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Abstract

The article explores information structural modeling. Information structural modeling
includes two types. The first type of structural modeling is used when studying the surrounding
world. The second type of structural modeling is used when constructing new structures and
modifying known structures. Information structural modeling is based on the features of data used
in computer science. Structural modeling is figurative modeling. It has two features. The first
feature of the modeling is that all types of data are treated as areal data. The second feature of
structural modeling is that models have a dual formal and graphic or visual form. Structural
modeling uses a set-theoretic and systems approach. Structural modeling is applied to data,
technologies and systems. These types of structures are different and require different modeling
techniques. Many objects have a hierarchical structure. This is due to the hierarchy of the
surrounding world and the nesting of objects. Information structural modeling is a complex type of
modeling. It is much more complex than formal modeling or symbolic modeling. Information
structural modeling has two forms: figurative and formal. When constructing a figurative or visual
form, it is necessary to solve the problem of the information content of the image. There is always
complete information correspondence between the formal structural model and the modeling
object. Between the figurative structural model and the modeling object there is either a complete
information correspondence or a partial information correspondence. The article shows an
example of reducing a complex set to a hierarchical structure. This example shows that structural
modeling reduces the complexity of systems and configurations.

Keywords: computer science, structure, structural modeling, structure depth, structure
width, structure image, structural model, topology.

1. Introduction

Modeling and structural analysis (McAndrew, 2021) are fundamental tools for exploring the
natural world. Almost all objects, systems, models and processes have a structure. The concept of
system covers data systems and process systems, technology systems and objects. It is necessary to
distinguish between constructing a structure and describing a structure. The structure is built in
different ways. One approach to describing the structure is the use of topology. However,
topological description is possible only with a known structure. Therefore, the construction of the
structure either precedes information modeling or is carried out during the modeling. Systematic
study of many processes and phenomena includes determining their structure (Ruben, 2018;
Rakhmonov et al., 2020). The most famous example is an algorithm. The construction of an
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algorithm is the formation of its structure. Construction of a control scheme requires the formation
of a control structure. A fixed structure is a sign of system stability (Kan et al., 2020). A fixed
structure reflects a set of stable connections. Stability is invariance to changes within certain limits.
Relationships (Tsvetkov, 2016) are usually not reflected explicitly in the structure.

To check stability, variation of structure parameters is used. The invariance of the structure is
checked when its parameters change. One approach to checking invariance is the use of correlative
analysis (Tsvetkov, 2012; Makowski et al., 2020). This analysis shows the presence of structure
dependence or its absence when its parameters change. Information structural modeling (ISM) is a
type of information modeling. It performs an auxiliary or information modeling support function.
The study of this type of modeling is an actual task.

2. Discussion and results

Features and tasks of ISM

ISM is divided into two types. The first type is used in environmental research. It is based on
onomasiological modeling and detailing of the modeling object.

The second type of structural modeling is used after completion of the first type of modeling.
The second type of structural modeling is used to find the components of a structural model and
build a new structure based on them. The second type of structural modeling is used when
modifying known structures. Structural model and structure can be considered synonymous.

Structural modeling is about finding and fixing connections. Structural modeling also uses
relationships. In structural modeling, paradigmatic and syntagmatic relationships are used
(Elsukov, 2019). Syntagmatic relationships reflect the “width” of the structural model.
Paradigmatic relationships determine the “depth” of the structure. When constructing the
structure, dichotomous division is used (Deshko, Tsvetkov, 2023; Tsvetkov, 2014a). The structural
description (Ivanciuc, Balaban, 2000) of the model and system includes simplifications of reality.
The construction of the structure can be carried out on the basis of a systems approach, based on
structural modeling. Building a structure begins with identifying the parts, and then the
relationships and connections between the parts of the object. In this case, composition relations
and order relations are taken into account.

