Economic planning, computers and labor values

W. PAUL COCKSHOTT AND ALLIN COTTRELL!

INDEX

L ABSTRACT ... 1
L1 INTRODUCTION. ...ttt bbb bbb s s ens
2. OUTLINE OF OUR PROPOSALS
3. LABOR TIME AS SOCIAL UNIT OF ACCOUNT AND MEASWRE OF COST
4. LABOR—TOKEN SYSTEM OF DISTRIBUTION

5. DEMOCRATIC DECISIONS ON MAJOR ALLOCATION QUESTIONS .......ccooimiriiniinienienieniesiesieeeeeens
6. CONSUMER GOODS ALGORITHM ..ottt sre et sse ettt st sne st seenenns 4
Il. FEASIBILITY OF CALCULATION .....ctittitiitiitertenteste sttt ettt ettt st bttt eb e ese bt nnes 5
1. CALCULATION OF LABOR VALUES ...ttt sttt sbe sttt 5
2. RESOURCE ALLOCATION ...ttt ettt enne 6
3. LOW COMPLEXITY PLAN BALANCING ......ooiiiiiiiiiiiieieie et nne 7
1) The algorithm then is @s fOllOWS:..........oouiiiiii e e e 8
2) Comparison with existing computer teChNOIOGY .......cccveeiiiiiiiiriieee e 9
lIl. THE ARGUMENT FOR “BOURGEDOIS PRICING” .......cocoiiiiiieiiieene e 10
1. BOURGEOIS PRICES IN THE PLANNED ECONOMY ....cccoctiiiiiinrireeninns cenresresesnesnesessesnesnesesne sreennes 10
2. ASSESSMENT ...ttt ettt E e R bR R R r e n e n et e e et nne e 13
3. CHOICE OF TECHNIQUE ...ttt ettt sn et r et bbb nne e 13
IV. “BOURGEOIS PRICES” IN THE CAPITALIST ECONOMY?.....ciiitiiriierenreieieeeese e 17
1. UNITED STATES DATA. ...ttt sttt ettt h e bbbt b et s et e bt eh e et b e e e ene s 18
2. CORRELATIONS ...ttt sttt ettt b bbbt e bbb e b e b e et e et eseese e st et e erenneebe e 19
3. CONCLUSION ..tttk b ettt b bt e bbbt e bbb e b bt e st et e st ebeene et e e benbenbeenee 21
A REFERENCES ..ottt sttt etk h bbbt e bt e et bt et e et e bt ae st b e ebenn et n 2

. ABSTRACT

1. Since the collapse of the Soviet Union it has seemed to many that the socialist
calculation debate is essentially over, with a decisive verdict in favor of the market. Recent
instabilities in the world market are again prompting the question whether some form of
conscious regulation of economies may be appropriate. We argue that the increasing power
of modern computer technology along with the use of Ricardian—Marxian labor values
opens up new possibilities for economic planning.

1. INTRODUCTION

2. The collapse of the Soviet Union at the end of the 1980s has established a strong
presumption—reinforced by the arguments of the Austrian school (Hayek, Mises)—that
there exists no viable aternative to capitalism and the free market. From this perspective,
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socialist planning appears as a utopian dream. Not only have socialists made very few
attempts to defend planning of late; there has been very little substantive discussion of
economic planning at all. One index of the dominance of the Austrian arguments regarding
the impossibility of rational planning is provided by Joseph Stiglitz's Whither Socialism
(1994). Stiglitz is critical of socialist economics, but his critique is almost entirely directed
against market socialism. Asfor a centrally planned economy, he says only that “Hayek
had rightly criticized” the Marxian project, “arguing that the central planner could never
have the requisite information” (Stiglitz, 1994, p. 9). Thisisatypica response: even
economists who do not subscribe fully to Hayek's views on the merits of the free market
nonetheless generally believe that the Austrian critique of central planning may safely be
regarded as definitive. We hope to show that this should not be taken for granted.

