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Let S represent the pattern of technique usage for one period, and let S’ represent the pattern
for the next period. Then, for each j, the second behaviourial rule is given by the following
formal relationship:

Six = Sj, when myu>0
S < sj when my < 0 ...(5)
§}g>s;¢ for some & unless 7, < 0 for all k.

If a single profitable technique produced the entire output of some commodity, then the
pattern modification procedure (5) could not be implemented. But this situation cannot
arise, since, given industry-wide average cost pricing, any one technique producing the
entire output of a commodity would earn zero profits.

3. Techniques which continually operate at a loss must eventually be phased out of use.
Formally, there is a maximum phasing-out time 7. If for 7 consecutive periods =<0,
then s, = 0 at the end of the 7 periods. In this model, the phasing-out time is the only
pace-setter for improvements in the technology. Presumably, the smaller < is, the faster
convergence will occur. The size of 7 is constrained from below by the rate at which the use
of profitable techniques can be expanded.

The burden of this section is to show that with industry-wide average cost pricing (3),
the pattern modification procedure (5) will generate patterns of technique usage which
converge to an optimal pattern in a finite number of steps. An optimal pattern of technique
usage is defined as a pattern which simultaneously minimizes the average production cost
of every commodity. Lemma 2 shows that a pattern is optimal if no technique is profitable
(or potentially profitable) at prevailing prices, and Lemma 3 supplies the propositions which
are necessary to the demonstration that such a no-profit situation is reached in a finite
number of steps.

Lemma 2. Suppose that for the pattern of technique usage S* and associated price
vector P*, we have nj, < 0 for all jk, i.e.
pf = P*Qut 1y
Then for any productive pattern of technique usage S and associated price vector P, P* < P.
Proof. Choose any productive pattern S. We have
Zisip; < Zisp(P*Qu+ i)
and since X5, = 1, it follows that
P} = P*(Zsi Q)+ Zasinl e
Since this equation is valid for every j, we have, by the definitions of Q and L, that
P* < P*Q+L, or
P*(I-Q)< L. ...(6)
Because S was assumed to be productive, the corollary to Lemma 1 implies (I—Q)~!
exists and is non-negative. Therefore, equation (6) implies that P* < L(I—Q)~!. But
L(I— Q) !is exactly the price vector P associated with pattern S, and the lemma is proved. ||

Lemma 3. Let S be a productive pattern of technique usage and assume that prices are
set equal to average costs P as given by (3). Let S’ be a pattern of technique usage for the
Jollowing period satisfying the conditions of pattern modification (5). Then

(a) S’ must be productive.
(b) P’ < P, where P’ is the vector of average production costs associated with S'.

(c) If industry j has a profitable technique at prices P, then p;<p;.
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Proof. Consider the product (s}, —s;)my;. By (5) the two factors in this product can
never have opposite signs, so that (sj,—s;)m; = 0 for all k. It follows that
ZSi— S =z 0
so that
st}knjk_szjknjk g 0- .o .(7)
But given industry-wide average cost pricing, industry-wide average profit X,s ;7 ;, must be
zero. Therefore, (7) becomes
LSy 2 0, ...(8)
i.e. the average profit given the new pattern of technique usage and the old prices is non-
negative. Thus, prices must be at least as great as average costs; i.e.

P=PQ +L. ..9)
Therefore, by Lemma 1, (I— Q") ! exists and is non-negative.

We set P’ = L'(I— Q’)~Y. We have that P’ = P’Q’+L/, so that P’ must be a vector
of average-costs associated with the pattern of technique usage S’. Thus S’ is productive
and (a) is proved. From (9) we have that P(I— Q') = L', and since (I— Q)" ! is non-
negative, it follows that P = L'(I— Q")~! = P’ and (b) is proved.

