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RICHARD T. ELY LECTURE 

The Design of Mechanisms for 

Resource Allocation 


Traditionally, economic analysis treats 
the economic system as one of the givens. 
The term "design" in the title is meant to 
stress that  the structure of the economic 
system is to be regarded as an unknown. 
An unknown in what problem? Typically, 
that  of finding a system that  would be, in 
a sense to be specified, superior to the 
existing one. The idea of searching for a 
better system is a t  least as ancient as 
Plato's Republic, but i t  is only recently 
that tools have become available for a 
systematic, analytical approach to such 
search procedures. This new approach re- 
fuses to accept the institutional status quo 
of a particular time and place as the only 
legitimate object of interest and yet rec- 
ognizes constraints that  disqualify naive 
utopias. 

A wealth of ideas, originating in dis- 
ciplines as diverse as  computer theory, 
public administration, games, and control 
sciences, has, in my view, opened up an 
exciting new frontier of economic analysis. 
I t  is the purpose of this paper to survey 
some of the accomplishments and to con- 
sider outstanding unsolved problems and 
desirable directions for future efforts. 

I t  is not by accident that  the terms 
"analytical" and "institutional" were only 
a few words apart in the preceding state- 
ment of scientific goals of our inquiry. I n  
the past, especially in the nineteenth cen- 
tury, cleavage developed between analysts 
who tended to focus on the competitive 
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and monopolistic market models and in- 
stitutionalists who, either as historians or 
as reformers, felt the need for a broader 
framework, but  found the existing analyti- 
cal tools inadequate for their purposes. I t  
is perhaps symbolic that  a lecture named 
after "the father of institutional economics 
in the United States" (see H. C. Taylor) 
should provide a forum for a step toward 
synthesis of the two approaches. 

I should make clear that I do not regard 
Richard T .  Ely as a hundred percent 
kindred spirit. One reason for this may be 
seen from the following quotation of his 
views (1884) on mathematical economics: 

No mention has been made of the 
younger 'mathematical school' of politi- 
cal economists, of whom the chief repre- 
sentatives are Stanley Jevons . . . and 
L6on lf7alras . . . , because it is difficult 
to see in their mathematico-economical 
works anything more than a not very 
successful attempt to develop further 
the older abstract political economy. 
Any advance of the science due to the 
mathematical character of their method 
has certainly not yet become widely 
known, and the writer is much inclined 
to believe that the works which have 
advocated the application of mathemat- 
ics to economics form no essential part 
of the development of economic liter- 
ature. Certain unreal conceptions and a 
few definitions are used as bases for 
mathematical deductions. [p. 601 

Yet I find much to agree with Ely in his 
broader scientific objectives, However, I 
shall not go so far as to propose reinstate- 
ment into the bylaws of the American 
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Economic '4ssociation the platform provi- 
sions which he proposed (1887) when the 
Association was being formed: 

1. We regard the state as an educa- 
tional and ethical agency whose positive 
aid is an indispensable condition of 
human progress. While we recognize the 
necessity of individual initiative in in- 
dustrial life, we hold that the doctrine 
of laissez-faire is unsafe in politics and 
unsound in morals; and that it suggests 
an inadequate explanation of the rela- 
tions between the state and the citizens. 
[PP. 6-71 

&-hat I do sympathize with in Ely's at- 
titude is the desire to view the economic 
system as a variable and to go beyond 
analytical frameworks that  were unable to 
cope with this problem. A sharp statement 
illustrative of the "activist" point of view 
of that  era (quoted by Ely who, however, 
characterizes i t  as too narrow) is the fol- 
lowing definition, due to the Belgian Emile 
de Laveleye, dating from 1882: "Political 
economy may . . . be defined as the science 
which determines what laws men ought to 
adopt in order that  they may, with the 
least possible exertion, procure the greatest 
abundance of things useful for the satisfac- 
tion of their wants, may distribute them 
justly and consume them rationally." I 
do feel that  Ely underestimated the po- 
tential of development of theory (and of 
mathematical theory in particular) to help 
in this endeavor; but  given the lag of a 
better part of a century in this develop- 
ment, perhaps he can be forgiven. 

In  what follows I want to focus on de- 
velopments that are relatively recent, pri- 
marily those of the last two decades, and 
characterized by a t  least an attempt a t  
rigorous mathematical formulation. First, 
however, I want to acknowledge the value 
of work that preceded the recent period. 

In  spirit, I regard the Utopians, and 
Utopian socialists in particular, as the 
initiators of what one might call an "ac- 

tivist" (as well as critical) attitude toward 
the social system in general, and the 
economic system in particular. They were, 
in a sense, the first systems designers in the 
social sphere. Marx, Engels, and their 
followers broke with the Ctopian socialists. 
An unfortunate byproduct was the neglect 
of problems of resource allocation in the 
("historically inevitable") socialist econ-
omy of the future, with Kautsky some-
thing of an exception. In  the late nineteenth 
century there were, however, nonsocialist 
(and even antisocialist) economists who 
tackled the problem in a remarkably ob- 
jective spirit, among them Pareto, Boehm- 
Bawerk, and von Wieser.' Barone's now 
famous 1908 paper was a t  least partly 
stimulated by Pareto's earlier analysis. 

A "second round" of discussion was 
largely provoked by von Mises' skepticism 
as to even a theoretical feasibility of 
rational allocation under socialism. Oskar 
Lange's contribution to the debate in the 
1930's is well known, but  there was a re- 
markable earlier reply by Jacob Marschak 
in 1924. 

While Lange's line was to be that  so-
cialism is as capable of playing the per- 
fectly competitive game as is capitalism, 
Marschak took the opposite view: capi- 
talism is a world not of perfect competition 
but of monopolies and cartels, which (in a 
Schumpeterian spirit) has its good points, 

I t  is striking that  Pareto (1896-97, p .  58), in addi- 
tion to pointing out the theoretical fea~ibility of ra-
tional allocation in what he called a collectivist regime 
(it would have the same coefficients of production as 
free competition), also dealt with costs of operating the 
system: "A second approximation will take account of 
the expense of putting the mechanism of free competi- 
tion in full play, and will compare this expensewith tha t  
necessary for establishing some other new mechanism 
which society may wish to test " Similarly, in the 
Manuel (p. 364), Pareto points out the need to compare 
the expense on the entrepreneurs and proprietors under 
the system of private property with that of state em- 
ployees under collectivism. But, he says, "pure eco-
nomics does not give us a truly decisive basis for choos- 
ing between organization based on private property 
and a socialist organization." 
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especially in the realm of dynamics. Mar- 
schak expected similar phenomena under 
the brand of democratic "socialism" he 
had in mind and was not depressed by the 
prospect. H e  felt that  the advantages of 
imperfect competition would carry over 
into collectivism. The real issues would be 
not rational economic calculation, but mo- 
tivation, stimulation of initiative, and 
intensity of effort-under an egalitarian 
system where managers would be demo- 
cratically elected. (Still, he regarded these 
problems as less severe than those of "cen- 
tralistic" socialism.) 

In  the 1930's, two major lines of de-
velopment are relevant. One line was the 
work of Lange, Lerner, and others on 
resource allocation in a socialist economy, 
the slightly earlier (1929) paper by F. M. 
Taylor on trial and error methods, Hotel- 
ling's contribution on marginal cost pric- 
ing and consumer-producer surplus, and 
the "new welfare economics" of Hicks, 
Kaldor, Scitovsky, and others. The other 
line of development, started in the 1940's, 
was the mathematization of "classical wel- 
fare economics" by Lange (1942), Allais, 
Debreu, and Koopmans (1957), with the 
Arrow-Hahn book a recent entry in this 
series. 

I have so far been stressing the ideas 
oriented toward redesigning the economy of 
a nation or similar collectivity. But  with 
the enormous growth of private enter-
prises and governmental bodies, similar 
issues arise in determining the relation- 
ships between the headquarters of a firm 
and its divisions, or a ministry (depart- 
ment) and its components. Most of the 
proposed mechanisms are highly relevant 
in such circumstances, but the team theory 
model may be particularly appropriate. 

There is also a close relationship with 
information theory and with problems of 
administrative organization. FO; linking 
up resource allocation with information 
processing and organization, major credit 

must go to Marschak's development of 
economic theory of information and to 
Herbert Simon for his work on organiza- 
tion and economic behavior. 

Also one should not forget a pioneering 
effort toward an abstract formalization 
undertaken by J. B. Kruskal, Jr., and 
Allen Newel1 in "A Model for Organization 
Theory," circulated a t  Rand Corporation 
in 1950 but,  I believe, never published. 

I t  has been said, only half in jest, that  
the theory of organization is a field rich in 
definitions, but short on results in the 
form of theorems. This is no longer true. 
There are two categories of results. On the 
one hand, quite a few specific allocation 
mechanisms have been invented and their 
properties, such as feasibility, optimality, 
and convergence, rigorously established. 
On the other hand, there are also some 
more general results, dealing with the 
possibility or impossibility of various types 
of decentralized mechanisms, depending 
on the environments with which they must 
cope. \Ve shall mention a few of these re- 
sults, following the sampling of the specific 
mechanisms and the discussion of a frame- 
work required for formulating the more 
general questions. 

I. 	Specific Mechanisms Whose Properties 
Have Been Investigated 

As promised, we shall now sample, al- 
though very incompletely, some of the 
wealth of specific mechanisms that  have 
been formulated in a rigorous way, mostly 
during the last two decades-but without 
forgetting the crucial influences of their 
less formal predecessors. 

We shall confine ourselves to procedures 
that have been formulated with sufficient 
precision to avoid ambiguity as to which 
economic agent says what to whom and 
when. This makes i t  possible to determine 
the informational requirements, a s  well as  
convergence and optimality properties. 

A major impetus was given to the design 
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of such mechanisms by these develop-
ments of the 1940's: 

1) activity analysis and linear program- 
ming (including the simplex method)- 
Dantzig, Kantorovitch, Koopmans; 

2) game theory, including the iterative 
solution procedures-von Seumann and 
illorgenstern, George Brown, Julia Robin- 
son ; 

3) discoveries concerning the relation- 
ships connecting programming (linear or 
nonlinear), two-person zero sum games, 
and the long known Lagrange multipliers 
-Gale, Kuhn, Tucker. 

