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 Abstract—The problem of technological knowledge 
formalization is being considered. Discussed features 
of systems in the scope of ontological engineering 
of processes, applied to solving the problems of the 
structural representation of technologies associated with 
the organization of their analysis. Proposed a model 
of the concept of technological action, which identifies 
technological actions as holistic conceptual formations. 
Constructed the model of formalized description of 
technologies, which provides unambiguous transition from 
verbal descriptions of technologies to their ontological 
representations. Described algorithms for constructing a 
formalized description of technologies, which implement 
the logical procedures for automated and automatic 
construction of ontological representations of technologies. 
Concluded in the development of a new method of 
formalized description of technologies, the fundamental 
principles of which constitute the distinctive features of the 
proposed models and constructed algorithms. 
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I. IntroductIon

 
In the modern world technological knowledge with 
full confidence can be considered as the most valuable 
information. This is because of the increased intensity 
of a struggle for possession of information resources, 
among which the knowledge of production technologies 
(hereinafter – technologies) occupies one of the leading 
positions [1] – [4]. The presence of a huge number of 
technologies that differ in the most diverse groups of their 
components makes it necessary to analyze and compare 
them. Solution of scientific and practical problems within 
the framework of this problem receives a new impulse 
of development in the presence of effective tools for 

constructing a formalized description of technologies.
At present, the fixation of knowledge about 

technologies occurs through various methods of their 
description, which are quite heterogeneous from the 
standpoint of formalization aspects [5]. At the same 
time, the possibility of computer processing of this 
knowledge in the interests of analysis of technologies is 
significantly limited by the means of implementing these 
methods. In this regard, a trend towards a more efficient 
use of technological knowledge is needed to overcome 
this situation, which can be ensured by their successful 
operation within a progressive methodological basis, the 
role of which in recent decades has been actively claimed 
by the concept of a system-ontological approach [6] – [9].

The study of the features of systems in the field 
of ontological engineering of processes shows the 
impossibility of their application to solving the 
problems of formalized representation of technological 
knowledge associated with the organization of analysis 
of technologies. Problem arises in weak elaboration of 
formal mechanisms of the applied level of description 
of technologies, in the part of the formation of their 
decomposition structures (DST) that is expressed in 
the absence of representation of the activity element as 
a holistic conceptual formation and in the replacement 
of the axiomatics of ontological models with graphical 
notations of the corresponding tools [10], [11].   

Thus, it seems to be very important to develop a 
method of formalized description of technologies by 
means of a system-ontological approach, the basic 
principles of which allows operating technological 
knowledge by computer tools in automated and automatic 
modes and solving a whole range of tasks of analysis of 
technologies.
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II. the model of the concept of technologIcal 
actIon

From the semantic point of view, the ontology should 
store information about the sets of concepts, whose 
purpose is to conduct a detailed formalization of certain 
field of knowledge [12]. In accordance with the generally 
accepted practice of ontological modeling, conceptual 
elements of the field of knowledge are required to act 
as such concepts. The features of this research indicate 
the need to consider such concept as the concept of 
technological action, which is a single holistic formation 
of a formalized description of technology [13].  

The model of the concept of technological action 
is the basic representation of each of the technological 
actions located in the nodes of the DST, is proposed to be 
represented by a tuple [14]:

 ,   (1)

where  – a concept of technological action, 

 – a kernel of the concept, uY  – a set of resulting 

components, uX  – a set of source components,     uW  

– a set of invariant components, uH  – a set of cost 

characteristics, uZ – a set of own characteristics. 
When designing the DST, the following initial degrees 

of content formation of the concepts are determined:
Definition 1. The concept is fully formed if

 
   (2)

Definition 2. The concept is preliminary formed if

 

   (3)

The designation u represents the quantity of positions 
in the index of each of the technological actions located 
in the nodes of the DST. The index is an ordered, 
well-defined sequence of natural numbers, the order 
of formation of which is that the set of values of each 
subsequent position is put in accordance with a specific 
element of the set of values of the previous position [15]. 
Thus, the unambiguous identification of the location of 
the concepts of technological actions in the nodes of the 
DST is formalized. For example, for a certain concept 
of λ -level of the DST, the index u is the sequence of 
natural numbers ),,...,,( mlji ληβα . If this concept 
is preliminary formed, then it can be detailed to the 
presentation in the form of a set of other concepts, the 
index of each of which will be supplemented by an 
additional position. Such formation is also called a 
“unified decomposition construction” (UDC), at the apex 
of which is the only holistic concept, and at the basis is a 
set of private concepts. “Fig. 1” shows an example of one 
of the possible variants of the graphical view of the UDC.

Fig. 1. The example of the UDC

III. the model of the formalIzed descrIptIon of  
technologIes

In information technologies and computer science, 
ontology is most often considered as an explicit 
specification of conceptualization, which implies the 
formalization of a certain field of knowledge not only 
through the presence of a set of concepts, but also the 
description of relations between them [16].

