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Prognostics is a young science, not formed as yet. Its subject
is methods of making forecasts, and its objects of application
are social ph,,Žnomena, economics, science, technology, etc. The
authors, D. Gvishiani and V. Lisichkin, showed that the Marxist-
Leninist, philosophy In particular is the genuine basis of scien-
tific predictions and the cornerstone of macro- and microprog-.
nos:es, The authors have made an attempt, to systematize progno-
sis methods. Of course we are concerned with all existing mneth-
ods (such an operation is within the capabilities of oilly a col-
lective of scientists not limited by the rigid frameworks of a
popular brochure). But this was not the purpose of the authors.
The~ir basic task is to attract the attention of the scientifilc
community to prognostics and to show that there is already avail-
able an adequate number of prognosing methods which can succcss-
fully be applied in research and practical work. It seems to
us that in this plan the authors have performed their tasK.
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Prognostics is a young science, not formed
as yet. Its subject is methods of making fore-
casts, and its objects of application are
social phenomena, economics, scien3e, technology,
etc. The authors, D. Gvishiani and V. Lisichkin,
showed that the Marxist-Leninist philosophy
in particular is the genuine basis of scientific
predictions and the cornerstone of macro- and
microprognoses. The authors have made an attempt
to systematize prognosis methods. Of course
we are concerned with all existing methods
(such an operation is within the capabilities
of only a collective of scientists not limited
by the rigid frameworks of a popular brochure).
But this was not the purpose of the authors.
Their basic task is to attract the attention of
the scientific community to prognostics and to
show that there is already available an adequate
number of prognosing methods which can success-
fully be applied in research and practical work.
It seems to us that in this plan the authors
have performed their task.
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INTRODUCTION

However man is occupied with his everyday business, in his

thoughts and dreams he always turns toward the future. It would

not be an'exaggeration to say that each day of mankind is lived

for the sake of tomorrow's day. Naturally at all times the

better minds attempted to predict the future and to foresee and

prophetesies it. It was represented by the humanist scientists

as some kind of rosy abstration, while at the beginning of the

XIX century utopian socialism emerges with a censure of the

capitalist system, opposing it with the socialist ideal of the

public system.

Marxism first stated the problem of historical vision on a

scientific basis. "Marx," wrote V. I. Lenin, "has not even a

shadow of attempts to make a utopia, to conjecture emptily con-

cerning that which cannot be known. Marx states the question of

communism as a naturalist would pose the question of the develop-

ment of a new, let us say, biological variety, once we know that

it has somehow sprung up, and in some definite a.I.rection it is

altered."

The strictly scientific investigation of the laws of the

development of the capitalist method of production and the socio-

economic formations which preceded capitalism permitted Marx

and Engels to predict the inevitability of the revolutionary

FTD-HT-23-2128-71 iv



I
transfer "from 6apaitalism to socia~oin•m the6 dictatorshiP of the
proletariat, and the c6fidtruction of a: ojass1ess society.. The

continuous accumulation of capi~tal,, its concentration and centra-
lization are, as Marx proved, a collectivization of the means of

production within .the frameworks of bourgeois society and in a
specifically capitalist form., The objective tendency of'this

hiS•torical process is as follows: the capitalist class turns into
a comparativeiy small social group, redundant for the further

development of production, retarding its progress. Thus, there

appears the economic necessity of the socialist collectivizat.on

of the means of production. This is the interest of the working

class - the basic productive force of bourgeois society. And it

is clear that the liberating struggle of the proletariat and a
socialist revolution is the logical expression Qf this objective

historical necessity formed in the depths of the capitalist means

of production itself.

The teaching of Marxism, its content, development and practical
realization are historical proof of the possibility of the

scientific prediction of not only the closest results of each

stage of social dcvj-lopment but also its more or less long-range

results.

The materialistic investigation of the dialectic process in
the development of society i* the methodological basis of the

scientific prediction. Marxism, noted V. I. Lenin, states

questions of the "... historical soil not in the sense of only
one explanation of the past, but also in the sense of the fearless
prediction of the future and the brave practical activity, and

the directions toward its realization ... "

Bourgeois critics of Marxism attempt to prove that any
sociological prediction is a variety of social sorcery and should
be strictly evaluated as an attempt to previously tie the hands

of people with a perspective, as it were, illusive historic fate.

FTD-HT-23-2128-71 v
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The absurdity of these accusations is clear to each person Mith

the slightest knowledge of historical materiaifm.

It is also easy to understand that the negation of the

scientific sociological prediction reflects the- political interests

" of the r-eactionary bourgoisie, which fears the future and therefore

does not wish to see the forthcoming orn the present tendency. The
bourgeoisie sees its past in the present the same time as Marxism

examines history not only from the standpoint of the past, but

also from the standpoint of the future,

In the theoretical relationship the denial of the sociological

prediction ip a denial of the law of social process, the connection

of social phenoMena, a definite direction of social development

at each given step of the history of society. Sociological pre-

diction is inseparable ;erom the scientific theory of society, To

deny this means rejecting the possibility of the theoretical

investigation of socio-historical process.

It is known that the most serious prophets, or as they are
sometimes called, futurologists, in capitalist countries are ever

-more clearly beginning to perceive that the predict.ng of scienti-
fic-technical progress can be substantiated only under the condition

of a complex approach to solving this problem, which includes,
I together With the scientific-technical and economic analysis,.• tI~e

ai;alysis of tendencies of social development. However, the

absence of scientific methodology of recognizing social phenomena

causes extremg difficulties, as a result of which social pr6gnoses

bear, as a rule, a positive, empirical nature.

In the countries of the 8ocialist camp and within the frame-

works of the CMEA work is definitely being done in this direction.

There is every reason to assume that these investigations will

henceforth develop intensely. A critical study of the experience

and investigations in the region of the procedure of prediction

FTD-HT-23-2128-71 vi



in the developed capitalist countries is of iýportant significance.

Ih connection-with- thlis, It is 'advxisable to more actively use the

vafir~abh po~sibiit~es of cooperation with various national and

international organizaticAs ;:cupied with questions of prodiction.

At -the same time caution zbiuld-be observed concarring the known

overestimation of the achievr.nents in this, ftieid available in the

West., in which individual authors make assumptions.

Developing the-procedure of the scientific-economical,

sociological predictions and critically using all this valuable

material, which is available in this relationship in foreign

investigations, we must not forget for one minute that the genuine

scientific value of prognoses, regardless of whatever sphere of

social life they relate to, can be assured only under the condition

that the prcgnoses are based on the Marxist theory of the develop-

ment of human society.

Marxism-Leninism is a theoretical basis of not only global,

so to say, strategic scientific prediction of the development of
society, but also the basis for operational, tactical, microscale
predictions whose significance is especially great in controlling

Dhe current social processes, in the systematic development of

economics an4 culture, in perspective planning. The experience

of the socialist structure has proven without a doubt that the

correct creative application of the Marxist-Leninist theory

assures both long-term and short-term predictions of the process

of social changes.

From the moment of its birth, the Soviet State has demon-

strated the possibility and necessity or predicting the development

of economics, science, and technology. The genial sample of

prognosis is the Lenin "Sketch of the Plan of Scientific-

Technical Operations." Without exaggeration it can be said that

the history of the modern scientific-technical and economic

predictions begins with this document. A huge role was also

FTD-HT-23212871 vii
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played by the plan for electrifying Russia developed in 1920-

1922,on Lenin's initiative (the GOELRO plan), the first standard

plan-prognosis in history for several decades.

Planning is inherent to the socialist system of economy.

Nationally discussed annual and perspective plans for developing

the national economy and directives for developing perspective

plans is the fixed basis of our socio-economic development. The

general perspective of the socio-economic development -of socialist

society found its scientific basis in the Program of the CPSU.

The development of socialist economics is unthinkable without

completing the forms and methods of control, planning, and pre-
dictting. Together with the ever deeper development of the socio-
economic prediction, its various directions are differentiated,

first on science and technology. The necessity in differentiating

is dictated by the requirement of finding special ways and means

of evaluating the perspectives of the development of a particu-

larly given branch of science or technology and the huge mass of

data which require the appropriate special processing. However,

togLether with this a reverse tendency acts on it - the integration

of all scientific, technical and economic progneses caused by the

req,"rement of obtaining the overall socio-economic picture of
the future. Moreover, even the deepest technological prognoses
will suffer one-sidedness and lose their value without the organic

connection with the problems of social development. Therefore,

all plans of developing the national economy provide not only

economic, but also socio-political development. In just this way

the plans of individual enterprises to an ever greal;Qx- extent

become plans of not only economic and scientific-technical develop-

ment but also the social development of each individual enterprise.

Scientific-technical measures do not exist independently of

economic measures. Both zhese and others are connected and form

the socio-po]•tical conditions of 1ife and of the individual

enterprise and of society as a whole.
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The perspective pianning of,1he deveiopment of the national

* economy- require� athorough' anailysis -1f the tendencies -in the
dev~elop•ent , VarloU• •bbachb• of inde .and' t nfiolgya,.rnd

the% deve1opment 1of 'pognbses -y e diyiduaI, most important

dirctibnsý of ýscientific-tecdh-cpogess.; the. final analysis

such, types ,of prognoses ýare6 eth-basic elements of -the complete

* prognoses of -the -entirenaitional edbfoim. Therefore it is
absolutely right to consider sient1ific-technical prognoses as

specific subsystemsin A,broade6r sytem of social and 'economic

prediction.

The planhing order accepted in our country assumes the de-

velopment of the basic-6directions. in the evolution of science and

technology based on jredicting the forthcoming development of the

most important tendencies of scientific-technical progress which

are established after their confirmatioh as the basis of perspec-

tive plans in the development of the national economy.

At present there are developed long-term prognoses on the

most important branches of the national economy. These prognoses

are constantly corrected-with the consideration of new data and

new factors advancing the current work on operational planning.

In this work, organized by the State Committee of the Council of

Ministers of the USSR on science and technology, the Academy of

Sciences-of the USSR anid its corresponding industries the most

important scientists and specialists of our country are taking

part. Since the basis of the prognoses depends on how deeply the

tendencies which determine the development of the object are

explained, great significance is taken on by a thorough assemblage

of the original materials, their systematization and analysis,

and the consideration of a multitude of factors influencing the

development of a given branch of science and technology, and

economics. All of this makes the development of the scientifically

based methodology of prediction necessary.
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At present there.exist numerous methods of predictions of

which the overwhelming majority bear a purely empirical nature.

However, the empirical approach to predidtion is quite, inadequate,

since as a rule it is based only on past experience, which is by

far not always used under conditions-which have3 changed. The'

theoretical development of prediction probl6iis, which permits

basically approaching the selection of Lobe methods of prediction,

an evaluatLon of the accuracy of the.,prognoses to bd obtained, a

definition of the maximally possible and permis8ible periods of

prediction, etc., is :so ndcessary.

Stating and solving the theoretical problems involving

prediction make up the new science, formed in our time - prognostics.

I.

FTD-HT-23-2128-71 x



CHAPTER I

-. ,PROBLEMS IN PREDICTING SCIENTIFIC
TECHNICAL PROGRESS

Under the conitions of the modern scientific-technical

revolution science is becoming a direct productive force of

* society. Its social role is increasing, and a qualitative shift

5 is occurring - a more or less random and limited application of

scientific approach to the structure, functioning, and development

of material production. New discoveries in the field of basic

sciences are ever more frequently generating new branches of

production. Previously unknown possibilities of using scientific-

technical achievements are discovered each year.

The scales and concentration of modern public production

require the scientific control of all spheres of public life.

Learning to control public production is the problem which Lenin

persistently emphasized since the first days of the revolution as

the most important problem of the working class, who took the

government into their hands. The economic and technical potential

of any country, its power and defense capabilities are now as

never before closely tied in with the state and perspectives of

the de Jlopment of sciences and technology. Hence, a new but

no less difficult and complex problem is learning to control the

development of science and technology in the interests of social

progress.

FTD-HT-23-2128-71



The most important component part of the control function

is., as is known, the prediction and development of the perspective

which consider? the dynamics in developing the system to be con-

trolled and the varying external conditions influencing it. The

problem of controlling a scientific-technical process under the

conditien of an ever-accelerating scientific-technical revolution

especially acutely advances the necessity of prediction, evaluating

the perspectives, the social consequences, and the .possibiiities

of developing science and technology at each individual step.

The continuously growing necessity of prognoses involves the con-

stant complication of all sides of the life of society, the tempos

of the development of production forces, the interweaving of

economics, science and technology, and the complex structux'e of

the entire national economy. Therefore the growing interest in

prognostic investigations Is a regular consequence of the internal

logic of developing human history.

The interconnection of many factors, the acute lack of time,

and the innumerable multitude of possible solutions are the con--

ditions in which we find it necessary to control the complex

system of scientific-technical development. Hence tnere appears

the necessity of introducing an additional I.nlc into the control

chain for determining the results of this or that solution and

the factors which can influence the object to be controlled. If

we begin with data describing the system only at a given moment

and do not consider the future cor -aions of its fluctuation,

control will not be otpimum. Moreover, the system could generally

become uncontrollable.

The development of z tf'ftc-Iwv technical and economic policy

in unthinkable without p-,:diction. The prognoses maxe it possible

to plot the course of development to Oe oriented in the complex

system of the interwoven branches ',f economics and technology, to

substantially calculatc the prediction requirements and to deter-

mine the place of Investigating various problems in the broad

FTD-HT-23-2128-71 2



front of scientific-technical progress, and to develop perspective

plans of capital investments, etc.

Technical progress is the basic moving force in the develop-

ment of the national economy. However, a changeover in production
during the mastery of a new technique often loses much time. In
order for the introduction process not to interrupt the rhythm

of production and not to stretch out in years it is first
necessary to foresee the leading tendencies in the development of
4he technique and to determine the perspective devices and means
for applying and mastering it. President of the Academy of Sciences
of the USSR, Academician M. V. Keldysh, in his report at the
General Assembly of the Academy of Sciences of the USSR in March
of 1968 emphasized " ... Great significance is taken on by the

prognoses in the development of the most important branches into
longer periods. The Five-Year Plans should not only solve the

problems of a given five years but should also prepare future

development."

The development of the national economy is predicted in
several directions. The first direction involves investigating

the relationship of the prognosis and the plan. Economic prognoses
cannot exist independently of the plan. Based on the knowledge of
the regularity of economics the prognosis in its function serves
to determine the ways of developing the national economy. There-
fore prognosis is a necessary stage in preplanning developments.
At the same time the plan is limited by a certain time and by far
does not include the consequences of the decisions taken in it.

However, a consideration of these consequences is necessary for
both the basis of the plan to be compiled and for considering
the possibilities of the next plan. In this connection we should

speak of predicting the consequences of the plan decisions for
periods of time greater than the period planned for. And finally,

the operational prognosis of the periods and conditions of solving
the plan problems in the process of putting the plan into force.

FTD-HT-23-2128-71 3



The dire,6tions of economic prediction involve an-analysis of

the objects of the prediction.

/ Ordinarily four reinforced objects of economic predition are

singled out:

scientific-technical progress (an analysis of the perspectives "

in the development of science and technology and their influence

on the economy);

resources (labor and natural);

public requirements (production and nonproduction);

social conditions of reproduction (the consequences of

scientific-technical progress., the growth of production forces,

etc.).

These consolidated objectives of economic prediction are

elements of a single system - the global prognosis of the country's

national-economy development.

