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Abstract

The problems of target audience identification and user segmentation for managing a process
of the targeted advertising to customers are considered. It has proposed to combine the
solution of these two tasks within the framework of one information system. An overview of
the existing methods for identifying and segmenting of the target audience are presented. In
addition, the existing applications and tools for solving the given problem are considered.
The formalization of these tasks is presented. The functional models of business processes
corresponding to the identifying and segmenting of the target audience are developed. The
architecture of the information system is proposed. It is presented in the form of a
deployment scheme, a database model is developed. The results of numerical studies and
evaluation of the effectiveness of the developed information system are presented.
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1. Introduction

Profitability of any B2B or B2C company depends on many factors. One of the important one is
advertising, which presents a product or service to a potential buyer for the selling purpose.
Development of information technology has led to possibility to identify the target audience of
customers and to influence on this audience using targeted advertising. Many various methods of
Market Research are used to determine the target audience. Depending on the needs of the market, the
strategic goals of an enterprise and characteristics of the advertised product or service, all potential
buyers are divided into groups. There are several cases of dividing the customers into groups.
Manager can create two groups: included in the target audience and not included in the target
audience; three groups: primary target audience, secondary target audience, not included in the target
audience; four groups: core, primary target audience, secondary target audience, not are included in
the target audience. The advantages of determining the target audience are obvious:

e development of a more effective advertising campaign is a reason of saving the advertising
budget;

e increasing of a brand awareness and loyalty of clients contribute to a class of regular
customers;

e quick return on investment;

e a clearer understanding of the needs of their customers, it means more effective interaction
with them, etc.

However, to improve the effectiveness of an advertising campaign, manager can divide the target
audience into segments based on the personal characteristics of the clients. The customer
segmentation models are used in this case. There are many benefits of this process. The segmentation
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process can be used for promotion of a certain product to a group of buyers from the target audience.
Other advantages of using the segmentation models are following: drawing up personalized price
proposals, improving customer experience, searching for ideal customer, reducing the customer
churn, prices optimization, searching for new market opportunities, etc.

Therefore, the purpose of this research is to develop an integrated hierarchical information system
(HIS) that would combine the functions of systems for determining the target audience and a system
of user segmentation for the distribution of targeted advertising.

2. Formal problem statement

The Hierarchical Information System is a system that solves tasks stage-by-stage. The first task is
to identify the target audience. It is a classification task since it divides customers into several
predefined groups. Input information is a set of characteristics of potential buyers. To solve the
problem, it is necessary to do:

e analyze the domain area for creating a portrait of buyer persona;
e undertake review of approaches and methods for determining the targeted audience;
e formalize a method for the resolving the task.

The second level of the hierarchical management system is designed to solve the problem of
segmentation of the target audience. This task is a clustering task and belongs to the class of
unsupervised learning tasks. Potential customers should be grouped into clusters in such a way that
objects from one cluster are closer to one another than objects from other clusters by any criterion. To
solve the clustering problem, it is necessary to do:
analyze methods and applications to solve the clustering task;
formalize proposed method;
perform numerical study;
evaluate the proposed approach.

3. Overview of existing models, methods and applications to solve the given
issue

This study proposes to solve the given issue in two stages. Therefore, it is necessary to conduct
review the existing methods and applications separately for each stage: for identifying the target
audience and for customer segmentation. There are many generally accepted models in direct
marketing, which can be used for both target audience identifying and customer segmentation. The
usage of these models depends on user’s data (Table 1) [1-4].

Table 1
Models for target audience identifying and customer segmentation
Model name Characteristics
Demographic based Age, gender, occupation, income, education, marital status, ethnicity,
race, religion, profession or role in the company
Geographic based Continent, country, region or state, city, district, postal code, timezone
Psychographic based Social class, lifestyle, personality, values, presence in digital and/or
social media space, personal convictions, beliefs, attitude, interests
Technographic based Usage of devises, applications and software
Behavioral Habits, spending, consumption, usage and desired benefits, usage,

loyalty, awareness, types of payment, demands, quality fanatics, price
and/or brand sensitiveness

In addition, it is possible to use multiple models or mixed models.



