
PROBLEMS OF COST-BENEFIT 
ANALYSIS IN OPTIMAL PLANNING 

V. V. Novozhilov 

~INTERNATIONAL ARTS AND SCIENCES PRESS, INC. l:::rJ White Plains, New York 



Originally published as 

Pr~blemy izmereniia zatrar i rezu/'tatoJJ 
pn optimal 'nom planirovanii 
by "Ekonomika" Publishing ,House 
Moscow, 1967 ' 

Translator: Henry McQuiston 

Library of Congress Card Catalog 
Number: 69-10004 

Translation © 1970 by International 

Arts and Sciences Press, lnc., 901 North 
Broadway, White Plains, New York 10603 

All rights reserved 

Printed in the United States of America 

Second Printing 

CONTENTS 

Chapter 1. Formulation of the Problem 

1. Divergence Between Theory and Practice in Measuring Costs 
2. Modification of Value as the Consequence of Modification 

of Labor Costs 
3. Divergence Between the Theory and Practice of 

Measurement of the Results of Labor 
4. Significance of the Problem of Measuring Costs and Benefits 

Chapter 2. Optimal Planning and Its Controlling Nonns 

1. The Pioneering Role of Soviet Science in Creating the 
Theory of Optimal Planning 

2. Democratic Centralism in Management of the National 
Economy and the General Principle of Its Development 

3. Management of the Soviet National Economy Before the 
1965 Reform 

4. The Optimum in Economic Management - the Greatest 
Democratization with the Greatest Development According 
to the National Economic Plan 

Chapter 3. Measurement of Relative Effectiveness of 
Outlays of l..abor Without Measuring Their 
National Economic Effect 

1. The Effectiveness of Social Labor 
2. The Basic Rule for Comparing the Effectiveness of Outlays 

of Labor 
3. The Conversion of Alternative Projects to a Common Effect 
4. Examples of Adjusting Project Alternatives to a Common 

Effect 
5. Difficulties in Adjusting Project Alternatives to a Common 

Effect 
6. Adjustment to a Common Effect as a Method of Justifying 

Projects of Socialist Enterprises 
7. Implicit Forms of Adjustment to a Common Effect That 

Are Applied in Practice 

Chapter 4. Methods of Finding the Maximum Effect of 
Capital Investment in a Socialist Economy 

1. Initial Propositions of the Model of the Maximum Effective 
Balance of Capital Investment 

V 

2 

5 

8 
12 

19 

20 

24 

29 

32 

41 

42 

44 
47 

50 

59 

60 

62 

67 

68 

Виктор Новожилов Проблемы 
измерения затрат и результатов при 
оптимальном планировании



2. A Simple Example of Finding the Overall Maximum Effect 
of Investment 

3. A More Complicated Case of Finding the Overall Maximum 
Effect of Investment 

4. Alternatives Whose Effectiveness Can Be as High as Desired 
but Which Can Never Enter into the Maximum Effective Balance of Investments 

5. Solution of a More Complex Problem of Finding the Overall Maximum Effect of Investment 
6. Possible Inaccuracy of the Proposed Solution 
7. The Norm of Investment Effectiveness ~ the Index of Conformity of Individual Investments to Their Maximum 

Overall Effect 
8. The Need for Another Method of Finding the Maximum 

Effect of Investments Besides the Direct Selection of the 
Most Effective Investment Alternatives 

9. Potentially Optimal Combi.nations of Alternatives 
10. Why the Norm of Investment Effectiveness Cannot Be the 

Average Level of Its Effectiveness 
11. Conclusions 

Chapter 5. Principles of Measuring Costs 
1. Differential Costs 
2. Feedback Between Costs for Different Purposes 
3. Feedback Costs and Differential Costs 
4. The Range of Differential Feedback Costs 
5. The Measurement of Differential Costs as an Application of 

the Mathematics of Variable Quantities to the Calculation 
of Costs 

6. The Measurement of Differential Costs When Only One 
Kind of Resource of Production Is Scarce 

7. The Measurement of Differential Costs When Many Means 
of Production Are Scarce 

8. Actual Costs of Production and Mathematical Methods of 
Minimizing Them 

9. The Problem of Measuring Costs Under Communism 
10. Laws and Tendencies in the Development of the 

Measurement of Costs in a Socialist Economy 
11. The Measurement of Differential Costs in a Capitalist Economy 
12. Labor and the Conditions of Its Application 

Chapter 6. The Problem of the Maximum Growth of Labor 
Productivity (The Time Factor in Economic 
Calculations) 

1. The Role of Qualitative Analysis in Planning the Optimal 
Development Path of the Economy 

2. What Is the "Time Factor" in Economics? 
3. Indicators Necessary for Calculating the Time Factor 
4. The Adjustment of Costs and the Product to the Same 

Time as the Basis for Calculating the Time Factor 
5. The Basic Functions of Synchronous Comparison of Costs 

and the Product 
6. Calculation of the Time Factor in Determining the 

VI 

73 

76 

80 

85 
88 

89 

94 
lOI 

105 
108 

112 

115 
116 
118 
120 

125 

126 

133 

138 
143 

155 

161 
166 

174 

175 
176 
178 

180 

183 

li 

• 

Effectiveness of Outlays on the Production of Individual 
Products 

7. Thresholds [PorogiJ on the Path of Growth of Production 8. The Problem of Calculating Future Changes in the Norm of 
Effectiveness of Investment 

9. The Law of Economy of Labor and the Time Factor 
10. The Technique of Reckoning the Time Factor in Project 

Calculations 
11. Final Considerations 

Chapter 7. Norms of Effectiveness and the Useful Life of 
Means of Labor 

1. The Fundamental Difference Between Calculations of the 
Effectiveness of Replacing Existing Means of Labor by New Ones and Calculations of the Comparative Effectiveness of 
New Means of Labor 

2. Factors Reducing the Effectiveness of Existing Means of 
Lab or 

3. Fundamental Equalities Determining the Limits of Wear 
and Tear 

4. Finding the Optimal Useful Life of Means of Labor 
Without Consideration of Technological Changes 

5. The Rule of a Machine's Useful Life as a Multiple of the 
Periods of Wear and Tear of Its Parts 

6. The Optimal U~~eful Life and the Wear and Tear of Means 
of Labor as a First Approximation 

7. Optimal Periods of Wear and Tear of Parts and ~sscmblies 
8. The Optimal Useful Life of Means of Labor _ w1t~ R~.spect 

to Technical Obsolescence ("a Second Approxunahon ) 
9. Analysis of the Conditions Determining the Economic 

Limits of the Service of Means of Labor · 
10. The Optimal Useful Life of Means of Labor, with 

Consideration of Tech'nological Progress ("a Third 
Approximation") 

11. Measurin~ the Degree of Wear and Tear of Means of Labor 
12. Determining Optimal Useful Lives in Cases of Utilization of Worn Out Means of Labor for Other Purposes ("a Fourth 

Approximation") 
13. Under What Conditions Can Obsolescence Cause Harm'? 14. The Varying Influence of Technological Progress on 

Optimal Useful Lives of Machines and Their Parts 
15. Problems of the Practical Applications of Methods and Procedures Recommended by Us for Selecting Material 16. Obsolescence, Price Formation, and Payments for Capital 

Chapter 8. The Problem of Measuring Results of Labor in a 
Socialist Economy 

1. The Problem of the Comparison 
2. Minimizing the Cost of the Social Product and Maximizing 

Welfare 
3. McaKurcment of the Resulh and Effectiveness of Living 

Lab or 

VII 

187 
192 

199 
206 

208 
210 

214 

215 

216 

217 

218 

220 

225 
228 

228 

230 

232 
236 

239 
243 

244 

245 
247 

250 

251 

260 

263 



-
Chapter 9. The Law of Value and 

Planned Price Formation 

1. The Law of Value and the Problem of Optimal Organization of 
Management of a Socialist Economy 

2. The Law of Value as the Regulator of Production 
3. Foundations for Developing a Mathematical Model of Price 

Formation 
4. Socially Necessary Working Time 
5. A Series of Socially Necessary Costs and Its Most 

I~portant Characteristics, Given the Scarcity of Only One 
Kmd of Resource 

6. Socially Necessary Labor Costs Under Conditions of 
Scarcity of Several Kinds of Resources 

7. The Equality of Prices to Marginal Socially Necessary Costs 
and False Social Value ' 

8. Modification of Value 
9. The Fundamental Equality Determining Socially Necessary 

Working Time 
10. Tendencies in the Development of Socially Necessary Labor 

Costs and the General Law of Price Formation 
11. A Model of Differential Socially Necessary Labor Costs in 

Optimal Planning 
12. The General Formula for Price Formation 
13. Socially Necessary Labor and Prices in Models of the 

Development of a Socialist Economy 

Chapter I 0. An Answer to Criticism 

1. The. Version of . the Absence of Multipliers in Tasks of 
National Econom1c Planning 

2. O -t h er Mi und ersta nding s Based on the Incorrect 
Interpretation of Differential Costs 

3. Does the Use of the Method of Multipliers in Price 
Formation Contradict Marxism? 

4. The Fundamental Objection to the Use of the Method of 
Multipliers in Planned Price Formation 

5. Objections to the Use of Multipliers in Long- Term Planning 
6. M. V. Kolganov's Objections 
7. Self- Refutation by Critics 
8. Subs~ance as Form and Form as Substance (Concerning the 

Foreign Treatment of the Method of Multipliers in the 
Economy of the USSR) 

Chapter 11. Conclusion 

1. The Main Practical Conclusion 
2. The Main Theoretical Conclusion 
3. On the Discussion of Problems of Price Formation 

viii 

270 

272 
275 

276 
282 

284 

293 

294 
296 

300 

304 

310 
320 

324 

329 

329 

331 

333 

335 
337 
340 
341 

342 

354 

354 
356 
358 

CHAPTER 1 

FORMULATION OF THE PROBLEM 

Cost-benefit analysis is the key problem in economic science 
and practice. Problems of planning, economic calculation, 
distribution according to labor, and organizing management of the 
national economy are all interconnected in this key problem. The 
use of incorrect methods of cost-benefit analysis orients economic 
activity toward excessive expenditures and the pursuit of 
imaginary results, gives rise to contradictions between economic 
accountability and· the plan, and between the' interests of the 
enterprise and those of the national economy, hinders distribution 
according to labor, and obstructs democratization of management 
of the national economy and development of the creative initiative 
on the part of the working masses. 

The significance of cost-benefit methods is explained by the 
fact that the solution of any economic question - both general · 
ones concerning the national economy as a whole and particular 
ones affecting only a small section of socialist economics - is 
linked with cost-benefit analysis. Consequently, the correct 
solution to all questions of socialist economics depends on the 
correctness of cost-benefit methods. 

Naturally, considerable attention has been paid to the principles 
and methods of these calculations. Many books and articles have 
been written on questions of calculating production costs, price 
formation, measuring labor productivity , determining the 
effectiveness of capital investments, etc. Many scientific 
conferem:cs and meetings have dealt with these questions. 

However, all this enormous amount of work still has not led to 



a solution of the problem. Cost-benefit methodology comprises 
one of the most controversial problems of economic science. In 
practice the cost-benefit criteria that were applied long ago 
diverged from the conclusions of our economic science. In some 
cases this divergence occurred because practice outstripped the 
development of theory. In other cases practice lagged behind the 
level attained by science. 

1. Divergence Between Theory and 
Practice ·in Measuring Costs 

A~cord i ng to theory national economic expenditur s consist of 
labor and labor alone. In practice, however. the use of certain 
lim ited resou rces such as capital investments fixed and circu lating 
~apitaJ , and natural resources are taken in to accoun t in the 
composition of expend iture . This is understandable::. Every 
practical person k now that both costs and b n fits depend on the 
effective use of thee resources. It is important that limited 
resources be used most effectively. Consequ ently , norms are 
necessary for effective utilization. These norms require that, for it 
to be used , one or another limited resource should attain a result 
no lower than a specific level. Such norms were first app Ued by 
Soviet planners to provide the economit.: ba i for projec ts. Th ey 
eo n s isted of normative period of recoupmen t on capi tal 
investments and of normative 'oefUcien ts of effectiv ness for the 
utilizat ion of carce materials (for exam ple, nonferrous metals . In 
1958 t he pr inciple of applying norms of effectivene · of capital 
investment · in project calculations wa recognized a t the 
All-Uni n Scientific and Technical Co nJerence on Prob lems of 
De tcm1ining th conomic Effectiven ss f apital Inve tments 
and New Tech nology in the NationaJ Economy of the USSR . 

"The Stan dard Procedure fo r Determining the Economic 
Effectiveness of Capital Investments and New T echnology in the 
National Economy of the USSR" Gosplani.zdat 1960), developed 
on the basis of this conference's resolutions recommends, 
together with th fo rmula for a recoupment period , two fo rmulas 
for overall expenditures : 

( 1.1) 

( 1.2) 

where K is the capital investment for each variant: 
C is the annual production cost for each variant; 
T is the branch normative recoupmcnt period on capital 0 
investments ; 
E is the bran ch normative coefficient of effe ctiveness of 0 
ca pital investments . 

The standard procedure does not clarify the economic meaning of 
these formulas. It designates them as "overall expenditures," not 
explaining just which labor outlays are expressed in the products 

T
0
Cand£

0
K. 

The application of norms of effectiveness in project calc~lations 
paved the way for their introduction i~to th~ _opera~wns of 
existing enterprises. It could not_ be ot~er~1se. It IS mcons1stent to 
introduce a normative payment for cap1talmvestments (E 0 K) mto 
1 he operating costs of projected enterprises and no t to. incluoe it in 
L~xisting enterprises. Payments for capi~al wer~ e ta blish ed_ by the 
1965 reform. Still earlier the use m proJeCt calculat ions of 
coefficients of the scarcity of certain materials gave way_ to 
L·:dculation of scarcity in the increased prices of these matenals. 
Thus considerations of scarcity (via prices of materials) were 
ex tended to existing enterprises. 

Ilowever, the "legalization" of scarcity of resources as an 
ckment of costs made the question of the basis of this calculation 
-; till more critical. One of two things is true; either certain outlays 
or labor are the basis for increases in the prices of scarce goods or 
l ilesc increases distort the measurement of labor outlays. Either 
the normative effect of capital investments reflects labor outlays 
or it is not possible to add this quantity to production costs. 

So I uti on of these questions is necessary for practical 
( ;dculations: for computing norms of effectiveness of capital 
lllvcstment, capital payments, and payments for use of natural 
IL"sources. Although in practice there are no doubts about the 
IIL·ccssity for taking account of scarcity, in theory for a long time 
lllcrc was no doubt about the reverse. Although there are no 
dou hts in practice as to the necessity of calculating capital 
invcstmcnts as a special form of expenditures together with 
p10duction costs, this seemed to many theoreticians to be double 
rnunli ng. 

11 is true thal production costs incompletely reflect outlays of 
social lahor . Tllal part or l' XPl' ll<liturc > of live labor that creates a 
pHHillcl for socil'ly is nol taken into account in production costs. 
lkiWL' il 111iglll SL'L'Ill ll1al WL' lll'L'd lo suppk111enl production costs 



with a monetary expression of labor for society, distributing the 
surplus labor proportionally to wages. Such proposals have been 
presented in our literature by Academician S. G. Strumilin and 
others. However, the contrary is done in practice. Production costs 
are supplemented not by what has not been taken into account in 
them, but by those expenditures that are already completely 
reflected in them - investments in fixed and circulating capital. 
By adding to production costs the normative effect of capital 
investments according to formula ( 1.2), in actual practice we 
derive not value but a modified form of it similar to the price of 
production. 

The question arises: what conditions of socialist economics lie 
at the basis of this modification of value? 

Marx's theory of value examined only one modification of 
value, the price of production. Its formation was explained by 
specific conditions of capitalism - by competition among 
capitalists. Its formula reflects only the process of redistribution 
of surplus value via the interbranch equalization of rates of profit. 
It is not possible to explain the formation of the socialist 
modification of value in the same way. The socialist economy 
needs prices first of all for measuring the outlays of social labor. 
Consequently, it is not possible to explain the calculation of 
outlays according to the formula (1.2) for the formation of a 
general rate of profit , because at once the question arises, why is a 
general rate of profit necessary? What labor costs does it reflect? 
ln exactly the same way it is not possible to explain the 
introduction of payments for capital only by the desire to 
stimu]()te its better utiliza tion. On the contrary , if these payments 
do not reflect any real labor expenditures, th ey will stimulate the 
ineffective use of productive capital. 

The question of the introduction of payments for the use of 
natural resources arises in connection with the 1 965 economic· 
reform. The inclusion of a differential rent in calculations of 
production costs confronts economic theory with a question: On 
what basis must "false social value" be included in the costs of 
socialist enterprises? If the normative effect of capital investments, 
computed according to the formula E

0
K, can be interpreted as 

expenditures of surplus labor for expanding the productiOn ot a 
given product at rate of growth E , then in regard to differential 
rent this semblance of an expl<Pnation disappears. What labor 
expenditures reflect this element of costs of production of 
socialist enterprises? 

2. Modification of Value as the Consequence 
of Modification of Labor Costs 

It i cu to mary to think that ou tlays of socjal labor for each 
product can be redu ed to the labor expended in producing the 
l!iven and onl the given product. or ourse tltis does n t signify 
gene r a l agreement concerning just what costs consist of. 
\11arxist-Leninist theory teaches that costs ons· t only of labor 
~.: x penditures. Bourgeois economi t adhere to other vi ws. 
11 wever, in quest ions of computing the lab r co ts of a pr duct, 
even om upporte r of Marxist polit ical conomy pr ume that 
111 rei only on pres ion for labor costs nam ly, the Lab r used 
111 producing the given pr duct. 

The onvict ion tha t tl · expression of labor costs i lhe on ly 
possible one and therefore tbe unchangeable one is th maln 
nhstacle to further de elopmcn t of the theory of value and to 
pr gress in the sy tema tic us o f the law of value. Such a concept, 
wltich is neither historically nor dialectically correct, creates a 
·c 1 veni nt po ition fo r a superficial cri tici m of the labor the ry 

111' value. 1 This concept does not follow from the founJatio ns of 
Marxi t-Leninist t heory, however · moreover, it is incompatibl 
with Lbem. Tt arose only becau e the development of the practice 
nl ~.:o t measuremen t was in ufficien tly studied. Th experi nee o r 
socialist construction was not generalized. 

b ve all the concep t o r the independence of labor cost 
·xprcssions from th level of dev lo pment or th ocial economy 
do~.:s not correspond to dial ctic<tlmateriali m. 

1t mu t not be fo rgotten that the mea urement of social osts is 
;1 s >cial proces . rt presu mes the fo rmation of a mu ltitude of oci<li 
llllllll'>. sut:h 3 r rices, various charg~s. and norm for labor input . 
111 an unplanned economy value norms are detennined by th e 
111ark L. In a plann d economy, rhey are planned. Y t always, 
1111 kr any hi tori al condi tions, nouns for calculation of cost 
d ·pl.'ml on [he conLii t ion of th ocial economy - on its 
pHI Ju 'lion re lation hips and, speciall y, n the ocia l division of 
l.1hur. With U1e Lkvc l pment of the o ial division of Jab r, t he 
tnlnrd()fl nsh ip b' tween the exp nditures of diH rent link of 
,o · i:.~ 1 pr d u ti n ccomc complicated. This compli ca tion 
111lhu: n~~·' s cia l nDrn $ of expenditu res. They change no t only 
tplanlitativcly but also qu()lit()tively, according to the composition 
tll !IlL~ outlays lakl'll into account and according to the method by 
wll1cll I IIL'Y arL~ L:;lln1bkd. 

Till· lli~loricd ~·xanqdc ol such a d1allgt' is the transition from 



price formation according to value to price formation accord ing to 
price of prod uct ion. The expression of labor costs .in value was 
changed into their expression as a conver ted fonn of value. 

Neverthele s to those who are convinced of the invariability of 
fo rms of expre sio n of labo r eo t . the conve rted fom1s of value 
inevitably appear as a distorted expre sion of labor cost s. fn 
con equen ce o f this the entire process of development of social 
norms of expenditures appears as some sort of exception to t he 
laws of djalectical materialism. According to the e laws the proce 
of developmen t consists of a gradual, progressive movement fr om 
a lower to a higher level. There are no grounds for thin king t hat 
t he d eve lopmen t of ocial norms of expenditures is not 
subordinate to this la w. Yet if we consider that labor costs of a 
product are expressed only by the Jabor invo lved in the 
prod u tion f the given product, then the ent ire Jtistori al ~.:our e 
of development of cost nom1s proves to be no t a progressive but a 
reverse movement from a higher to a lower level. 

Indeed , the prices of goods tend toward value only in the age of 
simple commodity production . With the appearance of capitalism 
price begin to devia te systematically from values. ln this process, 
with the development of capitalist p roduction the e devia tions 
increase by virtue of inequ ality in the growth o f the organic 
composition of capital in differen t branche of prod uction. 

l t is even more ign ifican t tha t in ·ocialist pructit: also, outlays 
n a prod ucl are ca lculated not ac ·ording to its value, bu t 

according to a cheme Uw t mboclie systematic deviation fr m 
this value. 1t appears that un der ocial ism, when economy of labor 
b come more important than a t some previou time, labo r eo ·ts 
are measured I ss exac tly tha n eveJ1 und er fe ud alism. A trange 
"principle" em rge , namely, t he more fu ll y the law of economy 

f labor functions. the less ati fac tory is the measurement of 
outlay . 2 Thu , if the lnbor involved in prod ucing a produ t 
Ctccordi ngly, its value) i con id red as the sole expr ·sion of the 

labor cost of th e prod uct. then the developm n t of ocia l norms of 
costs seems incom patible with one of the most general laws of 
materialist diale tic . The choice is either that the development 
from a lower to a higher level is not a universal law or that the 
labor involved in producing an individual produ ct is not the sole 
expression of labor costs. 

How do we resolve this dilemma? Obviously we must give 
preference to the more general law- the law of dialectics. Further 
on we will become convinced that only by applying dialectics to 
the measurement of costs is it possible to overcome difficulties 

both in the explanation of history and in our practice of 
measuring costs. . 

The concept of the invariability of forms of measunng costs 
does not even correspond to Marx 's theory of value. According to 
this theory the methods of measuring social costs do not remain 
unchanged in practice. The exchange of goods according to value 
gave way to exchange according to prices of production. Although 
under the conditions of simple commodity production only the 
labor involved in the production3 of a given commodity was taken 
into account in measuring costs, under capitalism the costs of 
production and the price of any commodity became a function 
not only of the la?or involved in_ its production but also ?~ th; 
labor associated w1th the production of all other commodities. 
Measurement of costs according to prices of production is more 
appropriate to a hlgher degree of development than calculating 
costs according to values. 5 

Let us note, however, that the price of production is formed in 
Lhe process of competition among capitalists, in the process of 
equalizing rates of profit. On this basis the opinion was formed 
that under socialism a return to the calculation of costs through 
values is unavoidable. Yet this conclusion rests on the supposition 
that the price of production does not have any other basis than 
competition among capitalists. But this supposition does not at all 
rollow from Marx's theory. On the contrary, Marx asserted 
something else : that the price of production has a material b~sis, 
11 a 111 ely, a growth in the relative importance of one-time 
expenditures for the creation of means of production, especially 
implements of labor. 6 This basis is obviously more permane~t 
than capitalism itself. It remains in the socialist economy and Will 
remain even under communism. Furthermore, under the 
conditions of socialism and communism it becomes more 
developed th a n under capitalism. Experience in socialist 
nmstruction confirms this conclusion. 

In determining the effectiveness of capital outlays, of new 
kchnology, and of the work of enterprises, precisely those 
111aterial factors are taken into account that are considered by 
ea pi talist competition and that cause deviations of prices of 
production from value, namely, investment in fixed and 
L'irculating capital, the utilization of productive capital, 
L'Xpenditures of scarce means of production , construction time, 
l'lc . The introduction of payments for capital extends the 
t·a kula I ion or costs according to llle l'ortllula l'or modified value to 
till' sphL' J"l' of prin· fonnation and L'COIIOllliL: cakulation . The result 



~s t~at the absence of prices of production makes necessary other, 
mdirect procedures for calculating those labor costs that are not 
taken account of in value but are taken account of in the price of 
production. 

~et _if this i~ so, is not the price of production a specifically 
capitalist (and mcomplete) form of that expression of labor costs 
~hich is necessary in every highly developed economy, an 
mcomplete form of that expression of costs which is more 
important t~e higher the level of development and which can only 
be fully reahzed under communism? 

This hypothesis is prompted by the logic of Marx's theory of 
value .. In contra~t to. o~her theories of value, Marx's theory 
explams systematic deviatwns of prices from values with the same 
law of value. Even Ricardo, the most consistent of those who 
preceded the Marxist theory of value, believed that the relative 
value of goods depends not only on the labor expended but also 
on the time required for the circulation of capital (on the different 
longevities of elements of capital and on the different periods of 
turnover of capital). Marx demonstrated why and how under the 
conditions of capitalism a different center of gravity of prices the 
price of production, is regularly formed. Interbranch competition 
leads to this. If the theory is correct, then the price of production 
must be formed not only in the distribution process but also in the 
production process. This means that under the conditions of 
capitalism production must take into account not only those labor 
costs that are reflected in value but, in addition, certain other 
labor costs, i.e., the price of production must have its own labor 
substance. Finally, the same logic leads to the supposition that the 
formula_ for labor costs forming the substance of the price of 
productwn, the formula for the optimal price, and also the 
formula for value have something in common. This general 
formula for price formation must obviously reflect the law of 
value as a law of prices in any commodity economy. These are the 
hypotheses prompted by the logic of the theory of value and 
whose analysis is dictated by the requirements of our economic 
practice. 

3. Divergence Between the Theory and Practice 
of Measurement of the Results of Labor 

The problem of measuring the results of tabor is more complex 
than the problem of measuring the expenditures of this tabor. We 
saw that in methods of measuring expenditures our practice 

(above all, planning and project practice) proceeded ahead of 
theory, clearing the way for optimal planning. In the s~here of 
measuring results pra tice lagged behind the level attamed by 

science. 
It is well known that according to the labor theory of value 

results must be expressed in socially .nece sary tabor. Then 
comparison of socially nece sary costs for the production f given 
output with actual cost will reveal the degree of effectivene s of 
the actual costs. For example if actual costs are half the socially 
necessary ones, this means that tabor in the given production 
yields a result twice as large as is assumed according to social 

norms. 
Nevertheless, until the 1965 reform the planning of prices was 

the major bottleneck i.n organizing a sociali t economy . Methods 
of optimal planning w re partially used in planning production 
and in calculating expenditures but were not applied to price 
formation. Consequently, the ystem of prices diverged 
considerably from the law of value since the most exact use of 
this law finds its expression preci ely in optimal prices. According 
to the law of value only those tabor expenditures form value 
wh se product is socially necessary. If the product does not 
corr spond in quality or quantity to demand, part of the 
c x penditures made do not form value. In practice prices 
frequently did not atisfy this requirement. They were oriented 
mainly toward costs, as if every expenditure of labor created 
value. Naturally such prices contributed to the production of low 
quality products and goods which did not meet demand. 
Therefore the non correspondence of prices with socially necessary 
outlays hindered measuring the results of expenditures of social 
labor. In addition, the task of bringing p1ices clo e to Jabor costs, 
which is socially necessary in optimal plaJming, was complicated 
by the fact that socially necessary expenditures as they are usually 
understood form the substance of value, whereas prlc~ in optimal 
planning correspond to a modified fonn of value. Consequently 
bringing prices close to socially nece sary labor costs as they are 
usually understood is equ ivalent, as a ru le, to making them diverge 
from optimal pric . Here, naturally, one may surmise that sociaJly 
necessary labor eo ts have a dual expression. One lie at the basis 
or value and the other at the basis of it s modification in optimal 
planning. . 

A!lhough in measuring the results of overall expenditures of 
lahor (living and past) a divergence occurs between theory and 



practice, this divergence emerges still more strikingly in measuring 
the results of living labor. 

It is difficult to imagine a cruder error in economic calculations 
than confusing income with expense , benefits with costs. 
Moreover, elements of this error are contained in the most 
prevalent methods of measuring the results of living labor, namely, 
by gross output on a factory basis and by the quantity of 
produced output. 

In fact, an enterprise's gross output reflects the results of the 
work not only of the given enterprise but also of a number of 
other ente~rises, which have delivered means of production used 
for pr~d~cmg the first ente~rise's output. Accordingly, the 
enterpnse s gross output can mcrease as a result of increased 
consumption of means of production obtained "on the side." 
(Gross output. can be . viewed as the sum of an enterprise's net 
o~tput and of Its matenal expenditures.) This confusion of income 
with e~p~ns~ cont~ined in t~e plan indicator frequently led to the 
enterpnse s mcreasmg matenal costs to the detriment of the net 
product. Costs are easier to increase than benefits. This error was 
manifes~ed in extreme form in measuring fulfillment of the 
productiOn plan as a sum of actually consumed inputs (this 
occurred, .for example, in geological prospecting). 
~easu~g the results of an enterprise's work according to the 

weight of Its output suffers from a similar defect. It is well known 
that the weight of output depends not only on the volume of the 
net product of the enterprise's personnel but also on the 
consumption of materials purchased. 

Finally, the indicators used to measure the results of an 
enterprise's work suffer from the important defect that economies 
of past labor are not taken into account in them. But the 
consumption of past labor depends on living labor. Consequently 
economies (or overexpenditures) of past labor are a component 
~art of the results of living labor. Moreover, they are an extremely 
Important factor. The consumption of past labor forms, on the 
averag.e, four-fifths of the production costs of industrial output. 

It IS true that the consumption of past labor is taken into 
account in calculating the enterprise's profit. Until the 1965 
econ~m~c reform, however, the role of this indicator was unclear 
and limited. Oh the one hand, this was the most general indicator 
?f an enterprise's work. On the other hand, the assignm.ent to 
tn~rease profits often contradicted other important plan 
assign~ents (for example , the assortment plan) . Defects in price 
formatwn showed up here. In addition, profit did not properly 
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reflect such elements of the results of living labor as the use of 
fixed and circulating capital. The use of this capital influenced 
profit only to the extent thal it was reflected in producti?n costs. 
Moreover the connectjon between the use of cap1tal and 
producti~n costs is not an obvious one. An improvem~nt in t~e 
use of capital is accompanied in ome cases by a redu hon ~nd m 
others by a ris in production costs.7 This is preci~ely why It ~as 
necessary to suppl ment the indicator of pr?ductt~n costs with 
special indicators of the utilization of productive cap1t_al. 

Finally using the relationship of profits to pr~duct~on cos~s as_ a 
profitability norm was incompatible with logic. Wtth ~ nse m 
production costs, profits, as a rule, should decr~ase~ .not. m~rease. 

Thu , until the 19 5 reform , profit and profitabtbty mdtcators 
~u ffered from substantial defe t . 

Since a genuine overall indicator of the results of living labor 
was not available the pra tice was to use several indicators for 
evaluating the succes of an individual production link's wor~. The 
multiplicity of indicators hindered forming a general conclusiOn a 
to the degree of uccess in the production link's work and tl~ereby 
hindered payment a ording to thv results of lab.or .. tn ~art_tc.u1ar , 
becau e of the ab nee of genera! rule for wetgh.ing mdtvtdual 

111
cticator again t other oneR, qualitative indicators were 

undere. tirnatcd in comparison with quantitative ones, and a~ong 
t hC' qualitativ indicator those that conce~ed the use of fixed 
and circulating capital were usually tmdere tlmated . . 

The economic reform is introducing fundamental changes mto 
the system and methods of calcu lating indicators of benefits. 
These new method are more profound than those for the cost 
muicators, since the principles of optimal planning began to 
pen trate into the sphere of computation of costs even bef~re the 
rcf rm which cannot be said concerning the computation of 
indi ators of benefits. The 1965 reform is eliminating the 
~·valuation of an enterprise's work according to gross output by 
introducing for this purpose p rofitability calculated ~n the ba ~s 
of produ tive capital. The confusi~n of be~efits Wit~l costs 1s 
thereby being liminated and the mformatiOn capac1ty of the 
p1nlilabilily indicator is increasing. 8 ~n additio.n , ~1e syst~m .of 
price r nnation i b ing reorganized w1th the ob]ectiv~ of bnngJ.ng 
pric ·s d s r t the o ially nee ssary tabor cost.s .~.e. for _the 
purr{ s f l:nhnn ·ing pric sa carrier o.r econonu~ information. 

l,vn 11 c~d ·J with lh · p ·n ·ipl s f optimal planrung the 1965 
c.conomic reform should ulti n ut · ly bring pra tice and theory 
to1~dher in that sph~~rl'. in Wlli ·h th ' g.ap bclw n them wa 
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especially great - in U1e sphere of measuring benefits. Succes in 
this matter depends largely on the achievem nts of economjc 
science, sin ·e the problem or mea uring the be nefits of o iallabor 
is more complex and less tlevrloped tha n the prob lem of measudng costs. 

4. Significance of the Problem of 
Measuring Costs and Benefits 

Because of the complexity of economic interrelation Jlips 
lo ses caused by shortcomings in calculation of costs and b nefits 
affect a multitude of links. Therefore, it is not easy to notice and 
d fine them. If a worker spoils an article, the loss is obvious and 
easy to calculate. 1t is much more difficult to take account of 
losses from poor organization of a shop' or plants production 
although these losses can be mu h greater than U10se from rejected 
material. Yet the estimation of losses resulting from the 
application of incorrect methods of calculating costs and benefits 
is almost an impracticable task. We do not have in mind random 
errors in calculations of cost and benefits (these are not 
dangerous since according to the Jaw of large numbers, they will 
canceJ each other out in the mass of calculations), but rather 
systematic errors engendered by incorrect methods of calculating. 
Errors in the principles of calculating costs or benefits are factors 
that operate on a massive scale. An error introdu ed into a plan 
indicator takes on the force of law for all executor of the plan 
and acts upon millions of per ons, inducing them to consider an 
expenditure as a revenue and a reduction in the quality of output as a desirable result. 

We will present an example illustrating the nature of losses to 
the economy arising from the lack of a common norm of 
eff ctiveness of investment~. Let us assume that in some branches 
the design of proj et pr supposes a normative recoupment period 
of two years, wltile in others this norm is twenty years. 

Let there be two d sign proj ects A and B, relating to different 
kinds of production and with the following expenditures 
associated with variants of these projects (Table I). 
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that for each project all variants fulfill identical Let us assume . · · t f the ield identical output) and are Identical m erms o ~~~t~~ve elements of th~ir effect (la~or c:di~~s, ;1t~~;nE~~~ of the combinations of vanants of projects an w . . 
1 fulflll identical tasks. Furthermore, let ~s also agree that ~~d~tt~~t~ 

investments in both kinds of productwn are not ass?c1a 
9
e 

additional outlays of scarce types of means of ero~~ctwnf variants 
Let us examine the costs required by corn ma lons o . 

of A and B given the different normative recoupment penods: For 
11 < 2 years , for B ;;a. 20 years (Table 2) . 

l"omrosotion ol 
the combln3!10n 

Table 2 

l nves tme nt , 
in m illions 
of ru bles 

150 

LOO 

Prod ucti o n 
cos ts of an nual 

ou tpu t. 
ir. mi lli ons 
o l rub les 

1.:',:',.5 

100 

The first combination is formed if current outlays ofiJ:~ve;rmen~ 
in Jroducing Bare relatively constrained, and the se.cond lS orme ~·iv~n less binding constraints on pre~en~ outlafys o.f t~ves~m_;na~d B . W. ill now examine the combmahon o vanan s o . c w · nt penod that lllal is formed ~ivcn a ~encral normative rec~upme 
lies willlin I he ran~t~ of lwo to lwenly years (1 ahlc 3). 
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tl1e co111bination 

Table 3 

I nvcstme nt. 
in millions 
of ru hies 
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Production 
costs of annual 

output, 

in 111illions 
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Let us co-?lpare t~ ~mbination with th two preceding ones. 
~oth prec~din~ combmatwns are associated with large losses. The 
frrst combmatwn IA + ll 8 involves additional production costs 
of 22.? % for th~ same overall investment (compare the numbers 
unde~Jmed once m Tables 2 and 3). The second combination (I + 
Ills I? T~ble 2) requires an investment four times as large as the 
combi~atwn formed with a common recoupment period and does 
not yield any economies in production costs (compare the 
numbers underlined twice in Tables 2 and 3). 

We reca!l that the combinations compared yield identical 
ou~pu~. _This _means that those combinations that are formed with 
unJustified differences in recoup men t periods can cause net losses. 
Moreover, these losses can become enormous on a national scale. 

Thes~ losses are greatest when we are guided by minimum 
pro?uchon cos~s (or individual value) of output, because when 
capital expendi tures are limited , the principle of minimum 
p roduction costs is associated with the greatest differences 
be~ween recoupment periods for investment. Actual practice is 
gmded by branch norms for the recoupment period. Differences 
betw~en these perio?s are less than in the example presented. 
ReJahve over~xpend1tures on production costs and investment 
(caused by m correct determination of nom1s of investment 
effectiveness) is accordingly less than in our example. 
~e~erthe less, absolute overexpenditures pro babJy amount to 
billions of rubles yearly. 

Let us consider our example fu rther. 
I~ we examine separately the variants presented in Table I we 

no?ce that not one of them can be regarded as ineffective in itself. 
This m~s that if a given variant is "worse" than another _in 
P_roduction costs then it is "better" in te.rms of investment and 
VIce versa: There is no variant in th xamplc that is w re' than 
?thers _without some compensation. Yet it turns out that 
meffechve combinations of variants can arise from individualJy 
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effective variants. Accordingly, planners, each working in his own 
sphere, are not in a position to notice or to prevent economically 
ineffective combinations of variants in the national economy 
unless they are guided by a proper normative recoupment period. 

We have examined only one of the forms of losses resulting 
from the incorrect measurement of costs. But costs are calculated 
not just for determining the effectiveness of capital investment: 
the correct use of existing means of production, both reproducible 
and nonreproducible, also depends on cost calculations. 

Let us assume that the headings in our example have been 
changed. Instead of the heading "Capital investment, in millions of 
rubles" we put "Annual consumption of scarce raw materials, in 
thousands of tons," and instead of the heading "Recoupment 
period" we put "Consumption of scarce raw materials, in 
kilograms per ruble of savings in production costs." It then turns 
out that if the prices of the scarce raw material do not properly 
govern its use, combinations of variants arise that may require 
either four times greater expenditures of a scarce raw material (for 
lhe same production costs) or greater production costs with the 
same total expenditure of a scarce raw material. 

Similar examples could be presented for any means of 
production. Almost every means of production (a piece of land, a 
deposit of ore, a buildjng, a lathe, etc.) can be used differently and 
with varying effectiveness. In this process (just as with capital 
investment) ineffective combinations of variants can arise from 
individually effective variants of the use of each relatively better 
means of production. 

It is difficult to determine the scale of losses from insufficiently 
effective use of productive capital and natural resources. They 
probably significantly exceed losses from errors in calculating the 
effectiveness of investment, because annual investment constitutes 
only a small part of all productive capital. Our example illustrates 
those losses that arise in the course of preparing the plan, but 
defects in measuring costs and benefits also affect the fulfillment 
or the plan. Losses in this area stem mainly from discrepancies 
hdween economic accounting and the plan. 

It is well known that until recently plan assignments were by no 
means always reinforced by financial stimuli for their fulfillment. 
There arc profitable and unprofitable plan assignments. These 
discrepancies between the plan and financial considerations relate 
both to the question of what to produce (the assortment of 
outpul) and to the quL~stion of how to produce (with what 
111eans). In this way lhl' 111anagerial apparatus of the economy 



worked under an unnecessary burden in overcoming this self-imposed obstacle . 
There was a time when the di crepancy between e onomic 

accounting and the plan exempli1ied by the unprofitab le operation 
of a number of production units whi h were advantageous from a national standpoint was treated by certain economist as one of 
the dvantnge of ocialism over capitalism. This was true in the 
first stage of tbe socia1i t transformation of the national eco nomy. Thi is true even now in certain case (which will be 
discussed below). Nonethele s. the confom1ity of economic accounting wilh the plan is such an tmportant aspect of organizing 
the management of the economy that the degree of this conformity can be considered as the criterion of completeness of 
organization of this manag ment. Realization of the most important advantages of the socialist system depends on th extent of this conformity. 

Proportionality in developing the national economy can be 
complete only when that comp sition of output and those means 
of producing it that correspond to the na tiona l economic plan are 
also mo t advanlageou according to local economic accounting) 
indicators. In th opposite case it b comes necessary to have centralized determination of every enterprise's entire production 
program as well as of al l technical methods of producing all goods a situation that is not feasible. 

The growth of productivity of sociallabor can be greatest when 
local (economic accounting) advantage coincide with overall 
advantage, and local (economic accounting increases in benefits 
coincid with the growth of the national income. For under the condition of democratic centralism, the prin iple of max.imum 
benefits with m inimum co t s i fulfilled only to the ex t nt that 
partial mimimum costs are compatible with th overall mirni.mum eo ls, and partial maximum benefirs are ·ompatible with th e 
overa ll maximum ben fit . 

Distribution according to labor will be most complete when local indicators of the results of labor exactly reflect what each 
individual gives to society. 

Finally, what is mo t importan t : only under condit ions in 
whi ch there is a conformity between individual partial) indicators 
and the overall ones can the creative activity of th broad mas es have the greatest scope and the mo t correct directio n. T h 
Program f the PSU ha , se t tit task of th , great ·st pos. iblc develo pm nt f cl mo rat ic r umhti ns of manugcment to ether 
wi th th str'ngt h nin i.llld illlpr VCilll'lll r ' C' n l r<il it ' I SI 11· 

leadership of the national economy. But the ~xpansion of economic independence (of state enterprises, collective fa~s, and 
districts) is appropriate only for that group of op~ratlons ~or which local indicators of costs and benefits are coordmate~ w1th 
the overall indicators. In the opposite case th~ expansiOn of 
operational independence o~ enterp~s~s.' collective farms, and districts expands the possibility of utlhzmg local advantage .even 
when this advantage does not coincide with that of. the nah~nal economy. Such consequences are probable even 1f there 1s a conscious desire to subordinate local interests to the general 
interest. In order to actually subordinate local interests to the 
general interest we first need local indicators of the general 
interest. . · f This means th a t the most complete combmatlon. o 
democratization of management with centrali~ation is atta1.ne~ only when minimum costs from the standpomt o~ ~nterpnses 
economic accounting are compatible with overall mm1mum. costs and maximum local benefits are compatible with overall max1mum 
benefits. . . Thus, the degree of conformity of local (individual) ~nd~cators 
to the overall indicators actually can serve as the cntenon of 
optimality of organization of management of .th~ economy. '_fhe conformity of local indicators to the overall mdtcat?rs provtd~s 
the greatest opportunities for developing the workmg . peop.le s 
creative initiative in an optimal direction for all of so.ctety, L.e ., 
with adherence to optimal national economic proportion~ , wtth maximum growth of productivity of social labo_r, and w1th the 
best m aterial and moral incentives for the workmg pe~p!e. The problem of best using the creativ~ energy of the milh?ns of 
working people is , figuratively speaking, the .pro~~em ~f USlng the 
enormous internal energy of the "atoms of soCiety. The Importance or this problem can perhaps be compared to the importance or the problem of using atomic energy. Of course, the~e are 
slibstan tial differences between these two problems. In p~rhcular, · f t " are 1 lie reserves of internal energy of the " atoms o socle Y 
11 o l av ailable to every social system. They are completely availa?le 
to th e socialist system , and , accordingly , the methods of usmg 
1 ilcse reserves deserve the special attention of our science . 

liow should we set prices and economic accounting indicators 
so I hat economic calculation will serve as a reliable implement of 
till' plan? 
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Notes 
I. We have in mind what is called the "contradiction" between Volumes 1 and 111 f 

Das Kapttal. o 

_ 2. It is inter~sting tha t t~i s strnnge prin ·ip le was not observed in the development of 
s1mple c_ommod1ty productiOn. Accord ing to Engels, "the more com pletely simp le 
commod1ty produchon develops, the more average pric es for prolonged period not 
mterrupted by external fo rcibl e dis tu rbao es coincide with va lu es with an accuracy 
CO':f~Spondlng to a quan tity th at can he disregarded " (K. Marx a nd 1· . Enge l Soc.lr 2 d 
Ed11 1on, Vol. 25, Part ll ,p. 474). · " n 

3. T~e rtl.ad~~. hould bear in mind tha t for brevity Professo r Novozhilov expresses 
the concep ts of ta bor necessary for producmg a product" and "costs connected "th 
P,roduc1ng a p ro~ucl" with rl~~ words " lubor involved in producing a product"~~d 

Cosfs of produc1_ng a product. These abbreviated designations of the concepts named 
ha~e ~een used '" _ __all of ~rofcssor Novoz~ilov 's previous wor ks. nnd accord ingly the 
£d1 tonal Boa r~ co nSi dered u poSSJ ble tu re la m th em in this book 1 Edito ria l Do d 1 

4 Th f d . " ar . · . e prtce o pro uc llon is determined not on ly by the va lu e of the given 
commod u y b?t. a lso by the gross value of all commodities" (K. Marx and F. En 1 
Socii., 2 nd Ed1t1on, Vol. 25, Part 1, p. 225). ge • 

1 
. 5. "The exchange of go ds according to their valu es o r approximately according to 1 letr va_lu~s re41.11res . .. a much lower s tage th an exchange according to prices of 

M
productlo n , for wtu c h a rnther high s tage of capitalist development is necessary" (K 

arx and F. Engels, ibid .. p. I9J). · 
6. For more detail n thi s, see hnptcrs s and 9. 
7. For exam pi<!, a decrease in the si ze of a batch of articles in serial machine-buildin 

accclerale the rurnover of circ_ula~ing capital but raises production costs. g 
8. Ho~ev.er , ano the r plan •ntllca tor, rea li zed output, includes not only the result of 

nn e~ terpnse s work but also ma tenal expenditures. Accordingly it is not yet possible to 
cons1d er the problem of measuring benefit s as solved 

9. Th is condition is nec essary since in the oppo~ite case savings of production costs 
wfo uld be the re_sult not o nl y o f additiona l investment but also of additional expenditures 
o scarce matenals, etc. 
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CHAPTER 2 

OPTIMAL PLANNING AND ITS CONTROLLING NORMS 

The principle of an optimum arises from the economic laws of 
socialism. It is manifested above all in the fundamental economic 
law of socialism. No matter how the formulations of this law 
encountered in our literature may differ, in one way or another 
they are concerned with the maximum welfare of the working 
people and with the highest rates of its growth. This in turn 
presumes the minimization of labor costs, maximum effectiveness 
in the use of all material resources, optimal relationships between 
necessary and surplus labor, an optimal distribution of surplus 
I a bar among different uses, an optimal organization of 
management of the economy, etc. In this respect the laws of 
economics are somewhat similar to the laws of nature. Many of 
I h ·m represent movements or activities in accordance with 
L~x trcmal principles. An example is the propagation of light. Of 
course, an optimum in the economy differs substantially from the 
kind of optimum with which physics is concerned. Economic laws 
;trc historical in nature. Accordingly, the tendency toward an 
oplimum is manifested differently under different economic 
mnditions of place and time. 

The law of la bar economy dominates all human history, yet 
t·vny economic structure has rates of growth in the productivity 
or labor that arc specific to it alone. Socialism's rates are 
lltacccssihle to capitalism, and capitalism's rates are inaccessible to 
kudalism. In Lhe economy the principle of the optimum governs 
not only qu;m1i1a1ive n~la1ionships within the limits of a given 
slruclun· hut also qualitative dwngl's changes in production 
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relations. In Mar x's theory of economic development, aU of 
economic hi tory is regarded a a steady advance to ward the 
optimal social structure - communism . Marx de termined both the 
law conditioning thi movement (th e Jaw of correspond nee of 
production relatio ns to p roductive forces) and the factors 
const raining the action of th e principle o f the optimum . The Jaw 
of labor economy Li s at the basi o f the development of 
prod uct ive forces, and the law of correspondence of production 
relati on to produ ctive fore s lies at the basis of development of 
p rodu c t i on r e l ation . The reestablishment o f a distur b d 
corresponden e of production relations to the ta te of productive 
forces is dict ated by th law of Jabor economy. In tltis lie the 
profound meaning o f V. I. Lenin ' well-kno wn thesis tha t " in the 
fJn al analysis it is labor productivity that is the most significant 
most im portan t le rnent in the victory of the new sociai 
structure. " 

When the social structure begins to restrain the furth er growth 
of 1abor productivity (po sible with a given level of produ ctive 
forces), it is inevitably replaced by another economic structure 
one that corresponds to the more developed productive forces and 
therefore ensures higher rate of growth of la bor productivity. 
Henc it follows that the progres ive development of production 
relations i as normal as is the tendency to an increase in labor 
product ivity . Sooner or later this tendency breaks down those 
form s of social relationship that obstruct it and find s new forms 
that make jts realization possible. While the development of 
p rodu c tion rel a tions p roc eed e d sp ontaneously and by 
uncontroll ed routes, in presocialist struc tures under socialism 
th ere aro e not only the poss.ibility but aJso the economic 
n ces ity of con trolling the development o f production relations. 
In accordan ce with this, planning the Soviet economy was 
perm eated from the very b ginning with the principle of the 
optimwn. Naturally , however, at vario u stages of developmen t of 
the socialist economy this princip le was realized in a nonuniform 
way in various spheres, in different degrees, and by different 
methods. 

I . The Pioneering Role of Soviet Science in 
Creating the Theory of Optimal Planning 

In the first years after the October Revolution, the operation of 
the principle of the optimum in the economy was expressed 
mainly by the qualitative transformation of production relations. 

'() 

A rise in the relative importance of the socialist sector in the 
national economy formed the basis for achieving high rates of 
labor productivity in the future. Even at the beginning of socialist 
reconstruction of the national economy there arose quantitative 
problems involving the principle of an optimum, such as problems 
of a long-run maximum rate of development, an optimal 
rclationsltip between consumption and accumulation, and the 
most effectiv e distribution of capital investments among 
construction projects. The decisions of the Fifteenth Congress of 
l he All-Union Communist Party (Bolsheviks) contain not only the 
rorrnulation of these problems but also instructions on the means 
of solving them. 

New problems posed by the socialist transformation of the 
l~conomy gave a powerful impetus to the development of 
l' conomic sc ie nce. Consequently , Soviet economic science 
systematically outstripped bourgeois science in formulating and 
solving new economic problems. Thus, even in the first half of the 
1920s, our economic science posed and solved those specific 
pro b 1 ems of planned reconstruction of an underdeveloped 
l'conomy that began to be discussed in bourgeois science a good 
quarter of a century later. In solving these problems bourgeois 
science very often "discovered" truths that had been discovered 
long before by Soviet economists. 1 

In the 1920s the first chessboard-type balance of interbranch 
von nections for 1923-1924 was prepared by workers of the 
( 'cntral Statistical Administration, anticipating the input-output 
:111alysis developed by W. Leontiefin the USA. 

In practice , we realized, at the end of the 1920s and the 
lwginning of the I 930s, the necessity o f taking into account 
v:1rious constraints involved in microeconomic problems by use of 
IIIL~ principle of the optimum, such as capital investment 
mnslraints, the limited availability of the best natural resources, 
;uul I he scarcity of a number of materials. In scientific discussions 
, "11vcming these problems a basi cally correct solution in the form 
, >1 ll1c appli ca tion of coefficients expressing the normative 
··I kl'livc11ess of utili zation of scarce resources had already been 
p111jl'cll'd. The need for these norms was confirmed later by the 
llw1 1ry ol' optimal planning. 

i"inally, it was in our country that the basis was laid for 
1n;illil~lllalical methods of optimal planning. L. V. Kantorovich's 
W()l ks preceded the development of linear programming abroad (in 
IIH· l JSt\) by almost ll~ll y~~ ars. 

Thus lhe principll's and 111dhods of optimal planning were first 
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developed in the first country with a planned economy. This was 

entirely to be expected. 
In the 1930s the system of management of our national 

economy wa s reconstructed. Centralized direction was 

strengthened. Centralization was then objectively necessary for 

rapid industrialization under conditions of limited resources (the 

more limited are resources in comparison with the demand for 

them, the more important is centralization of their distribution). 2 

But, as usually happens, the centralization entailed excessive 

"costs." In planning practice these "costs" were expressed in the 

form of insufficient recognition of the laws of economics (i.e., by 

voluntarism in planning) . In the sphere of economic science the 

costs of centralization were reflected in the development of 

dogmatism and in the tendency to limit the functions of economic 

science to tasks of explaining and propagating existing practice. Of 

~ourse, ~uring this period our science also continued to develop. It 

IS sufficient to recall that in 1939 L. V. Kantorovich's first work 

on linear programming was published. At the same time the 

development of problems of planning capital investments and their 

most effective distribution among various uses also continued. 

_Nevertheless, the new ideas were assimilated slowly by our 

science ~d were also put into practice slowly. In particular, 

mathematical methods of optimal planning were scarcely applied 

for twenty years in economic research or in planning, and 

therefore were weakly developed. A discussion on whether norms 

of investment effectiveness were needed was drawn out for three 

decades. As early as the end of the 1920s and in the 1930s some 

Soviet economists and engineers proposed the idea that the 

planning of capital investments should be directed toward 

achieving the maximum overall effect of all capital investments in 

the national economy. For this purpose it was proposed to include 

in_ ~roduction costs a payment for capital corresponding to its 

mtmmall_Y acceptable effectiveness. In the 1940s this payment was 

substantiated by the mathematical theory of optimal planning. 

However, a norm of effectiveness of capital investments was not 

recognized by us for project calculations until 1958. Payments for 

~apital are bein~ introduced into economic calculations only now, 

m the course of Implementing the 1965 economic reform. 

A_s we see, the introduction into the economy of the 

achievements of Soviet economic science and of Soviet 

mathematics has extended over at least two unnecessary decad es. 

At present twenty years mean much in science. Two-thirds or all 

scientific kn owledge accumulated by mankind is the result or the 
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last two decades. 3 Of course. this is a rough estimate. Y t there is 

110 doubt that the rate of development of economic scitmce until 

the 1960s lagged behind the progres of mathematics, natural 

"·ience, and technology. ln connection with this, th organization 

nl" the socialist economy was 110t adapt d in time to the new 

conditions of development of productive or e ·. he lag in 

· ·onomic cience was also expres ed in the rates of utilization of 

I he results of other sciences in raising our economy and culture. 

As is well known, the achievement of science and technology are 

si ill being slowly introduced into otrr national economy. The slow 

i11troduction of the results of clenlifit; re earch in turn hinders the 

l11 rther development of science. 
A turning point in the development of economic science has 

.Jircady occurred. It began eight or nine years ago. At that time 

I here arose and rapidly developed a movement for the application 

>r new mathematical methods and cybernetics in planning and 

n~onomic research. In recent years increasing attention has been 

p.liu to the question of involving other science (sociology, 

fi"Y hology) in working out economic problems. To make up for 

lqsl time is difficult but, having the advantages of accumulated 

,. p -rience in planning the national economy and favorable 

11h j dive condition for development, Soviet economic science can 

l lt'Lt me in the near future one of our most important productive 

lu1 ' \.!, • 

I Lhe present time, outlays on the development of economic 

ll'nce are probably more effective than outlays on any branch of 

na I uraJ science for we must add to the direct benefits from the 

1111 r ducti on of the achievements of economic science indirect 

lwm:fits from the best introduction into production of the 

.u hi v ments of other sciences. 
The direct benefits of economic science are most often 

IIH':tsurcd by cost savings achieved by improved methods of 

plann ing or organizing production. As experience in the 

.1ppl1 ·uli n of methods of optimal planning for the solution of 

pl.1111 untl branch problems demonstrates these benefits exceed by 

lll iiiiY times th oosts involved in the formulation and solution of 

lilt·. 'l' pr blcm . conomic science can yield still greater benefits 

hv I ·vd< pjn • a sy em of management under whi hall enterprises 

Wtlll ld I • intcrestetl in preparing and fulfilling optimal plans and in 

tpplvmp new t chnology and the best methods of economic work. 

11 I ~"> 11 l <H: ·idenl lha l w b •ga n the creation of mathematical 

lllt· lltod: >I" optimal plannit11' in · nnecti n with the theoretical 

•I dlu1a11ou ol lllo. • auxilt :u·y 11 Htns >I" d"f ·t ivencss of scarce 

) \ 



-
resources - norms of investment effectiveness, L V. 
Kanto~ovi~h 's resolving multipliers - that are ueces ary for 
coordinatmg economic calculation with the plan, and for 
coo!dinat:ing individual interests with social ones and special 
optima With the overall optimum. 

2. Democratic Centralism in Management 
of the National Economy and the 
General Principle of Its Development 
At first glance the system of management of a socialist 

econ?f!!Y can b~ represented as the product of the voluntary 
creativity of legislators and administrator . Consequently, the 
replacement of one arrangement of economic management by 
another often s ems like the correction of previously tolerated 
errors or insufficiently successful decisions. However, this is only 
the external aspect of the matter. [n essen c the organization of 
economic management is subordinate to the objective economic 
laws of socialism. Any nonconformity between the system of 
economic managen ent and the e laws causes consequences that 
sooner or later compel u to change this system in order to attain 
its greater conformHy with objective economic laws. 
. The . development of a system of economic management, 
Includmg methods of measuring costs and benefits is a 
law-governed process. ' 

ln the first stages of ocialist construction, [ m1s of management 
of the economy were selected purely empiri alJy, by means of 
repeated corrections of new dis repancie arising in practice 
between the organjzation of management of the economy and 
economic laws. From tllis came the frequency of rearrangements 
of forms of organization of planning and management. ". . . Not 
one reasonable socialist who has wdtten about future pro-pects 
ever had ~1 mind that we could immediately pul together and 
assemble, m a single stroke and according to previously given 
orders, forms of organization for tlte n w ociety," 4 wrote V. I. 
Lenin in 1918. Consequently. ·repeated alterations a11d trials in 
practice of different systems of management and of different 
norms for the imposition of discipline are unavoidable .... "s 

Only in proportion to the accumulation of experience does tbe 
po ibility arise of studyin the principles of development· fa 
sy~te~ for managing a socinlis t economy. Know ledge of lhese 
prtnC1p1es Op n · the way to the planned illlprovcmen l f the 
system of mana emcnt. Task r tmulull'd in Lhis sphnl' hy th • 
Program of the PSU ·m· 1111 r • :~nil. pa•l or lht· plan rl r ,·r~·ating 

'· I 

lhe material and technical basis of communism. Their content 
reflects the most important principle of development of 
lllc system of economic management - the two-sided 
development of democratic centralism. " Communist construction 
presumes the greatest possible development of democratic 
I oundations of management together with the strengthening and 
improvement of centralized state direction of the national 
,·conomy." 

The principle of democratic centralism, formulated by V. l. 
Lenin as early as 1918, has been applied in one or another form at 
a 11 stages of socialist construction. Even in the years of 
intervention and civil war, when specific circumstances required 
strict centralization in the distribution of scanty resources, local 
bodies had certain rights in the sphere of managing local industry 
and of control over large, centrally subordinated enterprises. It is 
remarkable that the functions and powers of local Councils of the 
N ;1 tional Economy were expanded even at a time, 1920, 6 when 
I he problem of liquidating the monetary system was formulated. 
lltesc facts show that democratic centralism is the only possible 
principle of management of a socialist and, probably, a communist 
t·eonomy. 

This proposition is confirmed and explained by cybernetics. A 
11;1lional economy is a very complex stochastic system that is not 
s11hjcct to description in all its details. "In order to obtain the 
possibility of managing such systems we must provide a 
controlling mechanism capable of fulfilling functions that are not 
dear to us although we are building this mechanism ourselves. A 
n~gulator with feedback can fulfill precisely these functions. . . . 
!\ regulator with feedback guarantees compensation of 
dislurbances not only of a specific kind but also of any possible 
d 1slmbances. " 7 This kind of regulator must keep track of the 
v ;1l u e s of certain variables (for example, the amounts of 
111oduction of each product, the profitability of production) and 
;1,·1 upon the system in such a way as to prevent significant 
tkviations of these variables from their prescribed (normative) 
v;d llt:S. 

The laws of commodity-monetary relationships, characteristic 
111' socialism, perform the role of regulators in a socialist economy. 
('ommodily production is capable of sustaining a certain 
pllljHJrtionality among its elements only on the basis of a 
kl"dhack. Under capitalism the conformity of production to 
dt"lll;IIHI is exprl~SSL~d in lite equality of the market price and the 
111in~ of produl'iioll. !\ SllrpltlS (or shorlagt:) of production in 



comparison with demand causes deviations of market prices 
from prices of production that stimulate industrialists to reduce 
correspondingly to expand) production. The general rate of profit 
is the regulating variable. The feedback mechanism is directed 
toward sustaining profits at a certain level. Nevertheless, as is well 
known, this regulator (the law of value) works very slowly in the 
most important economic processes, and consequently allows deep 
disproportions extending all the way to cyclical crises. Frequently 
a lengthy interval of time ensues between the decision of a 
particular businessman and the market reaction to this decision 
(the feedback). During this interval similar decisions may be taken 
by other businessmen. This interval of time is especially long when 
production is being expanded through capital investment, 
that is, by constructing new enterprises or reequipping existing 
ones. The later the market consequences of businessmen's 
decisions are discovered, the greater is the probability of the 
appearance of disproportions. Therefore, periods of upward 
movement of capitalist industry which are linked with the 
introduction of new technological means of production terminate 
in crises of general overproduction. 

The great length of time required for feedback to operate is a 
substantial defect in a system of commodity production. 
Consequently, the organization of the management of a socialist 
economy in the form of commodity production by autonomous 
and self-managing enterprises is clearly inappropriate. In such a 
case the possibilities of centralized planning and regulation would 
be completely unused. And yet these possibilities are considerable. 
No matter how complex a socialist economy is, it lends itself to 
study of its essential elements and their interrelationships. Their 
stochastic character can also be taken into account by using 
statistical methods. A knowledge of the essential elements of the 
economy and of the interrelationships among them opens the way 
for constructing a concrete quantitative model of its optimal 
development, i.e., for constructing a national economic plan. ln 
this model one must necessarily determine those elements and 
interrelations in which feedback in the form of 
commodity-monetary relationships operates most slowly. These 
include plans for technological development, capital investments, 
and the development of heavy industry. Commodity-monetary 
relationships can then be used for elaborating and adjusting the 
plan (with due regard for unforseen changes in the situation). 

Thus, democratic centralism presupposes a planned utilization 
of the law of value as an automatic regulator, i. c., as a regulator 

with feedback. Such a system of management was basically 
created at the very beginning ofNEP, consisting of the plan and of 
economic calculation. Joining the two regulators into one system is 
a bold idea. It seemed to many economists (both here and abroad) 
that a plan and economic calculation were as incompatible as a 
plan and spontaneous processes. History, however, has shown the 
vitality of this system. It has withstood tests under the most 
difficult conditions. At the same time the possibility and necessity 
of more strictly coordinating economic calculation and the plan 
gradually emerged. An economy cannot be managed by two 
uncoordinated regulators. If the economic decisions of individual 
production units are based only on economic calculation, the 
plan loses its directive character to some extent. If, on the other 
hand, economic decisions are based only on plan directives, 
economic calculation loses its force. 

Thus, with insufficient coordination of economic calculation 
;111d the plan, either the plan or economic calculation assumes a 
formal character. 

These two types of interrelations between the plan and 
l·conomic calculation are not just theoretical possibilities. 
I kpending on historical conditions they can become separate 
phases in the developme,nt of a system of management. 

We can perhaps consider the NEP period as the first phase. The 
system of planning the national economy was then only being 
lormulated. Its methods were still incomplete. The constant and 
l;1rcful calculation of market relations, the mastering of these 
1l'lations, and the corresponding construction of an economic 
;1pparatus then represented the most important problems of 
l'U)nomic policy. 

The second phase begins when the scientific level of the 
planning system is sufficiently high for administrative methods of 
111anagement to be used, but insufficient for the extensive use of 
l'conomic methods. 

Such a situation arose in the period of socialist reconstruction 
ol' lhe Soviet economy and was retained with some changes down 
lo the reform in progress now. The tasks of reconstructing and 
huilding up the power of the Soviet economy were so vast and 
111gent that they could be solved only by the planned 
( ( ,ncentration of forces and resources. Therefore, when there was 
;1 nmnict between economic calculation and the plan, the former 
had lo yield. 

( 'lHlHii11;1iing l'l'llllOIIIiL' c;ill'lilalion will1 the plan cll1d joining 
IIICIII into a singk rcv.ulalor or production is a most difficult 
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problem. This is the central problem of orgamzmg the 
management of a socialist economy on the road to communism. It 
is so complex that its solution can only be gradual and 
approximate. It is so important that the extent to which it is 
solved must be considered as the criterion of perfection of the 
system of managing the economy. Under an optimal system of 
management the operation of economic laws (including the law of 
value) is directed toward fulfilling tasks established in the plan. 
Knowing the quantitative dependency of prices on those 
conditions that lend themselves to plan direction, it is possible to 
change these conditions so that the law of value assists rather than 
counteracts the realization of plan proportions. In such a situation 
the case proportions dictated by the law of value coincide with the 
planned ones. 

It would be incorrect to consider that in this case production is 
regulated by the law of value. The law of value operates in a 
planned economy as an independent regulator only when it 
counteracts planning. 

If planned prices are set contrary to the law of value, this law 
will give rise to disproportions and to expenditures of effort by 
economic management to overcome the resulting disproportions. 
When the law of value assists planning, it plays the role of a 
subordinate, auxiliary regulator. The plan, as the form in which 
the requirements of the system of economic laws is realized, serves 
as the basic regulator of proportions in production. Hence it 
follows that the basic task in improving economic management 
consists of coordinating the regulating functions 
of commodity-monetary relationships with the planned regulation 
of a socialist economy . 

The possibility of coordinating economic calculation with the 
plan, and local with general advantage, has been demonstrated by 
the theory of optimal planning. 8 Optimal prices coordinate 
economic calculation with the plan, and profitability with national 
economic effectiveness. On this basis it is comparatively easy to 
construct a system of incentives in which the interests of each 
enterprise and each worker would coincide with the interests of 
society. The first and most complex condition for strengthening 
material and moral interests in the results of production is the 
coordination of profitability with the plan, the individual unit's 
economic advantage with that of the national economy. It is 
appropriate to stimulate material incentives only by the use of 
those indicators in which local advantage also reflects the general 
advantage. In the opposite case stren!!,thening the material 
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incentives of executors of the plan can lead to attempts to use 
local advantage to the detriment of the general advantage. Moral 
incentives to achieve high indicators are also beneficial only under 
the condition that these indicators reflect the national economic 
effectiveness of an enterprise's work. 

Coordinating economic calculation with the plan gives the plan 
a new quality and new force. The plan-directive becomes an 
economic imperative for all its executors. Only on this basis can 
the broadest democratization of economic management be carried 
out in the future , consisting of the ultimate transformation of the 
planning and accounting agencies into organs of social 
self-government. 

The basic line of subsequent development of the system of 
direction of the economy is from the plan-directive to the 
plan-economic imperative. 

3. Management of the Soviet National 
Economy Before the 1965 Reform 

An optimal system of management can be realized only with a 
sufficiently high level of development of productive forces, as well 
;1s of computer technology , mathematics, and economic science. 
The system of economic management before the 1965 reform was 
rar from an optimal one. As we saw, the methods of calculating 
certain summary indicators were erroneous. Nonetheless , great 
historic tasks were solved with this system of management. 
< 'onsequently there can hardly be any doubt that in its time this 
system of management basically corresponded to the state of 
productive forces and political circumstances. This system 
l~mcrged in the period of socialist reconstruction of the national 
l'conomy. Despite frequent reorganizations, its l;lasic features were 
lt·.Lained until recently . 

In the period of socialist reconstruction of the national 
l'corwmy the tasks of economic management were much simpler 
than they are now. The structure of the national economy (the 
lllllnbcr of different branches and enterprises) was less complex. 
l'ltere were great possibilities for the extensive growth of 
production. The transition from hand labor to advanced 
ll'cltnology ensured a considerable growth in labor productivity 
l'Vl'n with planning decisions that were not optimal. Finally, the 
living standards of the people were still low , and the composition 
111 their consurnption fund was comparatively simple. 

In a st•nst~ all thl'sl' conditions facilitated the centralized 



management of the economy. In addition, centralization was 
historically necessary. Only it could ensure the highest possible 
rates of socialist reconstruction, which were obligatory in the 
circumstances of capitalist encirclement and threatening war. 
Centralized management of the economy made it possible to 
concentrate our strength and resources on decisive tasks, such as 
the creation of heavy industry and of cadres capable of mastering 
new technology, etc. 

In the postwar period the conditions for development of the 
productive forces changed substantially. The structure of the 
national economy became more complex. The number of 
branches, enterprises, and construction projects increased. The 
variety of goods manufactured increased. The sources of extensive 
growth of production diminished. The significance of 
intensification of production grew, i. e., the significance of raising 
the efficiency of utilization of all resources, such as labor, 
materials, productive capital, capital investments, and natural 
resources. The rates of technological progress increased and the 
tasks of choosing the economically best variants became more 
complicated. With the growth in the workers' well-being their 
needs became more varied, more changeable, and more 
demanding. The tasks of economic management became 
extraordinarily complicated and transcended the possibilities of 
the former centralized system of management. lt became 
necessary, on the one hand, to broadly democratize economic 
management, to involve the mass of workers in the search for new 
reserves of growth of productivity in solving tasks of technological 
and economic development, and, on the other hand, to reorganize 
the centralized direction of the national economy on the basis of 
new mathematical techniques and computer technology. 

However, the attempts undertaken before 1965 to carry out the 
further democratization of economic management did not yield 
substantial results. The reorganization of management of industry 
and construction carried out in 1957 was confined to territorial 
decentralization. The extent of the enterprises' operative and 
economic independence did not undergo substantial changes 
despite the fact that expansion of this independence was urgently 
required in practice. Tasks that had been projected in the course 
of organizing the Councils of the National Economy were likewise 
not accomplished, such as strengthening economic calculation, 
raising the role of profits, and increasing the material inkresl of 

enterprises in the results of their production. The accomplishment 
of these tasks was hindered by the system of measuring costs and 
benefits that had emerged under conditions of strict centralization 
of management of the national economy. 

The task of coordinating profitability with the plan and of the 
individual unit's economic advantage with national economic 
effectiveness was not posed. Prices were mainly oriented toward 
the costs of producing goods and contained neither normative 
profits relative to productive capital nor differential rent. The 
quality of output and the demand for it was insufficiently taken 
into account in these prices. Such a system of prices and other 
norms for calculating costs and benefits contains much less 
economic information than is assumed in the theory of optimal 
planning, and - we anticipate here a subsequent discussion - in 
the theory of value. Such prices do not inform the enterprises 
:1bout what is to be produced (since with these prices the 
production of equally necessary goods is of varying profitability), 
nor about the necessary quality of this output (prices do not 
properly reflect the quality of goods), nor about the socially 
necessary limits on costs of production. With no charge for capital 
investments, with the absence of payments for the use of 
productive assets and natural resources, the system of social norms 
lor calculating costs and benefits also does not contain 
information about how material resources are to be used and what 
1 he minimal level of effectiveness of their utilization should be. 

Thus, before the 1965 reform, the law of value was used in our 
planned economy more in appearance than in essence, and more in 
lorm than in content. Naturally, under such conditions economic 
accounting at enterprises was in many respects a formality. 
Administrative methods of management prevailed over economic 
( •nes, the work of enterprises was regulated by a large number of 
plan indicators, and the independence and initiative of enterprise 
t·ollectives were limited. 

lt could not be otherwise. When prices and norms of 
~·tlectiveness of resources do not yield the information necessary 
t (H. economic decisions the missing information must be given in 
the form of an administrative order. Since the information 
('Ill bodied in prices often diverged from the plan-directive, this 
di ll'cl ive had to be reinforced by sufficiently vigorous sanctions. 
lint as the economic experience of many centuries demonstrates, 
;u 1111 in is I ra livL~ san cl ions a re a less effective stimulus to production 



than economic or moral incentives. Moreover, the advantages of 
relying on individual interests are greater the more the results of 
labor depend on the creative initiative of the worker. 
Consequently, with the increasing role of science and 
technological progress the inadequacy of purely administrative 
methods of managing the economy became increasingly apparent. 

However, in the complex system of the modem economy it is 
not easy to achieve an exact linking of each worker's individual 
interest in the results of his work with the interests of the entire 
society. The interrelationships between the costs and benefits of 
different production units are now so complex that measuring the 
results of the labor not only of each worker but even of an 
enterprise as a whole has become a most difficult task. This task is 
much more difficult than the one that arose forty-five years ago 
during the transition to NEP, when V. I. Lenin wrote that "it is 
necessary to base every large branch of the national economy on 
individual interest." The new 1965 economic reform is a large step 
forward on the road to communism. It corresponds to the basic 
principle of development of the system of managing a socialist 
economy, namely, the two-sided development of democratic 
centralism. 

There are now opportunities for improving the organization of 
our economy that were not even dreamed of during the NEP 
period. New mathematical methods of optimal planning have been 
elaborated. Foundations have been laid for the theory of managing 
complex systems (cybernetics). High-speed electronic computer 
technology has been invented and has attained a high level. These 
new scientific and technological resources permit us to achieve 
success in coordinating economic calculation with the plan and the 
interests of the enterprise with those of the national economy. 
Therefore, the economic reform now in progress can become an 
important stage on the road to the gradual transformation of the 
plan-directive into the plan-economic imperative, i. e., into that 
directive the best fulfillment of which coincides with the 
individual interests of all executors. 

4. The Optimum in Economic Management -
the Greatest Democratization with the Greatest 
Development According to the National Economic Plan 

It is easy to expand the rights of enterprises. lt is much more 
difficult to coordin<Jte the interests or enterprises with those of 
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the national economy. A complex system of measures is required 
for this. Democratization of a planned economy presumes 
optimizing the planning of production, optimizing price 
formation, and optimizing economic calculation and distribution 
according to labor. All these tendencies are interconnected. 
Obstructing any of these obstructs the coordination of individual 
interests with general interests. The optimization of planning is the 
main principle in this matter. This follows from the theory of the 
duality of mathematical programming. Optimal prices can be 
found after finding the optimal variant of the production plan, 
and simultaneously with finding this variant; but it is impossible to 
find them independently of the optimization of production, for 
the optimality of prices consists precisely in their conformity to 
optimal production. Prices must stimulate the realization of 
optimal production proportions and the minimization of costs in 
the economically oriented organization of plan fulfillment. 
Consequently the planning of prices must be closely connected 
with the planning of production at all levels. 

At the level of national economic planning optimal prices will 
naturally pertain to highly consolidated groups of goods and 
resources. One of the most general norms used for calculating 
outlays and establishing prices - the norm of effectiveness of 
c<Jpital investment - is determined at this level of planning. The 
transition from consolidated prices (the sum of prices for a group 
of goods or price indices) to optimal price lists and norms of 
profitability of specific kinds of resources is still an unsolved 
problem. 

The planning of prices would be most closely connected with 
I he planning of production if the detailing of planned prices was 
done together with the detailing of production plans, i. e., if the 
consolidated prices and norms of effectiveness of resources in the 
national economic plan were divided up into smaller groups of 
J•,oods in the course of branch planning, and, finally, if this was 
done for the prices of individual goods (price lists) in the course of 
planning associations' and enterprises' production. 

0 ptimal prices are the basis for optimizing economic 
calculation. Norms of profitability of fixed productive capital 
lllust be determined by proceeding from these prices. For 
l·irculating capital this norm must be close to the norm of 
l'rkctivencss of capital investment. Norms of effectiveness of fixed 
( ;1pilal must differ hoth by enterprises and (with subsequent 
d l"l :1 i I in g) h y I hl~ kinds of fixed capital. The normative 
profilahilily or diiTnl·nl kinds of fixed capital must lie at the basis 
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of their future revaluation. Differences in the valuation of 
identical implements of labor in different branches and enterprises 
will indicate the means of raising the effectiveness of their 
utilization stemming from their redistribution among branches and 
enterprises. 

ln order to achieve the most effective utilization of implements 
of labor the unification of these valuations according to a certain 
principle is advisable. This principle is: the same valuation of an 
implement of a given kind and quality at a given time and given 
place. 

Differential rent must be standardized together with the 
profitability of productive capital. The rates of differential rent 
must reflect not the actual effectiveness of utilization of natural 
resources but their normative effectiveness in the optimal plan. 
Then the' collection of differential rent and normative profit (in 
the form of payments for the use of productive capital) will 
impart to the optimal production plan the force of economic law, 
the violation of which is unprofitable and the observation of 
which is profitable for all executors of the plan. 

Payments for the use of material resources coordinate the 
interests of ~ost accounting organizations with the general interest. 
On this basis the number of planned effectiveness indicators of the 
work of individual production units can be reduced to a minimum. 
The multiplicity of indicators of their work in the absence of 
objective rules for the common measurement of these indicators 
excludes the possibility of accurately calculating the effectiveness 
of economic decisions and the effectiveness of operations. Under 
such conditions the evaluation of effectiveness unavoidably 
depends on the subjective judgment of the evaluating authorities. 

An optimal system of economic calculation is the basis for 
optimizing distribution according to labor. The formula for such 
distribution is: "Each individual producer obtains back from 
society, after all deductions, exactly as much as he gives to it." 9 

The real measure of the results of living labor is net output. But 
net output depends on the conditions of application of labor, such 
as the nature of its technological equipment, the quality of natural 
resources used, location, and other factors. These conditions of 
application of labor are usually not identical for different 
enterprises producing the same kind of output. Therefore, the 
payment of labor according to net output would violate the 
principle of distribution according to quantity and quality of 
labor. Workers in the best equipped enterprises, those that have 
the best resources, would receive for the same work hi~her wa~es 
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than workers of enterprises situated in less favorable conditions. 
This means that distribution according to labor presupposes the 
conversion of each producer's net output to identical conditions 
of application of labor, i. e., a conversion such that labor identical 
in quality and quantity under any necessary conditions of 
production (within the limits of the optimal plan) would yield an 
identical corrected net output. Only then will it be possible to 
~;alculate correctly how much each producer gives to society o 
that distribution according to labor would correspond to Marx 's 
formula indicated above. 

The conversion of net output to equal conditions of application 
of labor presupposes the standardization of profitability in 
acwrdance with the effectiveness of the utilized means of 
production. By deducting from net output the normative profit 
associated with comparatively better conditions of application of 
labor, we obtain an indicator depending only on the quality and 
quantity of individual tabor. Thus, an optimal system of prices and 
l'Conomic calculation creates the basis for optimizing distribution 
according to labor. 

Of course, a full accounting of corrected net output is 
l~conomically sound only for sufficiently large collectives of 
workers, in which many elements of material expenditures depend 
on the workers. The results of the labor of small collectives 
(sections, brigades) and of individual workers must encompass 
Pnly those elements of corrected net output that depend on the 
1•.ivcn workers. 

Optimizing distribution according to labor presupposes not only 
rdi ning the measurement of its national economic results, 
1 on verted to equal economic conditions, but also finding the best 
relationships between the corrected result and payments for labor. 
This relationship must be most conducive to obtaining improved 
1\"stll ts. In other words it is necessary to determine principles of 
d i ffcrentiating the share of deductions for society. This share 
n:rlu rally must be larger in the case of payment for the results of 
mllective labor than of individuallabor, and above all it must be 
Lll")',er in the case of payment for scientific and technological 
.H hievcments (universal labor), for the role of previous labor is 
l'.rl·at here (and is increasing all the time). Correspondingly, the 
·.hares of participation in negative results (losses) must also be 
drl fnentiated. 

The more hi~hly perfected is distribution according to labor, 
I In· rnorc exactly it is realized in accordance with Marx's formula 
p11·se11kd a how. I ht· hro:ukr I he democratization of economic 



management can and must be. Thus, the democratization of 
management of the economy is the final link in the chain of trends 
of development of organization of a socialist economy under 
consideration here. The democratization of management is 
necessary not only because the national economy is too complex a 
system, whose management cannot be completely centralized, but 
it is also necessary for developing the creative activity of the 
masses. The broader the creative participation of the masses in the 
development of the economy and culture, the more rapid are the 
rates of growth of production. This is one of the most important 
historic laws. The most recent confirmation of this law is the 
acceleration of rates of economic and cultural development of 
countries following the socialist revolution. The socialist 
revolution liberated the creative energy of the masses. Although 
the thousand-year oppression and poverty of the working masses 
did not pass without traces - they are reflected in their moral and 
cultural level - this energy has nonetheless already greatly 
accelerated the rates of economic and cultural development. 

Economic progress depends not only on the activity of the 
masses but also on the organization of the economy. The role of 
this factor is greater the higher the level attained by the social 
economy. Therefore, with the growth of large-scale production 
and the increasing complexity of economic connections 
(interbranch, interdistrict, etc.), the role of centralized direction is 
increased. The improvement of centralized direction of the 
economy is an economic necessity arising from the most 
important principles of development of the socialist economy. The 
more correct the proportions between branches of production, the 
more accurate the calculation of economic interrelationships, the 
more fruitful is the activity of the masses, and accordingly the 
higher are the rates of growth of production. 

Thus, the two-sided development of democratic centralism fully 
corresponds to the law of lab or economy, both with respect to 
democratization and to the centralization of management of the 
economy. The optimal organization of the social economy is 
attainable given the fullest possible development of both of these 
principles. 

The combination of these two principles proceeds by means of 
expanding the scope of those economic problems that are solved 
jointly by the center and the localities. The greater the extent to 
which economic problems are solved by joint efforts of the center 
and localities, the more precisely hoth general state and local 
interests are reflected in the plans, I he higher is the level of 

planning leadership and the more effective is local initiative. 
Therefore, we can conceive of the optimum in the organization of 
the economy as a state of affairs in which all economic questions, 
down to the smallest ones, are decided by cooperation of the 
center and the localities. This is possible on the basis of combining 
l wo forms of centralization, direct and indirect. Direct 
centralization consists of the specific solution, in the planning 
center, of a particular class of questions. Indirect centralization in 
the solution of a particular class of economic questions consists of 
establishing norms for calculating costs and benefits by means of 
which the localities, guided by the principle of "maximum 
benefits and minimum costs" may themselves find the variants 
that correspond most to the national economic plan. These norms 
can be expressed both in monetary and in labor units. 

Indirect centralization is necessary both in a socialist and in a 
communist economy. It has the remarkable property of subjecting 
all possible local decisions to the plan, including decisions 
concerning the smallest questions, since all economic questions are 
decided on the basis of comparing costs and benefits. In particular, 
in this arrangement the violation of plan directives expressed in 
value categories is equivalent to the direct infringement of both 
the collective and individual interests of executors of the plan. It is 
linked with a reduction in the profitability of an enterprise, with 
losses, and with the reduction of earnings (bonuses, etc.). The 
better the use that is made of the law of value in planning, the 
broader can be the democratization of management of the 
L'conomy, and the higher can be the general level of centralization, 
both direct and indirect. 

Hence it is apparent that the most rigorous degree of planning 
I he development of the national economy is attained, given 
lltL~ fullest combination of direct and indirect centralization. In 
this situation the plan regulates all economic decisions. The most 
1111portant decisions are regulated in a twofold manner, directly 
:rrH.l indirectly , and all the remaining ones are regulated only 
r11directly, through planned norms for calculating costs and 
lw11efits. 

At the present time the system of indirect centralization 
corresponds to economic laws (and to the principles of optimal 
planning) less than the methods of direct centralization. In this 
mnncction indirect centralization has become a bottleneck in the 
system of managing the socialist economy. For example, the prices 
sL·t before the I C)()S reform differed from optimal plan prices in 
IIH' vny principlt~S or their formation . in their very structure. 



This cannot be said about the planning of production. The 
methods of optimal planning, although in an incomplete form, are 
nonetheless applied to the planning of production. But in price 
formation and in calculating costs and benefits the methods of 
optimal planning have not yet received general recognition. 
Therefore, for optimizing the planning of production it is 
important, above all, to remove the bottleneck involving the 
noncorrespondence of prices to the law of value (and this means 
to the principles of optimal planning). The development of 
methods of calculating costs and benefits is dictated not just by 
the special features of the current state of the socialist economy. 
Prices and norms of effectiveness of the optimal plan are not only 
an implement for fulfilling the plan on the basis of economic 
calculation but also are an implement for preparing the plans. 
Optimal prices cannot be worked out after the preparation of an 
optimal plan. Such a procedure is possible only for solving small 
tasks of optimal planning, such as for a shop or a small enterprise. 
In these cases an optimal plan can be prepared first by using 
"external" prices, and then internal prices and effectiveness norms 
can be established for internal economic accounting. In national 
economic planning the optimal plan and optimal prices can only 
be determined jointly. Democratic centralism is necessary not only 
in plan fulfillment but also in its preparation. "In planning, an 
increasing role must be played by plans and proposals coming 
from below, beginning from the enterprises." 10 

The task ·of planning the national economy can be solved by 
means of dividing this task into a multitude of sub-tasks of varying 
degrees of consolidation and magnitude. In so doing each sub-task 
is solved separately, i.e., optimal plans, prices, and norms of 
effectiveness of resources are found for each part of the national 
economy. Discrepancies between local prices and effectiveness 
norms indicate the directions in which it is necessary to change the 
distribution of resources among the various parts of the national 
economy. Resources must be redistributed in the direction of 
those parts of the economy in which the normative effectiveness 
of resources is higher, and away from those parts in which the 
effectiveness of utilization of resources is lower. The same must be 
said concerning goods. In the process of successively recalculating 
the plans, goods must be shifted from where their prices are lower 
to where their prices are higher. When equalization of prices and 
norms of effectiveness of resources in the pbns of different 
economic units is attained in this itnativc pmcL'Ss, lhL' production 
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plans of all economic units attain a general national economic 
optimum. 

Naturally, such a procedure for bringing plans to the optimum 
depends on the methods of recalculation (algorithms). In order 
that the attained optimum be sufficiently stable and not depend 
on small changes in the situation, it is necessary that prices and 
effectiveness norms do not reflect an accidental and temporary 
situation but rather a comparatively stable one. Determining prices 
on the basis of socially necessary outlays of labor meets this 
requirement. The law of value regulates the composition of 
production by means of equating prices that represent the 
equilibrium of supply and demand with the monet:lry expression 
uf socially necessary outlays of labor. Correspondingly, in optimal 
planning models, prices are equal to costs of production, including 
payments for capital. Hence it follows that optimal prices can be 
determined not only as a whole but also by parts, by means of 
summation of elements of expenditures calculated according to 
socially necessary norms. The value principle of price formation 
rcllecting the law of value consists precisely of this. The 
optimization of prices and effectiveness norms of resources is an 
:1ctive and independent factor in optimizing production plans 
precisely on the strength of this principle. Consequently, the 
gradual approximation of prices to socially necessary outlays of 
l:1bor is one of the aspects of the gradual optimization of planning. 

We will gradually approach the problem of socially necessary 
outlays of labor, examining its different aspects in turn. 

First we will investigate methods of measuring outlays in 
problems of their minimization in the course of achieving a result 
prescribed by the plan. Then we will examine methods of 
measuring results in problems of their maximization with given 
resources. Lastly, by generalizing models of minimization of costs 
and maximization of benefits we will construct a model of the 
formation of socially necessary labor in the process of optimal 
planning of the national economy. A retrospective view from this 
model of the essential history of the operation of the law of value 
will allow us to establish a general formula for price formation. 
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CHAPTER 3 

MEASUREMENT OF RELATIVE EFFECTIVENESS 
OF OUTLAYS OF LABOR WITHOUT MEASURING 
THEIR NATIONAL ECONOMIC EFFECT 

We will begin with methods of measuring costs in problems 
concerned with their minimization. In problems of this kind the 
result is assumed to be prescribed in accordance with social 
requirements. Such a limitation of the problem is not just 
procedure facilitating investigation, but can correspond to reality. 
When prices do not sufficiently take account of conditions of 
demand and the quality of goods, measuring the results of 
production in such prices will be incorrect. How do we determine 
the effectiveness of outlays under such conditions if the value 
expression of their results is insufficiently reliable? Only one 
possibility remains - to compare with each other those plan and 
project variants that yield identical output. Having calculated 
outlays on each of these variants, we can then choose from them 
as many variants with relatively lower outlays as are necessary for 
covering requirements. This is what was done in our economic 
practice. The magnitude of requirements was calculated by the 
planning bodies. 

