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Abstract. This paper investigates a formal approach which supports a critically significant
step in object oriented analysis and software engineering. It is proposed to create an object
class structure model based on an Ontological Data Analysis of a targeted domain empirical
data. This technology is a development of the well-known method of Formal Concept
Analysis and is able to work with incomplete (contradictory, inaccurate, vague, etc.)
empirical information on domain, naturally supports the construction of arbitrary binary
relationships between classes of objects and takes into account available to researcher
information about the interconnection between actual for the designer domain objects
properties. Multi-valued vector logic models and means are usedin order to factor in the
realities of the empirical data accumulation.In concurrence with this a nonstrict formal
context is being formed to display the conceptual domain structure. In this context truth
values of basic semantic proposition of the form “x object has y property” are presented in a
vector form. Its transformation into a binary formal context, for which formal concepts output
effective algorithms are known, is done using intellectual alpha approximation algorithm
which takes into account typical relationships between the objects properties and, above all, a
conceptual conjugation of object properties arising from the fundamental cognitive designer’s
procedures — conceptual scaling of the objects properties detected. A properties inclusion
partial order between derived from the context formal concepts appears which is known as
inheritance of properties in object-oriented analysis. Determined by this ratio a formal
conceptclosed lattice is transformed into a model that describes an objects class structure,
according to a number of pragmatic design principles of this key software component.
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1. Introduction

Creating a Class Structure Model in object-oriented (OO) analysis and software
engineering still remains an expert’s experience realization subject [1-7]. Object and
classes are the basis for the all next steps of analysis, however they “are there just
for picking” (i.e. naturally appear in a statement of a problem) or are borrowed from
colleagues (with or without any modification) [5]. In other words in practice there is
no any systematic procedure or formalism supporting the critical for the further
software engineering step.

At the same time the majority of coryphaeus in OO methodologies pointed out the
necessity of a certain conceptual analysis of domain for “concepts” description.
That is why a strict mathematical theory Formal Concept Analysis (FCA) [8]
enthused object-oriented analysis and software engineering experts. Numerous
researches and developments using FCA for creating Class Structure Model were
accomplished. For example [9-11].

FCA is a theoretically well-founded and actively developing method of data
analysis, which reflects the classical approach to a concept as a fundamental
epistemological element defined by extent and intent.

Let’s illustrate FCA’s potential by an example of well-known OO methodologies
taxonomy generating in terms of their diagram techniques [10]. Table 1 describes
the match | between two sets: set of “objects” G — methodologies and set of
“attributes” M — techniques.

Table 1. OO methodologies and their techniques.
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methodologies O] O (%) (8] h| <| ol ol F| a|] o] | | a
UML X X X X X X X X
Booch x x x X X X
Coad&Yourdon x x X
Jacobson X X x x X X
Martin&Odell x X x x X
Rumbaugh X X X X X
Shlaer&Mellor X X x X X X

The tuple K= (G, M, I) — Formal Context (FC) — puts together the basic data for
FCA. Particularly, using FCA methods we can establish from K:

o set of formal concepts B(K) = {(X, Y) IXcG,YcM X=Y',Y= X'}
wherein: (X, Y) — Formal Concept; X - extent and Y - intent of a concept;
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«'» - Galois statements; X' ={m ImeM, Vg e X: glm} the set of attributes
common to all objects in X; Y'={g | g € G, Ym € Y: glm} the set of
objects that have all attributes from Y;

complete concept lattice (B(K); <), in which sub-/super concept relation
(X1, Y1) < (X2, Y2), iff X1 = Xz, (& Y12 Y2).

From context in Table 1 we can extract a set of formal concepts, shown in Table 2.
Meaningfully these are all generalizations of OO methodologies in the aspect of
diagram techniques. Partial order (“inheritance”) between extracted concepts is
shown in the grid in Fig. 1.

Therefore FCA delivers domain’s conceptual structure from available data in the
form “objects-attributes”. This structure was proposed by FCA’s protagonists as a
basis for creating a model describing the designed software class structure.
However, it emerged that FCA usability is limited.

Construction of arbitrary relationships between object classes is not
supported, except for the generalization relationship “is-a”.

Contradictions in the original data — a set of Basic Semantic Propositions
of the form “x object has y attribute” are prohibited. Especially the
possibility of taking into account the evidence “for” and “against” the truth
of such judgments.

Table 2. Formal concepts in domain “OO methodologies and their techniques”.

