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Foreword 

Ongoing changes in the factors of the management system affecting the condition of 

businesses so we can say they are under constant pressure to adapt. Long-term survival 

largely dependent on the extent of how effectively adapt to these changing conditions. It is 

envisaged that the successful adaptation requires a strategy that can respond quickly and 

successfully to changes. The response, for “What's next?”, answer to questions which 

required professional decisions and, what is very important in present, fast decision making, 

at each hierarchy - strategic, tactical and operational - level. 

It is clear for us that effective adaptation is important requirement for the agricultural 

corporations and their leaders with decision-making competence. If we add the well-known 

sectorial features that adjustment latitude - where applicable - substantially curtailed, we can 

say that these decision-makers are in more difficult position than the decision-makers in other 

areas, sectors. Therefore, the agricultural professionals can not work without those methods 

and procedures which contribute to the professional decisions-making and quantifying the 

effects of changing conditions. These can therefore justify the discussion of the related 

knowledge. 

Can not be argued - in line with the development of certain disciplines - that we would be 

constrained in various methods. However, it can be stated that the sectorial specificities in 

many cases significantly change or exclude the applied methods, procedures which are used 

effectively in other areas of production - e.g. industrial production. Therefore, the knowledge 

in this book is basically focusing the application of decision support methodologies in the 

agricultural sector. So the focus in the discussion of this knowledge is the applicability of 

certain methods in agriculture - and not the theoretical background of the method. 

It is important also to point out that the use of certain techniques can only be unsuccessful 

without professional knowledge, the result is sure to be failure. Not all the related professional 

knowledge are discussed in detail, reference is made only for the most part. If the necessary 

technical knowledge is not active for those concerned, they should make it so in literature, and 

by looking at their notes. Those areas were selected in which the characteristics of the 

agricultural production do not create barriers for the application of the discussed methods. We 

always review the theoretical knowledge which are required for the practical application of 

some methods, facilitating the application of the method to learn. To deepen the knowledge 

and to learn skill level of this, we state additional examples. 

 

Keszthely, 2012  

The Authors 
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1. The decision as a management function 

 

It is known, that the operation of a company (as an economic system) must not be incidental. 

For rational functioning, management and regulatory processes are required. The 

interpretation of concepts and categories of this knowledge is not considered uniform because 

different understanding of various academic schools lies behind them, closely related to their 

development. In addition, the evolution of co-science - company theory, systems theory, etc. - 

the practice of different countries, the use of language is also reflected in the related these 

concepts and categories. The governing is considered as the most general concept. The 

leadership, administration, organizational concepts are organizations related and express the 

narrower sense of the management.  

Governance: In a general it means the intervention of processes in order to achieve some 

goal. Governing is needed because the balance of the system is disrupted by changes in the 

interaction between the system and its environment. Thus, the system responds to 

environmental changes for a specific system state. (Example: when the gas prices rise, the 

house insulation is a rational action or the solar energy use for hot water preparation, etc). 

Governance is based on pressure and back pressure between system and its environment. The 

governance processes focus on targeted interventions. With this intervention the leadership or 

administration processes influence the whole system. To start the governance process, namely 

the intervention process, the decision is required. 

Decision: It means, in general, to select a set of options or the only option from a subset of 

options.  

When we make a decision, we always find ourselves facing to the so-called decision problem. 

It is therefore appropriate to look the elements of the decision problem. These are summarized 

below. 

1. Actions (activities) 

2. Events 

3. Probabilities of the events occurrence* 

4. Results (outputs) 

5. Decision criteria* 

6. Individual preferences* 

 

* These elements are highly dependent on the decision maker, because the choice of 

probability judgment and decision criteria is highly dependent on the decision-maker. 

 

The decisions can be classified according to several criteria. For a certain decision the 

probability of an event is 100%. When uncertain decision occurs, the outcome of the options 

for action is impacted by such interferences influence, which occurrence or the extent of the 

impact may not be related probabilities. Risky decision is when the disturbance occurrence 

probabilities are known or considered to be known to a personal decision (This interpretation 

of probability is called subjective probability). The analysis usually is determined by the 
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relative frequency. The concept of objective probability associated with this. In this context, 

the objective probability is considered a relative frequency effect (infinite). 

 

Decisions are made on specific dates, extend to a specific period (which is a finite period) so 

it is not possible to perform an infinite number of experiments, and the conditions on the 

process can not be considered recurrent. Therefore the "objective" probabilities can not be 

used in decision making. What is relevant is the decision maker believes in the events occur, 

what is influenced by several factors, e.g. the decision-makers attitude, experiences, position,  

etc. 

 

 

1.1 Edit the decision matrix and the quantification of its elements  

 

The target of the decision matrix is to express and summarize those numerical results and the 

actual conditions that affect them which are needed for the decision making. The decision 

matrix elements are included in the first table. 

 

Table 1:  The decision matrix structure 

 

Actual conditions, events 
Actions, options for action  

A1 A2 An 

T1 E11 E12 E1n 

T2 E21 E22 E23 

Tn En1 En2 Emn 

 

 

The actions, options for action mean the strategic variants, the decision-maker must choose 

from them. Symbols: 

  

A1 A2 An 

 

The actual conditions, events affect the outcome of the actions, depending on the value of the 

random coefficients of their occurrence. Symbols:  

 

T1 T2  Tm 

 

The results (outputs) are numerical values for specific actions and actual situation. Symbols:  

 

E11 E12  Emn 

 

The economic substance of the outcomes of actions and actual conditions can be the gross 

margin, accounting income categories, economic profit, etc. It can be seen that the numerical 

values of the output depending on the variable of strategic options and the actual conditions. 

Keep track what was said through an example. 
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TASK: We accept the following. A group of investors, in an area with very rich natural 

values, trying to achieve investment for plant protection service. The three prospective owners 

are well-prepared professionals, their professional qualities are well known not only in the 

small region. But as decision makers, they have significantly different risk-taking willingness, 

mentality and decision-making experience. One of them - Jenő – is more risk-taking, gamble, 

have lot of decision-making experience. Berci is more risk-averse than risk-taking type. Benő 

likes the certain things, he is a cautious, very prudent type, clearly can be called risk-averse. 

Based on preliminary surveys, a number of individual farmers, small businesses, SMEs and 

business organizations with over 2500 ha of arable land, has also indicated the need for the 

service. The Ltd. would provide complex plant protection services, giving priority to precision 

plant (crop) protection technologies. The preliminary survey is not exhaustive. In this context, 

the changes in demand is an important risk factor in terms of the return on investment, that 

significantly impact on returns on investment of the profit side through the development of the 

capacity utilization of resources. They agreed on the need to develop a decision matrix. It 

should also be noted that due to the distribution of the local enterprises in this small area, the 

service unit price can move between 3,100 - 3,300 Ft/ha. Higher fees could not be validated 

over the upper limit of the service price. Due to the information on the needs and the owners 

risk taking ability differences the following strategic variants come to mind as possible 

substance of the decision matrix: 

 

Options for action: Because of the pricing strategy and the risk taking willingness of the 

owners the following strategic variants come to mind: 

 

  A1:  Service price 3100 Ft/ha  

 

  A2:  Service price 3200 Ft/ha 

 

A3:  Service price 3300 Ft/ha 

 

Expected conditions: 

  T1:  Capacity utilization 60%  

                                                 

  T2:  Capacity utilization 75 %  

 

  T3:  Capacity utilization 90 %  

 

The quantification of the results we take the values based on 2nd table. 

 

Quantify the output values of the decision matrix. Quantification of the algorithm of E11and 

the results are included in the 3rd table is. 
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Table 2: Possible amounts for the quantification of the strategic variations  

 

Appellation Unit Amount 

Equipment acquisition costs  thousand Ft 27600 

Depreciation rate % 14 

Property acquisition costs thousand Ft 2000 

Depreciation rate % 4 

Unit cost of service   

- Wages + public charges Ft/ha   222 

- Material and material-type 

expenses 

Ft/ha 1006 

Insurance, tax thousand 

Ft/year 

140 

Rates of return on alternative investments % 4 

Maximum price of service Ft/ha 3500 

T1  % 60=2280 ha 

 

 

Table 3: The quantification algorithm of E11  

 

Appellation Algorithm 

Total Unit 

thousand Ft Ft/ha 

Buildings 
2000*0,04 

(2000*0,04):2280 

80  

35 

Equipment 
27600*0,14 

(27600*0,14):2280 

3864  

1695 

Insurance, tax 140:2280 140 61 

Permanent total  4084 1791 

Alt. Return on investment 
29600*0,04 

(29600*0,04):2280 

1184  

519 

Fixed costs in total  5268 2310 
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Cost of service 
(222+1006) 

1228*2280 

 

2800 

1228 

 

Total cost  8068 3538 

Income (turnover) 3100*2280 7068 3100 

Result 

7068-8068 

 

3100-3538 

-1000  

-438 

 

INDEPENDENT TASK: A detailed breakdown of the result of E12 (in the decision 

matrix) and the solution and deliver by deadline. (Use Table 3). 

The results of each action and actual states are summarized in the decision matrix (Table 4). 

 

 

 

 

Table 4: Investment decision-making matrix 

 

Actual conditions, 

events 
Actions, options for action  

Sign 

Capacity 

utilization 

% - ha 

A1 A2 A3 

T1 60 - 2280 -1000 -772 -544 

T2 75 - 2850 67 352 637 

T3 90 - 3400 1097  1437 1777 

 

 

The results show that how develop the intended results depending on the capacity utilization 

and the price. Because the price and the service unit variable cost are fixed (varies in 

proportion), the standard deviation of the results is moved by the capacity utilization. 

 

 

1.2. Select strategic version under uncertain decision-making conditions 

 

Several principles available that can be used for decisions which give professional support in 

uncertain decision-making situation to justify it. Obviously, the decision-maker takes a 

decision by one principle. On this basis with this decision the strategy, actions or activities are 

also chosen. That strategy is different from that which would be chosen based on another 

principle or criteria. The selection of the criteria should not be given general guidance in the 

decision-making subjectivity plays a decisive role. In taking decisions, the uncertainty plays 
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an important role in the decision matrix, allows to select the best alternative formalization of 

actions, depending on the chosen decision criterion: 

 

Laplace-Criterion: Since we do not know the probability of occurrence of the actual status, 

those should be regarded as equal. It follows that, on this criterion, the best decision and 

action program will be, the result of which is the largest. So the actual states equally third 

likely to be taken into account. On this basis, the T3 actual state will be accepted and action A3 

is selected as a quantitative indication with the biggest decision criterion for choosing 

category (income). 

 

Maximin-Criterion: from the action alternatives that one is considered preferable which have 

the worst possible outcome is the smallest compared with the other options. The worst results 

are - understandably - in the T1 condition, which occurs when the capacity utilization is 0%. (-

1000, -772, -544). Among them, the best one is selected, so that A3. 

 

Maximax-Criterion: In contrast to the previous one when the decision is made on the basis of 

this criterion, we choose the best alternative result from the probably highest results (T3 and 

A3, which is 1777 thousand HUF). This principle is used by the optimist decision-makers. 

It is important to point out that if there is a decision-making situation, when the costs or the 

loss is to be reduced, minimized, the last two principles must be interpreted in the opposite 

sense. 

 

Minimum regret principle: 

You must select the action for which the minimum amount should resign (compared to the 

highest possible) if the worst occurs from the events. Better understand the application of this 

principle if we transform the decision matrix to regret-matrix. The conversion is that we 

calculate the deviations to the results of actual status for every version and these results are 

written in the appropriate line of the column. (Table 5) 

 

 Table 5: Investment of the regret matrix 

 

Actual conditions, 

events 
Actions, options for action 

sign 

Capacity 

utilization 

% - ha 

A1 A2 A3 

T1 60 - 2280 -456
* 

--228 0 

T2 75 - 2850 570
* 

285 0 

T3 90 - 3400 680
* 

 340 0 

 

In the case of a 90% capacity utilization the best result is 1777 thousand HUF. Extract from 

this result the results of the two actions. So 

 

(1777-1097= 680; 1777-1437=340;1777-1777=0 ) 
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The 75% of capacity utilization results with the best 637 thousand HUF. Accordingly this, 

due to  

 

(637-67=570; 637-352=285; 637-637=0) 

 

The actual condition of 60% capacity utilization results with the best action of -544 thousand 

HUF. Thus tend 

 

(-544-(-1000) = -456;  -544-(-772)= -228; -544-(-544)=0) 

 

It follows that the zero matrix elements are the most favorable outcome, the values of the 

options, and the remaining elements of the matrix are expressed in relation to it. Values 

marked with stars indicate the greatest differences in values, so if this principle is enforced, 

then the "least regret" is selected from the lowest value marked with star, so the A1 action. 

 

Hurvitz-Criterion: This is a transition between the maximax and maximin principles. The 

typical decision-makers relate differently in different decisions, with varying degrees of 

optimism, etc. If this criteria the decision-maker's optimism are quantified using optimism 

coefficient (α-alpha), on 0-1 scale. The optimistic decision-maker‟s α coefficient is closer to 1, 

the pessimist‟s is closer to 0. By this we correct the results of each alternative. So, the best 

result is multiplied by α, however, the minimum result is multiplied by (1 - α). That strategy 

has to be chosen in which the maximum amount received. So 

 

FHk = α E+(1- α )e 

 

FHk =  Adjusted results of actions 

E =  Best result of actions 

    e =  Worst result of actions 

 

You have to choose the action with the highest corrected results compared with other 

corrected results. Accept the value of α is 0.7. The corrected results are as follows. 

 

Adjusted results of A1 action: (1097 * 0,7) + (-1000 * 0,3) = 770 + -300 = 470 

 

Adjusted results of A2 action: (1437 * 0,7) + (-772 * 0,3) = 1006 + -232 = 774 

 

Adjusted results of A3 action: (1777 * 0,7) + (-544 * 0,3) = 1244 – 163 = 1081 

 

Based on the corrected results A3 should therefore be chosen. 

 

Selection of the criteria listed above can only be done on intuitive basis. The selections of the 

criteria are highly dependent on the decision maker. It will be appreciated that other criteria 
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can be chosen by an optimist, a prudent or a conservative decision-maker. However, none of 

these cases can be called perfect, but one of them as normative rule should be adopted and 

consistently applied. 

 

 

1.3. Choosing strategic version between risky conditions  

 

The risky decisions, we have the random coefficients of the occurrence of actual states and 

their numerical values. These values  describe the random variables stochastic or random 

"behavior". The probability calculations, the following rules shall be observed: 

 

 The probability (symbol: P) is between 0 and 1.  

 The entire event system (actual state random coefficients sum) = 1. 

 The probability of occurrence of two or more mutually exclusive events is 

equal to the sum of each probability.  

 The probability of occurrence of two or more mutually exclusive events is 

equal to the multiplication of the individual probabilities. 

 

The random coefficients measure the risk. The multi-faceted risk perceptions take into 

account the objective and subjective elements. The behavior of the random variables is 

characterized by mathematical functions. The function can be continuous or discrete. 

 

For several reasons, the continuous random variable is treated as a discrete value. The 

representation of the values of the random variables are used the following 

 

 Distribution function  

 Cumulative density function  

 Frequency histogram  

 Other display modes. 

 

These modes of procedure used subjective probability estimation. The methods which are 

used in risky decision-making process are described below. 

 

 Decision-making matrix 

 Decision Tree 

 The use of utility functions. 

 

Decision matrix between risky conditions 

The decision matrix for risky decision-making processes can be used with some supplements. 

The additions are known to use random coefficients, as follows: 

 

Actual conditions, 

events 

Random 

coefficient 

T1 p1 0,70 
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T2 p2 0,20 

T3 p3 0,10 

 

 

An important rule is that the actual states must be exhaustive and mutually exclusive. 

Consequently, the sum of the random coefficients is 1. In the example, the actual conditions 

are mutually exclusive each other, so the requirement for their joint probability is satisfied, 

because 0.7 + 0.2 + 0.1 = 1 

 

Despite the continuity of the event variables, it is convenient to handle as discrete variables. 

Modes of procedure might include. 

 

Expected rate principle: we quantify the expected values, so the results are multiplied by the 

random coefficients. We select the action for which the total expected value is the maximum. 

In accordance to the explanation, the expected values can be found in Table 6  

 

T1 actual condition: 0,7 * -1000 = -700 (T1A1) 

  T2 actual condition: 0,2 * 67 = 13 (T2A1) 

  T3 actual condition: 0,1 * 1097 = -110 ( T3A1) 

 

Table 6: The decision matrix with the expected values  

 

Actual 

conditions, 

events 

Random 

coefficient 

Actions, options for action 

A1 A2 A3 

T1 0,70 -700 -540 -381 

T2 0,20 13 70 127 

T3 0,10 110 144 178 

Total 1,00 -577 -326 -76 

 

 

We do not have to prove that the decision making problems in the practical life are more 

complex, due to the diversity of conditions which have impact to the result and they occurs 

regardless of the decisions. These conditions are independent of each other, but also may 

affect each other. For example, the input price increase will affect the price of fuel. It may 

cause service fee and price rise. However, the price increase may be associated with a drastic 

reduction in planned capacity, etc. Thus the method makes it possible to take into account a 

variety of events, and the event can be corrected by the probability of a new event. In this case 

the results are corrected by the combined probability value of the coefficient. If we assume 

that the labor force and machinery operating costs - because of the rise in prices - 10%, the 

probability of occurrence is 80% than the combined random coefficient: 

 

T1 = p1 x pprice = 0,70 x 0,8 = 0,56 

 

Important to note that due to the planned increase in prices the results have to be redesigned. 
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INDEPENDENT TASK: Take as bases the example discussed so far. Assume that the total 

increase in wages and taxes 5%, the operating costs of power and machinery will rise by 10%. 

The probability of wages and taxes increase is 100.0%, and the probability of the power and 

machinery costs increase is 80%. The service charges interval does not change. Quantify the 

impact of changes in the conditions of the actual status to the results. 

 

 

1.4 Application of the decision tree 

 

Based on the foregoing, the economic decisions are complex and multiple versions to be 

analyzed and evaluated that the decision should be unfounded. A graphical display can be 

useful in many ways for the related analyzes that allows the simultaneous review of logical 

relations of the elements. The decision tree represents and makes expressive the logical 

relationships, which can also be used for decision-making (Chart 1). 

 

The elements of the decision tree and its editing: 

 A decision tree from left to right show the possibilities (actions) and events. 

 The decision nodes labeled by boxes. 

 The marking of the events and their occurrence: 

o Branches starting from the nodes mark each actions and events. They are signed 

by solid lines: 

                  They may be events fork, action fork. 

 The value of the random coefficients is written on the branches of events fork. 

 In connection with the final (terminal) fork results are shown in the chain of decision 

alternatives. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-700 

A1 

A2 

A3 

T1   p1 

T1   p1 

T1   p1 
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Chat 1: The decision tree of the solved problem 

 

INDEPENDENT TASK: Complete the decision tree based on the table of expected 

values. The decision tree analysis and decision process are many. One frequently used 

method is the certainty equivalent method. 

 

Certainty equivalent approach: the certainty equivalent (certain equivalent), means to 

replace the results of the outcome of the risky situation with a sure, a certain amount. 

Ultimately, a so-called "indifference point" definition is the task, that expresses the equivalent 

of the risky situation and the certain output for the decision maker. 

 

The method to determine the certainty equivalent can be done by the following algorithm 

(series of questions). It means that the uncertain situation contrasted with a certain amount. 

This can "be prepared" as a series of questions.  

The algorithm is presented here, is based on the work of Szekely (2000). With the series of 

questions we ask the decision maker that in particular case, he could choose the certain 

amount as follows: 

 

The prize and 

its chance 

1. certain 

amount 

2. certain 

amount  

n. certain 

amount 

z. certain 

amount 

10.000 Ft 

p=0,5 

9000 Ft 8000 Ft  5000 Ft 

0 Ft p=0,5 yes yes  no 

 

The series of questions allows arriving to that amount at which for the decision maker is 

indifferent the choice between the uncertain outcome "game" and the certain amount. This is 

the certainty equivalents at the indifference point. Its value depends on many factors (e.g. 

financial status, experience, the size of funds, etc.). Based on the above situation there can be 

decision-maker for whom the uncertain situation is equivalent to 6,000 HUF. 

 

The prize and its chance  certain amount 

10000 Ft p=0,5 6000 Ft? 

0 Ft p=0,5 mindegy 

 

In this case, it can be seen that the certainty equivalent will not be the same as the expected 

value because the expected value:  

 

(10,000 x 0.5) + (0x0, 5) = £ 5,000 

 

Use the above told for the task. Quantify the certainty equivalent of A1 action. The situation 

become complicated since we are facing to three possible occurrence probabilities and these 

probabilities are different. 

Decision 

nodes 

Action forks Events 

forks 
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Risky situation certain amount 

-1000  

Ft? 

 
67 

1097 

 

Assume that the certainty equivalent of the risky event fork is 850 forints. If the certainty 

equivalent of the other events is determined with the series of questions then we have to 

choose the maximum certainty equivalent. 

 

 

1.5. The role of the utility functions in the decision-making 

 

The utility function quantifies the relationship that exists between the amount of a variety of 

goods and the sensation of utility obtained by their consumption. (It has an important role in 

the micro-economics at the examination of consumer behavior and demand.) This knowledge 

bases also at the work of Szekely (2000). Foreseeable by the above discussed knowledge that 

the decision-makers‟ attitude (risk averse or risk-loving) can evaluate a different way of the 

decision alternatives. Consider the following example: 

                          me.: Ft 

Events Probabilities 
Actions 

A1 A2 

T1 0,5 4000 20000 

T2 0,5 0 -16000 

Expected value  2000 1000 

 

A1: (4000 * 0,5) + (0x0,5) = 2000 Ft 

          A2: (20000 * 0,5) + (-16000 * 0,5) = 2000 Ft 

 

It can be seen that the expected monetary value for both action is 2000 HUF. Based on the 

expected value it is indifferent as to which action is selected or respected. However, this is a 

very superficial approach because nothing takes into account only the results. However, it has 

been seen that the chosen alternative depends on other factors, and the decision-making 

person plays an important role. The expected utility theory (using the utility function) is one 

possible method to quantify the individual preferences of the decision maker, and validate it 

when selecting and deciding between alternatives. The expected utility theory is based on 

three axioms ("axiom: a basic thesis, which is accepted without any proof. So that means that 

an initial condition, that we take for granted in the argument.). For the name of those theses 

from which all other theses of a scientific theory can be derived directly or indirectly." 

(http://hu.wikipedia.org.) 

 

The principle of ranking 

http://hu.wikipedia.org/
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The decision-maker prefers one risky outcome variant (A1> A2) or consider them as equal 

(A1 ~ A2). If the decision maker prefers the A2 to A3 than A1 will also be preferred to A3. 

The same is true if the situation is indifference. (A1> A2> A3), (A1 ~ A2 ~ A3) 

 

The principle of continuity: 

It means that the decision-maker prefers A1 to A2 and A2 to A3, then there is a subjective 

probability p(A1), at which A2 is indifferent and A1 can be available with p(A1) probability 

and the decision variable resulting in A3 with (1-p)(A1) probability likely. In other words, if 

the decision maker must choose between a right and an action with worse result, he can 

choose the action with worse result if it has low probability of its occurrence. 

 

The principle of independence: 

In cases where A1 is preferred to A2 and there is a risky prospect of A3 too, then an 

alternative including A1 and A3 is preferred over alternatives including A2 and A3, if p(A1) 

and p(A2) are the same, so their results are the same. In this case therefore the preference for 

A1 and A2 independent from the existence of A3. (Preference: Concepts often used in social 

sciences, which are highlighted part of economics, micro economics and marketing, which 

means imaginary or real choice between options is. So a person or group prefers one 

alternative over another than it is favored, preferred for choosing.) 

 

Bernoulli's principle: the aforementioned axioms can be deduced if the decision-maker 

preferences are consistent with these principles. So the utility function (U) of the decision-

maker can be determined and on this basis a fair value (utility value) is available for any risky 

action. 

 

It has the following features: 

1. If we prefer A1 to A2, than its utility is greater. Vice versa, if the utility index of A1 is 

greater than the utility index of A2, A1 is preferred to A2. In mathematical expression: 

 

U (A1)> U (A2) 

 

2. If the action "A" has more risky outcome, or may have, than its utility is equal to the 

expected utility value of the outputs. 

 

U (A) = E [U (A)] 

 

3. The function characteristics do not change by the positive effect of a linear 

transformation. So the utility has no absolute scale, it is measured on relative scale. 

The comparison of the various utility indexes does not make sense, since they are 

defined on the decision-makers‟ own assessment. 

 

The definition of utility ("quantification") 

The determination of the utility index (utility function) is done with indirect methods usually 

by interviews. (In practice, it is possible to determine one-dimensionalized utility. The one-
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dimensionalized means that the decision maker formulates one objective function. Thus the 

utility function has one independent variable.) 

The most common method is the method of equally probable certainty equivalent (ELCE). 

 

Editing the utility function: 

 

Profit (result) Chance 

Certain 

equivalent 

(certain sum) 

0 Ft 0,5 % 50000Ft 

1000000Ft 0,5 %  

 

1. In order to quantify the certainty equivalent before some questions are asked, we need 

to specify the range of funds that come to mind regarding the decision-making powers. 

We accept that this range is 0-1,000,000 Ft 

 

2. The second step is to assign utility values to the extreme values of the range. 

Accordingly 

 

1000000 EUR to (a) 100 

Learn to 0 (0) 0 

Notation: U (a) = £ 100, U (0) = £ 0 

3. Then we draw a coordinate system. The X-axis is the range of interpretation, the Y-

axis values in the utility. (Diagram 2) 

 

to 1,000,000 Ft (a) 100 

    to 0 Ft            (0)  0 

             Sign:  U(a)Ft = 100;  U(0)Ft = 0 
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Diagram 2: A graphical representation of utility equivalence 

 

Based on this example the decision-maker‟s maximum utility value is 100 and this belongs to 

the 2,000 thousand. Marking: 

 

U (2000 thousand) = 100, U (0) = 0 

 

4. Then we determine the utility values between the two extremes. In each step, we 

quantify the utility values based on the well-known utility values using the following 

assumptions: 

U (zFt) = 0.5 x U (xFt) + 0.5 x U (yFt) 

 

The first questions to be asked marked by questions K1:  

K1 [0 HUF, the HUF] ~ b, which is 0 HUF, 2,000 thousand HUF] b ~ HUF 

 

We accept that b = 1,300 thousand HUF. In this case, the utility of 1,300 thousand HUF can 

be calculated by the following formula. 