Prognoses of scientific-technical progress are the most

important part of the economic prognoses, since the progress of

science and technology to a great extent determine the tempos of

the development of the entire national economy. Developing the

prognoses of the scientific-technical progress is necessary in the

main directions. they include: electrification, automation and

cybernatization, automation and biologization. They inivolV,

progress in the appropriate branches of science and the applica-

tion of the latest achievements in technology and industry.

Mechanization, electrification, and automalion were determined as

basic directions in the technical rearmament of the national

economy quite a while back, while cybernetics, automation and

biologization are recently noticed tendencies in the technological

application of basic sciences. Now we can show new tendencies of

4I



Scientific-technical progress connected with the conquest of space

(the application of'ground-based production to space'), with the

Stechnological: application of new physicda effects (physacs

appicdati:os), etc.

Four types of prognoses of sdientific-technical progress

should be singled out:

prognoses of principally new (pioneer) inventions and dis-

coveries;

Prognoses of the fields of applying new inventions and dis-

coveries;

Prognoses of the appearance of new designs and machines;

prognoses of the wide application of discoveries, inventions,

and designs already mastered in science and technology.

These four types of prognoses characterize the process of the

materialization of scientific-technical creation, beginning with

the appearance of the idea and ending with the industrial mastery

and expansion of the invention. Each of them should be formulated

inside the basic directions of scientific-technical progress.

Depending on the object scale of scientific-technical progress,

6 types of prognoses are ordinarily singled out;

worldwide scientific-technical progress;

the progress of science and technology within the boundaries

of the individual country;

the development of complex technical problems (interbranch

prognoses);

5



the development of individual branches of industry (branch

the development of individual types of produc;iOn and techrno-

*lbgical processes (production-type prognoses).;

the development of machine units and assemblies (part

progneses).

The synthesis of all types and kinds of prognoses leads to

the Prognosis of scientific-technical progress as a whole. As a

result it becomes possible to determine the worldwide and national

level of scientific-technical development, to select the most

promising technicO-economical directions in solving.actual problems

of the economy, to reveal new fields in applying ,the scientific-

technical achievements, and to evaluate the conditions for solving
the most important s3cientific problems and the economic effective-
ness of their practical use.

Prognoses of labor resources are closely connected with

scientific-technical and demographic prognoses. These include,

prognoses of the occupation and liberation of manpower over the

branches of industry as a result of automation and cybernetization,

the redistribution of labor resources by branches and territorial

regions, the preparation of specialists and retraining of personnel,

etc. All of these, in the final analysis, will make up the prog-

nosis of the effectiveness of using manpower in the country's

national economy in the future.

The prognoses of natural riches are aimed at revealing the

supplies and tempos of expenditures of a given type of resources,

evaluating the financial and material expenditures on their
mastery, etc. They include prognoses of the power, fuel, mining,

nonmetallic, vegetable resources, and animal resources.

"! i6



The prognoses of material resources include determining the

perspectives of developing the tempos and structure of the socialist

reproduction under various conditions (investment volumes,

amortization time, diversification of investments, etc.).

In the prognosis of social requirements the tendencies of the

demand for equipment, materials, raw materials, and power on the

part of individual productions and entire branches are determined.

The prognoses of the demand for consumer goods and various types

of services are related to this.

Prognoses of social conditions as the background of the

national-economy's development on the one hand and the social

consequences of scientific-technical and economic progress on the

other hand are an indispensible part of economic prognoses.

The described directions of the economic predictions are

inseparably interconnected. Therefore economic prognoses are

essentially complex and require the use of complex methods for

their development.

Scientific-technical prediction is a business of capital

importance, because it, in the final analysis, permits the most

rational and effective soclo-economic development of society, the

maximum use of the advantages of the socialist economic system,

further entrenchment of the positions of socialism in the struggle

of the two worldwide systems in all areas - economic, ideological,

scientific-technical, and military-strategic. The scientifically

based prognoses- will aid in uncovering the stable tendencies of

scientific-technical progress, the basic directions in the develop-

ment of production, in the expansion and use of the national

income, occupation and productivity of labor, the development of

natural resources, etc., thereby accelerating the tempos of the

development of the productivity forces of our society.



Microscale prediction iS called upon to provide an effective

organization of the work of each individual enterprise and the

development of its activity with the consideration of varying

internal and externai factors. The lack of such prediction at this
level leads in practice to the fact that the control system at

individual ,enterprises is not merely nonoptimum but is substantially

uncontrollable. The Droduction and marketing of the Dnepr and

Kama -everyday electric pumps can be used as examples of such a

situation. They were issued by three plants - the Perm plant,

the Novokakhovskiy plant, and the Khar'kov plant. Back in 1965
there were so many electric pumps that the marketing organizations
refused to take new productions - the production from 1962-1964
lay in storage. Nevertheless, in 1967, 712 thousand electric

pumps were planned to be issued (as compared to 90 thousand in

1965). And at the All-Union Trade Fair of 1967 a demand for 170

thousand devices annually was computed. The proposal exceeds the

demand by 4 times. In toto the "productlon-marketing of electric"

pumps: system turned out to be uncontrollable, and at two plants
the manufacture of these pumps was ceased.

Prediction and planning are two inseparable stages of a

single control process. Prediction is evoked to solve the follow-

ing basic problems: to reveal the tendencies of the development

of economics, science, and technology, to establish the true

factort which determine these tendencies, to mark the perspective

directions of investigations in the fundamental and applied

sciences, to determine the laws and features of the foreseeable

Soclo-economic and scientific-technical development, to examine

variants in the development of the national economy in s-eeking the

optimum solutions, and to mark the paths of the active effect on

the economic processes for purposes of accelerating the tempos of

the Communist system.

The scientifically based prognoses will become the foundation

for developing plans of the socio-economic development of society,
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the condition of optimum planning, and the control of the national

econony. However, the deep differentiation of scientific

disciplines inherent to modern science and the gigantic scales

of investigations extremely complicate prediction and planning.

Here are some main questions of prediction: the definition of

the optimum relationship between the. number of scientific workers

in different branches of science,, the- perspectives of growth of

scientific personnel in each branch, the financing of the applicable

and fundamental studies, etc. In predicting scientific investi-

gations it is necessary toconsider the level and perspectives

of science in other countries and in the entire world as a whole.

And this is already a difficult problem-in itself. To solve it

we need the collection and processing of a tremendous amount of

data.

Planning such a-sphere of activity as a scientific sphere is
also difficult by virtue of the fact that it is hardly possible

to predict the results of the huge basic investigations before

they are made.

However, the degree of indefiniteness, maximum at the stage

of basic investigations, decreases at the stage of applied

investigations and especially that of developments. Therefore,

planning science is nor only necessary but also possible - under

the obligatory condition of the differential approach to the

various categories and to stages of scientific-research and

experimental-design operation.

It is important to establish proportions between the basic

and applied investigations. Science cannot develop -without free

research, but society cannot limitlessly give such means to

scientific works which do not give a rapid practical result. The

problem of scientific prediction consists in particular of dis-

covering any "optimum component" of basic researches.

,!9



At the applied stage, where losses increase by one order of

magnitude, planning takes on a more habitual nature. But at the

stage of developments, with anincrease in losses even by one

order of magnitude, the indefiniteness decreases to a minimum,

and planning closely approaches• the planning of material production.
Beginning with this, the planning of science is -ordinarily divided

into perspective planning and current planning. The first has to

do with future discoveries or the results of discoveries already

made. The second, as a rule, has to do with the seeking of new

aveas and methods of applying scientific knowledge.

However, the originalpoint of planning scientific activity

should not be short-term but long-term goals. The long-term
planning of scientific-technical progress in connection with such

long-term demographic, raw-material, power, etc., prognoses is

essentially the basis of perspective planning, Phile the latter is

the basis of short-term planning of research and development.

In planning the development of science the applied investi-

gati6ns are centralized in essence and scale (volume). The basic
investigations can be centralized but only in relationship to the
planning of their volume based on accessible methods of scientific

prediction and prognosing.

The centralized planning of science and technology should be

accompanied by a long-term prediction of the directions of
scientific-technical, economic and social progress. Such a prog-

nosis in essence is a scientific hypothesis; it fulfills the role

of a reference point for perspective planning. The puirpoý C of

prognoses is to indicate the perspective direction and tendencies

and to note the approximate contours of the most important prob-

able directions in science, the periods of solving huge complex

problems, the volume of necessary material and labor losses, and
the possibility of practically using the results of theoretical

investigations. Naturally, predicting should be a continuous

10



process baied on a- Well thought-out system, of retrieving, accessing,

and ad6cumulating data.

SWhat is the subjecpt of prognosis in science?

I The problems of sc'ientific research (orientation 'periods of

Sol"ving, problems on the agenda, and- defining the spedtira of new,
problems, questions of the structure of science and the inter-

reaitionship among its different, branches).

The social function of science -its place in socfetyj science

and technalogy, science and culture, i.e-., science and other fields

of social life.

The growth of the dimensions and volume of science (-the

problem requires development ,f a definite system of measures and

appropriate policy).

To solve science-prediction problems it is absolutely in-

sufficient to begin with a model whose basis is the idea that science

is an autonomous self-regulating system whose motion is completely

determined by inner impulses. We need to have a model in which we

would get an adequate reflection of the place of science in society

and its possible variation. In particular this assumes the develop-

ment of criteria and a parameter of scientific and scientific-

technical progress.

More help in solving this complex of problems can be rendered

by a historic-scientific analysis which uncovers the prognostic

possibilities of science. From this standpoint it is interesting

to compile the "self-evaluations" of science with the character-

istic of the stages it has passed through.

The primary problem is correctly planning the basic research,

i.e., selecting the scientific subject and relationship between

1individual tempos.



For this we need a syst4ematic compiling of periodical (for

example every three years) data surveys about the state of each.

field of science, its new directions and tendencies of development.
It should be noted that such type of sYbtematic operation is

beginning to be made ready in our country.

In our country there is a very ramified data service in the

field of science and technology. At the first stage of the data

operation abstracts in Russian on almost all printed matter avail-

able in the world are compiled and published. The second stage -

the selection and analysis of data information - basically en-

compasses only applied research.

The organization of long-term planning of scientific activity

has much in common with the organization of predicting scientific

development. Expert evaluation plays a greater role in it. World-

wide practice indicates the advisibility of dividing up the process

of long-term planning into a number of stages of sequential detailing

of design. The composition and sequence of the problems of develop-

ing scientific activity at each stage are determined through

averaged evaluations of independent (external) expert groups. in

the Soviet Union this function is executed by the scientific

councils with the State Committee on Science and Technology And also

by the Problem Scientific Councils of the Academy of Sciences. The

Scientific-Technical Councils of Ministries of the Union Republics

are connected at the stage of application here.

Relying on such a mechanism, the SCST has developed, for

example, requirements imposed on the projects of the Lnt'ep!-Jses of

the future in the coal, chemical and metallurgLcal industries.

These projects provide an increase in the labor productivity 3-10

times based on new scientific and technical ideas.

The planning of scientific research is an inseparable com-

ponent part of the total state planning of the development of

12



siciefic. and tedhriology #in, th-e USS8R-. The- plahs of~ sdientifid resedrch

are conhfirmfed by.- the' go've'rnment .of ',the -USSR, the council§ of
Ministries of -Yth hni n R~pubiicsd and 'by the- appropfiate gdneral

-state and republic6 organs as, state abcts whichý have th• bindihg

-force for all scientif6c-research organizatiofis.

Scientific-research operations are subdivided into, four groups

inrcterms-of the meaning for national economy and methods of panning:

works which through the division have made up the State plan

of scientific-research works and the introduction of achievements

of science and technology into the national economy of the USSR;

works which are part of the plan of developing the national

economy of the union republics,

departmental scientific-resear6h subjects Which-make up the
plan of the operations of the ministries, the State plan and other

departments;

the initiative subject of ecientific institutions not con-

formed by higher organizations.

At present the main form of planning sciences in the USSR is

the State five-year plans.

The main scientific problems which heed to be solved and the

expected final results are established in the five-year plan. The

purpose of the perspective plans is to stimulate the trends of

scientific search and research operations on the problem recognized

as most urgent and perspective. The most impcrtant problem of

perspective plans is to create the process stock of scientific works,

the liquidation of superfluous parallelism, and providing the

correct specialization of scientific institutions.

13



Relyjhg on the outline 'of -perspective plannihg, 'the-curr'ent

pdlanning in the tie-ld of science.has -he possib~iiity of being more
speci£fic. it is, realized as a rule directlyi at the level of

Scientific-research.Organizatdins. Curreht'plans can in~lude,,1 in

addition to, the closest detailediremarks of a perspeetive plan, ýthe

tempb• •Applied by the researchers thempelves or the tempos advanced
be~fore them by the enterprises or. other customersý. The, cnr-ent

plafi;,. to a much greater extent than the perspective plans, Iare 1

ýsubject: to econbmip, eva(luation which* emerges here -as the planning

reference -pOint.

There is great value in the-correct dfterminatioh of the

continuation of the planned period for basic research on the one

handt, 'and f6r appjied research and development on the othe• hand.

The experience-of,-many countries shows that the most effective

systemof planning basic research is long-term plans for five years

and more, corrected daily with. the consideration o 'the actual

course of the works. It is also important that in the plans n6t

onrly individual tempo§ but whole comiplexes of pcientiftc problems

are provided al6ng with thd main research trends. The plans of

applied research and develo'pmenit, as, a rule, are complied miQre

correctly with the daily elaboration of'tie'works to be noted and

with the appropriate n6tations'for years to come, which AroVides

cohtihuity in planning. Her6, the temposi,,stages of operation,
their time periods, theill appraisal over the entire subject and

over each of thei' stgaes, and, the expected effect are planned, in

already greater detail. I a
"The presence 'of a large number of components in, ', i-*;)lvelop-"

ment of many complex problems makes it necessary ijo compose co--,.

ordination plans accbrding Xo each problem. Recently methods of

network planning of the control of scientific-research and experi-

mental-design works-are being ever widely introduced.

14I
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The progress of technology determines the level of the

development of the entire national economy. The September Plenary
-Session of the Centhral 'Commit-te of the CPSU (1965) paid-special
:attention to the necessity of developing plAns with the consider-

atlon of the foreseeable trends in the development of science and

technology. The national-economy plans are indicated, in the state-

ment of the Plenary Session of he -ecentr&lICommittee of the CPSU

and should be consideired as Perspectives of the Scientific-technical
p -6gress, and they shouid provide rapid tempos of introducing and

mastering the newest achievements in science and technology, And,

they should be based on real and objective calculations,.

The tempos of the development of our industry and agriculture

also depend in the final analysis on the tempos of mastering the

-ewesi achievements in science and technology. Econoomists and

planners have more than once ekpressed the necessity of developing

scientifically based prognoses in the development of various

S, ,branches of industry and the perspectives of mastering a new
technique. An evaluation of the scientific prognoses should pre-

cede the development of plans in developing each.branch of industry

in order to give way to the leading and progressive in time, and to

know in which direction to develop the plan.

No less important is determining the basic tendencies in

the development of various branches of technology, the level of

the development of worldwide and Soviet technology, etc.

Of the three basic types of prognoses - long-term, average-

term and short-term - the most effective in the region of technology

is the average-term time. The specifics in the development of

te•chnology and the rapadity of the expansion of knowledge substan-

tially.-reduce the authenticity and the basis of prognosis over

20-"30 years in advance. In turn, the short-term prediction (1-2
years) is closely connected with the temporary junctural factors.

