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New conditions of market economy have caused the Polish mining to undergo 
comprehensive restructurization, most problems being created by financial restructurization 
which is expected to bring about proli table activities of mines. A modilied management 
through budgeting of costs is introduced more frequently to achieve the positive linancial 
result among other methods applied, especially, in black coal mines. It is the effective 
method of controll ing of costs at separated stands, the so-called centres of the costs and 
helping, at the same time, to evoke initiative of the people making decisions. Budgeting 
requires an earlier analysis of the organization diagram and technological process to lead to 
the justilied simplication of the operating stands of costs, assigning of budget of costs of 
these stands, stating precisely both of powers and responsibilities of managers as well as 
a possibility of motivation and control of the realization of the established budget. The 
paper discusses a method of the procedure of budget control by means of linear dual 
programming with a possibility of optimization of the realized costs. The simultaneous 
analysis of total costs is the essence of the solution within the framework of the budget 
assigned to a given stand as well as the evaluation of the internal structure of the costs of 
this stand. In practice, one can carry out optimization according to an arbitrary section of 
costs. On the other hand, an obligatory set of category costs has been used in the paper. 
A section calculation of costs, i.e. the exploitation section and exploitation faces that 
function in it, e.g. the longwalls are important in this case. 

In the process of budgeting such budget parameters as the required volume of the output 
of the section, budget of total costs and category costs of the section are determined. Within 
the control of budget completion the established deviations from budget volumes are 
analyzed stating the causes of these deviations and methods of budget realization. 

The utilization of linear dual programming in the process of budgeting depends on 
taking into account the differentiated conditions occuring in cost centres, i.e. the diffe- 
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The centres of costs correspond to the places of the origin of costs thus they refl ect 
organization units both single or aggregated. It should be remembered, however, 
that in the case of mining activities 60% up to 80% total costs originate in the 
exploitation process hence the special role and significance of the choice of cost 
centres in this field of activity. 

The established budget of costs for the whole mine is basic in the so-called 
controll ing, i.e. in the process of the control and correction of the budget completion. 
The budget is distributed for the cost centres according to the assumed objectives for 
the realization in a given unit. 

Not only the absolute value of costs in question is the basic problem but also their 
internal structure is equally important, i.e. the division of costs into: 
- category, 
- constant and variable, 
- direct and indirect. 
The establishment of the budget of costs for determined centres includes the final 

value of the budget of total costs for a given stand as well as structural budgets for 
every division criterion. 

2. Dual linear programming 

When undertaking economic decisions and their optimization two values-profi t 
and self-costs - are applied most frequently as functions of the objective. The 
mathematical programming, particularly, linear, non-linear, dynamic, marginal and 
probabilistic programmings help to optimize the investigated economic phenomenon 
with the use of only one function of the objective. Thus the profi t or self-cost, 
although taken into account separately, can be the criterion parameter. To tell the 
truth, optimization of the self-cost is maximization of the profi t indirectly but it is 
not the proof of the statement that optimization of the self-cost goes explicity with 
maximization of the profi t. There is no mathematical relation here since in both cases 
other output data and assumptions are taken into consideration in the process of 
optimization. 

From the point of view of economic effectiveness there is a motivated need to 
optimize profi t and costs simultaneously. I n this way we combine essential elements 
of the economic process, i.e. applied technology and its correctness expressed by 
costs. On the other hand, we take into consideration the degree at which production 
subordinates to the rules of market through profi t. 

A detailed analysis of linear programming showed that application of the dual 
model of this programming helps to consider the mentioned criteria of profi t and 
costs giving thus two optimum solutions that are closely connected together. The 
fact that the method helps to determine precisely the economic factors that enable us 
to achieve the greatest increase in profi ts or decrease in costs in the positive 
characteristics of the presented method. 
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Equations, linear in - equalities as well as the matrix calculus are the basis of 
linear programming. 

Let us consider the rectangular matrix of the type (m x n): 

A= 

al 1, a 12, , alii 
a21, a 22, , a211 

(l ) 

the column vector X: X= 

and the column vector B: X = 

b'" 

(2) 

i) (3) 

then, in accord with the matrix calculus, the product of both the rectangular matrix 
A and the column vector X is the column vecor according to the formula: 

A·X=B. (4) 

Developing the above product according to the Falk diagram: 

n 

(5) 
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we obtain the result of the product as a set of linear equations: 

G11X1 +a12X2+ +a1nXn = bl 

a2,X1 +a22X2+ +a2nXn = b2 

G31X1 +a3zX2+ +a3nXn = b3 (6) 

Finding of such column vector X (x 1, x2, ... , x11), that optimizes the linear function 
called the function of the objective is the essential point of linear programming: 

Z= C1X1 +c2x2+c2x2+ ... +CnXn = optimum Imax, min), 

with the linear limits 

AX= B 

Linear programming assumes non-negative solutions determined by the limit 

xj ~ O, j = 1, 2, 3, ... , n 

(7) 

(8) 

(9) 

and also the existence of the compatible set of equations that 1s, the condition 

m < n. (10) 

Linear limits in linear programming can assume the form of equations or in-equali ties: 

AX= B 

AX~ B 

AX~ B 

(11) 

(12) 

( 13) 

The function of the objective (7) is a number according to the Falk diagram, the 
result of the product of both the column vector X and the row vector C (c 1, c2, ... ,cJ 

