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SOME MODELS OF STOCHASTIC PLANNING MECHANISMS

ULO ENNUSTE*

Institute of Economics, 200101 Tallinn, Estonian SSR

Alternative models of stochastic planning mechanisms of an abstract socialist
economy are studied. The mechanisms are based on the decentralization of the
initial optimal planning model. The main attention is paid to mixed stochastic
coordination (prices and limits) of agents with Benassy’s (1986) competitive
mechanism. The implementation of optimal plans is demonstrated. The models
of mechanisms studied are theoretically interesting, but they are oversimpli-
fied for practical resuits, and in order to come closer to reality, a more reaflis-
tic set of assumptions should be made as a starting point.

1. Introduction

In the case of an indeterministic approach
to an economy the mechanism version in eco-
nomics is clearly stronger than the central
planning-theoretical and equilibrium-theoretical
ones. On the basis of uncertainty paradigms
the overcentralistic central planning theory
and the overdecentralized equilibrium theory
are too limited to be able to describe real
phenomena. In the former case every agent is
directly pushed into optimality by the omnipo-
tent and completely informed center. In the
letter case there is nobody to steer stochastic
prices and rations towards equilibrium.

The existing stochastic planning mechan-
isms theories provide inadequate explanations
for many problems. As a matter of fact, var-
ious theories ignore more or less at least two
issues. First, the treatment of mixed or com-
bined stochastic coordination problems (prices
and limits or rations) is lacking. Second, the
alternative problems of working out equilib-

* Fam grateful to an anonymous referee of the previ-
ous version of the paper. The referee helped to improve
the exposition of the paper substantially.

rium coordination rules, especially alternative
pricing rules are overlooked. The paper tries
to fill the two gaps, but because of the com-
plications of the problem it manages to give
only introductory explanations. Toward this
end the paper has mainly attempted to classi-
fy the problems and sketch the solutions in a
heuristic treatment for a simple planning
model, T .

In Ennuste (1985) a fully centrally coordi-
nated planning mechanism under uncertainty
with mixed signals where both future prices
and limits (rations) are state-dependent is
presented. This approach is basic to the theo-
retical analysis of centrally planned econom-
ics under uncertainty. But it is unrealistic be-
cause it requires immense central state-de-
pendent coordination.

This paper aims to provide coordination
schemes that will reduce the burden of the cen-
ter. Here we assume that the center deals only
with the aggregated central planning problem
and the central planning of the wealth or en-
dowment and profit allocation. The model for
the determination of the detailed planning in-
dicators is dealt with separately, and con-
straints (central order) for this model come



from the aggregated model, This detailed
model is decomposed into a decentralized
mechanism with Benassy’s competitive plan-
ning markets. In these planning markets or
offices mixed stochastic coordination with
prices and quantities is used. So we shall draw
a bridge between fully centrally coodinated
economies and the recent non-Walrasian and
Walrasian economies under uncertainty.

In other words, we assume that optimal
state-dependent wealth rations and central
orders for decentralized mechanisms are de-
termined exogenously by the center, and only
detailed prices and quantities are determined
in the decentralized mechanism endogenous-
ly. The central allocation of initial endow-
ments and profits enables us to avoid special
problems of stock markets, etc. The analysis
of a stock market would introduce consider-
able complications into the model, so we shall
deal only with the case of production where
the profits are allocated centrally {(without
stock markets). This enables us to focus on
the essential idea of an equilibrium that in-
cludes production in as simple a context as
possible.

1t should also be noted that there is already
quite a Iot of literature on the problem of op-
timal pricing under uncertainty and some ma-
jor results have been achieved, but, the evalu-
ation of these results in combination with
stochastic rationing is stiil a bottleneck, see
e.g. Rees (1982) and Bennet (1984). One aim
of this paper is to try to coniribute to this
evaluation. As a matter of fact in a stochas-
tic environment it is practically impossible to
work out perfectly adaptive or state-depen-
dent future coordination parameters as the
number of possible future conditions in enour-
mous and the situation changes very quickly.
Therefore, in practice we are always forced to
operate with somewhat infexible coordina-
tion. In this connection comparison of the ap-
plication of the combinations of different
kinds of coordination parameters is of special
interest, Increased inflexibility of prices seems
not to reduce efficiency too much though it
brings about serious difficulties in balancing
supply and demand. To achieve their balance
complimentary rationing or limitation is re-
quired. Such a scheme is known in practice
where mechanisms are often used for com-
plimentary rationing.

