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DETERMINING THE CORRELATION BETWEEN DATASETS
FOR CALCULATION OF THE RETAIL PRICE WHEN USING SOFTWARE AGENTS

Abstract. The development and support of algorithms for calculating prices in the field of trade is one of
the current trends in the development of information systems in recent years, which attracts the attention
of specialists of various profiles. Experts in the field of economics see in such algorithms new opportunities
for improving automated systems, transforming them into public automated systems of a new generation
with advanced means of presenting various digital information resources and accessing them, created
taking into account the need for integration and the use of APIs. Within the framework of the outlined
problem, the scientific tasks of developing models, methods, algorithms and programs that simulate
processes for data processing and price calculation in order to determine their main characteristics for the
construction of mathematical software for automated retail price calculation systems are important [12].

In general, effective pricing contributes to the subordination of production to social needs, and an adequate
level of prices contributes to economic growth, provides an effective competitive environment and orients
production to innovative content [1]. The above determines the relevance of the development and
improvement of algorithms for calculating the retail price of a product in the event, that already known
algorithms determine the price inaccurately (for example, when there is insufficient amount of necessary
data due to certain factors). The use of the latest ones in such situations quite often increases the risk of
selling the product at an irrelevant price, which in turn can lead to a decrease in turnover or loss of funds.
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Problem statement

With a significant increase in the price premium, the
trading company risks losing customers, however,
compensating for this risk with low income, the company
reduces the risk of its own losses.

Under the conditions of a risk-free price premium,
the amount C,, that the buyer pays to the trading
company is as follows:
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The presence of the risk of non-return of the
purchase price of the goods, which is measured by the
probability Py, thereby leads to an increase in the amount
of the retail price that the buyer must pay, measured by
the coefficient K..
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Graphically, the dependence of the coefficient of
increase in the retail price of the amount paid by the buyer
for the product K, on the probability of non-return of the
purchase price of the product is shown in figure 1.

With the probability values (Py) of the product
purchase price non-return ranging from 0,3 to 0,6 not
only the risk itself increases significantly (it becomes

unacceptable), but also the amount that the buyer pays for
the product (retail price of the product). So already at
Py = 0,5 the buyer is forced to pay twice the price
compared to the risk-free price, and the trading premium
increases several times [2, p. 215-216].
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Figure 1 — The dependence curve of the retail price increase
on the product purchase price non-return probability

With such a method of supply chain management as
dropshipping, the online retailer uses service packages
provided by dealers. At the beginning of a startup life
cycle, the profitability of cooperation with dealers is
determined both by the presence of certain optional
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features in particular, and by the cost of the provided
service packages as a whole. Thus, the use of more
expensive packages increases the risk of losing money in
case of project failure, and less expensive ones — limits
the retailer's ability to use certain functions and/or data.
The essence of the problem in the second case is the lack
of an opportunity to control the risk of receiving an
invalid retail price during the calculation.

Analysis of recent research
and publications

Problems related to pricing are considered in
scientific research by many scientists. For example, in
work [6] the construction and functioning forms of the
internal economic mechanism and its regulatory
framework at the enterprise are considered. The textbook
[10] deals with the principles of setting prices for
products and enterprises services of all ownership forms,
the peculiarities of the prices classification in modern
conditions are determined. The factors that affect the
price level are analyzed. The comparison of Ukrainian
and foreign price regulation and foreign trade prices is

presented.
In the work [7], the main provisions of the theory of
pricing, price functions, principles, factors and

regularities of pricing are revealed, as well as the
classification features and types of prices in the modern
economy are highlighted. The textbook [11] highlights
the basics of pricing methodology. Particular attention is
paid to the theoretical bases of pricing, the definition of
policy and the strategy for setting prices, and the

formation of prices, taking into account the
competitiveness of the product.
The analysis of these and other sources

demonstrates the presence of a tendency towards
constantly emerging new requirements for pricing, which
is due to the development of technologies. Exceptional
situations require research to create innovative methods
of price calculation.

Aim
The purpose of the article is to form a hypothesis
regarding the use of additional incoming data (which is
involved when using the dropshipping) based on their
correlation with the main incoming data in order to

develop software using software agents to improve the
accuracy of retail price calculation.

