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I. Introduction, Aims 
 

The effectiveness of the mechanism of planning can be improved if the given decision alternatives are 
professionally based; if the effects of the modification of factors can be measured objectively or the 
alternatives are convertible. This stands for both for the sales of products or sales of services regardless 
of their position in the market. 
 
The specific features of the tourism trade were under observation in our research.  It revealed that 
procedures predicting financial actions are more effective if they take advantage of IT and use micro-
economical and mathematical principles. 
 

Our main aim was to create such a micro-economical - mathematical model that is able to describe 
certain decision-making situations with a predetermined system of conditions and simulate the effects 
of activities. With the aid of this model multifuntional and process-focused analyses can be established.  

The tourism industry had been determined as the field of the research. Those enterprises of the hotel 
industry were examined of which capacity-size enabled an abstract analysis. 
 
The main theoretical questions in the thesis were as follows: 
 

How can a set of input data of the model properly be assembled; what kind of statistical and 
mathematical methods can prepare these data; what is the structure of the solution algorithm; 
how can a worksheet be prepared based on the algorithm; what is the interpretation system of the 
output data? 

 
The main questions of a direct practical relevance were the following ones: 
 

How do the specific input data influence the solution of the decision-making; how must the 
algorithm of the solution be modified; which are the fields of execution where the output data can 
be used. 

 
The solution of the problem is presented in worksheets, which are based on algorithms using the 
method of calculating the break-even point. The relation of the examined factors is interpreted in a so-
called Action-matrix and in a so-called Decision map. 
 
According to the expectation of the PhD course the model is presented by case studies both at 
theoretical and practical level. 
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II. Justification of Thesis Preference 

The development of  the cost analysis based on IT  has an important role in the tourism enterprises. The 
reasons are as follows: 

•  The challenge of the IT society 

The effectiveness of the enterprise activity is being influenced by the use of IT. One of its special field 
is the cost analysis.  
Therefore an informatic solution has been created to the abstract mathematical model. 
 

• Oversupply in tourism market 

While the supply of tourism services at the internationally frequented attractions is dynamically 
growing, the increase of the consumer incomes is low. Moreover the bottleneck of the infrastructure 
obstructs the increase of the market, which leads to oversupply at the destinations. 
This situation forces the entrepreneurs to apply a more effective cost analysis process. 
 

1.table  – The Number of Hotel Bed-places in Hungary  -Source: HCSO 
 

Year 1998 1999 2000 2001 2002 

Budapest      

Total: 25.845 26.510 28.760 30.764 31.643 

of which five-star 3.324 4.392 5.129 5.601 5.807 

Country      

Total: 96.805 102.538 100.604 104.232 107.899 

of which five-star - 4.516 5.313 5.771 5.979 

• EU – Single market 

Joining the EU is forecasting the enlargement of the demand and supply in the tourism market. This is 
the consequence of the free movement of persons and capitals, which creates great advantages to the 
multinational companies.  
This means more challenges for the small and medium size enterprises. Some ideas of the model of the 
dissertation might offer help to the solution of this problem.   
 

• International problems of the tourism industry 

The international market of tourism is especially sensitive. The events of the previous years have 
pointed out that the demand overreacts the negative impacts, such as terrorism, health problems or 
economic crises. 
One of the main aims of the dissertation is to simulate such real alternatives, which are able to 
illustrate the impacts of the crisis. 
 

• New approach in profesional education 

Our aim was to create a demonstrative method to the profesional education, building on permanent 
phrases and new methodological system integrating information technology. 
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III. The Short Summary of the Research 
 
In the first phase of the research the concept of the ’prepared’ model has been defined. The basic 
categories of the profitability have been determined, the definition of income, cost and result have been 
evaluated from the approach of business administration, accounting and micro-economics. The 
relations between the definitions have also been evaluated. The Uniform System of Accounts has been 
described, because it serves as the basis of the practical presentation of the model as it combines the 
approaches of business administration as well as of accountancy.  
 
In the second phase of the research the elements of the statistical and mathematical system and the 
necessary operations of the input data calculations had been estimated. The theoretical model has been 
supported by practical examples, and analyzing artificial benchmarks. 
The quantitative factors of the predictional method of the model have been examined first, and 
subsequently the trends based on time series and their seasonal correction. Finally was presented the 
usage of the stochastic relations. The question of price-calculation has been analyzed focusing on the 
influential factors, the price-discrimination, the elasticity and the condition of the distribution. The 
primary condition of price prognosis is the precise definition of those mentioned above; therefore these 
have been dealt in details.  
 