On the other hand, with coordination of
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plans under inflexible limits or rations great
tosses of efficiency might occur since the
scopes of the plans of the rationed economic
urits are now extremely limited under stochas-
tic conditions, although no special difficulties
are expected in balancing. Raising the efficien-
¢y coordination with limits should be com-
plemented by coordination with prices with re-
gard to certain resources if possible. Thus,
combined coordination methods might yield
better results under uncertainty than the so-
called pure methods.

This falls fortunately into the theoretical
framework of J. Benassy’s (1986) competitive
market mechanisms theory. In this approach
deterministic prices and rations are determined
in parallel and if we generalize this approach
to the stochastic case all the immense work of
determining state-dependent stochastic prices
and quantities is done here by the decentral-
ized agents in the state-dependent planning
offices. This approach is interesting theoreti-
cally but not on a practical level because it is
still impossible to organize a complete set of
current state-dependent planning offices,

To move closer to realistic coordination
mechanisms under uncertainty, we shall study
models in the spirit of J. Green (1973) and J.
Grandmont (1982). In such an approach the
central role is played by an agent’s correct ex-
pectations about the state-dependent future
spot prices in his decision-making. In the
framework of this simple model the sufficient
conditions for the existence of a competitive
equilibrium are met on some assumptions. But
here agents are assumed to:be able to associ-
ate correctly future prices with states (correct
expectations) to the limited numbers of goods
they are dealing with. Clearly, if they cannot
do it, the equilibrium will not be optimal {ef-
ficient).

To move still closer to realistic coordination
mechanisms we discuss interval planning
problems. They have always been practically
tempting, but the mathematical clumsiness of
the interval models allows us to make only the
first steps in this field,

To start with, we still need some introduc-
tory remarks, then we shall describe the ini-
tial central social choice model and transform
it into a decentralized setting where the prob-
lems of alternative pricing and rationing
mechanisms will be discussed.
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2. Introductory remarks on abstract
stochastic planning mechanisms

According to Hurwicz (1986) there are two
aspects of investigations into mechanisms.
The traditional equilibrium theory takes a
mechanism or modus operandi (e.g. perfect
competition) as given, and studies its proper-
ties (e.g. Pareto-optimality) and performance
correspondence. In the theory of centralized
economies the reverse problem has come to
be investigated. Given a correspondence
regarded as a social desideratum {e.g. optimi-
zation correspondence), are there mechanisms
that implement it? In the following we treat
the latter problem in a stochastic setting.

Let I, j = 0, 1,...,n, denote the a priori
admissible information set for unit j, (j =
is the center). Here we abstract away the time
dependence of 1, and with that we abstract
away also the explicit study of rolling plan-
ning. The admissible full communication in-
formation set is I = 1.x,...xI,. Information
i, e I;, 1 e I determines the probability spaces
for the future (S, C,, P}) and (S, C, P),
where S = Sx...x8,. Here s; € 3, is an
elementary state of the world ij, and it de-
termines the agents’ preferences, technology,
initial endowments, etc. C, is o-field and P,
is propability measure. An elementary state of
the economy is s € §. The social choice rule
D{s) is an optimization correspondence to a
set Z(s} of feasible plans or outcomes, Z(s) <
J(B), B € C, where B is sub o-field and J(B)
is measurability set for plans. The task is to
find for D(s) an implementation of the decen-
tralized mechanism' N(s) = D(s), i € L.

Here we assume that model D has a certain
structure. It has a detailed setting at the be-
ginning of the planning period or in the
threshold period and an aggregated part at the
end of the period or in the horizonal period.