Main material presenting

For the experimental implementation of the
algorithm, the dependence of the following important
values was calculated (others do not take part in the
calculations):

— price (p) — price for one product unit (blue);

— price_4 (p4) — price for four units of the product
(red);

— avg_price (avg) — average price (green);

— availability (bal) — balance in stock (orange).
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Figure 2 — Graph of dependence of price values and balance
for products 101-200 from the list (values of other ranges
were also analyzed, for example: 1-100, 60000-60100)

Initial analysis confirmed the existence of a
relationship between the values, but not in all cases. It
can be argued that the average price value in most cases
depends on the total balance value, but with certain
variations of the variables, the dependence may
disappear, for example, if the value for four units of the
product is missing.

For a more accurate definition and display of
graphical dependence, it became necessary to build an
additional correlation graph that would confirm the
presence or absence of dependence.

To begin with, the correlation coefficient was
calculated for several pairs of data sets, for example: for
the average price and the total balance, for the price of
four units of the product and the total balance, etc.

The Pearson correlation coefficient (hereafter PCC)
characterizes the existence of a linear relationship
between two values.

Let two samples be given x™ = (X4, ..., Xm), ¥ =
V1 Ym);

Then the PCC is calculated using the formula:

i 2t =i —Y) (3)
I -0 I, (3 - 9)?
_cov(x,y)
sZs3

where X, ¥ — sample averages x™ and y™, s2, s§ — sample
variances, Iy, € [—1,1].

Pearson correlation coefficient — is a statistical
indicator of the dependence of two random variables. The
correlation coefficient can take values from -1 to +1,
where the value -1 will indicate the absence of
correlation, O — about zero correlation, and +1 — about full
correlation of values. That is, the closer the value of the
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correlation coefficient is to +1, the stronger the
correlation between two random variables.
It's also called the tightness of the linear relations,
SO |rxy| = 1= x,y - linearly dependent and ry;, = 0 =
x,y — linearly independent. [9, p. 238-239; 4, p. 23, 75,
109; 3, p. 9-13; 5, p. 62; 8]
Let's take several sets of data:

pl p4 avg max bal
10 10,01 18,56 42,5 76
10 10 19,86 44,5 70
10 10 10,82 14,2 70
10 10 10 10 50
10 17,25 24,5 2
10,01 10,01 16,97 42,5 100
10,5 16 15,87 16 41
11,58 17,26 22,77 32,83 27
10 13 13,95 15,5 43
12,25 13,53 13,35 13,35 14
14 14,9 14,85 14,9 17
61,5 74,74 78,46 12
75,38 80,07 86,27 12
62,89 71,2 76,13 12
100 400 500 100

Figure 3 — Data sets,
where max — maximum price for one product unit

Calculating the Pearson correlation coefficient
revealed the following:

pl/p4 pl/avg pl/bal pd/avg pd/bal avg/bal
r 0,609758 0,788977 -0,02435 1,00 0,473071 0,381679
Figure 4 — Correlation coefficients for the main data sets.

It can be concluded from the figure 4 that the
correlation is full for datasets p4 and avg, and almost zero
— for datasets p1 and bal.

Graphically, the full correlation in this case can be
depicted as follows:
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Figure 5 — Full correlation for datasets p4 and avg

The 400/500 point can be disregarded, as it
represents fictitious values for the test of possible
situations. Other points are very close to each other,
which indicates a fairly close correlation.
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Figure 6 — Almost zero correlation for datasets pl and bal
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Conclusion

Current research work has identified a correlation
between incoming data, which suggests the existence of
possibility to use the additional data for retail price
calculation accuracy improving with use of software
agents in case of the main input data irrelevance (for
example, the price and balance of the product for each
supplier at the right time).

In this case, the main problem was the risk of
calculating a price premium that would go beyond the
allowed price range (based on competitors' prices).
Therefore, the task of developing an algorithm that would
calculate the safe retail price of the product in the absence
of the necessary data arose.

To solve the problem in this work, the sets of
variation series for prices and product balance were
analyzed in order to determine the dependency between
the data of these sets using the Pearson correlation
coefficient. Coefficients are presented both in writing and
graphically.

