
AD-A168 997 TECHNICAL INFORMATION RETURNS TO SCRLE AND THE
EXISTENCE OF COMPETITIVE E .(U) STANFORD UNIV CA INST
FOR MATHEMATICAL STUDIES IN THE SOCIAL S K J RROM

UNCLAIFIED MA 5 TR-45Ni479-C8FG 53NL.

EOE~EElEE
EIEm!



. .2

4.- .

".o M2

.4

-~1111.05 .4 1.6

;J..- MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

1111

-p-



-7,.7

~4xt

W1, 
. ,

X A . ,"i m '

-7 
'40

.A1
WlAk..'A

CENTER F6RES )RGANIM AL EFFICIENY L
a..aaahada 'liftedl 46 k %f NvlBesearch:

A

4'r 
-# iW;

itR

41'

W 4Z

K1 l 4lwl4.



4/

TECHNICAL INFORMATION, RETURNS TO SCALE,
AND THE EXISTENCE OF COMPITIVE EQUILIBRIUM

by

Kenneth J. Arrow

4.

U -4

J . c x [ jJ,.. .......
J

Technical Report No. 465
Ma. 1985 l .

Kt

o .1

- .. ,t: -ca

A REPORT OF THE
CENTER FOR RESEARCH ON ORGANIZATIONAL EFFICIENCY eCTED

STANFORD UNIVERSITY

*,. Contract OR-N0001-79-C-0685, United States Office of Naval Research

THE ECONOMICS SERIES

INSTITUTE FOR MATHEMATICAL STUDIES IN THE SOCIAL SCIENCES
Fourth Floor, Encina Hall

Stanford University
Stanford, California

94305

N~~~~~~f pubbc+ rv! ,- r
S p 'Ap l

,,o , oXn : ~



TECHNICAL INFORMATION, RETURNS TO SCALE,
AND THE EXISTENCE OF COMPETITIVE EQUILIBRIUM*

by

Kenneth J. Arrow

1. Introduction

',It is obvious that production requires information; in "standard"

general competitive equilibrium theory, this information is embodied in

the production possibility set. This kind of information may be called,

"technical information;"'*it may be thought of as a recipe. The standard

treatment is correct so long as information can be taken as given and

not subject to alteration by deliberate choice. But in fact the acqui-

sition of new technical information has proceeded on an increasingly

rapid scale in the last century or more, and the volume of resources

devoted to it has become very large. This fact has been much studied

under the heading of the "economics of research and development."

In this paper, I want to concentrate on one particular aspect, the

relation between research and development and the viability of competi-

tive equilibrium. The interrelation between industrial organization and

the demand for technical information has of course not gone unremarked.

Most of the discussion has revolved about the thesis attributed to

Schumpeter that perfect competition does not lead to optimal allocation

of resources to innovation (Schumpeter 11939, Vol. 1, p. 1071). I want

to examine here a slightly different, though related, point, that

*This research was supported by the Office of Naval Research Grant ONR-
Noool4-79-C-o685 at the Center for Research on Organizational Effi-
ciency, Institute for Mathematical Studies in the Social Sciences,
Stanford University, Stanford, California.
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competitive equilibrium may not even exist when technical information

can be acquired at a cost.

Speaking metaphorically, it can be said that production requires

as inputs not merely the usual examples of labor, materials, and capital

goods, but also the technical information for putting them together.

But there is one important difference between technical information and

other inputs. The latter will be in general increasing functions of the

output. An identified body of conventional inputs, once used in produc-

tion, cannot be used to produce further outputs. But information is not

used up; the same knowledge can be used in producing output on any

scale. In short, the technical information is a fixed cost of produc-

tion.

Fixed costs of production of course create obstacles to the exist-

ence of competitive equilibrium. They are the barriers to entry in

industrial organizaton theory. Indeed, that possession of technical

information by incumbent firms is a barrier to entry by others was

already pointed out by E. A. G. Robinson [1958, pp. 91-92]; see also

Arrow [197h, pp. 38-39].

Wilson [1975] in an important paper pointed out the need for a

more rigorous treatment. Since the very concept of information derives

A its meaning only in a context of uncertainty, the analogy to a fixed

cost is too simplistic. The usual argument under certainty is that a

- price sufficient to cover average costs will exceed marginal costs;

hence, under perfect competition there will be either zero or infinite

output. But if the firm is risk averse under uncertainty, it will not

-%'



necessarily produce an infinite amount in any case. Further, informa-

tion is not necessarily all or none; a firm may buy more or less

information and obtain a corresponding reduction in uncertainty. Wilson

showed, by example that even for a risk-averse firm, it was possible to

find a sequence of decisions involving successively larger outputs and

corresponding larger amounts of information which were successively

better for the firm. This result tended to support the view that the

possibility of acquiring information is indeed incompatible with compet-

itive equilibrium.

