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METHOD OF SOLVING THE PROBLEM OF SITUATIONAL MANAGEMENT OF
THE SEMANTIC KERNEL OF WEB CONTENT

Research conducted over the past ten years in the field of search engine optimization on the Internet shows the creation
of a new phenomenon - virtual promotion [1]. Its main goal is to increase the level of sales of goods through technologies that exist
in virtual space. In terms of properties, virtual promotion is similar to a logistics channel, but with the characteristics of a marketing
channel. That is, virtual promotion can be described as the establishment of a channel for the transmission of a special message
from the company to a potential buyer of its goods or services. This article proposes to consider the problem of creating and
managing such a message in cyberspace. To do this, it is proposed to solve the problem of situational management of the semantic
kernel of web content. At the first stage the review of properties of a semantic kernel is carried out. This analysis allows us to
formulate the problem of situational management of the semantic kernel. The main idea of this problem is that the current situation
is @ variant of the semantic kernel of web content. Then the paper proposes a mathematical model for estimating the current
situation and choosing the target situation. Conditions are also proposed to determine the need for transition between situations.
The article also describes the algorithmic support for the implementation of the method of solving the problem of situational
management. The result of the algorithm is K-applicant, ie the semantic kernel that describes the class of needs, which was
identified at the stage of clustering. The prospect for further research is the software implementation of this algorithm on the
NodeJS platform.
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Cepriit OPEXOB, I'enazgiit MAJIMT'OH

HartioHaIbHUH TeXHIYHUHN yHIBEPCHUTET ,, XapKiBCHKUH MONITEXHIYHUH IHCTHTYT

METO/ BUPIIIIEHHS 3AIAYI CUTYAIIIMHOI' O YIIPABJIIHHA
CEMAHTUYHUM AAPOM BEB KOHTEHTY

HocnimkerHs], 1o 6y/10 NpoBEAEHO 3a OCTaHHI AECTb POKIB y CEDI MOLLYKOBOI ONTUMI3aLIT B MEPEXI IHTEPHET, cBIAYaTs
7IPO CTBODEHHS HOBOIO (DEHOMEHY — BIpTya/ibHe rpocysarHs [1]. Mloro 0cHoBHa Uitk NONArae y migsmieHHi pisHs IpoAaxy TOBapy
3aBASKN TEXHOJIONMAM, O ICHYIOTb ¥ BIpTyallbHOMY POCTOPY. 3a B/IACTUBOCTAMU BIPTYasIbHE MPOCYBAHHS CXOXE 3 JIOMICTUYHUM
KaHas/ioM, ane 3 XapakTEPUCTUKaMy, L0 MAE MAapKETUHroBmi KaHas. TOOTO BIpTyasibHE [IPOCYBAHHS MOXHA OnMcatv sK
BCTAHOBJIEHHS] KaHasy EPEefadi CrieLianbHoro roBigoOMIEHHS B MIANPUEMCTBAE [O [OTEHLIMIHOrO OKynysi Horo ToBapy 4u
nocyru. B cTarti 3arporioHoBaHo po3r/isiHyTH 384a4y CTBOPEHHS Ta yIrpas/liHHA TakuM MOBIAOM/IEHHSIM Y BIPTYa/IbHOMY pOCTOpI.
L1595 UbOro rporioHyeTsCS BUDILLYBATH 33434y CUTYaLIIMIHOrO yripas/liHHS CEMaHTUYHUM SAPOM BEG KOHTeHTy. Ha nepiiomy erani
MPOBEAEHO OI71f B/IACTUBOCTEN CEMaHTUYHOrO S4pa. Lled arHasniz [03B0/B ChOpMy/IoBaTH OCTaHOBKY 3adadi CUTyauiviHoro
YIPAaBJIIHHSA CEMaHTUYHUM S4POM. [O/10BHa [AES LiiEI 384a41 MO/ISrae B TOMYy, IO B SIKOCTI MOTOYHOI cuTyauii po3r/isfacTscsa BapiaHT
CEMaHTUYHOro 54pa BEG KOHTEHTY. Todi B pobOTI MPOIOHYETLCS MATeEMATUYHa MOAESb /IS OLIHIOBaHHS MOTOYHOI cuTyauii 1a
BU6Opy LiNIbOBOI cuTyallii. TaKoX rpOroHYIOTECS YMOBU A/15 BU3HAYEHHS HEOOXIAHOCTI MEPEXOLY MK CUTyaLismu. TaKoX B CTarTi
OMTUCaHO a/IMOPUTMIYHE 3a0E3IMEYEHHS A/1S peanizauli MeTody BUDILIEHHS 3a4adqi CUTYaUiIHOro yrpassiHHS.  PesysibTaTtoM
BUKOHAHHS a/iropuTMy € K-rIpETEHAEHT, TOOTO CEMAHTUYHE SAPO, LYO OMUCYE K/aC NoTpebu, skuvi 6y/10 BUSBJIEHO Ha €Tarl
Knacrepizauii. [1epcreKkTnBOor 4715 MOAAIbLLINX AOCTIWKEHD € MPOrpamMHa peasizalis AaHoro anroputMmy Ha rnaargopmi NodeJs.

