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The mathematical model of clustering of information messages has been further developed, which is
based on the frequency analysis of their tonality using Natural Language Processing methodologies with
the support of large language models; OLAP visualization of clustering results and is distinguished by
an established system of indicators of information content activity by areas of society activity with
hierarchical compression of incoming Big Data arrays, which determines the database model for their
storage. This provides an improvement to the analysis of information messages in global information
networks by taking into account many factors in the areas of society activity.

The main idea and goal of the mathematical model for clustering information messages is to
implement a sequence of preparation stages for detecting critical activity of the information content in
global media. In practice, this is the establishment of a list and the determination of indicator values that
measure content activity in primary messages, followed by their transformation into a time series — a
systematized dataset. In the conditions of high density of the flow of occurrence, dynamics of
development, and transformation of information content, a Big Data structure of information messages
is taken into account. Therefore, the clustering model, apart from division by informational features,
should provide the hierarchical compression of incoming Big Data arrays.

Research objective: development of a mathematical model of clustering information messages with
indicators of information content activity by tone and spheres of activity of society. Research subject:
methods of clustering information messages. Research object: process of clustering information
messages.

Keywords: Big Data, clustering, Natural Language Processing.

1. Introduction
At present, the global information space is highly popular which is formed by the media, social
networks, thematic channels and used as a technological platform by global information network.
Analysis of the content of information flows in the global information space allows to assess the
moods and information preferences of society. This is important for organizing the effective work of
government and business structures for the composition of the services offers, goods, public events,
etc.

Analysis of the content of global information networks requires the composition of activity
indicators that would adequately reflect the essence and number of information messages in various
spheres of society.

The above is relevant for increasing the efficiency, reliability, and completeness of identifying
critical information messages.
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2. Literature review and problem statement

The classical clustering problem involves the formation of clusters formed by sets of objects
with common or similar characteristics / properties. This is implemented by well-known machine
learning methods, for example: k-means; Support Vector Machine; k-nearest neighbors; hierarchical
clustering [1, 2]. Clustering approaches using deep learning methods with artificial neural networks
are also known [3-5].

The specificity of the task considered in the article is the processing of natural language and the
need to measure information content. Natural language clustering is traditionally done by tonality,
content, and other methods. Support Vector Machine, modern approaches are built on neural
networks, and especially on Large Language Models (LLM) [4, 5].

A wide range of works are devoted to the problems of measuring the activity of information
content, in particular [6-8]. Indicators of activity can be the frequency of repetition by keywords,
primary information arrays, etc.

Combinatorial analysis of existing approaches allows to assert that the unitary use of each of
them does not provide high reliability and completeness of the reflection for the dynamics of
information content that affects the individual and society. Therefore, it is advisable to use them
combinatorily with certain innovations that would reflect: the possibility of forming objective
indicators; taking into account the subjectively directed tone of information messages; reflection of
the versatility for the forms, methods and spheres of information messages, the transformation of their
relevance over time; having an ability to calculate and control the large arrays.

In connection with the above, the article is devoted to solving the current problem of developing
a mathematical model of clustering information messages with indicators of information content
activity by tone and spheres of activity of society.

3. The aim and objectives of the research
The purpose of the research is to develop a mathematical model for clustering information
messages with indicators of information content activity by tone and areas of society.
To achieve this goal, the following tasks were built and solved:
— development of a mathematical model for clustering information messages;
— verification and evaluation of the effectiveness of the application of the mathematical model
of clustering of information messages.

4. Materials and methods for developing a mathematical
model of information message clustering
4.1. The object and hypothesis of the study

The main idea behind clustering is due to the need to ensure a comprehensive and adequate
display of information content. This is implemented by establishing indicators that reflect information
activity for various spheres of society. As a measure of activity, it is proposed to use the frequency
of messages in various information sources. The measured frequency forms a set of clusters,
depending on the topic and emotional coloring of information messages. The specified process
involves: a mathematical description of monitoring objects — information sources; the formation of
indicators of information content activity; a formalized description of the infological model of
sources, factors and indicators of content activity in global information networks; the development
of a mathematical model of information message clustering and its verification.

The list of Key Performance Indicators (KPI) should reflect the content of information
messages in different spheres of society, be objectively calculated (defined) with a reference to the
information messages disseminated by means of global information networks — through sources of
primary messages. That is, to establish the relationship of objective measures (in numerical
equivalent) of real messages in the format of natural language, reflecting their content from the set of
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spheres of values of society. The above can be described by the infology of the subject area in three
stages:

1. Mathematical description of monitoring objects — information sources;

2. Establishment of a system of indicators of the activity of information content;

3. Formalized description of the infological model of sources, factors and indicators of content
activity in global information networks.