In the third phase of the research the abstract problem-solving-model has been built up.  First the field 
of explanation has been defined. Two preconceptions (the exclusion of the environment quality grade 
changes and the assumption of the constant market position) and further seven abstractions (counting 
with average prices, the fixation of the sum of the staff number and their productivity, using unified 
room types, the abstraction of the average salary, assuming the constancy of the invested immaterial 
and material equipments, only applying the linear cost-function and neglecting the modifications of the 
relationships with macro-budget) have been determined. The numerical values of the input data have 
been presented with artificial examples.  
 
The algorithm of the solution model has been established.  
 
A computer program was created, which can support the decision-makers in the following areas: 

�� creating alternative proposals; 

�� analysing the effect of the complex micro-economic decisions; 

�� estimating the effects of factors influencing the profitability. 
 

A so-called „Action-matrix” Excel worksheet was created as the solution of the problem. The elements 
in the rows indicate the sensitivity of the value of output data to the 1 percent increase of the input data. 
The elements in the columns define how much percentage should be changed the input data to induce 1 
percent increase in the examined output data, if we assume that the factors are permanent.  
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To close the third phase we have examined the limitations of the application scope of the model, which 
were determined in the following levels. 

�� the problem of the exclusive financial analysis; 

�� the limits caused by the preconceptions; 

�� the effects of abstractions; 

�� the critical points of the physical implementation. 
 
In the fourth phase of the research the practical faithfulness of the model was analyzed by the Hotel 
Hilton of Danubius Hotels Group. The income statement is prepared by the hotel according to the 
Uniform System of Accounts as well as according to the Hungarian System. As the former system is 
more effective in international relationship, the input data of the model have been taken from there and 
its algorithm has been adopted. 
 
The cost analysis was based on the data of three years (200, 2001 and 2002). In the interest of 
eliminating the distortion of the inflation we have discounted the data. The received values and the sold 
quantities were subjects of regression analysis, and so the fixed and variable cost relations were 
established. The results of the calculation were evaluated according to the following scale: 
 
 

1. Variable cost    R > 0,59 and  |100 % - C0 / �| > 30 % 

      (Strong relation, large deviation from the average); 

2. Mixed type cost   0,10 < R � 0,59   and  |100 % - C0 / � |� 30 % 

      (Medium relation, small deviation from the average) 

3. Fixed cost    R � 0,10  and  |100 % - C0 / � | � 30 % 

      (Weak relation, small deviation from the average) 

4. Hectical type cost                       C0     is negative, and those cases not determined under points 1, 2, 3. 

      Where:  R = the strength of the relation, 
C0= the share of the constant cost 
� =the value of the discounted average cost from 36 months. 

 
In the modified algorithm the fixed and the hectical type cost is presented according to their 36 months 
average value; but the variable cost are presented according to the percentage of the income. The mixed 
type cost is divided into a fixed and a variable share and the shares are examined as defined earlier.  
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We focused on the determination of the necessary modifications of the solution algorithm. 
 
It was followed by the preparation of a decision-making-worksheet and an action-matrix, of which 
inside structure basically agreed to the theoretical one.  
 
Because of the modifications the number of the input data has increased to 18, therefore we created a 
reduced matrix in this case. The two weighted factors of the mixed type costs were aggregated in this 
12*12 matrix, and because of the second preconception, the no option of the room-number-change was 
adopted.  
 
The research was terminated by presenting the optional fields of the practical application, of which the 
followings were focused on and analyzed: 
 

�� Knowing the financial input data, the probable value of profit can be estimated. 
 
�� The effects of the modifications of certain financial input factors on the profit can be 

determined. 
 
�� The interaction of the income and cost factors can be examined with the help of the action-

matrix. The method can effectively help to realize the occurring critical points in financial 
managing of a hotel. The data of the matrix are able to indicate the result-sensitive factors, 
what means 1 percent input increase modifies the output with multiple percents. 

 
At the end a so-called „Decision-map” has been presented from the mathematical solutions according 
to their internal micro-economical content.  
 