IVhile in economics one deals with goal 
conflicts due to multiplicity of consumers, 
linear and nonlinear programming models 
usually presuppose a single well-defined 
objective function to be, say, maximized, 
i.e., a situation corresponding to an econ- 
omy with a single consumer. So it is not 
surprising that  the mechanisms designed 
under the influence of programming theory 
dealt to a large extent with one-objective- 
function problems and thus failed to face 
the crucial issue of goal conflict. Neverthe- 
less, one should not underrate their useful- 
ness as a necessary step on the road to the 
harder multi-objective problem, since the 
difficulties of the simpler situations do not 
disappear when goal conflicts are intro-
duced. 

IYe can distinguish two strands here: 
one, a rather close relative of the program- 
ming approach; the other, "team theory,'' 
(J. Marschak, Kadner, Groves) more 
closely related to the theory of statistical 
inference and decision making. ?Ve shall 
concentrate on the former. 

?Ye thus have a situation where there is 
only one consumer (individual, firm, or 
even nation) and, hence, only a single 
utility function to be maximized, but a 
multiplicity of producers and resource 
holders. The technological relations (pro- 
duction functions) and limits of resource 
availability constitute the constraints sub- 

ject to which maximization must be carried 
out. 

Two difficulties make the problem non- 
trivial : calculation and information trans- 
fer. First, consider the calculation of the 
maximizing values for the variables of the 
problem. Assuming even that  all the rele- 
vant information concerning the parame- 
ters of the problem is in the hands of a 
computing agency, this agency needs a 
well-defined computational procedure (al- 
gorithm) to find solutions. 

For linear economies, the simplex method 
is such an algorithm. For "smooth" (non-
linear) unconstrained maximization prob- 
lems resembling the task of groping one's 
way in the dark to the top of a hill, the 
obvious idea of moving uphill is embodied 
in the notion of gradient (or "steepest 
ascent") processes. Equally evident is the 
fact that  a valley between the spot one is a t  
and the peak of the hill would cause 
trouble; hence, the success of gradient 
procedures depends on the curvature char- 
acteristics of the terrain, a natural re-
quirement being that  the hill be dome-like 
(technically, a strictly concave function). 

A natural extension of the gradient 
process idea was suggested by the famous 
Kuhn-Tucker theorem associating with a 
constrained maximum a saddle point, i.e., 
a maximum-minimum point of the so-
called Lagrangean expression; thus the 
search for a maximum with respect to cer- 
tain decision variables was converted into 
a mixture of maximizing and minimizing 
tasks to each of which one could apply the 
gradient idea (groping upward in terms of 
the decision variables and downward with 
respect to certain auxiliary variables--
Lagrange multipliers to the mathemati- 
cian, shadow prices to the economist). 
Statically, the Kuhn-Tucker result re-
quired little more than the concavity (not 
necessarily strict) of the relevant functions 
and, hence, was applicable to linear prob- 
lems as well as the typical smoothly 
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curved pictures of classical economics 
(Pareto, Hicks). But  we shall see that  
dynamics was more troublesome. 

Even when there is an algorithm suitable 
for calculations by an agency to whom all 
the data are available, i t  may be that  the 
information processing capacity of any 
one such agency is inadequate because of 
the size of the problem (the number and 
complexity of constraints, objectives, and 
variables). If there are several potential 
information-processing agencies (and here 
every human brain qualifies to some ex- 
tent), we may be saved by devising com- 
puting procedures which parcel out the 
work among them; these are called de-
composition algorithms. (In recent years, 
related problems have been studied in 
connection with the design of electronic 
computer utilization under the label of 
multi-processing.) 

I t  should be recalled that  one of Hayek's 
(1935, p. 212) chief points in summing up 
the state of the debate concerning the 
feasibility of a centralized socialist solu- 
tion was that  the number of variables and 
equatioils would be "at least in the hun- 
dreds of thousands" and the required 
equation solving "a task which, with any 
of the means known a t  present, could not 
be carried out in a lifetime. And yet these 
decisions would . . . have to be made con- 
tinuously . . . . " The market-simulation 
procedure developed by Lange and Lerner 
may be viewed as an early example of a 
decomposition algorithm. 

From the point of view of the economics 
of information processing i t  is clear that  a 
parceling out of the task may be ad-
vantageous even if single agency capacity 
constraints have not been reached; this 
may well lower the resource cost and cut 
down the time required for the completion 
of the computing process. 

But  another informational considera-
tion, stressed by Hayek (1935, 1945) has 
gained special prominence: the difficulty of 

placing all the relevant information in the 
hands of a single agency because informa- 
tion is dispersed throughout the economy. 
A natural assumption is that,  initially, 
each economic unit has information about 
itself only: consumers about their respec- 
tive preferences, producers about their 
technologies, and resource holders about 
the resources. An attempt to transfer all 
this information to a single agency before 
i t  starts its calculations is regarded as 
either impossible (in the sense that  much 
information would be lost) or too costly in 
relation to the existing accuracy require- 
ments. (One reason for this difficulty is 
that  even the individual units have the re- 
quired information only in potential form, 
except for situations corresponding to their 
past experience: e.g., firms know only cer- 
tain parts of their production functions. I t  
is easier to use "localized" procedures 
which require an exploration only of the 
relevant parts of the individual units' 
maps; but such localization is impossible 
if whole maps are to be conveyed to the 
single computing agency a t  the beginning 
of the computing process.) 

If the economic units which initially are 
the only ones with information about 
themselves are also capable of carrying 
out calculations, i t  is natural to seek com- 
puting procedures that  would both mini- 
mize the need for information transfers 
and also parcel out the tasks of calculation. 
This is what informationally decentralized 
procedures are meant to accomplish. 

In the 1930's i t  would have been most 
natural to start with "smooth" strictly 
concave economies (diminishing marginal 
utilities and returns), without kinks or 
corner solutions. But  around 1950, linear 
models were in fashion. Furthermore, the 
simplex method was available and proved 
to be convergent. Since the simplex meth- 
od, applied to the economy as a whole, 
lacked informational decentralization, a 
search for an alternative was bound to 
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occur. For the economist, an obvious 
candidate was a simulated (perfectly com- 
petitive) market process B la Lange, Ler- 
ner, and (specifically in the context of a 
linear economy) the Koopmans model 
with a helmsman representing the con-
sumer, production managers maximizing 
profits, and resource custodians adjusting 
prices according to excess demand. 

From a static point of view, the equilib- 
rium of such a process would be optimal. 
But  if the initially proposed process and 
quantities were "wrong," would there be 
convergence to equilibrium? '1'0 make this 
question meaningful, one must specify the 
dynamics of the adjustment process, e.g., 
by how much prices are to be raised per 
unit of time given the magnitude of excess 
demand, etc. A pioneering model of this 
type is due to Samuelson (1949) who pos- 
tulated a system of differential equations 
in which prices vary proportionately to 
excess demand, and resource use rises when 
low resource prices yield positive profits. 
He  immediately noted that  this dynamic 
system would behave like a frictionless 
pendulum, i.e., would not converge to an 
equilibrium position. Whether we are 
thinking of computations or of designing 
an economy, we must look further.? 

Samuelson himself suggested "a little intelligent 
speculation or foresight." (Interestingly enough, a 1972 
contribution by Groves to dynamic team theory ex-
ploits a similar idea to increase the average performance 
of a "truncated" 1,ange-Lerner process.) I n  addition to 
this dynamic defect of the competitive mechanism in a 
linear economy, several recent papers have also studied 
what is perceived to be a static defect: even when the 
price: are correct (i.e., a t  their competitive equilibrium 
values), the producer will t>pically be indifferent be- 
tween "socially correct" and "incorrect" actions because 
both types of actions may be on the same iso-profit line. 
Besssre and Sautter speak of absence of "separability" 
and Jennergren makes a similar finding. However, with 
"incorrect" individual actions there ~ o u l d  not be equi- 
librium; this would become evident to the price setters, 
because excess demand would he different from zero. 
Since excess demand must be checked to know whether 
the price is "correct," the requirement of "separa-
bility" in the above sense seems too strong. reverthe-  
less, it is of some interest to note that  where individual 

Samuelson's discovery posed a chal-
lenge: can an informationally decentralized 
convergent allocation process be designed 
for linear economies? (Of course, there is 
also the problem of designing such pro- 
cesses for economies with increasing re-
turns. But  here the difficulties are bound to 
be serious, since the competitive mecha- 
nism lacks even the usual static properties.) 

One line of attack involves the replace- 
ment of the fixed ( that  is, parametric) 
price idea by that  of a price scheduie and 
is applicable not only in the linear (con- 
stant returns) case, but  also under increas- 
ing returns. (See the modified Lagrangean 
Arrow-Hurmicz approach below.) .\nother 
approach, to be discussed first, retains the 
parametric prices; i t  grew out of linear pro- 
gramming techniques, with the Dantzig- 
IVolfe decomposition method its earliest 
example. 

The Dantzig-IVolfe economy has special 
features which provide scope for the de- 
composition approach. These are the usual 
features of a resource allocation model 
without technological externalities, in 
which the objective function is a sum of 
the contributions of the individual units 
and in which certain resources must be 
utilized by all units. (Both the objective 
function and the overall constraints are 
"additively separable.") The  mechanism 
may be viewed as a dialogue between the 
producing units (who know their tech-
nologies and contributions to the objective 
function) and a "center" which knows the 
total resources available. One aspect of the 
dialogue is that  the center proposes tenta- 
tive resource prices and the producing 
units develop corresponding profit-maxi- 
mizing production programs (with prices 
treated parametrically). I n  the light of 
these programs, the center revises the 
proposed prices. Because of the linear-

character ifthe economy, both the center 

~ r o f i toptima are unique (e.g., with strictly concave pro- 
duction functions), "separability" is present. 
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and the producing units can use linear-
programming (primal and dual) tech-
niques, and an equilibrium is reached in a 
finite number of steps. So far, we may 
regard the algorithm as a variety of the 
market (parametric price) process. But  
there is a difference. The final allocation 
will not necessarily correspond to the final 
production programs of the producing 
units. Rather, the center will "order" each 
producing unit to undertake a program 
which "mixes" (averages) the final pro- 
posal with several previous ones.3 

As pointed out by Baumol and Fabian, 
the procedure can be extended to situa- 
tions where constraints pertaining to sin- 
gle producing units are nonlinear, while 
the overall constraints pertaining to re-
sources needed by all units remain linear. 
In  this case, however, the units must have 
a computational algorithm for their non- 
linear problem since the simplex method 
can no longer be used. For other nonlinear 
economies, and especially those with in- 
creasing returns, different processes had to 
be sought. 

