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MODELLING SEMANTIC KERNEL OF WEB RESOURCE

The article presents an attempt to describe mathematically the effect of the semantic kernel of a web resource on the Internet. In accordance with the
theory of marketing, the product that we want to sell on the network is characterized by the following basic properties: price, time and place. In other
words, a potential buyer wants to receive a given product in the right place at a given time. To satisfy this need, it is necessary to use the classic component
of marketing, product promotion. However, this component is now becoming a fully virtual instrument. This tool functions in a hypertext, video and
image environment. Therefore, the user analyzes the meaning of these elements in order to get the desired product. The results of web projects carried
out in this area indicate the emergence of a new phenomenon, which reflects the main meaning of virtual promotion — this is the semantic core. The core
is a short annotation of the main properties of the product, its location and time of appearance. Therefore, the purpose of this article is both a presentation
of a new object of research and a mathematical description. It is assumed that the semantic core is formed on the basis of natural language terms. In other
words, the semantic core is a set of keywords that are grouped by meaning. We propose to use data mining approaches for clustering to group terms.
The classic clustering method at the moment is k-means. The article presents a model of the semantic core based on this method. This method and its
distance function are considered as the second stage of web content processing. At the first stage, web content is converted into a semantic web. However,
the k-means technique has significant drawbacks when modeling the semantic core. Therefore, in the development of this idea, the work shows an
alternative way to modeling the kernel. As an alternative approach, the construction of clusters based on the concept of maximum flow is considered.
This approach has the significant advantage that the type of links in the semantic network overlaps with the type of distance function in this method. As
a result, on a real web project, the effect of the connection between the semantic core model and the level of new users of the web resource was
demonstrated over the past five years.
Keywords: semantic kernel, keyword, k-means, max flow.