3.1. Review of target audience identifying methods and applications

Any classification method can be used for resolving of the identifying task of the target audience.
For example, Naive Bayes, logistic regression, Support Vector Machine, k-nearest neighbor, decision
trees etc. allow dividing objects into different groups [5-9]. The set of buyers is divided into two
classes: included in the target audience and not included in the target audience. The classification
signs are different characteristics of the portrait of an ideal buyer. The portrait has built before the
launch of an advertising campaign for a product or service and can be adjusted. The characteristics
correspond to one or more used models or a mixed model (Table 1). The best case when a marketing
specialist who understands the intricacies of promoting a company’s product or service draws up the
portrait. She/he can use various approaches, for example, Mark Sherrington’s “5W” approach. SW
means answering such questions: What? (type of product or service we sale); Who? (our customer);
Why? (motivation for buying); When? (conditions for buying); Where? (place of buying). There are
alternative marketing approaches to the 5SW method: the method “from the opposite”, the method
“from the product”, the method “from the market”, and the method “from the target” [1]. The result of
using any of the marketing methods is a set of values for the characteristics of an ideal buyer. This is
the most important and crucial stage for the further success of the advertising campaign. It influences
on the size of the company’s profit. An interesting tool from HubSpot named Make My Persona [10]
can come in handy when drawing up a portrait of an ideal buyer. This tool allows building some
virtual image of buyer personas in seven simple steps:

1. Creating Personas’ avatar and choosing Personas’ name.

2. Identifying Personas’ demographic characteristics, such as age and level of education.

3. Identifying Personas’ business, such as working industry and size of company.

4. Identifying Personas’ careers, such as their job title, their job measuring, their boss.

5. Identifying Personas’ job characteristics, such as their goals or objectives, their biggest

challenges, their job responsibilities

6. Identifying Personas’ lovely tools to do their job and to communicate with vendors and other

businesses.

7. Identifying Personas’ consumption habits, such as their lovely social networks and their

training in their job.

After answering these questions, the user is taken to a page where she/he can see her/his Buyer
Personas ’Overview, and can also expand it by adding own fields to this Overview. It can be saved,
downloaded or shared on social networks after filling out a special pop-up form.

Existing applications, services, tools and software, which are intended for target audience
identifying, for example, such as Google Analytics, Facebook Insights, Twitter Followers Dashboard
and others can only be used to analyze the company’s existing customer data, creating various
analytical reports, visualizing analysis results, making forecasts, tracking the activity of regular
customers, inflow and outflow of customers, etc. However, all of these feature-rich applications,
services, tools and software have “a cold start” problem. They cannot be used for analysis in the
absence of data. For example, when some startup is launched and the portrait of the ideal buyer has
already been built, manager have to create advertising, but target audience is unknown. Obviously, the
target audience identifying task has not been completely solved, and in some cases it has not been
solved at all.

Thus, in order to identify potential buyers, it is necessary to form a portrait of the buyer persona
and compare it with the considered objects. There are many ways of comparing objects. For instance,
manager of a company can perform calculation of similarities between objects. Input data of buyer
persona and potential customers are information of mixed type. Therefore, to calculate a similarity
between them, are encouraged to use corresponding metrics. It can be Voronin similarity measure,
Zhuravlev metric, Gower coefficient etc. [11].

3.2. Review of customer segmentation methods and applications

After identifying of the target audience, HIS can start customer segmentation. Manager can use
rule-based methods or cluster analysis methods for customer segmentation. The use of rule-based



methods implies the creation of rules or the selection of a priori thresholds for strict customer
segmentation. Such way of segmentation can lead to situation, when customers from one group have
significant differences. It is also quite difficult to perform segmentation in more than two dimensions.
In addition, the segmentation results are more consistent with the initial assumptions of the marketer
and do not always reveal significant differences between customers. In this sense, cluster analysis
methods show higher efficiency in comparison with rule-based methods. Since they are unsupervised
machine learning methods, they do not need a training sample; they can work directly with the input
data without prior training. These methods are more practical, they divide the training set of
customers into more homogeneous groups, within the differences between customers are very small,
in addition, cluster analysis methods allow to conduct the dynamic clustering, which is fully reflect
the state of the available data at a given time [12].

There are special applications and software for customer segmentation on the market. For
example, Segmentor the customer segmentation tool from Optimove [13], CleverTap [14], HubSpot
[15], Experian [16], SproutSocial [17], Qualtrics [18], MailChimp [19] etc. In addition, there are
applications and software for customer segmentation that only use the behavioral model. For example,
Yieldify [20], Amplitude [21], Indicative [22], Mixpanel [23]. All of them certainly have their own
advantages and perform the function of customer segmentation using one or several models.
However, not all of them are free, but it is important for novice businesspersons or startups. In
addition, there is no description of the used algorithms and methods, which is not will allow the user
to double-check the obtained results and may lead to erroneous conclusions.

