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Abstract: The paper substantiates the importance of the optimal directionality choice of sales
activity as one of the main lines of enterprise activity, the functioning of which should be complete,
synchronous and complementary. Diversification is one of the powerful instruments to ensure the
steady development of the sales activity of an enterprise. Three models of sales activity diversification
of an enterprise are developed. The first model is based on unveiling the potential of sales channels
and allows us to show the peculiarities of their use. The second model of the optimal quantitative
distribution of production between sales channels is based on profit maximization. This approach
not only takes into account the evaluation of the prescribed parameters of sales channels, but also
provides the high profitability of each assortment item and of the whole enterprise. The third model
of the optimal distribution of production between sales channels accounts for the experience of
collaboration between the enterprise and sales channels during the past period and ensures the
minimal risk and appropriate profitability for each sales channel. The proposed models are tested
and compared to actual data of the enterprise; the advantages and peculiarities of each model
are discussed.

Keywords: sales activity; diversification; optimal production distribution; sales channels; profitability;
business risk

1. Introduction

Market fluctuations are noticeably observed in modern conditions of uncertainty, disbalance and
disproportions between the expected and actual state of the market. A reaction of enterprises on these
processes is manifested by the adaptation to such conditions, an active search for new instruments
and methods, which allow a company to ensure steady development, to confine the competitive
positions and to reduce exogenous and endogenous risks appearing during the economic activity of
market entities. One of such instruments providing the steady development of an enterprise consists of
diversification, which is directed toward expanding the domain of company operation. Diversification
of sales activity is a process of extended use of innovative tools, mechanisms, methods and models
for achieving marketing goals and determining optimal sales channels and the optimal distribution
of products in each sales channel. Diversification provides an instrument for varying the enterprise
operation and constructive optimal decision-making to improve enterprise conditions.

Today, more and more companies choose multichannel distribution systems; the use of such
systems has increased greatly in recent years [1]. It was emphasized in [2] that the increasing complexity
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of the competitive environment requires new approaches to stating company strategy and tactics.
Enterprises diversify their sales activities to vary the use of distribution channels and to reduce
a risk of profit deficiency caused by exploiting only a few sales channels or by cooperation with
undisciplined intermediaries.

In this paper, we present three models of sales activity diversification of a company. Section 2
includes a review of existing approaches to the selection of sales channels, the conceptual discussion
and presentation of models. The potential of sales channels and the peculiarities of their use are
discussed in Section 3. The second approach to the optimal quantitative distribution of production
between distribution channels based on profit maximization is considered in Section 4. The third model
of the optimal distribution of production between distribution channels based on risk minimization is
described in Section 5. The proposed models are tested and compared to actual data of the company;
a comparison of predicted income is presented in Section 6. The advantages and peculiarities of each
model are discussed in Section 7. Conclusions are reported in Section 8.

2. Theoretical Framework

The problem of the optimal selection of sales channels has attracted considerable interest of
many researchers. Coughlan et al. [3] discussed the structure, function, framework, development,
maintenance and management of distribution channels to attain significant competitive advantages.
Developing relationships between sales channels and control mechanisms in such channels was
reviewed in [4,5]. Nevin [5] emphasized that to be effective in designing channels, marketing managers
need to understand the alternative mechanisms for controlling the individual channel members.
Different kinds of consumers and their behavior on a market to provide the effective selling distribution
were analyzed in [6,7]. Various aspects of sales channels choice by consumers have also been studied
in [8–10]. Sutton and Klein [11] considered the optimization of marketing instruments to drive
profitable sales channels of an enterprise. They underlined the need of optimizing the performance of
each marketing channel (which channels perform better than others?) and of identifying risks and
critical success factors to hit performance targets. Ingene and Parry [12] analyzed channel performance,
channel strategy and mathematical models of sales channels. Evaluating channel choice, Magrath
and Hardy [13] considered three groups of criteria: efficiency (cost, capacity), effectiveness (coverage,
control, competence) and adaptability (flexibility, vitality). Criteria characterizing producers, markets,
purchasing peculiarities, goods, intermediaries, customers, behavior of sales channels participants,
etc., were examined in [14–18]. Kotler [19] described economical, control and adaptive criteria of
channels’ evaluation. Criteria for selecting and evaluating intermediaries in indirect sales channels
were discussed in [19–21]. Rolnicki [22] provides a comprehensive list of channel member selection
criteria, including reputation, business and managerial stability, financial strength, type of market
coverage, sales competency, etc. Various aspects of the sustainability of distribution channels were
discussed by Dent [23]. Different profit-maximization models for distribution channels were proposed
in [24]. Several examples of using the linear programming methods in management were presented
by Anderson et al. [25]. A game-theoretical approach to modeling distribution channels was used
in [26,27].

At the present time, the problem of selecting the best sales channels and arranging the movement
of goods in them is still investigated incompletely, especially taking into account the specificity of
Ukrainian economic relations. This determines the need of system research ensuring the steady
development of sales activity of enterprises based on diversification principles. Choosing optimal
sales channels, enterprises have to deal with a set of questions and problems. To solve these problems,
the authors have proposed three approaches to the diversification of sales activity of a company.
The presented complex of criteria has been formulated by the authors based on the large amount
of literature on this topic, taking into account the practice of sales activity in Ukraine and previous
authors’ investigations. Three models considered in the paper present a new solution of a problem
of sales channels’ selection using the present-day mathematical technique. The mathematical tools
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are known in the literature, but the authors have implemented and adapted these models to existing
conditions of enterprise functioning and development taking into account special features of proposed
qualitative and quantitative characteristic criteria for comparing direct and indirect sales channels.

