely upon.
The sydem of behavior is sugpended in the ar. Nave primitive bdiefs and traditiond
norms of behavior collgpse. The age of rdigious and ethicd teachings arrives.

There are many of these teachings and they differ in many ways but a the same time it
aopears that they dso have a great ded in common, a least if we spesk of the teachings
which have become widespread. Our job now is to determine whether the scientific

worldview leads us to some type of ethicd teaching, and if it does which one At the
same time we shdl discuss the quedion of the nature of the common denominator of the

different ethica teachings

B SPIRITUAL VALUES

BEFORE DISCUSSING the problems of the Supreme Good and the meaning of life we
must gain assurance that the problem is worth discussing. There are many people whose
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point of view may be cdled the theory of naturd vaues. According to this theory the
cregtion of ethicd teachings is an idle occupation if not a harmful one. This theory asserts
tha human nature contains, dong with needs and indincts of animd origin, a yeaning
for gpedficdly humen spiritud vaues such as knowledge beaty, judice, and love of
ones neghbor. Achieving these vaues brings the highes stidfection. The task of a
human being is to deveop thee yearnings in himsdf and in others and thus obtain the
highet satifaction from life This is the one naurd god of the human being, the one
naturd purpose. Philosophica rdigious and ethicd teachings which begin from a priori
principles or principles taken from who knows where can only muffle and digort these
naturd, truly human yearnings and force people to act basdy in the name of a Supreme
Good which they have invented.

Wha can we say about this theory? It is convenient as a pretext for avoiding the solution
of a difficut quedion. It dso has the meit of dwunning extreme pogdtions But,
unfortunatdy, it is untrue. It is contrived to a much higher degree than the other teachings
which openly admit their dogmatic nature. The assartion thet driving toward the highest
soiritud vaues is pat of human ndure in its literd, exact sense contredicts the facts.
Children caried off by animas who grow up away from human society do not show an
underdanding of the highest vaues of modern divilized people they generdly do not
become full-fledged people. Therefore, there is nothing in the actud dructure of the
developing brain tha would unequivocdly generate those specific higher aspirations of
which the theory of natura vaues spesks

"Oh no!" a supporter of this theory will say, becoming teribly indignant & such a
vulgarization of his views "We are certanly not spesking of the concrete ways these
yeanings are manifested; what we refer to is their generd foundation, which requires the

conditions created by sodiety if it isto manifedt itsdf.”

But then the theory of naturd vaues commits the sn of switching concepts. To sy
"generd foundation" is to say nothing if we do not give the concrete substance of this
foundation and its connection with observed manifesations Fom the point of view
being developed in this book, the generd foundetion of the highest vaues recognized a
the present time by a mgority of the human race redly does exig; it is inborn, encoded in
the dructure of the genes of each human being. This foundation is the ability to control
the process of associding. It may be tentatively cdled the "knowledge indinct" (see
chapter 4), but this is just a figurative expresson. The profound difference between this
adlity and indinct is thet indinct dictates forms of behavior while control of assodaing
manly permits them and removes old prohibitions. Control of associding is an extremdy
undifferentiated, multivalued cgpability which admits diverse gpplications Even what we
cdl thinking is not an inevitable result. And what can we say about the more concrete
forms of mentd adtivity?

Control of asxodiaing is more a dedtructive than a condructive principle it needs
condructive  supplementation.  This supplementation is the sodd  integraion  of
individuals, the formation of human soddty. It is in the process of deveopment of society
that spiritud vaues originate. Of course, they are far from accidentd, but it is a long way
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from ther generd foundation implanted by nature in dl human bangs to Foiritud vaues
and on this road it is the logic of society, not the logic of the individud, that governs.
Thisroad is not unambiguous and it is not complete.

The theory of naturd vdues, in pesking dimly of the "generd foundation" of spiritud
vaues, thus actudly equates certain particular idedls recognized & the present time by
some (possibly many) people with this "generd foundation® which is absolute, invariable,
and implanted in human nature. Two consequences follow from this error. For one, the
theory of naturd vaues does a dissavice to the spiritud vaues it promotes when it
promotes them on a fdse bags It is like the wdl-wisher who darted defending the right
of a pessat lad to human dignity not on the bass of the generd principles of humanism
but rather by atempting to prove his noble origin; the deception can essly be reveded
and the unfortunate young man will be flogged. In the second place, this theory does not
contan aty dimuli to the devdopment of <piritud vdues it is antievolutionary,
conservetive to an extreme.