Now we assume that the center j = 0 has
all aggregated information and the agents j =
1,...,n have detailed information. According-
ly it is reasonably to decompose D into two
subproblems: the detailed threshold problem
F and horizonal problem H. There are many
alternative decomposition and coordination
principles for this decomposition. To discuss

! The term implementation is used in the same sense
as e.g. in Willigns (1986, i.e. the deceniralized mecha-
nism concerns the issue of the incentives of the agents.

these problems is not our task here. Here we
assume that the horizonal problem is dealt
with by the center j = 0 with the help of some
kind of system of models. And the solution
of this problem gives constraints and some ag-
gregative indicative indicators for the thresh-
old problem. As far as the center has all the
ageregated information the mentioned system
of models is cooperative, and economically it
is a central planning probiem of allocation
with constrained resources.

In the case of the large detailed threshold
problem F we must pay special attention to
the following. In the case of incomplete in-
formation the important problem is whether
there are any decentralized (privacy-preserv-
ing) mechanisms pushing the decentralized
economy to the optimum state. Namely, pri-
vacy-preserving is especially important in the
case of incomplete information (mainly in the
form of subjective probabilities), and it is next
to impossible to get this incomplete private in-
formation i, € I,, j = 1,...,n into one cen-
ter without any manipulation or distortion,
i.e. to enforce truth-telling. The same argu-
ment tells that it is reasonable to organize the
choice of divisional strategies in a game-
theoretic setting played non-cooperatively
{Nash equilibrium).

Let us now define a model of an abstract
decentralized stochastic planning submechan-
ism for the threshold problem F. Since our
main interest concerns this submechanism, we
shall call it simply a mechanism in the follow-
Ing. _

The task is to find a non-cooperative sto- -
chastic game G whose outcome implements F,
Here we assume that the agent j =1,...,n
participates on the basis of i, in a non-co-
operative game with Z as ‘his strategy
domain?, 2 as a strategy, ‘2 e Zx.. . xZ,, ¢
as the expected utility function, h as the out—
come function, h; Z % Sy —~ %, e # X8 —
RwhereRisa set of real numbers anr_f Z is
the outcome set for j.

The strategies 2] € Z are called Nash
equilibriums for the game if for each j e N:

i3 Sj})$

2 Here we omit the states s from the strategies and
plans to keep notation clear. We also omir the subtle prob-
lem that each player j is unceriain abowt the strategies
actually being used by all other players, see Auwmann
{1987).

Z = arg max ¢ (h 2, %



where (27, &) = (2,....8_, %, 2,,,....Z,)
and h{&") = (h, &, s),...,h, (&, s)) Is the
Nash equilibrium outcome. We say that a
mechanism implements D if h(€") = F.

As suggested by Hurwicz (1986) and Mar-
chak (1986) the abstraction of the mechanism
just given can serve for describing any re-
source-allocation scheme along a rich variety
of schemes possible in principle. There are two
polarized concepts of these schemes. The clas-
sical claim is that the information repeatedly
iteratively exchanged (strategies) among mem-
bers consists of price and excess demand (price
or competitive mechanisms). The alternative
is a centralized revelation-command mecha-
nism in which information is gathered in the
center {j = 0), where individual consumptions
and productions are computed and then issued
as commands to the agents.

As we have already claimed, because of the
stochastic and subjective nature of the infor-
mation it seems unthinkable to organize reve-
lation of private information in all details to
the center for the threshold model, Moreover,
this information would exceed the computa-
tional capacity of the center, and in the end,
the agents would not be interested in follow-
ing commands.

On the other hand, the ideal price mechan-
1sms in the stochastic case are also unthinka-
ble. In this case the ideal prices and net-trades
are state-dependent and impractical (as there
are infinitely many possible states in reality).
So, in reality some mechanism should imple-
ment approximate prices, and thus cannot
guarantee the realization of optimum and sta-
bility. It means that a sound stochastic mech-
anism is a mixed one. In this mechanism par-
allel to prices coordination with quantities is
applied limiting or rationizing the agents” ac-
tions, and achieving better stability than prices
alone could do in a stochastic situation. So a
mixed mechanism might achieve a better ap-
proximation of the equilibrium. It is interest-
ing to note that in the theory of mathemati~
cal hierarchical systems mixed coordination is
well-known as the Mesarovitc interaction
prediction principle.

