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STUDY OF A MARKET MODEL WITH A FIXED DEMAND LINE

OOCNIOXEHHA PUHKOBOI MOAESI 3 ®IKCOBAHOIO NIHIEIO NOMNUTY

In general, the market mechanism is influenced by many factors: tastes and preferences of con-
sumers, interests of sellers, competition between sellers, level of market monopolization, state leg-
islation, seasonal changes. Part is random. All these factors cannot be taken into account. Consider
the market mechanism from the point of view of a seller who sells one product. The seller decides
what price to set, how much product to offer to consumers. As a result, having sold the product at
a favorable price, he can get a bigger profit, or, on the contrary, remain with the unsold product
and incur losses. It is obvious that three cases are possible: a shortage of the product, a surplus of
the product, and an equilibrium state. For market research, we use such an approach as simulation
modeling. The use of simulation models is of great importance for the analysis of economic systems.

Key words: dynamical system, demand function, offer function, optimization, simulation
modeling.

Ha punxy ¢ be3niu yunnuxie, ki 6nau6aroms Ha tl02o NOBeOTHKY.: CMAKU Ma 6no000aHHs Cno-
AHCUBAULB, THMEPECU CRONCUBAYIE MA NPOOABYIE, KOHKYDEHYIS, MOHONONI3AYIs PUHKY, 3AKOHOOAG-
Ccmeo y Kpaiui, ce30nHi 3minu. J{esaxi maiomv unaoxosuil xapaxmep. Bce epaxysamu Hemodicauso.
Posensueno punox oonozo mosapy iz noensdy npooagys, axuil tiozo peanisye. Ipu ybomy mooic-
UG mpu GUNaoKu: deiyum mogapy, HadIUuoK moeapy ma pienogascnuii cman. Ilobydosana
MoOenv, Yinb SAKOI: BUBHAYEHHSI ONMUMATLHO2O 00CA2Y 3aKVNi6enb, wjo 3ab6e3neuye npooasyro
Haubinbwul npudbymox. Taxkoxc 8paxoeano 3ani3HeHHs NOCMAYAHHS MA THEPYIHICMb PUHKY.
S5t 00CniOdHceH sl PUHKY 3ACMOCO8ARO MAKULL NIOXIO, K iMimayiiine Mooenosants. 3acmocy-
BAHHS IMIMAYIUHOL MOOENL MA€E 8euKe 3HAUeH s i AHANi3y eKoHomiunux seuwy. [le oac nepe-
6aell y NOPIGHAHHI 3 BUKOHAHHAM eKCHEePUMEHIMIE HAO PeanrbHOI0 CUCHEMOI0 MA SUKOPUCTIAHHIM
inwux memoais. Ilpoananizosani mooeni Barvpaca-Mapwiaina ma nagymunonooiona mooeis.
Y mooeni Banvpaca-Mapwanna punkosa éapmicnme 3a1excums 6i0 NORUNLY ma nponosuyii, moo-
mo, 8i0 nompeo i Kouwmis NOKYnyie, 3 00H020 6OKY, ma 8i0 npayi i sUmMpam UpPOOHUKIE, 3 IHULOZO.
Hunamiuna mooenv eusnauac 3miny puHKoO8UX YUHHUKIG Yy uacl. Yci sminni € ynxyiamu qacy.
YV nasymunonooioniti mooeni obcse nponosuyii peazye Ha 3MiHU YiH i3 OESAKUM 3ANi3HEHHAM.
Tooi ananiz mooeni ycknaouoemocs. Posmip nonumy susnavaemscs yinamu nomouHo2o nepiooy,
a 8enuyUHa NPONO3UYIi BUSHAUAEMbCS YIHAMU NONEPEOHbO20 Nepiody, Moomo HeobXioHull 06cse
moeapy Ha0xXo0umu i3 3aniznenuam. Bupiwylouu 3a60anna nOWYKy ORMUMaibHux 006cseie 3a-
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Kynigen, po3ensioaemuvcs pUHKO8a Mooeis 6e3 ninii nponozuyii. QyHKYis nonumy 66aicacmocs
He3minHol0. Bpaxoeyemuvca sanisnenns nocmagox. Lliny eusnauac punok, moomo. 3a Qikcogano-
20 00cA2y MOBapie 6CMAHOBTIOEMbCA PUHKOBA YiHA, came 8oHA 3abe3nedye Haubinbuull npuby-
moxk. 3minuu cmpamezii 3aKynigeib ma 00caeU 3aM081eHb, MOXCHA NIOIOpamu onmumaibHy
cmpamezito MaKum YUHOM, W00 SUSHAUUMU ONMUMATIbHY JIHII0 nponosuyii. Inepyitinicms punHky
03HAYAE, WO Y HEGEUKOMY NPOMIICKY Hacy yina nocmiina. I1eeni pamku 06medncyoms mopeogys
6I0 3HAYHO20 NIOGUUICHHSL YU 3HUICCHHSL YIHU.