The choice of a model depends on the production type, the product life cycle stage, the
goals of an enterprise (maximal profit or minimal risk) and other parameters. The model of
determining the sales channel potential assumes comparing the sales channels based on qualitative and
quantitative characteristic criteria, which reflect the peculiarities of cooperation between a company
and intermediaries or take into account the sales results of individual direct sales channels. The second
model of the optimal quantitative distribution of production between sales channels is based on profit
maximization. This approach not only takes into account the evaluation of the prescribed parameters
of sales channels, but also provides the high profitability of each assortment item and of the whole
enterprise. The third model of the optimal distribution of production between sales channels accounts
for the experience of collaboration between the enterprise and sales channels during the past period
and ensures the minimal risk and appropriate profitability for each sales channel.

3. The Model of Determining the Sales Channel Potential

Based on the research mentioned above, the practice of economic entities and our own study [16],
the qualitative-quantitative criteria were elaborated for evaluating and comparing the direct and
indirect sales channels. The importance of elaborating such criteria was also emphasized by Magrath
and Hardy [13]: “Products or services must be graded, assembled, bundled, converted, augmented,
promoted, displayed, sold, warranted, repaired, transported, and so on. Any channel of distribution
can be compared in terms of its inherent ability to fulfill such functions”.

As an example, Svitovyr, LLC (Lviv, Ukraine), was considered. The characteristic criteria of
comparing direct sales channels are presented in Table 1. We also give recommendations for their
calculation. The obtained criteria will be used to compare the direct channels’ potentials using the
improved radar method (see Figure 1a).

Recommendations for the calculation of the qualitative and quantitative characteristic criteria for
direct channels:

(1) The channel having the largest total production turnover gets 10 points; the points of other
channels are calculated proportionally to the leading channel.

(2) The channel having the largest increase of sales volume gets 10 points; the points of other channels
are calculated proportionally to the leading channel.

(3) The sum of strengths and opportunities positions
The sum of weaknesses and threats positions .The direct channel having the maximum value of

the ratio gets 10 points; the points of other channels are calculated proportionally to the
leading channel.

(4) Independent experts interview top-management representatives of direct sales channels forming
the expert opinion according to a 10-point grading scale.

(5) The direct channel having the lowest markup rate gets 10 points. Points for other channels are
calculated subtracting 0.5 points for every additional 5% of markup rate.

(6) The direct channel having the shortest period of goods delivery from the producer to a consumer
gets 10 points. Points for other channels are calculated subtracting 0.5 points for every
additional day.

(7) A secret shopper evaluates sales personnel according to the 10-point grading scale.

(8) Total population of settlements, where production is presented
Population of Ukraine .

(9) The leading direct channel gets 10 points; the points of other channels are calculated proportionally
to the leading channel.

(10) The number of months in use
The number of months of company existence .
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Table 1. Characteristic criteria of comparing direct sales channels of Svitovyr.

No
Criterion
Weight

Characteristic Criteria for
the Selection of a Direct

Sales Channel

Actual Value of a Characteristic
of a Direct Channel

The Number of Points of Each Sales
Channel (According to a 10-Point Scale)

The Number of Points for Each Sales
Channel Corrected by the Weight

ES IS ES IS ES IS

1 0.20 Year turnover of a sales channel 29,000 UAH 21,000 UAH 10 7.24 2 1.45

2 0.13 Increase of sales volume 5% 3% 10 6 1.3 0.78

3 0.11 Enterprise efficiency index
according to SWOT analysis 1.4 1.1 10 7.86 1.1 0.86

4 0.11 Competence and professionalism
of management personnel - - 7.8 9 0.86 0.99

5 0.10 Markup rate 19% 10% 9 10 0.9 1

6 0.09
Averaged velocity of commodities
circulation from the producer to

a consumer
At once At once 10 10 0.9 0.9

7 0.08
A level of service and a level

of production presentation by
sales personnel

- - 8.4 9.5 0.67 0.76

8 0.08 Territorial coverage 0.22 0.09 2.2 0.9 0.18 0.07

9 0.05
The number of visitors (the

number of customers in
a database)

19,000 visitors 16,000 visitors 10 8.42 0.5 0.42

10 0.05 Using period 1 0.2 10 3 0.5 0.15

Abbreviations: ES, Exhibition Sales; IS, Internet Sales.
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The qualitative and quantitative characteristic criteria of comparing indirect sales channels of
Svitovyr, LLC (Lviv, Ukraine), are presented in Table 2. We briefly characterize these criteria and give
recommendations for their calculation. It should be emphasized that the number of qualitative and
quantitative characteristic criteria for indirect distribution channels should be substantially larger
than that for direct channels, as the manufacturer has less possibilities of control and influence on the
intermediary behavior. The obtained criteria will be used to compare the indirect channels’ potentials
using the improved radar method (see Figure 1b).
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Recommendations for the calculation of qualitative and quantitative characteristic criteria for
indirect channels:

(1) The intermediary having the largest year turnover of the producer production gets 10 points; the
points of other indirect sales channels are calculated proportionally to the leading channel.

(2) Data from the last two years are compared. The intermediary having the largest sales increase
gets 10 points; the points of other indirect sales channels are calculated proportionally to the
leading channel.

(3) The intermediary having the least credit debt gets 10 points. For each additional 1000 UAH,
0.5 points are subtracted.

