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Regulatory Mechanism Model to Stimulate Companies  
in the Single Buyer Wholesale Market 
A mathematical model of a regulatory mechanism has been developed for analyzing the profits 
dynamics of production companies in the context of changes in prices for the main production 
resources on the wholesale market with a single buyer. This model is based on the further de-
velopment of the use of the Volterra “predator–prey” mathematical model and the Verhulst lo-
gistic equation. An analytical solution has been found for a particular case of the model, which 
makes it possible to establish the dependencies necessary for making decisions by the market 
regulator on pricing products and production resources. In order to research the model, compu-
tational experiments were carried out, which confirm the reliability of the obtained simulation 
results and the adequacy of the actual interaction processes in the economic system "produc-
ers-single buyer". 
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Introduction. One of the most important tasks of organizational management 
of large production companies and holding companies is the task of planning 
and analyzing the profits dynamics of controlled enterprises in order to man-
age the process of obtaining consolidated profits. The formulation of such a 
goal is associated with the need to ensure equal opportunities in profit-making 
by structural, territorial divisions of companies, since they are in organization-
al interaction while providing resources for the production of products and 
their delivery to final consumers. 
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In addition, the possibility of implementing plans for obtaining consoli-
dated profits depends not only on the control actions of the organizational 
management systems of these companies. Regulatory actions of market au-
thorities on which their products are represented also have a great influence on 
the formation of profits. 

Therefore, at present, the solution of this task is complicated due to the need 
for timely and adequate consideration of rather sharp fluctuations in prices for raw 
materials, financial, labor resources, transportation services, etc. The choice of 
such a task for research is also due to the fact that there are quite a few production 
companies on the wholesale markets that have their own sales companies, which 
are single buyers and sellers of the products of these companies. 

Related Works. To solve the formulated problem when building a math-
ematical model, a system of differential equations is used, consisting of the 
Verhulst equation and the second equation from equations system of the 
Volterra predator-prey model. Such an approach to building a model was pre-
viously repeatedly used to study the dynamics of biological and ecological 
systems [1, 2]. Thus, population models with delay have been considered in 
[3]. In [4] investigate the linear stability of the coexistence steady state and bi-
furcations occurring from it for Lotka-Volterra diffusion predator-prey system 
with logistic growth of the prey. 

Various modifications of Volterra model for economy modeling are cov-
ered in the work [5]. The work [6] focuses on the use of the Lotka-Volterra 
model for studying the dynamics of macro-behavior of production systems, 
such as a company, a state, or a country. A diffusive Lotka-Volterra system 
was formulated in paper [7] that represents the dynamics of market share at 
duopoly. In recent years, this approach has been used in the construction of 
mathematical models for studying the dynamics of competitive processes in 
economic systems [8, 9]. The focus of these papers is on very important ques-
tions of the stability in mathematical equations systems and the search for 
equilibrium states of economic systems. 

This paper is devoted to the development and study of a mathematical 
model to solve the practical problem of creating a competitive mechanism to 
stimulate the companies operating in the wholesale market with a single buyer 
and seller and which using different types of raw materials with different dy-
namics of price changes to produce a single product. 

Examples of such companies can be, for example, those that use the trans-
port service-automobile, water, rail and aviation companies, each of which has 
its own dynamics of changes in the transportation cost, as well as generating 
companies of different types operating in the wholesale electric power market 
with a single regulator or administrator its individual segments. 



Regulatory Mechanism Model to Stimulate Companies in the Single Buyer Wholesale Market 
 

ISSN 0204—3572. . . 20 . . 4 .    3  

 
        Fig. 1. Organization chart of single Buyer Wholesale Market 

Model Building. A distinctive feature of the studied economic system is the 
presence of one common intermediary (buyer and seller) between production 
companies and wholesale product suppliers — the Trading System Administrator 
(TSA). It should be noted that the TSA, although it is not a direct recipient of con-
solidated profits, however, he is interested in its increase and has the ability to in-
fluence the processes of change in profits of producers, through the use of regula-
tory influences that affect the processes of the common market (Fig. 1). 