Kniouogi cnoga: ounamiuna cucmema, Qynkyia nonumy, Qyukyis nponosuyii, onmumizayis,
imimayiiine MOOen08aHHSL.

Formulation of the problem. The study of economic phenomena presents presents an
interesting and challenging task. The peculiarity is that the study of these processes on real
objects can be difficult or even impossible and leads to costs, so you need to look for ways
to avoid these difficulties. One way to solve this problem is to estimate unknown quantities
through simulation. It is convenient to study many economic processes with the help of
models. Considering the problem of finding optimal supplies, we highlight the most import-
ant factors: demand, price of goods, volume of purchases. It is necessary to consider pro-
cesses in time, i.e. in dynamics. Time is discrete. The purpose of building the model is to
determine the optimal volume of purchases that provides the seller with the greatest profit. It
is necessary to consider processes in time, i.e. in dynamics. Time is discrete. The purpose of
building the model is to determine the optimal volume of purchases that provides the seller
with the greatest profit. It is also necessary to take into account the delay in deliveries and
market inertia. The inertia of the market implies that there are certain limits that limit the
manufacturer from a significant increase and decrease in prices. Lowering the price leads to
dissatisfaction with competitors, raising the price leads to sanctions from the administrative
authorities. If the seller single-handedly changes the price, he may incur significant losses.
The delay in deliveries can be caused by the remoteness of the manufacturer from the place
of sale, it is always present to one degree or another. Considering the most important factors,
we will build a market model to determine how the seller should behave.

Analysis of recent research and publications. The problem of building a market
model, modeling and forecasting its development is one of the most important problems of
the economy in connection with Ukraine's transition to market relations. Most of the market
models were built according to the principle of establishing a competitive equilibrium, the
existence of which was declared in the work of Walras [1]. Mathematical substantiation
of the Walras hypothesis was carried out in the 1950s in the works of Arrow-Debre [2],
McKenzie, Gale, Nikaido. Further work was carried out on the improvement of models
and their generalization. These studies are considered quite fully in the monographs of
Morishima, Nikaido, Lancaster and other modern authors. Most of these works analyzed the
balance of aggregate supply and demand (Market equilibrium) [3; 4]. These market models
established a balance between supply and demand, but could not be a market model, since,
firstly, there was no competition between both producers and consumers in them, and sec-
ondly, the purposefulness of the actions of market participants was not reflected (producers
and consumers), which is the basis of competition. The market model should reflect not
only the balance between supply and demand, but also the purposefulness of each market
participant, taking into account their overall relationship. A vector (multi-criteria) problem
of mathematical programming [5] is such a mathematical model that, along with the balance
sheet, can reflect the purposefulness of each market participant. To solve this problem, the
methods of solving the vector problem, based on the normalization of criteria and the prin-
ciple of guaranteed result, have been developed [6; 7].