The Decision Map of Hotel Hilton 
 

 
 
The direct practicable measures are shown by brown and the conditional measures by yellow colour. 

The mathematical solutions without economical content are presented in black and white format. 
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IV.  The Theses of the Dissertation 
 

1. The profitability of the enterprises can be described by a mathematical equation, which is 
based on the break-even point calculation, if: 

�� the input data are full-scale; 

�� the examined type of costs can be clearly determined; 

�� functions of the costs and the returns can be described in a reduced form.  
 

1.1    During the preparation of the model the range of input factors was defined.  

 

The input data of the income are: Sales Price; Number of the Sold Units per Person; Number of the 
Staff; Capacity – utilization.  

The input data of the costs are: Labour Cost: (Number of the Staff; Average Base Wage; Related 
Expenses %;) Cost of Material and Immaterial Equipments: (Material and Immaterial Equipment; 
Average Margin of the Depreciation ;) Value of Other Fixed Costs; Calculation Ratio of Other 
Payments; Margin of Purchase Price of Goods Sold, Ratio of the Other Variable Cost. 

The probable profit, as input data. 

 

1.2.   Calculating by the regression analysis method, the costs can be grouped according to the 
following algorithm:  

 

Defining the degree of the correlation between the two examined factors (quantity factor of the 
income and cost). 

If the correlation between the data of the income and the costs is weak, then the examined type of cost 
is fixed or mixed type.  

 

Then we define the average cost and the periodic deviations  from its value. We calculate the ratio 
of the fixed cost share  from the regression function. 

If the deviation is low compared to the average cost, and the fixed  cost share  is high, 
then the examined type of cost is fixed. 

Otherwise it is a mixed type cost. 

 

If the correlation between the data of the income and the costs is strong, then the examined type of cost 
is variable.  

If the correlation is negative, it is a hectic type cost. 

 

The following categories of costs are taken into account in the dissertation: fixed, variable, mixed 
and hectical type. (The mixed type of cost is subdivided into two factors, fixed and variable costs, 
respectively, the hectic costs are processed in average value as fixed cost.) 
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1.3.    We have determined the functions of cost and income, built on the break-even point equation, 
and established the following system of equation:  

1. Profit = Income – Cost 
2. Profit = Income – (Variable Cost + Fixed Cost) 
3. Profit = Income – (Income * Variable Cost % + Fixed Cost) 
4. Profit = Income – Income * Variable Cost % - Fixed Cost 
5. Profit = Income * (100 % – Variable Cost %) – Fixed Cost 

Where:  

a. Income = Number of the Staff* Standard * Room Capacity-utilization * Price 

 1.1. Number of Available Rooms = Number of the Staff * Standard 
 1.2. Number of Sold Rooms = Number of the Staff * Standard *Room Capacity-utilization 
b. Variable Costs (in percentage of the income) 

2.1. Performance-dependent Payments and Related Expenses (Other Payments) 
2.2. Purchase Price of Goods Sold 
2.3. Other Variable Costs  

c. Fixed Costs 
3.1. Payroll and Related Costs (Except Other Payments): 

  Number of Staff * Average Base Wage * (100 % + Related Expenses %) 
  (The health insurance allowance appears in the other fixed costs.) 
 3.2.    Cost of the Invested Material and Immaterial Equipments 
  Average Value of the Material and Immaterial Eq. * Margin of Average Depreciation  

   3.3. Other Fixed Cost 
 
6. Profit  =  

 =         Number of  Staff  * Standard * Room Capacity-utilization * Price * 
 * (100 % – (Other Payments % + Purchase Price of Goods Sold % + Other Variable Cost %))  – 
 -          Number  of  Staff * Average Base Wages * (100 % + Related Expenses %)   –  
 -         Material and Immaterial Equipments *Depreciation Margin.% - Other Fixed Cost 

 

2.  We have defined a solution algorithm of a micro-economical - mathematical model by the 
rearrangement of the system of equations, which is able to determine the mathematically 
measured effect of the modifications of the factors and of which input data can be changed 
optionally.  
 

2.1.  As we have acknowledged that any factors on the right side of the Equation number 6, presented 
in the above section, can be changed optionally, therefore we have been able to measure the sensitivity 
of output data to the modification of the given input. This quotient is the proportion of the function 
value after the modification and the basic one. 