Consequently, the effectiveness of plan variants was determined 
without measuring their national economic effect and only on the 
basis of comparing outlays. The appropriateness of such a method 
was rooted not only in the particular features of price formation, 
htil also in the fact that in the period of socialist reconstruction, 
() I rundamcntal changes in the branch structure of the national 
t"t "OIJOJJIY ;11HI in tilL', lerrilorial location of productive forces , the 
nalional economic el"kl'l o f' construction was not confined to 
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output. Other results of construction that frequently did not lend 
themselves to monetary evaluation had substantial significance, 
together with material wealth. Comparing the effectiveness of plan 
and project variants without measuring their national economic 
effect was a justified method of planning work under conditions 
of reorganization of the economy and given the one-sided use of 
the law of value, i.e., its use chiefly to measure costs rather than 
benefit. 

With the approximation of prices to socially necessary labor 
costs and with the development of methods of optimal planning, 
the effectiveness of plan and project variants will increasingly be 
measured by their profitability. Yet methods of measuring 
effectiveness of variants on the basis of measurements of costs 
without measurements of benefits will undoubtedly also be 
applied in the future. They will be applied in developing those 
plan projections that are geared to long-run considerations and 
that introduce profound changes in the structure of the national 
economy. Of course, socially necessary labor costs also change in 
such cases. This means that until completion of the new plan they 
remain unknown. 

1. The Effectiveness of Social Labor 

The measurement of costs and benefits helps to solve the most 
important question of economic practice, that of determining the 
effectiveness of social labor. The effectiveness of social labor is 
one of the broadest concepts of economics. This is precisely why 
it is not easy to define. 

First of all we must establish the meaning of effectiveness in 
general. The general concept of effectiveness is extremely broad 
and is used in the most varied spheres. Effectiveness usually is the 
ratio of useful effect (benefit) to the costs of obtaining it. By 
comparing individual types of costs with the elements of useful 
effect connected with them we obtain a multitude of effectiveness 
indicators, namely, lab or productivity, the capacity coefficient, 
the coefficient of utilization of equipment, etc. Effectiveness 
indicators are often expressed in reciprocal form, i.e., as the 
relationship of costs to benefits, such as production costs per unit 
of output, the consumption of fuel per unit of output, etc. 

However, all the effectiveness indicators in use are mcomplete. 
Either costs or benefits or (most frequently) both are 
insufficiently taken into account. Moreover, for economic 
decisions and for the choice bdwcL~n alkrnalive plans (or pro_jl-cls) 
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it is necessary to know the relationship between the overall 
national economic effect and all costs in the economy for each of 
the alternatives compared. It is necessary to know the overall 
national economic effectiveness of the compared alternatives. 

Since in reality all costs consist only of labor costs, the national 
economic effectiveness of alternatives is nothing but the 
effectiveness of sociallabor. 

The effectiveness of labor is usually identified with its 
productivity. However, the product of labor and the effect of 
labor are not one and the same. The national economic effect of 
labor is rJ.ot always confined to output. The construction and 
operation of new enterprises results not only in deriving output 
but also in accomplishing other tasks for the national economy. 
Thus, construction of a plant in a region with a population that is 
relatively backward culturally assists in raising its cultural level. A 
variant of an industrial process that facilitates adapting a given 
kind of production unit to defense needs strengthens the country's 
dcfense capacity. Similar types of benefits usually cannot be 
measured. Nevertheless, they must be taken into consideration in 
solving the problem of the correspondence of costs to benefits 
received. 

However, the difference between labor productivity and labor 
effectiveness consists not just of the fact that labor effectiveness 
depends on certain unmeasurable elements. Even if the national 
L'conomic effect of labor did not include these factors labor 
effectiveness still would not coincide with its productivity. 
lt1deed, the productivity of labor is the ratio of the quantity of 
output to the labor expended on it. The useful effect of output is 
not measured by its quantity. A product can be useful or useless, 
necessary or unnecessary. An increase in the production of 
11nnccessary output can raise labor productivity but reduce its 
c ffcctiveness. 

The essence of determining labor effectiveness is expressed in 
I lie following comment by Engels on planning under communism. 
"This plan will be determined in the final analysis by weighing and 
comparing the useful effects of different objects of consumption 
wilh each other and with the amount of labor necessary for 
producing them." 1 According to Engels, in preparing a plan it is 
nccess:.~ry to compare not the amount of products but their useful 
cllecls. In this way the relative significance of different lines of 
production will become apparent. In addition, the useful effects of 
objects of consumption should he compared with the labor costs 
lt·quired to produn~ thl'm. In lllis way both the amount of each 



product and the total volume of material production will be 
established. 

There is no doubt that in the assertion cited Engels had in mind 
a communist society operating in historical conditions other than 
those of the USSR. In particular he assumed that the law of value 
had already lost its force. Nevertheless, the idea that the plan must 
be prepared on the basis of comparing not the quantity of 
products but their "useful effects" retains its full significance even 
under our conditions. Without comparing qualitatively different 
use values it is impossible to determine whether a particular kind 
of output "justifies" the costs r~quired for producing it. If we 
took into account only the quantity of output and did not pay 
attention to the correspondence of these quantities to needs, we 
could not determine in what proportions to produce goods, for 
quantities of heterogeneous products are incommensurable with 
each other, and therefore their ratios do not provide any basis for 
determining the proportions required. 

It follows that the effectiveness of social labor is a broader 
concept than its productivity. The former encompasses not only 
the q{iantity of output but also its correspondence to needs, and 
likewise those elements of the national economic effect of labor 
that do not lend themselves to measurement. 

2. The Basic Rule for Comparing the 
Effectiveness of Outlays of Labor 

Measuring labor effectiveness with due regard for the 
unmeasurable elements of the overall effect is not possible. But 
this does not prevent us from measuring the relative effectiveness 
of labor. Although the effectiveness of social labor may not be 
capable of expression by a number, the ratio of the effectiveness 
of outlays on two alternative plans (projects) can be expressed by 
a number under one condition. This condition is that the national 
economic effect of the compared alternatives is identical. 

We cannot measure the national economic effect, but we can 
establish whether identical purposes are attained by the variants 
being compared. This possibility (of determining the identity or 
difference of national economic effect) is the basis for measuring 
the national economic effectiveness of alternative plans (projects). 
Given the identity of the national economic effect of tl1e 
compared alternatives, the ratio of their nation~il economic 
effectiveness is inversely proportion~il to ll1e r;il io ol' !l1e costs 
required for impkmenting L~;tch ;dlnn;ilivL·. Tlttts, giVL'll an 
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identical effect for all variants being compared, costs become the 
basis for comparison. The costs of the various alternatives are 
commensurable. 

From this follows the first rule for comparing the national 
economic effectiveness of alternative projects. It can be called 
"the rule of identity of effect." It rests on the proposition that the 
alternative projects being compared must fulfill identical national 
economic tasks, i.e., must satisy needs that are identical in volume, 
composition, place, and time and serve goals of economic policy 
I hat are identical in nature, volume, place, and time. 

Let us examine the various aspects of this rule. 
(a) At first glance it seems that differences in the extent to 

which needs are met do not prevent us from comparing the 
national economic effectiveness of alternative projects. But this is 
incorrect. The point is that differences in the amount of 
production of a planned project exert an influence on the 
,., kctiveness of the remaining output of the same product. 

In fact, by choosing a variant that meets a certain share of 
rL~quirements, we thereby determine the amount of output of 
other new enterprises producing the same product. From the 
national economic standpoint, indicators of effectiveness that 
apply to all requirements rather than to a portion of them are of 
lkcisive significance. Therefore, we cannot reach firm conclusions 
hy comparing indicators of effectiveness of alternatives that meet 
dil'ferent portions of total requirements. If, for example, one 
.lilnnative meets 100% and the other 50% of national economic 
tt·quirements for a product, we cannot establish which of them 
''ttsttres the satisfaction of total requirements at minimum cost by 
'ottt paring costs. The first alternative meets total requirement 
wltneas the second meets only half of them. Therefore, in the first 
';tsL' all costs are known to us, but in the second case only part of 
lill'lll are. It is quite possible that the costs of production required 
,,, s;tlisfy the second half of requirements when the second 
.dl,·rn;ttive is used will be much higher than the costs of output in 
lit,· l'irst alternative. As a result, the costs of total output in the 
',,.,.,liHI case will be higher, even if the second alternative (meeting 
'd)'';, 1>1' requirements) yields output that is cheaper per unit than 
1111' lrrsl ~d!ernative. 

I knee it follows that comparison of indicators of effectiveness 
rs possible only when the same share of total requirements is being 
till' I, i.l~ .. the same volume of production. Only in this case does 
lltl' l'l kcl iveness or producing the remaining part of output not 
dqwnd Oil the choice or I lrt• pari icular project. 



(b) It is hardly necessary to prove that the production costs of 
one kilowatt-hour of electric power are incommensurable with the 
production costs of one ton of cast iron. Capital investment per 
unit of finished output of different kinds is also incommensurable. 
But this is a minor matter. Differences in the qualitative 
composition of the effect prevent a comparison of the national 
economic effectiveness of alternative projects not only where 
different elements of effect are present in the alternatives being 
compared but also where the effects of the compared alternatives 
consist of the same elements but are combined in different 
proportions. 

(c) Differences in the location of projected enterprises by 
themselves do not prevent us from comparing outlays on these 
enterprises, provided the alternatives compared are intended to 
meet the same requirements (with respect to place and other 
characteristics). For the comparison of costs of different projects, 
not identity of the place of construction but identity of region 
being supplied is necessary. Outlays on alternative projects of a 
machine-building plant intended for supplying the entire Soviet 
Union can be fully commensurable even if the alternative 
locations are separated by thousands of kilo meters. 

(d) Two variants of outlays for producing output similar in 
composition, quantity, and place of consumption will not be. 
commensurable if they do not yield output at the same time. 
Thus, if for one reason or another one plant begins to provide 
output three years later than a second plant the outlays associated 
with these variants will be incommensurable, for during the three 
years the effects of outlays on the construction of these plants will 
be very different. 

(e) The complete identity of physical or chemical properties of 
output is not a necessary conditions for the comparison of the 
effectiveness of alternatives. If two products that differ in certain 
physical or chemical properties meet the same requirements we 
can compare outlays on the production of these products. For 
example, we can compare the national economic effectiveness of 
different variants of supplying fuel for power purposes although 
the chemical composition and physical properties of peat, coal, oil 
shale, and other types of fuel differ. 

(j) Differences in "unmeasurable elements of national economic 
effect," i.e., differences in the content or the extent of realization 
of alternative projects of such tasks of economic policy as the 
economic development of backward regions, strengthening of 
defenSC Capacity, etc., naturally Clllllp)ic:ilL' t)JL' conlparison of 

national economic effectiveness of these alternatives. Thus, if the 
alternatives compared yield identical output but one of them 
promotes the economic and cultural development of a backward 
region more than another the ratio of the effects of these 
~ilternatives will not be inversely proportional to the cost ratios of 
these alternatives. 

3. The Conversion of Alternative Projects to a Common Effect 

The rule of identity of effect presents such strict requirements 
for the procedure of comparing effectiveness that this comparison 
might appear to be practically unrealizable. Indeed, alternative 
projects that would yield an identical effect in all respects are 
rarely encountered in practice. 

Nevertheless, alternative projects that differ greatly in their 
effect can be compared in effectiveness provided they are adjusted 
in a manner that might be called conversion to a common effect. 

The essence of this conversion is extremely simple. We will 
:1ssume that it is necessary to compare the national economic 
L~ITectiveness of two alternatives, one of which yields an effect (a 
I b) and the other an effect (a + c), with the same costs for both. 

It would be incorrect in this case to determine the comparative 
L·ITectiveness of both projects by comparing differences in the 
1ndicators of effectiveness with differences in the degree of 
11:1lional economic usefulness of the outputs (a+ b) and (a+ c). 
Such a comparison of costs and degrees of usefulness would be 
ll'quired only if the choice of one of the alternatives, say the first 
111stead of the second, excluded the possibility of producing c in 
llle national economy, and the choice of the second alternative 
1nstead of the first excluded the possibility of producing b. Then it 
w•Hild be necessary to take into account the values for the national 
,., tHJomy of c and b, to compare them with costs, and to decide 
which one is preferable. 

In reality, such a necessity usually does not arise in the 
, Pill pari son of plan (project) alternatives that differ in the 
' tllll position of their effects. As a rule the choice of one of the 
.d lnnatives instead of all the others does not at all exclude the 
l'()ssibility of producing those products or of obtaining those 
··I kds that exist in the rejected alternatives but that are not 
'•h I a i ncd in the accepted alternative. The effects absent in the 
.ll n·plcd alternative can be obt<Jined by means other than those 
ll1:il WL~re rejected in tile given case. This is the situation in our 
n:llllpk. 11' we anTpt tilL~ :dlernalive yielding output (a+ b) and 



reject the alternative yielding (a+ c) this does not mean, as a rule, 
that the national economy will do without c or reduce its 
consumption of it. This signifies only that c must be produced by 
other methods that are not included in the alternatives under 
consideration. 

The availability of other method of producing c makes it 
possible to convert the alternatives being compared to a common 
(identical) effect and consequently makes it possible to compare 
the effectiveness of these alternatives. 

If we accept the alternative yielding (a + b) instead of t he one 
yielding (a + c) then we must ascertain by which method and at 
what cost tbe requirements for c will be met. On the other hand, if 
we accept the alternative yielding (a + c) instead of the one 
yielding (a +b) then we must ascertain by which method and at 
what cost the requirements for b will be met. ln other words, in 
both ea es we mu t examine what are the cost of producing (a + 
b + c by various methods, with (a +b) being produced jointly 
and c separately in the first alternative, and (a+ c) being produced 
jointly and b .eparately in the second. 

1f we allocate to each of the alternatives the production of that 
output (or of those effects) that are obtained in the other 
alternative projects but that are absent in the given alternative we 
convert the various alternatives to an identical effect. In addition 
we must increase outlays on each alternative by the sum of costs 
necessary for producing the effect s allocated to the given 
alternative. After this the effect associated with all the 
transformed alternatives will be the same, and consequently the 
outlays on each will be commensurable. 

Thus, conversion to a common effect means finding those 
combinations of alternative projects that must include the 
compared alternatives of the particular project and yield an 
identical national economic effect. It is clear that such 
combinations can_ be derived from a different number of 
alternatives. 

However, t here is no need for such an expansion in the number 
of alternatives being compared. We can limit ourselves to the 
munber of alternatives necessary and sufficient to attain identity. 
For this purpose it is necessary to add to each of the alternatives 
being compared the production of goods available in ther 
alternatives but absent (or produced in lesser amounts) in the 
given alternative. Jn l\0 doing, th' goods abscn I in the given 
altemativ (or avai lable in I S.'i r am unt.) mu ;1 be ass11mcd t be 
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produced in the same amount as in that alternative in which they 
are obtained in the greatest amounts. 

A scheme for adjusting alternative projects to a common effect 
can have the following form, for example. Suppose that four 
alternatives that are characterized by the data in Table 4 are being 
compared. 

Table 4 

()pl'l ;t\1!1!! L'thb 
(:~ r ural 

\ llllti.JI wnpu l 
in ru hk·~ ilL'r ~ l';n 

rriV<,.'!-IIIHL'IH 

111 nJllh.· .. 

l lli).J - lllU/t 1(/l)ll ~ IJ()I l 

11 ron,' ~lJj I IIlO ~JUO 

Ill lr lOtl ;- 5(~ f '1~/ 11011 ::su 

lv IOU'' + I~~~ · ' 1(1\) ~00 

In such a form the alternatives are incommensurable. Suppose 
further that products b, c, d, and e can be produced separately 
with their separate production being sufficiently effective ~ 
comparison with all other methods of their production. Then the 
common effect for alternatives I - IV is: 

lOOa + lOOb + 50c +SOd+ 150e. 

We will assume that the individual production of b, c, d, and e 
will involve the following costs (Table 5). 

Table s 

Ou tp u t Operating costs, Capital investment, in rubles in rubles per year 

l OO/J ~00 50 

!i(lt 100 300 

~IH lOO 100 

I ,~ , :;o 50 

It is now possihle to adjust all existing alternatives to a common 
t·lfecl. We tlo this by adding lo each of the alternatives the costs 

I '1 



required for producing output equal to the common effect: As a 
result we obtain the following sums of costs for the adJusted 
alternatives (Table 6). 

Table 6 

Costs of adjusted 
.,; 

alternatives " .,; "0 

" -g 
"0 

Output added for 
-g c: ~ ~ 
~ " ~ zi ~ 

Output " " ~ adustment to the 8 
;>, 

0 
;>, 

~ before adjustment ;; ~ " <; ~ 

·~ "" 0. "" 
0. 

common effect " ~ .:: c: .:: 
" -~ " 3 " " " 
E 

:0 :0 " :0 " :0 

~ 
~ 0. ~ " 2 0. 2 0. c 0. 

" 
<( 

0 .:: c: 0 c: u c: 

I I OOa + I OO!J SOt+ SOJ+ISOe 3SO 550 uso c.SSO 

11 I OOa + 50< IOOb + SOJ + I 50e 350 300 I 4SO c.600 

Ill IOOa + so, + SOJ I OOh + ISOe ~50 100 I SSO 2.350 

IV IOOa + 150e IOOh + so, + SOJ 500 550 I 400 c.550 

Since the adjusted alternatives have identical output, their costs 
are commensurable. It is not difficult to see that of the four 
alternatives the first is the most effective. It is true that capital 
investment in this alternative is higher than in alternative lll, but 
the additional amounts for one-time expenditures are covered by 
savings in operating costs during o ne year. Accordingly, the 
question of the choice of alternatives in the given case leaves no 
doubts. 

4. Examples of Adjusting Project 
Alternatives to a Common Effect 

Let us illustrate what has been said with more obvious examples 
of adjustmen t to a least common effect. 

(a) Adjustment to the same volume of out pu t. 
Co ndi t ion s of the problem. The reconstruction of a 

condensation plant with the following characteristics is planned: 

Generation of electric power 

Before reconstruction 
After reconstruction . 

125 million kilowalt-ilours per year 
250 1nillio11 kilowatt-hours per year 

Investment for carrying out reconstruction I 7.5 million rubles 

Production costs of electric power 

Before reconstruction . . . . . . . . 10 kopecks per kilowatt-hour 
After reconstruction .......... 8 kopecks per kilowatt-hour 

The question is whether reconstruction is effective. 
We will first try to solve this problem without adjustment to a 

common effect. Reconstruction yields savings in production costs 
of two kopecks per kilowatt-hour. Consequently, investment in 
reconstruction will be recouped by savings in production costs. 
However, the attempt to determine the amounts of annual savings 
in production costs encounters difficulties. By what volume of 
annual output should we multiply the savings in production costs 
per unit of output - the volume prevailing before reconstruction 
(125 million kilowatt-hours per year) or the output after recon­
struction? If the first decision is taken, the result apparently 
would not reflect those cost savings that will stem from the 
growth in output. If the savings in production costs are multiplied 
by output after reconstruction, the savings in this case would 
nbviously be extended to that part of output that did not exist 
before reconstruction. Consequently, the calculation will include a 
fictitious saving. 

Suppose that we cautiously take the first decision (in order not 
to exaggerate the effectiveness of reconstruction). It then turns 
out that the investment in reconstruction is recouped by savings in 

production costs over seven years { 17,500,000 ) . We 
0.02 X 125,000,000 

can conclude from this that, even with the most cautious 
c a I c u 1 ations, the cost of reconstruction is recouped in a 
comparatively short period and consequently is effective. 

However, this conclusion is based on an incorrect comparison of 
alternatives differing in volume of output, and therefore it may be 
correct only by chance. Indeed, even if the reconstruction of our 
plant is rejected, the need for additional production of 125 million 
kilowatt-hours must still be met. We will assume that this can be 
attained by constructing a new installation, investment in which is 
.~0 million rubles, due to a more favorable location with respect to 
l11el resources, and the average production cost of one 
kilowatt-hour (for consumers) will be five kopecks. 

llaving ascertained other possihilities for meeting the need for 

..,, 



power we thereby obtain data for adjusting both alternatives to a 

common effect (Table 7). 

Table 7 

Output in millions Investment Production costs 

Alternatives of kilowatt-hours in millions of annual output 

per year of rubles in rubles per ye;.n 

l (without 
125 (old plant)+ 0 1·125 ,000,000 + 0.05 

125 (new 10 X I 25,000.000 
reconstruction) installation) = 250 = 18,750,000 

250 (reconstructed plant) 17 5 
0.08 X 25.000,000 

ll (reconstruction) = 20,000,000 

Hence it is apparent that our previous conclusion about the 

effectiveness of reconstruction i erroneous. When we determined 

the effectiveness of reconstruction without adjustment to a 

common effect it seemed that reconstruction yielded savings in 

production costs and would recoup the capital investment 

required for it in seven years. After adjustment of the alternatives 

to a common effect it turned out that reconstruction requires 

additional production costs of 1,250 000 rubles annually. It is true 

that it yields savings in capital investment. However, the excess 

cost of the new plant in comparison with the cost of 

reconstruction is recouped by savings in production costs in two 

years: ( 20,000,000- 17,500,000 ) 
20,000,000- 18,750,000 . 

Now it is easy for us to find the source of those difficuJties in 

determining the total savings in production co ts from 

reconstruction that occurred in calculating without adjustment to 

a common effect. The fact is that this calculation was based on an 

erroneous comparison of alternatives that were unequal in volume 

of output. By virtue of this both of the two possible methods of 

determining total savings was incorrect. In multiplying savings 

obtained from the reduction in production cost of a unit of 

output by the volume of production before reconstruction we did 

not take into account savings (negative in this case) 2 from the 

growth of production connected with reconstruction . In 

muJtiplying savings obtained from the reduction in produ tion 

costs of a unit of output by the volume f producti n aft r 

re onstruction. we th r by unj11stiri ~tbly pr ·sumc I that in th ea 

of rejection of reconstruction, meeting the need for an additional 

1 ~5 millio~ kilowatt-hours per year was possible only with the 

high operatmg costs of the given old installation. 

(b) Adjustment to a common composition and volume of 

output 

Suppose the problem concerns the construction of a 

hydrostation producing 200 million kilowatt-hours per year and 

the accompanying development of navigation that will reduce the 

transportation costs of two million ton-kilometers of freight 

yearly between points a, b, c, ... , k along river A. If construction 

of this plant is rejected, the need for electric power and 

transportation remains. Consequently, it must be met by other 

means, _either by constructing another hydrostation, by 

constructrng. a condensation plant and a rail line, or by constructing 

a condensatiOn plant and carrying out dredging work all of which 

are the possible different alternatives. Yet for all their diversity 

they must have the same purpose, that of meeting the same 

requirements for which the hydrostation is intended. If the 

projected hydroelectric power plant is to provide excess power for 

long-distance transmission, then if construction is rejected it is 

necessary to show not only how the local shortage of power but 

also the shortage of those distant points where excess power from 

the hydrostation was to be transmitted will be met. 

. Let us assum.e that another alternative of a hydrostation project 

1~1 the. same reg10n but on another river competes with the project 

I or th1s hydrostation. The other alternative provides 100 million 

kilowatt-hours of electric power per year and improves river 

transportation to the extent of three million ton-kilometers of 

shipments between points a 1, b 1 , c 1 , .•. , k 1 along river B. In this 

rorm the effectiveness of the second alternative is 

incommensurable with that of the first. We will adjust both of 

I he se alternatives to a common effect. We determine the total 

cl'fcct for both alternatives after deducting the quantities that are 

n:peated: 
(1) 
(2) 

(3) 

200 million kilowatt-hours of electric power; 

the transportation of freight between points a, b, c, 

... 'k ; 
the transportation of freight between points a b 

I, J , 

C I' ... , k I. 

It is easy to see that we have obtained the sum of the maxima 

of each kind of output for the alternatives being compared. This 

s11111 represents the minimum volume of those sectors of the 

n:llional cconon1y lhal, in the first pi:Jcc, have the same output 



and, in the second place, include one of the alternative stations 

being compared. 
Let us try to describe each of these alternatives more 

specifically. 
Variant 1 (adjusted to a common effect). 

Hydrostation on river A 
(1) Production of electric power of 200 million kilowatt-hours 

per year. 
(2) Two million ton-kilometers of transportation per year along 

river A. 
(3) Three million ton-kilometers of transportation per year 

along river B in small craft at comparatively high cost. 

Variant 2 (after adjustment to a common effect). 

Hydrostation on river B 
(1) Production of electric power of 100 million kilowatt -hours 

per year. Thermal (condensation) plant producing 100 million 

kilowatt-hours per year. 
(2) 1.5 million ton-kilometers of shipments per year by railroad. 

The same shipments are transported that would be transported 

along river A in the first alternative (the railroad transports the 

same amount of freight but requires fewer trips). 

(3) Three million ton-kilometers of shipments per year along 

river B in large craft at low costs. 
Both of these alternatives have the same effects. Consequently, 

to compare their effectiveness it is necessary only to compare 

annual operating costs and capital outlays on each. 3 

(c.) Adjustment to a common region of consumption of output. 

We will assume that we are comparing alternative locations of 

an enterprise such that the regions of consumption of its output 

do not completely coincide. In this case it is necessary to make 

clear, in the course of examining each alternative, from which 

sources and with what outlays requirements will be met for that 

part of the region that is not covered by the given alternative but 

is covered by other alternatives. 
For example, suppose the first location alternative of the 

projected enterprise has a consumption region consisting of zones 

A and B, and a second location alternative has a consumption 

region consisting of zones B and C. Then, in examining the first 

alternative it is necessary to make clear how the requirements of 

zone C will be met, and in examining the second alternative how 

the requirements of zone A will be met. Having established the 

outlays required for realizing the alternatives adjusted in this 

manner, we can determine the alternative for which the 

re~~irements of all three zones, A, B, and C, will be met with. 

mmunum outlays. 
(d) Adjustment to a common consumption time. 

Adjustment to a common consumption time is one of the most 

complicated cases of adjustment to a common effect. 

In comparing alternatives we must take into account 

nonsynchronization (differences in time) of two sorts: 

. (1) the nonsY_nchroniz~tion of outlays and effects caused by the 

lnne of production and Circulation-

. (2) the times when effects ~ccur, which are different for 

dtfferent alternatives. 

The consumption of a product is always asynchronous with the 

labor producing it. The point is not only and not so much that 

labor in production requires time as it is that the tim~ for 

~roduction and circulation is longer than working time. The use of 

tmplement~ o~ labor on the one hand, and the necessity for 

reserves of objects of labor and finished products on the other 

hand, lengthen the time between the outlays of labor and the 

consumption of its product. This gap in time between labor and 

lh_e ~onsumption of its product is measured by the turnover time 

ol fixed and circulating capital. As we know, the average turnover 

l,1me of fixed capital is measured in years, reaching several decades. 

Sm~e people cannot cease to consume, outlays of labor in the 

ll:tttonal economy are always synchronized with consumption: the 

products of past labor are consumed. The synchronization of 

uu tlays and effects is supported by a specific structure of 

pt:odu_ctiv_e and circulating capital. In this way the possibility arises 

ol a?Justmg nonsynchronized outlays and effects for each plan 

(proJect) alternative to the same time period . For this it is 

11eccssary to determine how the given project alternative acts on 

ll1c relationship between outlays and their synchronized 

~·o11sumption. 

Obviously, this is a complex problem. We will approach its 

solution beginning with an examination of certain individual 

aspects. 
Adjusting outlays made at different times and the effect to the 

s:1mc time _for each alternative does not eliminate the possibility of 

dJscrcpa~c1es b~tween the time of the appearance of output 

I 1·1 kct) 111 the d1fferen t alternatives. 

I r one project alternative yields output three years later than 

:JJioliiL~r with lhc same costs of production, it is then necessary to 

111ak~ dear ho~ and with what synchronously adjusted outlays 

lt~qtmcmcnts will he met for the product during that interval of 



time when the second alternative will already be yielding an 
output while the first will only require outlays but will not yield a 
product. 

This gap in consumption time sometimes can be made up by 
means of imports or by removing bottlenecks in existing 
enterprises. But such opportunities are often a~se.nt or clearly 
ineffective. Then there remains the course of weighing the useful 
effects of products available at different times.. . 

(e) Adjustment to identical goals of economic policy. . 
The requirements of the example are to compare two vanants 

of producing the same quantity of product A. 
Alternative lA - in a backward region. 
Alternative IIA - in a developed region. 
Outlays on these variants are presented in Table 8. 

Table 8 

Annu:::al 
Capital 

ore rating Altcrn;.Jtivcs 
investment costs 

1,., 110 QS 

11~ 100 •m 

The question is, which alternative is more effective? 
At first glance, to solve this question it is necessary to c~mp<l!'e 

the additional outlays required by alternative lA with Its 
addi tional effect in comparison with alternative IIA, Le., to 
compare the development of the backwar~ ~egion promised _by 
alternative I with the supplementary ten million rubles of capital 
expenditure: and the five million rubles of annual operating costs 
that it requires in comparison with alternative 11 A . 

However such a comparison would be correct only if there were 
one variant' for the economic development of the backward region. 
In reality it rarely happens that the possibilities of developing a 
region are limited to only one variant. Accordingly, the question 
arises whether it is possible to develop the given region eco­
nomically to the same extent as is accomplished by alternative lA 
but with smaller additional outlays. 

Suppose that the production of B and C can be undertaken with 
the following outlays in the given backward region (Table 9). 

Table 9 

f'11po1,ol Annu<.~l 

AIIL'rnative.., opcr:Jt ing 
ttl\ ~' .. IHU,• rt & 

L·osts 

In ll loO 

le loO 70 

lnl .ol 1·10 LlO 

Suppose the organization of both of these kinds of 
production units generally will yield the same degree of economic 
;md cultural development of the backward region as alternative I A . 

We determine the outlays necessary for producing the same 
quantity of products B and C in developed regions (Table 1 0). 

Table 10 

Cu1lllu l 1\nnu" l 
Allernati\es 

inve:Hment opcnllllli\ 

cos ts 

llo 75 60 

llc 61 fl7 

Total 13(> 127 

We adjust alternatives lA and IIA to a common national 
cmnomic effect, taking into account rne indicated alternatives for 
producing B and C (Table 11). 



Table 11 

c 

2 
" Adjusted alterni.ltivcs (comhin;Jtions ol " 8 0 > t' ·;::; -~ ;_Jitnll<ltiVL'S of rroJucing 11, /3, ""u c 1 c 

"" ~ 

E .:0 
" " .c V 

" " ~ ~ " " 0 <{ c. v 0 ~ 0 

lA 11[1 " li e- ~4(1 
,,. 

11 11 ,1 t- lfl t- I ~411 ~20 

Each of the two combinations of alternatives (I and II) yields 
the same effect, namely, the same quantity of products A, B, and 
C, and an identical degree of development of the given backward 
region. Accordingly, we can judge the comparative effectiveness of 
these two combinations of alternatives from their outlays. In the 
given example it is obvious that combination II is more effective 
than combination I. 

The most difficult feature in this case of adjustment to a 
common national economic effect is determining the identical 
goals of economic policy being implemented by the compared 
alternatives. Indeed, by which attributes can we judge the degree 
of economic and cultural development of the region attainable by 
implementation of one or another construction alternative? This is 
a question that has not been worked out. Obviously, its solution 
depends on the specific tasks that are posed by economic policy in 
the sphere of developing a particular region. For example, in some 
cases the fundamental task of development might be raising the 
material well-being of the local population, which is engaged in 
backward forms of production. In other cases the main goal might 
be the utilization of vast natural resources by means of settling an 
uninhabited region. 

In the first case, one of the main indicators of the extent of 
economic and cultural development will be the number of workers 
drawn from the local population into industrial, highly productive 
labor. In the second case, the main indicator will be the 
effectiveness of utilization of local resources. 

Thus, in adjusting the compared alternatives to common goals 
of economic policy it is necessary above all to determine as 
specifically as possible precisely which goals of economic policy 
are accomplished by each alternative. We should not confine 

ours~lves _as was often. done by planning organizations, to general 
con.Sl~erati~ns .conce~g how construction will raise a backward 
out lymg d.istnct, will promote its industrialization, etc. It is 
necessa~y .to give a detailed qualitative and quantitative 
ch~actenzation of the tasks of economic policy in the given 
regwn. Only under such conditions can we validly judge to what 
degree . the alternatives being compared promote the 
accomplishment of these goals. 

5. Difficulties in Adjusting Project 
Alternatives to a Common Effect 

Adjusting ~Jan (pr?ject) alternatives to a common effect is 
ofte~ a.ssocmted Wlth complications diffkult for planning 
organ.Izations to overcome. The problem is that those elements 
t~at m the a~tematives under consideration are obtained jointJy 
w1th the basic effect cannot always be crea ted separate1y from 
other e1ements of effect. For example often a product that is a 
?y-product of a certain sector is generally not produced 
mdepende~.tJy a~d can only be a by-product of other sectors. 

Expressmg this by means of the general example presented on 
page 49 ~e. can sa~ that products b, c, d , and e can be produced 
not onl~ J O~tly w1th product a but also jointly with products/, g 
~ n~ h: I.e .. m combination with_ elements of effect that are ~at 

tained m any of the four prOJect alternatives being compared 
As a ~esul ~ the overall common effect of the compared 
nlte:natives 1s e~tended still further, and complete adjustment of 
rnoject_ alternatlve. to a common effect can become practically 
rm possible f~r planning institutions. It becomes impossible 
because plannmg institutions have a branch charac ter whereas the 
common effect in the indicated cases transcends the limits of the 
branch. 

In ~uch cases adjustment to a common effect must become the 
fun ' ho~ of the planning bodies. By concentrating in their hands 
Ill · basic ?ata for each project altema ti ve the planning bodies 
" tdt.l_ derrve complex combinations of alternatives with an 
l(lcnttcaJ effect. 

We w~l note that sometimes it is possible to determine the 
: ·o ~nr.)ara trv .. effectiveness of alternatives even with an incomplete 
.ul lu;-; lm nt _t a common effect. This happens in cases in which a 
pa riJ:tf ly 'IUJIJ ted aJt rnative yields an obviously greater effect but 
11 'qtures equal or smaller outlays than an alternative with an 
ohvrously smaller COIIIIllOII dlecl. 



Let us examine the difficulties of adjusting to a common effect that arise in designing hydroelectric power plants in undeveloped regions. The simplified example given above of adjusting two alternatives of hydroelectric power plants to a common effect applied to a developed region. The hydroe~ectric power pla~t was intended to meet requirements that arose mdependently of 1ts existence. Accordingly, the output of the compared sectors of the national economy was equal to the sum of the maximum value~ of the separate elements of the direct effect of different alternatives of hydraulic-engineering construction. . . In planning hydroelectric power plants m undev~~oped reg10ns it is necessary first of all to determine the composi~lon ?f pow~r consumers, since the activity of the hydrostat10n m th1s case 1s completely linked with the needs of consumers who do not yet exist. Consequently, the problem is not only whether to construct or not to construct an electric power plant but also whether or n~t to create an entire complex of consumers of power from th1s 
plant. . . ff · f Of course in such a case 1t 1s not so much the e ectlveness o creating indi~idual consumers that must be considered, b~t rather the effectiveness of the entire complex of consumers, m other words, the effectiveness of the given alternative of development of 
the region. 

6. Adjustment to a Common Effect 
as a Method of Justifying 
Projects of Socialist Enterprises 

Adjustment to a common effect has the function of specifying by which means and at what cost, in implementing one of the project alternatives, we can meet those needs t~at are met . by other alternatives being compared but not by the given alternative. Hence it follows that this method makes sense only in a s~cie_ty whose purpose is to satisfy the needs of this society. In a cap1tahst economy it is not possible to use this method to choose be_twee!l project alternatives with varying ~omposi~ion of out~ut, s~nce It does not answer the question which proJect alternative yields a higher rate of profit. By comparing_ the rate of profi! of the alternative yielding output (a + b) with the rate of profit of. the alternative yielding output (a+ c), the ca~italist obta~ns an answer, adequate for him, to the question which alternat1ve should be 
preferred. 

. But a socialist economy has as its objective the ~n;atest poss1blc 

satisfaction of social needs. Therefore, in solving the question of implemen ting a particular alternative in a socialist society, we must make clear how requirements will be met for those products, or how tho e tasks will be fu lfill ed, which are not reflected in the given alternative but are accomplished in other alternatives. The project alte rnative adjusted to a common effect can represent alternatives not of enterprises but of small sectors of the national economy designed to fulfill the same complex of tasks. These sectors of the national economy can consist of spatially separate parts of different en terprises that are not directly linked. Thus, an alternative invo lving the reconstruction of a number of shops of several existing machine-building plants can compete with an alternative involving the construction of new plants of this type. 
Adjustment of alternatives to a common effect does not free the planning bodies from the necessity of comparing nonmeasurable elements of the effect with outlays, and somehow "weighing" and comparing one against the other. 
The method of adjusting alternatives to a common effect presupposes that the requirements for the products of the alternatives under consideration have already been determined and that not one of these alternatives exceeds requirement. But this means that the role of individual types of output in the national economy and quantities of production by branches have already been established. 
Such a de termination of needs and prospects for developing production presumes, of course, precisely that comparison of nonmeasurab le elements of effect and outlays, a comparison we are trying to avoid by adjusting alternatives to a common effec t. However - and this is the decisive feature - the signifi c~nce of the method of adjusting alternatives to a common effect does not con si st in removing the responsibility from the planning organizations for establishing conformity between goals and outlays on prod uction, the responsibil ity for comparing and weighing no nmeasurable elements of effect (it i impos ible to remove this responsibility, and to strive to do so is harmful). The significance of this method consists in the fac t that this "weighing" need not be done in each separate case of comparison 

1 d' two or three project alternatives, but only in solving basic quL~st ions or the structure of the national economy . The main :ulvanLt~c or the method of adjusting alternatives to a common 1"1 kd is that it lll<tkes it possible to find alternatives requiring tninillllllll outlays l'or l'tdl'illitlg a p: trticular complex of tasks. 

1. 1 



7. Implicit Forms of Adjustment 
to a Common Effect That Are 
Applied in Practice 

Comparing the effectiveness of project alternatives by adjusting 
to a common effect is often done in implicit form. 

Let us take the simplest case of comparing the effectiveness of 

alternatives differing in the composition of their effects, that of 
alternative ways of producing metal articles with the lowest and 
the highest percentage of by-products. There is considerable 
disagreement on the methods of valuation. At first glance it may 
appear that by-products as such are worthless and that the 
valuation should include only the cost of transporting , storing, and 
preparing them, and similar operations. However, it is sufficient to 
consider carefully the example presented below in order to 
understand how incorrect such a solution of the question would 
be . 

Suppose that two alternative methods of producing metal 
articles that are similar in quality require identical capital 
investment and operating costs, but yield different amounts of 
scrap. Wiii we obtain a correct answer to the question of the 
effectiveness of these alternatives if we assume the value of scrap 
to be zero? Obviously not. Scrap can replace cast iron as a raw 
material for open-hearth furnaces and thereby can economize on 
labor outlays in producing a certain amount of cast iron. For this 
reason the practice in project calculations has been to value scrap 
according to the producing cost of cast iron. 

In the same way, in planning chemical plants by-products are 
usually valued according to the production costs of analogous 
products or of substitutes, if they are produced by other means 
than the projected one. 

The practice of valuing by-products according to the production 
costs of their substitutes is nothing but a concealed form of 
adjusting the compared alternatives to a common effect. 

In fact, suppose that it is necessary to compare the operating 
costs of the two project alternatives presented in Table 1 2. 

h.' 

Table 12 

AhCfllHIIV"" 0Lltpul 
Operati ng 

costs 

IOOa + IOOh £, 

11 I OCkJ 5(k t., 

. S_in~e the outputs associated with these alternatives are 
dissimilar we must first make appropriate adjustments. This can be 
done by two methods: 

( 1) by adjustment to the least common effect· 
(2) by valuing by-products b and c according' to the production 

costs of making them by other methods and subtracting this value 
of by-products from the sum of operating costs. 

Both methods require data ?n the operating costs necessary to 
produce b and c under alternative conditions. 

Suppose that these data are as follows : 

Outlays for producing 1 OOb = Sb , 
Outlays for producing SOc = Se . 

Then, to adjust both alternatives to the least common effect it is 
necessary to add: 

to alternat~ve I- SOc of output and Se of outlays, 
to alternative li - 1 OOb of output and Sb of outlays. 

To deter~~e production costs by subtracting the valuation of 
hy-products It IS necessary to deduct: 

from alternative I - l OOb of output and S of outlays 
from alternative II - SOc of output and s: of outlays.' 

In other words, the comparison of alternatives by adjusting to a 
' o 111mon effect represents the following inequality: 

(3.1) 

The comp~rison of operating costs for the same alternatives 
:11 ter subtractrng ~roduction costs of by-products obtained from 
dtllcrcnt sources giVes the following inequality: 

r:l- sh ?-= £2- s - c· (3.2) 



if several products are produced in one technological process we 

can determine on ly t he general produ ction cost of the ent ire 

complex. The producti on costs of the separate products of the 

complex are approxima te magnitudes. . . 

The approxime:~te na ture o f the prod u ' lion eo t of ba 1c output 

is especially clearly revealed in thos cases in which . this 

production cost emerges as a negative quan tity in the calculat ions. 

Such cases are possible when o th r al terna tive method of 

obtaining secondary output require large operating costs. 

4. Valuing secondary output according to the production cost 

when it is produced by other methods permits the comparison of 

the national economic effectiveness of alternatives with a differing 

composition of output for only one of the basic indicators of 

effectiveness - that of operating costs. To compare the 

effectiveness of such alternatives according to capital investment it 

is necessary to determine investment in basic output by a method 

analogous to determining the production cost of basic output, i.e., 

according to the amount of investment in producing the given 

secondary output by other methods. 

Evaluating by-products and secondary products according to 

production costs is not the only example of how adjustment of 

alternatives to a common effect is applied in our project practice. 

Many similar examples could be presented. In essence, the 

adjustment of alternatives to a common effect already occurs 

when the planner, comparing alternatives with a differing 

composition of effect, poses the question o! how, in implementing 

a given alternative, those requiremen ts will be satisfied and those 

tasks fu lfilled that are not met by the given alternative. This 

question arises, for example, if one of the alternatives yields 

output lat er than anot her one. ln this case the question is how and 

with what outlays the deficit can be met during the period when 

the given alternative is not yielding an output but another 

alternative could yield it. Finding these possibilities is nothing 

other than the beginning of adjusting alternatives to a common 

effect with respect to its time of realization. 

Thus, project practice makes use of various implicit forms of 

adjusting compared alternatives to a common effect. But the 

concealed forms obscure the meaning of the operation carried out 

and do not make it possible to evaluate the degree of accuracy of 

the results obtained. Moreover, implicit forms of calculation 

usually require not less but more labor to attain thl: same results. 

' j 

It is obvious that the second inequality is a transformation of 

the first. 

This means that comparing the operating costs of alternatives 

with dissimilar output by subtracting the production cost of 

by-products obtained from other sources is equivalent to 

comparing the operating costs of the same alternatives by 

adjustment to a common effect. 

If properly used, the concealed forms of adjusting project 

alternatives to a common effect yield the same result as the 

explicit form of this method. But it should be clear that the 

proper ~s~ of the concealed method of adjustment is considerably 

more difficult. Furthermore, implicit methods lead to certain 

errors. In particular, the method of valuing by-products according 

to the production costs of making them by other means is 

characterized by the following deficiencies: 

1. It replaces adjustment to a common national economic effect 

by adjustment to a common output. Valuing secondary products 

and by-products relates all outlays only to output. Thus, the 

difficulty of comparing the effectiveness of alternatives that meet 

differing goals of economic policy remains unresolved in this case. 

. 2. It relates the entire difference between operating costs of 

d1fferent alternatives of producing the entire complex of output to 

only one product taken as the basic one. Thus, the difference 

between the production cost of I OOa according to alternatives I 

;md II is (E 1 - Sb)- ( E 2 - Se), which obviously is equal to (E 

+ Se) - (E2 + Sb ). As a result, the relative significance of thls 

difference is exaggerated. Thus if E = 100 E = 1 20 S = 85 
. ' 1 ' 2 ' c ' 

;ll)d sb = 70, the dlfference between the production costs of the 

basic product in the two alternatives of our example is 16.7% of 

I he production cost of the basic product of alternative I ( (5: 30) X 

I 00]. But this difference in relation to the general sum of 

operating costs in adjusted alternative I is only 2. 7% 1 ( (120 + 

70) -- (1 00 + 85)] X 100: (1 00 + 85) ! . The first ratio (16. 7%) is 

sttlliciently large so that, under otherwise identical conditions, the 

:11lvantage would be with the first alternative. The second ratio 

( -~.7%) is not of decisive significance even assuming otherwise 

Hknlicill conditions, since the difference falls within the limits of 

p1obablc errors of calculation, at least in the stage of 

p1 ojcct-making. 

3. The implicit form of adjusting to a common effect creates 

Ill(' false impression that we can determine the real production 

cost or basic output by valuing secondary cutput according to its 

p1oduction cost if it is produced by other methods. Furthermore, 

.. 



Accordingly, it is advisable to replace implicit forms of adjusting 
project alternatives to a common effect with the explicit form of 
this operation explained above. 

It should be noted that the implicit form of adjusting to a 
common national economic effect is not the most serious fault of 
project and planning practice at the present time. Much worse 
methods of comparing the effectiveness of project alternatives are 
encountered. Various procedures for valuing secondary output and 
distributing capital investment among individual "components of a 
complex" that differ from the methods presented above are used 
in current practice. There is nothing absolutely fixed in these 
procedures. All the procedures are conditional - or perhaps it is 
more accurate to say that they are not substantiated. Serious 
errors are therefore possible. 

Cases of extremely large discrepancies in the results of different 
calculations of indicators of effectiveness of the same project 
occur in p lanning practice, discrepancies that arise from 
differences in valuation of secondary output or by-products. Such 
a situation is intolerable. Project calculations must not depend 
upon the subjective judgments of planners. The method of 
adjusting to a conunon national economic effect provides an 
objective basis for comparing the effectiveness of alternatives with 
nonuniform effects, a basis that does not depend on subjective 

judgments. 

Notes 

1. K. Marx arld F. Engels, Soclz.. lnd Edition, Vol. 20, p. 321. 
2 . ln comparison with new construction. . . 
3. It is assumed in the example presented here that the rnaxunum quanttty of 

production of individual products (and services) in the alternatives being compared ~ocs 
nul exceed the requi~ements of 1he corresponding region for these products (or servtce.~). 
In the opposite case it is ""cessary eithe r to rejeci such an alternative or to dem~:mstrate 
the advisability of subsequent shipments of the surplus product to other reg~_ons. In 
general, we must remember that the ~pplication ?f the proposed scheme n,'_usl e1the~ be 
based on well-developed data concernmg tilt: requuemcnts for the complex s. product~ ~r 
critically verified by the subsequent study of requirements. 1n Lhe opposttc case 1t ts 
possible Lo have a choice of an alternntivc involving the producuon of a surplus o f a 
product or with "n incorrect relationship between lines of production lhnt are nnd are 
not important for economic development , 

CHAPTER 4 

METHODS OF FINDING THE MAXIMUM EFFECT OF 
CAPITAL INVESTMENT IN A SOCIALIST ECONOMY 

Calculating the effectiveness of capital investment is the most 
difficult and consequently the most controversial aspect of the 
problem of measuring projected outlays. The problem of 
calculati~g the profitability of productive capital corresponds, in 
the practice of economic calculation, to this question. 

The eff~ctive~e~s of project alternatives is already being 
calculated m soctahst economic practice on the basis of "adjusted 
expenditures," and payments for capital are being introduced 
but the incomplete state of the theory of this question has begu~ 
lo be more sharply felt. Not only mathematical economic models 
but also algorithms that are practicable given the present system of 
economic information and computer technology are necessary for 
I he planned calculation of norms of payment for capital 
•nvestment and productive capital. Moreover, this problem is so 
mmplex and it affects so many different aspects of public life that 
111athematical models appear to be a too simplified representation 
or reality. 

What is the function of payments for assets and capital 
111vest~ent, when we examine them in the context of optimal 
plannmg? It would seem that the simplest answer is the following: 
l':1ylllents for investment and capital funds are a stimulus for their 
'''osl effective utilization. In this respect payments for investment 
:Ill" apparently similar to payments for natural resources. But this 
•~; llow lhe matter appears only at first glance. Both investment 
:11HI producl ive capilal differ from natural resources in that the 
IPillllT arl~ n~producihk. This is a substantial difference. In 



simplifying the task, we can proceed from the prescribed limit of 

the national economy's capital investment and seek to determine 

the most effective distribution of investment among different 

purposes. The optimality of this distribution o f inve ·tm nt will 

depend on whether the overalllinlit of investm~nt w_as correctly 

established, i.e., on whe the r the relatwnsh1p between 

accumulation and consumption is op timal. 

It follows that we can divide the problem of payments for 

capital investment and productive capital into two parts. First we 

will examine the basis for calculating these payments in problems 

of maximizing the overall effect of the limit of the national 

economy's capital investments and productive capital. Then we 

will investigate the connection between these payments and the 

planning of the optimal relationship between accumulation and 

consumption. 

1. Initial Propositions of the Model of the Maximum 

Effective Balance of Capital Investment 

It is well known that the opportunities for effective capital 

investment exceed the magnitude of existing accumulation. We 

could make many extremely effective capital outlays in excess of 

those planned, but the insufficiency of accumulation obstructs 

this. This is not a conjunctural, transient phenomenon. While the 

study of natural resources and technological inventions 

create sufficiently rapidly ever-new opportunities for effective 

investment, no matter how large national economic accumulation 

a relative shortage of accumulation will prevail. 

If effective investment can be undertaken on a larger scale than 

existing resources permit, this means that we must concentrate 

investment only on those projects that promise to yield an 

adequate effect. If accumulation is insufficient for all effective 

purposes, this means that it must be used only for the most 

effective purposes in order for the overall effect of total 

investment to be optimal. 
The effect of investment is measured by the labor savings it 

yields. " ... The productivity of a machine is measured by the 

degree to which it replaces h uman labor power." 1 No matter how 

varied the advantages yielded by a mor' capital-in tensive 

alternative of constructio n in compari on with a less 

capital-intensive one, in the majority of cases these advantages can 

be reduced to, and measured by, lahor savings. This possibility is 

• Ll 

created by the method of adjusting the compared project 

alternatives to an identical national economic effect. 

The labor savings resulting from the production of different 

products are just as commensurable as are the outlays of labor 

associated with the production of different use values. This 

conclusion does not change when we conduct calculations in value 

terms. In monetary terms the labor savings that, for example, 

should result from investment in an electric power plant can be 

commensurable with the labor savings that can be obtained from 

the same sum of investment in a tunnel that shortens a route. In 

all branches and lines of production the effect of investment is 

measured by the same standard. But the investment itself is also 

measured in the same units independently of the branches into 

which it is directed. 

Therefore, the relationship of the effect of investment to its 

magnitude, i.e., the effectiveness of investment, embodies the 

same measure in all branches and lines of production. We cannot 

determine how much more (or less) necessary cast iron is than are 

shoes, but this does not prevent us from measuring how much 

more (or less) effective a given sum of investment is in a 

metallurgical plant than in a shoe factory. 

However, an important reservation is necessary here. We cannot 

measure the effect of the entire sum of investment in a particular 

project, because for this purpose it would be necessary to compare 

the given investment alternative with the production of the same 

rroduct without any additional investment. But production 

with~ut any investment is not only clearly ineffective (by virture 

of high labor costs), but is often technically impossible (for 

example, melting cast iron) and does not satisfy the qualitative 

requirements of a socialist economy (for example, with respect to 

conditions of labor). In reality the question never arises of 

producin~ a given product with or without the help of means of 

pr~du~t10n: The question is that of choosing a more 

cap1tal-mtenstve_ or ~ess capital-intensive alternative of the given 

line of productwn, t.e., of expending more or less labor on the 

cr_eation of ca~ital to produce a specific output. In solving this 

PI oble~ . there 1s no need to know the savings yielded by the entire 

stttll of m~~stment. !t is altogether sufficient to determine only 

1 hose addthonal savmgs in labor costs caused by the additional 

111vestment required by the more capital-intensive alternative in 

mtllparison with the less capital-intensive one of that line of 
pn1duclion. 

Till' lllini~lllllll IJt·n~ssary Slllll or investment is determined by 

IIH· produt"lton prof'_l;lln lo1 lhe n;tlional l'l"OilOilly's final output 

' .. 



and its distribution among branches. The task of finding the 
optimal effect of investment arises only for that part of it that 
exceeds the minimum investment necessary to fulfill the 
production program for final output in the planned period. The 
difference between the national economy's accumulation and the 
necessary minimum investment can be distributed in different 
ways among branches and construction projects without causing 
changes in the production program for final output. This is where 
the problem arises of comparing the effectiveness of various 
alternatives of additional investment and of finding the overall 
optimal effect of investment. 

Briefly, this is the problem. The following are given: 
(1) The production program for the national economy's final 

output. . . . 
(2) The minimum sum of investment necessary for fulfilling this 

program and its distribution among branches. 
(3) The national economy's planned accumulation. 
(4) Alternatives of additional investment in all construction 

projects necessary for fulfilling the production program for final 

output? 
The question is how to distribute additional investment among 

various possible purposes so that there is the greatest overall effect 

from all investment. 
In accordance with this way of formulating the problem, the 

index of effectiveness of investment will be the ratio of savings in 
production costs resulting from additional investment to the 
amount of this investment. 

We will denote the production costs of annual output of two 
project alternatives as C 1 and C2 ; a~d invest~ent in the same 
alternatives as K and K . In so domg we will agree that the 
additional investthent in lhe second alternative yields a positive 

effect, i.e., that 

Then the index of effectiveness of additional investment of the 
'Second alternative will be expressed as: 

E _ c1- c2 . ( 4.1) 
'/,- K2-K1 

This quantity shows the share of the additional investment th~t 
constitutes its annual effect. Index ( 4.1) can be calculated m 

inverse form: (4.2) 

'1/ \ 

I~. this ?ase it denotes the recoupment period, in years, of 
additional mvestment resulting from savings in production costs 
yielded by this investment. The second (inverse) form of the index 
has b~e~ preferred in planning practice, apparently on the 
supposit~o~ that this form corresponds more closely to the nature 
?f a sociahst economy. The difference between the two forms is 
mconsequential. Both indicators ( 4.1) and ( 4.2) have the same 
meaning but in a different form (direct and inverse). Therefore, it 
cannot be that one of them corresponds and the other does not 
correspond to the nature of a socialist economy. 

In calculating the index of effectiveness of investment it is 
nec~ssary to observe the fundamental rule for comparing the 
natwnal economic effectiveness of project alternatives. This is the 
rule of. identity of national economic effects of the compared 
alte~ahves. We can measure the relative effectiveness of different 
prOJ~ct alternatives only given the condition of identity of 
requrrements and goals of economic policy that these alternatives 
s~rve. If the project alternatives requiring additional investment 
yield a differi~g ~ational economic effect (for example, different 
by-products) It IS necessary to adjust these alternatives to an 
identical effect. 

We will demonstrate that the effect of additional investment 
expressed i~ the form of an increase in output, can be measured 
by labor savmgs. 

Assui?e that ~ith given outlays of labor (we will denote this by 
~1 an I~crease m investment from K to (K + i:l.K) causes an 
~~crease ~n the product from Q to ( Q + i:l.Q). These alternatives 
y1eld natwnal economic effects that are not identical: the first -
Q, the second- (Q + i:l.Q). Therefore, we cannot directly measure 
the relative effectiveness of outlays of labor on these alternatives. 
For the s~me reason, in expressing the effect of investment on the 
mcrea.se m output (i:l.Q), we cannot calculate an index of 
dfechveness of additional investment (i:l.K) that would be 
commensurab!e with the same index in producing other products. 
l n fact, the mdex i:l.Q/ i:l.K has output in physical units as the 
numerator. When the output of the compared project alternatives 
Is heterogeneous in quality, comparison of this index is impossible. 

If i:l.Q denotes cast iron, and l:l.Q' cloth, it is not possible to 
ddcrminc whether i:l.Q/ i:l.K or i:l.Q '/ i:l.K' is larger. 

We will adjust the above alternatives of producing Q and 
({) -1- i:l.Q) tu an identical national economic effect. For this 
purpose we n~cakulak llle firsl altcrnativL~ for tilL~ same volume of 
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production as the second alternative yields, i.e., for Q + l:iQ (Table 

13). 

llh ll t "\ ~ d h' t ltd lt \ 

t .Jdu~ h·d I 

Table 13 

... t ln: l 

1 ''"'" A l .:J.A 

{ l\,1 1\ 

~'I prodth . .: IIU II 

Ill .JIIII U.tl l HliPLI \ 

IJ + .).lj 
( 0 IJ 

Now we will find the effectiveness of the second alternati~e's 
additional investment in relation to the adjusted first alternative: 

Q + l:iQ 
C· 

Q 
- c 

Q + l:iQ 
K + l:iK - K • -­

Q 

c. DQ 
Q 

Outlays on production are in the numerator of tbis inde:C. In all 
branches they are homogeneous and are commensurable W1th each 
other. The dimensions of the denominator are ~so homogeneo~s 
in all branches. The denominator represents mvestment. This 
means that this index of effectiveness of investment can be 
compared not only within the limits of produ<...in_g th~ same 
product but also in comparing alternatives of producrng different 

products. . . . . 
The comparability of effectiveness of mvestment m different 

branches is based on the fact that in choosing any of_ the 
investment alternatives compared in this index the fmal nat10nal 
effect of tabor remains constant. Only outlays change namely, 
their distribution among lines of production and the total_ sum of 
outlays. Suppose , for example, that we are compan~g U1e 
effectiveness of investment in producing product A w1th the 
effectiveness of investm nt in pr ducing pn duel 8. he 
investment alt rnative ar· pr s ntco in Tabl(' 14 . 

Table 14 

A B 
Productioo Production 
costs of 

lnvestmenr. 
Effective· costs of Effective 

aflJlual ness of annual m\'~Srment, ness of 
Alternatives 

output. in millions additional Alternatives output, in million; additional 
in millions of rubles ii1Vestment in millions of ru!ies ii1Vesanent 
of rubles of rubles 

lA - IB 45 25 -
50 so 

IIA 49 75 0.04 liB 35 50 0.4 

We will assume that each of the alternatives of producing A 
yields the same effect and that each of the alternatives of 
producing B also yields an identical national economic effect. This 
means that any combination of alternatives of A and B, with one 
alternative in each line of production, yields the same overall 
national economic effect. Consequently, comparing the 
effectiveness of 25 million rubles of investment in producing A 
with the effectiveness of the same amount of investment in 
producing B will involve the comparison of two combinations of 
alternatives with an identical national economic effect A + B, but 
with a different distribution of investment between these two lines 
of production. 

Differences in labor outlays will be the sole consequence 
(effect) of differences in the distribution of investments. 
Moreover, outlays are commensurable. 

2. A Simple Example of Finding the Overall 
Maximum Effect of Investment 

Problem No. 1. The basic idea of finding the maxinmm effect of 
investment is very simple. We will demonstrate it with an 
L"lt:mentary example. We will assume that 340 million rubles have 
been allotted to a certain trust for fulfllling a production program 
involving five products, A, B, C, D, and E. The outlays necessary 
lo fulfill the prescribed program for each product are shown in 
Table 14a. As we see, only one alternative of additional 
investment exists for each project. 

I I 



Table 

A 8 c 

Prolluction Prod11ction Production 
costs of 

costs of costs of 
Investmen t. annual 

Investment. annual 
<Jllllll'-11 in millions Alternatives in millions Alternative~ output, 

Alternatives output. 
output, of rubles or rubles in millions 

in millions 
in millions 
of rubles of rubles of rubles 

lA 
ql 50 ln 76 50 le 64 

I lA 81 2 80 118 71 80 llc 60.8 

Each of the alternatives corresponds to a program and 
alternatives with identical letters (A. B. etc.) are adjuste~ to. an 
identical national economic effect. Accordingly, any combmation 
of alternatives, with one alternative for producing each product, 
yields the same overall national economic effect .. . 

It may be asked which possible combmatton o~ ~hese 
alternatives ensures the utilization of the allotted llimt of 
invest ment with the maximum overall effect. 

It is very easy to solve this problem by directly choosing the 
more effective alternatives of additional inve~T?ent .. 

1. Let us calculate the effectiveness of additional mvestment for 
each alternative with the greater investment (Table 15). 

•\ lll . .'rll~l 11\ L'" 

Table 15 

I \1~,.· L'IIL'dl\\.'llL'~'\ 

nl ;H..Idltional lllVl'~tlllL'lll 

in %ol anlllli..li inVL'Slllll'llt 

•: 1 
\1 1 .. 1 
10 .7 

X ~ 

r •. 7 

2 We list all alternatives in order of decreasing effectiveness of 
inv~stment and show the amount of additional in_ve~ment 
required by the corresponding alternatives. At_ t~e begmrung of 
this series we show the total amount of m1mmu~ necessary 
Investment, i.e., the amount r investment for alternatives lA, ]B, 

le, ID, and lE. We obtain Table 16. 

14a 

Investment. 
in millions 
ol rubk·:-.. 

50 

~0 

D £ 

Production Production 

costs of costs of 
annual Investment. annual lnvt:stment. 

Altcrna t lvt:s 
output, in millions Altcrn•tive> 

output, in millions 

lo 

110 

in millions of rubles in millions of rubles 
of rubles of rubles 

5.1 c 50 lt 42 6 50 

50 7 XO llt• 40 6 80 

Table 16 

Anllll;.ll eiTectivcness rhc Jmount of investment 

;\]tCrll<.l1iVL'S or iJdditionul utilized with given 
lllvt..·stnlL'tlt, eiTectiveness, 

in% of invcstm~.?nt in millions of rubles 

lA , 111 , le, oa * 
lo, lr 

I lA 
IIH 
lie 
11 0 
11 r 

.le 7 
I r, 3 

10 7 
X 3 
(d 

250 

} "" 30 
30 
30 
30 
30 

*We provisionally show the effectiveness of minimum 
necessary investment as being infinitely large. The infinity 
sign here means only that without the given investment 
the production cannot be fulfilled. 

3. We select from this table, beginning at the top, as many lines 
as are necessary for investment requirements to equal their limit. 
For example, given a limit of 340 milhon rubles it is necessary to 
sdect the four lines from the top. 

4. From the alternatives included in this manner in the sum of 
investment, we will accept for each line of production the 
;dlernative with the largest investment. With a limit of 340 million 
rubles we must accept alternatives IIA, liB, lie, liD , and lE. The 
111ea n i ng of this rule lies in the fact that in Table 16 the 
:IIlLTnatives with the largest investments relate not to the total sum 
Dl' investment but emerge only as additional investment above the 
111111 i mu m necessary sum of outlays. Moreover, the larger 
IIIVL'slment sums include not only the additional investments (30 
111illion rubles) but also their necessary minimum amounts. This 
llll':llls lhal lhL~ accepted alternatives IIA, 11 8 , and lie exclude the 
ll':ili'!alion or allernaliVl~S lA, In' and 1('. 
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The balance of accumulation and investment compiled in this 
manner can be called the maximum effective or optimal one , 
because variants llA , II8 , lie , ID, and I£ yield the maximum 
effective utilization of the limited amount of investment funds. ln 
other words, these alternatives ensure obtaining planned output 
with the least production costs among all possible combinations of 
those alternatives within the bounds of the same limited 
investment funds. 

3. A More Complicated Case 
of Finding the Overall 
Maximum Effect of Investment 

Problem No. 2. We will now assume that the limit of funds is 
increased to 410 million rubles and that for each project there 
exists not one but several alternatives of additional investment 
(Table 17). 

Table 

8 c 
~ 

Product iOn 
ProductiOfl 

l'ruUth..: t io n costs of 1.:osb o t 
~u~ ts o l 

Jnvcstnh .. ' llt 
I nvl..'st ment , annu al ~nnu<.~ l in millions annual tn nlillinns Al t ~rn:.tt1 ve s A.lt~!rn:.tt!Ve ~ output, 

Altl'rnatlVI..'S output. 
output. of rubles o f rub les in milli o ns 

in mi lli ons 
in n11 \!J o ns of ru bles 
or rubks 

of rubles 

lA ~ I 50 IH 76 50 le 64 

!lA 90 (>0 1111 
7 :_ 8 70 lie 63 .5 

IliA 8~ 70 ! I lB 71 80 !li e 62 9 

IYA 8 1 2 80 IY8 :o 100 lYe 60 8 

YA 80 100 Ye 60 

Here the solution is complicaled by the problem of choosing a 
base for calculating indicators of the effectiveness of investment. 
Should we accept a constan t base, i.e., an alternative with the least 
investment or a variable one, i.e., an alternative with the next 
smallest investment? In the fust case calculation will show us the 
effectiveness of the entire urn of addit ional investment, but in the 
second ea e calculation will give us only the effectiveness of the 
upper portion of additional investment. . _ 

It would eem that unifonnity in lhe principle o t on tntctmg a 
series requires applicat ion of a single base fo r calculating the 
effectiveness of investment. But 111 fact su<.;h a so lut ion is wr ng. 
In rcaljly , a nstanl bu-;c- is sui tnhlc only umh:r · >tHJi li< ns f 
c ntinuously grow ill !' d fl: I ivlll ·ss >I sw .. "l ' \'SSIV l' IIW\:sl mtnls. In 

/ I . 
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this case either technological impossibility or a negative 
effectiveness of further investment must set in following the 
maximum effective outlays on investment. A variable base is 
correct only under conditions of continuously decreasing 
effectiveness of successive investments. 

Let us demonstrate these propositions. 
1. When each successive sum of investment for producing a 

given output is more effective than the preceding sum, the 
effectiveness of the entire sum of additional investment above its 
minimum will always be lower than the effectiveness of the upper 
portion of investment. Nevertheless, it is not possible to carry out 
only one "upper layer" of investments and not make all the 
preceding ones. This is as impossible as filling only the upper half 
of a glass and not filling the lower half. Accordingly, given the 
growing effectiveness of successive investment, the indicators must 
be calculated on a constant base. We will demonstrate the 
incorrectness in this case of calculations resting on a variable base. 

17 

/) E 

l'rodu.:tion Prod uctio n 
\.·o:-.ts of costs o f 

IV ''111'11..' 11 ( J011 UJ I 
Jn vl.· s t mt·nr. a nnual Investment. 

' rrtlllllll <\ A l tc r na li V\.':-:. in m i ll ions 1\ l!c rn al ives 
output. in millio ns output. 

1d ruhk..., in rnilllon~ or rubh:s in m illions of ru bles 

ol ruhk·.;; of ru bles 

'() 'n 53 c 50 lE 42 .6 50 
( l(J IlD 50 7 80 IIF 40 6 80 
70 1110 so 100 Ill f. 40 100 
.~() 

Il l () 

We will use for this purpose data from Table 17 , In the table 
a! ternative IVc has an investment effectiveness (E) in relation to 
variant lllc equal to 

62.9- 60.8 

80 - 70 
= 21 % per year, 

ami in relation to alternative le equal to 

64 - 60.8 
I 0. 7% per year. 

~ () 50 
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But alternative III8 has an investment effectiveness in relation 
to variant II8 equal to 

72.8- 71 
= 18% per year, 

80-70 

and in relation to variant I8 equal to 

76- 71 
---- = 16.7% per year. 
80-50 

In calculating investment effectiveness on a variable base, i.e., 
on the base of the alternative with the next smallest investment, 
alternative IV c falls into a higher place than alternatives IV 8 and 
IIIB. 

If the limit of investment funds allows us, in the course of 
selecting the most effective alternatives, to accept alternatives with 
effectiveness not lower than 20%, then with chain indicators of 
investment effectiveness alternative IV A will, and alternative IIIB 
will not, be among the alternatives selected (since 
E1v /Ill >20%, and Em 8 m8 <20%). Moreover, to implement 

c c 1 h " alternative IV c it will be necessary to spend not on y t e upper 
layer" of investment, 80 - 70 = 10, but also all "previous layers" 
of investment with lower effectiveness than for the "upper layer." 3 

As a result, the effectiveness of all additional investment as a 
whole for alternative IV c will not only be lower than 20% but also 
lower than the investment effectiveness of variant 1118 : 

Erv cflc = 10.7% per year, 

Eur
8

Jr8 = 16.7% per year. 

2. When each subsequent sum of investment in producing the 
given output is less effective than the previous one, the 
effectiveness of the entire sum of additional investment will 
always be higher than that of the "upper layer" of investment. 
Accordingly, in the given case it is not possible to determine from 
the effectiveness of the entire sum of additional investment 
whether that of the "upper layer" of investment is sufficient. 
Moreover, we can reject the "upper layer" of investment without 
rejecting the "lower layers" (in the same way as the lower half of a 
glass can be filled without filling the upper half). 

Therefore, the calculating of investment effectiveness on a 
constant base would be incorrect in the given case. It would lead 
to undertaking a less effective investment and rejection of the 
more effective one. For example, it is apparent from the data of 
Table 17 that EvA /IA is equal to 22% per year whereas EvA /IV A 
is only 6% per year. 

If we judge the investment effectiveness of alternative V 
according to the first of these indicators (calculated on a constan\ 
base), this aJternative will be ahead of alternatives III IV 11 
and liE which, if calculation has been done on a co~stan~ 'bafe: 
have lower indicators of investment effectiveness but at the same 
time have considerably greater effectiveness of the "upper layer" 
of investment. 

Thus, with decreasing effectiveness of successive investments 
the indicators of effectiveness must be calculated by the chain 
method for each sufficiently "thin layer" of investment. 
"Thinness of the layer" of investment in the given case is 
necessary so that all possibilities of comparatively more effective 
investment can be most fully used, yet without permitting 
concealment of investments of low effectiveness by means of 
combining them into one sum (into one "layer") with more 
effective investments. 

In practice the effectiveness of successive investments (in the 
same project) can grow at certain times and decline at other times. 
In the transition from alternatives that are low with respect to the 
level of technology to those that are tech!lologically advanced the 
effectiveness of successive investments often grows. In comparison 
or alternatives that are identical in level of technology the 
dfectiveness of successive investments usually declines. Under 
such conditions how are we to calculate its indicators? 

Only one conclusion follows from what has been said - this 
IIJust be done by alternating both bases. For sectors with growing 
l'ffcctiveness of successive investments these indicators must be 
l alculated on the base of the alternative from which growth in the 
l'llcctiveness of successive investments begins. For sectors with 
lkclining effectiveness of successive investments the effectiveness 
llllJst be measured by the chain method, i.e., on the base of the 
alkrnativc with the next smallest investment. 

" ' 



4. Alternatives Whose Effectiveness Can 
Be as High as Desired but Which Can Never 
Enter into the Maximum Effective Balance 
of Investment 

However, this conclusion immediately gives rise to doubt. Can 
indicators calculated on various bases be combined into one 
declining series for selection of that portion of the more effective 
investments that is contained in the overall limit of accumulation? 

This question is easy to resolve when we try to construct such a 
series. For the sake of brevity we will form it from the alternatives 
of only one project, A. 

Let us calculate the effectiveness indicators on constant and 
variable bases (Table 18). 

Table 18 
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As we see, the effectiveness of investment grows over the range 
from variant I A to IV A and then declines (variant V A). 

According to what we have demonstrated, for solving our problem 
for alternatives liA , IliA , and lV A , calculations are necessary on 
the base of alternative lA , and for alternative V A they are 
necessary by the chain method on the base of the alternative with 
the next smallest investment. 

Let us examine what will result if we try to place these 
indicators (enclosed in Table 18 by rectangles) in a declining 
series, compiled by analogy with Table 16 (see Table 19). 

Table 19 

-\ IIL' rtl atl\' 1..' 
l _ ll~o.·,,: IJ \ L.'llt.'\' 

I \1\L' S [IllL'Il t Total sum 

and bases 
o f in v~.· :. tln t.:n t 

wi th p.ih' ll of investment 

111 ', l'~t~l..'df 
i..' fk l' li \' l'lh.'S' * of the alternative, t 

111 lllJ II io n~ ul 1 u hk~ in millions of rubles 

I 2 J 4 

1.4 "" 50 50 
IY.4 lA 3.C.7 J(l ~ 0 

IliA lA 15 .:o 70 

I lA 1.4 10 10 60 
VA IVA c. 20 lOO 

• Column 3 contains the difference between investment in the 
alter?ative to w_hich the indicators of investment effectiveness pertain 
?n~ mvestment m the alternative serving as the base for calculating this 
mdicator. 

_tColumn_ 4 _contains the entire sum of investment in alternatives to 
whtch t~e mdtca.tors of investment effectiveness pertain. Thus, the 
second lme of thts column shows the investment in alternative IV 
the third line the investment in alternative IliA, etc. A, 

. Let us as~ume that the limit to investment grows, begiiming 
w~th a ~u.antlty for which we can implement only the alternative 
~tth mm1mum investment up to a quantity for which we can 
Implement an alternative with the greatest investment. 
_ It then turns out that whatever the possible limits to 
mvestment, alternatives IliA and IIA cannot be included in the 
1~1aximum effective balance of accumulation and investment. In 
tact , it is apparent from column 2 of Table 19 that alternative Ill 
could be included in this balance only when the limit tc1 
nwestm_ent will a~low implementing investment both in producing 
!1 and m other hnes of production, with an effectiveness on the 
order of 15% yearly. It is apparent from column 4 of the same 
table that with the expansion of the overall limit to investment it 
well be_ necessary to reduce investment in producing A, because 
aUernatlve IliA requires less investment than alternative IV . A 
k 1nd of i_ncongruity is already apparent in the fact that, with an 
tttcre~s~ m the total limit of investment (with other conditions 
ll"lllammg unchanged), investment in producing A decreases. 

. An even ~reater incongruity is apparent in the rejection of 
lttgllly effective additional investment alternative IV for the sake 
IJI le~s. effective investment in other production units. Indeed, the 
ftansi~Ion from alternative IV A to alternative Ill means the 
1l"f~;ct ton of additional investment with an effective~ess equal to 
IlK y,, per year (as Table 18 shows), while in other production units 
dtll· to expansion of the limit on accumulation, this investment 
'an he used only wilh an effectiveness of the order of 15% per 
Vt':tl. 
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Thus, whatever the limit on accumulation, alternative IliA 
cannot enter into the maximum effective balance of accumulation 
and investment. 

Similarly, it can be demonstrated that alternative IIA must 
share the fate of alternative IliA With respect to indicators of 
investment effectiveness it is acceptable with higher limits on 
accumulation than alternatives IliA and IVA, but in amount of 
investment it corresponds to lower limits on accumulation. 

Alternative VA is in a different position. It has the lowest index 
of investment effectiveness, but, given a sufficiently large 
accumulation, it can enter the maximum effective balance. This 
will become possible if the volume of accumulation permits the 
use of investment with an effectiveness of the order of 6% and 
less. Alternative VA requ ires greater investment than IV,4 ; and, 
accordingly accepting alternative VA does not exclude, but on the 
contrary also includes, the implementation of all previous "layers" 
of investment, including investment in alternative IVA, for an 
effectiveness of 6% js applicable only to the final "layer" of 
inve tment - 20 million rubles- i.e., the additional investment in 
alternative VA in excess of the investment in alternative 1VA . 
Another "layer" of investment in alternative VA - 30 million 
rubles - i.e., the additional investment in alternative IVA in excess 
of the investment in alternative lA , has the same effectiveness as 
the investment in alternative IVA. 

Thus, although alternatives IIA and IliA have a greater investment 
effectiveness than alternative VA, nonetheless alternative VA can be 
included under certam conditions in the maximum effective balance 
of investment, whereas alternatives IIA and IliA can never be included. 
These alternatives cannot be included in the maximum effective 
balance not because their investment effectiveness is low, but 
because it is lower than the effectiveness of a greater investment in 
the same project (alternative IVA ) . The whole point is that 
alternatives ITA and TilA occupy an intermediate position on the 
scale of increasing effectiveness of successive investments. No matter 
how high the effectiveness of these alternatives, they cannot be 
included in the maximum effective balance of investment, although 
less effective alternatives of the same projects on the scale of 
declining effectiveness of successive investment (for example, 
alternative VA) can be included in the maximum effective balance of 
investment. 

Important practical conclusions follow from this. Gi~~n a 
declining effectiveness of successive invest~en~s, add1honal 
investment must he comparatively uniformly tllstnhuted among 

different kinds of production units and objectives. Given a small 
accumu~ation, . additio~al investment is directed toward many 
product10~ u~Its_ but m small quantities, whereas with a large 
accu~~latwn It Is also directed toward many units but in large 
quantities. 

T~~s we at~ain the maximum effect of investment given a 
declmmg effectiveness of successive outlays. 

Thi_s maximum is formed differently in the case of increasing 
effectiveness. Here the constraint on accumulation must lead not 
to choo~ing alt~rnatives with small additional investments in many 
produ_ctwn umt~, but to selecting alternatives with the greatest 
effectiveness of mvestment in a few units, and alternatives with 
the necessary minimum investment in many other units. Given a 
uniform distribution of additional investments in the particular 
case, not the most effective alternatives would be realized but 
rather those intermediate ones that can never enter int~ the 
~aximu~ effect~v_e balance, namely, alternatives occupying an 
mtermediate position on the scale of increasing effectiveness of 
successive investments. 

Hence it foll~ws that in periods of rapid technological progress, 
when the effectiveness of successive investments increases in many 
cases, the development of the technological level of the economy 
must proceed not uniformly (by gradual movement from one level 
to another) but instead must move abruptly, in jumps. The 
shortage of accumulation in the given case will be reflected not in 
~-~ d~c_rease ~n the height of the jump in the technological level of 
mdiVIdual lines of production and enterprises, but by a restriction 
~m the number of lines of production and enterprises taking these 
.JUmps. On the other hand, the average height of an individual 
jump will be even more significant than in a situation in which 
there is a large volume of accumulation, since we must limit 
ourselves to only the most effective investment alternatives. But of 
1 ourse raising the technological level of the entire national 
~·mnomy (with due account of enterprises that are not involved in 
I ill~ jump) will be all the more important the greater the volume of 
:1cc u mutation. 

The practice of socialist reconstruction at the national economy 
ol the USSR. col!espon~ed to this principle of distributing 
lllvestments With mcreasmg effectiveness of successive outlays. 
All hough our construction was accomplished with a significant 
shorta_ge <?f accumulation in comparison with the possibilities for 
l'lln:t1ve 1nves_tment, it was nonetheless carried out according to 
I ill' last word 111 kd1110logy. As a result of the combined effect of 
llll' advantagl'S of till· soci:llist syskm and th(: transition from a 
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very low technological level to a modern one, the effectiveness of 
successive investments has probably also increased in many sectors 
where there have been significant intervals in successive outlays. 

In this case all intermediate alternatives ranging from the 
necessary minimum investment to alternatives with the greatest 
effectiveness do not correspond to the principle of the maximum 
effect of investment. Hence the concentration of capital 
investment on the most effective projects. Party resolutions 
contain direct instructions on this question. Thus, the XVth 
Congress of the VKP(b) stated in one of its resolutions that the 
plan for capital construction "must proceed from the greatest 
effectiveness of capital outlays both with respect to periods of 
completion of work and with respect to the productive effect of 
enterprises under construction. Accordingly, each year's capital 
outlays must provide for maximum investment in a comparatively 
limited number of new plants and operating enterprises selected 
for reconstruction. " 4 

Thus, project alternatives occupying intermediate places on a 
scale of growth of effectiveness of successive investment do not 
correspond under any conditions to the overall maximum effect of 
investment. Accepting these alternatives reduces the overall effect 
of investment below that possible with the same production 
program for final output and with the same accumulation, and this 
means that it raises total production costs of this output. 

Having excluded alternatives with lower investment 
effectiveness than those with a larger investment in the same 
project, we obtain a number of alternatives with indicators 
calculated by the chain method (Table 20). 

/lllenmtJve 
nnd bi!Sc 

Jnve~tment. 

m millions 
of rubles 

50 
80 

100 

Table 20 

Production costs 
of annual output, 

in millions of rubles 

91 

81.2 
!!0 

Annual investment 
effectiveness, 

in % of investment 

3~ .7 

6 

After alternatives IIA and IliA were dropped, alternative lA 
became the immediate neighbor of alternative IV A. Accordingly, 
the index of investment effectiveness of alternative IV A, 

calculated on the base of the alternative preceding the growth of 
effectiveness of successive investments, is now calculated on the 

u 1 

base of the alternative with the next smallest investment. At the 
same time, the dropping of intermediate alternatives on the scale 
of increasing effectiveness of successive investments transforms 
every series of alternatives either into two alternatives with the 
smallest and the largest investments, or into a series with declining 
effectiveness of successive investments. 

The first possibility is realized if in the original series of 
alternatives the effectiveness of successive investments increases 
until the end of the series, even if there are intennediate declines. 

The second po sibility occurs if in the original series of 
alternatives the increase in effectiveness of successive investments 
i replaced by its decline. 

5. Solution of a More Complex 
Problem of Finding the Overall 
Maximum Effect of Investment 

Let us return to the 'Olution of our problem No. 2. We will 
compute indicators of inve tment effectiveness for the alternatives 
rel~ting _to the remaining lines of production (B, C, D, and E), 
bemg guided by the rules explained above. 

By the chain method of cal ulation we obtain the followina 
series of indicators (Table 21 up to the lower line). "' 
. We ~ec~ that the alternatives are numbered in the order of 
111cr~asmg U?vestment. We not that alternatives TI 8 , Uc, and liic 
oulhned w1th rectangle in the table must be excluded as 
Intermediate alternatives given an increase in effectjveness of 
successive investments. 

In accordance with this we must recalculate the indicators of 
effectiveness of alternatives IIIB and IV c on bases IB and le. We 
obtain 

EniB fiB = I 6. 7%; 

E1v c/Ic = 10.7%. 

We include these indicators in the table (under the lower line). 
As a result we have indicators of effectiveness of alternatives that 
ea n be included in the maximum effective balance of investment 
( SL'e U1 indicators in Table 21 that are not enclosed in rectangles). 

_we. will rank these investment alternatives by decreasing 
l'l lcchveness (Table 22), and in so doing will show the amount of 
111vestrnent to which the corresponding indicators of effectiveness 
pnlain (including data for product A from Table 20). 

We will select from this table, beginning at the top, as many 
investments as are contained in the limit. To facilitate selection, 
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column 4 shows the sum of investments obtained by the 
summation of column 3. It is apparent from column 4 that the 
combination of alternatives with a total sum of investment of 400 
million rubles corresponds to the investment limit that is equal to 
410 million rubles according to the conditions of the problem. 

The combination of alternatives with the next highest amount 
of investment is not contained within the limit (it requires 420 
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million rubles). This means that it is not possible to compile from 
the alternatives of our problem the combination that would 
require 410 million rubles of investment and yet would be of 
maximum effectiveness. It is true that from the alternatives in our 
problem (even after excluding those that cannot enter into the 
maximum effective balance of investments) we can compile thirty 
different combinations that yield output A, B, C, D, and E with 
investments equal to 410 million rubles. But not one of them 
yields a solution to our problem. 5 Therefore, the investment limit 
must be decreased to 400 million rubles. 

The sum of investments selected in this way will also determine 
those alternatives whose combination solves our problem. For this 
purpose we must take for each project (A, B, C, D, and E) the 
alternative that is distinguished by the largest investment in 
comparison with the ones that are included in the limit insofar as 
their additional expenditures are concerned. The use of such a 
method is explained by the fact that the investment in this variant 
is equal to the sum of its additional investment together with all 
preceding "layers" of investment in the same project. For 
example, in solving our problem the following "layers" of 
1nvcstment in producing A were included in the investment limit: 

minimum investment in alternative lA . 
additional investment in alternative IV A 

;1hovc the investment in alternative IA 

Total 

X/ 

50 million rubles 

30 million rubles 

80 million rubles 



This is equal to the investment of alterna~ive IV A . By accepting 
for each project the alternative that is the highest of those ~ocated 
above the line in column 1 of Table 22, and b~ separatmg the 
accepted alternatives of investment from the rejected ones, we 
obtain a combination of alternatives that solves our problem, 
namely, IV A, lliB, IV c, liD' and lie· 

In finding this combination we have thereby constructed an 
optimal balance of investment (Table 23). 

Table 23 
(in millions of rubles) 
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1 art b tween the total sum of This balance ensures not on Y equ I y e · ffective 
investment and the allowable limit but also the maxlillum e 
use of the limit. 