In this paper, I wish to reexamine this question more explicitly

*with a simple model. In this, I allow in ef fect the output price to

respond explicitly so as to achieve equilibrium if possible. I find a

sufficient condition on the mean return (which is a reflection of the

price) so that the firm's optimal choice of information and scale is

unbounded. From this, it will be seen that non-existence of equilibrium

is a very likely possibility under a number of circumstances. On the

other hand, an example is given in which competitive equilibrium does

exist.

As a preliminary, I give a brief account of the situation with

risk neutral f irms. Here, competitive equilibrium is essentially never

viable if information will lead to higher expected returns.

It should be made clear that the assumptions on the relation

between information and product made in this paper differ as between the

risk neutral and risk averse cases. In the latter, increasing informa-

tion reduces uncertainty, as measured by variance, but does not increase
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mean performance. Since we cannot expect mean productivity to increase

beyond limit as information increases, the results should give a correct

implication for the possibility of unbounded optimal behavior.

2. The Risk Neutral Firm

To present the simplest possible case, we assume that the produc-

tion process has one physical input and one output. The returns to

scale are constant. The unit return, X, depends on an operating para-

meter, to be chosen by the firm, and on other factors not under its

control, which we may term, as usual, the state of the world. The firm

also has choice of a signal, S, from a set, E. However, there is a

cost, y(S), if the signal S is chosen. (The notation is ambiguous; "S"

will stand both for the designation of the signal and for the signal

considered as a random variable. Thus y(S) is the cost considered as

a function of the designation of the signal, not as a random variable

depending on the outcome of S. The ambiguity will not create any dif-

ficulties.) Finally, the firm also chioses the scale of operations, a.

Given the choice of a signal, S, and a realization of that signal,

the firm will make a choice of operating parameter, which will define

the distribution of the unit return, X. For a given choice of signal,

S, let v5  be the expected unit cost, the expectation being taken over

both the realization of S and the other random factors affecting X

for given choice of the operating parameter. Then,

expected profit avs - y(S)

' " -,"-W



If there exists a signal S for which vS > 0, then the f irm can

achieve infinite expected profit by choice of an infinite scale, a.

This is clearly incompatible with competitive equilibrium.

Note that the unit return depends on market price as well as on

costs. Assume the market price known to the firm, so it is only seeking

information on costs. Write c S for the expected unit cost when the

signal S is used to determine the operating parameter, so that,

V S =p CS

Then, in seeking competitive equilibrium, we can assume that p

falls to prevent the optimality of an unbounded scale. To put it

another way, we can expect that v S will adjust. Hence, a necessary

condition for competitive equilibrium is that v. 4 0, for all signals

S. But in that case, for any signal, the firm can achieve zero profits

gross of information costs, by setting a = 0, but no positive gross

profits. The optimal policy for the firm is then to choose S so as to

minimize y (S) , say at S. We can reasonably assume that y(S) = 0,

i.e. , it is possible to buy no information beyond that initially avail-

able to the firm. Then the only possible equilibrium price would be

c, if demand at that price is positive. But if there is any signal

that is informative, in the sense that c < CS it would be profitable

at the competitive price a S for any firm to purchase signal S, no

matter bow expensive, and then plan to produce at a sufficiently high

scale to make a positive profit.
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Therefore, if there is any signal for which expected unit cost is

tive equilibrium when firms are risk neutral.

3. Risk Aversion with Variance-Reducing Information

In seeking to show that competitive equilibrium does not exist, a

standard procedure is to show that supply will be infinite at some

prices and zero at all others. If demand is positive at the boundary

between the two sets of prices, then clearly non-existence will be

established. In this case, increasing the scale of operations indeiin-

itely will lead to indefinitely increasing uncertainty of total profits

if the variance of the unit return is bounded away from zero. It can

easily be seen that if the unit return has a non-degenerate distribu-

tion, and if the marginal utility of income approaches zero as income

approaches infinity, then the optimal scale must be finite. Let

Y = income ,

X = unit return

a = scale of operations ,

and U(Y) = utility of income

Theorem 1. If U(Y) is concave, with U'(4-) = 0, Y = aX, and

X has a non-degenerate distribution, with a positive probability of

loss, i.e., P(X < 0) > 0, then the optimal choice of a to maximize

EIU(aX)i is finite.