In this paper it is assumed that in the cen-
ter state-dependent endowment and profit al-
locations for the agent of the threshold prob-
lem are computed. They are computed on the
basis of an aggregated central model. These
endowments are issued to the agent as coor-
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dinating constraints in which they can imple-
ment the price-limit equilibrium. The central
allocation of endowment allows us to avoid
complicated problems of the stock market and
private ownership of fixed assets.

Next we describe one simple version of the
D model, and decompose it first into H and
F models and then we decompose the F mod-
el with mixed coordination into Walrasian
agents’ problems.

3. The stochastic initial planning
model and decentralized
equilibrium

3.1, The initial model

Let us have an economy with n-units or ac-
tivities indexed by j = 1,...,n and m goods
indexed by i = 1,...,m. Let s € S be an
elementary countable state of the world, C is
a o-field of the measurable subsets of S, and
P is a probability measure assumed about (S,
C). So (8, C, P) is an abstract probability
triple.

The initial central resource constraint of the
economy is b(s) € R™, where b; = 0 is input
or »consumption» of the economy {initial cen-
tral endowment}), and b, < 0 is output. The
plan or outcome of activity j is described by
the vector (s) = (#{s)), i = 1,...,m, which
must belong to a feasible set Z,(s). Here z(s)
= 0 is input and z(s) < 0 is output. We as-
sume that Z(3) is closed, convex, bounded
and has nonempty interiorwith the probabil-
ity one. We also make the standard assump-
tion that z(s) € J(B)), where B, is sub-c-field
of the activity j, B, € C and J(B)) is a meas-
urability set for the activity j. For example,
if B; = C then the activity j is totally condi-
tional on s, and if B; = iS} then the activity
jis totally unconditional of s (deterministic).

The utility of the activity j is presented by
the function u;(z(s),s) defined on %(s), con-
tinuous and stictly monotone and strictly con-
cave with the probability one in its arguments.

We also make the standard assumption
about the measurability of the constraints i =
1,...,m on sub-g-fields B, & C. For exam-
ple, if B; = C then the constraint i must be
considered for every s € S, if B, = {5} then
only the mathematical expectation E of the
constraint 18 considered.
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We assume that the objective function of
the economy is the mathematical expectation
of the sum of the activities’ utilities. Now the
initial optimal problem is the following. Max-

imize on the basis of the plan 2(s) = (Z(s)),
j = 1,...,n the objective function

(1)) EZu @), s)
subject to

(Ib) E[Z#E—bE Bl < 0,i=1L...,m,

(icy 2()eZ(s), ] =
(Id) #(s)el(B),] =

|
—
B

where all the stochastic constraints here and
below hold with the probability one,

Here we should note that (1) may describe
also complicated dynamic problems.

To design a mechanism for problem (1) we
make a set of »natural» assumptions which
will lead to the decomposition of problem (1)
into two submodels: an aggregated horizonal
H and a detailed threshold F submodel.

Assumption Al: The mechanism elaborates
rolling plans. So it is »natural» to elaborate
detailed planning indicators oniy for the very
beginning or threshold of the planning peri-
od, and further consider only aggregated in-
dicators.

Assumption A2: Only the center has the in-
formation and capability to deal with the ag-
gregated or horizonal part of the problem, and
only the activities managers have the informa-
tion about their detailed indicators.

Assumption A3: No center is capable of get-
ting reliable, detailed stochastic information
from the activities managers and coping with
it.