Before we look a t  those, however, let us 
examine a mechanism designed specifi-
cally to guide a linear economy but in a 
manner that  partly reverses the roles 
played by the "center" and the "peri-
phery" (the producing units), the process 
due to Kornai and LiptBk. The assumption 
concerning the economy, as in the Dantzig- 
Wolfe model, is that of "block angularity," 
i.e., there are subsets of constraints each 
pertaining to a given sector and also re- 
source constraints affecting the whole 
economy. In  the dialogue, the center pro- 

The need for such averaging is due to the fact that  a 
firm's final program in the Dantzig-i\-olfe procedure can 
be a profit-maximizing "corner," while "social opti-
mality" may require the utilization of a "non-corner" 
profit-maximizing production program. I n  effect, by 
considering the various averages of the producing unit's 
program:, the center determines the whole set of profit- 
maximizing programs and, from among those, picks out 
the socially optimal one. (See Baumol and Fabian.) 

poses allotments of scarce resources to the 
various sectors; then each sector responds 
with shadow prices (marginal rates of 
substitution) minimizing the value of the 
allotment subject to sectoral dual con-
straints (nonprofit condition for every sec- 
toral activity). The center's aim, on the 
other hand, is to maximize the contribu- 
tions of the sectors to the objective func- 
tion, i.e., to maximize the value of the 
allocated resources a t  the shadow prices 
received from the sectors, subject to the 
limitation of available resource totals. 

Taking advantage of the equivalence of 
linear-programming programs and games, 
Kornai and LiptBk, by structuring the 
dialogue as a fictitious game, are able to 
establish convergence to an equilibrium 
with any desired degree of accuracy, 
though (unlike in the Dantzig-IYolfe pro- 
cedure) without reaching the equilibrium 
in a finite number of steps. In  addition to 
the latter disadvantage, it has also been 
pointed out (by Jennergren) that  the 
Kornai-LiptBk procedure is not completely 
informationally decentralized, since each 
sector's resource sectoral allotments must 
be large enough ("evaluable") to assure 
the existence of a feasible solution for that  
sector. 

One advantage claimed for the Kornai- 
LiptBk procedure is that  i t  may be com- 
putationally manageable where alternative 
decomposition algorithms are not. I regret 
that I have not had an opportunity to look 
into this question. But  another feature of 
this process is of great interest to the 
economist. This is the fact that  the center, 
instead of simulating the market as does 
the Taylor-Lange-Lerner mechanism, spec- 
ifies quantitative input and output targets 
or restrictions, while the sectors supply the 
center with productivity information in 
the form of shadow prices. This appears 
more in line with many observed planning 
practices and thus may provide a useful 
descriptive model. 
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There are several other mechanisms, in 
general designed for nonlinear economies, 
which are also of the "quantity-guided" 
type (as distinct from the "price-guided" 
type), that is, where the center sends out 
messages concerning quantities (e.g., tar- 
gets) and the periphery (the producing 
units, sectors) responds with marginal en- 
tities or shadow prices. Illformationally, 
since the center is sending different quan- 
tity messages to different sectors, its total 
signals are of higher dimensionality than 
in price-guided systems where the same 
message (price vector) goes out to all sec- 
tors. (lye must bear in mind that  each 
quantity vector has the same dimension as 
the price vector.) lf'hether this difference 
is significant is somewhat controversial; 
the negative has been strongly expressed 
by hlarglin who has constructed quantity- 
guided (called by him "command") coun-
terparts of certain price-guided processes. 
One of Marglin's mechanisms requires the 
center to allocate the scarce inputs on the 
basis of information obtained from the 
producing units concerning their marginal 
productivities and their excess demands. 
Adjustment ceases when aggregate excess 
demand is zero and the marginal produc- 
tivities of producers are equalized. (&A 
similar process was proposed by Heal in 
1969.) 

X process, characterized by a mixture of 
price- and quantity-guided elements and 
also due to Heal (1971), is particularly 
interesting because (with some qualifica- 
tions) it corlverges to optima even for 
nonconvex economies, in particular for in- 
creasing returns. An essential informational 
feature is that certain fu~lctions of each 
producing unit's marginal productivities 
(roughly, its shadow prices for particular 
resources) must be conveyed to the center. 
The center can then calculate improved 
resource allotments, or else i t  may calcu- 
late and send to the units a resource price 
(the same for all units) and so enable them 

to determine their respective resource 
requirements. The latter option is, of 
course, informationally more decentral-
ized: it requires fewer message transfers 
from the center to the periphery, and fewer 
computations are carried out a t  the center. 
(hlarglin had a similar process for a more 
restricted class of economies. I t  is not 
clear whether his process could be adapted 
to corner maxima in nonconvex cases.) 

Heal's process has the further merit 
that  if the initial allocation is feasible, so 
are all the later ones, thus satisfying a 
Malinvaud postulate. (The same seems 
true of Marglin's process, although, unlike 
Heal, he does not assume the initial posi- 
tion to be feasible.) The  maintenance of 
feasibility is simple in models without in- 
termediate goods because the procedure 
always allocates all available resources 
and producers are required to stay on 
their efficient frontiers. The matter gets 
more complicated when intermediate goods 
are introduced and only special cases ap- 
pear to have been dealt with so far by this 
approach. 

Processes in which the center specifies 
quantities and the peripheral units convey 
their individual marginal rates have also 
been used in models where public goods 
are among those to be allocated. I shall 
mention three treatments of this case, due 
to Dri.ze and de la Vallee Poussin, hlalin- 
vaud (1970), and Aoki. Tn the versions 
known to me each is somewhat specialized: 
Blalinvaud and Dri.ze-Poussin have only 
one producer but  many consumers, Aoki 
only one consumer; also, Dri.ze-Poussin 
deal primarily with the case of only one 
private good, although they indicate how 
the results may be generalized to more. 
Aoki's economy is closest to those we have 
been considering so far because i t  has only 
one consumer (the center), hence, no 
income distribution problems; it also has 
many producers. His mechanism uses 
price-guidance for private goods and cluan- 
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tity-guidance for public goods. ,4 producer 
develops production plans that maximize 
net revenue given the central "guidelines" 
(prices for the private goods, quantities for 
the public goods), and conveys to the ten-
ter his demands for private goods and 
marginal evaluations, including marginal 
cost, for public goods. The center, in turn, 
adjusts the price of each private good ac- 
cording to the difference between its 
marginal utility and price (as in the Arrow- 
Hurwicz gradient process) ; the targets for 
public goods are increased in proportion to 
the net aggregate of marginal valuations 
(users' minus producers') ; thus the center 
combines the functions of the helmsman 
and resource custodian of the Koopmans 
model for private goods with target setting 
for public goods. The other two processes 
have the same adjustment rule for public 
goods targets, but differ in other respects. 
In  particular, they specify the rules of in- 
come distribution. 

All three processes converge (at  least 
locally) under suitable convexity assump- 
tions concerning the environment. Some- 
what paradoxically, Malinvaud's process 
does not seem to satisfy his desiderata of 
feasibility maintenance and monotonicity, 
while the other two do. 

I shall now go back to the price-guided 
processes, but more briefly because they 
came earlier and are better known. Here 
again, T shall focus on the one consumer 
case. For a linear economy, Koopmans 
(1951) described the functioning of such a 
mechanism in the spirit of the Taylor- 
Lange-1,erner rules by setting up an  
"allocation game" to be played, in an in- 
formationally decentralized manner, by a 
helmsman (setting the prices of final goods 
and thus representing consumer prefer-
ences), commodity custodians (adjusting 
the prices of resources according to excess 
demand), and activity managers who de- 
termine the production programs. Koop- 
mans' adjustment rule (similar to Samuel- 

son's) is that managers expand profitable 
activities ant1 curtail those bringing losses; 
in a constant returns economy this is 
equivalent to profit maximization. Koop- 
mans stressed that "the dynamic aspects 
of these rules have on purpose been left 
vague." lye  know that Samuelson's ex-
periment in this direction yielded non-
convergent oscillations. 

On the other hand, in an economy where 
all functions (including the utility indica- 
tor) are strictly concave (i.e., we have 
diminishing returns) similar rules produce 
a process with the desired stability prop- 
erties. Utilizing the notion of gradient ap- 
proach to the saddle point of the Lagran- 
gean expression, :lrrow and Hurwicz 
(1960) used the following rules: the helms- 
man, taking the prices of desired com-
modities as given, changes each final 
demand a t  a rate equal to the difference 
between its ~narginal utility and price; each 
manager, again taking prices as given, 
changes the scale of his process in propor- 
tion to its marginal profitability; each 
commodity custodian varies the price of 
his comnlodity in proportion to excess de- 
mand. (I arn omitting modifications per- 
taining to corners and zero prices.) A4 
limiting form of such a process is the price- 
adjustment method in which prices are 
varied as before, but both the helmsman 
and each manager reach (as against merely 
moving toward) the values of their deci- 
sion variables which maximize their re-
spective objective functions: for the helms- 
man, the difference between utility and 
price; for the manager, the level of profit. 
The familiar If-alrasian competitive pro- 
cess is a variant of such price-adjustment 
in which the demand for final goods is de- 
termined by utility maximization subject 
to a budget constraint with specified in- 
come or wealth. 

Although the gradient process is in-
formationally decentralized and converges 
to an optimum under strict concavity 
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assumptions, i t  has certain disadvantages. 
T o  begin with, i t  is formulated in con-
tinuous time, while realistic mechanisms 
operate more naturally by iterations, i.e., 
with a discrete time parameter. 

But  i t  is possible to construct a discrete 
time parameter counterpart of the gradient 
process. I n  fact, this was done by Uzawa 
and further elaborated by Malinvaud 
(1967) who, however, pointed out another 
undesirable feature of the gradient pro- 
cess: although it  converges to a feasible 
solution, its "interim" proposals are, in 
general, not feasible. I n  other words, while 
the process pushes the participants toward 
compatibility in their claims on resources, 
they may be demanding either more or 
less than the total available while the pro- 
cess is going on. Thus if the gradient pro- 
cess were to be interrupted a t  a finite time, 
there might be a problem of reconciling 
incompatible claims. 