6. Possible Inaccuracy of the Proposed Solution 

The balance we have constructed ensures t~e maximum 
effective use of the investment limit on t~e assumpt~on t~hat t~~r~ 
are no investment alternatives for thes~ ~mes of pro uc ~fn oB et 
than those that entered into the conditions of t~e yro em. u 
the overall effect of investment can be gr~ater still If th~_num~~r 
of alternatives with investment effectiveness ~xcee mg _e 
minimum effectiveness of the ac~ep~ed alternatives (6: 7%) IS 
. d The highest effectiveness mdicators for each project _can 
~~~se~~~~in unchanged. The appearance of additio~al alternatives 
with an effectiveness lower than the highest b_ut hi?her than !~e 
mimmum effectiveness of accepted alternatives mcreases e 

overall effect of investment. . t A B and C new alternatives 
I deed suppose that for projec s . · . 
n ; h investments larger than the investments of alternatives 

appear Wit d IV by 10 million rubles for each, and t~lat tl_le 
IVA' !liB, _an f additional investment in these alternatives_ ts, 
effechv_eness o 11 . 1 <)'J,, JK~r year. Thl~ll we should reJect 
respectively, 15,_ -· .l~ll • ·t . I ·I kct ivl~IH~ss ol h.7% JH~r year, 
alternative 11,.: wrth an IIIVls rtHII L . . .• 
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investment ( lhe investment of alternative fiE minUS the 
investment of alternative 1£) should be distribute d among the new 
alternative . In the process the overall effect of investment grow 
by I. million rubles per year: 

3 0 X (_12~~ -- 6. ~X _ _!__. 
3 J lOO 

The increase in the effect of investment occurred without 
raising the effectiveness of the most effective alternatives, only by 
increasing the number of intermediate aJtcmatives among those 
with declining effectiveness of successive investments. As a result, 
differences in the effectiveness of the final (highest) ' layers" of 
accepted investment in different projects have also decreased. 
Thus these differences in our example were in the range of 6. 7 to 
3:2. 7% before the appearance of new alternatives, and after the 
inclusion of new aJtematives they were in the range of 8.3 to 15%. 

Introducing other alternatives with an effectiveness of 
additional investment greater than 8.3% but less than 15% will 
yield a further increase in the overall effect of the same investment 
limit (by rejecting less effecLive and accepting more effective 
add itional investments) : 

Continuing this analysis furt11er , we arrive at the conclu ion that 
increasing the number of intermed iate altemr.tives among those 
with a declining effectiveness of successive investment, ot11er 
comlitions being equal. increases the overall effect of investment 
raises the minimum effectiveness of accepted aJ ternatives, and 
reduces differences in t11e level of effectiveness of the final 
' ' f t.~ycr " of investment in different lines of production {projects). 6 

I I foiJows tl1at it is adva.n tageous to work out additional 
al l cmatives o long as the resulting increment in the overall effect 
ur investment exceeds the cost of working out the project 
.J ikma tives. 

7. The Norm of Investment Effectiveness - the lndex 
of Conformity of lndividuallnvestments to Their 
Maximum Overall Effect 

The maximum effective balance of investment cannot 
~ · 11 o rnp tlss all investment alternatives, for their number is 
I'' .1 t i ·ally unljmit d. Thu in choosing the diameter of a pipelin e, 
rll .d ' ll:tl i"or " machine part, or lhe thickness of walls, and in 
~u lvrnr \llh(r ' imilar que:.lions, there arise the problem of 
tllltlpmi n • production · sls and investment. To centralize the 
oll lilfiUil nf .'ill ·ft fill S l ltJII S, i. ' ., lo solve lhc111 by constructing an 
•t pllllt.rl h;rialll 'l' l itlv •s lllll' rll , 1s in conn·ivahll'. 



Moreover new investment alternatives arise daily and hourly by 
virtue of te~hnological progress. It is impossible to determine their 
effectiveness by compiling new optimal balances. . 

Hence it is clear that a norm is necessary by means of which we 
could determine, in each separate case, whether the given 
investment corresponds to the maximum overall effect_ of 
investment in the national economy and whether the giVen 
investment can be included in the optimal balance of investment. 
This norm arises directly from the optimal balance. Let us 
examine the properties that characterize the alternatives included 
in the optimal balance of investment. . . . 

It is apparent from Table 22 that the alternatlv~s mcluded m 
the optimal balance are distinguished by two properties: 

( 1) the effectiveness of each of the acc~pted investn:ent 
alternatives is greater than that of each of the reJected alternatives, 
and greater than, or equal to, the minimum effectiveness of 
accepted alternatives; . 

(2) investment requirements for all selected alternatives are less 
than, or equal to, the limit. . . 

Let us examine how we can find the alternatives possessmg 
these properties. 

From the first property it follows that the mm1mum 
effectiveness of accepted alternatives must be greater than the 
maximum effectiveness of rejected alternatives, or at least equal to 
it. 

This means that in finding the minimum effectiveness of 
accepted alternatives with respect to the op~imal balance, we 
obtain a norm on the basis of which we can JUdge whether the 
effectiveness of projected investments is high enough and whether 
they can be included in the optimal balance. 7 

By comparing the actual effectiveness of a _numb~r of 
investment alternatives with the norm we can determme wh1ch of 
the alternatives can be included in the optimal balance of 
investment. In this corn parison it is necessary, first of all, to 
exclude alternatives occupying intermediate positions among those 
with increasing effectiveness of successive (additional) investment 
and, second, to compute effectiveness indicators for ~he 
remaining alternatives by the chain method. Then the alternat1ve 
with an investment effectiveness just larger than or equal to the 
norm will be the optimal one. It is precisely this alternative that 
must be included in the optimal balance of investment. 8 . 

Let us clarify this rule. We recall that in the ca_sc of !he dtrect 
selection of the most effective investments (accordmg to fahle 22) 
we accepted for each project the alternative with the largest 

investment of all those located above the line separating the 
accepted alternatives from the rejected ones. But the alternative 
with the largest investment is at the same time the one with the 
least effectiveness of investment of all alternatives of the same 
project tha t were placed above the boundary line. This arises from 
the bask rules for the direct selection of the most effective 
.investments, namely, the rule for choosing the base for calculating 
the effectiveness of .investmen t and the rule for excluding 
altern atives occupying intermediate places among those with an 
increasing effectiveness of successive investments. 

The norm of investment effectiveness can also be used in 
another method of selecting alternatives. We will present the 
method explained above in mathematical form. 

Let the investment in the alternatives of the same project be 
.K1. K2, ... , Km ; 

Let the production costs of annual output for the same 
alternatives be, respectively, cl. c2 ..... cm . 

We will assume that K 1 < K2 <, ... ,<Km ; C
1 

> C
2 

>, ... ,>Cm. 
We will also assume that investments occupying intermediate 

positions among those with increasing effec tiveness of successive 
investments do not enter into the designated alternatives. This 
condition will be expressed by the following j!!equalities : 

We will call the allowable m inimum of investment effectiveness 
the norm of investmen t effectiveness, denoting it by r. 

Suppose that al ternative f has an investment effectiveness equal 
to or just larger than, the norm . 

Writing this condition symbolically, 



from which it follows that: 

CJ-I -C! Crn-I-Cm < 
~~--~ > r r. 
K,-Kf-1 Km-Km-I 

These inequalities will be transformed into the series of 

inequalities: 

C1 +K1r > C2+Kzr; 
C

2
+K

2
r > C3 +K3r; C1 +Kf < C1 . 1 +K1 { ; 

..... . .. .. . 
C -LK r < C -LK r. 

m- 1 · m- 1 .... m 1 m 1 

from which 

C
1 
+ K{ > c + K2r > C3 + K3r > ... > C1_ 1 + K1_{ 

> jC1~K;j < C1 : 1 +K1 , { < ··· < Cm+Kmr. 

Here, of all sums of the form C + Kr th~ su~ C1 + .Kf is the 
smallest.9 But alternative f is the alternative with an mvestment~ 
effectiveness equal to, or just larger than, the norm, i.e., the 
alternative corresponding to the overall maximum effect of 
investment. Consequently, we can replace the selection of 
alternatives with an effectiveness of investment equal to, or just 
kzrger than, the norm by the selection of alternatives for which the 
sum of production costs of annual output and the product of 
investment and the norm of effectiveness is the smallest. 

In other words, we can replace the determination _of the. optimal 
balance according to the minimum nonnegahve diff~~ence 
between actual and normative effectiveness of additional 
investment with finding an alternative according to the formula 
C + K r = min. In this formula the product K r expr~sses 
normative effect of investment K, i.e., the minimum labo~ savmgs 
that must be yielded by investment of amount Kin order lo~ us to 
be able to include it in the optimal balance. Thus, the su1:n C ~ Kr 
is the sum of production costs and normative labor savmgs lrom 
nroiectecl investment. 

1/' 

At this point the reader may have a question. Why does the 
choice of the alternative according to the minimum of C + Kr 
not require the prior exclusion of alternatives occupying 
intermediate places among those with increasing effectiveness of 
successive outlays of limited resources? The answer is simple. It is 
because with any economically possible values of the norm or 
effectiveness such variants cannot have minimum sums of the form 
C +Kr. 

We can become convinced of this by means of the following 
reasoning. Suppose we have three alternatives for the production 
of a product. Outlays on these alternatives will be, respectively, 
K 1 , K 2 , and K3 for investment; and the production costs or 
annual output will be C1 , C2 , and C3 • 

We have 

K1<K2<K3. and C1 >C2>C3 • (11 .. \1 

.I 
Furthermore, the effectiveness of additional investments !'or 
alternative 3 is greater than the investment effectiveness I'm 
alternative 2: 

C2-C3 ...__ Cl-C2 

Ka-K2 /' K2-K1 
( 4.'1) 

This means that alternative 2 occupies an intermediate plan· 
among those with increasing effectiveness of successivl· 
investments. 

It is not possible under conditions (4.3) and (4.4) for alternalivl' 
2 to have the least sum C + Kr, i.e., it is not possible with r~O Ilia I 

In actuality, these inequalities are equivalent to ineq ual i 1 ies 

from which 
C2-C~ ___. C1 -C2 

I(, -K~ ' K-i-Ka' 

!) l 



which contradicts condition ( 4.4 ). 
This means that alternative 2 cannot have a minimum sum of 

the form C + Kr. This impossibility occurs for any norm 
effectiveness of investment except a negative one. 

It is easy to see that choosing alternatives accord~g to the 
minimum of the sum C + Kr is simpler than choosmg them 
according to the minimum nonnegative ?ifferei:~e between the 
actual effectiveness and the norm. Certam addthonal rules and 
reservations, the neglect o f which cou ld have led to error, become 
superfluous. Nevertheless, the advantage that the ~ethod of least 
sums (C + Kr) possesses are immeasurably more Important than 
simplicity or convenience of calculation. . 

From a theoretical standpoint; calculating the sum C + Kr ts a 
special method of measuring labor outlays - a method directed to 
finding their overall minimum. In practice this measurem~nt of 
outlays is the only possible one not only for constructmg an 
optimal balance of accumulation and capital inves~ment b~t also 
for solving a number of other important problems m plannmg the 
national economy. 
8. The Need for Another Method of Finding 

the Maximum Effect of Investments 
Besides the Direct Selection of the 
Most Effective Investment Alternatives 

The method we have presented for finding the maximum effect 
of investment by means of direct selection of the most effective 
alternatives is very simple. Nevertheless, in practice it is applicable 
on only a modest scale, for only in rare cases can we calculate the 
index of effectiveness of capital investment. 

The index (C1 _ C2 )/(K2 -K1 ) can be calculated only if savings 
in production costs ( C 1 - K2 ) are the result only of additional 
investment (K2 - K 1 ). But, labor savings (and this means also 
savings in production costs) are accomplished not only by 
investment but also by the utilization of better natural resources 
(better soil, better minerals) and other relatively superior means of 
production. Usually, better means of production are insufficient 
to meet the demand for them. In this respect the better means of 
production are similar to investment. The volume of possib~e 
effective uses is greater than the supply of these means of 
production. Hence the problem arises of finding the maximum 
effective use of the better, but limited, means of production. This 
is a problem similar to that of finding the m<tximum effect of 
investment. 

At first glance it appears that we can solve these problems 
separately for each kind of limited means of production. But in 
actuality such a solution is impossible. 

It is impossible because we cannot divide the savings in 
production costs (C1 - C2 ), which are the joint effect of several 
limited means of production, into a number of terms expressing 
the effects of expenditures of each of these means separately, for 
this would mean solving one equation with several unknowns. 

On the other hand, with joint outlays of two or more limited 
means of production it is not possible to consider the savings in 
production costs as the effect of only one limited means, for 
example, investment. Otherwise, the effectiveness of those 
investment alternatives that presuppose the use ot scarce means 
of production would be exaggerated because of the effect of using 
these means. As a result, a maximum effective balance compiled 
on the basis of incorrect investment indicators would require a 
larger amount of scarce means of production than are available. 
Having selected from a number of investment alternatives, 
arranged in order of their decreasing effectiveness, as many 
alternatives as are contained in the investment limit, we would 
obtain that balance of investment for whose realization neither 
better natural resources nor scarce kinds of raw materials or fuel 
would be lacking. 

Thus, the method of direct selection of the most effective 
investment is applicable onJy when the compared alternatives 
require identical outlays of each scarce means of production but 
require different amounts of investmen t. 

Hence it is apparent that our examples of determining the 
maximum effect of jnvestment (see above Tables 14 and 17) 
require an important reservation, namely, that for each project (A, 
B, C, D, and E) the outlays of all limited means o ther than 
investment be identical for all alternatives. 

It should be noted that when we refer to other limited means 
we have in mind only those better means of production whose 
<tvailability or production is less than the amount required or, 
more accurately, less than the volume of their possible effective 
applications. Here it is not the quality of a means of production 
hut its limited quantity that has decisive significance. 

We can become convinced of this by in1agining that very rich 
deposits of a raw material have been discovered, deposits whose 
quality surpasses the best previously k now n scarce varieties of this 
raw material and which exceed in quantity all possible effective 
liSt'S. Then the given kind or raw material, which is better than the 
prcvionsly scarn· one . will not lw scaHT, and lhe previously scarce 



raw material will become unnecessary (ineffective). Although the 
new, abundant raw material will be more effective than the 
previous scarce one, differences in its outlays in the compared 
alternatives will not prevent us from finding the maximum effect 
of investment by the method presented here, since in constructing 
a maximum effective balance of investment we will not encounter 
a shortage of the given raw material. 

Problem No. 3. Let us clarify what has been said with a simple 
example. Suppose that to produce three prodvcts, A, B, and C, 
there are the following limited means: 260 thousand rubles of 
investment and 40 tons per year of a scarce raw material. 

The annual production program for each of these products can 
be fulfilled with different amounts of investment and with 
different expenditures of the scarce raw material. Outlays for each 
of the alternative ways of fulfilling the annual program for each 
product are shown in Table 24. 

Table 

/I 

Product!dll F:-.:pen- ProJndion 

~..:o~h "' diLUH.'S ul eo~ IS ol 
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1;1 tu.c xu () Ill -'liO 

IIA t}(l 70 10 1111 p;o 

111,~ '!0 120 10 11111 I" ~ 

The question is how to find the combination of alternatives for 
which: 

( 1) the production program for all three products will be 
fulfilled; 

(2) investment and expenditures of scarce raw material will not 
surpass the limits; 

(3) there will be the greatest overall effect from using the scarce 
raw material and the investments (i.e., total production costs of 
products A. B, and C will be minimized). 

Let us try to solve this problem by the same method that was 
used to solve the previous problem. We will determine indicators 
of investment effectiveness on the assumption that all savings in 
production costs that are promised by any of the alternatives arc 
the effect only of investment. In other words, we assume that the 
effectiveness of expenditures or a scarce means of production is 
cqu<JI to zero. lt is obvious lhal f!,iVl'll lhis condition allnnalives 

IA , IB, .and. Ic drop out, since additional investment for these 
alternative~ IS accompanied not by saving but by overexpenditures 
of productiOn costs of output (in comparison with alternatives II 
IIB, and lie). A' 

Let us calculate the effectiveness of additional investment for 
alternatives IliA , IIIB, and IIIc: 

96- 90 

120- 70 

180-175 

120- 80 

100- 95 

= 12% per year; 

= 12.5% per year; 

= 50% per year. 
110 - 100 

Let us set up Table 25 to select the most effective alternatives. 
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It is obvious that alternatives UA , liB, and IIIc are within the 
investment limits. But the requirements for the scarce raw material 
necessary for this combination of alternatives is not contained 
within the limit for thi raw material. It constitutes (10 + 20 + 30) 
= 60 tons per year with a limit of 40 tons per year. 

We arrive at a similar result in solving this problem by finding 
the maximum effectiveness of utilization of the scarce raw 
material if, in calculating indicators of this effectiveness, we 
attribute to the scarce raw material all the savings in production 
costs promised by the given alternative in comparison with 
another one. 

The indicators of the effectiveness of the scarce raw material 
represent the ratio of savings in production costs resulting from 
the application of this raw material to its outlays (expressed in 
natural u nits). Taking investment effectiveness as zero , we obtain 
such indicators of effectiveness of the scarce raw material 
(according to the condition of problem 3). 

Alternatives IliA and IIIB have an infinitely greater 
effectiveness of utilization of the scarce raw material relative to 
alternatives IIA and liB. Savings in production costs are obtained 
without additional expenditures of the scarce raw material. 
Accordingly, alternatives IIA and IlB drop out. 

The effectiveness of expenditures of the scarce raw material is 
expressed for the remaining alternatives by the following 
quantities (in thousands of rubles per ton): 

102 - 90 
10 0 = 1.2 ; 

200 -175 = 1.25; 
20 - 0 

130- 100 
= 1.5-

20 - 0 ' 

100 - 95 
Emc / llc = = 0.5. 

30 - 20 

We set up a table to select the most effective alternatives (Table 
26). 
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The ~ombination of alternatives lA , liiB, and lie satisfies the 
constramt on the scarce raw material. But these alternatives use 
more than the limited investment funds. Investment in the given 
case. is (80 + 120 + 1 00) = 300 thousand rubles, with a limit of 
260 thousand rubles. 

Thus, both attempts to solve the problem proved unsuccessful. 
The reason for the lack of success in both cases is the same. All the 
savings in production costs were considered to be the effect of 
only one of two limited means. Indeed, according to the 
conditions of the problem, both the investment and the outlays of 
the scarce raw material yield savings in production costs. This is 
apparent from Table 24. Thus, additional investment in alternative 
~IIA in co~parison with alternative IIA is accompanied by savings 
m production costs with unchanged expenditures of the scarce raw 
material. On the other hand, expenditures of the scarce raw 
material in alternative IIA are accompanied by savings in 
production costs, in spite of a decrease in investment in 
comparison with alternative lA . Similar relationships can be seen 

I
in comparing alternatives liB and liiB, IB and liB, and IIIc and 
c· 

Yet both investment and the scarce raw material are limited. 
There are less of them than required for all labor saving 
applications (within the limits of the prescribed program for 
producing products A, B, and C) Consequently, both capital 
investment and the scarce raw material must be used in the 
maximum effective manner, i.e., so that there is the greatest 
overall effect from their utilization. 

Hence the error is clear in the attempts presented above to solve 
problem No. 3. We solved it by finding the maximum effect 
stemming from the use of one kind of limited means of 
production, although the problem is that of finding the maximum 
overall effect of the utilization of two kinds of limited means of 
flroduction. 

U ll 



But for solving such a problem the method presented above is 

unsuitable . indeed, direct selection of the most effective 

alternatives is based on comparing effectiveness indicators for the 

application of a limited means of production. ln this case of joint 

expenditures of two (or more) limited means of production the 

savings in production eo ts expe_cted from their us are the 

combined effect of several heterogeneous means of production. 

But we cannot calcuJate the index of effectiveness of outlays of 

several heterogeneous means of production . For this it would be 

necessary to calculate the ratio of savings in production costs 

resulting from the joint expenditure of different means of 

production to the sum of the expended means of production. If 

these are heterogeneous their summation i impossible. It is 

impossible to add mbles of investment to tons of copper or 

hectares of land. In actuality, the joint outlay of several limited 

means of prod·uction is a typical case. Therefore, as a ruJe the 

calculation of indicators of investment effectiveness contains, to a 

larger or smaller degree, the same error that occurred when we 

~.;alculated these indicators according to the data of Table 24 (for 

Table 25) and assumed that the effectiveness of the scarce raw 

material was equal to zero . 

Thus the problem of finding the maximum effect of investment 

for the national economy cannot be solved apart from the more 

generaJ problem of flnding the maximum effect of all limited 

means of production. Obviously this is a different problem from 

the one we have been working on until now. We sought the 

maximum effect only of investment. Now a broader problem 

confronts us, that of finding the maximum effective use of several 

limited types of means of production. 
Nor is this all. The problem of flnding the overall maximum 

effect of limited means of production is, in turn, part of the 

problem of maximum effective utilization of all means of 

production in general. 
Indeed, strictly speaking those means of production are limited 

whose possibility for effective application exceeds their 

availability (or production). This applies to all means of 

productjon that are better than the poorest of those of a given 

kind that are necessary to meet requirements. ach means of 

production whose use produces output with maller outlays than 

with the use of the poorest necessary means of producti n will be 

limited. Its applicabon wiJJ resu lt in I ss use )r lal >r, and lh 

possibiJiti of its effc · tiv appli '<ltions ( i. •., lahor-t·c noulit.ing 

ones) will h· lt\SS lhan it N availabilil If lilts Wl'll' 11 0 1 IIH t·nsc 

1 hen• w lllld I t• no m·t·d I u t l. 'l' I · ., l' l kd lvt• nH'alts nl pr Hllu. llon 

Thus, the composition of limited means of production is 

extremely broad. It includes all usable natural resources except the 

poorest ones, and a multitude of reproducible means of 

production whose availability is restricted by the limits of 

accumulation. But in finding the maximum effective use of limited 

means of production we must also take into account the 

application of the poorest required means of production for the 

comparative effectiveness of possible applications of limite'd means 

depends on the quality of the poorest required means. 

Consequently, the maximum effective balances of limited 

means of production can be constructed only by introducing into 

these balances "nonscarce" means of production. Thus, the 

problem of the maximum effectiveness of investment has led us to 

a :nuch more general problem, which goes beyond the limits of 

th~s ·chapter. However, even within the limits of the premises of 

th1s chapter (the assumption that only one kind of means is 

limited - investment), we can substantiate in the simplest way the 

method of constructing optimal balances that is appropriate for 

any number of limited means. 

9. Potentially Optimal Combinations of Alternatives 

We have examined the norm of investment effectiveness as a 

cri~erion for introducing small additions into the optimal balance 

of ~~vestment. However, this norm can be used for constructing an 

optimal balance as a whole. In fact, if we could identify, by some 

method, a norm of investment effectiveness the entire problem 

would be immediately solved. It would then be necessary to select 

for each project an alternative that has either an investment 

effectiveness equal to or just larger than the norm or one that 

minimizes the sum C + Kr. The question is only how to find this 
norm. 
. We saw that the norm arises from the optimal balance of 

mvestme~t. Hence we can arrive at the conclusion (as yet a 

~ypothehcal one) that any method of determining the norm of 

mvestment effectiveness is at the same time a method of 

constructing an optimal balance of investment. 

The direct selection of the most effective investment 

alternatives is not the only method, and even (as we will see 

below) not the most suitable one. It is only the simplest and most 

comprehensible one. Taking it as the point of departure,it is easier 

to explain a different method of constructing optimal balances 

lllal, al!llough more complex , corresponds to the conditions of the 

lliOdnn l~COIIOllly. 

ltll 



This more complex method is based on the property of the 

norm of investment effectiveness as the lower limit of the 

effectiveness of accepted alternatives. This property of the norm is 

obvious in its use in the formula 
c, - C2 . 

0 - r = mm ~ 
K2 - K, 

or (by using the recoupment period) in the formula 

I K2 -K I 
= min ~ 0. 

r c, c2 
It is obvious that if the investment selected satisfies the conditions 

of these formulas its effectiveness will not be lower than the norm. 

But the effectiveness norm has the same property when it is 

used according to the formula C + Kr=min. Hence it follows that 

given any nonnegative norms of investment effectiveness, 

alternatives selected on its basis form a combination for which 

investment, as a whole, yields the greatest effect (the greatest 

labor economies) among all possible applications of the same total 

sum of investment for producing the same output. 

It is true that the magnitude of the norm of effectiveness 

influences the sum of investment selected and consequently its 

overall effect. With a high norm of effectiveness both the total 

sum of selected investment and its overall effect will be less than 

with a low norm. But with any nonnegative norm of effectiveness 

the most effective combination alternatives can be selected in 

comparison with all other possible combinations of them with the 

same (or a smaller) total sum of investment. 

Therefore, combinations of alternatives formed by selecting 

them on the basis of any nonnegative norm of investment 

effectiveness can be called potentially optimal alternatives. 

Such combinations can be optimal ones if the amount of 

investment that is required for them is equal to the investment 

limit. Hence it follows that the optimal balance of investment can 

be established by setting up several potentially optimal 

combinations on the basis of experimental norms of effectiveness. 

The relationship between required investment and the limit should 

be the criterion in these trials. If the required investment exceeds 

the limit established, the experimental norm of effectiveness must 

be raised. If the required investment is substantially less than the 

limit the norm of their effectiveness mu t be reduced. The 

pot~ntially optimal combination for which the required 

investment is equal to the limit will become the expenditure part 

of the optimal balance of accumulation <•nd investment. 

Each potentially optimal combination is distinguished by the 

following properties: 

(I) it has the lowest production costs of all corn binations that 

require equal (or less) investment; 

(2) it requires the least investment of all combinations with 

equal (or lower) production costs for the same output. 

Let us prove this in the simplest case of producing two products 

(I and 2). 

Let us assume that, having set the norm of investment 

effectiveness (r > 0 ), we selected alternatives of producing two 

products with minimum sums of the form C + Kr: 

c; + K;r = min; 

c; + K;r = min, 

~he:e subscripts I and 2 denote the products, and the primes 

s1gm~y the production costs of annual output and the investment 

reqmred .to produce it according to the selected alternatives. 

We. wil! now replace alternatives marked with a prime in this 

combmatwn by two other alternatives picked so that the total 

sum of required investment does not increase: 

(4.5) 

where K~' and K; are investments in alternatives of the changed 

combination. 

T~us total outlays (of the form C + Kr) will grow (or at least 

remam constant): 

c; + K;r + c; + K;r :> c; + K;r + c~ + K~r. (4.6) 

This mcr~ase in t?tal outlays (with a given r) is possible only 

through an mcr~ase m ~otal production costs. Indeed, multiplying 

both. parts of mequahty ( 4.5) by r (a positive quantity) we 

obtam: 
' 

K;r+K;r ~K;r+K~. (4.7) 

Subtracting this inequality from inequality ( 4.6) so that from 

~he sm~ller part of inequality ( 4.6) we subtract the larger part of 

mequahty ( 4. 7); and from the larger part of inequality ( 4.6) we 

subtract the smaller part of inequality ( 4. 7), we have; : 

c; + c; > c; -1- c; . 

Thus it is demonstn1ted that potentially optimal combinations 

l~ave . the. lowest p .roduclion costs of output of all possible 

comb111altons req111nng the sanw (or Slllalkr) stuns of investment. 



Let us now replace the selected alternatives by others so that 
overall production costs of both products do not increase (we will 
denote the production costs of the changed combination of 
alternatives by Ci" and c;'): 

( 4.8) 

Thus total outlays of the form C + Kr will increase (or at least 
will remain the same): 

c·;· + K;·, + c~· + K~·, > c; +K;r + c; + K;r. (4.9) 

With a given r this increase in total outlays is possible only through 
an increase in the total amount of investment in producing both 
products. 

Indeed, subtracting inequality ( 4.8) from inequality ( 4.9) we 
obtain 

K~'r+ K;·, >K;r+ K;r. 
Dividing both parts of this inequality by r (r >O ), we obtain 

K~· + K~' > K; + K; . 
Thus it has been proved that potentially optimal combinations 
require the least investment of all possible combinations of 
alternatives with the same (or smaller) overall production costs of 
the same output. 

Thus the formation of potentially optimal combinations of 
alternatives of investment can be used to solve two problems: 

( 1) problems relating to the overall maximum effect of using a 
certain investment limit (or, what amounts to the same thing, 
problems relating to the overall minimum production costs of the 
given output); 

(2) problems relating to the overall minimum investment (with 
a prescribed limit of overall production costs of output). 

The economic meaning of these problems is different. The 
problem relating to a minimum of capital investment is based on 
the implicit assumption that the economy strives to reduce to a 
minimum not the working time (the amount of labor) necessary 
for producing the required output, but the time necessary for its 
production and circulation. 

Indeed, there is a relation between the production costs of 
output and the capital necessary for its production and 
circulation, namely, K = Cl, where K is capital, C is production 
costs of annual output, and l is the average period of production 
and circulation of capital, weighed according lo the amount of 
outlays. Hence it follows lhal the prohk1n relating loa n1inimu11l 
of K with limikd ('is a prohkln relalill)'. lo :1 lllillillllllll of 1. 

As will be seen below, the existence of potentially optimal 
combinations of alternatives can be used to construct optimal 
balances not only for investment but also for any means of 
production (material balances). This method of optimal balancing 
does not have the clarity of the direct selection of the most 
effective alternatives. In forming experimental, potentially optimal 
combinations of alternatives, we advance gropingly, so to speak, 
toward the goal. 

However, in forming potentially optimal combmations we do 
not have to measure the effectiveness of investment. Selecting 
alternatives according to the formula C + Kr = min involves 
selection according to minimum labor outlays. Measuring the 
effectiveness of investment is replaced by measuring labor outlays. 
That investment is considered most effective for which outlays of 
labor on output are minimized. This form of comparing 
alternatives (according to labor outlays) corresponds more to the 
nature of the problem of investment effectiveness than comparing 
indicators of investment effectiveness, i.e., of actual with 
normative ones. The effect of investment is measured by labor 
economies, and the sum C + Kr expresses labor outlays measured 
by a method that facilitates finding their overall minimum. A 
demonstration of this statement constitutes the content of the 
following chapter. 

10. Why the Norm of Investment Effectiveness 
Cannot Be the Average Level of Its Effectiveness 

The necessity of establishing a norm of investment effectiveness 
has been widely recognized. This recognition is expressed in the 
"Recommendations of the All-Ur.ion Scientific-Technical 
Conference on Problems of Determining the Economic 
Effectiveness of Capital Investments and New Technology in the 
National Economy of the USSR." In Section 13 of the 
"Recommendations" we read: "In calculating effectiveness for the 
purpose of choosing the most suitable alternatives of capital 
investment it is necessary to compare the recoupment periods 
obtained (or the reciprocal -- the coefficients of effectiveness) 
with the normative values of these indicators. These normative 
indicators should be established for the national economy as a 
whole and for branches in order to attain the greatest effect from 
capital investment on the scale of the entire national economy. 
TIH· maximu111 :dlowahk (normative) recoupment periods for 
choosing :IIIL'Inal iws ol L·apil:d inveslntenl and new technology 
SilOIIId hl' dl'll'flllilwd lly (liiHTl'dJII)', fro111 I he n~plaCL~Illent Of one 
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kind of technology by another, newer kind of technology , based 
on the amount of capital investment allotted to the given 

bran eh." 1 0 
This is a correct definition of ':he purpose the norm of 

investment effectiveness must serve ('·to attain the greatest effect 
from capital investment on the scale of the entire nati~nal 
economy"), and also of the v-alue of this norm as a m~rgu~al 
allowable quantity, and the basic conditions for defin~g 1ts 
dimensions. The question of the role of branch effectiveness 
norms (recoupment periods) remains a controversial one. It is not 
clear how to justify them from the standpoint of attaining ~e 
maximum effect from investment on the scale of the entrre 
national economy. However, they can be useful .at least as stages 
on the way to determining national economic norms. 

Not all Soviet economists agree with the definition of the norm 
of effectiveness as a minimum standard (and, correspondingly, of 
the recoupment period norm as a maximum allowable_standard). 
Some investigators assume that the norm of mvestment 
effectiveness should be not a minimum but an average standard , 
namely the average level of investment effectiveness. s_u_ch a 
viewpoint has been expressed by Academician S. G. Strumilin 

11 

L. A. V aag, 12 and others. 
Adherents of this viewpoint evidently ignore the fact that the 

norm of investment effectiveness cannot be an average standard. 
Given any method of comparing production costs and investm_ent 
by using effectiveness nonns, only those investm_ent alternatives 
whose effectiveness is not lower than the norm w1ll always be the 
most advantageous. These results will follow whether we use 

formula 
c~-C2 . 0 ---''---~ - r = mm > , 
K2-K1 

or formula C + Kr = min_l
3 

This means that equating the norm of investment effectiveness 
to its average effectiveness leads to the equality of the minimum 
effectiveness of planned investment and its average effectiveness. 

Equality of the minimum investment effectiveness and the 
average effectiveness is possible only under the cond ition th at 
average effectiveness pertains to a different ·et of investmen t than 
does the minimum effectiveness. Average effectiveness can pertain 
to all possible future investment. Thi i. appar nlly th scn in. 
which Academician S. G. St rumilin lr als th · uv ' rag · I v •I I 
effectiveness. Average effectiveness can also refer to investment 
realized in the past, expressing lhe averagl~ profilahilily of 

productive capital. Such a viewpoint has been expressed by L. A. 
Vaag and others. 

~owever, neither of these concepts of the average as the norm 
of mvestment effectiveness gives us a suitable instrument for 
comP_iling optimal balances of investment. The average 
effechve_ness of all possible investment does not at all guarantee 
that an mvestment plan constructed on its basis will be within the 
investment limit. Such an average could serve only as a first 
approximation in the search for a norm of investment 
effectiveness. Thus, having become convinced that the investment 
plan const!ucted· on its basis does not comply with the limit (the 
accumulatwn plan), we would have to establish another norm. If 
afte~ trying several experimental norms we succeeded in equating 
the_ mvestment plan and the accumulation plan, the derived norm 
of mv_estment effectiveness would not in any case be the average 
effectiveness of planned investment. It wauld be its minimum 
effectiveness. Therefore, it is hardly worthwhile (even as a first 
approximation) to proceed from the average effectiveness of 
possible investment as the norm of its effectiveness. 

Use of the average profitability of productive capital as the 
norm of investment effectiveness leads to different results. 
Choosing new investment alternatives on the basis of the average 
effectiveness of past investments is equivalent to raising the lower 
limit of investment effectiveness. The average effectiveness of 
investment in each previous period becomes the lower limit of 
investment effectiveness in the following period. This is equivalent 
to the systematic narrowing of possibilities for the growth of labor 
productivity. There is no doubt that the defenders of the average 
norm of profitability of capital as the norm of investment 
e ffectiveness do not foresee such consequences. Yet these 
consequences are unavoidable as soon as the average effectiveness 
of past investment is used for selecting future investment with an 
effectiveness no lower than this norm. But such a selection is 
dictated by the formula C + Krcp = min , which the defenders of 
the average as the norm of effectiveness recommend. 14 

However, in considering the norm of effectiveness as the 
min~mum allowable standard we must be somewhat more precise. 

FITSt of all , it would be incorrect to calculate this quantity from 
statistical data on the actual effectiveness of investment. For a 
nonoptimal balance of investments the minimum effectiveness of 
accepted alternatives will be lower than in an optimal one, and 
also lower than the maximum effectiveness of rejected investment 
alt e rnatives. This means lhat in asserting that the norm of 
investnwnt dkctiveness is l'qnal lo the minimum effedivcnes..<; of 



accepted alternatives we stili do not provide a complete definition 
of this norm. There can be as many such minima as there can be 
different sets of selected uses of investment. 

But when the accepted uses ensure an overall maximum effect 
of investments, then: 

(1) the minimum effectiveness of accepted alternatives will 
be a maximum; 

(2) the maximum effectiveness of rejected alternatives will 
be a minimum; 

(3) the first quantity will be greater than, or equal to, the 
second. 

Thus, the norm of investment effectiveness is a limiting 
quantity of a special kind. This is the saddle point - the maximin 
or the minimax. 

11. Conclusions 

We shall sum up this chapter. The limited amount of 
accumulation poses the problem of its most effective use. When 
the volume of accumulation is insufficient to use all the 
labor - economizing possibilities of capital investment, it is 
necessary to select those investments for which, in the first place, 
the production program for final output will be fulfilled and, in 
the second place, there will be the greatest overall effect of all 
capital investment. This requirement arises from the principles of 
economizing on labor. 

However, it is not possible to solve this problem in isolation 
from the problem of the best utilization of all means of 
production. It is possible to form an optimal (maximum effective) 
balance of accumulation and investment without considering its 
connection with the maximum effective balances of all means of 
production. The optimal balance of capital investment can be 
formed only as a part of the system of optimal balances of means 
of production. 

An optimal balance of accumulation and investment drawn up 
by the method of direct selection will be impracticable to the 
extent that there is a shortage of the best means of production, 
since not only investment but also many means of production are 
limited. The principle of economizing on labor requires the 
maximum effective use not only of investment but of all generally 
limited means of production. Consequently, we must seek not the 
maximum effect of overall investment, but the maximum overall 
effect from the USe or invcsllllelll and li111iled llll'<lllS or 
prod ucl ion. 

But this is not all. The dividing line between means of 
production that are relatively better (limited) and those that are 
not scarce, but are still suitable for use as means of production, 
can be found only by constructing maximum effective balances of 
all means of production. Thus it follows that the best use of 
capital investment qm be found only by drawing up an entire 
system of maximum effective material balances and a balance of 
investment. This means that there is no special problem of 
effectiveness of capital investment that can be posed and solved in 
isolation from the more general problem of the most effective use 
of all means of production. 

This is the first result of this chapter, a negative result. 
Nevertheless, it is an important result because in the literature and 
in practice the problem of effectiveness of capital investment is 
posed in isolation from the problem of the greatest overall effect 
of the use of all means of production. 

However this negative result also has its positive side. Having 
becon:e convinced of the impo ·sibi lit)' of solving the problem of 
eff ctJVen ss of capital investmen L in isolation from the broader 
problem, we have also determined not only the ssence of this 
problem but al o th fundamen tal means of solving il. 
Th~ e sence of the problem. part of which is the problem of 

e~fe_ctiveness of capital investment, consists of finding the overall 
nummum outlays of labor required to produce the given output. 
Th~ method of solving it require the construction of a system of 
optunal balances of means of production (also including a balance 
of capital investment). 
T~s system of balances cannot be constructed by the met.'1od 

of d1rect selection of th e effective alternative of application 
I each kind of means of production taken separately . . For 

wllen th.ere are joint outlays of several heterogeneous mean:) of 
protluctJOn to manufacture a product, there is no pos ibility of 
dctcnnining the savings of labor caused by each of them . 

Nevertheless, the direct selection of the most effective 
:1pplications of a limited means can be replaced by selection 
:IL·cording to minimum outlays if we include in total outlays a 
11ormative labor saving from the use of the given means. We 
sludicd this possibility for the case when only one kind of means 
was limited. We established that the norm of effectiveness of a 
l'.iYL~Il limited means can be found by drawing up several 
l'Xpnimcntal balances. The outlay part of each of these balances 
ll'llrl'SL'llls rl'quiremcnls for the given means for all of those uses 
ll1al yil'ld plannl'd oulpul wilh minimum costs of reproduction 
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and the normative labor saving from using the given means. 
If the norm of effectiveness is correctly determined, the balance 

works out without a shortage or surplus of limited means. If the 
norm is set too low, a shortage of means arises. In finding the 
correct value of the norm of effectiveness we also determine that 
combination of alternatives for which final output corresponds to 
the assignment; the limited means are used with maximum overall 
effect, and costs of reproducing all final output are minimized. 

Thus, when only one kind of means is limited, the direct 
selection of its most effective uses can be replaced by selection 
according to minimum outlays measured in a particular manner. 

To sum up, Chapter 4 has posed two questions for us: 
1. What is the economic meaning of measuring outlays 

according to the formula C + Kr? 
2. Can this method of measuring outlays be applied in actual 

practice, and can we use it as a basis for constructing a system of 
optimal balances of all resources, and an optimal plan for 
developing the national economy? 

Notes 
I. K. Marx and F. Engels,Soch, 2nd Edition , Vol., 23, p. 402. 
2. Final output of the national economy in a particular period consists of objects of consumption 

(individual and social), circulating capital, and that part of the means of production that is intended for 
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COn, i n UOU\ hUI\~ t, 11 ul lhrH III IIC\ lfiHf tl lllr 1U1tnt1n tll illrttt~tfl\l t"\ 11! \\h~f' \\1\1' lll~t lUH' III' ll1~'ill h 
p roj ccl '' 111 rn1 tr l1 lur 

7. The max im um effectiveness o f rejected alterna tives t.:O uld also serve as su ch a norm. However, in 
the given example this maximum is no t a compl etel y d ea r criterio n o f the suffi ciency o f the effect. It 
demonstrates tl1 :t t inves tment with greater e ffectiveness can be included in the optimal balance, but it 
does not indicate ho w mud1 greater In the actual optimal balance, give n the presen ce of a large number 
o f investment alternatives, t he maximum effect iveness o f rejected alte rnativ es practically coincides with 
the minimum effectiveness of accepted alternatives. lt is clear that th e norm of investment effecrlveness 
determined from the optimal balan ce will be suitable for introducing only small changes in the optimal 
balance of investment. The norm of effectiveness can also change when tl)ere are large changes in the 
balance. · 

8. lt is wrong to consid er the alternative with the greater effect iveness of investment as the optimal 
one. lt is likewise ina cc urate to consider the alternative with an e ffec tiveness surpassing the norm as the 
optimal one. for there can be several such alternatives . 

. 9. The equality c, _ I + K, _ I' = c, + Kr means that additi onal investment K; - K;_ I has only the 
m1n1mum allowable effec tiveness 
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CHAPTERS 

PRINCIPLES OF MEASURING COSTS 

Measuring the labor costs of a product by a labor involved in its 
production is not the only method of measurement. It is only an 
elementary method of measuring costs by means of elementary 
mathematics. Other procedures for measuring costs, namely, 
procedures involving the mathematics of variable quantities, are 
also possible and, under certain conditions, are necessary. 

The measurement of costs is subject to economic laws, both to 
general and specific laws of each stage of development. These laws, 
as well as others, direct the measurement of costs to the solution 
of certain extremal problems. 1 Thus, the general law of the 
economy of labor requires a measurement of labor costs that 
would make it possible to find their minimum. The specific law of 
surplus value subordinates the measurement of costs under 
capitalism to the task of maximizing profit. In this process, the 
law of the economy of labor is realized insofar as this is 
compatible with the maximization of capitalist profit. 

The specific economic laws of socialism - the basic law, the law 
of continuous growth of tabor productivity, and the law of the 
planned development of the national economy - direct the 
measurement of costs to the attainment of the greatest possible 
rate of growth of lab or productivity. 

The extremal character of those problems whose solution helps 
to measure costs requires (under certain conditions) the use of 
procedures for measuring lahor costs other than lhL~ simple 
calculation of outlays on production. The ncn~ssity of usi11g oiiiL~r 
procedures does not depend on tlw value fon11 ot l'Xpn·ssin)'. laiH.,) I' 
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costs. There are certain general principles of measuring costs in a 
highly developed social economy that encompass the law of value 
as well as labor accounting. 

The special features of measuring outlays of labor that are 
characteristic of a particular economic system can be made 
apparent only by studying the general principles of this 
measurement. Accordingly, at first we will ignore value. We will 
assume that we have already made the transition to measuring 
costs in terms of labor time. Then we will return again to value 
measurement. This sequence of investigation will enable us to 
specify both the general laws of measurement of costs and the 
specific peculiarities of this measurement that are inherent in 
different types of production relations. 

Many economists implicitly share the view that the measurement 
of costs does not require higher mathematics. Usually the thought 
does not even arise that the measurement of costs for the purpose 
of finding their minimum must be done differently than in a 
situation in which this problem does not exist. In finding 
minimum costs for a particular product it is considered quite 
sufficient to calculate its costs of production according to 
different alternatives and to compare the results. However, this 
problem can be solved in this way only at the lower stages of 
economic development, stages no higher than the conditions of 
simple commodity production. Under simple commodity 
production the objects exchanged were almost completely the 
product of the individual labor of peasants or craftsmen. "What 
did they expend in the making of these objects? Labor, and only 
labor. In replacing implements of labor, in producing raw material, 
and in processing it they expwded only their own labor power. 
Accordingly, could they have exchanged these products of theirs 
for the products of other producers otherwise than in proportion 
to the labor expended?" 2 

Under such conditions the determination of the least 
labor-intensive processes of producing each product was possible 
by directly comparing the outlays of labor required. It is not 
possible to solve the problem of minimum costs under socialism in 
this way. The problem itself has fundamentally changed. Instead 
of a problem relating to the minimum amount of labor required to 
produce each individual product, we have the problem of finding 
overall minimum costs. It arose not only by virtue of the 
conscious priority of general interests over private ones, and of 
ovnall 111ini11llllll costs over particular 111inillla, but also (and above 
all) hy virtlll' of tile ohjcclivl· inq10ssihility of lw.ing guided by 



particular cost minima. In a socialist economy individual minima 
of costs of production (for each product and enterprise taken 
separately) are incompatible with each other. This means that each 
particular minimum can be attained separately , but together they 
are unattainable. 

To illustrate this proposition we will again return to Table 17 
(see pp. 76-77). Suppose that we can spend not more than 400 
million rubles on all five investment projects . As is apparent from 
this table, it is necessary to invest 100 million rubles in each to 
attain for each project the alternative with the least production 
costs of output. Obviously, each of these alternatives is attainable 
if taken separately, but together they are unattainable. For this 
purpose 500 million rubles are required, whereas we can spend 
only 400 million rubles. 

Every experienced planner knows that he cannot be guided_ by 
minimum production costs of output in choosing an alternative, 
for the investment limit, the limited nature of scarce means of 
production, the shortage of the best natural resources, etc., 
prevent the attainment of this minimum. The situation d~es not 
change if planners calculate the individual value of output mstead 
of production costs. The possible minimum magnitudes of 
individual values of separate products also presuppose the use of 
only the best conditions of application of l~bor an~ c_onsequently 
are not compatible with each other. Thus, m a socialist eco~omy 
the principle of a particular minimum of outlays on prod~ctl?n IS 

inoperative independently of people's will. It becomes obJectively 
unattainable. 

The principle of the economy of labor under socialism can be 
realized only as a principle of an overall minimum of labor costs 
for the national economy's entire output. The primacy of the 
overall minimum of outlays over particular minima is an objective 
necessity of a socialist economy. 

This means that the most effective alternative of the production 
of any product is not the alternative that requires the lowest costs 
of production of this product, but the alternative that_ correspo~ds 
to overall minimum costs. It is impossible to find this alternative 
in an elementary way (by calculating costs and comparing results). 
For this purpose it would be necessary to calculate the costs. of 
production of the national economy's entire final out~ut _r~r all 
possible combinations of alternatives or producmg IIHIIVJdual 
products. The lllllllher or sucll comhin;Jiions is l',JHlflllOli S, ;Jnd 'tlw 
overwhelming majnrily or l'olnhiJJ;dions will always lw 111d kciJvc. 
This way or solvill)', llw prohlt'lll is l'X lll'llll'ly ill ;11 ion;JI , 11 l"l'']Uires 

a multitude of unnecessary calculations. 

1. Differential Costs 

It is not at all necessary to calculate total outlays in the national 
economy in order to find the alternative corresponding to overall 
minimum costs. For this purpose it is sufficient to calculate only 
the increment in costs of production of the national economy's 
fmal output that i caused by the production of the given product. 
That alternative of producing any product that requires the 
smallest increment in the costs of producing all final output 
corresponds to the overall minimum of costs. The measurement of 
costs as increments of a variable quantity suggests that we call 
such costs the national economy's differential costs for the given 
product. 

If the selection of an alternative of producing an individual 
product did not affect th.e costs of production of other prod ucts 
then its di fferentia l costs would coincide with its costs of 
production . In reality, however the selection of an alternative of 
producing an individual product influences the cost of producing 
other products. As will be demonstrated the choice of an alt ernative 
of producing each product is usually associated with certain 
increments in the costs of other products. Therefore, the 
differential costs associated with the production of an individual 
product are not, as a rule, equal to its costs of production . 

Differential costs for the given product can be most easily 
understood as the difference between the labor necessary to 
produce the national economy's output, including the given 
product, and the labor necessary to produce the same output 
without the given product . 

However, this definition of the concept of differential costs 
does not reveal the method of calculating them. The essence of 
this method consists of calculating the labor expended in 
producing the given product and those increments in costs of 
producing other products that are connected with producing the 
given product. 



2. Feedback Between Costs 
for Different Purposes 

A twofold relationship exists between outlays on different 
products: 

(1) Direct: an increase in outlays on a given product causes an 
increase in outlays on other products. 

(2) Indirect: an increase in outlays on a given product causes a 
decrease in outlays on other products. 

The direct conne~tion between outlays is generally recognized. 
It is based on the fact that outlays on means of production are 
included in the costs of products made with these means. 

If there were a direct connection only (larger - larger, smaller -
smaller) between the costs of different products, then particular 
minimum outlays would be compatible with each other. In that 
case overall minimum costs could be found by seeking the 
minimum costs for each product separately. 

But the existence of a feedback relationship between costs 
complicates matters. A project alternative requiring minimum 
costs for the given product can be associated with such an 
increment in outlays on other products that the latter will offset 
any savings in the costs of producing the given product. 

Because of the existence of feedback effects between outlays on 
different products, the sum of particular values of minimum costs 
does not coincide with overall minimum costs for the national 
economy. Therefore, it is not possible to find overall minimum 
costs by seeking minimum costs for each product separately. 

The feedback effect between costs always arises when there is a 
combination of the following three conditions: 

(1) the interchangeability of different means of production, i.e., 
the capacity of different means of production to serve the same 
function; 

(2) the unequal effectiveness of different interchangeable means 
of production; 

(3) a shortage of the more effective means of production in 
comparison with requirements for them (more exactly - with the 
number of their effective uses). 

All these conditions are necessary for the existence of a 
feedback effect between costs. The importance of the first two 
conditions is quite apparent. The third condition requires 
explanation. 

The unequal cllecliveness of means of production would nnl he 
economically sig11ificllll il I Ill' IIIOSI l'lln liVl' llll':IIIS ol production 

were available in quantities no maller than are required for all 
purposes. But the scarcity of these means of production requires 
that we also use less effective means. ln this process there 
necessarily arises a feedback effect between outlays on purposes 
that could use more effective means of production. For the use of 
better means of production (better sources of raw marerial or 
power. better machinery. etc.) for one purpose is always 
connected with the necessity of using poorer means of production 
(poorer sources of raw material or power less-advanced 
machinery. etc.) for other purpo es. 

Therefore. the economy of labor attainable by using better but 
quantitatively limited means of production always involves an 
increase jn outlays of 1abor for some other purposes. An economy 
of tabor in one place is counterposed to adilitional labor costs in 
another. ln this process the savings attamed can be either larger or. 
smaller than the additional outlays. Different uses of the better 
means of production are not equally effective. Some uses yield a 
larger and others a smaller economy of labor in omparison with 
the use for the same purposes of less effective means of 
production, but means of prodllction that are necessary to meet 
req uirem en ts. 

Let us present examples of feedback between costs. 
With ~ given amou?t of accumulation in the national economy 

the project alternative that requires a larger investment .in 
comparison wjth another alternative of the same proJect, 
corre pondingly reduces investment in other projects. The 
. election of alternative. with smaller investment in other projects 
mvolves such con equences as the application of less advanced 
ma l~ery, rejection. of expensive but effective structures (tunnels, 
prov1dtng a road With embankment, etc.) , increasing the life of 
obsolete machjnery, reducjng intervals between cut.tings of a 
forest, _de~reasing the size of parts in serial machine-building, and 
other similar con equences of reducing capital investment without 
detreasing annual output. All these consequences are connected. 
as a rule , with an increa e in the production costs of the 
corresponding output. 

Th.is means that the selection of an alternative requiring greater 
investment in a given project lowers the production costs of this 
project, but raises those of other products. and predsely those in 
lh' produt:!ion r which investment must be curtailed stemming 
lrom tlJCir larg r outlays on the given projec t. 

J\nollwr ' ,xan1ple is il . t1 fu ·I f high caJork Vlllue. The number 
nf usvs ill wltkh if yidds an l't"t llllllllY t l"laho1 in· mparison with 
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other kinds of fuel is much larger than its possible production. 
Accordingly, in choosing methods of using oil we should not be 
guided only by those expected savings in production costs and in 
investment in one particular use. Each use of oil excludes other 
effective uses, which could also yield savings in production costs 
and in investment. 

This means that the choice of an alternative requiring 
expenditures of oil reduces production costs and capital 
investment at the cost of raising production costs and capital 
investment in other lines of production where its use is effective 
but is incompatible with the given use. 

3. Feedback Costs and Differential Costs 

In finding the project alternative corresponding to overall 
minimum costs for the national economy it is necessary to 
measure not only the costs of reproduction for different 
alternatives of the project but also those increments of costs for 
other products associated with the use of more effective means of 
production for the given purpose rather than for others. We will 
call these increments of labor costs for other products feedback 
costs, since they reflect the indirect relationship between costs of 
producing different products. 

Then we can say that the differential costs of each individual 
product are composed of: (1) its costs of production, and (2) its 
feedback costs. 3 

The calculation of feedback costs is an objective necessity for a 
socialist economy. Hence it has an effect even if there is ignorance 
of the essence and correct methods of measuring these costs, even 
if there is a reluctance to take them into account, and even if there 
is criticism of this calculation. 

The calculation of feedback costs influences practice above all , 
because the absence of this calculation would make itself known 
in the same convincing way that all unaccounted-for outlays make 
themselves known, namely, the purpose of the outlays becomes 
attainable by virtue of a lack of means. 

However, the consequences of disregarding the calculation of 
feedback costs are broader than the consequences of gaps in the 
calculation of costs of production. If certain costs of production 
of a product (for example, fuel consumption) arc not taken into 
account, then the specific objective or these outlays is unfulfilled 
(completely or in part). 1r feedback costs c lll st·d by the usL· or any 
means of production are 1101 lakt'll i1l10 ;H'l"Olllil, llit'll ;ill lliOSl' 
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uses of this means that yield cost savings in comparison with other 
forms of the same means of production will prove to be 
incompatible. 

For a long time scientifically substantiated methods of 
calculating feedback costs were not available in practice. Instead 
of these methods, capital investment, the consumption of scarce 
raw materials, expenditures of scarce fuel, and other elements of 
production with qualities and dimensions altogether different 
from the feedback costs dependent on them were taken into 
account, together with production costs. As a result, a 
heterogeneous, nonadditive composition of costs was derived in 
which it was not even possible to raise the question of the 
minimum of all costs. 

Of course, we can balance the total outlays of limited means 
with their availability without comparing production costs and 
outlays of limited means, i.e., without calculating feedback costs. 
For this purpose it is sufficient to reduce claims on the basis of 
some simple rule (for exam-ple, proportionally). A plan balanced in 
this way can be considered as provided with material resources. 
But it will not promote the best use of these resources. The plan 
will be workable, but not optimal. 

It is true that in a socialist economy there is no place for such a 
purely mechanical curtailment of requirements for limited means. 
The balance of these means was constructed and is still 
constructed by calculating the importance of different 
requirements, and, to the extent possible, by calculating the 
effectiveness of different uses of these means. If there is a shortage 
of any means in comparison with requirements, its less important 
uses are discarded (or reduced) and more important ones are 
retained in the balance of this means. 

In turn , the consumers of limited means must somehow or 
other compare the production costs of output with expenditures 
of limited means in choosing alternatives of their use. Without 
such a comparison (even if it is imprecise) it is frequently not even 
possible to decide approximately which alternative is most 
effective and, what is more important, the savings in production 
costs (so many rubles per year) or additional investment (so many 
rubles) plus additional consumption of scarce means of production 
(so many tons) , etc. 

Therefore, various methods of measurement (recoupment 
periods, increased prices for scarce materials, etc.) were used in 
practice. They were used despite the absence of a clear 
liiHkrslandi11g of the essen ce of these methods, despite lack of 



knowledge of methods of calculating norms of comparison, and 
despite the sharp criticism by some economists of procedures for 
measuring costs. But behind these various coefficients of 
comparison were concealed imperfect norms for calculating 
feedback costs. 

Thus, the necessity for calculating feedback costs is manifested 
both in the need to construct balances of means with due regard 
for the calculation of their effective uses, and in the need to 
compare costs of production with outlays of limited means. 
Nevertheless, the necessity of measuring feedback costs is still 
insufficiently recognized. It is true that the economic reform 
opened up broad possibilities for taking account of feedback costs 
in prices and in economic accounting. Nevertheless, economists 
usually treat payments for capital and rent payments only as 
stimuli to achieve economies. This is a superficial conception. It 
does not explain why it is necessary to economize on capital and 
natural resources, and - most important - it does not provide a 
key to calculating the amount of these payments for their use. 

4. The Range of Differential Feedback Costs 

We will determine how extensive is the group of those means of 
production whose use is associated with feedback costs. For this 
purpose it is necessary to establish which means of production 
satisfy all three conditions for the existence of a feedback effect 
between costs. 

Here we include, first of all, a multitude of nonreproducible 
means of production, such as parcels of land, deposits of useful 
minerals, flowing water available for use, etc. All the relatively 
better means of production of this kind will be burdened by 
feedback costs. Only the use of the least effective means of 
production that are necessary to meet requirements will not 
involve these costs. 

There is also a multitude of reproducible means of production. 
These are interchangeable, but not equally effective, and their 
reproduction is limited by the amount of the national economy's 
accumulation. Each reproducible means of production can be 
produced separately in an amount that is required for all of its 
effective uses, i.e., for all uses in which it is required and yields an 
economy of labor in comparison with other means of production. 
However, the production or all reproducibk means or production 
is limited by the amount of the national economy's accumulation 
(by the limited naturL~ ol accutnulatiotJ wv do tJol tlll'<lll tll;ll it is 
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absolutely small, but that it is smaller than the opportunities for 
effective investment). This scarcity of the best reproducible means 
of production involves an extremely wide range of feedback 
between labor costs for these means. All branches are 
encompassed by this feedback, for reproducible means of 
production are used in all branches, and outlays of these means 
depend everywhere on the same common limit, the limit of the 
national economy's accumulation. 

Furthermore, a multitude of previously produced means of 
production satisfy all three conditions for the existence of 
feedback costs. Here we include almost all of the national 
economy's fixed and circulating capital. This assertion might 
appear paradoxical. As a rule, old means of production are inferior 
to new ones. They are technologically backward and worn out. 

Nevertheless, the comparative effectiveness of existing old 
means of production and new, not yet produced, ones will appear 
in a different light if we seek not the overall minimum of past and 
impending costs, but rather the overall minimum of impending 
labor costs, i.e., the costs of reproduction. In the calculation of 
impending costs, previously produced means of production have a 
great advantage in comparison with new, not yet produced, ones. 
They do not require outlays of labor for production; they require 
only outlays on utilization, whereas means of production that 
have not yet been produced require labor for both production and 
utilization. Owing to this advantage, means of labor that are too 
obsolete to reproduce can be more effective in utilization than the 
most effective of the new, but not yet produced, means of labor. 

This relation between the effectiveness of old and new means of 
labor is a normal one. Old means of labor are usually reproduced 
not in their previous form but in a new one. It is impossible to 
assume that this is a massive error of calculation. lt is more likely 
that it is ineffective to reproduce them in their previous form. 

Yet many means of labor that are too obsolete to reproduce are 
still used. It is improbable that there has been a universal error in 
calculation. On the contrary, it is more probable that by using 
partially obsolete means of labor, we expect - with adequate 
justification - to obtain output with smaller outlays of future 
labor than would be obtained with new, more advanced, but not 
yet produced machines and implements. 

Hence it follows that we must strictly distinguish between 
obsolescence with respect to reproduction and obsolescence with 
respect to utilit.alion. The forlllcr depends on the answer to the 
followin~ questions: In what form should tlw nwans of production 



be reproduced - in their previous or in a new form! What should 
be the new means of production? Obsolescence with respect to 
utilization depends on the answer to the following question: Up to 
what point can the old means of production be used? . 

Of course, the advantage of using the old means of p~oduct~on 
compensates for their defects only up to a certam pomt. 
Instruments of labor can become obsolete not only w_ith ~espect to 
reproduction but also with respect to utiliz_ation. T~Is will happen 
if the costs of reproduction of output with old mstrume~ts of 
tabor, not cow1ting past outlay s on these instrument~, w~ll no 
longer correspond to the overall minimum o_f outlays, 1.e., If the 
production costs of output. wi~ the old mstruments of lab or 
(without considering amo~atlon) exceed the sum of total 
production costs with new ll1Str~ments ~f labor and ;he feedback 
costs associated with investment m these mstruments. 

But until this limit is reached almost all old me~ns ~f 
production yield an economy of labor in reproduction m_ 
comparison with the best, b~t not_ yet produced means ot 

d t ·on An exception to thls applies only to those old means 
pro uc 1 . · h t 
of production that are on the margin of obsolescence w1t respec 
to utilization. Consequently, the use of almost _any old ~eans of 
production for any one purpose ~vol_ve~ an mcrea e _m future 
labor for other possible purposes, 1.e., 1t mvolv_es feedbac~ costs. 

These costs must be taken into account m calculating . the 
effectiveness of production with old means of prod_uctwn. 
Without considering these feedback costs it is impossible to 
determine which alternatives of utilization of old means of 
production are the most effective ones, i.e., correspond to the 
overall minimum of labor costs for fulfilling the prescribed 

production program. 
At the same time the magnitude of feedback costs shows the 

degree of productive suitability effectiveness) of the old means of 
production. If these costs are equal to _zero, this _sig_nifies that t_he 
_given means of production have attamed !he limit o~ e~fective 
utilization and, with a subsequent worsemng of the mdicators, 
must be replaced by new ones. . 

The vast majority of means of labor used have an effectiveness 
greater than zero. In other words, the vast majorily f availa~le 
instruments of labor make it possib le to prolluc..:e oulput wt th 
smaller outlays of future labor tha11 is p ssible wilh hctl r, utnol 
yet produced, machines and im p! m 'nt . . nscqucnlly. fr m ll 
standpoint of savings of future labor, lcedhack costs arise in 
connection with tlw use or lllc vast 1najoril y uf pn·viously 

produced means of production. 
Thus, the principle of economizing on future outlays takes past 

outlays into account only to the extent of future feedback costs 
associated with the utilization of the product of past outlays. This 
conclusion is a generalization of the indisputable statement that 
existing means of production must be valued according to their 
costs of reproduction. 

In such a formulation this proposition applies only to the case 
of identity of the old and the most effective new (but not yet 
produced) means of production. In this case feedback costs 
associated with the use of old means of production are equal to 
the costs of reproducing them. Raw materials and fuel can serve as 
the most characteristic example of such a case. Reserves of these 
means of production usually consist of kinds that will continue to 
be reproduced in the future. Therefore, feedback costs associated 
with the use of these reserves generally coincide with the costs of 
reproducing them. 

No less important is another case in which the means of 
production are reproduced in a different form, with different 
properties and different designs. Precisely such a situation is 
typical for implements of labor. But in this case the valuation of 
old means of production cannot be equal either to the costs of 
reproducing them in the previous form or to the costs of 
reproducing them in a new form. For example, suppose that a new 
machine is cheaper and more effective than an old one. Then 
neither the costs of reproducing the latter nor the costs of 
reproducing the new machine will be suitable for purposes of 
valuation of the old machine. Both types of costs will be too high. 

True, it can be said that the costs of reproducing old 
implements of labor are determined by the costs of reproducing 
new ones, with due regard for difference in quality. However, in 
order for differences in quality to be expressed in differences in 
costs, it is necessary to impart a broader meaning to the principle 
of valuation according to reproduction costs, namely, that the 
previously produced means of production must be included in 
costs in accordance with those increments of labor that are 
necessary for reproducing other products that are caused by the 
utilization of these means of production. Let us put the same 
thing differently. Old means of production must be valued in 
acconl~tnce with the s<~vings of future labor that they yield, 
accepltng past l;1hor as equal to /'.ero. These savings of future labor 
arc nothing ollln lhan kcdhack cosh. 

Thus. valualiun att·onlilll'. lo lt-edh;ll"k costs is a gclll~ral rule for 
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the valuation of produced means of production both in the case of 
different and in that of identical qualily of old and new means of 

production. 
Let us note yet another case of the appearance of feedback costs. 

The use of ac ·umulation can be accompanied not only by those 
feedback costs that are caused by its limited nature but also by 
other, additional feedback eo t . . 

This will occur when the reproduction of ny mean ot 
production is limited to a greater extent tl~an follows ~om the 
overall balance of the national economy s accumulatLOn and 
capital investment. The use of uch a means of production will be 
as ociated with :.1dditional feedback cost aused by a shortage of 
the given mean of production th:n i not warranted by the limited 
amount of accumulation. 

It is not difficult to see that feed back cost in this ea are the 
con equence of a removable scarcity of a p~ticular ~1~ of 
production. lt is clear that uch a case contradict tl:e pnnclple of 
economy of labor, for feedback costs are a reflectw n of unused 
possibilities for economizing on Jabor. This m~ans that they r:nust 
be reduced i.e., that every available opportumty for econonuzmg 
on tabor be used. Nevertheless , in current planning a scarcity of 
certain reproducible mean of production can be both the legacy 
of disproportions in th.:: past as well as the result of udden change 
in the production program. 

Production cannot instantaneously elimin:1te inherited 
disproportions, and it cannot instantaneously adapt it elf to 
sudden changes in the production program. In the e cases a 
s arcity o[ certain reproducible means of production will be a 
tern porarily unavoidable phenomenon. Accordingly. we must take 
account of it jJ1 the plan beforehand. and also its consequences­
add:itional feedback cost . 

Consequently. reproducible means of production can be 
accompanied ln certain cases by two kind of feedback eo t : first, 
by feedback costs caused by capjta1 investment and, second, by 
feedback costs caused by a temporary shortage of production of 
the given means of production . . . 

Thus. the use of the vast mt~jority of means of produd1on tS 
associated with feedback co ts. These o ts arc based on th 
sufficiently obvious fact that neith r the better natural resources, 
nor th.e better items of previou •ly pr duceu mean. of proJucri n, 
nor planned accumulation at .. uvailahlc in :;u tTict 'Ill quantily t 
rea lize the b si co nuiti1 11s or rwdtt ~ ti HI 111 :lit ·xtstin • an I 
pr je I I l!n l crpris ~:: ' l 'lt l' r <J II( \' (rh.'. !hark ' I)S ( ~ I •l ll·ds lh . 110 
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less obvious fact that for each kind of means of production there 
are many means that are more effective than the poorest of those 
required for fulfilling the program. 

Feedback costs are not a rare exception but a general rule. On 
the contrary, their absence is an exception. Accordingly, we can 
say without stretching the point that in finding the plan 
alternative corresponding to the overall minimum of labor costs 
we must seek the alternative requiring the lowest sum of 
reproduction costs and feedback costs, i.e., the lowest differential 
costs. For some means of production the feedback costs will be 
equal to zero. 

5. The Measurement of Differential 
Costs as an Application of the 
Mathematics of Variable Quantities 
to the Calculation of Costs 

Differential costs are distinguished by important special features 
arising from the fact that they can be used to solve an extremal 
problem, that of finding minimum outlays. 

The first special feature is that the measurement of costs must 
be a measurement of their movement, i.e., a measurement of the 
increments of outlays of social labor associated with the 
production of each product. 

The second special feature is that the measurement of costs 
must take into account their interrelationships in the national 
economy. 

As we saw earlier, differential costs encompass feedback costs. 
But feedback costs can be measured only if we treat outlays on 
each product not as part of, but as an increment in, the labor 
necessary to produce society's total output. Only by comparing 
ou_tlays on the entire social product before and after introducing 
the given output can we discern those increments in the costs of 
producing other products that are caused by the given product. A 
different method, that of regarding outlays on specific output as a 
part of outlays on the entire social product, does not enable us to 
detect feedback costs. 

Accordingly, the first condition for measuring differential costs 
is to measure costs as increments of a variable magnitude rather 
than as parts of a constant magnitude. Only such a method of 
measuring costs will reflect their movement in the production 
process. 

Bul lllis is nol ;Ill. Wl· c;111 IIH'asure outlays as increments in 
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costs of production in those sectors of the national economy 
engaged in the production of the given product and the means of 
production for it. In this case we would be ignoring those 
increments in other sectors of the national economy that are 
caused by producing the given product, i.e., feedback costs. 
Accordingly,. the second necessary condition for measuring 
differential costs is that of calculating the interrelationships of 
costs in all sectors of the national economy. For this purpose it is 
necessary to measure outlays on each individual product as 
increments in outlays on the national economy's total output. 

Hence it is clear that the measurement of differential costs is an 
application of dialectics to the measurement of labor costs. 
Finding the maximum or minimum of a variable quantity is one of 
the specific tasks of the mathematics of variables, which, 
according to Engel's definition, "is in essence nothing else than the 
application of dialectics to mathematical relationships." 5 "The 
relation of the mathematics of variable quantities to the 
mathematics of constant quantities is generally the same as the 
relation of dialectical thought to that of metaphysical thought." 6 

6. The Measurement of Differential 
Costs When Only One Kind of 
Resource of Production Is Scarce 

If only one kind of resource is scarce, then the optimal balance 
of these resources can be constructed by directly selecting the 
most effective alternatives (see Chapter 4 ). Measuring differential 
costs is not necessary in this case. But it is easiest of all to 
illustrate the essence of differential costs precisely with this 
example. 

How do we measure differential costs? How do we measure the 
increments in costs for the national economy's total final output? 
For this purpose we must know precisely which of the other 
possible uses of a limited resource will be excluded by its use for 
the given purpose. 

At first glance a definite solution of this problem appears 
impossible. Depending on the procedure for distributing a scarce 
resource, its use for each purpose can exclude other uses that differ 
in effectiveness. But this indeterminateness vanishes if we 
subordinate the distribution of a scarce resource to the law or 
economy of labor. Then lhL~ formulated question yields~~ ddinite 
solution. Then in calculating ditlncnli~il costs WL' lllllst ;1sSlllllC 
that each use or a sc;lnT n·stHitn· l'Xdl~tks attolliL'I IISl' wlltlSL' 

effectiveness is equal to the norm necessary for constructing an 
optimal balance of the scarce resource. 

ConsequenLly, the nonn of effectiveness of a scarce resource is 
likewise the norm for calculating feedback costs. It expresses not 
only the minim urn effectiveness of those alternatives of use of the 
resource that mu t be accepted but also the maximum 
effectiveness of aJt rnatives that must be rejected. This means that 
it expresses the maximum feedback costs associated with the use 
of a unit of a scarce resource. 

Thus, m comparing investment alternatives according to the 
formula 

r, expresses the norm of investment effectiveness and m 
paring investment alternatives according to formul~ 

C+Kr=min 

corn-

r expresses th norm of feedback costs associated with one 
ruble of investment. Correspondingly, Kr expresses feedback costs 
caused by investment K. and sum C + Kr expresses differential 
costs. 

The c~st. of producing the national economy's entire final 
output will mcrease precisely by the sum C + Kr if we increase it 
?Y a certain product requiring costs of production = C and 
mves~ment = K. (In so doing, it is assumed that the given product 
constitutes a comparatively small :increment in the national 
economy's output.) 
. We will demonstrate the construction of the optimal balance of 
mvestment by calculating differential costs for Problem No. 2 (see 
PP· 76-79) as an example. Since in this chapter we at first ignore 
the va~ue form of costs, we will change the unit of measurement of 
costs m Problem No. 2. We will aSSume that in the headings of 
:able 17 "man-hours' appears in place of ··rubles. Then given an 
mvestment limit equal to 400 million man-hours the norm of 
investment effectiveness will be 0.067 man-hours p~r year for one 
~~n-ho~r of investment. The conditions for calculating 
ditfcrenttal costs are shown in Table 27. 

We can draw the foUowing conclusions horn this table: 
I . T_h minima of differential costs ar found in those 

~lt mallves ll_l;.~t are inclutled in the optimal balance of investment 
lorm ·u by uLrcd scl·ction IV , IIJ IV V Il ) (see page 
~7) A lJ ' C, B, D 

l<'oJ piodill'liotl or 1': till~ lllillillllllll or differential costs fell 
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Table 27 

:! 3 4 5 

6 

91 50 3.3 94.3 
lA 

90 60 4.0 94.0 
IIA 

88 70 4.7 92.7 
IliA 

81.2 80 53 86.5 
IVA 

80 100 6.7 86.7 
VA 

76 50 3.3 79 3 
18 4.7 77.3 
IlB 72.8 70 

71 80 5.3 76.3 
1118 

6.7 76.7 
IVB 70 100 

64 50 3.3 67.3 
le 

63.5 60 4.0 67.5 
tie 

62.9 70 47 67.6 
tile 

60 8 80 5.3 66.1 
lYe 

60 100 67 66.7 
Ye 

53.2 50 3.3 56.5 
In 

50.7 80 5.3 56.0 
tin 

50 100 6.7 56.7 
llln 

42.6 50 3.3 45.9 
lE 

40.6 80 5.3 45.9 
11£ 

40 100 6.7 46.7 
Ill£ 

Key: l. Number of alternative 
in millions of 

2. Costs of reproduction of output, 

man-hours per year . . . . . 
3. Investment of labor in productive capital, m mllhons 

of man-hours 
4. Feedback costs 
5. Differential costs 
6. Millions of man-hours per year 

Note· Column 5 is the sum of columns 2 and 4. . . 
· . 1 t. II since the effectiveness of add1tlonal outs1de a terna 1ve E, f 

investment in alternative 11£ was equal to the nor~ .o 
effectiveness. The investment limit allows us to accept al~ernatlve 
11 which is preferred on the grounds of costs of pr?ductJ?n. . 

Ei. The minima of differential costs are compatible WI_th each 
other because overall investment in the alternatives to wh1ch they 

belong does not exceed the limit. . . . . . .. . . . 
3 F .. 11 the table convinces us that a relatJVl lnctc<~sc ol 

· ma Y' · 1 1 1· I I· 1 "lliSl'S production of any produrl compared w1l 1 I ll' op 1111:1 p .11 L. · . 

an increment in costs of reproduction of total output that is equal 
to differential costs. 

According to Table 27 the differential costs associated with 
producing A (alternative IV A) are 86.5 million man-hours per 
year. Let us assume that the production plan for A is increased by 
3/8 with the same overall investment limit. Differential costs for 
this additional output will be 

86.5 · .l= 32.4 million man-hours per year. 
8 

(This calculation is based on the assumption that an increase in the 
production of A by 3/8 will cause proportional increase both in 
'costs of production and in investment in A.) 

Let us now examine by how much the costs of producing all 
five products (A, B, C, D, E) will increase. 

An increase in the production plan for A by 3/8 will require 30 
million man-hours of investment. As a consequence, it will be 
necessary to reduce investment in the production of E 
correspondingly, since this investment is least effective. Instead of 
alternative 11 E we will have to accept alternative ID, investment in 
which is less by 30 million man-hours. Then the corrected optimal 
balance of investment will consist of alternatives IV A IIIB IV c 
liD and I£. Total costs of production of annual output according 
to these alternatives will be: 

(81.2 X 11/8) + 71 + 60.R +50. 7 + 42.6 = 336.7 million man-hours. 

Costs of production of annual output for the same units before 
the increase in production of A were: 

81.2 + 71 + 60.8 + 50.7 + 40.6 = 304.3 million man-hours. 

By comparing costs of production of total output before and 
after the increase in the production plan for A we find that the 
increase in costs caused by increasing production of A by 3/8 is: 

Costs of productionJA, B, C. D, E] + 3/8 A = 336.7 million man-hours 

Costs of productionj A, B, C, D, E) · = 304.3 million man-hours 

difference = 32.4 million man-hours. 

But this increment represents differential costs for 3/8 of A. 
Thus, the calculating of differential costs on the basis of the 

costs of production of total final output yielded the same result as 
calculation according to the formula C + Kr. 



Let us illustrate with this example certain peculiarities of 

differential co ts. 
J . Under optimal planning differential costs expre the 

increment in the minimum cost of producing the prescribed 
output attainable with the be t use of existing resources. Thus. in 
our example the differential costs for 3/8 of A were calculated in 
comparison with the minimum costs of producing the five 
products that were possible with the given investment limit. 

-· It is not difficult to see that if we had increased the 
production of product A by more than 3/8, calcuiation according 
to formula C + Kr would yield a somewhat smaller result than 
calculation of lhe increment in costs of production of all five 
product . For, in order to increase production of A. let us say by 
3/4 it would be necessary to reduce investment with an 
effectiveness higher than the norm, i .e. , to replace alternative 11 0 

by alternative ID .. This means that the calculation of differential 
costs on the basis of norms of effectiveness is intended for 
calculating the costs of output fom1ing a small share of the total 
social product. But in this connection the calculation of 
differential costs on the basis of norms of effectivene s permHs us 
to eek an overall minimum of osts of production according to 
minimum values of differential costs for each mall part of the 
social product separately, i.e., according to their particular 
minima. This property of differential cost is extremely valuable 
from the standpoint of organizing the management of a socialist 

economy. 
3. lt is also not difficult to see that the calculating of 

differential costs can best serve the law of economy of lab r if it is 
used not to alter already fulfilled deci ions (alternatives). but to 
discover the best of the possible (but not yet fu lfilled) alternative . 
Indeed. let u change our example and assume that the production 
of A is increa ed by 3/8 after the investment limit has already 
been distributed nd the production of E has already been carried 
out according to alternative 11£. Then it would be djfficult, or 
more likely impossible, to replace the implemented alternative Il£ 
by alternative l . An unlimited opportunity to replace s me 
alternative by oTher for each producing unit is conccivabl · only 
w1der the condition that a y et unaccompli:,;lt ed alternatives, i.e., 
planned alternative . are compar d . But if thi s b ·o , then 
differential costs will re rh.~ ~.· t the c< mpariso n uf possihl · rather 
than a ·1twl costs oC pr Ill ·tiOII or II W na l101l:1l l' i.lliiOtn Y's I< tal 
rinal out pul. 1'1\ll:-, in OUI t·X: IIlll)k llli' l USh ol prml11 ·I h)ll or , 
fJ , C t> . U I !/XI I a t~ · l 'Oilll'"' •• tl With llh' 1 11 I '> ul pl'udtH 11011 

a c cordi~g to another plan alternative - according to the 
production. ~fA, B, C, D, and, E. The result is that the production 
of_ t~e additional 3/8A requires from the national economy 32.4 
milhon . mble~ per year of additional costs of production in 
companson with another possibility - the production of A B c 
p. and E. Bu~ if this other possibility had already, b~e1; 
Implemented, tl11s calculation could prove to be unrealistic 

. 4. Differential costs have a characteristic that must in~vitably 
hinder. those who are not accustomed to dialectics in quantitiative 
a~alysis. We refer to the fact that when differential costs for 
different products are a?ded, they result in double counting of the 
:-a~e. costs of productiOn. The sum of differential costs for all 
mdividu_al parts of the social product is greater than the costs of 
~roduc~wn for th~ whole - by the sum of feedback costs. This 
me~u~I~Y contradicts the requirement that the sum of outlays on 
all mdi~Idual parts of the social product be equal to the costs of 
productiOn of the whole. 

J:Iowever, when we are dealing with differential costs it is not 
then absolute but their relative magnitude that is important for us 
They are necessary for purposes of comparing alternatives. 
Therefore, the difference between the sum of differential cost~ 
and the_ sum of co~ts of production can be eliminated by an 
appropnate change m the units of measurement vf differential 
costs. For example, if the entire sum of differential costs is 1/3 
larger than the sum of costs of production, then to restore equality 
b~tween . these sums it is sufficient to set one man-hour of 
differential costs as equal to 3/4 of an hour The 1 t. h. b · . · re a wns Ips 

etween d~f~erential costs of different alternatives do not change, 
and the mmimum of costs is not altered with a change in the unit 
of. measurement. But if this is the case, then it is possible for the 
pnces of means of p~oduction to be proportional to differential 
cos.ts, and for t~e ent~r~ ~u~ of prices of final output to be equal 
to Its v~lue. This possibility IS embodied in a certain peculiarity of 
productiOn costs, namely, that outlays of living labor on each 
p~oduct are taken into account only to the extent of wages 
WI~hol!t the value of the surplus product created by this labor'' 
bemg mcluded. s 

As an. example we will calculate adjusted differential costs for 
the data m Table 28. 
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2. 
3. 
4. 

5. 

Table 28 

I 2 3 4 

5 

8 1.2 86.5 79.6 
IVA 

Ilia 71.0 76.3 703 

IVc 60.8 66. 1 60.8 

llo 50.7 56.0 51.6 

40.6 4S.9 42.2 
liE 

304.3 330.8 304.5 

Number of the alternatives in the optimal balance 
Costs of production 
Differential costs 
Differential costs adjusted to overall equality with 
costs of production 
Millions of man-hours per year 

In this table the total sum of adjusted differential costs is equal 
to the total sum of costs of production: 

304.5~304.3 

Thereby differential costs become a transfor~1ed_ forn: _ of co~ts 
of production. This equality .is attained by multiply~ng differ nttal 
costs for each alternative) by 304/33 l :::::0.92. Thus, each 
man-hour of differential cost is equated to . 0.92 r~an-hour _of 
costs of production. The relation between d.ifferenttal cos~s t~r 
the differenl alternat ives do not change as a result o[ this 
recalctllation. Therefore, the adjusted differential costs for 
individual product deviate for the most par~_ from co~ts of 
production. These deviations are caus~d by d1tfere~ces m tl~e 
ratios of investment to costs of product10n, 1.e. , by dtfferen es m 
K/C, where K is investment an~ C is ~o t of produc_Lion. When 
thi ratio is equal to the average for a1J lines of product1on 

(~~) 
adjusted differential costs are equal to costs of p~~~lucti<?n 
(alternative lV ). When K/C < 'LK/ 'LC. adjusted ddlcrcntwl 
costs are les t~an costs o f production (altcrnal1vcs IV 11 <I'Hllll 11 ). 

When K/C >'LK/L-C. adjuskd dirkrcnti:il co:;ts :m~ grc.alcr 
than costs of production (alkm:diVl~S I In :liHill,, ). 

We will illust1:d 1· this with tiH· dal:1 ul 1'1nldl·lll Nu ) (Tahll' 
.., l)). 

Table 29 

Number of K K tK re 
K c - , - (C+K,)~-

alternative c c re 

I 2 3 4 5 

IVA 80 81 .2 0.98 0.75 

llls 80 71.0 1. 13 0 ,86 

lYe 80 60 .8 1.32 1.00 

lln 80 50.7 !.58 I 20 

IlL· 80 40 6 I 97 I 50 

l.K = 400 3043=l.C IK=I.32 
l.C 

7. The Measurement of Differential Costs 
When Many Means of Production Are Scarce 

t(C , Kr) 

6 

79.6 

70.2 

60 .8 
51 ,6 

42 2 

Ratio or !idjusted 
different1aJ costs 
to costs of pro-
due1ron 

7=6:3 

0.98 
9.99 
1.00 
1 02 

1.04 

The example we have examined demonstrated that we can find 
the alternatives corresponding to the overall minimum of costs of 
production by calculating differential costs. But we still have not 
proved that measuring differential costs is necessary for this 
purpose. It would be simpler to solve the problem examined by 
directly selecting the most effective uses of a scarce kind of 
resource. 

However, direct selection of the most effective alternatives is 
applicable only when one kind of resource is scarce. If two or 
more different means of production are scarce, direct selection 
cannot be used. The latter presupposes the calculation of 
indicators of effectiveness of utilization of each means. Moreover, 
in the case of joint outlays of two or more scarce means, the labor 
saving yielded by one production alternative in comparison with 
others is a joint and indivisible effect of several scarce means (for 
example, capital investment, oil, copper, tin, etc.). Accordingly, it 
is impossible to calculate those indicators of effectiveness of each 
of the scarce means that are necessary for the direct selection of 
their most effective uses. In other words, if we have several 
conditions that limit overall minimum costs, such as limits on 
accumulation, limited reserves of different natural resources, etc., 
we cannot look for a relative minimum of costs under each of 
these conditions separately. We must search for minimum costs by 
taki11g :ICCOUIII or ;t(( [!Jc lilllilaliOilS. 

Tllv 111\':IS!Irl'llll'lli or dirkn·ldi:d costs is possible with any 
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number of limited means, for the calculation and comparison of 
actual effectiveness of each of the expended means. Only n?rms of 
their effectiveness are necessary. For example, the calculation and 
comparison of differential costs according to the fo~ula C + Kr = 
min did not require the determination of the effectiveness of the 
corresponding investments. . . 

But we can generalize the formula C + Kr, extendmg It to cases 
of joint outlays of any number of different resources. 

Indeed, suppose we have limited means. _Outlays of these for the 
national economy's annual final output will be q 1 • q 

2
• · · · , q m, 

and their norms of effectiveness (we will assume that we know 
them) are equal, respectively, to r 

1
, r 

2
, . . . , r m. Then that 

alternative of each project for which c + q 
1 

r 
1 

+ · · · + q m 
m 

rm = min or, more briefly, ct~l qhrh = min (h=l, 2, .. f.f, m) 
will correspond to the overall maximum of the total e _ec_t 
from using all means of production (i.e., to t_he_ overall mini­
mum costs of production expenditures). This IS the gene_ral 
formula for differential costs 8 and is the rule for choosmg 
alternatives by its use. It shows that, knowing the ~orms ?f 
effectiveness for each limited means, we can calculate d~fferenhal 
costs for any number of jointly expended means. For this purpose 
we must: 

(!)multiply the consumption of each means by the 
corresponding norm; 

(2) add these products; 
(3) add the sum of feedback costs obtained in this way to the 

costs of production of the given output. . 
The question is only how to determme the norms of 

effectiveness. . 
Differential costs have a remarkable property that makes_ It 

possible to determine the des~red nor~~- For any no_nnegati~e 
norms of effectiveness, alternatives requmng the least differe~tial 
costs form a potentially optimal combination o~ alternat~':es. 
Even with incorrect norms of effectiveness, alternatives requmng 
the least differential costs still correspond to that general 
minimum of costs that can be attained within the limits_ of the 
means of production and the amount of investment requrred for 
the given alternatives. 9 

. . 

We have already demonstrated this for the case m whi~h only 
one kind of means was scarce and the final output consisted of 
only two products (sec page I <n ). . 

We will now dcnwnstrak this ror the e<ISL', corn~spond1n~ lo 
reality, ill whil"ll ;1 1111111 hl' r ol llll';llls arl' st·arn· a1HI lhl' l111al 

. ' { 

output consists of a number of different products. 
If we select the alternative for the production of each final 

product that requires the least differential costs, then for any 
norms of effectiveness that combination of plan (project) 
alternatives will be formed that: 

( 1) is intended for the prescribed production program; 
(2) is characterized by the least overall sum of differential costs 

(for the entire program). 
But differential costs consist of two different terms - costs of 

production and feedback costs. We will examine which of these 
two terms determines the minimum overall sum of differential 
costs (for all of the national economy's final output). 

With given norms of effectiveness and constant total amounts of 
each means, the total sum of all feedback costs calculated 
according to the norms will be a constant quantity, independent 
of any changes in the purposes of the limited means. 

But the total sum of costs of production depends on how the 
means ot production are used, since different applications of each 
yield different savings. 

Consequently, the minimum overall sum of differential costs is 
determined by the minimum total sum of costs of production of 
the final product. 

More precisely, the combination of alternatives for which the 
sum of differential costs is minimal will have the lowest costs of 
production of the final product among all the possible 
combinations of alternatives for which the amounts of each of the 
means of production required at the beginning of the planned 
period are the same as those necessary for the given combination 
of alternatives. 

This conclusion holds for any nonnegative norms of 
effectiveness. But an overall minimum of costs of production that 
is feasible with the actual availability of means is attained only 
with a specific system of these norms. We can find this system of 
norms by setting up experimental balances of means of production 
with different experimental values of norms of effectiveness. The 
values of the norms for which the balances of all means of 
production will be equilibrated will yield a solution of the 
problem. 

The most complete utilization of all relatively better means, 
such as the maximum economy of labor, i.e., the general minimum 
or costs of production for the prescribed output, must be the 
criterion in these trials (cxpcrilllcnts). Such a situation is attained 
WIJL'II: 
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(1) the individual minima of differential costs are consistent; 

(2) all the relatively better means are completely used. 

The first condition signifies that the total requirements for each 

means for alternatives having the lowest differential costs do 

exceed its supply. 

The second condition signifies that all means whose norms of 

effectiveness are greater than zero are comple tely used . The means 

of production whose norms of effectiveness are equal to zero may 

be used partially or even not at all. 

If the norms of effectiveness are low , the tota I requirement for 