 

    U(b)Ft = 0,5 U(0Ft)+0,5xU(2,000 thousand HUF), 

    U(b)Ft = 0,5x0+0,5x100 

    U(b)Ft) =50 

This algorithm allows defining more utilitarian values. Their definition is always based on the 

well-known two adjacent utility values. (See Diagram 3 and Table 7 and for loss Diagram 4) 

 

Easy to see from the diagram that the decision-maker‟s risk-taking appetite by the utility 

function is well characterized. The ramp, the risk making is considered risk preference 

because large amounts are for increasing utility values . 

 

Certain equivalent 

egyenérték 
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This function allows them with its help to determine the utility of the results instead of 

express the results in monetary terms. This utilitarian values - which well-expressed the 

preferences of the decision maker - are replaced in the proposed results of the decision matrix 

and quantify the expected utility instead of the expected value. Quantifying the utility values 

can be done 

 

- by graphical method (see Diagram 2) and 

- function calculation. 

 

For the calculation of the function, knowing the utility values, we determine the utility 

function by regression analysis. Then, the utility values can be calculated using the function. 

(The function is substituted with the results.) 

 

The calculation process: the utility function is substituted by the intended result. Performing 

the calculations, the utility of the planned result, the utility value is given. The utility value is 

corrected by the random coefficient and we obtain the expected utility. Assume the data in 

decision-making matrix: 

 

Actual 

conditions, 

events 

p Actions,  

A1 A2 A3 

T1 0,7 -1000 -772 -544 

T2 0,2 67 352 634 

T3 0,1 1097 1437 1777 

Összesen 1,0    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7: The development of utility values 

 (What certain amount would the decision-maker, who prefer risk, replace in the following 

amount which is being obtained by 50-50% chance?) 

 

 Interval Biz. equivalent (thousand U (Utility) 
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Question  (thousand Ft) Ft) 

lower upper 
„Z” 

thousand Ft 
sign 

Risk 

preference 

Risk-

neutral 

K1 0 0 0 „a” 0 0 

K2 0 2000 1300 „b” 50,0 100 

K3 0 1300 1000 „C” 35,5 65 

K4  1300 2000 1800 „d” 82,5 100 

K5  0 1000 600 „e” 25,0 50 

K6 1000 1300 1160 „f” 57,5 65 

K7 1300 1800 1600 „g” 77,5 90 

K8 1800 2000 1900 „h” 95 100 

 
Diagram 3: The risk-taking decision maker’s utility function (Table 7)  

 

 

 thousand Ft 
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 Diagram 4: The risk-taking decision maker’s utility function in the situation of losses  

Knowing the utility functions the values in decision matrix can be calculated. The decision-

maker’s utility function (Diagram 4): 

 

U(x) = 1E-05x
2 

+ 0,017x +8,182   R
2 

= 0,9954 

 

Make the calculations: 

U(634)= 8,182 +0,017 * 634 + 0,00001* 634
2  

U(634) = 22,96 

The expected utility: 

VU= 22,96*0,2 = 4,59 

So that 

 

Actual 

condi-

tions 

 

p 

110 Actions, options for action (million Ft)  

A1 A2 A3 

E U VU E U VU E U VU 

E1
* 

0,7 -1000 -35,18 -24,62 -772 -27,26 -19,08 -544 -20,43 -14,30 

E2 0,2 67 9,35 1,87 352 15,39 3,07 634 22,96 4,59 

E3 0,1 1097 38,86 3,89 1437 53,2 5,32 1777 69,97 6,99 

Total 1,0   -18,86   -10,69   -2,72 

 The applied function U(x)= -1E-05x
2 

+ 0,017x -8,182    

 

By applying the procedure: it allows taking into account the decision maker‟s preferences, 

calculating the outcome by taking into account the individual preferences can be consistent, 

the decision-maker is "in the absence" the decisions may be characteristic choices. 

1.6. Application of the method KIPA 
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As in the previous chapters KIPA method is presented essentially through an example to show 

the possible reasons for its applying. 

 

TASK (Reset) 

We accept the following. A group of investors - based on the assessed market situation – is 

trying to found a forage mixing plant. An important issue is for them the selection of the plant 

site. At the same time they wish to take into account several factors: potential buyers scope, 

accessibility (road network condition, distances), the size of local taxes, the presence of 

skilled labor. To judge the importance of each criterion they ask four experts to assist them. 

They use the KIPA decision support method. This method contributes significantly to the 

professional merits of the decision and facilitates the decision-making. The final decision will 

be taken in accordance with a predetermined evaluation mechanism, thus avoiding excessive 

subjectivity influencing decision-making. 

 

The KIPA model implemented on the basis of each pairwise comparison of the evaluation 

factors. Taking into account those properties in which one alternative is better than the other 

(preference) or investigate the worst properties of the preferable alternative as well 

(disqualifying). As a result, the decision is not only taking into account the improved 

properties but the worst properties were also tested, so if needed we can change our decision 

is based on the latter. The KIPA method has the distinction among the factors to be 

considered in the decision, weighting them. The decision alternatives are evaluated at first in 

essay, and then by scale transformation numerically. The decision will be based on the level 

of decision-maker‟s needs. 

 

In the KIPA method, our decision is supported by the value of two indicators. Calculate the 

preference and the disqualification. In a pairwise comparison of decision alternatives each 

pair is determined by a value of both indicators. Each pair pointer determined by both a value 

in the pairwise comparison of decision alternatives. Consider the following simplified 

example to the understanding of the essence of two indicators: Assume that the selection of 

the site we only examine the amount of local taxes and accessibility. The amount of local 

taxes is more important decision-making factors such as accessibility. Possible alternative 

location for the site is a centrally located small city or small town. The small town has no 

local taxes, but the accessibility is very poor. The preference index shows favorable result for 

the local tax, since the small town is better in the very important decision factors. However 

the disqualification points out that while taking into account the importance of the deciding 

factors we can decide to the small town, there is a less important but still deciding factor (the 

accessibility) that it can be considered to refuse this alternative. 

 

Let us return to the site selection problem of the investor group. The KIPA process of 

decision-support methods, has the following steps: 

 

1. The evaluation criteria. 

2. Weighting of the evaluation criteria. 

3. Written evaluation (text-rating). 

4. Text-Rating Scale Transformation. 

5. Calculating preference and disqualification levels. 

6. Determine the demand of own level. 

7. Preparation of KIPA matrix and making the decision. 

1. Creating the evaluation criteria: formulating questions for which answers need to look in 

the evaluation process. (The individual evaluation criterion is signed by Ei, where the "i" 
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means the i-th evaluation criterion.) Bases in the selected examples, the evaluation criteria are 

as follows: 

E1: The scope of potential buyers 

E2: Accessibility 

E3: Local Taxes size 

E4: The presence of skilled labor 

 

2. Weighting of the evaluation criteria: determination of the importance of the factors set out 

in the first point by using weights. To perform these task experts can call for help. Each expert 

will decide that which evaluation criteria are the most important. They give their responses in 

preference-table, where they examine that the terms of the first vertical column can be more 

important aspect than the term of the header. Where it is more important, they write 1 there. 

The relative importance of the aspects to themselves is not interpreted, so in the matrix E1- 

E1, E2 - E2, etc. cells "X" is written. The summary of each expert‟s preference-tables is the 

aggregate preference-table from which the weight of the tested questions has been 

determined. 

 

Four experts were invited. The preferences of the experts are shown in Table 8. Let us examine 

the first expert‟s preference-table: it is clear that it does not satisfy the principle of transitivity, 

as if E1 is more important than E2, E2 is more important than E3, than E3 can not be more 

important than E1. To avoid such cases, we use the consistency index (K), which examines the 

“logical strength”, “reliability” of the experts' opinions. "K" value is added as a percentage. 

Usually we stipulate in advance what will be accepted values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8: The appointed experts’ preference tables  
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1. EXPERT 2. EXPERT 
 E1 E2 E3 E4  E1 E2 E3 E4 

E1 X 1  1 E1 X 1 1 1 

E2  X 1 1 E2  X 1 1 

E3 1  X 1 E3   X 1 

E4    X E4    X 

E1 is more important than E2 and E4 

E2 is more important than E3 and E4 

E3 is more important than E1 and E4 

E1 is more important than E2, E3 and E4 

E2 is more important than E3 and E4 

E3 is more important than E4 

 

3. EXPERT 4. EXPERT 
 E1 E2 E3 E4  E1 E2 E3 E4 

E1 X 1 1 1 E1 X 1 1  

E2  X 1 1 E2  X  1 1 

E3   X 1 E3 1  X   

E4    X E4  1  X  

Opinion matches 

of the second expert  

 

E1 is more important than E2 and E3, 
E2 is more important than E3 and E4, 

E3 is more important than E1, 
E4 is more important than E2) 

 

 

The consistency index is calculated using the following formula occurs: 

 

 

 

where   K = the consistency index 

d = the number of inconsistent circle triplets  

 

 

 

 

(d value can not be negative!) 

n = the number of evaluation criteria 

a = shows you how many evaluation criteria were selected 

          by the experts in the relevant valuation point of view (the 

          sum of the numbers in the preference matrix rows) 

Based on the foregoing, the expert opinion is taken into account only if K > 60%. 

(Since the four evaluation aspects are at this issue (E1, E2, E3, E4) → n = 4. 
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Expert 1 Experts 2 and 3 

  E1 E2 E3 E4 ai ai
2 

 E1 E2 E3 E4 ai ai
2
 

  E1 x 1  1 2 4 E1 x 1 1 1 3 9 

E2  x 1 1 2 4 E2  x 1 1 2 4 

E3 1  x 1 2 4 E3   x 1 1 1 

           

  

 

 

 

 

 

        K1 = 60 % → accepted.    K2 = 100 % → accepted. 

 

Expert 4 

  E1 E2 E3 E4 ai ai
2 

E1 x 1 1  2 4 

E2  x 1 1 2 4 

E3 1  x  1 1 

E4  1  x 1 1 

                                                 ∑a
2 

= 10 
    

            

         

 

 

 

 

 

                                               K4 = 20 % → do not accepted.     

 

Because of the Expert 3‟s opinion is the same as the second expert, it is obvious that their 

preference-tables are to be the same, therefore the consistency indicators are to be the same. 

 

We accept only experts 1, 2 and 3 opinions as in their cases the K > 60%. 

 

Note that if in the preference-table above or below the diagonals with "X" marked only 1 is 

provided, the reviews are consistent, so the consistency index value is 100%. 

 

Then we prepare the aggregate preference-table summarizing the opinion of experts, who are 

considered in the assessment. 

 

 

 

 

 

 

The aggregate preference-table: 

Experts 1, 2 and 3  

1 
2

12
  - 

12

)14*2)(14(4

1



d

 0  
2

14
  - 

12

)14*2)(14(4

2



d

 0,6  
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1*24
1
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K

1   
33

0*24
1

32



K

2 
2

10
  - 

12

)14*2)(14(4
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0,2  
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Make up the aggregate preference table with columns which are necessary to determine the 

weights. (The examination of the assessors‟ and experts‟ agreement will be omitted, since the 

χ2-test beyond the material discussed in this note.) In the following we live with the 

assumption that the opinion makers‟ agreement is not accidental, but a consequence of their 

agreement. 

 

 

 

 

 

 

 

The value of "a" have already been described above, the numbers in the rows is obtained as 

the sum of them 

 

                                  

                                 

 

     pa = preference ratio 

     k = the number of the considered experts  

 

The example is based on the fact that k = 3, as three out of the 4 experts‟ opinion that we 

consider. 

                          

In case of E1:     In case of E2:    
 

 

 

  

 

 

In case of E3:     In case of E4: 

 

 

 

 

 

 

 

 

 

 

From the preference 

  E1 E2 E3 E4 

E1 x 3 2 3 

E2  x 3 3 

E3 1  x 2 

E4    x 

  E1 E2 E3 E4 ai  pa u z T 

E1 x 3 2 3 8 0,792    

E2  x 3 3 6 0,625    

E3 1  x 2 3 0,375    

E4    x 0 0,125    

  E1 E2 E3 E4 ai  pa u z T 

E1 x 3 2 3 8 0,792 0,81   

E2  x 3 3 6 0,625 0,32   

E3 1  x 2 3 0,375 -0,32   

E4    x 0 0,125 -1,15   

  
2

kn

k
a

p

i

a





0,792   
4*3

2

3
8






a

p
0,625  

4*3

2

3
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a

p

 0,375  
4*3

2

3
3






a

p 0,125   
4*3

2

3
0
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ratio can be deduced for the "u" values: 

 

u = „Pa”  value assigned to standard random variable 

(Appendix 1 contains the annex with the table of the standard normal distribution function of 

the random variable values.)  

 

In case of E1:  pa = 0,792 → u = 0,81 

 

 
 

First of all from the values in the table we choose the closest match to 0,792 and then from the 

vertical axis we assigned the "z" value to it (corresponding to the integers and decimal), and 

we supplement it with the value on the horizontal axis (corresponding to century). 

 

In case of E2:  pa = 0,625 → u = 0,32 

 
 

In case of E3:  pa = 0,375 → u = - 0,32 

As in the table of the standard normal random variable distribution function the minimum 

value is 0.5, so value of 0,375 is not included. By using the Φ (-z) = 1 - Φ (z) statistical 

correlation: 1-0.375 = 0.625 → 0.32 → -0.32 value is obtained. 

 

 
 

 

In case of E4:  pa = 0,125 → u = - 1,15 

Similarly, using the Φ (-z) = 1 - Φ (z) statistical correlation: 1-0.125 = 0.875 → 1.15 → -1.15 

value is obtained. 
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Subsequently we transform "u" values to % to provide "z" option. 

 

 

 

 

 

 

 

 

 
 

z = "u" value transformation to the scale of 0-100 (in %) as follows: 

 

 

 

  

 

 

 where:  umin = the minimal „u” value 

   umax = the maximum „u” value 

   ui = the “u”' value (in the "i" line) to „Ei” 

      di = distance between „umin” and „ui”  

      dmax = distance between „umin” és „umax”  

 

In our example: 

 

 

 

 

 

 

Obviously, the minimum "u" value corresponds to 0% (E4), the maximum "u" value to 100% 

(E1). The calculation of the values between them is as follows: 

 

 

 

  E1 E2 E3 E4 ai  pa u z T 

E1 x 3 2 3 8 0,792 0,81 100  

E2  x 3 3 6 0,625 0,32 75  

E3 1  x 2 3 0,375 -0,32 42  

E4    x 0 0,125 -1,15 0  

  

max
d

d
z

i

i


umin 
umax ui 

dmax 

di 

dmax = 1,15+0,81 = 1,96 

dE2= 1,47 
umin = -1,15 → 0% umax = 0,81 → 100 %  uE2= 0,32 

% 75 0,75   
96,1

47,1

2


E
z
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Finally, we come to determine the actual weights. You need to decide how many pointed 

scale is used. We accept that a 5-pointed scale is used. 

 

 

 

 

 

 

 

 

T = "z" is the value transformation to the weighting scale. Using scaling from 1 to 5 (zmax, 100 

is divided into Tmax-1 parts, so that the zmin → Tmin and zmax → Tmax compliance is 

maintained). Accordingly, due 

 

T zT 

1 0 

2 25 

3 50 

4 75 

5 100 

 

z1=100 → 5, z2=75 → 4, z4=0→1 assignment does not cause any problem. Examine the case 

z3 = 42! Then zi is the value on "T" scale between 2 and 3, so 2 and a fraction will be the scale 

value. The fractional part calculation may be obtained by a simple ratio as follows: 

 

(zi – zT)/zL, so (42-25)/25 = 0.7 therefore „T” = 2.7  

This is rounded to 3, which is the actual weighting. 

 

Content nominations in this context: 

zi  = the tested "z" value 

zT  = the "z" value in the above table which is the closest to „zi” from 

the bottom  

zL  = the scale of the table 

 

The weights which are taken into account of the decision as aspects, are as follows: 

E1: Potential buyers range (weighting is 5) 

E2: Accessibility (weighting is 4) 

E3: Local Taxes size (weighting is 3) 

E4: The presence of skilled labor (weighting is 1) 

 

  E1 E2 E3 E4 ai  pa u z T 

E1 x 3 2 3 8 0,792 0,81 100 5 

E2  x 3 3 6 0,625 0,32 75 4 

E3 1  x 2 3 0,375 -0,32 42 3 

E4    x 0 0,125 -1,15 0 1 

% 42 0,42   
96,1

83,0

3


E
z

dE2= 0,83 
umin = -1,15 → 0% umax = 0,81 → 100 %  uE3= -0,32 

dmax = 1,15+0,81 = 1,96 
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3. Text-rating: rating of each alternative based on some point of view. This step also can 

prevent the weighting of the evaluation criterion. 

 

In this example: 

We have to choose the placement of the mixing plant from four settlements. "Border Town", 

"Small Town", "Tót Village" and " Green Village ". 

  

Symbols used: 

  Very good (VG), Good (G), medium (M), Fair (F), Bad (B) 

 
  E1 E2 E3 E4 

„Border Town”  VG G G M 

„Small Town”  G F G G 

„Tót Village”  G VG F M 

„Green Village”  G VG B F 

 

4. Text-Rating Scale transformations: quantify the text classifications, so assign numbers to 

the appropriate text content. The investor group prepared Table 9. 

 

 Table 9: The evaluation criteria scale transformation  

 

 

 

 

 

 

 

 

 

 

 

where 

S1: Key evaluation factors: 4 < weighting < 5 

S2: Medium evaluation factors: 2.5 < weighting < 4 

S3: Low valuation factors: weighting < 2.5 

 

The intervals of S1, S2, S3 are determined by the decision-maker who is applying KIPA. In 

our example we consider the above table and intervals. We convert the ratings from the text 

rating into numbers in the scale-transformation, based on each evaluation criteria (questions) 

weight. 

 

In this example: 

Examine "Border Town" based on various evaluation factors. In "Border Town" the circle 

of the potential buyers (E1 assessment factor) received a "very good" rating. Since E1 weight 

is 5, it is a special assessment factor, which is S1, so the number resulting in the range of the 

transformation will be 20 (Table 9). The accessibility (E2 assessment factor) was given 

"good" rating. Since "E2" weight is 4, thus it is a stressed evaluation factor, namely S1, so 15 

were obtained in the range of transformation. The amount of local taxes (E3 assessment 

factor) is also given a "good" rating. "E3" weight number is 3, so it is considered medium 

Sing Denomination  S1  S2  S3  

Vg  Very good  20 18 16 

G  good  15 14 13 

M  medium  10 10 10 

A  appropriate  5 6 7 

B  bad  0 2 4 
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assessment factor (S2). Accordingly on the scale transformation, 14 were obtained. The 

presence of skilled labor force (E4) received "medium" rating. Weighting 1, which 

corresponds to a low valuation factor so with the scale transformation to the values is 10. 

 

The scale values for the transformation in relation to the other settlements are included in 

Table 10. 

 

Table 10: Evolution of the settlements scale transformation values 

 

 

 

 

5. Calculate preference and disqualification levels: for each pairwise comparison of the 

alternatives we calculate the values of the above indicators for each component. 

 

Preference 

During the preference index calculation two alternatives are considered and selecting their all 

studied properties in respect of which the preferred version ("i") is at least as good as its pair 

("j"). 

 

Symbol: Ci-j 

Where: "i" and "j" are two compared alternatives. 

 

Calculated as follows:  

  

 

 

where: ΣT is the total sum of the weight of the examined matter, 

 

The amount ΣTi > j is the sum of weights, where "i" is at least as good as the "j" 

variant. The result, the preference coefficient is interpreted in percentage form, the 

larger the value, the better the result. 

 

In this example: 

 

Weights → 5 4 3 1 

  E1 E2 E3 E4 

„Border Town”  NJ J J K 

„Small Town” J K J J 

„Tót Village” J NJ M K 

„Green Village” J NJ R M 

 E1 E2 E3 E4 

„Border Town”  20 15 14 10 

„Small Town”  15 10 14 13 

„Tót Village” 15 20 6 10 

„Green Village” 15 20 2 7 
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The total number of weighted evaluation factors: ∑T = 5+4+3+1 = 13  

 

Consider first the all preference indexes of "Border Town" which are compared to all the 

other settlements. The CH-K: examines that "Border Town" when is better than or just as 

good as "Small Town". Regarding to E1 "Border Town" is "very good", "Small Town" is 

"good" and in case of E2 "Border Town" is "good", "Small Town" is only "medium". 

Regarding to E3 "Border Town" and "Little Town" is just as good. 

 

Based on the ratings and assigned weights 

 

∑(TH > TK) = 5+4+3 = 12 

 

Weights → 5 4 3 1 

  E1 E2 E3 E4 

„Border Town”  NJ J J K 

„Small Town” J K J J 

 

 

 

 

CH-T: examines that "Border Town" when is better than or just as good as "Tót Village". In 

respect of E1 ("Border Town" is "very good, "Tót Village" is graded with "good” and in 

case of E3 ("Border Town" is "good", “Tót Village" is "appropriate") is better than "Tót 

Village". By the E4 evaluation factor "Border Town" and "Tót Village" received 

"medium" rating, so E4 weighting is taken into account. Accordingly thus tend to 

 

∑(TH > TT) = 5+3+1 = 9 

 

Weights → 5 4 3 1 

  E1 E2 E3 E4 

„Border Town”  NJ J J K 

„Tót Village” J NJ M K 

 

 

 

The CH-Z examines that "Border Town" when is better than or just as good as "Green 

Village". In case of E1 "Border Town" is "very good", "Green Village" is "good", in case 

of E3 "Border Town" is "good", "Green Village" is "bad", and in case of E4 "Border 

Town" is "medium", "Green Village" gets only "adequate" rating . So we can lay down that 

"Border Town" in respect of E1, E3 and E4 better than "Green Village". Accordingly 

 

∑(TH > TZ) = 5+3+1 = 9 

 

Weights → 5 4 3 1 

  E1 E2 E3 E4 

„Border Town”  NJ J J K 

„Green Village” J NJ R M 

% 92  0,92   

13
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Similarly, we can perform the preference test for any city. The results are as follows: 

„Small Town” 

 

 

 

 

„Tót Village” 

 

 

 

 

 

„Green Village” 
 

 

 

 

 

Disqualification  

The disqualification indicator examines that a preferred "i" alternative what and how much 

worse than a not preferred ”j” option. It selects that property where the biggest difference is 

(in favor of "j") in relation to the alternatives. With its help those preferred alternatives can be 

also filtered out, with which the decision can not be eligible because of a "hidden" poor 

quality. 

Symbol: dij 

 

where "i" and "j" is the compared two alternatives. 

Calculated as follows:  

  

 

where 

 

  
)(

max

max

h

hh
d

ij

ji






% 31  0,31   


13

4
C

HK

% 38  0,38   


13

5
C

HT

% 69  0,69   

13

9


 ZH
C

% 31  0,31   


13

4
C

HZ

% 69  0,69   


13

9
C

TK

% 69  0,69   


13

9
C

KT

% 69  0,69   


13

9
C

ZK

% 69  0,69   


13

9
C

KZ

% 100  1   


13

13
C

ZT

% 69  0,69   


13

9
C

TZ
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  hmax is the maximum weight number of factors in the scale in assessment,  

  (hj - hi)max the maximum pairwise difference in scale. 

  

The results, the interpreted form of disqualification coefficients is in percentage. The lower 

the value, the better the outcome, because the less poor the preferred "i" alternative to the 

non-preferred 'j' option. 

 

In this example: 

 

 

 

 

 

 

 

 

The table maximum scale value: hmax = 20. Consider first "Border Town" compared 

disqualification index to all the other settlements! 

 

The dH-K explores that "Border Town" how much worse than "Small Town". Just in case 

of E4 (presence of skilled labor force) is worse than "Small Town”. Then "Border Town" 

received 10 and "Small Town" received 13 on the scale. 

 

It follows that 

hK-hH = 13-10 = 3 

 

 

 

 

The dH-T shows that "Border Town" how much worse than "Tót Village". Only in case of 

E2 (accessibility) it is worse so "Border Town" 15 and "Tót Village" 20 scale value were 

given. Thus tend to 

hT-hH = 20-15 = 5 

 

 

 

The dH-Z test provides an answer that "Border Town" how much worse than "Green 

Village". "Border Town" only in respect of E2 (accessibility) is worse than "Green 

Village" so the values on the scale is - respectively - 15 and 20.  Accordingly of it  

 

hZ-hH = 20-15 = 5 

 

 

 

 

After this we quantify the "Small Town" disqualification indicators. The dK-H value will 

show that "Small Town" in what aspects is worse than "Border Town". This case meet to E1 

(circle of potential buyers) and E2 (accessibility) evaluation criteria. E1 is in the case of 

"Small Town" 15, and "Border Town" 20; E2 in the case of "Small Town" 10, "Border 

Town" received 15 on the scale. Because 

 E1 E2 E3 E4 

„Border Town”  20 15 14 10 

„Small Town” 15 10 14 13 

„Tót Village” 15 20 6 10 

„Green Village” 15 20 2 7 

% 15  0,15   


20

3
d

KH

% 25  0,25   


20

5
d

TH

% 25  0,25   


20

5
d

ZH
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20-15 = 5 és 15-10 = 5, which values are equal, so the maximum: (hH-hK)max = 5 

 

 

 

Using the same algorithm the disqualification values for each city-pairs will be as follows: 

 

 

 

 

 

„Tót Village”:  

 

 

 

 

 

 

 

„Green Village”: 

 

 

 

 

 

6.  Defining the own demand level: it means to define the proper preference and 

disqualification levels for the decision maker is. 

 

In this example: the preference ratio is at least 80% (Cij > 60 %)  

    the disqualification ratio is exceeding 30% (dij < 30 %)  

 

Note: If no alternative can meet to any, we can either mitigate our terms or reject all 

alternatives. 

If more alternatives are appropriate to the level of our demand but we can only choose 

one, than we tighten the criteria (preference and/or disqualification indicators) and we 

make the decision under more stringent demands. 

 

7.  Preparation of KIPA matrix and the decision: plotting pairwise comparison matrixes with 

appropriate preference and disqualification levels. Then the decision is made on the basis of 

pre-determined level of demand. 

 

 Alternatíva1 Alternatíva2 … 

Alternatíva1 x C1-2 

d1-2 

 

Alternatíva2 C2-1 

d2-1 

x  

…   x 

 

In this example: the expected level of demand is: Ci-j > 60 %, di-j < 30 % 

 

% 25  0,25   
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5
d
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% 40  0,4   
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20
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20

12
d

KZ
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Explanation of the matrix: 

The alternative in the row is better (at the preferences) or worse (at the 

disqualifications) as the alternative in the column. 