3. The next section outlines our proposals for a system of ratio nal socialist planning;
section 3 assesses the technical feasibility of implementing these proposals. The scheme we
advocate involves making extensive use of labor values (in the sense of vertically
integrated labor coefficients) in the planning process, and in section4 we examine the
criticism of this sort of use of labor values put forward by Samuelson and Weiszécker.
Section 5 extends this argument, drawing on empirical work which suggests that the
“bourgeois prices’ (or in Marxian terminology, prices of production) favored by Samuelson
and Weiszacker for economic calculation are not generally to be found in capitalist
economies. A brief conclusion is presented in section 6.

2. OUTLINE OF OUR PROPOSALS

4. We first set out the general conditions which are required to operate an effective system
of central economic planning, leaving aside for the moment the issue of whether they can
be redlized in any feasible system. Taking an input—output perspective on the economy,
effective central planning requires the following basic elements:

¥ A systemfor arriving at (and periodically revising) a set of targets for final outputs,
which incor porates information on both consumers' preferences and the relative cost of
producing alternative goods (the appropriate metric for cost being left open for the
moment).

¥ A method of calculating the implications of any given set of final outputs for the required
gross outputs of each product. At this stage there must also be a means of checking the
feasibility of the resulting set of gross output targets, in the light of the constraints posed by
labor supply and existing stocks of fixed means of production, before these targets are
forwarded to the units of production.

5. The provision of these elements involves certain preconditions, notably an adequate
system for gathering and processing dispersed economic information and a rational metric
for cost of production. We should also note the point stressed by Nove (1977 and 1983): for
effective central planning, it is necessary that the planners are able to carry out the above
sorts of calculations in full disaggregated detail. In the absence of horizontal market links
between enterprises, management at the enterprise level “cannot know what it is that
society needs unless the centre informs it” (Nove, 1977: 86).2 Thus if the centre is unable to
specify a coherent plan in sufficient detail, the fact that the plan may be balanced in
aggregate terms is of little avail. Even with the best will in the world on the part of all
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concerned, there is no guarantee that the specific output decisions made at the enterprise
level will mesh properly. This genera point is confirmed by Y un (1988: 55), who states
that as of the mid—1980s Gosplan was able to draw up material balances for only 2,000
goods in its annual plans. When the calculations of Gossnab and the industrial ministries
are included, the number of products tracked rises to around 200,000, still far short of the
24 million items produced in the Soviet economy at the time. This discrepancy meant that it
was “possible for enterprises to fulfill their plans as regards the nomenclature of items they
have been directed to produce, failing at the same time to create products immediately
needed by specific users’

6. Our argument involves grasping this nettle: while we agree that “in a basically non—
market model the centre must discover what needs doing” (Nove, 1977: 86), and we accept
Y un's account of the failure of Gosplan to do so, we dispute Nove's contention that “the
centre cannot do thisin micro detail” (ibid.).

7. Our basic proposals can be laid out quite simply, although we ask the reader to bear in
mind that we do not have space here for the necessary refinements, qualifications and
elaborations (these are developed at length in Cockshott and Cottrell, 1993). In schematic
form the proposals are as follows.

3. LABOR TIME AS SOCIAL UNIT OF ACCOUNT AND MEASURE OF COST

8. The allocation of resources to the various spheres of productive activity takes the form of
asocial labor budget. At the same time the principle of labor time minimization is adopted
as the basic efficiency criterion. We are in agreement with Mises (1935: 116) that rational
socidist calculation requires “an objectively recognizable unit of value, which would
permit of economic calculation in an economy where neither money nor exchange were
present. And only labour can conceivably be considered as such.” We disagree with Mises
subsequent claim that even labor time cannot, after all, play the role of objective unit of
value. We have countered his two arguments to this effect—namely, that labor—time
calculation necessarily leads to the undervaluation of non—reproducible natural resources,
and that there is no rational way (other than via a system of market—determined wage
rates) of reducing labor of differing skill levels to a common denominator—in another
publication (Cottrell and Cockshott, 1993a). We can only summarize out responses here. If
one usesmarginal labor time as a measure of cost, that takes into account the growing
difficulty in obtaining non—reproducible resources. In addition, planners could decide to
devote resources to the research into alternatives, the use of solar power instead of oil for
instance. Furthermore, there is no reason to believe that any real market furnishes an
optimal solution to such problems. As for the nor—homogeneity of labor, onecanin
principle treat skilled labor in the same way as any other product, evaluated in terms of the
training time required to produce it.

