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INTRODUCTION

The undeniable successes of analytical research
under the banner of system analysis have proven its
usefulness and effectiveness for solving complex prac-
tical problems. However, at present “there is no
unambiguous understanding of systems analysis itself”
[1, p. 231]. There are several definitions of systems
analysis and several methodologies of its implementa-
tion that aggregate various principles, approaches, and
techniques, but these barely include any systems ana-
lytics proper [1].

In the professional literature on systems theory and
systems analysis, it is noted that “there are no estab-
lished technologies of systems analysis in research
practice” [2]. It is not even possible to unambiguously
classify the existing technologies [3]. An example of a
fairly detailed, in our opinion, review of the technolo-
gies of systems analysis is presented in [4, 5]. We see
the reasons for the numerous inconsistent technolo-
gies of systems analysis that do not include systems ana-
Iytics proper in the specific and as yet unresolved meth-
odological problems of the traditional systems approach
and systems analysis. These problems include [6]:

—conflation of the concepts of “system” and
“sets” and, consequently, a lack of understanding of a
system as an integral functional object;

—formalization of the concepts of systems
approaches and systems analyses that does not adjust
for their specific content determined by system-wide
patterns;

—the absence of means of analysis and synthesis of
objects as systems, not sets, in the traditional systems
approach;

—the lack of an option to apply the concept of class
to the implementation of procedures and construction
of models, which makes it impossible to analyze con-
ceptual systems.

To solve the above problems, article [7] proposes a
new and original means of systems analysis based on
the system-object approach — the conceptual appara-
tus of system-object determinant analysis (SODA),
which provides the researcher or designer with effec-
tive and versatile tools for analyzing and designing
complex, poorly formalizable systems.

SODA consists of three stages. The first stage
involves identifying the class to which the analyzed or
designed system belongs by constructing a taxonomic
(subsumption) classification of the domain. This
enables the researcher or developer to determine the
external determinant of the system, i.e., the functional
requirement of a higher-order system (suprasystem)
for a system with a given function. The second stage
involves defining the stages of the formation or cre-
ation of the system by constructing a genetic (stage)
classification of the considered class of systems. This
makes it possible to specify the system requirements
on the one hand and to unambiguously determine the
internal determinant of the system, i.e., its actual func-
tionality emerging in response to the external determi-
nant, on the other hand. The third stage is decompo-
sition of the requirements for the system as a phenom-
enon by constructing a partitive (part—whole)
classification of the system, or its meronomy. This pro-
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vides an understanding of the ways in which the ana-
lyzed or developed system keeps its subsystems aligned
with its internal determinant (at the limit—with the
external determinant as well), i.e., the mechanisms of
the system’s functioning or construction.

We consider the system-object determinant analy-
sis proposed in [7] to be potentially useful for the anal-
ysis and design of poorly formalizable organizational,
information, and technical systems. This article pres-
ents a detailed description of the first SODA stage—
the procedure for constructing a taxonomy of a given
domain. The means of formalized description of sys-
tems are introduced. A procedure for constructing a
taxonomy (a subsumption classification, or a concep-
tual system) of a domain is developed. The connec-
tions of the developed procedure with system-wide
patterns is also considered. An example of a con-
structed taxonomy is given.

1. MEANS OF FORMALIZATION
FOR A DOMAIN TAXONOMY

Within the system-object approach, the most
important issue in describing a system and the stages
of its analysis or design is maintaining the functionality
of the whole, both on the part of subsystems towards
the system and on the part of the system towards its
suprasystem. Incorporating this maintenance into the
analysis or design is the defining feature of systems
analysis [6, 8].

For material systems (internal systems or systems-
phenomena), that system relation manifests within the
part—whole relation in the following way. If a set of
streams/connections of parts (subsystems) includes a
set of functional streams/connections of the whole
(system), then and only then are these parts subsys-
tems. The division into these parts, i.e., the part—
whole relation, is systemic, and the streams/connec-
tions are also systemic, not formal. It all depends on
the degree of functionality of the considered connec-
tions of the whole (system)!

For conceptual systems (external systems or systems-
classes), this system relation manifests within the sub-
sumption relation in the following way. If the content
of subordinate concepts (subsystems) includes the
content/function of the superordinate concept (sys-
tem), then and only then are these subordinate con-
cepts subsystems. The division into subordinate con-
cepts, i.e., the subsumption relation, is systemic, and
the subsumption connections are systemic, not for-
mal. It all depends on the degree of functionality of the
considered content of the subsumption system!