C. B. OPEXOB, I'. B. MAJTUT OH
MOJIEJIOBAHHSI CEMAHTNYHOI'O S1/IPA BEB PECYPCY

VY crarTi npeacraBieHa cnpoba OMMCATH MAaTEeMaTH4HO e(PeKT CEeMaHTH4HOro sapa BeO pecypcy B cepepoBuili InTeprer. Biamosimno mo teopii
MapKeTHHTY TIPOIYKT, SIKHHA MU Ga)kaeMO IPOJATH B MepeXi, XapaKTepU3yIOThCsl TAaKMMHI OCHOBHUMH BIACTHBOCTSAMH: IliHa, Yac i micue. [HmmMu
CJIOBaMH NOTEHIIMHUK MOKymenp Oaxae OTpUMAaTH 3aJaHUi TOBap B MOTPiOHOMY Micui B 3amaHuid 4ac. 11106 3amoBonbHUTH LIO moTpely, Tpeda
BUKOPUCTOBYBATH KJIACHYHY KOMIIOHEHTY MapKETHHIY IPpOCyBaHHs ToBapy. OJJHaK 3apa3 Iisi KOMIIOHEHTA CTA€ IOBHICTIO BiPTYaJlIbHHM IHCTPYMEHTOM.
Lleit iHCTpyMEHT (YHKIIOHYE B CEpEIOBHIII TilEpPTEKCTIB, BiJleo Ta 300paxeHs. ToMy KOpHCTyBad aHaIli3ye 3MiCT JaHHX €JIEMEHTIB, 00 OTpUMaTH
OaxaHuii ToBap. Pe3ynpTaTi BUKOHAHMX B 11il 00s1acTi BeO MPOEKTIB CBiYaTh MPO MOSIBY HOBOT'O SIBUINA, SIKE BiJOOpaKa€ OCHOBHUI 3MiCT BIpTYyaJIbHOTO
IPOCYBAHHS — [ CEMaHTUYHE SPO. SIpo siBisie cOO00 KOPOTKY QHOTAIliI0 OCHOBHUX BJIACTUBOCTEH TOBApy, HOT0O MicIie pO3TallyBaHHS i 4ac MOSBH.
ToMmy MeTOr0 JaHOi CTATTi € SIK NPEe3EHTalliss HOBOrO 00'€KTa JOCHI/UKEHHS, TaK i MaTeMaTW4HMH omuc. Ilependadaerses, MO CEMAaHTHYHE SIPO
(hopMyeThCs Ha OCHOBI TEPMIHIB IPUPOIHOI MOBH. [HIIMMH CIIOBaAMH CeMaHTHYHE SAPO — Iie 6e3mid KIFOYOBHX CIIiB, SKi 3rpymoBaHi 3a 3mMicToM. Mu
MIPOIOHYEMO BUKOPUCTOBYBATH IS YTPYILyBaHHs TEPMIHIB Miixoqu TexHouoril Data mining o kiactepusanii. KitacnaHuM MeTo10M KiacTepusallii Ha
JIaHUI MOMEHT € K-cepesiHiX. Y CTaTTi NpecTaBiIeHa MOJETh CEMaHTHYHOTO s/[pa Ha OCHOBI JaHoro Merony. Lleit merox i #ioro dyHkmii aucranmii
PO3IIIANAIOTECS SIK APYTUid eTan oOpoOku BeO koHTeHTy. Ha mepromy erarri Be6 KOHTEHT KOHBEPTYEThCS B CEMaHTHUHY Mepeky. OnHak Metonuka k-
CepeJHIX Ma€e CyTTEBI HEJIOJIKH TPU MOJIETIOBAaHHI CEMaHTHYHOTO sapa. ToMy B pPO3BUTKY JaHOi inei B poOOTi MOKa3aHUil albTEepPHATUBHUI IUIAX JI0
MOJICITIOBaHHS sA/Ipa. B SKOCTI aIbTepHATUBHOTO MMiIXOTy PO3IIIAIA€THCS MOOYJOBHU KJIACTEPiB HA OCHOBI KOHIIEMIIIT MAKCUMAILHOTO MTOTOKY. Lleit minxin
Mae iCTOTHY IepeBary, sike MoJisira€ B TOMY, IO THII 3B'SI3KiB B CEMaHTHYHOI MePEeXi HEePeryKyeThes 3 THIOM (YHKLIT TUCTaHLii B JaHOMY MeToni. B
pe3ynbTaTi Ha peabHOMY BeO MPOEKT POIEMOHCTPOBAHHH e(eKT 3B'I3Ky MiXkK MOZIEIITIO CEMAHTHYHOTO S17Ipa i piBHEM HOBUX KOPUCTYBauiB BeO pecypcy
MPOTATOM OCTAHHIX IT'SITH POKIB.
Kaio4oBi c10Ba: ceMaHTHYHE SIPO, KIIOYOBE CIOBO, METOJI K-Cepe/iHiX, MAaKCHUMAIbHUI TOTIK.

