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NONLINEAR MATHEMATICAL MODEL OF DEMAND - SUPPLY

HENIHINHA MATEMATUYHA MOJENb NONUTY-NPONO3ULIi

Currently, mathematical modeling is more and more persistently invading the economy.
The possibility of using mathematical modeling is related to the existence of stable trends that
characterize many economic processes. The importance of modeling as a research method is de-
termined by the fact that the model is a conceptual tool focused on the analysis of the researched
processes and their forecasting. The need to master mathematical modeling of economic pro-
cesses as a method of analysis is not limited to purely practical needs: mastering this method
contributes to the formation of non-linear thinking. Thus, in addition to solving purely practical
problems, the use of this method has a great ideological significance. The paper examines two
models of supply and demand.: linear and nonlinear. For each model, goals and mathematical
formulations of the models are formulated. Methods for analyzing the coefficients of two models
are proposed.
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B oanuii wac mamemamuune Mooenioganns 6ce Hanoienugiule 6mopeacmoes 6 eKOHOMIKY.
Moosicrugicms BUKOPUCIAHHI MAMEMAMUYHOLO0 MOOENI0OBAHHA NOB'A3AHT 3 ICHY8AHHAM CTNIUKUX
menoenyitl, AKi xapaxmepusyioms 6a2amo eKoHOMIYHUX npoyecis. 3HauenHs Mooeno8ants ;K
Memooy 00CTIOANCeHb BUHAYUAEMBCA MUM, WO MOOETb € KOHYENMYaTbHUM IHCIMPYMEHMOM, Opi-
EHMOBAHUM HA AHATITZ OOCTIOHNCYBAHUX NPOYecié ma ix npocHo3ysanis. Heobxionicms 0c60€eHHs
MaAMeMamuiHo20 MOOeN08AHHS eKOHOMIUHUX NPOYECi6 AK MEmody aHANi3y He 00MedCYcmbCs
CYmMOo NPaKMudHUMU nompedamu. 80100IHHA YUM MEMOOOM CHPUSE (YOPMYBAHHIO HENIHIUHO20
mucnenns. Takum wunom, Kpim 6upiuieHHs cymo NpaKmuyHux 3a60anb, 6UKOPUCIAHHS YbO2O
Memooy mae eenuxe c8imoziaoHe sHavenHs. Memoio 00cniOHuybKoi pobomu € 6UKIA0 Ma aHAI3
6azoeux mooenetl eKoOHOMIYHUX npoyecis. Pozensdaemvpcsi NiHitiHA MOOeTb NONUMY-npono3uyii,
mobmo nonum ma NPONO3UYis 3anexcams 6i0 yinu iHiuHo. Ompumano onuc noseodiHKu Yin
HAUOIUMCUUMU POKAMU K (DYHKYIIO 810 nepsicHoi yinu. Pesyniomamu 0ocaiodicensb nokazyome,
WO PUHOK 61AUMOBAHULI HAOA2AMO CKAAOHIULe, | 01 Hb020 NOMPIOHO ueadamu iHuLY Mooemb.
TlompibHo eépaxyseamu, wo NPONO3UYISL HECHPOMONCHA 3POCAMU BIYHO, OCKIILKU NPOOYKYIIO
HeMOACIUBO CMEOPIOBAmMU HECKIHUEeHHO 0a2amo, NONUm i PONO3UYilo y AKUUCL MOMEHI 20Cmpi-
we peazylomv 3MIHY Yinu. Po3ensnymo HeniHiiHy Mooelb NOnumy-nponosuyii, moomo nonum
ma nponosuyilo 3anexcams 8i0 YiHu K CKAAOHIW QYHKYIL, HidC AiHilHA. Bupobnuk wopoky
pobume mosap na npooasic. Toeap ne 3bepizac binvuie poxy. Piwenns y momy, cKinoku mosapy
BUPOONAMU, NPULIMACMbCA 3 YPAXYBAHHAM YIH NONEPeoHbo2o poky. IIpuuomy, axujo yinu Oyau
BUCOKI — Yb020 POKY mpeba gunyckamu mosapy Oitvuie, a AKwo HU3bKi — menwe. Ilonum mo-
8apy npomsA20oM POKY 3aNeACUMb 3 1020 YiHu Ha Momenm npooaxcy. Konu yina 3pocmac, nonum
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naoae. Moodenv onucye no8eoiHKy YiH HAUOIUMCUUMU POKAMU K (DYHKYIIO 810 NepeicHol YiHu.
byno docniosceno 08i MoOeni. NHIUHY MA HEAHIUHY, BHACIIOOK Y020 OMPUMAHO Pe3yibmamu
ananizy koegiyienmis. Cnio 3asHauumu, wo nepiod po3paxyHKy yin He modce Oymu 3aHaomo
BENUKUM, OCKITbKU NPOMS2OM BEIUKO20 HACy Koeiyienmu Modicymo sminumucs. Tum camum om-
PUMAHO 20MO0BT 00 BUKOPUCTAHHS POPMYNIU 3POCTNAHHA-NAOTHHA YiH.