Wha do we have in mind when we sy tha some paticular vaues are naurd for the
human being? Obvioudy we mean that they are dictated, established for human beings by
naure itsdf. For the animd, indincts are the gods which naure gives him, and what fits
the indincts is naturd for him. But nature does not give the human being gods the
humen being is the highest levd of the hierarchy. This is a medicd fact, as Odap
Bender[3] would say, a fact of the organization of the human brain. The human being hes
nowhere from which to recave gods he cregtes them for himsdf and for the rest of
nature. For the human being there is nothing absolute except the absence of aosolutes and
there is nothing naturd except endless development. Everything that seems naturd to us
a a given moment is redive and temporary. And our current Spiritud vaues are only
milepogts on the road of human higtory.

It is worth thinking about the meaning of life To think about the meaning of life means
to create higher gods and this is the highest form of credtivity accesshble to the human
being. This type of credtivity is dways needed because the highes gods must change in
the process of devdopment and will aways change And each person mugst somehow
decide this quetion for himsdf dnce naure has given him such an  opportunity.
Asaurances that this problem has been solved or assurances that it is insoluble are lies
which some use ddiberady: others fal back on them from mentd laziness and lack of
fortitude. The quedtion is, of course, insoluble a the level of pure knowledge it must
indude an dement of free choice. But conscious choice accompanied by study of the
object and reflection is one thing and blind imitation of an example imposed upon us is
something dse. In one way or another someone creates the highest gods, because outsde
of society, "in naure" there are none Every person is given this capdbility to some
extent; to voluntarily rgect the use of it is the same thing as for a hedthy animd to
voluntarily rgect physca movement and use of the muscles.
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B THE HUMAN BEING IN THE UNIVERSE

THE CRITICISM of the theory of naurd vaues shows dearly that dement of the
stientific picture of the world we can use as a dating point to arive a definite mora
principles, or a least definite criteria for evauating them. This dement is the doctrine of
the evolution of the universe and the human roleinit. And o, let us st off.

The assation of the continuous development and evolution of the universe is the mog
important generd  truth edtablished by scence Everywhere we turn we obsarve
irreversble changes subordinate to a mgedic generd plan or to the basc law of
evolution, which manifeds itsdf in the growing complexity of the organization of matter.
Reason emerges on Earth as a part of this plan. And dthough we know that the sphere of
humen influence is a tiny soeck in the cosmos Hill we condder the humen beng the
cown of naturés credtion. Experience in invedigaing the mos diverse developing
systems shows that a new characteridic appears firs in a smdl space but, thanks to the
potential endosad in it, engulfs a maximum of living, gpace over time and cregies the
soringboard for a new, higher level of organization. Therefore we believe that a grest
future awats the human race aurpassng eveything that the boldest imagination can
concealve.

But no one person is the human race. Wha can a person say about himsdf, about the
place of his own mortd <df in the universe? Wha can the human being atan? How do
ones will and consciousness enter the scientific picture of the world?

One hundred years ago the portrait of the world that science depicted was completely
determinigtic. If one took it serioudy, one could become an absolute fadig. But we
know now that this picture was wrong. According to contemporary notions the laws of
naiure are exclusvely probabilidic. Events may be more or less probable (or completely
imposshle), but there is no law tha can force events to flow in a drictly determined
manner. The laws of nature more often demondrate the imposshility of something, than
the reversg it is not accidentd that the most generd laws are prohibitive (the law of
consarveion of energy, the lawv of increesing entropy, and the uncertainty relation). Cases
where the course of events can be predicted quite accurately far into the future are more
the exception then the rule-an example here is astronomicd predictions. But they are
possble only because we encounter here an enormous difference in time scaes between
agronomicd and human time. If we were to gpproach the motions of the ceedtid bodies
with the time scales inherent in them it would turn out thet the only predictions we could
make would be as limited as our predictions regarding the molecules of ar we bregthe,
S0 the successes of cdedid mechanics which inspired Leplace in his formulation of
determinism are avery Jecid cae