C.B. OPEXOB, I'. B. MAJIBIT OH
MOAEJIUPOBAHUE CEMAHTHYECKOI'O SI/IPA BEb PECYPCA

B cratbe npencTaBiieHa NOMBITKA OIMHCATh MaTeMaTHIecku 3 deKT ceMaHTHIeCKOro sipa Beb pecypca B cpene MutepHeT. B cooTBeTcTBHE C Teopuel
MapKeTHHTa NPOIYKT, KOTOPBIH MBI JKeJIaeM IPOJIaTh B CETH, XapaKTEPU3YIOTCS CIIEAYIOIINMI OCHOBHBIMH CBOMCTBAaMH: IIeHa, BpeMsl K MecTo. [{pyrumu
CJIOBaMH, MOTEHNUATbHBINA MOKYIATeNlb JKeJlaeT IMOIyYHTh 3aJaHHBIH TOBap B HYXKHOM MeCTe B 3aJaHHOE BpeMs. UTOOBI yHOBIETBOPUTH JaHHYIO
MOTPEeOHOCTH, HAJO HCIONB30BAaTh KIACCHUECKYI0 KOMIIOHEHTY MapKeTHHTa NpOABIDKeHHe ToBapa. OIHaKko ceidac 3Ta KOMIIOHEHTa CTAHOBHUTCS
TIOJTHOCTBIO BUPTYaIEHBIM HHCTPYMEHTOM. DTOT HHCTPYMEHT (YHKIIMOHHUPYET B CpeJie TUIIEPTEKCTOB, BHIEO U H300paxeHuii. [1oaToMy nmosp3oBarens
aHANIU3UPyeT CMBICH [JaHHBIX DJIEMEHTOB, YTOOBI MONYYHTh JKETAaeMbIil ToBap. Pe3ynbTaTsl BEHINONHEHHBIX B JTOH 00IacTH BeO HPOCKTOB
CBHJETENBCTBYIOT O OSBICHUI HOBOTO SIBJICHHUS, KOTOPOE OTPAXkaeT OCHOBHOII CMBICI BUPTYaJIbHOTO IPOBIDKEHHS — 3TO CEMaHTHIECKOe sApo. Sapo
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HPEACTaBIACT COO0H KPAaTKYI0 aHHOTALMIO OCHOBHBIX CBOICTB TOBapa, €ro MECTONOJIOKECHHUE M BPeMs MOsBIeHHsA. [103TOMy Iienbio JaHHOI cTaThH
SIBIIICTCSI KaK IIPE3eHTaIMs HOBOIO 00bEKTa HCCIeN0BaHNU, TaK M MaTeMaTHIecKoe omcanue. [Ipenmonaraercs, 4To ceMaHTHIECKOE PO (hOPMUPYETCS
Ha OCHOBE TEPMHHOB €CTECTBEHHOIO sI3bIKa. JIpyrMHU CI0BaMU, CEMaHTHYECKOE SIIPO — 3TO MHOXKECTBO KIIIOUEBBIX CJIOB, KOTOPbIE CIPYIIIUPOBAHBI 110
cMbIcity. MBI IIpe/ijiaraeM HCIob30Bath Vs IPYIIIMPOBKH TEPMHHOB MOIX0ABI TexHOIornu Data mining no kiacrepusauuu. KitaccuueckuM MeTosoM
KJIACTepH3alli Ha JaHHBIA MOMEHT sBIIsieTcs K-cpefHuX. B craThe mpezncraBieHa MOJeNb CEMaHTHYECKOTO siipa HA OCHOBE NAHHOTO METOAa. JTOT
METOA U ero (pyHKIMY AUCTAHIUH PACCMATPHBAIOTCS KaK BTOPOHU dTam oOpaboTku Be6 koHTeHTa. Ha mepBoM dTame BeO KOHTEHT KOHBEPTHPYETCS B
CeMaHTHYEeCKyI0 ceTb. OHaKO METOAMKA K-CPeIHHX MMEET CYyIIECTBEHHBIC HEJOCTATKU IPU MOJCIMPOBAHMU CeMaHTHueckoro sijpa. Ilosromy B
Pa3BUTUM JAHHOM M7eH B paboTe MOKA3aH albTCPHATUBHBINA MyTh K MOJICIHPOBAHUIO s]pa. B kauecTBe aJbTepPHATHBHOTO MOAXO0A PACCMATPUBACTCS
MIOCTPOEHHUS KJIACTEPOB Ha OCHOBE KOHISTIIIMY MaKCUMAJIBHOTO MOTOKA. DTOT MOAXO0J MMeeT CYIECTBEHHOE IIPEUMYIIECTBO, KOTOPOE 3aKIII0YAeTCs B
TOM, YTO THII CBsI3eil B CEMAaHTHIECKON CETH MEePEeKINKAeTCs ¢ THIIOM (yHKIMH IUCTaHIMK B JAHHOM MeToze. B pesynbpTaTe Ha peanbHOM BeO MPOEKTE
HIPOIEMOHCTPHPOBAH 3 (EKT CBA3U MEXK/Y MOJICIBIO CEMaHTHYECKOTO si/ipa M YPOBHEM HOBBIX I10JIb30BaTelEH BeO pecypca Ha MPOTSHKEHUH MOCIIEIHUX

IIATH JICT.

