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Abstract—The nature of information (conceptual) systems is studied using a system—object approach. The
conclusion is made that the hierarchies of conceptual and material systems are an object-oriented system,
whose conceptual systems are external systems (class systems) that determine the properties of specific
objects, and objects—material or internal systems (systems—phenomena) that perform real interactions. The
results of a formal description of the hierarchy of conceptual systems are considered, taking their intercon-
nection into account by formalization using descriptive logic of some provisions of the system—object
approach. The syntax and semantics of the ALCOIQ descriptive logic and its extension to the SHOIQ logic
are described. The SHOIQ logic is introduced; it formally describes the concepts of the volume and content
of a conceptual system that expand system theory based on a system—object approach.
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INTRODUCTION

The concept of Information Systems occurs in vari-
ous spheres of human activities. Such systems are
designed to store, search for, and process information.
They include relevant organizational resources
(human, technical, financial, etc.) and provide the
dissemination of information (ISO/IEC 2382: 2015
“Information technologies. Vocabulary). In our study,
information systems are understood as material sys-
tems (that is, real and objectively existing systems) that
organize, store and transform information, in which
the main subject and product of labor is information.
Thus, information is a resource with which an infor-
mation system works.

There are many definitions for the concept of infor-
mation. Starting from the definition of N. Wiener:
“Information is not matter and not energy, information
is information.” and ending with definitions in interna-
tional and Russian standards: knowledge about objects,
facts, ideas, etc. that people can exchange within a spe-
cific context (ISO/IEC 10746-2: 2009: Information
technology. Open distributed processing. Reference
model: Foundations. Part 2); knowledge regarding
facts, events, things, ideas and concepts that in a certain
context have a specific meaning (Information technol-
ogies. Vocabulary); information perceived by a person
and (or) special devices as a reflection of the facts of the

material or spiritual world in the process of communi-
cation (GOST 7.0-99 2000: Information and library
activities, bibliography. Terms and Definitions).

Moreover, information itself can also be a system
(naturally informational and not material), for exam-
ple, a set of data under certain conditions, classifica-
tion, knowledge model, including ontology. Concep-
tual schemes as semantic networks of concepts and
concepts interconnected by certain rules, or conceptual
systems, which consist of non-physical objects, i.e.,
ideas or concepts are an important example for our
study of such information systems [1].

The importance of studying such systems and
developing principles that are applicable to both mate-
rial and conceptual systems for constructing a general
theory of systems, as well as for overcoming the gap
between the natural sciences and the humanities, was
substantiated in [2, 3]. In addition, researchers iden-
tify information (i.e., conceptual) systems with theo-
retical objects introduced by scientific theories, as well
as with mental entities or ideal constructs. In [4], it was
noted that mental entities (ideal constructs) have ref-
erents in the world, and these referents are the funda-
mental unobservable properties of objects in the real
world. At the same time, it was stated in [5] that fun-
damentally not observable referents are not just con-
structions of our consciousness, but objectively exist-
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ing properties of material objects of the World; more-
over, they make up its backbone, as it were, and “it’s
easier to move a mountain than one of them.”

However, in [4] it was emphasized that the issues of
modern science have not yet been resolved: What is
the nature of the referent of an ideal construct (i.e., a
conceptual system)? and What, in fact, is it? In this
paper, we propose a variant of answers to these ques-
tions obtained using information and system—object
approaches.

FEATURES
OF THE SYSTEM—-OBJECT APPROACH

The most significant feature of the system—object
approach is the consideration of two fundamentally
different types of systems: internal systems (material
systems according to Ackoff) and external systems
(conceptual systems according to Ackoff) [6]. We have
adopted the terms system-phenomena and system-
classes in accordance with [7]. Using the system—
object approach, it was shown (for example, in [8, 9])
that both methods of systems formation (internal and
external) correspond to the basic dialectical principles
of the system approach: integrity, systematic, hierarchi-
cal, and development principles presented in [10]. In
addition, in [11] it was demonstrated that the main
well-known system-wide regularities are satisfied
both for phenomenon systems and for class systems.
Thus, the system—object approach takes the ideas
into account of the founders of system studies that
“... the role of the general theory of systems in mod-
ern science largely consists in expanding the neces-
sary ontological concepts, which allows us to over-
come the ontological prejudice of the ontological
primitiveness of the world ...” [12, p. 184].