 

 „Border Town”  „Small Town” „Tót Village” 

Kaposvár 
„Green Village” 

Sümeg 

„Border Town”  
x 

CH-K 

dH-K 

CH-T 

dH-T 

CH-Z 

dH-Z 

„Small Town” CK-H 

dK-H 
x 

CK-T 

dK-T 

CK-Z 

dK-Z 

„Tót Village” CT-H 

dT-H 

CT-K 

dT-K 
x 

CT-Z 

dT-Z 

„Green Village” CZ-H 

dT-H 

CZ-K 

dZ-K 

CZ-T 

dZ-T 
x 

 

Enter the numbers in the corresponding cells of the matrix. Choose those values from them 

that meet our criteria! 

 

 „Border Town”  „Small Town” „Tót Village” „Green Village” 

„Border Town”  
x 

92% 

15% 

69% 

25% 

69% 

25% 

„Small Town” 31% 

25% 
x 

69% 

50% 

69% 

50% 

„Tót Village” 38% 

40% 

69% 

40% 
x 

100% 

0% 

„Green Village” 31% 

60% 

69% 

60% 

69% 

20% 
x 

 

The red circled cells correspond to the given level of demand. To make a choice between 

possible alternatives (between communities for the location of feed mixing plant), we need to 

choose that row from the values of the matrix are where each value corresponds to the raised 

levels of demand. This corresponds to the row of "Border Town". 

 

 „Border Town”  „Small Town” „Tót Village”  „Green Village”  

„Border Town”  
x 

92% 

15% 

69% 

25% 

69% 

25% 

„Small Town” 31% 

25% 
x 

69% 

50% 

69% 

50% 

„Tót Village”  38% 

40% 

69% 

40% 
x 

100% 

0% 

„Green Village”  31% 

60% 

69% 

60% 

69% 

20% 
x 

 

Based on the KIPA matrix, "Border town" would be selected for the establishment of feed 

mixing plant, as the preference index of it is 69-92% (higher than the expected level), the 

disqualification index is 15-25% (lower than the expected level). Consequently, in relation to 

the examined evaluation factors the "Border Town" was superior to the other settlements. 
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2. The methods and procedures used on tactical and operational level  

Referring to the related and obtained knowledge, we find it important to revive that the 

company's strategy, and the strategic objectives assigned to it select the movement field, 

within which framework, the decisions on various levels should be made. If this requirement 

is not met, the strategic goal can be compromised. The reason for that is that the decisions 

made at the operational level – because of interactions between elements of the system – there 

are spill over effects to the company level. Therefore, the disregard for existing interactions 

and spill-over effects of the decisions is not allowed. Our decision made at the tactical and 

operational level should always be reviewed. Impacts of our decision must be analysed based 

on the resources involved and also from a financial point of view, and quantified where 

appropriate. 

2.1. Application of the LP model 

As it is already known to the linear programming (LP) is a mathematical process which 

allows for the determination of the extreme values - minimum and maximum - within the 

limits of the existing and formulated conditions systems. The linear programming method 

(besides of its many benefits) also has disadvantages. As a drawback, it can be mentioned that 

it assumes linearity between the variables constituting the model; that it is static and 

deterministic, i.e., it „works‟ with fixed capacity vector values. It assigns the optimal solution 

to the fixed capacity vector values. There are cases, for example a feed portion composition 

when it is not a professional issue. It does in other cases, such as determination of crop 

structure or production structure. Over the course of our studies it became also known to us 

that the capacity of resources - for the most resources - can be varied, increased. These 

deficiencies were eliminated with an improved version of linear programming, the goal 

realistic linear programming method. This method of treats production resources - where it 

is technically feasible and possible - as variables, thereby creating the joint, concurrent 

optimization of the structure of production and resources. There was a time when a lot of 

practical application of the method could be read. However, the efficiency of the application - 

due to the characteristics of the method - was questionable. Its successful practical 

application, therefore is only recommended in areas where the characteristics of the area are 

in accordance with of the main feature of the method, the mentioned linearity between the 

factors. The following areas may be awarded as such: 

 

 THE PLANNING OF FEED PORTION/ FEED BASIS/ 

 OPTIMISATION OF CERTAIN TRANSPORTATION TASKS 

 THE SOLUTION OF TASKS RELATED TO THE STOCK MANAGEMENT AND 

PRODUCTION SCHEDULING. 

 

2.1.1. Compilation of food portion in a dairy farm: 

 

EXERCISE: The compilation of food portions for cows with linear programming that meets 

the needs of animals, and the cost is minimal. 

The use of the method assumes the knowledge of LP and the associated feeding. We know 

that the LP includes the following items: 
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Variables: The units of volume of goods, products, production activities, technological 

versions or other quantifiable factors are taken into account. The variables are labelled as 

follows: 

 

   X1 X2 X3    Xn 

 

Resources (capacity vectors): The variables put various requirements on individual 

resources (mathematical phrase: capacity vectors). The capacity vectors express thus the 

capacity of these resources, as well as quantified values designated for various 

professional wishes. They are marked as follows: 

 

   b1 b2 b3    bm 

 

Technical coefficients: As coefficients on the one hand they express the specific needs of 

each variable towards given resources (capacity vectors), on the other hand they are 

numerical values that express various professional requests in numerical form. The 

professional requirements may relate to every variable, a specific group of variables, 

different professional relationships, etc. They are marked with the following: 

 

   a1 a2 a3    anm 

 

Objective function coefficients: They quantify the relationship between variables and the 

aim of programming. Their notation: 

 

   C1 C2 C3    Cn 

 

Objective Function: It includes the objective of the program in the form of mathematical 

expressions. Since this is a method for optimization, it has to pick extreme values 

(maximum, or minimum). The expression of the foregoing happens mathematically as 

follows: 

 

C1X1 + C2X2 + C3X3    + CnXn = Z     
Minimum

Maximum  

 

Restrictive constraints: The constraints of the scale ensure the formulation of each 

variable, quantitative relationship between the variables and resources, the criteria for the 

expression of various professional aspects. The scaling conditions may include: 

   Equal    = 

   Equal or bigger  ≥ 

   Equal or smaller   ≤ 

   Condition of non-negativity: Because the variables denote quantities 

 their values must be bigger than ≥ 0. 

 

Matrix (starting datasheet): The summary of previously mentioned items and all the 

related terms. 
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The steps of the linear programming method can be summarized as follows: 

 

1. Define the purpose of the programming. 

2. The definition of variables. 

3. The quantification of technical coefficients 

4. Calculation of objective function coefficients. 

5. Definition of constraints. 

6. The compilation of the starting datasheet of the model (matrix). 

7. A computer model run (data recording, run). 

8. The evaluation of the optimal solution, another run if required. 

9. Final elaboration of the plan. 

 

The planning of portion / feed rate: 

A dairy cow, a live weight of 650 kg, 20 kg of daily milk production. Values for milk: 3.8% 

milk fat, 3.3% protein in milk. The portions must cover the needs of the animal. The 

requirements of the animal are as follows: 

  

Subsistence needs  

Minimum dry matter (2% of the animal weight): 13 kg/day 

MF (Metabolisable protein) 439 g 

NE (net energy lactation) 45,2 MJ 

Milk production needs  

MF (Metabolisable protein) 51 g MF/litre 

NE (net energy lactation) 3 MJ NEl /litre 

All needs  

MFE(439+20*51) 1459 g MFE 

NEl (45,2+20*3) 105,2 MJ, NEl 

 

Additional requirements on dose 

The portion of the dry matter is equal to 17-20% of the crude fibre 

content of the portion 

In the portion, the quantity of the MFN must exceed the amount of 

MFE at least by 100 g 

Ca and P needs of the animal during the composition of the portion is 

provided by supplement, if necessary (mineral premix) 

 

So, the daily fodder cost is to be minimal. In this case this means the extreme values, 

the minimum. 

 

The values of available feeds and their composition contains Table 11. The unitary values of 

the table – based on the unitary values for the dry matter - have been calculated into units of 

fodder. On the basis of the information given, the LP model/program start-up table/ should be 

drawn. Follow the steps in the application of LP and identify the contents of the mathematical 

elements of the model with the task to be solved. 

 

1. Define the objective of the program 

The objective is to configure a portion that meets the professional requirements, but is the 

cheapest possible. Therefore, the daily portion cost is minimized. In this case it is the extreme 

value, i.e. the minimum.
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Table 11. The unitary values of a kg fodder 

 

Denomination 

Dry 

matter 

MFE MFN Crude 

protein 

Crude 

fibre 

NEl Unit 

price 

g/kg MJ/kg Ft/kg 

Corn for silage 277 18,5 16,0 1,8 65,1 1,8 8 

Hay 880 90,6 88,0 4,8 237,6 4,8 17 

Brewers' grains 240 28,60 35,5 1,5 39,4 1,5 20 

Barley 873 96,6 75,3 7,0 42,8 7,0 65 

Corn 890 99,2 64,4 7,6 20,5 7,6 70 

Ext. sunflower 910 130,3 237,3 6,0 149,2 6,0 75 

 

2 The definition of variables. 

One set of variables that is - based on the interpretation of the term - the unitary 

quantities available forage varieties. Accordingly: 

 

The variables’ 

denomination sign unit 

Corn for silage X1 kg 

Hay X2 kg 

Brewers‟ grains X3 kg 

Barley X4 kg 

Corn X5 kg 

Ext. sunflower X6 kg 

 

But the insurance of professional standards further requires the use of other so-called 

technical variables. An important technical requirement towards the dose is that the 

difference between MFN and MFE content of the portion must be at least 100 grams. 

Thus, these requirements should be on the dose level. This requirement can only be 

achieved by the application of technical variables. So, one must use variables which 

gather the content of the MFE and MFN of a portion into a separate variable. The 

technical requirements for these two variables, can now be easily formulated. The 

technical application of crude fibre and dry matter content collection variables was 

based on the same reasons in the model. Based on the above, therefore, the application 

of the following technical variables will be required: 

 

Technical variables’ 

denomination sign unit 

MFE collection variable  X7 g 

MFN collection variable X8 g 

Crude fibre collection variable X9 g 

Dry matter collection variable X10 g 

 

3. The quantification of the technical coefficients 

The technical coefficients are available, they are presented in Table 1. 

 

4. Calculation of objective function coefficients. 
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The objective function coefficients are the purchase prices of feed varieties, or the own 

cost of fodder. It depends on whether the fodder can be provided by own production, 

or must be bought. With the exception of corn silage all the fodder must be bought. 

The prices of forage types are determined based on the pricing of the fodder providing 

mixing plant. 

 

5 The definition of constraints 

The constraints are equivalent to the mathematical equations and inequalities (equal =, 

equal, or bigger ≥, and less than or equal ≤). With these conditions, all professional 

requirements imposed on dose can be described. 

In contrast to the dose, to the specific fodder types the following requirements are 

formulated 

The dry matter content of a fodder must be at least 13 kg 

The portion must cover the MFE, MFN, NEl need; can be bigger 

The MFE must exceed the amount of NFE with at least 100 g  

The crude fibre content of the dry matter of the portion must be at least 17%  

 

6. The start-up program table of the model (matrix)  

It means the mathematical formulation of the task‟s connexion system. The assembled 

linear programming model is visible in Table 12. The content of the professional 

conditions in the model can be summarized as follows. 

I. CONSTRAINT: IT EXPRESSES THE DESIRE THAT THE DRY MATTER 

CONTENT OF THE PORTION MUST BE AT LEAST 13 KG. 

II. CONSTRAINT: IT ENSURES THAT THE MFE CONTENT OF THE DOSE 

MUST BE AT LEAST 1459 G. 

III. CONSTRAINT: THE COLLECTIVE, TECHNICAL VARIABLE OF THE 

PORTION’S MFE AMOUNT. THE VALUE MUST EQUAL TO THE CONTENT 

OF THE PORTION’S MFE. 

4.-5. Constraints: The same as conditions 2 and 33, but it relates the content of the 

portion‟s MFN. 

6. CONSTRAINT: IT ENSURES THE IMPORTANT PROFESSIONAL DESIRE 

THAT THE MFN CONTENT OF THE PORTION MUST BE WITH AT LEAST 

100 G BIGGER, THAN ITS MFE CONTENT. IT IS VISIBLE THAT THIS 

REQUIREMENT CAN BE ACHIEVED BY THE HELP OF COLLECTIVE 

VARIABLES. 

7. CONSTRAINT: IT PRESCRIBES THEE MINIMUM NEL NEED OF THE 

PORTION. IT ENSURES THAT THE PORTION’S NEL CONTENT SHOULD BE 

AT LEAST 105.2 MJ, BUT CAN BE MORE THAN THAT. SINCE THE 

EXTREME VALUE OF THE OBJECTIVE FUNCTION IS MINIMUM, NO 

UPPER BOUND FOR EACH OF THESE REQUIREMENTS IS REQUIRED. 

BECAUSE THE USE OF MORE FODDER, THAN THE AMOUNT THAT IS 

SUFFICIENT FOR THE LOWER LIMIT, WOULD INCREASE THE CONTENT 

OF THE OBJECTIVE FUNCTION. 

8-19. Constraint: These include wishes for each fodder type. It is understood that since for 

each fodder the lower limit is presented, all fodder need to be added to the portion 

with at least the low amount. 
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20-21. Constraint: Collective variables in terms of dry matter and crude fibre. The reason 

for their professional use was already mentioned by the previous collection of 

variables. 

22. Requirements: It meets the minimum dose requirement for crude fibre content. 

7. A computer model run (data recording, run). 

 

The model was loaded by the NOSCA Linear Programing Package.  

 

8. The evaluation of the optimal solution, another run if required 

The above-mentioned program, if there is an optimal solution, provides us with the following 

information (Table 13.): 

 

 The value of the variables added to the optimal solution, 

 The value of the objective function, 

 The information on variables not part of optimal solution,  

 The diversity from the value of capacity vectors, 

 “Shadow prices”, i.e. the dual solution. 

 

The composition of the optimal portion is obtained by the variable values. Thus the cost of 

portion is HUF 679.5. The interval values for each forage type may provide useful 

information regarding the price interval of variables within the portion, to what amount they 

can change without having to change the composition of the portion. 

 

Information on the left- out variables are missing for all variables were included in the 

optimal solution. If there were a variable that is not in the optimal solution, we would obtain 

as a result of the optimal solution, at what value would the program include the variable. 

 

A very important part of the information received from the conditions fulfilled at extreme 

value is the shadow price. (Binding Constraints) Shadow Price is listed only for those 

conditions in which the difference from the capacity limit is zero. The shadow prices give 

answers on how the objective function value would change compared to the optimal 

solution, if the value of the specific variable or capacity vector changed, increased or 

decreased by a unit. 

For the interpretation of the specific shadow price one should be aware of the contents of the 

Constraints, at which the shadow price is listed. Let us interpret what was said through an 

example. According to the 9
th

 Constraint, the maximum amount of corn silage could be 22 kg 

in the portion. In the optimal solution we have 22 kg, so the difference, between the upper 

limit value and the one in the optimal solution set, is zero. We also acquired a shadow price, 

with the value of 8.714 HUF/kg. So if the amount of corn silage could be increased with one 

unit, i.e. 1 kg, the objective function value would be 8.714 HUF less. This effect is true in the 

intervals from 21.611 to 23.556 kg. Thus, knowledge of the shadow prices for the decision-

makers has high importance. It draws the attention to the significant bottleneck resources that 

expansion may be justified. 

Information concerning Constraints fulfilled on non-extreme values, (Slack Constraints) 

show the differences between the results of the solution and the capacity vector values. 

 

9 Final elaboration of the plan 
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If the solution is satisfies to the decision makers, then it is followed by its use in the planning 

work. In this case, it would mean the cow herd fodder demand planning. 
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Table 12. Linear programming model of the fodder data 

 

 

Nr. Denomination Unit 
Cap. 

vekt. 

Prere-

quisite 

Variables 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 

 Objective function Ft MIN = 8 17 20 65 70 75 0 0 0 0 

1. Dry matter min kg 13 ≤ 0,28 0,88 0,24 0,87 0,89 0,91     

2. MFE min g 1459 ≤       1    

3. MFE collective g 0,0 ≥ 18,5 90,6 28,6 96,6 99,2 130,3 -1    

4. MFN min g 1459 ≤        1   

5. MFN collective g 0,0 ≥ 16,0 88,0 35,5 75,3 64,4 237,3  -1   

6. Protein balance g 100 ≤       -1 1   

7. NEl min MJ 105,2 ≤ 1,8 4,8 1,5 7,0 7,6 6,0     

8. Corn silage min kg 18 ≥ 1          

9. Corn silage max kg 22 ≥ 1          

10. Hay min kg 4,0 ≥  1         

11. Hay max kg 5,0 ≥  1         

12. Brewers‟ gr. min kg 4,0 ≥   1        

13. Brewers‟ gr. max kg 5,0 ≥   1        

14. Barley min kg 1,0 ≥    1       

15. Barley max kg 1,5 ≥    1       

16. Corn min kg 2,0 ≥     1      

17. Corn max kg 3,0 ≥     1      

18. Extr. Sunfl. min kg 0,5 ≥      1     

19. Extr. Sunfl. max kg 1,0 ≥      1     

20. Dry matter coll. kg 0,0 ≥ 0,28 0,88 0,24 0,87 0,89 0,91    -1 

21. Crude fibre coll. kg 0,0 ≥ 0,06 0,24 0,04 0,04 0,02 0,15   -1  

22. Crude fibre kg 0,0 ≥         1 -0,17 
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Table 13. Solution of the linear programming model 

 
Variables in the optimal solution Range over which the optimal plan does not 

change 

  Value Lower Current Upper 

X 1 Corn for silage 22,0 kg minus infinite 8,0 16,614 

X 2  Hay 5,0 kg minus infinite 17,0 44,571 

X 3 Brewers‟ grains 5,0 kg 13,929 20,0 plus infinite 

X 4 Barley 1,5 kg 64,474 65,0 87,500 

X5 Corn 2,36 kg minus infinite 70,0 70,571 

X6 Ext. sunflower 0,5 kg 55,714 75,0 plus infinite 

MFE 1472,389 g -0,101 0,0 1,132 

MFN 1572,189 g -0,101 0,0 1,132 

Crude fibre 2,978 kg -22,247 0,0 132,228 

Dry matter 17,519 kg -3,782 0,0 22,479 

 

The value of objective function (HUF/portion): 679,5 

 

Left-out variables The lower value of objective 

function to get into the solution  

The actual objective function 

value 

 

Binding constraints Constraint range over which shadow price is constant 

  Shadow price Lower Current Upper 

3. MFE (coll. variables) 0,0/g minus infinite 0,0 13,389 

6. Protein balance 0,0/g -13,389 100,0 plus infinite 

7. NEI min -9,2/MJ 104,203 102,6 103,9105,900 

9. Corn silage max. 8,6/kg 21,611 22,0 23,556 

11. Hay max. 39,2/kg 4,854 5,0 5,583 

13. Brewers‟ grains max 11,8/kg 3,533 5,0 5,000 

15. Barley max 19,5/kg 2,908 1,0 3,368 

18. Extr. sunflower -64,7 /kg 0.383 0,5 0,967 

21 Crude fibre coll. 0,0/kg minus infinite 0,0 0,281 

22 Crude fibre 0,0/kg minus infinite 0,0 0,281 

 

Slack constraints Surplus Available 

1. Dry matter min 2,801 13,0 

2. MFE min 13,389 1459 

4. MFN min 113,389 1459 

5. MFN coll. 221,120 0,0 

8. Corn silage  min 4,000 0,0 

10. Hay min 1,000 18,0 

13. Brewers‟ grains max 1,000 4,0 

14. Barley min 1,000 4,0 

15.  Barley max 0,400 1,0 

16. Corn min 0,100 2,0 

19. Extr. sunflower max 1,000 3,0 

20. Dry matter coll. 1,656 1,0 
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2.1.2. Optimization of a fodder mixing plant‟s ware transportation 

Another important area of application of the LP method is the optimization of transportation 

tasks. The solution of the tasks in this area come from answers to the questions From where? 

Where to? What mass? To these questions, the method provides an optimal solution, a 

distribution, route, under which the transportation cost is minimal, satisfying the formulated 

requirements. To solve the transportation tasks - in this case - use Microsoft Office Excel 

Solver. 

EXERCISE:  

A fodder mixing plant has started production. It operates constantly. The manufactured 

products are delivered in three warehouses. The individual warehouses and their storage 

capacities are as follows:  

Denomination Capacity 

(t) 

R1 400 

R2 240 

R3 500 

Total 1140 

 

Customers‟ demands (tonnes) and the distance of the individual settlements from the 

warehouses (km) are listed in Table 14. 

 

Table 14. The demand of the customers and the transportation distances 

 

Denomination Settlements 

T1 T2 T3 T4 T5 

Distance km 

R1 179 85 125 75 188 

R2 228 100 167 97 203 

R3 237 74 224 125 212 

Demand 
tonnes 

210 120 400 80 220 
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Table 15. Data concerning the tasks (Excel worksheet) 

 A B C D E F G H 

1   The amount of products to be transferred to the customer’s location [t] 

2 Location Total       

3 R1 5 1 1 1 1 1  

4 R2 5 1 1 1 1 1  

5 R3 5 1 1 1 1 1  

6   - - - - -  

7 Total  3 3 3 3 3  

8         

9 Wholesale demand 210 120 400 80 220  

10 Location Stock Distance matrix (km) 

11 R1 400 179 85 125 75 188  

12 R2 240 228 100 167 97 203  

13 R3 500 237 74 224 125 212  

14 Location Stock The cost of transportation of 1 tonnes of fodder from the warehouse to 

the customer‟s location (HUF) 

15 R1 400 24165 11475 16875 10125 25380  

16 R2 240 30780 13500 22545 13095 27405  

17 R3 500 31995 9990 30240 16875 28620  

18         

19 Cost of trans        

Objective cell 

  

Constraints 

  

Modifying cells 

 

The cost of transportation is 135 HUF/tkm (tonne-kilometre). The objective is to fulfil the 

needs by keeping the transportation costs on the minimum. For the optimal solution, let us use 

the already mentioned program. 

 

SOLUTION: 

The program is very user friendly. The application happens with the teacher‟s coordination, 

the exercise is solved in the frame of a lesson. The information required for the solution of the 

exercise are in Table 15. and 16. The result of the solution is in Table 17. 
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Table 16. The description of the task (Solver parameters) 

 

Table 17. The result of the optimal solution 

The cell’s 

denomination identification content 

Objective cell B19 The transfer cost be minimal 

Modifying cells C3:G5 
The amount of products to be transferred 

to the customer‟s location 

Constraints 

B3:B5<=B11:B13 The total of distributed amount cannot be 

bigger, than the stock. 

C3:G5>0 Non-negativity constraint (The value of 

the variables can only be zero, or positive) 

C7:G7>=C9:G9 
The total demand cannot be bigger, than 

the available stock. 

 A B C D E F G H 

1   The amount of products to be transferred to the customer’s location [t] 

2 Location Total T1 T2 T3 T4 T5  

3 R1 400 160 0 240 0 0  

4 R2 240 0 0 160 80 0  
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5 R3 390 50 120 0 0 220  

6   - - - - -  

7 Total  210 120 400 80 220  

8         

9 Wholesale demand 210 120 400 80 220  

10 Location Stock Distance matrix (km) 

11 R1 400 179 85 125 75 188  

12 R2 240 228 100 167 97 203  

13 R3 500 237 74 224 125 212  

14 Location Stock The cost of transportation of 1 tonnes of fodder from the warehouse to 

the customer‟s location (HUF) 

15 R1 400 3866400 0 4050000 0 0  

16 R2 240 0 0 3607200 1047600 0  

17 R3 500 1599750 1198800 0 0 6296400  

18         

19 Cost of 

trans 
21666150 5466150 1198800 7657200 1047600 6296400  
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PRACTICE EXERCISE:  

Write up the LP model start-up table and answer the following questions:  

 

1. AT WHAT CONSTRAINTS WOULD WE DELIVER FROM R1 WAREHOUSE TO 

T2 AND T4 LOCATIONS? 

2. WHAT DISTANCE WOULD REQIURE THE DELIVERY FROM R3 

WAREHOUSE TO FULFIL THE NEEDS OF T3? JUSTIFY YOUR 

STATMENT!? 
 

The start-up table, the answers to the questions are available in the affixes. (Only look at it, if 

you cannot deal with the task??) 

 

 

2.1.3. Scheduling of production, optimization of finished goods 

In practice, it often happens that in the planning phase, we can only plan the output of 

production with some probability. It is also possible that during the year we face the fact that 

a new customer with significant need occurs towards the product. Meeting new customer 

demands pose a serious task in the storage and production scheduling as well. Such a case is 

formulated in the following tasks, too. 

EXERCISE: Let us accept the information above, and solve the related decision-making 

situation. Plan the production schedule so that all candidates‟ needs are fully satisfied, but the 

total cost of production and storage is minimized. Let us assume that from the product “A” in 

each quarter of the following requirements must be met; 

I. QUARTER: 650 PCS 

II. QUARTER: 520 PCS 

III. QUARTER: 450 PCS 

IV. QUARTER: 1100 PCS 

 

Production capacity of each period with eight-hour shifts is 560 products, the total cost of 

production of 3248 thousand HUF. Production cost of a single product over the 560 pieces 

will be HUF 8700. Overtime production capacity is 420 products/ quarter. The cost of 

finished goods warehousing is 580 Ft/pcs/quarter. To solve the problem we use the linear 

programming method. The solutions are given, but try to solve the task independently. Only if 

you get lost, should you touch the solution provided. 

SOLUTION: 

The solution described in steps of the well-known programming procedure. 

 

1. Define the purpose of the programming: Besides fulfilling of needs, minimization of 

total cost of manufacturing and of storage, (defining the extreme values). 

 

2. Definition of the variables: We may proceed with caution when determining the 

variables of the model. With the knowledge of the needs and capacities, it can be seen that 

there are differences between the available capacity and demand. The demand of the I. quarter 

is 650 pcs, 90 more (650-560) than the theoretical capacity, which as we all know is 560. The 
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II. and III. quarters‟ demand is below the theoretical capacity, so there is surplus capacity in 

these quarters. The demand of the IV. quarter is 1010 it exceeds the capacity by 950 pieces. 

As for overtime, production capacity is 420 pcs/quarter, the production capacity may not be 

covered even with overtime for the quarter. Since this is about products and that can be 

stocked, the consistency in-between capacity and need can only be ensured only stocking. 

This all means that in the quarter, when capacity is available, we produce more than the 

demand and stock it accepting the additional costs resulting from the maintenance of stocks. 