Information structural modeling is a type of information modeling. The basis of information
modeling is applied computer science (Polyakov, Tsvetkov, 2002). Information structural modeling
is divided into two types. The first type of ISM is used when studying the surrounding world and
unknown phenomena. The second type of ISM is used when examining existing models and
structures with the aim of changing them. Both types of modeling involve the construction and
transformation of information models. Both types of modeling involve manipulation of models'
images. The image of a model is its visual or graphic representation. Model images in computer
science are depicted using four basic graphic classes: point, linear, areal and volumetric. Therefore,
structures in structural modeling can be point, linear, areal, volumetric and hypervolume. Point
structures usually represent various fields, for example, the density field.

Not all elements of the formal structure are transferred to the structural model. This is due to
the requirement to reduce the load on the visual channel of human perception of information.
A figurative structure or graphic model sets the task of making the structural model informative.
This problem is also currently being solved in different ways and has not been completely solved.

In topology, only linear images and descriptions are used. Therefore, topology methods do
not cover the entire variety of structural modeling.

An example can be given from the field of geoinformatics. Many geographic information
models have a cartographic (visual) form of representation, which has a structure. In this case,
structural modeling manifests itself in two qualities: modeling the structure of a separate
information object; modeling the stratified structure of a collection of related objects, which is
called a cartographic composition.

In computer science there is a direction of structural modeling associated with the modeling
of technological schemes and algorithm structures.

Figurative structural models have different geometric characteristics: length, width, type of
object, coordinates of starting, ending and intermediate points. Spatial network models have
topological characteristics: capacity, connectivity, proximity, risk level. In geoinformatics and computer
science, the coordinate group of data is called metric, and the remaining data is called attribute.
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Structural modeling uses spatial information relationships. Information structural modeling
generates information resources, digital models (Nesterov, 2023), cognitive maps (Peer et al.,
2021) and three-dimensional models.

ISM uses qualitative spatial reasoning to support structure modeling (Wallgriin, 2012). ISM
in the spatial field forms spatial knowledge (Tsvetkov, 2015). ISM includes heuristic modeling,
cognitive and simulation modeling

In many cases, ISM is a group simulation. It works not with individual models, but with a
group of models that describe a figurative group situation.

Each structural model is organized dually. It has a figurative form of presentation. The image
is stored in a special file.

The figurative form allows for a flat visual and three-dimensional representation of objects.
Visual representation is related to cognitive modeling. The visual form of the model allows for
cognitive analysis. Information structural modeling in the study of new phenomena includes the
following types of stages:

- Analysis of the initial information set.

- Specifying the image space for constructing a structural model.

- Application of elements of structural reflection of reality. Most often these are point, linear,
areal and volumetric elements

- Construction of accurate models in image space.

- Construction of linear models in image space. The unit of linear models is a straight line
segment

- Construction of areal models in image space. The unit of areal models is the area element.
Most often this is a pixel or tile.

Construction of three-dimensional models in image space. The unit of volumetric models is
the volume element or voxel.

- Grouping of figurative models into layers.

- Define relationships between layers. Determining which layer is higher and which is lower.

Structural imagery modeling involves the application of set theory to evaluate the
relationships between objects in different layers. The composition of figurative models is built
according to the onomasiological principle (Bolbakov et al., 2022). The structure of figurative
models is built on a semasiological principle (Glynn, 2015). The elements of the structure of models
are different types of information units (Tsvetkov, 2014b).

Information structural model

The structure of information structural models has a special type of organization —
a composition of parts and elements (information units). Structure is determined by the
connections between parts and elements.

The information structure exists in the information field. In this field, the structure is the
supporting information model. An information structure is often part of a complex information
model. The information structural model has syntax and semantics. Syntax and semantics
determine the laws of structure, behavior and content of the structural model.

An information structural model can be considered as a model of a complex system.
The structural model simplifies the analysis, construction and verification of a complex system.
There is an information correspondence between the components of a complex system and the
information structural model. Connections are identified at the initial stage of structural modeling.
An information structural model can have several formal descriptions: formal, set-theoretic,
conceptual, functional, systemic, technological. The information structural model of a complex
system is characterized by a number of features (Kader et al., 2020). Important features of the
structural model are:

System functionality of the structure.

