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SIMULATION MODELLING POSSIBILITIESIN
TEACHING ECONOMIC PROCESSES

Peter Grabusts
Rezekne Academy of Technologies, Latvia

Abstract. For the purpose of simulation models visualizatdrvarious economic disciplines,
it is appropriate to use specialized programs tladbow to characterize the nature of a
particular model, but also make it possible to gaout a simulation model based on various
parameters. This article substantiates the usefidrad introduction the simulation models at
the initial research process, when simulation medaan be imported parallel with analytical
relations acquisition. Series of research were iiout in order to demonstrate the suitability
of the Matlab Simulink for the purpose of visudii@a of various simulation models of various
economic disciplines. Often, the analytical solatis much simpler than the visual Simulink
model, but in the perspective of training purposiegives an understanding of the usefulness
of such models. In the research part of the sthdyrodelling capabilities in economic studies
were demonstrated- adapted models in optimal tatesracomputing and equilibrium
determination in the competitive market.
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I ntroduction

The classification of the general economic modelsased on the scope of
the economic system under study. From this persggedhe models can be
divided into three major groups: the model of firmsdustry models and
macroeconomic models.

The model should be based on solid empirical badswever, this
information is usually not available for the createf economic models. The
management of the companies simply do not wantdwigle the details about the
activities of their businesses to the third persms is especially true for the
companies working in the face of strong competition

There are difficulties in constructing an adequatenerical model of the
company due to the fact that such a model shoulthsed on a deep knowledge
of the real decision-making processes in orgammatiTo do this, it is necessary
to be aware of the current state of such discipliag decision-taking theory,
organization theory, and understand the issuesyawlogy, sociology, politics,
production management and economics as well.
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The aim of the study of different simulation modslthe formation students'
theoretical knowledge and practical skills in thee wf simulation modelling
techniques in research of solving specific problemsprogramming and
modelling of real applications - matrix algebralvsw of equations, economics
applications. During the course students get aoteehi with the means of
simulation modelling processes of functioning syse master the simulation
modelling methods and typical stages of modellimgcess that form the"
sequence": the construction of the conceptual manktits formalization — model
algorithmization and its computer implementatiosirulation experiment and
interpretation of the results of the modelling; wicg practical skills for
implementation of modelling algorithms for studie$ characteristics and
behaviour of complex economic systems (Kay, 198&teK& Tomas, 2015).

Simulation modelling - the most powerful and veaitsanethod for studying
and evaluating the effectiveness of systems thawiehof which depends on the
influence of random factors.

The implementation of such opportunities in thevarsal programming
language is a difficult task. Currently, there quéte a lot of software, that allow
to model processes. However, now there is a prathattallows to solve these
problems quite effectively - MATLAB packet (Kiusals, 2016; Siauw & Bayern,
2015; Smith, 2013) containing visual simulationltecSimulink. Simulink - a
tool that allows you to simulate the system quickigt the indexes of expected
effect and compare them with the amount of effequired to achieve them
(Karel & Tomas, 2015; Xue & Chen, 2013).

The aim of the article is to show Matlab Simulinktability for the purpose
of visualizing simulation models of various econondgisciplines (Grabusts,
2016). To reach the aim, the following researckddmve been set: identification
of Matlab Simulink possibilities for simulation o&conomic processes;
demonstrate visualization models on the basis afmrgtes. The article presents
examples of using simulation modelling in the ecuimresearch processes -
optimal tax rate searching and modelling marketilggiwum price. Common
research methods are used in this research: digeng@search method, statistical
method, mathematical modelling.

Matlab Simulink and possibilities of visual simulation

Of particular interest for simulation is a Simulitdol designed specifically
for modelling dynamical systems. It has a librafhg@ndard graphics units with
built-in mathematical functions. It is sometimed#ieda tool of visual modelling
(Shiflet & Shiflet, 2014; Silva, 2009).

The system has a library of graphical blocks withlthn mathematical
functions. Although Simulink is used to solve eragnng and scientific-technical
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problems, the possibilities of its use are almadimited. Initial parameters are
input interactively by graphics setting of elemeynthlocks circuit compounds,
resulting in a model of the studied system. Thekdoncluded in the model relate
to each other both in information and in managemeéhé type of connection
depends on the type of the block and the logitiefmodel.