(4) The direct channel having the maximum value of the ratio gets 10 points; the points of other
indirect sales channels are calculated proportionally to the leading channel.

(5) The intermediary having the largest increase in sales gets 10 points; the points of other sales
channels are calculated proportionally to the leading channel.

(6) The intermediary having no debts during the last year gets 10 point. 0.5 points are subtracted for
each debt month.

(7) Independent experts give the number of points according to a 10-point grading scale.

(8) Total population of settlements, where production is presented
Population of Ukraine .

(9) The indirect sales channel having the lowest markup rate gets 10 points. Points for other channels
are calculated subtracting 0.5 points for every additional 5% of markup rate.

(10) The intermediary having the lowest discount gets 10 points; 0.5 point are subtracted for each
additional percentage.
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(11) Independent experts interview top-management representatives of an indirect sales channel
forming the expert opinion according to a 10-point grading scale.

(12) Independent experts give the number of points according to a 10-point grading scale.
(13) The intermediary having the lowest freight charges gets 10 points; 0.5 point are subtracted for

each additional 1000 UAH.
(14) The intermediary with the largest year turnover gets 10 points; the points of other indirect sales

channels are calculated proportionally to the leading channel.
(15) A secret shopper evaluates sales personnel according to a 10-point grading scale.
(16) The intermediary having the largest frequency of promotions gets 10 points; the points of other

sales channels are calculated proportionally to the leading channel.
(17) The intermediary having the least increase in sales of the analogical production of competitors gets

10 points. The points of other channels are calculated subtracting 0.5 points for each additional
5% increase.

(18) The duration of intermediary activity is compared; the leading indirect channel gets 10 points;
the points of other indirect sales channels are calculated proportionally to the leading channel.

(19) The part of producer’s costs in joint promotions is compared to that of the intermediary. The
channel in which the part of producer’s costs is the lowest gets 10 points; the points of other
indirect sales channels are calculated proportionally to the leading channel.

(20) The intermediary having the shortest period of product delivery from the producer to a consumer
gets 10 points. Points of other channels are calculated subtracting 0.5 points for each
additional day.

(21) Turnover of producer production
Total turnover of the intermediary . The indirect channel having the largest ratio gets 10 points; the
points of other indirect sales channels are calculated proportionally to the leading channel.

(22) The Marketing Department and Sales Department give the number of points according to
a 10-point scale.

(23) Independent experts give the number of points according to a 10-point grading scale.
(24) Independent experts give the number of points according to a 10-point grading scale.
(25) The number of months in use

The number of months of company existence .
(26) The dates of the last investment in fixed assets are compared. The indirect channel with the last

investment gets 10 points. The points of other channels are calculated by subtracting one point
for each year earlier than the leading channel.

(27) The use of ecological modes of transport and the use of rendering plant facilities are estimated.
The indirect channel having at least one of the abovementioned items gets 10 points.

(28) The indirect sales channel having no returns gets 10 points. The points for other channels are
calculated subtracting one point for each return.

(29) Independent experts give the number of points according to a 10-point grading scale.

(30) The number of nonstandard situations solved positively
The number of nonstandard situations .

(31) The dates of the last purchase are compared. The indirect channel with the latest purchase gets
10 points. The points of other channels are calculated subtracting 0.5 points for each month earlier
than the leading channel.

(32) Volumes of the last purchase are compared. The indirect channel with the largest purchase
volume gets 10 points; the points of other indirect sales channels are calculated proportionally to
the leading channel.
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Table 2. Qualitative and quantitative characteristic criteria of comparing indirect sales channels of Svitovyr.

No
Criterion
Weight Characteristic Criteria for the Selection of an Indirect Sales Channel

Actual Value of a Characteristic
of an Indirect Channel

Points (According to
a 10-Point Scale)

The Number of Points
Corrected by the Weight

SH DN SH DN SH DN

1 0.11 Year turnover of a sales channel 16,200 UAH 19,100 UAH 7.5 10 0.825 1.1
2 0.07 Increase of sales volume of producer production 14% 12% 10 8.6 0.7 0.602
3 0.05 The quantity of credit debt 1000 UAH 2200 UAH 10 9.4 0.5 0.47
4 0.05 Enterprise efficiency index according to SWOT analysis 0.95 0.7 10 7.4 0.5 0.37
5 0.05 Increase of total sales volume 6% 3% 10 5 0.5 0.25
6 0.05 Exact time payment for shipped production 3 months 2 months 8.5 9 0.425 0.45
7 0.05 Consistency between a target consumer of the intermediary and the producer - - 8 7 0.4 0.35
8 0.05 Territorial coverage 0.22 0.32 2.2 3.2 0.11 0.16
9 0.04 Markup rate 29% 32% 10 9.8 0.4 0.392