4. LABOR—TOKEN SYSTEM OF DISTRIBUTION

9. From Marx's Critique of the Gotha Programme (Marx, 1974) we take the idea of the
payment of labor in “labor tokens’, and the notion that consumers may withdraw from the
socia fund goods having alabor content equal to their labor contribution (after deduction
of taxes to offset the communal uses of labor time: accumulation of means of production,
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public goods and services, support of those unable to work). We envisage a basically
egalitarian pay system; but insofar as departures from egalitarianism are made (i.e.some
kinds of work are rewarded at more than, and some at less than, one token per hour), the
achievement of macroeconomic balance nonetheless requires that the total current issue of
labor tokens equals the total current labor performed. We also suggest that the most suitable
system of taxation in such a context is aflat tax per worker—a uniform membership fee for
socialist society, so to speak. Thistax (net of transfers to non—workers) should, in effect,
cancel just enough of the current issue of labor tokens so as to leave consumers with
sufficient disposable tokens to purchase the output of consumer goods at par. (This point is
further devel oped below).

5. DEMOCRATIC DECISIONS ON MAJOR ALLOCATIONQUESTIONS

10. The alocation of social labor to the broad categories of final use (accumulation of
means of production, collective consumption, persona consumption) is suitable material
for democratic decision making. This might take various forms: direct voting on specific
expenditure categories at suitable intervals (e.g.on whether to increase, reduce or maintain
the proportion of social labor devoted to the health care system), voting on a number of
pre—balanced plan variants, or electoral competition between parties with distinct
platforms as regards planning priorities.

6. CONSUMER GOODS ALGORITHM

11. Our proposal on this count may be described as “Lange plus Strumilin”. From Lange
(1938) we take up a modified version of the trial and error process, whereby market prices
for consumer goods are used to guide the allocation of social labor among the various
consumer goods; from Strumilin we take the idea that in socialist equilibrium the use—
value created in each line of production should be in a common proportion to the social
labor time expended.?

12. The central ideais this. the plan calls for production of some specific vector of final
consumer goods, and these goods are marked with their socia labor content. If planned
supplies and consumer demands for the individua goods happen to coincide when the
goods are priced in accordance with their labor values,* the system isalready in
equilibrium. In a dynamic economy, however, thisis unlikely. If supplies and demands are
unequal, the marketing author ity for consumer goods is charged with adjusting prices, with
the aim of achieving (approximate) short—run balance, i.e.prices of goods in short supply
are raised while prices are lowered in the case of surpluses” In the next step of the process,
the planners examine the ratios of market—clearing price to labor vaue across the various
consumer goods. (Note that both of these magnitudes are denominated in labor—hours;
labor content in the one case, and labor tokens in the other). Following Strumilin's
conception, these ratios should be equal (and equal to unity) in long—run equilibrium. The
consumer goods plan for the next period should therefore call for expanded output of those
goods with an above—average price/value ratio, and reduced output for those with a
below— average ratio.’

13. In each period, the plan should be balanced, using either input— output methods or an
alternative balancing algorithm.” That is, the gross outputs needed to support the target
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vector of final outputs should be calculated in advance. Thisisin contrast to Lange's (1938)
system, in which the very coherence of the plan—and not only its optimality—seems to be
left to trial and error. Our scheme, however, does not impose the requirement that the
pattern of consumer demand be perfectly anticipated ex ante; adjustment in this respect is
|eft to an iterative process which takes place in historical time®