The average-time (3-10 years) prediction is more or less free from

S' ' i5L 11



the above shortcomings. Moreover, particulariy this time is
presently characteristic for developing the technical ideal of

the appearance of the main idea of an invention until it is

materially embodied.

It is important to emphasize that not only the level of

technology as a whole, but also the specific scientific-technical

solutions embedded in certain machines and mechanism, in certain
of the technological progress to be developed, are subject to

prediction.

In stating the problem of technical prediciton it is Important

to determine what specific elements of technology can be taken as

objects of prediciton. As a rule such objects can include the

following: the design or structure of machines, the technique of

their production, methods of constructing the machine, and areas of

applying the machines.

In the process of analyzing the object of prediction it is

K important to reveal the characteristics of each of the elements

singled out as compared to elements of the same class which are

optimum, in particular, according to the reasons shown below:

The design of machines:

tiie correspondence of the possi3bilities of the machine and

the practical requirements on it,

the level of operational reliability,

longevity,

the production of work with minimum losses of materials, fuel,

electrical energy per unit of product;ion by means of production

machines,

16



the technological progress of the design (,labor losses and
material losses;);

the safety factor of the opbration.of servicing personnel.

Theproduction technique:

theaparticipation of man in, the technological cycle (manual

labor, mechanization, automation);

the coefficient of subdivision into technological-process

operations;

the coefficient of connecting operations;

specialization of equipment and work areas,

time of technological cycle.

The innovation of design methods:

the main innovation of the method;

the innovation of the combination of known methods and means;

the known combination of unknown methods.

Expansion of the field of application:

the number of functional characteristics (universality of

the machine);

the requirement of such functional characteristics in the

various branches:

the uniqueness of the functional characteristics.

17
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Sin predicting anhybranch of technology it. is necessary to

pconpider both the totality of the. elements of technology iingled-

out abbve and each eement. indiVidually-.

The correctness .of prognosis depends much on the prediction

methods to 'be applied. In this connection the importance of

creating methods of evaluating the prediction methods, analyzing

the logic structure of prediction, the, typology and classification

of prognoses, etc., should be noted. The development of theoretical

prediction problems is necessary., The basic positions of the

theory of prediciton are presently ina state of creation and are

already used in practice.

The effectiveness of predicting technology depends much on

the organization of the data and patent business.

In research institutes the organization of departments for

predicting the developmental trends in the branches of technology,

new regions of its application, and the requirements of technology

on the part of the national economy would contribute to a great

extent to the widespread development of research works on the
problem of prediction.

18



- CHAPTER II

THEORETICAL QUESTIONS OF PREDICTION

THE FORMATION OF THE SCIENTIFIC DISCIPLINE
OF PROGNOSTICS

Before we speak of prognostics as a scientific discipline,

let us examine the question of the appearance of the problem of
* prediction.

Schematically the model of the prehistory of the problem of
prediction can be represented in the following form.

First there appeared the practical problrem of prediction and

the appropriate theoretical question of the possibility of .such a
representation of the development of a specific object. This

question was posed within the frameworks of the individual particular

science and formulated in terms of this science.

if the question of prediction were not solved by the individual
science, the requirement of using methods of other sciences to

solve it would be investigated first, and secondly the main
possibility of solving the given question would be used. In the

first case the question of prediction outgrew the frameworks of

one science and became an inter-scientific problem. In the-second
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case, this analysis was-made at the highest level of generalization,

i.e., within the frameworks of philosophy.

At a definite stage of deVelopment in science the question

of prediction arose on the agenda for all sciences without exception.

Particularly in this sense it is necessary to understand the

expression that- one of the main fundtions of science is a fore-

casting function. And the hegristic value of scientific hypotheses

or theory has begun to be considered in the plan of the possibility

of predicting new facts based on this hypothesis or theory. The

question of prediction was formulated as follows: by what method

shall we build the structure of theoretical knowledge in order to

compile a prognosis? Or in other words how are we to develop the

method of predicting an object of a given specific science? If

this question were solved withir the frameworks of one science,

its solution was often reduced to determining certain empirical

relationships (for example, methods of prediction in hydrology).

However, the way of applying the prediction of a complex

method, i.e., simultaneously applying methods of several sciences

(mathematics, cybernetics, etc.) to solving the interscientific

problem of prediction has proved to be more fruitful. Especially

interesting in this plan are the works of' the Soviet physiologist

P. K. Anokhin on the appearance of the structure and laws of the

functioning of a prediction device in the human brain- and animals.

The problem of prediction is of such great significance for

mankind that it has brought a new science to life - prognostics.

The admissibility of a similar genesis of the prediction

problem is based on the fact that a similar path has been traversed

and is being traversed by almost all complex problems. Cybernetics

serves as a clear example. At first there appeared practical

problems of creating automatic regulators for controlling various

processes. Then there came the problem of data transmission and
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controlling anti-aircraft fire. Then began the separate study Of
the principles of control and the connection with technica!

humanitarian and biological sciences. The synthesized approach

to the problems of control and connection led to the formation

of cybernetics as a complex problem. An in the final analysis

cybernetics obtained recognition as an independent science,.

The synthesized approach to the problems of control and connection

led to the formation of cybernetics as a complex problem. And

in the final analysis cybernetics obtained recognition as an

independent science.

For a more precise understanding of the prehistory of

prognostics it is necessary to consider the following circumstances.

- The affirmation of materialism as the'basic. philosophical
trend of modern times. The position of idealism in relationship to

the recogiition of the future consisted and consists in negating

the possibility and necessity of prediction. The future is an

area of faith and not investigation - this is the viewpoint of

idealists.

- Before Karl Marx materialism basically correctly explained

the phenomena and processes occurring in nature. When we became

concerned with human history, materialism gave way to idealism.

Therefore, before Marx the place of scientific prognosis in the

development of society was occupied by utopia.

- Dialectical materialism, as opposed to methaphysics, permits

making extrapolations which in essence involve the development

process.

- The Leninist theory of reflection and the modern concept of

the leading reflection of reality is the general-theoretical basis

of prognostics.
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-- In addition to the determined systems the discovery of

stochastic processes and laws, controlling them has expanded the

possibilities of predicting complex systems.

-By virture of the intense development of science, the

practical value of the prediction function of scientific theories

has begun to be realized. Now prognosis makes up the content of

each theory without fail.

"A characteristic feature of this stage in the development

of science," notes Professor B. G. Kuznet:iov, "is the inclusion

of prognoses in the very contents of scientific theories. There-

fore the question of the possibility of prognoses is now stated

again. It would be truer to say that a similar question has given

way to another: is the development of science without prognoses

possible? The answer is negative: each however-broad attempt

to advance the theory of elementary particles to any extent includes

a direct or hidden reference to the perspectives of science."

- The development of questions of the theory of systems

contributes to the development of analyzing the prediction object.

- The problems of control and connection formulated by

cybernetics are interwoven with the problem of prediction since

continuous prediction is a necessary condition in the control

process.

- The principle of planning the development of t:he national

economy and of the scientific and technical developments is

inseparably connected with prediction. Scientifically based

prediction should precede planning.

For the last 20 years the problem of prediction has been

discussed by more than 40 international symposia and conferences

of individual countries. Only at the beginning of the 50's did
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the number of works on predicting the future number more than

1500 names° Pm ong them are theýo pominent works of the phVsiei2sI

D. Thompson, the rmathemat&cicianý A. Komogorov, N. Wiener and
L. Apostel, the physiographers P. /iokin and N. Bernstein, the

economists A. ieinstein, S. Strumilin, F. Baade, et a!.

Trhe above facts once more confirm that the continuous process

of expanding and deepening the compli. problem of prediction led t-
the necessity of foriming and developDng the new scientific discipline

-prognostics.

P-rognostics as a scientific disci'.pline is organically connected

with practice. It answers auestions o• economic, social, scientific,

technical, and other sides of the life of contemporary society.

Here we will not examine the component parts of prognostics in

detail, since it is a large and complex problem.

Prognostics is a scientific discipline which studies the

general principles of constructing methods for predicting the

development of the objects of any nature and law of the process of

the development of prognoses.

The area of its application includes all systems of scientific

knowledge without exception. In connection with the extreme

divergence of the nature of the objects of various sciences and

accordingly a specific description of their objects the entire

field of application can be divided into subfields. But in this

case the singled-out subfields will coincide with large groups

of sciences in their classification system. In this sense it is

right to speak of economic, scientific-technical, social, military,

and many other prognostics, making it more precise each time that

we are concerned only with the interpretation of the theoretical

principles of prognostics on a system of knowledge which compiles

the subject of the indicated sciences.
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Science is a dialetýbal Vnit:

1. systems of conceptsi categories, laws, etc.,

2. a me thod of recognition;

3. connection-with the practice as the original point of a

higher goal and a recognition criterion-.

The presence of the enumerated three elebments in the theoret-

ical systent of knowledge is a necessary condition for determining

this system as a science. Let us examine whether prognostics

satisfies this condition.

The history of many sciences testifies to the fact that the
way of recognizing any object of the real world and the forfhation

of the results of recognition in a scientific system which describes

and explains this or that object flows in two directions. One way

is the initial observation, classification, systematization and

subordination, and then theoretically making sense of these facts,

and discovering the laws and converting them into a method of

obtaining new facts. Such an approach to recognizing an object

can tentatively be called the inductive method.

With the second direction the theoretical system is constructed

by advancing the original axioms, posulates, and rules of deduction

by means of which we get a strict description of the laws of the

behavior of the object. This method is characteristic for sciences

"which have reached a high level of development (for example,

mathematics, symbolic logic, certain divisions of physics), and

especially for metasciences.

The construction of prognostics in principle repeats the
basic scheme of the recognition process from live contemplation to

abstract thinking and from that to practice, i.e., from the con-

crete through the abstract to the concrete on a new level. At the
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-first stage, (from the concf'te,), it is necessary to systemat±ize and

study methods for c6nstijucting and the structure of the prediction

methods- deVel'opedby pparticularJ scIencesi The methods and processes

of preditilng the- development of 6bj~ebt of' specific sciences serve

as that empirical material'who•se•nalysis and generalization will

be the basis, for formulating regularities. At.the second stage

(toward the abstradt) the hypotheses and theories which explain the

laws of constructing methods of prediction of the future character-

istics of objects of various nature should be advanced. These
hypotheses and theories, will 'be checked (at the third stage) on

objects of the field of interpretation.

The described method -of constructing prognostics, however,

does not exclude the deductive development of a theory of prognosis.

Any limitations in this plan without making preliminary investi-

gation is one of the conditions of the effectiveness of solving
the problem and corresponds to the principles of dieiectical logic.

However, the empirical-inductive and axiomatic-deductive ways

of constructing prognostics are faced with one common problem

without the solution of which none of them is possible: generating

such a system of concepts which would permit adequately describing

and explaining the facts and connections between them. Actually,

the systematization and classification of the empirical material

are unthinkable without specifically prognostic concepts; the

success of constructing and formulating axioms or original principles

of prognostics also depends on the presence of a system of concepts.

Therefore creating such a system is a first-rate problem for the

investigator. The general requirements imposed on the new concepts

are formulated in the logic of scientific investigation.

The function of the original definitions, principles and

axioms consists in the fact that to give an initial, let us even

assume an abstract, understanding of the essence of the idea of a

given science, they reflect the features of the subject to be
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science, they reflect the fftthres of the subject to be studied in

Its mst general form. The original definitions , principles, axioms

and general laws define the Aifiod of the science which is ins&t-
&rably connected with its subject or is based on reflecting general
regularities of the subject... The method includes the decisiVe
role and the-_on,•truction of the system of the science, Since it

uncovers its idea. Based on the position of the method the sub=-

ordination of the concepts, categorles and laws of the science
are established.

The history of individual sciences indicates that a system
of concepts of any science is not assigned a priori but is generated
in the investigation process.

Prognostics is located- at the stage of the formation of its

specific method of investigati6n and system of concepts. But its
connection with practice is already very close, since the require-

ment for prediction is extremely high.

As follows from defining prognostics, its subject is made up

of all questions involving the deVelopment of methods for construc-

ting the method of prediction and principles of compiling-prognoses.

Two prognostic main points are methods of prediction and the laws

of the development of prognosis; they are interconnected and define

the structure of the subject of prognostics.

But leading a conversation about these problems is impossible

without solving the following problems:

a) classification of prognoses and defining :the objects of

forecasting;

b) the connection between the natural object of prognosis

and the methods of its forecasting;
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c) basic parameters of the ,prognosis;

d), the time for advanCingprognoses, their accuracy, methods

of evaluation and verification (check)- of prognoses;

e) determining the stages of development of the prognosis.;

f) -classification and surývey of existing methods of fore-

casting;

g) formulating -methodological requirements to be imposed on

predicting the social consequences of the scientific-technical

revolution,

The solution to each of these problems depends on solving

narrower problems which will be stated and examined in the appro-

priate chapters.

In the first approximation the structure of prognostics

consists of three divisions: the method of forecasting, the process

of developing a prognosis, and an evaluation of the prognosis.

The development of the indicated divisions relies on the data

of the general theory of systems, cybernetics,, various fields of

mathematics, philosophy, logic, the theory of evaluations and on

numerous facts obtained by specific sciences about the prediciton

of their objects.

THE CONCEPTS OF "FORESEEING," "PREDICTING,"
"11PROGNOSIS," "PLAN," AND "PROGRAM"

Man's activity has an explicitly expressed direction in the

future. This found reflection in his language, in the appearance

of such words as "foreseeing," "prediction," "prognosis," "plan,"

and "program." Generally designating the knowledge of man relative

to the future of any process in the real world or future recognition
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of any event (let us assume that it even took place in the past),

the above five concepts are.nevertheless different in content.

Skipping an analysis of the numerous definitions in diction~ries,

encyclopedias, monographs, dissertations and articles, let us

give their working formulations; Let us only note the very un-

satisfactory position with the definitions, of the concepts in

question.

By event we shall .understand the appearance or change of ah

object and its parameters along with the phenomena and processes

pertinent to the cognitive activity of the subject.

Scientific prediction is that part, direction' and stage of

cognitive development of a subject whose result is obtaining

knowledge of future events. Foreseeing is the evolutioi of live

material developing in a process and the capability of a brain

which anticipate reflecting reality.

Foreseeing:

is based on knowing the laws of the development of nature,
I

society, and thinking and is the purpose of recognition;

is a form of the structural activity of the brain directed

to reconstructing the picture of an empirically unobservable

phenomenon;

is derivative or intuitive developing probable knowledge;

contains an informational model of future events;

can emerge as a method of scientific recognition.

The concept of "foreseeing" thus defined serves as a generic

concept for concepts of "prediction" and "prognosis." Then by

prediction we shall understand the foreseeing of such events whose
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Iquantitative characteristic is either impossible (at a given level

of the,development of recognition) or is difficult.

Sin view of the necessi'-y of identifying expressions as

prognoses, the formulation of the concept of "prognosis" is intro-

duced in a somewhat different plan from foreseeing and prediction.

Prognosis is an expression which fixes an unobservable event
in terms of some kind of linguistic system and which satisfies

the following conditions:

at the moment of expression it is impossible to unambiguously

define its truth or falsity;

it contains an indication of a space or time interval

enclosed and finite inside which the event to be prognose'i occurs;

at the mcment of expression it is necessary to arrange methods

of checking the prognosis method, and a priori evaluation of the

probability of the appearance of the event to be prognosed, and a

check of the realization of the event to be prognosed.