3.3. Review of targeted advertising management applications and services

After segmentation of the target audience, it is necessary to prepare special advertisements for
each group of customers and send them out. For this, it is advisable to use special targeted advertising
management applications and services. The article [24] provides a brief description of some of these
services. Of course, there is a huge number of such applications and services, there are free and paid
ones, they have different functionality, and some even solve the problem of finding the target
audience in addition. Nevertheless, none of them solves three problems: target audience search, target
audience segmentation and targeted advertising delivery.

4. Development of the hierarchical information system
4.1. Formalization of the management process of the targeted
advertising

Let’s consider designing and using the hierarchical information system to resolve the management
task of the Targeted Advertising in a more detailed way. To solve the problem of determining the
targeted audience and the segmentation of potential users, it is necessary to develop a functional
model of the business process for managing targeted advertising delivery. For this, it is proposed to
use the IDEFO methodology (Figure 1).

The first step is marketing research. It allow to find, to collect and to analyze the received
information for reducing the uncertainty in making managerial decisions. For example, it is important
for a new startup to find a product or service that can be successfully implemented. For existing
companies, it is possible to assess the prospects for demand for a specific product or service based on
the study of consumer behavior. There are many methods to perform market research: observation,
surveys, focus groups, personal interviews etc. Each method has its own advantages, disadvantages,
limitations and is capable of providing information of varying completeness and accuracy.

The goal of the next stage is to highlight informative features that will fully reflect the portrait of a
potential buyer. Next, a profile of ideal buyer persona is created. Defining a buyer or audience
persona helps to create product or service to better target ideal customer. Depending on the final
product is designed for, the appropriate templates are used: B2B or B2C Buyer Persona templates, as
well as the results of marketing research.
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Figure 1: The model of Management of the Targeted Advertising

The next step is to split buyers into two groups: targeted audience and non-targeted audience.
Various classification methods can be used for this. According to the above analysis, the paper
proposes to use an approach based on calculating a measure of similarity between an ideal customer
and a potential customer. To improve the effectiveness of an advertising campaign, the target
audience can be segmented depending on the needs of potential customers. It is necessary to solve the
clustering task according to the selected indicators. For example, if you advertise certain sport clothes,
then the younger generation will choose bright colors, and the middle age will prefer convenience to
appearance. In general, the task of segmenting potential customers can be reduced to the task of
determining the target audience. The expert for each group sets its own boundary values of the
similarity measure. Thus, she/he can create several target groups: core audience, several groups with
different values of similarity measures, non-targeted people. This approach can be applied in the case
of limited finances. However, the expert can miss significant differences between clients, therefore,
for a more efficient segmenting process, it is recommended to use automatic segmentation, namely
clustering methods, since these are methods of unsupervised learning.

4.2, The model of resolving the identifying task of the target
audience

Consider the task of identifying potential customers. The model for solving the task is described
by the following activity diagram in Figure 2.

Let K be the set of clients selected by the manager to determine the value for the advertising
company. The input data for the task of identifying the target group is an ideal customer profile. Let’s
specify F as a set of indicators of a potential client, and F; (F; € F} is a set of values of the i-th
indicator. Then x? and xy; (k € K, { € F,} are the value of the i-th indicator of profile of buyer
persona and of k-th client accordingly.

Let’s designate g (k € K’} as a measure of similarity between the profile of an ideal client and
k-th client, then s, is a similarity in the mo i-th indicator. Data about a potential customer can be
qualitative data, in the form of categories, and in the form of numbers. For the simultaneous
processing of such data, there are special proximity measures. Let us consider the calculation of the
similarity on the example of using the Gower coefficient [11, 25]. To calculate the measure, it is
necessary to turn qualitative data into categorical data, and then use formula (1) for them:

_ [l,;ff’ = X
i =

. 1
0, xF = xp, @
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Figure 2: The model of the identifying process of the targeted audience

If the indicators of the portrait of audience persona are quantitative, then formula (2) is applied:
_ Ixf‘ — xml
max{x?}| — min{x?}

S =1 (2)

To calculate the Gower coefficient 5;, according to formula (3), it is necessary to determine w; is
the coefficient of the presence of the i-th indicator for the client: w; = 0, if information about the
indicator is absent in the profile of the ideal client or potential client, it equals to 1 if all the
information is available .