Local structure functionality

Subsidiarity of parts of the structure

Connectivity of parts of the structure

Stability of the structure. When several elements are removed from a structure, the structure
retains its functionality.

The predominance of internal structural connections over external connections. This
dominance sets the boundaries of the system.
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Relative dependence of the structure of the system on its parts. This is the case for emergent
structures.

Hierarchy of structure.

The information structure is not a new type of structure. It is built on the basis of known
structures. The main basic types of structures are: hierarchical, network and matrix, network
centric. Trinitarian structures are often used, which define complexity and are an element of a
complex system. The most common is a hierarchical structure. One of the reasons for its popularity
is the ease of human analysis.

The formation of a hierarchical structure in relation to geographic information modeling
occurs as follows. The initial information set (M) is stratified and divided into levels (B). Vertical
connections are established between the levels (C). The levels are detailed into horizontal parts (K).
The structured set M* consists of levels.

M—>M*(Bi, C) i=1...n (1)
Bin Bj= &, j=I (2)

Bi cM* (3)
Bi—Bi*(Ki1 Kij Kim) j=1...m (4)
Ki1 n... nKij nKim =& (5)
KijcBi* Kijc M* (6)
Bi*1n Bi*j N Bi*n =2 (7)

The implication in formula (1) means structuring. An asterisk indicates a structured
component. Expression (1) says that the original set M is transformed (—) into a structured set M*,
which consists of levels (B) and vertical connections between them (C). Expression (2) indicates
that the levels do not intersect. Expression (3) suggests that the levels can be considered as subsets
of the set M*. Expression (4) says that the area levels are transformed into structured levels (Bi*),
containing horizontal parts (Ki). Expression (5) says that the horizontal parts of the levels do not
intersect, that is, they are independent. Expression (6) suggests that the horizontal parts of the
levels can be considered as subsets of levels and a subset of the structured set. Expression (7)
indicates that the structured levels of the hierarchical system do not intersect.

Figure 1 shows the structural model of the hierarchical system. The figure shows the
paradigmatic relationships that define vertical connections (C). They go vertically and set
paradigmatic connections. There are connections between the levels. There are also connections
between levels and their parts. There are no connections between the parts. There are only
relationships between parts of levels. The connections are shown by lines; the relationships are not
shown in Figure 1.
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Fig. 1. Hierarchical information structure

Structural information modeling is performed using systems theory. Systematic studies of
structures (Mesarovic, Takahara, 2006) lead to the need to develop a systemic mechanism for
structural modeling. In a broad sense, structural modeling is based on topological methods, set
theory, mathematical methods for describing nonlinear dynamic systems, simulation modeling,
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functional modeling, stratification methods, finite element method and others.

Structural modeling (Bentler, Chou, 1987) using the systems approach (SMUSA) is the main
method for checking the correctness of the structure. SMUSA identifies cause-and-effect
relationships between model units. SMUSA is concerned with systems, mathematical, simulation
and functional modeling. SMUSA's objectives include:

- creating the object structure and its model;

- assessment of structural characteristics;

- modeling of information connections;

- modeling of timing characteristics.

The modeling trends at SMUSA are characterized by two types of modeling: structural
modeling; functional modeling.

Purpose of SMUSA: construction and modification of structures of geographic information
models, information processing processes, information storage systems, information processing
systems and other systems. SMUSA includes the problem of optimizing structural connections.

Structural modeling using set theory

Structural modeling can be done using set theory. This method is simple, but is rarely used.
The main reason is that it uses a cognitive and heuristic approach. Let's look at an example.
Figure 2 shows the set M with the main subsets P, X, Y, Z, which form a complex configuration.
Such a set can be called a complex set.