The reasonable conclusion from these as-
sumptions is to design two submechanisms:
one for centrally elaborating the aggregated
indicators, and the other, the decentral sub-
mechanism for elaborating the detailed indi-
cators. Here we consider the first submechan-
ism trivial, so our interest is concerned with
the latter problem. Now we shall describe and
comment on the decentralized subproblems of
the activities in the framework of the thresh-
old model F,

3.2, Equilibrium of decentrolized
activities

We shall now assume that the detailed
threshold submodel has the same structure as
(1). To decentralize model (1) we use the
Lagrangian relaxation. For this purpose an
optimal solution z(s)® to problem (1) is as-
sumed to exist, and the regularity conditions
of (1) are met,

Now the following Lagrangian problem is
obtained.

(2a) min max L(z(s), p(s)} = min max

B ue®, 9—F p© B(E 29—
—by(s) | B,

subject to
(2b) (s} & Z(s), z(s) e J (B;),

(2c) 2 0, pds) € J(B),
where p(s} = (p(s), 1 = I,...,
Lagrangian price.

Let the saddle point (optimal) price p°(s)
be given. Then (2} breaks into activity sub-
problems or agent problems, j = I,...,n.
These are the following:

pils)

m, is the

(3a) max Efuy, (z(s), S)—"E‘n pP(s) E(zy(s) |
Bi)],

subject to .

(3b) z(s) € £(s), 5(s) € I(B;).

Let the optimal solution of (3) be z"(s),
and now 2z°(5) = (%(s)), j = I,...,n is the
optimal solution of (1).

We transform the problems (3) of the agents
Jj = 1,...,ninto equivalent Walrasian form:
(4a) max BU; (g(s), s, Vi)
subject to
{(4b) E X pi(s) E(z;(s} | B) + y; = 0,
(2(s), ¥;) € X(s), z(s) € J(B)),

where U,(z(s), s, y) = (g (s) 8} + y;, and
X(s) = -Z(s) X Y; and Y =y, 2,

(4c)



where y; is the agents’ j expected income
{numeraire good).

The new constraint {4b) is the budget con-
straint of the agent, and y{ is the agents’ j ex-
pected optimal income determined by the cen-
ter {according to the aggregated model H).
It follows from the strict concavity of (4a) that
the solution of (4) is 2(s).

Program (4) has the same structure as the
agents’ program in Benassy (1986). The only
difference is that in case of (4) we must con-
sider not just one determined event of the
world but all the events.

Under the assumptions made above the
Walrasian equilibrium of the agents with pro-
grams (4) exists, and the prices are strictly
positive, and the results of Benassy can be fur-
ther used for programs (4).

4. Benassy’s stochastic mechanism

Below the planning mechanism will be
described on the example of programs (4) of
the agents j = 1,...,n in a game where the
stochastic outcome functions satisfy Benassy’s
conditions*. This game leads the Nash equi-
librium to Walrasian or optimal coordination
outcomes where coordination is combined
(prices and guantities).

In this game agent j = 1,...,n sends fu-
ture price and guantity (net-trade) messages
to i = 1,...,m planning offices. Let p(s)
and £(s) be the vectors of agent j’s price and
quantity messages. We call p(s) = [p,(s) | j =
1,....nJ and &(s) = () 1 j = 1,...,n}.

The plans (contracts) of exchange z(s)
and prices p;(s) actually achieved by the
agent j in the office 1 are described by the stra-
tegic outcome functions:

(5a) z(s) = My(p(s), &(s)),
(5b) py(s) = Ny(B(s), &(s).

We shall assume that these functions satis-
fy Benassy’ assumptions for every s. First, we
assume voluntary exchange. This means that

¥ Note, the condition y;zy? is necessary only for the
consumers to imit their expenditures. And the center has
the right to enact these limits, because the initial endow-
ments of the economy b(s) belong to the center.

Y Recall the heuristic type of our weatment.
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no ageni can be forced in any event to make
more contracts than he plans in his quantity
message, and trade at prices less favourable
than the ones he has quoted. Secondly, a fric-
tionless planning mechanism is assumed, i.e.
agents do not miss opportunties for plans.
And the third assumption is that of price pri-
ority. It says that in the planning office the
demanders will give preference to the suppli-
ers announcing the Jowest prices, and con-
versely (this assumption automatically means
that the mechanism is competitive). A conse-
quence of this assumption is that suppliers
who quote higher planning prices will get ra-
tioned plans, and conversely demanders who
quote lower prices will be rationed.