Which quarter it needs to be done is not known, we expect the answer from the optimal 

solution. On the basis of the foregoing, variables shall be determined that theoretically 

possible combinations may be formulated. So, because we want to find the answer to these 

potential cases, they will be the variables of the linear programming model. The linear 

programming model variables are as follows according to the previously mentioned: 

 

X1 =  I. quarter capacity, 560 pcs 

X2 =  I. quarter overtime capacity 420 pcs 

X3 =  II. quarter capacity, 560 pcs 

X4 =  II. quarter overtime capacity 420 pcs 

X5 =  III. quarter capacity, 560 pcs 

  X6 =  III. quarter overtime capacity 420 pcs 

X7 =  IV. quarter capacity, 560 pcs 

X8 =  IV. quarter overtime capacity 420 pcs  

X9 =  Free capacity of the II. quarter, pcs (as a possible 

capacity for the III. quarter) 

 X10 =  Free overtime capacity of the II. quarter, pcs (as a 

possible capacity for the III. quarter) 

X11 =  Free capacity of the II. quarter, pcs (as a possible 

capacity for the IV. quarter))  

X12 =  Free overtime capacity of the II. quarter, pcs (as a 

possible capacity for the IV. quarter))  

X13 =  Free capacity of the III. quarter, pcs (as a possible 

capacity for the IV. quarter) 

X14 =  Free overtime capacity of the III. quarter, pcs (as a 

possible capacity for the IV. quarter) 

 

3. THE QUANTIFICATION OF TECHNICAL COEFFICIENTS: BASED ON THE 

DEFINITION OF TECHNICAL COEFFICIENTS, THE CAPACITIES OF THE 

VARIABLES AND THE COEFFICIENTS FOR THE COMPILATION OF THE MODEL 

WILL BE HERE. (SEE THE LINEAR PROGRAMMING MODEL)  

 

4. Calculation of objective function coefficients:  
These coefficients create a link between the objective function and the variables in the 

program. We know that the objective of the program is to minimize the total cost of 

production and storage. So these must be expressed by the objective function coefficients of 

the individual variables. We have information on the costs. The only question is whether they 

can be used. Yes, they can be of course, but since the variables have been determined, we 

know what they figure, so the objective function coefficients should be determined i.e. 

quantified according to the specified costs. Based on the information, the coefficients in the 

objective function for each variable are quantified as follows: 

 

X1 = 3248 thousand HUF /Production cost of the 560 pcs /  
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X2 = 3654 thousand HUF / 420 pcs * 8700 HUF/pcs 

X3 = 3248 thousand HUF 

X4 = 3654 thousand HUF 

X5 = 3248 thousand HUF 

X6 = 3654 thousand HUF 

X7 = 3248 thousand HUF 

X8 = 3654 thousand HUF  

X9 = 6380 HUF/pcs. (Because the production cost of a product 

3248:560=5800 HUF. The storage cost of a product is 580 HUF, 

so 5800+580= 6380 HUF/pcs) 

 X10 = 9280 HUF/pcs (The first cost of products in overtime is 

8700 HUF/pcs, the cost of storage does not change 580 

HUF/pcs, so 8700 + 580 = 9280 HUF/pcs)  

X11 = 6960 HUF/pcs (The cost of storage for 2 quarters, so 5800 

+ 580 +580 = 6960, or 6380 + 580 = 6960 HUF/pcs) 

X12 = 9860 HUF/pcs (Because 9280 + 580 = 9860 HUF/pcs) 

X13 = 6380 HUF/pcs  

X14 =9280 HUF/pcs 

 

5. The compilation of restrictive constraints and the starting datasheet of the 

model: The starting datasheet means the mathematical formulation of the necessary 

professional correlation systems. The compiled linear programming model shows Table 18. 

 

1-8. constraints state the fact that the values of the related variables can be a maximum 1, or 

a smaller number. Because these variables were added with a given capacity, it is logical that 

their value cannot be different. 

 

Constraints 9-12. ensure the numerical equality of the needs. It is understandable that the 

needs of the individual quarters, if there are capacities available, or there is a capacity surplus, 

then they must be reallocated where the needs exceed the capacity. Therefore, we have in the 

12
th

 constraint at the capacity of the IV. quarter the reallocating of the surplus capacities over 

to the IV. quarter. The X9 and X14 variables can be considered as capacity reallocating 

variables. Because the unit of these variables is piece, this must be signalled for the 

mathematical context. To better understand what has been just said, let us write up the 12
th

 

constraint in the form of a mathematical equation: 

 

560X7 + 420X8  + X9 + X10 + X11 + X12 + X13 + X14 = 1010 

  

Let us notice that in the equation above X9; X10; X11; X12; X13; X14 the coefficient of the 

variables is one, but we do not need to write it down in the equation.  

In the start-up table of the program it must be identified, however, that in the insurance of the 

system of conditions, for which variables do we need to define constraints. This requirement 

is satisfied with the coefficient 1. 

 

The constraints 13-16. reallocate the free capacities of each quarter to the IV. quarter, but 

only the necessary amount. Therefore, the condition is “≥” so permissive, but the total amount 

of demand and reallocation may not exceed the capacity of the quarter. 

 

Constraints 17-18. formulate the professional desire that products manufactured in the II. 

quarter (which allows for the surplus capacity) must be equal with the amount transferred to 
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the fourth quarter and stockpiled, since the amounts of these products are not subject to 

change. It's just that these products must be stored. (Mathematically, these variables may pick 

up arbitrary values, but it is not possible). 

 

The objective function defines the desire that the variables, and the sum of multiplication of 

the associated costs should be MINIMAL. 

 

The result of the task of computer solutions, subordinate to the professional aspects are 

included in Table 19. Thus, the solution gives a value for each variable. This solution is the 

optimal one, that is, the total costs are here the lowest. 

 



 

 
 
 

56 

 

Table 18. The start-up program table of the linear programming 

 

 

Nr. Denomination Unit 
Variables 

Con. b X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 

1. Capacity of the I. q. 560 pcs 1              ≤ 1 

2. 
Overtime capacity of the 

I. q. 
420 pcs  1             ≤ 

1 

3. Capacity of the II. q. 560 pcs   1            ≤ 1 

4. 
Overtime capacity of the 

II. q. 
420 pcs    1           ≤ 

1 

5. Capacity of the III. q. 560 pcs     1          ≤ 1 

6. 
Overtime capacity of the 

III. q. 
420 pcs      1         ≤ 

1 

7. Capacity of the IV. q. 560 pcs       1        ≤ 1 

8. 
Overtime capacity of the 

IV. q. 
420 pcs        1       ≤ 

1 

9. Demand of the I. q. pcs 560 420             = 650 

10. Demand of the II. q. pcs   560 420           = 520 

11. Demand of the III. q. pcs     560 420         = 450 

12. Demand of the IV. q. pcs       560 420 1 1 1 1 1 1 = 1010 

13. Reall. from II. to III. q. pcs   1      -1      ≥ 560 

14. 
OT reall. from II. to 

III. q. 
pcs 

   1      -1     ≥ 
420 

15. 
Reall. from III. to IV. 

q. 
pcs 

    1        -1  ≥ 
560 

16. 
OT reall. from III. to 

IV. q. 
pcs 

     1        -1 ≥ 
420 

17. Obligatory equality -         -1  1    = 0 

18. Obligatory equality -          -1  1   = 0 

 Objective function t. HUF 3248 783 3248 783 3248 783 3248 783 6380 9280 6960 9860 6380 9280  MIN 
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Table 19. The result of the optimal solution 

 

Variables’ 

sign value 

X1 1,0 

X2 0,214 

X3 0,929 

X5 0,804 

X7 1,0 

X8 1,0 

X13 30 

 

Value of objective function: 207 959 t. HUF 

 

PRACTICE EXERCISE: Based on the optimal solution (Table 19.) calculate the schedule 

of production, textualize the values and conduct inspections of production and need 

fulfilment. Use the following worksheets: 

 

1. WORKSHEET:  
 

Variables‟ Context of the variable 

sign value method of calculation (algorithm) 
Amount of 

products (pcs) 

X1 1,0 1* 560 560 pcs 

X2 0,214 0,214 * 420 90 pcs  

X3 0,929 0,929 * 560 520 pcs 

X5 0,804 0,804 * 560 450 pcs 

X7 1,0 1,0 * 560 560 pcs 

X8 1,0 1,0 * 420 420 pcs 

X13 30 - 30 pcs 

Total: 2630  

 

2. WORKSHEET: TEXTUAL INTERPRETATION OF THE SOLUTION. 
 

THE VARIABLE’S PRODUCTION DEMAND DIFFERENCE 

SIGN CONTEXT (TEXTUAL 

INTERPRETATION) 

PCS 

X1 THE PRODUCTION OF THE I. 

Q. IN BASE SHIFT 

560 

650 - 
X2 THE PRODUCTION OF THE I. 

Q. IN OVERTIME 

90 

X3 THE PRODUCTION OF THE II. 

Q. IN BASE SHIFT 

520 520 - 

X5 THE PRODUCTION OF THE 

III. Q. IN BASE SHIFT 

450   

X7 THE PRODUCTION OF THE 

III. Q. IN OVERTIME 

   

X8     

X13     
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 In the III. quarter we produce: base shift: 450 pcs (Demand: 450 pcs) 

 + base shift: 30 pcs (that we store)  

    

 In the IV. quarter we produce: Base shift 560 pcs pcs 

 Overtime  420 pcs 

 Total:    980 pcs 

 + Storage:      30 pcs 

 TOTAL:  1010 pcs (Demand: 1010 pcs)  

 

 

 

 

2.2 The application of production and cost curves 

 

2.2.1. The questions related to production theory 

 

The realization of profit maximization cannot do without the basic understanding of the 

economic context which we can summarize under the term of production theory. During your 

studies in Economics, you have touched the related issues. In the current section we recall the 

already acquired knowledge, and partly support it with practical examples and discuss the 

possibilities of their practical application. It is important to emphasize that the theoretical 

relationships discussed never get in practice as clearly as we can see them here - within the 

framework of simplifications and assumptions made to the understanding - but that does not 

mean that the theoretical relationships do not prevail. 

 

EXERCISE: We have to decide whether to sow second or first quality seed. The difference 

in seed cost per hectare - that much is the first quality more expensive - is 4500 HUF. What 

relationship should be known in order to decide apply for the application of the first quality? 

/We will receive the answer to the questions when we review the related knowledge/. 

 

For the negotiation of the context we build on the production and cost functions. During your 

studies you met terms such as efficiency, profitability, maximum profit, break-even point, 

etc. At the interpretation of the different indicators, reference must have been made to the 

fact that a causal relationship between them exists. The cause-and-effect relationships cannot 

work without revealing knowledge of the theoretical issues related to production, either. The 

production functions are used for the identification and characterization of the relationship 

between efficiency indicators. The production functions are mathematical models that 

quantify the relation between the amount of a particular product and the quantity of inputs 

used in the production. These functions form the basis of cost and value functions as well. 

The production functions can be described in a table, represented geometrically and 

quantified by mathematical formulas. With their help can be the input-yield relationships 

examined. There may be single and multivariable production functions. In the function, 

when studying one or more inputs, we consider the other inputs unchanged. For the 

examination of the relationships, let us take the production function shown in Figure 5. The 

function runs in the form of a cubic parabola. This represents about the best in agriculture – 

in the theoretical approach - the cost- yield conditions. The function‟s run, the boundaries the 

different sections are best explained to us by efficiency indicators. 

Based on the function‟s run, four sections can be separated taking the formulation of the 

average, the additional and limit or marginal efficiency into account. 
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Average efficiency (AE): At a cost level the ratio of total yield and total inputs: 

 

I

Y
 

 
where 

 

Y: Total Yield (output, kg, tonnes, etc.) on the „y” axis. 

 

I: Total Input (input, kg, hour, etc.), on the „X” axis. 
 

The average efficiency quantify the amount of yield per input unit. 

 

Additional efficiency: shows the amount of additional yield per unit of additional inputs.  

I

Y




 

where 

:Y The amount of additional yield 

 :I  The amount of additional inputs 

Marginal or limit efficiency (ME): The case of additional efficiency where ΔI tends to zero 

beyond all limits. This efficiency is therefore shows on the given input level how much the 

yield will increase if infinitely small additional expense is realized. Ultimately, it measures 

the speed of yield increase. Such determination can be only mathematically possible, its 

function is the first derivative of the production function. 

 

So, the general form of the function is: 

 

Y= f(I) 

 

then 

 

ME= 
dI

dY
 

 

We can separate the domains of production based on the interpreted performance indicators. 

The I. section of production lasts until the maximum of the marginal efficiency. At this stage, 

all efficiency and all yield increase. The II. section ends where the marginal efficiency and 

average efficiency is equal, so at the intersection of the two curves. The III. phase lasts until 

the yield is up to its maximum. At this stage, the average efficiency decreases, the value of 

the marginal efficiency is zero. 
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● 

 

 

Figure 5: The production function of agricultural production  
Source: Szakály (2010)  

 

The maximum yield occurs at the input level at which the marginal efficiency is zero. The 

exact definition of this can be done using the known mathematical relationship. Namely, we 

take the first derivative of the production function equal to zero and the equation is solved for 

X. 

Using the production function, we have advanced a lot for the limitation of rational interval 

of production. Based on the revealed relationships it is reasonable that the optimal range of 

production is in the III. phase. For the determination of the maximum profit providing 

expenditure levels the application and interpretation of cost functions are needed. The 

structure and existing relationships of cost functions illustrate Figure 6. When using the cost 

function we analyse the cost, the production value and profit depending on the yield or farm 

size. In accordance to the mentioned  

 

PC= f(Y) and PC = f(S) 

 

where 

 

PC: Production cost 

Y: Yield 

S: Production size 

 

Since we calculate with the price of inputs and outputs, the development of cost functions is 

essentially determined by the effectiveness of the inputs. Therefore, the cost functions can be 

derived from the production functions. The use of cost functions ultimately answers the 

decision problem to determine the minimum rate of return, or farm size that provides 

I. SECTION 

II. 

SECTION 

III. SECTION 
IV. SECTION 

ME>AE 

 

H=max 

 

MH=0 ME=ÁH 

AE=max 

AE 
ME 

∆Y 

∆I 

ME<0 
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coverage for costs. So this knowledge answers the question whether it is worth it to start the 

activity, as well as providing an opportunity to limit the maximum profit providing yield 

level and production size. 

If one knows the mathematical form of the production function, and the price of yields and 

inputs, the maximum profit giving input level can be determined. Based on the above 

interpreted notations, and furthermore should be 

 

PY = Unit price of yields 

     

    PI = Unit price of inputs  

 

    


Y = 
dI

dY
 

  

 

then the context can be abbreviated, by which the maximum level of profit tax expense can 

be determined. So 


Y * PY − PI = 0 

 
from this comes that 

 


Y * PY = PI   

 

The content of the interrelation: the value of the marginal product (MPV) is equal to the unit 

price of the inputs, or the marginal production cost (MPC), so on this level of inputs, the 

marginal profit is zero (MY). The maximum of the profit – accordingly – falls together with 

the maximum of the gross margin (GM). So, if the sum of the variable cost is  

 

PCV = I * PI 

 

and 

 

PV = Y * PI 

 

from this comes that 

 

GM = (Y * PI) − (I * PI) 
 

The production cost compared with the revenue shows the profit producing ability of the 

whole company. The (produced) realized profit and the rate of capital investment measures 

and shows the profitability of the company, which is indicated by the profit rate: 
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b) 

 

Figure 6. The cost function and its notable points 
Source: Szakály (2010) 
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K


 '    

 

where 

 

  = profit   

 

 K = all of the advanced capital investment or cost 

 

The average cost total cost per unit of product ratio: 

 

Q

TC

products ofquantity 

cost total
AC   

 

where 

 

AC = Average Cost 

 

This indicator can be measured on the level of fixed costs (AFC = Average Fixed Cost) and 

variable costs (AVC = Average Variable Cost), too. 

 

The marginal cost is the change in the size of the total cost, which is the result of changes in 

the production unit. 

 

Q

VC






growth production

growthcost   variabletotal
MC  

 

where 

 

MC = Marginal Cost 

 

The total profit is equal to the difference of total cost and total revenue. Expressed as a 

formula: 

T =TR-TC 

 

where 

 

T  = Total Profit 

 

TR = Total Revenue 

 

The average profit means the profit amount on a production unit. It is the ratio of total profit 

and production quantity: 

Q

T π

products ofquantity 

profit total
A π   
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Finally, the marginal profit is the sum of the changes in total profit (profit growth) that is the 

result of unit changes in production. 

 

ΔQ

Δπ

growthquantity  production

growthprofit 
M π   

 

The realized profit is maximized in the company when the marginal profit is 0, that is, the 

marginal revenue equals the marginal cost. The contractor will have to boost production 

(supply) - if s/he wants to achieve maximum profit - as long as this meeting point occurs. 

 

THE SOLUTION OF THE EXERCISE: 

The known relationships are necessary to be able to solve the task. The difficulty lies in the 

recognition, whether we are able to interpret them on the basis of textual information, using 

the knowledge discussed. It should be noted that for the usage of first class seed can be 

interpreted as an additional input that has an additional cost of HUF 4,500. We know that the 

maximum profit is where on a forint of additional inputs there is an additional dollar of 

production value, so the additional profit is zero. If the application of first class seed results in 

the same increase of the extra costs and production value, then it is a good decision. 

 

 

2.2.2. Defining fertilizer doses with production and cost functions  

 

The production and cost functions in agricultural production cannot be a goal, but a tool. Tool 

to obtain additional information related to decision, to position our position based on the 

results of the analysis on the production and development of cost efficiency of major inputs.  

 

EXERCISE: Wheat fertilization experimental results of some years need to be processed. We 

need to analyse the development of nitrogen active ingredient and wheat yield. Let us quantify 

the critical input levels.  

 

SOLUTION:  
1) Depict the yields of the experiments in a coordinate system. 

2) Based on the standard deviation, fit a function to the points. 

3) With the help of the function, estimate the expected yields depending on the various N 

ingredient quantities  

4) In the knowledge of prices and costs, perform the necessary calculations. 

 

Figure 7 illustrates the results of the described in points 1-2. The relationship is described 

accurately as a quadratic parabola. 

 

The type of function, quadratic parabola 

 


Y  = 1,2643 + 0,0584X -0,0002 X2 

 

R2 
= 0,7292 
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Furthermore, let us accept the following unit values. With the unit values we can quantify the 

critical input levels. 

 

 Price of yield:   50 tHUF/t 

 Price of the N ingredient: 280 HUF/kg 

 The total cost of wheat production /without the N ingredient/:  140.000 HUF/ha 

 

The maximum yield providing input level can be quantified, if we equate to zero the first 

derivative of the function. Thus means that 

 

0 = 0,0584 – 2 * 0,0002x 

 

X = 146 kg/ha  
 

The maximum profit amount giving cost level is - based on theoretical relationships discussed 

– where the input unit price equals the marginal yield value. The result providing 

mathematical relationship is 

 


Y * PY  = PI 

 

(0,0584 – 2 × 0,0002x)*60000= 300 

 

3504 – 24X = 300 

 

X = (3504-300)/24 

 

X = 133,5 kg/ha 

 
The results calculated based on the added unit values can be found in the Table 20. 
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Table 20. The critical values of wheat production 

 

X Y PV VC GM FC P 

kg/ha t/ha HUF/ha 

0 1,3 63215 0 63215 140000 -76785 

25 2,6 129965 7000 122965 140000 -17035 

50 3,7 239480 14000 170215 140000 30215 

75 4,5 293755 21000 204965 140000 64965 

100 5,1 331780 28000 227215 140000 87215 

125 5,4 353555 35000 236965 140000 96965 

150 5,5 359080 42000 234215 140000 94215 

175 5,4 348355 49000 218965 140000 78965 

200 4,9 321380 56000 181215 140000 41215 

 

X: N ingredient 

Y: Yield 

PV: Production value 

VC: Variable cost 

GM:  Gross Margin 

FC: Fix cost 

P: Profit 

 

From the data of Table 20 we can see that the maximum level of yield and profit must be in 

the interval between 125-150 kg/ha. (This was proved based on the mathematical 

relationships, highlighted with red in the table) The numeric data in Table 21. also proves the 

theoretical knowledge.  

 

Table 21. The marginal yield, its value and cost, and the development of marginal profit 

 

x (kg/ha) y (t/ha) 

Marg. yield 
Marg. profit 

(HUF) 
kg 

value 

(HUF) 
cost (HUF/kg) 

0 1,264 58,4 2 920 
  

25 2,599 48,4 2 420 5,8 2 414 

50 3,684 38,4 1 920 7,3 1 913 

75 4,519 28,4 1 420 9,9 1 410 

100 5,104 18,4 920 15,2 905 

125 5,439 8,4 420 33,3 387 

130 5,476 6,4 320 43,8 276 

135 5,503 4,4 220 63,6 156 

140 5,520 2,4 120 116,7 3 

145 5,527 0,4 20 700,0 -       600 

150 5,524 -1,6 -80 
  

175 5,359 -11,6 -580 
  

200 4,944 -21,6 -1 080 
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SUBMIT EXERCISE: 

Using the data of the two tables, prepare a written evaluation of the development of profit and 

profitability. Formulate in a textual form the critical points related to the example from the 

theoretical context. Give your answer - and also justify it – to the following question: Is the 

input and output price ratio deteriorates, what entrepreneurial behaviour is induced by this, in 

respect to the level of inputs, and why? 

 

 

2.3 The optimization of stock management 

 

We know, that the stock management includes the stocking, warehousing and associated 

informatics and managing processes of materials and products until use, or sale. The 

requirements towards it are: the optimal stock size and the insurance of proper inventory 

control processes. These requirements are considered to be of strategic importance. Think of 

an industrial production, that over the stocking what links between the company and its 

environment - assets and liabilities - are formed. We must not forget that all the raw materials, 

the finished products; and semi-finished goods and work in progress, as safety stock levels – 

in order to ensure the smooth running of the continuous production - give the permanently 

present stock values of working capital, and therefore function as capital. The development 

of their stock value is therefore of significant impact on the company‟s financing strategy. 

The management of stock, so to say of its strategic importance, has a specific role to play. It is 

therefore important to know the methods and processes that one can use - within the 

framework of management conditions – in order to have the opportunity to optimize the 

economic burden of stock management. In the following, therefore we see through the 

methods and procedures of the operational management that allow you to improve the 

efficiency of stock management. 

 

It follows from the mentioned, that a necessary condition for bringing about continuous 

production - based on the production process as a product production system and supply chain 

of the specific product - the appearance of stocks in the cycle of the current assets. Certainly 

this does not mean that the presence of stock is necessary to all participants of the chain. A 

good example is the practical application of „Just in Time” production philosophy, in which 

case “raw material” stock is not formed only at the provider of the supply chain and not at the 

end producer. There are production processes, for example hospitality within services, where 

the raw material stocks are the buffers that are essential to eliminate uncertainties arising from 

the production characteristics because we cannot plan on the product level, what the visiting 

guests will order. Furthermore take for example the shelf life of food, the storage 

prescriptions override and sometimes even exclude the rule of relationships used for 

optimization. There could be more examples from areas affecting storage explained by the 

characteristics of the sector and production processes, for example the seasonal character of 

farming (seasonal products) that latter may occur in other industries as well. The role of 

stocks, their functions, development of stock value, structure, etc. thus depend on the 

 

 characteristics of the production processes, 

 the related management decisions,  

 and the roles of stocks in the production processes.  
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(Daily usage* Replenishment time) + Safety stock 

 

2.3.1 The important relationships of stock management 

Let us shortly visualize the related knowledge material. The process of stocking, and its 

elements can be followed on Figure 6.  

 
 Storage  Removal Delivery 

  
  Usage 

 

  

Figure 6. The process of stocking 

 

Order:  Communication for a specific product or service by the customer to the 

producer. Can be done: written, oral, etc. It can be casual, or repetitive. 

 

Delivery: Delivery of the ordered goods to the buyer. (sites, distribution centres, etc..) 

 

Reception:  The reception of the goods according to quantity and quality. 

 

Registration: Registration of incoming goods into inventories, accounting on the general 

ledger accounts. (The Accounting Act in force provides other options as well.)  

 

Storing:  Storage of goods received. Regulatory requirements have to be considered with 

a certain type of material (for example hazardous materials, storage of various 

chemicals, related legislation of storage of food materials, etc).  

 

Inventory Management: The accounting of changes in stocks on the general ledger accounts.  

 

Removal:  The organization of the product (goods) according to customer demand.  

 

Pick:  The pickup of products for internal usage from the warehouse. 

 

Delivery: The delivery of goods to the customer. 

 

In order to measure the efficiency of stock management, to use the stock management models 

it is important to know the different stock levels and the interrelationships, which is visualized 

by Figure 8. 

 

1. Safety stock: the amount of stock, under which the stock level must not decrease. This 

amount of stock is responsible for the uninterrupted stock supply, the insurance of previously 

unseen stock demand growth. Its definition can be done by estimating or calculation:  

 

Daily usage * Delay days of replenishment by experience 

 

 

2. Signal stock: The stock level, which signals for resupply, when reached. Definition: 

 

 

Order  

Delivery 

Reception 

Registration Inventory 

Management 

 

Storing Pick 

Removing 
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Time of replenishment  

 

Figure 8. The basic interrelationships of stock management 

 

3. Current Stock: stock amount to ensure the supply of materials between two replenishment 

times.  

 

 

 

 

4. Maximal stock: The maximal amount of stock 

 

 

5. Average stock:  

 

  

 

There are overlaps with the upper stock types, if we group the stocks based on their role in the 

production process and the continued smooth operation of production. Based on these criteria, 

the following stock groups can be distinguished: 

 

 Security or safety stock is the minimum stock level below which the stock may not 

decrease to ensure continuous production and to decline supply shortages. Ultimately, 

it ensures the elimination of risks of supply of raw materials. As permanently tied 

down, it functions as capital, as a component of the working capital. 

 The stock in addition to the safety stock - as seasonably occurring current capital – can 

be derived from the continuous production, to meet its demand. 

 The “free” stock means the amount in the inventory, which appears as final stocks in 

relationship with the timing orders and quantity ordered, the continuous production of 

raw materials, and above the safety stock level at the given time (e.g. at the end of the 

month). 

 The maximal and indicator stock level is displayed in this grouping, too. 
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Daily usage * Replenishment interval 
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Number of rotations = 
portfoliostock  Average

Traffic
 

 

In addition to the above, we can group stocks according to different criteria, but these are not 
dealt with because they are not necessary for the understanding of the methods to be 
discussed. 

 

To improve the efficiency of resources management more options are conceptual. 

