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DEVELOPMENT OF MODELS AND METHODS FOR CONSTRUCTING
MULTIDIMENSIONAL DIDACTIC INSTRUMENTS

The subject of the study in this article is the synthesis of multifactorial, predominantly eight-factor graphical
logical-semantic models for knowledge representation with an open architecture for knowledge bases. The aim
is to provide a theoretical description of the stages in developing these models and practical recommendations
for their design. Tasks include: analyzing fundamental theoretical and practical principles of didactic multidi-
mensional technology and characteristics of existing multifactorial logical-semantic knowledge representation
models, identifying their strengths and weaknesses; defining the research methodology; analyzing theoretical
principles for creating multifactorial logical-semantic knowledge representation models and identifying issues
requiring solution; examining characteristics of didactic multidimensional instrumental models; researching
eight-factor architectures of logical-semantic knowledge representation models; developing a method for de-
signing logical-semantic knowledge representation models; advancing the method for forming two-factor logi-
cal-semantic knowledge representation models; practically implementing the logical-semantic physical (first
level) knowledge representation model for multifactorial models; and summarizing research results and outlin-
ing future research directions in the field of modeling knowledge for open-architecture knowledge bases. The
following results were obtained: Analysis of the literature sources indicates that current information technology
implementations mainly focus on artificial intelligence-based tools, such as databases and knowledge bases.
However, alternative principles for forming knowledge representation models have also been developed. Con-
clusions. The scientific novelty of the obtained results lies in the following: establishing the practicality of tran-
sitioning from matrices to a tabular form for representing inter-factor (vector) relationships between set ele-
ments as a Cartesian product; proposing the use of spreadsheet editors such as Microsoft Excel to form multi-
vector logical-semantic knowledge representation models with any number of factors; determining that the use
Microsoft Excel facilitates the implementation of the second and third stages of knowledge base design in the
following forms: logical-semantic physical (first level) knowledge representation model; forming logical-seman-
tic physical (second level) knowledge representation model. Additionally, Microsoft Excel supports the admin-
istration and management processes for the established knowledge base. However, defining the forms of rela-
tionship between elements for Cartesian product operations remains necessary. This issue requires further re-
search and may be the subject of subsequent studies.

Keywords: logical model of knowledge representation; logical-semantic model of knowledge representation;
open architecture knowledge base; semiotics; tabular representation; factor.

«The project management system can be used
practically for any type of project, particularly for

1. Introduction

The graphical form is one of the primary methods
for representing knowledge in the educational process.
Various software products, such as Microsoft Office
PowerPoint, Microsoft Office Visio, and numerous other
applications, are used for creating graphical materials. At
the same time, there is a considerable number of
graphical models for representing knowledge and data,
both in business activities [1, 2] and educational activities
[3], which necessitate the development of appropriate
methods for constructing knowledge bases using
computing tools. In project management, a methodology
for multidimensional data representation for managing IT
projects has been proposed, defined as follows [4]:

managing complex software development projects. Thus,
to analyze information processes and manage projects, a
multidimensional data representation methodology can
be employed, enabling multidimensional visualization
and data manipulation. This methodology serves as a
means of formulating multidimensional queries and
allows processing a large data array to generate queries.

For effective work with large datasets, OLAP
programs are most suitable. Most of them have three
architectural levels and are known as OLAP cubes. From
a mathematical viewpoint, the number of elements in a
cube across all dimensions is the same, whereas OLAP
cubes do not require such conditionsy.
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It should be noted that OLAP cubes are used for
data analysis and are not intended for knowledge
representation and analysis. Therefore, it is essential to
analyze the applicability of this methodology for
multidimensional knowledge representation tasks.

The problem of representing multidimensional
knowledge is particularly relevant to the aviation and
space industries. These sectors operate with vast
quantities of intricate data, encompassing aerodynamic
characteristics, flight dynamics, materials, navigation
systems, and responses to stress factors. Effective
multidimensional knowledge representation methods are
therefore essential for developing decision support
systems for pilots and air traffic controllers, as well as
improving simulation trainers. Implementing such
models improves flight safety and the efficiency of space
missions.

The problem of multidimensional knowledge
representation can be resolved in the following ways:

— developing specialized software to integrate
known graphical models of knowledge representation
into an appropriate knowledge base. However, there is no
specific software identified to handle all management
tasks related to such a knowledge base;

— developing a suitable methodology for designing
knowledge bases using known software, ensuring
integration of existing knowledge representation models,
creating new ones, and maintaining open accessibility for
users;

— utilizing existing software applications for
constructing OLAP cubes to represent knowledge, taking
into account the experience gained from developing
multidimensional didactic instruments as per [3],
strategic thinking models as per [1], and other graphical
knowledge representation models as per [2].