Malinvaud then formulated a desidera- 
tum, viz., that  (discrete time parameter) 
adjustment processes yield feasible solu- 
tions after a finite number of iterations. 
He  then proceeded to construct two pro- 
cesses (for different environments) which 
satisfied this desideratum. In  both cases 
he assumed that  the initial proposal, serv- 
ing as the point of departure for the itera- 
tions, was feasible. I n  effect, he was pay- 
ing a "price" for the feasibility of all his 
interim proposals-namely, he assumed 
that  the center had an additional piece of 
information: a feasible point of departure; 
the :lrrow-Hurwicz gradient process, on 
the other hand, was designed for situations 
where this information was not available 
to the center. 

I t  is worthwhile to  become acquainted 
with Malinvaud's second procedure. The  
center proposes prices to  the producing 
units which, in turn, determine production 
plans maximizing the value of the firm's 
output in terms of those prices. The  center 
then builds up its picture of each unit's 

production set (see Fig. 1) by taking all 
convex mixtures of its previous proposed 
input-output vectors, together with the 
initial feasible vector, assumed known to 
the center. (Since the production sets are 
assumed convex, this yields an  increasing 
subset of the unit's true production set. 
But ,  again, there is an informational price 
to be paid: the center must accumulate, 
on a disaggregated basis, all past proposals 
from the units.) Treating its pictures of 
the production sets as if they were the 
actual sets, the center then maximizes its 
utility function subject to the resource 
availability constraint and proposes a new 
set of prices corresponding to the relevant 
marginal rates of substitution. 

I t  could perhaps happen that ,  even after 
several iterations, the only production 
program compatible with resource con-
straints is the one originally assumed 
known to the center; or that ,  even if new 
feasible programs are generated, their 
utility is no higher than tha t  of the original 
known feasible allocation. But  i t  was 
shown by Malinvaud that ,  as the number 
of iterations goes to infinity, the utility 
associated with the corresponding plans 
tends to the upper bound of its feasible 
values. 

Roughly speaking, the center constructs 
plans which would be nearly optimal for 
the economy if its images of the individual 
production sets were sufficiently close to 
correct. The  informational price paid is the 
need for building up these images; in 
efiect, the information concerning the pro- 
duction functions is being transferred to  
the center, although on an  installment 
plan. This differs from the usual informa- 
tionally decentralized procedures where 
the center does not accumulate such in- 
formation and never knows more than the 
structure of the production set in the 
neighborhood of the current proposal. 

The process also illustrates another de- 
sideratum formulated by Malinvaud: tha t  
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the utility of successive proposals should known to be feasible for the units, Weitz- 
not decrease as iterations progress ("mono- man's central planning agency constructs 
tonicity"). The preceding process ob- imaginary production sets i t  knows to be 
viously satisfies this requirement because too ambitious, formulates targets that are, 
earlier proposals are always among the in general, infeasible and then lets the 
available alternatives during the utility units scale down the proposals to feasible 
maximization phase of the center's calcu- levels. (See Fig. 2.)  ,Also, the units pro- 
lations. (Heal's process also has the vide the center with respective marginal 
monotonicity property when the initial rates (shadow prices) as a basis for sub- 
proposals are feasible.) sequent central targets. Here, again, the 

A procedure, which is a sort of dual to center must accumulate all previous in- 
that of Malinvaud, has been proposed by formation concerning the structure of the 
Weitzman. While Malinvaud's center is individual production sets. Convergence is 
rather timid and only considers plans assured (even in a finite number of steps 
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Second Proposal 
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Data For The k-th Producer 

I I I The True Production Set 

The Center's Image of the Production 
Set After the Second Iteration 
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IMAGE 

-THE UPPER BOUNDARY OF THE SECOND 
APPROXIMATION 

A: Initial Target. B:  Producer's Counterproposal Good 1 

when the production sets are polyhedral). 
Rut the center's proposals will, in general, 
be infeasible for the units, and the units' 
counterproposals may not be compatible 
with resource availabilities. Hence, termi- 
nation after a finite number of iterations 
may give rise to the same problems of 
feasibility brought out by Malinvaud with 
reference to gradient processes. 

Perhaps a less ambitious form of the 
R/lalirivaud feasibility postulate would be 
acceptable: that the process should not de- 
part from feasibility once it has encoun- 
tered a feasible point in the process of 
iterations and that,  in any case, i t  should 
converge to optimality, hence, to a feasible 
point. I have not explored Malinvaud's 
processes in the light of this modified 
postulate. I t  seems, however, that the 

following procedure would satisfy the 
modified postulate: use the gradient pro- 
cess when starting from an infeasible set 
of proposals, but switch to a Malinvaud 
type mechanism as soon as a feasible point 
is reached. 

Lye may note that  the feasibility prob- 
lem arises for any Ralrasian tktonnement 
process which is terminated a t  a finite 
time. Typically, supply will not equal de- 
mand for all goods and, if actual alloca- 
tion is to be made a t  the termination time, 
one must have a way of resolving conflicts. 
IVhen demand exceeds supply, one can 
think of prorating the available goods or 
using the first come first served principle. 
However, this will not, in general, yield a 
feasible solution. Even for a pure exchange 
economy some individuals might be get- 
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ting less than subsistence requirements; 
with production involving intermediate 
goods the situation would be all the more 
difficult. 

Informational considerations aside, both 
cumulative procedures (Malinvaud's and 
Weitzman's) rely on the convexity of pro- 
duction sets. Malinvaud's other price-
guided process (related to Taylor's sug-
gestions) assumes a Leontief-Samuelson 
constant returns economy. What about 
decentralized resource allocation in n o n -
convex environments? 

Lye have already seen one procedure de- 
signed to cope with such situations, that  of 
Heal (1971). This process is shown to 
converge to a "critical point" of the op- 

Output 
2 

timization problem, i.e., a point where 
first order conditions for maximization 
are satisfied. Under conditions of convex-
ity, such points will, of course, be (at least 
local) maxima. But  without convexity, 
they no longer need be even local maxima. 
Now in Heal's process, if one starts from a 
feasible point which is not a critical point, 
the subsequent points will also be feasible 
and have a rising utility; hence, the point 
to which the process converges cannot be 
a local minimum, but it need not be a 
maximum. (See Figures 3 and 4.) However, 
if the starting point happened to be a local 
minimum, it seems that  the rules of the 
process would generate an equilibrium 
there. I t  may be that this difficulty could 
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be avoided by some modification of Heal's 
rules (e.g., by tgtonnement in the neigh- 
borhood of any critical point). 

alternative was proposed by Arrow 
and Hurwicz (1956, 1958, 1960). Mathe- 
matically, i t  amounts to rewriting the 
nonconcave constraints in such a manner 
that the m o d i j e d  Lagrangean expression 
becomes locally strictly concave in the 
activity variables so that  a local saddle 
point is created and the gradient method 
can be used, a t  least locally. (There are 
many ways of bringing about this modi- 
fication.) Hence, we then have available to 
us a gradient process which is guaranteed 
to converge to a local optimum, not merely 
to a local critical point. Admittedly, con- 
vergence to a global optimum would be 
preferable. However, in the absence of 

Output 1 

concavity properties, one cannot hope to 
guarantee convergence to a global op-
timum on the basis of local first order 
properties only! The modification just de- 
scribed can also be applied to produce 
strict concavity in linear situations. We 
thus have a solution of the dilemma of 
nonconvergent oscillations encountered by 
Samuelson in the linear case. 

I t  should be admitted that computa-
tional experiments along these lines (T .  
Marschak, 1958) did not turn out en-
couraging. Nevertheless, the economic 
interpretation of the modified Lagrangean 
(Arrow-Hurwicz) process seems of in-
terest. Here the Lagrange multipliers are 
no longer interpreted as prices. I n  fact, the 
custodian announces a price schedule (of 
which the Lagrange multiplier is a parame- 
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ter) with the price depending on the quan- 
tity purchased. The helmsman and the 
managers must perform their marginal 
calculations on the basis of such schedules. 
The custodians adjust the schedules by 
varying the Lagrangean parameters ac-
cording to supply and demand conditions. 
Thus optimal allocation is achieved 
through monopolistic practices and imper- 
fect competition. (Jennergren recently ex- 
plored the use of price schedules in alloca- 
tive processes for concave, including linear, 
environments. Heal made a related sugges- 
tion.) 

I t  is not surprising that monopolistic 
elements should appear in a process that 
simulates market phenomena, since we 
know that  perfectly competitive equilib- 
rium need not exist in nonconvex situa-
tions and even where i t  exists in linear 
cases i t  has certain undesirable indetermi- 
nacies. I t  should be noted that  the modi- 
fied approach just described is informa- 
tionally less decentralized than was the 
case in a world of concave functions with- 
out the monopolistic modification. I t  is a 
major problem of the general theory to 
what extent such informational losses are 
unavoidable. 

A very different price-guided process 
was suggested by Radner and developed 
by Groves (1969, 1972). Their framework 
is that of team theory, with a simple 
common goal (total output maximization) 
and randomly fluctuating productivity 
parameters. The production functions are 
classical (differentiable and concave, or 
even quadratic). One of the adjustment 
processes considered is in the spirit of 
Lange-Lerner procedures. Others have 
information structures ranging from com- 
plete communication to absence of com-
munication. 

The distinguishing feature of the model 
is that  allocative decisions are made with- 
out waiting for equilibrium to be reached, 
hence usually on the basis of only partial 

information. Ailso, there is a departure 
from the Lange-Lerner rules in that the 
production manager's decisions do not 
maximize profits, although profit figures 
are used for informational purposes. 

,Among the remarkable findings is the 
fact that the asymptotic value of com-
munication per enterprise (as the number 
of enterprises increases) is as good under 
Radner's "One-Stage-1,ange-Lerner" pro-
cess as i t  would have been under complete 
communication. 

Although the results so far obtained are 
valid only for rather specialized models, 
they show how to go beyond traditional 
equilibrium analysis, while exploiting ideas 
developed in equilibrium oriented models. 