Let us consider more closely the procedure for con-
structing a taxonomy, or a subsumption classification
(conceptual system), of a given domain while adjust-
ing for the relation of maintaining the functional abil-
ity of the whole, by virtue of which the taxonomy will
also correspond to the system-wide principles of com-
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munication, hierarchy, monocentrism, and organiza-
tional continuity (the definitions of these are given in
[6, 9]).

To describe the domain taxonomy and the proce-
dure for its construction, let us first consider the
means of their formalization. One such means is
description logic (DL) [10]. Description logic is a
family of formalisms for representing knowledge, the
basic concepts of which are concept, role, and individ-
ual; it is characterized by the use of various construc-
tors to create composite concepts from simpler ones.
In [7], the stages of determinant analysis are formal-
ized using the DL ALCHOIQ. Its syntax in brief form
is as follows:

T, LA AC C;—C;C 1 D;C U D;3R.C;
VR.C;>nR.C},

where the symbols T and 1 are the concepts frue and
false; A is an atomic concept; C and D are arbitrary
concepts; and R is an atomic role.

Study [11] proposes a substantive definition of the
concept of system that applies to both systems-phe-
nomena and systems-classes. The formal description
of an abstract class (consisting of subclasses, not
instances) as a system has the following form:

S =[S RS 3RS (1)

In this expression, in accordance with Abadi and
Cardelli’s object calculus rules: S ! is a field for indi-
cating a system-class of a higher tier of the hierarchy

corresponding to system node S;; RS 'CRS'isa
method that corresponds to the role (function) of sys-
tem ' in its suprasystem 5™
In [7], the formal definition of an abstract system-
class (1) is specified in ALCHOIQ-logic terms as the
following concept:
s’

J T

S7,, N3RS, ()

L

!

where S; ;,

the hierarchy tier number = 0, V); j is the node num-
ber within one hierarchy tier; and / and p are the num-
bers of the parent nodes of the node of the current
hierarchy tier.

i ! ..
S’ RS;, ; are abstract classes (concepts; / is

A specific class system (that consists of instances,
not subclasses) is described in DL terms as a set of
three component elements “Node-Function-Object”
(NFO elements):

C=[U;F;0]=[(L?U LY); L'M3R.L?;

os?u0S'uU oS, (3

where U = L? LU L! is a node as the intersection of a
set of inputs L? and outputs L!'and F= L! M AR.L? is

a function that converts a set of inputs into a set of out-
puts.
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Classification of objects
(systems-classes):
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Classification of object properties
(properties-classes):

o | RSoj

Fig. 1. Conceptual system.

The expression L! M 3R.L? shows that the set of
outputs L! is “connected” with the set of inputs L? by
role R; R is a functional role representing correspon-
dence between concepts. If we introduce the role R —
hasCorrespondence, we can specify the definition of
the function: F = L! M 3 hasCorrespondence. L?; O =
O0S? L OS! U OSf is an object that implements the
function and has substantive characteristics (input,
output, and internal).

A conceptual system as a whole can be represented
in DL terms as K = TBox LI RBox, where T'Box is a set
of terminological axioms and RBox is a set of axioms
for roles and their relations. From the results obtained
in [7], it follows that a conceptual system is a combi-
nation of Thox and RBox:

RBox =| RS;; C RS!,, |;

C))

TBox = S,'I’j E Sip—l,l M HRSIIJ .

2. CONSTRUCTION OF A DOMAIN TAXONOMY

The procedure for constructing a domain taxon-
omy consists of three actions.
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(1) Selection and formulation of the subsumptive
definition of the most basic concept/class of the

domain (Sll,1 ). This definition should reflect the func-
tional properties of the object or phenomenon that

correspond to the defined concept/class (Sll,l) in its
differentia (RSIIYI). The differentiae should ideally be
properties that support the functional properties
(RS&,) of the concept/class (Sé’l) that is superordinate

in relation to the considered basic concept/class (Sll’l)
of the domain. Thus, the differentia of the basic con-

cept/class of the domain (RSll)l) must be a type of the
differentiae (RSSJ) of the concept/class (Sé,l) that is
superordinate for the considered concept/class (Sllyl).
Expression (2) leads to Sll,1 = S& M EIRSIIJ, where

Sll,l C Sol’1 and RSII’l C RS(IM. The formulation of this
basic subsumptive definition leads to the self-evident
satisfaction of the principle of monocentrism [6], as the
further constructed hierarchy will have a single
(selected at this stage specifically for the given
domain) root node (Fig. 1).