Here are several words on the occasion of interpreting the

terms in defining prognosis. It is assumed that the expression-

prognosis is expressed in terms of an adequately developed llnguistic

system of the science which formulates the prognosis.

The language of this science is divided into three sub-

languages:

1. The language of observation (proposals which fix the

ir.6lvidual facts formulated in terms of observation).

2. The language of empirical constructs (proposals which

fix the individual facts and empirical functions).
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3. The language ofP tLeoretidal constructs (proposals which

fix the empirical functions and proposals expressing theoretical

laws). If the basis of the prognosis is a theory formulated in the

language of theoretical constructs, the rules for translation from

the language of theoretical constructs to the language of empirical

constructs should be shown.

In opposition to the well-known specialist on economic pre-

diction Kh. Teyl', who considers prognoses not fixed by-any of the *

possible methods as legitimate, our definition requires a graphic,

magnetic, electric, or other type of recording or model fixation byIj any above method. [Translator's Note: No exact retransliteration

of the name Kh. Teyl' from Russian presently available. Assumed

to be non-Russian and non-Soviet.]

The term "unobservable event" means that the event to be
S prognosed at the moment of expression does not have to be given to

us in the experiment. This 'standpoint is defended by a number of

authors. Here it is appropriate to express the dibagreement with

Kh. Teyl', who indicates a fixation in prognoses of only unknown

events. We can introduce a substantial number of prognoses of

unobservable but known events. In addition, the term "unknown"

suffers (if there is no special reservation) doubly: an event can

be unknown to either society as a whole or to an individual person.

But let us return to our definition of prognosis as an

expression which satisfies a number of conditions. The first one

stems from the concept of prognosis as an expression of unobservable

phenomena. Actually the concept of truth - the agreemeni; of our

ideas of truth - is applicable to expressions which fix the events

given in an experiment, we can by no means state it in agreement

with the event to be prognosed. If, however, such an agreement

cannot be made, the expression is not a prognosis.

30



The second requirement is introduced to separate prognoses from

numerous guesses, propositions, -hypotheses, expectations, and simply
fantasies. For an example, the expressions: "Man will suirely fly
to Mars,".and "The result 0of the-bocurring scientific-technical

revolution will be the-complete liberation of man from hard physical
labor" are not prognoses by -definition. Moreover, a clear -ixatfon

of the place of the event to be prognosed on a time scale-and the
delimitation of prognoses and expressions relative to-the main

possibility of something are necessary. For example, the expression

"In its lifetime the next generation will have Communism as its

material-technical basis" is a prognosis, while "Mankind will enter
into communication with extra-terrestrial civilizations" is not.

The requirement for checking the prediction method is
dictated by practice. Actually, intuitive or voluntary prognoses

can hardly be assumed based on the scientific compilation of plans,
programs or control of any process. The basis for accepting a

prognosis obtained by the given method for practical use can be

served by references to:

any method if its correctness is checked on other objects and

it permits obtaining the necessary prognosis;

the effectiveness and operational capability of a given
method in the past in using it for objects of the same nature and
degree of complexity;

logic strictness and consistency of the conclusion and agree-

ment of the result with the basic laws of nature.

The term "means of verifying the prognosis method" is used

particularly in the sense of executing these three points.

The necessity of first evaluating the probability of the

existence of the event to be prognosed is caused by:
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the Impossibility of'applying several prediction methods to
the given object (concurring prediction methods);,

the obligation of continuously evaluating the probability

"of the appearance of the event 'tb be prognosed as it approaches

the moment of its realization• (this becomes clearer if we assume

that. prognoses are used in controlling any closed system where

there is a feedback chain).

Checking the existence-of the event to be poognosed aids in

discovering the nonsense or triviality of certain expressions which

seem to be prognoses at first glance. For example, "The growth of

the population on the earth in the period of 1970-1972 will be

positive and will be expressed by a finite number."

Let us now examine the relationship between prognosis and

plan.

Time periods, volume, numerous characteristics, etc., in a

prognosis bear a probability nature and must provide the possibility

of introducing corrections. Such a possibility is available if the

process -f developing the prognosis is continuous. The specifics

of prognosis still consists in the fact that their effectiveness

is achieved only in the presence of several variants of the prognosis
of the same event. A multivariable prognosis in a state can be

considered as an entire spectrum of possible changes of the con-

ditions, new circumstances, etc. Therefore as such changes appear

we go from one variant to another, keeping, however, the possibility

of optimum control of the process.

A plan, unlike a prognosis, contains unambiguously defined

time periods and conditions of the realization of some event.
Already by virtue of defining the concept of a plan as a previously

noted system of means which provides order, sequence and periods

for executing operations, the slight ambiguity of any indicator
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must lead to the instability of the "building" of the plan. In

connection with this, for minimizing the risk it is natural to

leave any ambiguity to a part of the prognoses if we assume only

one most rational Variant of the prognosis for planned developments.

Hence the relationship of the prognosis and the plan becomes clear.

A prognosis is a preplanned development of multivariant models

of an event, the realization of whose plan has to be compiled.

For example, the perspective planning of scientific investigations,

in the opinion of economists, consists of four basic stages:

analysis of prognoses and selecting the most rational variant;

development of the general perspective for a definite period;

developed coordination programs for making investigations;

plans for realizing the investigation results in the national

economy.

If the plan includes measures on executing any work in the

form of a sequence of stages, time periods and volumes, the program

provides for the further development and the detailing of these

elements of the plan. In programs the specific activators of

operations, monitoring system, the account system, the system of

coordination with other programs, etc., are ordinarily indicated.

The program, as well as a plan, is characterized by unambiguity of

indicators. However, the program can interact directly with a

prognosis if continuous prognosing is provided. In this case the

transfer to a new variant of prognosis should be accompanied by

the introduction of appropriate corrections into the program with-

out changing the plan indicators. The program, so to speak, is

more mobile and dynamic than the plan, although the greatest

dyamicity is inherent to prognosis. In a further discussion we

shall use concepts of foresight, prediction, prognosis, plan, and

program in the above sense.
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'CHAPTER III

INTERSCIENTIFIC PREDICTION METHODS

Modern science arranges a huge arsenal of means of predicting

scientific-technical progress. All methods used by the Various

scievdes for predicting the development of their objest can be

divided into three large groups:

general scientific methods (or logic means),:interscientific methods,
particular scientific methods.

General scientific methods of prediction are based on the

application of a definite sequence of thinking operations for the

object of prediction. As a result of this there is created a

system of conclusions relative to the connection of the object of

prognosis with those conditions under which it exists. General

scientific methods are made up of everything by which the logic

of scientific investigation is now arranged:

observation and experiment;

analysis and synthesis;

assumption and hypothesis;

induction and deduction;

analogy;

classification and systematization;

genetic method, etc.
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Each of these methods is described in adequate detail 1n

l1 iterature on logic; therefore we shall not put the reader's

-attention on them.

Ifiterscientific methods are of greatest interest to investi-I. gators in various fields, of science and technology, since they are

applicable for predicting a wide circle of phenomena - from

scientific discoveries to Various economic indicators.

METHODS BASED ON EXPERT EVALUATIONS

The "brain-attacks" method became widespread in the 50's
as a means of systematically explaining creative possibilities.

The purpose of the method was to discover new ideas based on the

intuition of a scientist in the "brain-attack" process.

A direct "brain attack" can be brought on by both individual

persons and by groups. It originates from the hypothesis that in

a large number of ideas, there are at least several valuable ones.

The following basic rules .for evoking brain attacks are known:

formulate a problem in its basic terms and with only one

focal point;

do not announce a single erroneous idea and do not stop the

attack;

support any idea, even if its realization is assumed to be
in the far future;

keep encouraging the participants for creating free discussion

relationships.
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The impact-group method assumes that a "brain attack" is

coniducted for the agreement and unanamity on any question among a
-group of 6 persons.

The. "operational-creativity" method assumes that only the

director-of a project knows precisely the nature of the problem

and possible-approaches to its solution. The purpose of the

attack in this case is to seek the most probable solution.

The DeZphi Method. A scientifically based picture of-the
future of our world can be created by several methods. The
essence of one of them is in generalizing and statistically pro-
cessing the opinions of specialists relative *to the perspectives

of his field and of adjacent fields. This method was developed in

the USA to solve a number of important military problems and is
used by the coworkers of' the Rand Scientific-Research Corporation

of the USA, T. Gordon and 0. Helmer, in their "Research Possibilities

of Long-,term Prediction," whose results were published in 1964.

Detailed questionnaires' are delivered to the leading

specialists and experts in the appropriate fields of science and

technology.

The questions in these questionnaires are broken down into

6 large groups:

1.. Scientific discoveries.

2. Monitoring the population growth.

3. Automation of human activity.
4. Successes in the conquest of space.

5. Prevention of war.

6. Military technology.

The procedure of conducting the inquiries are as follows:

the questions in the questionnaires are posed so that their
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answers have some kind of quantitative characteristic;

the questions of the experts are conducted in several rounds,

during the course of which questions and answers are more refined;

when individual prognoses deviate from the opinion of the

majority, the experts are asked to substantiate their standpoint.

From round to tound the answers are statistically processed

to obtain the generalizing characteristics.

The purpose of the "Delphi Method" is to reveal the predominent

opinion of specialists on any question in a situationf which excludes

their direct debate but permits them to weigh their opinions again

and again with the consideration of the answers and arguments of

their colleagues.

The inquiry was conducted as follows.

The first stage. The experts were supposed to name in graphic

form the inventions and scientific discoveries which will be-made

in the next 50 years. They were supposed to begin with the fact

that these discoveries are required now. As a result 49 discoveries

were made.

The second stage. With 50% probability the experts were

supposed to indicate the time of the realization of these dis-

coveries (either in one of the time intervals of the half-century

in question, or in a time segment greater than 50 years or never).

These probable evaluations were then combined and represented in

the form of quartiles and medians. In statistics a median is the

average magnitude in a statistic series. The quartile ranking of

prognoses (i.e., the refinement of opinions - as a result of

iteration) in the first approximation means the expected interval

expressed by the median. If the median is year X (from the moment

of the production of the prognosis to the date. to be prognosed),
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the lower quartiie is put at a distance of 2/3 X, while the upper
quartile is put at 5/8 X. For example, if the median of any event

is 1975, and two quartiles are equal to 1972 and 1988, this means

that a fourth of the experts assumed the date of this event (for

which a. 50-percent probability of its realization exists) to be

before 1972, half before 1975, and a fourth only after 1988.

Agreeing answers were obtained for 10 of these 49 named discoveries.

The third stage. -Experts -who -set "opposing" answers- about.

the above 10 discoveries were supposed to substantiate their

opinion, which differed sharply from the majority. The discoveries

on which no agreement was reached were presented again to the

experts for examination to get additional argumentation of answers.

As a result, narrower time intervals within whose limits the reali-

zation of these discoveries was expected were obtained.

The fourth stage. It was proposed for the experts to answer

questions similar to the questions of the third stage for the purpose

of narrowing down the time interval and the realization of the

discovery even more.

The distinguishing feature of the Delphi method is the wide

use of quantitative evaluations of prognoses. This method permits

calculating:

the values of medians and quartiles;

the possibility of decreasing the quartile interval;

the correlation between evaluations of the data of realization

of a discovery with the two probabilities of 0.5 and 0.9 (it is

assumed that this correlation is a reflection of hidden "psycho-

logical connections" between these two evaluations).

38

,^$



* Moreover, by means of the Delphi method we can also refinei

thi i i•'t and- nature of achieVements in the region of sciefice and.

'techfidlb6g-y .ýIn w~hoset reilationhships the 'dlet~ of ýprognoses§ was

m~rked,: -

the, time segment durihg whose course the specialist: inA,
question cbhsn!ers.fthe appearance of the appropriate scienttfic-

technical achievement with a 50%,Probability.

The authors of the report indicate sev~tal methodological

defects of the conducted investigation (the instability of the
composition-of the groups in question, t6o, great intervals - approx-

imately two, months - between alternate rounds of inquiry, an

inadequately clear formulation of questions,. and a very diverse

and not always high qualification of the experts).

From our standpoint a very substantial defect of the inquiry
was, the complete disregard of questions of social development and

social relationships.

As an example let us introduceethe contents of the question-
nairs for the experts.

Indicate the year when it, will become possible:

to economically profitably distill sea water,

to create new synthetic materials for superlight structures,

to use machines en masse to translate from one language to
another,

to transplant the organs of the human body and to create their
prosthesis,

to make artificial organs made out of plastic and electronic
devices come alive in the human body,

to reliably predict the weather,

to partially control the fallout of precipitates,

to create a single data center,
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to discover and expand honrnarcotic substances which change

to create a single physical theory of phonema and- processes,

to establish a funetional universal communication system
fased on satellites, a general-purpose relay apparatus, and
machies for autcratically translating from one language to another,

to use distilled sea water for irrigating fields,

to create lasers in. the X-ray and gamma-ray range of the
electrogmetic spectrum,

to control thermonuclear energy,

to artificially create primitive forms of life,

to Co=-ercially produce a synthetic food protein,
to econmnically profitably use the bottom of the Pacific Ocean

(to detelqp 2aw-raterial deposits, etc.),
Sto use the ocean as a source of obtaining half the food

producits of the world,
to limitedly and economically effectively control the weather

In certain regions,

to repeatedly expand the regions of curable psychic illnesses,

to generally immzunize against bacterial and viral diseases,
Sto biochem-ically remove inherited defects.

In addition show:

new sources for obtaining food,

new sources of energy,

new sources of raw materials and materials.

THE ffrdOD OF INTERPRETATION AND

EX•RPOOLATION

In mathematics interpolation has an absolutely clcjar deinit ion.

Tf a certain function f(x) is given and its values Yf = f(xj)

are known, where j = 0.1, ... , n, at points x < x < ... < xn3

the determination of the values of this function at points x lying

between points xy is called interpolation.
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-The imain Conditions, imp6sed on the functions in interpolation

ire as follows.:

the function Shoud~ be6 continuous and analytical;

for -a :specific type of function. or its-derivatives such
inequalities are shown which determine the applicability of inter-
poltion to the given'fu~nctioh;

the function should have an adequate number of not too rapidly
inczea in'g-derivativeý.

The Lagrange-Newton, Stirling and Bessei interpolation formulas

are most widely used.

A procedure resembling interpolation in form is used for

predicting the parameters of the objects of any science. For

example, D. I. Mendeleyev's prediction of new chemcial elements

can be formulated as a determination of the values of the object

of prediction at certain points inside the segment x 0 *.. xn in.

accordance with known values of the parameters at points x0 < x < Xn.

Unlike mathematics, in other sciences there is no strict and clear

formulation of the conditions of the legitimacy of interpolation.

Thus, statistics speak of interpolation as the finding of indicators

absent in a dynamic series of phenomena based on a revealed inter-

dependence of the terms of the series, and the necessity of

thoroughly analyzing the essence of the influence under study is

promofed as the conditions. However, this condition is expressed

by so many general phrases that it is practically incapable of

operation.

Extrapolation in mathematics is understood as follows. If

the value of a function is known at points x 0 < x1 < .ý. < xn,

lying inside the interval [x 0 , x n] is known, the procedure of

establishing the values of the function f(x)° at points x lying

outside the interval [x 0 , xnI is al:•o an extrapolation. Extrapo-

lation always gives approximate values of the function f(x) which

have a certain error; it is ordinarily calculated according to

formulas for each type of extrapolation.
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Interpolation formulas gre used very often.for extrapolation.