14. The proposed scheme as awhole is set out in synoptic form in Figurel.

¥ Figure 1: Outline of planning mechanism

15. This scheme meets the objection of Nove (1983), namely that labor values cannot
provide a basis for planning even if they gave a valid measure of cost of production. Nove's
point is that labor content of itself tells us nothing about the use—value of different goods.
Of course thisis true,” but it only means that we need an independent measure of
consumers valuations; and the price, in labor tokens, which roughly balances planned
supply and consumer demand provides just such a measure. By the same token, we can
answer a point made by Misesin his discussion of the problems faced by socialism under
dynamic conditions (1951: 196ff). One of the dynamic factors he considers is change in
consumer demand, a propos of which he writes: “If economic calculation and therewith
even an approximate ascertainment of the costs of production were possible, then within the
limits of the total consumption—units assigned to him, each individua citizen could be
allowed to demand what he liked....” But, he continues, “since, under socialism, no such
calculations are possible, al such questions of demand must necessarily be left to the
government”. Our proposal allows for precisely the consumer choice that Mises claimsis
unavailable.

Il. FEASIBILITY OF CALCULATION

1. CALCULATION OF LABOR VALUES

16. The proposals above rest on the assumption that it is possible to calculate the labor
content of each product in the economy. The problem is in principle solvable since one has
n unknown labor values related by a set of n linear production functions. The difficulty is
not one of principle but of scale.® When the number of products gets up into the millions,
the calculation involved is nontrivial.

17. If we represent the problem in the standard form, via an n by (n+1) matrix where the
rows represent products and the columns represent produced inputs plus direct labor,
analytic solution of the equations using Gaussian elimination requires r* multiplication
operations and a dightly larger number of additions and subtractions. Table 1 shows the
computer requirements for this calculation assuming differing sizes of economy. We
assume that the uniprocessor is capable of 10° multiplications a second and that the
multiprocessor can perform 10*° multiplications per second.

Number of Time taken in seconds:
products  Multiplications Uniprocessor Multiprocessor
1,000 1,000,000,000 10 0.1

100,000 10% 10 100,000
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10,000,000 1022 103 10*t

Table 1: Gaussian solution to labor values
18. It can be seen that, taking compute time alone into account, even the multiprocessor
would take 10" seconds, or over three thousand years, to produce a solution for an
economy of 10 million products. The situation is further complicated by the memory
required to store the matrix, which grows as . Since the largest currently feasible
memories are of the order of 10'° words this would set a limit on the size of problem that
could be handled at about 100,000 products.
19. If, however, we take into account the sparseness of the matrix (i.e. the high proportion
of zero entries, when it is specified in full detail) the problem becomes more tractable. Let
us suppose that the number of different types of components that enter directly into the
production of any single product is i where 0 < k < 1. If we assume avalue of 0.4 for k,
which seems fairly conservative,!* we find that memory requirements now grow as '™ =
n'“. If we can further simplify the problem by using iterative numerical techniques
(Gauss—Seidel or Jacobi, see Varga, 1962) to obtain approximate solutions, we obtain a
computational complexity function of order Ant#, where A is asmall constant determined
by the accuracy required of the answer.
20. This reduces the problem to one that is clearly within the scope of current computer
technology, as shown in Table2. The most testing requirement remains the memory, but it
iswithin the range of currently available machines.

Number of Multiplic—  Wordsof Time taken in seconds:

products  ations memory Uniprocessor ~ Multiprocessor
1,000 158,489 31,698 1.6 &times; 10> 1.6 & times; 10>
100,000 100,000,000 20,000,000 1 0.01

10,000,000 6.3& times; 10*° 1.2& times; 10° 630 6.3

Table 2: Iterative solution to labor values (Assuming A=10)
21. We conclude that the computation of labor values is eminently feasible.

2. RESOURCE ALLOCATION

22. If we assume that the mix of net or final outputs required by the plan is specified, as are
the available technologies and the stocks of means of production, how difficult isit to
compute afeasible plan? (By a“feasible” plan we mean one which produces at |least the
required outputs using the available resources.) Following on from this, can we determine if
the planned mix of outputs is infeasible given the resources?