5. = L W Sy

Ff - )
Zw

Next, the manager determines the similarity values that are acceptable for the target group of

buyers and forms the corresponding sets. The obtained information allows formulating solutions for
the implementation of an advertising campaign.

(3)

4.3. The model of resolving the segmenting task

Review of related works according to resolving the segmenting task has showed the feasibility of
using the clustering methods. Clustering process is a machine learning technique that groups of
objects according to chosen indicators. Modern science knows a lot of clustering methods: Affinity
Propagation, Balanced Iterative Reducing, K-Means Clustering, Clustering using Hierarchies, Mean
shift clustering, Agglomerative Hierarchical Clustering, Expectation—Maximization Clustering using
Gaussian Mixture Models etc. [26, 27]. One of the simplest and most commonly used method is the
K-Means Clustering method. Let’s consider a model for solving the task of segmenting a targeted
audience using the proposed method (Figure 3).

Let the manager has a hypothesis about the number n of clusters or segments. It can be based on
theoretical considerations or the results of marketing research. If the assumptions are not obvious,
then a series of experiments with different numbers of clusters can be performed to find the optimal
partition.

The K-Means algorithm starts with randomly selected clusters and then reassigns objects to them
to minimize intra-cluster variability and maximize inter-cluster variability. The main drawback of the
K-Means algorithm is that it only works with numeric values. The input customer information is
mixed information. Therefore, in this paper, it is proposed to use the Gower coefficient to calculate
the distances between the centers of the clusters and the objects, since it works with mixed data.
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Figure 3: The model of the segmenting process of the targeted audience

The algorithm of K-Means is following. The center of each cluster is randomly determined.
Denote ¢ (fx;}} (¢ =T,1) as the center of g-th cluster with the set of values of all indicators {x}.

Then H Cq H is the cardinality of the set of objects of the g-th cluster. Then it is necessary to calculate
the distance between the centers of the clusters and each object 8¢ (£ € T} according to formulas (1)-

(3), where T is the set of potential buyers or target audience obtained in the previous step, and ¢ is a
specific buyer from this set. The object or client is assigned to the closest cluster

t, = AIEMARg=Tr{S0c) , (4)

where ¢, is designation of belonging of t-th customer to g-th cluster.

After calculating the distances and assigning objects to the new cluster, it is necessary to find the
coordinates of the new center for each cluster. The new values of each indicator of the center of the
cluster are found based on the use of the formula for the arithmetic mean of all values of the i-th
indicator of objects that belong to the current cluster:

ce (X)) = ﬁze&q& Xego [EFy . (5)

Next, the algorithm again calculates the distance from each object to the cluster centers using
formulas (1)-(3) and assigns the objects to the nearest cluster using formula (4). The centers of gravity
of the clusters are calculated again according to (5). This process is repeated until the centers of
gravity stop “migrating” in space.

Thus, the model for target audience segmentation has been proposed.

4.4. Architectural solution of the Information System

The HIS design process is revised from the development of the software requirement specification
(SRS). All requirements from SRS are divided into functional and non-functional ones. Functional



requirements are subdivided into business requirements, user requirements, and system requirements.
Non-functional requirements describe how the HIS should work and which properties and quality
attributes it should have. The main requirements described in the SRS are presented in the form of
Requirement Diagram (Figure 4).

<<requirement>>
Requirements to the SW component
<<requirement>> <<requirement>>

Functional requirements Non-functional requirements

¢ { 1] {

<<requirement>> <<requirement>> . << i >> i
quirem Quire! <<requirement>> requirement <<requirement>>
Checking input Form list of Saving of Convenient Friendly Ul
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DB management
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Schedule delivery of
advertisement messages

<<requirement>>
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be integrated in
distributed sytem

<<requirement=>
Reliability of
component
operations during
working period

Figure 4: The Requirements Diagram for the HIS

The list of functional requirements for the system is following:

e The HIS has to verify the correctness of the entered data.

e The HIS has to generate a list of advertising messages and advertising objects or generate
an error in the process of creating advertising messages.

e The HIS has to create the advertising messages and customer groups after the customer
segmentation process is completed.

e The HIS has to provide access to all necessary data and documents (list of product
categories, information on discounts, rules of message formation, advertising budget,
segmentation rules, list of customer wishes, description of the segmentation method, list of
customer preferences) to the advertiser at the stage of formation of advertising messages.

e The HIS has to provide access to the database (Products DB, Customers DB etc.) at any
time.

e The HIS has to provide opportunities to work with files that have been created in other
systems.

e The HIS has to allow the advertiser to suspend his/her work and save to a file, then to
resume his/her work from the saved file.

e The HIS has to send advertising messages at the scheduled time or allow the system user
to do so manually.