In connection with this feature, a system is consid-
ered as a functional object or class whose function or role
is determined by the function or role of an object or class
of a higher tier (that is, supersystems) in the framework
of this approach, which clarifies the definition of a sys-
tem in [13].

As mentioned in this definition, the conditioning
of a system function by a function of a supersystem is
considered as a functional request of a supersystem to
a system with a certain function, which is an external
determinant system. This is the cause of the system, the
purpose of its existence and the main determinant of
its structural, functional, and substantial properties.
Thus, the external determinant of the system is con-
sidered as a universal backbone factor.

The functioning of a system is its internal determi-
nant, since it directly determines the internal property
of this system (a property of subsystems). The corre-
spondence between the internal determinant of a sys-
tem and its external determinant is established between
the system and the relation of maintaining the func-
tional ability of the whole supersystem [13].
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TRENDS IN THE INTERPRETATION
OF THE STATUS OF INFORMATION
(CONCEPTUAL) SYSTEMS

The question of the role and status of information
(conceptual, non-material) systems in reality is the
above-mentioned question about the nature of the ref-
erent of an ideal construct, i.e., conceptual system,
and what it is. This question has been posed and dis-
cussed for many years; one of its forms is the question
of the status of consciousness, which in essence is a
complex conceptual system.

Representatives of various fields of philosophy,
such as metaphysics, in exploring the original nature
of reality, dealt with this issue, starting from ancient
history. Teleology explains the development of the
world using final targeted reasons: an ontology that
studies the most general categories and laws of being.

In recent history, philosophy has come to the con-
clusion that consciousness is associated with types of
reality, which are no less fundamental than physical
fields. As an example, in [14] it was argued that the
reduction of a wave packet requires an appeal to a new
reality, irreducible to particles and fields, somehow
connected with consciousness. In [15, 16], conscious-
ness was considered not as a derivative of biological
matter, but as a full-fledged structural element of phys-
ical reality. Thus, philosophy, in fact, concludes that
conceptual systems exist as objectively as material ones.

In addition, physicists have expressed similar ideas,
for example, in the form of a strong anthropic princi-
ple, especially in the formulation of J. Wheeler:
“Observers are necessary to achieve the universe of
being.” Obviously, this refers to conscious observers,
i.e., consciousness again, a conceptual system that
must exist objectively. Although the anthropic princi-
ple in itself has been criticized by many scientists and
relates not so much to physics as to metaphysics, its
idea in its essence closely echoes the above-mentioned
idea of philosophers about the objectivity of concep-
tual systems.

In systemic studies in accordance with the infor-
mation approach in A.A. Denisov’s concept of infor-
mation it is considered as a paired category with
respect to matter, as a structure of matter that does not
depend on its specific properties, which also correlates
with the idea of the objectivity of the existence of
information, i.e., conceptual systems.

This idea is also in good agreement with V.I. Ver-
nadsky that at the planetary level there is currently a
process of the formation and development of the noo-
sphere of our planet as a result of the logical processing
of its biosphere with scientific thought, considered as
a new geological factor that is unprecedented in terms
of its power and generality.

Finally, religious sources, with their categorical
nature, claim that “in the beginning there was the
Word” (in the original, Logo) [From the gospel of
John]. At the same time, the Logos is understood as
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the higher power that governs the world, and the law of
world development, as well as the most deep, stable
and essential structure of life, the most essential laws
of the world. In Chinese philosophy, the concept of
Tao is used instead of the concept of Logos, which
denotes the origin of uniqueness and duality and, at
the same time, the beginning of the world and cre-
ation. An analysis of these concepts allows us to state
that these sources suggest their correspondence to
some objectively existing conceptual systems.

Thus, there is a pronounced tendency to consider
conceptual systems as objectively existing in reality on
par with material systems. Basically, however, we are
talking about conceptual systems in the form of a gen-
eral or individual consciousness. This, in fact, raises
many doubts and objections regarding the objectivity
of conceptual systems in the form of a certain con-
sciousness. However, from the point of view of the sys-
tem—object approach, it is possible to consider objec-
tively existing conceptual systems by themselves with-
out using the term consciousness.