23. The classic approach to this problem involves the use of linear programming, whose
computational requirements are unfortunately forbidding for an economy with millions of
products. But if we are willing to relax our requirements somewhat and settle for a “good”
rather than an optimal solution, we can perform a simplification similar to that described
for labor—value cal culations. One approach would be to start from the target list of final
outputs, and work back to the corresponding required gross outputs (via the same sort of
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iterative solution method set out for labor values, and exploiting the sparseness of the
input— output matrix in the same way). Given the vector of gross outputs, it is then
straightforward to determine the overal requirements for labor and fixed means of
production of various kinds. If the latter requirements can be met, well and good; and if not,
one trims the target list of final outputs and tries again. These steps are shown in the form

of aloop at the bottom left of Figure 1. While it is computationally feasible, this method
has the drawbacks of requiring a manual adjustment of the target output vector each time
round the loop, and of failing to ensure that all resources are used as fully as possible.

3. LOW COMPLEXITY PLAN BALANCING

24. A preferable aternative technique, which draws on ideas from the literature on neural
nets, is set out in Cockshott (1990). Thisis of complexity An**% | aswas the iterative
solution for labor values. The computational requirements are thus essentially the same.
The procedure involves defining a metric for the degree of fit between the target set of fina
outputs and the computed feasible set, as constrained by existing stocks of means of
production of various kinds, and by the available labor time.

25. The problem is to combine a set of technologies, stocks and flows of goods in such a
way as to best meet a set of target outputs g. We let the subscript i range over outputs, and
the subscript j range over stocks and flows. Thus S;; stands for the stock of good j used in
the production of output i and F;; denotes the flow of good j used in the production. We
assume that stocks and flows take on integer values (i.e.goods are not infinitely divisible).
We assume also that there is alinear relationship between the output of a product and the
stocks and flows required to produce it.

Sj= 0ig 26. (1)
Fij = Off; 2
26. where O; is the output of the ith product and g, f; are technology specific constants.
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1.5 2 2.5 3

Figure 2: The harmony function (1— 1/( (O/g))])

27. The agorithm draws on techniques developed in ssimulated neural networks, in
particular upon the notion of a“harmony function” (Smolensky, 1986). We define area
valued harmony function H(g,0) = 1—[1/( (Oi/g))] (see Figure 2) which takes on negative
values when output falls below the goal and a positive value when it exceeds the goal.
Marginal harmony is a declining function of output, which encodes the notion that deficits
are amore serious problem than surpluses are a benefit.

28. For our simulated model of the economy we start off with an arbitrary initial allocation
of resources. In areal planning context one could start off with the actually existing
allocation of resources between ingustries.

1) THE ALGORITHM THEN 5 AS FOLLOWS:

¥4 For each industry determine the level of output that can be obtained with the current
resource allocation, O°.

¥4 For each industry determine which input stock acts as the rate limiting factor for
production.

¥ Given alinear production function we can then determine how much of each other input
each industry requires in order to sustain a gross output of Oi°. We call these stocks the
balancing stocks and denote them by bi,,-o. Given the balancing stocks we deduct these from
theinitial allocated stocks, and logically allocate the residual stocks to a global reserve.

¥ Compute the net product of each good across the economy as a whole, and thus the
harmony of each industry.

¥ Compute the mean harmony for the whole economy.
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¥4 Sort the industries in order of their harmony.

¥4 For each industry starting with the least harmonious:

If sufficient stocks are available in the global pool allocate enough of each good to the
industry to bring its production level up to a point at which its harmony would equal the
mean harmony of the whole economy.

If insufficient stocks are available to do this, allocate as much asis available.

¥4 All steps up to now have either increased or conserved harmony of each product. We
now reallocate resources from those industries with the highest harmony to industries
where harmony is low, and the partial derivative of the harmony function is high with
respect to the given input. This can be done by

¥ computing, for each product, the mean of the partial derivatives of al the harmony
functions of the industries for which it appears as an input.

¥4 taking sufficient stocks away from those industries in the top decile to reduce the output
of these industries to the mean harmony; and.

¥4 allocating the resulting stocks to the global poal.