11. Basic Concepts 

\.Ye may think of economists as  taking 
part in a contest to design a "superior" 
mechanism, with some submitting entries 
before it has been clarified what would 
qualify as a mechanism and which mecha- 
nisms would be considered "superior," or 
even feasible. 

I t  is fortunate that our predecessors did 
not wait for such definitions. In the process 
of submitting their entries, they have pro- 
vided examples of mechai~isms, the fore- 
most anlong them competitive and margi- 
nal cost pricing, and, by now, many others 
which can be used as guides in construct- 
ing a definition. Similarly, theorems con- 
cerning the eficiency and optimality prop- 
erties of these mechanisms suggest possible 
classiiication criteria. 

One could, of course, get by without 
formalizing what one means by a resource 
allocation mechanism. But  i t  is then im- 
possible to determine to what extent the 
various desiderata implicit in the past de- 
bates are compatible with one another, or 
what the "tradeoffs" are among them. 
,Also, in searching for alternatives to 
known mechanisms for nonclassical situa- 
tions (indivisibilities, increasing returns, 
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externalities, public goods), i t  helps to 
have a rigorous formulation of what a 
resource allocation mechanism is and which 
of its features are desirable. Sot ions of a 
mechanism different from that  given be- 
low may well have greater merit. Our pic- 
ture of a mechanism will in fact sacrifice 
possible greater generality to gain definite- 
ness and simplicity. Severtheless, i t  will be 
general enough to embrace (as it  stands or 
with minor modifications) most of the 
economic systems we wish to study. 

I t  is the function of a resource alloca- 
tion mechanism to guide the economic 
agents (producers, consumers, bankers, 
and others) in decisions tha t  determine the 
flow of resources. Simplifying to  the ut- 
most, we may imagine each agent having 
in front of him a console with one or more 
dials to set; the selection of dial settings by 
all agents determines uniquely the flow of 
goods and services (trade vector) between 
every pair of agents and also each agent's 
production (input-output vector), his 
"trade with nature." Kot  all dial settings 
are possible and some are possible only in 
conjunction with other dial settings. Thus  
the feasibility of a complex of actions (a  
specified combination of dial settings for 
all agents) can be split into individual 
feasibility and compatibility. (Tn our 
standard models, any point on a given 
agent's production function is individually 
feasible for this agent, but  two individ- 
ually feasible input-output vectors of two 
firms may be incompatible if one calls for 
an input which the other does not propose 
to supply.) 

I t  is natural to demand that  the mecha- 
nism should guide the agents toward ac-
tions which are a t  least feasible, and even 
that  can be difficult. Yet in classical wel- 
fare economics we require more than 
feasibility, viz., such attributes as efii-
ciency or optimality. After decades of 
meanderings, we are fairly clear on our 
options-from etiiciency in production (as 

defined by Koopmans), through optimal- 
ity (introduced by Pareto under the label 
of maximum ophelimity), to  the maximiza- 
tion of a social welfare function (as defined 
by Bergson, Samuelson, or ,Arrow). From 
our point of view, these different attributes 
have an important feature in common: 
they are defined independently of the 
mechanism. 'An optimality criterion which 
presupposes a particular mechanism can-
not serve as a legitimate criterion for com- 
parison with other mechanisms. 

Specifically, whether an  allocation is or 
is not optimal depends on its feasibility 
and on the individual preferences, with 
feasibility determined by the individual 
endowments and the technology. The  in- 
dividual endowments, the technology, and 
preferences, taken together, are referred 
to as the enzlironnzent. More generally, the 
environment is defined as the set of cir-
cumstances that  cannot be changed either 
by the designer of the mechanism or by 
the agents (participants) .l 

T o  simplify matters, we shall confine 
ourselves to mechanisms analogous to  the 
tktonnement process where a period of 
dialogue without action is followed by 
decisions as to resource flow (production 
and exchange). Ultimately, we shall need 
a more general theory in which dialogue, 
decisions, and actions overlap in time, as 
in the nontktonnement processes. 

The  participants in the dialogue consti- 

P'or instance, in a multiperiod model, where inven- 
tive activity is a controllable factor of production, the 
environment is given not b ~ -  the existing technology, 
but rather by the relationship hetween inventive ac-
tivitJ- and the resulting production function in later 
periods. 'This interpretation f ~ t s  the more general defini- 
tion of environment if the latter relationship cannot be 
altered by the decision makers. Similarly, the existing 
preferences do not constitute the environment in its 
generalized sense when tastes are malleable, e.g., on 
grounds adduced 11~- Galbraith. But if the responsive- 
ness of tastes to influences such as advertising cannot 
he influenced by decision makers, it should be regarded 
as part of the environment. ('To make meaningful wel- 
fare judgments possit~le, some underl~-ing values or 
"true preferences" \vould have to be postulated.) 
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tute a broader group than the "doers" 
(consumers, producers, etc.), since they 
may include governments, planning 
agencies, central banks, or unions. I i  we 
excluded such participants, we should ob- 
viously be unable to  develop a theory 
general enough to encompass centrally 
planned or even mixed economies. The dia- 
logue is an exchange of messages between 
the participants. The nature and contents 
oi the messages vary irom mechanism to  
mechanism. 'I'hey may be proposals of 
actions, bids, offers, plans of resource flow 
for the whole economy, or they may con- 
tain iniormation about the environment 
(preferences, technology, resource endow- 
ments). The totality oi messages permis- 
sible under a given mechanism constitute 
its langzlage. 

The mechanism specifies rules according 
to which, given the information available 
to him a t  a given time, a participant sends 
messages to others. The iniormation con- 
sists oi messages previously received, as 
well as some (direct) knowledge of environ- 
ment, and are called response rules  because 
they govern the message response to mes- 
sages previously received. (By "direct" 
is meant knowledge of the environment de- 
rived irom sources other than messages 
previously received.) T o  provide ior a 
transition irom dialogue to decisions and 
actions, the mechanism must also have an 
ozltcome rule  which specifies what actions 
are to be taken given the course of the 
dialogue. The  rules may be deterministic 
or probabilistic; mathematically they are 
expressed as iunctions. 

Both market phenomena and command 
systems can be fitted into this schema. 
Thus  in the ITalrasian tiitonnement pro- 
cess the language consists of prices and 
quantities demanded or supplied by the 
various agents. I i  the model contains an 
"auctioneer," his response function calls 
ior price changes proportional to ag-
gregate excess demand, while the response 

functions oi others require them to convey 
their excess demands given the prices 
called out by the auctioneer. I n  an ex-
treme version of a "pure command" sys- 
tem, the dialogue starts with the peripheral 
agents sending to the center messages 
describing their respective components of 
the environment (e.g., their resource hold- 
ings and production functions), whereupon 
the center, after suitable data  processing 
and calculations, sends to the peripheral 
agents the orders ior action. I n  this com- 
mand system the outcome rule is clear: to 
carry out the orders received. I n  the 
IYalrasian tgtonnement process, the mat- 
ter is a bit more complicated. One must 
wait until equilibrium is somehow estab- 
lished-i.e., everyone is repeating his 
previous message. Then the outcome rule 
is to carry out exchanges according to the 
equilibrium bids made. 

The  languages of the two mechanisms 
are also different. I n  the IYalrasian pro- 
cess, messages are the proposed prices and 
commodity bundles. Samely ,  a message 
can be regarded as an  ordered sequence of 
numbers, as many as there are goods in the 
system, i.e., as a vector whose dimension 
is tha t  oi the commodity space. I n  the 
''pure command" system, a message may 
contain the description of a production 
function or of a preference map. Since i t  
may take arbitrarily many parameters to 
specify a production iunction, no ii priori 
upper bound can be imposed here on how 
many numbers might have to  be trans-
mitted in such a process. The  language of 
the command process is much larger than 
tha t  oi the Iyalrasian process. FTe must 
remember, however, that  the pure com-
mand process is finished aiter only two ex- 
changes of information while the tiitonne- 
ment may go on a long time. 

The purpose of the two examples has 
been not to compare their merits, but  to 
illustrate the meaning of the terms used in 
describing the resource allocation mecha- 
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nisms we shall be dealing with. We shall 
call such mechanisms adjzlsttnent pro-
cesses. 

Thus, an adjustment process is specified 
by its language, response rules, and the 
outcome rule. we shall see later, 
"distributional parameter settings" also 
enter the picture.) 

IYith this formulation, given a class of 
environments which the designer must 
cover, there is a well-defined iamily of 
adjustment processes that can a t  all be con- 
structed with any specified language. This 
is so because, mathematically speaking, 
the class of environments and the lan-
guage delimit the domains and ranges of 
the response and outcome functions 
(rules), and the class of functions with any 
given domain and range is well-defined. 
This opens the door to impossibility or 
possibility theorems concerning the iamily 
of adjustment processes that  use specified 
languages and cover a given class of en-
vironments. 

(The resemblance to Arrow's social wel- 
fare function problem is purely formal: in 
both cases one is investigating the family 
of functional relations with specified 
domains and ranges. However, the func- 
tions-rules-defining an adjustment pro- 
cess bear no direct relationship to the 
social welfare functions.) 

IYe have already mentioned one natural 
desideratum for adjustment processes-
that they yield feasible outcomes. More 
ambitiously, one may ask that the out-
comes be optimal. ,\ process whose out-
comes are optimal for a given class of 
environments will be called nonziiasteful 
over that class. (For instance, a competitive 
process is nonwasteiul, in a Pareto op-
timality sense, over environments that are 
free of externalities and of locally satu-
rated preferences.) But  it is crucial to 
realize that nonwastefulness, although ap- 
pealing, is not enough. After all, a process 
lacking any positions of equilibrium would 

have to be classified as (vacuously) non-
wasteful. So, we would wish to require that  
the process possess some equilibrium posi- 
tion for every environment of the class i t  
is designed to cover. 

Yet even this is insufficient. IYhat if the 
equilibria of the process always tend to 
favor one group of participants a t  the ex- 
pense of another? The victims would 
hardly be comforted by the fact that the 
outcomes are always Pareto optimal. 