4.2. Mathematical description of monitoring objects — information sources

The primary data will be considered information messages (IP) distributed by Internet
publications (in global information networks) of various orientations, formats, forms of ownership
and reliability of messages. The main requirement is the focus on the news content of information
messages. These categories of publications will be called information sources (IS). Obtaining primary
information messages — primary (“raw”) data is carried out in the process of monitoring information
sources. 1S monitoring provides for periodic (several times, or once a day — for a specified time)
review of the content of information messages on IS objects of monitoring (OM) and saving the results
obtained.

The list of information sources should be representative in number, composition and provide
high indicators of reliability (probability of detection and accuracy of forecast) and completeness (set
of factors taken into account) of determining the dominant information content in global information
networks.

Taking into account the above, a hierarchical structure of monitoring objects has been defined —
global media: news sites, information channels of messengers, social networks, etc., with a
distribution according to the level of trust / reliability of information / popularity.

The set of IS is divided into five groups, according to the level of verification and authorization
of IP in accordance with authority in the media space, belonging to the form of ownership and
representation in the global information space. Each group has a different set of OM. The quantitative
composition of OM is a variable parameter. The set of IS that are put on observation form a set of
monitoring objects:

OM = [OMy;,,0My;,, OM;;,, OMy;,, OMs;_ |, 1)
Whel’e, il = 1 "'NOMl’ iz = 1 "'NOMZ’ i3 = 1 "'N0M3 i4_ = 1 "'N0M4l i5 = 1 "'N0M5'

For each group of OM, it is possible to set a scale of weight coefficients proportional to the
degree of trust in the IP on the IS:

(OMy;, =9...10,
| oM,;, =7...8,
G- { OMy, =5...6, @)
| OMy;, =3..4,
LoMg, =1..2,

where, iy = 1..Noy,, iz = 1..Noy,, i3 = 1. Nop,, la = 1. Nopy,, is = 1 ... Nopy,. -
Weight coefficients are determined by expert means and in the simplest case take unit values.
The result of monitoring is primary data arrays — information messages (in natural language
linguistics) with reference to: OM, date, time. Primary data sets — IP will form Big Data structures
over time. The monitoring results will be stored in a database.

4.3. Indicators of information content activity.

The versatility of forms and methods of IP aimed at the consciousness and subconscious of the
individual / social groups / community, the massiveness and continuity of IP into the spheres of values
of society require a mirror description in the set of IP indicators. We will assume that critical activities
from the standpoint of IP focus on seven basic areas of values: economic, political, security, social,
law, spiritual, individual rights and freedoms (Fig. 1).
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Fig. 1. Spheres of values and activities of society.

The result of observation of an individual OM from the (2) is the primary information message
for a specific day / date and time of day:

IPU = {textl-j}, (3)
[il =1 ---NOMll] _da)’1 [tmorningr tmorning' tevening]f_
I L2 = L. NOMZ’ I daYZ [tmorningr tmorning' tevening]'
[ =1..N=|i3=1..Noy,,j=1..M = :
Where’ ! L.N i 3 1 NOM3 |’] L..M daYB [tmorningr tmorning’tevening]'
ly = 1...Nom, e e . "
|‘15 =1.. NOMS J | dayy [tmorningr tmorning' tevening]-

In the designations (3), the index i — denotes the object of monitoring, j — the time (day — day,
time of day) of receiving an information message from the i -th source.

Text messages (3) are expanded into the results database table. Thus, over time, a Big Data
array of primary information messages in natural language is formed. In the future, the process of
forming indicators of information content activity is carried out through the following stages:

— primary processing of information messages;

— clustering of the first level — by spheres Figure 1;

— clustering of the second level — by the tone (negative, neutral, positive) of messages in each
sphere of values and activities of society;

Setting the frequency (number) of messages of the corresponding tonality in each area of the
list by spheres Figure 1.

The listed stages are implemented recurrent in time for the flow of information messages (3).
This allows you to form a data structure of the Time Serie type, frequencies, tonality, flow of
information messages for different spheres of values of society.

Thus, a cause-and-effect (infological) relationship / model of sources, factors and indicators of
content activity in global information networks is established with their decomposition by spheres
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and tonality. This allows you to establish a numerical measure of content activity at the level of
quantitative and qualitative display of messages in the global information space.