1.1. Motivation

One of the main directions in implementing the core
principles of Industry 5.0, defined as the Internet of
Knowledge, involves developing appropriate methods
and models for knowledge representation. Given that
knowledge is an essential resource for organizations, the
task arises to develop and widely implement methods and
models of knowledge representation. These methods and
models must meet the following requirements:

— simplicity of graphical knowledge representation
models;

— accessibility for users in designing conceptual,
logical, and physical models of graphical knowledge rep-
resentation;

— eliminating the stage of designing graphical
knowledge representation models using programming
languages.

Further development of the theoretical foundations

for logical-semantic graphical knowledge representation
models according to [1] has been conducted in work [5].

At the same time, the models of logical-semantic
graphical representation of knowledge, which were con-
sidered and analyzed in [3], require further improvement
through theoretical substantiation of the method of their
formation. In addition, methods for designing knowledge
bases based on logical-semantic representation models
require further development.

Therefore, there is a task of advancing the models
and formation methods for multidimensional didactic in-
struments as outlined in [3].

1.2. State of the art

The development of contemporary technologies in
educational practice has been addressed in the work [6].

This study focuses on «analyzing and summarizing
novel approaches to organizing the educational process,
aiming not only to describe and analyze current educa-
tional trends but also to identify substantial determinants
and propose innovative technologies that enhance the ef-
fectiveness of professional development for future spe-
cialists».

Unfortunately, this study does not address the de-
velopment of relevant information technologies and prac-
tical tools to support the educational process at the uni-
versity level.

Further advancement of the theoretical foundations
for developing multidimensional didactic tools and ex-
amples of their practical implementations are presented
in work [7]. This study introduces the concept of "de-
sign".

The study [8] «discusses the principles and features
of technology using multidimensional didactic tools (as
cognitive methods for storing and processing educational
information and visual aids, facilitating support for vari-
ous cognitive activities) in the professional training of fu-
ture educators within modern pedagogical master's pro-
grams».

Study [9] «examines contemporary methods pro-
posed for embedding knowledge bases into descriptive
logic within vector spaces through the lens of their geo-
metric semanticsy.

Study [10] «discusses a knowledge-based model for
designing and developing educational units and tools.
The use of conceptual maps is proposed as a logical and
abstract annotation system that can be integrated into
learning management systems».

Work [11] is dedicated to specifying requirements
for conceptual maps and forms part of a series of stand-
ards related to information technologies (ISO/IEC
13250).

An interesting approach is presented in work [12],
which discusses the concept of «open architecture in
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educational programs, promoting flexibility and adapta-
bility in the learning process. This approach can be inte-
grated into the development of teachers' knowledge bases
to support methodological work».

Unfortunately, the reviewed studies have not paid
attention to a crucial aspect of the didactic modeling en-
vironment's development, namely, the application of in-
telligent information technologies to create relevant
knowledge bases in the form of automated workplaces
for educators, employing logical-semantic models of
knowledge representation, as well as the theory and prac-
tice of multidimensional didactic technology featuring an
open architecture.

1.3. Objectives and tasks

The aim of this article is to develop a theoretical de-
scription of the stages involved in creating these models
and provide practical recommendations for their design.
To achieve this aim, the following objectives must be ad-
dressed: conduct an analysis of the characteristics of mul-
tidimensional didactic instrument models described in
[2]; develop proposals to improve methods for forming
multidimensional didactic instruments.

The primary tasks and stages of this research are as
follows:

— Stage 1: Analysis of fundamental theoretical and
practical aspects of multidimensional didactic technol-
ogy and the characteristics of existing multifactor logi-
cal-semantic knowledge representation models, includ-
ing identification of their strengths and weaknesses (Sec-
tion 1);

— Stage 2: Determination of the research methodol-
ogy (Section 2);

— Stage 3: Analysis of theoretical foundations in
forming multifactor logical-semantic knowledge repre-
sentation models, and identification of unresolved issues
(Section 3);

— Stage 4: Analysis of characteristics of multidi-
mensional didactic instrument models (Section 4);

— Stage 5: Investigation of eight-factor architectures
of logical-semantic knowledge representation models
(Section 5);

— Stage 6: Development of a design method for log-
ical-semantic knowledge representation models (Sec-
tion 6);

— Stage 7: Enhancement of methods for forming
two-factor logical-semantic knowledge representation
models;

— Stage 8: Practical implementation of the first-level
logical-semantic physical model of knowledge represen-
tation for multifactor models;

— Stage 9: Discussion of research results;

— Stage 10: Conclusions and perspectives for further
research.

2. Research methodology

The research approach involves developing meth-
ods for designing logical-semantic models of knowledge
representation based on theoretical foundations and prac-
tical results obtained from developing multidimensional
didactic technology.

Set theory is proposed as the theoretical foundation.
The rationale behind this choice is that all known logical
and logical-semantic knowledge models are representa-
tive objects within this theory.

