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In this paper, we consider the problem on constructing a mathematical model of the
pricing system for retail companies based on the identification of a key value item group of
products. The methods of calculating key value item indicators are proposed for further use
in dynamic pricing systems based on data on sales of products, revenue received from each
product, availability of products provided by competitors at the market, and assessment of
correlation between products viewed in consumer baskets. Based on the described methods,
we propose a formula for combining a set of methods using an integral method. The goal
of this method is to use coefficients to adapt the key value item calculation for individual
company development strategies. For the developed methods, we consider a computational
example and give conclusions that demonstrate the identification of a key value item group
of products for retail companies.
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Introduction

For the purpose of effective competition, each retailer allocates key value items [1],
abbreviated as KVI [2|. These products allow customers to form an opinion about what
the company specializes in and why the company is better than other retailers. Many
approaches are used to determine the KVI in accordance with the development strategy
of each company [3]. However, taking into account that most companies follow the
same development strategies, we can say that these companies have identical or similar
algorithms for determining the KVI of products [1|. In order to automate the process
of determining and redetermining key products, retailers have developed appropriate
methods [4, 5] used in pricing systems. The aim of the paper is to construct an integral
method for determining the KVI of a product that covers the most common development
strategies of companies with the possibility of further application in software engineering
to create an appropriate module in the dynamic pricing system.

1. Definitions

By the KVI indicator of a product we mean a coefficient, which takes values from 0
to 1 and reflects significance of the product for the company. From the viewpoint of the
company, the key product is the product whose KVI indicator is closest to 1. Depending
on the applied development strategy, different methods of calculating the KVI indicator
are used.
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2. Preliminary Methods for Determining KVI of Product
2.1. Method Based on Demand for Product

For the company, the most significant product is the product with the most units sold
during the analyzed period. Then, the KVI indicator for the i-th product is calculated as
Qi
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where n is the number of types of products, @); is the amount of sales of the i-th product
for the analyzed period, 2 =1,2...n.

2.2. Method Based on Product Generating the Most Revenue

In this case, the total revenue for all products is considered to be 1. Then, the KVI
indicator for the i-th product is calculated as
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where P; is the price of the i-th product, 2 =1,2...n.

2.3. Method Based on Exclusivity of a Product at Market

In order to unify the calculation of this method for all other methods, we consider
the range from 0 to 1, where the value 1 is associated with the product, which is unique
at the market, i.e. the considered competitors can not provide such a product, and the
value 0 is associated with a product that all other considered competitors provide. Then,
the KVI indicator for the i-th product is calculated as

Li
KVI;=1—-—,
m
where [; is the number of the considered competitors that provide the i-th product,
1 =1,2...n, and m is the total number of the considered competitors.

2.4. Method Based on Evaluation of Correlation of a Product With Other
Products in Customer Baskets

In this case, KVI reflects the frequency of the product presence in each customer
basket for a certain period. Then, the KVI indicator for the i-th product is calculated as
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where n is the number of all types of products in the considered baskets, );; is the number
of times when the ¢-th product was sold in the same basket as the j-th product, @); is the
number of times when the j-th product was sold.
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3. Integral Method for Determining KVI of Product

In the framework of individual company development strategies, we can consider
a situation when, in order to determine significance of a product, it may be necessary to
use several methods of calculating the KVTI indicator at the same time. Then, the total
KVI indicator for the ¢-th product is calculated as

k
KVIPF =Y "a;- KV,
j=1

k
where a; is the parameter that takes values from 0 to 1, satisfies the condition ) a; =1,
j=1
and shows the level of significance of the j-th method in the total number of factors, while
KV1I; is the result of the j-th method for calculating the indicator, and k is the number
of the used methods.

The block diagram of the integral method is shown in Fig. 1.
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Fig. 1. Block diagram of the integral method for calculating the KVI indicator

The value of a; is determined in accordance with the level of significance of the
company’s j-th method against the background of others. Note that solution to the
problem on parametric optimization of the KVI indicator allows to determine the optimal
strategy for the company’s development.

The integral method is universal, therefore, the method allows to adapt to various
data available to the company.

