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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.

Keywords—algorithmic ~ procedure,  formalization,
relation, technological action.
L 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
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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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1I. 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]:

D, =< TP,.Y

ustu’

X, \W, H,.Z,> (1)

where 7D, — a concept of technological action,

TP, — a kernel of the concept, Y, — a set of resulting

components, X, — a set of source components, W,

— a set of invariant components, F{, — a set of cost

characteristics, Zu — 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

VY TD, (TP, #0,Y, #0,X, #D,

2
W, +O,H, #3,Z, #0~ Z, =) @

Definition 2. The concept is preliminary formed if
V1D, (TP, 22,7, 23, X, =2,
w,’ =0, =3,2, =)

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 A -level of the DST, the index u is the sequence of
natural numbers(&,, 5,,...,17;,4,,) . 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.
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Fig. 1. The example of the UDC
1. THE MODEL OF THE FORMALIZED DESCRIPTION OF decomposition will have so-called “initial” and “finite”,
TECHNOLOGIES and some of them will also have “complementary” fully

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

v TDai’ﬂjr“iﬂ'mnur v TD"li’ _/""7/1171’#x
(TD,, ...y, P TDs s,y ) 4
:(Yai,ﬂj,---,ﬂm,#, gXa,»,ﬁ, ----- ﬂm,ux)

When designing a DST, each of the levels of
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formed concepts.
Definition 4. A fully formed concept of a certain level
of decomposition is initial if

VD,

i j>"'>/lm SHy

117D

i ja'“:ﬂ‘maﬂy a;, /,---,/Im,/—lq

)A

371D,

(%)
((Yai,ﬂj,‘..,lm,ﬂ, - Xai,ﬂ/,...,im,,us
A (Yai,ﬂj,”.,lm,yq - Xa,-,ﬁj,,,.,im y7s ))

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

vTD

a[,ﬂj,...,ﬂm,/lr
3 TDaiﬁﬂ[:"'r’?’muuq 3 TDaisﬂ/s“"/{muus
(0% cX A ©
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Definition 6. A fully formed concept is complementary 1. The set of resulting components of a fully formed

to another fully formed concept related to the same level  concept is unique:
of decomposition if
P v TD v D
aiaﬂ_/‘a~~~/1/n’/1r ai,ﬂ/"“ﬂj'muuy
v1D,, , ,3TD,, (10)
Qs B seens m s My aisﬂj ----- m My (Y I Y — @)
Qi B seees P s 1y QB My
im0, , , , 31D,
i2F jrr'm M i .

2. The sets of source and resulting components of a

fully formed concept do not have common elements:

3 TDai’ﬂf’“"ﬂ'"’ﬂ” ((Y

ai’ﬁj"“?ﬁ'mm“l
< Xa[,ﬂj,...,ﬂ.m,ys ) A (Yai,ﬂ,-,.“,ﬂ,,,,y,. - (7) v TDaiij »»»»» Ao s (1 1)
* X 1Y =
g (Xahﬁf"“’ﬂ'm’lu: \ Xai 918/"“’1111’11‘[5 )) /\ ( ai,ﬁj ..... ﬂ-,,,,/l,. ai’ﬁf ’’’’’ /lm,/l,. )
A (Ya,-, Bttty S X 0 oty A 3 Qn the sign of the. d.ecomposition of the kernel of a
preliminary formed holistic concept:
A (X B sty = K st ) 3J TDa S, 3 Y D! ot
In order to describe relations between each of the pe Gy
fully formed private concepts and the already fully (( / - Y Y/
formed holistic concept, the relation /' of “part-whole” s Bl P u JE
is introduced [18]. _
Definition 7. Fully formed concepts are in the relation ‘ u=lknn=>2)= (12)
of “part-whole” if (8).
The ordered totality of this kind of UDC forms DST. = (TP/ 5o = YTP/ ) u
78 Jo ’I’m l’j”m’

Then the model of the formalized description of
technologies is determined by the tuple [19]:

p=1nn>2)
Onty,., =<TD,P,F >, )

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

i’ﬁj ’""j’m’/lr v TDai 7ﬂj ,...,A,,, s My
((Yai’ﬂf ""”1"1 sHy = Xai ’ﬂj""”?’m sHy ) :>

where 7D =Y TD, - the set of concepts of
" VvV 1D,

technological actions, P — the intra-level relation of

immediate precedence, F' — the inter-level relation of

“part-whole”. (_ Y"v
= @YD, v
i3 seees P sy,
v TDa,-,,Bj ,,,,, A > Ly v TDa,-,ﬂj ,,,,, 71 >om k=1 ! k
(ID, s s wETD, s 45 ): !
| @i oB e oy %ol A v 3 YTDaiqu""v/lmuuvk , (13)
'(Ya,,ﬂ/,.,.,ﬂ.m,,u, = Yanﬂ/»"w’h’/lm)/\ k=1
n
/\((( Q5B sty _Y @ B e bt YYai’ﬂ/w-Jmn/‘vk
k=1 k=1
*
k
- (W _Y @jsfj vt A ‘ g (Xa[’ﬂ/"“’ﬂm’ﬂs \ Xai’ﬁ/"“’ﬂ'”’ﬂx )))

. . 5. The set of resulting components of a fully formed
EWQ" o dw' b (©) concept cannot be a subset of several sets of source
I B
components of other fully formed concepts:

<w < w A

AN X gt  Xaopyniy)V VI ..