Simulink program is an application to the MATLAB gkage. When
simulation using Simulink is implemented, the phobe of visual programming
Is realized, according to which the user on theeaticreates a model of device,
process or system, and performs calculations filoenstandard blocks of the
library. At the same time, in contrast to the dieasways of modelling, the user
does not need to study the programming languagenanterical methods of
mathematics thoroughly but some general knowledgequired when working
on the computer, and, of course, knowledge on tligest area in which he
operates.

Thus creating a model and launching it, it is pdalssio observe the results
of simulation. In the simulation the user can clet®e method of solving the
equations, and the way of changing the model tinging the simulation it is
possible to monitor the processes happening isytbiem. To this purpose special
viewing devices, that are part of the Simulink dty, are used. The results of
simulation may be presented in the form of graphs.

Series of research were carried out in order toahstnate the Simulink
suitability for simulation model visualization puges in different economics
disciplines. It should be noted that often the wnal solution is much simpler
than the visual Simulink model, but in perspeciivgives an understanding of
such models usefulness.

Fig. 1 shows the used blocks’ description and xfdamation given in the
examples.
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Figure 1Blocks used in the examples
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The Discrete Time Integrator block (Commonly Used Blocks) performs
discrete-time integration or accumulation of a algnVe use this block in
discrete— time systems instead of the Continuoutegtator block in
continuous—time systems. The block can integrateacmumulate using the
Forward Euler, Backward Euler, and Trapezoidal imes$h

TheProduct block (Commonly Used Blocks) block performs multglion
or division of its inputs. This block produces autgpusing either element-wise
or matrix multiplication, depending on the valugloé Multiplication parameter.

The Sum block (Commonly Used Blocks) performs addition obtsaction
on its inputs. This block can add or subtract scakctor, or matrix inputs.

The Constant block (Sources) is used to define a real or comptsstant
value.

The Display block (Sinks) shows the output value at the endthef
simulation time.

TheBand Limited block (Sources) is an implementation of white nade
Zero—Order Hold block.

TheGain block (Commonly Used Blocks) multiplies the inpytdbconstant
value (gain). The input and the gain can each geakar, vector, or matrix. We
specify the value of the gain in the Gain parameter

TheDiscrete State-Space block (Discrete) implements the system described
by the equationst[n + 1] = Ax[n] + Bu[n]y[n] = Cx.

Resear ch part

Example 1. Optimal Tax Rate searching

The aim of the experiment: to study the dependendeidget revenues on
the tax rates. The author modified the (Cisar, 2604dy results.

The state announces the income tax rate and recéivels from the
companies to the budget. Companies have their @pitat, get profit, and pay
funds to the budget according to the tax rate.rAtg profit as retained earnings
is fully included in the company's own capital. @ends are not paid out, no
other deductions from income are done. All pr&idivided only into two flows:
to the budget and the rest-to the equity.

Budget revenues for a certain period of time wdlthe greatest not at the
maximum but at the optimum tax rate for the budghbat is, with the growth of
the tax rate, the revenues to the budget will imeeeand then decrease.

The amount of tax revenues from enterprises forsthaulated period is
stored in the fiscal accounts, and is representaétdintegral:

-t=tf

BD(t) = [_, PRF()*TXRT*dt (1)

466



SOCIETY. INTEGRATION. EDUCATION
Proceedings of the International Scientific Confexe. Volume Ill, May 2627", 2017. 463-471

whereBD(t) — amount of funds received in the budget fromitbaginning
of the simulation till the moment t, euro;
PRF (t) — pretax profit, derived by an enterprise at tloemant t, euro/year.;
TXRT — income tax rate;
t — current time, year.
tb — beginning moment of simulation;
tf — final moment of simulation.
A profit balance capitalized by an enterprise dgitime simulation time:

CP(t) = [\ PRF(t)*(1-TXRT)*dt )
Profit at timet:
PRE(t) = CP(t)*RN (3)

whereRN - profitability of the enterprise capital. It istsas a parameter of
the enterprise, initial data.
The model of such a process is shown in Fig. 2.
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Figure 20ptimal tax rate sear ching model

