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This paper presents a method of semantic modeling based on representing complex
objects and phenomena as informational aggregates composed of core, designating, char-
acterizing, and associative entities. Each entity is described by a set of attributes, and
their interactions are governed by semantic operation algorithms that generate new infor-
mational structures. This approach enables a transition from formal syntactic data rep-
resentation to meaningful semantic interpretation. The proposed method can be applied
to the development of expert and cognitive systems that perform machine understanding
and semantic information processing within the field of artificial intelligence.
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1 Introduction

Semantics, as the foundation of meaning-oriented modeling, can serve as a powerful
instrument in the development of artificial intelligence (AI). More specifically, semantic
modeling is applied in Al to build systems that can “understand” and “process” infor-
mation in a way that approximates human perception, rather than merely manipulating
symbols based on formal rules. Semantic modeling is inherently an informational process.
In natural language processing (NLP), it includes recognizing semantic relations between
words (e.g., a link between “cow” and “milk” across contexts), extracting values about
entities (people, places, events) and their interrelations, and leveraging contextual under-
standing so models perceive how words influence one another—critical for tasks such as
machine translation or chatbot development.

As previously mentioned, semantic modeling is the process of constructing models
that interpret and represent the meanings of objects, concepts, and their interrelation-
ships across various contexts. In works [1, 2], semantic modeling of complex objects has
been studied through their representation as informational entities. The practical tasks
addressed in those works demonstrate the effectiveness of logical-informational represen-
tation for modeling complex objects or phenomena |3, 4].

Semantic models have recently begun to incorporate methods of multitask learning
(MTL), in which a single model is trained to handle multiple tasks simultaneously. This
allows the model to capture deeper semantic dependencies between tasks—such as in
the domains of text comprehension and information extraction [5,6]|. One of the notable
trends in recent years is the capability of models to take into account not only local
context but also global dependencies throughout the text. Models such as RoBERTa,
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XLNet, and ALBERT have significantly improved performance in handling contextual
sequences |[7-9].

However, existing semantic modeling approaches still lack attribute-based represen-
tations of modeled objects and do not provide algorithms for semantic processing—i.e.,
generating new informational entities from existing ones.

Objective. The objective of this study is the development and practical application
of a semantic modeling method based on the notions of informational aggregate and core
informational entity.

2 Method of Solution

In this work, the semantic model of an object or phenomenon is constructed according
to the following conceptual framework.

Concept. The modeled object is represented as an informational aggregate S,
composed of core informational entities. FEach core entity consists of three sub-
entities—designating, associating, and characterizing—each defined by its own attributes.
Together they form an informational space that enables semantic modeling. The formation
of concepts about an object is viewed as the gradual convergence of multiple information
fragments into an integrated representation. Our aim is to describe this cognitive process
algorithmically, since information acquires meaning only within a specific context.

Within this framework, any object or phenomenon is modeled as an informational
aggregate S made up of several core entities C; and associative entities A°, which provide
the contextual basis for interpreting the designating C3 and characterizing C5 entities.
Each of these entities has its own attributes—atomic semantic properties that establish
associative links. Once the designating and associative entities are defined (often with ex-
pert input), semantic operations are applied to derive the characterizing and core entities,
thus forming the complete informational aggregate—the semantic model of the object or
phenomenon.

Let us now introduce the semantics necessary for modeling (fig.1):

Infological set . 3
coe s - ]«
Characterizing entity — ™ C

Designating entity —_ ; Cs
Associative entity — < = Al
Semantic operation — [ ] O

Attribute locality — @ a;-“f

Global nature of the attribute __ @ iy
— a,"

Figure 1 Semantic modeling operators
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It is clear that each association is carried out through a semantic operation algo-
rithm denoted as O. This algorithm O performs semantic operations on the attributes of
informational entities—in other words, it conducts semantic processing of attributes.