This stage is similar to construction of contextual
model in graph-analytic modeling of material systems
and processes that begins from the representation of
the modeled processes as a single contectual one with
a common name.
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(2) Decomposition of the basic concept/class of
the domain into subordinate concepts/classes towards
which the general concept/class is superordinate, i.e.,

S;J,...,Szl,n C S . The properties of the subordinate
concepts/classes reflected in their differentiae must
support the functional properties of the superordinate
concept/class. Thus, the differentiae of con-
cepts/classes must be types of differentiac of the
superordinate concept/class. le.,
RS,,,..., RS, T RS/ ,.Expression (2) leads to S, ; =
Sll,1 r EIRSZI’ j» Where Si ; Sll,1 and RSzl, ; RSIIJ.
This stage corresponds to the decomposition stage
in the graph-analytic modeling of material systems
and processes, which involves determining the parts
(subprocesses) that support the functioning of the
contextual process. From the substantive definition of
the system-class [6, 11] and the formal representation
of the system-class (1) the satisfaction of the principles
of communication (the system is connected with its
environment by numerous communications) and Aier-
archy (at any level of the hierarchy the system is part of
a higher-tier system, i.e., a suprasystem) follow [6].
The satisfaction of the principle of hierarchy rein-
forces the satisfaction of the principle of monocentrism.

An expanded understanding of the principle of
monocentrism leads to the satisfaction of Bogdanov’s
principle of organizational continuity, which is the idea
that between any two systems there are connections
that link them together into a single “chain of ingres-
sion” [6], which we have proven for systems-phenom-
ena [9] and for systems-classes [11].

3. Repeat step 2 for each subordinate concept/class

(Szl’l,...,Sin). I.e., define first-level systems-classes
through higher-level (in this case — second-level)

S; =

for iy,
that

classes,
S N3RS ;.5 8, =8, N3RS

ijo Lp?
RS,{ j,...,RS,-{p C RS;J is true for their properties-

classes (Fig. 1).

The procedure for constructing a taxonomy of
classes that can be described as abstract systems-
classes, for example, of form (1) or (2), ends with a
class that represents a specific system-class that can be
described using classes-connections (streams),
classes-functions (processes), and classes-objects
(object properties), i.e., an expression of form (3),
emerging at some level of the hierarchy.

The result of the domain classification is a con-
cept/class that includes the analyzed or designed sys-
tem and specifies the functional properties of this sys-
tem in a general form. The definition of the class of
connections is essentially the same as the definition of
the functional requirement for the analyzed or
designed system (its external determinant), and the
definition of object properties specifies the implemen-
tation mechanisms of the system’s functions.

The detailed procedure of the first stage of system-
object determinant analysis (the construction of a

example,

such
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domain taxonomy) can be presented in the form of an
algorithm, the flowchart for which is given in Figs. 2
and 3, using the terms and designations of descriptive
logic introduced above and also in [7]. The conceptual
system of the domain “Passenger car” is presented in
Fig. 4 in the same form as in Fig. 1.

3. EXAMPLE OF A DOMAIN TAXONOMY

As an example of constructing a domain taxonomy,
let us consider the classification of cars.

1.1. Car (S(;J)—a vehicle (Slu) intended for trans-
porting people and goods (RSSJ).

1.2. Passenger car (Sll,l)—a car (Sé,l) intended for
transporting passengers and luggage and designed to

seat 2 to 8 people (RSll’l).
1.2.1. Regular passenger car (S;ﬁl)—a PC (Sll,l) for
driving on paved roads (RS;}I).
1.2.1.1. Sports car (S31’1)—an RPC (Sé’,) for highly
dynamic driving (RS31,1 ).
1.2.1.2. Executive car (Ss,)—an RPC (Szlwl) that
provides increased passer;ger comfort (RS31’2).
1.2.1.3. Crossover car (S;5)—an RPC (S;,) for
paved and unpaved roads (RS;B).
1.2.1.3.1. Minicompact (Si,), see Table 1;
1.2.1.3.2. Subcompact (S;,);
1.2.1.3.3. Compact (S; ;) 1;
1.2.1.3.4. Mid-size (S;,) 1;
1.2.1.3.5. Full-size (S, 5);
1.2.1.4. Off-road vehicle (S;,)—a PC (S,,) with
off-road capability (RS} ;).
1.2.1.5. Commercial (S;5)—a PC (S,,) intended

for transporting small shipments of goods (RS31,5 ).