¥ |terate steps 2 and 8 until the increase in overall harmony is smaller than some pre—
given constant €.

29. The complexity of the algorithm is of order RKNM where R is the number of iterations,
N the number of products and M the mean number of inputs per industry. The accuracy of
the result, measured in digits of deviation of total harmony from its limit value, grows
linearly with R. The expected value of R is thus small compared to N and M, and in general
we have the relation N >> M > R. The overall compute time is thus of the same order as
finding labour values.

30. The algorithm above searches the space of feasible plans, aming to maximize the
degree of fit between feasible output and target output. The nature of the search algorithm
is such that it may settle at alocal maximum rather than finding the globa maximum; this
isthe price paid for computational tractability. Nonetheless, that the solution is not the
optimal plan, but merely a good feasible one, is not a serious problem when comparing
planning to the market, since no real market achieves an optimal structure of production.

2) COMPARISON WITH EXIS TING COMPUTER TECHNOLOGY

31. We have set out the scale of computer resources required to compute labor values and
to compute a feasible plan for a whole economy. The required memory and processing
power are well within the capabilities of current machines. We took as our benchmark a
multiprocessor capable of 10™ multiplications a second; the peak rates of machinesin use
in research institutions today exceed 10 operations per second.*? One must allow some
reduction in peak rates before arriving at a sustainable performance for a computer, but our
target performance is clearly realistic. Memory requirements are also within the range of
current products. With modern computers, one could envisage computing an updated list of
labor values daily and preparing a new perspective plan weekly—somewhat faster than a
market economy is able to react.
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[ll. THE ARGUMENT FOR “BOURGEOIS PRICING”

32. We have proposed using “simple” labor values as a measure of cost of production. But
isit not well known that a rational planner could do better than this? Are we not
condemning our economic calculus to sub—optimality by ignoring the dating of labor?
This question arises in two contexts: our idea that planning should aim toward an
equilibrium in which the labor—token prices of consumer goods are equalized with their
labor values, and our proposal that choice of technique should be guided by the criterion of
minimizing the required labor time.

33. We explore both of these issues below, taking as our starting point Samuelson and
Weizsacker's (1972) discussion of “rational planning through use of the bourgeois profit
rate’. 2 In the following section we consider the further, related question of whether pricing
in actual capitalist economies conforms to Samuelson's “bourgeois’ prices, in the sense of a
uniform profit markup: we argue that it is not at all clear that thisis the case.

1. BOURGEOIS PRICES IN THE PLANNED ECONOMY

34. Samuelson and Weizsacker set the scene for their argument by noting the way in which
apositive rate of profit disturbs the simple labor theory of value:

35. In an economic system where all goods are ultimately producible by labor... if
the rate of profit or interest were aways zero, the competitive equilibrium prices
would be exactly equal to the total embodied labour required for each good.... If,
however, there is a positive interest or profit rate, labor will not receive area wage
large enough to buy all the consumption goods producible by labor in the stationary
synchronised equilibrium. With positive interest the prices will no longer be
proportional to the respective embodied labor contents. Thus, if the same historic
labor total, say 1 labor, is needed for either aliter of grape juice or for aliter of
wine, but for wine the labor is needed 2 time—units earlier rather than only one
time—unit earlier as for grape juice, the ratio of wine price to grape juice price will
not be P,/P1 = 1/1, but will instead vary with the profit rate per period r, being P./P;
= 1(1 + r)?/1(1 +r) = (1 + r)... Thus grape juice and wine have equal “values’ since
they both involve unit labor inputs; but their bourgeois “prices’ differ from the
Marxian values because the former calculate labor requirements, dated by when
they occur and carried forward at nefarious compound interest. (SW, p. 312)

36. They argue that in arationally planned society, where class exploitation is abolished, al
goods should be “valued” or priced at their “synchronised needed labor cost”. Such rational
plan prices will, in general, not be proportional to sums of undated labor content, but will
be expressible in the manner of bourgeois prices, provided that an appropriate profit rate is
used.