Under these assumptions it has been
demonstrated by Benassy (1986) that the Nash
equilibrium of the game is also the Walrasian
equilibrium or an optimal solution. So every-
body announcing Walrasian prices and quan-
tities for every event will also get Walrasian
ouicomes for that event. And no agent can im-
prove his situation by changing his strategy
while the other agents maintain their Walra-
sian strategies. Thus agents participate in the
price and quantity setting in the planning
mechanism, and they are interested in setting
optimal plans.

Although this mechanism is sound for the
theoretical analysis of decentralized planning,
unrealistic assumptions are made. First, it is
assumed that there are planning offices i =
I,...,m for every s € B,. And, secondly, every
agent is assumed to be able to determine all
the Walrasian pricesi = 1,%..,m, and quan-
titiesi = 1,...,m, for every event s € B,, B;.
In the next section we shall eliminate some un-
realistic assumptions.

There is a multitude of approaches and their
combinations to make coordination process-
es simpler. The uitimate simplification is to
base planning indicators on as coarse a o-field
as possible, that is to come down to the one-
state world or a deterministic problem. An-
other line of simplification is to leave some
parameters out of direct coordination, i.e. to
coordinate them indicatively with some kind
of aggregated parameters, etc. So, there is a
broad field of all kinds of alternative heuris-
tic combinations of simplification approaches,
out of which only two will be described in the
next sections.
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5. A modification of the mechanism
in J. Green’s and J. Grandmont’s
style

The problem considered in this section
arises from the fact that in reality complete
current forward planning offices in state-
dependent claims cannot exist because the
number of the states is enormous. So we must
reduce this ideal mechanism to a more prac-
tical one. For that purpose in this section we
use the model studied by J. Green (1973) and
I. Grandmont {1982). In this model an agent
makes exchanges according to fixed plans at
fixed prices on a futures market. That implies
the non-contingent or non-state-dependent
delivery of commodities at later dates. Also
future spot markets are assumed to be active
on these dates (the dates of the delivery or
reciept of futures). So the possibility of future
spot trades on forward markets is open to the
agent. The prices on these markets are under-
standably unknown but the agents have expec-
tations concerning future spot prices.

To simplify matters still more, assume that
there are only two periods (implicitly we as-
sume that the initial problem is a two-stage
stochastic planning problem). The first peri-
od is deterministic. So in period 1 each knows
his parameters, but does not know what will
happen in period 2. Each trader knows that
in period 2 there will be a spot market for
goods available on that date. In period I there
are planning offices for spot and futures or
non-contingent future plans, But there is no
possibility to make state-dependent contracts
for the second period and spot prices for peri-
od 2 are not negotiated in period 1. So the
agents must also have correct expectations
concerning the future.

Consider a representative agent in period 1.
His Benassy strategy is (P, Z,, Py, 21). It
represents the prices p; of the current goods
(spot) and the prices p}; of planned fixed pur-
chases of goods to be delivered in the second
period. It also represents the respective
planned quantities of goods 2,; and % for
sure delivery or receipt.

In period 2 the agent will receive the signal
of the state s and give signal (fy(s), 24(s)),
describing his spot prices and the respective
quantities of goods in period 2. In period 1
the agent forms correct expectations (p3(s),

25,(s)).

Now our agent’s decision problem is simi-
lar to the one described by J. Grandmont
(1982), and according to the assumptions
made there the necessary and sufficient con-
ditions for the existence of an equilibrium are
present. Note that in this approach the as-
sumption of correct expectations of future
spot prices and deliveries are necessary. If this
model satisfies. J. Benassy’s conditions the
Nash equilibrium will be Walrasian. So the
agent’s plans are not coordinated about for-
ward state-dependent markets, but they are
still compatible. This was achieved with the
help of the correct foresight approach pos-
tulating that all the agent’s expectations are
correct. The correct or rational foresight ap-
proach is very convenient, but it is surely an
improper tool for describing the reality, see
e.g. Allen (1986) and Wittmann (1985). To al-
leviate this problem we assume that in elabo-
rating expectations the agents are sustained by
the indicative primal-dual solutions of the ag-
gregated horizonal problem H.