In sciences whose objects are not defined to.such a degree

that the concept of a function, can be applied' to them, the term

extrapolation is used to designate the 'logic procedure of the:trans-

fer of conclusions obtained inside the segment of: observation (at

a certain subset) to phenomena found outside the segment of obser-

vation (to a second subset or to the entire set).

The methods of predicting ýcientific-technicai development

based on the extrapolationiof tendencies described below can serve

as an example of the application of extrapolation for predictlbn.

*This class of methods is based on the concept that any tendency

fixed in the past and present will also *act in the future, since

changes of external and internal factors causing this tendency are
not expected in the future. However, thjs concept is often untrue,
since keeping the tendency primarily depends on its interaction

with other tendencies, which cannot always be done. Nevertheless,

the methods of extrapolating tendencies find wide appllcation in
scientific-technical prognosing..

Four groups of curves which'reflect the different tendencies

are calculated.

The first cne Ls a linear increase of any parameter with

damping at the end of the'period in question. The mechanisnm of

manual labor for the last 75 years can serve as t' -' ,

such type of tendency.

The second group is divided into two' subgroups. pure

exponential growth and exponents'witL zaturation. Pure exponential

growth is noted in the development qf many parameters of functional

systems - an increase in che maximum velocity of military and civil

e,.rcraft, the growth of the effectiveness of converting energy in
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the technique of illumination (from parafin candles to gallium-

arsenide lasers), etc. The graphical expression of these tendencies
is pure exponents.

Exponents with saturation - logic or S-shaped curves - relate

to the second subgroup. These curves can by symmetrical (the Lenz

and Hartmann models) and asymmetrical (the Gompetz model). [Trans-
lator's Note: Exact transliteration of this name not found.

Assumed to be either as transliterated, or could be "Hompetz." Not

confirmed from available sources.] The Gompetz model describes

many economic phenomena and is expressed by the following formula:

p=L-e-k

where P is the parameter in question, L is the parameter limit, b
and k hre constant magnitudes, and t is time.

The third group are curves which characterize a doubled
exponential growth with subsequent saturation. The growth of the

maximum velocity of particles in accelerators or the velocity of the
calculations of computers used in banks, for example, relate to such

tendencies.

The fourth group is curves with an initially slow and then

a sharp exponential growth and subsequent saturation. The growth

of the power of atomic and hydrogen bombs is a characteristic

example of such tendency.

The reliability and accuracy of prognoses and tendencies of

scientific-technical development can be Increased if we apply this
method in a complex with any other method (expert evaluations, etc.).

Quite frequently the free use of the extrapolation methods

leads to paradoxes and oddities. Just such a case was described in

artistic form by Mark Twain in his book, "Life on the Mississippi."
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"In the space of one hundred and seventy-five years the Lower

Mississippi has shortened itself two hundred and forty-two miles.

This is an average of a trifle over one mile and a third per year.

Therefore, any calm person, who is not blind or idiotic, can see

that in the Old 01itic Silurian, Period, Just a million years ago

next November, the Lower Mississippi River was upwards of one

million three hundred thousand miles long, and stuck out over the
Gulf of Mexico like a fishing rod. And by the same token any person
can see that seven hundred and forty-two years from-now the Lower

Mississippi will be only a mile and three quarters long, and-Cairo
and New Orleans will have Joined their streets together, and be

plodding comfortably along under a single mayor and a mutual board

of aldermen. There is something fascinating about science. One

gets such wholesale returns of conjecture out of such a trifling

investment of fact."

In order to avoid falling into the position described by

Mark Twain it is necessary to develop clear limitations and con-

ditions of applying extrapolation as a method of prediction. Such

a-development can go by means of analyzing the numerous examples

of applying extrapolation for prediction in the past and discovering
general methodological principles of the admissibility of extra-

polation in various situations.

THE SIMULATION METHOD

Simulation has become widespread as an investigation method

in various sciences. The possibility of determining .orres-

pondence between knowledge about subjects of knowledge aud •ne

subjects themselves is based on this method. Human knowledge about
an object, materia.L:Lzed in the form of descriptions, images,

schemes, etc., represents a more or less adequate reflection of the
subject. But a materialized form of knowledge is also a model of

t•e subject. The method of investigation in which not only the

subjects of knowledge themselves are studied, while their models
and results are made into a model of the subject, is called simu-

lation.
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Simulation is reduced to three procedures:

determining the model of the subject;

experimentation with the model (including a thought experiment);

by virture of the symmetry of the relationship between the
subject and its model, translating the conclusions obtained during
the experiment to the object.

in the experimentation process (also including the thought

experiment) with the model such connections, relationships or

properties of the "system-modeli' elements can be established to

which not one connection, relationship, or property of the "system-

object" elements correspond. This can be interpreted in two ways:
the constructed model is not adequate for the object, and the
constructed model is adequate for the object; however the proper-

ties and relationships of the elements of the object are incom-

pletely described. In the second case the third procedure of the

simulation method is not something different from that which was

predicted. There is a multitude of such predictions in science

(the prediction of the positron, the neutrino, etc.).

Depending on the nature of the models several types of simu-

lation are distinguished.

Subject - the reproduction of the basic physical, geometrical,

functional and dynamic characteristics of the object on the model.

Often the model is a subject constructed from the same material as

the object.

Physical - investigation of the model of physical processes
occurring in the object. In this case the theory of resemblance

and the theory of dimehsionalities are broadly applied.

Subject-mathematical - a description of the system of differ-

ential equations of the physical processes in the object with the

subsequent solution to these equations on analog computers.
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Signed (mathematical or logic) - this is a description of the

object and the processes occurring in it with sets of letters

(signs) of any alphabet with the operations of conversion on these

sets and the interpretation of the results of the conversions in

a definite subject area.

Informational - if one of the known machine languages is used

during signed simulation as an alphabet and a general-purpose
computer does the conversion.

All the described types of simulation can serve as methods

of conversion. The problem consists in determining under which

conditions the model takes on the prognostic function and what

limitations and assumptions there are for interpreting any conclusion

relative to the properties of the elements of the model and the

relationships between them such as predicting properties and

relationships between the elements of the object as yet undescribed.

Prediction by means of models became especially widespread

in connection with the application of cybernetic technology. The

following concepts are introduced with the analysis of the

scientific-technical and socio-economic models.

The model - a description of certain aspects of the real

world in simplified form; in the case of scientific-technical

prognoses and in models attenmpts are made to consider as many

nontechnical factors as possible which influence the progress.

Simulation - the functioning of the model during manipalations

with its elements on a comput;er or manually.

Games (technical games for purposes of simulation) - a

specialized form of constructing models of such a structure that

they permit investigating x-he simultaneous interactions between

the competing and cooperating players.
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Of special interest is the evaluation Of the cost and time

expenditures on constructing models (the USA, for -example):

at least two years arerequired to construct a Lull-scale

model, although most. models- were created over 6 years (the largest

model consists of 400 original equations);

the cost of constructing.models- varies from 25 thousand to

2.5 million dollars, and expenditures On socio-economic models

can be within the limits of 50 -thousand dollars; of 28 economic

models 2 are played manually, 3 are "human-machine" games,, 23 are

machine simulation; of 29 socio-political models 10 are manual

simulation, 5 are "human-machine"' games, -and 14 are machine simula-
tion.

Games are an effective means of predicting the possible

influence of a new or future technology. Games are divided into

open and closed games on the one hand, and military and business

games on the other hand.

Open games are mostly produced manually by virtue of the

increased requirements on programming and the capacity of the

computer memory. As a rule these are military games and games on

the development of military technology for purposes of prediction.

The ministries of defense of the USA and England systematically

produce them.

Closed games to a great extent are determined systems in

which certain human factors are subject to consideration and are
partially formulated. In this connection closed games, as a rule,

are simulated on computers. Business and military games can be

closed games.

Business games were used first in the USA by IBM and General

Electric at the beginning of the 50's of this century for
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determining possible alternatives in the selection -of a: technico-

economic policy. In particUlar they touched questions of increasing,

the assignments for this or that technical project, the simulation

of the business of the firms in a specific struggle, optimization

of benefits, etc.

As an example let us examine the "Game of the Future" of the

American proghost'icists Gordon and Helmer described by the known.

Austrian scientist E. Jansch. The leading American industrialists

participated in this game. The players received a description of

60 possible tendencies between 1966 and 1986 (a doubling in the

production of electric power, the prohibition of automobile traffic

in the centers of cities, man's conquest of the moon, etc.), wihich

were a synthesis of the technical, economic,, political and social

aspects. The participants in the game were divided into groups

of two, three, or four persons each. Each player constructed his

own "World of 1986" using a combination of 60 possible tendencies

to force another player of his group to invest his own program.

The winner was the one who received the most support for his "world."

Military games are ordinarily played either for predicting

optimum strageties in a future war or to predict more effective

armament systems.

The model created by the command of the USAF can serve as an

example of' a military game. This is what an American journalist

wrote on this occassion, "This model will help specialists of the

USAF planning to select a weapon and maintain those ",.; ,•hic

will lead to progress in the future. The results of 1t. use will

be a further study of the most prcmising systems and the creation

of new programs for solving technical problems standing in the

path of Air--Force development. The model permits checking many

factors which should be considered in the process of accepting a

solution such as objects of the national military policy,military

functions, technical possibilities, cost and human resources.
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Mathematical algorithms are compiled. so that the system -will be

brought to reality, while the technique of optimalization to be

used permits evaluating the resources of a tax year for the time

of the game. Specialists on planningocan convert various data

directly in the-machine in the simulation process., The model has

a hierarchical structure of a government or industrial organization

where we are required to evaluate the objects on the program of

cost and-.expected results."

Models on the computer are used for both scientific-technical

and economic predictions. An attempt to simulate a "knowledge-

progress" macrotechnical-progress system is known. A simplified

model was based on 37 variables and constants and 19 simple

mathematical equations. It was calculated on tabulators. This

model considered such factors as population, education, scientific-

technical experience, the features of an investigation, etc.

The following four stages of a model scientific-technical

prediction are proposed.

1. The representation of the future world in technical,

economic, social, political and military fields with the consider-

ation of national requirements. Tendencies are extrapolated and

evaluations of their upper and lower levels are introduced.

Scenarios are used in combination with optional simulation on a

computer.

2. Relative probable evaluations are given.

3. Systematic error correction.

4. The integration of preceding stages by means of machine

or man-machine simulation (this permits first to predict the

tendencies, their interrelationships and structural changes in

scientific-technical, economic, military, political, and social
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model;secondly it permiit& inVestlgAting the consequenceo -f tbe

alternatives of the strategies to -be .planned).

THE- ROBABILITY-THEORY AND MATHEMATICAL-
STATISTICS METHODS.

Statistic methods of prediction basically rely on the existing
cortelation connection between the objects of the real world. The

concept of correlation-is of its greatest heuristic value in the

investigation of processes and phenomena which are not connected

with -cause-effect relationships. A correlation is ordinarily

understood as the accompanying 6hanges of one object during a

change of another with which there is a correlative connection.

Most often the correlations between two magnitudes is nothing

more than the reflection of the action of the three magnitudes on

them.

When it is desired to predict another event in the presence

of a correlative connection between two events, regress.tre eauations

are ordinarily used. Simple regression is expressed by the equation

y = bx + a, where a and b are coefficients which can be found

upon solving the system of equaticns:

2) ý:.q#=ba n

If it is necessary to investigate a correlative connection

between many events or magnitudes, multiple-regression equations

are used during which the evaluation of the magnitude to be

predicted is obtained from a linear combination of the

magnitudes in question. A multLple-regression equation can be

written as follows:

where 0 and a are constant magnitudes (they are determined by

matching).
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In evaluating the reliability of prognoses made based on a

statistic correlation it is necessary to satisfy two requirements:

to check the obtained statistical-material for consistency

in acc6rdaf&ce with aopreviously assigned coefficient of represen-

tation;

to substantiate the possibility of using the selected proba-

bility. method for the phenomenon in question.

In literature it is often possible to en ounter expressions

relative to the omnipotence of mathematicallstatistics. It is

difficult to agree with those authors who proclaim methods of

statistics as panacias of all prognostic woes. We-are sooner

inclined to join the opinion of J. M. Firestone who writes:

"A number of suppositions should be the basis of any foresight or

prognosis. If they are correct we will be able to make an accurate

or sufficiently accurate prognosis. If the original positions are

incorrect, the prognosis will be inaccurate regardless of how

accurate the data based on it are... Statistics aid us in fore-

seeing, but in themselves they do not yet assure the possibility

of correct foresight. By means of statistics we can get the best

results in this relationship; however, in the final analysis

everything depends on the original assumptions."

The prognostics problem is made up of the farthest investi-

gation in expanding the possibilities of applying the ideas and

theorems of the probability theories and mathematical statistics

as prediciton methods.

ANALOGIES AS PREDICTION METHODS

Prediction by analogy has long been applied in various fields

of public life. However, a systematic development of prediction

methods based on analogy was begun comparatively recently. Let

us examine these methods.
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A method of predicting the development of technology based on

anaZogy with the evolution of the animaZ wolId has been deVeioped

by the well-known scientist Lenz as a result of studying the works
of the biologist R. Pearl, who from 1924-1925 established the

interesting laws of the growth of the cells of white mice, the

growth of fruit flies in a bottle, etc.

Making an analogy between the growth of biological parameters

and the growth of scientific data, Lenz proposed a formula for
the production of new data:

V7-

where I is the amount of data at moment of time t, L is the upper
limit of data, t is time, a is a dimensionless constant, and b

is a constant (dimension-time).

This formula is graphically expressed by an S-shaped curve.

The formula satisfactorily explains such phenomena in science as
the growth of the number of scientists, publicationsc etc.

Developing the analogy, Lenz proposes taking the following
phenomena in science and technology as the object for prognosis:

Biological Grow Scientific-Technical
Phenomena

1. Analogy with dells

original cell initial idea or invention

cell division invention process

second-generation cell new idea or invention

period of cell division incubation period of new
idea or invention

nutrient medium economic support of
invention

cell lifetime time of use of Invetion
death of cell moral depletion of

invention
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class of*cell class of machines

limit of cell-mass Volume, limits of economic, re[
.qirements imposed on,
"inventiOns in a giVLh

sizeof ell assfield

size ofcell -mass 'total number of existing
•inventions in a, given
field which have-not
become obsolete

2. Analogy with bisexual reproduction

male cell existing inventions or

discoveries

female cell inventor
possibility of fertiliza- •communicability of know-
tion ledge

conception appearance of an idea

embryo growth of the new idea

embryonic growth development of the idea

pregnancy period required for in-
vention

birth appearance of invention

nutrient medium economic support

maturation period introduction into practice

maturity wide use of invention

death obsolescence

total number of male total number of inventions
individuals made minus the obsolete

inventions

Lenz writes the following about the method of using this

analogy for predicting scientific-technical development:

"We may predict the following by an analogy between cell

division and the progress in science and technology:
"the time of doubling scientific-technical achievements

(first establishing the average time period necessary for the

appearance of a new idea based on preceding inventions);
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"the ratio between an Increase in finances and the number of

!=antice (this -at is such taht the exponential. growth of
1=e-lasIm s Impssible without the exponentila increase of

"the 2cer boundary of progress as a result of moral agink

of !-nln'

"the growth curve of the inventions to 'maturity.""