Knrouoesi cnosa: ninitina Mooens, HeNiHilHA MOOeb, NONUM, MIHIMALbHA YIHA, NPONO3UYIL.

Formulation of the problem. Demand is the relationship between price and the quantity
of a product that buyers can and are willing to buy at a strictly defined price in a certain
period of time. Supply is a concept that reflects the behavior of a commodity producer on the
market, his willingness to produce (offer) any quantity of goods over a certain period of time
under certain conditions. Supply and demand depend on each other, so it is very difficult to
predict them, but it can be calculated.

Analysis of recent research and publications. Socio-economic forecasting of the
main directions of social development involves the use of special computational and logical
techniques that make it possible to determine the functioning parameters of individual
elements of the productive forces in their interrelation and interdependence. Systematized
scientifically based forecasting of the development of socio-economic processes on the
basis of specialized ones has been carried out since the first half of the 50s, although some
forecasting techniques were known earlier. These include: logical analysis and analogy,
extrapolation of trends, polling the opinions of specialists and scientists. In the development
of the methodology for forecasting socio-economic processes, scientific developments of
domestic and foreign scientists played a major role [1; 2]. The works of these scientists
examine the meaning, essence and functions of forecasting, its role and place in the planning
system, explore issues of methodology and organization of economic forecasting, and
show the features of scientific forecasting. The development of works covering forecasting
issues is carried out in the following main directions: deepening the theoretical and applied
developments of several groups of techniques that meet the requirements of different objects
and different types of forecasting work; development and implementation in practice of
special methods and procedures for using various methodological techniques in the course
of a specific forecast study; searching for ways and means of algorithmizing forecasting
methods and implementing them using a computer [3]. According to estimates of domestic
and foreign scientists, there are currently over 20 forecasting methods, but the number of basic
ones is much smaller (15-20). Many of these methods refer rather to individual techniques
and procedures that take into account the nuances of the forecast object. Others are a set
of individual techniques that differ from the basic ones or from each other in the number
of private techniques and the sequence of their application. Modeling nonlinear functions
and propositions in economics is a key aspect for understanding and forecasting market
intelligence. The broadest form of modeling is curved popit and proposition. They represent
the relationships between the price of a product and the product that is sold or exchanged.
Nonlinear models of these curves can include quadratic, exponential, logarithmic, or other
functions to briefly describe the changes in the statement and proposition when the price
changes. Another approach is to model the reaction and variation functions, which describe
how people and companies react to changes in prices. These functions may also be non-
linear, and there are non-linear relationships between income, price and income. Models
of nonlinear functions and propositions also lack elasticity, which indicates the reaction of
prices or propositions to price changes. These models may contain additional parameters
that describe the behavior of consumers and producers in different scenarios. To take into
account temporal changes in demand and supply, choose dynamic models. These models
can describe changes in market conditions over time and increase the dynamics of reactions
of subjects to market price changes. The growing interest in artificial intelligence, machine
learning and big data analysis is improving the development of new innovative approaches in
the modeling of non-linear supply and demand functions, which allows for more precise and
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accurate predictions of market conditions. These models and approaches help economists,
analysts and business leaders better understand and analyze market processes to make better
strategic decisions and predict changes in the economy [4; 5].