On the one hand, we can reduce the amount of time that is required for the acquired assets to 
be sold as merchandise, which can accelerate the sales and production process. In short, the 
rotational speed of the stocks is increased. On the other hand, we can reduce the amount of 
capital tied up in stocks, or stocks in relation to the total turnover. In the previous case, we 
improve the material intensity, in the second we achieve relative material savings. 

 

An important measure of stocks is the average stock in a given period. For the quantification 
of average ready stock one needs to calculate the average chronological stock. The inventory 
turnover - as it is known - can be expressed by the number of rotations and the rotation 

period. 

 

Rotation period: By giving the days required for a total rotation of stocks. (A rotation: the 
time, during which there is money again from the money spent on stock by the distribution of 
finished products.  

 

Number of rotations: By giving the number of total turnovers in a given period.  

 

The two indicators can be calculated in two ways. 

We can calculate the rotation period (in days) by: 

- dividing the average stock holdings of a given period by the traffic of one day  

- dividing the number of days of time units (quarter, year) by the number of rotations.  

 

We can calculate the number of rotations (dimensionless) by: 

- dividing the traffic of the given period with the average stock amount of the same 

period. 

- dividing the days of the period with the length of a radiation in days (e.g. with the 

rotation period). 

 

The inventory management can be improved if the number of rotations rises and rotation 
period decreases, and deteriorates when the number of rotations decreases and rotation period 
increases. 

 

If the rotation period or the number of rotations is known, the average current asset portfolio 
can be determined by multiplying the traffic and the rotation period, or by dividing traffic and 
the number of rotations. 
  

 

 

 

 

 

Traffic can be: material usage, revenue, cost of direct selling, cost of goods sold.  
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Rotation period = 
rotations ofNumber 

period  theof Days
 

 

Rotation period =  

 

 

or 

 

 

EXERCISE:  
To analyse the level of stock the management, let us take the data in Table 22. The data relate 

to two health resorts in the Pannonia region. Indicators of the effectiveness of stock 

management are in Table 23. Stocks in the table are the same as the average annual 

chronological inventory levels. (During the analysis, planning we treat the dietary ingredients 

as cost of goods sold, too.) 

 

 

Table 22: The most important unit data of food and beverages traffic of the resorts 

 

Denomination 
„A” „B” 

HUF/guest night 

Food 

Net revenue 4483 4013 

Cost of goods sold 1246 1091 

Cost of goods sold % 27,8 27,2 

Beverages 

Net revenue 709 656 

Cost of goods sold 181 110 

Cost of goods sold % 25,5 16,9 

 

In respect of the food traffic there is no significant difference between the two hotel‟s 

inventory levels, but there is a more than twofold difference in favour of the „A” hotel in the 

number of rotation days, which is due to the 2.1 times more traffic. As for the beverages 

traffic, the average inventory level of the „A” hotel - at virtually the same indicators of 

efficiency -is 2.8 times, the traffic 2.9 times that of resort „B”. In the case of the two main 

ware groups, the indicators seem to contradict each other, whereas in relation to food, with 

practically the same level of stock and about 50% less rotation period, twofold traffic could 

have been realized. In respect of the beverages traffic with virtually identical efficiencies 2.8 

times bigger inventory level was needed for the 2.9 times bigger traffic. The contradiction is 

only apparent, since on the inventory levels functioning as working capital - based on the 

relationships of the theoretical model - the volume of traffic has no direct effect assuming the 

same production process and food and drink selection if none of the factors affecting 

inventory levels is bottleneck, and these are identical. 
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Table 23: The food and beverage inventory turnover values of the analysed hotels and 

the efficiency of inventory management  

 

Denomination 
„A” „B” 

hotel 

FOOD 

Stock (inventory ) level (t HUF) 4152 4 271 

Cost of goods sold (t HUF) 163 958 76 592 

Number of rotations 39,49 17,93 

Rotation period (day) 9,2 20,4 

BEVERAGES 

Stock (inventory ) level (t HUF) 4522 1 619 

Cost of goods sold (t HUF) 23 766 8 316 

Number of rotations 5,26 5,13 

Rotation period (day) 69,4 71,2 

 

To explore the reasons, one would require a more detailed analysis. It is obvious that the food 

and beverages selection, the factors affecting stockholding, the traffic structure, etc. could be 

the factors that explain the result as a sum of their interactions. More detailed information 

regarding the structure of the drink traffic is only available to us on the „A” hotel. The 

number of rotation days in the case of wine is 125.4 days, number of rotation days of beers is 

21.1 days and 33.5 days for soft drinks, the number of rotation days of other alcoholic drinks 

was 202.8 days in the analysed year. 

 

2.3.2 The cost stockholding 

 

The economic effects of stocking are summarized below. The higher level of stock that a 

company owns, the more secure it is to meet demand. However, it should be recognized that 

higher inventory holding induces higher costs. A good inventory management is therefore to 

minimize the cost while meeting the demand. In order to understand the known and used, or 

for practical applications suggested methods and algorithms used for the optimization of 

inventory management, it is important to interpret the contents of important variables in the 

relationship as well. Among the determining factor of the models, the quantifying and 

understanding of stockholding costs play an important role. These cost items must therefore 

be acknowledged as well. The theoretical background for the interpretation of costs can be 

summarized as follows: 

 

The costs of stock management 

Under the inventory cost, we understand how much the stocking (storage) cost of the product 

is, if we take one year into account. The interpretation of costs is not identical in terms with 

that of accounting (depreciation of the warehouse, the wages and dues of warehouse workers, 
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The total cost of stock management = Acquisition cost+ Ordering cost + 

Stock holding cost + Cost of shortage 

handling costs, etc.). We must take the cost the product benefit sacrifice at the calculation, 

too. 

 

Acquisition cost: 

The acquisition or manufacturing costs of goods, materials, parts, components, products. 

 

Ordering costs: 

In terms of content, it involves the shift or adjustment costs. Typical cost items are: the order 

preparation cost, the implementation and quality control costs, the conversion cost of 

equipment and production lines, etc.. 

 

Stock holding costs: 

The opportunity cost of capital invested in inventory, stock holding costs depending on the 

volume, the amount of depreciation, related wages and taxes, etc.. 

 

Cost of lost demand (shortage cost): 

In such a case it should be calculated when you lose a buyer because of a stock shortage, we 

cannot satisfy the customers‟ needs. But it also happens in practice that by giving a discount, 

the partner participates in the later delivery. The decline in revenue is interpreted as cost. If 

stock shortage causes a disturbance in the production process, then it leads to shutdown, can 

also expect revenue dips, the loss increases, when all other factors remain unchanged. These 

impacts are appropriate to summarize with the concept of the cost of lost demand. 

 

 

It is not useless besides the theoretical understanding of the costs when we interpret the 

individual cost items from the practical side, too. The major items of total cost of stock 

management can be found in Table 24. The cost structure outlined in the table represents the 

theoretical approach to the problem. In the practical application the exact delineation and 

quantification of certain theoretically interpreted cost items is not feasible or appropriate and 

can even be due omitted to the small proportion and weight of the cost etc. Shortage costs can 

be considered costs as such which means the revenue losses due to stock shortages. The 

variable operation cost ratio of the warehouse can also be considered too difficult to quantify, 

which is related to the storage capacity, e.g. the size of the storage. The storage capacity is 

planned based on the maximum inventory level and the unit capacity, but the maximum 

inventory level is specified by the safety stock and the quantity ordered amount at a time. This 

latter is quantified by basic needs and costs associated with the causal relationships of the 

period using the known inventory and applicable mathematical models. The main 

characteristics of the cost items in the Table 24 can be summarized as follows: 

 

We assume the I./1. cost item to be constant under given production volume and production 

organization. Due to the fixed nature of the cost, for the optimization of stock management, it 

can be ignored. 
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Table 24: The main items of the stock management’s total cost 

 

Group 

number 
Denomination of cost 

Characteristic of the cost 

Fixed Variable 

I. 

1. The wages and taxes of the 

warehouse worker 

2. Operating costs (heating / cooling, 

lighting, etc.). 

3. Property tax 

4. Amortization 

1. 

2; 3;4 

With the stock unit in a 

linear proportional ratio 

changing costs.  

II. 

1. Ordering cost (communication: 

telephone, e-mail, etc.) 

2. Cost of delivery 

3. Administrative costs (registration) 

- 

1; 2; 3 

With the number of 

orders in a proportional 

ratio changing costs.  

III. 

1. Storage costs 

2. Customs and duties 

3. Administrative costs  
- 

1; 2; 3 

With the amount of order 

in a proportional ratio 

changing costs. 

IV. 

1 Opportunity cost 

2 Interest of operational loan 

3 Shortage cost 
1. 

 2; 3 

With a unit of stock in a 

proportional ratio 

changing costs. 

 Source: Authors‟ own work 

 

The I./2. cost item can be considered to be a proportional variable cost over the storage 

capacity needs specified by the inventory levels. In the context of the economic (optimal) 

order quantity (EOQ) it should be included in the „r” value of the retention rate. 

 

The property tax (I./3. cost item) is a proportional variable costs that varies with the size of the 

warehouse, which in turn is related to the stock level, so it must also be included in the 

stockholding ratio. 

 

Depreciation rate (I./4.) changes proportionally with the storage capacity (HUF/m2), with 

reference to the unitary investment cost and the depreciation rate. Its inclusion is also justified 

a stockholding rate. 

 

The understanding and quantifying of the cost groups II. and III. in Table 24 is not a problem. 

They can be interpreted with the variable costs in proportion to the number of orders and the 

amount ordered. In the EOQ model they can be quantified and integrated without difficulty. 

 

From the cost items belonging to the group IV., the shortage cost (3) is not realistic at the 

current level of production, and the quantification is objectively not possible because we 

always plan the resource capacity on 100%. Hence it can be ignored. 

 

Interpretation and quantification of item IV./1. is in the secondary literature in our opinion not 

technically correct, as in the stockholding ratio the rate of alternative investment is included. 

The management of operational interest loan IV./2. is the same as that of the opportunity cost. 

The frame of the book - in the future – we prove the need for the correction of this algorithm. 
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The above clearly shows that the central issue in inventory management optimization is to 

determine the optimal order quantity of stock, the quantification of some of the variables – 

with a special view on stockholding ratio - in the particular context. 

Given the cost and its content, the questions to answer are: How much and when to order? 

Answers to those questions require a basic theoretical understanding of inventory policies as 

well. 

 

 

2.3.3. Theoretical basics of stocking policies 

 

The ordering is one of the most important activity is inventory management. The connecting 

decisions relate to questions when, how much and how to order. The individual inventory 

models are classified into possible ordering modes are available. It follows that the applicable 

models are grouped based on answers given to the questions. The when question relates to 

what inventory levels or ordering interval are considered, should we order in equal intervals. 

The how much question relates to the order quantity, which is one answer to that ordering 

always the same quantity, or that the stock reaches a certain level. The how to order refers to 

the mechanism of the order. By the selection of stocking policies we need to realize the 

economic impact of the stock and related concepts. The related concepts are the following: 

 

Delivery time: the elapsed time from the dispatch of the order until the arrival 

of goods. 

 

Supply interval: Time between two inventory replenishment. 

 

Recharge date: When the stock arrives in the warehouse. 

 

Supply delay: Time of delay. 

 

Order interval: Time elapsed between the dispatches of two orders. 

 

Reorder point: The date of the order‟s dispatch. 

 

Order quantity: The quantity ordered at one time: 

 

System of stock administration: 

The system stock administration can be up to date when we continuously track the 

development of stocks. It's only possible with the information technology and inventory 

administration programs. In practice, numerous softwares of this kind are known. The essence 

of the method is illustrated Figure 9. The main idea of the system is to continuously track the 

inventory level changes, and we order the quantity “Q” when the inventory reaches the “S” 

(safety stock) levels. The Q quantity arrives after the L (lead time) and raises the stock to the 

inventory levels from the amount that fell below “S” stock level. This is repeated so that with 

each order the same quantity Q is ordered. This is called the fixed- order quantity models as 

well. (For this we shall return later) This method is so flexible to respond to changes in 

demand, but at the same time - in case of unexpected, sudden surge in demand – stock 

shortages may appear. The "L" has, therefore, a very important role, it has to be recognized 

exactly to avoid stock shortages and we cannot meet consumer demands.  
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Figure 9. The interrelations of perpetual inventory level analysis 
Source: Authors‟ own work 

 

The other method of inventory classification is the fixed- time period models. The 

interrelations of this method are visualized in Figure 10. 

 
Figure 10. The interrelations of periodic inventory level analysis 

Source: Authors‟ own work 

 

The system starts with a given stock level. The main idea of the system is to fill the storage to 

the maximum "S" stock level with orders at specified periods ("R"), with the Qi (i = 1, 2, 3,. 

N) quantity ordered. The amount arrives after the "L" lead time expires. During the lead time 

we can use the stock as the production carries on so that the quantity ordered will not 

completely fill the warehouse to the "S" stock level.  

R 

Q3 

Q2 

Q1 

S 

Idő L 
L L 

St
o

ck
 le

ve
l 

R 

Q 

Q Q 

S 

Idő L 
L L 

St
o

ck
 le

ve
l 

 



 

 
 
 

77 

When the amount had been received, the inventory level also begins to fall. After the "R" 

ordering period we examine the inventory level again and order the quantity for the maximum 

inventory level. This of course depends on the size of inventory used during the period, from 

the amount of which is determined to meet the demand for the finished product. It follows that 

the quantity of Qi   are different. 

The practical application of policies regarding inventory, we can say that the above-described 

methods are combined. Its principle can be traced back based on Figure 11. As shown in the 

figure, there are two levels of inventory in the system, the "S" = maximum 

 

Figure 11. Analysis of periodic stock level with lead time 

 Source: Authors‟ own work 

 

 

2.3.4. Resource management models 

 

With the inventory theoretical foundations, knowledge of relationships of the models 

discussed above we can determine what the answers were formulated questions is, what kind 

of inventory management models we would like to use, which inventory policy we want to 

continue. The models can be grouped depending on the information concerning the nature of 

the demand. If the demand is known, deterministic inventory models can be used. The 

stochastic inventory models treat the demand as a random possibility variable. 
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2.3.4.1. The model of optimal (economic) order quantity (EOQ) 

 

The optimal order quantity model (EOQ = Economic Order Quantity). This one is the 

simplest of the models. This greatly facilitates the understanding of other more complex 

models (Fig. 12). However, there are conditions of its application, which can be summarized 

as follows: 

 

a. The demand of the period is known and constant (for example, 500 

products/month/). 

b. The time between ordering and receiving the goods is zero. 

c. The amount attributed arrives in one batch, for example 100 pcs will be delivered 

at a time, not separated. 

d. Shortages do not occur, as the demand is known. 

e. The ordering cost does not depend on the quantity ordered. 

f. The stock holding cost is proportional to the cost of acquisition. 

 

 

Figure 12 .The simple EOQ model 
Source: Authors‟ own work 

 

The model includes both perpetual and periodic policy, as the same quantity of Q is ordered 

and the order intervals are the same, the demand is known and constant. Let us further define 

the total cost of stock holding. The total cost means the cost of ordering and warehousing. 

From the costs of stocking – as inventory shortages are excluded because of the terms and 

conditions - costs due shortage of stock shall not be taken into account. The average stock, IAv 

= Q/2, as the use of Q quantity is continuous and fixed amount, the closing inventory is zero. 

The total cost is thus quantified by the following formula: 

 

 

where 

 

  D= The known amount of demand of the period (pcs, tonnes ) 

  v= price of acquisition (HUF/pcs) 

  A= The cost of an ordering (HUF/order) 
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  tonnes155
0,5 * 2500

1500*10000*2
 EOQ 

 

r *v

D*A
 EOQ

2


 

  Q= The ordered quantity (pcs, tonnes,etc.) 

  IAv  = The amount of the average stock 

  r= stockholding ratio (it expresses what ratio of the acquisition cost is 

considered to be part of the stock holding cost per unit in the examined time period)  

 

Substituting the function of the location of the IAv with the value Q/, the extreme value of the 

cost function must be obtained. Thus, the first derivative of the function must be equal to zero 

and from the equation we can determine the quantity of the order batch, or Q. The general 

form of the cost function can be observed in Figure 13. 

 

Extreme value of the function is in the following order quantity is (the equation‟s result) 

 

 

 

 

 

Figure 13. The elements of stocking costs and development of the total cost  
Source: Authors‟ own work 

 

 

EXERCISE: According to the given data define the amount of EOQ. The yearly demand is 

1500 tonnes. The ordering cost is 10 000 HUF, the acquisition cost of a unit is 2500 HUF/t, 

the yearly stockholding ratio is 0,5%. 

 

According to given data known are: D=1500 tonnes, A=10 000 HUF, v=2500 HUF/t, v=0,5% 
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Accoring to the result, the resupply interval can also be defined, based on the formula below:  

 

 

 

The total cost will be the following: 

 

 

Let us assume that without the use of the model, we order monthly, the total cost would be:  

 

The total cost would be 3966 – 3944 = 22 thousand HUF more.  

 

 

2.3.4.2 The stock keeping ratio, as the central element of the EOQ model 

 

More models are known, (Koltai, 2006; Vörös, 2010; Kovács, 2001; Chrissoleon et. al., 

2006), to define the optimal order quantity;  

 

 Least unit cost (LUC) model 

 Least total cost (LTC) model 

 Economic order quantity (EOQ) model 

 

From the models above, the LUC and the LTC approach the least cost solution with iteration, 

while the EOQ model - as seen above - uses a predetermined formula to give the quantity to 

be ordered. 

 

Quantification of the variables in the numerator of the interrelation (A, D) poses no problem. 

"V" in the denominator is also known, quantifying "r" of the stock holding ratio however, 

causes more interpretation and quantification problems, because in this interrelation the 

development of this is a crucial factor in EOQ. The stock holding ratio is a key factor in the 

relationship, because it determines - depending on size - the quantity of order at a time and by 

that the critical inventory levels and through them the total cost of warehousing as well. 

 

Using the known correlations we analyzed model calculation based on actual economic data - 

depending on the stockholding ratio - the inventory management cost of raw materials. In the 

model we took the basis of a company producing suits. In the context of the model 
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calculation, of course, not the absolute magnitudes, but the interrelations and the appearing 

trends are important, which can be generalized to production processes that require 

continuous stock holding.  

According to the results, it has to be mentioned particularly that the EOQ is extremely 

sensitive to the size of the stockholding ratio, which Figure 14 illustrates.  

 
Source: Authors‟ own work 

 

Figure 14. The development of the stockholding ratio, EOQ and the 

required storage capacity 
 

According to Figure 13 - considering the practical implementation – it has to be emphasized 

that there are three stages can be isolated in regard of the impact that stockholding ratio has on 

EOQ. Based on the run of the figure, it is obvious that the rational stage means Nr. II. That is 

the stockholding ratio is irrelevant over a numerical value – in the model it is 20% - to the 

effect of storage capacity. Stage I can also be evaluated as unrealistic. Based on the foregoing, 

there is a clear evidence of importance of the quantification of stockholding ratio. 

 

Besides the knowledge of storage capacity requirement, the evolution of the inventory costs 

needs to be analysed, too. The results of the model calculation considering the evolution of 

costs illustrates Figure14. Figure 15 clearly expresses that with the increase of "r", the total 

cost of stocking is reduced, then after a value it begins to increase. There has to exist a 

stockholding ratio at which the ordering and purchasing costs, stock management costs are at 

a minimum. The results show that the minimum cost is in stage II. Consequently, the stock 

keeping ratio is set to be searched in this stage during practical application, too. 

 

Figure 14 and 15 show that the correct quantification of the ratio has very serious effects, 

which are absolutely necessary to be counted with. If we take into account what magnitudes 

the development of stocks a large company (may) mean, the effect occurs in exponential 

amount. Main items of the stockholding rate‟s quantification are the following: 

 

• cost of stocking, 

• opportunity cost, 

• cost of shortage, 

• interest of operational loan 

I. 

II. 
III. 
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Figure 15. The interrelation of total cost of stockholding and the 

stockholding rate 
Source: Authors‟ own work 

 

The suggested algorythm of calculation can be summarised in the following:  

 

1/ The quantification of material and safety material stock does not pose problem. With 

this we can quantify the average material requirement. In the knowledge of price the value of 

basic material stock is, according to the formula below:  

 

Average stock value = Average value × unit price 

Safety stock value = Safety stock × unit price 

    

2/ The costs of stocking/stockholding are plannable. (Broken down into fixed and variable 

costs.) 

 

3/ We determine the warehousing cost per unit average stock value according to the 

algorythm below.   

 

Warehousing cost per unit average stock value =   

 

This value can be interpreted, how many % of the stock value is the warehousing cost, hence 

the acquisition cost of the stock unit. It led us to the quantification, insertion of one of the 

elements of stockholding ratio, the warehousing cost within the stockholding ratio. 

4/ The rate of opportunity cost can be treated with the algorythm below. The opportunity 

cost - as it is known – can only be applied to asset bound functioning as capital, so the stock 

value of working capital (safety or security stock).  

 

Cost of opportunity (HUF) = Safety stock value × r 

 

where 

 

r: The rate of return of alternative capital investment  

 

I. 
II. 

III. 
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Furthermore, the opportunity cost is compared to the average stock value and interpreted as a 

percentage. Resulting from the foregoing;  

 

 

The stockholding rate of opportunity cost (%) =  ×100 

 

5/ Quantifying the impact of the operating loan interest rate on the stockholding ratio will 

not mean the mechanic "inclusion" of the interest rate in the ratio. The importance of taking 

this into account is undisputable, but a professionally acceptable and defensible algorithm 

must be used. It is known that the quantification of the operational loans and its interest of 

continuous operation to the payment plan. The payment plan includes operational cash flows, 

operating cash flows are balances of revenues and expenses. So the total income and total 

expenditure is known. In the amount of expenditure, the cash flow spent on the raw materials 

used is known as well. With the known data, the proposed algorithm can be summarized as 

follows: 

 

a/ We define the the percentage distribution of expenditures. 

b/ In the rate of distribution, we divide the amount of operational lending interest.  

c/ We quantify the stockholding ratio of the operational interest rate according to the 

formua below.  

 

The stockholding ratio of operational lending interest rate (%):  

 

 
 

6/ If we summarize the quanitfied values, we receive the stockholding ratio.  

 

7/ If necessary, it is reasonable to make correction, sensitivity analysis, with the available 

data. Furthermore, under given circumstances, it may come – where seasonability is available 

– to the separation of seasons, we may treat them a separate planning unit.  

 

 

2.3.4.3 The use of stochastic models 

 

In cases of inventory policies we dealt with examples, where demands were not continuous, 

but randomly changing. In this case, a stochastic model is necessary. The related calculations 

are based on complex mathematical formulas. This is because, due to the changing demands 

of each period, the remaining inventory at all times must be treated as a random variable. This 

means that the cost function described above does not apply. Let us accept - for simplification 

– that we just focus on the lead time (L), more precisely, we want to satisfy the peak level for 

this period that cannot be estimated accurately previously. The question to answer is  

 

How much to order? Q = ? 

When to order? S = ? 

 

The question on Q is simple. We consider the demand to be deterministic, like it was known, 

so we apply the known interrelation. So 
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r *v

D*A
 EOQ

2


 

 

 

How much is „s”, to answer and to quantify it, is not an easy task. Why is it so? If the real 

demand exceeds the expected (planned) demand, we have stock shortage. How can this be 

avoided? The solution cannot be different, but a defined stock amount, we call safety stock. 

The ordering stock level (signal stock) is therefore composed of two stock levels: 

 

1. The stock level of the demand during the time „L”  

2. Safety stock 

 

Based on the mentioned, it comes that 

  

  S = average demand during L + safety stock 

  

  S = UL + ss = UL + Z×σUL 

      where 

 

                            UL = lead time stock level 

    ss = safety stock level 

 

      ss = Z × σUL 

 

      where 

 

z = the „z” value of Standard Normal 

Distribution to the given probability 

(coming from the Table) 

     ợ = the standard deviation of demand 

 

A further question is how much is the safety stock level. The above equation shows that this 

affects the demand‟s standard deviation (ợ), which is an independent variable, we have no 

control over it. It is reasonable that the larger the standard deviation of the demand, the higher 

safety stock we must operate with. So the more we want to meet the period‟s peak demand or 

we are less likely to allow shortage, this also requires a higher safety stock level. The 

frequency of shortage, and its size is characterizes the level of demand satisfaction, it is used 

for its measure. The mathematical background will not be dealt with, these correlations are 

elaborated. The frequency of shortage is at a common probability „s”,  the stock level „s”, or 

in case of a given „s” the „p” can be calculated using the Standard Normal Distribution Table.  

The function of the frequency of the shortage is:  

 

   p
D

Q
suP  1  

 

where 

 

P: probability 
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   p
Q

0,1G

L

Z
 1



 

The size of shortage in case of normal distribution is similar to a Table of standard normal 

distribution and the analysis related to stock management can be looked up from the Table 

 1,0
Z

G . The fusion to apply is 

 

 

EXERCISE: A company produces one type of product. It manufactures the special part to its 

product with a supplier. The demand for the special part is 3000 pcs/month. The ordering and 

the delivery costs are together 5000 HUF/order batch. The acquisition cost of the part, its 

price is 960 HUF/pcs. The stockholding ratio is r=0,34. The deviation of the monthly demand 

is 300 pcs. The demand can be understand as a standard normal probability variable. The 

management keeps the insurance of the stock management system to be important because of 

its image, therefore only once in three years can a stock shortage appear. Values to be 

calculated: 

 

 Optimal order batch size 

 Lead time level, in case of 7 days of lead time. 

 The total cost of stocking. 

 

Solution: Known data: D = 3000 pcs/month 

    V =  960 HUF/pcs 

    A =  5000 HUF/order batch 

     r = 0,34HUF/HUF/year 

    ợ = 300 pcs 

    shortage ≤ once in every three years  

 

The calculation of the optimal order batch size: 

 

pcs 1050
0,34 * 960

12 * 3000 *5000*2
 EOQ   

 

Lead time level, in case of 7 days of lead time: 

 

Number of orders = 34,28·
1050

3000*12

Q

D

EOQ

  

 

Time of the order cycle TEOQ = days 10,5360*0,02916years 0,02916
3000*12

1050

D

EOQ
  

Because according to the exercise L ≤ TEOQ    therefore 

 

pcs 7007*100L*D
L

  

 

ợ = 300 * pcs 145
30

7
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The deviation is corrected with the deviation of the lead period 

 

Total orders in three years = 3 * 34,28 = 102,84 

Probability of shortage – if it can appear once in every three years –  

 

0,00972
102,84

1
P    

To this probability we have in the standard deviation table the value z = 2,34. The value of 

„z” taken into account, the safety stock is 

 

S = z × ợL = 2,34 * 145 = 339 

 

The lead time stock level is therefore 

 

S = 1039339700  ss  

 

 

The total cost is 

 

  r*v*ss
2

Q

Q

D
Av*DpQ,TK










  

 

including the data we receive that  

 

  HUF  tousand35013  0,34 *960*339
2

1050

1050

12*3000
5000960*12*3000pQ,TK 










  

 

 

PRACTICE EXERCISES: 

1/ How will the safety stock and the lead time develop, when the management wants to satisfy 

the 97% of the total demand from the warehouse? (The z value to the received probability 

during the solution of the exercise is z = 0,44) 

 

2/ The total yearly demand of a company from a given part is 6250 pcs. The parts are 

distributed continuously. The cost of order is 4000 HUF/occasion. The unitary stock holding 

cost is 800 HUF/pcs. Define the order batch size!  