We will use the same approach proposed in [8] to develop a regulatory 
mechanism model to stimulate production companies in the “producers–single 
buyer” economic system. Summarizing it, we obtain an ordinary differential 
equations system from two types of related components. The first component 
formalizes the profit growth model for production companies in the form of 
the Verhulst logistic equation [10], and the second component - for the single 
product buyer as the second equation from the equations system for Volterra 
“predator–prey” model [11]. 

As a result, we come to the model of analyzing the profits dynamics of 
production companies in the single buyer economic system with a regulated 
competition between producers in the form of an ordinary differential equa-
tions system 
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where max( ) ,j jP t P  ( ) 0jP t  is a profit of the j-th company in the given time 

interval t; max
jP  is a maximum achievable profit of the j-th company; ( ) 0ja t  

is a specific rate of profit growth of the j-th company; ( ) 0jb t  is a relative 
cost increase per unit of profit, reflecting competition between producers, 
caused by limited reserves of production resources and rising prices for them;  

( )Y t  is a single buyer (TSA) profit; 
1

( ) ( ) 0
n

j j
j

c t a t  is a specific rate of 

TSA profit growth; j  is a dimensionless regulatory coefficients established 
by the TSA, in order to achieve equal conditions in profit making by compa-
nies; ( ) 0je t  is a share of the specific rate of profit growth taken away from 

the j-th company, depending on its share in the total balance of produced 
products on the market. 

If the initial conditions 0(0) ,j jP P  0(0)Y Y  are specified and the de-
pendences of ( ), ( ), ( ), ( )j j ja t b t c t e t  are known then the solution of such a 
system can be found by known numerical methods. 

However, the definition of these dependencies seems to be a separate applied 
task of analyzing the data of the functioning of production companies [12]. There-
fore, at this stage of solving the problem under consideration, we confine our-
selves to conducting a research of the solution of a particular model obtained from 
(1) using the simplifying assumptions ( ) const,j ja t a  ( ) constj jb t b , 

max( ) constj jP t P , ( ) constj je t e , 
1

( ) const
n

j j
j

c t a . 

Let as the initial conditions set the basic values of profit achieved by pro-
ducers 0(0)j jP P  and a product single buyer 0(0)Y Y  in the previous in-
terval to the calculated time interval t. Then, the equations from system (1), 
relative to )(tPj  and )(tY , allow obtaining a common analytical solution by 
applying the variable separation method. 

As a result, the solution of this equations system for given initial condi-
tions and assumptions will be as follows 
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By direct substitution, it is easy to verify that functions (2) and (3) satisfy 
the equations system (1) and the initial conditions. 

Model Studying. The purpose of computational experiments is to re-
search the obtained particular solution of the system (1) to confirm the relia-
bility of the simulation results and the adequacy of the model to the real pro-
cess of economic interaction between producers and a product single buyer. 

The validation of the simulation results will be carried out by solving an 
applied problem of modeling the profit dynamics of production companies op-
erating in the wholesale electric power market with a single buyer and seller in 
the context of changing energy prices. 

In this paper, the term “profit” is used in the conventional sense, as the 
difference between the sales proceeds of produced electric power )(tBp  (ex-
cluding value-added tax) and the general conditionally variable and condition-
ally fixed costs for its production and sale )(tZ , included in the production 
cost for the time interval t [13]: 

( ) ( ) ( ) , [1, ]p pP t B t Z t t T . 

For the considered example of the applied problem, we introduce the next 
notation )(tPj  as a profit of generating companies – electric power producers 
operating in the wholesale market, such as nuclear power plants (NPP), ther-
mal power plants (TPP), hydroelectric power plants (HPP), thermal energy 
plants (TEP), wind power plants (WPP), solar power plants (SPP), where 

SPPWPP,HPP,NPP,TEP,TPP,j . Then their total consolidated profit is 

j
jp tPtP )()( . 