Indeterminecy is degply implanted in the nature of things The evdlution of the universe
is a continuous and universal diminaion of this indeterminacy, a continuous and
universd choice of one posshility from a catan st of posshiliies We can compare
two Stuations involving choice -extreme casesthat have been well-studied.
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The firg gtudion is the collison of two dementary patides Knowing the initid
conditions of the collison, we can give the probability of particular results but nothing
more. For example, if the probabilities that a colliding partide will be deflected upward
and downward are identicd, we cannot now--and never shdl be able to--predict in which
direction the partice will go. Nonethdess nature makes its choice This act of choice,
which is among the most dementary, is according to modern notions a blind one
Changes in the evolution of the universe occur only because of the interweaving and play
of an infinite number of such acts.

The second Studtion is the act of will of the human persondity. We can sudy this act
from outsde just as we dudy the collison of paticdes. This is the bass of behaviord
psychology. If we know the conditions in which a person is placed and some of his
psychologicd characterisics, we can make some predictions, adso purdy probabilistic.
But when we view this gtudion from within--as our own free choice (as an act of
manifeding our pesondity)--what had agppeared unpredictable in  principle  when
congdered from outsde is now seen asfree will.

The naure of the unpredictability in these acts is the same, as is the imposshility of
wetching the sysem without affecting it; but how greatly they differ in ther sgnificance
The act of will encompasses an enormous space time area as compared to the act of the
scatering of paticles. In addition, the act of will may be a credtive act, not the blind,
inert materid of cosmic evolution but its direct expresson, its moving force.

B THE DIVERGENCE OF TRAJECTORIES

ALL THE SAME, the human beng is extreordinaily smdl in compaison not only with
the universe, but with the humean race as a whale, and this again indines us to think of the
inggnificance of the act of individud will and the lav of large numbers would seem to
reinforce us in this thought. We mugt note that superficidly undersood and incorrectly
aoplied scientific truths very often promote the acceptance of fase conceptions. That is
how things are & present. Relying on the law of large numbers people reason as follows.
There are 3 hillion people on Eath. The degtiny of the human race is the result of their
combined actions. Because the contribution of each person to this sum is equd to one
three-hillionth no one person can hope to dgnificantly afect the course of higory, not
even accdentdly. Only generd factors which influence the behavior of many people
smultaneoudy count.

In redity this ressoning contains a flagrant eror, because the law of large numbers is
only gpplicable to an aggregate of independent subsysems. It could be goplied to the
human race if dl 3 hillion people acted with absolute independence and knew absolutely
nothing about one another. However, as the human race is a lage and srongly
interconnected system, the acts of some people have very great effects on the acts of
others. In generd such sysems posess the characteristic of divergence of trgectories,
which is to say that amdl vaidions in the initid date of the sysem become increesngly
larger over time. We cdl the dtuations in which the lav of divergence of trgectories
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manifess itAf in an unquestionable, obvious way crises In a crigs Studion enormous
chances in the dae of the syssem depend on minute (on a sysem scde) factors. In such a
dtuation the actions of one person, possbly even a sngle word spoken by the person,
may be decisve. We are inclined to consder aiss stuations rare, but we know many
condantly operating factors that multiply the influence of a dngle person meny times
over. These are the so-cdled trigger mechanisms Only a very dight effort is required to
press the trigger or control button, hut the consequences resulting from this action may be
enormous. It is hardly necessary to say how many such mechanians there are in human

Sodiety.

Nonethdess, the idea of the little person, this fig lesf with which we conced in front of
others the shame of our cowardice, does not give up without a sruggle. Mogt people, the
"little person” says, do not paticipate in crigs dtudions and do not have access to
triggers.

Many people will perhaps recdl the riyme which ends with the words:
For want of a battle the kingdom was logt--

And dl for want of a horseshoe nall.