The result of turning out the requirements into a structured solution that meets both technical and
business requirements is an architectural solution for HIS. Deployment Diagram is used to visualize
the topology of the physical components of the system. The proposed architectural solution for The
Hierarchical Information System for the Management of Targeted Advertising in the form of a
Deployment Diagram is shown in Figure 5.

This research proposes to use the “client-server” architectural pattern for the development of the
HIS architecture. Such architecture allows sharing the data processing function to several separate
servers. It separates the functions of storing, processing and presenting data for more efficient use.
The presentation component or a “client” is responsible for the user interface. Application logic is
executed at the middle level of the architecture, namely the application server layer. It provides data
exchange between users and databases. The middle layer is split into two separate components to
improve the performance of the HIS:

e IS Application Server is responsible for the application’s logic;

e [IS Mail Server is devoted to process advertising messages.
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Figure 5: The Architecture of the HIS

The data layer is designed to store and manage the information processed by the HIS. Here is a
database that allows to implement the interpretation of information about the domain area in the form
of formalized data in accordance with certain requirements (Figure 6).
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Figure 6: The Database structure



The structure of the developed database consists of 11 entities:
e The entity of “Clients” is the company’s customers.
The categorical entity “Individual” describes common clients or people.
The categorical entity of “LegalEntity” describes a legal entity.
The entity of “Order” is a table with orders.
The entity of “Manufacturer” is a list of producers of goods.
The entity of “Goods” is a list of goods.
The entity of “OrderContent” is the content of the order.
The entity of “Characteristics” is a list of product characteristics.
The categorical entity of “QuantitiveCharacteristics” is a list of quantitative characteristics
of the product.
e The categorical entity of “QualitiveCharacteristics” is a list of quality characteristics of the
product.
e The entity of “GoodsCharacteristics” shows the value of a specific characteristic of a
particular product.
Thus, the architectural solution of the hierarchical information system was proposed. It allows
solving the task of determining and segmentation of the target audience. In addition, the component,
which is responsible for sending messages to clients from the target audience, was developed.

5. Experiments

To check the performance of the developed HIS, three tasks have been solved to promote a new
sports club service: target audience identifying task, customer segmentation task and management
task of targeted advertising. The target audience has been determined based on the database of the
club’s clients and among users of the social networks Instagram and Facebook.

The marketing research of the fitness services market, the communication with clients and analysis
of their requests made it possible to see the increased interest of the club’s clients in losing weight,
quick recovery after heavy physical exertion, developing muscle endurance and strength, increasing
their elasticity, strengthening the cardiovascular system, etc. In this regard, management of the fitness
club has been decided to create a new type of service in this fitness center as aqua aerobics. This type
of fitness contributes to the normalization of weight, hardening of the body and strengthening its
immunity, smoothing out the manifestations of cellulite, increasing skin tone, relieving muscle and
emotional stress, neutralizing the negative effects of stress, strengthening the nervous system,
normalizing sleep. The aforementioned marketing research would determine the set of indicators for
identifying the target audience:

e x, — income of clients: %44 — low, %, — average, x,45 — high;

e x, — field of activity: x5, — office worker, x5, — student, x,; — business manager, X, —
housewife, x,5 — creative activity;

e x, — social media interests in Instagram and/or Facebook: x,, — presence of likes,
followers and subscriptions of pages with information about sport clubs, diet, weight loss,
child goods, mam’s publics, %z, — absence of such records, X33 — private account or
absence of account in social networks;

e x, — geographic location of a potential client: x,, — residents of the area where the fitness
club is located, x4 — residents of other areas;

® x. —age: Xg4 — less, than 21 years, x5, — 21-35 years, x5 — 35-45 years, x5, — more, than
45 years.