10 0.04 Discount for production 6% 8% 10 9 0.4 0.36
11 0.04 Competence and professionalism of management personnel - - 9 7 0.36 0.28
12 0.04 Existence and quality of marketing strategy - - 5 6 0.2 0.24
13 0.03 Freight charges 7500 UAH 8000 UAH 10 9.8 0.3 0.294
14 0.03 Total year turnover of the indirect channel 144,000 UAH 153,000 UAH 9.4 10 0.282 0.3
15 0.03 A level of service and a level of production presentation by sales personnel - - 8 5 0.24 0.15
16 0.02 Frequency of joint promotions 2 times a year 2 times a year 10 10 0.2 0.2
17 0.02 Increase in sales of the analogical production of competitors 11% 17% 10 9.4 0.2 0.188
18 0.02 Duration of intermediary activity 1.9 year 1.4 year 10 7.4 0.2 0.148
19 0.02 Participation in joint promotions 26% 41% 10 6.3 0.2 0.126
20 0.02 Averaged velocity of goods circulation from the manufacturer to a consumer 3 days 2 days 9.5 10 0.19 0.2
21 0.02 A part of the turnover of producer production in the total turnover of the indirect channel 0.11 0.12 9.2 10 0.184 0.2
22 0.02 Elasticity in decision-making - - 8 6 0.16 0.12
23 0.02 Quality of promotions - - 7 9 0.14 0.18
24 0.02 Existence and quality of the review of branch markets for a channel - - 7 6 0.14 0.12
25 0.02 Using period 0.3 0.3 3 3 0.06 0.06
26 0.01 Date of the last investment in fixed assets 2010 2010 10 10 0.1 0.1
27 0.01 Ecological compatibility of commodity circulation - - 10 10 0.1 0.1
28 0.01 Merchandise returns - 2007 10 9 0.1 0.09
29 0.01 Image, professionalism and reputation - - 10 8 0.1 0.08
30 0.01 Elasticity and accommodation of sales channel personnel to nonstandard situations 0.7 0.9 7 9 0.07 0.09
31 0.01 Date of the last purchase 8 July 2013 5 October 2013 7 10 0.07 0.1
32 0.01 The last purchase volume 100 items 110 items 9.1 10 0.091 0.1

Abbreviations: SH, Specialized Hypermarket; DN, Distribution Network.
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On the basis of the described criteria, the direct and indirect channels’ potentials will be compared.
The existing radar method [28,29], which does not account for the criterion weights, involves building
a circle with a radius equal to 10 conventional units. Next, a graphical cyclogram is constructed at
the radial axis at which the criteria values are marked. These marks are connected creating a polygon
(the number of axes is equal to the number of criteria). The proposed improved radar method [16]
consists of building a circle with a radius equal to the maximum value of all of the criteria, sorting
the criteria into groups according to the weight decrease and according to points adjusted by the
weight coefficient. It should be mentioned that the recommended values of criteria weights reflect
their significance and are set based on the experience of enterprise activity. At the radial axis of the
graphical cyclogram, the criteria values corrected by their weights are marked. The area S˚p of the
obtained polygon is determined as follows:

S˚p “ sin
` 2π

n
˘

pa1 ˆ γ1 ˆ a2 ˆ γ2 ` a2 ˆ γ2 ˆ a3 ˆ γ3 ` a3 ˆ γ3 ˆ a4 ˆ γ4 ` ...`
`an´1 ˆ γn´1 ˆ an ˆ γn ` an ˆ γn ˆ a1 ˆ γ1q ˆ 0.5

(1)

where n is the number of criteria, αi is the value of the i-th characteristic criterion and γi denotes the
weight coefficient of the i-th criterion.

Comparison of sales channels is carried out using the generalized characteristic index Y˚k which is
calculated as:

Y˚k “
S˚p
S˚c

(2)

In this equation, S˚c is the area of a circle with a radius equal to the maximal value of all of the
weighted criteria (r “ max pai ˚ γiq). The greater is the value of Y˚k , the more profitable is the sales
channel (see Figure 1).

Based on graphical evaluation of the direct and indirect sales channels of Svitovyr, using
the improved radar method, the correspondence between the actual and reference values of the
characteristics of sales channels are presented in Table 3.

The analysis of the obtained results for Svitovyr allows us to conclude that exhibition sales has
the largest potential among the direct sales channels, as its level of correspondence between the actual
and reference values of the characteristics is equal to 0.125. According to this model, specialized
hypermarket has the largest potential among the indirect sales channels, as its level of correspondence
between the actual and reference values of the characteristics is equal to 0.067.

The recommended percentage of production distribution between the direct sales channels
calculated on the basis of generalized characteristic indices is the following: 55% for exhibition
sales and 45% for internet sales; whereas the recommended percentage of production distribution
between the indirect sales channels is the following: 67% for specialized hypermarket and 33% for
distribution network.

Actual values of income per unit and actual sales volumes of three-phase and single-phase
transformers for direct and indirect distribution channels of Svitovyr, LLC (Lviv, Ukraine), are
presented in Table 4.

The recommended sales volumes for the three-phase and single-phase transformers obtained on
the basis of the considered model are shown in Table 5.
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Table 3. The results of evaluation of direct and indirect sales channels for Svitovyr using the improved radar method (data from 2014).

The Names of Parameters Types of Sales Channels Parameter Values

Reference saturation of the characteristics of the sales channel, S˚
c

Direct channels

Exhibition Sales 6.602
Internet Sales 12.56

Actual saturation of the characteristics of the sales channel, S˚
p

Exhibition Sales 0.821
Internet Sales 1.266

A level of correspondence between the actual and reference values of the
characteristics (the generalized characteristic index), Y˚dir

k j , j “ 1, 2
Exhibition Sales 0.125

Internet Sales 0.101

Reference saturation of the characteristics of the sales channels, S˚
c

Indirect channels

Specialized Hypermarket 2.137
Distribution Network 3.799

Actual saturation of the characteristics of the sales channel, S˚
p

Specialized Hypermarket 0.143
Distribution Network 0.124

A level of correspondence between the actual and reference values of the
characteristics (the generalized characteristic index), Y˚indir

k j , j “ 3, 4
Specialized Hypermarket 0.067

Distribution Network 0.033

Table 4. The values of income per unit and actual sales volumes of direct and indirect sales channels of Svitovyr in 2014.