The technca2 potential is a function of the number of

Inwentors ant fninacing. Then an increase in the economic

gatefnlti can be directly related to economic support and •the

number of inventions. The prognosist can predict the volume of

finamim and the number of inventors, and based on this he can

make a qr&Vzosis relatiVe to the level of technical progress.

it is positively very tempting to make prognoses of scientific

dewelesent based on the analogy developed by Lenz. However,

the pragnoses obtained here cannot be considered reliable if they

are not confirmred by any other methods.

Th~e aethod of prediction based on a qualitative historicaZ

analog is often used in practical work on controlling various

objects; however it found systematic application only comparatively
recent-ly in -investigations made by the American Academy of Arts
arnd Sciences. Their results were published in the book "Railroads

naa tse Space Program - the Investigation of an Historic Analogy."

,Te shavald mmmediately be noted that this book has no basis of

adaissibili,;y for such a broad historic analogy. Importsnt specific

differences of modern society in the s3cio-economic and scientflic-

technical fields from the sct¢ety of the past age are left out.

Teherefore, an analysis of the conclusions drawn by the American

authors requires a critical approach. The problem of this investi-

gation was to check the possibility of applying historical analogy

"l'or multilevel prognoses - from the level of technology and

specific technical systems to social consequences. In this con-

nec~ion this transaction contains seven divisions of political,
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technical, economic, social, and intellectual aspects of the

expansion of railroads in the XIX Century. The science editor

of this investigation B. Mazlish emphasizes two positions in this

book:

the XX Century, being. the "space age," can ,be evaluated by
the same criteria as the XIX Century, which was the "railroad

age";

the admissibility of historical analogies.

To further improve the historic-anaiogy method B. Mazlish

proposes the following generalizations:

social devices touching all sides of the life of society
(railroads, conquest of the ocean, space, etc.), are part of a
social complex and give complex results (thus, they should be
studied in a multivariant aspect, which was not adequately done in

the above investigation);

social devices are developed in stages and have diverse
effects at the different stages of their development;

all social-devices carry the imprint of a national style
which strongly influences both their appearance and development;

These points should have added to them the necessity of

introducing qualitative indices which would permit more precisely
comparing the prognoses of tendencies and evaluating their re-
liability. Practical significance of prediction by the historic-

analogy method would then increase.

5I
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CHAPTER. IV

C I!

METHODS OF PREDICTING THE DE'VELOPMENT-
OF SCIENCE

I I

PREDICITING THE LIMIT OF THE EXPONENTIAL
GROWTH OF SCIENCE PARAMETERS

To define the basic parameters which cbaracterize the growth
of science there was developed'a model based on thie proposition
that the increment of data per time unit depends o4 two'factors
the number of scientists and a definite upper level of this
number. This limit was called the saturation level.. The connection
factor between scientists was also related to the number of basic

parameters.

However, the proposed model considered 8nly the number of,

scientists

where I is the amount of data '(scientific knowledge), t is time,
q is the productivity factor for onecsnientist p1r tir.; "'.: - m
is the number of jcientists actively working at a given moment
of time, c is the dimensionless factor, and N is the numbei,
scientists in general.

This model corresponds with the investigations of D. Price
who empirically established the law of dbubling of the number of
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S sciehtist every 15 years. Integrating the precding, expression,

we. Eget the formula of the exponential growth of scientific data

Swhere T is the time period which is of interest to investigators.

SubseqUently this formula was corrected.with the consideration

of the growth limit, of the number of scientists -ad the- connection

factor between them.

Thus, as a result of introducing the upper limit of the growth

of information, the analytic expression for its increase will

ýhave the following" form:
'itq=Ncedt -.

L

where L is the saturation- limit. Integrating, we get
-. qA'!, dt

The graphic expression of the formula is the so-called logi.Aic

or S-shaped curve.

* :A consideration of the scientific generalization (or con-

r iections between scientists) led to the following expression:

, ,V dI-- N (Nl - . )I= q\(;c (.Vc + I).

He originated with the assumption that the maximum number

of connections between scientists is expressed by the relationship

-v I)

A real situation in science can be represented if we assume

N 1> 1, and then the increase of information will be described as:

dt 2 2
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!in
After Integration from t 0 to t T

Inaccordance with this formula the growth of scientific infor-

mation'occurs exponentially and with-doubling.

A METHOD OF PREDICTING SCIENTIFIC-
TECHNICAL DEVELOPMENT BASED ON A

-HISTORIC-LOGICAL ANALYSIS

The Soviet scientific consultant G. M. Dobrov in a number of
works leads to a prediction of scientific-technical development

from the positions of historic-logical analysis. The problem of

prediction is considered as one of the problems of science and,

consequently, a definition of prognosis; the problem of verifi-

cation, accuracy, reliability of prognoses, etc., make sense only

relative to the objects to be investigated by the science of
sciences.

By the prognosis of scientific-technical development we

undertstand the scientifically based data about the future of

science and technology. "The content and degree of the reality of
such prognosing data are determined by the historical experience

accumulated by mankind, the knowledge and concepts inherent to
the available level of science, and the possibilities whose

realization depends on future generations." From this quote it
follows that prognosis is the result o0 the treament of data

accumulated and created by mankind in the process of historical

development. This "raw material" of prediction, the original

data, should be systematized and classified in a defXinite rta)ner.

For this purpose G. M. Dobrov proposes using the idea of a
thesaurus. "A generalized thesaurus is a certain formalized
system (collection of information) which reflect-s with certain
completeness our concepts of objects of information and the logic

connections characteristic for these objects."
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Three types of thesauri are examined: nominative Of, and

adequate 0a

in the construction of the nominative thesaurus certain

subjects of one class (an inventory report or specification of the

parts of any technical device) are actually enumerated. The rules

for formulating the nominative thesaurus do not provide for

retaining the logic connections between objects when they are
included into the thesaurus.

The adequate thesaurus is defined as a certain systematized

collection inside which the connections and relationships between

its objects are an identical reflection of regular connections of

the subjects of a given class which exist objectively and are

fixed by science. As a example we can indicate the sytematics

of the elementary particles of Hall-Mann and Mendeleyev's periodical

system of chemical elements. [Translator's Note: Mann, exact

transliteration back into Latin characters not found. Assumed

from context.] By virtue of fixation in the adequate thesaurus

of the objectively existing regular connections it is the most

logically capacious. The rules of its formulation provide the

inclusion of objects and the fixation of regular connections

between them. Based on the adequate thesaurus we can solve the
problem of predicting new facts which, included in the thesaurus,

can change its structure. It is assumed that such a change should

take the direction of .increasing the adequacy of the thesaurus.

The functional thesaurus is encountered most often in

scientific-technical practice. "In constructing O.f we are no

longer limited to the fixation of a known composition of objects

of a given class, but we still cannot base the laws of the develop-

ment of the objects discovered by science on its structure.

Beginning with the empirical evidence accumulated in the course of

engineering and scientific practice, in constructing 0 we

attempt to reflect the base relationships between the objects to

be systematized. Problems of defining the new combinations of
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the thesaurus elements and predicting changes in the structure of

6of the thesaurus, etc., are solved based on the functional

thesaurus."

Thus, the thesaurus can serve as a means of classifying and

systematizing the data necessary for-the prediction.

The prediction of sciehtific-technical progress is by nature

a probability process. G. M. Dobrov proposed the following

argumentation of this position.

Of an entire infinite set of facts (14) known and unknown by

people, subset m is singled out; its elements are facts which

make up a scientific system. This subset is represented in the
form of a sphere with radius r. The surface of this sphere,

proportional to r 2 , is interpreted as the contact range of the

known system of knowledge with unknown knowledge. Here the in-

adequate accuracy of interpretation should be noted, since the set

of unknown knowledge is, following the terminology of G. M. Dobrov.,

also a sphere or radius R >> r, more precisely, (R - r) ÷ •. The

Therefore it can hardly be said that the surface of a sphere with

radius r is the contact range "with a residual mass of facts of

the real world." Moreover, the absence of a clear definition

of "facts of the real world, ... yet unknown to people" impairs the

comprehension of the very fertile idea expressed by G. M. Dobrov.

In connection with the continuous growth of scientific

knowledge, sphere radius (r) increases by (AWt, while the contact

region of science with elements of set (M) acccrding0': %ncieases

in proportion to (Ar 2 ). Hypotheses about the development of

science predicted for t years in the future are inevitably involved

with an increase in the expected contact of science with the real

world. Since there is a basis for considering an increase in

the volume of science as proportional to time, the amount of new

knowledge in science doubles every 110-50 years, while the amount
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'of scientific data increases doubly every 10-15 years. But a

substantial portion of the facts important for the success of

prediction are unknown, and we can only guess about them. Only

the process of the interaction of future science with the real

actuality gives a confirmation of the truth of the knowiledge and

causes certain of the scientific problems to be formulated. Hence

the author draws a conclusion about the decrease of the probability

of prognoses with an increase in the prediction time. Developing

the interpretation further, G. M. Dobrov assumes that as a result

of the constant internal rearrangement of the sphere of scientific

knowledge (and the volume of this sphere is proportional to r3 )

this circumstance should be considered in the evaluation of the

relationship of knowledge with the lack of knowledge.

One of the most important characteristics of any prognosis

is prediciton time. In the prediction concept under consideration

the question of prognosis time periods is solved by the intro-

duction of a concept of the time scales of scientific-technical

prognoses. The first echelon composes prognoses with a prediction

time of 15-20 years. This time period is substantiated by the

following assumptions:

during this time 1-2 doublings of the number of scientific

works put into practice should occur;

the total number of advanced technical ideas should also

double;
the technical means of production should be completely

renovated;

scientific ideas will traverse the path from fundamental

investigations to the serial production of technical devices in

which they are embodied;
the number of scientists should also double, while the number

of scientific-technical workers increases 8-16 times.

The possibilities of science and technology determined already

at the present time are the basis of the prognoses of the first
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edheion;" therefore their formulation is made up of both contents
(qualitative) and quantitative characteristics of the object of

the prognosis.

Prognoses with a prediction of from 40-50 years are related

to the second echelon, since during this time:

the volume of scientific knowledge doubles (concepts, theories,

etc.);

ea is basically reconstructed;
the world population doubles;

the generation of the creators of scientific-technical progress

changes.

Prognoses of this type are limited to fundamental laws and

the principles of natural science; therefore the object of the

prognosis is basically characterized qualitatively (by contents),

although quantitative evaluations are also encountered.

Prognoses of the third echelon are a prediction time of more

than 100 years. These bear a hypothetical character and are based

mostly on intuition more than on :,, scientific system. Such

prognoses are basically purely qualitative assumptions and contain

no quantitative evaluations.

In evaluating the reality of scientific prediction G. M. Dobrov

proposes considering three groups of limitations which determine

the degree of accuracy of prognoses:

the laws of soci6-economic expediency and the economic

possibility of the scientific-technical decisions to !,o

the laws and principles of natural science, a considelable

part of which is seldom named according to the accurate expression

of the leading physicist George Thompson, "principles of impossi-

bility";

the most general laws of the development of nature and society

ordinarily formulated in the form of the philosophical bases of

the scientist's outlook.
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Arg1se rlthjinegii toth frt chiosi::ra erd et ntSAll~ three�r�goups of "limits," as a ruie,, are cbnsidered in
i• proghosibt xreating, to the fi-fSt echelon. Toa greAter ektent

this also explains their relatively highaccuracy. 1n prOgnoses

of the-0e dhfi'dechelon the authors to -a knbwn extent ignore the
conrditions, impte by ecniii tat

of the most remo"te third echelonfthey evenmore consider the

"hitStori:cdl relativity of the truthý of, niUmber of principles of

tsciencedassumed now.

The prediction method under consideration is undoubtedly of

interest.

A MODEL ,OF THE PARABOLIC GROWTH
SCIENCE PARAROETERS

OFS Numerous attempts to extrapolate the increase in, parameters

of any system when tim changes of these parameters are subj:edt

to exponential law are known. For example, the development of

science and techpology during the last 100 years can be described

(according to measurable characteristics) by exponential curves..

Thus, certain investigators compared the acceleration of

scientific-technical progress with the activity of a new mass on

a system of forces in 6qoibrium. The new mass ihtroduces an

accelerating component into the system's eqiiilibrium. By analogy
Lenz made the path- traversed by the new mass conform to the amount

of data accumulated by mankind, the speed of the system conform to

the degree of data growth, and the acceleration of the system

conform to the second derivative data in tim6. As a result he

-.obtained a formula 'which describes the growth process of scientific-

technical data.

= gt;t
J1
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where, T '4 the data accumulated by, mankind (scientitic knowledge),

t is. time, T Is the time6 for accumulating knowledge I, and g is the

acceleration, factor.

The analogy leads to a parabolic curve which sharply diverges

into an, equilibrlium line.

ft should be' noted that the analogy has a substantial heuristic

value-; howeve'r conclusions from the analogy are not proven and

require, further arguments. Moreover, the, given model,, as noted by

E. anshcan no longer serve as a good approx~tnation for

describing twoi-parameter And ;multiparameter systemsý.

A METHOD OF PREDICTING. THE GROWTH,'OF'
SCIETIfFICý-TJECHNICWAL PARAMETERS

The-method of-East Ger~many'is 'G. Schrauber.,,aseils in,

f~roreasting,,, is, based ont the, general law ci' the gzvowth, of

scetfctcnclparameters. -The, IA w is- f ormulated, b ogi iiing

"with theoretida1 reipon& and ýby Using and geheralizing-thei results,

otakiiown or th& pýredicted deývelopment of varioue: fields of

nlatural scdiences and, te.chnology."

Theý essenc6 of G. Sch:rauber',s tiethod is as follo6wq.

'The, accumulationi of objects of ,-c-.-e))(.e a.nd 'technology is

chariacterised lby, efl'ectveftes&. If the effectiveness J's determined
by oneý pdarameter and 1s a tundtion of menes K~t) expended eriireiy

on theý parameter,, this can be exprest~d as

where Lis the effedctivenes~.ý It has 'been empiricaliy found that

for eIffectftV~ness, ther~e eit.an ttpper limit Lawhich cannot be

raisd, ~e.,L <LG,, and that the increment of effectiveness dL

d~dec-eases With An increase.ý aL (L0  L)dM. M6reoverj d

46pethds on the 6x~p~nd~d means
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where f(k)- haracterizes. the effectiveness of the means used.
Then the law of the growth of -the parameter will be described
by the differential equation

d#= (-

or

* - - -y =. a x

Prom the above equation we can construct a number of growth
curves for various values of n (the factor which characterizes

,the. logistic curve).

"`0. schaauber, generalizes -the. obtained'. ",xpressions, for the

case ,when the-growth of parameter L1 i, connected with, other
p r j. ,e. ( L l(IQ, and, in this, parti~cular case

aL1

This :partidcular case6 for exaplej, is the connection betWee6,
the digital-computer storage volume and access time 't' The,
realAtive growth rates :for the: two, parameters arei .proportizonal:•

Byý meahs ,rf the describedmet:hod prOgnOSes of the effectiveness
and cost of iong-term scient-ificresearch works- were madeg.' These
prognoses encompassed the period to 1990.

THE METHOD OF PREDICTING THE'GROWTH
O6F'SCIENTIFIC KNOWLEDGE

There exists A viewpoint, in accordance With Which the process
of da&ta exchange between two scientists can be reoreesfited as an
interaction of the molecules of a gas in the pr6c6ss of any re-
acti6n. One type of molecule is the scientists, and the other is
data quanta. The reaction takes place in a vessel with a
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def-inite volumne and density, (the nrinbeir of scientists per 1I l

The "scientistt-molecules" Are at relativei rest, while the

"dataý-moleculesý" move at A c~onstant -Velocity in difftr~nt ýdiredti~fns.