Fig. 2. Example of a complex set

Based on visual analysis and modeling, it is possible to transform the image in Figure 3 into a
set of expressions. All subsets belong to the set.
Pic M; P2 cM; P3 cM
P4 cM,; P5 cM; P6 cM
A complex set is formed by combining subsets
M=P1u P2u P3u P4uU P5uU P6.
The set M contains parts that are not included in the subsets P.
Mn [P1U P2u P3u P4u Psu P61
Subsets do not intersect with each other
P1n P2=U; P2 nP3=9
P4 n"P6=2; P5 nP6=J
Subsets are formed as a union of parts X, Y, Z.
P1=X1 UY1u Z1; P2= X3 UY3 UZ2; P3=X5 UZ3U Y5
P4= X1 UX2 UX3; P5=X3 UX4 UX5; P6=Y1 UY2 UY3 UY4
The parts are divided into two categories. Parts that are determined by direct transformations
X1=P1 nP4; X3=P2 "P4n P5; X5= H3 N"Hj5
Y1=P1 nP6; Y3=P2 nP6; Y4=P3 NP6
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The second category of parts are those that are calculated using auxiliary constructions.
X2=P4-X1-X3; X4=P5-X3-X5; Y2=P6-Y1-Y3-Y4
Based on the calculations carried out, Figure 3 shows the structure of the system.
The structure of a complex set is reduced to a hierarchical form, convenient for computer analysis

TP

3

Fig. 3. Complex set structure

The structure of this model is hierarchical. The initial set of the system has a network
structure. In a hierarchical system, connections exist only on the basis of paradigmatic
constructions. In this system there are paradigmatic connections and syntagmatic connections.
There are no syntagmatic connections in a hierarchical system. The model in Figure 3 is a
decomposition of the original model in Figure 2. Structural modeling allows for decomposition.

3. Conclusion

Structural modeling in computer science is related to pattern modeling. Structural modeling
leads to the construction of a structural model. The structural model is the result of structural
modeling. Structural modeling uses images, connections and relationships. Connections are depicted
explicitly, relationships are present implicitly. The main relations of the structural model are
paradigmatic and syntagmatic relations. Syntagmatic relationships reflect the “width” of the structural
model. Paradigmatic relationships determine the “depth” of the structure. When constructing the
structure, dichotomous division is used. The general theory of structure construction has not yet been
formed. In each application area, the structure is created using different methods. Methods for
constructing a structure depend on the tasks of a given subject area and on the types of data used to
solve problems. Structural modeling works with different types of data. Data images have four types:
linear, areal, network and volumetric. Structural modeling uses a systems and set-theoretic approach.
Structural modeling uses stratification when working with complex structures.

Information structural modeling has two forms: figurative and formal. There is always
complete information correspondence between the formal structural model and the modeling
object. There is a complete or partial information correspondence between the figurative structural
model and the modeling object. This situation poses two problems in figurative structural
modeling. The first task is to assess the information content of the structure image. This problem is
also currently being solved in different ways. The second task is to choose a method for reducing a
complex object into an image of a structural model. The construction of an information structural
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model uses: informational, figurative and functional characteristics. The systematic approach to
structure formation is the main one in information structural modeling.

References

Bentler, Chou, 1987 — Bentler, P.M., Chou, C.P. (1987). Practical issues in structural
modeling. Sociological Methods & Research. 16(1): 78-117.

Bolbakov et al., 2022 - Bolbakov, R.G., Sinitsyn, A.V., Tsvetkov, V.Ya. (2022).
Onomasiological modeling in the information field. Journal of Physics: Conference Series.
IIT International Conference on Metrological Support of Innovative Technologies (ICMSIT-III-
2022). Krasnoyarsk. P. 2201.

Deshko, Tsvetkov, 2023 — Deshko, I., Tsvetkov, V.Ya. (2023). Dichotomous division logic.
AIP Conference Proceedings. AIP Publishing. T. 2700. N2. 1. 040020-1- 040020-6

Elsukov, 2019 — Elsukov, P.Yu. (2019). Paradigmaticheskie i sintagmaticheskie otnosheniya v
dikhotomicheskom delenii [Paradigmatic and syntagmatic relations in the dichotomous division].
Slavyanskii forum. 3(25): 19-26. [in Russian]

Glynn, 2015 — Glynn, D. (2015). Semasiology and onomasiology. Change of Paradigms—New
Paradoxes. Recontextualizing Language and Linguistics. Berlin & Boston: De Gruyter Mouton, 47-79.