The rhyme describes a trigger mechanian which goes from a dipshod blacksmith who
did not have a nal to the defeat of an amy. We take this sory as humorous, not wishing
to see it as conpletdy serious. However, our entire lives conagt of such multi-stepped
dependencies. Mathematicd  invedigation of large interconnected sysems shows the
same thing: trgectories diverge. An initidly inggnificant devidtion (the lack of a nal in
the blackamith shop) enlarges dep by dep (the shoe fdls off, the horse goes lane the
commeander is killed, the cavdry are crushed, and the amy flees). But we take a skepticd
atitude toward such long chains because in our everyday life we are dmogt never adle to
trace them rdiably from dart to finish. In the firs place, each connection between links
of the chain is probabiligic. a lame horse certainly does not necessxily doom the
commander. In the sscond place, following the rdaionship of events cordantly raises
questions of the type "What would have happened if . . .?" It is hard to find two people
who give the same answers to a saries of such questions, but it is impossble to turn the
clock back and look. Findly, we practicaly never have the necessary information.

But that we cannot trace these chains in the oppodte direction should not eclipse our
awareness of their exigence when we think about the consequences of our actions. Crids
Stuations are rare not because smdl factors rardy have mgor consequences (they do),
but rather because we are sddom fully aware of the chan of events We can never
foresee the results of our actions exactly. The only thing avalable to us is to etablish
generd principles through whose guidance we increase the probability of Good, thet is,
the probability of those consequences which we condder desrable We should act in
accordance with these principles, viewing each gStuation as a criss Stuation because the
importance of each act of our will may be eormous By dways acting in such a way we
unquestionably meake a podtive contribution to the cause of Good. Here the law of large
numbers operates at full srength.
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B ETHICSAND EVOLUTION

BUT WHAT IS GOOD? What are the Supreme Good and the Supreme God? As we
have dready sad, the answer to these quedtions goes beyond the framework of pure
knowledge and requires an act of will. But perhgos knowledge will leed us to some
certain act of will, makeit practicaly inevitable?

Let us think about the results of folowing different ethica teechings in the evalving
universe. It is evident that these results depend manly on how the gods advanced by the
teaching corrdate with the basc law of evolution. The basc law or plan of evolution, like
dl lawvs of nature is probabilidic. It does not prescribe anything unequivocdly, but it
does prohibit some things No one can act agand the laws of naure. Thus ethicad
teachings which contredict the plan of evolution, that is to say which pose gods that are
incompetible or even smply dien to it, canot lead ther followers to a pogtive
contribution to evolution, which means that they obdruct it and will be erased from the
memory of the world. Such is the immanent characteridic of devdopment: wha
corresponds to its plan is eendized in the dructures which follow in time while what
contradicts the plan is overcome and perishes.

Thus, only those teachings which promote redization of the plan of evolution have a
chance of success If we congder the culturd values and principles of sodid life which
are generdly recognized a the present time from this point of view, we shdl see that they
are dl vay dosdy connected with our undersanding of the plan of evolution and in fact
can be deduced from it. This is the common denominator of the ethica teachings which
have made a condructive contribution to human higory.

But there is dill a grest digance between this objective and unbiased view of ethicd
principles and the decison to follow them. Redly, why should | care about the plan of
evolution? What does it have to do with me?

B THE WILL TO IMMORTALITY

A VERY IMPORTANT FACT--tha human beings are mortd--now must be consdered.
Awareness of it is the dating point in becoming human. The thought of the inevitability
of death cregtes a torturous gStuation for a raiond being and he seeks a way out. The
protest againg degth, againg the digntegration of one's own persondity, is common to dl
people. In the lagt andyss this is the source from which dl ethicd teachings draw the
valitiona component essantid to them.

Treditiond reigious teachings begin from an unconditiond bdief in the immortdity of
the soul. In this case the protest againgt deeth is used as a force which causes a person to
accept this teeching, dter dl, from the veay beginning it promises immortdity. |If
immortdity of the soul is accepted then the dimulus to cary out the mora norms
imposes itsdf: eternd bliss for good and eernd torment for bad. Under the powerful
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iMfluence of scence the notions of immortdity of the soul and life beyond the grave,
which were once very concrete and dear, are becoming increesingly absract and pae,
and old rdigious sysems are dowly but surdy losng ther influence A person rased on
the ideas of modern science cannat bdieve in the immortdlity of the soul in the traditiona
rdigious formulagion no meter how much he may wat to; a vay smple linguidic
andys's shows the compl ete meaninglessness of this concept.