Since P’ £ P we have

P =PQ+L £PQ'+L
so that
D5 = TiSi(PQ i+ Lin) = Zasi(pj—mj0)-

Recalling that X;s% = 1 and Z;symy = 0, we have

Pj—P} = sz}kﬂjk = Zk(s}k“ jk)ﬂﬂc ...(10)
If we assume that industry j has a profitable technique at prices P, then (5) implies that the
right-hand side of (10) is strictly positive, and (c) is proved. |

Theorem. Let the following conditions be considered as given:
(i) an initial productive pattern of technique usage;
(ii) industry-wide average cost pricing as defined by equation (3);

(iii) the modification each period of the pattern of technique usage according to rules (5);
and

(iv) @ maximum phasing-out time of t periods for techniques showing continual losses.

Then the pattern of technique usage will converge to an optimal pattern in a finite number
of periods with industry-wide average production costs decreasing monotonically.

Proof. Let S(0), S(1), ..., S(?)... be the sequence of patterns of technique usage generated
by (5). By Lemma 3, each S(¢) is productive and the sequence of corresponding prices,
P(0), P(1), ..., P(2), ... is monotonically decreasing. Since each P(¢) must be non-negative,
the sequence {P(f)} must converge. Let P beits limit. If for some T, P(T) = P, monotonicity
1mp11es that P(t) = Pforall t>T. From Lemma 3 (c) it follows that no technique is proﬁt—
able given prices P and by Lemma 2, S(T) must be optimal. Thus, if the limit prices P
are actually achieved (i.e. for some T, P(T) = P, then the theorem is true.

It remains only to rule out the possibility that the limit prices P are not achieved.
Let 7, be the profits associated with technique jk at prices P.

The theorem follows from the proof of the following four propositions.

(a) If 7;;, <0, technique jk is phased-out in finite time.

(b) If 7y, >0, technique ]k is phased-out in finite time. (Actually it will follow from
this theorem that 7; < 0 for all jk.)
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(c) There exists an integer T such that for all jk, s(T); >0 implies 7;;, = 0.
(@ P(T) = P.

Given 7, <0, there is an integer ¢, such that n(z) , <O for £>1¢,. It follows that for
t>t,+7 (where 7 is the maximum phasing-out time) s(¢);, = 0 and (a) is proved.

Proposition (b) is a consequence of (a) and the fact that average profits must be identi-
cally zero in every time period. Given 7;;>0, there is a 6>0 and an integer #, such that
n(f);>0 if t>1t,. Suppose jk is not phased out in finite time. Then there exists #; >,
such that s(¢,);.>0. By (a), for any ¢>0, we can choose an integer #,>¢, such that
n(t,);x> —¢ for any k such that s(¢,);,>0. Set ¢ equal to s(¢;);:0. We have

Zis(t2) it 2) 31> 5(13) 380 + (1 — 5(£2) ;00 (— 5(£1)320) = [5(22)56—5(21)52]0 + 5(1)55(2) 360

Furthermore, s(t,);>5(t)3 by (5). Thus Z;s(2,)57(22)5 >0, a contradiction since this
sum represents average profits and must equal zero. The supposition is therefore false and
(b) follows.

Proposition (c) follows directly from (a) and (b) and the fact that there are a finite,
number of techniques.

Proposition (d) is implied by the fact that for this T we have s(T);7;;, = 0. Therefore.
for each j,

0 = Zs(T) T = Zis(T) (P, — PQ i —13)

= p} - kaS(T)ijjk _st(T)jkljk'

Thus P = PQ(T)+L(T), so that P must be the unique price vector associated with S(T)
In short, P = P(T), and (d) and the theorem are proved. ||

7. SUMMARY AND CONCLUSION

In the Soviet Union prices are based on industry-wide average production costs (including
normal profits). Such prices will not automatically balance supply and demand, nor will
they lead producers to select socially optimal output assortments. We have shown, how-
ever, that when profits are used to guide the choice of productive techniques in a linear
model, industry-wide average cost pricing does lead eventually to the selection of an
optimal technology. This suggests that profits (or potential profits) based on industry-wide
average cost prices can serve the Soviet authorities as a useful measure of the comparative
efficiency of different productive techniques. In this framework, scarcity pricing is not a
requirement for efficient technological choice.