Ivanciuc, Balaban, 2000 — Ivanciuc, O., Balaban, A.T. (2000). The graph description of
chemical structures. Topological Indices and Related Descriptors in QSAR and QSPAR. CRC Press.
Pp. 69-178.

Kader et al.,, 2020 — Kader, E.E., Abed, A.M., Al-Shammari, M.A. (2020). Al203
Reinforcement Effect on Structural Properties of Epoxy Polysulfide Copolymer. Journal of
Mechanical Engineering Research and Developments. 43(4): 320-328.

Kan et al., 2020 — Kan, T., Strezov, V., Evans, T., He, J., Kumar, R., Lu, Q. (2020). Catalytic
pyrolysis of lignocellulosic biomass: A review of variations in process factors and system structure.
Renewable and Sustainable Energy Reviews. 134: 110305.

Makowski et al., 2020 — Makowski, D., Ben-Shachar, M. S., Patil, 1., Liidecke, D. (2020).
Methods and algorithms for correlation analysis in R. Journal of Open Source Software. 5(51): 2306.

McAndrew, 2021 — McAndrew, D. (2021). The structural analysis of criminal networks.
In The social psychology of crime (pp. 51-94). Routledge.

Mesarovic, Takahara, 2006 — Mesarovic, M.D., Takahara, Y. (2006). Complex systems.
Abstract Systems Theory, 330 p.

Nesterov, 2023 — Nesterov, E.A. (2023). Informatization and digitalization. Slavic forum.
3(41): 54-60.

Peer et al., 2021 — Peer, M., Brunec, I.K., Newcombe, N.S., Epstein, R.A. (2021). Structuring
knowledge with cognitive maps and cognitive graphs. Trends in cognitive sciences. 25(1): 37-54.

Polyakov, Tsvetkov, 2002 — Polyakov, A.A., Tsvetkov, V.Ya. (2002) Prikladnaya informatika
[Applied computer science]. M.: Yanus-K, 392 p. [in Russian]

Rakhmonov et al., 2020 — Rakhmonov, 1.U., Nematov, L.A., Niyozov, N.N., Reymov, K.M.,
Yuldoshev, T.M. (2020, April). Power consumption management from the positions of the general
system theory. Journal of Physics: Conference Series. IOP Publishing. 1515(2): 022054.

Ruben, 2018 — Ruben, B.D. (2018). General system theory. Interdisciplinary approaches to
human communication. Routledge. Pp. 95-118.

Tsvetkov, 2012 — Tsvetkov, V.Ya. (2012). Framework of Correlative Analysis. European
researcher. 6-1(23): 839-844.

Tsvetkov, 2014a — Tsvetkov, V.Ya. (2014). Dichotomic Assessment of Information Situations
and Information Superiority. European researcher. 11-1(86): 1901-1909.

Tsvetkov, 2014b — Tsvetkov, V.Ya. (2014). The Semantic environment of information units.
European researcher. 6-1(76): 1059-1065.

Tsvetkov, 2015 - Tsvetkov, V.Ya. (2015). Formirovanie prostranstvennykh znanii:
Monografiya [Formation of spatial knowledge: Monograph]. M.: MAKS Press, 68 p. [in Russian]

Tsvetkov, 2016 — Tsvetkov, V.Ya. (2016). Otnoshenie, svyaz', sootvetstvie [Attitude,
connection, compliance]. Slavyanskii forum. 2(12): 272-276. [in Russian]

Wallgriin, 2012 — Wallgriin, J.O. (2012). Exploiting qualitative spatial reasoning for
topological adjustment of spatial data. In Proceedings of the 2oth International Conference on
Advances in Geographic Information Systems. November, 2012. Pp. 229-238.

29