3. Materials and methods of research

The basis of multidimensional didactic methodol-
ogy and the corresponding instruments used to imple-
ment this methodology is described as follows [3]:

"The concept of visual multidimensional didactic
instruments (MDI) involves the transformation of verbal,
textual, or other forms of information representation into
a visual, conceptual-imagery form characterized by three
parameters: semantic (content-related), logical, and spe-
cially graphical. The multidimensionality of the subject
displayed by the instrument is ensured by three founda-
tions illustrated in Fig. 1, presenting the content of a co-
ordinate-matrix reference-node system reflecting the
three foundations of MDI:

— logical-semantic modeling;

— cognitive representation of knowledge;

— radial-circular organizationy.

Logical-semantic modeling

K1-K8 — radial directions

extending from
the central topic

K3

K2 K4

'\T/'

K1 <— Topic — K5

Fig. 1. Triad of MDI foundations

These didactic multidimensional instruments con-
sist of two fundamental components, namely [3]:

— an eight-coordinate node graphical (spatial) rep-
resentation (Fig. 2, 3);

— a matrix-based inter-coordinate representation of
information (Fig. 4, 5).



Mooentoeanns ma yugposizauis

o1

This form of representation achieves "transfor-
mation of verbal, textual, or other forms of information
representation into a visual, conceptual-imagery
form" [3].

In constructing MDIs, information is transformed
according to these foundations based on several special-
ized principles [3]:

— the principle of systemic multidimensionality in
selecting and aggregating content;

— the principle of splitting-combining and the re-
lated principle of complementarity in constructing and
utilizing MDls;

—the principle of triadic structure in forming seman-
tic groups that enhance psychological stability."

—
K2 .
E4 -
_;Kl Topic Ki;-.,
Eg Es&
K7 .

Fig. 2. Multidimensional semantic space,
K1...K8 — Coordinates — directions of measuring the
topic being studied

K3

K2

.
;

Kl «@—@— Topic —@—@> K5

K8 K6

Fig. 3. Coordinates and reference nodes

4. Analysis of the characteristics of multidi-
mensional didactic instrument models

The characteristics of the models discussed in this
paper for respective factors (vectors) are summarized in

Tables 1 and 2. Future research should focus on provid-
ing a theoretical justification for the formation methods
of these graphical structures and determining the direc-
tions for further development of the respective models.
As a starting point for analysis, the eight-factor
knowledge representation model architecture is pro-
posed.

Fig. 4. Inter-coordinate matrix

K3

K7

Fig. 5. Coordinates, reference nodes,
and inter-coordinate matrices

5. Investigation of eight-factor architectures
of logical-semantic knowledge
representation models

The investigation begins with the model of a multi-
dimensional semantic space (see Fig. 1). This model is
constructed using eight coordinates, where the elements
of set K are formed as a set of characteristic attributes
relevant to knowledge in a given subject domain (or
topic). These attributes originate from the element that
denotes the topic, or more precisely, the subject domain
for which this model is developed. In other words, the
coordinates in terms of content are the elements of set K.

In general, each coordinate to be elaborated is fur-
ther divided into dimensions (nodes) B1.1, B1 2, and so on
(see Fig. 4).
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Table 1
Characteristics of multidimensional didactic instrument models (one to five factors)
Model Number of factors in models Total
Characteristics | One factor | Two factors Three factors Four factors Five factors
Number 4 8 2 3 8 25
of models
8, one ma-
N_umber of ma- 1 matrix 8 2 0 matrix trix per 19
trices
model
Graphical archi-
tecture of models
Table 2
Characteristics of multidimensional didactic instrument models (six to nine factors)
Model Number of factors in models Total
Characteristics Six factors Seven factors Eight factors Nine factors
Number of models 6 3 40 1 50
6 matrix 6, one matrix
Number of matrices 2 matrices per 0 0 ' 12
per model
model
Number of spiral 1 spiral 1
models
Number of circular
3 3
models
Number of models
with inter-coordinate 2 relations 3
links
Number of quadrant 1 model (3
1
models quadrants)
Graphical architec-
ture of models

The first question that arises here concerns the na-
ture of relationships between adjacent elements in set K,
for example between K1 and K2. Are they semantically
related to one another or not? If they are unrelated, then
the order of elements within set K can be arbitrary. If re-
lationships do exist, then an additional task emerges: to
uncover the form and meaning of these relationships.

Let us first consider the case where no relationships
exist between adjacent elements of set K. In that case, the
following structure of set K for the multidimensional se-
mantic space model is valid:

K = (K1, K2, K3, K4, K5, K6, K7, K8).

Under this condition, the model architecture de-
picted in Fig. 3 is justified. Without violating the internal

logic of this model, we can propose its reformatted graph-
ical representation (Fig. 6). In this representation, each
element of set K (K1...K8) corresponds to a vertical co-
ordinate, on which reference nodes B, 1 through Bss are
marked. These vertical coordinates are the components
of a future grid. The nodes along these coordinates rep-
resent specific knowledge elements. First and foremost,
it is important to note that for the elements of set K, the
following inclusion conditions are possible.