Semantic Operations (table 1.):

Table 1. Semantic operations

‘ SymbolH Name H Description ‘
; : The combination of meanings without loss of
&b Semantic Summation P g :
individual identity.
‘ ® H Semantic Multiplication” One meaning amplifies another through cross-influence. ‘
5 One meaning is embedded into another (“embedding”
o Composition
of content).
‘ = H Logical Implication H One meaning implies the necessity of another. ‘
‘ = H Semantic Equivalence H Two meanings describe the same entity. ‘

Definition 1. An attribute is a fundamental property of an entity through which the
mind perceives the essence of an object.

Attributes serve to designate and characterize the object (or phenomenon) and are
categorized into two types: global attributes — a;-’i and local attributes — a?’i, where: 7 — is
the index of the entity, j — is the index of the attribute within that entity.

To assess the global or local nature of an attribute, it is essential to understand the
context in which we are operating—philosophy, informatics, science, linguistics, etc.

Definition 2. Globality of an Attribute refers to the degree to which a given attribute:
is inherently present in all objects of a certain class (universal), determines the essential
nature of that class (type-defining), is independent of environmental conditions, time,
state, or context, remains consistent over the lifespan of the object.

Definition 3. Locality of an Attribute refers to the extent to which an attribute: is
not required for all objects in the class (i.e., partial), does not affect class membership,
depends on external conditions, environment, state, time, or user settings, may change
without altering the essence of the object.

Global properties are defined entirely by the set of objects possessing them. Local
properties, in addition to identifying applicable objects, require a specific parameter value
relevant to the entity. These parameters serve an associative role in the generation of core
entities. The applicability of a local attribute is determined by the presence of specific
global attributes in the object. Such global attributes are called types of objects or
phenomena.

Definition 4. Attributes that simultaneously exhibit both global and local properties
are referred to in this model as keys of informational entities.

As previously stated, core entities associate and combine with other core entities to
form the informational aggregate S. This aggregate is referred to as the infological model
or semantic model of the object or phenomenon [10-13].

Such an aggregate expresses the type of interrelationship between core entities. These
relationships are defined by the roles played by each core entity. Accordingly, within the
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proposed conceptual framework, the object or phenomenon can be infologically repre-
sented as:
S (C’{ oA C’?) , where i = 1,n; =1, m. (1)

A remarkable property of information is that "it does not diminish when consumed; on
the contrary, it multiplies. This phenomenon still lacks a rigorous scientific explanation.
However, it is becoming clear that a new foundation is being laid in informatiology—a
discipline based on principles fundamentally different from those of classical science.

If information is viewed through the lens of its meaning (or energy), the aforementioned
becomes evident. All processes in the universe are permeated with energy-information and
obey two fundamental laws: the law of homeostasis and the fractal principle governing
the structure of control processes (from the cellular level to social systems).

Theorem 1. Let there be two entities, C3 and A°, each possessing a set of attributes
that reflect their semantic specificity.

If a semantic operation exists between their respective sets of attributes

Cfal} & A {ul) = Ca {2} 2)

such that each attribute a; € {C,} is a semantic sum of the attributes o € {Cs} and
a? € {A"}, then the entity C5 is defined as the semantic summation of entities Cs and
AL
G2 {aj} = Cs{aj} & A°{qj}, (3)
2 0

where aj — a’f, aj — a’lo, @ denotes the binary operation of semantic summation.
Proof: Let the informational entities C3 and A° be given with respective attribute
sets:

Cs {a?} = {a:{’,ag, ...,ai}, A° {ag} = {a?,ag, Lnadl (4)

Let us assume a binary semantic operation is defined as follows:
@:Cs{al} x A{ad)} = Cy {aZ}, (5)

such that for each pair of attributes a? € {C3}, a) € {A"}, where, a? and a? are " of
the corresponding entities, the following operation holds:
ai =al & al, (6)
where a € {Cy} .
Then the set of attributes of the entity C) is formed as:

Co{al} = {a},a3,...,al}. (7)

Since each attribute a? is the result of the semantic summation of the corresponding
attributes a? and ag-), and the totality of such ajz constitutes the meaningful structure of
the new entity Cy. The entity Cs is formed as the result of a semantic operation on Cj

and AY:
Co{aj} = Cs{aj} & A" {7} . (8)
Which was to be proven.