 

3/ From the order until delivery 10 days pass. The daily usage is 200 kg. The safety stock 

level is 800 kg. How big is the signal stock? 

 

4/ The chronological average stock of a company in the first quarter is 1700 pcs. The average 

daily use is 500 pcs (days of the period: 90 days). Calculate the stock turning rate and the 

duration of a turn!  

 

The knowledge discussed does not cover all methods to address the problem. Plenty of 

literature in the subject - for example, analysis of a company‟s inventory management chosen 

as thesis topic - for those interested.  
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2.4. The Graph theory and its application 

 
From previous studies we know that the project is a group of coordinated and controlled 

activities, which take place in order to achieve specific objective(s), within defined limits 

(time and expense). These important characteristics are well visualized by the project triangle 

in Figure 16.  

 
 

Figure 16. The project triangle 
Source: Görög (1999) 

 

It is also known to us that the complex project management presupposes the knowledge of 

project cycles, too. Of course, we cannot undertake a detailed reviving of the related 

knowledge, but we revive the needed skills summarized in order to step further. In the 

implementation of the project it is a requirement, that the characteristics in the project triangle 

are validated. So that the project is realized in a given duration, with thrifty resource usage. 

To secure this one needs the structuration of activities appearing in the specific stages of the 

project cycle. So, we have to get to know the hierarchy of the project cycle. Other factors 

justify this, too, for example the size of the project, its objective, the simplification of 

planning, command, controlling, monitoring and the validating. Creating the task hierarchy 

means assigning the specific strategical objectives to parts and a progressive breakdown that 

allows:  

 

 A clear definition of personal responsibility, 

 The designation of the levels of co-ordination, 

 The planning and quantification of required resources, durations, and 

timeframes (Pupos, 2010). 

 

The structure of hierarchy of activities is included in Table 25.  

 

 

RESULTS (BOUNDARIES, QUALITY, COMPLETENESS, WORK SKILLS, ETC.). 

DURATION (DEADLINE) BUDGET (RESOURCES) 
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Table 25.  The hierarchy of project activities 

Source: Pupos (2010) 

 

 

EXERCISE:  

Let us take the site selected based on the KIPA method where the feed mixing plant is to be 

established. The investment will be done within the framework of a traditional contract, which 

means that one of the co-owners - because of technical education – would like to run and keep 

track of the implementation, provide a technical inspection of tasks. Therefore, (s)he prepares 

the project diagram that will greatly assist his/her work. 

 

In the establishment of a feed mixing plant some parts of the project triangle can be well 

differentiated. The objective is to create a functioning plant, which means that it meets the 

criteria set out in the plan documentation, so it can mix the required amount of feed, the 

quality (composition, etc.) of the feed meets the relevant criteria. The investor‟s interest is that 

the plant it is made within the specified time, it does not to exceed the planned project costs 

and construction time. (It should be highlighted as a priority that the time and input limits are 

inversely proportional to each other, hence a harmony between the two needs to be found.) 

 

2.4.1.  The creation of a Gantt-chart based on the example 

 

THE PROJECT 

element 
The definition and characteristics of the 

element 

PHASE 

Summary of all phases ensuring the 

implementation of the objective. It has time, 

cost and resource requirement. It can be 

interpreted as a condition. Their specific 

naming may be subjective, project-specific, 

too. 

Section 

The summary of defined activities, built on 

each other that are equal in the content of the 

implementation of the project. 

Activities 

Separate elements of the section that have a 

duration, resource, and cost demand, start and 

ending point. 

Tasks They can be components of the activities. 

Work package 

Element of the activity that cannot be torn 

down deeper. Their sequence of execution is 

bound. 
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Before the start of the investment of the feed mixing plant, one has to draw up the project 

network, which can be made in awareness of the activities. As a first step, the project is to be 

structured, that is, the whole process of implementation is divided into activities. 

It is an important technical issues what will be the degree of detail of structuration. It's up to 

us whether the activities of foundation include the digging of the site, or represented as a 

separate activity. If these two elements are treated as a distinct activities, in the digging of the 

site the possible difficulties will be noticed immediately, creates a possibility for immediate 

intervention, the necessary measures may be taken. By treating the digging of the site and the 

foundation as distinct activities, we are much more able to focus on the causes, however the 

chart of the project becomes more complicated and untransparent. The project manager must 

consider on the basis of the foregoing, what will be considered as an activity. 

 

Let us accept further that the implementation of the feed mixing plant are structured as 

follows:  

 

 Landscaping 

 Procurement of construction materials 

 Foundation of the building  

 Purchase of machinery 

 Foundation of the machines  

 Bricklaying 

 Creation of the roof and roofing 

 Plumbing and electrical work 

 Building plastering and painting 

 Assembly of machinery 

 Dyeing of the machinery 

 Installation of machinery 

 

After the definition of activities appears the task to determine their duration and exploration 

of logical relations and time dependencies between the activities. The first step should be to 

prepare the complete preceding list that shows that a particular activity is preceded by which 

activities. You will then need to produce a from the complete preceding list an direct 

preceding list, which is essential for constructing the project network or project diagram 

(Gantt chart). The sayings are summarized in Table 26. Thirdly, the complete preceding list 

will be converted into a direct preceding list . This process can be summarized as follows: 

 

 WE DETERMINE WHICH „TM” ACTIVITIES ARE INCLUDED IN A CHOSEN 

„TI” ACTIVITY’S COMPLETE PRECEDING LIST, THEN THESE „TX” 

ACTIVITIES INCLUDED IN THE PRECEDING LIST OF THE „TM” 

ACTIVITIES ARE DELETED FROM PRECEDING LIST OF THE „TI” 

ACTIVITY IN ORDER TO OBTAIN „TI” ACTION’S PREDECESSOR 

TASKLIST. 
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Table 26. The structuration of the feed mixing plant investment 

 

Denomination of activity Sign of 

activity 

Complete 

preceding list 

Duration of activity 

[day] 

Landscaping A - 15 

Procurement of construction 

materials 
B - 30 

Foundation of the building  C AB 25 

Purchase of machinery D - 15 

Foundation of the machines  E ABCD 15 

Bricklaying F ABC 50 

Creation of the roof and roofing G ABCF 25 

Plumbing and electrical work H ABCFG 20 

Building plastering and painting I ABCFGH 15 

Assembly of machinery J ABCDEFGH 30 

Dyeing of the machinery K ABCDEFGHJ 10 

Installation of machinery L ABCDEFGHJK 5 
       Source: Authors‟ own work 

 

As we can see from Table 26, „A”, „B” and „D” activities are not preceded by any activity, so 

Predecessor task list equals to the complete preceding list. Activity „C” is preceded by 

activities „A” and „B”, which are not preceded by any activity, so activity „C” may be 

immediately preceded by „A” and „B”. Let us examine activity „E”! Its complete preceding 

list: „A”;„B”; „C”; „D”. Activities „A”, „B” and „D” don‟t have any preceding activity. The 

activity „C” is preceded by „A” and „B” thus from the complete preceding list of activity „E” 

„A” and „B” can be, or rather must be deleted. So only activities „C” and „D” remain in the 

complete preceding list of activity „E”. (In a less transparent case, which is more complex 

than the example, it is affordable to mark the already deleted activities in an examined 

activity‟s complete preceding list with a drawing over.) The transformation is due to continue 

based on the above in accordance of the other activities, too. (Table 27.) 

 

After the completion of the complete preceding list, the project diagram can be made. We first 

represent the illustration with the help of a Gantt- chart. We can summarize in favour of the 

application that it is one of the easiest and most popular scheduling and monitoring 

techniques, both on tactical and operational levels. 

 

The Gantt- chart is basically a bar chart where the horizontal (X) axis is time and the vertical 

(Y) axis is for the specific activities. It owes its popularity to its illustrative nature. In a small 

project it is ideal for the illustration of the schedule. However, in complex projects consisting 

of hundreds of activities, it loses its simplicity and becomes untraceable and not transparent. 

For its creation, a prepared algorithm is available. (Figure 17.) 
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Table 27. The activities of the investment of the feed mixing plant, editing a predecessor 

task list from a complete preceding list 

 

Denomination of activity Sign of 

activity 

Complete 

preceding list 

Predecessor task list 

Landscaping A - - 

Procurement of construction 

materials 
B - - 

Foundation of the building  C AB AB 

Purchase of machinery D - - 

Foundation of the machines  E ABCD CD 

Bricklaying F ABC C 

Creation of the roof and 

roofing 
G ABCF F 

Plumbing and electrical work H ABCFG G 

Building plastering and 

painting 
I ABCFGH H 

Assembly of machinery J ABCDEFGH EH 

Dyeing of the machinery K ABCDEFGHJ J 

Installation of machinery L ABCDEFGHJK K 
Source: Authors‟ own work 

 

 
 

Figure 17. The visualization of the feed mixing plant investment on a Gantt- chart 
 (Visualization: With the help of the Microsoft Office Project software)  

(Source: Authors‟ own work) 

 

In the implementation of the project, an important requirement is the time limit. In the end it 

means the time of execution, which – understandably – is not advisable to exceed. It is 

instructive, therefore, to quantify the execution time of the project is to be able to identify the 

activities in which the time delay also pushes the completion time. To achieve this, we need 

the knowledge of the following concepts as well. 

 

 THE DURATION OF AN ACTIVITY: (D: DURATION) 

 THE STARTING POINT OF AN ACTIVITY: (ST: START TIME) 

 THE EARLIEST FINISH TIME OF AN ACTIVITY: (EFT: EARLIEST FINISH 

TIME) EFT=ST+D 

 THE LATEST FINISH TIME OF AN ACTIVITY: (LFT: LATEST FINISH TIME) 

LFT=EFT+F 
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 THE FLOAT TIME OF AN ACTIVITY:: THE TIME INTERVAL, WITH WHICH 

THE ACTIVITY‟S COMPLETION CAN BE DELAYED WITHOUT CHANGING 

THE STARTING POINT OF THE NEXT ACTIVITY. (F: FLOAT) F=LFT-EFT 

 CRITICAL PATH: THE SUMMARY OF THE ACTIVITIES THAT INFLUENCE 

THE TOTAL IMPLEMENTATION TIME.  

 CRITICAL ACTIVITY: THE ACTIVITY, WHICH IS ON THE CRITICAL PATH. 

(SPARE TIME: 0, BECAUSE THE FINISH OF THE ACTIVITY CANNOT BE 

DELAYED WITHOUT THE CHANGE OF THE FOLLOWING ACTIVITY‟S 

STARTING POINT.) 

 TOTAL PROJECT IMPLEMENTATION TIME: (TPT: TOTAL PROJECT TIME) 

THE SHORTEST DURATION IN WHICH THE PROJECT CAN BE COMPLETED. 

(IT IS DEFINED BY THE CRITICAL PATH.) 

 FLOAT TIME: (F: FLOAT) THE TIME INTERVAL, WITH WHICH AN 

ACTIVITY‟S STARTING OR FINISHING POINT MAY BE DELAYED 

WITHOUT ANY PUSH TO THE TOTAL PROJECT IMPLEMENTATION TIME. 

(FOR EXAMPLE IN THE CASE OF „LANDSCAPING” 15 DAYS IS THE FLOAT 

TIME, BECAUSE THE NEXT ACTIVITY, NAMELY „FOUNDATION OF THE 

BUILDING” STARTS ONLY AFTER „ PROCUREMENT OF CONSTRUCTION 

MATERIALS”, OR ON THE 30
TH

 DAY AFTER THE START OF THE PROJECT, 

SO IT COMES TO: 30-15 = 15. 

 

(Figure 18. shows the critical path with red) the arrows signal the logical connection. 

Activities with blue are not on the critical path, they have float time (the shown numbers). 

The solution is created with the Microsoft Office Project software. The total project time, the 

TPT = 195 days) 

 

 

 
 

Figure 18. Activities with critical and float time of the feed mixing plant investment 
Solution: Microsoft Office Project software)  

(Source: Authors‟) 

 

2.4.2. Creating activity on arrow (CPM) based on a given example 

 

EXERCISE: 
As the Gantt- chart does not provide answer to all question, it can be reasonable – in some 

cases – the application of a method, which enables, to create a detailed time analysis for the 

optimization of resources. This must be done in a way that the execution time is not exceeded. 

Let us create a detailed time analysis!  
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In the previous chapter we defined the Predecessor task list required for the depiction of the 

project diagram. Let us take the available Predecessor task list as a basis. (Table 28.)  

 

Table 28. The activities of the feed mixing plant and their predecessor task list 

  

Denomination of activity Sign of activity Predecessor task list 

Landscaping A - 

Procurement of construction 

materials 
B - 

Foundation of the building  C AB 

Purchase of machinery D - 

Foundation of the machines  E CD 

Bricklaying F C 

Creation of the roof and roofing G F 

Plumbing and electrical work H G 

Building plastering and painting I H 

Assembly of machinery J EH 

Dyeing of the machinery K J 

Installation of machinery L K 
Source: Authors‟ own work 

 

The main characteristic of activity on arrow network, that the edges mark the activities, while 

each node marks the completion or commencement of an activity, so an event. Each activity is 

marked by an arrow, while the nodes are marked with circles. They are labelled with numbers 

in a way that arrow signalling an activity show always from the smaller number towards the 

bigger one. 

 

Applied signals: 

Real activity:  

It has time, resource and cost need.    

 

Non-work (dummy) activity:   

It has no time need, we need it for logical and identification 

reasons.          

 

Event: Marks the completion or commencement of an 

activity. Two events (starting  and finishing) clearly 

defines an activity.  

 

 

 

According to the known signals and based on the relations in Table 28. the investment‟s 

activity on arrow network can be created.(Figure 19.) 

1 
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Figure 19. The activity on arrow network of the feed mixing plant investment  
Source: Authors‟ own work 

 

When drafting the network one has to go about with caution, the requirements formulated 

towards the network must be recognized, namely the network editing rules. Let's see further - 

in respect of the investment task - what requirements must be met in preparing the network.   

 

The need for use of non-work activities and their application in the drafting of the network. 

 

I. CLEAR IDENTIFICATION OF THE ACTIVITIES: ACCORDING TO FIGURE 

16 AND TABLE 28 IT IS VISIBLE THAT THE "A" LANDSCAPING AND "B" 

PROCUREMENT OF CONSTRUCTION MATERIALS ACTIVITIES HAVE NO 

PREDECESSORS, SO THEY CAN TAKE PLACE IN PARALLEL. THE 

ACTIVITY "C" BUILDING FOUNDATION CAN ONLY START IF THE "A" 

AND "B" ACTIVITIES HAVE BEEN COMPLETED. IF WE USED DEPICTION 

AS SEEN IN FIGURE 20, IT WOULD NOT CORRESPOND TO THE NETWORK 

REQUIREMENTS THAT A CLEAR IDENTIFICATION OF AN ACTIVITY CAN 

ONLY BE NUMBERED WITH TWO DISTINCTLY NUMBERED EVENTS. 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 20. Depiction that is logically correct, but not standing up to the 

requirements.  
 

To clearly identify the activities, the activities of 0-2 events are clarified by inserting a 

dummy activity. These solutions are illustrated by Figures 21. and 22. Both solutions 

satisfy the requirements. 

 
Landscaping „A” 

Foundation of the 

building „C” 

Procurement of construction materials „B” 

0 2 3 
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Figure 21. Depiction standing up to the requirements with the 

use of dummy activity  
 

 

  

 

 

 

 

 

 

 

 

Figure 22. Depiction standing up to the requirements with the 

use of dummy activity  
 

 

If we use the procedure based on Figure 23, then we receive the network on Figure 24. 

This is the second correct answer.  

 

 
 

Figure 23. The activity on arrow network of the feed mixing plant investment  
Source: Authors‟ own work 

 

he Figure 24 shows the incorrect use of the dummy activity. The reason for the 

incorrect depiction is that the network is not compatible with the logic represented in 

the predecessor task list. Figure 20 shows that the „Foundation of the building” may 

 Landscaping „A” 

0 

1 

2 3 

1 

2 

3 
Landscaping „A” 

 

Foundation of the building „C” 

 

0 

Procurement of construction 

materials „B” 

 

B 

A 

Procurement of construction 

materials „B” 
Foundation of the 

building „C” 



 

 
 
 

96 

start after the completion of „Procurement of construction materials”, but the 

completion of „Landscaping” activity does not necessarily precedes „Foundation of 

the building”. (The two endpoints, events 1 and 3 are also against the rules of project 

depiction.) 

 

 

 

 

 

 

 

 

 

 

Figure 24. The incorrect use of the dummy activity  

 

II. THE NETWORK MUST BE CLOSED. THE APPLICATION OF A DUMMY 

ACTIVITY BETWEEN ACTIVITIES 9. AND 12. INSURES THIS REQUIREMENT.  

III. THE LOGICAL INTERDEPENDENCE INSURANCE. THE DUMMY ACTIVITY 

BETWEEN EVENTS 3-4 IS NECESSARY BECAUSE OF LOGICAL REASONS, AS 

ACTIVITY „E” IS PRECEDED BY ACTIVITIES „C” AND „D” WHILE „F” ACTIVITY 

IS PRECEDED BY ONLY "„C”. (FIG. 26) 

 

Figure 26. The depiction of logical interdependence with the help of a dummy activity 

 

Let us notice that on the network of Figure 26 the direction of the dummy activity is 

important, it cannot be altered. In an opposing case as depicted on Figure 27, only activity 

„D” would precede activity „E”, but activity „F” would be preceded by activities „C” and 

„D”, too.  

Figure 27. From the logical point of view incorrectly used dummy activity  

0 
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4 

5 

8 

C F 

D E 
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2 3 

Landscaping „A” 

Foundation of the 

building „C” 
Procurement of construction 
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It should also be noted that the dummy activity between events 3-4 cannot be left out, as its 

deletion would lead to a change in the logic of the network. Figure 28 illustrates this. Based 

on the figure it can also be seen that is the case of such an incorrect depiction, not only would 

activities „C” and „D” precede activity „E”, but also activity „F”, too.  

 

 

 

Figure 28. The result of leaving out the dummy activity  

 

We also need the insertion of the dummy activity between events 7-8 because of logical 

reasons, as activity „J” is preceded by activities „E” and „H”, too.  

 

After the logical network is prepared, the calculation of durations, and the time table is 

created. Above (page 51) the necessary concepts were determined. The following factors‟ 

knowledge is needed for the time for analysis: 

 

 THE DURATION OF ACTIVITIES 

 CRITICAL PATH 

 CRITICAL ACTIVITIES 

 TOTAL PROJECT IMPLEMENTATION TIME 
 

For the time analysis of the activity on arrow, the following factors‟ knowledge is necessary:  

 EARLIEST EVENT TIME: (EET: EARLIEST EVENT TIME) ACTIVITIES’ EST 

STARTING FROM ALL EVENTS. 

 LATEST EVENT TIME: (LET: LATEST EVENT TIME) ALL LFT INCOMING TO ALL 

ACTIVITY. 

 STARTING TIME OF AN ACTIVITY: (ST: START TIME) 

 THE EARLIEST FINISH TIME OF AN ACTIVITY: (EFT: EARLIEST FINISH 

TIME) EFT=ST+D 

 THE LATEST FINISH TIME OF AN ACTIVITY: (LFT: LATEST FINISH TIME) 

LFT=EFT+F 

 THE FLOAT TIME OF AN ACTIVITY: THE INTERVAL, WITH WHICH THE 

COMPLETION OF AN ACTIVITY CAN BE DELAYED, WITHOUT ANY CHANGE IN 

THE NEXT ACTIVITY’S STARTING POINT. (F: FLOAT) F=LFT-EFT 

 

We calculate the latest time data backwards from the finishing activity (retrograde method) in 

a way that we always choose the least value. (For example: An activity must always finish last 

in a way that all following activities must keep their last starting point. Or, when from the last 

starting points, the earliest activity starts.) 

 

C 
E 

D F 
0 

2 

4 

5 

8 
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By activity on arrow network we analyse events, too. Therefore, we calculate the related time 

data from the data of the events, too. (Figure 29.) 

 

 

 

 

 

  

 

Figure 29. Symbols used in the time analysis  

 

where 

  

EET = Earliest event time 

   LET = Latest event time 

 

EETi + D = EETj and  LETj-D = LETi 

 

The first step is to determine the earliest time data. We move from the initial action toward 

the end activity in the same direction as arrows indicate. If an event has multiple connection 

system with, then it is always the larger value (MAX) that is the earliest event time, as an 

activity can begin earlier if all preceding activities have been completed. When the last 

preceding action is completed, then we can start the soonest following activity. The initial 

(beginning), i.e. event 0 always starts in time 0 since this is the start of the project. 

So 

 

EET1 = 0 + 15 = 15 

 

The 2. event signalizes the end point of two activities at the same time, activities „A” and 

„B”. Therefore it comes to   

 

EET2 = MAX (0 + 15);(0 +30) = 30 

EET3 = 30 + 25 = 55 

 

The event 4 means the end point of activity „D”, and through his dummy activities also 

activity „C”. The dummy activities have no duration. So 

 

EET4 = MAX (0+15);(55) = 55 

EET5 = 55 + 50  = 105 

EET6 = 105 + 25 = 130 

EET7 = 130 + 20 = 150 

 

The event 8 is the end point of activity „E”, and through his dummy activities also the end 

point of activity „H”. Therefore 

 

EET8 = MAX (55 + 15);(150) = 150 

EET9 = 150 + 15  = 165 

EET10 = 150 + 30 = 180 

EET11 = 180 + 10 = 190 

EET12 = MAX (190 + 5);(165) = 195 → TPT = 195 days 

EETi 

LETi 

Sign of 

event  

 

EETj 

LETj 

Sign of 

event  D = (duration of an activity) 

sign of activity 
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The latest time data definition is made with retrograde method moving from the last 

(finishing) event towards the initial (zero) event. If an event has multiple connection system 

with, then it is always the smaller value (MIN) will be the starting point, as an event have to 

be completed later, so that the following activities may be implemented in the latest event 

time. This means no delay in the total project implementation time. The earliest and latest 

time of the last event is always equal with the total project implementation time, as this event 

symbolizes the completion of the project. It comes from the previously mentioned that  

 

TPT = LET12 = LET9 =195 

LET11 = 195 – 5 = 190 

LET10 = 190 – 10 = 180 

LET8 = 180 – 30 = 150 

 

As the 7. event is the starting point of activity „I”, and means also through his dummy 

activities the starting point of activity „J”, therefore 

 

LET7 = MIN (195 – 15); 150 = 150 

    LET6 = 150 – 20 = 130 

LET5 = 130 – 25 = 105 

LET4 = 150 – 15 = 135 

 

The third event is also the beginning point of two activities. „F” activity and through his 

dummy activities also activity „E” starts from immediately here. The durations are 

 

LET3 = MIN (105-50);(135) = 55 

LET2 = 55 – 25 = 30 

LET1 = LET2 = 30 (Because of the dummy activity) 

 

From activity 0, or from the initial activity, three activities start at a time: „A”, „B” and „D”. 

The quantified value of the duration is  

 

LET0 = MIN (30-15);(30-30);(135-15) = 0   

 

The different time values of the activity on arrow network of the feed mixing plant are visible 

on Figure 26. Based on the specific time values of the network the different float times can be 

quantified and interpreted.  

 

Total Float: (Total Float: TF) We interpret it at the activity on arrow as well as at the activity 

on node networks. It is the time amount with which the activity may expand or delay 
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Figure 30. The time table of the feed mixing plant investment with the CPM method  
Source: Authors‟ own work
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without any effect on the total project time. So  

 

TFi,j=LETj-EETi-Dk 

 

Free Float: (Free Float: FF) The time, with which an activity can be delayed, or expanded, 

without any following activity starting late. (Free float can be only where at least two 

activities end.) 

 

FFi,j=EETj-EETi-Dk 

 

Slack: (Slack: S) It shows, how much the completion of an activity can be pushed, without 

any effect on the total project implementation time.  

 

Si=LETi-EETi 

 

Independent Float: (Independent Float: IF) The maximal time amount, with which an 

activity‟s duration can be expanded, or it‟s start may be pushed without preventing the earliest 

starting point of the following activity. (If it is to be negative, we take it for zero) 

 

IFi,j=EETj-LETi-Dk 

 

Conditional Float: (Conditional Float) It shows how much a realization of an activity can be 

delayed, if all the previous activities are completed in the latest time possible. 

 

CFi,j=LETj-LETi-Dk 

 

The defined time elements are included in Table 29.  

 

Table 28. The activities and the float times of the feed mixing plant investment 

 

 

Activity 

Dura-

tion of an 

activity 

(D) 

Total 

Float 

(TF) 

Free Float 

(FF) 

Indepen-

dent float 

(IF) 

Conditio

nal float 

(CF) 

Landscaping A 15 15 0 0 15 

Procurement of construction 

materials 
B 30 0 0 0 0 

Foundation of the building  C 25 0 0 0 0 

Purchase of machinery D 15 120 40 40 120 

Foundation of the machines  E 15 80 80 0 0 

Bricklaying F 50 0 0 0 0 

Creation of the roof and 

roofing 
G 25 0 0 0 0 

Plumbing and electrical work H 20 0 0 0 0 

Building plastering and 

painting 
I 15 30 0 0 30 

Assembly of machinery J 30 0 0 0 0 

Dyeing of the machinery K 10 0 0 0 0 

Installation of machinery L 5 0 0 0 0 
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Let us interpret the float of activity (D), the „Purchase of machinery”: 

We know that the TFD=120: so if the previous activity (the start of the project) happens on 

day 0, and the purchase of machinery is enough to finish latest, or until the 135
th

 day, then 

between the two dates we can cancel work for 120 days.  

 

The FFD=40: if the event prior to the purchase of machinery (the start of the project) starts in 

the earliest time (day 0), and we want to start the following activity, the foundation of 

machines, as early as possible, then we can cancel work for 40 days without the change in the 

total project time.  