The content of all elements in set K is independent
from one another, and their inclusion in set K is deter-
mined by the content of the subject domain (educational
topic for the model) (see Fig. 6).

The content of certain elements (nodes) within sets
K1...K8 (from the set B11...Bg3) for adjacent vectors
may be interdependent (Fig. 7). At the same time, such
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relationships may also be established between non-adja-
cent vectors (Fig. 8).

Subject (field of knowledge), set of elements
K1 K2 K3 K4 K5 K6 K7 K8

B1,1 o O Bg
B, Bs,
Bi; By

Fig. 6. Graphical Representation
of the Logical-Semantic Model

Kl K2 K3 K4 K5 K6 K7 K8

BS.I

Bﬁ.l

B3.3

Fig. 7. Logical-semantic model with dependencies
between adjacent vectors

Kl K2 K3 K4 K5 K6 K7 K8

Bro—¢ ¢ ¢ —0—07 ® B;,
? ¢

B,;o— ® B;,

Bis T/ T Bss

Fig. 8. Logical-semantic model with dependencies
between non-adjacent vectors

In the following research, it is assumed that rela-
tionships can be established only between adjacent ele-
ments of the set K, such as K1 and K2. This allows the
formation of an additional two-factor knowledge repre-
sentation model. Such a model can either be part of a
larger multifactorial model—of which there may be sev-
eral—or exist as an independent two-factor model.

From this point on, the overall eight-factor model
will be visualized as a grid model in the following form

(Fig. 9).

Kl K2 K3 K4 K5 Ko K7 K8

Fig. 9. Grid representation
of the eight-factor logical-semantic model

It should be noted that a specific configuration of
content is possible for vectors K1...K8, where the con-
tents of all first nodes, all second nodes, and so on across
all vectors correspond to a unified condition. In this case,
the following form of the grid model is feasible (Fig. 10).

Kl K2 K3 K4 K5 K6 K7 K8

Fig. 10. Grid model with semantically unified nodes
across vectors

In the case where the knowledge contents of two ad-
jacent vectors in set K (e.g., K1 and K2 as shown in
Fig. 4) are dependent on one another, this results in the
emergence of relationships between adjacent elements of
sets Bi,1...B1,4 and By,1.... B2,4. In such instances, it be-
comes crucial to define the nature of relationships be-
tween the concepts represented by those elements. One
possible form of such a relationship is the Cartesian prod-
uct of sets, for example, K1 x K2.

Multidimensional semantic space models in the
form of eight-coordinate radiant representations (see
Figs. 2, 3) as well as two-coordinate matrix (grid) repre-
sentations (see Fig. 4) provide a clear and visual way of
presenting knowledge elements.

Based on the analysis, the following advantages
(features) of the models investigated can be identified:

— clear and unambiguous representation format —
eight-coordinate semantic space;

— formation of reference nodes along each coordi-
nate, which are linked with semantic knowledge units;

— possibility of establishing various types of rela-
tionships between reference nodes on different coordi-
nates;
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— capability to form inter-coordinate matrices formation of the logical-semantic physical knowledge
(grids). representation model (first level). At the third stage, the

The disadvantages of the investigated models in-
clude:

— impracticality or inconvenience in associating de-
fined coordinate-axis nodes with concrete knowledge el-
ements;

— undefined nature of relationships between adja-
cent nodes (i.e., between corresponding knowledge units)
within matrix (grid) representations (see Fig. 7);

— absence of dedicated software (applications) for
forming the studied models as digital representations;

— inability to include knowledge carriers (e.g.,
books, journals, articles, regulations) in electronic form
as part of the model’s structure;

— in none of the seventy-five studied models was
time included as a coordinate. As a result, the knowledge
represented in these models pertains only to the static ex-
istence of objects from the animate and inanimate world.

6. Development of a design method
for logical-semantic knowledge
representation models

This raises the issue of further improving the
method for constructing knowledge representation mod-
els. It is proposed to apply a well-known method from
relational database design theory, which is based on a hi-
erarchical project model with the following stages of data
model representation [13]: conceptual data model; logi-
cal data model; physical data model.

Based on this approach, it is proposed that the de-
velopment of multivector logical-semantic knowledge
representation models follow the same sequence.

At the first stage, a conceptual graphical (paper-
based) model is created to represent primary knowledge
about the subject area (domain knowledge), which will
later be represented in the form of grid models using for-
mats shown in Fig. 6 —10. It should be noted that at this
stage, the essential knowledge components to be included
in the model are identified. These components define the
content of the elements in set K (K1...K8) as well as the
sub-elements that determine their content, for example,
in K1: (B11 ... Bs3) (see Fig. 6).