Proof: Let W(a) = EIU(aX)1. Assume that the distribution of

W'(a) - E[U'(aX)XI

.,' ',-.,'','."-; -...,,., . •. . .- ,.,. ...........................................................-..-..-..-.....,. ,
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If E(X) 4 0, then W1 (0) 40, so that a = 0 is optimal. Now suppose

that E(X) > 0. It suffices to show that W'(a) < 0 for a suffi-

ciently large. Choose X < 0 so that P(X < X) > 0. Then,

x
'E(X) = x f(x) dx + fXxf(x) dx>O0

where f(x) is the density of X. Since X < 0,

x
(3.1) .x f(x) dx <0

so that,

f x f(x) dx >0
X

Since,

f x f(x) dx <0x

it follows by continuity that we can find X > 0 such that,

(3.2) f x f(x) dxO
X

For x 4 X, ax 4 aX, so that U'(ax) >U'(aX), and therefore, since

X <0,

U'(ax)x 4U(aX) x if x 4 X

Similarly,

U'(ax)x cU'(aR)x for x>R

*.-E- -e -_.. 1 -'L -
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For any x 4 0, ax 4 0, so that U'(ax) > U'(0), and therefore,

U'(ax)x U'(0)x

and the same holds if x ) 0. Therefore, for any a,

W'(a) f- U'(ax)x f(x) dx + f_ U'(ax)x f(x) dx + f U'(ax)x f(x) dx

X

€ U'(aX) f x f(x) dx + U'(0) fX x f(x) dx + U'(a7) f x f(x) dx

The second term on the right is zero, by (3.2). Since R > 0, U'(aX)

approaches U'(+-) = 0 as a approaches infinity. Since X < 0, U'(aX)

approaches U'(-), which is positive (possibly infinite), as a

approaches infinity. From (3.1) it followc- the right-hand side

approaches a negative limit. Hence, W'(a) < 0 for a sufficiently

large, which proves the theorem.

It follows from Theorem 1 that if uncertainty of th,. unit return is

bounded away from zero, then an infinite supply is possible only if the

mean return can be made arbitrarily large. But unit cost cannot be less

than zero, and therefore the mean return is necessarily bounded by the

price, taken as given by the firm. Therefore, infinite scales of

operation can occur only if uncertainty is reduced to zero by purchase

of information.

To bring this feature out sharply, I will postulate that mean

return is a constant, uninfluenced by either the signal purchased or by

o L

'U

i., ,,. -. ' " ". -. ,' ' . ,' -. . '- :.'., 2 . -. K C.. - , . . ., .. .: . 7. . - . . . .



* -9-

its realization. At present, I will assume this constant mean to be

positive. What information does do is to reduce uncertainty. I will

therefore measure the amount of information by the posterior precision

of X, that is, the reciprocal of the variance of X conditional upon

the signal (it will be assumed independent of the realization of the

signal, as in linear normal regression). Let

v E(X)

S = signal indexed by h

Then, the assumptions are that,

(3.3) E(XIS) = v > 0 for all h and all realizations of Sh

(3.4) aXSh h-  for all realizations of Sh

Let,

(3.5) Zh = hl/ 2(X-v)

so that, from (3.3) and (3.4),

E(ZhISh) = 0, 2 1 for all h and all realizations
h h

To further simplify, assume that Zh  has a constant conditional distri-hI
bution, independent of h and of the realization Sh . Then, we can

h*

drop the subscript h, and write, from (3.5),

(3.6) X v + h-1/2 Z

- -, .,, w w :- :K i..mim :luKmmann i . ln . :> .... . . . .. ... . ..
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(3.7) Z is a random variable , E(Z) = 0 , 2 =z

Finally, we have to assign a cost function to the signals. Following

the usual analysis in Bayesian-normal sampling, we assume that the cost

is proportional to h:

(3.8) Y(Sh) = ch

The realized income, Y, depends on the realization of the random

variable, X, or, equivalently, Z and on the choices of the decision

variables, a (scale) and h (amount of information):

(3.9) Y = aX - ch = av + ah-1 /2 Z - ch = Y(a, h, Z)

from (3.6).

The firm seeks to maximize E{U[Y(a, h, Z)1) with respect to a

and h. Suppose such a maximum exists and is interior. The first-order

conditions are,

EIU'(Y) (Yla)- 0

EIU'(Y) (6Y/6h)I 0

From (3.9),

-112

67=h -(1/2) -3/2

Making the appropriate substitutions, we find,

U

. . . .... , .-. . :... ., .". .' ., -. . . .
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v E[U'(Y) = - h ' 2EfU'(Y)ZI

c E[U'(Y)J = -(1/2) ah-312 E[U'(Y) Z]

If we divide the first of these equations into the second, we find,

(3.10) a = (2c/v) h = a(h) , say

This relation must hold at any optimal point.