Production Items Parameters
Sales Channels Exhibition Sales Internet Sales Specialized Hypermarket Distribution Network

Three-phase transformer Income per unit 164.35 140.20 153.90 115.78
Actual annual sales volume, Q1j, j “ 1; 4 1890 2050 1820 3290

Single-phase transformer Income per unit 161.13 152.46 166.71 101.42
Actual annual sales volume, Q2j, j “ 1; 4 1680 1658 1403 1779
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Table 5. The recommended sales volumes of direct and indirect sales channels of Svitovyr in 2014
following from the model of determining the sales channels’ potential.

Production
Items Sales Volumes

Sales Channels Exhibition
Sales

Internet
Sales

Specialized
Hypermarket

Distribution
Network

Three-phase
transformer

Recommended annual sales
volume, Q1j, j “ 1; 4 2167 1773 3424 1686

Single-phase
transformer

Recommended annual sales
volume, Q2j, j “ 1; 4 1836 1502 2132 1050

The actual annual income of Svitovyr from sales of two types of transformers is 2,196,843 UAH;
after redistribution of production between sales channels, it will be 2,313,626 UAH, i.e., it will be larger
by 116,783 UAH or by 5.32%. The advantage of such a redistribution for the three-phase transformer
will be also discussed in Section 6. It should be mentioned that the model of determining the sales
channels’ potential does not assume the redistribution of the product from direct channels to indirect
and vice versa. The models discussed below allow such a redistribution.

4. The Model of the Optimal Distribution of Production between Sales Channels Based on
Profit Maximization

The model of determining the sales channel potential described in the previous section can be
used for further investigation of sales activity diversification of an enterprise. The results obtained for
the generalized characteristic indices will be used to formulate the constraints in the linear optimization
problem discussed in this section. The objective function of the optimal distribution of production
between sales channels should guarantee the maximal profit:

m
ÿ

i“1

n
ÿ

j“1

Gij “

m
ÿ

i“1

n
ÿ

j“1

rPij ˆ
p100´ γjq

100
´ pSi `Wij `Uij ` Aij ` Cijqs ˆQij Ñ max (3)

where:

Gij is the profit for the i-th assortment item using the j-th sales channel;
Pij is the price of the production unit for the i-th assortment item with the use of the j-th sales channel;
γi denotes the discount for the intermediary when the j-th sales channel is used, %;
Si is the prime cost of the i-th assortment item;
Wij are the costs of warranty repair and guarantee maintenance of the production unit guarantee for

the i-th assortment item when the j-th sales channel is used;
Uij stands for expected logistics costs per i-th output unit with the use of the j-th sales channel;
Aij are the administrative costs for the i-th assortment item when the j-th sales channel is used;
Cij denotes the stimulation costs of intermediary for the i-th assortment item in the j-th sales channel;
Qij is the production volume of the i-th assortment item when the j-th sales channel is used;
m is the number of assortment items;
n is the number of sales channels.

Now, we formulate a system of constraints of the linear optimization problem:
(1). In the proposed optimization model, the planned output volume of every assortment item

is equal to or less than the initial output one Wbeg
i as its increase leads to the corresponding cost

increase. Hence:
n
ÿ

j“1

Qij ď Wbeg
i , i “ 1, m (4)
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(2). Expert interview of sales channels managers of Svitovyr has shown that the channels will
continue the collaboration with this enterprise under conservation of at least 25% of actual sales
volume. Such a constraint is written as:

Qij ě 0, 25ˆUbeg
ij , i “ 1, m; j “ 1, n (5)

where Ubeg
ij is the actual sales of the i-th assortment item in the j-th sales channel.

(3). To take into account the potential of each direct and indirect sales channel, we use the results
of their evaluation obtained in Section 2 by the improved radar method, which allows us to calculate
the profitability of each channel. Mathematically, this constraint has the following form:

m
ÿ

i“1

Qij “ λj

m
ÿ

i“1

α
ÿ

j“1

Qij, j “ 1,α,
α
ÿ

j“1

λj “ 1 (6)

λj “
Y˚dir

k j
α
ř

j“1
Y˚dir

k j

, j “ 1,α (7)

where λj is the ratio of the generalized characteristic index Y˚dir
k of the direct sales channel (see

Equations (2) and (7)); α is the number of direct channels.
Similarly, for indirect sales channels, we have:

m
ÿ

i“1

Qij “ µj

m
ÿ

i“1

n
ÿ

j“α`1

Qij, j “ α` 1, n,
n
ÿ

j“α`1

µj “ 1 (8)

µj “
Y˚indir

k j
n
ř

j“α`1
Y˚indir

k j

, j “ α` 1, n (9)

where µj is the ratio of the generalized characteristic index Y˚indir
k .