The management of the fitness club has been created the profile of the target audience: x45 Or X43;
Xgq OF Xgg OF Xg4; Xgq OF Xgg; Xgq O Xaq; X5z O Xsg OF X54. Let’s consider several potential clients of
aqua aerobics service. Information from club’s databases, social networks or questionnaires is
presented as a set of indicators in Table 2. Analysis of input data allow seeing that some indicators for
the portrait of a potential consumer have several values. It, in turn, adds uncertainty during the
deciding whether to include a particular potential client in the target group. The usage of the proposed



technology could clearly define the future client based on the varying process of the threshold value,
which helps to increase or filter the customer base.

Table 2
Result of the resolving the target audience identifying task
Potential Values of the input indicators Gower Threshold  Belonging to
client X, X, X4 Xa X< coefficient value the target
2. audience
1 X1z X33 X33 X41 X53 1 +
2 X113 X31 Xaa Xaz Xsz 1 +
3 X13 X34 X31 Xaz Xs3 1 0,55 +
4 X1 X3z Xz Xga Xz 0,4 -
> Xqg Xag Xaq Xaq Xsq 0,6 +

The customers 1-3 and 5 fell into the target group with the current threshold as can be seen from
Table 2. If the threshold value increases to 0.61 to refine the set of potential customers, then we will
consider only customers 1-3. Despite the fact that two of them live in a different area, the scope of
their employment and interests allows to offer them the considered service.

Second stage of proposed technology is resolving the customer segmentation task for the potential
clients of aqua aerobics service. Analysis of customer preferences and the impact of aqua aerobics on
the human body shows that potential customers could be divided into 3 segments. The first segment is
responsible for improving the muscles and visible changes of the body of clients, that is, this service
can be used as an additional training. The aim of the second group of clients is psychological and
physical rehabilitation, that is, to relieve muscle and emotional tension and problems. The purpose of
the third segment of clients is the organization of leisure, that is, more entertaining than strengthening
the body. The result in this case is the acquisition of new acquaintances, an interesting pastime and an
increase in self-esteem. To solve the segmentation task, the following indicators have been proposed:

e x, — health status: x4, — poor health, x,5 — average state, X553 — good health;

e x, —social identification: x5, — business people, x5; — student, x5 — athlete, x5, — former
athlete, %45 — housewife;

e x, — social media interests in Instagram and/or Facebook: x5, — sport clubs, x5, — diet,
Xgz — weight loss, %g4 — child goods, xg5 — pools, Xz — private account or absence of
account in social networks;

o x,— free time: x,, — all day, x,, — weekend, x,, — weekday evenings;

e X5 —age: X5y — less, than 21 years, X553 — 21-35 years, %55 — 35-45 years, %54 — more, than
45 years;

e X, — marital status: x5, — single, x5, — married, x4 — have kids, xg4 — childless;

e x., — regularity of training: ¥-, — 0-1 per week, x5 — 2-3 per week, ¥z — more than 3
times per week;

e x5 — possible problems of the target audience: Xg; — a weight problem, Xg; — problems
with communication, %g; — problems with appearance, xg, — bad mood, xg; — narrow
social circle, xg, — low immunity, xg+ — absence of complaints.

The snippet of input data for ten potential clients and result of resolving the segmentation task is
presented in Table 3. The clients 1-3 were chosen as initial centers for the three clusters. Result of
using the K-Means Clustering method at the first stage is the set of values of similarity measure
between clients 1-3 and 4-10. It is a base for defining the belonging of each client to one of the
clusters. Next step is to calculate new cluster centers. After the sixth iteration, the cluster centers have
stabilized.

An analysis of the content of each segment shows that the first cluster includes middle-aged
housewives with overweight problems and a former athlete. Based on the values of other indicators, it
can be understood that this segment of clients is aimed at rehabilitation, support and restoration of
health. The second cluster of potential customers includes those people who are seriously into sports.
For this group, it is necessary to create special training programs. The third segment is a group of



young people, mostly unmarried, who are focused not only on sports, but also on a pleasant and
interesting pastime.