At the second stage, it is proposed to transform the
previously designed model into one implemented in a
software application such as Microsoft Excel, as shown
in Table 3, i.e., in tabular form. The transition from a grid
model to a logical physical tabular form enables the fix-
ation and visualization of knowledge elements corre-
sponding to the elements of set K, as well as the elements
of sets K1...K& (B1_1 Ba_s).

This stage in the design of logical-semantic
knowledge representation models is defined as the

model undergoes further transformation by creating a set
of folders in which knowledge carriers in electronic form
can be stored. The content of these folders corresponds
to the Cartesian product elements of sets K x A. This
leads to the formation of a complete logical-semantic
physical knowledge base model (second level) for a spe-
cific subject domain, consisting of a structured folder
system (Fig. 11). To establish links between non-adjacent
elements of set K (see Fig. 6), hyperlinks must be created
between corresponding cells in the logical model (at the
second design stage).

Table 3
Tabular representation of set K

K1 K2 K3 K4 K5 K6 K7 K8

Bi1 Bs,1
B2 Bs,2 Bs,2
B3 Bs,3

Advantages of the proposed method for designing
logical-semantic physical multifactor knowledge repre-
sentation models include:

— the existence of two interconnected logical-se-
mantic physical models of knowledge representation;

— open architecture of the logical-semantic physical
model (spreadsheet) accessible to the user;

— direct access to the original knowledge sources—
folders created in File Explorer and linked to cells in the
logical-physical model (spreadsheet) via hyperlinks.

Disadvantages: all of the studied models lack a time
vector!

7. Advancement of the Method for Con-
structing Two-Factor Logical-Semantic
Knowledge Representation Models

In cases where a multifactor model includes con-
nections between adjacent elements of the set K (see
Figs. 7, 8), the application of the proposed method for
knowledge base formation enables the creation of a local
knowledge base for a specific pair of elements from set
K — for example, elements K1 and K2 — in the form of a
table (see Fig. 11).

According to [3], in order to define the content of
knowledge associated with a specific node that represents
an inter-coordinate link (see Fig. 7), the Cartesian prod-
uct operation (direct product) is applied (Table 4).

Another possible representation is a standard table
format (see Table 5). In this case, relationships arise be-
tween elements of sets K and A, for example in the form
of'a Cartesian product K x A, which may result in a value
such as the pair v, K4. Thus, this operation—and more
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Logical-semantic physical (first level)
model of the knowledge base, which

18 formed in a spreadsheet

Kl _—K2

K3 K4

/Bl,l/

/‘{31,2/|

/BlB/i

f“““"*— Hyperlink

Fold erM

Foldeg/

Folder

Folder 14—

Logical-semantic physical (second
level) model of the knowledge base,
which 1z formed in the “Explorer”

application

Fig. 11. Logical-semantic physical knowledge base model (second level)

Table 4

Representation of the Cartesian product operation
K1

1111213 14 |15|16(17|18
K2
2,1
2,2 1,4:2,2
2,3

broadly, other forms of binary relations—can be regarded
as the first stage of knowledge processing within this
knowledge representation model, supporting the for-
mation of primary knowledge. Alternatively, the Carte-
sian product may also be expressed using a different
combination format. According to [9], the Cartesian (di-
rect) product of two sets is defined as follows:

"In set theory, the Cartesian product (direct product)
of two sets X and Y is the set of all possible ordered pairs
in which the first component belongs to set X and the
second to set Y. The term is named after the French math-
ematician René Descartes. The Cartesian product of two
sets X and Y is denoted as X x Y."
». Furthermore, [10] presents another visualization of the
Cartesian product (Table 6).

Table 5
Representation of the Cartesian product operation
for elements of sets K and A

Kl | K2 | K3| K4 | K5 | K6 | K7 | K8

Y,K4

N| <| %> %

In previous examples (Table 4 and Table 5), the re-
sult of the Cartesian product is a pair of elements such as
B, K4 or 1.4, 2.2. However, in this new example, the el-
ements (letters) change color. What does that mean?

Consider, for example, the Cartesian product of two
sets of numerical series ranging from 1 to 6. Here, we
apply the Cartesian product in the form of a “Cartesian
algebraic product” of table elements. As a result, we ob-
tain a multiplication table. In this case, the outcomes of
the Cartesian product are not pairs of numbers. There-
fore, the meaning of the Cartesian product operation may
vary.

Table 6
Alternative representation of the Cartesian
product operation

«< Colors

S dark

£ | purple blue blue | green|yellow |orange| red
B B B B B B B B
I I | | I I I I
K K K K K K K K

In the examined examples (Table 6 and Table 7),
the cells of the table contain not just pairs of elements,
but also the outcomes of combining those elements. In
the first example, this combination results in colored let-
ters; in the second, it is a mathematical combination—the
product of two numbers.

From a mathematical standpoint, in addition to mul-
tiplication, other operations can also be implemented: ad-
dition, subtraction, division, exponentiation, square root
extraction, and others.