(4). The standard constraint of the optimization problems of such a type is the requirement of the
non-negativity of sales volumes:

Qij ą 0 (10)

Actual data necessary for formulating and solving the corresponding optimization problem for
direct and indirect sales channels of Svitovyr can be found in Table 4. Based on these data, the objective
function is stated as:

164.35ˆQ11 ` 140.20ˆQ12 ` 153.90ˆQ13 ` 115.78ˆQ14 ` 161.13ˆQ21

`152.46ˆQ22 ` 166.71ˆQ23 ` 101.42ˆQ24 Ñ max
(11)

The constraints are the following:

Q11 `Q12 `Q13 `Q14 ď 9050, (12a)

Q21 `Q22 `Q23 `Q24 ď 6520, (12b)

Q11 `Q21 “ 0.45ˆ pQ11 `Q12 `Q21 `Q22q, (12c)

Q13 `Q23 “ 0.33ˆ pQ13 `Q14 `Q23 `Q24q , (12d)

Q11 ě 473, (12e)

Q12 ě 513, (12f)
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Q13 ě 455, (12g)

Q14 ě 823, (12h)

Q21 ě 420, (12i)

Q22 ě 415, (12j)

Q23 ě 351, (12k)

Q24 ě 445. (12l)

The solution of the optimization problem Equations (11) and (12) ensuring profit maximization
was obtained using the simplex method realized by the computer program [30]. The solution results
are presented in Table 6.

Table 6. The values of optimal sales volumes of direct and indirect sales channels of Svitovyr obtained
in the profit maximization model.

Production
Items Parameters

Sales Channels Exhibition
Sales

Internet
Sales

Specialized
Hypermarket

Distribution
Network

Three-phase
transformer

Optimal annual sales volume,
Q˚

1j, j “ 1; 4 5487 1916 455 1192

Single-phase
transformer

Optimal annual sales volume,
Q˚

2j, j “ 1; 4 420 5304 351 445

The actual annual income of Svitovyr from two analyzed types of transformers is 2,196,843 UAH;
after optimization, it will be 2,358,439 UAH. The proposed redistribution of production between the
sales channels allows the enterprise to raise the annual income by 161,596 UAH, i.e., by 7.35%.

5. The Model of the Optimal Distribution of Production between Sales Channels Based on
Risk Minimization

The model considered in the previous section takes into account only the last annual income, but it
is worthwhile to account for annual incomes for several previous years, as the experience of preceding
years may be essential for decision-making. Every enterprise tends to maximize its income, but there
appears the admissible risk that the company owner is ready to incur. According to [31,32], risk is
incorporated into different types of decision models, and there are different types of risk management
strategies: risk sharing, risk pooling and risk diversification. Some enterprises are of the opinion that
it is better to restrict slightly their income to a certain level, but to minimize their risks (“safety first”
objectives [31,32]).

In this section, we investigate the diversification of marketing activity from the viewpoint of
minimal risk and formulate the new model of the optimal distribution of product between the sales
channels based on risk minimization. Steady development of an enterprise is also possible under
the use of such a strategy. The solution of the formulated problem can be obtained by adapting
Markowitz’s portfolio theory [33,34] to risk estimation under conditions of using the specified sales
channels. This approach allows us not only to compare the sales channels from the viewpoint of their
profitability, but also to investigate their risk level.

To illuminate the proposed approach, we present the information of Svitovyr about the
profitability of three-phase transformer (Table 7) and single-phase transformer (Table 8) in direct
(exhibition sales, internet sales) and indirect (specialized hypermarket, distribution network) sales
channels during 2010–2014.

The use of Markowitz’s portfolio theory for the investigation of the optimal integration of
sales channels based on risk minimization is motivated by its origin approach to the mathematical
formulation of the relation between profitability and risk.
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Table 7. The values of profit per production unit (UAH) for the three-phase transformer in the sales
channels of Svitovyr.

Years
Sales Channels Exhibition

Sales
Internet

Sales
Specialized

Hypermarket
Distribution

Network

2010 107.90 100.20 102.00 101.70
2011 134.02 102.70 130.90 114.81
2012 165.72 128.16 145.45 154.47
2013 172.13 135.50 147.98 145.80
2014 164.35 140.20 153.90 115.78

The mean profit value per
production unit during 2010–2014 148.82 121.35 136.05 126.51

Table 8. The values of profit per production unit (UAH) for the single-phase transformer in the sales
channels of Svitovyr.

Years
Sales Channels Exhibition

Sales
Internet

Sales
Specialized

Hypermarket
Distribution

Network

2010 117.50 126.20 127.75 109.00
2011 124.44 162.97 154.22 105.78
2012 132.15 170.16 178.40 129.65
2013 175.27 172.35 187.45 133.80
2014 161.13 152.46 166.71 101.42

The mean profit value per
production unit during 2010–2014 142.10 156.83 162.91 115.93

The general stages of implementation of the optimal production distribution between sales
channels based on risk minimization are the following:

(1) Gathering data about profitability Ppkqi of the selected assortment item in the i-th sales channel
within the span of some period.

(2) Determining the mean value of profitability ri of every sales channel.
(3) Calculating the covariance between profitability of sales channels:

covpPi, Pjq “
1

N ´ 1

N
ÿ

k“1

pPpkqi ´ riqpP
pkq
j ´ rjq , i “ 1, n , j “ 1, n , (13)

where N is the number of periods (years).

(4) Arranging a symmetric covariance matrix of the profitability of sales channels:

Apcovq “

¨

˚

˚

˚

˝

A11 A12 ... A1n
A21 A22 ... A2n
... ... ... ...

An1 An2 ... Ann

˛

‹

‹

‹

‚

(14)

where A ij “ covpPi, Pjq.

(5) Finding the inverse matrix A(cov)´1.
(6) Calculating the mean squared deviation based on the percentage relation between the sales

channels. The essence of the considered model of the optimal production distribution between the
sales channels consists of risk minimization. If xi denotes the part of the production distributed
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using the i-th sales channel, then the mean squared deviation, which reflects the risk level of the
sales channel, is written as:

σ “ X ¨̈̈ Apcovq´1
¨̈̈ XT , (15)

where X is the vector with components xi; XT is the transpose of the vector X; Apcovq´1 denotes the
matrix inverse to the covariance matrix.

