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MODELING OF OPTIMAL PORTFOLIO
OF CLIENTS OF CENTRALIZED
PHARMACY NETWORK

O6’ckm danozo docniorcens BUNAUAE YNPAGLINHA PUSUKAMU UCHMPALIZ08AHOT ANMEUH0i Mepedci, wo nog’s-
3ami 3 MAPKEMUnzoM GIOHOCUN MIJC Mepelcerd ma PIsHUMU epYnamu Kiienmie. Po3sumox KOuKypenmmozo punky
npuseooumv anmeuni mepeici 0o neobxionocmi secmu 0ianoe 3 KIEHMOM, HAOAIOUU TOMY NEGHI Nepesazu, Mum
camum smenuyeamu 8aacHi pusuku. [pedmemom docrioxenns € MOOEIOBAHHS ONMUMATLHOZ0 NOPMPENO KIieHMis
Uuenmpanizosanoi anmeunoi mepesuci K 001020 3 IHCMPYMEHMIE YNPAGLIHHL PUSUKAMU.

Cnupaiouucv na ocnosu nopmeenvnoi meopii Mapxosiya ma 6azamoxpumepianviioi onmumizauii, ¢ daniil
pobomi nobydosano 6a308y mMooesb ONMUMALLHOZ0 NOPMPENIO KAIEHMIE UeHmpaii3oeanoi anmeunoi mepexci, ujo
BPAXOBYE MPU ZPYNU KIIEHMIE — NOANLHUX, BUNAOKOBUX Mma inmeprem-samosienns. Ha 6iominy 6i0 xiacuunoi
dsoxpumepianviol modeni (MiHIMI3AUis PUSUKY NPU MaAKCUMisayii 00x00y) 6 modenb 00ano Kpumepii MaKcumi-
sayii enmponii, wo nidcunoe epexm ousepcudpixayii. Taxoxc poseasiymo womupu mooudixauii 6a3o6oi modei.
Ilepwa 3 nux nozaubmoe anania nopmpenio Kiienmie mepexci 00 OKPeMux anmex, wo 6xo0smo 00 yiei mepeici.
Tpu nacmynii Moden00mo pi3ni MapKkemunzosi cmpamezii, 6 SKUX nepesaza HadaemvpCs 00Hil 3 2pyn KIIEHMIs.

s pose’azyeanis 6i0nosionux 0o nobydosanux mooeietl 6azamoxpumepiaivrux 3a0ay po3pooieto npozpamie
sabesneuenns 6 naxemi Matlab, 3a 00nomo2010 K020 MEMOOOM NOCIIO0BHUX NOCMYNOK 3HATOCHO MHOICUHU N -
DEmo-onmuMaIbHux nopmpenie xiienmie. Bepudixauiio mooeneil uKxonano na pearvnux 0anux, wo oyiu nadamui
OO0HIEN 3 ANMEUHUX MEPEKC.

Moodemosanns onmumarviux nopmepenie Kiienmie uenmpanizosanoi anmeunoi mepeici 00360J9€ YCYHymu
HeOONIKU 6 YNPAeAinHi Mepeceio ma 00pamu onmuMaibiy KOMOIHAUII0 POSNOOILY 2pyn LOAIbHUX, BUNAOKOBUX
ma inmepHem-KiieHmie. 3as0sKuU UboMy 3a0e3NeUyempest MONCIUBICING BNAUBAMU HA Ui ZPYNU CROHCUBAUI8, 6NPO-
sadcyou 6i0N0GIOHT NPoZPAMU TOSIBHOCTI, W0 8 KIHUeBOMY PAXYHKY 6ede 0o nidsuwenns npudymxy. Pesyio-
mamu modeniosanns 6yoymv Kopuchumu 0is asmomamusayii 6isnec-npouecie 6yob-aKUxX MopzieesvHUx Mepeirc,
YNPABGLIHHA PUSUKAMU, AHALI3Y NPOZPAM JOSIGHOCE 0L NI0BUEHH eDeKMUBHOCMI IXHb020 QYHKUTONYBAHHIL.