 

2.2.  Equation number 6 has been rearranged in every possible form according to the number of the 
input data and so it has been presented that any of the input data can appear on the left side of the 
equation. It was realized that the operation described in the above section can be performed in all of 
these cases and so we wanted to prove that the quantified effect of any factor modifications can be 
determined. 
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3.  An Excel worksheet based on the solution algorithm of the above mentioned micro-economical 
- mathematical model can be created, which supports:  

�� predicting the profit of the enterprise; 

�� elaborating and analyzing financial alternatives; 

�� estimating the correlation between the certain expenses and income factors. 

 

3.1.  As a result of our research we presented an Excel worksheet in the dissertation. The input data in 
its column can be changed optionally and with the help of the function created by Equation number 6 
the value of the profit can be determined automatically. 

  

3.2.   We have also presented that the potential decision situations can be simulated by sliding the data 
column and the solution function. Depending on the format of the relation between the data columns, 
(reference to the basic column data or the former column data), financial alternatives can be created or 
steps of a complex decision can be modelled. 
 
3.3. According to the principles defined in Section 2.2. we have established a worksheet of 16 columns 
(13 input data and 3 technical columns) as well as of 195 rows (13 input data and 2 technical rows 
repeated in 13 variations), which is able to define the effects of the potential changes in input data in 
the simulated process.  

 

4.   The new model can be adapted to different hotel enterprises according to their organizational 
system. Therefore it has the potential to analyze the financial management of individually 
structured organizations. 
 

4.1. The profitability process was analyzed at a concrete enterprise and modified input data were 
determined according to the applied accounting system.  

The input data of the income are: Number of Rooms; Capacity-utilization; Average Sales Revenue 
per Sold Room. 

The input data of the cost are: Purchase Price of Goods Sold; Direct Labour Cost; Direct 
Operating Equipment Cost; Other Direct Costs; Indirect Labour Cost; Management and 
Administration Cost; Sales and Marketing Cost; Engineering and Maintenance Cost, Energy Cost. 
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4.2. After the regression analysis of the income and cost factors the data are reinserted into the 
rearranged Equation number 6.  

The equation in our construction is:  
 
6. Profit=  

=   Number of Rooms * Capacity-utilization * Average Price of the Rooms *  

*   (1 – (Purchase Price of Goods Sold %VC SHARE + Direct Labour % VC S + Other Variable Costs %+  

+ Sales and Marketing.% VC S +   Management% VC S   + Energy.% VC S  ) ) –  

- Purchase Price of Goods Sold FC  SHARE – Direct Labour FC S – Direct Operating Equipment Cost – 

- Indirect Labour Cost –Maintenance Cost – ManagementFC S  – Sales and MarketingFC S  – Energy FC S 

Where: 

 V C S = Variable Cost Share; 

           F C S = Fixed Cost Share. 

4.3.  It has been proved that a modified solution algorithm can be realized by adopting the rearranged 
equation, which satisfies the requirements described in Section 2. We have also created the modified 
equivalent of the worksheet presented in Section 3.  

As the final conclusion of the research a generally applicable equation has been created, which 
considers the price segments, the sales factors, the fixed and variable costs. 

The solution equation is the following: 

 
( ) ( ) ���� ====

−−+= S

1H H
R

1L L
M

1J JI
N

1I II FC VC% 100%*OSF PP*CU*SP*R PR  

 
Where: 
  
PR  =  PROFIT; 

N =  Number of Price Segments; 

R  =  NUMBER of Available Rooms; 
SPI =  SHARE of a concrete Price Segment; 
CUI  =  CAPACITY UTILIZATION of a concrete Price Segment ; 
PPI  =  PRICE of a concrete Price Segment; 

M  =  Number of Other Sales Factors; 
OSHJ =  Nett Value of a concrete OTHER SALES FACTOR;  

R  =  Number of Variable Cost Factors (variable costs  and variable share of mixed type 
costs); 

VC %L =  a concrete VARIABLE COST FACTOR PER REVENUE; 

  S =  Number of Fixed Cost Factors (fixed costs, fix share of mixed type costs, and 
hectic type costs); 

FCH =  Nett Value of a concrete FIXED COST. 
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