The problem formulation, including the objective function and constraints according to the
Markowitz model [35]:

σ “ X ¨̈̈ Apcovq´1
¨̈̈ XT Ñ min,

n
ř

i“1
xi “ 1,

xi ě 0, i “ 1, n.

(16)

(7) Solving the optimization problem (finding the optimal production distribution between sales
channels that ensures minimal risk).

We will illustrate the described approach by the study of the profitability of sales channels for
Svitovyr. The necessary input data for the formulation of the optimization problem are presented in
Table 9 for the three-phase transformer.

Table 9. Covariance of profitability of sales channels for Svitovyr (sales of the three-phase transformer).

Sales Channels
Exhibition

Sales
Internet

Sales
Specialized

Hypermarket
Distribution

Network

Covariance

Exhibition Sales 740.9 469.8 545.9 486.0
Internet Sales 469.8 349.3 346.4 251.0

Distribution Network 545.9 346.4 433.8 301.6
Specialized Hypermarket 486.0 251.0 301.6 505.4

The covariance matrix takes the form:

Apcovq “

¨

˚

˚

˚

˝

740.9 469.8 545.9 486.0
469.8 349.3 346.4 251.0
545.9 346.4 433.8 301.6
486.0 251.0 301.6 505.4

˛

‹

‹

‹

‚

(17)

The inverse matrix is calculated as:

Apcovq´1
“

1
108 ¨

¨

˚

˚

˚

˝

33.62 ´14.05 ´23.01 ´11.62
´14.05 7.25 8.54 4.81
´23.01 8.54 16.97 7.76
´11.62 4.81 7.76 4.36

˛

‹

‹

‹

‚

(18)

The objective function of the optimization problems is written as:

σ “ px1, x2, x3, x4q ¨

¨

˚

˚

˚

˝

33.62 ´14.05 ´23.01 ´11.62
´14.05 7.25 8.54 4.81
´23.01 8.54 16.97 7.76
´11.62 4.81 7.76 4.36

˛

‹

‹

‹

‚

¨̈̈

¨

˚

˚

˚

˝

x1

x2

x3

x4

˛

‹

‹

‹

‚

Ñ min (19)

or:
σ “ 33.62x2

1 ´ 28.10x1x2 ´ 46.02x1x3 ´ 23.24x1x4 ` 7.25x2
2`

`17.08x2x3 ` 9.62x2x4 ` 16.97x2
3 ` 15.52x3x4 ` 4.36x2

4 Ñ min.
(20)



Sustainability 2016, 8, 393 15 of 19

The constraints are the following:

x1 ` x2 ` x3 ` x4 “ 1 (21)

x1 ě 0, x2 ě 0, x3 ě 0, x4 ě 0 (22)

The convexity property of a quadratic form ensures that any local minimum must be a global
minimum. A quadratic optimization problem is convex if and only if the inverse covariance matrix
in the objective function is positively defined, i.e., its eigenvalues are positive. In our case, the
characteristic polynomial of the inverse covariance matrix:

λ4 ´ 62.20λ3 ` 171.32λ2 ´ 73.18λ` 3.63 “ 0 (23)

has the following roots:

λ1 “ 0.05707 ą 0, λ2 “ 0.45535 ą 0, λ3 “ 2.35422 ą 0, λ4 “ 59.33336 ą 0 . (24)

Hence, the objective function is positively defined.
The problem is solved using the Lagrange multipliers: to find the minimum of the function:

L “ 33.62x2
1 ´ 28.10x1x2 ´ 46.02x1x3 ´ 23.24x1x4 ` 7.25x2

2 ` 17.08x2x3`

`9.62x2x4 ` 16.97x2
3 ` 15.52x3x4 ` 4.36x2

4 ´ λpx1 ` x2 ` x3 ` x4 ´ 1q Ñ min.
(25)

The conditions of existence of an extremum read:

BL
Bx1

“ 67.24x1 ´ 28.10x2 ´ 46.02x3 ´ 23.24x4 ´ λ “ 0 ,
BL
Bx2

“ ´28.10x1 ` 14.50x2 ` 17.08x3 ` 9.62x4 ´ λ “ 0 ,
BL
Bx3

“ ´46.02x1 ` 17.08x2 ` 33.94x3 ` 15.52x4 ´ λ “ 0 ,
BL
Bx4

“ ´23.24x1 ` 9.62x2 ` 15.52x3 ` 8.72x4 ´ λ “ 0 .

(26)

From system Equation (26), we obtain:

x1 “ 11.14λ, x2 “ 7.12λ, x3 “ 8.14λ, x4 “ 7.48λ (27)

Inserting these values of xi in the constraint Equation (21), we get that λ “ 0.0295; hence, the
optimal production distribution (for the three-phase transformer) between the sales channels of
Svitovyr will be the following:

x1 « 0.33, x2 « 0.21, x3 « 0.24, x4 « 0.22, (28)

i.e., 33% for Exhibition sales, 21% for internet sales, 24% for specialized hypermarket and 22% for
distribution network. Based on data presented in Table 7, a similar optimization problem can be also
solved for the single-phase transformer.