Based on the operator scheme (fig.1), semantic modeling of objects or phenomena is
carried out as follows:
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Step 1. Form the associative informational entity A° from a given context K. The
context is chosen based on the content of the problem being addressed.

Step 2. Form the designating informational entity C'3 in collaboration with an expert.

Step 3. Use A° to form the characterizing informational entity Cs.

Step 4. Use A° to construct the core informational entity C.

Step 5. The resulting informational entities form the informational aggregate S:

S (C’f e A® C’f) , where i = 1,n; f=1,m,

where S — is the semantic (infological) model of the object or phenomenon.
We denote the proposed semantic modeling method as Sse,.

A semantic operation — is a function that takes meaning(s) as input and produces a
new meaning as output. It is used to demonstrate how one attribute can be derived from
others at the level of content (table 1).

Algorithm for Applying a Semantic Operation:

— identify the input attributes.

Select the type of semantic operation:

— union, if meaning is formed from a set of elements;

— composition, if one meaning is embedded into another;

— conditional implication, if one meaning gives rise to another.

Define the transformation rule: how one conceptual image is transformed into another
at the semantic level.

Formula of a semantic operation:

a;’i, ecan a = b,
o (a,b) = (9)

a?’i, ecm a # b,
where:

a,b — are attributes of corresponding entities, o (a,b) — is a semantic function that
describes the resulting level of the new attribute;
where i = 1,n; =1, m.

Based on theorem 1. let’s solve a practical problem from the field of psychology.

Problem Statement: Using the proposed method, construct a semantic model of «the
concept Self-Truth» — ,. 4, this entity is formed from three components: «Self-
Concept», «<EGO», and «Selthood».

Description of the Modeled Object.

We project the modeled object into the informational space. If we define ¢, as a core
informational entity, its designating entity C'5 is «Selthood», its characterizing entity Cs is
«EGO» and its associative entity A° is «Self-Concept». Let us define these components.

Selfhood (ontological foundation of personality): the initial, essential wholeness of a
person, representing pure existence. It provides internal continuity and expresses the
fundamental basis of identity.

EGO (regulatory center of personality): a dynamic structure that regulates inter-
actions between the internal world and external reality. It ensures adaptation, self-
organization, and protection of personal integrity through awareness, volition, and
decision-making.

Self-Concept (cognitive reflection of personality): a system of beliefs, representations,
and feelings that a person has about themselves. It includes perceptions of physical,
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psychological, and social traits and constructs the image of "{"through self-awareness
and social evaluation.

Stages of Modeling 4,.
Using Ssem, let’s model 4.

Step 1. Define the designating entity C5 formed in collaboration with an expert. It
includes the following attributes: (a§’3 — integrity, self-acceptance, life direction, inner
freedom, uniqueness).

Step 2. The associative entity A° is the context. Includes the following attributes:
(ai’o — self-image, self-esteem, ideal self, emotional state, social).

Step 3: O is formed in a pair of the denoting C3 and the associative A° entity. The
resulting attributes include: (ai’2 — authenticity, self-worth, goal orientation, emotional
maturity, assertiveness).

Based on (4) and (9) formulas, we find a’”

Co{ar*} = Co{ar’} @ A (a7},

Cy {ai’Q} = C3 {integrity} @ A° {sel f — image} . (10)

From the semantic operation, we obtain the set of attributes for the characterizing
entity.

Cy {authenticity} = Cs {integrity} @ A° {sel f — image} . (11)

In psychology, authenticity arises when a person’s internal state (integrity) is in har-
mony with their subjective self-image. In such a case, the person acts in accordance with
how they perceive themselves, and this behavior aligns with their core values [14].

Step 4. C) is formed in a pair of entities characterizing C, and associative A°. At-
tributes of C include: (ali’2 — self-awareness, ethical stability, life mission, harmony,
integrated presence).

Based on (4) and (9) formulas, we find a’”

Cif{ar’} = G {aj*} @ A% e},

Cy {ag’l} = Oy {authenticity} ® A° {sel f —image} . (12)

From the semantic meaningful summation, we obtain the following attribute of the
core entity:

C, {self — awareness} = Cs {authenticity} ® A° {sel f — image} . (13)
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Figure 2 Semantic model of self-truth

If a person is internally integrated and clearly perceives themselves, their level of
self-awareness is high. If they are internally integrated but have a distorted perception
of themselves, they become aware of something false. If they clearly realize that there is
chaos within, it still qualifies as awareness, albeit lacking stability. If they are disintegrated
and unaware of it, this indicates a low level of self-awareness [15].