Kmwouosi cnosa: anmeuna mepesca, 10sbHI KAIEHMU, iHMEPHEeM-KIIEHMU, MOOELb ONMUMATLHOZ0 NOPMpento,
bazamoxpumepiaivia sadaud.
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1. Introduction

The development of informatization of society predeter-
mines the need to search for new methods and approaches
to improve the efficient operation of enterprises. There
is a shift in the emphasis of enterprises on attracting
new consumers to existing ones by forming their loyalty.
Management of the loyalty of the trading network consists
in creating such a system for managing the activities of
the enterprise that would make it possible, on the basis
of analysis of the external and internal environment, to
ensure the effective achievement of high economic ones.
As well as social results through building long-term re-
lationships with consumers [1].

If until recently, the focus of retail chains was their
quantitative increase, then as a result of increased com-
petition, as well as fluctuations in the country’s econo-
my, enterprises increasingly began to focus on developing
dialogue with customers, on which the sustainable de-
velopment of the company depends. Moreover, the ef-
fectiveness of such actions is ensured by the observance
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of the process, including several interrelated stages, in
particular:

— assessment and analysis of the internal and external

environment;

— determination of the strengths and weaknesses of

the company;

— analysis of opportunities;

— determination of loyalty programs;

— implementation of the strategy;

— analytical study of the situation.

The author of [2] notes that 30 % of customers bring
50 % of losses, and according to Pareto law 20 % of loyal
customers bring 80 % of profit. So, it is possible to con-
clude that loyal consumers bring the main profit of the
enterprise. Moreover, not only consumers affect the welfare
of the enterprise, the company’s activities also affect the
level of customer loyalty.

Consumer loyalty plays the role of the organization’s
competitive advantage; it arises as an indicator of the ability
to carry out innovative transformations not only in the
sale of goods, but also in the provision of various services.

.
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Therefore, it is relevant to study customer portfolio
models that take into account the current conditions for the
functioning of pharmacy network in a competitive market
environment.

2. The ohject of research
and its technological audit

The object of research is the risk management of a cen-
tralized pharmacy network related to the marketing of
relations between the network and various customer groups.

A high-quality approach to managing retail outlets in
a pharmacy network in a tough competitive market in-
volves minimizing risks in the event of actual or potential
reduction in pharmacy profitability.

One of the risk management tools is the diversifica-
tion of the structural elements of a complex system of
a centralized pharmacy network, in particular the customer
portfolio, in achieving the strategic goals of the company:

— risk reduction;

— strengthening the financial stability of the network;

— stabilization of financial income;

— formation of the potential of competitiveness and

insensitivity to market changes.

Any drug or medical product has certain properties
that are attractive to a specific segment of consumers.
The more consumer groups a pharmacy covers, the lower
the risk of revenue loss.

The subject of research is the modeling of the optimal
client portfolio of a centralized pharmacy network based
on portfolio theory and multicriteria optimization. But,
one of the problematic issues in modeling is the lack of
dynamism of the Markowitz model, which in turn provides
a large field of activity for further research.

3. The aim and ohjectives of research

The aim of research is building models for making decisions
on choosing the optimal combination of the distribution of
groups of loyal, random and Internet clients for the further
development of programs for influencing these groups. To
achieve the aim, it is necessary to complete the following tasks:

1. Build multi-criteria models with different sets of
criteria to determine the optimal client portfolio of a cen-
tralized pharmacy network.

2. Verify the constructed models on the real data of
one of the pharmacy network in Zaporizhzhia (Ukraine).

3. Formulate recommendations on the results of expe-
riments.

4. Research of existing solutions
of the prohlem

The studies are based on an in-depth study of works on
portfolio theory, risk theory and multicriteria optimization.