Name Extent Intent

Use case diagram, Class diagram, Sequence diagram,
Collaboration diagram, Statechart diagram, Activity diagram,

1 Component diagram, Deployment diagram, Timing diagram,
Data flow diagram, Object diagram, State transition graph,
Fence diagram, Domain chart
Use case diagram, Class diagram, Sequence diagram,

2 UML | Collaboration diagram, Statechart diagram, Activity diagram,
Component diagram, Deployment diagram

3 Booch Class diagram_, Collaboration diagram, Stateclflar_t diagram,
Component diagram, Deployment diagram, Timing diagram

4 UML, Booch Class diagram, Collaboration diagra_m, Statechart diagram,
Component diagram, Deployment diagram

5 Gz rd%?l?el;glt\)/? :I?Q; Class diagram, Statechart diagram, Data flow diagram

UML, Booch, Coad&Yourdon,
6 Jacobson, Martin&Odell, | Class diagram, Statechart diagram
Rumbaugh, Shlaer&Mellor

7 Jacobson Use case diagram, Class diagram, Sequence diagram,
Statechart diagram, Object diagram, State transition graph
Use case diagram, Class diagram, Sequence diagram,

8 LWL, dezaliser Statechart diagram

9 Martin&Odell Class diagram, Collaboration diagram, Statechart diagram,

Activity diagram, Fence diagram

75




AN. Kovartsev, V.S. Smirnov, S.V. Smirnov. Intelligent Design of Class Structure Model based on Ontological Data
Analysis. Trudy ISP RAN /Proc. ISP RAS, vol. 27, issue 3, 2015, pp. 73-86

Class diagram, Collaboration diagram, Statechart diagram,

10 UML, Martin&Odell Activity diagram
UML, Booch, Martin&Odell, . L .

11 Rumbaugh, Shlaer&Mellor Class diagram, Collaboration diagram, Statechart diagram
Class diagram, Sequence diagram, Collaboration diagram,

12 R 2T Statechart diagram, Data flow diagram
Class diagram, Sequence diagram, Collaboration diagram,

13 AL, (Rl 22 Statechart diagram

14 UML, Jacobson, Rumbaugh | Class diagram, Sequence diagram, Statechart diagram
Class diagram, Collaboration diagram, Statechart diagram,

15 el Component diagram, Data flow diagram, Domain chart

16 UML, Booch, Shlaer&Mellor Class dlagrarr], Collaboration diagram, Statechart diagram,
Component diagram

17 Rumbaugh, Shlaer&Mellor Class diagram, Collaboration diagram, Statechart diagram,

Data flow diagram

Fig. 1. Line diagram of concept lattice “O0 methodologies and their techniques .

e Available to the designer information about the relationship between
attributes of objects is ignored — the so-called attributes’ “constraints of

existence”.

Although it is somewhat dampened the interest in FCA in software engineering, the
method continued to develop, especially in the field of ontological modeling, for
example [12, 13].
The main point of this paper is to draw developers’ (especially, class structure
model designers) attention to Ontological Data Analysis (ODA), the FCA evolution
which can process vague and controversial data of modeled reality, discover
arbitrary relationships between object classes and consider properties’ limits of
existence [14-16].

The topic of the article comes out in Fig. 2 diagram of ODA realization for class
structure model design.
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= Available domain information —

v
| Generalized “object-attribute” incidence |

| Non-strict formal context |

| Binary formal context |

| Formal concept lattice |

| Class structure model design |

Fig. 2. Ontological Data Analysis diagram for domain class structure model design

2. Ontological Data Analysis and Formal Concept Analysis

ODA is a customization and a pragmatic readjustment of FCA.

For FCA primary source of initial data is a multi-valued context — “objects-
attributes” incidence (OAI) where observed domain objects’ attributes of
researcher’s interest are noted.

In ODA the format of OAI is getting more complicated in order to represent domain
empiric information, such as multiple independent object’s attribute records,
discovering the same attribute with procedure sharing, confidence differentiation for
different sources of information etc.

Besides that, as long as relations presence in ODA is treated as objects’ inner
attributes demonstration, in OAIl special associated attributes-valences pairs are
used to represent arbitrary binary relations. This approach allows us to naturally
“insert” a modeling of arbitrary relations between objects to FCA [15].

Only “weak” Basic Semantic Propositions' estimations for domain could be
extracted from such generalized OAI. These estimations form in ODA a non-strict
FC for conceptual framework extraction. Whereas for FCA usage a binary FC is
necessary. Therefore ODA offers an approach for generating such FC from initial
non-strict FC.