Theorem 2. Let Sh  be a one-dimensional family of signals

about the unit return, X, where the cost of the signal Sh  is ch.

Suppose there is a random variable, Z, with mean 0 and variance 1,

such that the distribution of X given S is the same as that of
h

v + h 2 Z, where v > 0. If the firm has a finite interior optimal

choice of scale, a, and signal, Sh, it must be that a = (2c/v) h.

I will tentatively assume that a and h are related as in

Theorem 2 and ask when it will be optimal to have an infinite scale and

infinite information demand, with the two in the ratio given by (3.10).

Let,

(3.11) Y(h, Z) = Yja(h), h, ZI = ch + (2c/v) h1 /2 Z

The first and in itself interesting step will be to show that as

h approaches infinity, Y(h, Z) converges in probability to an infinite

income; that is, the probability that Y(h, Z) exceeds any given value

of income can be made arbitrarily close to 1 by choosing h suffi-

ciently large.

For any income level, y, define z (h, y) so that,

IVS., ; % . , • ,
• - ,

' - , - ' ' " . ' . . .. - . ..
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(3.12) Yjh, z°(h,y)I = y

Then Y(h,Z) > y if and only if Z > z°(y, h). Solve for z°  from

(3.11) and (3.12).
. h~-1/2 h1

z0 (h, y) = (v/2c) yh - (v/2) - -

as h + +-. Therefore,

P[Y(h, Z) > yj = P[Z > z°(h, y)] 1 1 as h approaches + ,

for any y.

Theorem 3. Suppose the hypotheses of Theorem 2 hold. Then, by

choosing a sequence of signals, indexed by h , with h approaching
n n

infinity, and, for each n, a scale a = (2c/v) h the probability
nn

that the firm's income exceeds any prescribed limit approaches 1.

This theorem does not directly address the optimality of the

unbounded policy. Since both a and h are approaching infinity,

n n

there are possibilities of large losses, even though the probabilities

, of them are becoming small. We have to look more directly at expected

utility. Let,

..'; (z) = density of Z.

E{U[Y(h, Z)I) = UIY(h, z)] 4(z) dz
z°(hy)

+ fz0(h, Y)U[Y(h, Z)] O(z) dz,

'5p9. 'V .*....* *..* . . . . . . . . . . .

f* -, *hi.* -- .. n * ' ' -.... , '- " u °*'
; ,

"
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for some arbitrary y. For z > z°(h, y), Y(h, z) > y, and, if U is

monotone increasing in Y, U[Y(h, z)] > U(y). Therefore,

(3.13) E{U[Y(h, ZI} > U(y) P[Y(h, Z) > y] + f z° (h ' Ylu[Y(h, z)] (z) dz

Suppose the second term approaches zero as h approaches infinity.

From Theorem 3, the first term approaches U(y). Hence, by choosing h

sufficiently large, we can make E{U[Y(h, Z)1} >U(y) - E for any y

and any e > 0. For any y', choose y > y', C = U(y) - U(y'); then we

can say that, for h sufficiently large,

E{UIY(h, Z)I} U(y) - [U(y) - U(y')] = U(y')

so that Y(h, Z) is at least as good as the certainty of y'. There-

fore, an infinite scale with correspondingly infinite information is

optimal; more precisely, we can find a sequence of joint choices of

scale and information, in the ratio, 2c/v, which are increasingly

preferred and preferred to any other given alternative for choices

sufficiently far out on the sequence.

We need then a useful sufficient condition for the second integral

in (3.13) to approach zero. Note that the upper limit of intergration

is approaching negative infinity. For z < 0, Y(h, z) is a convex

function of h and therefore has a minimum defined by the first-order

condition, 6Y/6h = 0.

-1/26Y/6h c + (czh- /v)= 0

so that,

W "2 .



Substitution into (3.11) yields,

Y(z) = min Y(h, z) =-cz2/v
2

h

By construction,

(3.14) Y(h, z) Y(z) , all z < 0

Suppose that,

* (3.15) o uiY(z)l(z) dz >

That is, the integral converges. Then, since lir z°(h, y) = --, it

follows that,

(3.16) lim fz° (h , y) UIY(z)] O(z) dz = 0.

From the definition of z°(h, y) in (3.12) and from (3.14),

y Y Y(h, z) > Y(z), for z < z°(h, y) < 0.

Hence,

U(y) : UIY(h, z)] > UIY(z)1 in the same range .

--

Multiply through by O(z), and integrate from negative infinity to

z°(h, y).