The author of [3], analyzing the significance of the
Markowitz portfolio theory [4] and its evolution, defines
three important concepts: investment portfolio efficiency,
diversification, and optimization concepts. It also proves
that for the development of the modern theory of inter-
national portfolio investment, the portfolio paradigm has
a dominant status. Although this statement can also be
considered by the development of a network economy
and electronic society.

How the Markowitz analysis extends to an extended
definition of risk is shown in [5], and the evolution of the
estimated risk models of one beta version, which represents
market risk, to multivariate risk models is also traced.
However, this work does not compare these models with
other types of risk models.

The author of [6], based on a review of the research
literature on the average dispersion model, geometric average
model, and consumption model of investment throughout
life, developed a set of practical guidelines for making
decisions about the life portfolio. But the question remains
about the conditions under which investment policies can
change. An alternative solution to the problem described
in [7] contains a discussion of lifelong patterns of con-
sumption and investment.

Among the main directions of solving the problem of
variability and reliability leading to poor-quality diversifica-
tion, works can be singled out [8, 9]. However, they did
not address the issue of the advantages of a reliability-based
approach over classic portfolio building in daily practice.

The authors of [10], based on Markowitz optimization,
investigate the influence of information relations on the
sensitivity of profit and cost forecasting. However, as the
authors themselves note, their work quantifies the benefits
of improving information parameters, but does not report
on the costs of this.

The work [11] is devoted to modern formulations of
the problems of multi-criteria optimization of the banking
portfolio of assets based on the classical portfolio theory
of Markowitz and methods of generalizing them to the
case of a loan portfolio using various measures of credit
risk. But this work is highly specialized for banking and
does not consider the optimal portfolio in the broad sense.

The encyclopedic publication on pharmaceuticals [12]
indicates the importance of horizontal and vertical diver-
sification in the activities of pharmacy network. However,
the ways to solve the problems of diversification in risk
management practice are not considered in detail.

Thus, the results of the analysis of scientific sources
allow to conclude that despite a significant number of
studies on the formation of optimal portfolios, the unsolved
problems of constructing models for assessing network
risks. As well as a generalization of the classical portfolio
optimization problem in the case of a portfolio of customer
networks, in particular pharmacy.

5. Methods of research

During the execution of the research, general scientific
and special research methods were applied:

— methods of analysis and synthesis — for preliminary
analysis with the formation of the problem, the defini-
tion of goals, the definition of assumptions and risks;
— method of mathematical modeling — to build a model
of an optimal portfolio of customers of a centralized
pharmacy network;

— method of consecutive concessions for solving mul-
ticriteria problems.

6. Research results

Let’s distribute the customers of the pharmacy network
into three groups: loyal (regular), random and Internet
clients. Let’s believe that all three groups of customers
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do not overlap. Loyal consumers are those who form the
pharmacy’s turnover and use discount cards. By accident —
all other visitors, with a small frequency of purchase. The
task of the pharmacy chain is to increase the average
check and the frequency of purchase for each group of
customers. To formalize the model, let’s introduce the fol-
lowing notation:

— 1y, — the share of loyal customers in the portfolio

of customers of the pharmacy chain;

— y, — the proportion of random customers in the

pharmacy chain;

— y; — the proportion of online pharmacy chain cus-

tomers;

— b, — the average check for the i-th group of clients

of the pharmacy chain (c.u.);

— b; — the expected average check for the i-th group

of customers of the pharmacy chain (c. u.);

— ¢; —the average frequency of visits in the i-th group

of customers of the pharmacy network;

— q; — the expected average frequency of visits in

the i-th group of customers of the pharmacy network.

Risks in this situation are the failure to receive the
average check from Risk? loyal customers and reduce the
frequency of visiting random Risk2 customers. Also in this
model, two criteria are provided that correspond to the
goals of maximizing profitability:

— Sum1 — total average frequency of visits to the phar-

macy chain by customers;

— Sum?2 — total average check for the network as a whole.