56

ABIAIIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOT'IfI, 2025, Ne 5(207)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

Table 7

Cartesian product of two sets

as numerical series from 1 to 6
1 2 3 4 5 6
1 1 2 3 4 5 6
2 2 4 6 8 10 12
3 3 6 9 12 15 16
4 4 8 12 16 20 24
5 5 10 15 20 25 30
6 6 12 18 24 30 36

With regard to the example in Table 5, the follow-
ing explanation of the pairing mechanism may be pro-
posed. If we consider the concepts of "color" and "letter"
as results of cognitive processes in the human brain,
then—according to G. Hegel’s Science of Logic—these
concepts can be associated with the philosophical cate-
gories of “universal” — “color” and “particular” — “let-
ter”, establishing a dialectical unity between them:

— «universal » > « particular »;

— « color » :D’ « letter».

Thus, this form of Cartesian product can be de-
scribed as a "Cartesian dialectical unity." From this, it
follows that the elements of the sets used to construct
such a table need not be limited to numbers or letters;
they may also include terms, concepts, or meaningful ex-
pressions.

In such cases, it becomes possible to generate new
knowledge based on the pairs formed.

8. Practical Implementation
of the Logical-Semantic Physical
Knowledge Representation Model
(First Level) for Multifactor Models

According to the data from Tables 1 and 2, two-fac-
tor logical-semantic models in matrix form are used as

standalone models in eight cases.

In other multifactor models, inter-factor matrices
are generally applied in twenty models. Notably, the
unique nine-factor model includes six such matrices.
Based on these observations, there arises the task of de-
veloping a design method for the logical-semantic phys-
ical knowledge representation model (first level) that al-
lows for any number of factors and inter-coordinate ta-
bles.

Considering the conclusions of the previous section,
the term "inter-coordinate table" is proposed instead of
"inter-coordinate matrix."

Fig. 12 presents an example of architecture of such
a model for eight factors. This model can be used to con-
struct knowledge representations ranging from a single
factor up to eight factors. Not all adjacent factor pairs re-
quire a corresponding table. The maximum number of ta-
bles in this model is eight.

A question arises: is it possible to construct such a
model for more than eight factors? According to Fig. 13,
by applying the same logic used for generating individual
tables in Fig. 12, any required number of factors and in-
ter-factor tables can be developed.

Once the content of the factor set K, as well as the
content of each individual factor’s elements, is defined,
it becomes possible to proceed to the third stage of the
design process — namely, the logical-semantic physical
knowledge base model (second level) for the specified
subject domain (see Fig. 12). To accomplish this, an ap-
propriate number of folders is created, and hyperlinks are
established from the cells of the first-level model to the
respective folders.

Afterward, relevant electronic documents can be
placed into the corresponding folders, with their content
defined based on the results of applying the Cartesian
product operation — taking into account the considera-
tions discussed in Section 6.

1-8 3-4 4-5 7-8
K8 K4 K8
KA1 0 K3 ] K5 0 K7 0
By .4|B1.2|B13|B1s

Bz 1

By o K2 KE

Bz

B4
1-2 2-3 5-6 G-7

Fig. 12. Example of model architecture for eight factors
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7-8 8-8 10-11
K8
0 K7 0 K8 0 K11
K6 K10
6-7 9-10

Fig. 13. Example of model architecture for eleven factors

9. Discussion of Research Results

From the analysis of literature sources, it follows
that currently the primary focus in the implementation of
information technologies is on tools based on artificial
intelligence theory, including databases and knowledge
bases. On the other hand, alternative models and methods
of knowledge representation that utilize different princi-
ples for constructing knowledge models have also seen
development.

As part of our investigation, we considered the work
by Rozycki et al. [14], which explores the use of multi-
layer fuzzy ontologies for semantic knowledge modeling
in Industry 4.0 environments. This study provided valua-
ble insights into integrating semantic models into intelli-
gent decision-support systems. It supported our assump-
tion that logical-semantic models, particularly those with
open architectures, can be effectively applied in complex
industrial systems where semiotic layers of interpretation
are essential.

Additionally, we reviewed the application of formal
ontologies in knowledge-intensive environments as pre-
sented by Dell’ Anna et al. [16].

Their use of semantic agents for interoperability re-
affirmed the necessity of standardized and modular ap-
proaches in knowledge representation.

This reinforced our conclusion that logical-seman-
tic models, such as the ones developed in this paper, can
be adapted for use in diverse semiotic systems, ranging
from academic knowledge bases to organizational pro-
cess modeling.

In [17] is proposed the novel method, which intro-
duces historical information completion strategy and pre-
trained language model to conduct explainable inductive
reasoning over temporal knowledge graphs. Moreover,
the semantic similarity between the query quadruples and
the extracted paths is evaluated to simultaneously opti-
mize the representations of entities and relations.

A novel framework that combines emotion learning
and logical semantic representation is proposed for video
paragraph captioning in [18]. And it also could be used
as didactic instruments.