In order to describe relations between the 
fully formed private concepts of the same level 
of decomposition, the relation P  of “immediate 
precedence” is introduced [17].

Definition 3. Fully formed concepts are in the relation 
of immediate precedence if

   (4)

When designing a DST, each of the levels of 

decomposition will have so-called “initial” and “finite”, 
and some of them will also have “complementary” fully 
formed concepts.

Definition 4. A fully formed concept of a certain level 
of decomposition is initial if

 

    (5)

Definition 5. A fully formed concept of a certain level 
of decomposition is finite if

                      (6)
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Definition 6. A fully formed concept is complementary 
to another fully formed concept related to the same level 
of decomposition if

 

    (7)

In order to describe relations between each of the 
fully formed private concepts and the already fully 
formed holistic concept, the relation F  of “part-whole” 
is introduced [18].  

Definition 7. Fully formed concepts are in the relation 
of “part-whole” if (8).

The ordered totality of this kind of UDC forms DST. 
Then the model of the formalized description of 

technologies is determined by the tuple [19]:

 ,   (8)

where  – the set of concepts of 

technological actions, P  – the intra-level relation of 

immediate precedence, F  – the inter-level relation of 
“part-whole”.

 

 (9)

The proposed model of the form (9) allows making 
a set-theoretic analysis of the considered descriptions of 
technologies by means of the following set of axiomatic 
properties [20]:

1. The set of resulting components of a fully formed 
concept is unique:

   (10)

2. The sets of source and resulting components of a 
fully formed concept do not have common elements:

   (11)

3. On the sign of the decomposition of the kernel of a 
preliminary formed holistic concept:

   

    (12)

4. On the definition of a complement to a set of source 
components of a fully formed concept:

  

   (13)

5. The set of resulting components of a fully formed 
concept cannot be a subset of several sets of source 
components of other fully formed concepts:

   (14)

6. On the definition of a fully formed holistic concept 
on the basis an aggregated set of source components:
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(15)

7. On the definition of a fully formed holistic concept 
on the basis an aggregated set of invariant components:

   
(16)

8. On the definition of a fully formed holistic concept 
on the basis the additivity of the set of cost characteristics:

    

   (17)

IV. algorIthmIc procedures for constructIng 
ontologIcal representatIons of technologIes 

The process of constructing a formalized description 
of technologies is the process of implementing formulated 
and proved theoretical propositions, which leads to the 
possibility of the formation of the DST by means of a 
staged combined design of the UDC, starting with the 
root representations of the technologies [21].

The implementation of main stages of UDC 
construction goes in accordance with the execution of 
the following algorithmic procedures (dotted line in “Fig. 
2”):

1. The algorithm for the automated construction of 
decomposition of a preliminary formed concept (stage of 
downward design);

2. The algorithm for the automatic determination of 
relations between fully formed private concepts (stage of 
intra-level design);

3. The algorithm for the automatic determination of 
the complete formation of a holistic concept (stage of 
upward design).

Fig. 2. Staged algorithmic procedures 
for constructing UDC

The stage of downward design is associated with the 
transition from a preliminary formed holistic concept to 
its representation as a set of private concepts of various 
initial degree of content formation. The methodological 
basis of this stage is the position of the axiomatic property 
3.

The stage of intra-level design is responsible for 
establishing the relation of immediate precedence 
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among the received fully formed private concepts. 
Methodologically this stage is provided by the positions 
of theoretical propositions 1-3.

Proposition 1. If the set 
rmji ,,...,,Y µλβα  of the 

fully formed concept  is equal to 

the set 
smji ,,...,,X µλβα  of the fully formed concept 

, then the fully formed concept 

 is the only immediately preceding 

concept for the fully formed concept :

  

   (18)   

Proof. By definition 3 it follows that the fully formed 

concept  is in the relation P  with the 

fully formed concept . 

Uniqueness is proved by the method of the opposite. 

Suppose that there is some fully formed concept 

, which is also in the relation P  with 

the fully formed concept . However, 

as a result of comparison of definition 3 for the fully 

formed concept  with the first part of 

the proof of this proposition there is a contradiction with 

the position of the axiomatic property 1. Therefore, the 

assumption made is incorrect and the fully formed concept 

 is the only immediately preceding 

concept for the fully formed concept .       

Proposition 2. If the set 
rmji ,,...,,Y µλβα  of the fully 

formed concept  is an own subset 

of the set 
smji ,,...,,X µλβα  of the fully formed concept 

 and there is no set of such fully 

formed concepts , that the totality 

of sets  is a subset of the complement 

*
,,...,, smji

X\ µλβα  of the set 
smji ,,...,,X µλβα  of the fully 

formed concept , then the fully formed 

concept  is the only immediately 

preceding concept for the fully formed concept 

:

   

(19)

Proof. By definition 3 it follows that the fully formed 

concept  is in the relation P  with the 

fully formed concept .
The proof of uniqueness is constructed by correlating 

the position of the axiomatic property 4 and the 
conditional part of this proposition for the fully formed 
concepts  and . As a 
result of the analysis, it turns out that the subset of the 
set 

smji ,,...,,X µλβα  is exclusively the set 
rmji ,,...,,Y µλβα

, which by the axiomatic property 1 is unique. Thus, 
the fully formed concept  is the only 
immediately preceding concept for the fully formed 
concept .