Here again the experience of classical 
welfare economics points the way. IThether 
we study A\rrow, Debreu, or Koopmans, 
we find not one but two basic theorems. 
One establishes nonwasteiulness. The other 
asserts that  any Pareto optimum can be 
attained as a competitive equilibrium. A\ 

precise statement of the latter property 
turns out to be complicated, however. For 
we know that,  given the option-always 
available to resource owners-of not 
trading and not producing, ordinary com- 
petitive equilibrium cannot yield levels of 
satisfaction below the original ones. Hence, 
inferior optima could never be reached 
and the second theorem might seem false. 
But  the theorem refers not merely to a 
market process. \!-hen interpreted within 
the framework of a private ownership sys- 
tem, i t  envisages a market process pre- 
ceded by transfers of resource holdings and 
(in a production economy) of claims to 
profits (-Allais, Debreu, A\rrow, Arrow and 
Hahn). I t  is these transfers that  can lead 
to optima that  are inferior for some of 
the participants. 

Perhaps the most important point here 
is that  the mechanism can no longer be 
viewed as accepting as given the distribu- 
tional aspects of the system. Rather, i t  
consists of two parts: a setting of what we 
may call the distributional parameters 
(resource holdings, profit shares), fol-
lowed by a t%tonnement procedure. The  
property of the competitive mechanism 
expressed by the second classical welfare 
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economics theorem, which we shall call 
unbiasedness, amounts to this: given any 
conceivable Pareto optimal position of the 
economy, there exists a setting of the dis- 
tributional parameters which would make 
that position an equilibrium of the pro- 
cess. (Again this property holds over some 
specified class of environments.) Thus if 
there is an optimal allocation that cannot 
be made into equilibrium by any setting 
of the distributional parameters, the pro- 
cess fails the test of unbiasedness. 

In  a pure exchange economy there is no 
difficulty in interpreting the meaning of 
setting distributional parameters: i t  is 
merely a matter of reshuffling the initial 
endowment. But  in the presence of pro- 
duction, the matter is more complicated. 
In  a private ownership economy, profit 
shares can be shifted. But  in searching for 
alternative systems of different institu-
tional nature, we do not want to commit 
ourselves to considering profits or incomes 
as well-defined concepts, since both involve 
prices, and prices may not be defined in 
certain institutional structures. (This, in- 
cidentally, shows some of the difficulties 
of even formulating the problem without 
implicitly presupposing marketlike condi- 
tions.) Yet it is possible to provide a defini- 
tion free of institutional limitations by 
interpreting the distributional parameters 
as guaranteeing to each participant a 
minimum level of satisfaction correspond- 
ing to a particular resource allocation. The 
manner in which this guarantee is imple- 
mented does involve institutional arrange- 
ments. 

One more requirement. Ideally, we 
might demand that  the rules of the process 
send the economy to a uniquely de-
termined allocation. But  this turns out to 
be difficult to accomplish and even the 
competitive mechanism may yield multiple 
equilibrium allocations compatible with a 
particular equilibrium price. Since, how- 
ever, all these allocations happen to have 

the same utility for all participants, the 
indeterminacy is acceptable. We shall call 
a process essentially single-valued if any 
equilibrium indeterminacies are of this 
trivial nature. (Note that this does not 
require that  allocations corresponding to 
different equilibrium prices, when there are 
multiple equilibr-ia, yield the same satis- 
factions to all participants. Ruled out is 
only a situation in which, corresponding to 
a particular equilibrium price, there would 
be alternative allocations yielding differ- 
ent levels of satisfaction.) 

lye  are now ready to formulate the basic 
set of performance requirements for pro- 
cesses to be considered: that  they be non- 
wasteful, unbiased, and essentially single- 
valued. This trio of requirements will be, 
for short, referred to as (Pareto-) satisfac- 
toriness. Iyhether the requirements are or 
are not met by a given process depends on 
the environments in which i t  is asked to 
operate. The environments which have the 
properties stated in the classical welfare 
economics theorems are, naturally, called 
classical. Thus classical environments are 
free from externalities or indivisibilities, 
their sets are convex, etc. In particular, in- 
creasing returns are not classical! 

IVith this long introduction, the two 
great welfare economics propositions may 
briefly be stated thus: the competitive 
process is Pareto-satisfactory over classical 
environments. 

This statement immediately provokes 
the question: what about the nonclassical 
environments? Can we find Pareto-satis- 
factory processes for them too? For all 
environments, or just some? 

These questions would be meaningless if 
some restrictions were not imposed on the 
information (or incentive) structure of the 
processes to be considered. The  explicit 
recognition of the role played by the in- 
formation structure is one of the major 
accomplishments of Jacob Marschak and 
Roy Radner in their work on the theory of 
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teams. An analysis of informational issues, 
with emphasis on feasibility, timing, and 
costs, with particular reference to the 
issue of decentralization, is due to Thomas 
Marschak. Oniki has pioneered in com-
parisons of numbers of messages that  flow 
in different processes. 

The formulation I have adopted here is 
conceptually much less statisiactory. I 
consider certain specific restrictions on the 
iniormational aspects of the process and 
then, as a first step, I ask whether for a 
given class of environments (wider than 
classical) one can design Pareto-satisfac- 
tory processes. (These restrictions are 
satisfied by the competitive process, so 
there is no problem with regard to classical 
environments. But  it is proper to ask 
whether there could be processes that are 
informationally "even better" than the 
competitive process. In  terms of certain 
criteria of dimensionality of messages, the 
answer obtained independently by Hur-
wicz (1972b), by Mount and Reiter and- 
from a somewhat different point of view- 
by Soni~enschein is in the negative: in a 
specified sense, one cannot do "better.") 

As a second step, adjustment processes 
can be compared with respect to the re- 
quired "size" of the language (e.g., the 
cardinality or dimensionality of the mes- 
sage space), or according to the fineness of 
the perceptions they call for (iniormational 
efficiency), and other aspects of informa- 
tion processing effort or expense. These 
concepts and their relationships have been 
studied by Kanemitsu (1966) and by 
Reiter ( 1 9 7 2 ~ )  1972b). 

But  back to the "first step," the iormu- 
lation of requirements. To express them, 
i t  is necessary to distinguish between in- 
formation obtained directly (say, by one's 
own observation) and through messages 
received. My first postulate is that par- 
ticipants have direct information only 
about themselves, not about others. I have 
never found a good term for this property, 

but currently I refer to i t  as privacy (of the 
adjustment process). 

I t  is clear that  the restriction on direct 
information would be virtually meaning- 
less if arbitrary messages were permitted, 
for then "in one move" any information 
not available directly could be obtained 
through a message. Thus the language (the 
set of permissible messages) must somehow 
be restricted. I t  turns out from mathemati- 
cal considerations (something I had not 
been fully aware of in my original work) 
that restrictions on the language may also 
turn out to be ineffective unless certain 
conditions (akin to but stronger than con- 
tinuity) are imposed on the response and 
outcome functions. 

The totality of these and certain other 
conditions (including some pertaining to 
the language) I have labeled informational 
decetztralizatiotz. There is, of course, some 
arbitrariness in such a definition, but  it 
enables us to formulate a simple "yes or 
no" question: how broad is the class of 
environments for which Pareto-satisfac-
tory, informationally-decentralized pro-
cesses can be designed? In  particular, can 
informationally-decentralized processes be 
designed for the class of all environments 
free of externalities (decomposable environ- 
ments) ? 

111. Some Results 

LYith all this machinery, we have finally 
managed to ask a question. Are there 
answers? Indeed there are, some positive, 
some negative. 

T o  begin with, it is possible to construct 
processes that are informationally decen- 
tralized for all decomposable environ-
ments. As for nondecomposable environ- 
ments, it seems that one would have to 
say "no," but this has not as yet been 
rigorously established. I t  can be shown 
that informational requirements increase 
when nondecomposability (externalities) 
enters. LYhile this is hardly surprising, the 
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fact that  informational decentralization is 
possible for the class of all decomposable 
environments, was, to me a t  least, a sur- 
prise, particularly because of the well-
known difficulties that arise in the presence 
of indivisibilities. Indivisibilities do make 
trouble, but not to the point of making 
informational decentralization impossible. 

To show this, i t  is sufficient to exhibit 
an infornlationally-decentralized process 
which is Pareto-satisfactory for all de-
composable environments. In  fact, there 
exists a t  least one, although with certain 
limitations and defects. The process works 
roughly as follows. X message is a listing, 
(or description) of trades (with others or 
with nature) that  a participant is pre- 
pared to engage in. The response is a 
counterproposal listing all those trades 
that are better, or a t  least as  good, from 
the respondent's point of view. (You can 
see why this has been called the greed pro- 
cess.) The process does qualify as  informa- 
tionally decentralized because the privacy 
requirement is satisfied, since the partici- 
pant needs to know only his own charac- 
teristics; and the language, that  of trade 
sets, also fits the definition. (There is no 
denying, of course, that  the messages used 
are very "heavy" and complex.) 

Furthermore, i t  is simple to show that  
this process (which is only defined for de- 
con~posable environments) yields optinlal 
equilibria and any optimum can be 
reached by it. I t  is Pareto-satisfactory. 
But this is only a static property. Dy- 
namically, the greed process is terrible. 
Unless we start i t  from an optimal posi- 
tion, i t  oscillates indefinitely with con-
stant amplitude. So we get more ambitious 
and look for a convergent Pareto-satisfac- 
tory process. 

I t  is possible to "fix up" the greed pro- 
cess by building into i t  a certain amount of 
"inertia," i.e., dependence on earlier 
values. Kanemitsu (1970) showed that 
such a greed-inertia combination does re- 

sult in convergence in continuous decom- 
posable environments. This is quite a 
broad class (including increasing returns 
and other nonconvexities), but  i t  rules out 
indivisibilities. Whether one can generalize 
this to discrete (indivisible) economies is, 
I believe, an open question. 

So, we have not yet exhibited a cow 
verged informationally-decentralized pro- 
cess that  is Pareto-satisfactory for all de-
composable environments! 

&I t  this point, the idea of randomness, 
not a stranger to search procedures, comes 
to the rescue. By introducing an element 
of randomness, we can obtain convergence 
(although, I must admit, in a probabilistic 
sense only) and also simplify the structure 
of messages. This process, developed by 
Hurwicz, Radner, and Reiter, is particu- 
larly simple when all goods are indivisible. 
Let me describe i t  for the two-trader 
Edgeworth Box case. 