6. On interval planning mechanisms

An interval planning mechanism would be
the first step from deterministic point plan-
ning toward the indeterministic mechanisms.
Although this step seems practically most
tempting it has not been sufficiently elaborat-
ed upon theoretically, One reason for this
seems to be the mathematical clumsiness of

interval models on the one hand, and their the- .

oretical awkwardness Gn the other.

Here we shall make an attempt to build an
extremely simple interval planning model and
to fit it into Benassy’s mechanism. The choice
of the possibly simple model helps us avoid
some mathematical difficulties, but still ena-
bles us to demonstrate the fact that in order
to get the freedom to work within the quanti-
ty interval the agent has to make payments ac-
cording to the respective market prices. And,
vice versa, for giving the others an opportu-
nity to work within the intervals, the agent will
get a revenue at the same prices. Thereby the
Benassy’s mechanism enforces the announce-
ment of Walrasian interval demands and sup-
plies and Walrasian prices for the intervals.

The economic content of the initial model
is the following. The future net-trades z(s)
of the individual units are allowed to vary ac-



cording to the future s € S in certain
preplanned intervals. At that the averages of
the intervals must meet the balance restric-
tions, and the overall extent of the intervals
is also limited for the economy.

The mathematical form of our model is the
following:

(6) max 2 Eu, (4(5))

subject to

(6b) =(s) < afs),

(6c) =(s) € [E + Az],
6d) %37 <h,

(6) L Az < Ae,

6f) Az 20,j = 1,...,n,

where a(s) is a given stochastic limit, Z
is the planned average value of the net-trade
interval of j, b is the given limit of the sum
of the average of the net-trade intervals, and
Az is the given limit of the sum of the half
intervals Az, of the net-trades. We shall as-
sume that u; is continuous and concave, the
problem is regular, and all the stochastic con-
ditions are met with the probability one.

Now we shall decompose program (6) into
agent subproblems. For this we shall define
the Lagrangian prices p and r for the condi-
tions (6d) and (6e).

Now the program of the agentj = 1,...,n
is

(7a) max EBu(%(s) + vy,

subject to

(70)  z(s) < als),

(7e) z(s) € 3 £ Azl

(Od) vy, + pg, + rdg =0,
(7e) Az > 0.

This problem satisfies the Benassy's agents’
conditions, and we can use its mechanism, In
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it each agent sends price-quantity messages to
the planning office. These messages are b, f,
Z and AZ,.

We should note that in model (6) we de-
scribed only non-negative Az;. But it is easy
to see that we can also model negative devia-
tions Az, < 0. The latter models the flexibil-
ity of the agent’s j net-trades, or in other
words, the interval in which the net-trade or
j should vary state-dependently, and the agent
j will get a revenue for this kind of plan,

In summary, our simple interval planning
mechanism model can support isolated ration-
al individual behavoir of the agents in an-
nouncing interval demands and supplies.

7. Final remarks

The purpose of this paper was to clarify
some problems of alternative decentralized
planning mechanisms of an abstract socialist
economy. In this economy the initial endow-
ments belong to the center, and there is an in-
itial global objective function. Planning as the
elaboration of future value of activities is as-
sumed to be intrinsic to this economy. A ra-
tional initial planning model is postulated as
a stochastic optimization problem.

It is also postulated that the only reliable
information the center has is aggregated.
Detailed information is the private (differen-
tial) information of the agents, and its trans-
fer to the center without distortion is impos-
sible.