(14) 
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Let us assume that we consider linear programming with the limits (13) present. 
Then we can state that for every formulated original model in the problems of li near 
programming find decision variables: 

X1, Xz, ... ,Xn' (15) 

satisfying the indirect conditions: 

a11X1 +a12X2 + +a1nXn::,; bl 

az1X1 +a22X2+ +a2nXn::,; b2 (16) 

limiting the boundary conditons: 

xi ?o O (j = 1,2, ... ,n), (17) 

maximizing the function of the objective: 

(18) 

The dual model corresponds to the original model and it reads as follows: 
find the decision variables: 

Y1,Y2,···,Ym, (19) 

that satisfy the limiting indirect conditions: 

limiting the boundary condition: 

or 
Y; ?o O} 

(i= l,2, ... ,m), 

Y; < O 

and rmmrrnzrng the function of the objective: 

K = b1Y1 +b2Yz+ ... +b,,,y,,,. 

(20) 

(21) 

(22) 
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In dual programming we use the matrix transposed to the A, the matrix A' of the 
type (m x n) and the form: 

a11,a12,···,aml 

a21, a22, ... , am2 

A= a13,a23,···,am3 (23) 

Hence the dual problem in the matrix calculus can be expressed in the following 
way: find the decision variables, components of the column vector Y (y 1, Yz , ... , Ym): 
that satisfy the linear limits: 

A'Y;,, C, (24) 

boundary limits: 

or 
Y;? O} 

i= l,2, ... ,m. 

Y; < O 

(25) 

and mmmuze the function of the objective: 

K=BY (26) 

3. Economic interpretation of dual programming 

In the assumed original model a general production-economic problem has been 
presented. It is applied when the producer can make an arbitrary combination of 
several products items out of a number possible for production at his place. He, 
however, has limited production means: materials, money, manpower, machines that 
are used in production of different products in different quantities. Simultaneously, 
the sell ing prices of ready-made products (items) are also different. The problem is to 
produce such combination of products (items) and in such quantity as to achieve 
maximum profi t from the sale of products at the known unit consumption of 
available means against the unit of a given product and unit price of the sale of 
products. 

If the problem is interpreted in such a way, individual symbols used in the original 
model of linear programming denote: 

n - quantity of products (items), 
m - number of available means for the production of items, 
aij - quantity of the i means used at the production of the unit of the item j, 
b; - maximum available quantity of the i means, 
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) %$#, ! , 6) 5! $#) " 6;

Zmax = K min• (28) 
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The practical meaning of the above theorems lies in the fact that the variables J1; in 
the dual problem determine a degree by which the maximum value of the function of 
the objective of the original problem changes if the corresponding limit i changes by 
a unit. The greater value Yi, the greater the influence of the i means on the maximum 
value of the function of the objective of the original problem is. The decision 
variables Yi are thus the evaluations of the effectiveness of the unit of the production 
means i due to the assumed criterion. 

The equation (28) denotes the interdependence of the optimization of two different 
phases of the economic process, i.e. the phase of production and phase of the sale. 
Thus one can optimize both phases, i.e. minimize the costs of production and 
maximize the profi t. 

Besides the mentioned profi t obtained from the combined optimization of profi t 
and self-costs, dual linear programming allows us for the following solutions which 
improve the economic effect: 
- choice of the cheapest production means i decreasing thus the total costs and 

increasing the profit, 
- establishment of the hierarchy of individual production means i whose use in 

the production of items gives the greatest increases in profi t. 
While making the above choices we use the following interpretation of the 

obtained dual solution: 
- values Yi = O denote the fact that a given means i for which such a condition 

was obtained from calculations does not influence the change of the total profit, 
- values Yi > O arranged in the order from the greatest to the least denote the 

sequence of production means whose consumption brings the greatest profi t and 
their obtaining ought to increase in such a sequence, 
- values Yi > O also denote how much the profi t can be increased together with 

an increase in consumption of the production means i by a unit. 

4. Budgeting in a mine by means of dual programming 

The essence of budgeting is (RSCC S.A.): 
- division of the mine into the centres of responsibility, the so-called cost centres 

headed by the people responsible for the realization of the appointed tasks, 
- making of monthly budgests, i.e. limits of the outlays directed to the concrete 

decision sections, 
- current control of carrying out the tasks included in the budget, establishment 

of deviations and their elimination, 
- application of the responsibili ty calculus depending on the evaluation of the 

degree of realization of accepted budgets, 
- assessment of workers responsible for carrying out the tasks. 
In the case of the mine, the explotation sections are, by no means, included in the 

main centres of costs both from the point view of the leading function they satisfy 
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TABLE 

Costs in the category system ~ exploitation section 

No Category cost Denotation 

A. Material costs including: 

l. Amortization b1 

2. Materials b2 

3. Power energy b3 

4. Repair services b4 

5. Transport services bs 

6. Others b6 

B. Non-material costs including: 

7. Payments with margins b1 

8. Special funds bs 

9. Bank services bg 

IO. Business trips b10 

I I. Others b11 

C. Total costs B 

Obviously, the sum of category costs in the exploitation section has to equal to 
the budget of costs in this section, that 1s: 

m 

(30) 

where: 
b; - budget of this category cost on the section (i = l, 2, ... , m) 

and 

m 

(31) 

and also 

(32) 

It is known that many geological - mining and organization factors whose 
diversification causes the exploitation cost in individual faces to vary decide about 
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