Kito4oBi ¢/10Ba. BIpTyasibHe poCcyBaHHs MPoAyKTY, CUTYALIMHE yIipaB/liHHS, CEMAHTUYHE S4p0, BES KOHTEHT.

Introduction

The process of virtual promotion is similar to the logistics channel, where there are several concepts of
work. From our point of view, the concept of “continuous replenishment” [1] is suitable for virtual promotion. This
means that goods, and in our case knowledge about goods, should be concentrated in the main nodes of the logistics
network. That is, it is necessary to place knowledge about the product or the need it covers on the Internet, where it
will be read or downloaded by users - potential buyers of goods or services. In other words, you need to place
knowledge about the product on the Internet and wait for the search engine database to be updated. A network of
cross-references between network nodes is also formed to confirm both the originality of information about the
product and the primary source of this data in the form of: a) a corporate website, b) a profile on a social network, or
¢) a profile on a trading platform.

The main idea of virtual promotion is that we need to form a channel and a special message in it. This
message is called the semantic core. This approach is completely new and alternative. This is a new look at the
problem of search engine optimization on the Internet [1].

Thus, understanding the physical content of virtual promotion means that a powerful promotion channel on
the Internet is being created, called thematic search [2]. To create other channels, it is also necessary to unify the
message so that it is distributed in the same content and format on the Internet with a link to the corporate website.
In our work [3], for the first time, it was proposed to use as a message the semantic core of web content generated
by a company that is interested in selling a given product or in satisfying a given need on its own using Internet
technologies [3, 4].
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This paper proposes an alternative approach to solving the problem of search engine optimization on the
Internet. The essence of the approach is to change the semantic core of web content step by step in the promotion
channel in order to improve the main values of WEB metrics. The step-by-step change of the core is based on the
method of situational control [5].

Thus, the article proposes a new look at the problem of search engine optimization on the Internet by
generating special web content and a strategy for changing it in the promotion channel.

Problem statement
In [5] the first attempt to solve the problem of search engine optimization on the Internet as a problem of
situational management was described. According to the classical theory of situational management [6], we have the
following statement of the problem:

S E, =FE,, (D

where S, - the full situation, £, E;, - current situations, U, - the rule of logical transformation from

one current situation to another.

We will assume that the current situation corresponds to the current version of the semantic kernel. We
have the following process that implements the marketing channel of virtual promotion - Figure 1. That is, we have
the current situation. In which case should this kernel be replaced with a new one?

Product Knowledge about a product Inquiries for the purchase of goods
description Format Knowledge of the product in a given form
1 Consolidation of l B o
knowledge about the Processing and Dissemination of
product in cyberspace presentation of knowledge in -
A0 knowledge response to a >
request
A0
A0
& I
Product localization
Client localization
Metrics
Web services
Marketing strategy Evaluation of the effectiveness
of the operation of knowledge
dissemination
A0

Fig. 1. Modern scheme of virtual promotion marketing channel

The first case. Whether there is a criterion of usefulness or a criterion of effectiveness of virtual promotion.
This criterion can assess the profitability of sales of goods through a given channel of promotion on the Internet.
Then you can evaluate the promotion complex consisting of the semantic kernel and the promotion channel. We will
assume that such an estimate is presented in the form of a graph of the relationship between the value of profitability
and time. If the value of the profitability of this complex decreases over a period of time, then such a semantic
kernel must be changed. The first attempt to write such a criterion for assessing the efficiency of the channel and the
kernel is presented in [7].