-At each time point, each participant 
picks a t  random (but according to a fixed 
probability distribution) a trade that  
will leave him a t  least as  well off as  he is 
a t  present. If the two trade proposals hap- 
pen to be compatible, the bargain is 
sealed, and the traders start all over again 
from the newly reached point. I t  is clear 
that the process has the privacy property : 
one needs to know only one's preferences 
and subsistence requirements; in fact, the 
process, even in the more general situa- 
tions (with any number of traders and 
production) is informationally decentral- 
ized. L-nbiasedness is also intuitively clear: 
one can pick any optimal allocation as a 
point of departure and the rules make i t  
impossible to get away; thus there is a 
(probabilistic) equilibrium. Tt is not ob-
vious that  the traders won't "get stuck" 
a t  some nonoptimal position, in which 
case the process urould be wasteful. But  a 
certain amount of mathematics leads to 
the conclusion that  we are protected from 
such a fate with probability one. 
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And note that in the indivisible goods 
case the messages here are not sets but 
single trade proposals. Definitely very 
superior to the greed process. 

So, the indivisible case turns out to be 
relatively simple, although one cannot 
make any practical claims until the speed 
of convergence has been investigated. But  
the usually well-behaved, continuous, d i -
visible environment makes trouble here, 
since under the just-stated rules the prob- 
ability of encounter would be zero: the 
proverbial needle in the proverbial hay- 
stack. So- there has to be a modification: 
when commodities are perfectly divisible, 
a proposal will consist of not only the 
point picked a t  random but also a certain 
neighborhood of i t  (say, a square or a 
cube), with the further unattractive pro- 
viso that  any part of the neighborhood 
whose utility is below that of the original 
endowment is cut off by the participant 
before the proposal is sent out. Now if the 
two (neighborhood) proposals fail to meet, 
one must try again; if they do meet, a 
point is chosen a t  random from the intersec- 
tion area and the game goes on. Under 
rather mild assumptions of topological 
nature, probabilistic convergence can 
again be proved and the process is Pareto- 
satisfactory. I t  also qualifies as informa- 
tionally decentralized, but it is clear that  
the informational burden is much greater 
than in the indivisible case, since the cut 
off neighborhoods might be very irregular 
in shape. 

Facing such complexities of the process, 
it is natural to ask whether these are 
merely due to lack of cleverness on our 
part. Can we hope to design a process with 
all the nice properties of this one but with a 
smaller iniormational burden? A. P .  Ler- 
ner raised this point in his Economics  of 
Control after he proposed dealing with 
indivisibilities by a consun~er-producer 
surplus type of criterion. His answer was 
that "the necessity of making unreliable 

estimates is in the nature of the problem 
and not in the method of solving it. . . . 
The same estimates and guesses must be 
made in a n y  economy where linowledge is 
imperfect and where large decisions have 
to be made" (p. 198). 

I believe that  Lerner was right, but even 
now, almost thirty years later, we do not 
have a rigorous proof of this contention. 
The main difficulty is conceptual. IYe 
must define precisely what would be con- 
sidered informationally less burdensome. 
Namely, we need a concept of informa-
tional efficiency, somewhat similar to pro- 
duction efficiency-a partial ordering cri- 
terion. Once the iniormational efficiency 
ordering is available, we can interpret 
Lerner's question (although he stated it as 
an assertion) as follows: is a given pro- 
posed process (e.g., that embodying his 
criterion) informationally m a x i m a l l y  effi-
cient among, say, informationally-decen- 
tralized processes that are Pareto-satisfac- 
tory for all decomposable environments? 
Although some informational-efficiency 
criteria have been suggested, we do not as 
yet have a definitive answer to Lerner's 
question. 

But  there are partial answers based on 
the criterion of message space size which is 
related to informational efficiency (see 
Reiter 1972b). I n  particular, i t  has been 
shown that,  in the absence of convexity or 
monotonicity restrictions on the environ- 
ment, there is no upper bound to the num- 
ber of auxiliary parameters that  must be 
used in a privacy-preserving Pareto-
satisfactory process (Hurwicz, 1972b). 
This comes close to confirming Lerner's 
view. Kote the contrast with classical 
environments where the number of aux-
iliary parameters need only be as high 
as the number of commodities-as when 
prices are such parameters. (As already 
mentioned, fewer auxiliary parameters 
would not work; the competitive mecha- 
nism is "dimensionally efficient.") 
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LYhen the assumption of decomposabil- 
ity of the environment is abandoned (i.e., 
externalities are permitted), the preceding 
processes are not even defined. But  when 
they are redefined so as to cover nonde- 
composabilities (Ledyard, 1968), they may 
lose their informationally-decentralized 
character. 

For a particular class of nondecom-
posable situations, however, an interesting 
possibility emerges. I t  is well known that  
i t  may be possible formally to eliminate 
externalities by enlarging the commodity 
space (although this is based on implicit 
observability assumptions). Xow Starrett 
has pointed out that such enlargement 
may introduce nonconvexities in a previ- 
ously convex world. Kamely, we have 
either fewer goods and convexity but with 
externalities, or more goods and no exter- 
nalities, but no convexity. Thus the com- 
petitive mechanism fails either way, be- 
cause of externalities or because of noncon- 
vexities. Still, not all is lost. If continuity 
is not impaired, a probabilistic process 
such as that outlined above might provide 
a decentralized Pareto-satisfactory and 
convergent solution. 

IV. Incentive Compatibility 
So far we have been asking whether i t  is 

possible to design process rules which, if 
followed, would have certain desirable con- 
sequences. \There the answer is in the nega- 
tive, we a t  least know our limitations. But  
if a process with the desired properties is 
found, the question arises whether one 
could expect the participants to follow the 
rules, since there is a possibility of collu- 
sions or of individual departures from the 
prescribed norms. U7e shall consider only 
the latter. 

\t-hether a certain configuration of be- 
havior patterns is compatible with the 
participants' "natural inclinations" is a 
problem in the theory of games, in this 
case noncooperative games without side 

payments. There are differences of opinion 
as to what constitutes a reasonable concept 
of solution for such games. 1;or the sake of 
definiteness we shall adopt that  of a Nash 
equilibrium which seems to be a good 
formalization of many intuitive ideas pre- 
vailing among economists. A configuration 
of behavior patterns constituting a Kash 
equilibrium will be referred to as (individ- 
ual-) incentive-compatible. Such a con-
figuration is present if no participant finds 
i t  advantageous to depart from his be- 
havior pattern so long as the others do not. 
For instance, in a bilateral monopoly 
situation competitive behavior is not 
(usually) incentive-compatible because 
when one participant is a price-taker i t  
would be to the other's advantage to be a 
price-setter (monopolist) rather than a 
price-taker. 

One might, however, assume that there 
exists an ellforcement system (carrots or 
sticks) which makes it unattractive for the 
participants openly to defy the prescribed 
rules. But  suppose that  the enforcing 
agency has no knowledge of the char-
acteristics of the individual participants 
(their preferences, technologies, or endow- 
ments). I t  is then conceivable that  the 
participants would "cheat" without openly 
violating the rules. A participant could try 
to "cheat" by doing what the rules would 
have required him to do had his character- 
istics been different from what they 
are-i.e., he could "pretend" to be poorer 
than he is, or less efficient, or less eager for 
certain goods. ( I t  is important to under- 
stand that he would not be doing this di- 
rectly by uttering false statements, but  in- 
directly by behaving inappropriately ac-
cording to the rules for his true character- 
istics.) 

ISconomists have long been alertetl to  
this issue by Samuelson (1954) in the con- 
text of the allocation problem for public 
goods. But ,  in fact, a similar problem arises 
in a "nonatomistic" world of pure ex-
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change of exclusively private goods. Con- 
sider, for instance, an economy consisting 
of two traders, as conventionally repre- 
sented by an Edgeworth Box, with classi- 
cal strictly convex inditierence curves and 
a positive nonoptimal initial endowment 
of both goods for both traders. IYe already 
noted that  if they were both told to behave 
as price-takers it would pay one of them 
to violate this rule if he could get away 
with it. Now we assume that he cannot 
violate the rule openly, but he can "pre- 
tend" to have preferences different from 
his true ones. The question is whether he 
could think up for himself a false (but 
convex and monotone) preference map 
which would be more advantageous for 
him than his true one, assuming that  he 
will follow the rules of price-taking accord- 
ing to the false map while the other trader 
plays the game honestly. I t  is easily shown 
that  the answer is in the affirmative. Thus, 
in such a situation, the rules of perfect 
competition are not incentive-compatible. 

I t  follows that  the enforcing authority 
could not hope to maintain competitive 
(price-taking) behavior without directly 
checking up on the participants' character- 
istics, thus transgressing the requirements 
of informational decentralization. Perfect 
competition is not incentive-compatible. 

But  might there not exist some other 
set of rules to generate a process avoiding 
this difficulty? IYe have so far seen only 
that the conventional parametric price 
mechanism will not do the job, and there 
are many alternative mechanisms one 
could experiment with. But  the same 
trouble will be present in a%? process yield- 
ing Pareto-optimal outcomes and giving 
the participants the option of remaining 
a t  their initial endowments if they so 
desire (the "no-trade option"). For it 
turns out that,  given any such process, the 
non-law-abiding trader can profit by be- 
having in a way that  successfully misrep- 
resents his true characteristics (Hurwicz, 

1972a). Thus, in a nonatomistic exchange 
economy, there can be no incentive-com- 
patible mechanism with optimal equilibria 
and the no-trade option-even though 
there are no public goods! (See also Led- 
yard 1972.) 

These results show that the difficulty is 
due not to our lack of inventiveness, but 
to a fundamental conflict among such 
mechanism attributes as the optimality of 
equilibria, incentive-compatibility of the 
rules, and the requirements of informa-
tional decentralization. Concessions must 
be made in a t  least one of these directions. 

The  possibility of successful false revela- 
tion of individual characteristics is par- 
ticularly important in an economy with 
production. The issue has come up in many 
contexts. I t  has been raised as an objection 
to the Lange-Lerner mechanism. I t  has 
also been recognized in connection with 
situations where targets and norms are 
set, whether for enterprise managers in a 
Soviet type economy or for workers on a 
piece rate under capitalism. In  all of 
these cases there is a "superior" and a 
"subordinate," and the latter has an incen- 
tive to depress the norms when the penalty 
for failure to reach a target is severe. 