Formulation of the purpose of the article. Study of the impact on the dynamics of
the price of goods of random fluctuations in demand, the position of the demand line, the
purchase price of goods, the strategy of ordering goods. Statistical evaluation of the seller's
profit at a fixed price of goods and a strategy for ordering goods. Determination of the opti-
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mal price and order strategy, taking into account the delay. Development of a mathematical
model that simulates the market for one product, taking into account random fluctuations
and delays, which allows estimating the seller's profit, as well as finding the price of the
product and the volume of purchases that provide the seller with the greatest profit.
Presentation of the main research material. /. Walras-Marshall model. In the Wal-
ras-Marshall model [1; 2], the market price depends on supply and demand, i.e. on the needs
and money of buyers, on the one hand, and on the labor and expenses of producers, on the
other. In general, the demand function can be presented like this: 0 = 0" (T;R...F;1...),
where D i Q is the volume of demand for the i-th product (i=1,2,...k), T are tastes and
preferences; F...F, are the prices of all goods; 7 — cash income. If all factors except price
are assumed to be constant, then we can pass to the demand function as a function of price:
0" =0/ (P), which characterizes the dependence of the demand for the i -th product only
on its own price. In analytical form: Q” = a—b- P.. A change in the quantity demanded occurs
when the price of a good changes, while the dependence of the quantity demanded on the
price remains unchanged. If the demand function itself changes as a function of price as a
result of non-price factors, such as changes in income or consumer tastes, then demand itself
changes. The inverse relationship between price and quantity demanded is called the law of
demand. The offer characterizes the willingness of the seller to sell a certain amount of goods
at a certain price in a certain period of time. Supply quantity — the quantity of a product that
an individual seller or a group of sellers wants to sell on the market per unit of time under
certain conditions. The bid price is the minimum price at which a seller is willing to sell a
given quantity of a given commodity. The dependence of the volume of supply on the fac-
tors determining it is called the supply function. In general, the offer function has the form:
0’ =0’ (L;R...P;T,N;...). OF - is the volume of supply for the i-th product (i=1,2,...k);
L, - is the nature of the technology used in the production of the i-th product; 7,...F, - are the
prices of goods; 7; - taxes and subsidies established for this product; N — natural conditions.
If all factors, except for the price of a given product, are assumed to be unchanged, then from
the supply function it is possible to pass to the supply function from the price: 0’ =0’ (P).
Thus, the market model is determined by the supply and demand functions. Market equilib-
rium is determined by the intersection points of supply and demand lines, which correspond
to the price P; and the volume of goods O, , equilibrium volume and equilibrium price.
Market equilibrium according to Walras is defined as follows. In a state of equilibrium,
the market is balanced, neither sellers nor buyers have incentives to break it. Equilibrium
condition: 0” (P)= 0’ (P). When the price is not equal to the equilibrium price, buyers and
sellers have reasons to change the current situation. If the price is slightly above the equi-
librium price, then excess supply will put downward pressure on the price. If the price is
below the equilibrium price, the quantity demanded will be less than the quantity supplied.
The excess demand will put upward pressure on the price. In the first case, pressure will be
exerted through the competition of sellers, in the second — through the competition of buy-
ers. Thus, an excess of goods leads to a decrease in price, and a shortage of goods leads to
an increase in price. The dynamic model determines the change in market factors over time.
All variables are functions of time. The process of changing the supply and demand values

over time is described by the equation: i—lj = h[Qd (P)-0° (P)} =hAQ"(P),h >0, AQ"(P) —

excess demand at price P. When AQ”(P) >0, the market price rises, drops for AQ”(P)>0.
In addition to price changes, other changes can occur that lead to imbalance: changes in
prices for other goods, changes in fashion trends, seasonal changes, etc. When non-price
factors act on supply and demand, the dependences of supply and demand on price change,
i.e. the behavior of buyers or sellers changes. With linear supply and demand functions, their
parallel shift occurs. This changes the equilibrium price and affects all other quantities.

2. Delay model. In the cobweb model [3], the volume of supply reacts to price changes
with some delay. Then the analysis of the model becomes more complicated. The amount of
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demand is determined by the prices of the current period, and the amount of supply is deter-
mined by the prices of the previous period, because the required amount of goods arrives
with a delay. 0° =0°(P), @’ =0’(P_.), where 1 — is the delay. The producer determines
at time t — t the volume of supply at time t, focusing on demand and price in period t — 7.
Then the price, the magnitude of demand, supply fluctuate around the equilibrium state.
For linear supply and demand functions and discrete time t Q° =a-b-P, O’ =c+d-P_, ,

. : . : —d\ .
the market price level is determined by the equation: P, =[F, —PE](7] . F, - price at the

initial moment ¢=0; P, - is the equilibrium price at which Q =0’ . The price P, fluctuates
around the equilibrium level P, . At the same time, the demand and supply schedule takes
on a cobweb-like appearance. The stability of the equilibrium depends on the slopes of the
supply and demand lines. If the absolute slope of the demand line exceeds the slope of the
supply line, the deviation from equilibrium leads to an increase in price and volume fluctua-
tions, further moving the market away from equilibrium. If the absolute slopes of the supply
and demand lines are the same, any initial deviation leads to an increase in price and volume
fluctuations of the same amplitude around the equilibrium level. If the absolute slope of the
supply line is higher than the slope of the demand line, the fluctuations gradually die out,
and the disturbed equilibrium is restored. Thus, the delay in supply for price changes leads
to instability of the equilibrium.