the corresponding resources will exc.eed t heir availability . 

Particular minima of differential costs will be inconsistent with 

each other because of a shortage of the better resources. If the 

norms of effectiveness are too high, requirement for the 

corresponding mean will be less than the amo unt available, which 

will signify a combination of alternatives fo r which grea ter outlays 

of tabor will be required for the same program than i · necessa ry . 

given the complete ut1Ji za tion of all be tter means. 

For the sake of clarity we will olve Problem No. 3. presented in 

Table 24 (see Chapter 4, pp. 96-98 , by th.i method . 

Since we are ignoring the law of value Jor the present. we will 

replace the monetary unit of measurement of costs under the 

conditions of this problem by the man-hour unit. Then Table 24 

must be replaced by Table 30. 

Table 30 

Cost of production 
Investment, in Outlay of scarce 

Number of of annual output, in 

al lcrnative in thousands of man· thousands of raw material, in 

hours per year man-hours tons per year 

lA 102 80 0 

IIA 96 70 10 

IliA 90 120 10 

IB 200 100 0 

liB 180 80 20 

IIIB 175 120 20 

le 130 110 0 

lie lOO 100 20 

llle 95 110 JO 

As a frrst appro~imation the following norms of effectiveness 

are selected: _for mvestment - 0.1 man-hours per year per 

man-hour of mvestment, and for scarce raw materials - 2 0 

t~wusa~d man-hours per ton. We calculate experiment~} 
~1fferent1al costs according to these norms, and show the m· · 

m boldface numbers (Table 31 ). lTIIma 

Table 31 

Number of Differential Number of Differential 
aJ tern a tive costs aJ tern a tive 

Number of Differential 
costs aJ tern a tive costs 

lA 110 IB 210 Ic 141 

IIA 123 liB 228 IIc 150 

IIIA 122 I I IB 227 II Ic 166 

The ~equir~ments for investment and scarce raw materials for 

~IternatJves With least sums (I A, IB, le) are 290,000 man-hours of 

mvestment an~ zero tons per year of scarce raw materials. 

By companng these quantities with the limits (260 000 

man-hours and 40 tons) we see that the norms of effectivenes~ we 

have . accepted are incorrect. We must raise the norm of 

effectiveness of investment and reduce the norm of eff t. 
f . ec Iveness 

? scarce raw matenals. As a second approximation we set an 

~nvestment norm of 0.2 man-hours per year per man-hour of 

mvestment, and for the scarce raw material a norm of 1 000 

man-hours per ton. 
' 

32~e calculate differential costs according to these norms (Table 

Table 32 
(in thousands of man-hours per year) 

Number of DilTcre.ntiaJ Number of Differen liaJ Nttmher of 
ai lernaiive CllS i5 al lemative 

Differential 
COSlS alternative costs 

l A 118 JB 220 le J52 

II A 120 liB 216 lie 140 

Ill A 124 II I8 219 II le 147 
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The requirements for limited means for alternatives with the 
lowest differential costs are now 260,000 man-hours of investment 
and 40 tons per year of scarce raw materials, which correspond to 
the limits. 

Thus, the optimal balances of investment and scarce raw 
materials are obtained with the following combination of 
alternatives: I A ' n B ' ne. 

We must emphasize that this yields the maximum total effect of 
investment and the scarce raw material taken together. What we 
find by using this method is not the maximum effect of 
investment and not the maximum effect of the use of the scarce 
raw material, but the maximum effect of the ui')e of all limited 
means. 

It is not difficult to see that precisely this maximum 
corresponds to the principle of economy of labor, for this 
maximum signifies the overall maximum of economies of costs of 
production for all prescribed output, i.e., the overall minimum of 
outlays on its production. In our example the alternatives IA , IIB 
and ne ensure the production of A, B, and C in the pre cribed 
amounts with the least total costs of production among all those 
combinations of alternatives in Table 30 that fall within the limits 
of investment and scarce raw materials. 

8. Actual Costs of Production and 
Mathematical Methods of Minimizing Them 

All that has been said leads to the conclusion that feedback 
costs are auxiliary magnitudes serving as a means of finding the 
overall minimum of actual production costs - of the labor 
required in production. Calculating actual production costs for 
each product is insufficient for the main purpose it must serve, 
that of finding their minimum. Because of the scarcity of the 
better conditions for the application of labor, individual minima 
of actual costs are inconsistent with each other. But by adding to 
the actual costs auxiliary quantities - feedback costs - we can 
obtain via the minimizing of these sums the overall minimum of 
actual costs of reproduction. The calculation of feedback costs 
helps us solve the problem of minimizing actual costs of 
production as if there were no limitations on resources and as if 
the better resources were sufficient for all effective uses. This 

remarkable property of feedback costs disturbs certain economists 
very m~ch. It seems strange that in finding the most economical 
alternatives we must calculate not the value of output but a 
transf?rmed value. The question necessarily arises as to whether 
there IS a mathema!ical error here. Therefore, we will demonstrate 
by th_e use of a simple economic model the role of norms of 
effectiveness of re_sources and the calculation of feedback costs. 

The mathematics of variable quantities distinguishes between 
problems of an unco~ditional and a conditional extremum. The 
extremum of a quantity that depends on independent variables is 
called_ an unconditio~~l extremum. If the variables determining the 
quantity whose ~urn . (or maximum) we are seeking are 
connected by certai~. relations, then we are confronted with a 
pr?~lem of a conditiOnal_ ex!remu~. The problem of finding 
minimum costs o_f productiOn Is precisely this kind of problem. It 
must be solved With constraints on resources. 

Fro_m a mathematical standpoint, norms of effectiveness of 
matenal_ r_esources are auxiliary multipliers that can be used to find 
a conditiOnal e~tremum as if the limiting conditions were 
re~oved, and as If we were finding an unconditional extremum. 
W~th respect to the pr?blem of mimimum costs this means that by 
usm~ norms_ o_f effectiveness w~ overcome the incompatibility of 
particular mmm~a of costs. Particular minima of differential costs 
become ~o~patible and apply to alternatives corresponding to the 
overall minimum of costs of production. 

Let us first exa~ine the role of these multipliers in the classic 
method of findmg a conditional extremum -the Lagrange 
method- and then demonstrate the transition from this method to 
the use o_f ~~e same multipliers for measuring differential costs. 
T~e _Initial data _include m different conditions for the 

a~plicat~on of labor, I.e., means of production and investment. We 
Will designate the availability of each of these at the beginnin f 
the planned period by Qh where h = 1 ,2, ... m. g 

0 

. In order not to increase the number of different symbols we 
will a&I:ee _that Q., encompasses all material re ources available at 
the begmnmg of the plrumed period, namely: 

0) reproducible objects of labor 
(2) reproducible implements of l~bor 
(3) natural re.ourc s; ' 
4 pJann -d capitl:IJ inve tment. 1o 

Th_c planne_d period is sufficiently long to encompass the time 
dunng wlllcll capiLli invesl1ncnl will be transformed into 
p1odudive c;1piLII and will he IISl'd. 
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The production program for final output consis ts of the 
production of n different products materially embodied in the 
national income. We wi ll denote outlays of labor (in na tural or 
m onet ary units) on each of them by c; , where i = 1 ,2, .. . , n. 

We will denote outlay of the /zth means of productio n o n the 

ith product as q hi· 

c- has different values depending on the means of production 
I 

used, i.e., 
c1 = /

1 
(qll, q2; • ... , qm;) (h = 1, ... , m; i = 1, ... , n). 

All these functions have continuous partial derivatives with 

respect to q h;. 

It is necessary to find that distribution of means of production 
and investment among different purposes (i.e., those qhi ) for 

n 
which ~c; =m in under the condition that the use of each means 

1=1 

of production is equal to its supply: 
n 

~ qhl- Q,. = 0. (5.1) 
1=1 

Adding to the function whose minimum we are 
n 

seeking (~c;), conditions (5 .1 ), multiplied by certain (as yet 
id 

unknown) multipliers Ah, we will obtain the more complex function 

<I>= ~I Cl+ ~~~'h c; qhi- Qh) · 

When conditions (5.1) hold, this function is equal to 
n 
~c;. However, we can seek the minimum of this function as if 
i~l 

conditions (5.1) were not present. By equating to zero 
the partial derivatives of the first order with respect to qhi in this 
function (considering '),1, as constants), we will obtain mn 
equations of the form: 

o<I> a( m ) -- = -- C; + ~ /.hqhi = 0 • 
oqhl oqhl h=l 

(5.2) 

We obtain, together with the m condition. (5.1) expre sing the 
requb:emen t of equality of outlays of each means or protlLI li n t~ 
its availability, nm + m eqLwtions, the solution of which yield lhc 
nm unknown 'llli and lhc 111 multipliers A.,, . 

This is the way or finding minimum costs by the Lagrangc 
method. This method is not applicable in pradicc. llowcvcr, we 

I ·Ill 

can build a bridge from it to the calculation of differential costs as 
an instrument of optimal planning. 

Indeed, multipliers Ah not only enable us to solve the problem 
as if conditions (5.1) were absent but, in addition, they eliminate 
that incompatibility of particular minima of costs (ci) that 
emerges as a consequence of these conditions. For this purpose let 
us examine the relations between finite quantities that correspond 
to equations (5.2). 

As we know, equality of the first derivative to zero is the 
necessary condition for the extremal value of the function. 

This means that equalities (5 .2) can supposedly be replaced by 
the relations: 

fll 

cl + ~ q11 /, = extremum. 
h=l 

Let us check this proposition. 
Summing expression (5.3) over i, we obtain 

(5.3) 

(5.4) 

In this expression the double summation is constant (with given 
'Ah), and does not depend on the distribution of Qh according to 
different purposes: 

n 

~ci=min. 
i=l 

Thus, solving our problem by the Lagrange method gives us 
those multipliers for the means of production for which the 
following relations are jointly realized: 

and 

m 

si =cl + ~ qhll'h = min 
h~l 

(5.5) 

(5.6) 

This means that particular minima of S. are compatible. ButS. 
e:'~resses nothing else than differential c~sts of the ith product~ 
1 hts means that the Lagrange method gives us the multipliers that 
are necessary for calculating differential costs, namely the A. in 
our formula for differential costs. h 



It follows from relations (5.5) and (5.6): 
( 1) that finding multipliers A.11 solves the problem. Knowing 

their values we can determine all the desired alternatives of use of 
means of production according to the minimum of Si; 

(2) that the value of the multipliers can be found by 
a p proximations. With incorrect values of the multipliers 
alternatives of the plan satisfying condition (5.5) will not satisfy 
condition (5.6). We will express the same thing in other words. If, 
for given values of the multipliers, requirements for each means of 
production are not equal to its supply, this means that the 
multipliers are incorrect. 

However this model of optimal balances has the defect of 
introducing' into the initial conditions of the problem certain 
unknowns. 

Indeed, in this model the scarcity of available means of 
production is expressed by equalities (5.6). This means that the 
amount of utilized means of production must be determined 
before the solution of the problem. This is easy to do for the best 
means of production . They must be completely used. But 
requirements for those means of production whose norms of 
effectiveness must be equal to zero (or close to it) can be 
determined only by constructing systems of optimal balances. 
Only after constructing optimal balances can all available means of 
production be clearly divided into those that are appropriate_ ~nd 
those that are not appropriate for use. This means that conditiOn 
(5.6) includes the solution of one of the problems of the system of 
optimal balances.Therefore, the solution of the problem based on 
this cond1t10n can prove to be not the optimal one if certain 
norms of effectiveness (A. 11 ) are negative. 

Consequently, the equality of requirements for each means of 
production and its supply must be replaced by an inequality 
expressing the fact that requirements for each means of 
production must not exceed its supply: 

n 
~ qh/ <. Qh. (5.7) 
i~l 

Such an expression of the constraints of the problem is more 
correct than the equality. It does not anticipate the solution of the 
problem and pertains both to those means of production for 
which the norms of effectiveness are greater than zero and to 
means of production with norms of effectiveness of zero: 

n 

if ~ qhl = Q,, then t..h ·.· / 0, 
i I 

n 

il" ~ q,, Q,. t lwll A,, 0. 
I I 

I 1.1 

If we add to conditions (5.5) and (5.7) the requirement that A.
11 and q111 be nonn egative, we obtain the method that was 

substantiated in general form by Academician L.V. Kantorovich 
and called the method of resolving multipliers. 11 

Now we can demonstrate very briefly the role of conditions 
(5.1) and (5.7) that create the greatest difficulties in measuring 
costs, in particular, in using the law of value under socialism. 

Conditions (5.1) and (5 .7) lead: 
(a) either to replacing the function whose minimum we are 

seeking (costs of production of final output i.c;). by the more 
i=l 

complex function cJl = ± c1 + f i.h ( ± qhi- Qh), 
i=l h= l i=J 

(b) or to replacing costs of production of individual products 
(ci) by more complex differential costs: 

m 
S, = C; + ~ 1.11q1,; . 

h=l 
(5.8) 

The frrst complication arises in the solution of the problem by 
calculus of infinitely small quantities, and the second complication 
arises in the use only of finite quantities . In both cases the 
complication of costs allows us to solve the problem for their 
minimum as if limiting conditions (5.1) or (5.7) were removed. 

In practice only the second method of solution is available. 
Consequently , measuring costs for each product in the 
complicated form - in the form of differential costs -is necessary 
to attain the greatest labor saving. 

9. The Problem of Measuring 
Costs Under Communism 

The problem of measuring costs under communism is not just 
of theoretical interest. Its investigation has more important 
practical value for a socialist economy than does the study of 
capitalist practice in this kind of measurement. The key to the 
correct solution of problems of the law of value under socialism 
must be sought not in the forms of manifestation of value inherent 
in lower forms of production relations. We must not derive higher 
forms from lower ones; on the contrary , lower ones can be better 
untkrstood on tile basis of knowledge of higher forms. 

"Till· analo1ny ol" man is I he key lo the ;1natomy of the ape. On 
IIH· olhn hand, hints or lht• lli,·.hn in I Ill' lown forms of animals 



can be under toad onJy if this higher form itself is already known. 
Bourgeois economic structure tints gives us a key to that of 
antiquity , and a on." 12 

Hence we have the right to con lude that the hypotbe is 
oncemlng the Laws of measurement of eo ts under communism is 

capable of illuminating the law of their measurement under 
, ocialism and of Wuminating the direction and final point of 
development of the law of value in a socialist economy . 
Investigation 6f the operation of the law of value under sociali m 
can in turn reveal tho e "hints of the h..igher" in the lower, in the 
capitalist form of value, that can be understood only if this higher 
one is already known. 

Let us try to look into the future. We will imagine a communist 
society with a much higher level of technology, planning, and 
organizalion of the national economy than that which we have 
already achieved. T11ere can hardly b any doubt that in a 
communist society the mea urement of costs will involve extremal 
problems to a greater degree than ever before. 

We will assume that costs will be calculated in working time, 
and we will examine wluch methods of measuring them are 
necessary to fiJld the minimum of labor costs for final output with 
a given composition and volume for the prescribed volume of 
accumulation. The hypothesis of the measurement of costs in 
working time aUows us to examine differential tabor cot in their 
direct form, freed from the value framework. 

But will those conditions that make it necessary to measure 
differential costs exist under communism? 

In all probability, yes. 1'he necessity of calculatil!g feedba<?<­
costs and differential costs arises in consequence of differences m 
the conditions of application of labor and in the effectiveness of 
utilized means of production. These differences, obviously , will 
remain even under communism. 

In the first place, differences in the effectiveness of the natur~ 
resources used will remain. Furthermore, they can even grow tf 
technological progress pennits the effective utiUzation of those 
natural resources that at present have no economic value. 

In the second place, differences will remain in the effectiveness 
of utilized reproducible implements of labor. Technological 
progress cannot eliminate these differences. Rather. it giv~-; rise to 
them. Differences in the effective ne s of th" fixed capttal u. d 
could vanish only in th case of !'he cessation ol' tcchn )I g.ical 
progress. Under communism we cun · p .c t still hi her rat ~~ f 
technol g.i ·al 1 r •rl•ss thun at pn~s •nl 1\ · ·ordlll •ly , t~ndt·r 
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comm~mism implements of labor for one and the same purpose, 
but w1th different designs and nonuniform effectiveness will be 
used simultaneously. Too frequent, let us say daily, chang~s in the 
implements of labor would be connected with excessive surplus 
labor; and the share of surplus labor cannot be unlimited. 

Hence it follows that even under communism the 
incompatibility of individual minima of costs of production will 
continue to exist. If this is so, then the calculation of differential 
costs ca:1 be a useful tool in planning the national economy. 

We will demonstrate the role of calculating differential costs in 
constructing the plan, ensuring minimum outlays on the 
production of the prescribed final output. In this problem current 
labor, i.e., the living labor that society has available is the 
quantity to be minimized. Thereby past labor is equated 'to zero, 
and the means of production produced by it enter into the 
analysis of costs according to these savings of current labor that 
their use yields, i.e., according to feedback costs. 

For society as a whole past labor at each given moment (for 
example, at the beginning of the planned period) is a constant 
quantity. It is as impossible to change it as it is impossible to 
change the entire past. Current (living) tabor is a variable quantity. 
It can_ be larger or smaller depending on how the final output 
prescnbed by the plan will be produced. Consequently, for society 
~s a whole, the minimum of all labor costs (past and living) 
mvolv~~ 111 producing the prescribed output is determined by 
the mm1mum outlays of living labor. The minimum of the sum of 
constant and variable quantities is determined by the minimum of 
the variable quantity. 

Thus, the law of the economy of labor is, in the final analysis, 
the law of the economy of living labor, the law of the growth of 
its productivity. 

Equating past labor to zero in a communist economy is based 
on _the same property of past labor that justifies equating past 
capital to zero in a capitalist economy (for example, in calculating 
rates of surplus value), i.e., the property that past labor is a 
constant quantity. 13 In a communist economy there is no capital, 
and accordingly there is no division of it into constant and 
variable; but the division of labor costs into two parts- constant 
and variable (pasl and current outlays) -remains. 

However, past tabor is a constant quantity (at each given 
lllOillL~nt) only ror society as a whole. For any part of the national 
t'l"lHIOIIIY,llllli:IVS or past lahor arc :1 v:lriahle quantity. Thus, an 
llllllvlllllal sed lll lit" t lit· n:il illn:il t't'OillllllY c:111 tlSL' more or less 
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past Iabor stemming from changes in it outlays in other secto~s. 
Accordingly , in analyzing outlays on each product , matenal 
outlays en ter together with living labor. Setting past labor outlays 
as zero does not at all mean that the products of these outlays 
must be considered as free goods that do not cost labor. 1t means 
only that products of past labor enter in to the calculation of eo ts 
not according to past, but according to curr nt outlays, i.e. , to the 
extent that their use economizes on society' living labor. In this 
process the measurement of outlays of products of pa t labor must 
b subordinated to finding that utilization of the results of past 
lab or that would yield the grea te t economy of living labor. 

The objective necessity of precisely such a measurement of 
outlays of products of past labor appeared even under capitalism 
in the decisive importance of reproduction costs, in the existence 
of obsolescence. It is well known that if means of production are 
reproduced in their previous form their value is detem1ined by the 
Jabor time nece ary for their reproduction. If they are reproduced 
in a different form, outlays of labor on them are determined by 
the savings in current labor yielded by use of the given means of 
production, treating past outlays as equal to zero in thi process. 
From this standpoint the determination of the value of goods by 
the cost of reproducing them is a particular case of calc~lati~g 
conditions of application of labor according to the savmgs 1!1 

current labor that the use of these conditions can yield.
14 

Let us now imagine the basic features of the construction of an 
optimal plan and, in this connection, of the measurement of 
differential costs under communism. 

The initial data are : 
( I ) the amount of each means of production (reproducible a.nd 

nonreproducible), available at the beginning of the planrung 
period. We will denote them by Q, with an index referring to the 
number of the means of production, for example, Q11 , where h = 
1,2 , . .. , 17l(we will call these means of production the available 

ones) ; 
(2) planned accumulation in the course of the same period, i.e., 

labor outlays allotted for the creation of new productive capitaL 
We will denote them by A ; 

(3) the production program for fmal output, during the 
planning period 15 consisting of fmal producls ;. _ 

(4) outlays o f each of 111 meam of product1on, \lV<tdabl .at the 
beginning of the plann ing. pcri d , for t he Gnn11al pr du •11on .or 
each of 11 final produd ·. W, will J ·not ' lhl'S • nul la s by (/. W1lh 
two indi c s sh w in • th n11mlw r ,r IIJl' 111 ·tuts I pr du ·ti ut allll 

I ,,, 

the number of the final product for which this means is used. 
Thus, outlays of the hth means of production on the ith product 
will be expressed by qhi (h = 1, 2, ... , m) and (i = 1,2, ... , n). 

(5) We will denote current outlays of sociallabor on the annual 
production of each final product by c, with an index for the 
number of the final product. Thus, outlays of labor for producing 
the ith product will be expressed by c .. 

I 

( 6) We will denote one-time investments necessary for 
producing each final product by k., where i is the number of the 
final product. 

1 

Each final product can be produced by different methods. 
Accordingly, ci, qhi' and ki have different values depending on the 
method of producing the ith final product. 

The question is how to find those alternatives of the production 
of each final product for which the entire program of final output 
can be fulfilled with the least outlays of current labor, i.e., for 
which f c. =min. 

i= I 
1 

Method of Solution 

1. We eliminate the incompatibility of the national economic 
effects for those plan (project) alternatives of individual objects of 
outlays in which this incompatibility occurs.16 

2. We set experimental norms of effectiveness for each kind of 
available means of production and for investment. We will denote 
them by r with an index for the number of the means of 
production (for example, rh), and we will denote the norm of 
effectiveness of investment as r k. The norms of effectiveness for 
those available means of production that can be assumed to be the 
worst of the required ones we will take as equal to zero. This 
means that the given means of production (a parcel of land, an old 
machine, etc.) do not yield an economy of labor in comparison 
with any of the required means of production. The norms of 
effectiveness for the remaining (relatively better) means of 
production must be greater than zero. 

3. For each alternative of producing each final product we 
calculate differential costs S. according to formula (for the ith 

I 

product): 
Ill 

s, cl + k;rk + S {/i,;'"· 

''"\ 
(5.9) 

4. WL~ choosL~ an alkrnativL~ with the kasl diiTerenlial costs (5.9) 

(·I/ 
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for production of each final product. We obtain a potentially 
optimal combination of alternatives. This means that it yields a 

" 
final output with the least costs of production (~c;) of all 

i=l 

possible combinations of alternatives of that output, using the 
" amount of each means of production (~ q,,;) and the 

, i=l 

amount of investment (Lk
1
). needed for each combination of 

alternatives. ,.= 1 

5. We calculate the requirement for each available means of 
production and for investment for all alternatives selected in this 
way. 

6. We compare the results of these calculations with the 
availability of means of production and with the planned 
investment limit. If there is a divergence of requirements from the 
limit we correct the experimental norms of effectiveness of the 
corresponding means. If requirements are larger than availability or 
the limit, then the norm of effectiveness is, as a rule, increased. If 
requirements are lower than the limit, then the norm of 
effectiveness is, as a rule, reduced. 

In connection with the correction of the norms of effectiveness, 
the supply part of the balances of the corresponding means of 
production is likewise corrected. In some cases we reject those 
means of production with zero norms of effectiveness that (even 
with a zero norm) were not included in any of the alternatives 
with differential costs. In other cases additional means of 
production, the best of the previously rejected ones, are included. 
Zero norms of effectiveness or even positive ones are given to the 
means of production again included in the balance. In this process, 
all the relatively better means of production with a norm of 
effectiveness greater than zero must be fully used. 

7. We calculate differential costs according to the corrected 
norms, and we repeat operations 3, 4, and 5 as Jong as the 
requirements for each means of production with a norm of 
effectiveness greater than zero, and for investment, are not equal 
to their availability and limit. In so doing we derive a plan that is 
feasible within the limits of the planned sum of accumulation and 
the available means of production, and that, furthermore ensures 
the attainment of minimum outlays of Jabor on the p;escrib~d 
program of final output. 17 

The effective requirement for those means of pro ~uction for 
which rh = ·0 can be less than their supply. All those natural 
resources and previously produced means or lahor, ·.·1hich even 

with a zero norm of effectiveness are not included in any of the 
alternatives with the least differential costs, must remain beyond 
the limits of the balances. 

We will denote those norms of effectiveness for which a balance 
of requirements is attained in each available means of production 
and in investment by ~~ and r k . 

Thus we o btain m material balances of the form 

" ~qlii~Q,, (5.10) 
i=l 

and a balance of investment, 

(5. 11) 

We designate with the 1\ sign the fact that given values qhi, k; (and 

also c; and S;) pertain to alternatives satisfying conditions (5.9), 

( 5 .1 0), and ( 5. 11), or to those alternatives of producing the 
ith product that are distinguished by the least differential costs 
with final values of the norms of effectiveness, i.e., with ph and r k 

Finding these alternatives solves the problem. 
Thus, the norms of effectiveness are determined by the balance 

method in connection with the construction of a system of 
optimal balances of available means of production and investment. 
That potential by optimal combination is sought in which the 
total requirement for each of the available means of production 
and for investment will not exceed their planned supply and 
limits. 

The balances of means of production and of investment 
constructed in this way will determine those alternatives of 
producing n final products for which outlays of current labor in 
producing all these products will be the least. In addition, the 
kinds, types, and amounts of those means of production which it 
is necessary to produce in the planning period in order to fulfill 
the program for final output are determined. Just as at the plant 
the production of semifinished products is determined by the 
program for producing marketed output and by indicators ot the 
effectiveness of different industrial processes, so in the national 
economy the program for producing means of production is 
derived from the program for final output and from the outlays 
necessary to accomplish it by one means or another. 18 

We have essentially already given the proof of the effectiveness 
or this method, first in words (page 135) and then very briefly in a 
mathematical proof or the connection of this method with the 
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Lagrange method (pp. 140- 143). The basic proof of the 
effectiveness of the method in the simplest case was given as the 
substantiation of the first property of the potentially optimal 
combinations of alternatives of investment (see Chapter 4). This 
method of constructing an optimal plan is nothing else than an 
approximation to the optimal plan by means of successive 
constructions of a series of potentially optimal combinations. 

We need only to extend this proof to the case of the production 
of n final products with the use of m available means of 
production, in addition to investment. 

1. We will prove, first, that with any other uses of the same 
available means of production and of the same amount of 
investment than the ones accepted according te balances (5 .1 0) 
and (5 .11 ), the costs of producing final output will be greater 

n 

than ~ c1 • 
i=l 

The values of outlays pertaining to other balances, besides 
(5.10) and (5.11), we will denote by the same symbols but 
without the/\ sign. We must prove that 

We will take for some final products production alternatives 
other than those given by balances (5.10) and (5.11). For 
example, we will take other designs of machinery producing raw 
materials for certain final products, but in so doing we will select 
the new alternatives so that requirements for each available means 
of production and for accumulation for the new combination of 
alternatives is equal to the corresponding requirements for the 
previous combination of alternatives: 

(5.12) 

Those alternatives, which for the same system of norms of 
effectiveness 'h =rh and 'k =rk will require larger sums si (larger 

experimental differential costs) than the excluded alternatives, 
appear without fail in this rearrangement of the purposes of 
available means of production and of investment. For the 
r1ternatives accepted before the rearrangement have least sums Si. · 

Consequently, the sum of differential costs for all of the 
national economy's final output will increase: 

(5.1 .'3) 

I SO 

But in this process the total sum of normative feedback costs for 
all final output will not change. For in the course of the indicated 
changes in the purposes of means of production and of investment 
the following will remain unchanged: 

(a) the amount of each of the available means of production; 
(b) accumulation in the national economy; 
(c) the norms of effectiveness of means of production and invest­

ment. 
This conclusion can be expressed as follows in symbols. 

We will expand the inequality (5.13). For this we sum over i ( 1 to 
n) the inequalities of the form: 

... m ,. ,. ,. ,. m ... ,. 

c; + k;rlt + ~ qhirh > C; + k;r~t + ~ q,fh· 
h-J h-l 

We obtain the following results: 

But it immediately follows from condition (5 .12) that 

(5.15) 

(5.16) 

We sum the equality (5.16) over h (from 1 to m): 

(5.17) 

Adding equalities (5.15) and (5.16), we obtain the total sum of 
feedback costs, on the right side according to alternatives that 
entered into balances (5.10) and (5.11), and on the left side 
according to other alternatives of use of the same available means 
of production and the same accumulation. But if the feedback 
costs remain unchanged when there is an increase in differential 
costs, this increase occurs because of the costs of production. 

In symbols, subtracting equalities (5.15) and (5.17) from 
inequality (5.14) we have: 

n n ~ 

~c;> ~c;. 
i=J i=l 

This is what we had to prove. 
2. It remains for us to prove that introducing other available 

llleans of production frolll :llllOllg those that were nol included in 

I" I 



the optimal balances (5 .1 0) and (5 .11) would increase the costs of producing final output (provided that accumulation does not 
increase). 

Let us recall that the norms of effectiveness for each of the available means of production must begin from zero and that all means of production whose norms of effectiveness are higher than zero must be fully used. Hence it follows that only those available means of production remain outside the balances that, even with a zero norm of effectiveness, are not included in any of the 
alternatives with the least sum si" . Therefore, the introduction into the balances constructed m this manner of any of the available means of production that were not included will, at the very least, not reduc~ the costs of 
reproducing final output. 

To sum up, we have demonstrated that the problem of maximizing labor productivity under communism can be solved by means of measuring differential costs. Balances of means of production constructed by the method explained here and balance of accumulation ensure the production of the national economy's prescribed final output with the lowest expenditures of labor among all those that are possible by using available natural resources and previously produced means of production and 
planned output. 

If outlays are so small that it would be advisable to increase the production program, the latter can be reexamined. Then, by finding minimum costs for the new production program for final output, we can determine the optimal production program with due regard for both requirements and possible outlays. However, the economics of communism will be subordinate not only to the law of economy of labor but also to other laws. The question is asked whether the measurement of differential costs corresponds to other economic laws of communism. A communist economy presupposes an extremely high level of both centralization and democratiza~ion of management of the economy, i.e., the full development of both aspects of democratic centralism. The Party Program states: "All production units, all self-governing associations will be harmoniously combined into a common economy organized according to plan and in a single rhythm of social labor. . . . Organs of planning and calculation, and of guiding the economy and cultural development, which are now state organs, will lose their political character and will become bodies of social self-govcrnmcn t." 19 

The full development of democratic cenlralism is possible only 

IS.' 

on the basis of combining direct and indirect centralization. Under communism, norms of effectiveness of resources will be used as means of management (managing variable systems). 
Thus, the measurement of differential costs corresponds not only to the law of economy of labor, but also to the law of development according to plan, to democratization of economic management, and to an increase in the role of the national masses. There are no other methods of measuring costs that could simultaneously serve these laws. We can therefore assume that the measurement of differential costs will be an objective necessity in a communist economy. 
Our scheme (model) of optimal planning under communism is highly simplified. It is not intended for developing algorithms for plan calculations and does not provide measures that ensure sufficiently rapid convergence of iterations (repeated calculations of the plan and of norms of effectiveness). Its purpose is to establish the most general features of the measurement of costs in a commu~ist economy, features that stem from the most important economic laws of communism. In so doing, we have assumed that metho?s of p_lanned work will be used that have already been tested 111 practice, namely, the balance method of planning and the 

method of successive approximations. Adding to these methods the methods of optimization and methods of solving extremal plan problems, we have derived a very general scheme for the application of calculations of differential costs in the construction of the plan, which minimizes outlays of labor on the prescribed final output. 
Planning the national economy is possible only with sufficiently ~onsolidated indicators. Therefore, the number of final products m our scheme (n) and the number of different kinds of resources (m) must not be too large. In the opposite case calculations could not be carried out even on the most advanced electronic comp~ters. There arises the problem of "disaggregation" of consohd_ated ~arms . of effectiveness of resources (rh) and in c?nn_ectl?n w1th this the problem of specifying the plan for d~stnbutwn of resources according to purposes. Methods of l~tsaggregation have been little developed, and in practice we are lorce? to mak~ use ?f ~rovisional methods. In optimal planning the disaggregation of mdtcators is connected with the construction of optimal plans for corresponding sectors of the national cco1~omy , for branches, regions, enterprises, and shops. In ~1arl1~ular, the_ problem of finding an overall minimum of outlays 111 thsaggrcgatlllg the results or its national economic solution 

IS I 



naturally changes into a series of subproblems relating _to a 
minimum of outlays for individual sectors of the natwnal 
economy. In this process its formulation is similar to the 
formulation of the overall problem (see page 146), with the 
difference that the results of the solution of the overall problem 
serve as its initial data. While in the national economic plan the 
program for production and resources is distributed among the 
branches, the plans of the branches are formed by proceeding 
from branch programs and limits of resources. The plans of the 
branches are constructed by the same method as the national 
economy's plan. Intrabranch norms of effectiveness of resources 
found in this manner may not coincide with each other and with 
the norms of the national economic plan. These divergences occur 
in consequence of errors in consolidation (aggregation). Thus, in 
distributing resources among branches, outlays of labor on a 
branch's final output (c.) and outlays of means of production (qhi) 

I . 
pertain to groups of different products. Calculated accordmg to 
consolidated norms, they necessarily deviate from the results of 
more detailed calculations for enterprises. Divergences between 
branch norms of effectiveness of the same resource indicate that 
this resource is not optimally distributed. At the same time these 
divergences indicate the direction of the error in the distribution 
of a resource. 

For example, suppose that the norms of effectiveness of 
investment and scarce raw materials in branch No. 1 are equal to 
0.1 of investment per year and to 2,000 rubles per ton, and in 
branch No. 2 to 0.2 of investment per year and 1 ,000 rubles per 
ton, respectively. The divergence of norms shows that, within the 
limits of these two branches, the distribution of investment and 
scarce raw materials does not correspond to the overall minimum 
of outlays on the output of both branches. Branch No. 1 re_ceiv~s 
too much investment and too little of scarce raw matenals m 
comparison with branch No. 2. In branch No. 1 part ~f t~e 
investment is used with less effectiveness than would be possible m 
branch No. 2. Accordingly, some increase in the investment limit 
of branch No. 2 by decreasing it for branch No. 1 would increase 
the overall effect of investment for these two branches. On the 
other hand, a certain amount of scarce raw materials can be used 
in branch No. 1 with greater effectiveness than in branch No. ·2. 
Accordingly, some increase in the limit of these raw materials for 
branch No. 1 at the expense of branch No. 2 would increase the 
effect of the use of scarce raw materials in these two branches. 

After such a redistribution of resources between branches it is 
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necessary to calculate new alternatives of branch plans and nonns 
of effectiveness of resources on the basis of new branch umits. By 
repeating similar calculations (iterations) we can obtain a 
sufficient drawing together of branch norms of effectiveness of 
r sources, which wilJ be a sign of confomtity of branch plans to 
the national minimum of labor costs. 

In a similar way we can solve the problem of the optimal 
distribution of resources among enterpri es of the branch. 
Discrepancies of plant norms of effe tiveness of re ource wiJJ 
indicate errors in this distribution and the nature of the 
corrections required. 

. Consequently, disaggregation of indicators in optimal planning 
mvolves the division of the problem of an optimum relating to a 
large subdivi ion into a series of subproblems for parts of th.is 
subdivision. As far as we can foresee, the comparison of local 
nom1s of effectiveness of resources is not just a possible but a 
necessary means for approaching the overall optimum. Only this 
route corre.sponds to the development of democratic centralism in 
a communist economy_2° 

10. Laws and Tendencies in the 
Development of the Measurement 
of Costs in a Socialist Economy 

The study of the laws of measurement of labor costs under 
t.:ommunism i1luminates the direction of development of 
measurement of costs under the condjtjons of socialism for there 
is much in common between socialism and communism: They are 
two phases of the same so iaJ system. 

However under socialism the law of value and the law of 
distribution according to Jabor still operate . The question i what 
particular features of the measurement of costs are affected by the 
operation of these laws. 

Let us begin wltl1 the law of value . 1t operates together with 
the acti n of other specific economic Jaws of socialism , namely, 
the basic e onomk law, the law of continuous growth of labor 
pr ductivity . the law of d~velopment of the nationaJ economy 
a ·carding to p lan and others. The systematic deviation of prices 
and ca1cu1ations of costs from values are explained by the 
sub n.linati n or the law of value under socialism to the same 
!Wilt;r-.1 extrcmal problem that wiU be inherent in a communist 
lT •notll y. ~ 1 

1\ ·c rdi ngly , llw a h vc scheme oft he construction of 
oplilllal buJUIJl)CI> nf 111 ' <Ill S or pn du ·lio n Untkr C mmuni lU also 



pertains to socialism. However, by virtue of the operation of the 
law of value the expression of costs in working time in this scheme 
must be replaced by the corresponding value magnitudes. 

Thus, outlays of living labor (c;) must be expressed by the sum 
of wages that must be paid to produce the ith final products at all 
enterprises participating in its creation. In this process the norms 
of effectiveness will have different specific meanings depending on 
the means of production to which they apply: 

1. For reproducible objects of labor (available at the beginning 
of the planned period) these norms will express their prices, 
formed with due consideration of feedback costs. 

2. for previously produced implements of labor - buildings, 
installations, and equipment - the norms of effectiveness must 
appear in the form of payments for capital, calculated according 
to their effectiveness, i. e., with adjustment for obsolescence. 

3. For natural resources - differential rent. 
4. For investments - the normative effectiveness (for credit 

financing- payments for credit). 
The value expression of differential costs can be called full 

production costs. This is a transformed form of value, just as 
differential costs are a transform ed form of costs of production. 22 

Full production costs of the same product, produced under 
different conditions of application of labor, tend toward 
equalization, since the inclusion in these costs of normative net 
income differentiated according to the quality of the means of 
production places different enterprises in economically identical 
conditions of application of labor. 

In order for the full production costs of the national economy's 
total final output to be equal to the value of this output, it is 
necessary that wages be less than the value of the created product 
by ex%. wh ere 

( 

~ <t ') 
(.(-= j - /: ) . 100. 

~S; 
• 1= 1 

Obviously, this process does not essentially differ in any way 
from the adjustment of differential costs to equality with the 
overall costs of production of total final output (see page 131 et 
seq.) 

Just as norms of effectiveness can be used for indirect 
centralization of management of a communist economy, so their 
value expression can be the basis for the hest organization of 
economic calculation . In being guidt~d by the tninillllllll or rull 

production costs, each enterprise will follow the principle of the 
maximum overall economies of labor. 

As under communism, the sum of orders of users of means of 
production must be balanced with the planned upply or these 
means. For norms of effectiveness (prices, payments for capital 
differential ren l , and the norm of investment effectiveness) ar~ 
established so that the effective requirements for each means of 
production do not exceed its planned supply. 

Hence an important conclusion follows both for the theory and 
the practice of the utilization of the law of value. 

The equality between the demand for means of production and 
their supply is a necessary element of the law of value under 
socialism. Without this the law of value cannot fully perfom1 the 
function of minimizing Jabor costs. The equality between the 
demand for means of production and their planned supply is a 
value form of the general law of establishing norms of feedback 
costs. This is a law that will be most accurately implemented 
under communism, with the norms of effectiveness being 
established by the balance method. 

However, the calculation of full production costs is only 
gradually being established in the socialist economy. This is 
understanda ble. Their calculation presupposes the dev lopment of 
a system of norms of effectiveness of resource . But neither 
methods of optjmal planning nor the technological means 
(electronic computers) for calculating this system of nom1s have 
been sufficiently prepared for this development. Finally even 
economists are insufficiently prepared for these calculations. More 
than a 9uarter of a century of discussions was necessary in order 
~o legalize the practice of using norms of effectiveness of capital 
mvestment (the recoupment period). In this way the very simple 
formula for differential costs - adjusted costs - was recognized. 
But this formula is already inadequate. Tasks established by the 
Program of the CPSU and the 1965 economic refom1 require the 
fuU accounting of differential costs, and consequently also the 
development of thi formula . 
. Ind~ed,. the formula for adjusted costs would be sufficient only 
If capital mvestment were the only limited factor in the national 
e ·onomy. But in reality not only capital investment but also the 
h ·tter n<~lural resources are limited. Accordingly, calculation of 
th ' ffcc:f ivene s of u c of natural re ources will be required 
lope I h •r wi f h ·at ·ul:.tlion < f investment effectiveness. This means 
fhnt it is n~r ss; lry to inlrodu '(.' int lh · formula for differential 
·osls. h1 ~s llk s ,1 1101111 of 111v ·sfnH: nf dTc tivl·ncss, norms of 



effectiveness of natural resources, i.e., rates of differential rent for 
the optimal plan. Then a more general formula for differential 
costs will be obtained: 

Ill 

c. + k/ k + 2: qg/g . (5 . 18) 
I g=r 

where q . is the amount of the gth natural resource used for 
producirf~ the ith product, and r g is the norm of effectiveness of 
use of the gth resource. 

Calculating costs according to formula (5 .18) also corresponds 
to the requirement of the Program of the CPSU that prices cover 
costs of production, costs of circulation, and a certain profit to 
each normally operating enterprise. This means that prices must 
cover costs of production and circulation of those enterprises that 
operate under the least favorable natural conditions, provided 
these enterprises are using the natural resources allotted to them 
sufficiently effectively and that they operate normally. 

Finally, the use of formula (5 .18) is also dictated by the 
principle of distribution according to labor and by the principle of 
the workers' material interest in its results. 

As we know, the principle of distribution according to lab or is 
that "each individual producer receives back from society, after all 
deductions, exactly as much as he himself gives to it ." It is obvious 
that equal payment for equal labor can be attained only when the 
result of each individual producer's labor is determined under 
equal economic conditions. Accordingly, in measuring what each 
producer himself gives to society it is necessary to adjust 
indicators of the results of labor to equal conditions of its 
application. The Party Program, in posing the problem of 
improving methods of payments according to labor on the 
collective farms, indicates precisely this means for its solution. "It 
is necessary to ensure the creation of increasingly equal economic 
conditions for raising the incomes of collective farms located in 
unequal natural-economic conditions in different areas, and also 
within areas, in order to realize more consistently the principle of 
equal payment for equal labor in the entire collective farm 
system." 23 

Adjustment to equal natural conditions of application of labor 
is conceivable on different levels. It can involve average 
conditions; it can involve the least favorable conditions of those 
necessary in the optimal plan ; and, finally, it can involve any 
intermediate leveL (Adjustment to better conditions is possible 
only by redistributing to agriculture part of the net product 
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created in industry.) Adjustment to average conditions 
presupposes equality of prices and average costs, the extraction of 
part of the differential rent , and covering the losses of 
enterprises located where conditions are worse than average. In 
such a system the prices of products produced with the use of 
natural resources do not indicate the upper limit of costs allowable 
in the optimal plan. 

A system of adjustment to the least favorable conditions of 
application of labor, but conditions that are necessary in the 
optimal plan, is more advisable. It is true that this system assumes 
a sufficiently high level of labor productivity and earning capacity 
of collective farms. But this problem must be solved in the course 
of the next few years. " By its organizational work and measures of 
economic policy the Party, in the next few years, will see to it that 
the lagging of economically weak collective farms is completely 
overcome and that all collective farms are transformed into 
economically powerful ones with high incomes." 24 Hence it 
follows that even in the near future the calculation and absorption 
into the income of society of differential rent will make it possible 
to place all collective farms in equal natural-economic conditions. 
Then the formula for the collective farms ' production costs will 
take the form of (5 .18). 

It is clear that formula (5 .18) will be useful for regulating 
distribution according to labor not only in agriculture but also in 
extractive industries. 

Finally, those previously produced means of production that it 
is already inefficient to reproduce (i.e., those too obsolete for 
reproduction) are in a sense limited (fixed). Means that are too 
obsolete to reproduce do not suddenly become too obsolete to 
use. Ordinarily they can be effectively used for a certain time, 
namely, for as long as their use yields savings in reproduction costs 
of the corresponding output. Obsolete means of production can 
yield savings only under the condition that in calculating 
reproduction costs their value is equated to zero? 5 Such a 
procedure is logical. It signifies that these means do not require 
reproduction costs since they are not being reproduced. 
Accordingly, they must be reckoned in costs not according to 
their reproduction costs, but according to the normative economy 
of labor resulting from their application in the optimal plan. This 
means that the use of obsolete means of production must be 
included in the reckoning of costs not in the form of quantity ci, 
which reflects labor in reproduction, but in the form of a special 
term cakulalcd by means of mulliplicrs norms of effectiveness. 



These norms are similar to norms of effectiveness of investment 
and natural resources, but with the difference that norms_ of 
effectiveness of investment and natural resources deflect pnces 
above value, whereas norms of effectiveness of obsolete means_ of 
production deflect their prices below value, i.e., they determme 
the degree of obsolescence. . 

By taking account of the obsolesce~ce of n:eans of productiOn 
we obtain a more general formula for differential costs: 

m I 

c; + k;,K + ~ q"fg + ~ qr/r· (5.19) 
g"~l f~l 

where q . is the amount of the fth previously produced means of 
product{~n used in producing the ith product, and r1 is the_nor~ 
of effectiveness of application of the fth means of productiOn m 
the optimal plan. . . 

For obsolete objects oflabor, 'r will be therr pnce. F~r ob olete 
instruments of tabor, r wil l express the normative effect 
(economy of labor) of tb[ir use during a urrit of time,_ i.e., a n~rm 
of their profitability in the optimal plan.26 Means of productiOn_ 
that are not too obsolete for reproduction enter into form_ula 
(5 .19) according to their full reproduction custs in the p!an penod 
(i.e., the corresponding 'r will be equal to these productiOn costs). 

The further development of formula (5.19) consists of 
extending it to temporary prices of new technology. For 
instruments of new technology r1 must be higher than ~he 
wholesale prices of previously developed analogous output - with 
due regard for the higher effectiveness of new technology. Taking 
account, in the prices of new technological means, of their 
economic advantages for users is advisable not only for the 
purpose of finding the most effective app.lication of t~is 
technology but also for developing its productiOn. Temporanly 
increased prices for new technological means accelerate their 
assimilation. 

Thus, the formula for adjusted costs ( ci + k/k), used in practice, 
is a particular case of a more general formula (5 .19). Whereas the 
formula for adjusted costs is designed to attain the most effective 
use of capital investment, the formula (5 .19) is designed to attain 
the most effective use of all of the national economy's resources. 27 

According to the Program of the Communist Party ol' the Soviet 
Union "primary attention in all links of planning and managing 
the e~onomy must be concentrated on tlw most rational and 
effective use of material, Jailor, fin;HJcial, and n:ilural rl~sourn~s. 

and Oil thl' l'lilllill:iliOil of l'X\TSSiVl" \llSis :IIHI losses ".'H 
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Accordingly, in time, a change in our practice to the calculation 
of costs according to formula (5 .19) is unavoidable. This formula 
corresponds to the task on which primary intention must be 
concentrated in all links of planning and managing the economy. 
But the necessary conditions must be created for this change. The 
calculation of costs according to formula (5 .19) presupposes the 
prior development of a system of norms of effectiveness 
(profitability) of all material resources: 

(1) capital investment, 
(2) natural resources (differential rent), 
(3) productive capital - according to its specific forms: (a) 

capital too obsolete to reproduce: (b) instruments of new 
technology .2 9 

In connection with the 1965 economic reform this task has 
become a realistic one, even an immediate one. 

11. The Measurement of Differential Costs in a Capitalist Economy 

The reader has surely already noticed that norms of 
effectiveness (rh and r k) are similar in their mathematic~! form ~o 
the average rate of profit and ground rent, and that differential 
costs are similar to the price of production. Of course, these 
similarities are not accidental. They are explained by the fact that 
a feedback between outlays on different products also exists in a 
capitalist economy and is spontaneously taken into account. 

Each capitalist strives to minimize his costs. He is not concerned 
about the overall minimum. But particular minima of capitalist 
costs of production are incompatible (by virtue of scarcity of the 
best natural resources and accumulation). The incompatibility of 
particular minima of costs of production is expressed in the 
impossibility of having supply meet the demand for the best 
means of production when prices are equal to costs of production. 
When competition exists, the shortage of the best means of 
production raises their prices to the level at which particular 
minima of costs of production become compatible (otherwise the 
competition of demand would raise prices of the best means of 
production still higher)_3° 

Competition equalizes rates of profit and transforms value into 
the price of production. Thereby a norm of feedback costs 
associated wilh capital investment is formed. Competition equates 
different individual prices of production to a common price of 
production. In this process co~piLdisl "norms of effectiveness" of 
IIIl· JTialivl'ly lwlln natural f"l'SOUrCL~S or or the more productive 



capital investments in the utilization of these resources are 
formed. 

Thus, capitalist reckoning of feedback costs occurs as a result of 
a general striving for profits and the existence of competition. 
Thereby an important social function, the measurement of 
differential costs, is spontaneously and very roughly fulfilled. But 
the results of its fulfillment, savings in the value of the total social 
product, benefit the capitalists. "Each individual sphere of capital 
and each individual capitalist has the same interest in the 
productivity of the social labor employed by the total capital, 
because two circumstances depend upon this . In the first place, 
there is the mass of use values in which the average profit is 
expressed. This is doubly important, since profit serves both as the 
fund for accumulation of new capital and the fund of revenue 
intended for consumption. In the second place, there is the value 
of all advanced capital (constant and variable) that, with a given 
quantity of surplus value or profit for the entire class of 
capitalists, determines the rate for profit, or profit for a specific 
amount of capita1." 31 

Taking account of feedback costs is doubly profitable for 
capitalists. By lowering the total value of goods it raises both the 
rate of profit and the mass of use values in which profit is 
expressed. 

Thus, the similarity between the general rate of profit and 
ground rent to norms of effectiveness is explained by the fact that 
they all serve to measure feedback costs. However, although the 
role of norms of effectiveness is exhausted by this , profit and 
ground rent fulfill this function only "pluralistically." Profit and 
ground rent are not only forms of measurement of costs but also 
regulators of production and forms of distribution. Private 
ownership of means of production makes it possible to 
appropriate the entire effect of the utilization of relatively better 
means of production and even more than this (we recall absolute 
ground rent). 

The general rate of profit is the regulator of capitalist 
production. Norms of effectiveness are the controlling norms of a 
planned system. They act on the proportions between lines of 
production only indirectly, as factors determining the magnitude 
of certain parts of outlays on individual products. 

Finally, capitalist calculation of feedback costs cannot reduce 
the value of the final output to a minimum. 

Indeed, in order to attain minimum costs we must first discover 
them. But in a capitalist economy costs are incurred before lhcir 

overall minimum is found. The market verifies the correctness of 
already realized costs, not of prospective ones. The correctness of 
norms of feedback costs is tested in this case by comparing not 
planned alternatives but already realized ones. 

An unsuccessful combination of plan alternatives can be rapidly 
replaced by another one without any losses. But an unsuccessful 
combination of already realized alternatives cannot be rapidly 
replaced by another one. When the period of wear and tear of 
means of labor is long, the time needed to correct mistakes is 
measured in years. During this period the initial conditions change. 
This means that the norms of effectiveness must no longer be 
adapted to previous conditions but to new ones. New mistakes 
arise in choosing production alternatives. While they are being 
corrected the initial conditions again change, and so on. As a 
result, alternatives are always being implemented that do not 
correspond in one way or another to overall minimum costs. 

Thus, the capitalist reckoning of feedback costs is inherently 
contradictory. In its mathematical form it is designed to find 
overall minimum costs, but in its economic content it excludes the 
possibility of finding this minimum. 

Deviations of prices of production from values produce the 
surface impression that they distort the measurement of outlays of 
labor. In point of fact these deviations bring prices closer to 
precisely those outlays of social labor that the production of each 
individual product costs, if we measure outlays on each product 
dynamically and in their interrelationships. 

Concerning a price that includes costs of production and an 
average profit, Marx wrote: "We call it the price of production 
. . . for it is a necessary condition for the supply and 
reproduction of goods in each individual sphere of production:'32 

But the differential costs are the social condition for the 
reproduction of every individual commodity. It is precisely these 
costs that express the increment of labor involved in the 
production of the final social product that is associated with the 
production of the given commodity. 

Hence it follows that the price of production is based not just 
on capitalist competition but also on another, firmer basis. Marx 
first pointed to the existence of this basis. 

The generally accepted conceJ: t of the price of production is 
based only on its single characteristic as the transformed form of 
commodity value, in which the commodity emerges in the process 
of competition. But Marx gave the price of production another 
characteristic, one reflecting another aspect of this category. In his 



view the price of production has a material basis: "All capital 
means of labor as well as materials of production and labor 
materially serves as the creator of the product. " 33 

It is true that this second characteristic of the price of 
production is not complete. But it does not follow that it can be 
discarded. On the contrary, only by proceeding from both 
characteristics of the price of production given by Marx can we 
correctly understand its essence and role in a capitalist economy. 
Both characteristics can be connected with each other. We will try 
to do this. 

The price of production is formed by the action of competition. 
But under competition the objective conditions of the social 
economy are somehow or other taken into account, and 
accordingly it leads to socially important results. 

The first social condition considered is that "all capital - means 
of labor as well as materials of production and labor - materially 
serves as the creator of the product." This fact is apparent to every 
capitalist and is directly considered under competition. "The 
capit.:..list expects identical profit on all portions of capital 
advanced by him. " 34 

Another phenomenon is connected with this fact, namely, that 
the limited amount of accumulation in the national economy is 
extended to all invested capital, not just to its variable part, as a 
result of which all parts of capital equally involve feedback costs. 

This fact is not apparent to capitalists. But it is linked with the 
first one. Therefore, by taking into consideration the first fact, 
competition thereby necessarily takes account of the second one. 

In fact, from the standpoint of the capitalist any ruble of 
invested capital must bring identical profit. From the standpoint 
of society any ruble of investment, taken separately, equally 
involves feed back costs to the extent of the minimum 
effectiveness of accepted investment alternatives. 

By taking into account the fact that for production all capital is 
materially necessary, the capitalist thereby takes into account the 
fact that all of capital investment involves feedback costs and not 
just its variable part. 

Finally, competition among capitalists leads to the formation of 
a general rate of profit, which in its magnitude roughly (i.e., only 
in its tendency) reflects feedback costs caused by the investment 
of each ruble of capital. In fact, competition Jmong capitalists 
reduces prices of production to a minimum. J\s a resull, the 
general rate of profit necessarily becomes tilL' tninitnum accL~plahk 
rate, not the average onc:Js 

This proposition conflicts with the generally accepted 
interpretation of the price of production. But this conflict is 
explained by the incompleteness, indicated above, of the 
characteristics of the basis of the price of production contained in 
the generally accepted interpretation. 

We find the following observation in Marx: "Particular rates of 
profit in different spheres of production are by themselves more 
or less indefinite; but to the extent that they appear, not their 
uniformity but their difference appears. The general rate of profit 
itself emerges only as the lowest limit of profit, not as an 
empirical, directly reproducible form of the actual rate of profit:' 36 

This statement is a necessary part of the concept of the price of 
production. 

True, Marx investigated the formation of the general rate of 
profit by proceeding from the fact that this rate is equal to m: K. 
i.e., to the average rate (m is the entire sum of surplus value, and K 
is the entire social capital). The fundamental results of this 
investigation (deviations of prices of production from values, the 
relationship of these deviations to the organic composition of 
capital) retain their force when the general rate of profit is not an 
average but a minimum quantity. 37 Only the equality of the 
general rate of profit and the average (m/ k) is discarded. But this 
equality assumes that the entire surplus value (including the 
additional profit from the use of better natural resources) will be 
divided only among the capitalists who are extracting it. When the 
general rate of profit is its lower limit, a part of the surplus value 
remains for the formation of ground rent. 

This means that the determination of the general rate of profit 
as a minimum quantity is internally connected with the whole 
system of Volume Ill of Das Kapital. Accordingly, we cannot 
consider it only as a random remark of Marx's. On the contrary, 
the equality of the general rate of profit and the average one must 
be considered as a "first approximation" in investigating the 
formation of prices of production developed for the simplest 
hypothetical case. 

From what has been said it follows that exchange according to 
prices of production corresponds to a higher degree of 
development of an economy and can more completely realize the 
principle of economy of labor than exchange of goods according 
to thL~ir value. The price of production strengthens the measuring 
I"UJH"Iion ol" tilL' law ol' value, strengthens its subordination to the 
law ul l'l"()JJOJJJY ur laiHlr, and also slrcnglhens the social character 
ol I Ill' law ol v:illll'. l'lll' pi H'l' o r prodtil'IIOll is I ha I rorm of value 



whose social function is already beyond the power of capitalism 
and which has probably outgrown the limits of the law of value. A 
capitalist framework for the price of production is in conflict with 
its potential social function. A social function presumes planning, 
but the capitalist framework excludes it. 

The price of production is the historically first, still extremely 
incomplete, form of expression of differential costs under 
conditions in which they differ from average costs. The 
development of the potential function of the price of production 
- finding the overall minimum of outlays - is possible only 
beyond the limits of the capitalist system. Only in a collective 
economy can we completely utilize all those possibilities for 
economy of labor that are embedded in the measurement of 
differential costs. 

In the capitalist economy, however, progress in the calculation 
of differential costs has been replaced by retrogression. The 
growth of capitalist monopolies has limited and distorted the 
operation of competition, the operation of that force which 
transforms value into prices of production and creates cost savings. 

The study of the principles of measurement of costs under 
communism and socialism helped us to understand those "hints of 
the higher form" in prices of production that were difficult to 
explain without knowledge of the principles of measurement of 1 

costs in a higher social system. Those elements of Marx's thought 
concerning prices of production that previously had seemed 
unconnected with the whole emerged more clearly. 

Finally, it turned out that the deviation of prices of production 
from values does not worsen the measurement of labor costs for 
each product, but improves it. Thereby the gulf between the 
theory of value and the history of the measurement of costs is 
eliminated, that "strange regularity" of which we spoke at the 
beginning of the book. 

12. Labor and the Conditions of Its Application 

Quantitative analysis is inconceivable without qualitative 
analysis. The application of mathematics to economics (as in any 
other sphere) is fruitful only on condition that mathematical 
models correctly reflect the essential l'calures and 
interrelationships of reality. The definition of costs is of the 
greatest importance in this matter. lt is on this question, as a focal 
point, that the divergences between Marxist-! ,eninist political 
economy and bourgeois econotnic sciL~IllT an: cotHTtllrakd. This is 

natural. The solution of the most important questions of political 
economy is connected with the definition of the concept of costs. 

Defining costs in terms of labor was not easily achieved by 
economic science. This definition does not rest on "the surface of 
phenomena." At first glance the facts indicate that lab or is not the 
sole element in costs, that costs also include the utilization of 
scarce resources of production, namely, natural resources and 
capital investment. Not only capitalist practice but, what is 
particularly important for us, socialist practice also suggests this. 
We economize not only on labor but also on production time and 
the better natural resources. Payments for capital and rent 
payments for the use of natural resources are being introduced. 

The economic content of these indicators of costs can be 
disclosed only on the basis of an economic model that takes into 
account the most important economic laws. In models reflecting 
the law of economy of labor, overall outlays of sociallabor are the 
minimized objective function, and material resources enter into 
the constraints. In this way actual costs are clearly distinguished 
from the means of their minimization - norms of effectiveness of 
utilization of scarce material resources. These norms are expressed 
in the unit of measurement of the objective function. The results 
of labor must also be expressed in this unit. Otherwise they will be 
incommensurable with costs. Thus, the model of the operation of 
the law of economy of labor leads to the conclusion that it is 
necessary to calculate costs according to the formula: labor plus 
the means of its minimization. 

This division of quantities is not applied in formulas for costs 
used in practice. Furthermore, the value form conceals the 
difference between labor and the conditions of its application, 
since labor enters into the reckoning of costs also multiplied by 
certain value multipliers - wage rates that establish the 
comparability of different types of labor. In this form the formula 
for costs can correspond to different economic models with 
different objective functions and limitations. From a mathematical 
standpoint there is no basis for dividing multipliers (prices and 
rates) into two different classes consisting of multipliers used in 
the case of reckoning limitations of resources and of multipliers 
used for the cotnmensuration of different kinds of labor. 
Thcrcfon:, mathematically it is not only possible, but it is even 
convenient, to regard all prices and rates (including wage rates) as 
auxiliary tJJttltipliL·rs and, in conforlllity with this, to include labor 
costs not i11 the ohkctivL· lttnL"Iiott hul in thccompositionofthe 
lintilations Tlwtt IIH· lot ttlttb I or !"till ptoduL"Iion costs can be 



written as the sum of the products of coefficients of utilized 
resources and auxiliary multipliers. At first glance this 
interpretation of the formula for full production costs may seem 
acceptable. Not only are certain conditions of application of labor 
limited, but labor itself is limited. However, and this is the essence 
of the matter, labor is limited differently than the conditions of its 
application. People strive to reduce labor costs, but they seek the 
maximum utilization of the conditions of its application. The law 
of economy of labor, one of the most general economic laws, is an 
expression of this. Accordingly, in a mathematical-economic 
model labor costs must enter not into the limitations but into the 
minimized objective function. Correspondingly, wage rates must 
not be regarded as auxiliary multipliers. 

Scarce means of the social economy are not special forms of 
real costs of production, but are those conditions of the 
application of labor whose limited nature gives rise to a feedback 
connection between labor costs (speaking mathematically, which 
impart a conditional character to the problem of minimizing 
costs). In a mathematical model of the social economy the 
difference between real costs and the conditions of their 
application is expressed in a difference between the minimized 
objective function and those limitations (equations or inequalities) 
that must be observed in finding the indicated minimum. 

What has been said permits us to renew the criticism of the 
theory of costs of production as the sum of the prices of the 
"services" of three factors of production - labor, capital, and 
land. This theory is characteristic of the mathematical school of 
bourgeois economic science. It has been repeatedly criticized in 
Marxist literature, but the previous criticism of this theory is now 
inadequate. It is inadequate because it proceeded from the 
conviction that only the costs of production of a product could be 
included in the formula for costs. (The idea that auxiliary 
magnitudes - means of minimizing actual costs - can and must be 
considered in the formula for costs had not yet arisen.) From such 
positions the calculation of costs in a socialist economy according 
to the formula for full production costs or even for that of 
adjusted costs is equivalent to acknowledging that costs do not 
consist only of labor. 

But in actual practice the formula for full production costs is 
already used, although in an abridged form. If we continue to 
adhere to previous positions this fact must be recognized as a 
deviation from Marxism. Some Soviet econon1 ists have reached 
precisely this conclusion. Proceeding from other positions, 

bourgeois commentators on the Soviet theory and practice of 
measurement of the effectiveness of capital investment arrive at a 
similar conclusion. 38 

After what has been said above, it is not difficult to see that this 
is a fallacy. Calculating costs according to the formula for full 
production costs necessarily follows from the law of the economy 
of labor operating with limited material resources and the 
organization of a socialist economy on the principles of democratic 
centralism. But the formula for full production costs cannot 
demonstrate precisely this by itself. It retains the same form with 
different objective functions and limitations of the economic 
model. It remains the same both in the case in which the economic 
model reflects the law of economy of labor and in the case in 
which the sum of prices of the "services" of the three factors of 
production is minimized in the model. 

Moreover, the question of the role of the law of economy of 
labor lies at the root of many differences between Marxist and 
bourgeois economic science. The theory of labor costs of 
production and the labor theory of value arise from the law of 
economy of labor. The law of economy of labor determines the 
minimized objective function of the economic model, the 
economic content and the unit of measurement of all auxiliary 
multipliers, and, likewise, the unit of measurement of results . 
Economic models of general equilibrium, in which costs of 
production represent the sum of prices of the factors of 
production, do not reflect the law of economy of labor, and 
therefore do not reflect the law of labor value. Consequently, the 
model reflecting these laws differs from models of general 
equilibrium in the most essential premises, even if identical 
mathematical means are used.39 

The fundamental defect of the theory of costs of production 
and of systems of general equilibrium consists of neglecting the 
profound difference between subjects and objects of the social 
economy, and between the powers of subjects of the economy and 
its means. It is true that in antagonistic societies labor power is 
regarded by the ruling classes as the object of their management. 
Consequently, it seems to economists - who express the 
viewpoint of these classes - that labor is only one of the forms of 
costs. 

Labor is limited in a different, higher sense of the word than 
capital investment or natural resources. People strive to reduce 
outlays of labor lo a minimum and to make maximum use of the 
conditions or its application . This is understandable. For growth in 



the material well-being and culture of a society presupposes 
maximum utilization of means of production and, in particular, of 
natural resources, with a reduction in the working day. 

In a mathematical model of the social economy the difference 
between outlays and the conditions of their application is 
expressed by the difference between the minimized quantity and 
those limitations (equations or inequalities) that must be observed 
in finding the indicated minimum. In this way mathematics makes 
it possible to formulate precisely the difference between the 
limited nature of labor and the limited nature of the conditions of 
its application. In models of a social economy, labor costs are the 
minimized objective function (thereby the law of economy of 
labor is expressed), and conditions of the application of labor are 
those limitations that must be observed in minimizing the 
objective function. It is natural that in such a model a unit of 
labor can serve as the unit of measurement, but only because in it 
costs also consist only of labor. Even such a static model, in which 
labor costs are minimized, is formed in a direction diametrically 
opposed to the construction of systems of general equilibrium, 
i.e., it proceeds not from prices (or utility) of consumer goods to 
prices of factors of production, but from labor costs to prices of 
consumer goods. 

But the cognitive force of models that reflect the law of 
economy of lab or and the law of value is fully revealed only upon 
investigating the development of an economy. It is then clearly 
observed that people strive to decrease outlays of labor and to 
make maximum use of the conditions of its application. The 
working day is shortened, and capital investments and the 
development of natural resources are expanded. 

But this is not all. As we have already said, the law of economy 
of labor explains not only quantitative relationships within each 
mode of production (for example, exchange relationships) but also 
qualitative changes in the economic system. This law lies at the 
basis of the development of productive forces, and it reestablishes 
the disrupted conformity of production relations to the state of 
productive forces. 

Let us summarize. The theory of costs of production and the 
models of general equilibrium that do not reflect the law of 
economy of labor ignore the main economic factor both in static 
and, especially, in dynamic terms. Accordingly, models reflecting 
the law of economy of labor differ substantially from models of 
economic equilibrium - moreover, in the most important respect. 
In form these models can he similar lo models or economic 
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equilibrium. But the content of a model is determined by its 
presuppositions, not by mathematical means. 

Notes 

1. In mathematics, problems of finding the largest or smallest value of any variable 
quantity are called extremal problems (from the Latin extremum -extreme). 

2. K. Marx and F, Engels, Soch., 2nd Edition, Vol. 25, Part II, p. 472. 
3. The term "feedback" is also used in economics in a different sense, namely, to 

denote the fact that the output of goods (for example, steel) is used as an input in the 
production of the same output. This form of feedback must be taken into account in 
measuring costs of production. A feedback of this type is taken into account either by 
successive approximations or by solution of a system of linear equations. Feedback costs 
(in our sense) are determined with the aid of norms of effectiveness of use of relatively 
better means of production. Academician L. V. Kantorovich calls these costs "indirect 
costs." The term "indirect costs" has long been used in economics, but in quite another 
sense. Therefore, its use to denote feedback costs is hardly advisable. Misunderstandings 
are possible. 

4. Here we give an abbreviated formula for the limits of use of old means of lab or. 
Besides the elements indicated in it, it is also necessary to take account of feedback costs 
caused by the use of nonreproducible means of production. 

5. K. Marx and F. Engels, op.cit., Vol. 20, p. 138. 
6. Ibid., p. 125. 
7. In general form what has been said is expressed by transformation of the following 

inequality: IC > 
(C+Kr)~(C+ Kr)<C. 

The left side expresses adjusted differential costs, and the right side expresses costs of 
production. Hence (keeping in mind that r>D): !5_ ~ '[/(_ 

C < IC 

!S. In this formula all products qr have the same dimension -the same one in which 
costs of production c are measured. 

In fact, the norm of effectiveness of any means has the dimension man-hours per 
unit of means of production. Consumption of a means of production (q) is expressed 
either in natural units of measurement, or it has a more complex dimension -a unit of 
measurement of means per year. The choice of a unit of measurement of means is 
obviously related to the unit of measurement of costs of production (c). If q pertains to 
a unit of output, costs of production must be expressed in man-hours per unit of output. 
If q pertains to the annual production of output, costs of production must also pertain 
to annual production. In the first case all products qr will be expressed in man-hours: 

--~an-hou.:~-------· amount of means::: man~ hours . 
unit of means 

In the second case all products qr will have the dimension 

man-hours 
year 

man-hours 
year 

amount of means ==- man-hours 
year year 

This means that in both cases we can total all products of the form qr and add them 
to the costs of production (c). 

9. What has been said is correct for any values of the norms of effectiveness provided 
these values are not less than zero. Negative norms of effectiveness contradict the 
principle of economy of labor. They signify that the given means of production can be 
used even in cases in which this use is associated with excessive costs in comparison with 
alternatives providing for the use of scarce means of production. 

I 0. It Is utlvisuble to ex press the ovuilubility of implements of tabor in units of their 
possible use machine tool-hour., etc. !'upilal investment, correspondingly, can be more 
a<Turalcly ~xI" llHNml in units of llwir co11nhlnallons during the planning period. 

11. S<•c llw wou ks of L. V. Knnlorovlch, Malt'IIWIII'iw,\·kit• melody orKtmizat.<ii i 
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planirovaniia proizvodstva, Leningrad State University Publishing House, 1939; 
"Concerning One Effective Method of Solving Certain Categories of External 
Problems," Doklady AN SSSR, Vol. 28, No. 3, 1940. 

12. K. Marx and F. Engels, op.cit., Vol. 1 2, p. 7 31. 
13. Ibid., Vol. 23, p. 226. 
14. What has been said makes it possible to eliminate the apparent contradiction in 

the generally accepted interpretation of labor productivity. 
On the one hand, it is asserted that only living labor is productive. Hence it would 

seem to follow that we can speak only of the productivity of living Jabor. 
On the other hand, it is asserted that labor productivity increases with savings of 

labor, including here savings both of living and of embodied Jabor on the scale of the 
entire society. It follows that not only living but also embodied labor is productive. 

The contradiction between these statements disappears when expenditures of 
products of embodied tabor are measured by the savings of living Iabor that are yielded 
by use of these products, i.e., by feedback costs. 

l 5. Objects of consumption (individual and social) and that part of the means of 
production intended for expanding production beyond the limits of the planning period 
represent the final output of the period. · 

16. For this see Chapter 3. 
17. We assume here that the planned limit of investment is correctly determined. The 

question of planning the volume of accumulation will be examined in the following 
chapter. 

18. Not the entire composition of the production of means of production is 
determined in this way, but only the composition of those parts that are necessary for 
fulfilling the final output program. A certain part of the production of means of 
production is included in the final output program of the national economic plan. 

19. Program of the Communist Party of the Soviet Union, State Political Literature 
Publishing House, 1961, pp. 64, 109. 

20. In the article "Methods of Finding the Maximum Effect of Capital Investment in 
the Socialist Economy" (Trndy Leningradskogo finansovo-ekonomicheskogo instituta, 
No. Ill, Leningrad, 1947), we underestimated the role of the comparison of local norms 
of effectiveness of resources in finding the national economic optimum. We wrote that 
branch, plant, and other norms of effectiveness considerably facilitate the task of finding 
the national economic minimum of outlays and are useful in constructing and correcting 
balances of means of production and of investment (pp. 154-155). In reality, it is not 
possible to do without local norms of effectiveness in optimal planning. 

21. Deviations of prices and cost calculations from values have often been explained 
by the policy of the Soviet state. This answer is correct, but it is inadequate. It is only 
the beginning of an answer. The policy of the socialist state is not arbitrary; it is formed 
on the basis of knowledge of the economic laws of socialism, including the law of value. 

22. In our studies in 1958-1959 we call full production costs "national economic" 
production costs. Subsequently we became convinced that the term "national 
economic" in reference to production costs was inappropriate. 

23. Program of the Communist Party of the Soviet Union, State Political Literature 
Publishing House, 1961, p. 82. 

24. Ibid., pp. 82-83. 
25. See above, p. 126. 
26. On the basis of the norm of effectiveness of an obsolete means of labor we can 

determine its valuation with due regard for obsolescence. 
27. We recall that the problem of the most effective use of capital investment can be 

solved only as part of the problem of the most effective use of all means of production. 
28. Program of the Communist Parry of the Soviet Union, State Political Literature 

Publishing House, 1961, pp. 85-86. 
2 9. New technological means that have been developed and applied are valued 

according to the full production costs of reproducing them, and the norm of 
effectiveness of their use is equal to the norm of effectiveness of investment (this 
equality signifies the absence of obsolescence). 

~0. In our national economy the incompatibility of particular minima of costs may 
not bring about these consequences, since prices of means of proLiuction are established 
not by the market but by the state. Accordin~ly, the incompatihility of particular 
minima of costs is experienced directly (not through t>rin·s) in the form of u scan:ity of 
relatively better means of produc.:tion This scarcity, in tur11 sti111ulaft..•s tli'-· reckoning of 
feedback costs, for example. th<· cstahlishrncnt ol hil(hcr pric<·s lor sr<~H"<' noatcrials. 
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31. K. Marx and F. En gels, op.cit., Vol. 2 5, Part I, p. 216. 
32.lbid., p. 217. 
33. Ibid., p. 43. 
34. T. Mallhus, Principles of Political Economy, London I 836, p. 268; cited in K. 

Marx and F. Engels, op.cit., Vol. 25, Part I, p. 43. 
35. We already proved that selecting alternatives according to the formula C + Kr= 

min always leads to Kr's being the lower limit of effectiveness of accepted alternatives. 
In this proof we will change the meaning of the symbols. Let C be capitalists' costs 

of production, K - capital, and r - the general rate of profit. Then C + Kr will express 
the price of production, and the proof will lead to the conclusion that the general rate of 
profit is always its lower limit. 

36. K. Marx and F. Engels, op.cir., Vol. 25, Part I, p. 403. 
37. As we have seen, adjusted differential costs deviate from costs of production 

depending on the relation between costs of production and investment. These deviations 
are analogous to deviations of the price of production from value. Here the norm of 
effectiveness of investment is not an average quantity but a minimum one. 

38. See lu. Sukhotin, "Foreign Economists on Soviet Studies of the Effectiveness of 
Capital Investment," Voprosyekonomiki, 1961, No. 9. 

39. "It appears to us that discussions of various economic concepts would be more 
fruitful if they were shifted to the level of discussions of models on which the 
corresponding terms rest." See L. V. Kantorovich and V.L. Makarov, "Optimal Models 
of Long-Run Planning," in Primenenie matemariki v ekonomicheskikh issledovaniiakh, 
Vol. 3, Moscow, Mysl' Publishing House, !965, p. 82. 
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CHAPTER 6 

THE PROBLEM OF THE MAXIMUM 

GROWTH OF LABOR PRODUCTIVITY 
(The Time Factor in Economic Calculations) 

Up to this point we have accepted the limit of capital 
investment for the national economy as being given. We have 
simplified the problem with such an assumption and have put off 
the solution of more difficult questions. Now we must raise them. 
If the investment limit is taken as given, the determination of the 
norm of investment effectiveness will differ in no way from the 
determination of differential rent. Thereby the difference between 
the limited nature of accumulation and the limited nature of 
natural resources disappears. This difference is an important one. 
It was already noted in Chapter 4. The norms of effectiveness of 
natural resources begin at zero, but the norm of effectiveness of 
capital investment must necessarily be larger than zero. What 
obstructs equating it with zero? Perhaps the norm of effectiveness 
of investment represents not only feedback costs (i.e., a means of 
minimizing actual costs of production) but, in addition, certain 
real outlays. Of what do they consist? 

Taking the volume of accumulation as given, we have examined 
the dependence of the norm of effectiveness of investment on the 
volume of accumulation. But doesn't the norm of effectiveness of 
investment in turn influence the volume of optimal accumulation? 

In assuming that the investment limit can be distributed 
differently among a multitude of possible purposes we came to the 
conclusion that the norm of effectiveness of investment must be 
the same for all possible purposes. But can the norms of 
effectiveness of those specific means of production in which 
investment is embodied be identical? 

If we begin to treat the availability of every specific means of 
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production as a special limitation, it will be necessary to introduce 
as many norms of effectiveness as there are different limitations. 
On which factor are limitations reflected in the investment limit? 

These questions appear as soon as we reject the simplifying 
assumption that the investment limit is given . This simplification 
permitted us to restrict the problem of minimizing costs to one 
period of time. By including the volume of accumulation among 
the unknowns of the problem we must look for the optimal 
development path. The criterion of the optimum in this case will 
be different from that in the previous problem. 

1. The Role of Qualitative Analysis in Planning 
the Optimal Development Path of the Economy 

A socialist economy must be guided not only by the interests of 
the near future, but also by more long-term interests, and even by 
the interests of future generations. 

In this lies one of the advantages of the socialist system and one 
of the reasons for its vitality. 

This farsighted concern about the future is manifested both in 
the careful use of natural resources and in high rates of 
accumulation. 

This same concern about the future must be the guiding 
principle in solving specific planning problems. 

As applied to the principle of economy of labor this means that 
we must consider as the more effective alternative not the one that 
promises short-term cost economies, but the alternative that 
corresponds to the long-term maximum growth of labor 
productivity. 

How do we find this alternative? 
Here we must rely , above all , on the qualitative analysis of the 

influence of different paths of economic development on labor 
productivity. 

An example of such farsighted qualitative analysis was the 
Leninist idea of the victory of socialism as a necessary condition 
for preserving the independence of our homeland. The First World 
War demonstrated that the liquidation of economic backwardness 
was a life-and-death question for our country . Within a capitalist 
framework, burdened by powerful remnants of serfdom, the 
backwardness of Russia not only did not decrease with time but 
even grew. 

Only a new , more advanced mode of production in which high 
ralcs or growlll or lahor produclivily were inherent namely , 
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only socialism - could liquidate the age-old backwardness of 
Russia. 

The central idea of the First Five-Year Plan had such a 
farsighted aim. This was the idea of the necessary systematic 
raising of the relative importance of the socialist economic sector. 
By ensuring the systematic increase in the relative importance of 
the socialist sector, the First Five-Year Plan created the basis for 
higher rates of growth of labor productivity in the following 
five-year plans. 

The tasks of liquidating the considerable differences between 
physical and intellectuallabor and between the city and the village 
were also closely connected with the problem of maximizing the 
growth of lab or productivity. In fact, raising the cultural and 
technical level of workers in physical labor to the level of 
engineering and technical personnel and equipping agriculture with 
the most advanced technology not only directly influence labor 
productivity but also create the conditions for the broadest 
extension of technological creativity and for attaining on this basis 
higher rates of growth of labor productivity in the future. 

Thus, the problem of optimal paths of economic development is 
solved, above all, by the qualitative analysis of the regularities of 
development of a socialist economy. 

However, this problem also has a quantitative aspect. 
Given an identity of the national economic effect, different 

plan (project) alternatives of implementing it differ only in costs. 

Costs can and must be measured. This means that in these cases 
the comparative effectiveness of plan (project) alternatives can be 
determined by calculation. 

The question is how we find, among the alternatives that are 
identical in their national economic effect, the alternative that 
corresponds to the optimal development path, or, more 
specifically, to the overall maximum of the rate of growth of lab or 
productivity. 

2. What Is the "Time Factor" in Economics? 

In our consideration of the maximum effect of investment we 
implicitly related investment in different alternatives to one 
moment of time. But in actuality construction periods can differ 
greatly both in overall duration and in the distribution of 
individual outlays over time. How do we measure the economic 
consequences of construction periods? 

This question is usu;JII y posed SL'parall'ly rnllll lilt• 

I I 1, 

determination of the effectiveness of investment. But, in taking 
account of investment, we essentially also take account, as a 
special indicator of outlays, of the time between an outlay of 
labor and the appearance of its product, i.e., the period of 
production and circulation. Obviously, the construction time is 
included in the production time. This means that the limited 
nature of capital investment reflects the elementary fact that the 
production time must be limited. In the opposite case the aim of 
production - consumption - is unattainable. If the prolongation 
of the production time did not bring any advantage, then 
obviously we would have had to use only those methods of 
production for which the production time is a minimum. In 
reality, methods of production with a long production time often 
require smaller labor costs. A relationship such that the 
production time is a factor of production often exists between 
production time and the productivity of social labor. In this way, 
although the term "time factor" is not accurate and is not one 
used in the literature, it still accurately encompasses the most 
important aspect of the problem. 

What are the real factors in the growth of labor productivity 
that increase production time? Above all, the use of durable 
instruments of labor. Labor expended on producing instruments 
of labor is distinct from labor using these instruments, and this 
means from the arrival of the finished product, by a series of 
gradually increasing intervals of time. Thus, if a hydroelectric 
power-plant dam lasts one hundred years, the time between the 
labor expended directly on building it and the labor involved in 
using the dam for producing electric power will amount to from 
several months (for the first quantities of electric power produced 
by the plant) to one hundred years (for electric power produced in 
the last months of the dam's life). 

The use of instruments of labor is the most important, but not 
the sole factor in the growth of labor productivity that entails an 
increase in production time. Certain reserves of objects of labor 
arc necessary for the normal course of production. Accordingly, 
111aintaining unfinished production · and reserves of finished 
products at a specific level prevents losses and thereby supports or 
even raises labor productivity. 1 

Thus, the problem arises of comparing the postponement of 
t"<HlSlllllplion willt the future growth of labor productivity, and 
litis lllL'ans also or Wl'll-heing. In such a formulation this problem is 
obviously i11soluhk. l'r()(lt1dion lilllL' is nol an outlay. It is a 
cli:JI:It ' il-1 islic ol lltl' li:JiiOIJ;JI l'l"OIIl)IJiic t•rkd or ouiLJys of' labor. 

1 // 



Accordingly, although working time and production time are 
measured, it would seem, in the same units , they are nevertheless 
incommensurable with each other. 

Marx did not investigate methods of calculating the time factor 
under communism. But he repeatedly noted the necessity for this 
calculation. Thus, concerning the question of long-term capital 
investment he wrote: "If we imagine not a capitalist society but a 
communist one, then first of all monetary capital becomes 
completely superfluous, and consequently all that disguising of 
transactions that arises because of it also becomes superfluous. It 
becomes simply a matter of society's calculating beforehand how 
much labor, means of production, and vital means it can expend 
without any harm to those branches of production - such as the 
construction of railroads - that do not yield means of production 
or vital means for a comparatively long period, a year or more, 
and, in general, during this period do not yield any useful effect 
but, of course, absorb from all finished production labor, means of 
production, and vital means." 2 

3. Indicators Necessary for 
Calculating the Time Factor 

What indicators are needed in a socialist society in order to 
calculate how much labor, means of production, and means of 
subsistence the society can spend, without any loss, on those kinds 
of production that will not yield a useful effect for a long time? 

At first glance, we must, for this purpose, first of all determine 
the social production and circulation time for the given product. 
But it is not difficult to see that the loss from excessive 
production time depends not only on its duration but also on 
those labor outlays that are separated by this time from the 
appearance of their product in consumption. This loss is greater 
the greater are those labor outlays that for a long time do not 
yield a finished product. This means that production time, 
weighed according to labor, must be the initial indicator in the 
calculating of the time factor. Because labor outlays on a product 
do not occur instantaneously, but are extended over time, we 
must weigh each segment of production time separately. 

We will denote the time separating each labor outlay expended 
at different times for producing q units of output from the 
moment of the availability of that output for consumption by t;, 
and we will denote the size of successive lahor outlays at different 
times for producing the given output hy c; (i = 1,2, .. . ,11) . Then 
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the weighted production and circulation time will be expressed by 
11 

the sum of products of L c;t; . 
i=l 

It is not difficult to see that before us is the formula for the 
input of labor necessary to create capital for producing q units of 
output in that unit of time in which t; is expressed. 

Indeed, for reproducing output in the amount of q units in a 
unit of time we must expend labor before the appearance of the 
first unit of output not only for output arriving in the first unit of 
time (calculated from the beginning of delivery for use) but also 
for output arriving in subsequent units of time. In this way each 
outlay of labor undertaken before the beginning of the delivery of 
output leaves a material trace, namely, incomplete and complete 
means of production, and also reserves of finished products not 
yet delivered to the user. Consequently, before the beginning of 
delivery of output, each part of the overall outlays of labor 
undertaken at different times for q units of output must be 
repeated all the more often as the time separating it from the 
arrival of the output is longer. Thus, an outlay of labor incurred 
during t 1 units of time before the arrival of the product will be 
repeated t 1 times until the moment of its arrival, and an outlay of 
lab or incurred during t 2 units of time will be repeated t 2 times, 
etc. As a result a reserve (a fund) will be formed at the beginning 
of the arrival of output. The value of this reserve reflects each 
expenditure of working time on the output as many times as the 
units of time separate this expenditure from the arrival of the 
product. Thus, at the beginning of the arrival of output the funds 
will amount to " 

2: cJ, man-hours. 
i= I 

After the beginning of the arrival of output the fund will cease 
to grow, but it will not decrease for a long time. Output, equal in 

11 

outlays of labor to L c;t; 
i=l 