The will to immortality combined with the picture of the world drawn above can leed him
to just one god: to make his own persond contribution to cosmic evolution, to eterndize
his persondity in al subseguent acts of the world drama In order to be eend this
contribution must be condructive. Thus we come to the principle that the Highest Good
is a condructive contribution to the evolution of the universe. The traditiona culturd and
socid vaues may be largely deduced from this principle To the extent that they conflict
with it they should be cagt adde as ruthlesdy as we suppress animd indincts in the name
of higher vaues.

The human being continues somehow to livein his cregtions

No! All of mewill not die! In the cherished lyre my soul
Will survive my ashes, it will not decay.
(PUSHKIN, "I Have Raised a Monument to Myself," 1836)

What is the soul? In the scientific agpect of this concept it is a form or the organization of
movement of mater. Is it 0 important whether this organization is embodied in the
nerves and mustles, in rock, in letters or in the way of life of ones descendants? When
we try to dig down to the very core of our persondity, don't we come to the conviction
that its essence is not a repeating stream of sensations or the regular digestion of food, but
catan unrepeetable, deeply individud cregtive acts? However, the physcd result of
these acts may go far beyond the space-time boundaries of our biologica body. Thus we
begin to fed a profound unity with the Cosmos and responghility for its dedtiny. This
feding is probably the same in dl people, but it is expressed differently in various
reigious and philosophica sysems It is this feding that at teaches which devaes the
humean being to the levd of a cogmic phenomenon.

Thus, the sdentific worldview brings us to ethics which points out the Supreme Vaues
and demands tha we be regpongble for and activdy pursue them. Like any ethics it
indudes the act of will, which we have cdled the will to immortdity. If a person cannot
or does not want to perform this act, then no knowledge, no logic will force him to accept
the Supreme Vdues, to become responsble and active And God save him! The
Philigine who has firmly resolved to be content with his wretched ided, who has
resolved to live as a humble dave of crcumgances will not be devaed by anything and
will pass from the dage without a trace. The person who does not want immortdity will
not get it. Just as the anima deprived of its indinct for reproduction will not perform its
animd function, 0 the humen bang deprived of the will to immortdity will not fulfill his
or her human function. Fortunatdy, this case is the exception, not the rule. The will to
immortdity is nat the privilege of catan "great" people, it is a mass characterigtic of the
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humen beng, a norm of the human persondity which sarves as the source of mord
strength and courage.

How convincing and acceptable will the ethicd ideds we have deduced from the
sdentific worldview be for a broad range of people, our contemporaries and descendants?
Doesnt dl this reasoning sound a little too abdract and unfeding? Is it cgpable of
involving, of affecting the emotions? It is and this is shown by many examples The
ideess of evolution and persond paticipation in the cosmic process conquer the
imagination; they give life depth and meaning. But in retun they demand bold
conclusons and a readiness to sacrifice the conventiond and adopt the unexpected and
uncanny if thet iswhere logic inexorably leads.

It is naturd to expect that those who are engaged in science will have a postive atitude
toward condruction of an ethicd sysem on the beds of the scentific worldview. This
expectation is for the mogt pat borne out. The stientigs have many "fdlow travdlers'
too. But there are dso many enemies or, a least, persons who do not wish us wdl. In
some drdes (expedidly among the intdligentsa in the humeanities) it is fashionable to
cure sdentigs for ther "scentism,” thelr endeavors to condruct dl life on a sdentific
bass, surreptitioudy subdituting scence for dl other forms of soiritud life These
atitudes (which can hadly be cdled judified) are engendered primarily by fear in the
face of that unknown future toward which the devdopment of science is inexorably (and
rgpidly!) drawing us. The fear is intendfied by misunderdanding, for nether the broad
public nor the representatives of the intdligentsa in the humenities and ats ordinarily
underdand the essence of modern scientific thinking and the role of stience in piritud
culture. This problem was st forth brilliantly by C. P. Snow in his 1956 lecture entitled
"The Two Cultures"[4] Science to the modern person is what fire was to the primitive.
And jugt as fire aroused a whole range of fedings in our ancestors (terror, amazement,
and gratitude), SO science today arouses a Smilar range of fedings. Fre has an dtractive
and enchanting force. The primitive looked a fire and ddights and dim premonitions
ealier unknown rose in his soul. It is the same with science. Science fiction, for example,
is jugt like the vidons of primitives gtting around a fire. And condructing supreme gods
and prindples on the bass of the sdenttific picture of the world can be cdled fire
worship. These metgphors do not degrade; they honor modern fire worshipers. After dl,
we are very deeply indebted to the imagination of our ancestors who were enchanted by
the dancing flames of thefire.