 

The IFD=40: if the event prior to the purchase of machinery (the start of the project) starts in 

the latest time (day 0), and we want to start the following activity, the foundation of machines, 

as early as possible, then we can cancel work for 40 days without any effect on the total 

project time. 

 

The CFD=120: if the event prior to the purchase of machinery (the start of the project) starts in 

the latest time (day 0), and we want to start the following activity, the foundation of machines, 

in the latest date, then we can cancel work for 120 days without any effect on the total project 

time. 

Let us take notice that the float in the critical path is = 0. 

 

Where and why is the knowledge of float important? Let us assume that we import the 

machines and the forint/euro exchange rate is bad, the forint is weak. How long can we 

postpone the purchase of machines? In the knowledge of float we can postpone the purchase 

of machines for a maximum of 120 days without any effect on the total project 

implementation time, because TFD=120 days. We can speculate on the positive change of 

exchange rate.  

 

How long can we delay the purchase of machines in a way that we can still start the 

foundation of machines in the earliest possible date? (There is an extremely changeable 

weather, so we just want to start the foundation as soon as possible to avoid any delay in 

completion of the project, should, because of the change of weather, the foundation works 

come to a hold.) We can delay in the knowledge of float the purchase of machines postpone 

for 40 days and still be able to start the following activity as soon as possible and not effecting 

the completion of the project.  

 

The specific events and their float are included in Table 30. The float time of 4 (S4) means that 

between the earliest and latest date of the purchase of machines 80 days may pass without any 

effect on the total project time, so 80 can be difference between the earliest and latest starting 

point of the foundation of machines, too. Let us notice that on the critical path the float times 

are zero.  

 

 

2.4.3. Activity on node network drawing based on an example  

EXERCISE: 

For the implementation of the project let us choose the activity on node network. What are the 

advantages of this method? Why should we - where appropriate - choose this method? 
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The answer to the questions is in Table 31. In Table 32. the differences between the CPM 

(Critical path method) and MPM (Metra Potential Method) planning techniques are 

highlighted.  

 

Table 31. The events of the feed mixing plant investment and the connecting float times  

 

Denomination of events Event 

number 

Event float 

(S) 

Start of project 0 0 

Landscaping finished 1 15 

Procurement of construction materials 

finished 
2 0 

Foundation of the building finished 3 0 

Purchase of machinery finished 4 80 

Foundation of the machines finished 5 0 

Bricklaying finished 6 0 

Creation of the roof and roofing 

finished 
7 0 

Plumbing and electrical work finished 8 0 

Building plastering and painting 

finished 
9 30 

Assembly of machinery finished 10 0 

Dyeing of the machinery finished 11 0 

Project completed 12 0 

 

 

Table 31. The basic differences between the arrow on activity and arrow on node 

networks  

 

Denomination 
Arrow on activity (CPM 

technique) 

Arrow on node (MPM 

technique) 

Activity edges of network nodes of network 

Event can be signalled cannot be signalled 

Multiple dependency 

relationships 
cannot be signalled can be signalled 

Interpretation of float 

total-, free-, conditional- and 

independent floats (TF, FF, 

CF, IF) 

only total float (TF) 

Dummy activities may be necessary 
only „start” and „finish” 

activities 

Start / Finish activities not necessary can be necessary 

Time data related to 

activities (EST, LST, 

EFT, LFT) 

can be calculated more 

complicated 
can be calculated simply 

   Source: Authors‟ own work 
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From Table 32 it can be read, that the use of arrow on node networks is expedient, because 

the definition of total float is sufficient for us. One does not need to elaborate on other dummy 

activities than „start” and „finish”.   

Let us get back to the example of the feed mixing plant establishment and draw a project 

diagram according to the Table 31. When using MPM techniques, the activities are depicted 

by a rectangle, in which we mark the sign of the activity. The relation between activities are 

shown by arrows. In an activity on node network we only interpret activities, not events! 

The depiction of this technique results in Figure 27.  

 

Let‟s compare Figures 30 and 31! We should notice that while on the Figure 30 made with 

CPM technique dummy activities were necessary, the usage of MPM technique bypasses this, 

no dummy activities are needed. (Continuous arrows are in place of the dotted arrows.) Let‟s 

further notice that on Figures 32 and 33, because of the MPM depiction technique the usage 

of „start” and „finish” activities was necessary for disabling the problem of the multiple 

starting and endpoints.  

 

Figure 31. The depiction of the feed mixing plant investment with the MPM method 

 

 

Figure 32. The network drawn with the MPM technique, the need of the application of a 

„start” activity 

 

 

Figure 33. The network drawn with the MPM technique, the need of the application of a 

„finish” activity 
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This is visualized in details in the Figures 28 and 29, too. 

 

It is equally important to have a clearly distinctive starting and endpoint in the construction of 

both arrow on activity and arrow on node networks. In the lack of these, the start or 

completion of the project may become ambiguous or can have multiple understandings, which 

may lead to misunderstandings, because the most important characteristic, the total project 

implementation time may not be defined, either.  

 

Time analysis can be done even in the case of MPM technique. The required values and their 

depiction can be summarized in the following: 

 

The earliest start time of an activity: (EST: Earliest Start Time) 

The earliest finish time of an activity: (EFT: Earliest Finish Time) EFT=EST+D 

The latest finish time of an activity: (LFT: Latest Finish Time)  

The latest start time of an activity: (LST: Latest Start Time) LST=LFT-D 

 

The calculation of total float:  

TFi=LSTi-ESTi or: TFi=LFTi-EFTi so it can be received with the difference of the latest and 

earliest starting or finishing times of the activities.  

 

The other floats are not included in the activity on node network! The interrelation between 

the activities and the specific time values in case of MPM technique can be followed on 

Figure 34.  

 

 

Figure 34. The MPM activities and their interrelations 
Source: Authors‟ own work 

 

When coming to the time analysis of the network, we calculate the earliest time data in the 

same direction as the arrows go (usually from left to right), always moving on the arrows. 

 

When an activity has multiple connection system, then it is always the biggest time data 

(MAX) that shows the earliest start, as we can start the earliest the given activity, if the 

previous activity has already been finished.  

 

We calculate the earliest time data with the help of the formulas below based on the 

interrelations on Figure 27: 

ESTi + Di = EFTi 

EFTi = ESTj 

ESTj + Dj =EFTj 

Earliest start 

time (ESTi) 

Duration 

(Di) 

Earliest 

finish time 

(EFTi) 

Latest start 

time (LSTi) 

Total float 

(TFi) 

Latest finish 

time (LFTi) 

Sign of activity (i) 

Earliest start 

time (ESTj) 

Duration 

(Dj) 

Earliest 

finish time 

(EFTj) 

Latest start 

time (LSTj) 

Total float 

(TFj) 

Latest finish 

time (LFTj) 

Sign of activity (j) 
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According to the interrelation, it follows that 

 

The „Start” activity starts and finishes always on day 0, as this is a dummy activity. Because 

activities „A”, „B” and „D” are preceded by activity „Start”, therefore all of them start earliest 

on day 0. So,  

 

EFTA = 0 + 15 = 15 

       ESTC = MAX (EFTA;EFTB) = 30 

EFTB = 0 + 30 = 30 

 

EFTD = 0 + 15 = 15  
       ESTE = MAX (EFTD;EFTC) = 55 

EFTC = 0 + 25 = 55  
 

EFTF = 55 + 50   = 105 = ESTG 

EFTG = 105 + 25 = 130 = ESTH 

 

EFTH = 130 + 20 = 150   

       ESTJ = MAX (EFTH;EFTE) = 150 

EFTE = 55 + 15 = 70  
 

EFTJ = 150 + 30 = 180 = ESTK 

EFTK = 180 + 10 = 190 = ESTL 

 

 

EFTL = 190 + 5 = 195  
     ESTFinish = MAX (EFTL;EFTI) = 195 → TPT = 195 days 

EFTI = 150 + 15 = 165  
 

 

After the calculation of the earliest time data, we define the latest time data of the activities 

with the retrograde method, backwards on the dependency arrows (usually from right to left). 

When an activity has multiple connection system, then it is always the smallest time data 

(MIN) that shows the latest finish, as we must finish latest any activity, in order to start all 

following activities according to their latest starting points, and no increase in the total project 

implementation time is experienced.  

 

We calculate the latest time data with the help of the formulas below, also based on the 

interrelations on Figure 27: 

LFTj – Dj = LSTj 

LSTj = LFTi 

LFTi + Di  = LFTi 

 

According to the interrelation: 

 

„Finish” activity always starts and also finishes on the day of the total project implementation 

time (TPT), as this is a dummy activity.  

 

As activities „I”, and „L” are only followed by activity „Finish”, therefore all of them must be 

finished the latest on the 195
th

 day. 
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LSTL = 195 - 5   = 190 = LFTK 

LSTK = 190 - 10 = 180 = LFTJ 

 

LSTI = 195 - 15 = 180  
      LFTH = MIN (LSTI;LSTJ) = 150  

  

LSTJ = 180 - 30 = 150 

 

LSTH = 150 - 20   = 130 = LFTG 

LSTG = 130 - 25 = 105 = LFTF 

 

LSTF = 105 - 50 = 55 

      LFTC = MIN (LSTF;LSTE) = 55 

LSTE = 150 - 15 =  135 

 

LSTC = 55 – 25 = 30 

 

LSTD = 135 - 15 = 120 

LSTB = 30 - 30 = 0  LFTStart = MIN (LSTD;LSTB;LSTA) = 0 →  

LSTA = 30 – 15 =15 

 

 

The graphic depiction of the time analysis is on Figure 35.  

 

In the practical life the problem of the multiple dependency of activities and events are often 

experienced and must be handled.  

 

EXERCISE:  

Let‟s get back to our example! We should analyse the previous predecessor Table! As our aim 

is to create a correct and usable project network, we must consider the so called 

technological time requirements, which are included in Table 29. Such times – based on the 

example – the setting time of the concrete, which is in our example 2 weeks, or 14 days, the 

drying time of the walls, and the warranty conditions, which are included in the comment 

section of Table 33. 

 

For the better depiction of reality, we must create an activity on node network that considers 

multiple dependencies. The symbols used are the same as in the previously discussed activity 

on node network. The only difference is in the nature of the relationships. We distinguish four 

types of relationship between the activities. These are: 

 

Finish - Start: FS – After the finish of the previous activity can the following activity start. 

For example: after 5 time units that the activity „A” ended, activity „B” can start. 

 

                               FS5  

              

Start - Start: SS – After the start of the previous activity can the following activity start.  

For example: activity „B” can start after 5 time units of the „A” activity‟s start. 

 

So we worked correctly, 

as all data of the „Start” 

activity is = 0. 

A B or 

 

A B 

5 



 

 
 
 

108 

                or 

  

 

 

Table 33. The investment of the feed mixing plant with multiple dependencies 

 

Denomination of 

activities 

Sign of 

activity 

Type of 

relation 

Activity in 

relation 

Durati

on of 

act. 

[day] 

Comments 

Landscaping A - - 15 - 

Procurement of 

construction 

materials 

B - - 30 - 

Foundation of 

the building  
C FS AB 25 - 

Purchase of 

machinery 
D  - 15 - 

Foundation of 

the machines  
E 

FS14 C 

15 

Because of the setting of 

concrete. 

SS5 D 

In 5 we select the machine, 

then the parameters are 

given for the foundation 

Bricklaying 
F FS14 C 50 

Because of the setting of 

concrete. 

Creation of the 

roof and roofing 
G FS7 F 25 

Because of the drying of 

walls. 

Plumbing and 

electrical work 
H FS G 20 - 

Building 

plastering and 

painting 

I FS H 15 - 

Assembly of 

machinery 

Dyeing of the 

machinery 

J 

FS14 E 

30 

Because of the drying of 

the foundation. 

FS H - 

Installation of 

machinery 
K FS J 10 - 

Building 

plastering and 

painting L 

FF9 

K 5 

It is a warranty condition 

that the installation must 

be finished until the 9
th
 day 

after the painting. 

FS3 
The painting must dry for 

3 days. 

 

A B 
SS5 5 

A B 
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Figure 35. The depiction and time analysis of the feed mixing plant in case of MPM technique  
Source: Authors‟ own work 
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Finish-finish: FF - After the finish of the previous activity can the following activity finish. 

For example: after 5 time units that the activity „A” ended, activity „B” can end. 

 

or 

 

 

Start-finish: SF - After the start of the previous activity can the following activity finish. For 

example: after 5 time units that the activity „A” started, activity „B” can finish. 

 

 

or 

 

Let us notice that in our example the predecessor task list does not change, we just set more 

rigorous conditions on the contrary to previously mentioned networks.  

 

During the time analysis we move based on Figure 35, so we define first the earliest time data 

starting from activity „Start”.  

 

EFTA = 0 + 15 = 15 

      ESTC = MAX (EFTA;EFTB) = 30 

EFTB = 0 + 30 = 30 

 

EFTD = 0 + 15 = 15 

EFTC = 30 + 25 = 55  
 

Activity „E” depends on two activities: activities „D” and „C”. It has a FS14 relation with 

activity „C”, and „SS5” with activity „D”. Based on dependencies: 

 

EFTC + 14 = ESTE 55+14 = 69 

       ESTE = MAX (EFTC;ESTD) = 69 

ESTD + 5   = ESTE 0+5     = 5 

 

FS14 relation between „C” and „F”:  

 

EFTC + 14 = ESTF 55 + 14 = 69 

  EFTF = 69 + 50 = 119 

 

FS7 relation between „F” and „G”: 

 

EFTF + 7 = ESTG 119 + 7 = 126 

  EFTG = 126 + 25 = 151 = ESTH 

EFTE = 69+15 = 84 

 

Activity „J” connects to „E” through relation FS14, while activity „H” stands in FS0 relation 

with it, therefore: 

EFTE +14 = 84 +14 = 96 

ESTJ = MAX (EFTE;EFTH) = 171 

EFTH = 151 + 20 = 171 

 

A B 
FF5 

A B 
SF5 

5 
A B 

5 
A B 
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EFTJ = 171 + 30  = 201 = ESTK 

EFTK = 201 + 10 = 211  

 

There is a dual relation between activities „K” and „J”: FF9 and FS3. 

 

EFTK + 9 = EFTL 211 + 9 = 220 

EFTK + 3 = ESTL 211 + 3 = 214 

 

We should see that the two values cannot be compared, as one of them is EFT, the other EST. 

We must transform them, so that both of them are EFT or EST! Transform them into EST! 

EFTL – D = ESTL = 220 – 5 = 215 

After transformation they can be compared: 

 

ESTL = MAX (214;215) = 215 

 

Two activities precede the dummy activity „FINISH”, so: 

 

EFTL = 215 + 5  = 220 

     ESTFINISH = MAX (EFTL;EFTI) = 220 = EFTFINISH = 

TPT 
EFTI = 171 + 15 = 186 

 

Let‟s define the latest time data, too. This is done with retrograde method, as we have already 

mentioned: 

 

LSTL = 220 - 5   = 215 = LFTK 

 

Dual relation between „L” and „K”: FF9 and FS3 

 

LFTL – 9 = LFTK   220 – 9 = 211 

        LFTK = MIN (211;212) = 211 

LSTL – 3 = LFTK   215 – 3 = 212 

 

LSTK = 211 - 10 = 201 = LFTJ 

 

We get to „H” from two directions (from „J” and „I”): 

 

LSTI = 220 - 15 = 205  
       LFTH = MIN (LSTI;LSTJ) = 171 

   LSTJ = 201 - 30 = 171 

 

LSTH = 171 - 20 = 151 = LFTG 

LSTG = 151 - 25 = 126  

 

There is a FS7 relation between „G” and „F”, therefore: 

 

LSTG – 7 = LFTF  126 – 7 = 119 

LSTF = 119 – 50 = 69 
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There is a FS14 relation between „J” and „E”, so: 

 

LSTJ – 14 = LFT E 171 - 14 = 157 

 

We get to activity „C” from two directions: from „F” through relation FS 14and from „E” also 

through FS14 relation. 

 

LSTF – 14 = LFTC  69 – 14   = 55 

        LFTC = MIN (55;128) = 55 

LSFE – 14 = LFTC 142 – 14 = 128 

 

Between activities „E” and „D” because of relation SS5: 

 

LSTE – 5 = LSTD 142 – 5 = 137 

LSTC = 55 – 25 = 30 

 

LSTD = 137 - 15 = 120 

LSTB = 30 - 30 = 0  LFTStart = MIN (LSTD;LSTB;LSTA) = 0 →  

LSTA = 30 – 15 =15 

 

 

From Figure 36 it can be read, that because we took the more rigorous conditions into 

consideration, the total project time grew from 195 days to 220 days. The depiction of the 

project has not changed anything compared to Figure 24, differences come from the depiction 

of multiple, different dependency arrows.  

 

2.4.4. Managing risk elements in the network /PERT/ 

 

EXERCISE: 

During the implementation of the investment one has to calculate with numerous risk factors. 

To qualify for the grant the analysis of risk factors is required according to the application 

criteria. Therefore it must be known, what is the probability of the expected completion time. 

In such cases the PERT method can be applied successfully, the triple time estimation method. 

The main characteristic of stochastic network is, that it includes activities which have duration 

as a random variable. Accordingly, an estimate should be provided for the duration of the 

activity that can be received with the triple time estimation, which is the PERT method. Since 

the duration of the activities is a random variable, it is obvious that their duration can only be 

estimated with the knowledge of probabilities. The critical path depends on the duration of the 

activities, which is also being aware of the likelihood of the activities a random variable, too. 

Therefore, if we give the estimate of durations of activities, the critical path will also only be 

an estimate. 

So we worked correctly, 

as all data of the „Start” 

activity is = 0. 
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Figure 36. The depiction and time analysis of the feed mixing plant investment with MPM method taking multiple 

dependencies into consideration 

 

 

Critical path:  BCFGHJKL 

Total project time (TPT): 220 days 
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The triple time estimate method (PERT) estimates the duration of the activity, and its variance 

based on the formula below: 

 

 

 

 

where 

 

   = the standard deviation of the activity 

  v = the variance of the activity 

  te = estimated duration of the activity 

  tm = the required duration under normal conditions 

  to = the shortest duration (there are optimistic conditions) 

  tp = the longest duration (there are pessimistic conditions) 

 

Let’s view the following example: 

We are curious about the duration and standard deviation of activity „A”. It is known, that 

under average conditions the realization of the activity takes 15 days. Activity „A” is weather 

dependent (let‟s take foundation). In sunny, dry weather the activity „A” can 1 be finished in 

10 days, too. Under the most uncomfortable conditions the activity can be fulfilled only in 28 

days.  

 

The estimated duration of our activity with the PERT method: 

 

(10+15*4+28)/6 = 16,33 days St. deviation: √((28-10)/6) = 1,73 

 

By the time analysis of network including random content activities, the following 

interrelation can be applied assuming a normal distribution: 

  

   

where 

 

TPT: Total project implementation time 

TPTp: Total project implementation time with probability p%  

TPT50%: Total project implementation time with 50% probability (The TPT 

value during the time analysis after the project depiction.) 
  TPT: The standard deviation of the total project time (v = σ

2
), that is: 

σTPT = √vTPT and  
  vTPT: the variance of the total project time (the sum of the variances of 

the critical path activities.) 

Fp: The value of the normal distribution in the case of probability „p”  

 

 

 (The values of the standard normal distribution function are included in Appendix 2 of the 

appendices.) 

 

We assume the constancy of the critical path. We take only the variances on the critical path 

into consideration when defining the variances belonging to the project finishing activity or 
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event, with other words we use the minimum principle. The implementation of the feed 

mixing plant is influenced by a number of risk factors, so the exact duration of the single 

activities is unknown, too. In this case the project manager him/herself, or involved experts 

define optimistic, pessimistic and most likely durations for the specific activities. This is 

included in Table 34, the duration and variance of activities based on the known interrelations 

are in Table 35. 

toptimistic: The duration of activity under optimistic conditions  

tpessimistic: The duration of activity under pessimistic conditions  

tmost likely: The most likely duration of the activity 

 

Symbols used: 

 

The calculation of the EET and LET happens based on the previously detailed method. The 

definition of float is possible according to CPM network. 

 

Table 34. The duration of feed mixing plant investment activities in case of PERT 

method 
 

Denomination 

 

Predecessor 

task list 

The estimation of the duration of 

activities  

optimistic 
pessi-

mistic 
most likely 

Landscaping A - 12 18 15 

Procurement of construction 

materials 
B - 28 38 30 

Foundation of the building  C AB 18 26 25 

Purchase of machinery D - 14 19 15 

Foundation of the machines  E CD 10 17 15 

Bricklaying F C 28 69 50 

Creation of the roof and roofing G F 17 30 25 

Plumbing and electrical work H G 18 25 20 

Building plastering and painting I H 12 24 15 

Assembly of machinery J EH 21 35 30 

Dyeing of the machinery K J 9 17 10 

Installation of machinery L K 4 9 5 
(Source: Authors‟ own work) 

 

v LET 

EET 

number 

of 

event 
where „v” is the sum of variances of 

critical activities preceding the specific 

event.  
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Table 35. The time data and variances of feed mixing plant investment activities 

 

Denomination to tp tm te v 

Landscaping A 12 18 15 15 1 

Procurement of construction 

materials 
B 28 38 30 31 2,78 

Foundation of the building  C 18 26 25 24 1,78 

Purchase of machinery D 14 19 15 15,5 0,056 

Foundation of the machines  E 10 17 15 14,5 1,36 

Bricklaying F 28 69 50 49,5 46,69 

Creation of the roof and roofing G 17 30 25 24,5 4,7 

Plumbing and electrical work H 18 25 20 20,5 1,36 

Building plastering and painting I 12 24 15 16 4 

Assembly of machinery J 21 35 30 29,5 5,44 

Dyeing of the machinery K 9 17 10 11 1,78 

Installation of machinery L 4 9 5 5,5 0,69 

       (Source: Authors‟ own work) 

 

The chart based on the results is in Figure 37. We assumed that keeping the total project 

time is an important factor when judging the application. We state that the planned 

implementation time can be kept with a 90% likelihood. Let‟s quantify the consequences of 

this. For this we use the following formula. 

 

     

  

 

Let us collect the known data: 

 

TPT50% = 195,5 

σTPT = √vTPT ≈ 8,08  

P = 90% → 0,90 

 

 

90% → 1,28 (from the table)  

 

 
 

The usage of the table of standard normal distribution function variables: 

First, from the Table we look up the closest number to the value 90% → 0,9, then we assign 

the „z” value from the vertical axis (they are the wholes and tenths), and finally we add the 

horizontal values (those are the hundreds). 
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Figure 37. The depiction of the feed mixing plant investment activities with the help of CPM and its time analysis PERT method  
Source: Authors‟ own work

Critical path: 

 with activities: BCFGHJKL 

 with events: 0,2,3,5,6,7,8,10,11,12 
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Inserting in the formula: 

 

 

      → TPTp = 205,84 ≈ 206 days 

 

 

With 90% likelihood the project can be completed in 206 days, so 206 days must be entered in 

the appropriate section of the application. 

 

EXERCISE:  

According to other factors, the investment should be finished in 180 days. What is the 

probability that it can happen in 180 days?  

 

Using the known and applied formula we get that  

 

Known data: 

TPT50% = 195,5 

σTPT = √vTPT ≈ 8,08  

TPTp = 180 days 

 

 1,92-  
08,8

5,195180





p
F

 

Using the statistical interrelation Φ(-z) = 1- Φ(z): 

 

│-1,92│ = 1,92 → from the Table → 0,9726 → 1-0,9726 = 0,0274 

 

 

 
 

 

The project can be finished with a Fp = 2,74 % probability. This is a very low value, therefore 

this option cannot be accepted. 

 

EXERCISE: 

The project manager received a very favourable travel opportunity at the start of the 

investment. The departure is on the 210. day after the project initiative. Should s/he accept or 

turn down this option?  
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Known data: 

TPT50% = 195,5 

σTPT = √vTPT ≈ 8,08  

TPTP = 210 

 

 

 

 

 

 
 

 

The FP value can be determined from the values of the standard normal distribution function 

values:  

1,79 → 0,9633 → P = 96,33% 

Based on the result, the investment is likely to be completed by the 210
th

 day with a 96,33% 

probability. Therefore the travelling abroad should not to be cancelled. 

 

2.5. Break even principle and its application 
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Based on the previous studies you have met the following concepts several times; fixed-, and 

variable cost, scale of operation, break-even point, margin volume, gross margin. These 

concepts determined, and proved through simple examples the basic cause and effect 

relationships. That we highlight these categories again is required, because of the complexity 

of the exercises to be solved, and further, as with the wider understanding of these concepts 

new interrelations and professional areas can be pointed to, where these concepts have an 

important role in the preparation and foundation of decision-making.  

 

In Chapter 2.2. some major interrelations had already been discussed. Based on the 

production and cost functions we quantified the critical input levels, at which maximum yield 

and maximum amount of profit is expected. Through the marginal yield, its value and cost, 

further interrelations can be highlighted. As we saw in Table 21, the cost of marginal yield 

narrowed on the price not the yield, and its value to the price of the input. When we raise the 

level of yield with a unit, then the cost increases more, than the income, therefore the 

profitability of the production decreases. It may happen that the own cost of the product is 

higher than the unit price. It follows that the production must be discontinued. The situation 

and the answer is more complex, too.  

 

Let us assume that we transfer the product into corporate, and the corporation produces 

multiple products. In this case we need more exact information, taking the whole corporation 

into consideration. The production of an unprofitable production depends on how the loss 

affects the total production cost and through that profitability. In general it is affordable to 

produce the specific product until its price is higher than the variable unit cost. (In that case 

the variable cost returns and also some of the fixed cost: The amount with which the price 

exceeds the variable cost. So the fixed cost has some coverage).  

 

Two critical points - setting minimal requirements - occur when an entrepreneur is managing 

business.  

 

 ONE OF THEM IS, WHEN THE INCREASE IN PRODUCTION REACHES 

THE POINT, WHERE THE REVENUE IS EQUAL TO VARIABLE COST (TR = 

TV). FROM THIS POINT, THE PRODUCTION MUST NOT BE INCREASED, 

BECAUSE, NO PART OF VARIABLE COST WILL RETURN. THIS IS CALLED 

INTERRUPTION POINT, WHERE A PART OF THE VARIABLE COSTS 

RETURNS IN REVENUE, BUT NOTHING MORE. THEREFORE CERTAINLY 

NO PROFIT IS CREATED. 