v (X, 5. At \ Xa N )< 3 TDa,-,ﬂ,-,n-,lm,usg TDaf,ﬂ,-,~~~,/1m,ﬂq

< Xa,.,ﬁ,. )V (CAPRNTIE=D SIS VN
V(_‘(Xa,.,/;j ,,,,, Iokty & Xa,,/?j ,,,,, o ) /\(Y,,/f,, Ay, & Xa,-,ﬂ,-,‘., oty )

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]:

6. On the definition of a fully formed holistic concept
on the basis an aggregated set of source components:
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3 YY) - STYY)aHﬁjw”&wﬂ
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(15)

7. On the definition of a fully formed holistic concept
on the basis an aggregated set of invariant components:
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8. On the definition of a fully formed holistic concept
on the basis the additivity of the set of cost characteristics:
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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 Yaﬂ of the

fully formed concept I Da,-,ﬂ ,,,,,, 4,4 18 equal to
the set Xa,, Byt of the fully formed concept
T Da,_,ﬂ/_ ,,,, 4,4 » then the fully formed concept
vy Da Bt is the only immediately preceding
concept for the fully formed concept 7 D ,,,,, Ao,

v TD%,B/ ----- Ao > My v 1D QB seees Ao b

(Yo, gyt = Xapyriy) =

(18)
= @' 7D Bty
(D, Bt P TDa Bt )

Proof. By definition 3 it follows that the fully formed
TD

concept is in the relation P with the

Uniqueness is proved by the method of the opposite.
Suppose that there is some fully formed concept

ity B, .21ty » Which is also in the relation P with

the fully formed concept . . However,

as a result of comparison of definition 3 for the fully

1D,

o3 veer P My

the proof of this proposition there is a contradiction with

formed concept with the first part of
the position of the axiomatic property 1. Therefore, the
assumption made is incorrect and the fully formed concept

TDa-,ﬂ/-,...,Z.

is the only immediately preceding
concept for the fully formed concept 7 D
Proposition 2. If the set ¥,
(R}

TDaf B A

,,,,,,,

formed concept

of the set X, 5 ,

AAAAAAA

|\ X @ Bty OF the set Xy 5 4 of the fully
formed concept T D ,,,,, 4,4, » then the fully formed
concept T Da I is the only immediately

preceding concept for the fully formed concept
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v TDai ’ﬁj ’---a/lm,/‘r v TDai’ﬂj 7""ﬂ’m My
(((Yai’ﬂj ----- Ao oy = Xai’ﬂ ----- A sy ) 4
(3 YTDa,,  j3eees m,ka 2
" (19)

(leYai,ﬁj,...,/lm,ka (X, JR ) \

\ X N)= 3 TD

Q; ’ﬂj """ ﬁ“m >Hs a; ’ﬂj 7""1”1 SHy
My P TDai 7ﬂj ~~~~~ A sl
Proof. By definition 3 it follows that the fully formed

concept 1’ Da_, ; is in the relation P with the

D

fully formed concept @i bl

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
D, and TD%_,/;/_ .. As a
result of the analys1s, it turns out that the subset of the

set X @iy ity 1S exclusively the set ¥ ol

, which by the axiomatic property 1 is unique. Thus,

D,

immediately preceding concept for the fully formed

D,

concept a ﬂ/ ,,,,, Aoty
The situation when such set of fully formed

YTD

concepts

the fully formed concept is the only

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 7. Da,_, Bty - 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.

aiﬁ/ ’’’’’ j’m"uq
not a subset of the set Xa 5,

TDO, B.in > and there is also no such concept
TDa Bt ,thatthesetY Bt of the

concept D, Bty i MOEQ SUDS

of the concept

is not a subset of the set
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~ of the concept 1D, 4
, then each of the concepts YT Da 5,

private concept for the fully formed holistic concept

TDa,.,ﬁj AAAAA o -
ATD, 4 14, EYT (T
(VTD, 4.1
31D, oo Wqé D, 5 o o)
(5, S Xa,.,ﬁ,.,...,am,,,,. DA
NAYpmn SXapot =
= (Vv YTDa,,/j’j ,,,,, A FTDa,-,ﬁj ,,,,, T )

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 YTDa B,
k=1

, -In this regard, the

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

The determination of the complete formation of

TDaﬂ ,,,,, 177 m

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 X @ B, of the

J ;»~~r771j'm

holistic concept T Da Byt o is supplemented by the

set X P of the fully formed private concept
TD,, 4, .2, 4, » Which by definition 4 is initial;

b) since the fully formed private concept
TDa,,, By, 1S the only immediately preceding
concept for the fully formed private concept
D, p,. 4, ., -atthat Ya,.,ﬁ, ..... Aoty =Xai,ﬂj,...,ﬂm,yvz
, the set Xai'ﬂj"“'nl’;"m from the set Xa,-,ﬁ, ’’’’’ Aot is

not replenished by anything; c) the set X, Bty
B e
of the holistic concept 7. Da Bttt P
by the set X, .
D

is supplemented
of the fully formed private

concept which by definition 6

a; P
is complementary; d) since the union of the sets

and Yo 5 o,

X
ity o e SE Ay g,

P by 0

is an own subset of

of the

Y;li ﬁj ~~~~~ Am My,

,,,,,,
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holistic concept 7 Da By is supplemented by the

complement | X, 1y iy, OF the set X, e

of the fully formed private concept TDa Bty

'''''''''

k=1

with the already fﬁlly formed concept ) Da‘_, Bool) P

, while the requirements of the axiomatic property

2 are also met for the fully formed holistic concept

TD

Dl,-,ﬂ,- vvvvv A
For other quantities and mutual arrangements of the

fully formed concepts YTD, B;roniyue » the proof of
u .

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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