The second case. The main metrics for search engine optimization on the Internet [8] show a steady decline
(or increase) over time. Such metrics are traffic, number of leads, bounce rate, conversion, number of repeat visits.
These metrics belong to the class of WEB metrics. All these metrics show the conditional efficiency of the
promotion channel with a given semantic kernel.

The third case. An enterprise decides to change product characteristics or marketing segment for your sale.
In this way, the entire text complex 7D is changed, and that needs to repeat the task of synthesizing the kernel again.

In the paper it is suggested to look at the first aspect of the formation of the efficiency criterion for the
complex (the channel and the kernel), and also to improve the metrics that indicate the mental efficiency. We will
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mean that, like j= I,_J - the number of nodes in the channels of passing through the Internet, where the semantic

kernel will be located. B,j — budget, which can be accepted for the placement of the kernel in the j—th node for the

period of time ¢. utj - the number of leads, which was taken for a period of time ¢. The period of time ¢ € 7 may

be 24 hours. We remind you that lead is the action of a potential buyer on a web resource that leads him to: 1)
purchase on the web site, 2) pay for the product on the website or 3) enter your contact details at the special form for

) 1 2 3 . .
the remote purchase of the product in the office [9]. Then U,; =1U, +u,; +U, . Our goal is to maximize the

2
component U 4 - It is reasonable to [10-11] to modify the criterion of effectiveness for offensive

Z Z B, tr,) ) — min ()

1 2 2
tel jeJ (ugj (tl/;y) + utj (trt] ) + u;j (t’/;‘])

where 7, is the traffic received by the j-th node for the time period 7. The physical meaning of criterion

(2) is to reduce the cost of attracting a buyer to purchase a product or service on the Internet. Then the index

3
U, =u, + u, + U, corresponds to the conversion of traffic into the appropriate form of lead. For us, the most

interesting is the second type of lead, when the buyer pays for the goods or services directly online. We transform
the formula (2):

DI e L I

tel jeJ (utj (”}j) +utj (trtj) +utj (try)) tel jeJ utj (t ) n utj (trt]) + utj (trzj)
B, (try) B, (try)  B,(r;) B,(ry)

1
ZT:; 0" )+ 02+ 0 wr))
or 2 P(tr;) > min 3)

tel jeJ

where Ol(ti;j) is the payback of the channel on the first type of lead, which guarantees the placement of

the semantic kernel in the j-th node for a period of time ¢. The higher the payback of the channel and the message,
the lower the price of attracting a buyer P (trtj) to a given node for a given period of time.

Let's take as a basis the classic problem of linear programming to describe the mathematical model of the channel
with the kernel from the standpoint of the cost of attraction. Then formula (3) has the following modification:

ZijP(lrtj) — min ,ij =

teT jeJ jeJ

where w); is the weighting factor that takes into account the importance of the j-th node in the promotion

channel. The higher the payback of the channel and the message, the lower the price of attracting a buyer P(trg/) to

a given node for a given period of time.
The first block of task conditions will mean that the traffic in the node is a positive value and an integer:

tr; 20, tr; ={0,1,2,...}.

For the promotion channel to be successful, it is necessary to enter the threshold of its profitability:

DY

tel jeJ teT
R, - is the rate of return, which is set by the company for a period of time #. It shows the lowest value that

guarantees the success of Internet promotion. Pr[j - income received by the enterprise, if the buyer ordered a
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product or service, reading the semantic kernel in the j-th node for a period of time ¢. Extj - additional costs borne

by the enterprise from the placement of the semantic kernel in the j-th node for a period of time ¢. P(trtj) - the price

of attracting customers in the j-th node for a period of time ¢.
Then we have the following optimization problem:

ZijP(try.) —> min , @)

tel jeJ

> (%)
;]EZ;‘ P(t ) + Ex ;
2w =0 ©
tr, >0, tr, ={0,1,2,...}. (7)

The physical meaning of the problem (4)-(7) is that you need to estimate the minimum cost of attracting

one buyer, having a given channel and semantic kernel. The problem with this task is that the traffic-dependent form

of the function P(#r;) is unknown.