37. The essence of the Samuel son argument can be expressed in terms of our own
approach, by considering the labor—token prices of given commodities which will succeed
in clearing the market, given the number of labor—tokens currently being issued and spent.
This concept appears to correspond precisely with Samuel son's synchronised needed |abor
cost. Although Sanuelson carries through the argument with the full generality of matrix
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algebra, the basic idea can be understood by analyzing an economy producing a pure
consumer good and no intermediate outpuit.

38. Take for example the two consumer goods mentioned in the citation above, grape juice
and wine, with the technologies as stated there (each requires a unit labor input but the
grape juice, G, requires it one period in advance of consumption while the wine, W,
requires it two periods in advance). To investigate the rational plan prices we perform the
thought experiment of having the economy specialize entirely in each of these commodities
in turn,

¥4 We use the following notation

39. L= total labor supply at timet, equal to the number of labor tokens issued at that time
(and spent, within the same period).
40. Cjt= quantity of commodity j available for consumption at time t, in physical units. P =
market—clearing price of commodity j at timet, defined as Li/C;. This price, which is
expressed in labor—tokens per physical unit, balances the quantity of the commodity
currently available against the total expenditure of tokens in the same period.
41. Let us now consider arational pricing policy in the cases considered by Samuelson and
Weizsécker.
42. Population and labor supply are growing at a compound percentagerate g ( © g—1),
while production technology is static.
43. As of timet, given the unit labor requirements for each commodity, we have.

Ca =L

Cwt=Li—2

PGt = I—t/CGt = Lt/Lt_]_ =0

Pavt = Li/Cw = Li/lLi—o =0

and the “rationa” price ratio isnot 1:1, but rather Py /Pg = Flg=gq.

44. Here the “rational prices’” or synchronised needed labor costs are equal to the labor
contents marked up at a compound rate of g = (1+g). These prices diverge from simple
labor values, but are equal, as Samuelson putsiit, to “bourgeois prices’, using a profit rate
of g
45. Synchronised labor costs, as defined here, are seen to be interpretable as the ordinary
embodied labor requirements for a fictitious system in which every... [input] coefficient of
the actual system is blown up by the growth factor (1 + g). What is the rationale for this
expansion? In each time interval the population is larger, and if we make the assumptions
that:
—thereisno saving,

—total incomeis equal to total labor expended
—the length of the working week is unchanged
46. then it follows that the total expenditure of income in each time period will be greater

than the labor hours used in production during the previous period. This will inducean
inflation of prices above their values. (SW, p. 313)

47. Note that under conditions of declining population, or when there is areduction in the
working week, the quantity g will be negative, and hence the price of wine will be less than
that of grapejuice.

ECONOMIC PLANNING, COMPUTERS AND LABOR VALUES 27 FEB 03 11



48. Population and labor supply are static, but labor¥s augmenting technical changeis
proceeding in such away that the labor input requirement for each commodity isfalling at a
compound rate of b per period.

49. Thisimplies that starting out with a unit labor requirement at time 0, the requirement at
timet isgiven by b whereb © (1+b), and the quantity of output per unit labor input at t is
bt.

¥ We then have:

bt—Z
¥4 and the wine/juice price ratio is Pw/Pg =D.
As Samuelson points out, in this case the optimal prices are precisely equal to the historic
embodied labor contents. Wine is more expensive than grape juice by the factor b = (1 + b);
correspondingly the wine currently available for consumption was produced (involved a
labor requirement) at an earlier date, when the productivity of labor was lower.

50. The prices given above can also be retrieved by taking the labor requirement as of the
current state of technique and marking it up at a“profit rate” of b. In the case of wine at
time t the current technique labor requirement is b™", but as the labor was applied two
periods ago this is marked up by the factor b?, yielding

1
Pwt

b%—

t—

b 2
¥ which agrees with the market—clearing labor—token price calculated above. Samuelson
refersto this again as the bourgeois price, applying profit rate b. This combines the two

previous cases. growth in labor supply at rate g and technical progress at rate b.
We then have:

Ca = Lgb™
Cwt = Ly_ob'2
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