THE FEATURES OF CONCEPTUAL SYSTEMS

In addition to the above-mentioned correspon-
dence of conceptual systems that are class systems to
systems—phenomena from the point of view of a sys-
tematic approach, as well as the justification, for
example, in [8, 9, 11] of the possibility of applying all
the provisions of a system—object approach to both of
them, it is nevertheless necessary to consider some
features of conceptual systems as classes, which are
systems (i.e., class systems).

The consistency of such class systems is due, in
particular, to the fact that each class supports the func-
tional ability of a class of a higher tier. For clarity, we
give an example: the classes passenger car and truck
functionally support the class of road transport as
types of road transport, i.e., they are systems (subsys-
tems of the road transport system). The classes, for
example, green car and blue car are formally also types
of the same class, but functionally motor vehicles do
not support a class and, therefore, are not systems
(subsystems). Similarly for systems—phenomena: the
engine as part of the car functionally supports the car
and is its subsystem. At the same time, a piece cut from
a car is also a part of the car, but does not functionally
support it and, therefore, is not its subsystem.

From the point of view of this study, it is important
to emphasize that class systems form a hierarchical
structure that has some feature that distinguishes it
from the hierarchy of systems—phenomena. This fea-
ture consists in the fact that the hierarchy of systems—
phenomena formed by the part—whole relationship
does not have an upper boundary in accordance with
the well-known principle of infinity, and the hierarchy
of systems—classes formed by the genus—species rela-
tionship has an upper boundary in accordance with
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the known logical law the inverse relationship between
the volume and content of concepts (classes) [7, 17].
This law requires a reduction in content, i.e., reducing
the amount of information that corresponds to the
number of features describing the content of the class
while increasing the volume of the class, i.e., the num-
ber of subclasses that make up the class. In this case,
the content, of course, can only decrease to zero. This
determines the upper boundary of the hierarchy of
class systems (conceptual systems).

These features are essential for our study for the
reason that the basic properties of any system (includ-
ing a class system) are determined by a supersystem (in
this case, a supersystem—class), since the reason for
the existence of the system in accordance with the sys-
tem—object approach is a functional query supersys-
tems. The reason for the presence of certain properties
of the system is determined by the hierarchy. More-
over, analysis of the hierarchy of systems—phenom-
ena, due to its infinite nature does not allow us to
determine the final reason for the presence of system
properties, which contradicts the principle of deter-
minism. An analysis of the hierarchy of class systems
allows one to determine the ultimate reason for the
presence of system properties due to the finiteness of
this hierarchy. Thus, the hierarchy of system classes,
which does not contradict the provision of the infinity
of the world (in terms of the volume of classes), does
not contradict the principle of determinism, since it
unambiguously indicates the original reason for the
existence of a particular system [7, 9].

These circumstances are an additional argument in
favor of the ideas mentioned above about the objective
existence of conceptual systems. However, from the
point of view of the system—object approach, these
systems do not exist in the form of any consciousness,
but in the form of a hierarchy of class systems (classes
that are systems) with one vertex.

In addition, the occurrence of everything that
exists in one Supersystem is revealed as a result of a
comparison of some well-known system-wide laws
studied by A.A. Bogdanov [18]. As an example, the
principle of organizational continuity states the fact of
the presence between any two systems of links that
introduce them into one “chain of ingression” and the
principle of monocentrism. In [19] we proved that the
first of the above principles is valid only if the second
is fulfilled on a global level.

Therefore, reality is an object-oriented system,
whose classes represent external (according to
Schrader) or conceptual (according to Ackoff) systems
(i.e., class systems) that determine the properties of
objects, and objects are internal (according to Schrader)
or material (according to Ackoff) systems (i.e., sys-
tems—phenomena) that perform real interactions.

Consideration of the features of the hierarchy of
class systems (conceptual systems) is necessary, for
example, when modeling conceptual knowledge to
Vol. 54
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ensure the adequacy of conceptual models of this
knowledge of reality. The models of conceptual
knowledge become models that reflect the consistency
of reality only in the case of such an accounting, which
is essential when solving classification problems and
creating classifiers.