 

 THE OTHER CRITICAL POINT IS (CONSIDERING THE TOTAL PROFIT OF 

THE COMPANY), WHEN THE TOTAL REVENUE EQUALS THE TOTAL 

COST (TR = TC), AND WHEN THE MARKET PRICE EQUALS THE 

MINIMUM OF THE AVERAGE COST. INCLUDED IN THE AVERAGE COST 

ARE THE ALTERNATIVE COST, AND AS PART OF THE REVENUE, THE 

NORMALPROFIT. THIS POINTOT IS CALLED BREAK EVEN POINT, AS ALL 

COSTS ARE COVERED (VARIABLE + FIXED). THIS MEANS THAT THE 

BREAK EVEN POINT IS CONSTANT AND IS IN THE SUM OF FIXED AND 

VARIABLE COSTS, WHERE NO PROFIT AND LOSS IS EXPERIENCED.  

 

When there is no economic profit, the company can company can sustain functioning, 

including the ability of accumulation. If the fixed cost won‟t return on the short term, 
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production can still be continued for a while in the case of a non-profitable product: to avoid 

the loss from the viewpoint of the whole company.  

 

The depicted interrelations can certainly be justified based on numbers. Aiming on the 

interrelations from a different point of view, let‟s segregate the factors down to its elements. 

The connections of the factors elements can be followed on Figure 39.  
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Figure 39. The cause and effect relationships of the gross margin 

Source: Authors‟ own work 

 

The function of price, is to cover the cost of production and to have profit content. When we 

separate the items developing the profit to its elements, then we can see, that a factor of the 

revenue will be the price, the amount of the product is the yield. As the price is for the unit, 

therefore in the interrelation after the regrouping we can only include unit costs. This unit 

cost can only be proportional variable unit cost. This cost is – as we know it – the same as 

the price, constant in the unit base. The difference of the two items give the gross margin 

(GM). From the mentioned follows that this is also unit based, so we receive the amount of 

coverage on every product. The value we are looking for is the yield. If we look for the 

output, which covers the total cost, then we put the profit to zero. The following interrelation 

comes from the previously mentioned  

VP

F
Q


  

 

where 

 

Q: Quantity of the products for the coverage (t, kg, ha… etc.) 

F: Fixed costs (HUF) 

P: Unit price /HUF/t, kg …etc.) 

   V: Proportional variable cost (HUF/t, kg…etc.) 

 

EXERCISE: 

Let us take the already known values of the complex plant protection service. The sales 

price is 3300 HUF/ ha, unit variable costs 1228 HUF/ ha, the total fixed cost 4048 

thousand HUF (amortization is 3944thousand HUF, other expenses 140 thousand HUF). 

What area means the coverage quantity? Using the above expression it comes to  

∑COST REVENUE PROFIT ═ + 

∑TOTAL COST + ∑VARIABLE COST 

BY REGROUPING THE EQUATION WE GET 

PRICE ― VARIABLE 

COST PER UNIT 
═ ∑FIXED COST + PROFIT 

GROSS MARGIN 

YIELD PRICE 
⃰ 
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ha
haHUFhaHUF

HUFthousand
Q 7,1953

/1228/3300

4048



  

 

The coverage volume is therefore 1953,7 ha. The result of the check is in Table 38. 

 

Table 38. Values belonging to the coverage volume  

 

Denomination Algorithm Total 

(thousand 

HUF) 

Fixed cost given 4048 

Total variable cost 1953,7 * 1128 2399 

Total cost  6447 

Revenue 1953,7*3300 6447 

Profit 158258-158220 0
 

 

The revenue in the table gives the break-even point. The break-even point means the 

revenue, at which the corporate profit is zero. The graphic depiction of the break-even point 

is on Figure 40.  

  

 
Figure 40. The graphic depiction of the break-even point 

Source: Nábrádi - Pupos ed. (2011)  

 

The figure correctly signalizes the development of the break even contribution and profit 

(profit or deficit) realizable at different output and sales volumes. A punctually drawn 

diagram shows, how much needs to be produced and sold in order to reach the break-even 

point, and what capacity usage belongs to this level. Furthermore, the diagram provides to 

every sales amount the connection between fixed, variable and revenue. This is called Break-

even or structure analysis.  

REVENUE OF BREAK EVEN POINT = COVERAGE QUANTITY × UNIT PRICE 
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We must draw attention to the interrelations between gross margin, break-even and 

accounting profit categories. The connection between the specific profit categories can be 

interpreted in the light of numbers as follows:  

 

The break-even point can be interpreted and calculated on a corporate level by the summary 

of all activities. Based on the upper numbers, and by regrouping the specific items for the 

objective, we receive the following interrelation:  

 

Indirect cost of sales  150 thousand HUF 

Balance of other income and expenses  - 15 thousand HUF 
Result of financial transactions  10 thousand HUF 
EXTRAORDINARY PROFIT  2 thousand HUF 

Amount of coverage for the break-even point  147 thousand HUF 

 

The following formula can be defined: 

 

 

By inserting the numbers into the formula we receive that:  

 

Amount of coverage for the break-even point = 400 t HUF – 253 t HUF = 147 t HUF 

 

As the check based on the numeric data shows, the amount of coverage for the break-even 

point is equal in both calculations, it is 147 t HUF. The revenue for the break-even point is 

according to previously mentioned:  

 

Turnover (Sales, revenue)  1100 t HUF 

- Direct cost of sales 700 t HUF 

= Gross margin (profit) 400 t HUF 

- Indirect cost of sales - 150 t HUF 

± Balance of other income and expenses  

(30-15) 15 t HUF 

= TRADING PROFIT 265 t HUF 

Result of financial transactions 10 t HUF 

= PROFIT ON ORDINARY ACTIVITIES  255 t HUF 

± EXTRAORDINARY PROFIT  – 2 thousand Ft 

= INCOME BEFORE TAXES  253 thousand Ft 

Amount of coverage for the break-even point = Planned amount of coverage – Income 

before taxes 
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In the knowledge of the revenue of break-even point we are capable of tracing the 

chronological development of the corporate profit, how the dynamic of the chronological 

development of the volume of sales and revenue approaches the planned profit, and – based 

on the deviations from plan – which areas mean the bottleneck, where targeted, deliberate 

intervention is needed.  

 

As a priority should it also be noted that the concept of fixed obligations means not only the 

costs in the narrower sense, but is to be interpreted more broadly. The fixed costs appearing 

on the company level, such as loan repayments, payable interest, the extraordinary profit, the 

minimum expected profit, opportunity costs, etc. can be integrated and interpreted as a fixed 

liabilities. Including these items in pricing is essential. 

 

The drawn interrelations can have an important role by the planning (depending on the 

objective of the planning), too. The cost planning based on cost bearers is based on the direct 

cost of yields in cost types, or in the appropriate grouping of the calculation items, in 

accordance with the principles set out in the company‟s direct costing rules. There are 

multiple ways for cost planning, which can be applied separately, or combined. Such method 

is the:  

 

 Method of flexible cost planning Procedure that can be applied when planning cost 

based on cost types. With this method, the planning of costs happens in groups, 

based on cost characteristic and degree of response. The cost characteristic is an 

indicator expressed in metric units which - with every change - has a decisive 

impact on the development of the associated cost group. The quantification of the 

degree of response is done using the following formula: 

 

 

Let us interpret the interrelations above through a simple example. The degree of response of 

the connection between variable cost and revenue in the base period is 0,8. The revenue of the 

base period is 100 million HUF, the sales planned 110 million HUF. What amount of 

coverage compensation surplus can be planned in the reporting period?  

 

Let us define the connecting concepts according to the exercise:  

 

 Coverage compensation: Revenue – Variable cost 

Cost characteristic:  Revenue 

Cost group: Variable cost 

Degree of response:  0,8 

 

Let‟s quantify the interrelations: 

 Change of cost characteristic % = % 10  100 x 
HUFmillion  100

HUFmillion  110
  

The cost change % = (Degree of response % × Change of cost characteristic %)*100 

HUF t 404  HUF t 1100 * 
HUF t 400

HUF t 147
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% of cost change = (0,8 x 0,1) x 100 = 8 % 

 

 Coverage compensation –base period= 100 – 80 = 20 million HUF 

 

 Coverage compensation –reporting period = 110 – ( 80 x 1,08)  = 23,6 million HUF 

 

Coverage compensation – increase = 23,6 – 20 = 3,6 million HUF 

 

 

2.6. The selection between investment alternatives  

In your previous studies you handled the basic knowledge connecting to this topic. It didn‟t 

come to the deeper analysis of the interrelations by the interpretation of the basic knowledge. 

Therefore we examine and analyse the causative interrelations through a more complex 

investment example.   

 

 

2.6.1 The indicators of an investment‟s efficiency and cash flow estimation  

 

Investment means basically that we give money for the implementation of a business concept, 

from which we hope to see income in the future. Before the realization of investments and 

projects, a decision has to be made, the decision‟s system of criteria has to be formulated and 

quantified, it is also to appropriate to carry out sensitivity analysis and risk analysis, too. The 

theoretical relationships are applicable to a particular investment, when a decision must be 

made. However, the practical application of the theory is not an easy task. 

 

The indicators formulating the investment‟s efficiency can be grouped to the quantified 

system of criteria of the decisions connecting to investments. From these indicators, we apply 

the dynamic efficiency indicators, which – as it is already known – are the following:  

  

 NET PRESENT VALUE; NPV 
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where 

C0 = onetime cash outflow 

Ct  = the cash flow of the investment 

t   = the planned duration of the investment  

(or the duration of the loan) 

 

 INTERNAL RATE OF RETURN; IRR 

 

By the return of the investments and projects the IRR-indicator means the interest rate, by 

which discounted, the investment’s NPV is zero. So, according to the known interrelation, 

the formula is the following 
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 PROFITABILITY INDEX; PI 
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  DISCOUNTED PAYBACK PERIOD;DPP 

 

Discounted Payback Period; DPP 

During the calculation of the discounted payback period we search the answer to the question, 

how will the time of investment return turn out. According to this we quantify the NPV from 

period to period. The return will appear where the NPV is zero, or positive. (Figure 41).  
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Figure 41 The graphic depiction of the Discounted Payback Period 
Source: Nábrádi-Pupos ed. (2011) 

 

According to the mentioned interrelations it is visible that the trustful formulation of cash 

flow processes poses a crucial condition in the quantification and usefulness of the indicators. 

It should also be highlighted that by the establishment of a project or investment, the 

formulation of the cash flow poses a more complex task, than the formulation of the cash flow 

processes of a bond or perpetual annuity. It is therefore appropriate to summarize principles 

that should be taken into consideration by the cash flow description. These principles can be 

formulated in the following:  
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 By the evaluation of the investments only the cash flows are relevant. The simplest 

definition of cash flow is that it is the difference between revenues and expenditures. 

The net cash flow, is therefore the profit after tax and the depreciation. 

 The cash flows is to be estimated on an incremental basis. This means that all cash 

flows, which causes changes in respect of the company as a result of the investment, 

must be included in the analysis.  

 The cash flow must be measured on a taxed basis, as the tax decreases the income, 

but can also increase the revenue.  

 

 All indirect effect must be taken into consideration. This is the principle that means 

the taking into account of the changes in the working capital requirement that is for the 

operation of the investment. 

 

  The opportunity costs must be calculated, too. This principle takes the “costs” into 

account that are equal with the alternative opportunities of the value of fixed 

resource(s) used for the implementation of the investment (opportunity costs). 

 

 The inflation must be treated consistently. If we use the effective interest rate for the 

discounting, then the cash flows must be taken into consideration on current prices, 

too.  

 

The process of the investments‟ cash flows is described by the following cash flows: 

 

1/Initial cash flow. It includes all expenses used for the implementation of the investment. Its 

content; 

- The book value of fixed assets 

- A one-time current asset need /working capital/ 

- The opportunity cost of used resources 

+ Income arising from scrapping 

 Tax impact 

 

2/Operational cash flow 

+ Revenue 

-  Production cost 

+ Profit before taxes 

- Taxation  

 Profit after taxes 

+ Depreciation 

 Cash-flow of ordinary operation 

 Change of working capital  

=  Operational cash flow 

 

The operational cash flow is non-other than the cash flow detected of the result of the 

investment. The quantification of this cash flow sheds light on a few problems, which must 

shortly be described. There is a problem that the clear separation of working capital change, 

attributable to the effect of the investment, project on the level of the company, is difficult to 

make. It is not our objective to go into details in this chapter. Now just settle for so much to 

strive for realistic cash flow formulation in order to obtain useful results. 
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3/Final cash flow This has two elements. We estimate the amount of cash that can have two 

sources; 

 

-  On the one hand, from the sales of the assets at the end of the 

investment, on the other hand 

-  From the working capital freed. 

 

 

2.6.2 Decision between the investment alternatives 

 

Let us trace down the previously mentioned based on the planned investment of the group 

providing plant protection service. To prove that the different cash flows influence the 

development of indicators, we quantify the different efficiency indicators with different cash 

flows.  

 

First solution is take the A3 action and the T2 state as a basis, in a way that we only calculate 

with the cost accounting and income statement data. In this case, the project cash flows are 

formed according to Table 39. 

 

Table 39. The development of the cash flows of the planned investment  

 

Denomination t0 t1 t2 t3 t4 t5 t6  t7 

Initial cash flow -29600               

Revenue   9405 9405 9405 9405 9405 9405 9405 

Cost (which is also 

expense)   3640 3640 3640 3640 3640 3640 3640 

Depreciation   3944 3944 3944 3944 3944 3944 3944 

Total cost   7584 7584 7584 7584 7584 7584 7584 

Profit before taxes   1821 1821 1821 1821 1821 1821 1821 

Taxation /16%/   291 291 291 291 291 291 291 

Profit after taxes   1530 1530 1530 1530 1530 1530 1530 

Depreciation   3944 3944 3944 3944 3944 3944 3944 

Cash-flow of ordinary 

operation   5474 5474 5474 5474 5474 5474 5474 

Change of working 

capital                  

Operational cash flow   5474 5474 5474 5474 5474 5474 5474 

Final cash flow                 

CASH FLOWS -29600 5474 5474 5474 5474 5474 5474 5474 

 

The quantification of the algorithm of the cash flows in Table 39 is equal to the one described 

at the decision matrix. It is an important question, how we treat at the planning of cash flows 

the opportunity cost, and the forming factors, for example the lost income of a transformed 

field by an investment of a building, or the lost income of an alternative capital investment, 

etc. These, in the end, do not mean actual cash flows. The handling of these items can be 

solved with the help of the discount rate, as we add all quantified values and this will be the 

discount rate by the calculation of indicators. By the calculation of the indicators we should 

also accept the 4%. The calculated values besides the mentioned values will be the following:  
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NPVr=4% 3 130,05 HUF 

IRR 7% 

PIr=4% 1,106 

 

The investment is thus worth implementing, because it has a positive NPV. The same is 

shown by the internal rate of return (IRR = 7%), too, as it is higher than the calculative 

interest rate (4%). Based on the calculations, the investment returns in the 6
th

 year. Based on 

the IRR the conclusion can be drawn, that only in the case of alternative investment 

opportunities giving 7% yield will the NPV be zero. The development of the NPV based on 

the periods shows Figure 42.  

 

 
 

Figure 42. The NPV of the investment in the change of time  

 

The received results give a good support for related decisions. If one has to decide between 

investment alternatives, many viewpoints must be taken under consideration at the same time. 

The realistic planning of cash flows, the handling of risk elements is serious professional 

issue, and cannot be independent of the decision maker, either. As we know, if the NPV is 

positive, then it justifies the return of the investment, but we have to take its change in time 

under consideration, too. The development of IRR must play an important role, too. The 

discount rate used by the calculation of IRR and NPV can be main the main decision criteria 

in certain cases.  

 

The NPV of the two alternatives is the same at the 3.5% discount rate, but their internal rate 

of return is different, 7 and 8,2% 

 

 

2.6.3. The connecting questions of cash flow and structure of sources (liabilities) 

 

The financing of the investment in the model example can happen in practice with the use of 

own and foreign sources (of grants and long-term investment loans), too. In the case of the 
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solved example we assumed that it was only own contribution. It is an important question, 

how we plan the cash flows with the external sources coming with foreign and economic 

burden, how we adjust with these external cash flows, etc. For the handling of these 

corrections, there are multiple methods. As the applied corrections have significant effect on 

the calculated indicators, it is not useless to examine the causal relationships in the light of 

numbers, too. Let us assume that we apply for a loan for the implementation of the 

investment, which will be 40% of the required source. The conditions of the loans are the 

following:  

 

  Duration:  7 years 

  Interest rate:  10% 

  Repayment: Variable amount, once a year, at the end of the year 

 

When calculating the NPV, we must draw attention that the size of the NPV is the dependent 

of the interest used for the discounting. In the case of investments, as the cash flows are 

investment like – first there is an outflow, then the cash flows come giving the revenue – 

therefore the NPV is the monotonically decreasing function of the interest rate. This follows 

from the fact that the higher is the yield by the alternative investment opportunities, which is 

the interest rate used for discounting, the higher the devaluation of the revenue generated by 

the amount invested in the present. It is also known to us that if the cash flow is loan like – 

that is first there is an inflow, then the repayment, outflows – then the NPV is the 

monotonically increasing function of the interest rate. This statement is the mathematical 

visualization that a liability cash flow is more prosperous, if the price of the alternative 

financing sources is higher, which is the credit, loan interest rate used for discounting. The 

higher this interest rate, the lower the NPV of the future liabilities. From this follows that the 

NPV will be higher. It cannot be indifferent for us how the interest rate of the external sources 

develop in the financing of the investment, because if we adjust it with the cash flow of the 

credit, it decreases the NPV of the investment. After we certified that the NPV of the credit 

borrowing is monotonically increasing, then we understand more easily why a credit loan 

decreases the NPV of the investment.  

 

It is an important question how we adjust with the cash flows of the credit borrowing. The 

handling of the interest cannot pose a problem. As the interest burden of the credit is the 

expenditure on financial transactions, it decreases the planned profit of the investment. The 

correction with the instalments, however, urges caution. If we treat the question only strictly 

on a theoretical and mathematical basis, then we must decrease the operational cash flow also 

with the amount of repayment. So we decrease the operational cash flow with this item. It is 

easily foreseeable that this has a significant effect on the development of the indicators, it 

affects them decreasingly.  

 

One professional reason for taking this correction under consideration is that in the case of 

credit borrowing, as the source of repayment can only be depreciation and profit after tax, the 

amount of repayment takes the opportunity from us, to reinvest for example in an investment 

promising a return of 4%. So, if we adjust with the interest and the instalment, too, the 

differences of the calculated NPV-s must be equal with the sum of differences of NPV-s of 

the cash flows with and without repayment.  

 

SELF- MADE SUBMITTABLE EXERCISE: 
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In the knowledge of cash flows check the following statement: So, if we adjust with the 

interest and the instalment, too, the differences of the calculated NPV-s must be equal with the 

sum of differences of NPV-s of the cash flow with and without repayment.  

 

We know, though, that the long term credit is nothing other than the advance of the retained 

profit of the year needed for the investment. From a professional viewpoint we proceed 

correctly, if we only adjust the operational cash flow of the investment with the economic 

burden of the credit, with the interest to be paid. Therefore we only consider the decisive 

criteria that the investment returns the expected yield of the alternative capital investment, 

which is 4%. The question is thus, whether the investment stand up for these requirements, in 

a way that we decrease the cash flows only with the interest.  

 

SOLUTION:  

As a first step we quantify the cash flows of the credit. These are included in Table 40.  

Table 40. The cash flows of the credit repayments  

 

Year 
Credit Interest Instalment Repayment 

thousand HUF 

1 11840 1184 1691 2875 

2 10149 1015 1691 2706 

3 8458 846 1691 2537 

4 6767 677 1691 2368 

5 5076 508 1691 2199 

6 3385 339 1691 2030 

7 1694 169 1694 1863 

Total   4738 11840 16578 

 

 

The quantification of the instalment: 11840 : 7 = 1691 thousand HUF 

 

As we account the credit interest as cost, this decreases the planned profit of the investment, 

the cash flow of continuous operation, therefore we adjust at the correction only with the 

amount of repayment. Let us examine, the mentioned in the light of numbers. The received 

results and the cash flows adjusted with the credit repayment are in Table 41.  

 

In the case of credit borrowing – if we accept the Cash flow 1 algorithm in Table 41 – the 

investment ought not to be realized, as the NPV is negative with the expected 4% alternative 

yield.  
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Table 41. Cash flows adjusted with credit repayment  

 

Denomination t0 t1 t2 t3 t4 t5 t6  t7 

Initial cash flow -29600               

Cash flow of 

continuous production   5474 5474 5474 5474 5474 5474 5474 

Interest   -1184 -1015 -846 -677 -508 -339 -169 

Tax effect of interest   189 162 135 108 81 54 27 

Instalment   -1691 -1691 -1691 -1691 -1691 -1691 -1691 

Adjusted cash flow   2788 2930 3072 3214 3356 3498 3641 

Change of working 

capital                 

Operational cash flow   2788 2930 3072 3214 3356 3498 3641 

Final cash flow                 

Cash flow 1 -29600 2788 2930 3072 3214 3356 3498 3641 

Cash flow 2 *  -29600 4479 4621 4763 4905 5047 5189 5332 

*
Without instalment 

         

The received values of the specific indicators are the following:  

 

NPV-1 r=4,00% -10040 thousand HUF  

IRR-1 -6,2% 

PI-1 r=8,00% -0,66 

  

NPV-2 r=4,00% -281 thousand HUF 

IRR-2 3,7 % 

PI-2 r=8,00% -0,99 

 

The difference of the NPV-s – in the alternatives financed with and without credit – must 

exactly be equal with the sum of NPV-s of differences between repayment cash flow and no 

repayment cash flow. According to algorithm Cash flow 2 in Table 41, if we don‟t take the 

credit repayment into consideration, the value of NPV is only -281 thousand HUF.  

 

It is easily foreseeable that if we also receive non-repayable state aid, the initial cash flow for 

the company, would be the amount decreased by the non-repayable state aid. In this financial 

construction, the state aid may adjust – because of the smaller initial cash flow – the 

indicators of the investment project.   
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Appendix 1. The solution of the transportation exercise  

 

Let us notice that the variables of the LP model are provided by the multiplication of the 

number of warehouses and the locations. Accordingly 3*5= 15. So, the number of variables is 

15. The theoretically possible transports that we transfer from every warehouse to every 

location. So 

 

From R1 to T1; from R1 to T2 and so on. So the content of X11: from R1 – to T1. So, 

the first number is the warehouse, the second number is the location. The unit of 

measurement of variables is tonnes.  

 

 The content of conditions is equal to the applied described with the Microsoft Office 

Excel.  

 

 The content of the coefficient of objective function is the tonne kilometre cost from 

the storage to the location. The objective function of the variable X11, is thus: 

135*179= 24,165, rounded up to 24,2 thousand HUF/t  

 

The results of the optimal solution:  

 

 The solution of the linear programming exercise  

 
The variables of the optimal solution  Cost interval, in which the solution does not 

change 

  Value Lower Current Upper 

X11 From R1 to T1 160 t 22.6 24.2 25.2 

X13 From R1 to T3 240 t 15.9 16.9 18.5 

X 23 From R2 to T3 160 t 20.9 22.5 23.5 

X 24 From R2 to T4 80 t -2.2 13.1 14.7 

X31 From R3 to T1 50 t 31.0 32.0 33.6 

X32 From R3 to T2 120 t 0.0 10.0 15.7 

X35 From R3 to T5 220 t 0.0 28.6 29.6 

 

The value of objective function (thousand HUF): 21668,002 

 

Left out 

variables 

The lower value of objective 

function in the solution  

Current objective function value 

X12 2,2 11,5 

X14 7,5 10,1 

X15 20,8 25,4 

X21 29,8 30,8 

X22 7,8 13,5 

X25 26,4 27,4 

X33 24,7 30,2 

X34 15,3 16,9 
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Binding constraints 
Cost interval, in which the solution does not 

change 

  Shadow price Lower Current Upper 

1. R1 -32,0 160.0 210,0 320,0 

2. R2 -10,0 0,0 120,0 230,0 

3. R3 -24,7 350,0 400,0 510,0 

4. X1 -15,3 30,0 80,0 190,0 

5. X2 -28,6 0,0 220,0 330,0 

6. X3 7,8 290,0 400,0 450,0 

7. X4 2,2 130,0 240,0 290,0 

 

Slack constraints Surplus Available 

8. X5 110 500 

16. Corn min. 0,100 2,0 

19. Extr. Sunfl. max 1,000 3,0 

20. Dry matter coll. 1,656 1,0 

 

 

Answers to the questions: 

AT WHAT CONSTRAINTS WOULD WE DELIVER FROM R1 WAREHOUSE 

TO T2 AND T4 LOCATIONS? 

 

THE ANSWER TO THIS QUESTION REQUIRES THE DATA ANALYSIS 

CONSERNING THE LEFT OUT CONSTRAINTS. THE LOWER LIMIT OF 

ENTERING THE SOLUTION IN THE CASE OF THESE TWO VARIABLES IS 

2,2 AND 7,5 THOUSAND HUF/T. SO IF THE TRANSPORTATION OF A 

TONNE WOULD COST THAT MUCH.  

  

WHAT DISTANCE WOULD REQUIRE THE DELIVERY FROM R3 

WAREHOUSE TO FULFIL THE NEEDS OF T3?  

 

WE MUS ALSO PUT THE INFORMATION CONSERNING THE LEFT OUT 

VARIABLES UNDER EXAMINATION. IT IS VISIBLE THAT THE RECEIVED 

VALUE IS 24,7 THOUSAND HUF /T. SO, IF THIS VALUE IS DIVIDED BY 

THE COST OF TONNE KILOMETERS, THE 135 FT/T, THEN 183 KM 

DISTANCE WOULD MAKE THIS POSSIBLE, THE TRUE DISTANCE IS 224 

KM. 
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The starting program table of the transportation exercise  

 

 

 

Nr. Denomina-

tion 
b 

Con-

di-

tion 

VARIABLES 
X11 X12 X13 X14 X15 X21 X22 X23 X24 X25 X31 X32 X33 X34 X35 

Objective function Min  24,2 11,5 16,9 10,1 25,4 30,8 13,5 22,5 13,1 27,4 32,0 10,0 30,2 16,9 28,6 

1. R1 400 ≥ 1 1 1 1 1           

2. R2 240 ≥      1 1 1 1 1      

3. R3 500 ≥           1 1 1 1 1 

4. X1 210 ≤ 1     1     1     

5. X2 120 ≤  1     1     1    

6. X3 400 ≤   1     1     1   

7. X4 80 ≤    1     1     1  

8. X5 220 ≤     1     1     1 
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Appendix 2. Table Values of Standard Normal Distribution:  

 

 

 
 

 