B [INTEGRATION AND FREEDOM

THE PROCESS of socid integration has never gone on o furioudy and openly as it does
today. Modern science and engineering have put every person in the sphere of influence
of every other. Modem culture is globd. Modern nations are enormous mechanisms
which have a tendency to regulate the behavior of each dtizen with increasing rigidity--to
define needs, tagtes, and opinions and to impose them on people from without. Modern
people are hounded by the feding that they are being turned into Sandardized parts of
thismechanism. and are ceasing to exist asindividuds.
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The basc contrediction of socid integration--that between the necessty of including the
human being in the sysem, in the continuoudy consolidating whole, and the necessty of
preserving the individud as a free, credive persondity--can be seen today better than
ever before. Can this contradiction be resolved? Is a society possble which will continue
to move dong the path of integration but a the same time ensure complete freedom for
development of the persondity? Different conceptions of society give different ansvers

The optimidic answer to the quedion sounds podtive. Each successve dage in the
integration of society will probably involve some externd limitations not fundamertd
from the point of view of credive activity. On the other hand, each dage will foder a
liberation of the nudeus of the persondity, which is the source of credivity. Bdief in the
possihility of such a sodely is equivdent to bdief that the impulse implanted by nature in
the human being has not been exhauded, tha the human bang is cgpable of continuing
the sage of coamic evolution he has begun. After dl, the persond, credtive principle is
the essence of the human beng, the fundamenta engine of evolution in the age of
intellect. If it is suppressed by socid integration, movement will sop. On the other hand,
socd integration is dso essntid. Without it the further devdlopment of culture and
increesng human power over naure are impossble the essence of the new levd of
organization of matter lies in sodd integration. But why should we suppose that socid
integration and persond freedom ae incompaible? After dl, integration has been
successfully caried out a other levds of organization! When codls join into a
multicdlular organism they continue to peaform thar bidlogicd functions-- exchange of
matter and reproduction by divison. The new characteridic, the life of the organiam,
does not appear despite the biologicd functions of the individud cdls but rather thanks to
them. The creative act of free will is the "bidlogicd" function of the human individud. In
the integrated society, therefore, it should be preserved as an inviolable foundation and
new characterigtics must appear only through it and thanksto it.

If we refuse to bdieve in the posshbility of an organic combination of socid integration
and pasond freedom then we must give one of them preference over the other. The
preference for persond freedom leads to the individudidic conception of society, while
preference for socid integration leads to totditarian regimes.

Individudism views sodiety as nothing more than a method of "peaceful coexigence' of
individuadls and increesng the persond bendfits for each of them. But by itsdf this idea is
inadequate to build a hedthy sodety. Pure individudism deprives the life of a person of
awy higher meaning and leads to cynidsm and Soiritud impoverisiment. In fed,
individudism exigs only thanks to an dliance with traditiond rdigious sysems--or, to
put it better, by living as a paradte on them-because they ae in principle hodile to
individudism and permit it only as a weskness With the collgose of the rdigious systems
this paradte reaches enornous Sze. Individudism becomes a fearsome ulcer eding up
society and inevitably, as a protet agand itsdf, it gives rise to its negation,
totditarianiam.

For totditarianism, integraion is everything and the individud is nothing. Totditarianiam
condructs a hierarchica dae sysem which is usudly headed by one person or a smdl
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group of people. An ideological system is dso congructed which each ditizen is obliged
to accept as his or her persond worldview. Anyone refusng to do this is subject to
punishment, which may go as far as physcd exteemination. The person trapped in
between the two systems becomes a thoughtless, soulless part in the socid machine. The
person is given only wha freedom is necessay to cary out indructions from above.
Evay manifedation of individud ectivity is viewed as potentidly dangerous to the dae
Persond rights are abolished.