These features were studied in detail in [20, 21],
from which it follows that at the highest level of the
hierarchy of conceptual systems there are two types of
class systems: classes (class systems) of system compo-
nents or class objects and classes (class systems) of
properties, i.e., class properties. Moreover, the latter
also exist in two forms: property classes of objects
(object properties) and property classes of properties
(property properties) In [22], such a hierarchy was
described using the mathematical apparatus of cate-
gory theory. However, this description does not justify
its properties and does not take substantive features
into account.

To further study the properties of the hierarchy of
class systems in order to improve existing and create
new classifiers (classification systems), which are an
important type of conceptual model of conceptual
knowledge, it is necessary to justify the properties of
this hierarchy of class systems by formal means, taking
its substantial features into account. Our study uses
descriptive logic to solve such a problem.

THE FEATURES OF DESCRIPTION LOGIC

Descriptive logic (DL) is a knowledge representa-
tion language for describing the concepts of a subject
area in an unambiguous, formalized form. Any
descriptive logic has syntax and semantics. The basic
syntactic elements of the language of descriptive logic
are the atomic concept and role, corresponding to the
single and double predicates of the language of math-
ematical logic. Concepts are used to describe classes,
while roles are used to describe the relationship
between concepts. Concepts and roles allow one to
describe concepts and their properties [23]. One of the
basic descriptive logics is the ALC DL [23, 24] Logic
Syntax Alc presented below in short form.

{T, LA;AC C,—C,;C N D,C U D;3RC;YRC}

The characters T and L are concepts (called truth
and falsehood). A4 is an atomic concept, C, D are arbi-
trary concepts, and R is an atomic role.

The semantics of DL are described using the con-
cept of interpretation, which is a pair / = (A,.I) that
consists of a nonempty set A, called the scope of this

interpretation, and the interpretive function / that
matches:

(1) To every atomic concept A € CN there is an arbi-
trary subset A’ c A,CN that is the set of all concepts;
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(2) Each atomic role R € RN is an arbitrary subset

R c Ax A, RN that is the set of all the roles.

Theories that describe knowledge bases distin-
guish common knowledge about concepts and their
relationships, which are expressed using general
statements, that is, terminologies, or axioms, as well
as knowledge about individual objects, their proper-
ties and relationships with other objects—statements
about individuals. In DL we distinguish a set of ter-
minological axioms called TBox, and a set of state-
ments about the relationships and properties of indi-
viduals called ABox. Together they form a knowledge
base, or ontology K = T'Box \U ABox.

We give an example of the subject area described by
ABox and T'Box:

Man (John);
Woman (Maria);
Loves(John,Maria);
Married (John,Maria);

ABox =

Bachelor = —dMarried I Person;

dMarried C Happy;
TBox = . 5
dMarried.Woman C dLoves.Woman;

Person = Man LI Woman;
Further TBox, for clarity, in natural Russian:

Bachelor is an unmarried person;

TB All married people are happy;
ox =
Married to a woman also loves her;

Man or woman is a person;

The logical expansion ALC occurred before ALCOIQ
was presented in [25]. The following extensions are
introduced here:

—the face values (O) are the representation of the
individual in the form of a concept. If a is an individual
then {a} is a concept. Thus, individual names enclosed
in braces become full-fledged concepts;

—reverse roles (/) if R is the atomic role then R~ is
the inverse role;

—numerical limitations (Q)

Each new symbol of the designation of logic means
a certain extension of it. When these extensions are
used separately it turns out that a family of logic
ALC < L ¢ ALCOIQ. L is the logic that lies in the
interval belonging to this family.

FORMALIZATION OF THE HIERARCHY
OF CLASS SYSTEMS USING
DESCRIPTION LOGIC

Using descriptive logic (DL), one can define con-
cepts for class objects, while the roles in the DL will
correspond to class properties. However, to describe
Vol. 54
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the hierarchy of roles of the expressiveness of logic
Alcoig not sufficient. To solve the problem of con-
structing a hierarchy of conceptual systems, we use
DL SHOIQ [23]. It expands Alcoig and has axioms for
roles RBox (by analogy with TBox and ABox), which
allows us to describe the hierarchy of roles as class sys-
tems. Alcoiq logic is expanded by the following points:

1. Hierarchy of Roles (H): axioms of the form are
allowed R C § where R, S are arbitrary roles. More-
over, we say that R is the subrole of S, and § is the
upper role above R.