6. Comparison of Predicted Income

Analyzing three models of the diversification of sales activity shows that every model gives the
possibility to optimize the product distribution between sales channels. The owner or top-managers,
which have the right of decision-making, decide about the global strategy of enterprise development
taking into account the peculiarities of the competitive position, the market environment situation, etc.
Table 10 shows the prediction results for sales of the three-phase transformer on the bases of the three
discussed models of distribution channels’ diversification.
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Table 10. Results of the diversification of sales channels for Svitovyr using different models (sales of
the three-phase transformer).

Model

Recommended Sales Volume for Sales Channels
Total Income,

UAH
Exhibition

Sales
Internet

Sales
Specialized

Hypermarket
Distribution

Network

Pieces % Pieces % Pieces % Pieces %

Determining sales
channel potential 2167 24 1773 20 3424 38 1686 18 1,326,880

Optimal production
distribution between
sales channels based

on profit maximization

5487 61 1916 21 455 5 1192 13 1,378,446

Optimal production
distribution between
sales channels based
on risk minimization

2986 33 1901 21 2172 24 1991 22 1,322,058

Actual sales volume
(2014) 1890 21 2050 23 1820 20 3290 36

1,259,046Actual profitability per
production unit, UAH

(2014)
164.35 140.20 153.90 115.78

As can be seen from the presented calculations, all three models predict the excess of the total
income in comparison with the actual income (by the example of the three-phase transformer); this
testifies that every model can be used. The largest total income is predicted by the model based on
profit maximization, whereas the model based on risk minimization predicts the least total income
(though larger than the actual one). The model of determining sales channels potential predicts that
the product redistribution between sales channels allows the firm to increase the annual income by
67,834 UAH or by 5.39%. According to the model based on profit maximization, the annual income
will increase by 119,400 UAH or by 9.48%. The model of optimal production distribution between sales
channels based on risk minimization forecasts the increase of annual income by 63,012 UAH or by 5%.

7. Verification and Comparison of Models

The model of determining the sales channel potential is a general-purpose tool for all kinds and
types of enterprises (large, medium, small). This model is simple in use, reveals the sales channel
potential, covers a wide spectrum of estimated parameters and takes into account the weight of
each parameter. The use of the model lays down no special technical requirements. The processing
of results is conducted by simple analytical methods using graphical tools (Excel environment or
some analogue). The considered model includes qualitative and quantitative characteristic criteria.
We have proposed the quantitative measurement of qualitative criteria using expert estimation. Such
an estimation assumes that independent experts synthesize information by quantitative evaluation of
a criterion that characterizes the compared sales channels. For example, a level of service and a level of
production presentation by sales personnel is evaluated by a secret shopper according to the 10-point
grading scale. Similarly, the competence and professionalism of management personnel is estimated
on the basis of the interview of top-management representatives according to a 10-point grading scale.
For Svitovyr, LLC (Lviv, Ukraine), such an estimation was carried out in 2014. The shortcoming of this
model consists of the possibility of giving rise to inadequate or “warped” information; the more so as
the data volume required for getting relevant data in each sales channel is sufficiently large. To ensure
a well-grounded and balanced management decision, such studies should be conducted systematically,
in the dynamics, immediately determining undesirable changes in sales channels.
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The model of the optimal distribution of production between sales channels based on profit
maximization ensures the maximal profit of an enterprise by choosing the most profitable sales
channel. The advantages of this model are the following: the accuracy of the obtained results, a high
level of their processing, the possibility of formulating additional constraints according to the needs
and interests of a company, the possibility of comparing current and potential sales channels, the
possibility of changing undisciplined intermediaries and redistributing production into more profitable
direct and indirect sales channels. The shortcomings of the considered model are connected with the
need to have specialists in linear programming, the risk of sales channel “overestimation” and the
failure to take account of dynamic conditions.

The model of the optimal distribution of production between sales channels based on risk
minimization is helpful for enterprises of those countries, the economy of which develops under
indeterminate and chaotic conditions. This model can also be used when the product life cycle is at
an initial stage and when an enterprise tries to enter into a new market where gathering information is
complicated and there is high probability of product “aversion” by customers. The advantages of this
model consist of the balance of risks and profits in the selection of the optimal sales channel and in
elimination of the influence of subjective factors. The shortcomings of this model are connected with
the threat of profit deficiency due to “underestimation” of the future sales channel potential and with
the need of invoking experts-mathematicians to formulate a one-off optimization problem or the need
for employing one’s own specialists in this field.

8. Conclusions

Steady development of an enterprise is ensured by harmonious, synchronous and complementary
realization of all of the directions of company activity. Our paper is devoted to one of such directions:
sales activity. Mathematical modeling provides the tools for the optimal choice of sales channels based
on diversification. Three models of such a choice have been proposed: the model of determining
sales channels’ potential, the model based on profit maximization and the model of the optimal
production distribution between sales channels based on risk minimization. The first model allows us
to throw light on the potential of sales channel, to show the peculiarities of its use and to introduce the
qualitative and quantitative characteristic criteria for comparing direct and indirect sales channels.

To ensure steady development of a company, it is necessary not only to determine the key
parameters of sales channels, but also to provide high profitability of every assortment item, as well
as high profitability of the whole enterprise. The second model solves this problem as a problem of
linear optimization. At the same time, the second model takes into account only current profitability
and does not consider the comparison with the previous periods. This aspect is investigated by the
third model based on accounting for the experience of the previous periods and risk minimization.
The use of every model forecasts larger income than that brought by the current product distribution.
The proposed models can be used by individual enterprises, as well as by consulting companies that
offer facility for analysis and optimization of sales activity.
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