will be forthcoming in each unit of time, but during the same 
period the same expenditure of labor on reproduction would again 
fill up the fund. 3 

Thus, the value of productive capital is the materialized 
production time, weighted according to outlays of labor. The 
weighted production time is taken account of precisely in this 
111alerializcd form in planning and project practice. But this form 
is deceptive to a certain ex ten l. Its scale does not at all contain 
units of production litne. The valul~ of capital is measured in 
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rubles or in man-hours. But the weighted production time must be 
measured in ruble-years (or in man-hour-years). Thus, calculating 

the time factor on the basis of investment can create a false 
impression, as though the matter concerned simply expenditures 
of past labor on output and not the indicator necessary for 
calculating the time factor. In accordance with this, the 
comparison of investment and production costs is represented as 
"a comparison of expenditures of past labor embodied in fixed 
capital, raw and other materials, with expenditures of living 
labor. " 4 If this were actually the case, the problem of 
commensuration would not exist. Expenditures of past and living 
labor on output are commensurable with each other, and they can 
be totaled. But the addition of investment and production costs of 
output is hindered by their scales. 
. ~~e calculation of the time factor in planning and designing 
Individual elements of the national economy (enterprises, shops, 
machines, their assemblies and parts, etc.) emerges as a problem of 
comparing indicators relating to different times. It is necessary to 
compare one-time outlays, made once and for all, with current 
outlays that are repeated indefinitely. Such a comparison is 
possible only after adjusting the compared quantities to the same 
scale, which presupposes the use of a certain dimensional 
multiplier. For example, in order to adjust one-time expenditures 
to current outlays we must multiply them by a multiplier 
expressed in units of one over time. One the other hand, in order 
to correct current outlays to one-time expenditures, we must 
multiply them by a multiplier expressed in a unit of time. This is a 
formal conclusion. It says nothing about the economic meaning of 
this multiplier and how to determine its size. It asserts only that 
such a multiplier is necessary for calculating how much living and 
past labor can be expended on those objectives that are 
distinguished by a long production time. 

Many vain efforts have been expended on seeking other means 
of calculating the time factor without a special multiplier. These 
searches have substantially delayed the development of methods 
of planned determination of this multiplier. 

4. The Adjustment of Costs and the Product 
to the Same Time as the Basis 
for Calculating the Time Factor 

In order to find a multiplier for calculating the time factor, let 
us return to the proposition thal produclion lime is nol a cost, but 
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is a characteristic of the effect of labor outlays. As we 
demonstrated in Chapter 3, identity of the national economic 
effect of compared alternatives is a necessary condition for 
comparing the national economic effect of outlays. Inequality of 
production time violates the identity of the effect, even if in all 
other respects the effects of compared alternatives are identical. 
Consequently, by logical reasoning, to compare the effectiveness 
of project alternatives differing in the length of production time, it 
is necessary to adjust their effect and costs to the same time. But 
this is the logic of national economic practice. Costs and the 
product are always adjusted to the same time by means of the 
daily comparison of the supply and demand for objects of 
consumption. In so doing, the wages of a given period, which are 
the costs of production of future goods, are expended in 
purchasing commodities, the results of past labor. 

Wages are usually paid and expended long before the 
completion of the production time of those products on which the 
labor paid with these wages was expended. Accordingly, the prices 
of consumer goods reflect not only the labor expended on them 
but also that surplus labor for expanding production that is caused 
by the length of the production time. Accumulation enters into 
prices. 

The result is a synchronous commensuration of costs and the 
product, in which the time between the outlay of labor and the 
receipt of output becomes practically equal to zero and disappears 
from the calculation. 

Thus, together with the usual measurement of labor expended 
in the course of the production of any product, which we can call 
asynchronous measurement, we can and must apply (and in 
practice we do apply) another, synchronous measurement of labor 
costs and of lab or productivity. 

The term "asynchronous measurement" indicates that outlays 
of labor undertaken at different times are added and are compared 
with their effects, which appear at different times. Asynchronous 
measurement fulfills extremely important tasks. However, it does 
not take account of the distribution of labor costs during the 
period of production. For example, if outlays per unit of output 
in alternative No. 1 were two man-hours three years before the 
moment of delivery of output and one man-hour one month 
before delivery, and in alternative No. 2 they were one man-hour 
three years before delivery and two man-hours one month before, 
then, with asynchronous measurement, outlays in both cases will 
lw equal to thrc\~ rnan-hours. But the length of the production 
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period is not a matter of indifference for the national economy. 
Other conditions being equal, the longer the production time and 
the larger the outlays of labor that do not yield output for a long 
time, the larger are the outlays of labor per unit of final output 
delivered during the same period. Asynchronous measurement 
does not take account of these consequences. A different method 
of measuring outlays of labor on a product is necessary here, 
namely, the comparison of labor expended in a given segment of 
time for reproducing some output with the output that appears 
simultaneously for consumption. This measurement of the outlay 
of labor and of its productivity may be called synchronous 
measurement. 

The synchronous measurement of outlays on a product is much 
more complicated than asynchronous measurement. However, we 
cannot do without it. This is the only method of comparing 
working time and the economic consequences of production time. 
Labor and production time are not directly commensurable. But 
labor and the national economic consequences of the length of 
production time are commensurable, because these consequences 
consist of additional outlays of labor per unit of output 
synchronous with it. 

The synchronous measurement of labor expenditures not only 
exists in practice but is not a novelty even in theory. Marx's 
concept of surplus labor as such (in contrast to its form) is based 
on the synchronous comparison of labor and the consumed 
product. 

Marx defines surplus labor in general as labor "beyond the 
extent of given requirements." 5 There is no doubt that here the 
matter concerns requirements in that segment of time to which 
the labor refers, i.e., requirements synchronous with labor. This is 
apparent from the fact that Marx considers the expansion of 
production as one of the foundations of surplus labor. "A certain 
amount of surplus labor is required for an insurance fund against 
various kinds of contingencies in order to ensure the necessary 
progressive expansion - corresponding to the development of 
needs and to the growth of the population - of the process of 
reproduction, which from the capitalist standpoint is called 
accumulation. " 6 

But accumulation can be regarded as surplus labor only with the 
synchronous comparison of labor and requirements. If we 
compare outlays of labor with its future product, labor 
expenditures for the expansion of production also must be related 
only to their future product. Then we would have to take account 

of the time factor in its direct form, which is not commensurable 
with outlays. 

The synchronous comparison of labor and its effect permits us 
to calculate the consequences of production time in expenditures 
of (surplus) labor and, on this basis, to calculate accurately how 
much labor, means of production, and means of subsistence 
society can use, without any harm to itself, on those lines of 
production that do not yield any effect for a long time. 7 

5. The Basic Functions of Synchronous 
Comparison of Costs and the Product 

It would be an error to suppose that losses from excessive 
investment must be expressed only in an acute shortage of 
consumer goods or of manpower. These losses may also consist of 
unnecessary labor expenditures per unit of output produced at the 
same time (i.e., simultaneously with the expenditures) in 
comparison with ones possible with smaller investment. 
Production is always reproduction. With reproduction the gap in 
time between the labor expenditure and the receipt of the output 
exists only during the first period of production of the new 
product. Subsequently the product appears simultaneously with 
the expenditure of labor on its reproduction. The gap in time 
between labor and consumption has vanished. But the production 
time of course has not vanished. Only its economic consequences 
have' changed. Instead of a gap between labor and consumption it 
causes only one or another relationship between labor and 
simultaneous consumption. It is precisely here that we find the 
economic consequences of production time for the national 
economy as a whole. Outlays of labor and consumption are always 
synchronous here. 

The synchronous nature of lab or and consumption in the public 
economy makes it possible to compare labor and the economic 
consequences of the length of production time. For these 
consequences consist of additional outlays of labor per unit of 
output synchronous with this labor. 

Thus, by comparing labor with the consumed product 
synchronous with it we find it possible to combine in one 
indicator both the labor expended on the production of the item 
and the consequences of the length of production time. 

Investments arc the initial data for synchronous measurement. 
Knowing investment and the coefficient of increase in production, 
WL~ can calculaiL~ I he labor costs necessary to produce additional 
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output in a unit of time. By adding this quantity to outlays on the 
simple reproduction of the same output, we obtain the labor costs 
of producing output synchronous with these outlays. However, 
this method of calculation is applicable to the national economy 
as a whole, but not to the production of individual products. 

Only in the national economy as a whole are consumption and 
labor costs always synchronous. Moreover, the production time 
for any individual product always influences the synchronous 
productivity of all sociallabor. For workers employed (directly or 
indirectly) in the production of electric power, for example, 
demand not only and not so much electric power as other 
products. Accordingly, it would be incorrect to calculate outlays 
on an individual product by adding production costs to the 
product of capital investment per unit of output and the 
coefficient of annual increase in production of output of a given 
kind, as Z. F. Chukhanov recommends. 8 The synchronous 
comparison of costs and the product is applicable only to the 
entire national economy, and the main question solved by this 
comparison is the planning of the volume of the national 
economy's accumulation. The synchronous comparison of costs 
and the product consists of drawing up a balance of what the given 
alternative of accumulation takes away from the national 
economy and brings to it in return. We can see this in a simple 
example. Let us compare three alternatives of producing consumer 
goods of a given volume and composition. The indicators of these 
alternatives are presented in Table 33 (for the sake of clarity we 
will abstract from their value form). 

Number of 
alternative 

11 
ill 

Table 33 

Productive capital, 
in billions of 
man-hours 

so 
55 
75 

Lab or costs of producing 
annual output, in billions 
of man-hours per year 

50 
48 
47 

We will further assume that the production of this output must 
increase annually at a rate of I 0%. Then, after providing the 
national economy with capital according to one of the three 
alternatives indicated, synchronous outlays of labor on the entire 
annual program of consumer goods will amount to (in billions of 
man-hours per year): 
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according to alternative I 50 +150· O.lj= 55; 

according to alternative 11 48 +!55· O.ll= 53.5; 

according to alternative Ill 4 7 +f7 5 · 0. Ij= 54.5. 

The products shown in the boxes represent a calculation of that 
part of synchronous labor costs that is necessary for expanding 
production in the following year b) 10%. 

The scale of these products is different from that for 
investment. Investment is expressed in rubles (or in man-hours), 
and the product of investment and the coefficient of it1> annual 
growth will be expressed in rubles per year (or in man-hours per 
year). The difference between the scales of investment and the 
labor cost of the output created with its aid is thereby removed. 
Both terms of the costs of reproduction, labor expended on 
producing the product and the labor involved in accumulation, 
will be expressed in man-hours per year. 

Let us examine the results of our calculation. 
Alternative Ill requires smaller outlays of labor expended in 

producing the product than alternative 11. But if we compare the 
product with the labor expenditures synchronous with it, it turns 
out that alternative Ill requires unnecessary outlays of labor. In 
this case the additional labor costs required by alternative Ill in 
comparison with alternative 11 will not be recouped as long as the 
coefficient of annual growth of production does not fall below 
0.05. If this never happens the unnecessary synchronous labor 
costs required by alternative Ill will never be recouped. 

This will involve a loss to the national economy caused by 
implementing the excessively "capital-intensive" alternative Ill. 

But this is not all. The calculation presented here of 
synchronous outlays of labor pertains only to the period in which 
all production will be provided with capital according to one of 
the alternatives. Under these conditions the effect of previous 
investment of the same · type (i.e., according to the same 
alternative) stands opposed to additional labor for subsequent 
expansion of production. However, as long as all production is not 
reequipped with more effective capital, synchronous outlays of 
labor will be higher than in the calculation presented here. It will 
be necessary to undertake new investment before the completion 
or rccq uipping, without obtaining the full effect of this 
investment. Consequently, the entire loss from implementing 
alternative Ill will he even higher than is indicated in the 



calculation presented above. 
It is not difficult to see from this calculation that loss can be 

caused not only by excessive but also by insufficient 
accumulation. In fact, the least capital-intensive alternative, I, 
requires the highest synchronous labor costs. 

We will now demonstrate that the synchronous comparison of 
costs and the product strikes a balance between what 
accumulation takes from the national economy and what it gives 
to it. 

Alternative 11 requires smaller synchronous outlays on the 
prescribed program than alternative I because the additional 
investment required by alternative 11 (in comparison with 
alternative I) yields a greater effect than the additional 
accumulation that would be necessary with the subsequent 
expansion of production at the prescribed rate according to 
alternative I. The additional investment in alternative 11 amounts 
to 5 billion man-hours. The effect of this investment (50 - 48) is 
equal to 2 billion man-hours per year. Additional accumulation for 
alternative 11 in comparison with alternative l in the expansion of 
production by I 0% per year amounts to 0.5 billion man-hours per 
year. Hence the excess of the effect of investment over additional 
accumulation is equal to 1.5 billion man-hours per year. 

The difference between synchronous outlays of labor in 
alternatives I and 11, i.e., 55 - 53.5 = 1.5 billion man-hours per 
year, is equal to this quantity. 

On the other hand, alternative Ill requires larger synchronous 
outlays on the prescribed program than alternative 11, for the 
additional investment required by alternative Ill (in comparison 
with alternative 11) yields a smaller effect than does the additional 
accumulation that would be necessary with the subsequent 
expansion of production at the prescribed rate according to 
alternative Ill. Additional investment in alternative Ill amounts to 
20 billion man-hours. The effect of this investment ( 48 - 4 7) is 
equal to a billion man-hours per year. Additional accumulation for 
alternative Ill in comparison with alternative 11 in expanding 
production by 10% per year amounts to 2 billion man-hours per 
year. Hence the smaller effect of investment in comparison with 
additional accumulation is equal to a billion man-hours per year. 
The difference between synchronous labor costs in alternatives Ill 
and 11, i.e., 54.5 - 53.5 = 1 billion man-hours per year, is equal to 
this quantity. 

Thus, synchronous measurement involves a comparison of the 
effect of preceding investment and the accumulation necessary for 
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the subsequent expansion of production. Such a comparison is 
extremely important for choosing the volume and composition of 
accumulation. 

Finally, the last and most general conclusion to be drawn from 
our example is that the national economy's optimal accumulation 
is determined according to the minimum value of the entire 
consumed product. Synchronous labor costs are nothing but the 
substance of value of the consumption fund, i.e., the sum of 
outlays of labor on its simple reproduction plus the surplus labor 
for expanding reproduction. 

6. Calculation of the Time Factor in Determining 
the Effectiveness of Outlays on the · 
Production of Individual Products 

The example presented of the synchronous measurement of the 
effectiveness of social labor is highly simplified. It reflects only 
one aspect of the problem. In particular, we have not considered 
how to take account of the time factor in planning the production 
of individual products. As we noted earlier, the synchronous 
comparison of costs and the product is not applicable to individual 
lines of production. 

At the same time, the calculation of the time factor in 
individual lines of production is part of the synchronous 
measurement of the effectiveness of all social labor. The 
prolongation or reduction of the production time for each 
individual product influences the synchronous productivity of all 
labor expenditures in the national economy. Hence it follows that 
the synchronous measurement of outlays on an individual product 
consists of determining the degree of conformity of one or 
another alternative of its production to the overall maximum 
effect associated with the national economy's optimal volume of 
accum ula ti on. 

Indeed, if the product in our example encompasses all means of 
consumption, then for each alternative of the volume of 
investment in producing it (for example, m= lOO billion 
man-hours) there can correspond an innumerable multitude of 
alternatives of distribution of this investment among different 
lines of production (without any change in the general program 
for producing consun1cr goods). Of course, different alternatives 
of distri hut ion or i nvcst1ncn t a re not cq ually cflcct ivc. With given 
illVl~StlllCnt Olll' or tliL'Sl' altnn;iliVl'S rc.quircs grl•;ilcr costs Of 
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reproduction and others require smaller ones. Obviously, to find 
the overall minimum of synchronous costs we must take not any 
one of these alternatives of distribution of investment, but that 
one which requires the least costs with a given volume of 
investment. This is fulfilled by solving the problem for a maximum 
effect of given investment (see Chapter 4 ). 

Thus, in our example of synchronous measurement each 
alternative of the volume of investment must be the most effective 
one among all other possiblilities of utilizing the same sum of 
investment with the same general program for producing consumer 
goods. If we were to reject the prior solution of the problem of 
the maximum effect of investment and picked alternatives I, 11, 
and Ill with a different distribution of each limit of investment 
among individual projects, we could not find a minimum of 
synchronous outlays on the entire production program. It could 
then appear that alternative Ill was worse than alternative 11 only 
because the distribution of investment among projects was less 
rational in alternative Ill than in alternative 11. 

But, as we showed in Chapters 4 and 5, the maximum overall 
effect of investment is achieved with that distribution of its fixed 
sum among construction projects for which the program for 
producing final output is fulfilled with minimum differential costs. 

With a given program the norm of investment effectiveness 
depends on the general investment limit. Accordingly, for each of 
the alternatives in our example there is a corresponding value for 
this norm. Thus, for alternative Ir 1 ;;;;:. 0.4, for alternative 11 
o.4;;;.r 

2 
:;;:.0.05, and for alternative Ill 0 ~ 3 < 0.05 .(This is apparent 

from the fact that the effectiveness of additional investment in 
alternative 11 amounts to 0.4 per year and for alternative Ill in 
comparison with alternative 11 it amounts to 0.05 per year.) 

As we showed earlier, the comparison of synchronous costs 
represents a comparison between what each alternative of 
accumulation gives to the national economy with what it takes 
from it. 

In replacing numbers by letters in our discussion we have: 

(KII -K,) EIIII > (KII -K,) ?; 
(KII, -K,I)EIII/II < (K,I, -KII) ~. 

where K1, K11' and K111 are investments in the three alternatives,~ 
is the prescribed rate of growth, E 111l is the effectiveness of 
additional investment in alternative I in comparison with 
alternative I, and EIII/Il is the effectiveness of additional 
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investment in alternative Ill in comparison with alternative II. 
Since the differences included in the parentheses are positive, 

E III/I > {3 > E III/II . ( 6. l) 

The norm of effectiveness of the investment alternative that 
corresponds to the minimum of synchronous outlays of labor 

E 11/ I ;;;;:. r K ;;;;:. E 111/11 (6.2) 

is also included among the indicators of the effectiveness of 
additional investment. 

It is obvious that the more we examine alternatives of 
investment for producing the entire consumption fund, the smaller 
will be the difference between indicators of the effectiveness of 
two alternatives similar in size of investment. 

Given a large number of alternatives of the volume of 
investment for producing the entire consumption fund, the 
effectiveness of additional investment of two adjacent successive 
outlays is practically equal. 

If alternative S is optimal, then 

Es/s-1 =ES+l/s · 
(6.3) 

Taking into consideration (6.1), (6.2), and (6.3), we conclude: 

r K = {3, (6.4) 

i.e., the norm of effectiveness of investment of the alternative of 
accumulation that ensures the minimum synchronous outlays on 
the entire prescribed consumption fund is equal to the rate of 
growth of production. 

In this way the calculation of the time factor in outlays on 
individual products with the aid of the norm of effectiveness of 
investment is linked with the calculation of the time factor in 
synchronous outlays of labor on the entire consumption fund with 
the aid of the rate of growth of production. Thus,both rK and (3 

serve to minimize the value of the entire consumption fund. The 
norm of effectiveness of investment ( rK) serves this purpose in the 
problem of finding the most effective distribution of the given 
volunw of accumulation among different purposes, and the 
cocllicienl or growtl1 or prodtJclion ({3) serves the same purpose in 
LIIL' probklll ()I rillding I ilL' oplilllill volullle or ~lCCllllllli~ltion. 
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Equality rK=/] characterizes the potential optimum of 
accumulation that ensures the maximum synchronous labor 
productivity with a given rate of growth of production. But this 
equality says nothing about the realism of the given rate of growth 
nor whether it is the largest of the possible rates. 

The realism of the rate of growth can be checked by balance 
calculations. That rate of growth is realistic which can be attained 
with a real increase in the fund of working time of workers in 
material production and with a long-term growth in their labor 
productivity. Assuming the complete utilization of these 
possibilities in a sufficiently long-term plan we, will obtain the 
maximum possible stable rate of development. 

Then the equality rK ={3 characterizes the real optimum of 
max 

accumulation. Since the norm of effectiveness of investment (r ) 
expresses the permissible minimum effectiveness of investme~t 
(E min ), the achievement of the real optimum of accumulation will 
be expressed by equality 

E min = {3 max· (6.5) 

The m~a_ning of this equality is simple. Tl1e left side expresses 
the_ mmimum economy of labor that accumulation gives the 
~atwnal economy in a unit of time in its optimal use. The right 
side of the equality expresses what accumulation takes from the 
national economy under a stable maximum possible rate of growth 
?f production. The stable maximum rate of growth of production 
IS t_he criter~on o_f t~e optimum on whose basis this equality is 
denved. This cntenon had already been established in the 
resolutions of the 15th Party Congress. "On the question of the 
rate of development . . . we should proceed not from the 
maximum rate of accumulation for the next year or for several 
years, but from that relationship of elements in the national 
economy that would provide the most rapid rate of development 
over the long run." 9 

Thus, in analyzing the factors involved in the development of 
the national economy, those factors that determine the norm of 
effectiveness of investment have become more apparent. This 
norm directly depends on the national economy's volume of 
accumulation and on the distribution of possible investments 
according to their effectiveness. This is precisely the conclusion 
that follows from the formulation of the problem of finding the 
overall maximum effect of investment in a socialist economy that 
was presented in Chapter 4. But this answer is inadequate. The 
question of what determines the volume of accu1nubtion arises. 

I '10 

We can answer this question only by exammmg the long-term 
problems and conditions of development of the national economy. 

We saw that with optimal planning, accumulation must provide 
for the maximum rate of development of the national economy 
over the long run. This principle also controls the level of the 
norm of investment effectiveness. The average long-run norm of 
investment effectiveness is connected with the maximum possible 
rate of growth of labor productivity. Thus the entire system of 
value norms for calculating costs must, in the final analysis, be 
determined by the maximum rate of steady growth of labor 
productivity. All value norms - prices of means of production, 
differential rent, rent payments for the use of productive capital, 
and the norm of investment effectiveness - are connected with 
each other. Then the principle of calculating not only the national 
economic plan as a whole but also every part of every machine 
becomes what V .. I. Lenin considered the most important and the 
major factor in the victory of the new system. 

Formula (6.5)" characterizes a very important relationship 
between the rate of growth of production and the norm or 
effectiveness of investment. The essence of this relationship is not 
in the equality of magnitudes, but in the fact that the norm of 
investment effectiveness not only depends on the volume or 
accumulation (as was demonstrated in Chapter 4) but also 
influences it. An optimal relation is formed between consumptio11 
and accumulation on the basis of this interrelationship. Equality 
(Em in=~ m ax ) is based on the firm suppositions that technology is 
unchanged and that the growth of production occurs in 
consequence of an increase in manpower with an absence of 
limitations on natural resources, and that the product or tlw 
preceding year (period) enters into consumption. It is sufficient to 
change even one of these assumptions and formula (6.5) will 
change. Thus, if we reject the latter of the assumptions and accept 
the fact that investment in the national economy begins to yield 
an effect within year (periods), then 1formula (E . = ti ) 
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will be transformed into the formula Io 

E ={3 ({3 +l)t 
min max max · 

In actuality the factors determining the optimal share or 
accumulation in the national income arc so complex and variahk 
that they do not fit into a simple formula. 



At the beginning of the I 960s several works appeared on the 
problem of the optimum in accumulation . The equality of the 
marginal effectiveness of capital to the growth rate received the 
name of the golden rule of accumulation. 

A generalization of the results of a number of works was given 
in Koopmans' (1963) and Malinvaud's (1963) studies. 11 An 
interesting attempt was made here to take into account 
predictable technological progress. Particularly worthy of 
attention is the analysis of the problem without the assumption 
that future goods will be valued lower than present goods in terms 
of use value, and at the same time within the ~ramework of an 
infinite time horizon. 

By proceeding from a most simple model of the optimal 1 ath of 
development we can then shed light on complications introduced 
by technological progress. Let us consider two consequence of 
technological progress, namely changes in the period of social 
production and changes in the norm of investment effectiveness. If 
technological progress uniformly reduces both labor in production 
and capital investment , then the average period of social 
production does not change. Under such conditions the equality 
Em in=~ max obviously retains its force as the characteristic of the 
optimal growth path . For in this case te hnological progress 
influences the growth of production similarly to an increase u; the 
number of workers. without changing the capital stock in 
production. When technological progress promotes those methods 
of production for whi~h the subsequent growth of synchronous 
Jabor protluctivi ty is onnected with a lengthening of the period of 
so ial production , Uuesholds arise on the path of lowering 
synchronous labor costs. Overcoming these thresholds can be a 
complex problem. 

7. Thresholds [Porogi] on the Path of Growth of Production 

We examined synchronous outlays of labor under conditions of 
uniform growth, when accumulation is counterposed to labor 
savings from capital with the same effectiveness and with the same 
turnover tim e. This does not mean that reproducible capital must 
be the same techno logically as exis ting capital. New capital must 
be more effective than the old. This is one of the foundations for 
the growth of production. But the norm of investment 
effectiveness must not change. Such a condition for a stable 
growth rate directly follows from equality ( 6.5 ). 

However, this equality does nol lakL~ into accounl the 

conditions of transition of the national economy to a technology 
that promises an increase in growth rates, but only at the price of 
an increase in the average production time. Moreover, these 
conditions are not exceptional. Without considering periods of 
industrialization, periods of increase in the average production 
time are possible in the process of subsequent development of the 
economy. Such periods lead to new economic heights, but only 
through thresholds of temporary increases in synchronous labor 
costs and possibly a relative decline in the profitability of new 
technology. 

We will present simple model of these thresholds. 
We will denote the labor costs of producing the annual 

consumption fund with old implements as Cc, and with new 
implements as CH. We will denote the investment necessary for 
producing these products by means of old implements as Kc and 
by means of new implements as KH. In this case KH >Kc, 
and CH<Cc, from which KH > _Kc . 

CH Cc 

Since K = i (i is the average production and circulation 
C time), then rH> r c. 

The growth rate with old production equipment equals f3c. The 
norm of effectiveness of investment with old technology is r c = ~c. 

Suppose that the effectiveness of investment in new technology 
is higher than the previous norm: 

_s_-CH >re. (6.7) 
KH -Kc 

It follows that with the old growth rate (~c) new technology 
ensures (after its assimilation!) lower synchronous labor costs than 
the old technology. Indeed, by taking into account that r c =~c. we 
can rewrite inequality (6.7) as follows: 

(6.8) 

Under such conditions the opportunity exists not only to 
reduce the synchronous labor costs of the same output but also to 
increase its growth rate. In fact, it is apparent from inequality 
(6.8) that we can select a new growth rate {3H>Pc for which the 
synchronous labor costs of creating the same consumption fund 
will be lower for new technology than for old technology, i.e., 

(6.9) 



On the way to this goal we will have to pass through a 
temporary increase of synchronous labor costs of producing the 
given consumption fund, since for a certain period of time 
additional outlays of labor on the production of new technology 
will not be compensated by labor savings from its utilization. In 
fact, synchronous outlays of labor on the production of the 
consumption fund at the beginning of the production of new 
technology will amount to 

C + (K .. -- Kc) r + K .. ~c• ( 6.1 0) 

where'Y is the share of the productive capacity of renewable capital 
in the entire productive capacity of old capital. 

Moreover, synchronous costs with old technology and the same 
growth of production will be equal to 

( 6.11) 

Since KH > Kc, expression (6.1 0) is greater than expression (6.11). 
As long as the share of new technology in the productive power 

of the national economy does not attain a sufficiently high level, 
synchronous costs per unit of the consumption fund will be higher 
on the average than those that would occur with old technology 
and the previous rate of growth of production. In this way the 
first threshold arises on the path from the old to the new 
technology, namely, the threshold of increasing synchronous 
outlays of labor. New technology will begin to lower synchronous 
costs from the year in which its share in the national economy's 
productive capacity attains the following magnitude 12

: 

a=- K,-Kc (3 +·") (6.12) 
(Cc -- C,) -+- (K H- K c) I 'c ' . 

(We note that 'Y approximately expresses the rate of depreciation 
of old technology.) Then the expression 

K"-Kc =T (6a)= 1 
(Cc-C11)+1(K11 -Kc) H/c E 111c(6a) 

will be the period of recoupment of additional investment in new 
technology in comparison with old technology, calculated without 
reckoning depreciation 6a in operating costs. 

By taking this into account we can write formula ( 6.1 2) in a 
shorter and economically clearer form: 

~c t I 'c I I Cl=---- = ------ ( (J_ 13) 
,~· .. ,c (6a) F ufc (6a) 
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This means that new technology will raise synchronous labor 
productivity only after the year in which its share in the national 
economy's productive capacity attains a magnitude equal to the 
ratio of the sum of the norm of effectiveness of old technology 
and its rate of depreciation to the effectiveness of new technology, 
calculated without including depreciation in the production costs 
of output. 

The growth of synchronous labor costs in the transition from 
the old to the new technology is accompanied by a relative 
reduction in the profitability of the new technology in comparison 
with the old. The profitability of old technology increases to a 
greater extent than that of new technology, and ultimately the old 
technology can become more profitable than the new. We will 
prove this. 

Suppose that the new technology, before its infroduction, was 
more profitable than the old: 

P-C11 P- Cc -----"---> . 
K,. Kc 

( 6.14) 

where P is the sum of prices of consumer goods before the 
introduction of new technology. (Since the other magnitudes in 
inequality (6.14) are expressed in units of labor, P also must be 
represented in the same units.) Since P = C + K 13 (i.e. Pis equal to 

c c c ' 
the demand for consumer goods), inequality (6.14) can be written 
as follows: 

Cc-+ Kc~c- C, > ~c· 
KH 

Inequality (6.15) obviously corresponds to inequality (6.8). 

(6.15) 

With the rise in prices (P) that occurs in consequence of the 
growth in demand associated with the production of new, more 
expensive technology, the right side of inequality (6.14) increases 
more rapidly than the left side. Indeed, Kc < KH ,and the increase 
in the numerator increases the fraction all the more as its 
denominator is smaller. 

As a result, inequality (6.14) can change as follows: 

P + AP - C11 P+tJ.P-Cc (6.16) 
K.. < Kc ' 

i.e., the old technology will become more profitable than the new. 
In this way a second threshold on the path from the old to the 
new lechno/ogv arises, narnely, the threshold of the rate of profit. 
llowever, this threshold is not always formed, but only with a 
certain relation between lhl~ eiTecliveness and capit<JI-output ratio 
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of new and old technology. Let us find this relation. The sum of 
prices of consumer goods at the beginning of the replacement of 
old by new technology is equal to the sum of workers' incomes. In 
terms of lab or it is equal to ( 6.1 0): 

Cc+ (Kn -Kc) 1 + Kn~c· 
The condition that this old technology becomes more profitable 
than the new at the beginning of its replacement will be expressed 
by the following inequality: 

Cc+(K8 -Kc)r+Kn~c-Cc > Cc+(Ku-Kc)r +Kn~c-Cn 

Kc Kn 

Hence Kn -Kc > Cc-Cn (6.17) 
Kc Kn (~c + r) -Kcr 

The right half of this inequality represents a special index of the 
effectiveness of the new technology in comparison with the old. 
The annual economy of labor from the replacement of old by new 
technology is in the numerator of this index, and the national 
economy's additional annual costs associated with the replacement 
of old by new technology are in the denominator. If the ratio of 
additional investment in new technology to investment in old 
technology is larger than this index of the effectiveness of new 
technology, then its introduction involves a threshold of 
profitability. The old technology becomes more profitable than 
the new, in spite of the fact that in the future the new technology 
will become more effective (6.8) and more profitable than the old 
((6.5) and (6.15)). 

Let us clarify what has been said by a numerical example. Let 
us take the following initial data: Cc= 100, CH = 90, Kc =50, KH 

= I 00, !3c = 0.1, and 'Y = 0.1. Hence the coefficient of effectiveness 
of the new technology in comparison with the old is 0.2 per year, 
and without considering depreciation it is 0.3. 

Sychronous labor costs with a growth rate of 0.1 will amount to 
105 for old technology and to 100 for the new. In the period of 
transition from the old technology to the new the greatest 
synchronous labor costs for the same product at the previous 
growth rate ( {3 c) will amount to 115. In proportion to the growth 
in the share of new technology in productive capacity these 
outlays will decrease and will attain the previous level (1 OS) when 
this share (a) increases to two-thirds. 

In the period of the greatest synchronous costs (at the 
beginning of the production of the new technology) the old 
technology will become more profitable than the new: 

115-100 > 115-90. 
50 100 

The threshold of profitability (the rate of profit) arises in this 
example because it contains inequality (6.17) 

2 

3 

If KH were equal to 80 (instead of 100), then, given the other 
conditions of the example, the threshold of profitability would 
not occur, although synchronous labor costs in the transition 
period would be higher than with the old technology (a maximum 
oflll). 

In analyzing the conditions of the emergence of the threshold 
of profitability on the path of technological progress we did not 
examine changes in the general rate of profit. It was sufficient to 
compare movements of the rates of profitability of new and old 
technology. But the analysis of changes in the general rate of 
profit in periods of technological renewal of fixed capital leads to 
the same conclusion, providing we accept this rate as the index of 
the time factor. In fact, a rise in prices caused by an increase in 
synchronous labor costs leads to a rise in the general rate of profit. 
By using this rate to compare production costs and capital 
investment we obtain a reduction in the relative effectiveness of 
new technology in periods of its assimilation. Suppose that r' is 
the general rate of profit. Then the costs of production with the 
old and the new technology, with the time factor reckoned 
according to this rate (r') before the introduction of new 
technology will be 

(6.18) 

Since K H > Kc, the increase of r' increases the right half of the 
inequality to a greater extent than the left half. Consequently, the 
growth of r' (the general rate of profit) can make the left half of 
inequality (6.18) become smaller than the right half. 

Hence it is apparent that the rate of profit, like the norm for 
calculating the time factor, has an important defect. It reflects the 
current situation and short-run conditions, whereas the planning 
or investment requires reckoning with conditions relating to a 
Sll rriciently long period of time and COnSideration Of development 
prospects. Accordingly, a change in the rate of profit occurring 
liiHkr lite influence or implclllentation of the plan of capital 
invcsllllL'n[ Gill rundalllelllally clt;111ge I he relative evaluation of its 



effectiveness. New technology effective before its realization can 
prove to be insufficiently effective during its introduction. If these 
changes in the rate of profit were taken into account as changes in 
the time factor and influenced the direction of investment, the 
planned economy would undergo economic fluctuations. Periods 
of extensive implementation of new technology would be replaced 
by a decline in rates of construction. 

This property of the rate of profit was of particular significance 
in the years of socialist industrialization . If the rate of profit had 
been accepted then as the criterion of effectiveness of investment, 
it would have been necessary at the peak of construction to 
change its direction , curtailing certain construction projects that 
had been started. 

The defect of the rate of profit noted here exists even now. 
That is why the analysis of inequalities (6.14) and (6.17) explains 
not only why socialist industrialization is possible only given a 
certain disturbance of the profitability principle, but also why in a 
socialist economy there is not, and must not be , either a general 
rate of profit or prices of production in the exact sense of the 
term. In order to overcome the threshold on the path of growth 
that is posed by the general rate of profit (see inequalities (6.14), 
(6.16), and (6.17) ) , it is necessary that temporary fluctuations in 
the profitability of Department 11 influence neither the 
profitability of Department I nor the relative effectiveness of 
long-term investments. The multiplier for calculating the time 
factor must reflect not so much current conditions as future ones. 

The nC'1-m of investment effectiveness which is calculated by the 
methor.~ of optimal planning for a sufficiently long planned period 
satisfies this requirement. It does not depend on those fluctuations 
of prices of consumer goods with which the threshold of 
profitability is associated. 13 

It is apparent from formula E . = {J that the norm of mtn max 
investment effectiveness must be uniform for all branches of the 
national economy. Branch norms of effectiveness of capital 
investment have as little justification as branch prices for coal, cast 
iron, or other means of production. Branch differences in prices 
for the same commodity exclude the possibility of the correct 
calculation of labor costs. In the same way branch differentiation 
of norms of effectiveness would overstate labor costs associated 
with the time factor in some cases and understate them in others. 

But it does not at all follow from formula E . = {J that the 
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multiplier for calculating the time factor must be identical 
whatever the costs . The principle or a uniform price pertains to a 

commodity of the same quali ty. Those differences that have 
important significance from the standpoint of the time facto~ are 
inherent in investment, namely, differences in its turnover penods 
and in the degree of reliability of the expected effect. It also does 
not follow from formula (6.5) that the norm of effectiveness of 
investment must remain constant. On the contrary, to the extent 
that the rate of growth of production will change, the multiplier 
for calculating the time factor must also change. In the case of 
investments of long duration we must take into account norms not 
only for the immediate future but also for the distant future. 

In a planned economy the threshold of profitability can be 
completely removed with smaller limitations of the principle of 
profitability than tho e that have actually existed until now in the 
USSR. That is why we still have great possibilities for expanding 
the sphere of operation of this principle without fearing the 
appearance of thresholds caused by it on the path of growth of 
production. 

Matters are different with the threshold of synchronous labor 
costs. It depends not on methods of calculating effectiveness (like 
the threshold of profitability), but on the conditions of the 
growth of production. It is best overcome as part of long-term 
planning as a whole . In our most simple model of the threshold of 
synchronous costs we proceeded from certain premises that, of 
course, can be different in reality . For example, we assumed that 
the production of consumer goods would increase at the same rate 
( {3 ). If we assume that at the beginning of the assimilation of the 
n~w technology the rate of growth of the national economy's 
productive capacity drops somewhat, then the threshold of 
synchronous costs will become less steep but, on the other hand, 
more prolonged. 

8. The Problem of Calculating Future Changes 
in the Norm of Effectiveness of Investment 

The norm of effectiveness of investment will change from time 
to time in connection with change in the conditions determining 
it lt probably will change before the most durable means of labor 
that come into being under it wear out. In these cases the means 
of tabor created under the previous norm of effectiveness of 
investment will no longer correspond to the new norm of 
investment ellectiveness. Losses will arise in consequence of the 
nonconfor111ity or certain means of tabor that have not yet been 
worn out to llw IIL~W conditions or the national economy . These 
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losses can be prevented or decreased by selecting certain 
investment alternatives involving short periods of wear and tear. 
Such alternatives may not correspond to the overall maximum 
effect of investment under the previous norm of effectiveness. But 
in return they make it possible to adapt the economy more rapidly 
to new conditions reflected in the new norm of investment 
effectiveness. 

On the other hand, long-term investment alternatives must be 
evaluated not only from the standpoint of the existing norm of 
investment effectiveness, but also from the standpoint of future 
norms of effectiveness. 

For example, if the norm of investment effectiveness is 
calculated for a period of five or six years it would be incorrect to 
construct enterprises only on this basis that have a useful life of 50 
years or more. 

However, it is also impossible to carry out all construction by 
proceeding from future norms of investment effectiveness. In 
making calculations according to future norms, the balance of 
accumulation and investment would not work out. 

Consequently, tending toward future norms of effectiveness in 
choosing alternatives with the longest periods of obsolescence is 
associated with deviations in the opposite direction (from the 
existing norm) in choosing alternatives with short periods of 
obsolescence. The purpose of these deviations must be the 
maximum continuous growth oflabor productivity. 

We will demonstrate with a very simple example the losses that 
arise in consequence of the nonconformity of previously made 
long-term investments to the new conditions. Let us examine a 
combination of alternatives of two construction projects A and B. 
The indicators of these alternatives are presented in Table 34. 

Table 34 

Production costs of Effectiveness of Pcnod of 
Number of investment, in annual output, in additional investment, obsolescence 
alternative millions of rubles millions of rubles in % of investment of fixed capi tal. 

per year m years: 

lA lOO 11~ - 20 

IJ 11 coo 105 10 20 

l a lOO 117 - 5 

118 ~00 105 I~ .'0 

Suppose that the existing norm of effectiveness of investment is 

)Ill! 

equal to 11% per year. Suppose that within five years the norm of 
investment effectiveness will be reduced to 8%. The combination 
I A + II B of alternatives A and B corresponds to the norm of 11% 
per year. 

If the construction of projects A and B is carried out according 
to alternatives I A+ liB the replacement of this combination by 
another one corresponding to new conditions is possible only 15 
years after establishing the new norm of effectiveness of 
investment, since the useful life of the fixed capital of alternative 
lA is equal to 20 years. Thus, the nonconformity between 
project A's fixed capital and the new conditions of the national 
economy will last for 15 years. But if instead of combination lA + 
liB another combination were accepted with the same total of 
investment, namely, combination IIA + 18 , then in five years 
alternative IB could be replaced by alternative liB. 

It is true that for the five years the combinatiOn of alternatives 
IIA + IB would require additional production costs in comparison 
with combination lA + II8 . These additional costs would amount 
to (1 05 + 11 7) - (115 + I 05) = 2 million rubles per year. On the 
other hand, during the remaining 15 years the combination of 
alternatives IIA + liB would yield savings of production costs in 
comparison with combination lA + liB. These savings would 
amount to 10 million rubles per year [ ( 115 + 1 05) - (1 05 + 
105)]. 

It is also necessary to take into account the fact that the 
combi.1ation of alternatives IIA + liB requires I 00 million rubles 
more investment than the combination lA + lis . This sum of 
investment could yield savings of production costs by operating 
with a new norm of effectiveness (8% per year) to the extent of a 
million rubles per year. This means that the net savings of 
production costs yielded by the combination of alternatives IIA + 
118 in comparison with combination lA + Il8 would amount to 2 
million rubles per year ( l 0-8). 

ln this way the successive implementation of the combination 
of alternatives IlA + IB and the combination IIA + JIB yields, 
over the course of 20 years, savings of production costs equal to (2 
· 15) - (2.5) = 20 million rubles in comparison with costs in the 
combination of alternatives lA +liB. 

Hence it is apparent that in finding the long-run maximum 
effect of investment in the national economy the principle of 
uniformity of the norm of investment effectiveness is applicable 
only when this nor111 does 1101 change in tile course of the longest 
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useful life of fixed capital. In the absence of this condition future 
norms of effectiveness of investment must also be taken into 
account together with the existing one. It is obviously impossible 
to accomplish this by establishing different norms of effectiveness 
for long-term and short-term investments. We can show this by our 
example. Indeed, the norms of investment effectiveness indicate 
that the best combination is the combination of alternatives IJA + 
LB' if: 

(1) additional investment in alternative IIA will be more 
effective than the norm of effectiveness of long-term investment; 

(2) additional investment in alternative lis will be less effective 
than the same norm. 

As can be seen from Table 34, the effectiveness of additional 
investment in alternative IJA is equal to 10% per year, and that of 
additional investment in alternative lis is equal to 12% per year. 
This means that in selecting the combination of alternatives IIA 
and lis with the aid of norms of effectiveness it is necessary that 
the norm of effectiveness of long-term investment be less than 
10% but more than 12% per year. Such a norm is obviously 
impossible. 

True, we can escape from this difficulty by establishing such a 
low norm of effectiveness of short-term investment that 
alternative Is proves to be more effective than alternative 118 even 
in the case of evaluating the effectiveness of long-term investment 
on the basis of a norm smaller than 10%. Thus, if we accept a 
norm of investment effectiveness for long-term investment of 9%, 
and a norm of effectiveness for short-term investment of less than 
6%, the combination of alternatives IIA and Is will be the best 
one. In fact, under these conditions the most effective one for 
project A will obviously be alternative IIA . We must apply two 
norms of effectiveness for project B_, one for alternative 18 - we 
accept it as equal to 5% - and the other for alternative 118 at 9%. 
By subtracting the sum of production costs from the product of 
investment and the norm of its effectiveness, we obtain: 

for alternative Is : 117 + 100 • 0.05 = 122 million rubles; 

for alternative 118 : 105 + 200 • 0.09 = 123 million rubles. 

The smaller of these two sums occurs for alternative 18 . In this 
way it follows that with norms of effectiveness equal to 9% per 
year for long-term investment and to 5% per year for short-term 
investment our problem is solved. This solution is valid only for 
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the two projects in our example, not for the entire national 
economy. According to the conditions of our example, the 
existing norm of effectiveness of investment is equal to 11%. 
Consequently, if instead we establish norms (9% and 5%) for all 
projects, the balance of investment and accumulation will not work 
out. The investment requirements will be larger than accumulation. 

Thus, taking future norms of investment effectiveness into 
account limits the role of the single present norm of investment 
effectiveness, because in certain cases alternatives must be selected 
not in conformity with, but in spite of, this norm. However, this 
limitation on the single norm of effectiveness must be 
accomplished not by replacing it by several different norms of 
investment effectiveness, but by introducing ~orrections in the 
balance of investment and accumulation that is compiled on the 
basis of the single present norm. 

The procedure for introducing these corrections is as follows: 
1. We construct the optimal balance of accumulation and 

investment according to rules presented in Chapters 4 and 5. In 
this way the norm of investment effectiveness will be determined. 
We will call it the "present" norm as opposed to the "future" one. 

2. We develop the perspectives for changes in the norm of 
investment effectiveness. We generalize these perspectives in the 
future norm of effectiveness. 

3. We separate two groups of alternatives from those project 
alternatives that did not enter into the balance of investment and 
accumulation. 

The first group consists of alternatives with short periods of 
capital turnover and with greater effectiveness of investment than 
the present norm (in our example, alternative I.ll ). 

The second group consists of alternatives with long periods of 
capital turnover and with an effectiveness of investment 
intermediate between the present and future norms fin our example, 
alternative IIA ). 

4. We introduce the following corrections in the balance of 
investment and accumulation compiled according to point 1: 

(a) we replace part of the accepted alternatives with long useful 
lives by alternatives of the first group for the same projects (so 
that final output does not change); as a result, the total sum of 
investment in the balance will be reduced (in our example we 
replace alternative Ils by alternative Is); 

(h) we replace another part of the acceptt;d alternatives (with 
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long useful lives) by alternatives of the second group for the same 
projects (so that final output does not change); this replacement 
must increase investment in the balance (in our example we 
replace alternative lA by alternative IIA ). 

5. The indicated corrections of the balance of investment and 
accumulation must satisfy the following conditions: 

(a) the sum total of investment after all rearrangements of 
alternatives must remain at the previous level, i.e., equal to 
planned accumulation; 

(b) losses from rearrangements during the operation of the 
present norm of investment effectiveness must be less than the 
increase in the effect of investment during the remaining life of 
fixed capital of alternatives of the second group. 

Let us give the last condition a mathematical form. 
We introduce the following notation. The effectiveness of 

investment in the alternative that is replaced by an alternative of 
the first group is r 

0
; the effectiveness of investment in the 

alternative of the second group is r 2 ; the "present" norm of 
investment effectiveness is rH ; the "future" norm of investment 
effectiveness is r 0 ; the useful life of the alternative of the first 
group is r 1 ; the useful life of the alternative of the second group is 
r 2 ; and the remaining period of operation of the "present" norm 
of investment effectiveness is t. 

A rearrangement of investment from the alternative with 
effectiveness equal to r 0 (this alternative is replaced by the 
alternative of the first group with smaller investment) to the 
alternative of the second group will cause losses equal to K(r 

0 
-

r 2 ) rubles per year, where K is the sum of investment that 
undergoes rearrangement. During the entire useful life of the 
alternatives of the second group these losses will amount to 

(6.19) 

This replacement of alternatives has its advantageous aspect. 
Alternatives of the first group will be replaced in r 1 years by 
alternatives with an effectiveness equal to r 0 (i.e., by those 
alternatives that previously yielded their places in the balance of 
investment to alternatives of the first group). This new 
replacement will increase investment by K The effectiveness of 
investment K is higher than the new ("future") norm of 
investment effectiveness, i.e., r 0 > r~. 

Consequently, the replacement of allcmalivcs will yield an 
increase in the annual effect of inVl'slnwnl 1\ equal lo 1\ (r

0 
r ). 
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In the period from ( r 1 + I) years to r 2 years inclusively this 
increase in the effect of investment will amount to 

(6.20) 

By comparing the increase in the effect of investment (6.20) 
with the losses ( 6.19) we find the conditions under which the 
replacement of alternatives in the balance of investment increases 
the total effect of investment during timer2 : 

K ('t1- 'tt)(ro- re)> K'ta (ro- r2). (6.21) 

This gives the following inequalities: 

('ta- 't1)(ro- r6) > 't2 (ro- r2); 

('t2-'tl)(r2-r6) > 'tdro-r2); 

rz-r6 > 2!._. 
ro -r6 'ts 

(6.22) 

(6.23) 

(6.24) 

Inequality (6.23) reproduces the procedure explained above for 
calculating savings and losses from the rearrangement of 
alternatives in our arithmetical example. Inequality (6.24) most 
simply expresses the conditions of effectiveness of the 
rearrangement of alternatives. 

However, all these inequalities are not completely accurate. 
They are based on the assumption that a ruble of loss in the 
immediate future is equal to a ruble of loss in the more 
distant future. This is wrong.lndeed, in our example we will replace 
the immediate loss by a loss in the distant future of an equal 
amount. Then it will appear possible, without limiting 
consumption and without increasing costs, to increase immediate 
investment by the corresponding sum of rubles. During the period 
for which the loss was postponed this sum of investment will 
permit us to obtain certain savings in production costs of output, 
savings that would not have been obtained if the immediate loss 
had not been postponed to the future. 

On the other hand, the increase in the effect of investment 
resulting from the replacement of alternatives also can be invested in 
production. While losses are aggravated by the lost effect from 
their possible investment, the growth of the effect is increased due 
to the possible effect from its investment in production. As a 
result of this refinement, inequality (6.24) will be replaced by a 
much more complex inequality 14 : 



, 2- '6 > 
'o- '~ 

(I + r6f'-~' {!..§__[(I + '") 1
- I] + 

'" 
+ (1 + rH) I-I (I + f6) [(I + f6)' 1-l -d 

(I + r6 f'-'' - I } . (6.25) 

This inequality draws the lower limit r 2 closer tor 0 to a greater 
extent than did inequality (6 .24). 

For example, if r 0 = 0.1 (=rH), r 6 = 0.05, t = T 1 = 10 years, and 

T2 = 30 years, it follow s from in equality (6.24) that r 2 > 0.067,and 
it follows from inequality (6. 25) that r 

2 
> 0.078 . 

Of course, we know in our project practice that in planning 
long-term investment we must take account of conditions not only 
in the immediate future but also in the more distant future. 
Accordingly , the effectiveness of long-term and short-term 
investment is determined in our project practice by proceeding 
from different recoupment period for investment. 

In this way the variety of norms of investment effectiveness 
applicable in practice reflects not just the absence of obligatory 
norms in this matter. There is a rationale to this variety. The 
applicable norms of investment effectiveness in general will 
conform to their turnover periods. Such a principle obviously rests 
on the concept that along with the growth of accumulation the 
norm of effectiveness will be reduced , since possibilities for 
effective investment will be used more broadly and completely. 

However, the actual differences between the normative periods 
of recoupment for long-term and short-term investments are 
apparently too great. Inequalities (6.24) and (6.25) justify 
comparatively modest differences between indicators of the 
effectiveness of long-term and short-term investments. For 
example, if r 2 = 0.04, r 

0 
= 0.3 , and T

1 
/ T2 = 0.1 , then r

6 
must be no 

larger than 0.01. Such a low norm of investment effectiveness is 
hardly possible with intensive technological progress and high rates 
of growth of labor productivity. Accordingly , a considerable 
difference between the effectiveness of long-term and short-term 
investments (for example, 0.04 - 0.3) is not justified if we take 
account only of the quantitative aspect of the question. 

9. The Law of Economy of Labor and the Time Factor 

Formula E . = n reveals a very importc.Jnt connection mm t-' m a x 
between the calculati on of th e time ractor <tlld llw law ol 
economy of labor. lt demonstrates that the c;ll culatio n or lll e tillt l: 

factor is directed in the final analysis at maximizing the growth 
rate of labor productivity. In other words, the calculation of the 
time factor in economics is dictated by the law of economy of 
labor as the law of economic development. It would be incorrect 
to interpret the law of economy of labor only as the law of 
minimum outlays on a product . The static aspect of this law is 
useful in solving particular planning problems, but it is insufficient 
either for understanding the most important problems of 
economic dynamics or for long-term planning. Furthermore , the 
law of economy of labor can hardly be understood even as the law 
of minimum synchronous outlays of labor on a product for a 
sufficiently long period. Formula (6.5) refers to a high and stable 
maximum growth rate of labor productivity . This maximum 
obviously is an objectively existing force, breaking through a 
multitude of obstacles of specific historical circumstances. Its 
operation under the conditions of socialism is almost obvious . 
Under capitalist conditions its operation is hindered by the 
planless nature of the economy and by the huge waste of energy 
and resources . But the principle of maximum profit is nothing 
other than a parti cular economic aspect of the maximum growth 
rate . Thus even und er capitalism the law of economy of labor 
functions as a law of dynamics and not of statics. Finally , the 
entire historical process of replacem ent of economic systems 
represents a series of transitions from systems with lower rates to 
systems with higher rates of growth of labor productivity. 

Maximizing the growth rate rather than the level of labor 
productivity is the objective principle for calculating the time 
factor. It is interesting that this principle can sometimes contradict 
the principle of minimum synchronous labor costs. For example, 
providing the national economy with new technology that, with a 
previous maximum growth rate ( {3 ) lowers synchronous labor 

c 
costs of creating the consumption fund, permits an increase in 
growth rates so that synchronous labor costs per unit of output 
will temporarily become higher than with the old technology. This 
is precisely the conclusion that can follow from the principle of 
the optimum expressed in formula (6.5) . 

Indeed, let us introduce, in the notation used earlier, 
sychronous outlays of labor on the creation of a consumption 
fund with the old technology: 

Cc+ Kc~c =Cc+ Kcrc, 

aml synchronous outlays or lahor on the same product with new 
let:hnology as : 



CH+ KH~H' 

According to (6.4) ~H, the new growth rate, mllst be equal to the 
new norm of investment effectiveness r . Thus :{3 > r< and this H H ~-'c 
means that rH> re . 

Suppose 

This means that 
A _ Ce-Cn 
i"'H-

Kn -Ke 

Then the condition that synchronous labor costs with old 
technology will be higher than with the new technology and the 
new growth rate is expressed by the inequality 

Ce+Kc~e>Ca+Ka ~:-=:.;0 • (6.26) 

Hence 

Since {3c= re (according to formula (6.4), re> 
(Cc - CH) I (KH - Kc) or re >rH, which contradicts the initial 
inequality re< rH. The contradiction refutes inequality (6.26). In 
words, this means that the new maximum growth rate can be so 
much higher than the previous one (with old technology) that 
synchronous outlays of labor on the same output can be 
temporarily higher than with old technology . 

This temporary threshold will be overcome by virtue of the 
same factor that caused it , namely, the higher growth rate, as a 
result of which CH will be reduced more rapidly than Cc. 

10. The Technique of Reckoning the Time 
Factor in Project Calculations 

From what has been said it follows that calculating the time 
factor in a socialist economy involves the determination of the 
degree of correspondence of given costs and benefits to the 
optimum development of the national economy, i.e., to the 
maximum growth rate of tabor productivity. This means that the 
norms necessary for this calculation must arise from the optimum 
plan of development of the socialist economy for a sufficiently 
long period. Formulating such a plan is the most difficult part of 
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all the work that must be fulfilled in order to calculate the time 
factor. The technique of this calculation in project calculations is 
comparatively simple. It arises from the rule of identity, namely, 
that we can compare only synchronous costs and results. 
Accordingly, all costs incurred at different times and results 
obtained at different times must be adjusted to a single time, 
either to a single period or to a single moment of time. 
Adjustment to a single period of time answers the question as to 
how much synchronous labor costs will increase for the national 
economy's final product in consequence of the production of the 
given product. The formula for this adjustment is Ci + KiE, where 
E is the norm of investment effectiveness. 15 

Adjustment to a single moment of time answers the question 
concerning the amount of labor that must be expended in a given 
year in order to obtain as much output as can be produced during 
the entire time of operation of the given project. The simplest 
formula for this adjustment is K +(C./E). 

I I 
Both formulas are recommended in the Standard Procedure of 

the Academy of Sciences of the USSR; with the difference from 
those presented above being that instead of a single norm E for the 
entire national economy it is proposed to use branch norms of the 
effectiveness of investment. 

Both formulas do not take into account either construction 
periods or changes in costs Ci in different years of operation. In 
particular, no account is taken of the possibility of cessation of 
operation as a result, for example, of exhaustion of natural sources 
of raw materials. In essence, both formulas assume an unlimited 
(infinite) time horizon. Accordingly, calculation according to any 
of these formulas leads to the same result. However, the 
possibilities for improving each of these formulas are different. 
Increments of synchronous outlays of labor on the national 
economy's annual output (according to formula C,. + K,.E) can be 
calculated only on the assumption that costs C,. remain constant. 
But formula K,. + (C;/E) can be extended to cases in which C,. and 
K, change over time. Indeed, this formula contains, as a matter of 
!"act, the sum of operating costs for an infinite number of years 
with consideration of the time factor. This means that costs in 
ye(Jr t are adjusted to the outlay of labor in the first year of 
oper(Jtion that, in being used for expanding production, would 
yield the same product as outlay C,. in the year t. By assuming that 
I he effect of investment equ(Jl to C,. in the first year will be used 
;1gain and again ror expanding production during t years we obtain 
till' ITSllll th;lt in Yl~ar I tilL~ prndud or outlays c,. in the first year 
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will be equal to the product from outlays Ci (I + E)t in the year t. 
Hence outlays Ci in the year t are equivalept (in their product) to 
outlays CJ ( 1 +El in the first year. 

If we add the value C. for an unlimited number of years, with 
due regard for the time factor (using compound interest), we will 
obtain ~ ~ 

~ Ct = C1 ~ I = ££. (6.27) 
~(I +£)1 ~(I +£)1 E 

1-J 1-J 

This formula can be written in a more general form, replacing 
the infinite period of operation by a limited one (T) and assuming 
that operating costs depend on time Ci ( t). Applying the same 
method to the calculation of construction periods, we divide 
capital investment into parts according to the time at which they 
are expended KJt). Then we obtain a more general formula for all 
synchronized costs 16 : 

T T 

~ Kt (t) + ~ Ct (t) = min. 
~ (I + £ ) 1 ~ ( I + E)1 

1= 1 t-1 

(6.28) 

Further generalization of this formula is possible by taking 
account of changes in the norm of effectiveness. To do so we must 
substitute E(t) forE in formula (6.28). It is true that it is difficult 
to determine the values of E(t). Nevertheless, in time such a 
refinement of plan calculations will obviously become not only 
possible but even necessary . 

11. Final Considerations 

The norm of investment effectiveness is the most controversial 
and the most puzzling of the plan indicators. This is natural. It is 
the indicator that regulates the conformity of plan and project 
decisions to the long-term (dynamic) optimum, and there is much 
that is still unclear in this optimum. Even tne conditions of 
existence of this optimum are unclear. Difficult problems arise in 
connection with the infinite nature of time and the limited nature 
of foresight. Nevertheless,we will try, by using the considerations 
presented above, to provide answers to the questions posed at the 
beginning of this chapter. 

The norm of investment effectiveness differs from differential 
rent in that rent is a norm for taking account only of feedback 
costs, whereas the norm of investment effectiveness is, in addition, 
a norm of outlays of surplus Jabor for accumulation. This is 

apparent from the simple formula for the optimal val_ue of this 
norm namely E . = (3 . The left half of th1s formula ' ~ nHn max 
characterizes this norm as a norm of feedback costs, and the right 
half as a norm of accumulation (the rate of growth of productive 
capital). Consequently, the norm of investment effect~veness n~t 
only is a means of minimizing actual costs of productwn but, m 
addition is a norm of real costs. However, the outlays of labor 
that are 'reflected in this norm differ from the costs of production 
of an individual product. The costs of production are causally 
connected with the production of a product, and therefore are 
composed of asynchronous elements . The norm of investment 
effectiveness arises on the basis of the synchronous measurement 
of outlays of labor on the consumed product. The comparison of 
investment effectiveness in each individual case with the norm of 
effectiveness provides an answer to a twofold question: (a) does 
the given investment correspond to the overall maximum effec_t of 
all investment in the national economy; and (b) does the given 
investment correspond to the optimal ratio of accumulation to 
consumption? If the effectiveness of investment in the given 
large-scale project surpasses its norm by far, this means that we 
should revise the national economy's accumulation plan for the 
purpose of increasing it. In this way the norm of investment 
effectiveness is linked with the volume of accumulation not in a 
one-sided way (as was assumed in Chapters 4 and 5), but by a 
mutual connection. 

Now we can illuminate the problem of uniformity of the norm 
of investment effectiveness. Accumulation is always embodied in 
specific means of production. By introducing these means into the 
model of the optimal plan we necessarily obtain a multitude of 
different limitations on resources , to which a multitude of 
different multipliers (Lagrange, Kantorovich) must correspond, 
i.e., a multitude of different norms of effectiveness. 

Which one general limitation on resources reflects the single 
norm of investment effectiveness? The answer is the scarcity of 
the surplus labor that is associated with the length of the period of 
production and circulation. Since this surplus labor applies to the 
entire national economy and is drawn from a single source of 
manpower, the norm of effectiveness of labor for accumulation 
must be uniform. Complete shiftability exists only for future, not 
yet trained, manpower (students). Shiftability is somewhat limited 
for occupations requiring long preparation , and for different kinds 
of highly qualified lahor it is almosl impossible . That is why the 
possibilities or adapting productio11 li1m~ and the structure of 
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investment to a single norm in different lines of production are 
not identical. That is also why the actual effectiveness of 
productive capital in different branches can vary in different ways 
from the common norm of effectiveness of investment even in the 
optimal plan. 

But it does not at all follow that norms of effectiveness of 
investment must be branch norms. The norm of investment 
effectiveness is a plan regulator (a controlling norm) acting over a 
long period, which is intended to influence the most important 
factors in the national economy's development (the division of 
labor into necessary and surplus labor, the technological structure 
of production, and the relationship between the amount of 
manpower and the number of job vacancies) by directing the 
national economy's development so as to sustain the highest 
growth rates. Accordingly, deviations of the actual effectiveness of 
capital from the overall norm of investment effectiveness indicate 
the direction of solution of the most important problems of 
long-term planning. Orientation toward branch norms of 
investment will reinforce errors in the distribution of investment 
among branches that arose in the course of nonoptimal planning. 

Notes 

I. Of course, not every change in production time is accompanied by changes in 
lab or productivity. However, in these cases there is no problem of calculating the time 
factor. 

2. K. Marx and F. Engels, op.cit. , Vol. 24, p. 354. 
3. Let us check this conclusion. If the expression is equal to 

productive capital, then by dividing this expression by the value of produced output in a 
unit of time we will obtain its average production and circulation time, weighted 
according to labor costs. The value of output produced in a unit of time is equal 
to 

n 

~ /1c1 
i ~ l ( rubles --,...::..._ __ = t rubles per year years ) . 

Before us is the average production and circulation time, weighted according to labor costs. 
4. See EkonomicheskaiJl effektivnost' kapital'nykh vlozhenii i novoi tekhniki. 

Moscow, Sotsekgiz Publishing House, 1959, p. 16. 

We remark that by giving to indicator the scale of ruble-years 
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(or man-years) we must relate it not to output in a unit of time, but to one-time output. 
In this sense the weighted production time is usually called linked time (sviJlzyvaniem) . 

The term "linking" I sviazyvanie) is borrowed from capitalist practice (linking - the 
release of monetary capital) . It does not altogether successfully characterize the meaning 

of indicator Nevertheless , other names for this phenomenon 

("immobilization " or " idleness " of costs, etc.) are still less successful. 
Since it is not one-time production but the continuing reproduction of output that is 

usually being planned, the time factor is most often calculated on the basis of capital 
investment. 

5. "Surplus labor generally, as labor beyond the extent of given requirements must 
always exist. But under the capitalist system, as under the slave-holding one, etc., it has 
only an antagonistic form, and is supplemented by the complete inactivity of a certain 
part of society" (K . Marx and F . Engels, op. cit., Vol. 25, Part 11, pp. 385-386). 

6. Ibid., p. 386. 
7. Certain bourgeois economists include " abstin ence" or " waiting" in the 

composition of real cos ts of production, together with tabor costs. In so doing, it is 
assumed that both elements of costs - workers ' tabor and capitalists ' "waiting" - must 
be paid for (see , for example, A. Marshal! , Principles of Economics, 6th Edition, 1910, p. 
3 89). We can construc t a model which demonstrates that under conditions of a capitalist 
economy the restriction of consumption in the process of expanding production 
("waiting") falls on workers , while capitalists receive payment (growth in profit) for this 
"waiting." Moreover , how we can add such dissimilar elements as labor and production 
time remains unclear in this theory. 

8. See Z. F. Chukhanov, "The Time Factor and Econo mic Effectiveness of Socialist 
Production, Voprosy ekon omiki, 1960, No. 9, pp. 90 e r. seq . 

9. KPSS v resoliursiiakh i resheniiakh s'ezdov, konferentsii i Plenumov TsK, 7th 
Edition, State Political Literature Publishing House, 1954, Part 11, p. 454. 

10. We substantiated formula (6.6) in the doctoral dissertation Metody soizmereniia 
narodnokhoziaistvennoi effec tivnosti planovykh i proektnykh variJlntov, Part I, 
Leningrad , 19.40, pp. 378 et seq . 

11. See Study Week - The Econometric Approach to Development Planning, 
October 7-13 , 1963 , North Holland Publishing Company, Amsterdam, 1965. 

12. a is determined frum the equation 

(1-a)Cc + aCa + (1-a) (Kn-Kr)\' + Ka~c =Cc +Kc~c. 

which expresses the fact tha t synchronous outlays of tabor on consu m ed out.,ut (in the 
year in which the share of new techno logy in production capacit v is equal to a) are equal 
to synchronous outlays of tabor with o ld techn o logy . T hus, the ra te of growth of th~ 
national economy's prod uct ion capacit y re mains equal to [3 • I fa= 0 , th e left half of thts 
equality is transformed in to expression (6. 1 0). c 

13. This norm must be revised as the planning perspective changes. 
!4. We omit its derivation . 
1 s. ln this section of the chapter we use the nota tion that was accepted in the 

Swnda.rd Procedure for Determining the Economic E f fectiveness of Capital Investment 

0 ,,d New Technology in the National Economy of the USSR of the Academy of Sciences 
of the USSR. 

16. The first part of formula (6.28) has already received recognition. The influence 
of construction periods on costs is thus taken into account. Calculating the time factor 
in the reckoning of operating costs (the second part of the formula) is still disputed. T~e 
opponents of such calculation obviously ignore the fact that it corresponds both to logtc 
and to practice, where in essence this calculation in the fo rm of formula 

is ulrcady being upplicd . 
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CHAPTER 7 

NORMS OF EFFECTIVENESS AND THE 
USEFUL LIFE OF MEANS OF LABOR 

The norm of investment effectiveness must be distinguished 
from norms of effectiveness of productive capital. The first is 
linked with the use of surplus labor, whereas norms of 
effectiveness of capital are linked with the utilization of specific 
means of production. Therefore, a multitude of norms of 
effectiveness of productive capital are counterposed to a single 
norm of investment effectiveness. Means and objects of labor do 
not have that universal substitutability that is characteristic of 
potential manpower. The substitutability of means of production 
is limited not only by the range of means similar in purpose, but 
also, within the limits of this range, by differences in effectiveness. 
Accordingly, norms of effectiveness of means and objects of labor 
must differ not only according to branches or enterprises but even 
according to individual kinds of means of production. 
Furthermore, they must change for each specific means of labor, 
depending on its physical deterioration and obsolescence. This 
diversity and variability of effectiveness of means of labor can be 
reflected in their valuation in such a way that payments for capital 
are calculated in terms of the same share of this appraised sum (for 
example, a share equal to the norm of investment effectiveness). 
Such a procedure does not free us from the necessity of 
determining the effectiveness of specific implements of labor in 
the course of assessing them. 

With all their variety, norms of effectiveness of rcproducihlc 
means of labor (in optimal planning) arc enclosed within two 

boundaries. The upper boundary is the norm of investment 
effectiveness. The lower boundary is zero. The effectiveness of 
capital cannot exceed the. norm of investment effectiveness, since 
an excess in its effectiveness must be removed either by 
differential rent (if this excess is caused by using better natural 
resources) or by expanding production of the corresponding 
means of labor (if this excess is caused by a shortage of new, 
highly effective means of labor). But the effectiveness of 
productive capital must not be lower than zero. With a negative 
effectiveness the use of means of production brings only losses. In 
this way tl)e useful life of means of labor is determined 
economically by the period during which their use yields a 
nonnegative effect. How do we calculate the effectiveness of 
available means of Jabor? 

1. T1e Fundamental Difference Between Calculations 
of the Effectiveness of Replacing Existing Means 
of Labor by New Ones and Calculations of the 
Comparative Effectiveness of New Means of Labor 

In the reproduction of existing fixed capital the following 
questions must be decided: 

( 1) In what form do we reproduce existing means of labor? 
(2) How do we determine the optimal time for replacing 

existing means of labor by new ones? 
The second of these questions presumes the previous solution of 

the first. In fact, the solution of the second question consists of 
determining the effectiveness of replacing existing means of lab or 
by the most effective of the new means of labor. Consequently, 
finding the most effective alternatives of new means of labor is a 
necessary condition for determining the limits of utilization of 
existing means of labor. 

Calculations necessary to solve the latter question differ in an 
important particular way from calculations associated with the 
first question. Neither the value (investment) of existing 
implements nor the cost of renewing them enter into the costs of 
utilizing these implements, whereas both investment and its 
depreciation completely enter into the costs of alternatives of new 
capital. 

I ndecd, in plan calculations of effectiveness we always look for 
the minimum costs of reproduction, not the minimum costs of 
production, i.t: ., the minimum of future costs, not the minimum 
Slllll or rut UrC a11d pas[ COStS. I 



But future costs consist of the following: 
( 1) In the use of new means of labor: (a) costs of producing 

these means; (b) costs of their operation, including depreciation. 
(2) In the use of existing means of labor, costs consist only of 

operating expenditures, excluding expenditures for renovation, 
but including those for maintenance. In this way, the initial 
investment and outlays on its renovation are excluded from the 
cost of utilization of existing means of labor. 

This special feature of calculating the effectiveness of the 
replacement of existing means of labor by new ones is usually 
ignored. But it has considerable importance in deten11ining the 
optimal time of replacement and in determining payments for 
capital. Neglect of this special feature leads to ·understanding the 
effectiveness of use of old implements, prompting their premature 
replacement by new ones. 

2. Factors Reducing the Effectiveness 
of Existing Means of Labor 

Means of labor can be used for an indefinitely long period 
providing they are appropriately maintained. This fact has been 
known from time immemorial. Plutarch relates that the ship on 
which Theseus left on the legendary voyage and safely returned 
was preserved by the Athenians for centuries. They removed old 
boards and beams as these decayed and put other strong ones in 
their place. 

With the development of machine production the technical 
possibility of a long-lasting life for means of labor became a usual 
occurrence. A machine consists of a multitude of parts that have 
different periods of wear and tear. Accordingly, it is technically 
possible by replacing each worn-out part in time by a new one to 
extend indefinitely the machine's useful life. 

In actuality the useful lives of machines are not long. 
Furthermore, they have become shorter than previously. Machines 
no longer outlive the periods of wear and tear of their most 
long-lasting parts. The limits to their lives are now posed not by 
technology, but by economics. 

A worsening of the indicators of effectiveness of use of means 
of labor, such as a reduction of labor productivity, an increase in 
the consumption of raw materials, fuel, and electric power, an 
increase of outlays on maintenance, etc., arc the economic 
consequence of wear and tear. 

When this process or WL~aring Olll occurs in lllL~ absence of 
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technological progress in the designing and production of 
implements for the same purpose, the relative effectiveness of use 
of old implements for the given purpose is reduced, whereas the 
effectiveness of new implements remains unchanged. The limit of 
effectiveness of use of old implements is approached in this case 
only by virtue of the economic consequences of physical 
deterioration. If deterioration occurs while there is a growth in the 
effectiveness of new means of labor, the useful life of old 
implements is still further reduced in comparison with the 
economic limit of physical deterioration. 

3. Fundamental £qualities Determining 
the Limits of Wear and Tear 

How do we find the economically optimal moment for 
replacing old means of labor by new ones? We must calculate and 
compare the costs of reproducing the given output with old means 
of lab or and with new, more effective means. 

For simplicity of explanation we will assume that the old and 
new means of labor produce the same output and that differential 
rent is absent. We will first find the most effective new means of 
labor with respect to minimum differential costs (or, in monetary 
terms, with respect to minimum full production costs of output): 

Cs + KarK = min, 

where CH is the production cost of output with a new, more 
effective means of la bor, K H is capital investment in new means of 
labor, and rK is the norm of investment effectiveness. 

We will denote the production costs of the same output 
(without outlays on renovation) when it is produced with old 
means of lab or by e c . Then the condition of effectiveness of use of 
old equipment will be expressed by inequality 

(7.1) 

The optimal moment for replacing an old means of labor by a 
llL~w one comes when this inequality is transformed into the 
equalily 2 
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(7.2) 

For calculating production costs with new implements we must 
determine the useful life of new means of labor. How do we do 
this? 

In calculating production costs with new implements we must 
proceed from a useful life for these implements such that the 
average production costs of output over the entire life will be the 
lowest. 

Increasing the useful life of a means of labor influences the 
production costs of output in two ways: 

( 1) it reduces depreciation per unit of output; 
(2) it increases other operating costs, apart from depreciation. 
Hence it is not difficult to conclude that too short and too long 

useful lives increase the production costs of output. Too short 
ones do so because higher charges for depreciation exceed savings 
on other outlays, and too long ones do so because higher charges 
for other expenses, apart from depreciation, exceed savings on 
depreciation. 

It is clear that there exists a useful life of means of labor for 
which the average production costs of output over the entire life 
are lowest. 

Different kinds of means of labor wear out in different ways. 
Accordingly, the growth of operating costs caused by the wearing 
out of means of labor is expressed by different curves. But no 
matter how different these curves are, a general condition exists 
for finding the optimal useful life of means of labor. This 
condition is the equality of marginal operating costs (excluding 
depreciation) relating to a unit of output at the end of the useful 
life of old means of labor to the average production costs of the 
same output with new implements, taken over the entire period of 
their life. 

Let us examine the conditions for the optimal period of wear 
and tear, at first without considering technological change. (Later 
we will take into account the role of technological progress.) 

4. Finding the Optimal Useful Life of 
Means of Labor Without Consideration 
of Technological G1anges 

We assume that during the period of wear and tear of a given 
means of labor neither the production costs of producing the given 
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means with new implements nor the value of new implements for 
the same purpose changes. 

We also ignore the possibility of several successive applications 
of means of labor. We confine ourselves thus far to cases in which 
the means of labor generally loses its use value after the 
completion of its useful life for one purpose. 

Let us assume that with a certain useful life the average 
production costs are higher than operating costs, excluding 
depreciation, applicable per unit of output producible at the end 
of the useful life of the means of labor. Then, having lengthened 
the useful life, we can reduce the average production costs of 
output. For the lengthening of the useful life adds only expenses 
other than depreciation. According to our assumption these 
expenses are less than the average of production costs. 

Lengthening the useful life of means of labor will reduce 
average production costs only as long as the magnitude of 
operating expenses other than depreciation does not attain the 
level of average production costs. Beyond this point each 
additional unit of output will require larger expenditures than 
those each unit cost before this increase in the useful life of means 
of labor. Consequently, the average production costs of a unit of 
output over the entire life· will increase. 

To sum up, the minimum average production costs can be 
neither higher nor lower than the maximum allowable production 
costs without depreciation, i.e., these quantities must be equal. 
This reasoning can be elaborated as follows. 

We will denote outlays on means of labor by K, the quantity of 
output producible with the aid of these means of labor during 
their life by x, and the operating costs, apart from depreciation, 
applicable to the last unit of output by f (x). 

Then the entire sum of operating costs for producing x units of 
output during the life of a means of labor will be expressed as 
follows: 

Jt 

.ft(x) dx. 
0 

Hence the average production costs of output during the entire 
life of the means of labor will amount to 

X 

rf (x) dx 
o K 

C= X + x- · (7.3) 
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Let us find the conditions for the minimum of these production 
costs. 

Differentiating expression (1) with respect to x and setting the 
first derivative equal to zero, we have: 

X 

J I (x) dx 
l(x) _ o _.!S_ = 0 

x x' x2 ' 

from which 
X 

J I (x) dx 
o K 

f(x) = x + x · (7.4) 

The left half of equality (7 .4) represents operating expenses 
(apart from depreciation) occurring for the last unit of outp':lt, 
and the right half of the equality expresses the average enterpnse 
cost of producing output. 

5. The Rule of a Machine's Useful Life 
as a Multiple of the Periods 
of Wear and Tear of Its Pmts 

The conclusion presented above is based on the condition that 
the form of the curve of operating costs does not depend on the 
useful life, i.e., it does not depend on the point of _this curve at 
which we replace the machine with a new one. In reality , t~e form 
of this curve changes depending on the point at which we 
interrupt the "life" of the means of labor. This relationship is 
explained by two factors. 

( 1) The nature and periodicity of maintenance depends on the 
desired useful life of the means of labor, namely, on whether we 
have in mind using the means of labor for a short period or, on the 
contrary, extending its use for a long time. 

(2) For a given kind and periodicity of maintenance the useful 
life of a means of labor influence the sum of outlays not yet used 
for maintenance. 

These factors complicate the problem of finding the optimal 
useful life. Instead of one curve we must deal with several cur:ves 
and solve the question by means of comparing the productiOn 
costs of output for different useful lives. . . . . 

By means of such a comparison we find the _useful hfe I or whtch 
the average (over the en tire period) prod uclton costs ol oul pul 
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will be lowest. In doing so it would be incorrect to make 
calculations of future useful lives of machines on the basis of given 
maintenance practices without adjusting this basis. Optimal useful 
lives of parts of means of labor are the basis for calculating useful 
lives of machines. The nature and periodicity of maintenance must 
be calculated not only for systematically supporting complete 
operating serviceability of the machine but also by proceeding 
from the problem of attaining minimum outlays on output. 

We will investigate the influence of the multiple of the useful 
lives of different parts on the optimal useful life of a machine. In 
so doing we will make the following assumptions at the start: 

(a) Operating costs (per unit of output) increase in connection 
with wear and tear only due to an increase in maintenance, in the 
absence of a worsening of the quality of the means of labor and 
with other operating expenses remaining unchanged, apart from 
maintenance and depreciation. 

(b) The cost of repair reproduction of parts of means of labor is 
equal to the cost of their reproduction in the manufacture of the 
means of labor. 

The useful life of means of labor influences the cost of still 
unused outlays on maintenance. Suppose that the machine 
consists of parts with useful lives of 1, 2, 3, 4, and 5 years. Then at 
the end of the 5th year of its life the most durable group of parts 
will wear out. However, parts with periods of wear and tear of 2, 
3, and 4 years that were replaced in the course of maintenance will 
not yet be completely worn out. Thus, parts with a period of wear 
and tear of 4 years will be only Y4 worn out, parts with a period of 
wear and tear of 3 years will be 213 worn out, and parts with a 
period of wear and tear of 2 years will be V2 worn out. 

If we limit ourselves to a 5- year useful life of such a machine, 
the value of the parts that are not worn out must be added to the 
operating cost of preceding years. The sum of operating costs 
together with depreciation costs will considerably exceed their 
possible minimum. The complete wearing out of all parts coincides 
only with a useful life that is the common general multiple of the 
period of wear and tear of all groups of parts. Accordingly, the 
sum of average annual outlays on maintenance and depreciation of 
means of labor reaches a minimum with a useful life of the 
machine th<.~t is a multiple of the periods of wear and tear of all of 
its parts. We will call lhis proposition, for short, "the multiple 
rule." 

Let 11s dariry whal has llL'ctt s:tid hy a sitttpliriL~d example. We 
Will aSSliiiH' fhal Ollfl:tys Oil n·pai r (0 1' n·pl:ilTilll'lll) or parts 
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amount to (in rubles): 
Parts with a period of wear and tear of 1 year 1 
Parts with a period of wear and tear of 2 years 2 
Parts with a period of wear and tear of 3 years 3 
Parts with a period of wear and tear of 4 years 4 
Parts with a period of wear and tear of 5 years 5 

Let us assume that the machine consists of five parts (with a 
single part of each kind) and that its renewal cost amounts to 15 
rubles (i.e., 1 + 2 + 3 + 4 + 5). 

Then we can trace from Table 35 all the values of absolute and 
average outlays on maintenance, depreciation, and ;:heir sums. 

Table 35 

The Dynamics of Average Annual Outlays on Maintenance 
and Depreciation 

.5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

"' >. 

~ 
= 0 ... 
"' "' >. 

c 
~ = u 

2 

0 
1 
3 
4 
7 
6 
6 
I 
7 
4 
8 
1 

!0 
I 
3 
9 
7 
I 
6 
I 

12 
4 

3 

0 
1 
4 
8 

15 
21 
27 
28 
35 
39 
47 
48 
58 
59 
62 
71 
78 
79 
85 
86 
98 

102 

Outlays on maintenance 

0 
1 
2 
3 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 

0 
0 
1 
2 
5 
6 
7 
3 
5 
4 
7 
3 
8 
4 
2 
6 
8 
4 
5 
1 
8 
7 

) ) ) 

6 

0 
0.5 
1.33 
2.00 
3.00 
3.50 
3.85 
3.37 
3.89 
3.90 
4.27 
4.00 
4.46 
4.21 
4.13 
4.43 
4.60 
4.39 
4.47 
4.30 
4.67 
4.63 

15.0 
7.50 
5.00 
3.75 
3.00 
2.50 
2.15 
1.88 
1.67 
1.50 
1.36 
I. 25 
1.15 
1.07 
1.00 
0.94 
0.88 
0.83 
0.79 
0. 75 
0.71 
0.68 

8 

15.0 
8.0 
6.33 
5.75 
6.00 
6.00 
6.00 
5.25 
5.56 
5.40 
5.63 
5.25 
5.61 
5.28 
5.13 
5.37 
5.48 
5.22 
5.26 
5.05 
5.38 
5.31 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
fil 
()2 

2 

3 
1 

10 
6 
3 
4 
7 
1 

11 
1 
7 
4 
3 
6 

10 
1 
3 
4 

12 
I 
6 
1 
7 
9 
3 
1 

10 
I 
8 
4 
7 
I 
6 
6 
7 
4 
3 
I 

15 
I 

3 

105 
106 
116 
122 
125 
129 
136 
137 
148 
149 
156 
160 
163 
169 
179 
180 
183 
187 
199 
200 
206 
207 
214 
223 
226 
227 
237 
238 
246 
250 
257 
258 
264 
270 
277 
281 
284 
285 
:mo 
:101 

Outlays on maintenance 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
I 
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5 

5 
1 
6 
7 
5 
4 
6 
2 
8 
4 
6 
5 
3 
4 
9 
5 
3 
2 
9 
5 
6 
2 
4 
8 
6 
2 
7 
3 
6 
5 
7 
3 
4 
5 
7 
6 
4 
0 
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Table 35 (Continued) 

6 

4.57 
4.42 
4.64 
4.52 
4.63 
4.61 
4,68 
4.57 
4.77 
4.67 
4.73 
4.70 
4.66 
4.70 
4.83 
4.73 
4.70 
4.67 
4.86 
4.76 
4.80 
4,70 
4,75 
4.84 
4.81 
4.73 
4.84 
4.77 
4.82 
4.81 
4.84 
4.78 
4.80 
4.82 
4,86 
4.84 
4,81 
4,75 
4.92 
4.87 

7 

0.65 
0.625 
0.600 
0.58 
0.56 
0.54 
0.52 
0.50 
0.48 
0.47 
0.46 
0.44 
0.43 
0.42 
0.41 
0.40 
0.39 
0,375 
0.365 
0.357 
0.349 
0.341 
0.333 
0.326 
0.319 
0.312 
0.306 
0.300 
0.294 
0.288 
0.283 
0.278 
0.273 
0.268 
0.263 
0.258 
0.254 
0.250 
0.246 
0.212 

8 

5.2'2 
5.045 
5.24 
5.10 
5.19 
5.15 
5.20 
5.07 
5,25 
5.14 
5,19 
5.14 
5.09 
5,12 
5,24 
5.14 
5.09 
5.045 
5,225 
5.117 
5,149 
5.041 
5.083 
5.166 
5.130 
5.042 
5,146 
5.070 
5,114 
5.099 
5.087 
5,058 
5,073 
5,088 
5.123 
5,098 
5.064 
5.000 
5.166 
5.112 

I 
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As Table 35 shows, attaining minimum annual outlays requires 
a considerably longer useful life of the machine than the period 
of wear and tear of the most durable parts. The optimal useful life 
in this example, equal to the smallest multiple of the useful life of 
all parts, which is 60 years (3 X 4 X 5), is I 2 times larger than the 
period of wear and tear of the long-lasting parts. 

It is clear that the more complex the machine and the larger the 
number of major parts with different useful lives included in it, 
the larger must be the least common multiple of these terms. This 
means that the useful life of the machine for w11ich outlays on 
maintenance of means of labor are most completely used must be 
all the longer. However, ex~essively long useful lives of machines 
are inadvisable because of the technical obsolescence of means of 
lab or. 

Accordingly, we can limit ourselves to periods for which surplus 
payments for maintenance will be sufficiently small. Such periods 
must be ones that are multiples of the useful lives of the most 
expensive parts. In our example average outlays on maintenance 
and depreciation have already dropped by the 20th year to 5.05 
rubles, which exceeds the lowest magnitude by only 1%. The 
20-year period is equal to the multiple of the useful life of four of 
the five parts, including the most expensive ones with useful lives 
of 4 or 5 years. With a 24-year period, costs decline to 5.045 
rubles. This decline is connected with the fact that the given 
period is also a multiple of four parts, with underutilization of the 
fifth part only during one year. We may note that even a 15-year 
period (a multiple of three parts, with a slight underutilization of 
two parts) also ensures a comparatively small (2.6%) deviation 
from the minimum possible outlays. Hence it is clear that the 
minimum of production costs of output is attained when the 
useful life of a machine is equal to the lowest multiple of the 
useful lives of all parts or (approximately) of the most expensive 
of the parts. 

Thus, in our example the general rate of depreciation (with 
consideration of maintenance costs) will amount, for a 60-year 
period, to 33.3%; for a 20-year period, to 33.7%; for a 24-year 
period, to 33.6%; and for a 15-year period, to 34.2%. 

The question arises as to whether "the multiple rule" eliminates 
the equality of the average (over the entire period) production 
costs of output to the highest operating costs (excluding 
depreciation) at the end of the useful life. 

It is apparent from Table 35 that each year's maximum outlays 
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on maintenance amount to 5 rubles, which is equal to the lowest 
average production costs (with a useful life equal to the lowest 
multiple of the useful life of all parts). Thus, the multiple rule 
does not abolish the fundamental property of the optimal useful 
life. The optimal useful life is always determined by the time at 
which average production costs and operating costs (excluding 
depreciation) are equalized. The multiple rule makes specific only 
the conditions under which this equality is approached. According 
to the multiple rule this equality is approached with a useful life 
of the machine equal to the least common multiple of the periods 
of wear and tear of all of its parts. 

6. The Optimal Useful Life and the Wear and Tear 
of Means of Labor as a First Approximation 

From what has been said above it follows that, in the absence of 
technological progress, the optimal useful life is that period of 
service of the machine at the end of which all parts, both those 
originally installed and those installed during repairs, are 
completely worn out in the machine. 

(a) With the period of wear and tear of the most long-lasting 
part as a multiple of the periods of wear and tear of all other parts, 
the optimal useful life is equal to the period of wear and tear of 
the most long-lasting part. 