Primary processing of information messages — involves a pipeline of preparatory stages of
NLP (Natural Language Processing): filtering; normalization; tokenization; removal of stop words;
lemmatization. The result is processed information arrays: filtered message with content
preservation — IP;j ¢ijeer; lemmatized message — IP;j jemma:

IP;; ruter = fuip pircer (text;j), 4)

IPij,lemma = fNLP,lemma (textij)a (5)

where, fy.p ruter — denotes text message filtering operations, f;; ;emma — NLP pipeline operations:
filtering; normalization; tokenization; removing stop words; lematization.

Information arrays IP;; ;.mmq — are used for operational frequency and probabilistic analysis.
Information messages IP;; riicer are subject to further in-depth processing by clustering them and
forming indicators of information content activity. In the future, the results of in-depth processing
have OLAP (Online Analytical Processing) format for visualization and analysis.

Clustering of the first level — spherical involves establishing the belonging of information
messages to the spheres of values and activities of society (Fig. 1). The input information is the results
of the primary filtering of the received information messages (2.4), which give spherical clusters
according to the transformation model:

Sarea = fNLP,SClusteTing (Ipij,filter)’ (6)

where, Sgrea = 51,52, 53,54, S5, S6, S;] — reflect sets of information messages clustered by spheres
of values and activities of society (Fig. 1) information messages (4); area=1..7;
fNLP,Sclustmng — the operation of clustering incoming messages in natural language by spheres of

Figure 1 with NLP process technologies.

Clustering of the second level — spherical tonality involves establishing the tone of
information messages in each sphere of values (Fig. 1) by categories: negative, neutral, positive. The
input information for clustering of the second level is sets Sg,..,. The results of the second level of
clustering can be represented by the transformation:

Sarea,tonality = fNLP,Stonality (Sarea)l (7)

Sareatonality = Negative, or
where, Sgreq tonatity = | Sareatonatity = neutral, or [ — sets of information messages clustered by

Sarea,tonality = positive.
tone Syyeq; area =1..7: fNLP,Smnamy — the operation of clustering incoming text messages in
natural language by tonality with NLP process technologies (the specifics of the implementation are
also revealed below).

Secondary processing of clustered information messages — frequency analysis of clusters of
spherical tonality is taken as input information by the formed clusters (6). The task of the stage is to
establish the frequency / number of messages of each of the three keys from the sphere of values of
Figure 1 for each moment of time of discrete moments of the time j of OM monitoring. The result of
the stage is the frequencies:

T

.area,tonality = negative
,area,tonality = neutral |, (8)

,areatonality = positive

T

Fj,area,tonality =

)
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where, F — denotes the average daily and OM frequency of occurrence of negative / neutral / positive
information messages from the sphere area — list of Figure 1;,j =1 ... M.

It is worth noting that the determination of the average value of the frequency (8) occurs
according to the trivial expression:

Fj,area,tonality = negative
F}',area,tonality = neutral ) (9)

jareatonality = PoOsitive

~

— V=3
Fj,area,tonality - Zl:l

T

Where, l=3= tmorning' tmorning' tevening-

However, the average OM frequency is defined as a weighted average value — proportional to
the level of confidence in the monitored object, for example, on a scale of weighting factors of G,
type (2) in accordance with the expression:

)

)

areatonality — negative
i _ v!=Nom —
Fj,area,tonality - 21=1 Gl area,tonality — neutral ) (10)

area,tonality = POsitive

)

where, [ = Noy = Nom, + Nom, + Nom,+Nom, +Nowm-

Thus, sets (8) reflect the causal (infological) relationship / model of sources, factors and
indicators of content activity in global information networks and is a data structure of the Time Series
type — frequencies of the tonality of the flow of information messages for different spheres of values
of society.

4.4. Formalized description of the infological model of sources, factors and indicators of

content activity in global information networks

The infological model is aimed at ensuring the process of identifying critical activity of
information content in global media, which can change moods and lead to dangerous actions of
society. Infology allows you to form a multifactorial system of indicators — measurements —
digitization of social processes that occur under the influence of target information. The infological
model is formalized in accordance with the introduced mathematical descriptions and models
(1)—(20) and is presented in the format of the scheme Figure 2.

The cause-and-effect relationships of the infological model have the following linguistic
description.

Information content, its discussions, which are present in global information networks as news
sites, information channels of messengers, social networks, are subject to constant round-the-clock
monitoring. This is implemented through observation of a representative list of monitoring
objects (1) with established measures of trust in them (2). Monitoring objects form the first stratum
(layer) of monitoring objects, which has a direct reflection of the real global information space. This
imitates the perception of information content by the object of information influence — a person
(individual, social group, society). The execution of the objects of monitoring form the first level of
the scheme Figure 2.