[ 3
Riskl= Zyi'%'(%‘@)'(%-@)%min,
j=t

Risk2 = ZEy, Y, (bi l;,)~(bj—l;/-)%min,

i=1 j=1

. .1Mw

3
Suml= Zy, -g; — max,

M
Sum2 = Zyi -b;, — max,

i=1

3
Entropy ==Y y;In(y;) - max,

i=1
Zyl_i Yyi €

The solution to problem (1) is a vector 17* =(¥1,Y2,93) —
the optimal combination of the distribution of groups of
loyal, random and Internet clients.

For the task, possible modifications are generated by
various combinations of the Risk?, Risk2 and Sum1, Sum?2
criteria in order to study the effectiveness or develop new
loyalty programs.

Entropy Maximization Criteria provides a strategy to
diversify a customer portfolio.

The second direction of modification of model (1) is
to deepen the study of the customer portfolio to the level
of each individual outlet. Then the sum of the optimal
customer portfolios of a particular outlet forms the optimal
portfolio of customers of the pharmacy chain as a whole.
Let’s introduce the following notation:

yu — the share of loyal customers in the portfolio
of clients of the k-th outlet;

Yo — the proportion of random customers of the
k-th outlet;

e[os1].

— Yy — the share of Internet customers of the k-th
outlet;
by — the average check for the i-th customer

group (c.u.) of the k-th outlet;
by — the expected average check for the i-th cus-
tomer group (c.u.) of the A-th outlet;

— g — the average frequency of visits in the i-th
group of customers of the k-th outlet;
qn — the expected average frequency of visits in

the i-th customer group of the k-th outlet;
— n — the number of pharmacies in the network.

[ n 3 3
Ri5k1=2227/k7 Yij Qk: Z]ki)'(%—akj)%miny

k=t i=1 j=1

RiskZ:iiiy ykj'(b/a'—l;ki)'(bkj—gkj)%min,

k=1 =1 j=1

n 3
Suml= z Zyk, G — max,
k=1 i=1 (2)

n

Sum2 = Ziyki -by; — max,
k=1 i=1

3

Entropy ==Y yyIn(y) - max,

k=1 i=1

Zzyk1_1 Yri € 0 1]

L k=1 i=1

The third type of model modifications (1) suggests instead
of entropy to choose three other criteria that correspond
to the priorities of a certain type of customers. It will be
discussed in detail below.

Experiments with models (model verification) were carried
out on the data of one of the pharmacy network operating
in the city of Zaporizhzhia (Ukraine). Since there was no
monitoring of the frequency of visits to customer groups
by pharmacies, the study was carried out using a simplified
model of the form:

3 3

Risk = zz%yj(b,- —bi)(b,—b;) = min,

=1 j=1

3
Sum = Zy,b,- — max,

i=1

3)

Entropy = z y;i In(y;) — max.

i=1

Let’s consider the solution of the multicriteria optimiza-
tion problem (3) by the method of successive concessions. As
is known, the method of successive concessions for solving
multicriteria problems is applied in the case when partial
criteria can be ordered in descending order of importance [13].

For definiteness, let’s choose such an order relation:
entropy, risk, income, that is, Entropy-Risk-Sum.

At the first stage, let’s determine the optimal value of
the first important criterion for Entropy in the field of fea-
sible solutions.

3
Entropy ==Y y;In(y,) - max,
i=1
3
{Zyi =1; 6[0;1].
i=1

An optimal solution was obtained according to the
second criterion Entropy*.

(4)

5
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Let’s carry out the procedure for the next important
Risk criterion, adding to the conditions that determine the
acceptable solutions, the conditions for reducing the first
Entropy criterion from the found optimal Entropy* value by
no more than the values of the permissible concessions &, :

3 3 — —
Risk = ZZy,yj(b,- —bi)(b; —bi)— min,

=1 j=1
Entropy * —Entropy < 8,Entropy*,

3 5
Zyi=1§ y;€[0;1]. )

Similarly, let’s repeat for the criterion Sum, which is
next in importance, adding to the conditions that deter-
mine the acceptable solutions, the conditions for reducing
the first Entropy criterion and increasing by no more than
the allowable concessions from the found optimal Risk*
value §;:

3
Sum="y y;b; — max,

i=1
Entropy * —Entropy < 8,Entropy*,
Risk — Risk* < 8, Risk*,

5 (6)
2ui=t  yie[ot].