The knowledge organization provides theoretical
support for the study of semantic knowledge organization
and representation, among which knowledge organiza-
tion system is the important tool of semantic organization
and it is focused in [19]. The model and method proposed
in this paper is independent of the specific type of
knowledge organization system, so it is innovative and
universal. The methodology is also applicable to other
fields of conceptual system modeling, metadata standard
construction, and data model modeling.

For instance, works [1-8] propose various graphical
knowledge representation models using vector coordi-
nate systems. In works [1, 2, 5], particular attention is
given to using a four-vector Cartesian coordinate system
as the graphical foundation for knowledge models. In [1],
other vector-based models are also used, such as two-
vector representations. Works [3, 7] focus on multivector
(primarily eight-vector) knowledge representation mod-
els, which, according to the principles of semiotics, are
classified as logical-semantic models.

The main shortcoming of all the examined models,
as noted in [1] and [3], is the lack of developed infor-
mation technologies and software applications for build-
ing such models. This issue stems from the absence of
general theoretical foundations for designing such appli-
cations, as well as limited application of existing tools.

It is important to emphasize that both the four-factor
models described in [1] and the eight-factor models in
[3], as well as the models developed in this study, do not
provide a theoretical justification for the construction
logic of two-factor models in matrix form. Therefore,
based on [5] and the results of this research, the use of the
term "table" is proposed for two-factor models.
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As demonstrated in Section 6, the use of tables en-
ables the formation of multifactor models with any num-
ber of factors and a corresponding number of inter-factor
tables. Replacing the term "vector" with "factor" empha-
sizes the fact that the contents of the matrix elements A
and K (see Table 5) carry specific semantic meaning.

10. Conclusions and Future
Research Perspectives

The main outcomes of this study are as follows:

— the justification for transitioning from the use of
matrices to describe inter-factor (vector) relationships be-
tween set elements to a tabular form of representation,
based on the Cartesian product;

— the use of spreadsheet editors, such as Microsoft
Excel, enables the construction of multivector logical-se-
mantic knowledge representation models with any num-
ber of factors;

— the use of Microsoft Excel also supports the im-
plementation of the second and third stages of knowledge
base design in the following forms: logical-semantic
physical model (first level) of knowledge representation;
logical-semantic physical model (second level) of
knowledge representation;

— the use of Microsoft Excel also facilitates admin-
istration and management of the developed knowledge
base.

At the same time, there arises the need to define the
types of relationships between the elements for which the
Cartesian product operation is applied within the table.
This issue requires further study and may serve as the
foundation for future research.
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PO3BUTOK MOJIEJIEM TA METOJIB ®OPMYBAHHS JIUJTAKTUUYHUX
BA'ATOMIPHUX IHCTPYMEHTIB