:..4.
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> zo(h, yu(y) P[Z 4 z°(h, Y)l _J f h )ulY(h, z0] 4(z) dz

> fz° (h' y) uJ_(z)J O(z) dz

But the two extreme terms both approach zero, by Theorem 3 and (3.16),

respectively.

Theorem 4. Under the hypotheses of Theorem 2, together with the

condition,

f0  Ul-(c/v2 ) z21 4(z) dz >

any pair of decisions, a, h of scale and information respectively, is

inferior in the sense of expected utility to some pair (a', h') with

a' = (2c/v) h' and h' sufficiently large.

Comment: If the hypotheses of Theorem 4 hold for all v = 0,

there can be no competitive equilibrium with v > 0. If in addition it

is assumed that the firm is risk-averse, then clearly with v 4 0 the

optimal choice of scale is 0 for any information. Hence, there can be

no competitive equilibrium. Note that, as remarked in Section 1, the

mean return, v, reflects market price and can be thought of as adjusting

to produce equilibrium if possible. Hence, the only possibility for

existence of equilibrium is that the condition of Theorem 4 fails to

hold for some v > 0. Note that,

2 2-(c/v ) z

A... ...- i. ..li ..i. . . . ....... ... ........



is an increasing function of v for fixed c, z; hence, it is possible

that by decreasing v, the integral may be made to diverge for some

v > 0. We explore some examples in the next section.

3. Examples of Existence and Non-Existence.

First, consider the case where U is bounded from below. In that

case, the integral in the condition of Theorem 14 converges for any v.

Therefore, there can be no competitive equilibrium with v > 0. In this

case, however, the utility function cannot be concave, so it is conceiv-

able that competitive equilibria exist with v < 0. It can however be

shown that if v < 0 there cannot be optimal policy of the firm with

both a and h finite positive numbers. Indeed, this follows directly

from the first-order conditions preceding (3.10). If v < 0, then

EI'Y ZI )0 from the first-order condition on a; but then,

EIU'(Y)(bY/bh)] c E[U'(Y)1 < 0,

so that the first-order conditions cannot hold for both variables simul-

taneously.

Theorem 5. Under the conditions of Theorem 2, the optimal policy

cannot have both a and h positive if v < 0.

This leaves open the question whether it is possible to have an

equilibrium with v 4 0 (non-positive expected profit) and no purchase

of information. It is possible to find a utility function bounded from



! -17-

below in which no equilibrium exists for any value of v, specifically,

when U(Y) is the cumulative standard norml distribution.

A case which leads to a more definite result is that in which U

is concave with finite marginal utility at negative infinity. Under

concavity, of course, there will be zero output for v 4 0. For U

concave, we have the inequality,

U(x) 4 U(y) + U'(y) (x - y)

for all x and y. Set x = 0, so that U(O) < U(y) - U'(y) y, for

all y. Since U'(y) is decreasing, U'(y) U'(-) for all y. For

y(01U'(y) y > U'(- ) y. Therefore,

U(y) > u(o) + u'(-) y for y 4 0

2 2
Let y- (c/v2 ) z . Then,

f.j0 U[-(c/v 2) z 2 (z) dz > U(O) P(Z 4 0)

-(/2 )  0o 2
.(c/v ) U'(.m) f z 2(z) dz

Since c2 = f0 z2 dz = 1, it must be that jO z2 O(z) dz is finite.
Z -

Therefore, the condition of Theorem 4 is satisfied.

Corollary to Theorem 4. Under the hypotheses of Theorem 2, if

U is concave and lim U'(y) is finite, there is no non-trivial com-

petitive equilibrium.

_ For another example with different implications, consider the

expontential utility function,

... ,..

- . ' -
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(3.17) U(y) = - r e .

This utility function, with constant absolute risk aversion, has the

advantage of yielding easily computable results, especially when com-

bined with the assumption that the random variables are normally dis-

tributed. Substitute (3.17) into the condition of Theorem 4, together

with,

S(z) = (2)-l/2 e
-Z /2

The condition is then equivalent to,

2 20 2
.o e(c/V)rz_ z2/2dz< •

which holds if and only if (c/v2 )r < 1/2. This result suggests the

possibility of competitive equilibrium if (c/v 2)r > 1/2, i.e., if
'"" (2cr1/2.

V , (2cr) Indeed, a closer examination shows that this is so.