The presented taxonomy (conceptual system) can
be described in the form of RBox and TBox:

'RS}, C RS, |
RS,, C RS},
RS, C RS,
RS;, C RS, |;
RS;; C RS,
RS;, C RS,
RS;s C RS,

Box =
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Initialize the root node
of the conceptual system,
1 1
80,1, RS 1

L

RS} = basic concept of a class
of the domain, subordinate

to S& 1
_ +
RS{ |~ basic functional
property that supports it
RSp
i=1lj=1;1=

Recursive invocation

Create a new hierarchy tier of the conceptual
system
i=i+1;j=1;1=j

Does the superordinate concept of Sl{ j
contain the new subordinate concept/class?

Adding a new node to
the conceptual diagram (i, j, /)

$

j=j+1

Further decomposition
impossible

Fig. 2. Flowchart of the algorithm for constructing a conceptual system.
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Create node

S, [(L20LY; LI N 3R L2; 0S? U OS! U OS]

!
S; ; an abstract class?

MATORIN, MIKHELEV

Adding a new node to thé
conceptual diagram (i, j,

Yes

Create nodeRS,{_ jE RS,»’LL /
+
Create node 7 ; = S/, , M3IRS};
+
Add RS/ to RBox

+

Add §/; to TBox

Fig. 3. Flowchart of the subprogram for adding a new node to the conceptual system.

Sy, CS', N3RS, |
Si; C Sy, MRS,
C S, N3RS,
C S, M3ARS;,
C S, M3RS;,
C Sy, M3ARS;,
S34 € Sy N3RSy,
S35 C S5, MRS
S35 C S5 MRS
Sai S5
Sir C S5
Siy C 854
Sis £ S5
Sis C 854

TBox =

Then, for example, a specific system-class Siz—
“subcompact crossover”—can be formally described
using expression (3):

SCIENTIFIC AND TECHNICAL INFORMATION PROCESSING  Vol. 49

S, =[(L%, U LG,); LE, MARS], . L2;

3 3 3 &)
057, U0OS!,, UOS)],

where L ?431,2 = passengers LI luggage LI consumables L|

control actions.

L !i,z = passengers LI luggage LI torque LI replaceable
parts LI effects of control actions.

RSi2 = torque control LI boarding, disembarking,
seating passengers and storing luggage LI controlling
the movement and various elements of the car LI con-
ducting the MOT test.

0S;, = 0S?, U 0S";, U 0Sf;, = dimensions of
the input and output elements LI capacity for storing
materials and objects LI engine capacity and horse-
power LI weight and size characteristics of the car as a
whole.

Thus, by constructing a taxonomy (conceptual sys-
tem) of a domain, we can formulate a set of structural,
functional, and substantive properties of the analyzed
or designed system.
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Si 53 S35 Si4 Sis RS, T RSE,
53 Si) i3 Si4 S3s
Fig. 4. Conceptual diagram of the domain Car.
CONCLUSIONS system, while object characteristics of the system spec-

The described procedure of the subsumption (tax-
onomic) classification of a domain can be used to
determine the class to which the analyzed or designed
system belongs and thereby also determine its external
determinant, i.e., the functional requirement of a
higher-order system (suprasystem) for a system with a
given function. This definition of a concept/class that
includes the analyzed or designed system incorporates
its functional properties, namely, the classes of input
and output connections that define the suprasystem’s
functional requirement to the analyzed or designed

ify implementation mechanisms of its functions. The
formulation of a set of requirements for a specific class
of such systems essentially formalizes the process of
creating a technical specification for the development
of a new technical or information system.

In the future, we plan to present the remaining
stages of system-object determinant analysis, which
include the construction of a genetic (stage) classifica-
tion of a given class of systems to determine the inter-
nal determinant of the system, i.e., its actual function-
ality, and the construction of a partitive (part—whole)

Table 1. Subordinate concepts of the class Crossovers and their object characteristics

SUYV class Length, mm Width, mm Width, mm Engine capacity, L Horsepower, h.p.
(A)
. P Under 4241 Under 1765 Under 2591 Under 1.6 Under 120
Minicompact (53 ;)
(B)
3 4241-4340 1765—1813 2519-2674 1.6—2.0 120—150
Subcompact (.55,)
©)
3 4382—4695 1805—1855 2638-2727 1.6-2.5 150—200
Compact (S;3)
(D)
L 3 4680—4898 1855—1925 27452824 2.4-3.5 170—-250
Mid-size (S, 4)
(E)
) 5 Over 4980 Over 1961 Over 2900 2.4—3.5 and over 200—350 and over
Full-size (S5 5)

SCIENTIFIC AND TECHNICAL INFORMATION PROCESSING  Vol.
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classification of the system to determine the ways in
which the system functions or is constructed.
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