2. Transitive Roles (5): axioms of the form 77 (R) or
R* where R is an arbitrary role and R* is a transitive
role are allowed.

In the SHOIQ descriptive logic, the axioms 7'Box
and ABox for roles are supplemented with RBox R,
i.e., the knowledge base K = TBox \U ABox U RBox.

However, to justify the structure of the hierarchy of
conceptual systems, it is necessary to expand the
SHOIQ logic by formally introducing the concepts of
the volume and content of a class system in it.

The Class System Volume (Vol) constitutes the
totality of species—systems—classes included in the
class—system, which is generic for them.

The Class System Content (Cont) includes a super-
class (generic class), as well as a set of distinctive fea-
tures (roles in a supersystem) of this class system.

We describe these concepts using DL. The content
of the class system is expressed through the role that
supports the functional ability of the class supersys-
tem, as well as through the class supersystem itself:

! I

Cont(S;) = S, N3RS}, ,

where i = 0,V, i is the tier number of the hierarchy
and/, j,/;, p; are numbers within one tier of the hierar-

chy. Roles are also class systems. Therefore, they also
have content (properties/properties):

Cont(RS,-,[-) = RS, M EIRS,./:’LP/_,

where i = 0, NV, i is the tier number of the hierarchy and
l,},k;, p; are numbers within one tier of the hierarchy.

The concept of the volume of a class system can be
described using the operation of combining concepts:

! ' i /
VOl(Slj) = Szz+1,1 U SI{HZ u...u l:{"l,lvm’

iD= 1, N,. N, are the number of
nodes of the i-level hierarchy.

We consider the possibility of creating a formal
model of the hierarchy of class systems (conceptual
systems) using descriptive logic that describes the sys-
tem relationships between classes. In accordance with
the system (system—object) approach, a system is con-

j /
moreover, S/, , C S,
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sidered both as a phenomenon (material object) and as
a class (conceptual system), whose function or role is
determined by the function of the phenomenon or the
role of a class of a higher tier (i.e., the supersystem—
phenomenon or class supersystem). A formalized
description of this understanding of the system using
the notation adopted in descriptive logic is as follows:

S; =[Si_;RS; T RS,_,]. Q9]

In expression (1), a formal description of the sys-
tem is presented in accordance with the rules for cal-

culating the objects of Abadi—Kardeli, where V.S;3RS;
and §,_, is a class system to indicate a class system

(node) of a higher tier of the hierarchy S;; RS; C RS,_,
is a method corresponding to the role (function) of the

system J; in the supersystem §,_,. RS; is a functional
role (property—class) that supports the functional
ability of a supersystem—class (concept).

The principle of monocentrism, investigated by
A.A. Bogdanov claims that a “stable system will be
characterized by a single center; if it is a complex chain
then it has one higher common center” [18]. This
principle is a consequence of the hierarchical ordering
of systems, in our case, the hierarchical structure of
generic relationships between class systems (concep-
tual systems).

The following are statements that substantiate this
principle, and, in general, the relationship structure of
conceptual systems.

Statement 1. If a class system is a type of a class sys-
tem of a higher tier and properties (class properties) of
a class system are also a type of properties (class prop-
erties) of a class system of a higher tier, then this hier-
archy has one root.

Let class systems S,-j[- and RS,; exist where / is the tier
number of the hierarchy, j is the serial number of the
node in the tier, and / is the serial number of the super-
system in the tier. In terms of the SHOIQ descriptive
logic that we extended by the concepts of volume (Vol)

and content (Cont) class systems S,;- is a concept and

RS,; is a role (functional role). We assume that there

are class systems (descendants) S7,, , included in S

i+1,p> i
ie., ELS',-{rl » C S,-j- 1p= I,_N Let class systems exist
(property  classes) RS,-QL , included in RS,;
3RS/, , C RS,; p= 1, N. We describe the fragments
TBox and RBox as an expression:

S CS; RS/, C RS},
TBox = ; RBox = .(2)
Sy TS RS’ x C RS}
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J J J oo
| Sit1,1 | | Sit1 | | Siv1,8 |

| RSILI,I

RS}1s RSJ'Crl,/V

TBox

RBox

Fig. 1. The hierarchical structure of 7Box and RBox.