The solution obtained in the third stage is the solution
of the multicriteria problem of conditional optimization (1).

Fig. 1, a shows the solutions according to the multi-
criteria model in the Entropy- Risk-Sum three-criteria space,
which is built in the Matlab package [14]. The points
indicated by blue circles correspond to the general risk;
the red triangles indicate systemic risk.

Fig. 1, b—d shows the projection of the three-criteria
space into the two-criteria space, for which one can ob-
serve the corresponding Pareto borders.

Let’s study the model of the optimal customer portfolio
for the entire centralized network of pharmacies with a diffe-
rent set of criteria depending on the marketing policy of the
network; this is the third modification of the model (1). The
results of the numerical experiment are presented in Table 1.

Tahle 1

Optimal portfolios and corresponding criteria values for a centralized
pharmacy chain according to loyalty criteria for various customer groups

Indicators Network 1Loyal | Network 2Loyal | Network 3Loyal
SUM*-103 15.305731 8.887202 3.377131
RISK 49 2.434317 0.255287
GroupLoyal 99008.7 99009.439908 110000
Y=y1 0.9891 0.0010 0.0010
ye 0.0099 0.9891 0.0080
v3 0.0010 0.0099 0.9900
5
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Fig. 1. Model solutions (3) built in the Matlab package: a — 3-d_ B_S_E; b - B-S; c - B-E; d - E-§
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The case is considered when instead of a diversified
portfolio of clients, preference is given to loyal custo-
mers. Let’s replace entropy maximization with a criterion
of the form:

1Loyal =y, / y> / ys — max,

[ 3 3 — —

Risk2="""" y;y;(b;=bi)(b; —b;) - min,
=1 j=1

3
Sum2="Y y;b; — max,
g’ )

1Loyal =y, / y» / ys — max,

3
Zyi=1; yie[0;1].
=)

For a portfolio in which preference is given to random
visitors, the criterion is used:
2Loyal =y, / y; / ys — max. (®)
For a marketing policy aimed at maximizing the number
of Internet clients, let’s use the criterion:
3Loyal =y / y: / y» — max. (€))
Similar studies are conducted for individual pharmacies
belonging to the same network, but have different com-
position of the initial customer portfolio. Table 2 presents

the optimal portfolios for individual pharmacies according
to the loyalty criteria for various customer groups.

Tahle 2

Optimal portfolios and corresponding criteria values for individual
pharmacies according to loyalty criteria for various customer groups

Comparing the data in Table 1 and the first column
of Table 3, it can be seen that the transition of the net-
work to a diversification strategy is attractive when, at
the initial moment, Internet clients dominate the network
portfolio or change the composition of the portfolio in
favor of the loyal ones, that is, develop loyalty programs.
When comparing Table 1 and Table 2 of the network as
whole and individual pharmacies with appropriate marketing
strategies, it is possible to conclude that separating the
pharmacy from the network leads to a small increase in
revenue with a significant increase in risk, especially for
pharmacies that have a significant proportion of casual
visitors in the portfolio. A comparison of the corresponding
pharmacies (with the same initial conditions) according
to Table 2 and Table 3 indicates that with the transition
of the pharmacy to the diversification strategy, there is
a slight decrease in income with a significant reduction in
risk, again especially for pharmacies that have a significant
proportion of casual visitors in the portfolio. A comparison
according to the data of Table 3 of individual pharma-
cies with the network as a whole (first column) under
the conditions of a diversification strategy suggests that
separation from the network in the case of Pharmacy 3
will lead to a slight decrease in income and risk, but for
others it will increase.