The semantic model of the self 4, is shown in fig. 2. Based on this semantic system
Ssem, one can predict a person’s behavior, and accordingly, the dynamics of the social
environment in which the person resides.
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3 Conclusion

The developed model of the 4, demonstrates the potential of semantic personality
modeling using methods traditionally applied in information and computer sciences. The
model includes:

— a hierarchy of entity classes;
— a semantic structure;
— formal relationships between levels of meaning.

Based on the semantic system S, it is possible to predict behavior—in our case,
psychological changes and corresponding patterns of human behavior.

The proposed method of semantic modeling can be implemented within expert sys-
tems, semantic graphs, ontological modeling frameworks, or integrated into user behavior
analysis systems and cognitive interfaces. Moreover, it may serve as a foundation for
self-identification algorithms in the context of artificial intelligence and human-centered
Al systems.

The model is open to scaling and extension: new entities can be added, attribute
details refined, and evaluation or feedback logic implemented within object-oriented or
functional paradigms. This work may serve as a starting point for a theory of semantic
representation for problems that are difficult to formalize.
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METO/JA CEMAHTNYECKOI'O MOAEJINMPOBAHNAA

Y Pyemamos H., ' Amupmaes K., > Tacmanosa C.
*nassim.rustamov@ayu.edu.kz
IMezk Ty HAPOIHBIH Ka3aXCKO-TypeIKHil YHuBepcuTeT nMenn Xomkn Axvena Scasn,
161200, Kasaxcrasn, r. Typkecran, up. Bekzar Carrapxanosa, 29;

2TamKkenTcKuii yHuBepCHTET NHMOPMAIMOHHBIX TeXHOIOT I nMenn MyxaMmaia-a-XopasMuii,

100202, Y36ekucran, Tamkent, yia. Amupa Temypa, 108.

B craTbe paccMaTpuBaeTCsl METO CEMAHTHIECKOI'O MOJEINPOBAHNST, OCHOBAHHBIN Ha
IPEeICTAaBIEHIH CA0KHBIX 00bEKTOB U sIBJIEHUI B BUe NH(MPOPMAIMOHHBIX arperaTos, Co-
CTOSIIUX U3 SIPOBLIX, 0003HAYAIONINX, XaPAKTEPUIYIOIINX U ACCOIUATUBHBIX CYIIHOCTEIA.
Kazkmast cymHoCTh OIUCHIBAETCs HAOOPOM aTpubyTOB, a B3aUMOIEHCTBUE MEXKJy HUMU
3aa6TCs Yepe3 aJI'OPUTMbI CEMAaHTUYECKUX OIIePallfii, TO3BOJIsIONe (GPOPMUPOBATL HO-
Bble TH(POPMAIMOHHBIE CTPYKTYPbI. TaKol 1101x0/1 00eCevInBaeT mepexo 0T popMaaIbHO-
CHHTAKCHUIECKOI'O OIUCAHUS JaHHBIX K CMBICJIOBOMY YPOBHIO UX IIPEICTABJIEHUS U HHTED-
nperanun. MeTos MOXKeT OBbITh IIPUMEHEH I [IOCTPOEHUS SKCIEPTHBIX M KOIHUTHUBHBIX
cucTeM, 00ECIeYNBAOIIMX MAIIMHHOE TIOHUMaHue 1 00paboTKy MHPOPMAaIIUA B KOHTEKCTE

NCKYCCTBEHHOI'O MHTEJLJIEKTA.

Kuarouesbie cioBa: nHpOpPMaIMOHHOE MOJICIUPOBAHUE, CMBIC/IOBAasI CTPYKTYPa, aTpU-
OyTHBHOE ONKMCaHNe, KOTHUTHUBHBIE CUCTEMbI, HHTEPIIPETAIUS JTAHHBIX.
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