Formulation of the purpose of the article. The purpose of my research work is to
present and analyze basic models of economic processes.

Presentation of the main material. Linear supply-demand model. Let's consider a
linear supply-demand model, that is, supply and demand depend linearly on price [1; 2].

Meaningful formulation of the problem. The manufacturer makes a product for sale every
year. He does not store the goods for more than a year. The decision on how much of a good
to produce is made taking into account the previous year's prices. Moreover, if prices were
high, more goods should be produced this year, and if prices were low, less. The demand
for a product during the year depends on its price at the time of sale. When the price rises,
demand falls. It is necessary to describe the behavior of prices in the coming years as a
function of the initial price.

Conceptual statement of the problem. We use the following as model parameters:
p, — price per unit of goods in the # th year; s, — supply (volume of supplies) of goods in
the n th year; d,— demand for the product in the » th year. We will build the model under
the following assumptions:

The object of the study is the dependence of the price p, of a product on its initial price p,.

Suppose that next year’s supply s,,, depends linearly on the price p, this year, and
the higher p,, the greater s, ,,: s,,, =ap, —b, where a and b are positive constants that
remain unchanged throughout the entire analyzed period of time [1; 2]. Obviously, the price
of a product should not be less than a certain minimum value that covers the costs of its
production, only in this case the supply value s, , will be greater than zero.

Let us assume that next year’s demand d,,, depends linearly on the price p,,, inthe same
year, and the higher the price p,,,, the lower the demand d ,,: d,,, =—cp,., + g, where ¢
and g are positive constants that remain unchanged throughout the entire analyzed time
period. Obviously, the greatest demand for a product should exist at p,,, =0.

Let us assume that the market price p,, is determined by the equilibrium between
demand d,, and supply s, _,.

It is required to describe the behavior of prices p,, p,, p,, ... depending on the value
of price p,.

Mathematical formulation of the problem. Assuming the value p, is given, find a
sequence of values p,, p,, p,, ...that satisfies the following system of equations:

sn+1 =apn_b’ (l)
dn+1 = _cpn+l = g’ (2)
sn+1 = dn+1’ (3)

where a, b, ¢, g are positive real numbers, and the ratios % and ‘% characterize,

respectively, the minimum and maximum permissible prices, and the value of g is the
maximum possible demand (Fig. 1).
Methodology for solving the problem. Substituting equations (1) and (2) into equation (3),

as well as making substitutions: 4 = % >0, B= (% + ‘% ) >0, we got the equation:

Ppa =—Ap, +B. “
Equation (4) represents a linear recurrence relation that allows us to construct a sequence
of solutions p,, p,, p;, ...that are of interest to us. Let us rewrite (4) in the form
P, +A4p, =B. 5)
Since we are interested in the functional dependence p, ( po), consider the following
solution scheme. We will look for the nth solution in the form of the sum of the solution to
the homogeneous equation
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Figure 1. The values % and ‘% are the minimum and maximum allowable prices,

g is the maximum possible demand
Source: compiled by the author

pn+l+Apn :O (6)

and a particular solution to equation (5).