Itý is assume~d. that the "'product'i~h" ýof newda~ta (o6r the-useful.

re~act~ion) occurs when, -the "~scientist-molecules"! h&Ve ,A: defnite.

react~ion planie (the cfoss sectioh of -the -vessýel). E forý collision6

with the "ldata-molecules,." The data incdremeint is, describjed as .an,

increment of the numffber o6f "'data-tnolecules"I per -unit voluire.

whereý k, is, the, pftportilnlity faotoi,4 v is, the ý;peed of the "IdAta~r

Jho~due6I",N` is, the. number of scienti.gts.; I is the Plane o t

rea~t6n', #n, "(,t) 's heam6urit of information.

'Atrinettoi rmt 0 to t =T, assmn Pont

W6, 96t,-theexporieentiaCl growth of scientific datd

lwe~ sthe muto data at moimefit t 0, and b wat

M6weVer, this formula, shou.id be refined ini conneýt~on with

h6 aL't,'hat'thiý number of sciientizts .,s n'A) 06star.'; i'lit grow
exponentially As was, chown t'y mvtný invesT,.tgatc-Pzs. After corr~ection,

th6,dat~a increment will be descrIbed by the expression

"and -urt her
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A graphic interpretation of this formula on the logarithmic scale

is a straight line.

From. the positions of the saturation theory the model With
the consideration of the saturation limit is Corrected, and the

final expression for data growth is obtained

___ - - (I',V )lL-I'
lt L L

and further

This model wa crditicized for the fact that it. requires an
ideal, connection between all scientists and the entire -data ahd

the instahtaneous-Use, f each newl• obtained data quantum. These
c0ndi0tins are not always met by far. But for small collectives..

"the model ca4n e usefule in npanning scientific inestigations.

'THE METHODOF PREDICTION; ACCORDING,[fTOi 'THE "TREE OF• .NOWLEDGE!' ....

To describ6 certain processes of the scientific-technicai

development we• usea model based on, the idea of the "tree of
knowledge:," whosedbranches are new scientitfic and technical

achievements. The number :of poihts-Of ramificati6o is proportional

to the• number of branches of Scienceý and! technology in which active
ý,iVestigati6ns are, conducted, while the amount of data to beb obtained
increases exponentially if each new field of investigationS[ contains the amount of data necessary for discovery. The growth

of data in each' individual field 'is described by an S-shaped

cui;ve (c6mple-te deVeiopmneht of the idea of Any discovery. the
"same timer as the total growthý of datA, is Subject to exponential

law. This im0odel is a go6d, approximation1 in describing the, pr rcesses

of. the growth 'of many functional systems.
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MISM Tw I IF JE to REITI
SCIENTIFIC-.?ECiICAL ?30GA'?SS BASED OM A
QAlUT1JW,4VEJA7,TJAT~i? ANALYSIS OF THE
MMVANUCS OF 7W ISSUA=C OF PATENTS

The meawd of prefte-timg tbJP worLduide sclent~fic-tec-icnnied

prMW&= pmp.osed -.I the Sawiet latcut expert and gotcs
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or sellence ubich ms first fomialated by F.. Engels: "S-eience

aM"TsnC in proportlcn to the Mss or kn~leoge iniherited by it

from the previcus generation - -Or In the symboll expxazs.&cn
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fncrease In knowledrýe over the perlod M', and~ Ar Is the period for.

ihich the -rate 610 the develt~went cf progress 1!5 dete.-mned..

in, comweclion mi~b the fazt. t!:= .for cical
th~-- tt4WCOe --S .~~3e dwl~~ It U~ :M.aZZsary

tO 'UZe the ýL-lz±~ Of k-XledV-, V* i~t.rOd.Ce Oh eiii~ f
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tevnýZwibis In~ a patent descrIptim~. Anl
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the technical solution fixed in the patent will be put into

serial productLon only over 10-16 years;
there exists a continuous connection between the dynamic

data and scientific-technical progress;

certain deviations in data are counterbalanced by the laws of
large numbers.

The first assumption - the generalization of tne histortc
experience of patenting - can be considered as its own type of

law in the development of technology. This has been repeatedly
Indicated by specalsists-patent experts: "At present the period
between the creation of an Invention and its application on the

average corsists of 114 years. It takes place from a year to

fifteen years, while half the businesses of a given branch berin
to use .has invent-on."

'7he seconid assu.-tion. Techno-econonic processes are the

support of the dyigmics of patenting, which in turn is a reflection

of the essence of these pr-, ,esses. It is a reliably established
fact •fran ehlcih the specialists proceed in their investigations

in the fields of ecor&-Ics, the science of sciences, history,

techniulogy, etc.

ly, t..•. thi,'rd asstmption Is the specific ampearance of

t-e law of large !nmbers. Actually, the mhellate,n "doublv=g,,
"Otacatial,=' "-sinfor-ming," and- Oprovocational" facators encountered

-- the gener-a-e maz's of patents can be cotsidered as random devLa-

k-Ar-iIc arre coarxterbaiasced by the above law.- This serves as

a g, a.... of t-herellabI!ity of the conclusions to bi obtained.

7he predi-on of zelentific-tec~hniclal prcrgresz by B. N_

7ardw' z =ezh-A is rnon-r-g ot-her than ezt.rapolatz-g the tenencies
u•rve-ed by analyzing h-e dynamics of patent4ng-. The concept of

the satistic ezperi--nt is the basis of -the extravolatiaon p-ocesses

of sh.izg e •-c series of the dynm.qcs of patenting-



The statistic experiimnt permits:
discovering tendencies itnthe development of thiý or that

specific technical device by a multiaspect analysis of the connec-

tions with other objects;

extrapolating these tendencies in the future for 10-20-25

years. .

* a

However, during extrapolation there is the probability of

ignoring new tendencies. To reduce this to a minimum we recommend
defining the first, second, third, and fourth derivatives of

scientific-technical progress. B. N. Tardov proposes the following

interpretation of derfvatives: nThe rate of the development of

scientific-technical progress (first derivative - Author's note)
reflects tendencies in the development of technological processes.
An acceleration of progress (the second derivative - Author"s note)

reflects tendencies in scientific Investigations" An acceleration

of the acceleration (the third. derivative -Author"s note), indicates

tendencies in the laws and principles of investigation (the transfer

from some fundamental prlnciples to others, the discovery of new

laws - discoveries, pioneer Inventions of qualitatively new

tendencies). The fourth derivative probably reflects changes of

the social conditions of scientific-technical progress in a

direction to be determined by the mark of this derivative."

The analysis of the dynamics of patenting-should be preceded

by an evalu .ion of inventions by the following criteria: the

degree of the fundanental invention (pioneer or paIrt), t-he degree

of its quality of many aspects, how widely it is applied, its
timeliness, and applicability In various braches of t4chroi-j.

To specifically analyze patents fro-c the above criteria it

is necessary to construct a-logic polyhierachical classifier of

concepts. It is constructed In the xorm of a multi-trunk tree

from one root (the subject): ottnk-o h-bace-ae-
veins and per-itz encompassing approxim-tely 9000 simple concepts.
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By analyzing; the classifier we can determine the basic

indicators of the development of scientific-technica. progress:

the growth tempo and the increment tempo. By growth tempo in the

development of progress we inderstand the ratio of the number of

pagentin. elements fixed in a given year to their average annual

number for quite a large time interval. The tempo (acceleration)

of the n6crement of progress is the ratio of the diff.rence of

the veloc6itieks in the developiment of progress to the number of

years of the -time interval in' question.

B. N. Tardov also proposes formulas for the numerical

definition of these indicators.

The tempo of worldwide scientific-technical progress

.ti a.--:i .!

Acceleration (increment tempo) of scientific-technical progress

iS

where C is the growth tempo or rate (relative) of scientific-

technical progress (1st derivative from the function of an

increaslng namber of patents - patenting elements), Y is the

increment tempo or acceleration (relative) of progress (the

second derivative), n(r) is the change in the number of patentingV .eienents (appearing per annum) in years, r is the years of

patenirng, q is the number of years of the patensting period to be
anaiyzed (ordinarily 15-20 years, the period of the patent's

validity), .p iz the first year of the period, and *-n is the

period for which the magnitudes (ordinarily equal to one year)

are. deterrnined.
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~~~~~d op 'b B-I N.He' • it m~•

In accordance with 'the krtrieval system d-veloped by B N.

Tard6v all classes of patents to which a given invention can be

related (even if these classes are not put down on the patent)

are subject to search. The consideration of the applicability

of the patents in various branches of -technology is thereby

guaranteed.

In practice it is advisable to select the subject of investi-

gation so that the number of 6imple concepts is within the limits

of from 100 to 4-6 thousand. This corresponds to approximately

3-4 thousand patent descriptions which should be processed inthe

development of the classifier. The concepts are selected from

the patent descriptions, and an index is conferred to each. The

first digit of the index designates the class of the concept (trunk)

the second designates the subclass (bough), the third designates

the group (branch), the fourth designates the subgroup (leaf),

and the fifth designates the sub-subgroup (vein). Further, opposite

each index there are written the classifier columns which corre-

spond to them (the terms reflecting the desired concepts).

Definitions are given from the right side of the column, and

further right the degree of term standardization is indicated;

further the equivalents in English and French are shown. The

contents of each of the patent descriptions is coded by 12 marks

of the concept classifier. First of all the patenting elements are

coded (up to 6). Afterward 6 more data are coded. This infor-

nation is ordinarily contained in the description, the features,

or patent formula. in the patent description there is Information

about the national patent classes and names of coaiicýs - owners

cf patents. This information is cAed in the Bilow cide (letters

replacing numbers). [Trarsslator's Note: B•Ilow appears to be non-

Russian arn is thus transliterated as if it were German.] Tne

standard 80-column punchcard is ord.irily used in coding che

patent description (for practically any patent 77 columns are

enough)7
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Each patent isevaluated based on the developed concept

classifier in accordafice with the six criteria singled out above.

If the index in the code lists by heading corresponds to the trunk

or bough of the logic polyhierarchic classifi~er, the invention,

can be related to the cardinal or pioneer types; if the index

corresponds to the leaf or vein the invention corresponds to an

improvement of any part.

'hen ~several headings (indexes) apply to a patent description

and a chain of concepts takes place, the degree of the capacity

of many aspects of the invention should be indicated.

Using the above formulas we can predict the development of

scientific-technical progress both by individual countries and by

the world as a whole.

By means of the described method, tendencies in the development

of scientific-technical progress in hydraulic-turbine construction,
'the designing of radio rec-eivers, isothermic railroad cars, etc.,
were determined.

A SCIENTIFIC-TECHNRlICAL-PREDICTION
METHOD BASED ON PATENT DATA

The method in question, proposed by the Soviet Patent Officer

V. A. Obukho7, Is one of the possible variants as shown by the
author himself, of technically and economically analyzing inventions.

Scientific-technical prediciton is understood as the autonomous
link in the chain of preplanned developments:

determining and analyzinf; the development level of science

and technology;

sclentific-technical prediction;

econcmic prediction;
perspective p an.
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The author proposes to divide the prognoses of the development

of-technology into five groups:

General-national prognoses- paths of the development of

techhology on the scale of the ehtire country.

Interbranch prognoses - an evaluation- of the perspectives of

solving complex technical problems.
Branch prognoses - directions of the technical development of

individual branches.

Prognoses Of types of production - perspectives of improving

individual types of production or technological processes.

Detaiied prognoses - a description and calculation of changes

which can occur in individual units and parts of the machines.

The above groups of prognoses are compiled based on a technico-

economic analysis of the inventions reflected in descriptions of

patents and author's certificates. Based on the method there is

proposed the idea of evaluating existing patents according to the

n-degree system. Each patent is evaluated from two criteria: the

value and perspectiveness of the invention. The engineering-

technical significance factor of the invention (or the completeness

factor) and index of profitableness R are introduced for their

characteristic.

The completeness factor is the ratio of the sur- of actual

evaluations of an t'vention q to the sum of maximum possible

evaluations Q

Theoretically the factor changes within the limits of from
0 to 1, but in practice 0.2 < T < I.

The significance and perspectiveness of rhe Invention is

determined £ron the table:
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Factor 1. 0-0. 75 3.75-0.5 0.5-0.3 0.3-0.2

Perspectiveness very per- perspective slightly per- not per-
of invention spective spective spectiVe

The specific values of q and Q are determined from a single
table for each branch of technology in which the characteristics

of the technical solutions appearing from the patent descriptions

are registered.

An ordinal number or subscript (t., S.., in) corresponding to

the place of a given characteristic in order ofsequerine is

confev.red to the characteristics in compiling the table. Each

characteristic in turn is broken down into a number of positions

p1 " "''' pn in accordance with the individual attributes of the

invention. As a result the table takes the following form:

Characteristic and Evaluation

positions (degree)

Characteristic iI

positions P1 . . . . . . . . . . 1

P2 . . . . . . . . . . . . 2

.... Pn ........... n

Characteristic I-

positions p1 . . . . . . . . . 1

.P I.......... 2

Pn ......... n
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However, characteristics i1, ... , i ordinarily have a

different value. For example, i is an engineering-technical

feature of an inventiOn by which we understand one of the following

the improvement of parts of existing structures or individual

stages of production (pi);

the improvement of units of existing structures and a series

of production stages-(p2 );

the improvement Of units of existing structures and stages

of production at a new level of.mechanization, automation, and

network-control automation (p3)';

a new solution fixed by a basic patent (accompanied as follows

by the reflecting patents (p 4 ));

a basically new solution, a discovery in a given field (p5),

-2 " the level of theoretical substantiation, i1 - longevity

of the structure, i 4 - the provision of the conditions of the

safety technique in the production process, etc.

The point evaluations are multiplied by a correction factor

to be determined empirically (see the table) for the equation of
the significance of the characteristics:

_ Characteristic i
_1 12 3 4 _5

Correction factor 0.992 3.984 0.960 0.884 6.626

Upon analyzing a patent basis in terms of any narrow subclass

it is necessary to reveal the maximum possible number of character-

istics. However, the author, based cn experienre, recommends

limitations to a symmetrical five-link table in which the number

of characteristics is equal to the number of positions and number

of degrees, I.e.,
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According to the opinion of the author, as a result of

analyzing patents and determining the engineering-technical-

Significance factor-the following are possible:'

to obtan a quantitative expression of the engineering- !

technical significance of a single patent;

to explain the perspectiveness of using an Invention in

industry and the advisability of'patenting it abroad;

reducing patents to their compone it form;

Using a computer for the massive p.ocessing of patent stocks,

since the formula T = q/Q makes it possible to convert the qualita-

tive features of a patent into quantitative magnitudes by means

of the. table.

The second criterion of evaluating an invention is its index

of profit R =

Parameter D is ordinarily considered the cost dit current

manufactured articles, machine designs,, and techilological processes,

including o erhead and amortization deductions. Parameter C is

the same cost as parameter D but for articles, machine designs,

etc.,,which will be issued based on the new patented invention.