Striving to preserve and drengthen itsdf, the totditarian date uses dl means of physcd
and mord influence on people to make them suitable to the date-"totditarian” people.
The fundamenta characteridic of the totditarian person is the presence of certan
prohibitions he is uncble to vidlae He may be a sdentid, an invedigator filled with
curiodity, but upon gpproaching catain agpects of life his curiogty suddenly begins to
evgporate. He may be a brave man, capable of giving his life for his country without a
thought, but he trembles in fear before his leader. He may condder himsdf an honest
man but spesk wha he knows to be a lie, and not connect this lie with his supposed
honesty. He may ged, commit treason, and kill in the confidence tha "it is necessary”; he
will never parmit himsdf to ask if it redly is necesstry. And he will wak a mile to avoid
anything that might force him to think about this.

The totditarian person is compensated for these tabus, which are imposed on precisdy
what conditutes the highest vdue of human exigence, by the feding of unity--the feding
that he beongs to an enormous aggregete of people who are organized into a sngle
whole. The human being has an inherent, internd need for socid integration, and
totditarianism's grength is thet it plays on this need and sidies it to some extent. The
drength and danger of totditarianism are that it dands for socid integration, and socid
integration is an objective necessity.

But the totditarian date is not the solution to the problem of sodd integration. It
achieves wholeness by smoothing out differences among its condituent human units to
the point where they lose their human essence. It cuts off peoplés heads and forces the
sumps to be daed a the unity achieved a& such a price Totditarianiam is a tragicdly
cdumsy and unsuccessful pseudosolution: it is the abortion of socid integraion. By
destroying the individud person it deprives itsdf of the source of credtivity. It is doomed
to rot and decay.

While individudism generdes totditarianiam, totditarianism, inversdy, generdtes
individudism. "Down with the collective" cries the person raised in totditarianism who
has become aware of his davery. "Leave me done | dont want unity! | dont want
military might! | dont want a feding of comradeship! | want to live the way | likel 1! !
" Fearing punishment, however, he only imagines he is shouting this a mog he
whispers it. His ego, which has grown up under totditarian conditions, is a wretched,
hdf-grangled one. And he becomes a purposdess Philigine with the perspective of a
chicken. He is not inerested in anything except his own sdf. He does not bdieve in
anything and therefore he subordinates himsdf to everything. This is no longer a
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totditarian persondity, it is a misrable and cowardly individudist living in a totditarian
date.

Individudism and totditarianism are two oppostes linked in a common chain. There is
only one way to bresk this crde to st as our task constious socid integration with
preservation and development of cregtive persond freedom.

m QUESTIONS, QUESTIONS. ..

ATTEMPTS TO LOOK even father, as far as imagination permits produce more
questions than answvers.

How far will integration of individuds go? There is no doubt that in the future (and
perhgos not too far in the future) direct exchange of information anong the nervous
sysems of individud people (leeding to ther physicad integration) will become possble
Obvioudy the integraion of nervous sysems must be accompanied by the credtion of
some higher sysdem of control over the unified nerve network. How will it be percaived
ubjectivey? Will the modern individud consciousness, for which the supreme sysem of
control will be something outdde and above the persond, something dien and not
directly accessble, be preserved unchanged? Or will physcd integration give rise to
quditativdly new, higher forms of consciousness that will form a process that can be
described as merging the souls of individud people into a Sngle Supreme Soul? The
second progpect is both more probable and more attractive. It dso resolves the problem
of the contradiction between reason and degth. It is difficult to tolerate the thought thet
the human race will dways reman an aggregate of individud, short-lived beings who die
before they ae ae to see the redization of their plans The integration of individuds
will make a new synthetic constiousness which is, in prindple immorta just as the
human raceis, in principle, immortd.

But will our descendants want physcd integration? What will they want in generd? And
whet will they want to want? Already today the manipulation of human desres has
become a phenomenon that cannot be discounted, and what will come in the future when
the dructure and functioning of the bran have been invedigaed in deal? Will the
humen race tal into the trgp of the absolutdy dtable and, subjectively, absolutely happy
society which has been described in the works of science fiction writers such as Zamyatin
and Huxley?