As a result, the new method of the product retail
price calculating will include the use of only those data
between which the existence of dependencies was
revealed during the research (in this case, the values of
the following variables: price_4, avg_price and
availability).

The results and conclusions obtained in the course
of the current work are not exhaustive, and the work itself
may require additional research.
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3enensko Exyapa BacuiaboBuu
AcmipaHT Kadenpu IporpaMHOTO 3a0e3IeUeHHs aBTOMATU30BaHUX CHCTeM, https://orcid.org/0000-0002-9939-3830
Yepracvkuil 0eporcasHuti mexnoao2iunuil yHisepcumem, Yepracu

BU3HAYEHHS KOPEJIALIL MI>K MHOKUHAMU JAHUX JIJI51 PO3PAXYHKY
PO3IPIGHOI IITHU ITPH BUKOPUCTAHHI TIPOTPAMHUX ATEHTIB

Anomauia. Po3pobxa ma niompumka aneopummie O po3paxyHKy yin y cghepi mopeieni — 00UH 3 GKMYanbHUX HANPAMIG
PO3BUMKY IHPOPMAYIUHUX CUCMeEM 8 OCIAHHI POKU, W0 npueepmac ysazy gaxieyie piznozo npoino. Paxisyi 6 2any3i eKOHOMIKU
b6auamo y nNOOIOHUX AN2OPUMMAX HOBI MOICIUBOCT OISl 6OOCKOHANEHHSA AGMOMAMU30BAHUX CUCHIEM, NePemBOPeHHs iX Y nyOniuni
aA8MoMamu308ami cucmemu HOB020 NOKOMIHHA 3 PO3GUHEHUMU 3ACODAMU NOOAHHS PIZHOMAHIMHUX YUDPOBUX THGOpMAYIHUX
pecypcig i docmyny 00 HUX, CImeopioeami 3 ypaxyeanuam neobxionocmi inmezpayii ma euxopucmants APL. 'Y meoicax oxpecnenoi
npobnemu  GaNCIUGUMU € HAYKOSBI 3a0aui po3poOieHHs Moodenel, Memoois, aneopummie ma npoepam, sKi 30IUCHIOOMb
MOOenio8anHs npoyecis 01 06pobKU OaHUX ma po3PAXYHKY YiH 3 Memoio 6USHAYEHHSA IX OCHOBHUX XAPAKMEPUCMUK 0151 noOYO008U
MAMEeMAmuiHo20 NPOZPAMHO20 3a6e3neyeHHs a8MOMAMU308aHUX CUCIeM PO3PAXYHKY po30pionux yin [12]. 3acarom epexmugne
YIHOYMBOPEHHS CRPUSAE NIONOPAOKYBANHIO BUPOOHUYMBA CYCNITbHUM NOMPedam, a a0eK8amHull pi6eHb YiH CRPUSAE eKOHOMIYHOMY
3pocmannio, 3abe3neyye egekmugHe KOHKypeHmHe cepeodosuye, OpiEHmye 6upooHuymeo Ha innosayitimui 3micm [1].
Buwesasnauene obymosnioe axmyanvhicmes po3pobieHHs ma 800CKOHAACHHS AN2OpUMMIG Olsl PO3PAXYHKY pO30pioHOi yinu
moeapy 8 pasi, Koau 8sce 6i00Mi aneOpummu UHAYAIOMy YiHy HEMOUHO (HANPUKIAO, NPU HeOOCMAMHIL KiTbKOCMI HeoOXiOHUX
O0aHUX, Wjo 3yMOBIEHO negnumu gakmopamu). Buxopucmanna ocmannix y nodibnux cumyayisx 0080ai yacmo 30i1buiye pusux
peanizyeamu mogap no HeaxmyanbHiti Yini, Wo CBOEI0 4ep20io Modice npuzgecmiu 00 3MeHWEeHHs moeapoobicy abo empamu
2POULOBUX KOWUMIE.

Knwuogi cnoea: inghopmauiinni mexnonocii; ekonomika nionpuemcmaea; yinoea Haobaseka; po3opiona yina; anzopumm
UiHOYMEopenHa
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