Since Y is a linear function of Z, Y is normally distributed

for any choice of a, h. Straightforward integration yields the well-

known result,

i" T . -i -rV

ETJU(Y)I - r e ,

where,

(3.18) V . E(Y) - (r/2) a 2
y

Therefore, maxmization of EEU(Y)1 under any constraints is equivalent

to mximizing (3.18) under the same conditions. Here, we are maximizing

S.nm mi~mi | . . . . ." | ." ..
- ' "

!'



with respect to a and h. The general argument leading to Theorem 2

is valid here, so Y is given by (3.11). We seek to choose h to

maximize V. From (3.11)

E(Y) = ch

2 (2c/v)2 h

so that,

2 2V = Ic- (2c r/v ] h

The optimization is now exactly parallel to that under constant

returns to scale. If the expression in brackets is positive, the opti-

mal decision is an infinitely large h and corresponding value of a,

by (3.10); if negative, then a zero choice of both is optimal. But if

the bracket is zero, then the firm is indifferent among all choices of

a, h on the ray defined by (3.10).

Example 1. Under the assumptions of Theorem 2, if

U(y) = - r -  e -  and Z is normal,

then there exists a competitive equilibrium with v = (2cr)l/2. Any

given firm can choose any scale, but the amount of information purchased

is related to the chosen scale by the relation, a =(2c/r)1/2 h.

The last relation is derived by substituting the equilibrium value

of v into (3.10).

*'m *
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Thus, on the one hand, no equilibrium can exist if the limiting

marginal utility is finite, and on the other equilibrium does exist if

4.. the utility function is exponential and the distribution of the

uncertainty is normal. A final example will clarify matters and suggest

that the exponential represents in some sense a boundary case (when the

random elements are normal). Let,

.1/2

U(y)= - for y sufficiently large negatively,

and assume Z normal. Call this function, U(y). It is defined for

y ) 0, increasing where defined, and concave for y <-1. To find a

utility function which is everywhere concave and increasing, we choose

any y < -1 and a suitable increasing concave function 0 definedi0
for y ) y0  agreeing with U at y0  in its value and in the values of

its first two derivatives. For example, choose,

0(y) = A ln (y - y .) + B

. for suitably chosen values of the parameters A, B, and yI. Choose

Yl so that,

YO- Y1 =- )/U"(Yo)

then y < y For this value of yI, we can easily choose A and B

so that 0(yo) =U(yo ) and T'(yo) = U (yo). Because of the choice of

iYl it is easily seen that G"(yo)/O,'(y O) = U"(y)/U'(yo) and therefore

fl"(y) = U"(y). Hence if we define,

' .. , ",, , , .. • - . . " . -
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U(y) =U(y) for y =y0 S

= 5(y) for y =yo

U is defined, strictly increasing and concave for all y. Now consider

*the condition of Theorem 4. The convergence of the integral depends

only on U. It is easy to see that the integral converges for all

values of v > 0. Hence, no competitive equilibrium can exist.

4* Summary

The relation between competitive equilibrium and the possibility

of technical information is more complex than I anticipated. Clearly,

competitive equilibrium is not impossible, though its existence pre-

scribes close relation between scale of output and amount of information

* *purchased. On the other hand, there seem no simple conditions which

would characterize the existence of equilibrium.



-22-

References

Arrow, K.J. [19751, The Limits of Organization. New York: W.W. Norton.

Robinson, E.A.G. 119581, The Structure of Competitive Industry,
Chicago: University of Chicago Press.

Schuinpeter, J. 119391 , Business Cycles. New York and London: McGraw-
Hill.

Wilson, R. f[19751 , Informational Economies of Scale. Bell Journal of
Economics 6: 1841~95.



75 2' M'3
E5. - U

-Zt.'' 3 ..-

F 7- t 20. m.''.

- ~ ~ 1 pA""4 33
.3~~~-,.3~ <3;& .~.. t

,-c ~ ~ , - - -

-. 3 - -, '.C .~ t..3 21

at. r-

z: 7:2 z C; E 5 F

ata

iL Z

-O -!m



-f

-7E4



376. "Necessary and Sufficient Conditions for Single-Peakedness Along a Linearly Ordered Set of Policy Alternatives"

by P. J. Coughlin and M. J. Hinich.

377. "The Role of Reputation in a Regeated Agency Problem Involving Information Transmission" by W. P. Rogerson.

378. "Unemployment Equilibrium with Stochastic Rationing of Supplies" by Ho-mou Wit.

379. "Optimal Price and Income Regulation Under Uncertainty in the Model with One Producer" by M. i. Taksar.

380. "On the NTU Value" by Robert J. Aumann.

381. "Best Invariant Estimation of a Direction Parameter with Application to Linear Functional Relationships and
Factor Analysis" by T. W. Anderson, C. Stein and A. Zaman.

382. "Informational Equilibrium" by Robert Kast.

383. "Cooperative Oligopoly Equilibrium" by Mordecai Kurz.

. 384. "Reputation and Product Quality" by William P. Rogerson.