(b) In the absence of this condition the optimal useful life is 
equal to the least common multiple of the useful lives of all parts. 

However, the optimal period does not always have such a 
technical meaning. It does have this meaning only under our initial 
assumptions, i.e., in the absence of technological progress and with 
the equality of repair reproduction costs of parts to the costs of 
reproducing them in machine-building plants. But if the cost of 
the repair reproduction of parts is higher than their cost in the 
manufacture of means of labor as a whole, the optimal useful life 
of the machine is less than the lowest multiple of the periods of 
wear and tear of all parts and can be less than the period of wear 
and tear of the most long-lasting parts. 

We can see this by means of the following reasoning. Suppose 
that a means of labor consists of four groups of parts with periods 
of wear and tear of I, 2, 4, and 8 years. Here the period of wear 
and tear of the most long-lasting part is a multiple of the useful 
lives of other parts. 

Let us assume that the value or parts amounts to (in rubles): 
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Part No . 1 with a period of wear and tear of 1 year 
Part No. 2 with a period of wear and tear of 2 years 
Part No. 3 with a period of wear and tear of 3 years 
Part No. 4 with a period of wear and tear of 4 years 
The value of the means of labor 15 

If the replacement of parts during repair costs as much, the 
curve of operating costs will be expressed by the staggered line 
AB in Fig. 1. In this case the optimal useful life , as is apparent 
from the graph, coincides with the period of wear and tear of the 
most long-lasting part. 
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But let us assume that replacing parts during repair of the 
machine costs three times as much as producing them in a 
machine-building plant in the course of manufacturing the same 
machine. Then the curve of operating costs will be expressed by 
line AB in Fig. 2. To find the optimal useful life of the machine 
under these conditions we must draw a straight line C 1 D 1 parallel 
to the abscissa, so that the areaAC1 D1 represents 15 rubles. 
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As we can see from the graph, the optimal useful life in this case 
will be equal to 4 years, which is one-half of the period of wear 
and tear of the most long-lasting parts. 

In this case replacing parts with useful lives of 1 and 2 years 
causes surplus payments smaller than savings in depreciation which 
result from lengthening the useful life to 4 years. But the surplus 
payments for replacing parts with periods of wear and tear of 4 
years e~ceed savings in depreciation that result from increasing the 
useful life of the machine to 8 years. Accordingly, to attain the 
lowest production costs of output with the given machine we must 
replace it by a new one after 4 years of service, although the parts 
w1th an 8-year useful life will thus not yet be completely worn 
out. 

H~re we have examined the influence of the high costs of 
rcpmrs on the optimal useful life of a means of labor. It is clear 
that a similar influem:c is exerted on this life by all other causes of 



a growth in operating costs related to wear and tear (for example, 
a worsening of the quality of a means of labor). They all reduce 
the useful life of a means of labor. On the other hand, the 
possibility of inexpensively repairing parts obviously increases 
their useful life and the machine's useful life, since it depends on 
the useful life of the parts. 

7. Optimal Periods of Wear and Tear of Parts and Assemblies 

The method explained here for finding the economic limit of 
wear and tear is applicable not only to means of iabor but also to 
their individual parts, i.e., for determining the periodicity of 
repairs. For the wear and tear of parts often increases the 
operating costs of the machine because of a reduction in 
efficiency, a reduction in the precision of work, an increase in the 
wear and tear of other parts, an increase in the cost of repairing 
parts, and for other reasons. 

Therefore, the correct discarding of parts must be based on a 
calculation of the economic effectiveness of their use. The 
calculation of the economic limit of a machine's life as a whole 
must be based on a curve of operating costs that is constructed in 
such a way that the useful lives of all parts are economically 
optimal. Unfortunately, lack of study of the principles of wear 
and tear hinders this kind of calculation. 

Nonetheless, a study of methods of calculating economically 
optimal periods of wear and tear is not only desirable but is even 
necessary so that we can correctly study the principles of wear and 
tear, i.e., in order to know which technical indicators of wear and 
tear are necessary for determining its economic limits. 

8. The Optimal Useful Life of Means of 
Labor with Respect to Technical 
Obsolescence ("a Second Approximation") 

The procedure explained here for determining optimal useful 
lives are only first approximations. They ignore such an important 
factor in this problem as technological progress. This means that 
they give us only an approximation of the optimal useful life with 
respect to technical obsolescence. It is precisely because we have 
ignored technological progress that we have been able to 
demonstrate that the limits of technical obsolescence are 
determined ultimately by economics. But the minimum production 
costs of an individual product cannot be consitkred as the 

criterion of the greatest effectiveness of outlays. The minimum 
production costs of an individual product may be incompatible 
with minimum production costs for all of the national economy's 
final output. This is precisely what occurs in determining the 
useful life of means of labor according to the minimum average 
production costs of output during this period. 

True, when equipment outlives the period for which average 
production costs of output attain a minimum, its further use will 
be associated with higher production costs for the given output. 
But in return this use will yield a postponement of renovation. 
Postponement of renovation will make it possible to invest the 
corresponding sum in new construction. The effect brought about 
by the use of the amortization fund for new construction may 
exceed the losses associated with the increase in the useful life of 
the existing means of labor. Therefore, the useful life of a means 
of labor corresponding to the minimum production costs of 
output can be called partial-optimal, since it corresponds to 
minimum outlays on a part of the national economy's output, 
precisely to minimum outlays on output producible with the aid 
of the given implement. 

If we take account only of technical obsolescence, the optimal 
useful life of means of' labor must be, as a rule, greater than the 
partial-optin1al period. Jn fact as long as the operation of old 
means of labor requires surplus payments smaller than the savings 
in production co ts that result during the same time period from 
investment equal to Lhe additional outlays on the renewal of these 
means of labor, the use of old implements requiring surplus 
payments for the given output will yield savings in the total sum 
of outlays on reproduction. 

This means that the economic l.imjt of teclmical obsolescence 
approaches when surplus payments on the output of given means 
of labor are equalized wjth the normative effect of investment 
equal _ to cost of reproduction of these means of Iabor, i.e. when 
cqual1ty eH -eH == Kli rH is realized, where eA is the expected 
production costs of output without outlays on renovation with 
new means of labor beyond the limit of their partial-optimal 
useful life. This equality is obviously equivalent to equality (7 .2), 
formulated for the case when technological progress is absent. 

The optimal useful life with respect to technical obsolescence 
can be calculated according to the following formula: 

f(x + X I ) = f(x) + Kr K (7.5) 
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where K is costs of reproduction of the given means of labor 
(equal to outlays on its production); x is the amount of output 
producible with the aid of this means of labor during its 
partial-optimal useful life; x + x 1 is the amount of output 
producible with the aid of the same means of labor during its 
optimal useful life with respect to technical obsolescence; f(x) is 
operating costs, apart from depreciation, related to a unit of 
output at the end of the partial-optimal useful life of the given 
means of labor; and f(x + x 1 ) are those expenditures at the end of 
the optimal useful life with respect to technical obsolescence of 
that means of labor. 

By substituting expressions f(x) and f(x + x 1 ) in the equation 
(7.5) we obtain one equation with two unknowns. But we can 
determine x either graphically or analytically. 

Finding x by one or the other method, we then find x1 for the 
equation (7.5). 

Having determined (x + x 1 ), we find the time during which this 
amount of output can be produced, i.e., the optimal useful life 
with respect to technical obsolescence. 

9. Analysis of the Conditions Determining 
the Economic Limits of the Service 
of Means of Labor 

Formula (7 .2) is the most general expression of the economic 
limits of the service of means of labor: 

We can see from this formula that the economic limit of the 
service of means of labor depends on the following factors: 

(l) factors influencing ec, i.e., operating costs of old means of 
labor; 

(2) factors influencing CH and KH, i.e., indicators of the 
effectiveness of work with the aid of new means of labor; 

(3) factors influencing the norm of investment effectiveness r K. 

Technical obsolescence is the fundamental factor of the first 
kind. It increases e c, which raises the effectiveness of replacing old 
means of labor by new ones. 

Factors of the second kind are mainly technical innovations and 
discoveries of new natural resources. They decrease costs of 
production or raise the effectiveness of those implements of labor 
on which CH and K11 depend in formula (7 .2), which increases the 
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effectiveness of replacing old means of labor by new ones. 
Finally, as is apparent from formula (7 .2), the optimal useful 

life of means of labor depends on the norm of investment 
effectiveness. The higher the norm, the longer the life. 

The norm of investment effectiveness in turn directly depends 
on: 

(a) the volume of possible investment with high (average and 
low) effectiveness (i.e., the distribution of investment alternatives 
according to their effectiveness); 

(b) the national economy's volume of accumulation; 
(c) the planned rate of growth of final output. 
Other things being equal, the larger the values of quantities 

designated in a and b, the higher is the norm of investment 
effectiveness, and the larger the value of the quantity designated in 
b, the lower this norm must be. 

In turn, these conditions are associated with a number of other 
conditions, namely, the rate of growth of population, 
technological change, and the volume of accumulation in 
preceding years. Of these conditions, it is especially important to 
examine the influence of technological progress in determining the 
economic limit of the service of old means of labor. 

Technological progress expands the range of highly effective 
investments. This means that, other things being equal, 
technological progress raises the norm of investment effectiveness. 
But a rise in the norm of investment effectiveness in turn extends 
the economic limit of the service of old means of labor. The higher 
this norm is, the higher is the allowable limit of operating costs in 
the course of wear and tear, i.e., the higher ec can be in formula 
(7 . 2). Consequently, general technological progress lengthens the 
useful life of means of lab or by raising r K . 

ln this way technological progress exerts a twofold and, 
moreover, a directly contradictory influence on the limit of use of 
existing means of labor. Inventions lower this limit in the lines of 
production affected by them, but they raise it in all remaining 
lines of production. Hence we can conclude that general 
technological progress probably exerts a much smaller influence 
on the average useful life of means of labor than is usually thought 
on the basis of data for individual branches. 

As we see, the principles of calculating the economic limits of 
use of means of labor are identical both in the case of technical 
obsolescence and in the case of technological progress in the 
sphere or lheir production . This is understandable. In both cases a 



relative reduction occurs in the effectiveness of production with 
the aid of old implements of labor in comparison with the 
effectiveness of production with the aid of new implements. In 
both cases the limit of the service life of old implements 
approaches when this relative reduction goes beyond a certain 
boundary. The difference consists only in the fact that in the case 
of physical deterioration a reduction occurs in the effectiveness of 
production with old implements while there is a constant 
effectiveness of production with new implements , whereas in the 
case of technological progress in the production of implements a 
change in the relative effectiveness occurs by means of raising the 
effectiveness of production with new implements while there is a 
constant effectiveness of production with old implements. 

It would be an error to think that the reduction in the useful 
life of old implements caused by technological progress is 
associated with some kind of losses for the national economy. If 
this reduction is correctly calculated according to formula (7.2), 
on the basis of given ec, C, and K and a correct norm of 
investment effectiveness, it yields savings in costs of reproduction, 
not losses. Calculation according to formula (7 .2) is precisely 
intended to find the alternative ensuring the minimum of all 
outlays in the national economy; and, if according to this 
calculation it appears that replacing equipment that is still not 
technically wom out by new equipment is the more effective 
altemative, the further use of this equipment will cause losses. 
Replacing the equipment will ensure the minimum of future 
01..CJ.Iays in the national economy to the extent that these outlays 
depend on a choice between old and new equipment. 

10. The Optimal Useful Life of Means of Labor, 
with Consideration of Technological Progress 
("a Third Approximation") 

How do we find the useful life of means of labor that is optimal 
in all respects? Formula (7 .2) determines the retirement time of 
means of labor, not their useful lives. It permits us to establish 
whether this time has arrived, but says noth ing abou t when this 
time will arrive. However, formula (7 .2) is the basis for deriving 
formulas for optimal useful lives of means of la bor. For this 
purpose the following data are necessary: 

(1) a curve of the relationship of operating costs of old means 
of labor (excluding depreciation) to the useful life }(I) (this curve 
expresses the economic consequences or lecilnical ohsoksccncc); 
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(2) curve of the reduction of production costs of a given output 
with new implements under the influence of technological 
progress \{)(t) ; 

(3) a curve of the change in capital investment in new 
equipment g(l). 

Then the initial formula for the optimal limit of service (with 
consideration of technical obsolescence and technological 
progress) can be written as: 

j(t) = rp (t) + rKg(t). (7.6) 

Of course, it is difficult to foresee future technological progress, 
even with respect to qualitative changes. It is still more difficult to 
take account of its influence on outlays, production costs, and 
capital investment. Therefore, useful lives , optimal in the true 
sense, can be calculated with consideration of technological 
progress in the given line of production only within a certain range 
of probability. 

Let us investigate the conditions under which the optimal useful 
life of an implement becomes shorter than the optimal period of 
technical obsolescence. 

These conditions can be understood on the basis of formula 
(7.6). 

Indeed, suppose that a means of labor has been used for a 
period during which x

2 
units of output have been produced with 

it. It has not yet reached a useful life that is optimal with respect 
to technical obsolescence. This situation can be expressed as: 

(7.7) 

Yet it would already be effective to replace the given means of 
labor by a new, better implement. In accordance with formula 
(7 .6) we will express this situation thus: 

(7.8) 

It follows from (7. 7) and (7 .8) that 

j(x + Xt) + KrK > C" + K"'K· (7.9) 

Inequality (7.9) signiries lhat an old implement must be 
reproduced i11 a new rom1 , nol in its prL:vious one. l3y comparing 
(7.7) , (7.>n , and (7 .<J) Wl'. coiH:Iudl·. tiial kchnological progress 
rediln'S llil' usl'l 'ul lit't" or uld llH":IJlS ol bboi wiH•Jl liicy IHT0111C 
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obsolete for reproduction and it becomes more effective to 
reproduce a means of labor of a new type instead. 

Since technological progress proceeds at rapid rates, means of 
labor usually become obsolete for reproduction long before the 
completion of the optimal useful life with respect to technical 
obsolescence. But means of labor that are obsolete for 
reproduction usually remain in operation for a more or less 
extended period. For only in exceptional cases can obsolescence 
for utilization appear simultaneously with the emergence of 
obsolescence for reproduction. Obsolescence for reproduction is 
characterized by an inequality different from that of obsolescence 
for utilization: 

obsolescence for reproduction 

obsolescence for utilization 

But, at any moment of time during the optimal useful life with 
respect to technical obsolescence, 

ec <cc+ KcrK. 

Consequently, the simultaneous approach of obsolescence for 
reproduction and for utilization is possible only in the case of a 
sharp reduction in the costs of producing output with new 
implements from the level CH + KHrK =cc + K crK (the absence 
of obsolescence for reproducing old implements) to that of C' H + 
K'HrK = ec. This means that the costs of production of output 
with new implements must be immediately reduced to a sum not 
less than CH + KH r- e c. 

But this is not all. If a similar reduction occurs in many 
branches it is impossible to replace all obsolete equipment by new 
equipment immediately. This impossibility is reflected in a growth 
of the norm of investment effectiveness from r K tor' K such that 
inequality e c >C' H + K' Hr K changes its sign, i.e., e c <C' H + K' Hr' K_. 

If the norm of investment effectiveness is not raised in 
accordance with the growth in the effectiveness of investment and 
the production program for new technology, the value calculations 

will lose their reliability. They will show effectiveness of replacing 
all of the old equipment by new equipment(ec >C'H+K'HrK), but 
the given directive will be capable of fulfillment not in all cases, 
but only in certain ones. In this process it will remain unclear in 
which cases such replacement should be carried out. An 
understated norm of investment effectiveness hinders the 
calculation of effectiveness in the same way as understated norms 
of material outlays (for example, an understated norm for 
consumption of fuel). The possibility of following the directives of 
the calculation is lost. 

As a rule, the optimal life is less than the optimal useful life 
with respect to technical obsolescence. In the case of intensive, 
general, technological progress the norm of investment 
effectiveness (r K) may increase, which will increase both the 
optimal useful life and the optimal life with respect to technical 
obsolescence. In this process, the simultaneous growth of the 
optimal useful life of a means of labor and of its obsolescence is 
possible. This will occur when an increase in the norm of 
investment effectiveness will increase the optimal useful life with 
respect to technical obsolescence by more than the increase in the 
optimal useful life with respect to normal obsolescence. 

Inequality (7 .9) shows how incorrect it is to judge the degree of 
obsolescence of implements only according to the higher 
production costs of output with a given implement in comparison 
with the production costs of the same output with a new 
implement. In fact, it is apparent from this inequality that 
technological progress can reduce production costs with new 
implements to any extent in comparison with production costs 
with old implements without reducing the useful life of old 
implements provided that this progress requires a growth in capital 
per unit of annual output for which the effectiveness of 
reproducing capital in the new form will be lower than the norm 
of investment effectiveness. 

This means that not every kind of technological progress that 
raises the productive power of labor in a given line of production 
justifies a reduction in the useful lives of existing means of labor 
compared to optimal ones with respect to technical obsolescence. 
A reduction of the useful life (and obsolescence) is caused only by 
that kind of technological progress that raises the effectiveness of 
investment in the given technology above the norm of 
effectiveness. 

However, let us recall how lccllnolo~ical pro~ress influences the 
norm or invcslmcnl cllcctivl'lll'SS. Olhcr lhings being equal, 



increasing the possiblility of investment with an effectiveness higher than the norm raises this norm. This means that technological progress in the sphere of the given capital reduces its useful life because the rates of technological development in the given sphere are higher, on the average, than for the national economy. Hence, with a given volume of accumulation a uniform rise in the effectiveness of investment in new technology in all branches may not be reflected in the useful lives. A reduction in CH may be compensated by a growth in rK. 
But if a general rise in the effectiveness of new technology is accompanied by growth in the national economy's volume of accumulation, the norm of investment effectiveness may not rise. Then a general reduction in the useful lives of the means of labor will occur. 

11. Measuring the Degree of Wear 
and Tear of Means of Labor 

How do we determine the extent of wear and tear of a means of labor? This depends on the kind of wear and tear being discussed - technical (physical) wear and tear, obsolescence, or general wear and tear. All three kinds of wear and tear are measured according to the same principle, namely, on the basis of a reduction in the economic effectiveness of a means of labor in comparison with the most effective of the new means of labor. 
General wear and tear can be defined as the difference between the initial value of a means of labor and its value at a given moment of time, calculated as the sum of all that economy of labor that the means o f labor can yield until the time it is replaced: 

where 
U0 (1 1 ) is the .in dicator of general wear and tear in year t 1 ; Kc is the initia l value of the old means of labor; 
K 0 (t 1 ) is i ts general value in year / 1 ; 

(7 .10) 

ec (I) is the open1ting cost (without deprecia tion) or ou1p11 t in year t; 
CH (t) is the production cost or till: same output in producing it 

with a new means of labor in year t; 
KH (t) is capital investment in a new means of Iabor in the year 

t· 
' t m is the year of replacement of old by new equipment, when 

ec(t) =CH (t) +rH KH (t). . . . Thus, K
0
(t 

1
) will express the sum of savm_gs m reprodfuchon costs that can be obtained with the aid of the g1ven means o labor during the entire subsequent time of use, i.e., duri1~g the ~ntir_e time while e (t) < CH (t) + rH KH (t). When this tnequahty JS transformed i~to an equality, the old means of labor is replaced by a new one. The savings obtained at different times are added, 

with due consideration for the time factor. 
Technical wear and tear is determined according to the formula 

U (t ) = K c- Km (tl) (7 .12) m 1 Kc ' 
K (t ) is calculated here on the assumption that the means of labor 

1
has not yet become obsolete, i.e. , according to the formula 

(7 .13) 

where Km (t 
1

) is the value of the means of labor in year t 1 on the assumption of the absence of obsolescence in the past and in the future ; 
Cc is the initial production cost of output with the old means 

of labor; 
ec (t) is the operating cost (excluding depreciation) with an old 

means of labor in year (t). 
In this formula ec (t) changes over time, while Cc and Kc 

remain constant. 
Obsolescence is measured by the difference between general wear and tear and technical wear and tear: 

(7.14) 

A. S. Konson recommends a different economic measure of physical wear and tear : 3 

where u,
1
, is lhe l:cono1nic nw:Jsurl~ or a machine's physical wear and tear (in rradions or thl~ cost or reproducillf!, il); 
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R is the estimated cost of repatr necessary for renewing all 
worn-out assemblies; 

K 1 is the cost of the complete reproduction of this machine at 
the moment when it is determined to be physically worn out, with 
consideration of its depreciation associated with the appearance of 
new, more advanced designs with better operating properties. 

This formula is appealing in its simplicity. Nevertheless, it is 
incorrect. Its denominator (K

1
) reflects obsolescence not only of 

the first but also of the second kind. Thus K
1 

does not at all 
express the cost of reproduction, but rather the price that a 
machine of the old design would have if it were a new one. Such a 
basis for calculating physical wear and tear does not correspond to 
the meaning of the indicator. As a rule this indicator will 
exaggerate the extent of physical wear and tear by the total 
obsolescence of the second kind. For example, suppose that repair 
requires replacing half of the parts and is so well organized that its 
cost is equal to one-half of the cost of reproduction of the 
machine. By virtue of the appearance of machines with better 
designs the price of a new machine of the old type can be equal to 
only one-half of its cost of reproduction. Naturally, the machine 
must not be reproduced. However, it does not follow from this 
that the degree of its physical wear and tear is equal to I, as 
suggested by A. S. Konson. With more accurate calculation of the 
denominator of the same formula we obtain the result that the 
machine's physical wear and tear is equal to only 0.5. 

Konson proposes measuring obsolescence by the reduction in 
the cost of the machine as a result of technological progress in 
accordance with the formula 4 

a = Ko-Kt 
M Ko ' 

where aM is the indicator of obsolescence, K 0 is the initial cost of 
the machine, and K I is the cost of completely reproducing it with 
consideration of obsolescence of the first and second kinds. 

The correctness of this formula depends on how K I is 
determined. In Konson 's opinion the present value of the new 
model of an old machine (K c I) will amount to 

Kct = Kut ( :: r ( ~:r, 
where qc and qH are the annual p~oductivity of an old and a new 
machine, respectively, and Cc and CH arc the operating costs per 
unit of output of an old and a new machine, respectively. 

' ... 

Indicators of the extent of a and ~ can be found on the basis of 
studying the data for similar machines. The author does not 
substantiate this formula. 

Calculations of the indicators of general wear and tear, physical 
(technological) wear and tear, and obsolescence are not an end in 
themselves. They must result from calculations of the effectiveness 
of use of machines and serve to determine the limits and 
remaining useful lives. Formulas (7 .I 0) through (7 .14) are a 
"by-product" of calculations of the optimal use of means of labor. 
The formulas proposed by Konson are not connected with these 
calculations and require independent and, moreover, quite 
complex calculations (for determining indicators of the extent of 
a and~). Therefore, they can hardly be of practical significance. ln 
particular, the indicator of physical wear and tear (a <I>) for the 
most part will only lead to error. 

12. Determining Optimal Useful Lives in Cases 
of Utilization of Worn Out Means of Labor 
for Other Purposes ("a Fourth Approximation") 

The rules and formulas presented above for determining periods 
of wear and tear do not take into account the possibility of using a 
worn-out implement for another purpose. They assume that upon 
completion of its useful life a means of labor is unsuitable for 
anything else. In reality, means oflabor worn-out for one purpose 
can be effectively used for other purposes. The possibility of a 
different use must be taken into account in determining useful 
lives for given purposes. 

This possibility can be taken into account in the formula for the 
economic limits of wear and tear in the form of the residual value 
of a worn-out means of labor. We will denote this residual value by 
Kco· Then formula (7.2) must be changed in the following way: 

(7.15) 

It is apparent from formula (7 .15) that the higher the residual 
value of old capital, the closer is the economic limit of its service 
for a given purpose. This is understandable. If the residual value of 
an old means of labor is high and the effect from its use for a given 
purpose is small, then it is bl'l In to tiSL' a still valuable implement 
for anoth .~r purposl', for which it will he tlsl'd 111orc effectively. 

How do we determine the n·sidual value? If the 111attcr concerns 
the liSl' of a Wllrll-Olll lllal'hilll' as SL'I:IJl 1'111 :Ill llJll'll-hl'arlh fumaCL\ 
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this question does not present special difficulties. True, the 
problem of evaluating scrap (as part of the problem of evaluating 
waste products) is still controversial. Nevertheless, there is no 
doubt that the price of a ton of scrap must be many times smaller 
than the cost of a ton of a new machine. Accordingly, product 
(rK·Kco) in formula (7.15) will be close to zero, so that even 
relatively large errors in evaluating K c 0 will have practically no 
significance in determining the useful life of machines. 

But if an old machine can be used for another purpose and also 
as a machine, the question of determining its residual value 
assumes considerable significance. Moreover, we have no generally 
accepted principles for this evaluation. 

At first glance the residual value of a means of labor can be 
determined as the still undepreciated part of its initial (or renewal) 
cost. But in order to find this part we must already know the 
useful life of the machine for all of its successive purposes. Thus a 
vicious circle is formed. To determine the useful life of a means of 
labor we must know the residual value, and to determine the 
residual value we must know the useful life. 

Formula ( 7.11) for determing Kco breaks this circle. 
Accordingly, this formula can be substituted for formula (7.15). It 
is apparent from formula (7.11) that we can solve our problem 
without any evaluation of a partially worn out means of labor. 
This does not signify that we set the value of the means of lab or as 
equal to zero. This signifies only that we replace this evaluation by 
other magnitudes that perform, in our problem, the same function 
performed by the evaluation of fixed capital. 

Indeed, what is the function performed in our problem by 
evaluating replaceable means of labor? According to (7 .11) the 
evaluation must reflect the entire future effect that a means of 
labor can yield in its most effective use, with due consideration for 
the time factor. But if this is the case, then we can solve the 
problem by means of direct calculation of its effect for other 
purposes. 

Let us demonstrate how this can be done. 
When we determine whether an implement for producing 

product A has reached its economic limit of wear and tear, we 
compare the following alternatives: 

I. Given the condition that the implement cannot be used in 
another line of production: 

Alternative I: producing product A with the aid of the old 
implement. 

Alternative 2: producing lhe same amounl of producl A wilh 
the aid of the new impletnL~nl. 

11. Given the possibility of using the old implement for 
producing product B: 

Alternative I: producing product A with the aid of the old 
implement. 

Alternative 21 : producing the same amount of product A with 
the aid of the new implement plus producing product B with the 
aid of the old implement (which can be used in the given period 
for producing product A). 

It is obvious that alternatives I and 21 do not yield identical 
output. Alternative I yields output A and alternative 21 yields 
output A+ B. 

In such a form the effectiveness of these two alternatives is 
incommensurable, for they yield different output. Moreover, the 
fundamental condition for comparing the national economic 
effectiveness of project alternatives is the identity of their national 
economic effect. 

But alternatives I and 21 can be adjusted to an identical output. 
For this purpose it is necessary to foresee by which method and 
with what outlays we can produce product B if alternative I is 
realized. By joining to alternative I the supplementing alternative 
of production of product B (in the amount in which it is obtained 
according to alternative 21 ), we adjust alternative I to the same 
output that alternative 21 yields. Then adjusted alternative I (we 
will denote it by 11

) and alternative 21 will be commensurable 
with respect to the effectiveness of outlays. Given the identity of 
the national economic effect of compared alternatives, their 
relation to the national economic effectivenesses is inversely 
proportional to the relation of outlays required by these 
a! ternatives. 5 

Table 36 
Number of I 
lhc alternative Output 

Annual costs !Invest-
of Output ment 

I I Production of product A with the ea (without 0 
aid of an old implement renovation 
Production of product B with tbe cb (produc- Kb 
aid of new implements* tion costs) 

2[ Production of product A with the Ca Ka 
ajd of a new imp lement 

ProJu ·tion fpr dud R wilh lh· cb (without 0 
aid rat I ltl imp letn ~ 111 (pn.:vi >Usly renovation) 
u~t· I f )r protllll:i 11 !! 1 rod 11 ·I , I l 

+Wt• ll'f.'all lllal (·,,and ( '11 :lit' aVt'lagt• p1odnt lion t n·.l~. ltH oplllllalll~t·lullivt'.'O ol I he 
• ••lli''lpondntp, lllt'UII'1 •d l:d1n1 
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We see from Table 36 that each of these alternatives yields 
identical output A + B. Owing to the identity of the effect we can 
compare the effectiveness of investment in the new implement for 
producing A (alternative 21 ) and the utilization of the old 
implement for the same purpose (alternative 11 ). For this purpose 
we use formula (7.2), assuming that: 

e,=ea+Cb+rKKb• 
CH=Ca+eb, 

KH=Ka· 

Then the limiting condition for the service of the old implement 
in the first of the two purposes will be expressed as: 

(7.16) 

When the left half of this equality becomes larger than the righT 
half it is more effective to shift the old implement used for 
producing A to producing B, and to install a new means of labor 
for producing A instead of using the old one. 

As we see, there is no estimate of old fixed capital in formula 
(7 .16). The task of determining the limits of service of means of 
labor for one purpose can be solved without evaluating the means 
of labor that are transferred to another purpose. The advantage of 
this method is that it requires only such data as can be objectively 
determined. Only outlays figure in formula (7 .16). Instead of an 
evaluation of old means of labor we additionally took into 
account on the one hand, the output that they can yield in 
another' use (output B), and expenditures for their operation in 
this use; and, on the other hand, we took account of investment in 
producing the same output (B) and its production costs in 
producing it without the use of old means of labor. 

On the basis of the formula for the limit of service of the 
implement in the first of the two uses, we can derive the formula 
for the optimal useful life in this use. For this purpose we must 
express ea as a function of the magnitude of output A produced 
during the preceding period of service, i.e., ea =fa (xa ). 

However, initial operating costs in the second use (eb) also 
depend on the useful life of implements in the ~irst use. The more 
an implement is worn out in the first use, the higher, as a rule, are 
the initial operating costs of this implement in the second use: 

eb = fb (xa)· 

Then the initial formula (7.1<i) ror tlrl~ optirnalusdullik will 
assume the following romr: 

(7.17) 

The amount of output B produced during the period of service 
of the same implement in the second use will correspondingly be 
determined from the formula 

(7.18) 

where fb (xb) denotes annual operating costs (without 
depreciation) depending on the useful life, and xb is the sought-for 
amount of output B. 

We can find the total useful life of the implement in both uses 
by determining the calendar time in which (xa + xb) can be 
produced. 

13. Under What Conditions Can Obsolescence Cause Harm? 

We have shown that from the standpoint of society 
obsolescence does not cause losses, but is the condition ror 
reducing outlays on reproduction. We determined optimal usL·I"ul 
lives by seeking to find minimum outlays. However, sorllL' 
economists assume that the loss in value of old means of lahor 
caused by the growth of labor productivity represents a loss 
requiring compensation. 

This viewpoint is readily explicable with reference to capitllisrr1. 
For the capitalist, the loss of part of the value of his equipn1errl, 
buildings, and installations is in fact a loss. It is a loss of part or Iris 
capital. The antagonistic nature of the capitalist economy is 
manifested in these losses of private wealth occurring irr 
consequence of an increase in the national wealth. Howcvt·r. 
obsolescence under capitalism is also associated with naliorr:d 
~conomic losses. Capitalists whose interests are threatelll~d hy 
technological progreSS strive to delay the implementali011 oi" 
inventions that are dangerous for them. Tllis restraining or rll'W 
technology also causes national economic losses. 

Thus, under capitalism technological progress and llr1· 
obsolescence caused by it are actually linked with bolh p:rrlinil:rr 
and national economic losses. But how can corrl'L:IIy c;dcuLill'd 
obsolescence cause any losses in a socialist cconorrry'l Acadcrrri1·i:rrr 
S. G. Slrumilin aSSllllll~S lllal a rcdul"l iorr in I Ill· v;dtll' or llll':lll.'; ur 
lahor rTquires COiliJll'nsalion.r' l!rrforlun:rkly, Slrtrrrlilin ll:rs 11ol 
ollernl corrvirwi111'. prool tll his illl·srs . Tlll'll'ltlll", !Iris illl·sis l~:rs 
not hn·r1 ;ll"t'l·pkd hy .Sovll'l ,·,orrorrrrsls . NtHH'illl'h-.-;s, lill'll' rs ;r 
lTILrin :rrlllllllll of lr rrllr 111 rl 
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in different ways depending on what is used as the base for 
comparison in calculating losses. If optimal useful lives of old 
means are determined after their obsolescence is discovered, the 
recognition and calculation of obsolescence are not only not a loss 
but also a means of attaining the greatest savings. Continuing the 
use of obsolete means of labor would be a loss. Exaggeration of 
their depreciation could also cause losses if it led to rejecting their 
use when this was still effective. 

But obsolescence does involve a loss if the possibility is not 
grasped of anticipating and reducing it by choosing means with 
shorter useful lives or those less subject to obsolescence, achieving 
in this way still greater labor economies. 

Suppose that the production of output is possible with two 
types of machines, A and B. Machine A is longer-lasting and is 
more subject to the effect of obsolescence. If we consider only 
physical wear and tear, machine B is less economical; but, on the 
other hand, it is less subject to obsolescence. 

Given identical investment, these machines have the following 
indicators (see Table 37). 

Table 37 

Average production costs of output, 
Type of in rubles per unit for useful lives 
Machine Optimal with respect 

to technical wear 
and tear Optimal* 

A 10 15 
B 12 13 

*With respect to technical wear and tear, and obsolescence. 

If we do not foresee technological progress and obsolescence, 
we must prefer machine A. But if we foresee obsolescence, then B 
will be the optimal type of machine. In comparison with this 
possibility, the choice of machine A - as a result of obsolescence 
-will cause, over a certain period, losses of 15- 13 = 2 rubles per 
unit of output. 

14. T;1e Varying Influence of Technological Progress 
on Optimal Useful Lives of Machines and Their Parts 

Techological progress influences the useful lives of parts and of 
machines in different ways. These varying inJlucnccs arc explained 
by the varying tendencies or technological progress in n:g;ml lo 
the useful lives or parls :tllll III<ICiiilll'S. 1\apid Wl'<lr and k;1 r or 
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parts not only increases outlays on repair and idle periods 
associated with it, but also reduces the reliability of machines and 
instruments. With the development of complete mechanization 
and automation of production, the economic significance of 
reliability of parts increases by many times, approximately as 
much as the value of the complex of technologically related 
machines. 

That is why technological development is directed toward 
increasing the durability and wear-resistance of parts, above all, of 
the least long-lasting of these.7 This tendency is also strengthened 
by the advisability of drawing closer together periods of technical 
wear and tear of different kinds of parts and of lengthening 
periods between repairs. 

On the other hand, technological progress is directed toward 
reducing the useful lives of machines. The shorter the useful life of 
a machine, the less is its obsolescence. 

These opposing tendencies have a common basis. Both arise 
from the principle of the lowest costs per unit of machine output. 
If we try, giving rein to our imagination, to think of a conceivable 
final point of development of these two tendencies, then at this 
point the useful lives of all parts will be equalized with each other 
and with the useful life of the machines as a whole. Of course, 
such a situation is impossible. The conditions of wear and tear of 
individual parts are so different that the influence of these 
differences can hardly be compensated by the more precise 
adaptation of the properties of materials to the fun ctions of parts 
manufactured from them. A roundabout route to the same goal 
has bee.n found in practice, namely, the modernization and 
replacement of relatively less long-lasting parts and assemblies by 
new ones with different designs that better correspond to the 
changing requirements of technology. With m odernization an old 
machine ends its ex.istence before its longest-lasting parts wear out. 
lt is replaced by a new one manufactured throucrh use of its 
long-lasting parts. In this way modernization can draw together 
the useful ~fe of a machine as an aggregate of specific parts and 
the useful bves of less long-lasting parts and assemblies. 

15. Problems of the Practical Applications 
of Methods and Procedures l~ccommcnded 
by Us for Sclcding Makrial 

We I1:1VL' prcsL·IJ!L·d o1ily Ill(" h;1sil' nil cs lor determining the 
oplllll<il uscliil IIVl~S olllll'<IIIS ol Lil•lll in ;1 sot'i;ili<>l l'l'on 0111 y. The 
<ipplic;il ioll ol I Ill",')(" I I ill"S 1\'lll.lilL': dilllnill . Tlw ll')',ldaril.il'S or 
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technical wear and tear have been little studied. The economic 
consequences of technical wear and tear have been still less 
studied. But this is not all. The study of the economic 
consequences of technical wear and tear is hindered by the fact 
that plant bookkeeping is not arranged for this purpose. 

The study of the methods of determining useful lives 
illuminates the goal toward which we must strive. It shows which 
materials must be produced, in which direction to conduct the 
study of the wear and tear of means of labor, and what should be 
the objectives of methods of determining useful lives. 

We have become convinced that the curves of the relationship 
of operating costs to the period of service of a means of labor and 
to the amount of "work" performed by it are the most important 
data for calculating optimal useful lives. Such curves are necessary 
for all means of labor, both old and new. True, a curve of these 
costs with old implements is not necessary for determining the 
limits of use of old means of labor. In this case a similar curve for 
new means of lab or is necessary. Without this curve it is not 
possible to determine correctly the production costs with new 
implements, which is necessary for determining the limits of use of 
old implements. 

The dependence of operating costs on technical wear and tear 
can be determined only on the basis of a great deal of empirical 
material. The production costs of output producible by means of 
the fixed capital studied and indicators of its physical wear and 
tear must be the initial data. 

The calculations must be worked out so that influences of all 
factors other than technical wear and tear are eliminated. This is 
not an easy task. Therefore, we must seek its solution by various 
methods: 

(1) by studying indicators of the effectiveness of "work" of 
the same fixed capital for different segments of time of its service; 

(2) by studying indicators of the effectiveness of "work" of 
fixed capital of the same form but of varying ages; 

(3) by technical analysis of the operating conditions of 
machines during their useful lives and through construction on this 
basis of a typical curve of changes in costs during these lives; 

( 4) by experimental study of technical wear and tear and the 
determination of its economic consequences. 

The economic consequences of physical wear and tear must be 
studied to begin with, if only for the most important forms of 
means of labor. 

The empirical study of obsolescence is a most difficult problem. 
Its difficulty involves the fact that we must ddenninc till· future 

dynamics of economic indicators without knowing those 
economic means with the aid of which it will be realized (because 
if such means were already known they would be realized as new 
means of labor). It is not possible to replace curves of future 
changes of indicators of effectiveness of machines for one or 
another purpose by data on the average growth of labor 
productivity in the country. The rates of technological progress in 
different lines of production differ greatly from each other. 
Therefore, the use of an average magnitude of growth of labor 
productivity for the entire country will, for example, sharply 
exaggerate the future obsolescence of new textile machinery and 
understate this obsolescence for internal combustion engines, 
electronic devices and equipment, etc. Furthermore, the study of 
the principles of obsolescence of machines for a specific purpose 
must be based upon the investigation of progressive tendencies in 
changes in individual technological-economic indicators. For 
example, for conveyors it is necessary to study changes in the 
average lifting capacity, the consumption of fuel, the weight of the 
machine per unit of power, etc. Only such detailed study of the 
principles of technological development can yield sufficiently 
reliable data for calculating the curve of future changes of 
economic indicators, namely, value of machines and the 
production costs of machine output. 

16. Obsolescence, Price Formation, 
and Payments for Capital 

Investigation of the economic limits of service of means of labor 
sheds light on certain controversial questions of calculating costs 
and of price formation. 

The equality of prices to marginal costs is often questioned on 
the grounds that it is equivalent to orienting production toward 
obsolete technology. The equality of prices to marginal costs of 
production with old implements would signify orientation toward 
old technology only if marginal costs with old implements were 
not determined by minimum costs with new implements. But with 
optimal planning, as we saw, the upper limit of reproduction costs 
with old implements is determined by the lowest reproduction 
costs with the most effective of the new implements. This equality 
is possible only because reproduction costs with old implements 
have a different composition from costs with new implements, 
namely, e c and not C 11 + K11 rK. 

Tllus, determining prices by IIWrKinal costs according to formula 
(7.2) si~lll,/lcs oril'ntation toward the• II<'Wl'SI technoloKY (the right 
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half of the formula) and toward the most effective use of old 
means of labor. 

The differences noted in the composition of reproduction costs 
with old and new implements were not taken into account in the 
practice of calculation and price formation. Calculating the service 
limits of implements of labor and obsolescence was thereby 
hindered. 

Formula (7 .1) provides the key to the determination of 
payments for capital. In fact, the effect (future economies of 
labor) of the use of an old means of labor in period t according to 
this formula will amount to 

(7.19) 

where r1(t) is the effect of the use of an old means of labor in 
period t. If ec (t) is determined according to socially necessary 
norms, payments for the use of the corresponding means of labor 
must be equal to r1(t). In particular, for new means whose sum 
(CH + KHrK) is a minimum, payments for capital according to 
formula (7 .19) will amount to KH rK plus outlays on renovation. 
Including this payment in full production costs of output would 
equalize costs for new and old enterprises. With normal operation, 
full production costs of output for all enterprises would be equal 
to CH + KHrK. Thus not only would the time factor (within rK) 
be taken into account but all enterprises would be placed in equal 
conditions of application of labor. In this way, with the correct 
calculation of physical wear and tear and obsolescence of fixed 
capital, production costs of the same articles produced with 
different implements would tend toward a common level, one that 
was characteristic of normal work. Deviations from this level 
would characterize the quality of each enterpris~'s work. 

Of course, the formula presented here for payments for capital 
is extremely simplified. It provides only the basic idea for 
determining these payments. The formula for evaluating means of 
labor with consideration of technical wear and tear and 
obsolescence (7.11) is based on the same idea. Accordingly, 
payments for capital could also be determined as a share of the 
assessment of means of labor, if they were calculated according to 
formula (7.11). Calculating payments for capital according to 
formula (7 .19) would be an important verification of the norm of 
investment effectiveness ( r K ) . Thus, if with a given value of this 
norm a large part of the available means of la bor were 
unprofitable, this would signify that the norm of investment 
effectiveness was understated. 

Notes 

l. For this see pp. 144-145. 
2. A. S. Konson, in his work Ekonomika remonta mashin (Moscow, Machinery State 

Publishing House, 1960, p. I 20), proposes a different formula for determining the degree 
of economy of repair (and thereby the degree of economy of use of old equipment): 

where R is the cost of a major overhaul of the machine, and K 1 is its complete 
reproduction cost (in prices of the same year). 

Nevertheless, this formula is correct only under ''ery inflexible assumptions: 
(a) a machine's wear and tear influences only the cost of a major overhaul, but not 

other operating costs and not the quality of output; 
(b) technological progress does not occur in the given branch (in consequence of 

which the most effective new machine will be a machine of the same type as the old 
one); 

(c) reproduction of the machines completely satisfies requirements for them (demand 
for them). 

Formula (7 .I) requires neither the f'lrst nor the second of these assumptions. The third 
assumption remains. It signifies that the law of value is used not only according to its 
content but also according to its form (i.e., the correspondence of supply to demand is 
observed). Without this condition, value indicators are insuff'lcient for determining the 
effectiveness of these or other outlays. 

3. Ibid., p. 11. 
4. Ibid., pp. 25-27. 
5. For the rule of identity, see Chapter 3. 
6. See S. G. Strumilin, "The Time Factor in Planning Capital Investment," Izvestiia 

Akademii Nauk SSSR, Otdelenie ekonomiki i prava, 1946, No. 3. 
7. For this see A. S . Konson, op. cit., Chapter IV, especially pp. 68 et seq. 

l,ll) 



CHAPTER 8 

THE PROBLEM OF MEASURING RESULTS 
OF LABOR IN A SOCIALIST ECONOMY 

In the measurement of the effectiveness of labor, two problems 
anse: 

(a) measuring the effectiveness of labor in the production of 
specific products, and 

(b) measuring the effectiveness of certain outlays of labor (by 
collectives and by individual workers). 

We must solve problems in practice. 
Measuring the effectivenes of the production of output is 

necessary above all for the distribu tion of labor among different 
uses. 

Finding the minimum of outlays on a given final output is an 
important but insufficient condition for constructing an optimal 
plan for the national economy. It is also necessary that the vo~ume 
and composition of the final output correspond to the national 
economy's requirement . As was demonstrated above, to construct 
a -production plan we must compare ("mutually weigh" ) the 
''useful effects" of different objects of consumption and compare 
them with outlays of labor. 

Measuring the effectiveness of specific expenditure~ o~ li~g 
labor is necessary for organizing production and d~tn~ution 
according to labor. The correct management of productiOn u1 the 
enterprise , the shop , and at the working place cannot be ensured 
only by knowledge of what expenditure ~eh pro~L~ct co,sts 
society. We must also know what the expenditures of IIvJJ1g tabor 
in each of the national economy's link · give to socie ty . In fact , 
how could enterprises, shops, and workers conduct the struggle for 
raising labor productivity if they did not knOW the fl'Stdls of lhL~ir 
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own labor? If indicators of the results of living labor are 
incorrectly formed (for example, if they are raised when they 
should be lowered), then the struggle to raise them will lead to 
lowering labor productivity. 

The correct measurement of the results of living labor is of 
enormous significance. Of all social systems, only socialism is 
characterized by distribution according to labor, and only under 
socialism does the principle of the worker's individual material 
interest in the results of his labor take on full force. But the 
measurement of what each producer gives to society is the 
necessary condition for the operation of this principle. The more 
accurately the results of living labor are determined, the more 
completely the law of distribution according to labor can act and 
the closer the connection between individual and social interests 
can be. The accuracy of distribution according to labor is, in turn, 
the most important condition for the continuous growth of labor 
productivity and of well-being. 

But this is not all. The accuracy of measurement of the results 
of living labor is also of enormous significance for the planned 
direction of the national economy as a whole. On it depends the 
effectiveness of economic calculation. If indicators of the results 
of labor (at enterprises, shops, and by individual workers) 
incorrectly reflect what labor gives to society, economic 
calculation will inevitably hinder the operation of the law of 
development according to plan. It will encourage less productive 
expenditures and counteract the fulfillment of more productive 
assignments established by the plan. 

We repeat: there are two problems in measuring the 
effectiveness of labor. The first one, measuring the effectiveness of 
social labor in the production of specific products, is the 
fundamental one. The solution of the second problem is 
connected with the solution of the first one. 

l. The Problem of the Comparison 

Heterogeneous use values are incommensurable, but in practice 
they are nevertheless compared. What are called indicators of the 
physical volume of output, of commodity circulation, of national 
income, and the like arc calculated as masses of use values. The 
results of en tcrpriscs' work arL~ measured in money. In practice 
cos Is a re co1t1 pared w i Ill n~sull s in order lo tkh:nn inc the 
prol'ilahilily ol produclion. 
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What is the economic meaning of comparing heterogeneous use 
values? How do we best carry out such a comparison? 

It is obvious that we cannot solve this problem directly. But, 
given the im possibility of direct measurement , indirect 
measurement is sometimes possible, i.e. , measurement of a 
quantity that is associated with all incommensurable quantities 
(such as the measurement of temperature according to changes in 
the volume of mercury). 

Precisely such a possibility exists in the sphere of comparing use 
values. All production is associated with one general quantity -
expenditure of labor. This connection creates the possibility of 
indirectly comparing different use values. 

Assuming either outlays per unit of each product or outlays on 
the entire producible mass of use values to be c;onstant, we relate 
change in outlays only to changes in use values, to changes in their 
amount (if outlays per unit of each product are constant), or to 
changes in the relative value of the "weights" of different use 
values (if outlays on total final output are constant). 

Comparing the total amount of outlays by proceeding from the 
assumption of the invariability of outlays per unit of each product 
lies at the basis of constructing indices of the physical volume of 
output, commodity circulation, national income, etc. Comparing 
outlays on each product - given the condition of invariability in 
total outlays on all output - lies at the basis of the comparison of 
costs and results with respect to their conformity to requirements. 

The essence of this latter comparison lies in the fact that 
outlays appear in a double role: (1) as the sum of outlays on 
consumer goods, and (2) as the sum of consumers' incomes. If 
goods are sold at prices corresponding to the balance of supply 
and demand, the relationship of prices to outlays on different 
goods will show the extent to which the production of each 
commodity corresponds to needs. In fact, prices that equilibrate 
the supply and demand for consumer goods reflect equally 
effective "weighing of useful effects" of different products by the 
mass of consumers. Accordingly, the results of production 
calculated according to these prices can be used to compare costs 
and results, taking into account the conformity of production to 
needs. Thus, if prices that equilibrate supply and demand for each 
product are equal to differential costs, this means that production 
corresponds to needs. 

However, demand reflects needs that have already been 
influenced by the distribution of incomes. The more unequal is 
the distribution of income, the less does dclll<llld relkc1 1 he 

population's needs, and the more does it reflect the distribution of 
income. 

The enormous inequality in the distribution of incomes under 
capitalism is associated with similar inequality in the relative 
importance of different classes of consumers in demand. 
Therefore, it appears that outlays on producing luxury items are 
socially necessary, while outlays on producing objects of primary 
necessity for raising consumption by the majority of the 
population to the level of a subsistence minimum are socially 
unnecessary. 

Distribution according to labor under socialism links each 
person's demand with his individual participation in the 
production process. For different individuals the monetary unit 
represents an unequal although not very different part of 
individual incom e. Accordingly, the population's demand under 
the conditions of socialism is incomparably more closely linked 
with needs than under capitalism. But since earnings conform to 
the quantity and quality of labor, the needs of different groups of 
the population still constitute unequal shares of the population's 
total demand. 

Hence it follows that the most exact reflection of needs in 
demand is conceivable only given a distribution of monetary 
incomes according to needs. Thus demand will accurately reflect 
needs only under communism, i.e. , when it would seem that 
demand will have ceased to exist. This unexpected conclusion 
compels us to ask whether it is correct that estimation of needs by 
means of demand will disappear under communism. Doesn't 
demand represent an imperfect form of the system of estimating 
that can best of all be realized only under communism? 

In order to uncover "hints of the higher" in the law of equating 
supply and demand , let us try to present the principles of the most 
effective distribution according to needs at the stage of complete 
communism, i.e. , a distribution such that the utilization of the 
consumption fund will yield the highest degree of general 
satisfaction of needs. 

Distribution according to needs presumes a sufficiently high 
level of labor productivity, so that labor becomes the first vital 
requirement (by virtue of changes in the nature of physicallabor, 
improvement in i1s conditions, shortening of the working day, 
etc . ). 

But dislrihulio11 accordillf.'. lo llt~ t·ds should 11ol he understood as 
lilt~ ahst"llt"t' ol '"'Y lilltiLIIiollS Oil t"Oil SIIIIIplioll Atl ;thli!Hbllt"e or 
prod11l"ls d,H· s 11111 llll'all lh:tl IIH·y hn·oJlH' 1,,.,. goods llndn all 



conditions products will remain the result of labor ; and, although 
the results of labor can be very great, they cannot be unlimited. 

Of course, certain needs are limited by their very nature (for 
example, the consumption of food). With an abundance of 
products such needs can be satisfied without limitations, and the 
volume of production of goods necessary for this can be calculated 
according to scientifically valid norms. However, even in this case 
products with special taste properties and special usefulness may 
remain scarce by virtue of the limited natural conditions of their 
production. 

With a growth in well-being there is an increase in the relative 
importance of needs that do not have definite limits. To make the 
transition to communism dependent on the possibility of 
unlimited satisfaction of these needs means to postpone it for an 
indefinite period. Moreover, the transformation of labor into the 
primary vital requirement is the necessary and obligatory 
condition for the transition to communism. Precisely this 
transformation will allow us to pass from distribution according to 
labor to distribution according to needs. As experience shows, 
such a transformation is possible in individual cases even with a 
comparatively low level of satisfaction of needs. In this respect the 
major factor is the nature of tabor, the dependence of its result on 
the worker's creative efforts. Labor that in its content is absorbing 
for the worker is creative labor, which inevitably becomes a vital 
requirement and moves into the background requests based on 
vanity. In addition, such lab or is more productive than lab or 
associated with external compulsion, even an economic one, i.e., 
than labor prompted by material interest in the results of labor. 
This property of labor performed in accordance with an internal 
incentive was long ago observed in the proverb "Where there is a 
will, there is a way." Although a certain level of satisfaction of 
needs is necessary for "willing" labor to prevail, on the other 
hand, "willing" labor, forming an important part of the content of 
vital interests, limits the development of certain needs. Therefore, 
the transformation of labor into a vital requirement obviously 
does not require the complete and absolute satisfaction of all 
individual needs, but only a sufficiently high level of satisfaction. 

By proceeding from this hypothesis we will present the 
measurement of the results of production under conditions Of 
distribution of scarce goods according to needs. 

The distribution of material wealth according to needs can be 
implemented not only in kind but also in the form of shares of 
participation in the consumption fund . Both forms have been 
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tested in practice, to one extent or another. Distribution in kind is 
applicable both in the absence of any limitations on individual 
consumption (for example, in supplying water or gas) and in a 
situation in which such limitations are necessary (for example, in 
the distribution of products through rationing, and of apartments 
according to orders, and so on). Distribution of shares of 
participation in the consumption fund presumes the limited nature 
of this fund in comparison with social needs. Above all, the 
distribution of incomes in monetary form is applicable here. A 
share of the consumption fund equal to 1/CF, where I is the 
recipient's monetary income and CF is the consumption fund 
expressed in the same monetary unit, is granted to each recipient 
of income. Distribution of goods according to labor certificates is 
also applicable here. The share of participation in the consumption 
fund is expressed in work-hours or in work-days. Historical 
experience has rather completely disclosed the properties of each 
of the forms of distribution of consumer goods. 

Distribution in kind is natural either with the possibility of 
complete satisfaction of the consumer's needs or in those cases in 
which the consumer himself cannot correctly determine what he 
needs. An example is the need for a sanatorium or for drugs for 
medical treatment. But for many goods the composition of needs 
(with due consideration of their comparative value and of outlays 
for satisfying them) can be established best of all by the 
consumers themselves. For this purpose each consumer must have 
his share of participation in the consumption fund, established 
according to the general extent of his needs, with due 
consideration of age, family situation, and other objective bases 
for calculating needs.1 The unit in which costs are measured must 
be the unit for measuring these shares. If this was not the case, 
results and costs would be incommensurable, and consequently it 
would be impossible to determine needs. In determining the needs 
both of society as a whole and of each of its members, the costs 
associated with satisfying these needs must be taken into account. 

Distribution of shares of participation in the consumption fund 
is necessarily linked with the establishment of consumption 
valuations expressing the amount of labor that society considers it 
necessary to expend on the given product according to the 
conditions of consumption. Without such valuations it is not 
possible to create "a connection between the amount of social 
working time that can be expended on producing a specific object 
and the magnitude of social needs subject to satisfaction by means 
of this ohjed."2 



The necessity of consumption valuations is clearly revealed in 
the mathematical formulation of the problem of optimal planning, 
if by this means we seek the production program that corresponds 
to social needs. 

In the preceding chapters we assumed the production program 
for the national economy's final output to be given, and we solved 
the problem for a general minimum of labor costs. If, in 
proceeding from this problem, we formulate a double problem, 
one for a maximum of national income, this maximum will be 
attained only when the differential costs for each product equal its 
consumption valuation. 3 The conformity of the amount of 
working time expended on each final product to the social need 
for it, i.e., to the amount of labor that society considers it 
necessary to expend on it, will also be expressed in this equality. 

Consumption valuations are necessary not only for determining 
the production program for consumer goods but also for planning 
the production of means of production. Without them it is not 
possible to determine which means of production must be 
produced and in what amounts. Furthermore, we have already 
introduced such valuations into our model of the plan, minimizing 
labor costs for prescribed output. Norms of effectiveness of all 
available means of production (rh) are valuations of their use value 
in industrial consumption. Thus, by ignoring at the start of the 
investigation the complex and controversial problem of valuations 
of consumer goods, and by limiting our problem to questions of 
producing the prescribed output, we nevertheless were unable to 
do without consumption valuations of means of production. The 
reason is that in the production of means of production it is also 
necessary to determine to what extent their "useful effects" (use 
value) justify outlays on their production. "The increase of labor 
that is caused by the production of the means of labor themselves 
- machines, coal, etc. - must be less than the labor that is saved 
by the use of the machines. " 4 

Norms of effectiveness of means of production (or what 
amounts to the same things, norms of feedback costs) express the 
minimum economy of labor that these means must yield in the 
optimal plan. A comparison of these norms with costs of 
reproduction yields an answer to the question of whether the 
production of these or other means of production is effective. 

For an object of tabor, rh expresses the consumption valuations 
for the full utilization of a unit of the hth means of production. If 
this valuation (r1,) is less than the diffL~rcntial costs of producing 

the given object, it will not be reproduced. (Remaining reserves 
can be used.) 

For a means of tabor, rh expresses the consumption valuation 
for the partial utilization (during a unit of time) of this means, i.e., 
it expresses rent. This rent must cover outlays on its renovation 
plus the normative effect of investment in this means of labor. lf 
rent (the norm of effectiveness) for the means of labor does not 
meet this sum of outlays, such means of labor will not be 
reproduced, but could be used up to a certain limit of wear and 
tear (for this, see Chapter 7). 

In this way consumption valuations of means of production 
help us to find the plan for producing prescribed final output that 
can be implemented with lowest outlays of labor. Consumption 
valuations of consumer goods are necessary for the purpose of 
finding the program for producing such goods that yields the 
maximum satisfaction of needs. 

The optimal production program for means of production is 
attained when differential costs are equated to the marginal 
effectiveness of utilization of these means of production. The 
optimal production program for consumer goods is determined by 
a similar condition, namely, by the equality of differential costs to 
the minimum consumption valuation of the product (i.e., by the 
marginal effectiveness of its utilization). If consumption valuations 
of the increment in production are larger or smaller than outlays 
of labor on this increment, it means that the production of this 
product exceeds requirements or does not meet them. Equality of 
the marginal consumption valuation to differential costs signifies 
that all possibilities of satisfying requirements are exhausted and 
that the proportionality of production to requirements is ensured. 

However, this brief formula for the optimum is incomplete and 
therefore inaccurate. 

In the first place, we must introduce precision into the 
consumption valuations. Both the individual and the social 
consumption valuations have a specific meaning only as extreme 
quantities no higher than a certain sum for a given mode and 
volume of consumption. 

The social consumption valuation is the maximum price at 
which the entire given amount of the product in a specific interval 
of time can be realized. In addition, this price coincides with the 
minimum valuation for the least effective method of consumption 
of this product in the opti111al plan. In this way consumption 
cstilllales arc "maximins," and in this n~spcct thL~Y arc also similar 
to 1101"111.~ of cfkcliVl'llCSS of llll'allS of JliOdlll'tiOII, l"or l'Xalllplc, to 
t!JL' 1101111 of \"1 kef iVL'IIl'SS ol rapil;il illV!'St 1111'111 
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In the second place, differential costs are "minimaxes." These 
are the minimum costs at which the entire given amount of the 
product can be produced, and they are the maximum costs with 
the least effective method of production, but they are still 
necessary for meeting requirements in the optimal plan. 

However, despite this formal similarity between consumption 
valuations of consumer goods and consumption valuations of 
means of production there is a great difference between these 
kinds of valuations. The effect of the utilization of means of 
production is objective and measurable. The effect of 
the consumption of consumer goods is subjective a,ld immeasurable. 
This does not mean that it does not have an objective aspect. lf 
use values did not have the objective capability of satisfying neeos, 
they would not, as a rule, have subjective utility. But the useful 
properties of consumer goods enter into economic calculations 
only through the valuations of individual or sociJl consumers. If 
we assume that a higher consumption effect corresponds to J 
lJrger valuation, the overall maximum effect from the 
consumption of a given amount will be of the product attained 
under conditions similar to the attainment of the overall 
maximum effect from capital investment, namely , under 
conditions of equality of the marginal effectiveness of 
consumption of the product for all modes of consumption (i .e., by 
all consumers). However, this assumption is too rigorous. It means 
that the distribution of incomes according to needs is already 
being realized and that it is being done in the form of issuing labor 
certificates or even money . At the present time such a distribution 
would have a negative influence on production, and consequently 
on the level of consumption. The problem of maximizing benefits 
cannot be solved apart from the problem of minimizing costs. 
They are linked by the dependence of both on the distribution of 
incomes. On the one hand , the distribution of incomes must 
stimulate cost savings and the growth of production , and on the 
other hand it must be directed at maximizing the general level of 
satisfaction of needs that is possible with a given level of 
production. 

Thus, maximizing the population's well-being cannot be 
reduced to an extremal problem for a minimum of costs and a 
maximum of benefits. It is not possible to determine the 
maximum of well-being without optimizing the distribution of 
incomes, i.e., estimating its influence both on the standard of 
living (the level of satisfaction of needs) and on the level or 
production. If we assume that the system or dislrihulion or 
incomes is sufficiently favorahk holh for prodttL·Iion ;tnd l"1>r 
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consumption, the problem of maximizing benefits has a simple 
solution. The maximum consumption effect is yielded by the 
composition of production that : 

(a)o requires the lowest costs among all allowable methods of 
producing the same consumed output ; 

(b) corresponds to requirements in the sense that the differential 
costs of each product are equal to its differential social valuation. 

The scale of consumption valuations is established by the 
average payment for one hour of labor. Consumption valuations 
can also be expressed in units of average working time. Their 
function is more graphically represented in such an expression. 
They show the amount of labor that society considers it necessary 
to expend on producing each product. Hence it follows that the 
sum total of labor consumption valuations of the entire fund of 
consumer goods cannot exceed the outlays of labor. The equality 
of the sum of prices to the sum of values in this way standardizes 
the general level of consumption valuations. 

Social consumption valuations are subdivided into two forms 
according to their method of formation: 

( 1) valuations expressing the sum of personal (individual) needs 
of a society; 

(2) valuations expressing collective needs. 
Valuations of the first kind are necessary in solving the problem 

of "granting to each member of society material and cultural 
goods according to his growing needs, and according to individual 
requirements and tastes. . . ." 5 

Valuations of the second kind are necessary in problems of 
long-term planning of the national economy and in the solution of 
those questions that determine the long-term structure, rates , and 
direction of development of the economy . These problems are so 
complex and important both in the scales of means required and 
in their influence on the fate of the country that their solution is 
conceivable only on the basis of centralization of power and 
resources. For example, the population's demand does not at all 
solve the problems of accumulation and the rates of expansion of 
production. It is not possible to make the question of 
ac~umulation depend on the volume of workers' individual savings 
(with respect to accumulation, the population's demand is 
expressed in its savings). This would mean limiting the share of 
accumulation in the national incotnc within mu ch narrower limits 
than UIHkr capitalislll. In lhe solution or this problem by a 
SOCialist sl;tlc IIJc sft;m• or :ll'L'llllltil;iliotl ill lhL~ n;llional ill COille 



and its growth rates surpass the corresponding indicators of 
capitalist countries. 

But the optimal planning of accumulation presupposes its social 
consumption valuation. This valuation is the norm of investment 
effectiveness. The optimum in accumulation is attained when its 
volume is such that this consumption valuation of accumulation is 
equated with the individual expenditure of surplus labor on the 
further expansion of production at the same rate. Precisely in this 
lies the meaning of equality6 

'K = (3 max. 

Having established the fundamental relationships in the national 
economy and their dynamics, the long-term plan in addition 
develops those controlling norms that must compel (by economic 
methods) all executors of the plan- both local planning and project 
organizations and enterprises - to direct their activity in 
conformity with the prospects marked out for the development of 
the national economy. Not only the norm of investment 
effectiveness but also the norm of payments for capital, rent 
payments, and the entire system of price must serve this purpose. 
In particular, price policy is an extremely effective means of 
liquidating every kind of disproportion between branches. The 
establishment of a higher plan price for scarce goods not only 
provides the information that the consumption valuation of the 
commodity exceeds its differential costs but, in addition, is an 
economic order to expand the production of this commodity. 

2. Minimizing the Cost of the Social 
Product and M<Jximizing Welfare 

Production is not an end in itself. It is a means of satisfying 
needs. Accordingly, it is natural to accept as the initial task of 
optimal planning the maximization of the welfare function (or the 
function of the standard of living, the social utility function, the 
preference function, or the consumption function - all these are 
different names for the objective function of the results of the 
public economy). Then the dual problem will consist of finding 
norms of effectiveness of resources (of manpower and means of 
production) that minimize the sum of costs or producing 
maximum welfare. These norms arc found by solving tile direct 
problem. In so doing the law or economy of labor can be 
expressed by including free li1nc i11 lllL' wl·ll"arc l'tiiJclioJJ ;Js a 
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special good. The model is thus directed toward seeking the 
optimal length of the working day. The welfare function, 
according to certain investigators, can compare not only different 
goods at the same moment of time but also identical goods at 
different moments of time, i.e., it can take account of the time 
factor in economics.7 

The properties of the task of maximizing welfare that is taken 
as the initial task in optimal planning are, of course, extremely 
attractive, but they are illusory. It is not possible to realize them 
by virtue of the incommensurability both of use values and of 
their subjective utility. True, individual and social preferences for 
some goods instead of others and for some consumption structures 
instead of others are facts, observable everywhere and every day. 
However, order of preferences can be expressed only in 
relationships of "larger" or "smaller," not by way of 
commensuration. In other words, we can assign a larger number to 
the preferred good and a smaller number to the rejected good, but 
it is not possible to assign to these numbers all the properties 
inherent in numbers. It is not possible to add these numbers or to 
subtract one from another. They denote only the order of 
preferences. 

Moreover, it is not possible to identify the order of preferences 
with the order of utility or with the level of welfare. ". . . It is 
easy to jump to the assumption that one pattern is preferred to 
another because it has a large concealed index of 'satisfaction' or 
'utility.' This is a fruitless assumption. More than that it is a trap we 
must carefully avoid. Such a concept was formerly the object of 
intense disputes in economic literature, but it has been completely 
discredited. One of the reasons for this is the obvious 
nonhomogeneity of the index. " 8 " ... One alternative has greater 
utility than another because it is preferable, but the reverse is not 
true. " 9 This means that the investigation of preferences does not 
yield material for determining the utility or welfare function. But 
this is not all. It is very difficult to determine experimentally an 
individual utility function, even under ideal conditions. "If it is so 
difficult to determine the utility function even under the most 
favorable conditions, there is, of course, no hope that it can be 
found under real conditions for situations of practical interest." IO 

The mass demand and structure of consumption of the 
population is a different matter. l n observing it, individual and 
random factors wiJJ [K~ muluaiJy ofrset and the regularities 
dclcdcd can ])l~ USL~d fur prcdicling lklll;llld. Funclions of the 
depl~IHklll'l~ ol demand on IIJc aVl'l :lf',l' illl'Oilll' of COllSlllllers, On 



prices of a given commodity and other commodities, and on other 
factors serve this purpose. 

V.A. Volkonskii proposes that we determine, instead of demand 
functions, the objective consumption function, which would 
permit us to compare the preferability of different consumption 
structures. This function is not clearly deflned. "ln fact, if u(x) is 
the objective consumption function and g(u) is any monotonically 
increasing f11nction then function u(x) = g[u(x)] will also be the 
objective consumption function. This means that the value of the 
objective consumption function itself does not reflect any real 
quantitative regularity." 11 Hence it follows that the level of the 
objective consumption function becomes determinate and assumes 
economic meaning via the given prices. The welfare function (in 
any of its alternatives, in particular as the preference function of 
the mass of consumers) does not have its own unit of 
measurement. The scale for consumption valuations must be given 
from without. 

But this is still not the main difficulty in determining the 
preference function. Let us assume that it can be overcome by 
establishing a common scale for all consumption valuations. The 
major difficulty consists in the fact that as long as labor costs are 
unknown, at least within any limits of possible values, and as long 
as producers' incomes are unknown, neither consumption 
valuations nor preference functions can be determined. It is not 
possible to foresee all possible values of the preference function 
for all possible values of the amounts of goods and incomes. 

The preference function can be determined only given 
comparatively narrow limits of changes in prices and incomes, 
which in turn are determined by the conditions of production and 
distribution. Precisely here we can see the profound meaning of 
the primacy of production as a principle of Marxist t;COnomic 
science, and the idea of the determination of value by labor costs. 
It only seems that we can proceed from maximizing the welfare 
function and then calculate, by solving the dual problem, prices of 
resources. In reality, we can only proceed from experimental data 
and by using plan calculations for costs of production and for the 
distribution of incomes. 

On this basis the need for different products with certain 
possible values of costs can be calculated. By proceeding from the 
most probable alternative of costs and the needs corresponding to 
it, the problem is raised of the minimum labor costs required to 
meet these needs. Data on labor costs obtained in solving this 
problem will permit us to correct the calculation of needs and 

again to solve the problem for a general minimum of labor costs 
with consideration of the corrected composition of needs. In this 
way the level of welfare can be maximized by means of repeated 
minimization of the cost of the national economy's final output 
with repeated recalculations of the need for different goods on the 
basis of data on the labor costs of these goods obtained at the 
preceding stage of the calculations. 

In this case, maximizing the national income is the dual 
problem. It permits us to find those prices of final output for 
which the greatest profitability is attained when the composition 
of production corresponds to needs. This conformity also signifies 
the achievement of the maximum satisfaction of needs possible 
with the given outlays of labor and with the given distribution of 
incomes. As we will see below, the function of the conformity of 
production to needs attains in this process a maximum - zero. 
With nonconformity of output to needs, part of the outlays do 
not create value, and consequently the sum total of prices proves 
to be less than the sum of values, and the function of the 
conformity of production to needs assumes a negative value. 12 

3. Measurement of the Results 
and Effectiveness of Living Labor 

The measurement of the results of living labor is based, on the 
one hand, on the measurement of output and, on the other hand, 
on the measurement of material outlays. Living labor not only 
yields but also absorbs output (means of production). 
Consequently, the product of living lab or can be represented as 
the difference between what labor yields and what it absorbs from 
the national economy, i.e., as the increment in the mass of use 
values produced by living labor. It is not possible to measure this 
difference in kind owing to the heterogeneity of the use values of 
output and of the means of production expended on it. But it can 
be measured indirectly in units of value or in units of labor costs. 
In measuring the productivity of labor it is necessary that this 
indirect measurement reflect the "physical volume" of the 
produced increment of use values. If we measure the result of 
living labor with due consideration of its conformity to needs (i.e., 
in current prices), till' l"l~lationsllip or the result or labor costs will 
exprl~SS ils l'l'l'cdiVL'IIl~SS. 



As we know, the result of living lab or is best measured by net 
output, i.e., by the difference between the value of produced 
output and the value of means of production expended on it. The 
relationship of net output to actual labor costs shows the 
fulfillment by living labor of norms of expenditure of living and 
embodied labor. This essence of the measurement of the 
productivity of living labor can be most easily clarified if we 
ignore the monetary measurement of outlays. Then the 
relationship of net output (expressed in normative working time) 
to actual working time will be the general indicator of the 
fulfillment of all norms, both norms of output and norms of 
expenditures of past labor. For example, if this relationship is 
equal to two, this means that the given labor's contribution to the 
national income was double the planned norms or, in other words, 
that the given worker expended on the creation of output one-half 
the living and past labor required according to norms of output 
and norms of material expenditures. 

In the value measurement of net output the productivity of 
living labor is expressed not by a dimensionless but by a 
dimensional relative quantity, for example, in rubles per 
man-hour. In its meaning this is similar to the index of norm 
fulfillment expressed in man-hours. Indeed, if three rubles of net 
output are yielded, on the average, by one man-hour of labor, and 
in the given case six rubles are yielded, this means that the worker 
expended, in general, on the creation of output one-half of the 
living and past labor required according to norms of output and 
material expenditures. 13 

However, net output is calculated by the Central Statistical 
Administration of the USSR only for determining the national 
income. It is not calculated at enterprises. An obvious 
inconsistency results, namely, the most important national 
economic index appears to be unacceptable for individual parts 
and links of the national economy. 

What are the factors that obstruct the measurement of the 
results of labor at individual enterprises by net output? 

It is customary to think that net output is not calculated at 
enterprises because the wholesale prices of industry and the 
procurement prices for means of production are not proportional 
to the corresponding values. However, the problem of measuring 
the results of living labor at enterprises is not resolved by the 
coincidence of prices with values. Net output depends on the 
conditions of application of labor, namely, the nature of its 
technical equipment, the quality of usable resources, locatio11s, 

and other conditions. The conditions of application of labor in 
producing the same output are usually different. Differences in 
these conditions cause two substantial defects of net output. The 
first one is the incompatibility of particular maxima of net output 
of enterprises, branches, and regions, in a word, of individual parts 
of the national economy. The second one is that net output 
cannot serve as the basis for distribution according to labor. 

Let us examine each of these defects. 
The limited nature of better conditions of application of labor 

in comparison with the need for them gives rise not only to a 
feedback between outlays on different products but also to a 
feedback between the results of the labor of different links in 
production. Consequently, if all of the links in the national 
economy strive to achieve a maximum of their net output, these 
strivings will prove incompatible with each other, for they could 
be realized only by allotting to all enterprises the best conditions 
of application of labor, both natural and technological ones, which 
is impossible. 

Thus, the feedback between costs signifies not only the 
incompatibility of particular minima of costs of production but 
also the incompatibility of particular maxima of the results of 
living labor. 

Because of the incompatibility of particular maxima of net 
output, its dynamics do not reflect the dynamics of national 
income for any part of the national economy. An increase in an 
enterprise's net output by one million rubles does not mean that 
the national income increases by the same sum as a result. If an 
enterprise increases its net output by using scarce raw materials 
that were previously consumed by other enterprises, the national 
income may drop as a result. This will occur when the net output 
of other enterprises is reduced by more than one million rubles 
owing to a transition to poorer raw materials. 

The divergence between the dynamics of an enterprise's net 
output and the dynamics of the national income is explained by 
the fact that one enterprise's net output may grow as a result of a 
reduction in other enterprises' net output. In this way the striving 
of individual enterprises toward a maximum of net output may be 
incompatible not only with similar strivings of other enterprises 
but also with the maximum growth of the national income. 

Another defect of net output is its unsuitability for distribution 
according tn labor. Paylllent ror bhor on the hasis of net output 
would violall~ the pri11cipk or dist rilllilion according to the 
quantity :111d quality ol bho1. Wo1kl"ls o f l)l"ttn equipped 
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enterprises, those using better natural resources, etc., would obtain 
higher pay for the same labor than workers of enterprises located 
in less favorable conditions. 

When the defects of the index of net output are associated with 
inequality in the conditions of application of labor, in order to 
remove these defects we must adjust net output to equal 
conditions of application of labor so that: 

(1) for each increase in adjusted net output there would be a 
corresponding increase in national income; 

(2) labor identical in quality and quantity would yield identical 
adjusted output under any conditions necessary for society. 

How to accomplish these requirements is the major and most 
difficult problem in measuring the effectiveness of living labor. 
The paramount importance of this problem was perceived in 
practice long ago, and attempts were made to solve it. 14 

In practice we have tried to isolate profitability from the 
influence both of changes and of differences in the conditions of 
application of labor. Thus, changes caused by factors that do not 
depend on the production activity of the enterprises were taken 
into account in determining the amount of above-plan profits or 
of economies from reducing production costs. Included here are 
changes in prices of raw materials, semifinished products, fuel, and 
other materials, changes in railroad and other rates, replacement in 
a planned way of basic kinds of raw materials and fuel, changes in 
wage rates and supplements, in depreciation rates, in selling prices, 
and so forth. 

Matters are more complex with respect to the removal of the 
influence of differences in the conditions of application of labor 
on the results of labor at enterprises. For this purpose we use the 
turnover tax, intrabranch accounting prices, the regulation of 
prices for interchangeable means of production in conformity with 
their degree of economy, and different forms of extraction of 
differential rent. 

The turnover tax was mainly used for smoothing out the 
differences in the profitability of production of different goods 
that were caused by price policy. 

Accounting prices within a branch with a uniform wholesale 
price smooth out the influence of different natural sources of raw 
materials on the calculated profitability of their production. Thus -
the uniform wholesale price is formed on the basis or average 
branch production costs of output. This system prevails in lhe 
extractive industry of the USSR. 

The conformity or whok~sak prices or llll':lllS or produL"Iion lo 

their degree of economy is attained by establishing higher prices 
for the more economical, and lower prices for the less economical, 
output serving a given purpose. Differences in prices thus 
compensated to some degree for differences in the degree of 
economy of the applied means of production. For example, we 
would include here the higher prices for scarce kinds of material 
and fuel (nonferrous metals, fuel oil). 

Payments similar to differential rent can eliminate the influence 
of differences in natural resources and transport conditions on the 
production costs of output. Such a system has been applied in the 
timber industry since 1949, when stumpage fees for lumber were 
introduced. 

As we see, in actual practice we have available several means of 
isolating profitability from external influences. The use of all of 
these means of adjusting profitability to equal conditions was· 
inadequate before the 1965 economic reform. Therefore, in 
planning it was necessary for each enterprise to take account of 
those differences in the conditions of application of labor that 
remained unequalized. Nevertheless, in this process subjective 
factors exerted a strong influence on the extent to which actual 
production possibilities of enterprises were considered. The 
greatest rewards were sometimes received not by those enterprises 
that achieved the greatest increase growth in results, but by those 
that obtained the smallest assignments. 

When the planning of assignments proceeded from the level 
attained by the enterprise, other negative consequences arose. 
Only those results attained by the enterprise collective that were 
realized during the planned year were taken into account in 
above-plan profits. But technological progress and progress in the 
organization of production usually do not yield a rapid effect. A 
long time is often necessary for its realization. That is why the 
planning of assignments according to the level attained hindered 
the development of technology and the organization of 
production. 

The problem of adjusting the net output of enterprises and their 
associations to equal conditions of application of labor is most 
accurately resolved under optimal plarming. Payments for capital 
investment (for credit) and for the use of productive capital and 
natural resources place a ll executa of the plan under equal 
conditions of application only if these payments are calculated 
according to the principles or oplirnal planning. The best 
conditions arc thereby crL~akd for cornpkk t'COilOIIlil' calculation. 
Net oulpul is adjusiL·d to l'l)llal l'olldilllHI.~ ot applit•;diOII or l;il)()r 



by deducting from it the normative effect of the use of capital and 
natural resources. The difference obtained can be compared both 
with labor costs and with payments for this labor. The relationship 
of adjusted net output to outlays of living labor may be called the 
adjusted productivity of labor. This index will reflect the 
fulfillment of norms of output, of the quality of output, of 
material outlays, of the effectiveness of use of fixed and working 
capital, and of the use of natural resources, all adjusted to equal 
conditions. The comparison of adjusted net output to wages is 
possible in the form of the difference between adjusted net output 
and wages, in the form of the ratio of these quantities and, finally, 
in the form of the ratio of their difference to wages. These three 
forms of comparison will yield indicators of adjusted net income, 
adjusted gross earning capacity and, finally, profitability. The 
latter is the most synthetic of these. 

But this profitability has a meaning quite different from that of 
the relationship of profits to productive capital. The relationship 
of adjusted profits (from which rent and payments for productive 
capital are excluded) to wages may be called the profitability of 
labor. This is the index of conformity of payments for labor to its 
results; the rate of profit is the index of conformity of the 
distribution of surplus value to invested capital. lt is obvious that 
the index of the profitability of labor corresponds more to 
socialist economics than the rate of profit. Accordingly, we can 
foresee that in the future, calculation of profitability on the basis 
of productive capital will give way in the practice of socialist 
countries to calculating the profitability of labor. 

Conditions have not yet been created for measuring labor 
productivity on the basis of adjusted net output. Furthermore, in 
the future it will not be necessary to calculate this index at each 
working place. The accuracy of all measurements (both in 
technology and in economics) must be economically valid. It must 
be sufficient, but not excessive. Excessive accuracy is unprofitable. 
Calculating the results of labor by the adjusted net output is 
economically valid only where many elements of material outlays 
depend on the workers and where the costs of calculating net 
output will not exceed savings derived from the completeness of 
this calculation. Therefore, the results of labor of small collectives 
(sections and brigades) and of individual workers must encompass 
only those elements of net output that depend on the workers. 
There are more of these elements in the results or joi1ll lahor th~1n 
in the results of individu~li l~il)()r. ConscqliL'Iilly. :1 IIHlrl" co1npklc 
aCCOUnting Of the l'il'llll'i"lls or lll"i ()lli[lllf is IH'Cl'SS:II"V i11 lill' 

measurement of the results of joint labor than in the measurement 
of the results of individual labor. But a correct understanding of 
the results of labor as adjusted net output gives us the key to the 
"weighing" and the measurement of each of the particular 
indicators of the results of living labor. 

Notes 

I. At the present time such a task is almost an impracticable one. This is natural, 
since until the present there has been neither any practical experience in completing it 
nor any scientific development of this problem. But it can hardly be doubted that with 
the further development of physiology, psychology, sociology, and statistics it will be 
possible to investigate the dependence of certain objective attributes of welfare (for 
example, the state of health, of longevity, indicators of mental statistics) on the 
level and composition of consumption, and also to study the dependence of needs on 
sex, age, profession, and climatic conditions. Such investigations will not only enable us 
to place the problem of optimizing consumption on an objective basis, but will also 
sketch out the means of its solution. 

2. K. Marx and F. Engels, op. cit., Vol. 25, Part I, p. 205 . 
3. See Chapter 9 on this. 
4. K. Marx and F. Engels, op.cit., Vol. 23, p. 453. 
5. Programma Kommunisticheskoi partii Sovetskogo Soiuza, State Political 

Literature Publishing House, 1961, p. 64. 
6. See page 190. 
7. See V. F. Pugachov, "Criteria of Optimality of the Economy," in 

Ekonomiko-matematicheskie metody. Narodnokhoziaistvennye modeli. Teoreticheskie 
voprosy potrebleniia, Moscow, Academy of Sciences of the USSR Publishing House, 
1963, pp. 64 et seq. 

8. R.D. Luce and H. Raiffa, Igry i resheniia (translated from the English), Moscow, 
Foreign Literature Publishing House, 1961, p. 3 8. 

9. Ibid., p. 66. 
10. Ibid., p. 63. 
11. V. A. Volknoskii, "On the Objective Mathematical Characterization of 

Consumption," in Ekonomiko- mathematicheskie metody. Narodnokhoziaistvennye 
modeli. Teoreticheskie voprosy potrebleniia, Moscow, Academy of Sciences of the 
USSR Publishing House, 1963, p. 204. 

12. More detail is given on this in Chapter 9. 
13. The meaning of the measurement of productivity of living labor as an index of 

norm fulfillment will become even clearer if we express labor costs in the same units as 
those in which net output is measured. Of course, it would be incorrect to replace lab or 
costs by wages actually paid. Wages depend not only on the quality and quantity of 
labor expended but also on other factors (on the branch, region, results of labo;·, etc.). 
Here the relationship of actual wages to the results of labor is especially important. By 
virtue of this dependence outlays on wages become to a certain degree an index of 
results rather than of costs. In the measurement of labor productivity the monetary 
expression of its costs must depend only on the quantity and quality (skill) of labor. 
For this purpose a uniform system of fixed time rates is necessary, similar to the system 
of constant (comparable) prices, but much more simple (such a system of rates would be 
useful not only for measuring labor productivity but also for analyzing wages). 

Such an index of labor productivity would be a dimensionless quantity expressing 
the general level of fulfillment by workers of all norms of expenditures of living and past 
lab or. 

14. The necessity of adjusting net output to equal conditions of application of tabor 
is a particular case of the general principle of the equal difficulty (homogeneity) of all 
norms in a socialist economy. This principle is the basis of distribution according to 
labor. The standardization of lahor costs is based on it. The measurement of the results 
of living lahor must he based on it. If this were not the case, payment according to 
results would frequently violall' lhc law of distribution according to labor. As we 
dcrnons1ratcd ahovl', the relalionship td ncl output In lahor costs is nothin)-'; other than 
:Ill index of lhl' lnlliiiiiH'III hy liVIIIg bho1 ol all IIOI'IIIS nl tHIHays of holh Jivinh and p£JSt 
laiHII '~ 



CHAPTER 9 

THE LAW OF VALUE AND 
PLANNED PRICE FORMATION 

The role of the law of value in a socialist economy is still 
underestimated. It is true that at present Soviet economists (with 
certain exceptions) recognize the operation of the law of value in a 
socialist economy. But how this law operates remains an unclear 
and controversial question. It is assumed that the law of value is 
limited by the plan in some respects. 

At first . glance this ~grees with the facts. In the first place, 
planned pnces may deviate from prices that correspond to the law 
of value. They may be both considerably higher and lower than 
production costs. They may not correspond to conditions of 
supply and demand. In the second place, planned proportions 
between branches may differ substantially from those dictated by 