APPENDIX: THE MODEL AND THE LITERATURE

From an abstract point of view, the model constructed and explored here is a generalization
of models that have been examined in the activity analysis literature by Malinvaud [3,
Part IV] and by Weitzman [6], under the heading ““ Activity Iteration .

Unlike the present model, those of Malinvaud and Weitzman were not intended to
describe the dynamics of any existing economy. Instead, they were intended to explore the
properties of certain methods for producing optimal plans. Their models postulate an
economy which produces a fixed number of goods. At any stage in the planning process,
exactly one production activity is selected for each of these goods, and prices are set equal
to the cost of production given the use of the selected activities. In the next stage of the
planning process a new set of production activities (one activity for each good) is selected
in accordance with the profits determined by the prices of the previous stage.

In the model presented here, many techniques for producing the same good may
operate simultaneously in any convex combination. Nevertheless, this model retains
many of the characteristics of the Malinvaud and Weitzman models. In particular,
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the result that in this model industry-wide average cost prices do not rise when output
quotas are shifted toward profitable techniques has a genesis parallel to the analogous
result for Weitzman’s model, and in its demonstration (Lemma 3 (a) and 3 (b)), I borrowed
freely of Weitzman’s methods and made use of one of his results (stated in Lemma 1).

In this particular model there is no reason to expect convergence unless sufficient
movement toward profitable techniques is assumed to occur in each time period. The most
natural assumption of this sort, that the use of at least one profitable technique in each
industry increases by at least a certain fixed amount, seems to permit non-convergent
oscillation in the pattern of technique usage. However, the requirement that techniques
operating at a continual loss have to be phased out of use in finite time, proved to be
sufficient to guarantee convergence and that it occurs in a finite number of time periods.

First version received March 1973; final version accepted December 1975 (Eds.).

This is a revision of a paper I wrote at the University of Michigan and at the Center for Operations
Research and Econometrics, Louvain, Belgium. I greatly benefited from discussions with and comments
from Alan Deardorff, Robert Dernberger, Michael Keren, Michael Klass, Richard Portes, Lester Taylor,
Jean Waelbroek, Martin Weitzman and three referees. I wish to thank the Comparative Economics Program
of the University of Michigan and the Center for Operations Research and Econometrics for their generous
support of this research.

REFERENCES

[1] Kosygin, A. N. ‘‘On Improving Industrial Management, Perfecting Planning, and Enhancing Incen-
tives in Industrial Production ”*, in Sharpe, M. E. (ed.), Planning, Profit and Incentives in the USSR,
Vol. II (White Plains, New York, International Arts and Sciences Press, 1966), pp. 3-46. The text
originally appeared in Russian in Izvestia, September 28, 1965.

[2] Lange, O. ‘“On the Economic Theory of Socialism”, in Lange, O. and Taylor, F. M., On the
Economic Theory of Socialism (Minneapolis, University of Minnesota, 1956).

[3] Malinvaud, E. ‘‘Decentralized Procedures for Planning >, in Malinvaud, E. and Bacharach, M. O. L.,
Activity Analysis in the Theory of Growth and Planning, Chapter VII (London, MacMillan, 1967).

[4] Schroder, G. E. ““The 1966-67 Soviet Economic Reform at an Impasse ”’, Problems of Communism,
20 (July-August 1971).

[S] Schroeder, G. E. ‘ The 1966-67 Soviet Industrial Price Reform: A Study in Complications », Soviet
Studies, 20 (April 1969).

[6] Weitzman, M. ‘‘On Choosing an Optimal Technology ”’, Management Science, 8 (January 1967).