4. Computational Example

As an example, apply the integral method in the case of a company which has sales
data for 5 different products shown in Table 1.
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Table 1

Data on sales of products

Ne of product | Amount of product sold, units | Price of product, RUB
1 1830 210.6
2 980 230.9
3 2100 75.5
4 1650 115.2
5 1200 450.5

Based on the current data set, the KVI indicator can be calculated by demand and
revenue. The calculation results are shown in Table 2.

Table 2

Result of calculating KVI indicators by demand and by revenue

Ne of Product | KVI indicator by demand | KVI indicator by revenue
1 0.235825 0.256776
2 0.126289 0.150763
3 0.270619 0.105636
4 0.212629 0.126643
5 0.154639 0.360181

Based on the obtained results, it is easy to see that Product Ne 3 and Product Ne 5 has
the largest KVI indicator calculated by demand and revenue, respectively.
In addition, consider information about the availability of products provided by

competitors, see Table 3, and information about customer baskets for the last period,
see Table 4.

Table 3
Availability of products provided by competitors
Pr. Nel | Pr. Ne2 | Pr. Ne3 | Pr. Ne4 | Pr. Ne b
Competitor Ne 1 + - - + -
Competitor Ne 2 + + + - -
Competitor Ne 3 + + + - -
Competitor Ne 4 + - - + -
Competitor Ne 5 + + - - +
Competitor Ne 6 + + + - -
Competitor Ne 7 + - - - +
Competitor Ne 8 - - + - -
Competitor Ne 9 + - - + -
Competitor Ne 10 - - + - +

Based on the data given in Table 4, we construct the matrix that reflects the number
of pairs of product combinations for calculating the KVI indicator based on the correlation
evaluation (Table 5).
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Table 4
Availability of products in customer baskets
Pr. Nel | Pr. Ne2 | Pr. Ne3 | Pr. Ne4 | Pr. Ne b
Basket Ne 1 + - - + -
Basket Ne 2 - - + - +
Basket Ne 3 - + - - -
Basket Ne 4 - - - - -
Basket Ne 5 + - - + -
Basket Ne 6 - - + - -
Basket Ne 7 + + - + -
Basket Ne 8 - - + - +
Basket Ne 9 - + - - -
Basket Ne 10 + - - + -
Table 5
Matrix of the number of product pairs encountered in customer baskets
Pr. Ne 1 Pr. Ne 2 Pr. Ne 3 Pr. Ne 4 Pr. Ne 5

Product Ne 1 - 1 0 4 0

Product Ne 2 1 - 0 1 0

Product Ne 3 0 0 - 0 2

Product Ne 4 4 1 0 - 0

Product Ne 5 0 0 2 0 -

Let us calculate KVI indicators based on uniqueness of the product at the market

and on correlation evaluation for each product, respectively. The results are presented in
Table 6.

Table 6
Result of calculating KVT indicators by uniqueness and by correlation evaluation
Ne of Product | KVI indicator by uniqueness | KVI indicator by correlation evaluation
1 0.20 0.25
2 0.60 0.13
3 0.50 0.13
4 0.70 0.25
5 0.70 0.20

Based on the obtained results, it is easy to see that Product Ne 4 and Product Ne 5
have the largest KVI indicator calculated by uniqueness of a product, while Product Ne 1
and Product Ne 4 have the largest KVI indicator calculated by correlation evaluation.

In order to apply the integral method to determine the KVI indicator based on the

totality of the obtained results, it is necessary to determine the values of each parameter a;,
k
where a; is the parameter that takes values from 0 to 1, satisfies the condition ) a; = 1.
j=1
Taking into account the restrictions, we determine the values of a; based on how many
times and which of the KVI methods give the highest significance. To this end, we construct
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a rating of methods for each product. Namely, associate the method that gives the lowest
KVI with a rating "1", then set the ratings in accordance with the increasing value of
KVT and calculate a; as the sum of the method ratings divided by the total rating of all
methods (Table 7).