The result of OM monitoring is a Big Data array of information messages (3) — primary data
presented in natural language. IP arrays are stored in the appropriate database. Information messages
obtained as a result of OM observation form the second stratum (layer) of information messages (the
second level of the scheme Figure 2).

The strata of information processing (third) is formed by the following processes: primary
processing of IP, models (4), (5); clustering of the first level — spherical (6); clustering of the second
level — spherical tonality (7).
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Fig. 2. Strata (layers) of the infological model of sources, factors and indicators of content
activity in global information networks

Hierarchical compression of incoming Big Data arrays of IP forms the fourth stratum of
secondary information processing. The result is a data structure of the Time Serie type — the frequency
of the tonality of the flow of information messages for different areas of value (Fig. 1).

4.5. Mathematical model of clustering of information messages

Mathematical model of clustering of information messages — formed from partial models of
each of the stages:

1. Construction of an infological model of sources, factors and indicators of content activity in
global information networks: monitoring of the global information space; establishing the belonging
of news to the spheres of values of society; establishing the tone of information messages by spheres
of values; counting the number of information messages by tone in each of the spheres of values and
the formation of time series;

2. Primary processing of information messages — pipeline of NLP preparatory stages: filtering;
normalization; tokenization; removal of stop words; lemmatization;

3. Clustering of the first level — spherical involves establishing the belonging of information
messages to the spheres of values and activities of society (Fig. 1);

4. Clustering of the second level — spherical tonality involves establishing the tone of
information messages in each sphere of values and activities of society (Fig. 1) by categories:
negative, neutral, positive;

5. Secondary processing of clustered information messages — frequency analysis of clusters of
spherical tonality. The task of the stage is to establish the frequency / number of messages of each of
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the three tonalities from the sphere of values Figure 1 for each moment of time j — discrete moments
of time as a frequency F — average per day and by OM frequency of appearance of
negative / neutral / positive information messages from the sphere of society.

5. Results of verification and evaluation of the effectiveness of the application of the
mathematical model of clustering of information messages

To determine the functional suitability for practical application, verify the structure and content
and evaluate the effectiveness of the proposed mathematical model for clustering information
messages, a program module has been developed. The module is implemented in python with the
following libraries: spacy, nltk, re, matplotlib, seaborn, Textblob, vaderSentiment.vaderSentiment,
nltk.sentiment.vader, GoogleTranslator.

Monitoring took place on three daily sections: morning 08:00-10:00, midday 12:00-14:00,
evening 17:00-20:00. Verification and evaluation of the effectiveness of the proposed mathematical
model was carried out based on the monitoring results obtained within 2 weeks. That is, according to
a sample of 42 dimensions, which contains more than 1000 informational messages.

Evaluation of the effectiveness of the results of IP clustering by sentiment was implemented on
the statistics of 100 messages for each area of society. Comparison of automated solutions was carried
out according to the agreed assessment of experts. The experts were officials — consumers of
clustering results. The calculations showed the probability of correct identification P = 0,87 and the
probability ofa F = 0,2.

Based on the data obtained, spatio-temporal OLAP was implemented — analysis of the data
obtained. The results of visualization in the format of OLAP cubes are shown in the graphs of
Figure 3.
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The peculiarity and advantage of the research results in Fig. 3 is their objective focus and
analysis of real data. That is, conducting a full-scale experiment.

6. Discussion of the obtained results

The analysis of the graphs in Figure 3 allows us to form the following conclusions. At the time
of monitoring in the information space, the number of negative messages prevails over the positive
ones. This is observed throughout the monitoring period. The ratio of positive / negative / neutral
messages during the day has a relatively stable balance. Over time, the change in content activity by
tone has an oscillating monotonic trend with random noise. Peak (abnormal) number of negative
messages is observed on the facts of high-profile events — for the monitoring period, in particular.
Evening 04.04.25 —air attack on Kryvyi Rih (05.04.25 — morning anomalies in the number of negative
information messages) [9]. Morning 06.04.25 — Kyiv, air night attack by missiles and UAVs, [10].
Moreover, the second event against the background of the first has a lower level of activity.

Thus, the formed indicators of the activity of information content as the frequency of tonality
of information messages reflect real events and dynamics of information messages, and therefore are
suitable for practical application

Conclusion

In the course of research, the mathematical model of clustering of information messages was
further developed, which is based and is different on the frequency analysis of their tonality using
NLP methodologies with the support of large language models; OLAP visualization of clustering
results and is distinguished by an established system of indicators of information content activity by
areas of society activity with hierarchical compression of incoming Big Data arrays. This provides an
increase in the completeness of the analysis of information messages in global information networks
by taking into account many factors in the areas of society activity.
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The calculations showed the following indicators of the effectiveness of clustering by the tone
of information messages: probability of correct identification / efficiency P = 0,87; probability of
missing / loss F = 0,2. These performance indicators are acceptable for the practical use of clustering
results.