the law _of value. Bodies performing the planned management of 
the natiOnal economy may establish production assignments 
without considering their profitability, since the obligatory nature 
of these assignments ensures their fulfillment and even 
overfulfillm en t. . 

There is no doubt concerning these facts. But is it correct to 
interpret them as signifying a restriction of the law of value? Therc 
are two possibilities. If the law of value operates in a socialist 
economy, it cannot be restricted. If it does not operate, it is not 
necessary to restrict it. The very idea that an objective law can b~ 
restricte_d in its operation by subjective factors is inhcrcn tly 
contradictory. Therefore, the plan cannot restrict the law of valutl, 
any more than it can restrict the law of gravity or cqu:.dity of the 
square of the hypotenuse to the sum of squares of the sides. I I' 
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planned prices do not correspond to the law of value, this does not 
mean that the plan can restrict the operation of the law of value. 
The nonconformity of planned prices to the law of value causes 
negative economic consequences. This thought was clearly 
expressed by A. G. Kulikov at the scientific conference on the law 
of value conducted in 1957 by the Institute of Economics of the 
Academy of Sciences of the USSR. "Ignoring the law of value and 
nonobservance of its requirements in the practice of managing the 
economy does not mean that the law of value ceases to function. 
Such an assertion would be equivalent to the denial of the law of 
value. If the law of value is not used according to plan in managing 
the economy, its operation in this case emerges in a spontaneous 
form and leads to negative consequences in the development of 
the economy." 1 

The lag in agriculture, the irrational use of means of production, 
errors in the location of production, the weakening of economic 
calculation in industry, and the construction of unprofitable 
enterprises were noted among these negative consequences. 

Nevertheless, the idea of the restriction of the law of value by 
the plan is still the prevailing opinion of Soviet economists. K. V. 
Ostrovitianov considers that "the restriction of the operation of 
the law of value is the condition for its greatest possible use. "2 

Many other Soviet economists think likewise. 3 But the essence of 
the law of value is the connection between the labor equivalence 
of exchange and the proportionality of commodity production. 
This connection is an objective one, independent of human will. It 
can be manifested in a spontaneous form, but it can also be 
planned. 

The idea that the plan limits the operation of the law of value 
has its origin in the identification of an objective law with the 
spontaneous form of its manifestation. S. G. Strumilin long ago 
warned against this error. Thus, in 1930 he indicated that the plan 
must oppose not the law of value, but spontaneity .4 

The identification of the law of value with the spontaneous 
rorm of its manifestation unavoidably leads to the conclusion that 
I he _law of v_alue a~1d the law of development according to plan 
arc mcompatlble w1th each other. A logical dead end is reached. It 
appears that incompatible, mutually exclusive laws act jointly in 
I he real world. 5 

But in reality the law of value and the law of development 
according to plan not only do not exclude each other but only 
1orntly can he most completely realized. This means that only with 
I Ill~ realization according to plan of the law of value can its action 
IlL· rreed l'rorn llll' irrl"llll'lll"L' of chance, and tllal only with lhc 



complete conformity of planned prices to the law of va~ue c~n t~e 
greatest development according to plan a~d proportiOnality m 
development of the national economy be achieved. . . 

Let us begin with general considerations. We know that wit~ Its 
uncontrolled, spontaneous realization the law of value functiOns 
only in an average sense, i.e., through de~i~tions of prices from 
socially necessary costs. Under these condttlo.ns the law of valll:e 
influences production according to the followmg rule: first cut It 
and then try it on. The rationality of costs is verified only after 
they have been incurred. Hence, "The proportionality of 
individual branches of production will be reproduced from ,6 
disproportionality as a constant process · · · · 

The constant proportionality of branches, and, consequently, 
the constant conformity of prices to socially necessary labor costs 
are conceivable only in a planned economy. "A constant, 
consciously sustained proportionality would in fact . sign~fy 
development according to plan, but not that proportiOnality 
which is established only as an average quantity from a number of 
constant fluctuations. " 7 

On the other hand, with scientifically valid planning, economic 
laws form the content of plans. In particular, the better the law of 
value is taken into account in the plan, the smaller is the role of 
this law as a negative regulator of production. Consequent!~, the 
most complete realization of the law of development accor~mg ~o 
plan is attainable when the law of va!ue is used m~st p~ec~selr, m 
managing a socialist economy; and, VICe versa, .the re~tnct10n ~f 
the law of value by the plan is transformed m the fmal analysts 
into the "restriction" by the plan . . . of the law of development 
according to plan. This conclusion needs further explanation and 
substantiation. 

1. The Law of Value and the Problem of Optimal 
Organization of Management of a Socialist Economy 
The law of development according to plan of the national 

economy is an objective one, and consequently it cannot be 
restricted any more than the law of value. When we speak about 
its "restriction " we use this term in the same provisional sense in 
which we speak of the "restriction" of the law of value, i.e., in the 
sense of "violation of its requirements." With regard to the law of 
value, this violation consists of the nonconformity of planned 
prices to this law. With regard to the law of develop.ment 
according to plan, this violation consists of the nonconformity of 
the methods and organization of management of the national 
economy to its laws of organization. These laws have not yet been 

adequately studied. But the fundamental tendency in the 
organization of economic management is already sufficiently clear, 
namely, the development of d,emocratic centralism. 

We have seen that the most complete combination of 
demo era tization of management of the economy with 
centralization is achieved only when local indicators of costs and 
benefits are completely coordinated with national economic 
indicators, when the minima of cost accounting expenditures 
indicate conformity of local decisions to the overall minimum of 
outlays, and when the maximum of local benefits signifies 
conformity of local decisions to the overall maximum of benefits. 

Accordingly, the degree of conformity of local indicators to 
overall indicators can serve as the criterion of optimality for the 
organization of economic management. The complete 
coordination of local indicators with overall ones opens the 
greatest opportunities for developing the creative activity of the 
workers in an optimal direction for all society, i.e., with 
observance of optimal proportions given the maximum growth of 
labor productivity and with the best use of the workers' material 
and moral interest in the results of their labor. We will 
demonstrate below that such a system of prices and economic 
calculation 'is an expression of the law of value in its most precise 
planned use. 

However, the maintenance of conformity of planned prices to 
the law of value is a very difficult task. It is complex because 
socially necessary expenditures of labor assume both 
proportionality in the structure of production (conformity 
between the production of each product and the need for it) and 
the achievement of levels of costs that are normal for the given 
social conditions. This means that the conformity of planned 
prices to the law of value is attainable when the principle of 
proportionality of production and the law of economy of labor 
are realized not only in the plan but also in managing the national 
economy. This follows from the fact that the exchange of labor 
equivalents and the proportionality of prices to socially necessary 
expenditures of labor are the attributes of proportionality of 
production. 

This means that the complete realization of the law of value as 
an objective necessity , without deviations eau ed by rando m 
factors, assumes the op ti mal organization of a socialist economy, 
ensuring not only the fonnu lation but also the fu lfi ll ment of 
optimal plans. The theory of duality of linear programming 
corresponds to this stakmenl. This theory demonstrates that 



optimal prices are another aspect of the optimal plan. Only 

optimal plan prices possess the remarkable properties noted. They 

coordinate local indicators with overall indicators and local with 

sta te advantage. 
But it is not po. slble to fonnulate a plan under the conditions 

of democratic centrali. m without having prices. At fust glance this 

appears to be a vicious circle. Optimal price ari e from the 

optimal plan. and ::m optimal plan must be compiled on the basi 

of optimal prices. 8 In actuality we are confronted with a 

relation hip characleristic of conomics, in which optimal value 

of interconnected magnitudes are determined jointly by successive 

approximation . 
Mat he m a tj cs has elaborated several algorithms for the 

simultaneous solution of the direct and dual task of linear 

programming. Although much remain to be done in order to 

adapt such methods to planning the national economy, 

nonetheles the possibility of the joint determination of the 

optimal plan and optimal prices has been mathematically proved 

and confirmed by e perience in solving a number of tasks. The 

probl m h re is not the "vicious circle" mentioned above (there is 

an exit from this circle , but the colossal scale of the ta k. It is not 

possible to compile so detailed a national economic plan that the 

prices of all goods couJd be determined in connection with this 

plan. Furthermore, even if it were technically possible it would 

hardly be advisable. Detailing the optimal plan for the national 

economy can be accompushed best of all by detailing 

(disaggregating) optimal pri es estabushed :in the cour e of 

compiling the national economi plan for the mo t important 

products and resources. In this way the interr Jat:ionsrup of the 

plan and prices not only does not form a viciou circle but on the 

contrary. it puts into the hands of the planning apparatus an 

effective in trument for optimizing the economic tru ture, 

namely. approximately optimal pdce . Such prices, formed on the 

basis of prices of the most important products and on the basis of 

no.rms of effectiveness of the most important resources capital 

investment, natural re ources), would be the organizing principle 

jn de tailing the plan of branches, regions, and enterpri es. We can 

assert this becau e the organizing role f prices has b en 

demonstrated by experience. If the law of valu en urc, a certa in 

proportionality of production even under conditions of anarchy in 

production then it can be o much m r ff tive for aut maUn 

the course of a planned economy. 
The fundamental properties and ror111ulas or opfi1nal prin·s arc 

already well know~ (we _will examine them below). By proceeding 

from these and bemg gmded by prices and norms of effectiveness 

of ~he na~ional economic plan we can calculate approximately 

optim~ pn~es. At first they will not be perfect. But each step in 

approximating them to the optimal level will be at the same time a 

step toward optimizing the management of a socialist economy. 

2. The Law of Value as the 

Regulator of Production 

The question of the planned restriction of the action of the law 

of valu~ is connected with the problem of the regulator of 

pro_d~ctwn proportions. The operation of the law of value under 

~ocialism was denied by many Soviet economists precisely because 

It seeH?~d that the recognition of this operation also signified its 

recogm~wn as the regulator of the socialist economy -- of its rates, 

prop~rt10ns, and so forth . At the present time certain economists 

Identify the recognition of the operation of the law of value with 

the rec~gnition of this law as the regulator of socialist production 

proportiOns. 

However, this view is based on neglecting the difference 

betwee~ the planned and unplanned operation of an economic 

law. It _Is the rel~ti?nship between spontaneity and the plan in the 

formatiOn of ~ocialis~ production proportions that is the subject of 

study a?d dispute m the question of the regulator of social 

pro?uctwn. The recognition of the operation of the law of value 

by 1tse~f does not solve this question. It is further necessary to 

determm.e ho_w the law of value operates. Does it operate in 

conformity With the plan or in spite it? 

The plann~~ use of the law of value can subordinate all 

economic ?ec1s10ns ~o the plan, if planned prices and the system 

of economic calculatiOn are formed in conformity with the law of 

val~e . Such a use of the law of value imparts an enormous breadth of 

actiOn to the ylan. The 11a~ional economy's plan must not, and can­

not, d~termme all details of economic activity. It cannot 

deter~me what every enterprise must make every day of its 

operatwn and from what parts each machine and each of its parts 

m_ust be made, etc. But each of these decisions must be linked 

With !he _national economic plan not only qualitatively but also 

quantitatively. 

For cx_a_~l~le, in choosing a material for a part of a machine it is 

not su!llc1ent lo know that nonferrous metals must be 

L'conolllllcd. We lnusl also have data for calculating the extent of 
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this saving. If this were not the case , either excessive savings of 
metal would be possible, causing great losses, or excessive 
expenditures of it connected with losses at other enterprises. 

If prices of metal are established at a level such that the demand 
for it in all effective uses 9 is in balance with its production, this 
metal will be usable only in those cases in which its entire output 
will be most effectively utilized. This does not mean that such 
planning of prices restricts the operation of the law of value. It 
means that the plan creates those conditions under which 
economic laws are directed toward the realization of tasks 
formulated in the plan. By knowing the quantitative relationships 
of prices to those conditions that are accessible to the influence of 
planning management, we can so change these conditions and 
establish such planned prices that the law of value will assist rather 
than counteract the realization of planned proportions. In this 
case proportions dictated by the law of value will coincide with 
the planned ones, but it would be incorrect to consider that 
production is regulated by the law of value. 

Production proportions under socialism are determined by 
many conditions and factors, among which planning management 
is a more powerful factor the better it takes account of economic 
laws. Thus, the question of the regulator of socialist reproduction 
is in principle resolved simply. The plan as a form of realization of 
economic laws must be the regulator. But the accomplishment of 
this principle depends on the scientific level of planning work and, 
in particular, on the accuracy of quantitative economic analysis. 

3. Foundations for Developing a 
Mathematical Model of Price Formation 

Marx first demonstrated that systematic deviations of prices 
from values not only do not contradict the labor theory of value 
but can even be explained only on the basis of this themy. Marx 
was not able to complete his main work, Das Kapital. Nonetheless, 
this work contains the foundations necessary for constructing a 
mathematical model of price formation. 

Without presenting an exposition of Marx's theory of value as a 
whole, we will turn our attention only to those propositions thal 
are necessary for constructing a mathematical model of pril:e 
formation in optimal planning. The objective function and 
limitations are the most important elements of the model of 
optimal planning of a socialist economy. The law of economy of 
labor is expressed most clearly in a mathematical nlotkl if IIH· 

l It. 

overall labor costs of the national economy's necessary final 
output are the minimized objective function of the model and 
if national income expressed in socially necessary labor is the 
minimized objective function in the dual problem. Such a solution 
of the question of the model's objective function requires 
additional explanation. But the greatest differences of opinion 
arise not on the grounds of refinement of the objective function, 
but on the grounds of the limitation of the model. The presence 
of limitations on resources causes the emergence of modifications 
(of transformed forms) of value in a socialist economy. 

Which limitations on resources must be reflected in the model 
of the optimal plan? 

The necessity of a certain limitation of social production time 
is the most complex and controversial matter in this question. (By 
social production time we mean the entire period between 
expenditures of social labor made for producing the given product 
and the receipt of the given product for consumption.) Limitation 
of the social production time emerges as a limit on accumulation. 
The optimal relationship between consumption and accumulation 
is a most complex problem. Here we will deal with it only from 
the standpoint of the necessity of considering the limited nature 
of accumulation in the course of calculating costs and benefits, 
and this means also in the process of price formation. 

There are no doubts concerning the necessity of considering 
limitations on natural resources. In a socialist economy not only 
the better national resources but also relatively poorer ones are 
used. 

In the same way all productive capital must be taken into 
account in compiling the plan. Some of the implements of labor 
have become obsolete for reproduction but can still be effectively 
used. Consequently, the quantity of these implements cannot be 
immediately decreased, and their valuation does not reach their 
costs of production. 

In optimal planning models, the value accounting of limitations 
is essentially done according to the prinicple of prices of 
the law of value that prices of nonreproducible resources tend 
toward levels at which the demand for them is covered by supply. 

According to Marx's teaching, the equilibrium of supply and 
demand is a necessary condition for realizing the law of value. It 
can be said that in his theory of value the price of equilibrium of 
supply and demand is a form of manifestation of the law of value. 
"hvcn an ordinary economist ... must agree that no matter what 
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the market value is, supply and demand must be equalized in order 
for it to be realized." 10 

Some of our economists believe that this norm is not obligatory 
for a socialist economy. This is correct in the sense that planned 
prices can deviate from prices of equilibrium of supply and 
demand. Nevertheless, as we will see later, experience 
demonstrates and mathematics proves that the rejection of this 
form directs the operation of the law of value against the law of 
economy of labor. In the mathematical model of the law of value 
the price of equilibrium of supply and demand is the necessary 
means for taking account of limitations of resources and 
requirements. 

Mathematics demonstrates that prices of equilibrium of supply 
and demand help us to find the minimum or maximum attainable 
with certain limitations. By using this method in models of the 
operation of the law of economy of labor we become convinced 
that the extremal role of the form of manifestation of the law of 
value is connected with the general law of economy of labor, not 
with a special economic law of any system. Under communism the 
overall minimum of labor costs can be determined only with the 
aid of those norms of effectiveness of use of natual resources and 
investment that balance the demand for these resources with their 
planned availability. 11 Accordingly, those who believe that the 
form of manifestation of the law of value is not obligatory for a 
socialist economy are wrong. The balance of supply and demand is 
even more important for a socialist than for a capitalist economy. 
On the other hand, only planning,can ensure a stable balance of 
supply and demand. Not only the theory of optimal planning but 
also the development of our practice leads to this conclusion. In 
practice we take increasingly better account of the state of supply 
and demand. Although it was previously felt that in our situation 
demand must outstrip supply (this was seen as one of the 
advantages of a socialist over a capitalist economy), in recent years 
general opinion on this question has changed. The program of the 
CPSU poses the task of the complete satisfaction of the growing 
demand for consumer goods. 

In addition, important changes in the system of satisfying 
requirements for means of production have been projected in our 
practice. The 23rd Congress of the CPSU decreed: " . . . To 
prepare the gradual transition to planned distribution or 
equipment, materials, and semi finished products by means or 
wholesale trade . . . . " 12 

As a rule the consumer knows his needs better t 1!;111 do 1 he 
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supply organizations. It is only necessary that he should not be 
interested in presenting exaggerated claims. Such an interest is 
unavoidable if demand is larger than supply. Experience also 
demonstrates that if the demand for a commodity is not covered 
by its supply, it is difficult to ensure the distribution of the 
commodity in conformity with actual need. This is obvious in 
regard to consumer goods. Queues, speculation, and other negative 
phenomena appear in the distribution of goods. 

Less evident but still more urgent is the need for equality of 
supply and demand of means of production. With effective 
economic calculation the demand for means of production can 
better express actual requirements than the demand for consumer 
goods. Consumer demand would correctly reflect needs only if the 
distribution of monetary incomes is according to needs rather than 
according to labor. But if demand originates from enterprises 
guided by the principle of "the maximum of results and the 
minimum of costs," then prices of equality of supply and demand 
ensure a distribution of means of production among enterprises 
such that these means are most effectively used and an overall 
minimum of costs of producing the national economy's final 
output is attained. 

The concept of necessary working time as the quantitative limit 
of "those parts of social working time that can be appropriately 
expended on various particular spheres of production" 13 is of 
great importance in Marx's teaching concerning socially necessary 
labor. This concept reflects the aspect of the law of value that 
involves taking account of the limitation of needs and realizing 
that to do so it is necessary to know not only the amount of labor 
expended on producing a product but also the amount of labor 
that society considers it advisable to expend on this product. The 
necessary working time in this sense of the concept is clearly 
revealed in the mathematical modeling of the law of value. A 
special auxiliary (or resolving) Lagrange-Kantorovich multiplier 
must correspond to each limitation in the model. 

True, certain economists object to the use of these multipliers 
in planning prices on the ground that these multipliers have a 
marginal (limiting) character; and, as we know, Marxism cannot be 
combined with marginalism. However, this objection is based on a 
dogmatic simplification of Marx's economic teaching. Marginal 
magnitudes play a substantial role in it. It is sufficient to recall the 
role of the least productive expenditure of labor and capital in 
Marx's theory of ground rent, and also the defense of this concept 
by Lenin in his dispute with Bulgakov. Bulgakov objected to the 
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concept of the last, least productive expenditure of labor and 
capital, which concept plays a large role in Ricardo's and Marx's 
theories of ground rent. Bulgakov asserted that the price of grain is 
determined by the average productivity of capital. Lenin called 
Bulgakov's reasoning on this "average productivity" an empty 
arithmetical exercise. He wrote: "Bulgakov . . . overlooked a 
trifle, the limited nature of land. This limited nature - completely 
independently of any ownership of land - creates a certain kind 
of monopoly, namely, since the land is entirely occupied by 
farmers, and since demand is presented for all grain produced on 
all land, including the very poorest plots and the ones most distant 
from the market, it is clear that the price of grain is determined by 
the cost of production on the poorest land (or the cost of 
production associated with the last, least productive expenditure 
of capital)." 14 

Lenin linked the role of the least productive expenditure of 
capital with the limited nature of land. But not only natural 
resources are limited. The volume of accumulation is also limited. 
It is smaller than the number of possibilities for effective 
investment. Accordingly, it is not by chance that we find in Marx 
an indication of the limiting nature of the general rate of profit. 
"Special rates of profit in different spheres of production are 
themselves more or less indeterminate; but to the extent that they 
appear, it is not their uniformity but their differences that emerge. 
The general rate of profit itself emerges only as a minimum limit 
of profit, not as an empirical, directly perceptible form of the 
actual rate of profit." 15 

Here Marx links the limiting nature of the general rate of profit 
with differences in particular rates of profit in different spheres of 
production. This idea is also present in Marx's observation that 
"differential rent . . . is nothing other than additional profit 
existing in any sphere of industrial production for any capital 
functioning in better than average conditions. Only in agriculture 
is it consolidated, since it rests on such a solid and (relatively) 
stable basis as different degrees of natural fertility of different 
categories of land." 16 

Accumulation in a socialist economy is also limited, although 
differently than in the case of land. Accordingly, we must also 
apply to capital investment Lenin's comments on the decisive role 
of its least productive expenditures in price formation. 

Under the conditions of socialism, marginal quantities 
(Lagrange multipliers) have incornparahly greater i1nporlann· lll:lll 
under capitalism. In a socialisl economy lllese qt1:11llilies :m' :1 
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necessary instrument of optimal planning, whereas under 
capitalism "marginal measurement" is accomplished 
spontaneously, only as a tendency that is constantly disrupted and 
that cannot lead to an optimum. 

It is not Lagrange multipliers that are incompatible with 
Marxism, but rather the economic content of those bourgeois 
theories that make extensive use of these multipliers. The same 
mathematical methods can be ap1Jlied in theories constructed on 
diametrically opposed premises. 

In reflecting the form of operation of the law of value, the 
methods of the Lagrange-Kantorovich multipliers can be filled 
with any content. Bourgeois economists use them in models in 
which they seek a maximum of subjective utility. Then the 
multipliers take on the content of marginal utility. If a minimum 
of labor costs for all of the national economy's output is sought in 
optimal planning, the multipliers reflect labor costs in this scheme. 
Multipliers always reflect the content of the objective function of 
the model. 

The use of marginal magnitudes in planning is linked not with a 
subjective theory of value, but with search for the maximum 
benefits or the minimum costs of organizing the economy on the 
principles of democratic centralism. Accordingly, the indicated 
quantities can be excluded from the sphere of calculating costs 
and determining prices only by rejecting the use of those 
mathematical methods that are necessary for achieving the greatest 
economy of labor and the best results. 

We see that all the premises necessary for the model of planned 
price formation, namely, for determing objective functions of the 
model, constraints, and prices that take account of these 
constraints in value form, are contained in Marx's theory of value. 

The category of the transformed form of value is the most 
complex part of the Marxian theory of value. Marx investigated it 
only with reference to capitalist conditions. As we know, Marx 
and Engels believed that under socialism the law of value would 
lose its force, and naturally the question of the forms of operation 
of the law of value could not rise in socialist economy. 

Marx associated modifications of value with the formation of 
the general rate of profit in a capitalist economy. But, in addition, 
Marx took the position that the price of production has a material 
h~1sis. 17 Hence it follows that the price of production (or the 
1nodirication or value similar to it) must occur not only in a 
c;1pil:disl L'conon1y hut ;llso in a socialist one, since the material 
ll;1.~is of llll' price ol produclion i.~ reL1incd in it and the law of 
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value operates. 
But then the question arises, Which labor costs of the product 

does its price of production express? 
The answer to this question should be sought in Marx's 

observation that the price of production "is determined not only 
by the value of the given commodity but also by the aggregate 
value of all commodities." 18 From this we can draw the 
conclusion that the price of production is a partial derivative of 
the aggregate value of all commodities with respect to the quantity 
of the given product. If this is so , then the price of production 
proves to be the same reflection of expenditures of social labor on 
the given product as the price which is proportional to the value of 
this product. Both are partial derivatives of the value of the 
aggregate product with respect to the quantity of the given 
product, but are formed under different conditions (limitations). 
The price that is proportional to the value of the product is a 
partial derivative, formed under conditions of limitations only of 
needs. The price of production is a partial derivative , formed 
under conditions of limitations not only of needs but also of 
certain resources (of accumulation, of natural resources) . The 
mathematical model of the law of value confirms that this is 
precisely how the matter stands. 

4. Socially Necessary Working Tirrie 

The concept of socially necessary working time is the basis of 
Marx 's theory of value. The influence of the law of value of 
production is based on the comparison of individual cost~ ~ith 
socially necessary costs. Socially necessary costs are the cntenon 
that permits us to distinguish in each individual line of production 
between necessary and unnecessary costs. 

This criterion reflects not only costs but also their social effect, 
not only the conditions of production but also the conditions of 
distribution and consumption. The qualitative 19 and quantitative

20 

conformity of the results of labor to social need (in its specific 
expression for a given society) are taken into account in socially 
necessary labor. 

Furthermore, socially necessary working time is a social norm 
of costs stimulating cost economies. "The determination of valuL~ 
by socially necessary working time manifests itself by cheapening 
commodities and compelling the production of goods liJJdeJ 
identically favorab\e conditions." 21 

This function of the law of value assumes especia 11 y grca I 
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ignificance under socialist conditions. The approximation of 
prices to socially nece ary labor co ts is the basis of olving the 
most important practical tasks of a ocialist economy. namely, 
improving economic calculation, measuring the effectiveness of 
project altematives regulating distribution ac ording to labor, and 
democratizing economic management. The main practical 
djfficulties in the e question stem from the fuel that in 
determining the effectiv ne s of expenditures it is necessary to 
deal with several indicators for which rules of weighlng 
comparison hav not been e tablished. 12 Thus, if some indicators 
of the effectiveness of any alternative are "b tter'' and others are 
"wars •• than in the compared case, it is difficult to draw a general 
conclusion concerning the effectivenes of the given alternative. 
Strictly speaking, a multiplicity of li1dicator of effectiveness 
excludes the possibility of a generalized calculation of tllis 
effectiveness. On these grounds some economists have becorn 
convinced that a single indicator of effectiveness i generally 
impo sible. 

But if pri es corresponded to ocially nece sary Labor costs, the 
effectiveness of project alternatives and th degree of success of 
work by an individual sector of the national economy would be 
measured by the relationship of socially nece ary cost of output 
to individual eo ts. 

So rcfin d aml logically clear a formula for the dTectivcness 
of expenditures i not y t applicable in practice. Planned prices are 
not yet adjusted to proper confom1ity lo socially neces ary co ts. 
The rea on for thi is not only the comple ity of the problem but 
also a lack of attention to it. Th generally accepted defmition of 
socially ne~.;essary expenditures of labor re ts on only part of 
Marx's theory. Only the range of ideas included in Volume I of 
Das Kapita/ is usually used in the treatment of this problem, and 
the development of the category of socially neces ary 
expenditure under the conditions of formation of the price or 
production and of other modifications of valu i not taken into 
account. Moreover , in Volume Ill of Das Kapital. Marx laid llle 
f undations for th general theory of ocially necessary labor. 
encompassing not only those economic conditions in which prices 
l ntl toward values but also tho e condition in which prices are 
proportional to modified value. 

In Volum I of Das Kapital Marx gave the following def:mition 
< I s cially nee s ary labor, forming the substance of value: 
"S l:iall n 'CC ·sary working timt: i that working tim which is 
n:quin'd n r 1 rodu ·ing ;my use value under the exi ting ocially 



normal conditions of production. and with a level of skil l and 
. . t "23 

labor intensity which is average for the gtven so 1e Y. 
The t;oncept of socially nece ary labor i.s not comple_tely 

cove-red by this definition. Indeed if we assume tl1at soctally 
necessary labor is expressed only in average co. ts. we must 
conclude that any modifications of value are not proportional to 
socially n ce sary costs. But this would mean that mod_ifi ation of 
valu ontradicts the law of conomy of labor, dt rupts the 
conformity of production to needs, and requires that goods be 
produced not under socially necessary conditions, but under 
different ones. 

Mar~ thought otherwise. Thus in Chapter 37 of Volume lll of 
Das Kapital we re<1d : " If this division Lof lab r wilhin the enLire 
. ociety - V. N.] is proportional, products of different groups are 
sold at their values (with subsequent development according to 
their prices of production) or at prices that a_re ess~ntially 
modifications of these values in accordance w1th pnces of 
production, and are determined by general laws. In reality:- the law 
of value appears not in relation to individual goods or objects, but 
rather always in relation to th entir totality of prouu~t~ of 
individual social spheres of production, which appears as dlStinct 
owing to the division of labor, so that not only i it true that o~ly 
ne essary working time i expended on each individual commodrty 
but that of the total ociaJ working time only th necessary 
proportial quantity is expended on different groups."

24 
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The meaninu of thi statement is completely clear. The equal1ty 
of market pric~ of moclifications of valu is just as much a sign of 
conformity of price to socially necessary Iabor co ·ts as the 
equality of prices to values. 

S. A Series of Socially Necessary Costs and Its 
Most Important Characteristics, Given 
the Scarcity of Only One Kind of Resource 

How is it possible that both value and its modifications reflect 
socially necessary labor costs? 

This is conceivable under conditions in which socially nece. ~r 
costs represent nol a single quantity but a series of quantit1_ s. 
Then one characteristic of till eries (the average) an detcnnllll" 
value and another one can do so for its modificati n. ul:h :t soi 11L11Hl 
of the question is prompted by logjc and is con!im1 d by rurtlwt 
study of the question. . . . . 

In Volume Ill of Das Kapital we find an cxtcns1ve JnvcsiJg;IIJoJJ 
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of the formation of a series of costs that differ greatly but that are 
necessary for meeting requirements, and the determination of 
prices by two characteristics of tills series, namely, its average and 
marginal (largest) values. 

If a commodity is produced everywhere under identical 
technical and natural conditions, then differences in the labor 
costs of producing it depend wholly on only the particular 
features of the workers. 

In Marx 's view, "in every branch of industry the individual 
worker, Peter or Paul, varies more or less from the average worker. 
Such individual variations, called 'errors' in the language of 
mathematics, mutually offset and cancel each other when we 
select a considerable number of workers ." 25 

Under such conditions the normal, necessary level of costs is 
expressed by their average magnitude. It is sufficient to know 
average costs in order to determine to what extent the individual 
costs of producing a commodity correspond to socially necessary 
ones. 

This is precisely the case that Marx investigated in Volume I of 
Das Kapital. In his definition of socially necessary costs he 
assumed the existence of socially normal conditions -the normal 
character of material factors of labor and the existence of socially 
prevailing means of labor, abstracting in this case from differences 
in the utilized natural resources. 26 

Such conditions obviously existed during the entire period of 
simple commodity production. 27 Such a situation assumes both a 
low level of development of productive forces and an extremely 
slow rate of their growth. The low level of labor productivity is 
associated with uniformity of utilized natural conditions (by 
virtue of the labor intensity of use of poor resources), and the 
extremely slow rate of development of technology ensures the 
existence of "socially prevailing means of lab or." 

But with the growth in the level and, especially, in the rate of 
development of productive forces, substantial differences in the 
conditions of application of labor arise. This is obvious with 
reference to natural resources. Technological progress draws into 
use, together with better natural resources, poorer ones that it was 
previously inadvisable to use. But similar differences in the 
effectiveness of utilized means are created by modern 
technological progress in the means of lab or. New, more effective 
means of labor now appear in many branches within such small 
intervals of time that it is economically impossible to reduce the 
useful liVl~S of prl~Viously produced meanS of labor to these 



intervals. Accordingly, implements with varying effectiveness 
function simultaneously. These differences are smoothed out by 
the depreciation of obsolete means of labor (obsolescence). 
However, the dimensions of the obsolescence of machines indicate 
the great range of differences in the effectiveness of 
simultaneously utilized technology. 

With the emergence of substantial differences in the 
effectiveness of utilized means, the conditions of formation of 
socially necessary costs changed. A series of the distribution of 
these costs appeared. If, in producing a commodity. for one or 
another reason it is socially necessary to use means of production 
differing in effectiveness, costs incurred under both average and 
better conditions of production, as well as under poorer ones, are 
socially necessary. This is so because differences in costs arising 
from differences in the effectiveness of conditions of application 
of labor do not have an accidental character, but a regular one. 
Accidental deviations from the average are distributed according 
to the law of normal distribution, and they more completely 
offset one another close to the same average as the number of 
observations is larger. But the distribution- of deviations from the 
average that are linked with the necessity of using different 
conditions of application of labor is of a different character. Given 
an increase of this kind in the number of observations, deviations 
are not mutually offset close to the former average, but rather 
change the average level itself. 

Suppose, for example, that a commodity is produced on units 
of land with varying fertility - better, average, and poor. With an 
increase in the number of plots that can be cultivated, average 
costs change. The reason for this is the scarcity of the relatively 
better plots of land. Therefore, in taking additional plots into 
cultivation, the relationship between the plots of varying quality 
changes. We will illustrate this with an example. 

Let us assume that the production of wheat is possible on four 
different categories of land. Costs and the possible volume of 
production on the different kinds of land are shown in Tabk 
38. 28 

Table 38 

Category of land 
Price of production Amount of production, 
of a quarter, in in quarters per year 
shillings 

60 1 
8 0 ' (_' -0 3 
D I S " 

The average price of production of wheat under these 
conditions depends on the total volume of its production and the 
quality of land utilized. For example, four quarters per year can 
be produced on land D, also on land B,and C, and, finally, on land 
A, B, and C. That composition of utilized land for which the 
average price of production will be least corresponds to the law of 
economy of labor. Let us show the dependence of the minimum 
average price of production on the amount of production of wheat 
(Table 39). 

Table 39 

Utilized units Amount of producti on Minumum average price Difference between 
of land of wheat, In quarters of production, in shillings highest and average 

per year per quarter prices of production, 
in shillings per quarter 

D 
D,C 

D,C,B 
D,C,l3,A 

4 
7 
9 

10 

15.0 
17 .I 
22.5 
24,0 

0 
2.9 
7.5 

36.0 

As we see, increasing the number of plots that can be cultivated 
leads to changing the minimum average quantity and to growth in 
deviations of the largest socially necessary expenditures from the 
average ones. 

If wheat requirements amount to I 0 quarters per year, in order 
to satisfy this it will be necessary to produce wheat on all plots of 
land considered in Table 38. Then Table 39 will show a series of 
the distribution of socially necessary costs of producing wheat. 
This means that in order to satisfy requirements, not only costs of 
15 and 20 shillings per quarter (which are lower than the average 
of 24 shillings) but also costs considerably surpassing the average 
must be incurred, namely, 30 and 60 shillings per quarter. In a 
capitalist economy the commodity price in such cases will be 
equal to the highest socially necessary price of production, and the 
entire excess of the commodity price over average costs wiU form 
a "false social value," the realization of which yields rent to the 
landowners. In a socialist economy, differential rent as 
landowners' income disappears, but the equality of prices to the 
highest socially necessary costs retains significance. Only with this 
equality can prices be used to distinguish between necessary 
costs (corresponding to the law of economy of labor) and 
unnecessary ones in each individual case. 

Average socially necessary costs cannot fulfill this function. 
Let us observe Tables 38 and 39. If the price of wheat were equal 
to aVL~ragL~ cosls (24 shillings), the production of wheat on land A 
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and B would be unprofitable, whereas the indicated average would 
presuppose the use of these units of land. 

The equality of prices to marginal costs is necessary not only 
when differences in costs arise in consequence of the involvement 
in operation of less and less effective means of labor but also in 
changing to more effective means of labor. True , the idea of price 
determination by marginal costs was originally associated with the 
proposition that production required the use of less and less 
effective means of Iabor. This proposition lay at the basis of 
West's, Malthus ', and Ricardo's theory of rent. 29 

However, Marx demonstrated that differential rent can occur in 
the change to increasingly better land . This idea was expressed by 
Marx as early as 1851. Thus, in a letter to Engels of January 7, 
I 851, he wrote: "The law of rent, in the form of the simple thesis 
put forward by Ricardo , if we leave asid e subsequent conclusions 
drawn from it , does not at all assume decreasing fertility of land , 
but only the circumstance that, in spite of the universal growth of 
f ertility of land with which th e development of society is 

accompanied, the fertility of different plots of land is still 
different or that, with the systematic application of capital to the 
same plot of land, a different result is obtained." 30 

This statement is now more relevant than when Marx lived . 
Rates of technological progress are now much higher than a 
hundred years ago. This statement is important not just in 
explaining prices of agricultural products : it is of fundamental 

importance in explaining the law of value as a whole. lt 
substantiates the necessity of the equality of prices to marginal 
costs, with a continuous reduction in their level , so long as 
differences in the effectiveness of utilized implements continue to 
exist, for whatever reasons. Such a situation usually occurs in 
agriculture and in industry owing to differences not only in 
nonreproducible means of labor but also in reproducible ones_ 
Consequently , Marx 's scheme, which explains price formation in 

agriculture under conditions of increasing fertility of the soil, can 
be used to explain the role of marginal costs under conditions ol 

technological progress in the sphere of reproducible implements. 
In particular , this scheme refutes the idea that the equality td 

prices to marginal costs is equivalent to orienting productio11 
toward obsolete technology . 31 Marginal costs depend on t IH· 

amount of production of the commodity under till.~ IH:Iil-J 

conditions of application of labor, namely, on tile bdtn pil·n·s '" 
land and on th e better machinery. "If production on Ltnd 1!, < · . 

and D exceeded requirements I SL'l~ T :thk 3'> V . N I , LttHI t\ w•nild 

cease to play a regulating role." 32 

In a similar way, the use of obsolete machines ceases as better 
ones are reproduced and marginal costs of production drop. 
Consequently, in the change to better conditions of application of 
labor (to better units of land and to better machines), marginal 
costs themselves are determined by the progress of production 
under better conditions. 

As we already noted, the role of marginal costs in price 
formation does not depend on the reasons for the emergence of 
differences in conditions of application of labor. It is sufficient 
that these differences exist. However, the causes of the formation 
of these differences are important for their stability, their 
tendencies of development, and the limits of their fluctuations. In 
this regard, nonreproducible means of labor differ from 
reproducible ones. Hence there are certain peculiarities of 
differential rent in comparison with profits. Among these special 
features an important one is the circumstance that differential rent 
begins at zero, whereas profits presuppose a certain minimum rate. 
Nonetheless, differential ground rent can be viewed as a particular 
case of supplementary profits from the use of better (more 
effective) means of production. 

This concept of differential rent allows us to generalize the 
scheme of price formation under conditions of change to better 
means of labor, i.e., to construct on this basis a general scheme of 
price formation under conditions of change to better means of 
labor, both to nonreproducible and to reproducible ones. 

Let us present a quantitative model of price formation under 
conditions of change to better means of labor. These means can be 
both better units of land and better machines, appearing as a result 
of technological progress. Then the old, less effective machines 
will be similar to relatively poorer plots of land, the reduction in 
profits from these machines will be analogous to the reduction in 
rent from plots of land previously taken into cultivation, the 
obsolescence of obsolete machines can be compared to the 
reduction in the price of plots of land in consequence of taking 
in to cultivation better plots of land, and the removal from 
operation of worn-out equipment will be analogous to the 
cessation of produ.ction of goods on land whose differential rent 
has become a negative quantity. 

Let us examine three successive periods in the production of a 
certain product. We will assume that the dependence of the 
(kmand for tile product on its price is expressed by the following 
SL'riL'S ('J'ahJc 40) . 



Table 40 

Price, in rubles 
per unit* 

10 
9 
8 
7 

Demand, in units 
per time perio<l 

4 
5 
6 
7 

* Here each unit can express millions 
or even billions or ordinary units. 

In the first (initial) period four means of labor differing in 
quality are used with the indicators presented in Table 41. 

Table 41 
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At the beginning of the second period, means of labor No. 5 is 
introduced with a production capacity equal to 2 u nits per period, 
and with costs of production of 6 rubles per unit of the product . 
Then the indicators for production of the second period will 
change as follows (Table 42). 

Table 42 
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. At the beginning of the third period means of labor No. 6 is 
mtroduced with a capacity of 2 units per period with costs of 
pro~uction ?f 5 rubles per unit of the commodity. Production 
attams 6 umts per period, and the price is reduced to 8 rubles per 
unit of the commodity (Table 43). 

Table 43 
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If by means of labor in this scheme we have in mind 
~onrep~~duc~ble natu_ral res~urces, then under the heading of 

profit we mclude differential rent, and the "price of the means 
of labor" will express capitalized rent. 

If by means of labor we want to signify reproducible resources 
(for example, machines), we must introduce additional 
assumptions: 

( 1) the costs of production of the means of labor do not exceed 
its price in the period in which this means is introduced into 
operation; 

(2) the term of technical obsolescence of each means of labor is 
not less than four periods; 

(3) during each period only the newest technology will be 
pro?uced, and it will be placed in operation in the following 
penod. 

Then the costs of production of the newest technology that has 
been placed in operation in the given period set a limit to the costs 
of pr~duction with old implements and also lower the profits and 
valuation of old means of labor. These relationships can be traced 
from Table 44. 
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Table 44 

First period Second period Third period 

~'- ~ 
~'- ~ "-'- g_ ~ 

0 0 V ~ ~ 0 0 V ~ 0 0 " ~ 
·.;::::;~ 0. ""' ·.;::::.~ 0. "~ ·_;::,~ '"~ 

'"~ u" ~ "~ u" ~ V.!> 

Number of 
u" ~ "'-""' ;::l ;::l v~ 

V.!> 
.g;::l '-'~ Ec .g;::l '-'~ E 2 :Og_ E 2 "8~ 

~;::l ~;::l 

means of lab or 0 ~ -""'o. 
V CO 

0 ~ -""'o. V o; 
~V 2~ V o; 

O.o. 2~ ~" 2- -5 ·-o.O. ..<::-- ;::l '5 ..... o.O. ::! 
,_~ .5 g - . ,_~ .50 '-~ 

,_~ "0 ,_.; 
'-~ 0~ ........ o~ ........ ·-~ "+-. 0 0 

0~ +-' .4- 0 0 ·'- 0 0 
:./) .D =' ~o 

~~ 
~ .!'> ;::l -o 8~ 

~ .!'> ;::l - 0 "~ 
~2£: c;:;_ ~2fr c;:;_ ~2fr ;.:::::;_. u~ 

o·- o·- ·;:::::"+-. 8.s 5 
o·- ·c~ 

8.= 5 ... " 'i:~...o--< 0 "::! ... " .... " o..o 
0...::! 0.. 0 U-- o Q..;::l o..o 0...::! 

1 @] 0 0 10 -1 0 10 --2 0 

2 9 1 10 m 0 0 9 -1 0 

3 8 2 20 8 1 10 m 0 0 
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Prices equal to the marginal costs of each period are placed in 
boxes. To the extent that they are reduced, profits from the use of 
old means of tabor fall below the general rate of profit. 
Accordingly, the reproduction of obsolete means of labor ceases. 
But means of labor that are obsolete for reproduction can be used 
as long as this does not become unprofitable. Nat~rally the~r 
valuation must be reduced in conformity to the reductiOn 111 the1r 

effectiveness (profitability). 
Thus obsolescence equates the rate of profit from the use of 

old im~lements to the general rate of profit (in the optimal plan -
with the norm of effectiveness of capital investment). 

In the given model the range of distribution (the difference 
between the largest and smallest quantitie ) of socially necessary 
costs of producing the corn modity remains constant (th~ee _units 
of tabor per unit of output). Ln ac tuality it is variable. It JS hnked 
with norm of effectiveness of capita! investment . The lower tb1s 
norm is the shorter (with other conditions remaining equal) thL· 
useful li~es of old means of labor can be, 33 and the smaller is till' 
difference between the largest and smallest quantities of the seriL~s 
of socially necessary costs. If the norm of effectiveness ol 
investment is equal to 0.15 in our model, then with a produ cl 
price in the first period equal to l 0 rubles per unit it would no I hv 
possible to produce means of labor No. 5. The cxpccll'll prolil 
from its use would be lower than should rollow !'ro111 a nor111 ol 
0.15 ( 10 h < .10. 0.15). Mc:lllS or l:lhor No. 5 l' Oidd Ill' IISt'd <lliiV 

1) ) 

with a product price of 10.5 rubles. But with such a price it would 
be advantageous to use means of labor No. 1. 

The norm of investment effectiveness is linked, in turn, with the 
rate of growth of production in the national economy as a 
whole. 34 

Consequently, the range of distribution of socially necessary 
costs per unit of the product with reproducible means of labor and 
the useful lives of these means are larger as the national economy's 
growth rate is higher. 

6. Socially Necessary Labor Costs Under Conditions 
of Scarcity of Several Kinds of Resources 

In examining the process of formation of a series of socially 
necessary costs, we assumed that differences in costs of 
production were caused by the scarcity of only one kind of 
resources - land of relatively good quality. For this reason the 
price of the product in the schemes presented is proportional to 
the labor costs of producing it on land that does not yield rent. In 
reality, differences in the costs of producing the same product are 
caused by the scarcity of many kinds of resources, with many 
products being directly or indirectly produced (i.e., through the 
means of production used) with two or more scarce resources. In 
consequence of this, prices become nonproportional to labor costs 
in lines of production using only inferior resources of a given type 
that do not yield rent. In this case marginal costs include rent 
from one (or more) kinds of resources. Marx examined this case in 
Chapter 44 of Volume Ill of Das Kapital. He demonstrated that 
"by means of differential rent of type 11, relatively better land 
that already yields rent can become the regulating price and, 
because of this, all land, including that which has not yielded rent 
up to this time, can be transformed into land that yields rent." 3 5 

Although in this case the proportionality of prices to marginal 
labor costs remains the law of price formation, nevertheless the 
concept of marginal costs acquires here a different, more complex 
content. These are not the marginal (highest) costs of the series of 
socially necessary costs of the given product, but rather the 
marginal increments of socially necessary labor expended on the 
national economy's entire final output, increments that are caused 
by the production of the given commodity with given resources. 
(The formula for socially necessary labor and its substantiation 
will be giwn Ill' low .) 
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7. The Equality of Prices to Marginal Socially 
Necessary Costs, and False Social Value 

The equality of prices to marginal socially necessary costs under 
capitalism is connected with the realization of false social value. 
The average price of production according to Table 39 is 24 
shillings per quarter, and the marginal one is 60 shillings. The 
excess of the marginal price of production over the average one 
forms the false social value. The question may be raised as to 
whether the determination of prices by marginal costs leads to the 
emergence of false value under socialist conditions. 

Marx assumed that with the "replacement of capitalist 
production by association" value of agricultural products would 
drop because of the disappearance of false social value. Under the 
conditions of Table 38 the value of a quarter's worth of wheat 
decreased by 2 .5 times. Marx linked this conclusion with the 
cessation of the action of the law of value under socialism and, in 
particular, with the disappearance of the uniformity of the market 
price of goods of the same kind and quality. 36 

However, the conclusion concerning the disappearance of false 
social value in a socialist economy remains valid also given the 
operation of the law of value. False social value is based not on the 
law of value as such but also on private ownership of land and the 
appropriation of differential rent by landowners. With the transfer 
of this rent to society, part of the payment for labor that 
previously entered into capitalist costs of agricultural production 
can be compensated for out of differential rent. The production 
costs of agricultural output will correspondingly decrease so that 
the new marginal production costs (or even the price of 
production) may become equal to the previous average price of 
production. 37 To explain this we will rework Table 38 into a 
single-product model for a capitalist economy (Table 45), 
proceeding from the following assumptions: 

(l) the entire social product consists of wheat; 
(2) the product of the preceding year enters into consumption ; 

necessary means of production are reproduced at the same time; 
(3) the rate of growth of production is equal to 0.1 per year (in 

conformity to the annual rate of profit, equal to 0.1 ); 
( 4) the relations between costs on different units of land are the 

same as in Table 38 ; 
(5) all rent is distributed according to labor ; 
(6) the overall monetary payment for labor, including paymcnl 

for it from rent, remains unchanged. 

Category 
of land 

A 
B 
c 
D 

"0 
<:: .::: 
'-
0 

>-... 
0 
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A 
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Table 45 
A Single-Product Model for a Capitalist Economy 

(in shillings) 

Produ ct Individual price 

Price of pro · Advanced Profit 

Quarters ducti on for all variable (including Rent 
output (includ- capital rent) 
ing rent) 

1 60 50 10 -
2 120 50 70 60 
3 180 50 130 120 
4 240 50 190 180 

10 600 200 400 360 

Table 46 

A Single-Product Model for a Socialist Economy 

(in shillings) 

of production 

All One 
output quarte r 

60 60 
60 30 
60 20 
60 15 

240 24 

Value of Individual 
Paym ~nt Individual Product 
for labor the surplus value price of 

product production 
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2 3 4 5 6 7 8=4+ : 9=8:2 10=4 11=10 12= 3 
+6+7 +7 :2 - 10 

1 24 20 30 6 4 60 60 24 24 -
2 48 20 30 6 4 60 30 24 12 24 

3 72 20 30 6 4 60 20 24 8 48 

4 96 20 30 6 4 60 15 24 6 72 

10 240 80 120 24 16 240 24 96 9,6 144 

200 40 

Let us turn our attention to the fact that the marginal price of 
production of a unit of the product in this model is equal to the 
a vc ra gc value, i.e., to 60 shillings per quarter. With the 
rcplan.:mcnt or c1pilalist relations by socialist ones, and with the 
previous ll:illlral indic:llors or production, we obtain a 
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single-product model for a socialist economy which is presented in 
Table 46. By comparing model -with model I we ee thal : 

\ . The price of a unit f U1 product was reduced by 2.5 limes, 
i.e. from 60 to 24 shillings per quarter with unchanged 
expenditure of social labor per unit f output, and with 
unchang d p<:~yments for labor. 

2. This reduction in the price was caused exclusively by the 
disappearan e of false social va lue, which in model I was 1.8 times 
larger than the advanced capital. 

3. Differential rent remained in model "2. and the relationships 
among rent from units of land of dHferent categories remained 
unchanged, as well a the relationship of the s1..1m total of rent to 
the wage fund (144/80 = .,60/200 = 1.8). The relationship of ren t 
to the sum total of workers' incomes decreased by __ 5 time 
( 144/::!00 : 360/200 = L/::!.5). 

4. The sum of product prices relative to wages remained 
unchanged (240/80 = 600/200 = 3), but it decreased in relation to 
the sum total of workers' incomes by 2.5 times (240/200 : 
600/ - 00 = 1/2.5). 

5. Equality of the marginal pri e of production to the average 
value of a unit of output was retained in model 2. Consequently 
both models show how the determination of relative prices by 
marginal costs is combined with the determination of their lev I 
by average costs. Marginal costs are calculated in a category of 
costs different from average ones. Average costs are related t 
value a nd marginal costs, to it transformed form - in Lhe given 
mode l. to the pri e of production. 

In model 2 the disappearance of false social value wa 
represented in the form of a reduction in the product price by 2.5 
times, retaining the previous fund of workers' monetary incomes. 
But an essentially similar result is possible with the reten tion of 
the previous product price and an increase in workers' incomes by 
the payment for labor from differential rent . The difference wi ll 
be only in the scale of prices. 

8. Modification of Value 

The equali ty of prices to marginal socially nece sary costs is n J1 
a special case but the general Law of price formation. I t als > 
encompasses price formation according to the fom1Ula r r valu ', 
namely, in the absence of su bstantial differ n · sin lhe cor1llition'l 
of application of labor. average so ·ially n cessary c . Is ·oin ·id1• 
with marginal eo. ts. 11 w~vcr, with dif'l rcnl condi l io11S ol 

lOt. 

app~cation of labor, price formation according to marginal 
so cwlly necessary costs is necessarily connected with the 
modification of value, i.e., with the formation of a system of 
prices in which relative prices of commodities are proportional to 
mar~nal socially necessary costs, and the general price level 
relative to labor ~osts is determined by average socially necessary 
costs. The necessity for such a transformation of value is based on 
the fact that the realization of final output cannot yield more than 
the sum of its values. 

B~t how is it possible that the sum of such prices, which express 
margmal costs, should be equal to the sum of values expressing 
average costs? In other words, how is it possible that the sum of 
prices calculated according to the formula for "actual costs of 
production plus the means of their minimization" should be equal 
to the sum of actual costs of production? 

This is possible if marginal costs are expressed in a scale of 
prices different from average costs (for example, if marginal costs 
are expressed in terms of production costs and average costs are 
expressed in terms of value). Marginal production costs can be 
equal to the value of the same product. 

~et us assume that society produces only one product - grain. 
It I_s produced on two plots with differing labor productivity_ 
Indicators of output and costs are presented in Table 47. Output 
and costs are expressed in kind, and other indicators are in 
monetary units. 

Expenditures of labor are here expressed in production costs in 
a scale different from value (see columns 6 and 1). 

Table 47 
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I otal 200 300 225 75 300 1.5 300 75 

It follows rrom Table 4 7 that the average value of a unit of the 
produc1 is eq11al 1o 1.5 monetary units (300:200). Multiplying this 

" l I 



by the amount of output (column 1), we obtain the social value of 
each plot's output (column 8). 

The marginal production cost of a unit of output is apparent 
from colum11 7. The demand for the product is composed of the 
totals of columns 3 and 4, and is equal to 300 monetary units 
(225 + 7 5). It is equal to supply if price = value = 1.5 monetary 
units per unit of the product. 

Thus, the price of equality of supply and demand in our 
example is equal both to the marginal production cost and to the 
average value. At the same time, it is also equal to full production 
costs with consideration of differential rent. For both plots it is 
also equal to 1.5 monetary units per unit of product. 

Let us make our example more complex. Let us assume that 
many products are produced, and that each of them is produced 
under different conditions of application of labor. Then if the sum 
total of all feedback costs (all rent and profits) is equal to the 
value of the surplus product, the sum of prices of all consumed 
products will be equal both to the sum of their values and to the 
sum of their marginal production costs, and finally, to the sum of 
full production costs. 

Thus prices can be determined simultaneously as average and as 
marginal socially necessary costs. Marginal production costs 
indicate the limit of allowable outlays on each individual product. 
At the same time, with prices equal to these production costs, 
there are no enterprises that are planned to operate at a loss, and 
the sum of prices can be equal to the sum of values. If marginal 
measurement is applied to value, the sum of prices in this case 
cannot be realized, since it will exceed the sum of values. In our 
example the sum of values is equal to demand (300). If the volume 
of supply is equal to the sum of marginal values (200 · 2 = 400), it 
will exceed demand by 100 monetary units. 

We will demonstrate with a similar numerical example the 
possibility of the equality of the marginal price of production to 
the average value. Let us assume that only one product is being 
produced on two plots of land. But in contrast to the preceding 
example, production requires capital investment. In this case 
profit and rent will be consumed unproductively. Indicators of 
output and expenditures are given in Table 48. Indicators of 
output and labor costs are expressed in kind, and other indicators, 
in a monetary unit. 

Table 48 
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1 100 150 100 75 58 133 2 200 125 100 25 16.7 
2 100 300 200 150 117 267 2 200 50 - 50 16.7 

Total 200 450 300 225 175 400 2 400 175 100 75 16.7 

It is apparent from the table that the average value of a unit of 
the product is equal to the marginal price of production and to the 
price of equilibrium of supply and demand, i.e., to two monetary 
units per unit of the product. 

The transformation of value is linked with its redistribution. 
Marx demonstrated the relationship between these processes under 
capitalism. Under the conditions of socialism the transformation 
of value also presupposes its redistribution. But the social and 
economic content of this process are different from those under 
capitalism. The equality of prices to marginal costs under 
capitalism is necessarily linked with the appropriation by the 
owners of better resources of the total effect of production with 
costs lower than marginal costs. Accordingly, the value of the 
surplus product here cannot be less than the overall economy of 
lab or from the use of relatively better resources. 
. I? a soci~list economy the surplus product is not linked by a 

Similar relatiOnship to the effect of better resources. The need for 
surplus labor for expanding production and for other purposes is 
determined by considerations entirely different from the overall 
effect of relatively better means of production. This effect 
depends on the deviations of marginal socially necessary costs 
from average costs. With a large range of distribution of socially 
necessary costs it can exceed the optimal size of the surplus 
product. _Such a situation is more probable the higher the 
technological level and the more intensive its development. 
Accordingly, equating the surplus product to the overall effect of 
better resources can prove to be incompatible with the optimal 
amounts of the surplus product. In the practice of socialist 
construction ;) syslelll or distribution of the national income has 



been worked out that allows any relationships between the overall 

effect of better resources and the surplus product. The incomes of 

workers in socialist countries do not consist only of wages . Social 

consumption funds, distributed among workers free of charge, are 

also included. Therefore, the overall effect of better resources can 

exceed the surplus product by virtue of that part of the necessary 

product that is distributed through social consumption funds. 

9. The Fundamental Equality Determining 
Socially Necessary Working Time 

The concept of socially necessary labor reflects not only the 

conditions of production but also the conditions of consumption 

of a commodity. Only that labor is necessary for society whose 

product qualitatively and quantitatively corresponds to social 

needs. 
This limitation can be exactly fulfilled only by means of special 

consumption valuations expressed in the labor that society can 

spend on each product. The existence of such labor valuations is 

logically necessary in order to separate socially necessary costs 

from the series of the distribution of costs that are possible 

according to the conditions of production. Let us look at Tables 

39 and 40 (pp. 287, 290). These show only the cost s that are 

possible according to the conditions of production. But as long as 

the extent of needs for a commodity is unknown, socially 

necessary costs are also unknown. As a rule , costs per unit of 

output depend on the amount of production. In some cases they 

will increase, and in others they will decline with the growth of 

production. But in both cases socially necessary costs become 

definite only when the social need for the given commodity has 

been determined. This need can be set in a twofold manner: 

(1) according to the amount of the commodity ; (2) according to 

its price. Table 39 becomes a series of the distribution of socially 

necessary costs under one of the following assumption s: ( 1) the 

need for wheat equals 10 quarters per year; (2) the price of wheat 

equals 60 shillings per quarter. 
Each of these definitions of the necessary volume of production 

is connected with the other. The need for any output is not fixed. 

"The quantitative definiteness of this need is extraordin<Jrily 

elastic and variable." 38 It depends on the price of 1 he giwn 

commodity , on the prices of other commodities (cspeci;dly 

substitutes) , and on the level <1nd distribution of tilL' popul;llion's 
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income. 

The l<1w of value determines the necess<~ry amount of 

commodities through the price of equality of supply and demand. 

The labor that, according to the conditions of consumption, 

society considers it necessary to spend on a given supply of the 

commodity is also reflected in this price. If this price coincides 

with the marginal costs of production for the same amount of 

production, this means that the necessary working time is 

expended on the commodity. 

The measurement of output according to prices that balance 

needs and production corresponds to the law of economy of labor. 

If the price of equilibrium of needs and production is lower than 

expenditures on producing the commodity, the loss will show how 

much unnecessary labor is expended on producing the given 

commodity. If the commodity is produced in an insufficient 

quantity in comparison with needs, then the excess profit shows 

the economy of 1abor that society can receive from exp<1nding the 

production of this commodity. 

However, demand usually gives only a distorted expression of 

social needs. The reflection of needs in demand is affected by the 

distribution of incomes. The more unequal the distribution, the 

less accurately does demand reflect the population's needs and 

the more accurately does it reflect the distribution of incomes. 

Only with the distribution of monetary incomes according to 

needs is the equality of outlays on a product to the equilibrium of 

supply and demand an accurate indicator of the conformity of 

production to the law of economy of labor. 

A socialist economy cannot be guided only by the population's 

demand in deciding on the production of final output. This is not 

just because incomes are distributed according to labor rather than 

according to needs. We have already seen that the population's 

demand does not completely solve the problems of accumulation 

and the expansion of production. By its very nature this problem 

requires a centralized solution. But it is ulso not possible to 

consider the population's demand as the final arbiter in the 

determination of the composition of production of consumer 

goods. The transition to communism presupposes the development 

of needs and their rationalization. It is wrong to assume that each 

consumer knows best of all what he needs. Even highly cultured 

people arc often mistaken in determining what kind of nutrition is 

most hcncfici;II for them and what clothing is most suitable for 

tlll:lll. Thl'se ;11HI lllally other questions concerning consumption 

can lw ("()JI("L' IIy soiVL'd llllly ()IJ IIJL· h;l.~i .'i or Sl)lTi;il study. 
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Moreover, it is not pas ible for each person to be a specialist _in all 
those spheres of know ledge that in one .way or another are linked 
with questions of rationalizing consum~twn_. . . 

One of the chief means of ratwnahzmg consumptiOn. -
providing education to develop new nee?s and to str_uggle ag~mst 
needs rooted in remnants of the past - IS the regulatiOn of pnces. 
This is no accident. It is characteristic of education conc_ern.mg ~he 
development of new needs am~ng th~ populatio~. D~stn~utwn 
according to lab or in connectiOn with. t?e rat~onahzatwn of 
consumption makes it possible for a socialist society t? use the 
consumption fund much more effective~y than. was possibl~ for a 
capitalist economy. In other words, with. a g~ven _Pr?ductwn of 
consumer goods per capita of the populatwn a socialist economy 
attains a much higher level of welfare, i.e., a higher general level of 
satisfaction of needs, than does a cap italist economy. 

Hence it follows that, although prices of consumer goo?s under 
socialism take account of demand. production is dete~mmed no't 
just by demand. It is not the equa~t.y of demand p_nces to the 
costs possible according to the cond1t10n of production but t~e 
equality of demand prices to the eo ts nec~sary. from a s?c~al 
standpoint, that is the condition for yropor~wnahty of socmhst 
production. Only this equality determmes socially necessary costs. 
We will illustrate this with an example. Suppose that the 
dependence of demand and full production costs ?n the amou~t 
of production of a product is expressed by the senes presented m 

Table 49. 

Table 49 

Amount of Marginal costs Demand, in 

production, of production of thousands 

in thousands a unit of output, of units 

of units per in rubles per year 

year 

5 30 10 

10 20 25 

25 15 40 

60 12 60 

100 10 80 

120 9 100 

As the table shows, the production of a commodity .and the 
demand for it are balanced with an output of 60,000 umts and a 
price of 12 rubles per unit. But this does not mean that 

production must be equal to 60,000 units. If the given product is 
one whose useful effect is uncerestimated by demand, the amount 
of production must be more than 60,000 units, for example, 
100,000 units. Then the price must be equal to 9 rubles per unit, 
which is lower than the costs associated with this volume of 
production, i.e., l 0 rubles. 3 9 If the given product is one for which 
the consumption must be limited to I 0,000 units per year, the 
demand price will be higher than costs (30 rubles versus 20 rubles 
per unit). 

Thus, in a socialist economy necessary costs represent not a 
simple summary of the population's individual "orders" expressed 
in demand, but an organized collective order, the result of a 
scientific "mutual weighing" of the useful effects of the given 
product in comparison with other products and with costs. Since 
this order depends on the amount of costs, it must be expressed in 
the form of a series of quantities, i.e., in the form of a conditional 
order similar to Table 49. Each line of such a table would 
represent a conditional supply of the following form: if costs are 
such-and-such, then scientifically valid needs (not demand) for a 
given product would be such-and-such. Only on the basis of a 
comparison of this series of costs, possible according to the 
conditions of production, can we calculate beforehand the amount 
of production corresponding to needs and, in addition, calculate 
socially necessary costs. The study of the dependence of demand 
prices on the extent of supply is a necessary but not sufficient 
condition for determining a series of socially necessary costs. A 
scientific investigation of the objective useful effects of different 
products and of the regularities of development of needs during 
the transition to communism is also necessary. 

Thus, the prices of consumer goods must correspond to 
demand, but production must not always be oriented to prices. It 
must always be oriented to socially necessary costs, which may 
not coincide with equilibrium of supply and demand. Hence it 
follows that the measurement of results by the sales prices of 
consumer goods (reflecting demand) cannot serve as the basis for a 
comparison of costs and results. For this purpose socially 
necessary costs are necessary. Since the results are realized at 
demand prices, the determination of results according to socially 
necessary norms can be done only by introducing corrections into 
the :.~ctually realized results. The economic function of the 
lurnovn lax consists precisely of this. 

The turnover lax co111pcnsatcs for the deviations of demand 
prices l'nllll sm·ially lll'l'css:try costs. Results 111easurcd without the 
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turnover tax must reflect socially neces ary costs. Consequently, 

ocially necessary time is determined by the following equality: 

labor, necessary according to the conditions of production is 

eq ua J to tabor necessary ac~.;ording to the cond itions of 

consumption. This equal ity wa formulated by Marx in Volume Ill 

of Das Kapital. Tn Chapter 37 of this volume we read: "Suppose, 

for example, that a disproportionally large amount of cotton 

fabrics is produced, although in this entire product and in these 

fabrics there is only the working time necessary for this purpose 

under the given conditions. But in general too mucb social tabor is 

expended on tJ-ti particuJar branch, i.e., part of the product is 

useless. Accordingly, the entire product can only be sold tmder the 

same conditions that would prevail if i t were produced in the 

nece sary proportions. This quantitative limit of those parts of 

social working time tha t could be appropriately spent on different 

particular spheres of production is onJy a more developed 

expression of the law of value in general , although the necessary 

working time here acquires a different meaning. A certain amount 

of working time is necessary for satisfying social need . The 

limiting factor i. manifested here by means of use value [my 

emphasis - Y.N.l . Under the gjven conditions of production, 

society can expend onJy so much of its aggregate working time for 

such-and-such a product of a pecifi kind." 40 

These statements by Marx substantia lly develop and com plete 

that concept of socia lly necessary labor that he pre ented in 

Volume I of Das Kapital. Marx <li tinguishe between working 

time necessary according to th conditions of production and 

working time neces ary according to the conditions of 

consumption. Socially necessary time is de termined only on the 

basis of both conditions. Proportionality in the distribution of 

tabor among d ifferent kinds of manufacturing means that the 

working time necessary according to the conditions of 

production that i expended on the production of each 

commodity (both on the total amount of it and on each unit of 

it) is equal to the working time necessary according to the 

cond itions of consumption. This equality also detennines sociaJly 

necessary time. 

10. Tendencies in the Development of Socially Necessary 

Labor Costs and the General Law of Price Formation 

The calculation of costs is a social process. Accounting and 

computation arc only its concluding stage. Initial data for 

I t1 I 

~amputation - prices and other value norms - form the most 

Importa_nt elements of economic relationships. Accordingly, the 

calculatiOn of. costs and the formation of their socially necessary 

level~. has a lmt<_Jry and is subordinated both to general and to 

specific. economic laws. Not just methods, but even laws of 

ca!culatmg costs_ do not remain unchanged. They change together 

With economic development. The general direction of 

d~velopment of the me~surement of costs is linked, for example , 

With the la :V of the obhgatory conformity of production relations 

to productive forces and with the law of economy of tabor. By 

vutue of the law of economy of labor the fact that actual costs of 

production consist only of labor is the general law for calculating 

costs at all stages of economic development. 

The law of economy of tabor not only determines the content 

of actual costs of production but also subordinates the calculation 

of ~ab_o~ costs to extremaJ problems, i.e. , to problems of 

maxmuzmg the growth rate of labor productivity. For a known 

degree . of economic development the subordination of the 

calcul~twn of labor costs to extremaJ principles is linked with the 

necessity of considering such auxiliary quantities as social norms 

of the effectiveness of utilization of means of production. The 

norms serv_e as means_ of minimizing the sum total of expenditures 

of l~b?~ 111 the natwnal economy (statics) and as means of 

maximizm~ . the _growth rate of tabor productivity (dynamics). 

T~ese aux~lia~y Items of expenditures arise on the grounds of 

d~fferen_ti~tion of conditions of application of labor. 

f!Ifferentiatwn of conditions of application of tabor is the reverse 

s1de of the development of productive forces. 

With technological progress and a growth in the effectiveness of 

labor, the u~e of relatively poor natural resources is extended, and 

more . effective means of labor are applied together with less 

effe~tiV~ ones. In this way the differentiation of the conditions of 

applicatiOn of labo~ is the result of the growth in the productive 

power of labor With a certain scarcity of the better natural 

resourc~s an_d of surplus labor associated with the length of 

productiOn time. The law of economy of labor can be realized in 

the prese~ce of_inequality in the conditions of application of Iabor 

only by mcludmg auxiliary quantities in the calculation of costs 

C?eyond actual cost_s ? f production). These quantities permit us to 

fmd that_ overall mi~ll11llm of actual costs that is allowable with 

the _scarc1ty of certain resources. Under capitalist conditions these 

aux1~1ary quantities arise spontaneously and are linked with 

ohl:lllllllg surplus value. Under socialism they become means of 



managing the economy on the principles of democ~ati~ centralism. 
Just as differences in the conditions of applicatton of labor 

increase with the growth of productive forces. so does the ro le <?f 
the means of minimization in the composition of cost grow ll1 

calculating socially necessary eo ts. This general tendency ~rrst 
clearly appeared under capitalism. The price of pro?uctwn 
emerged. With the formation of the price of productwn t~e 
content of socially necessary working time changed . Whereas m 
the age of exchange according to value the equality of equ~brium 
prices of supply and demand to ;talues was the s1_on of 
proportionality i.n production, with the appearance of pnces of 
production the quality of equilibrium prices of supp~y and 
demand to pril.:es of production became the s1gn of 
proportionality in production. . . 

Let us recall that Marx considered as the sign of proportwnahty 
in the division of labor the sale of goods not only at their v~ues 
but also (with ubsequent development) at prices of productLOn 
or "at prices that ar essentially mod.ifications of t~ese values and 
correspond to prices or production. and are determmed by general 

laws."41 
• 

But the price of production is the value express1?n. of 
differential tabor costs. Consequently , even under capttalism 
socially necessary labor cost began to be determined not by 
average ~.;osts of producing the product (by value), but by tl~ose 
differential costs incurred by the national economy for the gwen 
product uch that the amount of its pro_duction_ coin ides ~i th 
needs. Of cours , in a planless economy th1s equality charactenzes 
only a constantly disrupted tendency . . 

And what about under ocialism? History does not repeat Itself. 
With the socialist transformation of the economy, that uniformity 
of conditions of application of labor which wa characteristic of 
the precapitalist economy does not return. That i why it is not 
possible to fit socialist price . fo~mation ~nto . the fom1ula ~or 
socially necessary labor that IS mherent m sunple commodity 

production. . 
Thereby we are confronted with the hypothesis of the necessity 

of calculating costs according to formulas for transformed values. 
Experience in socialist construction confirms this hypothesis. The 
norm of effectiveness of capital investment has long been used 
since the end of the 1920s - by many planners in calcubting the 
effectiveness of proje t alternatives. 

The Standard Procedure fi r Determining the /•,jfcc/illencss o.f 
Capital Jnpestment of the Academy or Sciences or I lle USSR 

( 19?0) in essence only adjusted , legalized, and expanded 
prevwusly formed project practice. Unfortunately, norms of 
effectiveness of productive capital and natural resources were 
introduced into economic calculation only in connection with the 
1965 economic reform. Before this the correctness of the 
hypothesis concerning the necessity of calculating costs according 
to formul~s for transformed value was mainly confirmed through 
the negative consequences of calculating costs according to 
fon~ulas fr?m the long past age of simple commodity production. 
An msufficient yield of productive capital and natural resources 
was obviously linked with the fact that they were free of charge. 

Nevertheless , the price of production formula is not suitable for 
a socialist economy._ From the very laws of such an economy there 
e~er~es 1ts own f?rmula for socially necessary labor costs, 
diffenng from th e pnce of production formula. 

In a planned economy, with optimal organization the national 
eco!lomy's minimum differential costs for a given product are the 
soCially necessary tabor costs of each product, given the condition 
that production is equal to requirements. With such differential 
costs, not only the overall minimum of outlays on all of the 
national economy's final output but also the overall maximum of 
satisfaction of needs is attained. 

The overall minimum of outlays is attained because differential 
c?sts express the increment in actual costs of producing the entire 
fmal ~r~duct that is caused by producing the given product. It is 
not difficult to conclude that the overall minimum of actual costs 
of production is attained when the production of each product 
caus~s the minimum increment in these costs. The overall 
maximum of satisfaction of needs is attained because the 
co_mposition _of production corresponds to needs, and the greater 
this conformity - other things being equal - the higher the level 
of satisfaction of needs. 

-r:ms form L:la for socially necessary costs presupposes the 
optimal orgamzatl_on of a ~lanned economy, which not only has 
not y~t been at~amed but m general is attainable only gradually 
and with a certam degree of approximation. Consideration of this 
I a w . ~f price formation is absolutely necessary under the 
cond1ttons of socialism. The program of the CPSU says that 

pnccs. must to an m creasing degree reflect socially necessary 
cxpcndtturcs of labor and ensure compensation for costs of 
produd1011 and distribution and a certain profit to each normally 
opn;illll)'. L:nk.rprisc-:' 42 This requirement signifies not only an 
;ipproxllllalloll ol pncn: lo dillncnli ;il costs but also the gradual 
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optimization of planning and managem nt of the Soviet economy. 

How do we find planned socially necessary differential costs? 

For this purpose we must know two distribution erie , namely, 

the distribution of different possibilities (methods) of producing 

the given product with respect to the magnitude of costs and the 

distribution of different possibilities (methods) of consumption 

with respect to the amount of the consumption valuation. 

Formation of the equality of costs necessary according to the 

conditions of production to costs necessary according to the 

conditions of consumption can be represented by the simplified 

numerical model presented below. 

Table 50 

Expenditures of Possible volume The consumption Possibl e volume of 

average manpower . of production valuation of a unit consumption with a 

in man-hours per for these ex pen· of product A , in given valuation, in 

unit of product A ditures , in units 
of product A 

man-hours units of product A 

10 5 10 

2 20 ..j. 20 

3 30 3 30 

4 40 40 

5 50 so 

Let Table 50 express both distribution mentioned above for 

product A. in whi ch each line refers to a ingle method of 

production and a ingle method of con umption , the number of 

methods of production being equal to the number of me_thods of 

consumption . In Table 50 the methods of production are placed in 

increasing order of expenditures per unit of the produ t, and 

method of consumption are placed in decreasing order of the 

consumption valuation for a unit of lhe product. It is immediately 

apparent that the maximum pos ible satisfaction of needs with 

minimum costs will be attained with the utilization of the fust 

three methods of production and the first three methods of 

consumption (b ginning from the top). The volume of production 

is then equated with consumption on the basi. of marginal costs 

equal to three man-hours per unit . With the further expansion of 

production for each unit of the product, mor labor will be 

expended than corresponds to the labor con umption valuati n, 

which contradicts the law of c on my r la r. 

Having tablish d r nt paymen1 . fo r t: ll · r r s ur ·l!s 1'1 r lht.• 

first LW method or pr uu · in' prodtl\'l /\ , WC cq~t ' t l l..~· (I) th' 

entire sum of incomes to the sum of consumption valuations and 

(2) differential costs per unit of output for all utilized mea~s of 

production. At the same time these differential costs (equal to 

three man-hours per unit of product A) will be the smallest of all 

that are possible with the given methods of production when 

production is equal to the greatest satisfaction of needs. 

Of course, our numerical model is simplified in the extreme. 

However, in it_s main features it agrees with more complex models, 

na_mely, for different conditions of application of labor planned 

pnces must be proportional to differential costs rather than to 

average socially necessary costs. Still, average socially necessary 

c?sts c~n tm ue. to control prices. This is the case because 

d1fferen ha! socially necessary costs serve to minimize the sum 

~otal ~f labor costs of the society's necessary final product which 

IS ~qmval~nt to minimizing the average value of a .unit 'of real 

national mcome,. ~.e., of the aggregate final product of the 

necessary compositiOn . Thus, the reduction of the general level of 

average labor costs is the goal served by price formation according 

to marginal costs. 

As we see, in combining theoretical analysis of the law of value 

wit~ historical analysis, tendencies not only in the development of 

socwll~ necessary labor costs but also in the general law of price 

formation clearly emerge. 

If_ w~ recall that with the equality of the conditions of 

applicatiOn of labor marginal and average socially necessary costs 

are equ_al, we ~ill immediately find the general law of price 

f?rmatl~n. This law says that prices always tend toward 

differen~Ial (marginal) socially necessary labor costs. In other 

words, _m contrast to value, the price reflects socially necessary 

expenditures for the growth of production of a given commodity, 

not the_ average costs of producing its entire volume. In 

commod~ty _P~Oduction, in solving the question of the production 

of each ~nd~v1dual ~ommodity, not the total production of the 

commodity _1s exammed but only its comparatively small increase. 

To det~rmme the economic advantage of a growth in the 

productiOn of any com:nodity we must know not the average 

value of out!ays on a umt of the commodity, but outlays per unit 

of growth m production. These outlays may be greater than 

average b~t, as a rule, they are smaller than average by virtue of 

technolog~.c_al progress. Therefore, price formation according to 

average socially necessary costs usually orients production toward 

new. t_~chno~ogy t~ a lesser degree than price formation according 

lo dll krcniJ;tl soctally necessary costs. It is necessary to remember 
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only that differential socially necessary costs are not actual costs 
but planned costs in the optimal plan, and that they are formed at 
advanced enterprises equipped with the newest technology, not at 
obsolete ones, whose degree of economy of use is determined by 

d . 43 costs at new, advance enterpnses. 

11. A Model of Differential Socially 
Necessary Labor Costs in Optimal Planning 

Socially necessary tabor costs contain two kinds of information. 
On the one hand, they express tabor costs necessary according to 
the conditions of production; and, on the other hand, they express 
costs allowable according to the conditions of consumption. The 
coincidence of both these costs signifies that the production of the 
commodity corresponds to the need for it and is being conducted 
sufficiently economically. With optimal planning, socially 
necessary costs express the minimum necessary tabor costs 
according to the conditions of production, and the maximum 
allowable ones according to the conditions of consumption. As we 
will see later, this characterization is incomplete. More exactly, the 
properties of socially necessary labor costs are revealed only with 
the aid of a mathematical model of the optimal plan. We will begin 
with a linear model. The two problems of linear programming -
the direct and the dual - can represent both aspects of the 
formation of socially necessary lab or costs, namely, costs 
allowable according to the conditions of consumption. The direct 
problem demonstrates how tabor costs for the national economy's 
final output are minimized with a given need for this output. The 
dual problem demonstrates how national income is maximized as a 
result of adjusting the composition of final output in conformity 
to needs. 

As we know, the maximum of the general objective function is 
equal to the minimum of the other objective function. W!th 
reference to our double problem this signifies that total workmg 
time is distributed among lines of production so that: (a) the 
production of each final product corresponds to the need for _it, 
and (b) the minimum working time is expended on the entire 
program of the final product. 

Let us examine what the formula for socially necessary labor 
costs will be in the static model (i.e., the formula encompassmg 
one period of time). 

Suppose that: 
c\ are full\abor costs in the planned period for producing a unil 
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of the national economy's ith final output according to the /th 
technological process. This means that all labor costs for the 
means of production used are part of d 

(i = I, 2, ... , 11), 

(I= I' ::!, ... , s); 
a~i i. the full expenditure (for objects of labor) ur th~.: complde 

time of utilization for mean of Jabor) of resource j per unit of 
the ith final product accordi ng ro the lth technologi..:al proce s 
(with con ideration of all preceding tages of production) (i = I , 2 
... ,Jl),{j= ! , 2 . .... m). (l= I, 2, .... s); 

q: is the ~l 1110Lilll of ith una! product produced according [0 the 
/th 1 race . . during Lhe planned period: 

Qi is the amount of resource of type j available at the beginning 
of the planned period; 

qi is the demand for fina l product i during the planned period; 
ri is the norm of effectivene of utilization of the jth resource; 
Pi is the consumption valuation of the ith final product, 

expressed in labor. 
The optimal plan is formed by solving the following problem of 

linear programming: 
Find the production plan, i.e., those nonnegative qf (i =I, 2, ... , 

n; l = I, 2, .... s), which minimize ~ ciqi (overall expenditures on 
the necessary final output) ;,t (9.1) 

with constraints ~ affqi < QJ (the demand for resource j must nut 
1./ 

exceed its availability) 
(j = I, 2, ... , m); (9.2) 

~ q; :' q; (the production of each product must not be less than 
I 

the demand for it) 
(i = 1 , 2, ... , n) . (9.3) 

Norms of effectiveness of use of resources and consumption 
valuations in the optimal plan are determined by solving the dual 
of the preceding problem. 

In order to facilitate drawing up the dual problem we will 
rewrite constraints (9 .2) in the following form: 

ft(-afJ)q:~-QJ (j=l,2, ... ,m). 

Then we will find the nonnegative Pi and ri which maximize 

.f'i(-Qi)-1 f.Ptql (nationalincome) (9.4) 

with constraints: 
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(the consumption labor valuation of each product must not b_e 
higher than the national economy's differentiallabor costs for th1s 

product) 
(i = 1, 2, ... , n;l = l, 2, ... , s). (9.5) 

Let the optimal plan of the dual problem\ ri; P'1\ correspo:1d to 
the optimal plan of the direct problem ( qf): ln this case rj _are 
norms of effectiveness of resources, and p,- are consumptiOn 
valuations of the products in plan\ q~ ). Then 

A ~ l At 
r1 = 0, when ~ ai} · q 1 < Q }' (9.6) 

"I A l "'1 A q1 = 0, when P; < c1 + ~aij · 'i· (9.7) 
j 

Thus, for all production processes included in the optimal plan, 
inequalities (9.5) are transformed into equality 

l ~ l ' ' 
cl+ ~aiJ" 'J = Pr 

j 
(9.8) 

We will explain the basic elements of this model. . . 
The model represents the national economy as_a smgle whole, m 

which intermediate products of the planned penod are treated as 
unfinished production. ln accordance with this, labor costs cl and 
expenditure coefficients alj represen t fl~ll 1.:0 s in the plan~ed 
period, i.e., with consideration of expenditures on :1llmtcrmed1ate 
product necessary for pr ducin g a unit of th zth fmal product. 

Qi (j = 1 ... , m denotes the ~mount of re ·oLlfCC ava~lable at 
the beginning of the planned penod. Here both reprodu cible and 
nonreproducible means of production, and both m~ans of labor 
and objects of labor are included. In this process, With res~ect to 
the means of labor, Q. expresses the effective fund of hme of 
utilization in the plann~d period of the amount of means of lab or 
that is available at the beginning of the period, and wtth re_spect 
to the objects of labor, Q. expresses the amount of these available 
at the beginning of the period. . . . . 

One of the Qi denotes the planned lnmt of capit~l mve~tment. 
The limitation on capital investment has a substantially d1fferent 
nature from the limitation on the remaining material resources. 
This is a limitation on consumption in the planned period. It must 
be one of the sought-for quantities (unknowns) in the problem of 
optimal planning of the national economy. Taking its magnitud_e 
as given, we considerably simplify the task_. Nevertheless, th1s 
simplification does not introduce substantial changes in the 
formula for socially necessary labor. . 

Condition (9.3), which fixes the extent of requirements _tor 
each final product, is an even greater simplirication. In ;1clu:illly, 
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the requirements for each product depend not only on its price 
but also on the prices of many other products, and above all of 
interchangeable products. Prices are determined by socially 
necessary labor costs. Thus, fixing planned requirements can only 
be done conditionally, based on expected (but not yet calculated) 
expenditures of socially necessary labor. Consequently, a single 
solution of the problem does not yield an optimal plan, since the 
prices P,. found may not coincide with those assumptions on 
whose basis the required quantities q,- were calculated. Then we 
must again calculate q,. in accordance with the p,- ascertained and 
once more solve the problem. In this way, solution of the problem 
stated yields only a conditionally optimal plan, based on the 
assumption that the required amounts q,- of final products are 
determined correctly. Since the required amounts q,- depend on 
prices p,-, prices depend on costs (9.8), and costs per unit of 
output depend on the amount of production, the determination of 
requirements and the compilation of the optimal plan are possible 
only by means of iteration. 

Expression~ PtQt- ~ 'r Qi= maxis the objective function of the 
dual problem. 1 i 

This requires explanation. Since ~PiQI represents the sum of 
prices of final output, it may seem th~t this sum also expresses the 
labor value of the national income. However, it is apparent from 
equality (9.8) that besides complete labor costs cL a normative 
effect (economy of labor) from the use of material resources, i.e., 
~ afJ 'i also enters in to prices p,-. For all final products together this 
Jum will amount to ~ a~rq!· ;1 = ~ ;

1
Q

1
. This means that the sum 

j j, l j ' 

of labor prices of final output exceeds its labor value by ~ '1Q i. 

Consequently, in determining the labor value of the n~tional 
income it is necessary to deduct ~riQi (material costs) from the 

j 

sum of prices of final output, as is apparent from formula (9.4). 
Condition (9.5) means that in the optimal plan prices can be 

lower but not higher than differential costs. As we will see later, 
the sum c! + ~ afr'J expresses differential socially necessary costs. 

j 

This means that condition (9.5) indicates that prices in the 
optimal plan cannot be higher than socially necessary costs. This is 
an almost obvious property of optimal prices. Less obvious is why 
prices of certain goods can be lower than their costs of 
reproduction. The explanation is apparent from (9.7). If 
diiTcrenlial costs or some process of producing a given commodity 
L'Xl"l'Cd llll' price or lil;JI l"OilllllOciity, this proceSS is not USed. 
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When a similar situation oc urs for all pro~.:esse of producing a 
given commodity, it wi.ll not be reproduced, ~though il can b_e 
used if its price is set below the cost of productiOn .. An example 1s 
th case in which the produ tion of a better ma lune r duces the 
valuation or an old machine used for the same purpose below the 
cost of reproducing it. Such an old machine will ~ot be 
reproduced aJthough it can continue to be used for a long tml:e: as 
long as it u e doe not prove to be on the edge of unprofitabthty. 

Condition (9.5) can be explain d differently. Not only the costs 
that are now reflected in production costs of output b~t also 
planned profit and differential rent calculated accordmg . to 
optimal plan norm vi enter into th ~_sum ci +. ~alj-'J_ · 
Con equently condition (9.5) means that pnce . mu t yteld pr?l~: 
and rent no higher than the norms of rhe ptunal p_lan. Tht . ts 
natural. If ome technological progress for producm~ Lhe 1th 
product yields h.igher proilt and rent than follow a ·cordmg to ~e 
norm , Lhis is a sign that the optimal plan i no_t yet comple~e. _I~ 1 

necessary to expand the pplica tion of th1s pr?cess, l1fl11 tmg 
certain other proce se •. Norm of ffectiveness of re o~rce also 
change in ·onformity to this. Ac ordingly, in the opt1mal p~an 
socially necessary costs are iden~ical for a~l proce es of pro.~ucm_g 
the given commodity. S e equal1ty (9.8 111 reference _to thts. '_["1us 
doe not meru1 that the labor eo ts of reproducwg. a gt.ven 
corn modi ty are equal in aU processes. It mean_s that eac? process 
of producing the given commodity acc_epted m _the optima~ plan 