Then the problem of situational management in modern conditions is formulated as follows [6]. We denote
the current situation C = <K JF > , where K - the current version of the semantic kernel, and F - a function that
expresses the evaluation of the efficiency of the channel and the kernel, i.e. the result of solving the problem (4)-(7).

Then the full situation S = <C ,C R> is formed, as a combination of the current situation and the goal that the

company sets for the promotion process. This goal primarily C, applies to conditions (5), i.e. the rate of return on
the channel and the kernel of the promotion. We will assume that the current situation belongs to the class C € Q' .

And the target situation of the class. Then you need to form the following management U & {2 to achieve the target
situation:

Ce Q’U_EECR eQ"or (0,0")>UeQ )

where (- a set of control options, in other words, options for transforming the kernel or changing the
semantic kernel to another. We believe that the structure of the promotion channel remains unchanged, because it is
the subject of further research.

Thus, the problem of situational management of the semantic kernel has the following wording: we must
choose U € Q2 the transformation of the semantic kernel of web content based on the classification of the current

situation C € Q' and adequate assessment F of the promotion channel and the kernel as a whole, which should lead

to a new target C R € Q" (channel and kernel) by the marketing department of the enterprise.

So our task includes four subtasks: kernel synthesis (initial version), kernel evaluation - task (4)-(7), kernel
classification and selection of a new class of kernel, ie changing the kernel to another taking into account the
requirements of marketing services.

The advantages of this approach are significant. Because the problem under consideration is dynamic. A
typical scheme for solving the problem of linear or nonlinear programming is as follows [12]. We believe that a
mathematical model exists. Then you must first choose the basic parameters of the problem, for example, based on
the Monte Carlo method or mathematical statistics. That is, you need to collect initial data and process them. Then,
having a record of the problem and a standard solution method, the optimal Pareto alternative is sought. Finally, you
can check the stability of the solution. In our case, this is not possible, because you can collect input data in the
process of solving the problem. Therefore, the situational approach allows, so to speak, to adapt the probable
solution of the problem in the process of its solution. This is similar to the task of opening a safe when you turn the
knob and test the lock for opening.

Proposed approach

In the paper it is offered to solve a problem of situational management according to the following UML

scheme [13-14] - figure 2.
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Fig. 2. The scheme of solving the problem

Consider the content of this scheme for solving the problem of situational management of the semantic

kernel. At the first stage we will receive web content from the enterprise for synthesis of set of semantic kernels.
Next, the clustering process is performed in order to create a set of needs classes, as well as centroids of each class.
We believe that every centroid of needs class is a K-applicant. Place it in the promotion channel in each j-th node.
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Next we follow the metrics of WEB statistics. We set the profitability threshold of the channel as a whole at
a given period of time #. Based on these input data we solve problem (4)-(7) to evaluate the efficiency of the channel
with the K-applicant installed in it.

We are checking the conditions for the transition to a new K-applicant. If all web content changes, we re-
synthesize the whole set of semantic kernels and repeat the whole algorithm first. If the results of WEB statistics or
profitability are unsatisfactory, then choose a new kernel (new current situation) and run it into the promotion
channel. If these conditions are satisfactory, it is necessary to classify the K-applicant and continue the process of
placing it in the channel. If the promotion of goods or needs stops, then the algorithm ends its execution.

Also uncertain is the step on the classification of the current situation (see figure 2). Based on the effect of
aging of the semantic kernel, which was found in the research work [15], it is proposed to classify the current
situation as one that corresponds to the present or as outdated. The outdated kernel needs to be changed to a new one
anyway.

We offer a list of rules for the transition from one current situation to another, i.e. the rules for changing the
current kernel to another. Let's divide the whole set of rules into two parts. The first part is the rules that affect the
promotion process, i.e. management rules. The second group of rules is the rules that record the fact of aging of the
nucleus or evolutionary rules.

The first group of rules is launched if the value of the profitability of the promotion is unsatisfactory. Let us
denote this fact by the following formula:

2R

el > AR 9)
7]

where the average profitability for a period of time 7 must not be lower than the specified value AR If
condition (9) is not met, the kernel should be updated.