385. "Auditing: Perspectives from Multiperson Decision Theory" by Robert Wilson.

386. "Capacity Pricing" by Oren. Smith and Wilson.

387. "Consequentialism and Rationality in Dynamic Choice Under Uncertainty" by P. J. Hammond.

388. "The Structure of Wage Contracts in Repeated Agency Models" by W. P. Rogerson.

, 389. "1982 Abraham Wald Memorial Lectures. Estimating Linear Statistical Relationships" by T. W. Anderson.

390. "Aggregates, Activities and Overheads" by W. M. Gorman.
391. "Double Auctions" by Robert Wilson.

392. "Efficieni. and Fairness in the Design of Bilateral Contracts" by S. Honkapohja.

393. "Diagonality of Cost Allocation Prices" by L. J. Mirman and A. Neyman.

394. "General Asset Markets. Private Capital Formation. and the Existence of Temporary Walrasian Equilibrium" by P. J. Hammond.

395. "Asymptotic Normality of the Censored and Truncated Least Absolute Deviations Estimators" by L. L. Powell.
396. "Dominance-Solvability and Cournot Stability" by Herve Moulin.

397. "Managerial Incentives, Investment and ,\ regate Implications" by B. Holmstrom and L. Weiss.

398. "Generalizations of the Censored and Truncated Least Absolute Deviations Estimators" by J. L. Powell.
399. "Behavior Under Uncertainty and its Implications for Policy" by K.J. Arrow.

400. "Third-Order Efficiency of the Extended Maximum Likelihood Estimators in a Simultaneous Equation System"
by K. Takeuchi and K. Morimune.

401. "Short-Run Analysis of Fiscal Policy in a Simple Perfect Foresight Model" by K. Judd.

402. "Estimation of Failure Rate From A Complete Record of Failures and a Partial Record of Non-Failures" by K. Suzuki.

.% -403. "Applications of Semi-Regenerative Theory to Computations of Stationary Distributions of Markov Chains" by
404. "On the Optimality of Individual Behavior in First Come Last Served Queues with Preemption and Balking" by Refael Hassin.
405. "Entry with Exit: An Extensive Form Treatment of Predation with Financial Constraints" by J. P. Benoit.
406. "Search Among Queues" by A. Glazer and R. Hassin.
407. "The Space of Polynomials in Measures is Internal" by J. Reichers and Y. Tauman.

408. "Planning Under Incomplete Information and the Ratchet Effect" by X. Freixas. It. Guesnerie and J. Tirole.
409. "A Theory of Dynamic Oligopoly, I: Overview and Quantity Competition with Large Fixed Costs" by Eric Maskin and Jean Tirole.

410. "Approximate Measures of the Social Welfare Benefits of Labor Projects" by Peter Hammond.
411. "Transversality Conditions for Some Infinite Horizon Discrete Time Optimization Problems" by Ivar Ekeland and Jose A. Scheinkman.

412. "Asymptotic Efficiency of the Partial Likelihood Estimator in the Proportional Hazard Model" by Aaron K. Hahn.
413. "A Monte Carlo Comparison of Estimators for Censored Regression Models" by Harry J. Paarsch.

414. "Instrumental-Variable Estimation of an Error-Components Model" by Takeshi Amemiya and Thomas E. MaCurdy.
415. "An Axiomatization of the Non-Transferable Utility Value" by Robert J. Aumann.

416. "Diffusion Approximation in Arrow's Model of Exhaustable Resources" by Darrell Duffle and Michael Taksar.

417. "The Shapley Value in the Non Differentiable Case" by Jean Franjois Mertens.
418. "The Minimax Theorem for U.S.C.- L.S.C. Payoff Functions" by Jean Frangois Mertens.

419. "Altruistic Growth Economies, Part I. Existence of Bequest Equilibria Part II. Properties of Bequest Equilibria" by
Debraj Ray and Douglas Bernheim.

420. "On the Existence of Cournot Equilibrium" by Willtam Novshek.
421. "Equilibrium Turnpike Theory with Constant Returns to Scale and Possibly Heterogenous Discount Factors" by Jeffrey L Coles.

:" 422. "Components of Variance in Manova" by T. W. Anderson.

423. "Prices for Homogenous Cost Functions" by Leonard J. Mirman and Abraham Neyman.

424. "On the Duration of Agreements" by Milton Harris and Bengt Holmstrom.

425. "A Sequential Signalling Model of Convertible Debt Call Policy" by Milton Harris and Arthur Raviv.

426. "On the Marginal Cost of Government Spending" by David Starrett.

