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We investigate the efficiency of competition mechanisms for the allocation of
scarce resources. We show that for certain classes of effect functions (produc-
tion functions) competition mechanisms ensure optimal.allocation of resources
betwen the winners. A connection is established between competition mechanisms
and open management mechanisms.

1. Introduction

Competition mechanisms are attracting ever increasing attention in management theory
and practice. The specific feature of competition mechanisms is that the players (the ele-
ments of the system) participate in a competition organized in the resource-allocation part
of the planning procedure. The competition winners are the elements that achieve the highest
efficiency measures of resource utilization in the plans submitted to the headquarters. The
competition winners are awarded a certain priority in allocation of resources. The attempt
to win the: competition encourages the elements to submit efficient plans..

Competition mechanisms are successfully implemented in the management of Bulgarian na-
tional economy. Examples of competition mechanisms include the national competition of pro-
posals for the development of small and medium enterprises; the license-buying competition
of the State Committee of Science and Scientific-Technical Progress; the competition for
the allocation of capital investment and foreign exchange budgets for the development of
small and medium enterprises for the production of new materials; a national competition
of credit allocation proposals for capital investments for implementation of the plans sub-
mitted by business enterprises.

The competition principle of planning has been adopted to a certain extent in the pro-
cedures for evaluation of the production programs of the enterprises controlled by the USSR
Ministry of Instrument Building. This procedure analyzes the plans submitted by the enter-
prises (industrial associations) in order to determine the number of enterprises that will
receive the minium (base) appropriation of centralized capital investments. The other enter-
prises (competition winners) receive larger capital investment appropriations in accordance
with the performance indicators of their plans.

On the theoretical level, competition mechanisms are classified as so-called multi-
channel organizational mechanisms of the theory of active systems [1]. In this paper, we
investigate the competition mechanism of allocation of scarce resources in an active system
consisting of a center, which controls resource allocation, and active elements, which rep-
resent the resource users. The competition winners receive the requested quantity in full,
while the remaining elements receive only the minimum quantity set by the center. We prove
the existence of a Nash equilibrium in the corresponding game and show that, under certain
conditions, this mechanism produces an optimal allocation of resources between the competi-
tion winners.

2. Description of the Model. The Competition Mechanism

Consider an active system comprising n elements and a center that allocates a scarce
resource. Let R be the quantity of the resource available at the center, xj the quantity of
the resource received by the i-th element, uj the effect produced by the use of the resource
by element i. In practice, the effect is usually identified with increase of output or with
some integrated estimate of the effect by a number of criteria. We take u,=¢i(z:) , where
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@:(z:) is the effect function or the production function. We assume that the function @«z:)
is strictly concave, differentiable for xj; > 0, nondecreasing, and defined for x; 2 0; also

¢:(0) = 0.* The problem of the center is to determine the resource allocation x = {xj, i =
1-n} so as to maximize the overall effect
(I)(x):Z @i () (1)
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subject to the constraint

E: z, <R, (2)
i=1

The problem (1), (2) is difficult to solve because, in general, the center does not
have sufficiently accurate information about the functions @:(z). The information about
the local behavior of the functions ¢:(x;) is communicated to the center by the elements
in the form of so-called retrogressive or divisional plans (sj, wi), where sj is the requested
quantity of the resource and wj is the estimate of the (expected) achieved effect. The active be-
havior of the elements is manifested in their tendency to exaggerate upward the requested quanti-
ties sj. If the elements are reouired to pay for the resources, then the optimal resource alloca-
tion in active system theory is achieved by so-called open-management mechanisms [2]. If the re-
sources are free, but sufficiently severe penalities (sanctions) are imposed for nonfulfillment
of the planned (expected) effect, then the optimal allocation for a wide class of production
functions is achieved by progressive optimal allocation mechanisms [2], auction schemes [3],
or the reverse priority principle [4]. So far, however, no optimal allocation mechanisms
have been proposed for the case when the resources are free and there are no sufficiently
severe penalities for nonfulfillment of the planned effect.

Let us define the competition mechanism. We denote by qj = uj/x; the efficiency of re-
source utilization by the i-th element, by £; = wi/sj the efficiency estimate as reported by
the i-th element. Arrange £; in increasing order, i.e., &3 2 &, 2 ... 2 &4 . Initially,

we ignore the constraint (2) on resource availablility at the center.

Definition. A competition mechanism is a resource allocation mechanism in which the
planning procedure includes a stage that identifies a set Q of elements called the competi-
tion winners. This set consists of m elements with the highest efficiency estimates, i.e.,

Q = {ig:k < m}, where m < n. The resource allocation procedure given the set of winners
has the form

Si, if ieQ,
. ) (3)
c, if i€Q, i=l\Qg,
where ¢ is the minimum awarded level of the resource (¢ > 0), I = {1, 2, ..., n}. The ob-
jective functions of the elements are taken in the form
fi(u,, wi)=u.‘—"lpi(wi—ui), . (4)
where
' ) {a(wi—ui), if w—u;=0,
lpi(ui_ui - O, if w.-—u.-<0

(by definition, for i#Q, we set w; = u; = ¢;(c), a > 0). Here the function yj(wj — uj) is
the penalty for nonfulfillment of the expected effect wj. We assume that each element se-
lects its strategies (the reported sj and w;) so as to maximize its objective function (4).

Thus, the choice of the information that the elements report under a competition mechan-
ism may be treated as an n-person game. Note that since £; = wj/sj, then any pair (s, wi),
(si, &) or (wj, £i) may be used as the reported estimates. For the ease of game-theoretical
analysis, we use the pair (sj, £i) as the reported estimate. For a given £;, the estimate sj
is determined so as to maximize (4), where uj; = @;(x{), Wi = £4Si, because the estimate sj
does not affect the selection of competition winners.

*The results remain valid also for twice piecewise-differentiable functions @i(z).
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