C. L Jlouenxo, K. A. Tpybuaninosa, /1. 1. Hop, O. 1. Mopo3zoea

IIpenMeToM BUBUYEHHS B CTATTI € MpoLECH CUHTE3Y OaratoakTOPHUX, IEPEBaKHO BOCBMH (paKTOPHUX, Tpa-
(IYHAX JTOTIKO-CMHUCIIOBUX MOJENEH MPeICTaBICHHS 3HAHb 3 BIIKPHUTOIO apXiTEKTyporo i 6a3u 3HaHb. MeToro
CTaTTi € POpMyBaHHS TEOPETUIHOTO OMICY €TaIiB PO3POOKH X MojeieH i popMyBaHHS MPAKTHYHUX PEKOMEHIA-
i#t 3 iX mpoekTyBaHHS. 3aBJAaHHA: aHAJI3 OCHOBHUX TIOJIOJKEHb TEOpii Ta MPAKTUKN TUAAKTHIHOI OaraToMipHOI Te-
XHOJIOTIi Ta XapakTePUCTUK 0araTopakTOPHUX ICHYIOUHX JIOTiKO-CEMaHTHYHHX MOJEJICH MONaHHS 3HAHb Ta BHSB-
JIEHHS iX CHJIPHHX 1 CTaOKUX CTOPIH; BU3HAYEHHS METOIOJIOTI] JOCIiIKEHHS); aHAIl3 TEOPETUIHHX TTOIOXKEHB (op-
MyBaHHS 0araTo(paKTOpHUX JOT1KO-CeMaHTHYHUX MOJIeNeH MoIaHHs 3HaHb, BU3HAYEHHS MIPOOIIeM, SKi MOTpe0yIoTh
BHpIIICHHS. 3HaHB; aHAJI3 XaPAKTEPUCTHUK MOJENEH NUAAKTHIHUX OaraTOMipHUX IHCTPYMEHTIB; JOCIiIPKEHHS BO-
ChbMH (PaKTOPHUX apXIiTEKTYp JOTiKO-CEMaHTHYHUX MOJIENCH MOJaHHS 3HaHb, PO3POOKa METOAY MPOCKTYBAHHS JIO-
TiKO-CEMaHTHYHHX MOJIEIel MOIaHHs 3HaHb; PO3BUTOK METOTy GOPMYBaHHS ABOX (haKTOPHUX JIOTIKO-CEMaHTHUHUX
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MoJieJIell TTOIaHHs 3HaHb; MIPAaKTHYHA peasli3allisl JOriko-CeMaHTHYHOI (i3UYHOI (mepmmii piBeHb) MOJIENI MMOJAaHHs
3HaHb JUIs 0araToakTOPHUX MOJIEJIel; y3araJllbHEeHHS Pe3yJIbTATIB JOCHIHKEHHS Ta OKPECISHHsI MaliOyTHIX Harps-
MKIB PO3BHUTKY B T'ajly31 MOJCIIOBaHHS 3HAHb JUIs 0a3 3HaHb 3 BIAKPHUTOIO apXiTekTyporo OTpuMaHi Taki pe3yiab-
TaTH. 3 aHaJI3y JITEpaTypHHUX JPKEpeN CIiJIye, 10 Ha [Iei 9ac OCHOBHA yBara IpH BIPOBa/DKEHHI 1H(pOpMAIifHIX
TEXHOJIOT1H NPUALIAETHCS IHCTPYMEHTaM Ha OCHOBI TEOPil IITYYHOIO 1HTEJIEKTY, B TOMY YHCII 0a3aM JaHuX Ta 6azam
3HaHb. 3 IHIIOTr0 OOKY, OTPUMAITH PO3BUTOK MOZEINI i METO/IN ITOJJaHHS 3HAHb B SIKUX 3aCTOCOBYIOTHCS aJIbTepPHATHUBHI
NIpUHOMTH GOPMYBaHHS MOJIENEH peAcTaBlIeHHs 3HaHb. BucHoBKH. HaykoBa HOBH3HA OTpUMaHMX Pe3yabTaTIB I10-
JISITA€ B HACTYITHOMY: BCTAQHOBJICHA JIOLIJILHICTH MIEPEXOAY BiJl 3aCTOCYBaHHS MaTpHUIb IpH GOpMYBaHHI MiX (akTo-
PHHX (BEKTOPHHUX) B3a€MOBITHOCHH €JIEMEHTIB MHOXKHH, 5IKi X (DOPMYIOTB, 10 TAOIMYHOT (hOPMHU MPEICTABIECHHS IUX
BiJHOMEHs Y (GOpMi JEKapTOBOro IOOYTKY; 3alpONOHOBAHO 3aCTOCYBAaHHs TaOJIMYHOTO PEAaKTopa, HarpUKIam
Microsoft Excel, mo 3a0e3nedye GopMyBaHHS 0araTOBEKTOPHUX JIOTIKO-CEMAaHTHYHHX MOJICIICH TMPEICTABICHHS
3HaHb 3 OY[Ib-IKOI0 KUIBKICTIO (haKTOPiB; BCTAHOBJICHO, IO 3aCTOCYBaHHs TaOMMyHOro penakropa Microsoft Excel
3a0e3Iedye peati3aliiio Jpyroro Ta TPETHOro STalliB MPOSKTYBaHHs 0a3u 3HAHb Y HACTYITHHX (pOpMaXx: JIOTiKO-ceMa-
HTHYHOI (pi3u4HOi (Teplnii piBeHb) MOJIENi TOaHHS 3HaHb; (JOPMYBaHHS JIOTIKO-CEeMaHTHYHOI (iznyHol (Apyruit
piBEeHb) MOJIENI TIOJAaHHS 3HaHb; B TOH K€ Yac, 3aCTOCYBaHHS TaOIM4YHOrO penakropa Microsoft Excel 3abe3meuye
peaJtizailito IporeciB aAMiHICTPYBaHHs Ta yIpaBiiHHs chOpMOBaHO 0a30t0 3HaHb. [Ipu 1IbOMY, 1JIs TAOIHUIl BHHU-
Ka€e HeoOXi/IHICTh BU3HAUYEHHS ()OPM BiJHOLICHB IIOMIX €JIEMEHTaMH, JUISl SIKUX Peajli3yeThCs Onepallisi 1eKapToBOro
no0yTKy. L[ mpobiema moTpedye 1OAATKOBOTO AOCIIHKEHHS 1 MOXKEe OyTH TEMOO TSl OAAJBIINX JOCITIHKCHb.

Koaro4ogi ciioBa: joriuHa MozieNb PpeACTaBIICHHS 3HaHb; JIOT1KO-CMHCIIOBA MOJIEIb ITPEACTaBIICHH 3HaHb; 0a3a
3HaHb 3 BiZIKPUTOIO apXiTEKTYpPOIO; CEMiOTHKA, TaOJIIMUHE MOJAaHHs; (pakTop.
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