3. Demand line in case of random fluctuations. Demand characterizes the tastes and pref-
erences of consumers, the willingness to buy one or another quantity of goods. Moreover,
demand is determined not only by the tastes of consumers, but also by their capabilities,
income of consumers and the price of this product. The volume of demand for a product
is the quantity of this product that an individual, a group of individuals or the population
as a whole is willing to buy in a unit of time (day, month, year) under certain conditions.
The bid price is the maximum price that buyers are willing to pay for a given quantity of a
commodity. The demand equation shows the dependence of the volume of demand on the
factors that determine it.

Qd(,(t):Qm—ch(t) (1)

Om — the maximum amount of demand, a — slope coefficient; ¢ — time (discrete);
P(r) — price. We must also take into account that the real demand for a particular product
changes spontaneously, under the influence of random factors, and include a random vari-
able in the demand line equation. The demand line equation, taking into account random
fluctuations, has the form:

0d (1) =0d (1) + (1) @)

&(¢) —random normally distributed random variable with expectation 0 and variance o°.

4. Mathematical model of the market in the absence of a supply line.

Description of variables. Statement of the problem of optimization modelling.

Solving the problem of finding optimal purchase volumes, we will consider a market
model in the absence of a supply line. The demand function is considered unchanged and is
given by equation (1). Delay in deliveries 1 is taken into account. The price is determined
by the market. With a fixed volume of goods, the market price is set, it is it that provides
the greatest profit. By changing purchasing strategies and order volumes, one can choose
the optimal strategy in such a way as to determine the optimal supply line. The inertia of
the market means that the price is constant for a short period of time. Certain limits limit
the trader from a significant increase or decrease in price. Denote: Os(7) — sales vol-
ume; Qz(7—1) is the volume of purchases at the moment (1—1); 0d(t) is the volume of
demand; ¢ is discrete time; O(¢) is the balance of goods at time #; Sales volume at time ¢:

Ao O(t)+0z(t—1), 0d(t)=0(t)+0z(r—1)
QS()‘{ 0d(1), 0d (1) < 0(1)+ 0=(t ) G)
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The quantity supplied at time t is the sum of the balance of goods and the supply of
goods at that moment. If the volume of demand is greater than the volume of supply, then
this means that all goods will be sold, the number of goods sold is equal to the volume of
supply. Otherwise, the volume of demand is less than the volume of supply, the number of
goods sold is equal to the volume of demand. Quantity of goods in the next step that is left:

0, 0d(1)=0(t)+0z(t-1)
t+1)= 4
Olr+1) {Q(t)+Qz(tr)Qd(t), 0d(1) < 0(1)+ 0=(1—7) )
Accordingly, if demand is greater than supply, the remainder is 0. Otherwise, the remain-
der is equal to the difference between the quantity supplied and the quantity demanded.
When determining the next volume of purchases, the condition must be taken into account:
if there is an unsold balance, then the next volume of purchases is 0.

0(1)20d(t), Qz(1)=0 )

Profit function: revenue minus order payment, minus storage fee, minus penalty function
J(1)=0s(t)-P(1)=0=(1=7)- R=Q(1)- B+ F (1) (6)

Penalty function: a change in price compared to the price of the previous period reduces profit.
F(1)==2(P(0)=P(-1)) ()

Purpose: to choose the volume of purchases and the price leading to the maximum profit.
The search for the maximum J(r) should be carried out taking into account the inertia of

the market.

J(O)+F(6) >, max ®)

Profit optimality criterion. In the study of this criterion, three zones of volumes of offered
goods were identified: the zone of shortage of goods, the zone of overstocking of the market,
and the zone of dynamic equilibrium. The boundaries separating these zones:

0" (t)= (R (0m-a'P(i))) [(a+R) ;
o ()= (R* (Qm - a*P(i)) + a*Qm)/(Z*a + R) ;
oY (1)= (R* (Qm - a*P(i)) +a (Qm - a*Pl))/(Ta + R) ;

When fulfilling the criterion of market optimality, prices and quantities of goods were
found that are optimal for each zone. In the area of commodity shortage, the optimal price is
determined by the formula: P (1)=0m+RP(t-1)/(a+R)

In the area of market overstocking: P'”(r)=(Om+R"P(i))/(2"a+R)

In the area of dynamic equilibrium: P (¢)=(0m-Q(i +1))/a

The graph of the conditionally optimal price has the form:

In these ranges, there is an optimal price of the goods and the optimal amount of sup-
plies, which ensure the maximum profit of the seller with full satisfaction of consumer
demand. Let us now find the optimal price of the goods and the optimal level of delivery of
the goods to the market, which ensure the maximum profit of the seller, if the restrictions for
the price of the goods in different zones are met: P, < P, < P(t)< P, =0, /a. We will also
solve this problem by zones (in zone 1 — shortage, zone 2 — overstocking of the market, zone
3 — balance of supply and demand, i.e. dynamic market equilibrium).