Table 7

Rating of KVI indicator calculation methods to calculate the index a;

Method Ne 1 | Method Ne 2 | Method Ne 3 | Method Ne 4

Product Ne 1 2 4 1 3
Product Ne 2 1 3 4 2
Product Ne 3 3 1 4 2
Product Ne 4 2 1 4 3
Product Ne 5 1 3 4 2
Sum of ratings 9 12 17 12

Index a; 0.18 0.24 0.34 0.24

Calculate KV I 4 = 1,2,...,5, for each product by substituting the obtained
values a;:

KV It = (.18 - 0.235825 + 0.24 - 0.256675 + 0.34 - 0.20 + 0.24 - 0.25 = 0.2320505,

KV It = (.18 - 0.126289 + 0.24 - 0.150763 + 0.34 - 0.60 + 0.24 - 0.13 = 0.29411514,
KVt = (.18 - 0.270619 + 0.24 - 0.105636 + 0.34 - 0.50 + 0.24 - 0.13 = 0.27526406,
KV It =0.18 - 0.212629 + 0.24 - 0.126643 + 0.34 - 0.70 + 0.24 - 0.25 = 0.36666754,
KV It =0.18 - 0.154639 + 0.24 - 0.360181 + 0.34 - 0.70 + 0.24 - 0.20 = 0.40027846.

As a result of calculating the KVI indicator by the integral method based on the level
of significance of the methods, it turned out that Product Ne5 is the most important for
the company than other products. Parameters a; can be determined depending on the
significance of the i-th strategy for the company rather than by calculation.

Conclusion

In this paper, we present the integral method of calculating the KVI indicator that
covers most of the development strategies of retail companies, allows to evaluate the
significance of products based on various factors, and makes it possible to calculate the
indicator from the viewpoint of significance of both an independent development strategy
and the totality of the strategies. Also, the proposed integral method allows to obtain KVI
indicators in the absence of some of the original data.
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MHTETPAJIHBIN METO/ OIIPEJIEJIEHIA KJIFOUEBOU
I'PVYIIIIBI TOBAPOB

H. A. Ilanuenxo, A. K. Boeywos

PaccmarpuBaercs 3a/1a49a IIOCTPOEHIST MATEMATHIECKON MOJIE/IM CUCTEMBI IIEHOOOPA30-
BaHUsl JJIsl PUTEAIePCKUX KOMITAHUI, OCHOBAHHAsI HA BbBISIBJIEHUN KJIFOUYEBOI T'PYIIIBI TO-
BapoB. [IpesoxkeHbl cIocoOBl pacdeTa KIIOUEBOH IPYIIBI TOBAPOB € IEJIbI0 JTAJIBHEHIIEero
HCIIOJIb30BAHUST B PAMKAX CUCTEM JIHHAMUYIECKOrO IEHOOOPA30BaHus, HA OCHOBE JAHHBIX O
IPOJIasKax TOBAPOB, BBIPYUKE, MOJIYIEHHON ¢ KaXKJIOI0 TOBAPA, HAJMYUsI TOBAPOB y KOHKY-
PEHTOB Ha PBIHKE, OIEHKe KOPPEJISIIIUU MEXKIy TOBapaMU, PACCMATPUBAEMBIMU B IIOTPeOH-
TEJIbCKUX KOp3uHaX. Ha 0CHOBe OIMCaHHBIX METOOB IIPE/IIoyKeHa (hOPMysIa pacdera, 00b-
eJINHSIONIAsT COBOKYITHOCTb METOIOB C ITOMOIIbI0 MHTEIPAJIBHOIO METO/IA, [eJIbI0 KOTOPOro
SIBJISIETCS, C TIOMOIIBIO KO MUITHEHTOB, aJallTUPOBATEL PACIYET KJIIOUEBO I'PYIIILI TOBAPOB
JUTsl MHJIUBUJIyaIbHBIX CTpAaTeruii pa3BuTus Komnanuu. /st pa3paboTaHHBIX METOJIOB Pac-
CMOTPEH BBIYUC/IMTEILHBII IPUMED U IPUBEIEHbBI BBIBObI, JIEMOHCTPUPYIOIIKE OIIpeIeIeH e
KJIFOUEBOI TPYIIIBI TOBAPOB I PUTEMIEPCKUX KOMIIAHUI.

Karoueswie caosa: KVI; memod; onpedenerue; yena; mosap; unmezpasoHuili memoo.
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