To avaid fdling into such a trgp there mugt be guarantess that no cntrol sructure is the
highex one findly and irreversbly. In other words there must be guarantess tha

metasysem trangtions will dways be possble in rdation to any sysem no meter how
large it may be. Are such guarantees possble? Does consciousness of the necessity of the
metasysem trangtion for devdopment give people such guarantees? And is the very

need for devdopment, the yearning to continue deveopment, ineradicable? We have
reeson to hope tha it is Having conquered the human constiousness, the idea of

evolution seemingly does not wat to go away. If we imagine that the humen race will
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exig forever like a gigantic dock, unchanging and identical, with people (its machinery)
being replaced as a rewult of the naurd processes of hirth and desth, we become
naussous, this seems equivdent to the immediate annihilation of the human race But will
it dways seem that way to our descendants? Perhaps now, when we fed that necessty of
development, we should try to perpetuate this feding? Perhaps this is our duty to the
living metter which gave us hirth? Suppose we have made such a decison. How can it be
caried out?

Now let us pose the question of the pitfdls dong the pah of devdopment in more
gened form. Ant sodety is absolutdy dable But that is not because it is poorly
organized; the individuds which make it up ae such tha unifying them does not give
rse to a new characteridic--it does not bring brains into contact (the poor things have
virtudly nothing with which to make ontact). Is it possble for the remote descendants of
the ants or other arthropods to become rationd beings? Mot likdy it is not. It gopears
that the arthropods have entered an evolutionary blind dley, but perhgps we are in one
too. Perhaps the human being, is unsuitable materid for integration and no new forms of
organization and consciousness based on it will deveop. Perhgos life on Eath has
folowed a fdse course from the veary beginning and the animation and Spiritudization of
the Cosmos are destined to be redized by some other forms of life.

Let us assume that this is not true that nature has not committed a fad injudice in
relation to the Earth. Now, when conscious beings have gppeared, what should they do to
avoid wandering unknowingly into a blind dley? For such a generd quedion a generd
asveg may be offered: presrve, even in some miniaure, compressed form, the
maximum number of vaidions do not irreversbly cut off any posshilities. If evolution
is wandering in a labyrinth, then when we come to a point where the corridors intersect
and we choose the path going to the right we must not forgot thet there is aso a corridor
going to the left and that it will be possble to return to this place. We must mark our path
with ineradicable, phosphorescent dye. This is predsdly the function of the sdence of
higory. But are the linguigic traces which it leaves adequate? Perhgps a conscious
pardldismisessantid in solving dl sodd problems.

We shdl hope that we have not yet made an uncorrectable mistake and that people will
be dble to create new, fantadtic (from our present point of view) forms of organization of
matter, and forms of consciousness And then the lag, but dso the most didurbing,
guesion aises cant there exis a connection between the present individud
constiousness of each human persondity and this future superconsciousness, a hbridge
built across time? In other words, isnt a resurrection of the individua persondity in some
form possble dl the same?

Unfortunately, dl we know a the present time compels us to answer in the negative. We
do not see any posshility of this Nether is there a necessty for it in the process of

cognic evolution. Like the gpes from which they originated, people ae not worth
resurrection. All that remans after us is wha we have cregted during the time dlotted to

us.
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But no one can force a person to give up hope. In this case there is some reason to hope,
because our las quedion concans things about which we know very litle We
understand some things about the chemicd and physicad processes related to life and we
aso can make our way in questions related to fedings, representations, and knowledge of
redity. But the constiousness and the will ae a ridde to us We do not know the
connection here between two aspects the subjective, inner aspect and the objective,
externa agpect with which science deds We do not even know how to ask the questions
whoe answvars must be sought. Everything here is undear and myderious great
surprises are possible.

We have condructed a beautiful and mgedtic edifice of science. Its fine-laced linguigtic

condructions soar high into the sky. But direct your gaze to the soace between the pillars,
aches, and floors, beyond them, off into the void. Look more carefully, and there in the
digance, in the black depth, you will see someones green eyes daring. It is the Secret,

looking & you.

[1] The figures are taken from G. N. Dobrov's book Nauka o nauke (The Science of
Science), Kiev, 1966.

[2] The figures are taken from D. Prices "Little Scdence, Big Science” in the collection
of atlcles Nauka o nauke (The Science of Science), Maoscow. Progress Publishing House,
1966; origind: Columbia Universty Press, 1963.

[3] Hero of the nove Twedve Chairsby IIf and Petrov -- trans.

[4] C.P. Snow, The Two Cultures and the Scientific Revolution (London: Macmillan,
1959).
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