The situation when such set of fully formed 

 exists, the absence of which is stat-

ed in the position of the proposition 2, is considered in 
the proposition 3. In that case, the investigative part of 
the position of the proposition 3 contains a conclusion 
about the multiplicity of immediate precedence to the 
fully formed concept . This proposition 
is proved by a similar scheme of the given proof of the 
proposition 2.

The final stage of UDC construction is the stage of 
upward design, which is the establishing relation of “part-
whole” between each of the fully formed private concepts 
and the already fully formed holistic concept. The imple-
mentation of the corresponding algorithm is methodolog-
ically determined by the position of the proposition 4.

Proposition 4. If all the concepts  

are fully formed, and for any concept  

there is no such concept , that the 

set 
qmji ,,...,,Y µλβα  of the concept  is 

not a subset of the set 
rmji ,,...,,X µλβα  of the concept 

, and there is also no such concept 
, that the set 

rmji ,,...,,Y µλβα  of the 
concept 

rmji ,,...,,TD µλβα  is not a subset of the set 
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smji ,,...,,X µλβα  of the concept 

, then each of the concepts  is a 

private concept for the fully formed holistic concept 

:

   (20)

Proof. There is a sufficient number of possible cases 
in the proof of this proposition, which is associated to 
the total quantity and mutual arrangement of the fully 

formed concepts . In this regard, the 

proof will be conducted on the example of “Fig. 1”, when 
4n = . 

The determination of the complete formation of 
the holistic concept  is based on the 

conditional part of this proposition and the positions of 

the axiomatic properties 6-8, and there are some special 

features. They are associated with the application of 

the position of the axiomatic property 6, according to 

which it turns out that: a) the set 
mlji ,,...,,X ληβα  of the 

holistic concept  is supplemented by the 

set 
1vmji ,,...,,X µλβα  of the fully formed private concept 

, which by definition 4 is initial;    

 b) since the fully formed private concept 

 is the only immediately preceding 

concept for the fully formed private concept 

, at that  
21 ,,...,,,,...,, vmjivmji

XY µλβαµλβα =
, the set 

mlji ,,...,,X ληβα  from the set 
2,,...,, vmji

X µλβα  is 

not replenished by anything; c) the set 
mlji ,,...,,X ληβα  

of the holistic concept  is supplemented 

by the set 
3vmji ,,...,,X µλβα  of the fully formed private 

concept , which by definition 6 

is complementary; d) since the union of the sets 

2vmji ,,...,,Y µλβα  and 
3vmji ,,...,,Y µλβα  is an own subset of 

the set 
4vmji ,,...,,X µλβα , the set 

mlji ,,...,,X ληβα  of the 

holistic concept  is supplemented by the 

complement *
,,...,, 4vmji

X\ µλβα  of the set 
4vmji ,,...,,X µλβα  

of the fully formed private concept . 

Thus, by definition 7 each of the fully formed concepts 

 is in the relation of  “part-whole” 

with the already fully formed concept 

, while the requirements of the axiomatic property 

2 are also met for the fully formed holistic concept 

.

For other quantities and mutual arrangements of the 

fully formed concepts , the proof of 

this proposition will be constructed on a similar scheme.     

V. conclusIon 
By the results of consideration of the proposed 

models’ features and the constructed algorithms it can 
be concluded that as a result the method of formalized 
description of technologies was developed, differing from 
the existing methods by presence of the possibility of the 
formation of the DST by means of the staged combined 
design of the UDC, with the purpose of structuring of 
knowledge representation about technologies with 
various degree of detail.   

The distinctive feature of the proposed model of the 
concept of technological action is the concentration of 
all the semantics of technological actions, located in the 
nodes of the DST, exclusively within the sets that are part 
of the structure of these conceptual formations.

The specificity of the constructed model of the 
formalized description of technologies is in organizing the 
process of the formation of the DST, with the purpose of 
reception of analytical tools for ontological representations 
of technologies by determining and establishing all the 
entered relations, based on the constructive features of the 
embedded model of the concept of technological action. 
The axiomatic component of this model determines the 
basic laws of UDC construction, from which the DST are 
already formed.

The distinctive features of the developed algorithms 
include: constructing ontological hierarchies of concepts 
basing on predetermined signs of decomposition, 
automatic establishment of relations between concepts of 
the same level of decomposition and automatic receiving 
full information about the concepts located in the root 
nodes of the DST, based on the implemented principle of 
level-by-level aggregation of knowledge.
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