Analysis of the selling prices of generating companies of NPP, WPP, 
SPP, which are established by the Wholesale Market Regulator, shows that for 
quite long periods of time they remain unchanged [12, 14], and the volumes of 
produced electric power undergo minor changes as they are limited by techno-
logical capabilities. Fluctuations in the volumes of produced electric power 
from HPP and prices for it are more substantial and seasonal. But also, as well 
as the NPP, WPP, SPP, the HPP companies produce electric power at contrac-
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tual prices. It can be assumed that the share of their profits remains unchanged 
in the total profit balance and is not directly dependent on changes in energy 
prices. Those, total profit can be represented as 

ATEPTPPp PtPtPtP )()()( , 

where SPPWPPHPPNPPA PPPPP  is a fixed profit component over a rela-
tively long time period T. 

It is obvious that the expected (planned) profit of market participants 
depends on the planned volume of produced electric power by generating 
companies )(tE j  and the forecast wholesale price of its purchase on the 

wholesale market )(tC forecast
market : 

( ) ( ( ) ( )) ( )forecast
j j jmarketP t C t C t E t , 

where )(tC j  is a actual selling price per unit of electric power produced by 
generating companies. 

Therefore, we will further consider the questions of model research, relat-
ing only to the profit dynamics of TPP and TEP generating companies operat-
ing under the conditions of the “Single Buyer and Seller” market model and 
consuming various energy resources – coal (first resource) and gas (second re-
source) for electric power production. 

In our case, the economic system will consist of two types of generating 
companies – TPP ( j = 1), TEP ( j = 2) and a single buyer – TSA. It should be 
noted that the TSA, although it is not a direct recipient of profit, but he is in-
terested in increasing it. He has the opportunity, as noted above, together with 
the Market Regulator to influence the processes of changing producers’ profits 
through the use of regulatory actions that affect the market processes. 

As a result, we have a system consisting of three equations 

( )
( )( ( ) ( ) ( )), 1,2,j

j j j j
dP t

P t a t b t P t j
dt
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                           (4) 

As the initial data we set the  following  values of  the initial conditions of 
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Fig. 2. Experiment No.1 for equilibrium variant of profit distribution 
 

the desired variables and parameters for the 12-months time period of the cal-
endar year:  

1)(,1)(,1)(,12,1,0 002010 tYtPtPtt , 
5.0,1,5.0,5.0 21212121 eebbaa . 

The exact solution of the system (4) according to the given initial data 
may be easy to find from the expressions (2), (3). This solution is 1( ) 1,P t  

2 ( ) 1, ( ) 1, 1,12P t Y t t . 
The same result was obtained when conducting a test numerical solution 

of the equations system (4), using expressions (2), (3). To verify the reliability 
of the results of numerical simulation, the solution of the same task was carried 
out using the Runge–Kutta numerical method. A similar result was obtained with 
almost zero error. In addition, the result of the test confirms the possibility of ap-
plying the proposed model for analyzing the profit dynamics of generating com-
panies and a single buyer for the actual number of electric power producers - 
market participants using different types of energy resources. 

Computational Experiments. A series of computational experiments 
were carried out to confirm the adequacy of the profit dynamics model of gen-
erating companies to the real process of economic interaction between pro-
ducers and a single buyer and the possibility of its application for preparing 
and making justified decisions to regulate the profit making process by all 
subjects of the considered economic system. 

As a result of the first experiment, an equilibrium variant of profit distri-
bution between a single buyer and companies using two different types of en-
ergy resources for electric power production was determined and adopted as 
the basic one. We assume that this distribution is agreed by all subjects of the 
economic system. On Fig. 2  shows  the  experimental  results obtained for the 
following values  of  the  initial conditions for a 12-month time period: 0 0,t  
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Fig. 3. The results of experiments 2–4: a – experiment 2 – b1=0.6; b – experiment 3 – a1 =0.6, 
1 0.6b ; c – experiment 4 – a1 =0.6, 1 0.6b , e1=0.6 

 