In  analyzing the situation, one should 
distinguish cases in which the subordi-
nate's reward depends only on activities 
observed by the superior from those where, 
as in Leibenstein's X-efficiency model, the 
subordinate's satisfaction is affected by 
factors under his control which cannot be 
observed by the superior. More realisti- 
cally, one may assume that  the superior 
can observe more or less, but only a t  a cost. 
Furthermore, if we think of the superior as  
a central authority and the subordinate as  
a manager of a plant, i t  is reasonable to 
suppose that the subordinate possesses 
technological knowledge while the superior 
knows the (social) objective function and, 
perhaps, resource availabilities. 

Under such circumstances the superior 
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faces a dilemma. If he gives his subordi- 
nate a great deal of autonomy and does not 
make an  etiort a t  observation, the subordi- 
nate will maximize his own rather than the 
superior's objective function. If the su-
perior makes the costly effort a t  observa- 
tion and deprives the subordinate of 
autonomy, he is likely to give wrong orders 
because of his technological ignorance. A 
possible solution is a reward structure 
which brings the objectives of the two 
parties closer together (e.g., output shar- 
ing); this may give the subordinate a 
motivation consonant with the superior's 
and would make him use his technological 
knowledge to maximize the superior's ob- 
jective function if he were given sufficient 
freedom to select the correct actions. The  
loss to the superior from sharing may in 
some cases exceed the gains in efficiency. 
But  we can see tha t  i t  is meaningful to seek 
an optimum combination of observation 
etiort, delegation of authority (grant of 
autonomy), and reward structure. 

The example is instructive because it  
shows the difference in the conceptual 
structure needed for the investigation of 
the interplay of authority, incentive, in- 
formation, and performance issues. iyhere 
only performance and information were 
being investigated, the object of study was 
the mechanism or adjustment process. Bu t  
from the viewpoint of incentive and au-
thority structure, i t  is helpful to note (as 
does Camacho) that  the actual responses 
of the participants may be regarded as the 
resultant of two factors: the official rules 
("the regime") and the behavioral char- 
acteristics of the participants. I n  general, 
the rules limit the responses of the par- 
ticipants, but  do not prescribe them 
uniquely. Given the rules, together with 
the punishment and reward structure for 
transgressions, the actual responses are 
determined by the participants' behavioral 
characteristics. Laissez-faire may be de-
fined as a regime granting the participants 

maximal leeway; a t  the other extreme (and 
equally unrealistic) would be an  economy 
in which the rules make all participants 
into preprogrammed automata. 

Aside from value judgments and prefer- 
ences for freedom of decision making, one 
can regard the degree of restrictiveness of 
the regime, together with the reward 
structure and informational activities (in- 
sofar as these can be varied by the designer) 
as unknowns of the problem. The objective 
is to at ta in optimal performance. The  be- 
havioral characteristics of the participants 
and the class of environments for which the 
system is being designed are the givens. 
(Examples of this type, but  with informa- 
tion structure regarded as given, were 
worked out  by Camacho.) 

Let us go back to consider the incentive- 
compatibility issue in a production econ-
omy, assuming complete observability of 
all activities (but  not necessarily of all 
characteristics!). A very simple example 
involves two persons: a farmer producing 
wheat and a laborer. The  farmer wants to 
maximize the amount of wheat after paying 
off the laborer (in wheat) ; the laborer's net 
satisfaction is measured by the difference 
between the amount of wheat received and 
an  index of disutility of labor. If the pro- 
duction function and the disutility curve 
have their classical shapes, there will be a 
unique Pareto-optimum a t  a point where 
the marginal disutility of labor equals its 
marginal productivity. Perfect competi-
tion would produce this resource alloca-
tion. But  i t  will be found tha t  the farmer 
can get more wheat by misrepresenting his 
production function, namely, by under-
estimating the marginal productivity a t  a 
point below the optimum output level. ( I t  
is assumed tha t  the laborer remains a 
wagetaker.) 

Thus again perfect competition is not 
incentive-compatible. However, unlike un- 
der pure exchange, it is possible here to 
devise a reward scheme that  would elimi- 
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nate the incentive toward misrepresenta- 
tion on the part of one participant. For 
in this simple farmer-laborer example i t  so 
happens that Pareto optimality is equiv- 
alent to the maximization of the difference 
between the total output and the total 
disutility of labor. (This disutility, under 
the assumptions made, can be considered 
cardinally measurable). Thus if the two 
participants, the farmer and the laborer, 
are promised fixed shares of this difference 
(say, one-third for the farmer, two-thirds 
for the laborer), with the laborer in addi- 
tion getting an amount of wheat just 
sufficient to compensate him for the dis- 
utility of labor, the farmer will have an  in- 
terest in reaching the Pareto-optimum. 
Thus one could ask them to play the 
market game, but only for the purpose of 
determining the proper labor input level, 
following which a noncompetitive "sur-
plus-sharing" rule would be implemented. 

Here the manager (farmer) would have 
an incentive to be truthful. Thus we have 
a situation where perfect competition is 
not incentive-compatible for either party 
but  for the manager another process, de- 
parting from perfect competition in its 
distributive aspects, is. However, I rather 
doubt that this is typical. I n  more elab- 
orate situations, with the managers' utili- 
ties depending on the product mix of 
the economy, informationally-decentral-
ized mechanisms that  are incentive-com- 
patible on management side may well 
fail to exist. But  in "team" type situations 
(with scalar additive outputs) sharing 
formulas will be safe against misrepresent- 
tation, while competitive price mechanisms 
jn general will not. (Related questions of 
incentive-compatibility were examined by 
Groves, 1969.) 

The incentives for truthful revelation of 
incentives when public goods are being 
allocated were examined by Dr?ze and de 
la 1'alli.e Poussin. 'C'nfortunately, their 

conclusions are not directly comparable 
with those we have reached for the world 
of private goods. They do find that,  in 
terms of their criterion, a t  an equilibrium 
of the process, all consumers have an incen- 
tive to reveal their preferences correctly. 
However, their criterion is an instantaneous 
change in utility, while the criterion used 
here (and, i t  seems, that  implicit in Sam- 
uelson's argument) refers to the utility of 
the .final outcome.j 

Heal points out that  an incentive-com- 
patible reward structure (on the output 
side) can be obtained for his (1971) pro- 
cess in the case of one producer when the 
center's utility function is positively 
homogeneous. The producer would not pay 
for the centrally allocated resources, but 
would get paid for the outputs, with prices 
equal to the marginal utilities of the out- 
puts. In  this case the utility is a strictly 
increasing function of the value of output;  
hence, if the producer were rewarded, say, 
by a fixed share of the value of output, he 
would find i t  to his advantage to maximize 
the center's utility. Unfortunately, where 
there are several firms, the one-to-one 
relationship is between utility and the 
value of outputs aggregated over all pro- 
ducing units; this does not imply i~zd iv idual  
incentive-compatibility . 

Jennergren shows the incentive for mis- 
representation in the Dantzig-\1701fe de- 
composition procedure, specifically an in- 
centive to "hide" a part of the (feasible) 
production set. Both Marglin and Jen-
nergren stress the incentive toward 
"cheating" under the (~arametr ic )  price 
mechanism in the case of small numbers of 
producing units. For the "atomistic case," 
Marglin suggests a combination of a 
"command" (quantity-guided) system in 
the search for an optimum with a profit- 

":or the case of one private good, Drkze-Poussin find 
correct revelation the only good strategy in the minimax 
(as distinct from Kash) sense. 
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maximization motive to provide suitable 
incentives. This is, in a sense, the reverse 
of the system considered above for the 
farmer-laborer example. 

From the preceding discussion i t  is 
evident tha t  the incentive structure is 
largely determined by &,hat the par-
ticipants can achieve for themselves by 
their free actions; this in turn depends on 
such institutional phenomena as private 
property, rules for the distribution of 
profits, or the freedom not to trade. A tool 
appropriate for the analysis of such 
phenomena is the characteristic function 
of a game defined by von Neumann and 
Morgenstern. Shapley and Shubik carried 
out a study of different institutional 
property arrangements, including feudal- 
ism, sharecropping, and the village com-
mune, by constructing the corresponding 
characteristic functions and exploring the 
different versions of game solutions (von 
Neumann-Morgenstern solutions, the core, 
the Shapley value). Thus a significant step 
is taken toward a formalization of the dis- 
tributional aspects of the economic sys- 

(The distributional parameters intro- 
duced above, as well as the no-trade op- 
tion, may be regarded as special cases of a 
similar approach.) 

I n  the context of distributional issues, 
the conflict between informational de-
centralization and incentival considera-
tions is illustrated by a model due to  
Pazner and Schmeidler. Their objective is 
to show that  preassigned income distribu- 
tion can be attained without sacrificing 
either Pareto optimality or informational 
decentralization. T o  accomplish this, they 
postulate a central agency distributing 
money (purchasing power) to individuals 
in accordailce with the desired income dis- 
tribution. Also, there are central agencies 
in charge of allocation of manpower. These 

6 See also Shubik (1962) and Shapley (1972). . 

custodians of labor operate as if they 
owned it .  The  workers can buy their leisure 
back from the manpower agency, but  they 
have no freedom of choice where to work. 
The  total supply of labor is assumed fixed 
and independent of the rewards. I n  the 
absence of individual checking procedures 
and given ordinary human motivations, 
such an assumption may be difficult to 
maintain. 

V. Conclusion 

The  proper integration of the informa- 
tion and incentive aspects of resource al- 
location models is perhaps the major un- 
solved problem in the theory of mecha-
nism design. Many other questions also 
remain unanswered. Nevertheless, I think 
this survey shows tha t  economic analysis 
has broken out of its traditional limits in 
a t  least two important ways: (1) devising 
specific new mechanisms; and (2) exploring 
the constraints and tradeoffs to  which the 
design of mechanisms is subject. 

The new mechanisms are somewhat like 
synthetic chemicals: even if not usable for 
practical purposes, they can be studied in a 
pure form and so contribute to our under- 
standing of the difficulties and potential- 
ities of design. The  design point of view en- 
larges our field of vision and helps eco-
nomics avoid a narrow focus on the status 
quo, whether East  or IVest. 

ITe have made significant progress in 
understanding the problems of designing 
resource allocation mechanisms. But  the 
field is still in its infancy because these are 
hard problems. 
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