TBox

RS[2+2,2 |

‘| RSIiZ,l

RBox

Fig. 2. The hierarchical structure of class systems.

This expression is graphically presented in Fig. 1.

From (1) it is known that class properties (func-
tional roles) support the functional ability of a super-

system S,i Therefore, each class system must have
supporting functional roles that determine its purpose.

In turn RS/, , is also a class system and RS,;- is a super-

system class, i.e., it must have supporting features

(properties). We describe a class system S,{ ; interms of
SHOIQ logic. We obtain a composite concept that can
be described using the intersection operation:

! n /;
S;; C Siey MRS, ,

where /; is the serial number of the supersystem class
(class property), in relation to S,.{ ;» p;isthe serial num-

ber of the class system in the tier, in relation to S,' j

Fig. 3. The root of the class system hierarchy.
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We refine the above expression in accordance with
the definition of system (1). As a result, we obtain the
expression:

S TSty N3RS,
S, C S, N3RS,

+1L,py

TBox =< ' ;

S/ y C S, N3RS

+1,py

RS/, C RS, N3RS,
RS, T RS, N3RS

+1L,p

RBox =

RS,y C RS, N3RS

i+Lpy

In Fig. 2 this expression is presented in graphical
form.

As noted earlier, class systems must have species
characteristics (class properties) that are different from
the generic ones, which is necessary for constructing
subsequent tiers of the hierarchy and correlates with
the logical law of the inverse relationship of volume
and content [22] according to which a class system
Vol. 54
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inherited from the current class system should have a
large number of species characteristics, i.e., greater

content Cont (Sé) C Cont (S,il’p) , but lesser Vol (S,j) ]

Vol (S;,,,) 3 ... I Vol (S ) 3 Vol (7 ) 2 Vol (Sl

Cont(S,,)C...C Cont(Si’i*I:p ) C Cont(Sl.’,’;M) C Cont(S.”*+1

1
k

From (3) it follows that by moving along the tiers,
each parent system—class should have fewer signs than
the current one, therefore, it should have a larger vol-
ume, and from (4) it follows that the number of signs
decreases to the limit state at which the content is the
most comprehensive and k£ = 0, p, = 0 Moreover, we

can talk about the root system—class .§,, which con-
firms the unity of the vertices of the classification
scheme and Statement 1 (Fig. 3).

Statement 2. The root of the hierarchy of class sys-
tems is divided into class systems that represent class
objects and class properties.

Let there be a root class system .5, that has no par-
ents. Suppose that it has two descendants (class sys-

tems) S, and RS)):
ST Sy RS T Sy;

with volume Vol(S,) =S/, U RS, and content

Cont(S,) = RS), where RS}, is a class system that
includes all the supporting features of the subject

area, i.e., a functional role. In [21] RSIO1 was an
extremely broad role corresponding to the class
“property.” In addition, this is consistent with the
work of Melnikov [13], which describes the separa-
tion of properties into boundary and qualitative,
which can be correlated with our reasoning. It is fair
to say that in this case relations (3) and (4) will also
hold. This confirms the structure of the hierarchy of
conceptual systems and Statement 2.

CONCLUSIONS

The initial reason for the existence of systems and
the presence of certain properties in them is due to the
hierarchy of conceptual or external systems (class sys-
tems). Thus, reality is an object-oriented system,
whose classes represent conceptual (external) sys-
tems—classes that determine the properties of objects,
and objects, that is, material (internal) systems—phe-
nomena that carry out real interactions.

The concepts of the system—object approach, “sys-
tem—class” and “property—class,” are unambiguously
compared with the concepts of descriptive logic. The
syntax and semantics of the ALCOIQ descriptive logic
and its original extension SHOIQ allow us to justify the
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Vol (S,/;L p). When applying the law as a whole, to the

entire hierarchy of systems, the following relationships
should be satisfied:

= )
)|:... 4)

i+, prin

i+1, P42

structure of the hierarchy of class systems and the man-
datory implementation of the principle of monocen-
trism for conceptual systems. The introduction of the
concepts of “volume” and “content” of class systems
and their description using descriptive logic extends a
system theory based on a system—object approach.

Future results will allow us to improve existing clas-
sifiers and create new ones (classification systems),
which are an important type of model of conceptual
knowledge.
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