KuroueBble c10Ba: CEMaHTUIECKOE AAPO, KIIFOYEBOE CIIOBO, METOX k-CpeZ[HI/IX, MaKCUMAaJIbHBIN ITOTOK.

Introduction. The semantic kernel is a hew concept
based on the assumption that the modern Internet
environment is a semantic global network [1-2]. We
assume that every web resource on the web is a particle or
book in a global virtual library. The challenge is to find
knowledge in such a library. But there is another problem,
in what place and how to place our knowledge, for
example, about a product or service, so that this knowledge
is found, read and accepted by potential customers.

Our scientific work is based on the assumption that
since the Internet is a semantic network, and in terms of
artificial intelligence, it is a kind of knowledge base.
Together with the search server, the Internet can then be
regarded as a kind of expert system. Therefore, for this
system to function, it must be trained.

According to the classics, the learning process takes
place in a mode with a teacher and without him [3]. The
second option is the most acceptable in this situation, since
we kind of directly invest knowledge into the system,
which actually happens when a programmer creates and
places a web resource on the network.

To train an expert system, three elements are required:
a training method, a stopping criterion, and a training
sample. We propose to consider the semantic core of the
web resource as a training sample for our global semantic
network.

We will assume that the semantic kernel of a web
resource is a short annotation in the form of a set of
keywords. These words define the main meaning of the
web content of the web resource in question.

Then there is an urgent problem of automatic
formation of such a semantic kernel. To solve it, it is
required to propose a method for modeling the semantic
core in mathematical or algorithmic form.

Problem statement. Let's assume that web content
contains several semantic cores. Why? The fact is that, as a
rule, a web resource is created with the aim of promoting
one or more goods or services. In addition, if the current
core does not provide a sufficient level of sales, then they
try to either replace it or change it. Therefore, the content
management system of a web resource contains several
versions of web content. This is a typical situation for many
content management systems: Wordpress, Opencart,
Drupal, ModX, and others.

Thus, we believe that the semantic core is a certain
cluster that combines keywords according to some
marketing sales strategy. Then the problem of constructing
a semantic core is formulated as the problem of identifying
an unknown number of clusters or a clustering problem

when the finite number of clusters is unknown. In addition,
we do not know the shape of the clusters, that is, semantic
cores can contain a different number of keywords, and it is
also possible to overlap.

Let us consider the k-means method as the basic
algorithm for the formation of the semantic core. This
approach meets almost all of the above requirements at the
moment. In addition, it is convenient to consider it as the
first attempt to solve the clustering problem. It is also
convenient for software implementation.

Letitbe X = {x;} a set of keywords from web content.
C = {c;} is a set of cluster centers (semantic kernels). Then
the measure of error:

B0 = ) Il — il ®

where ¢; — closest to x; cluster center.

In this case, the algorithm itself will include the
following actions. The first step is to initialize the cluster
centers C = {c;}. We will assume that the centers of the
clusters are those keywords (terms) that reflect either the
names of goods and services, or related goods.

Until the belonging of the terms stops changing, we
perform one of two actions. Determine the belonging of the
term to the cluster by the formula (2). Next, determine the
new center of the cluster by formula (3).

cluster; = arg min f(x;, ). )
cec

where  f(x;, c) — distance function to cluster center.

c= z:]'=1 clusteri:cfj(xi)
-

©)

Zj=1 cluster;=c

where f — the function of term definition as cluster
center.

The main disadvantage of such an algorithm for
constructing a semantic core is that the number of clusters
must be known. However, this condition is not always
feasible.