Table 3
The result of the segmenting process of the targeted audience

Clien Values of the input indicators Number of iteration and content of each

t cluster
X1 Xs X3 Xy Xz Xg X7 Xg 1 2 3 4 5 6

1 Xaz X371 X312 Xaz Xsz Xex Xpz Xgr | |1 I 4, I3, IS, 2 I 2,
2 | Xa3 Xzs Xaz Xa1 Xsz Xez Xpz Xpy | 48 58 510 810 16 5,10
3 X1 Xazz Xza Xaz Xsa Xex Xwx  Xas 9 '
4 Xq3 Xgq Kz Xauz Xsz Kez Kr1  Xss 12, 12, 12, 4, 4,
5 Xq3 Xgs Xgz Xg1 Xz Xeq Xez Xeg | 12, 6,7, 4,6, 4,6, 6 7 6,7
6 Xsz Xzz Xas Xaz Xsz Xez Xzz Xar | 2,6 10 7,8 7 ’
7 X31 Xzs Xas Xgz Xsz Xez Xpz Xga | 7,10 1, i,
8 X1 Xza Xas Xaz Xsz Xez Xea  Xea i i, i, 38 3,8,
9 Xiz X323 Xas Xaz Xsz Xes Xzz Xga | I3 3,9 9 3,9 ’9 ’ 9
10 | X453 Xgy Xag Xgo Xsy Xea Xz  Xas

Thus, the practical obtained result shows the feasibility of using the proposed technology in the
article in real conditions to create a target audience.

6. Discussion

Efficiency estimation of the HIS was carried out separately for each task: target audience
identifying task, customer segmentation task and management task of targeted advertising. The
classification method based on the calculation of the similarity measure has been used for target
audience identifying task. Therefore the standard metrics for assessing the effectiveness of the
Precision and Recall classification were chosen to assess the effectiveness of HIS. The Confusion
matrix with the corresponding indicators for calculating these metrics is presented in Table 4.

Table 4
Confusion matrix for Precision and Recall metrics evaluation
Predicted
Positive Negative
Positive TP=1123 FN =77
Actual .
Negative FP=41 TN =429

Data for the matrix is the result of comparison of the results of the work of HIS and the opinion of
an expert. The classifier assigned 1164 clients from 1670 to the target audience. It incorrectly
attributed 41 clients to the target audience and did not attribute 77 clients from the target audience to
it. The formulas for calculating and Precision and Recall metrics values are presented below:

Precistion = L = 1123 = 0.96
T TP+FP  1123+41
TP 1123
Reeall = 0.94

TP+ FN 1123 +77

The values of the Precision and Recall metrics are quite high and very close to one, which

indicates a high classification efficiency.



K-means clustering algorithm was used for resolving the customer segmentation task. The Rand
index (RI) has been chosen for evaluating the quality of clustering algorithm. The RI calculates a
proximity measure between two clusters based on the comparing results of pairs that are assigned in
the same or different clusters in the predicted and true clustering process. The input data for clustering
were 1200 clients of the target audience. The contingency table with the indicators values for
calculating the RI is presented in Table 5.

Table 5
Contingency table for Rand index evaluation
Same cluster Different clusters
Same class SS =337 DS=61
Different classes SD =53 DD =749

An expert compared the clustering results of the HIS with the own results of the distribution of
clients into groups. The formula for calculating and the value of the Rand index are presented below:

§§+ DD _ 337 + 749
§S+DS+SD+85 337 +61+53+749

The obtained value of the RI is rather close to one. It indicates an almost complete coincidence of
clusters and classes, which showed a high efficiency of clustering.

Conversion rate (CR) was used to evaluate the effectiveness of targeted advertising mailing. The
target audience of 1200 clients was split into two clusters. The first cluster included 418 clients, the
second one 782. Different advertisements about the new service of the sports club were prepared for
the clients of each cluster. The set of data was prepared according to the customers’ actions within a
month from the date of sending advertisements. The formula for CR calculating and CR values for the
two clusters are presented below:

Rand = = (.91

purchase

€R =
tetal number of ads

100%,

57
CRigaster = 775 100% = 13.64%,

108
CRagtaster = 3o 100% = 13.81%.

In SMM, an advertising company is considered as successful if the CR values have reached 3-5%.
In our case, the rather high CR values can be explained by the fact that the target audience included
both real customers from the sports club’s database and new customers found in social networks.

7. Conclusion

In this study, the approach was proposed for solving the task of dividing potential customers into
non-targeted audience and targeted audience with additional segmentation for a more effective
advertising campaign. The methods and existing applications for solving the given task were
considered. The model of resolving the identifying task of the targeted audience and the model of the
segmenting process of the targeted audience were developed. The architectural solution for the HIS
has been developed on the base of the chosen architectural pattern “client-server”. The conducted
experiment and the assessment of the performance of the HIS have showed the feasibility of usage of
the developed HIS in real conditions for managers that conduct an advertising campaign in order to
attract new customers and improve the financial condition of the enterprise.
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