In the scheme blodRusiness, there is presented the hoarder of the equity of
the enterprise, it is taken from the library ofreénts as a blockntegrator of
discrete time. The investment flowCapF enters on the block input. It is after-
tax, retained profit. It is accumulated by a busg@nd increases its equity capital.
Block Out - is the amount of capital in busing3apS. Profitability is defined by
a block with the nam&ntb. The next block works out the multiplication otth
profit flow on the tax ratd ax Rate. This is the flow of deductions from profits
to the state budgdtxF. The tax rate is set with the naffiex Rate. The block
Budget is represented by the integrator. It accumulatesd¢venued xF for the
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simulation period as a varialiel] S. The blockDisplay reflects numerical values
of BdjS.
The optimal tax rate modelling result is shown ig. B.
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Figure 30ptimal tax rate

With increasing rate, the revenues to the budgeease and then decrease.
There is a strongly marked maximum, i.e., the oglkitax rate for the budget. The
higher the profitability of the enterprise is, tii@re pronounced the optimal tax
rate is. With the growth of the profitability, tieptimal rate is reduced (shifted to
the left), aiming at a fixed value, on our chaaggproximately, to 23 — 25 %.

Example 2. Model of market equilibrium price

In economic theory it is considered tiat price is set by the interaction of
supply and demand.

Suppliers deliver goods to the market. The highembarket price, the more
suppliers and goods. Consumers buy goods. The |ohweemprice, the more
customers and purchases. Goods on the market amactérized by two
parameters: quantity and price. In this researthoaumodified the (Cisar, 2004)
study results.

For the initial study a very rough model is seldctaear, without reserves,
chances, forecasts, and other factors.

Function of dependence demand on price

Dmd = DO — Kd * Prc 4)

where —
Dmd - demand for the current time interval;
DO - demand at zero price;
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Kd - the slope of the demand line;
Prc - price of the goods.
The line of dependence supply on price
Spl = S50 + Ks * Prc (5)
where —
Spl - supply for the current time interval;
S0 - offer at zero price;
Ks - the slope of the demand line;
Prc - price of the goods.

A block diagram of the simulation model in Simulildoks as follows (see
Fig. 4).

Market equilibrium
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Figure 4Block diagram of Simulation model

Demand is represented by a single block cdeadFn. It calculates the
demand value based on the prices supplied to pu umit.
Symbols and unit settings on the following scheme:

u = Prc,DO0 = 100,Kd = 10.
The offer is represented by three building blocKfie function of
dependence the amount of goods offered for satbeprice is realized by block
namedSplFn. It calculates the value of the offer, dependindhe prices supplied

to the input unit.
Block symbols and parameters on the scheme areniol):

u = Prc,50 = 10,Ks.= 7.
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The seller delivers the goods in the amoun$f defined on the basis of
the price of last period of tim&plFn block simulates a solution of a supplier to
accept the price of the current demand. He agresslt all the goods at a price
that the demand line dictates. The block implemehes function which is
opposite of demand function and calculates theeptic, at which supplier will

be able to buy all the goo@pl. Block Parameters are identical with parameters
of the block Deman®mdFn.

The results of modelling are shown in Fig. 5.
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Figure 5Results of modelling

As result of modelling it can be stated that irottye at some period of time,
the equilibrium between demand and supply was kstal. Of course, this
model is very rough, but it gives an idea of theglilities of Matlab Simulink
in economic or other scientific processes simutaiidnderson, 2005; Cerny,
2009; Chapra & Canale, 2015; Esfandiari, 2013; iKaR006).

Conclusions

In the article there is a substantiation of thefulsess of simulation model
implementation for the initial teaching process whacquiring the analytic
relationship for modelling purpose, the simulatroadels can also be imported.

This makes it possible to perceive not only thesgimisties of using formulas, but
also to visualize the different correlations ingreal form.
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In the research part the possibilities of simulatmodelling for economic
studies are demonstrated - optimal tax rate sesgcand market equilibrium
modelling. Of course, these examples can be reblkesesier, but the use of
simulation models make it possible to raise lea'rfesrizon and gives an idea of
the potential options of using such models.

As a whole, it can be concluded that Matlab Sintutiool is very suitable
not only for engineering calculations, but also sarve as a simulation model
visualization tool in different economic applicats
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