Parameter R is determined from the following table:

index of Profit Characteristics of inventions's
profitableneas

R > 3 Highly profitable invention

2 - R < 3 Invention of average profit

1 < R < 2 Invention of low profit

R < I Unprofitable invention

The index of profit is determined by two methods: from the

specimens of a ready production and based on its draft (at the

planning-assignment level). As noted by the author, this method

was tested in developing prognoses in the region of fundamental

planning and gave posivit'e results.
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A METHOD OF PREDICTING THE DEVELOPMENT
OF. TECANOLOGY BY EVALUATING tHE
"ENGINEERING-TECHNICAL. SIGNIFICANCE
OF WENTIONS

The method was developed by the Soviet patent expert V. G.
Gmoshinskiy and tested ihnconstruction technology. As a premise
we take the confirmation that the ihvestigation of a retrospective
patent fund for the past 5-10years permits making a prognosis N
ofthepaths Of the development of technology for the next 5-10

years.

The author singles out the following time periods: from 2 to
5 years - short-term, from 5 to 10 years - average, up to 30 year

years - long-term, and above 33 years - very long-term.

It should be noted that the criterion of this division of

prognosis time is not the only one for us. The principle of

singlihg out these particular time periods together with many other

similar divisions has one general disadvantage - subjectivity. The

value of classifying prognoses by time periods is thereby reduced.

The prediction procedure is reduced to passing through three

stages:

investigating and evaluating the novelty of a single patent;

singling-out concurring groups of' patents of patent solutions

and determining the perspectiveness of each of the three groups;

ipvestigating and evaluating the patenting level in any field

of technology.

As the author of the method himself notes, the main thing is
the first stage. At this stage three of the most essential problems

are solved: determining the cited number of patents, determining

the cited flow of patent data, and determining the generalized

completeness factor.
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Let, us examine these problems,.

The, ompl6itneest factor r in th• method in question is the
ratio of the sum of evaluations q, o a given patent to the.maximum

possible sum Q, i.e.,

where j is, an evaluation (stage) taken from the Characteristic
matrix, and i is the number in the ordered sequence;

. ..l ,.. . . . .. . ...= f '*

In this matrix each row is interpreted as a certain attribute
or Characteristic from which the patent is described.

In investigating specific patents the matrix has the form of
a certain definite table (a thesaurus table according to V. G.

Gmoshinskiy). Based on this table and the, formula for F the
algorithm of translating the qual!";ative features of the patent

solution into the completeness factor is developed.

In evaluating the engineering-technical significance of the
concurrent technical solution reflected in the patent there appears
the problem of standardizing not only the positions of the

characteristics but a-so the weight of the characteristics them-

selves (the degree of significance). This problem is solved by

introducing the function 0(i), which standardizes the weight of
the characteristics of the ordered sequence.

The final stage for the characteristics in the table is the
result of multiplying the corresponding terms of the characteristic

matrix by the standardizing function: J = J 0 -0(i). Standardizing

function $(i) is determined from the following relationships:

when i = 1
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,• e -i ,.. L' ,|,ji) =0:Oahd: ~~~ 4 .Y .'
.When .i-, *.<_.pi'q { . . I,

where I ! i.• and: IFHi)I> Nt(i+:')I[.

These relationships determine the value of the weights of

"the characteristics in the ordered sequence and the requirement

of the convergence of the numerical series composed of the products

of J.'¢(i). The attributes, of d'dAlanbert, Cuchy, et al, can be

used to. prove the convergence of the series. As a result the[. standardizing function has the following form

where i 1 0, and Q, is the numerical parameter whose value is
determined empirically and is equal to 2. In other words

The values of function ý(i) are represented in the table

The point occupied by the characteristic and ordered sequence.

__ _ _ _ _ _ _ _ _ 1 2'[ 3 4 S r I 7 f
Va~lue of function (the j )

weight of the character-
istic) I I I ?]

It has been empirically established t.hat with practical

accuracy (e = 0.05 or 5%) the number of wain characteristics for
evaluating the patent amounts to 9-10. In the characteristic

matrix the numbel, of rows is equal to rhe numoer of columns, and
2n practice the necessary scale of values of the evaluation system

is determined from the condition of the symimetry of the matrix.

it was found that a five-point (j = I1 ... , 5) or ten-point
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10) Systemiof evaluations is adequate for orientation

calculations.

At the second s5 there appear groups, of concurring patent

solutions, and the persp(c6ives of' ach group are determined (for

the average-term prognosis). The problem is soived by determining

the introduced number of patents which is equal to the sum of the

completeness factors for the related group 6ffpateht solutions:

The formula is legitimate, since the completeness factor

leads• the patent to an equivalent form. The evaluation is

conducted according to the same characteristic table.

The investigation of the patenting level from any field of

technology., conducted at the third stage, is reduced to determining

the generalized completeness factor F 0, This factor is defined

as the ratio of definite integrals for the reduced and rated flow

of patent data:

where a and a are numerical limits. Here, by reduced flow of
patent data we understand the functional expression of the gral,

of the dependence of the investigated patenting on the preceding

one (the graph is obtained by adding the numbers of the introduced

patents). The rated flow is the same for nonintroduced patents.

As a result of investigating we obtained a table for evaluating

the perspectiveness of an invention according to the completeness

factor.
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Individual analysis Group analysis of patents
of patepeits .

Completeness (advisability of I level pf patenting categories
factor putting the inven- (perspectiveness of of patenting

tion, into' produc- patented solutions)
tion and patenting.

.it abroad) 1.:
1.0-0.8 very advisable* highest , i

0.79-0.6 advisable average I!

0.59-0.4 slightly advisable below average III

0.39-0.2 inadvisable low! ,. IV

, 9

The total of the analysis of patents ih 4 specific field of

technology is this ,table and the determination of the 'degree of
the advisability of patenting an inv~ention abroad and putting ,into

production based on this table. A similar mcthod can be used to

predict the development of narrow fields of technology,

SYSTEMATIZATION AND PREDICTION

In his works Yu. E. Rylev and his coauthors develop 'the idea
of systematizing scientifjc and' technical data ,based on such

objective connections which determine every kind of aspects of

analyzing the historical prPcess. The analysis of historical

development is, based 'oh the predictin procedure. :Systematized

data make it possible to most d,:eply and universally investigate

the scientific-technic&al progress and, consequexz;•y, it is the

most accurate and convenlent factogvaphtc basis f•' 1 .61 ",n

Systemizing is d'eveloped in twd plpns: a universal plan

(the system of t-ime-structure -.harts (SPTC)) and the aspect plan.

A special significance is 'added tQ tnr C•-.velopmen ,?f systemati-

zation language in the form of varioi s types of SSTC arid con-

ventional designation. N
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The authors first proposed claisification and conventional

designation by connections between events in the recognition

process. Each connection is designated by the appropriate type of

arrows with the code of the given event indicated on them.

The SSTC system serves as a means of fixing all knowledge

accumulated by mankind and is constructed on three axes: time,

structure (clas~sification) and space (geographic). The n.ain

advantage of the SSTC system i. the fact that it reflects te

main objective connections of events.

The time (horizontal) axis is broken down by the decimal-

calendar principle. Thus, for example:

a chart for 100 years is broken down into 10 segments of 10

years each,
a chart for 10 years is broken down into 10 segments of 1

year each,

and a chart for 1 year is broken down into 12 segments of 1

month each, etc.

The entire classification of the given subject is arranged

on the structural (vertical) axis of the chart (or several charts).

Each chart relates to a definite territory (the world as a

whole, a country, region, etc.).

The characteristic feature of the system is the principle

of subordination (each subordinate chart is a scan of the part of

the superior chart). The charts are scanned according to the

divisions described above. Thus, the SSTC system can be repre-
sented in the form of a gradual pyramid whose base is the set of

the most detailed charts with the reflection of the events of any

degree of significance, while the superior stages of the pyramid

are the charts of the more significant events.
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7.

The value of the proposed SSTC system for establishing the

tendencies and persepejetives in the development of science and

technology, in the opinion of the authors, consists in the following:

the structure-time chart is a new document to be standardized,

unique in form and structure (outside the dependence of the field

in which the data in it consists) and serves as a basis for

analyzing the scientific-technical progress;

the arrangement of data in historical and logical sequence

provides a dialectical approach to studying the subject activity;

the coordination of the charts permits including an unlimited

number of events into the system and to divide them in a multistage

manner by significance;

the crz'ss section along the vertical, reflecting the cvents

of any degree of significance, gives the most complete, universal

representation of aglven moment (or period);

the cross section of the system along the horizontal permits

seeing what has occurred for the time period to be observed of

changes to any narrow (or wide) degree in any field of !.noxwlodge;

compiling the charts of individua] geographic regions (or the

country, for example) gives a most complete picture of the develop-

ment of worldwide science and technology;

the staged charts make it possible to determine the moment

of origin of an invention or discovery, the stages of its develop-

ment from an idea to maturity into the technical mediura or theory,

the moment of disappearance, i. -, f•it Qxre lifetime of the

subject under investigation and to reveal tne tendency of the

development as a whole.

In systematizing in all fiolds o' 3cien,•e and technology

there is created a unioue pie,'auie of the scientific-technical

process. The SSTC permit; revealing the connections between as

many remote fields as des,-ed, lindrng the "blank spots'" in investi-

gations, etc.
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Moreover, in the historic-structure chart system the authors

see a basis for automating the process of storing and retrieving

data by means of data machines.

Aspect systematization. Below there is given a short charac-

teristic of the basic forms of aspect systematization: tables of

tendencies, historical classification, tables of development,

problem analysis, and balance tables.

Tables of tendencies. To overcome the difficulties in a

general analysis of modern scientific-technical progress involving

data redundancy we propose analyzing numerous factors and replacing

the basic tendencies by analysis. The main tendencies should be

revealed in bran-hes and directions by specialists and be systema-

tized by means of tables of tendencies. These tables form a general

set of tendencies (on the order of several thousands) - a basis

for a universal and interconnected analysis of the develomment of

science, technology and economics in both retrospective and per-

spective plans.

Historic classification. Classification plays a substantial

role in analyzing the development of subjects. It reveals various

aspects and directions of an analysis. However, until now various

subjects have been classified at various moments of time, and most

classifications are not universal. Naturally, this makes a clear

comparative analysis of the development of subjects impossible.

Three types of historic classifications aid in overcoming the

indicated disadvantages:

the 1st type - a complete historic classification - reflects

the structure of an object (or knowledge of it) for the entire

period of development;

the 2nd type - the classification of a period - reflects the

development of the structure of a subject over a definite period;

the 3rd type - moment classification - reflects the structure

of a subject for a definite moment.
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Histcric classifications can also serve as a basis for dividing
the development of subjects into periods.

From the development tables we can clearly represent the
change in the principles of action, the materials used, and other
structuval features of technical means at the stages of design,

production, and use.

Each table is compiled for a separate subject. The problem

aspect of analyzing consists in representing the entire history
of the development of scientific knowledge as a continuous chain
of problems becoming more complex when the solution to one problem

involves the statement of new problems.

The absence of clarity in defining concepts "direction" and
"problem" should be noted. The problem, unlike a direction, must
have its own completion. Therefore it is necessary, in investi.-
gating the development of scientific thought, to intercoordinate

directions, problems, and tempos.

DETERMINING THE LEVEL OF SCIENTIFIC-
TECHNICAL DEVELOPMENTS AND THE
TENDENCIES OF THEIR DEVELOPMENT

The method of patent officer I. Yu. Zborovskiy is based on

studying the dynamics of the output oif patents and an analysis of
their qualitative characteristics. By dynamic patenting we under-

stand the change of the number of patents and author's Pr4 tifYates

issued for inventions over the time interval In quescic. Zy

qualitative characteristics we understand the basic clharacteristic

features which distinguish one invention from another (the height

of the technical level of the invention, the width of the problem

which is its basis, the complexity of the invention, the demand

for it, etc.).
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The prediction procedure in question is a five-link one, since

it consists of five independent divisions - links.

The first link is investigating the dynamics of patenting

any branch of technology. Methods of investigation in this

direction are generally accepted; therefore the author does not

concern himself with these methods.

The second link is determining the height of the technical

level of an invention by which is understood the "importance of

the technical solution which is its basis (invention - Author's

note), i.e., is the invention a new direction in science or is

it an improvement of solutions already known, or is it the applisa-

tion of a known solution for a new purpose"?

The author proposes to determine the height of the technical

level of the invention by coefficient K , which "appropriately

varies for each of the indicated groups in the following limits:

10-6; 6-4; 4-2.5; 2.5-1."

The third link of the procedure is investigating the width

of the problem, which is the basis of the invention. As the

problem's width criterion we propose to take a group of questions

which it touches, "i.e., it relates to one important field, to a

less important field or to special question." Any problem can be

related to one of these groups. Each group is characterized by

the value of the width factor K . Numerous values of K vary

within the same limits as K (from 1 to 10). The interpretation

of the width of the problem As somewhat subjective. Thus, the

last group (narrow problems) includes an invention for the method

of determining an impurity in an individual chemical element. One

can hardly agree with this, since the solution to the problem of

obtaining clear and superclear materials, on the agenda for science

and technology, depends to a great extent particularly on finding

methods for accurately determining the amount of impurity in the

element under investigation. To solve this problem methods of
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chemistry, physics, cybernetics, and even biology are involved (the

structure and functioning of- the olfactory apparatus in animals).

The fourth link of the procedure is determining the complexity.

of the invention. "The complexity of the invention is determined

by the complexity of the problem solved by the invention, i.e.,

a set of factors which should be considered in the solution to the

problem and also the necessity in makihg calculations and experi-

ments for solving the problem. In particular, the most complex

group includes inventions created based on the consideration of

factors not studied with the conducting of complex calculations

and experiments to solve the problem; the next group includes

inventions created on the basis of factors not deeply studied,

simple calculations and experiments; the next group is based on

known solutions with an experimental check and with calculations,

and the last group - for creating inventions - does not require

complex calculations." As follows from the segment quoted above,

the following are necessary to evaluate the complexity of an

invention:

1) clear criteria to determine the degree of studying the

factors and their influence on the success of solving the problem;

2) unambiguous criteria to evaluate the complexity of the

calculations;

3) criteria to determine the degree of reputation of the

solutions.

The complexity characteristic is factor Kc.

The fifth link of the procedure is determining the factor of

the demand for the invention. By demand for the invention the

author understands the interest of induesty and foreign companies

in using the invention. This interest is determined as:

the critical requirement of industry in a given technical

solution and demand for the sale of the license from a number of

companies,

the absence of demands.
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Demand factor K varies within the same limits of from 1 to~z<cnp
10. For various fields of technology the relationships between

factors Ky K , Kc, and Knp are different. There is given a
y w cnp

concept of a mutual significance (interconnection) of the factors,

and its factor q, and there is introduced the unit for measuring

the actual significance of the invention -the elementary
invention in which all factors are equal to 1.

as a result of defining the above factors their values are
Bubstituted in the formula

where K 3H characterizes the significance of the invention fixed

by the patent.

The volume of scientific-technical developments of a givel-,
field in the time interval in question is determined from the

following formula:

I'

where Ni is the number of inventions with identical significance
factors, Kai is the significance factor of one invention, and i is
the number of inventions for which patents or author's certificates

are given over the time interval in question.

Then the average level of scientific-technical developments

is determined:

After determining the values of the average level Y
Cp.H-T

over the years for a sufficiently long time period we can reveal
the tendency of change in the average level and construct the

appropriate graph.
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In conclusion the subjectiveness of selecting the values of

the proposed factors in the absence of clarity in the formulations

should be noted. Without an additional substantiatiorA of the

series of the assumptions of the procedure it is difficult to

recommend it for practical use.
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