In the zone 1: 0<0(r) < 0" (7). After substitution P(¢)=P"(¢) into expression for profit

J(t) we get: J(t)= Qz(;)z +(P(t-1)-RB)-0(1)+0"(1)-(B-B)=J"(1).

As we can see, J “’(t) increases monotonically with O(¢)  according to a linear-qua-

dratic law, reaching its maximum value at the region boundary at Q(r)=0" (r) .
Then the volume of additional supply to the market is equal to 0*(r)=0" (1)~ 0"(r)..
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Figure 1. Conditionally optimal price Figure 2. Conditionally maximum profit

In the second zone: O(t)> 0" (1) .After substitution into J(¢) for this zone P(r)= P (7),
independent of Q(7), we obtain

I(0)=(Qu P (1) P (1)~ 0(0): B+ 0" (1)(B - ) - X(PO (1)~ Pt =),

Aswe cansee, J? () decreases monotonically with increasing O(r) according to a linear
law, so that it reaches its maximum value in this zone at 0(¢)= 0" () .The volume of addi-
tional supply to the market that provides the greatest profit is equal to 0 (1) = 0 (1) - 0°(¢) .

Inzone 3: 0" (1)< 0(r)< 0% (r) . After substituting P(r)= P (¢) into J (1) forzthis zone,
we obtain: J (1) = Q(t)-Q"’TQ(I)_Q(;).p1 +0°(1)(R, _g)_i(QmaQ(’)_ P(t=1)| =J9(z)

This is a linear-quadratic function. At the maximum point of this function Q(z)=0" (7).

Search for the optimal supply in the presence of delays and random fluctuations in
demand. In the presence of delay and random fluctuations in demand, the equilibrium will
be disturbed in an unforeseen way. Consider various methods for finding optimal supplies
that are beneficial for the seller. When maximizing profit at each moment of time, it should
be taken into account that the seller's profit at the moment is affected by the volume of deliv-
eries Qz(r—1) ordered earlier. This dependence can be expressed using a function, which
is convenient for software implementation and for finding the maximum. We introduce a
function that evaluates future profit. The goods arrive at the seller with a delay t, therefore,
knowing the volume of purchases Qz(7) ordered at the moment, we can estimate the profit
in the future, simulating sales of goods t steps ahead. The price is set equal to the market
price, the demand is calculated according to equation (1). At each step, using formulas (3),
(4), we calculate the number of goods sold, profit, balance of goods. Thus, we estimate the
profit in the future J(7+1) .The actual profit value will be different, due to random fluctu-
ations in demand. By evaluating the future profit for different volumes of purchases, it is
possible to determine the best of them, leading to the greatest profit. The search for the opti-
mal supply is reduced to the search for the maximum profit function in the future on a given
interval of acceptable purchase volumes. Various methods can be used for this, but it must be
taken into account that the function under study is not continuous. Another way to find the
optimal supply is empirical optimization. At each step, the volume of purchases is constant.
The search for the optimal supply is carried out for time interval as a whole. That is, a con-
stant optimal supply is determined, leading to the highest profit on average. In this case, you
should set a function that determines the dependence of the average profit on the constant
value of supplies. The search for the optimal supply means the search for the extremum of
this function. Empirical optimization is reduced to a series of tests performed using a model
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for different supply values. It is necessary to apply an optimization method for search for the
maximum average profit, so as not to go through all the options for a given supply interval.

Conclusions. When using a functional relationship to find the optimal purchase, you need
to consider which values are variables, which are fixed for a given function, which are present
in the model itself, and which are only in the function. When finding the market price, the
supply volume is considered known, and the price is profit function argument. When finding
the optimal volume of purchases, the price is defined as market (depends on the volume of
purchases of the previous period, not this one) and the volume of purchases is an argument
of the future profit function. After determining the dependence, the function can be examined
for an extremum, which is a convenient way to solve the problem. The profit function is not
continuous, which complicates its optimization. To do this, you need to implement one of the
algorithms suitable for finding the extremum of non-differentiable functions.
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