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We define opportunity cost as the loss of net income due to a
decision to wopt for lone budiness programme, leaving out other
possibilities of yielding net income. The opportunity cost appears only
if some resources are completely exhausted. Otherwise there would be
no meed to leave out other [possibilities of yielding a met income.

It we want to define uniquely the ojpportunity cost in given con-
ditioms and in the accepted way ot realizing of the business process,
we also have to define umiquely the other possibilities of yielding an
inoome. In a multiphase business process with different production
activities, production elements and products, it is possible to deter-
mine the oppontunity dost only by meams of a mathematical model.
The oppontunity cost related to the accepted realization of the business

process can them be defined as the difference in net income between

optimal and realized net income.
in the mathematical model it is not necessary to maximize ithe

net inoome. The opiportunity cdost can be defined related to the objec-
tive function of the mathematical model
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The symbuols have ithe following meanimng:

for the marginal sales cost weduced sales price of the i-th ele-

.Sik —_—
ment related to ithe k+th consumer,

yix — the guantity of ithe i«th element sold to the k-th comsumer,

pm — for ithe marginal cost of punchase increased purchase price of
the i+th element in the h-th source,

z, — ithe quantity of the i-th element bought in the h-th source,

m; — the marginal wost of the j-th production activity which is not
related to the consumption of the elements, for which (2) ds
considered,

x; — the quantity of ‘the j<h production activity,

r; — per unit of the j-th prioduction activity obtained quantity of
the liqth element,

q; — 'Der it of the j-th production activity consumed quantity of
the di-th element,

dy, — the minimal quantity iof the diith element, which must be
sold to the k-+th consumer,

d;, — the maximal qguantity of the i-th element, which can be sold
to 'the k-th consumer,

by, — the minimal guantity of the i-th element, which must be
bought in the h-th source,

b, — the maximai guantity of the i-th elemenit, which can be bought
in the h-th isource,

7  __ the indexset of elements with sources,

Y — the lindexset of elements with sinks,

R, — the indexset of the production activities producing the i4th
element amnd

Q, — the indexset of the production activities oconsuming the i-th

element.

The first sum in (2) ‘denotes the produced, the second omne denotes the
purchased, ithe third demnotes the consumed and the fourth demnotes the
sold quantity of the iith element. For miost elements there appear only
two sums. The second and thind sum appear at the purchased elements,
the first and third at semiproducts, the finst and fourth at finished
products, the second and thind sums at the work equipments. For
semiproducts which can be bought the second lsum also appears and
for semiproducts which can be sold the founth sum also appears. By
inequality (2) we prevent shontage of the ith element Jdurning realization
of the business jprocess. Market possibilities and market nmeeds are
included by means of dnequalitics (3) and {4). The objective function
is detined as the difference between the revenue and those costs which
are jpropontional ito the quantities of activities. The other costs which
are mostly fixed have to be covered by the difference. If we
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want to consider fixed costs then the mixed integer model must be
used [2].

A simplified example from the milk industry is given in [3].

in a worker-management system, in the objeative function we do
not usually subtract costs related to engagerment of the workpower.
The workers are participating in the distribution of income, and we
theretore search for a reafization of the business process which will
jprovide us with the highest wage fund. If wages are treated in the mo-
del in the same way as costs 1clated to ithe consumption of other pro-
duction elements, the engagement of workforce in tthe optimal business
programme can be decreased. This means that the acocounted wage fund
is decreased as well, which is not convenient if the own wiorkforce
fund s fixed. As each iof the selected types of workforce may not be
overburdened, inequalities in the form (2) must be assigned ‘to the cri-
tical workpower itypes. The purchase price of the own workforce can
be zero. For the seasonal and other hired workforoe, the real market
price must be taken. In such a case, the own workforce is taken into
acoount by oppontunity costs and wages have to be covered by the
difference (1).

An analysis of the business process based on opportunity costs
can be made by the use of shadow prices related to the adequate
constraints (2). The shadow prnice in a mon+degenerated case shows the
absolute decrease of the objective function, if a small enough unit of
the adequate element is not allocated there. The shadow price depends
on the prices of the elements which are bought and sold, as well as
on the bounds for purchase and sale activities. It includes opportumnity
cost caused by the shontage of the considered element. The shadow pri-
ce for the considered element is a discontinuous piecewise constant
function 'of the bournds [4]. It is discomtinuwous if ithe bounds cause
degeneration. This means that fip degenenated cases we have two diffe-
rent shadow pprices. With the res it we obtain one firom both. Although
the degeneration in practical cases appears normally [1], the analysis
is not seniously disturbed. Our task is to compare the obtained shadow
price with the estimated unit utility value of the adequate element.
If impontant difference -appears this results 'from unsuitable
definitions of the parameters of the business pnocess or from the false
estimation 'of the usefulness of the element. Because of the deficiency
of the technology for processing the adequate element the shadow price
can be too low. This often appears at the stage lof mixing problems.
The most frequent cause for the excessively high shadow price is a
too low determination of upper bounds for punchase activities of the
considered element or elements which are consumed if the considered
element is produced. A further cause can be a itoo high determination
of lower bounds for sale activities of the considered element ‘or ele-
ments which are produced by means of this element.

We frequently make estimation mistakes about the usefulness
of the element due to taking into account only the purchase price or
estimated production cost of this element. The shadow price excludes
the fixed cost and includes the ojpportunity cost which is determined
also by the considered bounds. If the parameters of the model are
determined in such a way that the feasible solution does not exist, the
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opportunity dosts per unit of the elements which are in deficit are
unlimited. If one of the elements has a wvery high opportunity cost,
that means that we are mear conditions at which a feasible solution
does mot exist. Therefore high shadow prices determined by high
opportuniity costs show the disadvantages of the business process.
Small changes in technological or market conditions would make it
possible ito incnease the objective function considerably.

All practical cases cannot be described. The analysis can be made
by computer. The computer program LOMP which is wused in our
entenpriises for each production activity can make the caloulation
using the shadow prices. In this way opportunity costs are included.
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