1 0 2 0 01,12, ( ) 1, ( ) 1, ( ) 1,t P t P t Y t 1 2 0.5,a a 1 2 0.5,b b 1 2 1,

1 2 0.5e e . 
Further experiments were carried out for three possible cases of increasing 

in prices of energy resources (Fig. 3). 
In the first case, the initial conditions and values of the parameters re-

main unchanged, except for the parameter 1b , which increased by 20% as a 
result of the increase in prices for the first energy resource: 0 0,t  1,12,t  

1 0( ) 1,P t 2 0( ) 1,P t 0( ) 1,Y t 1 0.5,a 2 0.5,a  1 0.6,b  2 0.5,b  1 1,  

2 1,  1 0.5,e  2 0.5e . 
The calculation results show (Fig. 3, a) that the profits of the first compa-

ny and the single buyer  decrease.  But the regulator has the opportunity, using 
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the parameter 1a , to change the size of profit received by the first company 
and set it at the same level. 

For this, the following experiment was conducted, as a result of which the 
size of the increase in the purchase price of electric power was determined to 
restore the basic level of profit for the first company by choosing the appro-
priate parameter 1a  (Fig. 3, b): 1)(,1)(,1)(,12,1,0 002010 tYtPtPtt , 

5.0,5.0,1,1,5.0,6.0,5.0,6.0 21212121 eebbaa . 
Next experiments were conducted for the case when the initial conditions and 

values of the parameters remain unchanged, except for the parameter 2b , which 
also increased by 20% as a result of the increase in prices for the second energy 
resource. The results obtained are similar to those shown in Fig. 3,  and 3, b. 

Another case was also considered when the values of parameters 1b  and 

2b  increased by 20% as a result of the increase in prices for both energy re-
sources with the rest input data unchanged. A natural result was obtained in 
which the profits of both production companies and the single buyer in all 
cases are reduced. Thus, it becomes necessary to make regulatory decisions to 
increase the wholesale price for the purchase of electric power from both pro-
duction companies. 

A final series of experiments was carried out to determine the profit share 
taken away from production companies by a single buyer in order to restore 
the basic level of its profit, which was before the increase in energy resource 
prices. This problem is solved by selecting the values of the parameters 1e   
and 2e . In Fig. 3, c shows the results of one experiment obtained for the case 
when the price of the first energy resource (parameter 1b ) and the size of the 
first company’s profit (parameter 1a ) increased: 0 0,t 1,12,t  1 0( ) 1,P t  

2 0( ) 1,P t  0( ) 1Y t , 1 0.6,a 2 0.5,a  1 0.6,b  2 0.5,b  1 1,  2 1,  

1 0.6,e  2 0.5e  . 
In this case, a value for the parameter 1 0.6,e  has been determined to re-

store the basic level of single buyer profit. 
The results of computational experiments are illustrative and obtained us-

ing by Mathcad 15. It is obvious that for practical use of the proposed mathe-
matical model, it is necessary to build a computer model with developed mod-
eling algorithms and visualization tools. In particular, in order to select the 
optimal values of the regulatory (adjustable) model parameters, when search-
ing for the required level of profit to be obtained by all subjects of the eco-
nomic system, it is necessary to use the appropriate calculation algorithms. 
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The development of such algorithms, including for a larger number of compa-
nies and types of energy resources, is not a difficult task. It can be solved us-
ing well-known numerical optimization methods and will be investigated in 
subsequent papers. 

Conclusions 
A model of the regulatory stimulating mechanism in the economic system of 
interaction of production companies with a single buyer has been developed. It 
allows analyzing and regulating the impact of changes in the prices of produc-
tion resources on the profits of the wholesale market participants. Analytical 
solutions are found for a particular case of the model, that allow to establish 
the dependencies necessary for making regulatory decisions on the pricing of 
products and production resources. 

A simulation model was developed for the profit dynamics of generating 
companies operating in the wholesale electric power market with a single 
buyer and seller in the context of changes in prices of energy resources. Com-
putational experiments on the model confirmed the reliability of the simula-
tion results and showed the possibility of using them to solve the organiza-
tional management problems of the wholesale market related to making 
decisions on the pricing of electric power and energy resources. 
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