The paper recommends that the initial prob-
lem be decomposed into an aggregated
horizonal subproblem and a detailed thresh-
old subproblem. The former is dealt with by
the center (possibly with the help of systems
of models), and its results determine the con-
straints and some indicative indicators for the
threshold problem. The latter one is immense-
ly large, and its information is decentralized.
It is recommended that this problem be tack-
led with the help of decentralized competitive
mechanisms.

The paper examines these mechanisms on
the basis of Benassy’s competitive market
game in the context of three optimal future
price-limit coordination principles. In the case
of the first mechanism the basic assumption
is that there exists a complete set of current
(pre-event), state-dependent, future goods
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planning offices. The second version says that
the agents have current correct expectations
about the optimal future {post-event) state-
dependent prices and quantitics. The third
mechanism deals with interval planning. The
elaboration of optimal price and quantity
plans in all mechanisms is achieved.

However, the mechanisms studied are based
on highly oversimplified assumptions. So the
problem remains to be studied on more realis-
tic assumptions and not oversimplified
models. Significant open problems include the
implementation of a correct expectation equi-
librium (information acquisition, indicative
planning by the center, etc.), imperfectly com-
petitive markets, bidding for long-term con-
tracts with relationship-specific investments
under uncertainty, iterative coordination in
the stochastic environment, diversification of
the ownership of initial endowments, etc. And
last but not least, Benassy’s mechanism is a
one-step process. It is based on the assump-
tion that before this step some kind of
tatonnement has implicitly taken place. So the
problem remains to make this process explicit
in the case of a stochastic world.

One more important open issue connected
with the paper is the question of the sub-
mechanism of incentives. It is reasonable to
start with the risk-neutral initial global mod-
el. In a decentralized setting this would mean
that the normative objective functions of the
agents are also risk-neutral. However, in real-
ity the managers of the firms have risk-average
utility functions. To encourage the risk-averse
managers to make risk-neutral decisions, there
must be some kind of additional risk-sharing
enforcement submechanism enabling managers

to transfer incomes between the states. Ac-
cording to Marshak (1986) such a submechan-
ism can be designed and it can be studied
separately.

References

Allen, B. (1986}, »General Equilibrium with Rational Ex-
pectationss, in Contributions to Mathematical Eco-
nomics. In Honor of Gerard Debreu, North Holland,
Amsterdam, [—23,

Aumann, R. (1987}, »Correlated Equilibrium as ar Ex-
pression of Bayvesian Rationalitys, Econometrica, 35,
1—18.

Benassy, J. (1986}, »On Competitive Market Mechan-
isms», Economelrica, 54, 95—108.

Bennett, J. (1984), »Alternative Price and Quantity Con-
trols for Regulation under Uncertainty», Journaf of
Economics, 44, 103—115.

Ennuste, U, (1985), »On Stochastic Equilibrium of Cen-
trally Coordinated Optimum Plans», Proceedings of
the Academy of Sciences of the Estonian SSR. So-
cial Sciences, 34, 237—245,

Grandmont, J. (1982), »Temporary Equilibrium Theory»,
in Handbook of Mathematical Economics, vol. 11,
North Holiand, Amsterdam, 879—922.

Green, J. (1973}, »Temporary General Equilibrium in a
Sequential Trading Model with Spot and Future
Transactions», Econometrica, 41, 11031123,

Hurwicz, L. (1986), »lncentives Aspects of Decentrali-
zation», in Handbook of Mathematical Economics,
vol. 11, North Helland, Amsterdam, 1491—1482.

Marschak, T. (1986), »Organization Design», in Hand-
book of Mathematical Economics, vel. 111, North
Holland, Amsterdam, 1359—1440.

Rees, R. (1982}, »Some Problems in Optimal Pricing Un-
der Uncertainty», Journal af Economics, Suppl. 2,
63---78.

Wiiliams, 8, {1986}, »Realization and Nash Implemen:. .
tation: Two Aspects of Méchanism Design», Econo- .
meirica, 54, 139—151,

Wittmann, U, {1985), »Das Konzept rationaler Preiser-
wartungen», Springer Verlag, Berlin Heidelberg.



	VOL_2_No2_Autumn_1989.pdf