The results of the OLAP analysis proved that at the time of monitoring in the information space,
the number of negative messages prevails over the positive ones. This is observed throughout the
monitoring period. The positive / negative / neutral messages ratio during the day has a relatively
stable balance. Over time, the change in content activity in tone has a fluctuating monotonic trend
with random noise. The peak (abnormal) number of negative reports is observed on the facts of
confirmed resonant events.

Thus, the formed indicators of information content activity as the frequency of tonality of
information messages reflect real events and dynamics of information messages, and therefore are
suitable for practical application. Therefore, the proposed solutions for clustering information
messages are effective and suitable for practical application.
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MOB1IOMJIEHb, fIKa 0a3yeThCs HA YACTOTHOMY aHaii31 iX TOHAJILHOCTI 3 BUKOPUCTAHHSIM METO/I0JIOT 1!
00poOKH TIPUPOAHOT MOBH 3 MIATPUMKOIO Mojeneil Benukux MoB; OLAP-Bi3yamizaiii pe3ynbpTaTiB
KJIacTepHu3aIlii Ta BIAPI3HAETHCS YCTaJCHOI CHCTEMOIO MOKAa3HHWKIB aKTUBHOCTI 1H(OPMAIIHHOTO
KOHTEHTY 3a cdepaMu AiJIbHOCTI CYCHUIbCTBA 3 1€PAPXIUHUM CTHCHEHHSM BXIJIHUX MacHUBIB
BEJIMKUX JIAaHKX, [0 BU3HAYAE MOJIeNb 0a3u JaHuX /s iX 30epiranHs. e 3abe3nedye mokpameHHs
aHani3y iH(opMaIiiHUX MTOBIIOMIICHB Y TJI00ATbHUX 1H()OPMAIIHHUX MepexaXx IIJITXOM BpaxyBaHHS
Oaratbox ¢akTopiB y chepax AisUTBHOCTI CYCIUILCTBA.

OCHOBHOIO 1/Ie€l0 Ta TPU3HAYCHHS MAaTEeMaTHYHOI MOJENI KiacTepu3allii iH(popMariiHuX
MOBIIOMJICHB € peaizallis MOCIiJOBHOCTI €TaIliB MiArOTOBKH J0 BUSBJICHHS KPUTUYHOI aKTUBHOCTI
1H(pOpMAITIITHOTO KOHTEHTY B IJ100anpHUX Meaia. Ha mpakTuili 1ie CTBOpEHHS CIUCKY Ta BU3HAYCHHS
3HAYCHb TOKA3HWKIB, 10 BIIOOPaKAaIOTh AKTUBHICTh KOHTEHTY B NMEPBUHHHUX TMOBIIOMJICHHAX, 3
MOJAJIBIINM 1X IIEPETBOPEHHSIM Y YaCOBHIA psAJl — CUCTEMAaTH30BaHUi Ha0lp naHux. B ymoBax BUCOKOT
IIUTPHOCT1 MOTOKY BUHUKHEHHS, TMHAMIKH PO3BUTKY Ta TpaHchopmarlii iHGopMaIliiHOro KOHTEHTY
BPaxOBY€ETbCA CTPYKTypa BEIMKHX JaHuX iHQopmamiiHux mnoBigoMieHb. OTxe, Mojeib
KJIacTepH3allii, OKpiM Moy 3a iHGOpMAIIHTHUMU O3HAKaMU 3a0e3MeuyBaTH i€papXidyHe CTUCHEHHS
BXIIHAX MAaCHUBIB BEJIMKUX JaHUX.

Merta gocnmipkeHHs: po3poOka MaTreMaTH4YHOI MOJeNi Kiactepusamii  iHhopMaIiitHux
MOBIIOMJICHB 3 NMOKAa3HUKAMHU aKTHBHOCTI 1H(QOPMAIIITHOTO KOHTEHTY 32 TOHAJIBHICTIO Ta cepamu
ISUIBHOCTI  cycnuibeTBa. [lpeamer mocmimkeHHS: METOOu KiacTepusamlii  iHGopMamiifHux
noBigomiieHb. O0'€KT TOCITIDKEHHS: TIpoliec KiacTtepu3alii iHpopMaIiiHUX MOBITOMIICHb.
Knro4oBi csioBa: Benuki J1aHi, KJIacTepu3allist; IpUpoIHa MOBA.