Solution of the homogeneous equation: p, ., =—Ap,. Let us assume that p ;= C. Then
p= C~(—A); P, = C~(—A)2; D= C-(—A)S; ...... or in general p, = C~(—A)n. Particular
solution of the inhomogeneous equation: based on the form of the right-hand side of (5), we
will look for a solution in the form of a constant p, = D for all n. Substituting into (5), we

get D+ AD=Bor D= % S 1). Therefore, the general solution (5) has the form
=C-(-4) + B
p,=C-(-4A) +%A+1)' 7

From (7) with n =0 we obtain
C=n=B 0y @®)
Let us substitute (8) into (7) and finally obtain a solution to the problem in the form:

p, = po (=AY +[B/(4+1)]-[1-(-4)"] ©)
Analysis of results. By condition 4>0. From consideration of relation (9), three
characteristic ranges of values of A can be distinguished:
1) When 0< A4 <1 the market turns out to be balanced (price p, tends to B/(A4+1))
(Fig. 2).

pi P: B/1*t4) p>  p,

Figure 2. Balanced market at 0 < A< 1
Source: compiled by the author
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2) When A4 =1, the market turns out to be unstable (there is a periodic decrease and
increase in price) (Fig. 3).

3) When 4 > 1, the market turns out to be completely unstable (collapse) (as n increases,
the amplitude of fluctuations pn increases) (Fig. 4).

As,d Vs a

Figure 3. When A=1 there is a periodic Figure 4. When A>1 the market turns out
decrease and increase in price to be completely unstable
Source: compiled by the author Source: compiled by the author

Nonlinear supply-demand model. That is, supply and demand depend on price as
functions that are more complex than linear [1-2].

Meaningful formulation of the problem. The manufacturer makes a product for sale
every year. He does not store the goods for more than a year. The decision on how much of
a good to produce is made taking into account the prices of the previous year. Moreover,
if prices were high, more goods should be produced this year, and if prices were low, less.
The demand for a product during the year depends on its price at the time of sale. When the
price rises, demand falls. It is necessary to describe the behavior of prices in the coming
years as a function of the initial price.

Conceptual statement of the problem. As model parameters we use parameters from the
linear model with the exception of the following:

— Suppose that the supply s,,, of the next year depends as a power function on the price
p, this year, and the higher the p, , the greater the s,,,: s,,, =ap,’ —b, where a and b are
positive constants, and m belongs from 0 to 1, unchanged throughout the entire analyzed
period of time.

— Suppose that next year’s demand d,,, depends exponentially on the price p,,, in the
same year, and the higher the price p,,,, the lower the demand d ,,:d,,, = gexp(-cp,,,),
where ¢ and g are positive constants that remain unchanged throughout the entire analyzed
time period.

Mathematical formulation of the problem. Assuming the value p, is given, find a

sequence of values p,, p,, p;.,..., satisfying the following system of equations:
Spa1 =ap;n—b, (10)
d,., =gexp(=cp,.), )
S,a=d... (12)
The solution of the problem. Substituting equations (10) and (11) into equation (12) we get:
ap; —b=gexp(=cp,, ). (13)

Transforming and introducing new constants: 4 =a/g >0,B=b/g>0 and C=c" <0
we get:
Py =C-In(4p] - B). (14)
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Figure 5. Minimum price and maximum possible demand
Source: compiled by the author

Since equation (14) does not have an analytical solution, we use direct modeling [3].
To do this, we will develop an algorithm that will allow us to determine the sequence of prices.

Conclusions. This paper examines the problem of constructing a mathematical model of
supply and demand. Two models were investigated: linear and nonlinear. The linear model
is convenient, but the market is much more complex, and you need to come up with a
different model for it. It must be taken into account that supply cannot grow forever, since
it is impossible to create an infinite amount of products. Supply and demand at some point
react more sharply to price changes. The results of coefficient analysis for the nonlinear
model were obtained. It is certain that the coefficient g must be greater than the coefficients
a, b, c, with 4,B~107, and C ~ g. It was also discovered that when coefficients a, b,

g are greater than 104, the model does not work. It should be noted that the period for
calculating prices should not be too long, since the coefficients may change over a long
period of time. Thus, ready-to-use formulas for price growth and fall are obtained.
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