427. "Self-Agreed Cartel Rules" by Kevin Roberts.
428. "Dynamic Models of Oligopoly" by Drew Fudenberg and Jean Tirole.

429. "A Theory of Exit in Oligopoly" by Drew Fudenberg and Jean Tirole.

430. "('onsumer Information in Markets with Random Product Quality: The Cae of Queues and Balking" by Rafael Hassin.

431. "Incentive Efficiency of Double Auctions" by Robert Wilson.

432. "Efficient Trading" by Robert Wilson.

433. "The Economic Theory of Individual Behavior Toward Risk. Theory, Evidence and New Directions" by Mark J. Machina.

434. "Reputations in Games and Markets" by Robert Wilson
435. "Multilateral Incentive Compatibility in Continuum Economies" by Peter J. Hammond.
436. "The First Order Approach to Principal Agent Problems" by William P. Rogerson
437. "Maximum Rank Correlation Estimator and Generalized Median Estimator in Censored Regression and Surval Models" by Aaron K. Han.

'..'.



List of Reports

438. "On Endogenous Competitive Business Cycles: by Jean-Michel Grandmont.

439. "A Complete Characterization of ARMA Solutions to Linear Rational
Expectations Models" by George Evans and Seppo Honkapohja.

440. "Asset Bubbles and Overlapping Generations: A Synthesis" by Jean
Tirole.

441. "Two Equivalence Theorems for the 'Finite Coalition Core' of a Continuum
Economy" by Peter J. Hammond.

442. "Managerial Incentives and Non-Wage Benefits" by William Rogerson.

443. "A Survey of Agency Models of Organizations" by Daniel Levinthal.

444. "Two Papers on Sequential Bargaining: Part I. Sequential Bargaining
Mechanisms. Part II. Bargaining with Incomplete Information an Infinite
Horizon Model with Continuous Uncertainty" by Peter Cramton.

445. "Borrowing Constraints and Aggregate Economic Activity" by Jose A.
Scheinkman and Laurence Weiss.

446. "Periodic and Aperiodic Behaviour in Discrete Onedimensional Dynamical
Systems" by Jean-Michel Grandmont.

447. "Contractual Paradigms Rational Expectations and Seniority Rules in
The Theory of Long-Term Labor Contracts" by James Anton.

448. "The Maximum Rank Correlation Estimator in Classical, Censored, and
Discrete Regression Models" by Aaron K. Han.

449. "Consequentialist Social Norms for Public Decisions" by Peter Hammond.

450. "On Asymmetric Information, Unemployment and Inflexible Wages," by
Mordecai Kurz.

451. "The Economics of Agency," by Kenneth J. Arrow.

452. "On Equilibria of Bid-Ask Markets," by Robert Wilson.

453. "Multidimensional Signaling," By Martine Quinzii & Jean-Charles Rochet

45h. "Inequality, Malnutrition and Unemployment: Critique of the
Competitive Market Mechanism," by Partha Dasgupta and Debraj Ray.

455. "Procurement, Cost Overruns and Severance: A Study in Commitment

and Renegotiation," by Jean Tirole.

456. "Multiparty Equilibria Under Proportional Representation," by

Joseph Greenberg and Shlomo Weber.

457. "Inequality and Capital Taxation," by J.E. Stiglitz.

258. "Lump-Sum Taxes and 'Transfers: Public Debt in the Overlapping-Generations
Model," by Yves Balasko and Karl Shell.

459 "Project Evaluation by Potential Tax Reform," by Peter J. Hammond.

460 "Competitivity and the Number of Firms in a Market: Are Duopolies More
Competitive Than Atomistic Markets?" by J.E. Stiglitz.

461 "Tiebout Equilibrium Under Restricted Preferences Domain," by Joseph Greenberg
and Shlomo Weber.

: z ., ,'. V.,.", .-. ". .- ',-'--'.-" '..,' . ,' -.' ",,' '. -.. . .".".".-.. . ....- ,",-.. .-.. ,. .-. , ".-.-.-.. .- ''--



. Reports in this Series

462 "On the Existence of Markov-Consistent Plans Under Production Uncertainty,"
by B. Douglas Bernheiu and Debraj Ray.

463 "Free Entry and Stability in a Cournot Model," by Gabrielle Demange.

464 "Instability in the Implementation of Walrasian Allocations, " by
J.S. Jordan.

465. "Technical Information, Returns to Scale, and the Existence of Competitive
Equilibrium," by Kenneth J. Arrow.

4,.'

.4.

-4

g

."4 '.,, } 'i ,,''',' ,-'' - , = ;, ; ',.7 ':' .. -; -.''i;,,." * , . .,° i .' -.. '.". .;



FILMED

12-85

* DTIC