To fulfill this condition, we can use at the first stage
the algorithm for constructing a semantic kernel proposed
in [1]. As centers of clusters, we will take only those terms
that have the maximum frequency of occurrence in the text,
or that have the maximum number of links with other terms.
There are two ways to define a function f.

The function of the distance between the terms is also
proposed to be selected on the basis of the semantic
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network representing the web content. In this case, both the
weight of the link and the number of edges between terms
in the network can be taken into account. This will be the
way to define the function f(x;, c).

Proposed approach. An alternative approach to
constructing clusters of terms and, accordingly, semantic
kernels will be the clustering technique based on the search
for the maximum flow [4]. This approach does not require
knowing the number of clusters in advance. In addition, the
semantic network obtained at the first stage is a graph
indicating, in essence, the weight of an edge. Therefore, it
is proposed to use the following assumptions.

Let the semantic network SN = {V,, E;} obtained
using the algorithm [1] be given. V; — the set of vertices of
the network, and E, accordingly the set of its edges. We
will understand the distance d(i, j) between two vertices i
and j, as the weight of the edge that connects them. If there
is no edge between the vertices, then the distance is infinite.
Then the bandwidth of the edge (i, j) is represented as:

c(i,j) = (4)

d(i,j)
We will consider a group of vertices with a beginning
at the top s and end at the top t as the semantic kernel. This

group of vertices is characterized by the maximum flow v.
Stream this function, defined as follows:

f:E - R*. (5)
The function (5) is being satisfied the conditions:

@) <c@p. (6)

v,i=Ss
PIOEDWIDE {o,i el ()

no) B® —v,i=t
AW ={j €V:(i,j) € E}. (8)
B(i)={jeV:(ji) € E}. 9

To obtain the maximum flow, it is required to
maximize the value under constraints (6)—(7). Then we will
assume that the semantic kernel is a sub-network of the
semantic network obtained by the algorithm [1], with the
maximum flow in the sense of (5). In our case, the
maximum flow should be interpreted as the maximum
number of connections of the “isa” type. In other words, the
maximum number of rules that bind terms in our semantic
kernel [4].

The MaxFlow algorithm that implements this
approach was presented in [4]. The paper proposes to apply
this algorithm to the construction of a semantic kernel by
clustering terms.

Future work. A significant drawback of the proposed
approach to the construction of a semantic core is the
insufficient consideration of the semantics of words and
possible plot lines [5]. The advantage of the proposed
approach is to take into account the relationship between

the terms by applying the algorithm [1]. The resulting
semantic network is further processed.

As a continuation of the research, one should focus on
the application of the genetic algorithm [6-8] and the
presentation of the process of constructing a kernel based
on the methods of hierarchical clustering [9-12].

The fact is that the semantic network obtained at the
initial stage contains edges with different types of links:
“isa”, “kindof” and “part of”. These links can be interpreted
as rules between terms corresponding to different types of
distance function: single link, full link and medium link [9—
12].

Summary. The above approach was applied to the
analysis of the semantic kernel of one of the sites of the
project for the presentation of a psychological portrait of a
personality. To do this, the data from the Google Analytics
service was compared with the constructed semantic
kernels. It turned out that in this project, the semantic kernel
was created once, and then changed in 2017-2018
(figure 1).
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Fig. 1. Semantic kernel changes

As can be seen from the data in Figure 1, changing the
kernel leads to a surge of interest in the web resource from
new users. That is, the creation of a new version of the
semantic kernel leads to the coverage of a certain group of
users. Thus, the kernel reflects the interest of a given user
group in this web content. Or in other words, this semantic
kernel reflects the knowledge, wishes or preferences of a
certain group of Internet users.

Consequently, this example confirms the assumption
that the semantic kernel is a so-called training sample
according to the assumption that in order to promote a
product or service, we need to train the virtual space to
recognize our web resource on the Internet.

Our research also shows how much the traffic of a
web resource depends on such an effect as the aging of the
semantic kernel [2].
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