The second group of rules is formed on the basis of analysis of web statistics. As mentioned, we have four
main indicators of the semantic kernel: the number of “isa” rules, the frequency of occurrence in web content, the
frequency of occurrence in the search engine database and the number of keywords in the semantic kernel. But they
do not correspond to the statistics that are actually available to us in the analysis of the promotion process. Available
metrics in the promotion channel node are traffic, number of paid online orders, and number of leads. These are real
indicators that give attention to the efficiency of the node with the semantic kernel placed in it.

Let's analyze each indicator and try to establish the rule of changing the kernel to another based on it. The
first indicator is traffic. It shows the number of semantic kernel impressions in the promotion channel node. As
practice shows, the dynamics of this indicator is the most important, but also the most uncertain. It all depends on
the product itself and the factors around it. There are situations when the value of this indicator increases and
profitability decreases, so it is extremely difficult to determine the direct relationship between these indicators. Let

us denote this indicator as fl”tj - the traffic received by the j-th node for the time period t. Then we have the

condition:

2.1

E|TT| > A" (10)

tr
where A ;j 1s the rate of average traffic in the j-th node. If condition (10) is not met, the kernel should be

updated. However, it should be noted that the fulfillment of condition (10) in some cases does not guarantee the
need to change the kernel, because, for example, too small a budget for the placement of the semantic kernel in a
given node does not increase traffic.

This is, so to speak, the first step in analyzing the need to update the kernel in the promotion channel. The
second step is based on identifying the need to do so on the basis of other conventions that are not related to
profitability or web statistics.

The above four cases of the need to update the kernel should also be considered through the prism of
existing quantitative indicators. The first case when we discuss the evolution of the product on the market, and
therefore its reflection on the Internet, can be recorded in terms of the following indicators, which can be monitored
over time, and in a given node of the promotion channel. Such indicators may be:

1) the volume of sales of goods for a period of time in a given node;

2) conversion in a given node over time £ € T ;

3) profit received through a given node over a period of time € T".
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These three indicators can capture the process of product evolution in the market, in particular in
cyberspace. In this case, if the profit schedule has only one maximum, it is likely that the product goes into the stage
of extinction. Therefore, let there be a graph of the dependence of profits on time: y = Pr(¢). If this graph has one

extremum per maximum and the current value of this function is less than the extremum and newer in time, then the
semantic kernel update needs to be updated:

maxPr(t) > Pr(t+1),(t+1)eT

tel

Unfortunately, it is not possible to quantify other cases of kernel upgrades at present. Therefore, it is
appropriate to introduce expert evaluation in the algorithm execution scheme. If the value is one, then an update is
required. Values are set expertly by the company or team that performs the process of virtual promotion.
Unfortunately, in this case, the execution of the scheme (Figure 3) will be in automated mode.

Traftic = 70 points Traffic = 700 points

500

December 2020 February 2021 April 2021 June 2021 August 2021 Octob.

Fig. 2. The scheme of solving the problem

Results

In 2020-2021, a study was conducted for a web resource in the American service market, in which the cycle
of situational management of the semantic kernel was applied. This web resource provides a unique service for
building a psychological portrait of a person based on personal information. The results of this study are reflected in
the graph of web statistics - Figure 3. This graph reflects the change in the main web metric - traffic or the number
of visits. Figure 3 shows that the result of applying the cycle was an increase in traffic over a given period of time by
ten times. This graph was obtained in the environment Google Analytics.

The data in Figure 3 show the existence of the very fact of the existence of the semantic kernel. That is, this
is a confirmation of the efficiency of the proposed new method for implementing search engine optimization
technology on the Internet.

Conclusions

The article considers new scientific results, namely:

1) for the first time the formulation of the problem of situational management of the semantic kernel and
the method of its solution are formulated;

2) the method of search engine optimization on the Internet based on the concept of the semantic kernel
was further developed;

3) for the first time the rules of transition between semantic kernels in the process of product promotion on
the Internet are proposed, which is aimed at improving the efficiency of the search engine optimization process on
the Internet;

4) for the first time proposed metrics and criteria for evaluating the effectiveness of the semantic kernel
both individually and in the promotion channel on the Internet.

Further areas of research will be a deeper testing of the proposed method of controlling the kernels. You
should test the transition rules and the strategy for increasing or decreasing the size of the semantic kernel in the
Internet promotion channel.
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