According to the experiments, it is worth noting that
pharmacy network in the practice of risk management make
sense to consider all variants of model modifications (1).

7. SWOT analysis of research results

Strengths. The strengths of the research and application
of modeling the risk management process of a centralized
pharmacy network is that these measures allow to get
the optimal combination of the distribution of groups of

. Pharmacy 1 Pharmacy 2 Pharmacy 3
Indicators 1Loyal 2Laoyal 3Layal
SUM*-103 40.737413 69.588454 11.580556

RISK 35.3 258.9 8.6
GroupLoyal 99008.7 99015.5 100415.2

Y=y1 0.9891 0.0010 0.0010

ya 0.0099 0.9890 0.0099

y3 0.0010 0.0100 0.9891

loyal, random and online clients. This will help increase
the average bill and frequency of purchase for each group
of customers. Thus, the proposed model allows to develop
effective methods to minimize losses and maximize revenue.

Weaknesses. The analysis of the implementation of mo-
dels is carried out on the data of one of the pharmacy
network. Since the frequency of visits is not monitored,
the studies had to be performed using a simplified model.

Opportunities. 1t should be noted that the model of the
optimal client portfolio of a centralized pharmacy network
should be considered as part of a comprehensive program

For ease of comparison, the results of experiments ac-
cording to model (3) for a centralized pharmacy network
and its individual pharmacies are summarized in Table 3.

of diversification of the pharmacy network, taking into
account the activities of suppliers, chains and customers.
In the future, it is planned to investigate the features of

Optimal portfolios and corresponding criteria values according to model (3)
for centralized pharmacy network and individual pharmacies

diversification models of the holding and the
mixed type of pharmacy network. It is also
possible to use recommender systems to form
an optimal portfolio using recommendations.

Tahle 3

Threats. The threats t ing the opti-
Indicat Network Pharmacy 1 Pharmacy 2 Pharmacy 3 1 li.’ea 5 (; T reafs 0 manﬁglrég h ¢ opul
ncicalors | pNTR_COV_SUM | ENTR_COV_SUM | ENTR_COV_SUM |ENTR cov_sum| ™Mal client portiolio of a centralized pharmacy
chain include modern conditions for the func-
suM*-10° 7.5205 10.9548903 23.7035 3.749287 tioning of pharmacy network in a competitive
market environment and legislative changes.
RISK 1.1 2.5 11.7 0.8
Entr 1.4265 1.426466 1.4265 1.527519 8. Conclusions
Y=y1 0.2637 0.1620 0.4533 0.3971 1. In this paper, models are constructed for
v2 0.1821 0.5394 0.1301 0.5971 making decisions on choosing the optimal com-
y3 0.5542 0.2887 0.4166 0.2057 . . . .
bination of the distribution of groups of loyal,
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random and Internet clients for the further development
of programs for influencing these groups. The described
multi-criteria models based on a portfolio approach with
various sets of criteria are aimed at minimizing the risks of
losing customers of a certain group and maximizing profits.

2. The constructed models are verified on the real data
of one of the pharmacy network in Zaporizhzhia (Ukraine).
The result of modeling the optimal client portfolios of
a centralized pharmacy chain is the ability to eliminate
shortcomings in network management and the choice of the
optimal combination of the distribution of groups of loyal,
random and online clients.

The practical value of the modeling carried out in this
work is confirmed by a series of experiments conducted on
real data, which demonstrate the possibility of using the
developed tool for the automatic distribution of customer
groups of centralized pharmacy network in the form of
parenteral optimal portfolios in order to minimize risks.
Among the areas of further research is conducting a series
of experiments with various methods of formalizing risk
in portfolio models and searching for relevant analytical
dependencies.

3. Recommendations are formed based on the results of
experiments that may be useful for automating the business
processes of pharmacy network, risk management, analysis
of loyalty programs to increase the efficiency of their func-
tioning.
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