eau e an equal increment in the labor mvolved m reproducmg all 
of the national economy s fmal output. 

Since our model of the optimal plan reflects the law of 
economy of labor, the content of costs and results in this model 
reflects the law of labor value. We must only remember that 
working time serves as the unit of mea urement in the mod~l (we 
do not deal with the question o f reducing complex la?or to _s1mple 
labor since one or another solution of this quest10n w1ll not 

' ·bange th conclusion ). . . 
Let us begin with the fund amental relatwn between soCial costs 

and result . According to the duality theorem, 

( 9.9) 

This means that the national income in its tabor express ion 
cannot exceed the labor costs of producing it. The maximum ot: 
the national income is equal to the minillltllll bhor costs ot 

producing it. But the national income can have a smaller labor 
value than the labor costs of producing it in the case of 
nonconformity of production to needs. If more labor is expended 
on s?~e products than society can expend according to the 
conditiOns of consumption (i.e., more than p.), it will be necessary 
for society to expend less labor on other pr~ducts than would be 
necessary to satisfy needs. 

Disproportions between production and consumption mean 
that~ certain part_of th~ aggregate labor was expended uselessly. 
In thts case the national mcome expressed in tabor will be less than 
the expenditures of labor on it. In our simplified model if 

~ qf > ql, then P; = 0. (9.10) 
I 

Thus, in our model, maximizing the value of social results (of 
the national income) involves only the establishment of the 
greatest possible conformity of production to needs. This is 
precisely why the overall results may be lower but no higher than 
the sum of expenditures. This corresponds to the statement that 
"the magnitude of value of a given use value is determined only by 
the amount of labor or by the amount of working time socially 
necessary for producing it." 44 

In turn, (9.10) harmonizes with Marx's idea that, with 
unnecessary expenditure of labor on any branch of production, 
part of the produced product is useless. 45 Since our model 
encompasses only one planned period, (9 .1 0) expresses the loss in 
value of excess products in extreme form, because it does not take 
account of the possibility of using them beyond the limits of the 
given period. 

Equality (9 .9) determines socially necessary lab or for society as 
a whole. In the optimal plan, socially necessary labor costs are 
minimum overall (total) expenditures of labor on output that 
most corresponds to needs. 

Equality (9 .8) is the criterion of conformity of one or another 
alternative (process) of producing the ith product to the optimal 
plan. This means that equality (9.8) determines differential 
socially necessary labor costs for each individual product. The left 
half of this equality expresses the increment in minimum 
expenditures of labor on all of the national economy's final 
output that is caused by producing a unit of the ith product with 
the lth technological process. T:1e right half of equality (9.8) 
represents the increment in maximum national income that is 
c;1used by obtaining a unit of the ith product. Let us explain this in 
lllOfl~ dl'Liil. 

11', 



It is apparent from equality (9.9) that in the optimal plan the 
sum of differential costs for all final products is equal to the sum 
of prices of these products. 

(9.11) 

Since 
(9. 12) 

then (9 .11) can be rewritten as: 

~ P;ql = ~ cfqf + ~ a[qi;r 
i I, I I, j, I 

(9.13) 

Since with small variations in resources flQ/i does not change 
(by virtue of the linearity of the problem), equality (9.8) can be 
written in the form 

{9.14) 

We note that the minimum of the overall sum of differential costs 

,:.. c1q1 -1- _..::.. a1 ·q1 -r1 . [ ~, I I X'1 I I 1 
il l}l. IS determined by the conditional minimum 

of Jabor costs ~ cfqf . With fixed Fiand q~ . u m ~ a!r q : · ;, i al o 1/ lj l 
fixed. Con eq uen tly , d ifferential social ly nece sary la bor co t of 
each in d ividual produc t are expressed by the equality of two 
part ial de rivatives, namely by iti from the cond itional minim um 
of Jabor cost of the requ ired final output and by q1 fro m the 
condi tional maximu m of the co nsumption labo r valualion of the 
sa me llnal ou tput. 

Let us turn to a m ore general model of socially necessary labor, 
encompassing a linear model as a particular case. This change 
permits u to use the Kuhn-Tucker t heorem of the saddle point of 
the Lagrangian function. 1 t has been proved for linear and concave 
program m in g . Production with increasing effectiveness of 
successive expenditure remains beyond its limits when marginal 
costs are lower than average co ts. For simplicity of explanation 
we w_ill again confine ourselves to the linear case. 

On the basis of the Kuhn-Tucker theorem of the saddk point of 
the Lagrangian function46 we can wrik that lhc overall mininllllll 

l i lt 

of 11~bodr c?sts (9.1 )_an? the overall maximum of results (9 4) are rea IZe With such ql P · and . .- h . . 
n 1' ri , 1 or w Ich the Lagrangian function 

. I _..::.. j _..::.. lj l 1 
'· J i, I 

L (q[, pi' r1) = ~c[qf + ~ r (~al.ql- Q.) 
-~p~(~q[-q;) (9.15) 

attcUns a sad dle point · f th . . 
Wl.th fixed - d - ' I.e. , o e mmimum as a function of ql P- an r- an d of th · 1 with fi xed riL ,. e maximum as a function of p, and ri 

eq~~~ ~ty oecf,utha!i ty . C?.9) will be expressed in the form of the e minimum value L = L( 1. - • . value L = - . . . 1 qiip, , ri) to the maximum r 2 L(ql, P~· ri). L1 corresponds to th e direct proble f mear programmmg and L2 to the dual one. m o 

(9.16) 

where r. and p in fun f L · t J i . c wn are Lagrange multipliers that take m o account const~amts on resources (9.2) and n eeds (9 3) 
After the solutwn of th bl · · included in the rect I e :ro em the values of quantities if ,, at t _, ang es ecome equal to zero. Indeed , ff IJq, ~ QJ (the need for a resource is less than its availability), 

then ri = 0. If~ qf > q; (production of the ith product ~xceeds the 
need for it) then p - 0 If d .. . . ' ; - · con 1t10ns (9.2) and (9.3) represent 
equahties, then differences ''at 1 _ Q d ~ 1 

~~ IJq• 1 an ...::.. q;- q; , and the 
I / 

products of these differences and f. and -Consequently the . . 1 . P; , are equal to zero. . . , . mmtmum of functwn LI is equal to the 
conditional minimum of labor costs ,, ' I d 

~ c;q; an norms of 
effectiveness of resour ( - ) I I, I 

they :Jre either mu !tip!~=~ ~~ :e:~ ~~ t~uxilialry roble. If L z = min, zero. emse ves ecome equal to 



This means that the use of scarce resources does not create 
value. Norms of their effectiveness (f;) cause only transformat~on 
of value, i.e., the formation of stable but mutually offsettmg 
deviations of prices from values. 

The maximum of functionL2 is equal to the maximum value of 
national income ~ p;q;- ~riQi, because in this case the quantity 

included in the se~ond re~tangle becomes zero. This is apparent 
from (9.8). 

Consequently, equality (9 .16) determines the socially necessary 
costs of all of society's final output. Partial derintives for qi from 
min L 1 determine socially necessary costs per unit of each 
individual product. 

With condition 4ii> 0 these derivatives become zero at point qi 
= qi: 

(9.17) 
Hence 

(9.18) 

We again obtain equality (9.8), which determines socially 
necessary labor costs in optimal planning. 

The left half of this equality expresses differential costs of the 
ith product, i.e., that increment in the conditional r_ninimui_TI of 
expenditures of labor on society's final output that 1s associated 
with the production of the ith product with technological method 
I. 

Indeed the left half of equality (9 .18) is a partial derivative of 
the mini:num of that part of the Lagrangian function that is 
included within square brackets, considering this part with 
reference to each variable qi separately from the fixed optimal 
values of the remaining iii 

a fL:,._ 
1 
c~q~ :E 'J (,:E a~jq! -- Q 1) J 

j z,l 1+ ,.., I 
-...:.----------~ = c; -"" ai/J' 

aq: j 

(9.19) 

The right half of equality (9 .18) expresses that increment in the 
conditional maximu\)1 of the national income that is caused by the 
appearance of a unit of the ith product. 

f 
-, . ,.., . ....., I ( I ... -, I • A ) I a }...P;q;-2..'JQJ+ .:_.qi C; +.:..aijrj-P; 

I j i, I j • 
- --'-----------'----------' =Pi· 

aq\ 
(9.20) 

I I H 

. Consequent~y, socially necessary labor for an inclividual product 
Will be determmed by the foll owing equality. The increment in the 
conditional minimum of expenditures on society's final output 
caused b~ the production of a unit of the ith product with 
technological method I, is equal to the increment in the 
conditional maximum of the national in ome caused by the 
a?pearan_ce of a unit of the ith product or more briefly: 
d1fferent1al costs of the ith product with production method 1 are 
equal to society's differentia l income for the same product. 

w~ ~ave !ilready called the reader's attention to the fact that 
mult1p1Jers r; are not included in real costs. Consequently, the sum 
of labor prices must be equal to the sum of labor costs for the 
same output: 

(9.21) 

But it is apparent from (9.11) and (9.13) that the sum of prices 
must also be equal to the sum of differential costs. 

Equality (9. 21) is incompatible with (9.13). The left halves of 
these ~qualities are iden~ical, whereas the right half of equality 
~9.13) Is larger than the nght half of equality (9.21) by a sum that 
IS not a source of val ue but serves as a means of minimizing it i.e. 
b )-, I A[• ' ' 

Y . .,. aiJ q; r1 . However, since in economic calculations the means 
'· j, l 

equated to zero (it is not paid out of costs). 
By .decreas~ng the sum of labor costs by a certain proportion, 

we will obtam the sum of paid labor. We must also decrease 
multipliers P; and r. in the same proportion (in order to preserve 
the ~e~a~ionsh!p bet<veen the quantities in function L). 

D1v1dmg differential o ts by (K + I), where K is the norm of 
labor for society, i.e .. 

we have 

)' 1'1_ I ('' 1'1 ,, I "I") 
.,_ C; q;- I\ + I ~ C; qi + ._. a;, q, 'J . 
1, I 1, I i, j, I 

(9.22) 
We correspondingly change formula (9.8): 

(9.23) 



In a capitalist economy the entire sum of feedback costs is 

realized by the owners of means of production in the form of 

surplus value . In a socialist economy the sum of feedback costs is 

realized in the form of labor for society, the amount of which can 

only accidentally coincide with the required amount of surplus 

labor. If the required volume of surplus lab or is less than the entire 

sum of feedback costs ~ af/qJ ~i• the remainder may be distributed 
i. }. l 

among workers in material production in proportion to their labor 

(for example , in the form of bonuses from profits and rent), or 

according to needs. 

12. The General Formula for Price Formation 

Marx presented two formulas for price formation. One was for 

simple commodity production (value) and the other was for 

capitalism (the price of production). He showed that the two 

formulas were connected, but he did not derive from them a 

general formula for price formation expressing the law of value as 

such for ar~y commodity economy. 
The absence of a general formula for price formation has served 

until the present time as t he main target for bourgeois critics of 

Marx's theory of value. The existence of two formulas for 

expressing the operation of a single law is considered by them as 

an inherent contradiction in a scientific system. 

Furthermore, conditions have matured in the socialist economy 

that are favorable for generalizing the laws of price formation. 

Rich experience in planning prices has been accumulated, and the 

beginning of the mathematical theory of optimal planning has 

been created. On the basis of this theory we can derive a formula 

for the optimal planned price - a price that corresponds to the 

best utilization of the law of value. By comparing it with formulas 

for the price of production and value we can find those features of 

price formation that are common to all three formulas. 

The model of socially necessary labor in the optimal plan leads 

us to this goal. Let us turn, in this model, from labor costs and 

labor prices to value and monetary prices. Let w be the coefficient 

of proportionality of values to labor costs, and let 7r; be the 

optimal price, expressed in a monetary unit. By considering (9.23) 

we have a formula for the monetary price in optimal planning: 

' ' W W ( ' / ~I ' 
" · = P;-- = -- c; +~a,,,,), 

, 1\+l 1\+l i 
(~) . 24) 

_, ... ~ \ 

fro~ whic~ it. is clear that the optimal price is proportional to the 

partial denvahve of the conditional minimum of the value of the 

total final output with respect to the amount of the given product. 

For~ula (9.24) recalls the price of production. This similarity is 

not accidental. Even under capitalism the law of economy of Jabor 

operates under conditions of scarcity of the better material 

resources. The competition among capitalists that is the basis for 

the formation of a general rate of profit is also subject to this law 

to a certain extent. 

.However, the price of production differs from the optimal plan 

pnce. 

In the first place, the price of production is formed on the basis 

of a partial derivative of the actual, not the minimum value of 

society's final product (under capitalism this minimu'm is not 

realized). 

I~ the second place, individual prices of production with 

feasible techn~logical. processes are, on the average , equal only to 

the market pnce while, according to formula (9.24), outlays on 

each process of producing the commodity included in the optimal 

plan are equal to the price. 

In the third place , the elements of the price of production are 

formed under conditions of private ownership of the means of 

production. Accordingly, the sum total of surplus Iabor cannot be 

less than the general normative effect of material resources, less 

than the sum total of feedback costs. Denoting the norm of 

surplus labor by Kn, we write the formula for the price of 

production (if;): 

11'. = p. --- = _ _ _ c. - a .. r
1 - - w w (-y--t-,,-~ -) 

' 'Kn +I Kn +I ' } '' . 
(9.25) 4 7 

Under the conditions of simple commodity production when 

the value of implements of labor is insignificant and rel~tively 

better natural .resources are ~ncompletely used (i.e., ri = O), 

formula (9.25) IS transformed mto the equality of average prices 

to values: 

(9.26) 

This reasoning leads to the general formula for the Jaw of value : 

- w 
11'. = -- (c 1 + ,, a1 r) 

' K + 1 ' T ij j ' (9.27) 

wiH.:rc K is either the norm of Iabor for society (in a socialist 

ccon<>llly) or I he nor111 or surplus labor (in a capitalist economy). 

I 'I 



The economic meaning of formula (9.27) is that the law of 
economy of labor under the conditions of commodity production 
is realized through the proportionality of average prices to average 
partial derivatives of the value of society's final product with 
respect to the quantity of each given product. 

The general formula for the law of value is of wide-ranging 
significance: 

l. It follows from this formula that the formation of the 
transformed form of value is not at all a distortion of this law. The 
transformation of value is an expression of the law of value under 
conditions of a sufficiently high level of development of 
productive forces, when not only the better material resources but 
also less effective ones are used. Under the conditions of 
commodity production the scarcity of better resources can be 
taken into account in economic calculations only by means of 
Lagrange multipliers. This law also applies under socialism. If these 
multipliers are not used in price formation, they are applied in 
project calculations in the form of unofficial norms of the 
recoupment period on capital investment, coefficients of scarcity, 
and similar procedures. 

The tendency for the transformation of value in socialist 
countries is caused not only by the limited nature of accumulation 
in comparison with the possibility for effective investment but 
also by the scarcity of better natural resources. (This is clear from 
formula (9.27): ri for natural resources is differential rent.) 

Hence it is apparent how invalid is the objection against Marx's 
theory of value that it does not correspond to the facts, since prices 
are proportional to values only under certain conditions. Marx's 
theory of value does not state that prices are proportional to labor 
values, but that prices are derived from value. Mathematics aids us 
in explaining precisely which derivatives from value are prices. 

2. It follows from formulas for socially necessary labor (9.9) 
and (9.16) that the limited nature of material resources does not 
create value. The mathematical formula for the law of value yields 
a clear delimitation of the actual costs of production from the 
means of minimizing them. 

Hence it is obvious how wrong are those bourgeois critics of 
Soviet economic science who assume that in the mathematical 
scheme of the optimal plan each primary factor is an independent 
source of the creation of value and that the relative scarcity of 
each manifests itself as a measure of value. M~1thematics by itself 
cannot demonstrate of what actual costs of prod ucl ion consist. 
The qualitative premises of the scheme arc given hy L'cono1nic 

science. If the law of economy of labor enters into the premises of 
the scheme for price formation, then it is not possible to derive 
from this law price theory different from the theory of labor value 
and a theory of profit and rent different from the theory of 
surplus value. 

3. Mathematical models of the law of value illuminate the 
difference between price and value, generalize the concept of 
price, and demonstrate its existence in the economy with a labor 
unit of costs and benefits. The following properties of price clearly 
emerge in these models: 

(a) Price differs from value not only quantitatively but also 
qualitatively. In a certain sense price is related to value as a means 
is to an end. 

In the optimal plan the law of value minimizes the overall value 
of society's final output and maximizes the national income, with 
the aid of prices derived from the overall minimum of labor costs 
and the maximum of national income. 

Hence a formal difference emerges between value and price. The 
value of society's final output is the model's objective function 
and prices are Lagrange multipliers r. and p., which take int~ 
account limitations on resources and ndeds. 1 

(b) The price is the means of minimizing expenditures of lab or 
on all of society's final output. Accordingly, the price of an 
individual commodity can deviate by any amount from its value 
up to the point that objects can have a price that do not hav~ 
value (for example, ri for usable natural resources is, as a rule, 
larger than zero). 

(c) Prices and norms of effectiveness of all material goods are 
derived from the value of society's final output. We have already 
demonstrated this for p;. We will remark that all r- (norms of 
effectiveness and prices of resources) are partial deriv~tives of the 
conditional minimum of expenditures of labor on the final 
product with respect to the amount of the given resource: 

A aminLl 
r,=-a~ ; 

. (d) The price as a consumption valuation of the product, 
different from labor costs, is necessary not only in the case of 
monetary measurement of costs and benefits but also in the case 
of labor measurement of this kind . 

(e) All prices, both monetary and labor, of final output and 
resources equalize demand and availability. This is the essential 
attribute of COIIllllOdily production. 

... 



13. Socially Necessary Labor and 
Prices in Models of the 
Development of a Socialist Economy 

The optimal plan for one period of time can be constructed 

only as part of a long-term plan. Only by considering long-term 

development can we establish certain constraints on the plan for 

one period, namely, the limit of capital investment and the 

program for producing final output with respect t o tho e means of 

production that are intended for the sub equent growth of 

production. But if we assume that these constraints are set by the 

optimal long-term plan, the fo rmulas for ocially necessary labor 

and price formation that are derived from an analysis of the static 

model will be suitable for calculating prices that are also optimal 

from the standpoint of long-term development. Consideration of 

long-term development t akes away nothing from formulas for 

price formation that are derived from an analysis of the static 

model ; rather, it adds something. 
In the first place, in the long-term plan the volume of 

accumulation is not given, but is sought. Accordingly, in the 

dynamic model of the optimal price the norm of effectiveness of 

investment should be replaced by an expression of its dependence 

on factors determining it. 
In the second place, in the dynamic model socially necessary 

labor costs depend on time. In time both average and differential 

socially necessary labor costs change. 
In the third place, under the conditions of continuous 

technological progress and the development of needs, optimal 

prices must assist these processes in the best possible way. The 

equality of differential costs to consumption valuations can hardly 

satisfy this requirement. Furthermore, with continuous changes in 

the conditions of production and consumption this is hardly 

practicable. It is natural to assume that some sort of (changing) 

optimum exists for the gap between the consumption valuation 

and differential costs. If this is correct , the fundamental equality 

that determines socially necessary costs changes. Profit - positive 

in some lines of production and negative in others - is added to 

differential costs. 
In the fourth place, in models of economic development the 

problem of optimizing the movement of prices, i.e. , the 

relationships between prices in different periods of time , must !)L~ 

solved. In dynamic models of optimal planning the equality ot 

consumption valuations to diffcrcn I ia I costs must occm not only 

I · I 

within the limits of the given period but also between periods. Let 

us assu~ e that the production time for a commodity is equal to 

one penod. Then the commodity produced in period t must have 

in the (t + I) period a consumption valuation equal to its 

differ~ntia l_ costs in period t. Problems of monetary circulation 

and fmancmg are thereby introduced into the model. Financing 

the growth of production and the payment of surplus labor 

connected with it can be implemented both by deductions from 

wages (loans, direct taxes) and out of profits (including the 

turnover tax in it). In both cases the equality of differential costs 

of period t to the price of the (t + 1) period necessary in the 

optim~ plan is possible. But the composition of full production 

costs m the first case will be different from that in the second. 

With the payment of surplus labor out of deductions from wages, 

the sum total of profits of all enterprises is equal to zero. Under 

such conditions credit financing is possible only if credit is free. 

In th_e second case, i.e. , with the financing of the growth of 

productwn out of accumulated profit, the money necessary for its 

realization enters into circulation through the payment of the 

surplus _ labo~ that produces this profit. The emission of money can 

occ~r m_ this case through credit arrangements. Payments for 

credit will then enter into the composition of full production 
costs. 

The first scheme of the dynamics of prices is similar to the 

action of the objectively conditioned valuations in the dynamic 

model of the optimal plan proposed by L.V. Kantorovich. In this 

model, objectively conditioned valuations of products decline on 

the a~ erage , in proportion to the growth of production. 

Accor?m~ly, the economic growth rate in this model represents a 

quantity mverse to the index of change in objectively conditioned 

valuations, weighted by current amounts of products.48 

The s~cond _ scheme of the dynamics of prices is similar to price 

formati04~ m J_. van Neumann's _model of an expanding 

economy. In this model the productwn of all goods increases at 

the same rate, prices do not depend on time, and the increase in 

production is financed through the investment of profit. 

The _reduction of prices in conformity to the growth of 

productwn. would be possible only if the total fund of money 

wages remamed unchanged over time, both with a growth in labor 

productivity and in the number of workers. This is an unrealistic 

suP position (at least under the conditions of distribution 

a~cording . to labor). With a growth in production we must pay 

CllillT ;1ddlllona I workns (if growth occurs by virtue of an increase 

J I 



in the number of workers) or the inventors, efficien y expert , and 

scientific workers whose activity caused the growth of labor 

productivity. Technological progres is absent in Neumann's 

model. Accordingly the condition of equilibrium in this model i 

expressed in an identical rate of development of all branche , with 

a constant level of real wages. In that case, price naturally remain 

constant. 
Under conditions of continuous technological progress a gradual 

reduction in the price level is more probable, but at a slower rate 

than the growth in production. Such a concept of the dynamics of 

prices is based on the hypo thesis that the greatest growth in 

production due to progress in technology and organization is 

attainable by making payments to inventors , organizers, and 

efficiency experts that are dependent on the effectiveness of 

achievements ; but , in addition , these payments must constitute 

only a certain portion of the effect. Then the total fund of money 

wages can grow at a lower rate than the consumption fund , and 

the general level of prices will decrease. Such dynamics of the 

price level are more advisable than the action of objectively 

conditioned valuations or the stability of the price level. 

However, the conditions of development of production may be 

extremely varied. Accordingly , we must be careful in defining this 

movement of the price level as an optimal one. In the long-term 

plan the dynamic of prices depend not only on the norms of 

payment for the creative achievements of workers in production, 

but a1 o on changes in th relationships between accumulation and 

consumption, on the nature of technological progress (in 

particular, on change in the full capital intensity of final output) , 

on changes in the relationship between working time and free 

time, and on changes in the size of the unproductive sphere . All 

these relationships have their own optimal values. That is why the 

best dynamics of prices can be found only in connection with the 

solution of a whole series of problems that have not yet been 

adequately worked out. 
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"xistenc<· of"'" law of the pri<.:c of production in a So<~~~~~~":c~~;~t/he questiOn of the 

.l~. 1(. M.ux .rnd 1·. l·.ngds. op nt, Vol 25, l'art I, p. 206. 

l) llw-; dol' . ..; lied llll·an that prudm lie) 1 d' fl · ,· . . · · · 

11 1l1Holilahh-. it'. \V ill nor vidd a IIL'I int 0111 :. cl ahc
1
,: ~~~~\',1H\~~:l~ni~

0t,\'L~~~~L~:: i~~~-.~;~"/:~rly be 
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CHAPTER 10 

AN ANSWER TO CRITICISM 

We have already noted that the ideas and methods of optimal 
planning that arose in the USSR were rejected for a long time by 
the majority of Soviet economists and theoreticians, and 
consequently were hardly used in practice. For some time the 
ideas of optimal planning underwent criticism from bourgeois 
economists. Especially sharp disputes flared up concerning the 
question of the application of the method of multipliers 
(controlling norms) in measuring costs and benefits and in price 
formation. Some Sovie't economists, while accepting the 
application of this method to tasks of local planning, have denied 
the validity of its use in planning the national economy. 1 In our 
opinion this would mean that it would be permissible to use the 
method of multipliers where it could be replaced by other 
methods of optimal planning, but that it could not be used where 
it was indispensable. 

1. The Version of the Absence of Multipliers 
in Tasks of National Economic Planning 

A number of fundamental objections have been advanced 
against the use of the method of multipliers in national economic 
planning. The most categorical of these is the assertion that there 
is no place for multipliers in tasks of national economic planning. 

A. la. Boiarskii begins his criticism of L. V. Kantorovich's 
concept with this "theorem of nonexistence." "The transition 

'I 



from brigades or enterprises of a branch to the tota lity of branches 
means a transition of a qu alitative nature , a transition to tasks of 
quite a different kind. The attempt to reduce them to the same 
intraplant task leads to a situation in which the entire table is so 
fill ed with 'forbidden squares ' that nothing rem ains for the 
application of the m ethod ." 2 

As proof, Boiarskii presents the example of a distribution of a 
production program among plants in which each plant can 
produce only one product by a single method. Having presented 
this example in a table design ed for the task of selecting the 
optimal alternative , he fill ed m any boxes with zeros and infinity 
signs. These zeros and infinity signs expressed the fact that there 
were no other alternatives of utilization of each plant. 3 Where 
there is no opportunity for choice there is also no task for an 
optimum. 

Having demonstrated in this way that the m ethod o f multipliers 
ca nnot solve a problem t ha t does not exist, Bo iarskii rep eats till' 
sam e proof, completing the criticism of the norm of effectiveness 
of investment that I defended. He so changes the conditions of till' 
example taken from our article that only one alternative or 
investment remains for each product of the program. Then till' 
critic states triumphantly , " In this case the possibility or 
establishing a limiting norm of effectiveness vanishes, and the reby 
his [V . V. Novozhil ov's - Ed.] entire concept collapses. So mt1l'l1 
the worse for it. " 4 

Is this really so? Boiarskii's entire proof is based on I ill' 
assumption that in tasks of national economic planning, i11 
contrast to tasks of plant planning, there are no alternatives , lilal 
there is no problem of selecting an optimal alternative. TherL~ i~ 
not only no semblance of truth in this assumption , but it is eVl'll 
contrary to the truth. The transition from the plans o f brigadL·s. 
enterprises, etc. , to the national economy's pl an is associated wilil 
an enormous growth in the number of alternatives. All IIH'SI' 
brigades, enterprises, e t c., are part of the national eco nomy ; IIH·y 
are its sectors. Accordingly, plan alternatives of individ11nl 
enterprises must be chosen from the standpoint of the nal io1111l 
economy, i.e., they must be directed toward th e rcalizaliOil or 11 

national economic optimum. This means that eac h enterprise. 11111~1 

use limited resources (na tural resources, capital invcslnH'III. 
productive capital) with co nsideration or oliln poss ihililiC"s lo1 
their use in the national eco no m y. 

The th eorctll or IHJII CX is lcn cc or lllltlliplins ill ta sks ol 1111' 
na ti o nal LT OitOIIlil· pla11 is, as :1 111alkl ol L1\'l . p1nol 1d llt1• 

existence of these m ul t · J • 1 t · 
f . tp J r.. ts" revcr c proof. Indeed ·r t l nonn o effectivenes f inve ·t ,. . I le 

if we mak . s mcnt , t r example, disappears on! 

alt 
. e a completely unrea li!ili L: <ls ·umption (the abse yf 

ernattves of technolo< I) tl . nee o 
must exist. JY. , us means that .in rea l conditions it 

~- V. KoJganov proves the nonexistence f u1 · · · 
natwna.l economic tasks diff t o Jll tipliers ln 
overall sum of labor wsteren,.~~-. ln t _l~t! task of minimizing the 
i~crement Ul this sum cau ccd bt I Ll~~t:'nLJal ~~ t a r~ es~entially 
g:~ven product. But '· ' tl . y e !Jroduct10n of a llntl of the 
e ·penditure on each ~;1 d

1 

0~ gr wth m Jabor _Productivity labor 
output in kind may gro ·•s OSL~tput ma_y remaw un clwngcd while 

w Jnce an 111 t · doe not actually 0 • · cremen u1 e xpenditures 
cc m we cannot d 'te · l't'J' · Thi . . . . ' ~ -rmm e Lt erenual cost!) s cntlctsm lS based on . . . . . 

differential eo ts . · · ru~ mcorrect mterpr tation of 
comparison with t~~ir mp;en_1entsl m actual co t over time in 
.increments in . . evwus eve!. Differential costs ex press 
exist. Minimu;~~~:~'~/~u~~~: costs, an~ such increments alway 
serve as the bas· r ~ on the gJvcn amount of products 

lS 10r computmg these in t I 
production of a commodit d . crem_en s. f addition:.~.] 
tllis means either that the Yhu~~: not eau e ~l Ul Tement in cost , 
are not the m· . p not an ptunal one and its costs 

.LnJmum cost or that U1e aud·r 1 
the commoillty does not . . l rona production of 

reqULre expenditure of Jabor. 

2. Other Misunders tandings Based on the 
Incorrect Interpre ta tion of Differentia l Costs 

Critics of caJculation of differential . . 
optimal planning often neglect th . 1 cosls _as_ an mstrument of 
of expressing the overall .. etr c laractenstJc property - that 
B . .. mmmlUm of expendit r 1 b larskii's objection is based on th. . , · ures o a or. 
my " tructu.re is turned t d 1 om1Sswn when he ays that 

owar the past" a 1ct "tl ·t'fectivenes j de le · d 1 1.e norm of 
last ruble in the sen:~~; a_ cor~ing t9 ~he effedi:'eness of the 
pa t ,. B t l I savtngs 111 costs 111 compan son with the 

0 : u on y pan alternatives are wmpar u 0 r d" 
mmtm um planned costs Th . - . tn m mg 

. . · e norm at effecbvencs · tl 
llliiiUllllffi effectiveness of aJtemati f . 1 le 
the pliillal plan. The plan ertain ves o ~~vestment accepted in 
f low couJd B iar, kii thjnk ~hat the t~r~:~t J utu_re not to the past. 
" ht·mes is <kknninctl "by sa . 

0
.. . • , . of lnve t:nents u1 om 

ll,t s t'l" 1'1 .. I • VJn""s 111 cos ts 111 compan son with the 
" ' l .Ill l l ll hl' n : ph 11 ' j I (I r 

lit,· 111\l' lll ll' lll 11 <' 1'\' ' ': t•V ;n,' ~ ' r,,)l~· ll] l'. ;let .that h e_identi fie d 
fllt>dll t ll vl' 1 1 I I I Ill )!. lll l Jll ogl ;lm Wi th 

, I' .I • ,IJid 111 1' fllndtJ lio tl fl ~'~ > "J " Iill willt Ill . . ,_, • l' fll l' VIOli S 
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rcri d' output. However. producti ve capital ( the result o f 
investmen t in prcvi u~ yl.'<lf l plays no part in th ose examp les of 
mine that Boiarskii u~~d for criticism.

6 

Boiar kii's asserti n that investm nt for increasing the 
producti n of output is not considered ln our scheme is obviously 
based o n the same identifica tion f ex.i tin g capital and investme nt. 
l n 1ur example. pn:scnteJ hy R iur ·kd (sec above). tlle minim u m 
Sl111l of ltWCSli11C ill ( ll ll l' l' t~lillg. capita\!) necessary for \'u!nlli ng 
tll· program anHwnh tu _50 md1i0n n.1hlcs. Thi ·sum also ensures 
the gr wth of uutpul vcr the kvcl pre iously attained. In tlti. 
exa m ple there b n indH:ation or h ' IllLILh the production 
pr g.ralll e'\cccd., tit· previously attained kvel. This is 
u n i mpori:1nt. IlL' condu~iun llwt there i · an ab,encc of 
investment for ttH.:n:asinl!. prlldttdion ts nlit.l o11IY under one o f 
the fo llowing 1\ o L·ondition: : t>ilher by a . tuning thal lite maj r 
part of investmen (250 mdhon oul ot 340 million rubk) yield . 
n J el'fcct. m::.itller u g:rowlh in proulll:tion n r a reducti n in 
produ ·tio11 eo ·ts. or t y Identifying ll1L' 250 mil lion wble::. or 
investment with produdivc .:upitui. 

O ne of the prevalent bjections against the u e of the method 
of multipli rs in calculating. eo ts is that it is not possible to add 
actual expendi tures of tabor t po ' ible , but neglected. savings. 

Doubl ac ounting of certain t:o. b re ults. 
When it is a m alter of the method, it effecti.venes i the major 

consideration. The effectivenes of the method of nutltiplier has 
be n accu rately dem n tratcd. Auxillary multip liers in all tasks 
have t he same property that seem inadmissibl to critic . namely. 
tha t either costs are ac.lded to their . acrificetl saving . or that the 
effect i add d to i sucriGced increment. Moreover. none of t he 
critics has d cided to deny the effectiveness of thL method in 
par ticular planning. problem . lt has been repeatedly demonstrated 
not only theoretically but a! o in practice . We do not see the 
grounds on whi h the ame properly f multipliers should hinder 
their application in tasks of national economic planning. 

However. we canno t coniine ourseives to tating thi obvi u. 
incon istency of the criticism. Let u try t uncover the rea o ns 
for it. lt seem. to u that the critics are mo t confused by the u. · 
of multipliers ln taking account of actual eo. ts. In !'act, at fif'l 
glance i t may appear strange lhal acrifi<.:ctl savings arc included it 
actual costs. Th is c nfusion vanish a. soon as Wl' n:c gn iz fhl' 
necessity of using multiplier· in p lunni11 •. l"ht: m. '\'ssily or lt. II1 J' 

m ultip liers in the c;ll ·uh.llion uf u lu.d ( • · post) cost'> artSl''i lrll tll 
thr UO:.l' l r lhes. nndllplt •rs Ill\ lllllpdlll)' lll\' uplllll.tl pl.111 l I 11 ... 1 

indicators must be calculated b th 
to calculate plan indicators ~ ~ same methods that are used 
statistics. In the sphere of 1 s ~s ~ general rule of socialist 
multipliers has as its basis the ea cu atmg /osts the method of 
over costs of production . ~;I~ac~ o costs of reproduction 
prices. The primacy of c~~t ea ~u atmg val~e and determining 
quantitative aspect but also s 0 rerro~uct!On has not only a 
determine prices not onl a ~u~ tt~hve one. Planned costs 
qualitatively. They determin~ t~uunhtatlv_e~y but, first of all, 
must be considered in the . e c~~posttlon of those costs that 
usually forgotten H pnce. IS a~pect of the matter is 
understanding why t' t ·~·s neence there ar.tses the difficulty of cessary to cons d ·f · . 
actual costs and thereb t 1 er sacn teed savmgs in 
certain costs. y 0 accept the double accounting of 

3. Does the Use of the Method of Mult. l ' . p . . 1p ters 
m nee FormatiOn Contradict Marxism? 

It would seem that proof of the n , . . . . , - . 
completes the criticism. Wh sho I ~n~xl~kncc of multlplil·r~ 
them if they do not exist? By ·. uk.? the~c hl. otltn ohwclullts tc' 

h 
· mars 11 obv1ously 1 . 1 1 · 

t e persuasiveness of h. . · t nt s 11u H'1H·vc· 111 IS own example Wlllt 11 . I I 11 
and presents a f th , , . . 

11 
n1 111 c c·11 '"'''"· ur er sencs ol ·trgtlltl ·111 · , .. 1 

multipliers are limiting ("m· ,· .'1.. L s . ' 11 .~ ts the· lllll ' th .ll 
and marginalism are incomp~;·t~7~1~~ ... ~ ) qtlalllllll' .~ ;lllcl lllal rYbl \1';111 

Other critics of the mdllod ol . . 
presented this argument in t. .lllxdtaly llllillqd~e·l~. IJ;~vr 
application in !· . . collllt"c lOll willl wllHII .~c·lwnlc·~; llll lh 

P anmng lite ll'llto1nl .. schemes of th · .. ,·. .'. · Lcon~nny alt' dcst·11hcd ;~s 
e m.ugHl,tl ullhly school ' I> ·r. 1... . 

schemes are included . ll . . l LIH L.ls ol these . Ill le ranks of rcvi .· · ·t · 1 . the Ideas of b · . SIUills s w lO an: rev1ving 
ourgeo1s apologists. H 

The method of multipliers is . th · are formal i e th d . ma cmattcs. Mathematical means 
. .' .. , ey are evmd of content That . h 

mathematical mean s can be used . d ·n . IS w_ y the same 
both in valid and invalid o T~n . ~ eren t economic theories -
multipliers contradicts n~s~rx· e 1 ~a that the use of marginal 
~implification of Marx's theo ts~ ts_ based o.n a dogmatic 
Important role in this theo 9 ry. argmal magmtudes play an 

It . ry. 
IS not multipliers that are incompatible with M . 

rather the economic content of those b . . arxtsm, but 
extensive use of multipliers Th J Bourgeo!s theones that make 

I l 
·t· . . . · us, · . Clark s theory of . · 1 

)fOt uc IVIty IS lllcompatible with Marxi . margma 
theory each class rnTiVl'S wlnt .t I sm. Accordmg to this . ' I prm uccs. Workers receive the 



product of labor, capitalists re eive the product of capital, and 

landowners receive the product of land. 

But this saving conclusion arises neither from the defmition of 

marginal productivity nor from he propo ition that each worker 

can re eive no more than the marginal (least productive) worker 

receive . The reverse follows from these statements, namely, that 

workers are exploited. 

Indeed , if the productivity of labor of different workers is 

different, and ii according lo the laws of competition each of 

them can receiv no mor than the marginal worker receives, this 

means that all workers receive less than they p roduce. 

Clark himself understands this well. He writes, ·'The theory 

representing ociety as hon st and the theory representing it as a 

system of organized robbery of labor are di Ungui hed y two 

dissimilar definition of the term 'marginal productivity.· '' 10 

In Clark's opinion each worker' product is equal to the produ t 

of the marginal worker. This means that the products of all 

workers except the marginal worker are simuJtan o usly both larger 

than and equal to the marginal worker's product. By definition 

they are larger than the marginal w rker 's p roduct. That is why 

something remain for the share of capital . But at th am time 

they nre equal to th marginal worker' product. as a r suit of 

which each worker. in rel;eiving onl the m:.uginal worker's 

product. nonetheless has all that he has produced. Clark take 

credit not for discovering the ro le of marginal magnitudes in 

economics, but for discovering that each work r's product is equal 

to tbe marginal worker' product. 1 1 ''Wh n the Lcnn marginal 

productivity is defined differently it leads to the theory of 

exploitation of labo r. If labor unit located at early tages of a 

series produce more wealth than they obtain, then labor i 

cheated.' 1 2 Of cour e, Clark s "marginalism' is incompatible with 

Marxi m. But nothing and no one prompts Soviet economi ts to 

repeat Clark 's error and to consider the unequal as equal. 

Accordingly, they can use marginal magnitudes (multiplier ) 

without fear of becoming unintentional defenders of capitalist 

procedures. 

Analysis of Clark's theories demonstrates how unfounded is the 

idea that it is marginal magnitudes that impart an apologe tic 

character to it. 

Yet how do we combine Marxi m anti mar inali m (w ith< ul 

quotation marks) if. acco rd ing to Mur . valtl\ is dcknnincd I y 

average expenditu s f lal or and, · ·ording l tn utgitw lisu t . 

prices are determ in ·d by the hi )h l'S f cnsls o f pf() In •ti on'l I ( won ld 

seem that one excludes the other p .· . . . .. . 

determined both b'' average . l .I I lees cdnnot be Simultaneously 

tl . J <~IH )y margllwl , t I 

lat With ')rices eqtlal to . l cos s. t would seem 

t · marglll 'l · l ·t tl 

alwa~s ~e larger than the sum of valuc~t s s 1e sum of prices will 

TI11S JS correct if the avera 'C . d ·. . 

same expression of costs ~ g dll margmal costs pertain to the 

·r l ' !Or example to val B . . . 

1 t le marginal measurement is r d ue. ut It Is Incorrect 

costs. We have alre~dy d app Ie to another expression of 

emonstrated th t · 

costs can be equal to the a a margmal production 

tl , . verage value of th 

le margmal price of d . e same product and 

valLI" I 3 
pro uctwn can be Ccjual to tll , 

'"' · 
c average 

4. The Fundamental Ob" t" 
M 1 .' . Jec Ion to the Use of the 

, et lOd of Mulhphers in Planned Prt"ce Fo t" 
rma 1011 

What has been said about mar ·nalis . 

the main argument presented gi. m bnngs us to an answer to 

Th · . agamst the meth d f . . 

IS argument Involves the foiJowin . o o multipliers. 

multipliers reflects only the la f d g reasomng. The method of 

and demand. Prices must be p~a~ne;~endence o~ prices on supply 

value. Consequently, the method of m conformi~y to the law of 

planned price formation multJplJers IS unsuitable for 

The first two state~ents 

wrong. The conclusion would ~re correct~ but the conclusion is 

de~~nd were not related to thee! correct If the law of supply and 

eqmhbrium of supply and d aw . of value. In fact, the price of 

the law of value Tile , .t_emand IS a form of manifestation of 

H . . en !CS neglect tl . , 

avmg put this statement b t lis proposition I 4 

conclude that the method of ~~~~n _the _first and second ones, we 

the l~w. of value in optimal ]Iph~rs IS a form _of utilization of 

multiphers in models of th p anm~g. Accordmgly, by using 

mathematically that the pricee o~phm~I . P_lan we can prove 

demand is a necessary form of m . equ~Ibnum of supply and 

of value but also of the law of eco anifestatwn not only of the law 

Of course in the pi d nomy of labor. 

. , anne use of th I 

confme ourselves to Hs form of . e a~ of value we must not 

all pric~s not only equalize s~amfestatwn . In the optimal plan 

proportiOnal to expenditures f fP~Y and demand but also are 

The requirement that prices h~ a or and have a value content 

Pr·tcl · -- 1 · · ·· · ave a value cant t · f · 

' le<~ stgntltc·mce 1 t en JS o profound 

. tt· · ' · means that ·, 

d d!lllllCll! of ' l sf·II)J• t. pnces must assist the 

(' . ' · • L op lllllllll f 11 . · 

;lkubtrons ;lnd tkcisions are h· . , I or . le natiOnal economy. 

.ISL ( on PIKes (espL·cially on prices 



of means of production). The consequences of these calculations 

and decisions often extend beyond the periods of long-term plans. 

Static optima of the econom y are o ften incompatible with the 

dynamic optimum, with the optim al direction of development. 

That is why prices of the current optimal plan may lead to 

decisions that do not correspond to the long-term plan. 

But this is not all. The requirement of a value basis for prices is 

also necessary from the standpoint of calculation. To calculate the 

prices of all commodities as prices of equilibrium of supply and 

demand is impossible. It is impossible not only because the 

demand functions are unknown (let us assume that they are 

known!), but also because it would be necessary to repeat such a 

calculation with each change in the relationship between sup ply 

and demand not nly for a given commodity but for all 

commodHies having a imilar purpose. The demand for each 

commodi ty depends not only on its price but also on the prices of 

other comm odities. Therefore, the calculation of plan prices on 

the basis of equilibrium of supply and de mand is appropriate only 

with reference to those conditions of application of labor in which 

either value is not involved (natural resources) or in which part of 

it has been lost and it is not being reproduced (in consequence of 

obsolescence). The norm of their effectiveness do not have their 

own value basis, but reflect savings in the value of products. For 

all products demand is equalized to uppJy through the regulation 

of production. This makes it possible, through a calculation of 

eo ts, to ftnd prices for a table balance of suppJy and demand. 

True, price of obsolete means of production , and in part of 

new technology, must be set with consideration of the 

effectiveness of their application. Accordingly, prices can be 

conceived of as feedback costs. However the natural way of 

finding these multipliers is to calculate the value of production of 

means of production and of new technology with subsequent 

consideration of differences in the effectiveness of their 

application. 
The value calculation of nonreproducible limitation of 

production is expressed in the calculation of costs according to the 

following formula: actual costs of production p iu the means of 

minimizing them. 

Such a scheme of price formation reflects both the content and 

the form of manifestation of the law of value. In this process the 

means of minimization do not enter into value. They only cause 

stable deviations of prices from values and the formation of a 

transformed form of value. 

5. Objections to the Use of Mult' 1. 
. 

1p 1ers 

m Long-Term Planning 

Can the method of multipliers b . . 

long-term planning)? Critics of t~i~pphed m dynamic models (of 

that it can be applied on! in st . metho_d apparently assume 

current but not of long ter y I ~he planmng tasks, in tasks of 

H 
- m p anmng. 

owever, these multipliers a . . 

linear and nonlinear re _applied m problems of both 

bl 
programmmg in stati d d 

pro ems. In particular the no , . c an ynamic 

necessary first of all in 1 -trm of effec_hveness of investment is 

optimal amount of accum o1n7· er; planmng for determining the 

~ala_n~e of capital invest;:e~;o~till he static mo?el of the optimal 

Sigmficance. True, it starts f th has th~oreh~al and practical 

but if we assume that I romd e prescnbed mvestment limit 

· P anne accumulation t d ' 

approximates the optimum then f . o some egree 

most effective use of thi ' ~ndmg the plan that ensures the 

dynamic optimum to the ss:~~u;u ation solves the problem of a 

~he methods I proposed for findi~:r:;· Ther~fore , ~he criticism of 

Investment should have de t t de overa maximum effect of 

propositions: mons ra e at least one of the following 

(1) th~ proposed methods do not yield a solution of 

problem (Le., they contain errors); 
the 

(2) our plans of accumulation are far from th f . 

consequence of which static m d I . . ~ op Imum, m 

in~estm~~-t ~r_e not of practical sig~if~c:n~~ ~ti~~~b~:~~~to~;::pital 
n en Icizmg the static model of . . 

pro(f)oKsed, A. Kats asserts both of these pr:o~i~J~~1:\llan that I 

ats sees the fundamental d D t f . · 

that it is based on the .d t . e ec o this model in the fact 

I . . pro uc wn program and th · 

Imit prescribed by the 1 A e mvestment 

to the li~it of capital in~e:~enst :~~s~~~ ~~J~:::ni;n~~dfe;hto adhere 

producti_on program for individual . e general 

technological alternatives chosen are kmds of output, the 

that backward technology is embedd ~o~ th~ best ones. It appears 

in the relationship betw th e m t e plans themselves _ 

investment limit. een e production program and the 

(2) On the other hand Kats dis . . 

minimum of labor cost~ H b /uteslthe pnnclple of an overall 

ensured by choosing alter~ati~es :~eve~· that bett~r technology is 

labor costs for ~.:ach k. d f cor mg to particular minima of 

In o output F tl · 
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llldividuaJ kinds of Olllplll , ·, . ·J " 1111.1llll1lllll Jabor COStS for 

, w liL l at lrrsl cflangl's hut little the 



initial unfavorabl re lationship in the balance of means of 

produl:tion and social need . reflecting the shortage of material 

resources. But the greater the interval between the current period 

and the in..itial one, the more favorable i the change in the balance 

of means of production and social n cds under the influence of 

uJtt:rnately ensuri ng minimum Jabor co ts for individual kinds or 

parts of output." 16 

Kats pr~sents three argument · in upport of this thesis . 

{I ) Tlw mos t advanl:ed technol ogy conceals within it self the 

be t po . ibi liti s I or i.ncreasing th e yield of fix ed produ ctive 

capita l by mcun · of in significant ad ditional inves tlllents . 

(2) The mosl advunccd technol ogy is the basi s for subsequently 

creati.ng the nH t advanced l clm..it:al m ean s. 

(3) The full t..:apacity of new kind of equipment is disclosed only 

in the p roce s of their productive utilization. 17 

Each of these statements is plausible. But they pertain not to 

the technology that e nsur s the minimum production costs of 

output, but to the most effective t chnology. Nowher in the 

world is the effectiv ness of technology determined i.n practice 

according to the minimum production eo ts of ot~tput , without 

taking a~t:ount of capital inve tment in technit:almeans. Tllll the 

quotation from the American journal with wh.it..:h Kat upports 

the statemen tl m ntioned pertain not to that technology he 

considers lhe mo t modern (accordi.ng to th rit rion of 

minimum production eo ts), but to another kind, selected 

ac ·ording to the criterion of profit or lbe minjmum indi idual 

price o f production. 

Kats neglect s the fact that lab r-saving investment i also 

possible without changes in the level of technology. uch 

investment is usually directed to reduci.ng various k..inds f lo ses. 

For e xample, increasing the cros · section of e lectrical conductors 

reduces power losses , thick ning the walls of building reduce 

thermal losses, decreasing t he contro lling gradient of a railroad 

track reduces the cost of transportation (by im:rca ing th weight 

of the train), and increasing the diameter of a pipeline reduce the 

co ts of transporting gas or oil. The number o f such xamples 

couJd be indefin itely increased. lnvestment lhat does not involve a 

rise in tJ1 technological level differs from inve trn ent in new 

technology by the fact that its effectiven c s fa ll us inveslm n l 

ri es. T hu s, thl! reali za tion or Kat"' prop <;<tf wrnild kad lo tll ~' fu ll 

utilizari n of the pos.'>ibi lit ic)i of lnw-l..'rrcvtiVt' ll L'S" i11v ·-: lnt l'll l 

in volving no t: hun 'l' in Ll1 c kd1n 1lo •il·. d kv ·1 . .1l till· l' · pL' I\~i.· ol :1 

reduction in lii •Jlf y ' IIL'l" lt Vl' lll Vl";llll~'ll ( Ill II ~'W k 111111/o•,'t rlw, 

would crrcatly slo d 1 
the cco~omy . w own t H' /'.lll\1 ill Ill ill,. k c ilnological level ol 
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accepted for two lines or 1! ;• , /'Ill• Ill lion costs of output are 

in the optimal balanc~ lll .pin<'" illlll '"so d<~ing he assumes that 

annually by l o/c . , Ill .. ~ P••Hitl• /"'" '''"' ·' ol output will decline 

o ma llll-So/ jlllldllolloll/ I 11 

he constructed, the rates o . . . '' le same balance that 

per year in thr I. , . . I d,, '"~~ Ill Pllldtll'!lon costs will be 2% 

. ee Incs o/ P"'""' llcrll ;lltd () Sjr. er . . 
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I _ed _balances :1 l'lllll/1111'" lllldt·l wlliLI1 111'. , . , , 
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periods of investment. He ther eby essentially replaces 

considerations of gaining time by a proposal involving a loss of 

time in the competition between the two systems. After all, in 

capitalist practice the time factor is always considered in economic 

calculations. 

6. M. V. Kolganov's Objections 

M. V. Kolganov presents several objections to the concept of 

differential socially necessary costs. We have already answered one 

of them. Three still remain: 

I . The applica ti o n of Lagrange multiplier in models of 

minimization of labor costs is invalid , ince th derivatives of a 

linear function cannot be set equal to zero. They are equal to a 

coefficient with an unknown, i.e ., to a con t ant numb r. 20 

2. The equality of minimum Jabor costs of t1nal output to 

maximum national income, which correspond to the duality 

theorem of linear programming i an identity signifying that 

national income is equal to na tional income. One can derive 

neither the volume of products nor prices from this identity .2 1 

3. Price formation according to marginal costs increase the 

general level of prices, but it does not free the poorer enterprises 

from unprofitability. In this process the costs of poorer enterprises 

rise.22 

All three of these arguments are unfounded. 

1. Partial derivatives (5.2) of the Lagrangian function also 

become equal to zero in the solution of the task involving cases of 

a linear r elation hip . In models of price formation these derivatives 

represent sum s of a negative increment (i .e., savings) of labor costs 

caused by ex p nditure of a unit of the given resource on the 

prescribed produ d 8cdoq1, wilh a constant positive quantity -

multip lier A.,. The eco n mic meaning of the equality to zero of 

th i par tial der ivative con i ts of the fact that the marginal 

economy o f labor from t he u e of the given resource is equ al to 

the norm f ffcc tiven s o r th is re our e in Lhe o pL ima.l plan. 

2. The equality obtained according to the duality theorem of 

minimum labor eo ts of the final product to the national income is 

not an identity. It is obtained not with any level of eo ts_ but only 

with minimum costs, and not with any compositi n r finnl 

output, but only if there i c mpl•le on~ rmi ty of · it s 

composition to needs. 

3. Kolganov ' objections to price formation according to 

marginal eo L w uld he valid if prices Wl~I"L' construckd ;11: cordin~·. 

to m~trgin_al values. _But, as we demonstrated above, the value level 

of pn_ccs Is compatible with price formation according to marginal 

transJormed value.23 

7. Self-Refutation by Critics 

- ~r~ticism has its own laws. If they are violated, then the 

c~Ibcism can become additional proof of the correctness of the 

disputed statement. We noted above that some of A la so· k .. , 
b · · 

. . Iars u s 

o ~ectwns turn ou~ t? be_ proof (from the contrary standpoint) of 

the need for multipliers m planning. But this is not alL Boiarskii 

completed his . article with a complete refutation of the 

fundamental _thesis of his criticism. He gave a characterization of 

the_ tasks of lme~r programming from which it clearly follows that 

natwnal econom~c planning is the first task of linear programming. 

Let us present this characterization. 

"If _the given problem of linear programming is not a trivial one 

then 1t_s soluti~n means that in specific cases - in individual 

enterpnses, regrons, brigades, lines of production, etc . llw 

method of operation th_at is most profitable from their slandpoi 11 r 

must be replaced by a different , somewhat less profilahk o1w J'lw 

loss from the l~tter, however, is exceeded by llw 1·.;•i•• fJnJJI tlw 11';1· 

of correspondmg resources in anol IH·r pi ;Jn· 111 '"' :~ 1111 11 11 . 1 
purpose.'' 24 

. I? other w~rds, the prohl,·JIIs nl IJJII';JJ f'"'l'.l.llllllllll)' ,11 , 11
,., 

tnvtal whe~ ~feedback el'kd n;ists aJIICIII)'. 1111 · , .,.,,., 111 ,1111 ., 11 p llw 

results of drJfcrent L~cono111i1· 11111h n,,., 1111',111', 111.11 t/ 1,. , 11,,1, 1- 1tf 

the mOSt p_rofila!Jk :llfl'IIJ;Jijyl· fell elllt' •;1·c fell etf ff11· ll.llleiiJ.Ji 

eco~omy rarses cosls 01 IL'd11n·s ll' .~1dh Ill e~li 11 · 1 .,,· 1 lcw, 11 11 ., 1., 

obviOusly the same kL·dh;H: k ,·f kl'l h ·f wn· 11 e e 1sl.-> 111 dll r.- 11 .1JI 

sectors of the national econoJIIY IIJat llllllc 1d llic L:Ji!ic.'> of 11 1,. 

method of multipliers disputes, and that was to be taken into 

accoun~ by means_ of multipliers according to proposals made long 

ago. It IS ~l~o obviOus that the overall maximum of results and the 

overall mlllimum of costs for the national economy as a whole 

must be the main criterion. Boiarskii agrees with this. This is 

appa~ent fr~m the fact that he refers negatively to capitalist 

f.racttce, which does n~t solve problems of use of scarce resources 

from_ the standpomt of minimum overall costs for all 

ent~rpnses." Boiarskii's fundamental thesis that problems of 

natwnal econo~ic planning do not pertain to the class of 

prohlems to wh1ch t_he method of multipliers is applicable is 

thereby co111pletcly refuted. 



P. S. Mstislavskii has presented the idea of a replacement of the 
method of the multipliers that in its impracticability proves, on 
the contrary, the necessity of using this method in calculating 
costs. He proposes determining the effectiveness of one or another 
alternative of the plan "according to the sum total of labor costs 
for all products ." 25 This means that in choosing a plan alternative, 
for example, in choosing material for a part, we must calculate 
outlays on all of the national economy's products for different 
alternatives of material for the given part. Such a possibility is 
conceivable, but not feasible . Furthermore, it is not worth 
accomplishing even if it were possible. "The result would be the 
same as in the calculation . . . of indirect cost by L. V. 
Kantorovich's method," but determining the total outlays on all 
products would require tremendous, excessive calculations . 

8. Substance as Form and Form as Substance 
(Concerning the Foreign Treatment of the Method 
of Multipliers in the Economy of the USSR) 

In refuting the view of the incompatibility of Marxism and 
marginalism we have thereby responded to certain remarks of 
Western economists on the subject of our work. However, since 
bourgeois economists criticize this work from fundamental 
positions different from those of Soviet economists, their 
arguments require special analysis. 

In an article devoted to Soviet discussion of the principles of 
determining the effectiveness of capital investment, G. 
Grossman 2 6 notes that the method we have proposed for finding 
the overall minimum of costs2 7 is closely analogous to the system 
of general equilibrium of Walras and other Western economists. 
Grossman is surprised that the author could continue in this case 
to adhere to the labor theory of value and undertake the 
improbable task of synthesizing Marx's theory with Walras' 
theory. Nonetheless, he recognizes that the concept of feedback 
costs fulfills, to a certain extent, the task of reducing all costs to 
labor as the unit of measurement (nunzeraire). Grossman explains 
this resu lt by the fact that we proceeded from premises different 
from those on which systems of general equilibrium arc 
constructed. Choosing working time as the quantity to lw _ 
minimized determined the unit of measurement ol" tile lllOlk l and 
permitted us to express the value of means ol" productio11 in Lil)I>J 
(the task of deriving prices ()r n)L'~JilS or prodtJL"I il>n I I"Oill till· v~illl\" 

Of Utility of" J'in~JI Oli(Jllll W:IS llll'rl'h',l l'li llliii :J(l"\1) . (;Jll\ \ 111:111 

I l I 

emphasizes that lhis would be imp s~ i ble if we had se t as our <>oal 
the_ minimi~_ing or differcn t cost<; than labor o r the maximizin; of 
a dr~ferent l111_al output than leisure time (time free from work) . 

Gro man 1 undoubtedly correct in regard to the fact that it is 
?Ot possibl~ to combine Marx s theory with Walras' theory. But he 
IS mistaken 1~ assu~1ing that we po ed and fulfilled this task to any 
e~tent. He htm el l note that our scheme originates from premises 
d1fferent fr m a sy te rn of l!cono mic development ("equilibrium" 
rathe: th<~n ''deve l 1 menr' was probably intended - Trans.]. The 
premises 1?volved are the major factor in every theoretical model. 
J\ model m which the law of the economy of labor is embedded 
differs from mod~ls of econ mic equilibrium in a most important 
aspe _t, namely , ~ det rmining the content of the objective 
functJ n. to be mmimized i.e .. in determining costs. (In the 
~ ~n o_nuc model. eo t are expressed not with respect to 
lu:u~at~ons but w1th respect to the objec tive function to be 
mmimiZed.) Therefore , Grossman is wrong in believing that in our 
model _costs . are reduced to labor only formally, as in an 
~ccountmg urut. On the contrary , costs are expressed in this model 
li1 a l~bor unit precisely because they consist of labor. 

ft_1 easy to see thi ~fwe repla _e the labor unit in our model by 
a. u_rut of any c??1m0d1ty. For tlus purpose it is necessary only to 
d1~1d Jll quantities e pre. d in labor units by th e labor value of a 
umt of the _chosen c~n:tmodity. Relative prices do not change as a 
result of_ this ; ~nd rmrumum costs expressed in units of the given 
commodity Will , as before, minimize the labor involved in 
reproducing the social product. This means that in our model costs 
are not only_ f~rmall~ expressed in labor but they actually consist 
of 1abor. This 1s preCisely why all prices in this model are derived 
fro m the labor value of the entire social product . 
~ence it is cl~ar _how wr~ng Gro. man is in a tuning that the 

choice of the ObJe_ctive functwn of an economic model solves only 
the . formal ques~wn_ of the accounting unit (1/tllwi raire). The 
choice of t_he objective function to be minimized determines th 
conten_t ot co st ~, the content of value, and the Jaw of price 
formatw~. A_ umt of an y commodity (for example, gold) can 
become, 111 ~his case, the accounting unit (numeraire). 

The chOice of the objective function of a model is a 
fu~~amen~al question. If the quantity that is reduced to a 
~m1mum m ~eality is not minimized in the model , the model will 
distort essent1al features of reality. 

Th~ choice of lhl' ohiL·ctive functi o n of an econo mic model is a 
questiOJI l"OII<:nning lilt~ 111osl illlporl;llll l't·ono 1nic bw , ;1 question 



of the content of costs, of the elements of the economy that 
people strive to reduce to a minimum, in contrast to those 
elements and conditions that they strive to utilize to the 
maximum. Divergences between Marxist-Leninist political 
economy and bourgeois economic science are concentrated 
precisely on these questions. 

Systems of general equilibrium (Walras and others) do not 
reflect the law of economy of labor, and consequently they also 
do not reflect the labor theory of value. Thus the model reflecting 
these laws differs from models of general equilibrium not 
formally , but in the most essential premises, even if identical 
mathematical means (marginal magnitudes) are used. 

Marx's theory cannot be synthesized with Walras' theory, not 
because marginalism is supposedly incompatible with Marxism, 
but because we cannot simultaneously assert that costs consist 
only of labor and not only of labor. 

The use of marginal magnitudes in Marxist economic models 
necessarily arises from the law of economy of labor and from the 
limited nature of certain resources. As we know, Marx repeatedly 
noted both this limited nature and the necessity for considering it 
from an economic standpoint. In our schemes this limited nature 
is taken into account. The means for doing so (multipliers) 
pertains to mathematics, not to economics. 

Grossman mistakenly took the mathematical form of our model 
for its economic content and mistakenly took its economic 
content (costs consist only of labor!) for the accounting unit 
(11 unzeraire). 

Campbell's2 8 article consists of the "expanded reproduction" 
of a similar error together with other errors. It begins with a brief 
account of the different destinies of the development of Western 
economic theory and Marxism. According to the author, in the 
last half-century Western science achieved not only the reduction 
of different theories of value to the common denominator of 
utility but also combined this theory with the question of what 
determines the relative output of different products -- the 
problem of the distribution of scarce resources among different 
purposes. Marxists have not noticed this achievement. The limited 
nature of the Marxist legacy in economic theory consists, in 
Campbell's opinion, not so much in the incorrectness of the idea 
that value is created only by labor as in a failure to undcrst;md the 
fundamental problem of economic scienn~ the distribution or 
resources among different purposes. In supposnlly not rinding in 
Marx an answer to I ht• tpll'St ion or till' inkrl\'l;ll itlll.~llip or I IlL· 

problem of distribution of resources and the problem of value, 
Soviet planners are tirelessly trying to solve the problem 
themselves. In many cases they have found correct answers to 
particular questions of the effective distribution of resources. 
However, the combination of these answers into a general theory 
has been slowed, says Campbell, since it would unavoidably 
contradict certain propositions of Marxism. The application of 
mathematics in Soviet economic science has aggravated this 
contradiction and requires that Soviet economists be freed from 
the limitations of Marxist theory, which supposedly has already 
almost occurred in· the works of L V. Kantorovich and V. V. 
Novozhilov. But these authors, in Campbell's opinion, have not 
carried matters to a conclusion. In their schemes the structure of 
the final product is taken as given, whereas in actuality it is a very 
important element in the economic system. Nevertheless, the 
theory of consumption is already being worked out in the USSR. 
When someone combines it with the works of Kantorovich and 
Novozhilov, then a second discovery of the Western theory of 
value will have occurred. 

Such is the essence of Campbell's article. 
Theories are verified by their conformity to facts and by their 

application in practice. In this respect we must first of all 
introduce an important correction into Campbell's account of the 
destinies of economic science in the last half-century. There is a 
gap in this account. It is not mentioned that at the beginning of 
this period the most important verification in the history of 
economic theories occurred. Socialism arose . Marxist theory 
predicted this fact and explained it as a regular stage of 
development. Western theory not only did not predict it but even 
now cannot satisfactorily explain how this could occur and how a 
planned economy is possible. 

The problem of the effective distribution of labor (and 
consequently of other resources) among different purposes, which 
according to Cambell was worked out by Western science, is one 
of the central ideas of Marxist economic theory. More than a 
hundred years ago Marx wrote: "The saving of time, as well as the 
planned distribution of working time among different branches of 
production, remains the first economic law at the basis of 
collective production." 29 

M arx repeated this statement many times in different 
formulations. Questions or the errectiveness or capital investment 
;.111d similar questions are IKing lkvcloiK~d on this basis in Soviet 
practice and in Sovil·l l'l"Oil\llllil· SL"iL'IH"l'. I low l':lll lHH' spt·ak or a 



Jack of understanding by Marxists of the problem of distribution 
of resources among different purposes? 

The characterization of our viewpoint also does not corr~spond 
to the facts. If we are to believe Campbell, then Kantorovich and 
Novozhilov have attained some success thanks to the fact that 
they have almost freed themselves from the labor theory of value 
and have constructed schemes of distribution of resou.rces on the 
basis of utility. In reality, subjective uti~ity i~ not considered at all 
in th ese schemes. This means that pnces m these schemes are 
derived not from utility but from something el?e. From what else, 
precisely? . 

Campbe ll acknowledges that m our concept all elcment.s of 
value are expressed m labor units and that labor as .the untt of 
measurement (numdraire) of value is scmpulously re ta u~ed. But he 
co nsiders this conformity to the labor theory o ~ v~lue as 
completely illusory. He understands that this confonmty IS based 
on minimizing expenditures o f labor in the m~del. Th~refore,. he 
concentrates the main fire of hi s criticism on refut!ng tlu.s premise. 
Jn hi s o pinion minimi zing expenditures of labor for a .gtven set of 
products is an absurd goal \ e ~pe.ci.ally in th~ Sovie t ~ nwn !· 
Novozhilov's assertion that mm111uzmg expen.d1tures of labor IS 

equivalent to maximizing output, since economized manpow;~ ~an 
be used for increasing output , does not save matt~r~. In 
Novozhilov's method tabor is minimized un~er ~onditions of 
utilization of all remaining outlays with which It cannot be 
combined." 

Campbell neglects two features of our scheme: . . . 
( 1) only those means of production are completely utilized m 

our scheme whose norms of effectiveness ~re higher than . zero;~ 31 

(2) it embodies a multitude of altern.ative~ of productiOn ~I a 
unit of each product, alternatives that differ 111 amount of cap1tal 
investment. . 

Accordingly, if it is advisable to increase the p.roductwn plan, 
this is possible both by using the resources that It would. not be 
necessary to exploit with a smaller progr~m. a~d by cho~smg less 
capital-intensive investment alternatives (If It IS not advisable to 
increase the investment limit). . 

It seems to us that minimizing the expenditure~ of labor on the 
production of the prescribed s~t of products IS the o~ly ~eal 
method of constructing an optimal balance. of productiOn ~nd 

eeds. Needs are determined by proceedtng from expected 
n d"tures (per unit of each product) and from labor resources. 
expen1 .,. 

1
· r I · 

The minimum expenditures necessary for tile sa lis ac 1011 o necl s 

arc then found . Corrections in needs a nd in the production 
progra 111 are in traduced in conform.i cy to the mini m um 
expcndi lures obtained for each prod u t. A similar proces · i 
co~1 ti '.llled u.ntil the volume of prod uction for each product 
COi ll ' ldt.: . Wlth 0 iaJ needs, given fu ll empJoymcn( Of tbe 
ab! ~-b died population and an optimal length of thew rki.ng t1 1ly. 

I prove the absurdity of mmim izing any one kim.l of cost. 
Campbe ll .presents a ituation in which plan ners working in the 
area of railroad transport set the goal of mjn.iJnizing the c . t of 
fuel, leaving all other costs unchanged. Under lhe c nditions. 
says Campbell , Novozhilov's n tional econ mil: pr duction co:t 
would be expressed in fuel (a the 1/UIIIemire) . Here CampbcU 
repeats Grossman 's errors, carrying them to an exrrcm~ and thu 
facilitating their disclosure. 

[ n the .fust p lac . in minimizing the tota l consumption of fuel 
th

3 

nationa l e<:onom ic prod uction cost wi ll have a fue l ontent. 
even if it is e p r ed in ruble or even in man-ho ur . l n rh is ca e 
the minim of outl ays will min im ize the tota l consumption of 
fuel. The choice of the q uantity to be minimjzed i determined 
no t by the 11umei·aire bu t by os ts in the model. 

In the secon d pJac (and th is is th e main point) , this choice 
cannot be arbitrary fo r the na tiona l economy as a whole. Costs in 
the social economy actually consis t only of labor. This does not 
mean that only labor is scarce . Certain conditi ns of its 
appli ca ti on are a! o scarce. But the carci ty of lab r i different 
from the sca.rciry of the ondjtion. of its applica ti on . People s tr iv · 
to minimize expendi ture of labor ·tnd lo make maximum 
effective use of the condi tions of i ts appl ication . Therefore, in the 
model of the ociaJ eco no my expendirure of lab r enter into the 
objective fun ctio11 to be mirumized, and che c nu ition. of its 
appli~ation are included in the constraints. But the objective 
fun ctiOn to be mini mized expresses costs. This means that 
minimizing labor signifies nothing other than the fact that costs 
consi t o nJ y of labor. 

In an swering cri tics f rom the camp of bourgeois economists we 
consider it not up rfl uous to repeat several important points that 
were already m ade in Chapt er 5. 

The fundamental defect of theories of genera l economic 
eqlri.Jj brium (Walras and others) consL ts of igno ring difference 
be tween the ca rci ty of labor and the arcity of means of Jabor. 
In e s nee th e e theo ries do n t consider differem:es b tween the 
subj et and the bjc ·t · r th e · c ia l cl:o nomy. _ 

h · so •ia f er lllll JII y's :cur·~.: means (natural n:sourccs, capital 



investment) are not pecial types of costs but are those conditions 
of the application of labor whose limited nature imparts a 
conditional character to the prob lem of a minimum of labor costs. 
ln th. mathematical model of th~ social economy the difference 
between outlays anc.l the t.:onditions of their application is 
expressed i.n the differenc betw€en the objective function to be 
minimiz d and those Lonstrainls (equations or inequalities) that 
must be observed in finding the indicateu minimum, 

Mathematics thus makes it possible to formulate accurately the 
difference between the limited natur of labor and the limited 
nature of the ~.:on ition of it application. 

Even a static model in which labor c t are minimized is 
formed in a direction diametrically opposed to the construction of 
systems of general equilibrium, i.e., not from pric s (or ulilily) of 
consumer good to price of factor of production, but from labor 
cost to prices of consumer goods. Th cognitive fore of the 
models that relle t the law of economy of IJbor und thl! law of 
value i fully revealed only in investigating the development of the 
economy. Then it is learly observ d that people ~ trive io decrease 
expenditures of Labor and to make maximum use of the condition 
of its application, i.e., to horten the working day and to expand 
cap ital investment and the development of natural re ources. 

But thi is not all. The law of economy of labor ex.plains not 
only quantitative relationships within the limits of a parti ular 
society but also QUtLiitative L:hange in the soda! structu re.
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transition to socialism of countries with a relatively low level of 
development of capitalism is explained by the historic necessity 
for these ountries to accelerate rates of growth or labor 
productivity by changing to a h.igher mode of produ tion. 

Theories of g neral economic equilibrium that do not reflect 
the law of economy of tabor .ignore the main fa tor of the 
economy both in its static and, e pecially, in it dynamjc aspects. 
That is why the defenders of the theory of economic equilibrium 
could not predict and explain the main feature of recent economic 
history - the appearance of socialism. 

lf the law of economy of labor has such great significance in 
Marxist economi theory, then obviously there can be no talk 
about a decline of the tabor theory of value nor about a "second 
dj covery" by Marxists of the Western th ory f value. 

The process that appear to Campbcll as the dedinc f lh labor 
theory or value is a devel pmenl and, tccnrtlinp:l . Ll 'ltf' JJ)!.lhclllllg 

of this theory. 
In fact, the concept of differential costs and full production 

costs r~presents ~ generalized expression of the law of labor value. 
Accordmg t? thiS concept, prices that balance the need for, and 
the pro~uctwn _of, each product are always derived from the value 
of the fmal s~cml product. The law of minimization of labor costs 
for the_ reqmred_ outpu~ can be realized only if prices are 
propor~wnal to differe~tial costs per unit of product, i.e., partial 
denvatives _of the conditional minimum of the value of the social 
product wit~ respec~ ~o the production of the given commodity. 
Under certam conditwns these derivatives are equal to labor 
values, _whereas under others they are equal to prices of 
productiOn, and under still others are equal to full production 
costs. 

Thus, prices ~hat are p~oportional to values, as well as prices 
tha~ are proportwnal to pnces of production, are explained on the 
basis of the same law and according to the same principle. 

True, we have not yet carried the generalization of Marx's 
theor?' o~ value to its conclusion. We must introduce a demand 
fu~ctwn mto our model. Noting this, Campbell predicts that when 
this occurs the breakdown of the labor theory of value will be 
complete and there will be a "second discovery" of the Western 
theo11:' of_value (t~e t~eory of marginal utility) by Marxists. 

This . IS an illuswn. We foresee a completely different 
perspective, namely, a second discovery by Western economists of 
the law_ of eco~omy of labor. The study of demand does not 
con~radict Marx s theory of value. On the contrary, the concept of 
sociall~ necessary labor presumes the conformity of the 
productwn of the product of this labor to social wants. Thus, the 
study of wants ~oes not lead in any way to a decline of the labor 
theory ?f val~e. m the USSR and to its replacement by the theory 
of margmal utility. 

The difference between these theories consists not of the fact 
that one of them does not consider wants and the other does so 
but rather that one of them reflects the law of economy of labo; 
and t_he other does not. 3 3 Therefore, for a second discovery by 
Marxists of the Western theory of value it is not sufficient to add 
~o the concept of diff~~ential c~~ts the theory of consumption. It 
IS also necessary ~o subtract from this concept the law of 
economy ?f lab~r, Le., the determination of costs by labor. Such a 
pros~ect IS obvwusl~ unreal. The law of economy of labor is 
confirmed by the en tire course of history. 

On the ~t~er hand, another prospect is extremely probable _ 
the rec?gmtwn of the law of economy of tabor b w t 
econ<)l 11·t · '1'1 · · ,. · ·· Y · es ern 1 ss. 1e mcreasmg tllllculty of defending a theory that 



puts lab or and the conditions of its ~pplication o~ the _sa me _level is 
leading to this. The reality of th1s prospect IS urun~en~onaUy 
confirmed by none other than Campb U ltimself. In r~Jectmg the 
problem of minimizing labor eo ts he contrasts to_ 1t - as an 
authentic problem - the maximization of free tlme and th 
production of output. . 

However, the problem of a maximum of. th~ consumptiOn 
function that includes free time among the obJe t1ves_ ~emanded 
differs only formally from the problem of a m.umnum of 
expenditures of labor on the neces ary output. In b~th p~oblems 
labor enters directly or indirectly (i.e. through free tu~ 1.nto the 
objective function, and the conditions of its application are 
included in the constraints. . 

We think that the minimization of labor eo t on the requrred 
output is a more suitable form of expressing the law o_f economy 
of labor than the maximization of output an?. ~ree tune. ~abor 

1 
can be alcu lated whereas it i· very dtW ult to measure 

cos s a1 d't' s h . th subjective utility even under the most ide con 1 wns. uc . _1s e 
result of the prolonged and hot disputes on the measurability of 
utility, a result attested to by math(~maticians ,tree from what 
Camp bell calls "the limitations of Marx1st theory. . 

We saw that in analyzing our concept Campbell ascn~es a 
formal significance (numeraire) to the most important premtse of 
our model (the determination of costs in terms of labor and the 
task of minimizing labor that arises from it), and conse.quently he 
easily tran fers a similar premise, in~o ~ ~onnulatwn of the 
problem. The same tendency to tylization of the ~~n~ept ~f 
differential costs under the theory of general eqwllbnwn ts 
manifested in his detailed presentation of the concept of 
differential costs. 

Thus according to Campbell , in Novozhilov's work value is 
viewed' only as the reflection of production limitations, i.e., 
national economic production costs are identical with feedback 
costs. This is a very inaccurate presentation. Feedback c~sts 
constitute only part of the national economic (full) produc~IOn 
costs. Expenditures of tabor on the production of the giVen 
commodity constitute another part, and moreover ~he 
fundamental part. Prices would be the reflection of produc~IOn 
constraints only in a model in which all resources in productiO~, 
including labor, were included in the constraints. In the mode_! In 
which labor is included in the objective function, costs and pnces 
are constructed according to the following formula : expenditures 
of tabor plus feedback costs. 

To sum up, we are justified in saying that Campbell's article is 
extremely biased. By virtue of his obvious antipathy toward 
Marxism, substance appears to him as form, form as substance, the 
real as illusory, and illusion as reality. This loss of the measure of 
things and people was reflected in the very title of his article, 
"Marx, Kantorovich, and Novozhilov: Stoimost' versus Reality." 

However, sooner or later truth wins out. It is already clearing a 
way for itself. Not all Western economists see in Kantorovich's and 
Novozhilov's works a retreat from Marxism. Thus, M. Dobb 
(Cambridge University) examines our scheme of costs as a special 
type of price of production. The price of production constitutes 
an important element ofMarx's theory ofvalue. In other words, it 
is not a matter of a retreat from Marxism, but of the application 
of the price of production category to the conditions of a socialist 
economy. 34 It seems to us that the national economic (full) 
production costs differ so significantly from prices of production 
that it is hardly advisable to call them a special form of prices of 
production. However, this question is already beyond the scope of 
the subject matter of this chapter. M. Dobb disputes neither the 
use of the method of multipliers in planning the national economy 
nor the conformity of tills practice to Marx 's theory of value. 

* * * 
In defending the use of the method of multipliers in national 

economic planning we do not, by any means, suggest that the 
schemes we have proposed for its use do not have any defects. On 
the contrary, they are still far from perfect. They require criticism. 
Are the initial data of the model correctly chosen? Do they reflect 
the essential features of reality? Is the method of finding the 
optimum sufficiently effective? Is it possible to apply simpler or 
more effective procedures for solving the same problem? All these 
questions require scientific discussion. 

But if the initial data of the model take account of the essential 
features of reality and the method of finding the optimum is 
effect~ve, then . we cannot consider as incorrect those concepts 
(margmal magmtudes) that are necessary for solving the problem. 

In objecting to the defects in models of the use of the method 
of multipliers, critics forget that all conditions of application of 
the multi~~ers remain in full force, namely, the scarcity of the 
best conditions of application of labor and democratic cc.n tralism 
in managing the economy. Critics forget that the scarcity of the 
best conditions of application of lahor is i111portanl nol only for 



individual parts of the national economy but J.l o for the whole, 

and must be considered not just in current but in long-term 

planning. Accordingly, defects in particular m dels of optimal 

planning must be removed by proposing more perfect ·chemes, 

not by criticizing U1e method that is necessary not on ly for the 

optimal planning of the national economy but also for developing 

economic calculation, for perfecting distribution according to 

labor, and for the further demo ratization of management of the 

economy by strengthening the planning principle. 
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CHAPTER 11 

CONCLUSION 

Plan ning the national economy cannot. and must not (even if it 

could . embrace 11 economic decisions . T he nationa l economic 

plan i compi led according to highly consolidated (aggregated) 

indicator en ompassing large gro up of phenomena. Accord ingly, 

pr ices a lc u lated in compiling the optimal plan for U1e 

development of the na ti onal economy should pertain only to the 

most important group of commodities. The am mu t al o be 

said abo ut norms of effectiven of material resources capi tal 

investment, produ t ive capita l, natural resource . 

In breaking down de tailing) the nat ional economic plan by 

region , branches. and enterpri es we must en ur confonnlly of 

all local p lans and decisions to the national economic optimum. 

Tllis mean that fur ther work on the plan for the developmen t of 

the national economy involves the division of the huge extremal 

task into parts and finding a general optimum by solving a 

multitude of particular extremal tasks. Here the use of the law of 

value is necessary . 

1. The Main Practical Conclusion 

The planned manage ment of a socialist e onomy can be 

op timized on ly through combining optimization of natin11al 

economic plans wirh optimiza tion of pri e form 1tiou. Under 

optimal planning pri e and economic accoun labi lity. · nstrttL' I ·d 

with due consideration f ril e law o vu lul' , ·nordina r • Ill· 

profitability of a multitude of particular decisions with the 

national economic plan. (The uncoordinated remainder of the 

decisions can be adjusted by means of subsidies, the turnover tax 

and similar means.) On the other hand, if prices and economi~ 
account~bilit_Y do not consider the law of value and, so to speak, 

contradict 1t, then discord between the plan-directive and 

economic accountability is inevitable, and the planning apparatus 

is b~rdened with the impracticable task of centrally solving a 

mul~1tude ?f local planning problems and of providing purely 

admm1strahve methods for fulfilling them. 

Thus, detailing the national economic plan is possible only on 

the basis of optimizing disaggregated prices and norms of 

effectiveness. The role of the law of value in this matter consists 

not only in the fact that value categories become the controlling 

norms of the planning apparatus (the centralized management of 

the economy) but also of the fact that the "principle of value" 

i.e., the equality of optimal prices to differentiallabor costs is the 

b~sis for calculating most of these norms. Hence the pos~ibility 
anses of approximating optimal prices by calculating them not as a 

whole, like consumption valuations , but in parts, like differential 

labor costs. The range of the search for optimal values of the 

norms is thereby lbnited within comparatively narrow bounds 

which are determined by the conditions of production. A differen; 

route . for ~etermin~ng prices , by proceeding from consumption 

valuatwns, 1~ complicated by the fact that the range of change in 

these valuatwns, depending on the amount of products, is much 

broader than the range of change in costs. 

. Knowing the formulas for differential costs, we can substitute 

111 them approximate values for prices of means of production and 

for norms of effectiveness, and then we can verify to what extent 

th~ result~ obt~ined_ confor~ to other prices. If, for example, a 

pnce obtamed m this way diverges considerably from the price of 

another ~ommodity similar in purpose, or from a price of the same 

commod1ty c~lculated for a different region, it is necessary to 

correct t~e pnces s_o that an equal price corresponds to an equal 

consumption valuati~n. Thus, by correcting price calculations step 

by step (best of_ all,_ m the course of planning these prices , not at 

the stage of reahzatwn) we will coordinate them with each other 
and with the material balances. 

The yrocess of optimizing both prices anti the planning 

calculatiOns based on them, which make SJWciric llw nal ion a! 

economic plan , is included in lhis Pnll'l'SS or coonlillalion or 

prices . PricL~ s coonlinakd i11 lhis w;1y t·an alrl';Hiy ht· approvt·d as 



selling prices . True. the e wi.ll o nly be approximately optimal 
prices. Nevertheles . they will aid nol only the fulfilln:en~ of the 
optimal pl an !'or the national economy on the pnnctples of 
economic calculation but al ·o the introduction from below of 
proposals for compiling the new plan that w_ill be c_Ioser to a new 
optimal plan than proposals based on nonoptimal pnces. 

2. The Main Theoretical Conclusion 

Optimal pl:m prict:s are the most accurate expressi:m of ~he law 
of valu . The law of value is realized in these pnces wtth the 
smallest random deviations. Such a situation is possible only in a 
ocialist economy. Under t:apital ism the conformity of prices to 

expenditure, or tabor is realized "through nonrealization," i.e., 
only on the average , with wnstant deviations and distu~banc~s. 
Only in a planned economy can we attain a stable prop~rtio~ahty 
in the development of the economy and a stable c nJormtty of 
pric to expenditun::s of socially necessary tabor. But it is _not 
easy to accomplish thi po . ibility. To the extent that pnce 
incorrectly reflect expenditures of cialJy nece sary lab r. to that 
extent the law of value can give rise to disproportion, , the 
prevention or which requir~ excessive centralization of 
rnanaaemenl of the economy. It seems to us that the main 
conse~uen ·e of nonconformity of planned p~ices to _social~y 
n cessary e xpenditur s of labor is not d1sproport10ns . m 
production (as a rule they are prevented by planmng 
management), but those di ..:repan cies between local and ove~all 
benefits that greatly com plicate the tasks of plannmg 
management, disturb normal economic ca lculation, _hin~er 
distribution according to labor, and restrain the democrattzatwn 
of economic management and the creative activity of working 

people in production. 
As we know we took little account in the past of the law of 

value in the ~rocess of pric formation. Accordingly, it w_as 
necessary to truggle against the negative consequences of tts 
violation. On thes grounds the false conviction developed and 
be arne strengthened that t he plan and the l~w ot~ value arc_ 
incompatible with each other, and that the ?P~ra tion 1 the law I 
value under socialism can, anti must, be hm ttcd by ll~c. ~")lan. l n 
reali y the law of value (like any o ther lnw) can110l • ~11111l~d : We 
can and mu t , limit only the ncg·ttivc ' ns~.: 1l' L'l1 • ·:-; I d ·vwl• n. 
of ~lann d pr-ice. l"rotll s ·iu lly 11 ~ · ·ssary · p~..·riditurl\ :-.. 11ul I lie 
approxinnli n of pric ·~ lo -;m·iall y n ·r • ..,,ary • p~·n lllur·s ol 

Iahnr is tll · 1\lOSI · lh• liv · ''' ' ~ Ill S I(Jr tl1ts 

Howe_ver, in_ spite of prevailing opmwn, Marx's teaching 
concernmg socially necessary working time is not completely 
stated ?Y the assertion that this time is expressed in average 
expenditures of labor under average (socially normal) conditions. 
·I' his assertion fully applies only to those economic conditions in 
which pr~ces are attracted toward values. We must not forget that 
111 analyzmg the process of formation of prices of production Marx 
~.:sla~l_i_she? that the sale of commodities at prices corresponding to 
modifications of value is just as much a sign of the conformity of 
prices to socially necessary expenditures of labor as is sale of 
commodities at value. 

This development of the labor theory of value has not yet 
a I I ract~d p_roper attention. Moreover, the prerequisite for price 
lonnat10n m proportion to values - uniformity of conditions of 
application of labor - occurs neither in capitalist nor in socialist 
counlrie_s. Naturally, in mathematical schemes of optimal planning 
also,_ prJCes are not proportional to values. In the light of the 
lrad!ltonal_ concept of socially necessary costs (as average costs 
u1Hkr soctally normal conditions), prices of the optimal plan 
app~.:ar to be severed from socially necessary costs. Moreover, 
upltmal_ plan _schemes of price formation are ranked by certain 
cco•mrn1sts with subjective theories of value - in the spirit of 
marginal utility. 

Such an a~titude toward optimal plan prices greatly hindered 
nut on I~ the Improvement of planning but also the organization of 
econom tc management on the principles of democratic centralism. 
~n realtty, optimal plan prices are the most complete and the most 
1deaf expression of socially necessary expenditures of tabor. It is 
only n~_ces~ary that this plan reflect the law of economy of Iabor. 

By. fmdmg t~e for~ula for socially necessary labor in optimal 
plannmg we Will obtam an expression of the law of value so to 
speak, in pure. f~r~, i.e., as a necessity not covered by ~hance 
occurrences. In JOmmg to this formula an expression for the action 
of ran~om factors we will obtain a general formula for price 
formatiOn. 

In. ~ifferent periods the law of value operates under different 
conditions, namely, with varying differentiation of the conditions 
of application of labor and with different conditions of 
ex~loitation ~f the direct producer. Therefore, prices in various 
penods are m a very different relationship to the values of 
commo?ities, and they stimulate the economy or lab.or in a 
nonumtorm way. But in all SLI).',l'S or LkVL"IO(lllll'ill ()I LOIIIIIWdily 
product i(lll I ill" )',l"lll'r:il LIW ()I prin· rorlll:il ioll 111:11 :IVL'I :l)',l" 



prices tend toward average partial derivatives of the value of the 
social final product with respect to the amount of the given 
commodity - remains valid. 

3. On the Discussion of 
Problems of Price Formation 

Marx' theory o f value r fl ee ts the law of price fo rm ation in 
their relation hip to other t!conomi law , ab ve alJ to Lhe law of 
economy o f tabor. Marx did not develop all parts o f thi th eory t 

the ame ext n t. er tai11 · lemen ts of the theory of value were only 
outlined by him .1 ln parti cular he did no t su rfi ien t ly work out 
th concept of soc iall y net.: sary tim e in a di ffercn t en , in the 
sense o f time necessary according to the condition of 
consumption , in contra t to wor king time necessary according to 
the cond itions of production. Marx devoted a few lines directly to 
this concept.2 But it is logi ally included Ln that tatement of h.is 
theory of value that asserts that the qualitative and quantita tive 
onformity o f a commodity to the n ed fo r it is a neces ary 

condition for the labor expended on it to create value. The degree 
of conformi ty of a ommodity to th.e ne d for i t can be 
determined only with the aid of consumption valuations that 
indicate that "a certain amount of working time is nece sary for 
satisfying social needs." 3 

Without such valuations the fundamental equality determining 
socially neces ary expenditures is not realizable. This equality 

says: 

Labor necessary ac- ~ 
carding to the con­
dition of production 

is equal to l
labor necessary ac­
cording to conditions 
of consumption. * 

Without the right half of this equality the left half become 
indcterminat . This is obvio us if cost per unit of output depend 
on the amount of production. But in the case in which cost per 
unit do not change with changes in the volum of produ tion , i~ is 
not possible to determine without a onsum~tion valuatt?n 
whe ther it is necessary in general to produce t he g.JVen com modtly 
and what its genera l level of costs hould be. This p rta ins no l 
only to onsumer goods but also to mean of produc ti n . W • hav' 
seen that in the task of mlnimizing expenditure o f lab r n lh 
prescribed output onsumption v_aluations neces <~.rily a r~s · f r 
m eans of production. The e valuat10ns are norm s of ·f f ·( tv ' IWSS 

of these means (in other words, they are norms of feedback costs). 
Putting the norm of effectiveness of a reproducible means of 
production in the right half of the equality makes it possible to 
determitw the lcrt half. 

But this is 11ot all. This equality can also be extended to the 
determination of socially n e cessary surplus labor for 
accumulation. In that case, differential (marginal) expenditures of 
surplus labor ror l IlL: expansion of production will be in the left 
half, and thL: dirkrential effectiveness of capital investment will be 
in the right hall. !11 p;1rli cular, the equality (*) is the logical basis 
for the equ<Jiil y or I IlL' lll;lximum possible growth rate to the norm 
of investment efkl'livL·ness in the optimal plan of development~ 

We will not L'X:llllillL' the opportunity of extending equality(*) 
to the determin:ll iPJI 11! socially necessary expenditures of surplus 
labor on nonprodtJL"I ive activity . (We think that valuable results 
can be obtaitwd in ll1is dir\:ction.) We will confine ourselves to the 
significance or L'IJ u:lli I y ( *) in Marx's theory of value . This equality 
is the found at ill II sill Ill' ul the theory of value. It demonstrates 
that the conrunu1ly 11! production to needs (the proportionality 
of production) is r~· : di;,L'd under conditions of equality of 
consumption [ah,lr v:dualions to expenditures of labor. It 
encompaSSL'S holl1 sidvs uf price formation - production and 
needs- and il l111k~ I ilL' l:1w or value with the Jaw of economy of 
labor, witil till' tklt ' llllill;lliun or costs by labor. The basis for 
measuring ~· o s l s :111d llL'rldits is thereby de termined. All 
consumplio11 v:litLII io11s ur both means of production and of 
objects or l"llll.~lllllplioll :JrL~ L'xprL~ssed in the same unit in which 
expendilUIL'S ol S!HI:il l:1hor arL' 111L'asured. 

The priiiLIL" Y ol JlltldilL"lion in equality (*)is manifested by the 
fact that illL' rL· :lii; :llion of file equality begins with the left half. 
i.e., witl1 a SIIIVL'Y ol [HtiLiiiL·fion possibilities and of expenditures 
necL·ss:1ry lor ll1i.~ ]HirpoSL'. l"he rangl: of change in consumption 
valu:iliu11S 111 L":ll·il LOIIlllltHiily (L'specially of necessities) depending 
on supply is WIY llJ():Jd and L·an l1ardly bL: determined so long as 
tilL' possihk :lllllllillls of :111d llUfJays Oil the production Of 
COlllllltHiily :IJ\' llllkJiuwll. Acconli11 gly, lhL~ 111:1ximum growth in 
tilL' puplli:llitlll's wl"ILIIL' is IJalurally In lw sollgill by linding the 
llllllillllllll 11llll:1ys ol l;illor un filL' lll'L"L·ssary output, with 
SllllSl'l[lll'lil ll'L" ;ilnli:llit)(I S (ifn:ilitlns) i11 L"OIIr!Hillif y wilil tilL' 
rvvl':lkd lll'LL'ss il y (as a lt'stlil ul sulvi1~p. !lit' prohll'Jll) ol nlii'L'l' ling 
I[Jv p1od11<llllll JliU)'.I:JIIl :11Hl lill· kiiJ'.IIt "' IIJL" workiiiJ'. lLt y. 
Millillll/111)'. I ill' pltllllll'lii)JI l.IISIS '" IIILil !llll[llll :llld 111:1\illll/111)' . . 
willt I'.IVt"ll W:IJ',l" 1:IIL'S lilt" 11:1lJ111J:il llll<llll<' :Jil' 11:11111:11 l'.<l:ds •d 



current planning. In addition, long-term planning optimizes the 
relationship between accumulation and consumption, and between 
working time and free time. 

Unfortunately, equality (*) has not yet attracted the proper 
attention of Soviet economists and mathematical economists. 
Thus, the development of problems of price formation is 
proceeding in two directions at the present time. Some 
investigators confine themselves to developing the left half of 
equality (*), overlooking the right half, and others seek laws of 
optimal price formation in models that maximize the right half of 
the equality, considering it in isolation from the left one as a 
welfare function (or a social utility function). Confining analysis 
of the law of value to the left half of equality(*) is characteristic 
of many Soviet economists. It is explained by the fact that in 
Marx 's works the concept of the social consumption valuation is 
insufficiently developed. 

Given the proportionality of production and the conformity of 
prices to socially necessary expenditures of labor, consumption 
valuations are equated to costs necessary according to the 
conditions of production. Accordingly, in order to explain the law 
of price formation in an unplanned economy, it was sufficient for 
Marx to establish equality (*) . But in a planned economy this is 
insufficient. In order to use the law of value in planning we must 
know the laws of formation not only of costs of production but 
also of consumption valuations. That is why it is inadmissible to 
consider those statements of the theory of value that Marx 
insufficiently developed a s unimportant ones. Such a 
simplification of the theory takes cruel revenge . Either 
contradictions between practice and theory arise (if defects of the 
simplified theory are corrected in practice), or there is a collision 
between practice and economic laws (if practice is guided by the 
simplified theory). 

The fust of these was observed in measuring costs, namely, the 
contradiction between practice and the simplified theory of value 
(see Chapter 1, Section 1 ). 

The second consequence of ignoring certain important elements 
and relationships inherent in the law of value occurred in 
measuring benefits. In particular, the measurement of benefits 
long suffered from confusing benefits with costs. There emerged a . 
neglect of the role of consumption valuations in the formation of 
socially necessary costs (see Chapter 1, Section 3). 

Thus, the refusal to develop the right half of the equality 
determining socially necessary tabor costs so impoverishes the 

theory of value that it partially ceases to "function," i.e., to 
explain facts , and it becomes transformed into a dogma that we 
must believe in spite of its contradicting the facts . The 1965 
economic reform still further sharpened the discrepancies between 
the impoverished theory of value and practice. Thus, payments for 
capital funds do not fit within the limits of this impoverished 
theory of value. 

One one-sided element in the theory of value led to another. 
Some Soviet economists and mathematicians, ardent defenders of 
the models and methods of optimal planning, rejected the left half 
of equality (*) and proposed constructing prices by proceeding 
from the maximization of the welfare function (or the social 
utility function , the consumption function, etc). 

Prices in this model are obtained as partial derivatives 
(increments) of the maximum of the welfare function with respect 
to the amount of the given resource or product (manpower, means 
of production, means of consumption). In so doing, labor also 
receives a valuation . The costs of production of the product, 
ex pressed in thes~ prices, represent those negative increments of 
liJL' maximum of the welfare function that are caused by the 
application of resources used for producing the given product 
(rather than others) . In other words, costs in this model express 
not tabor but a sacrificed increase in welfare. 

This model cannot be rejected on trictly logical ground . 
Furthermore, we can incorporat the law f 'C no my of Jabor 
into it by including in the welfare function lim · fr from work as 
a special good. Nonetheless, this model is also incapable of being 
applied. 

The welfare function expresses only the order of social 
preferences of one or another consumption structure. Neither zero 
nor the unit is determined for it. TllcJTrorL', we cannot determine 
its partial derivatives with respect to the amount or resources and 
products, i.e. , we cannot determine prices tlt;it, ;1ccording to this 
COncept, are partial derivatives or t!JL' WL' irarl' function (sec 
Chapter 8, Section 2). 

Thus, ignoring either half of equality (*) kads to no good. In 
the most con·i e form this equality correclly rclkcls both aspects 
of the pro "'SS l f price l'onnatio11, llallwly, expenditures of labor 
and the SOCial vaJualiOIJ or IIJL~ir rl'Sllils. 



Notes 

1. According to Engels, for Volume Ill of Das Kapital "there was only one initial 
draft, which, moreover, was full of gaps." As a result of illness Marx could not finish the 
part of Das Kapital that is devoted to the transformation of value into· the price of 
production. SeeK. Marx and F. Engels, op.cit. , Vol. 25, Part I, p. 4. 

2. SeeK. Marx and F. Engels, op.cit., Vol. 25 , Part ll , p. 186 ; Vol. 26, Part I, p. 221. 
3. K. Marx and F. Engels, op.cit., Vol. 25, Part ll, p. 186. 
4. See pp. 189-190. 
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