3. Non-strict Formal Context generation

In OAI (general scientific form for logging empirical information) rows correspond
to domain objects, columns correspond to set of objects’ attributes that are recorded
by measurement procedures available to the analyst. Table cells (matrix V) store the
measurement results:

o setofobjects G"={gi}i=1...r,r=|G" =1,
o setof attributes M = {mj}j=1,..s, S=|M| > 1,

o attributes measurement results V = (Vj)i=1,.... r;j=1,....s-
Generalized OAI is represented by tuple (G”, M, Se, Pr, A), where:
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o Se={Ji;Se; - the setof all series of measurements, |Se| = Zi'=1|Se(i)| =m
; Se) :{se(i)k}kzl,...q(i) , 0@ =1, 1=1,..., r—series of measurements,
applied to object gi € G™.

o Pr=Ji,Prj -arsenal of measurement procedures, |Pr|= Zj:l|Pr(j)| =n
; Priy :{pr(j)k}kzl,...p(j) P =1,j=1,...,s, - set of measurement

procedures used to estimate the value of the attribute m; ¢ M, where any
procedure pry has a degree of confidence in its results tg.

e A= (aj)i=1,...m j=1,... n— Matrix of measurements series results Se of
attributes M of objects from sample G*, made using measurement
procedures Pr. This matrix elements can be linguistic constants NM, None,
Failure and X:

None — a result that demonstrates a finding of a measured attribute value
outside of sensitivity threshold and the dynamic range of a measuring
instrument; it shows a “semantic mismatch” of the object and the
measuring procedure etc;
Failure — a result that records measurement failure (denial, measurement
means malfunction, abstention, etc);
NM (not measured) — a result indicating that as a matter of fact in this
series of measurements corresponding property was not measured;
X replaces any symbol of scales of dynamic ranges of measurement
procedures Pr.
Non-strict FC is a tuple (G*, M, 1), where G* - empirical training set of missile
defense, M - number of attributes of objects recorded by measuring procedures
available to the researcher, | - matrix estimates all the Basic Semantic Propositions,
each element bjj determined in accordance with the multi-valued logic V™" vector
(True, False) [17]:
[Ibil| = b%ij, b7i; b3, b7j € [0, 1],
wherein component True b*; formed certificate confirming the Basic Semantic
Proposition and the component False b~j; - denying it.
Building a non-strict incidence “objects-attributes” | begins with the transition from
the primary data, structured in the form of a matrix A, to their semantic
interpretation in the form of non-strict incidence “series-procedures” I";

={F=(0, 1), if a; = None; :
N=(05, 05), ifay; e{Failure, NM}

where T, F and N - truth constants V'F logic of “True”, “False” and ‘“Neutral”
respectively.
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Then line I' is transformed into a non-strict incidence “objects-attributes” | by
combining the truth values of basic semantic judgments obtained for the object g; in
all series, and property m; - all procedures (taking into account confidence in each
procedure). Alignment is performed on various compositional rules V'F logic [17].

4. Creating a binary Formal Contexts

Incidence “objects-attributes” | of non-strict FC can be expanded in his binary
alpha-section, for example,

' :Ua*,a*e[o,1]<a+’ 0‘_>'|(a) :

p@ _)True, if bj >a" A bj <a;
Y |False in the opposite case

wherein the alpha-section 12 - normal (binary) level corresponding vector
a={da’, a).
In practice, alpha-section 12 usually used as an approximation of so called
«a-approximationy the original was not-strict incidence I. However, this method in
the problem of forming a binary FC on its lack of rigor prototype is generally
incorrect because the set of measured properties of M may exist a priori relationship
“constraints of existence”.
Characteristic types of this kind of binary relations are considered in [18]. So a
couple of properties mj, mc € M, j #Kk for each object data domain (and hence, for
vgi € G can be:
e inconsistent if, possessing property m;, object g; obviously does not have
property m, and vice versg;
o caused if, possessing property mj, object g; indisputably has the property
my, although the reverse may be wrong;
o interdependent if possessing property m;j, object g; definitely has the
property my, and vice versa.
The usual method of alpha-section is insensitive to such relations. Therefore, its
application to the formation of a binary FC original non-strict context may lead to a
violation of “constraints of existence.”
The idea of intelligent alpha-sectional non-strict FC is available for the
formalization of context “constraints of existence” as a single predicate “a-section
correctly” with argument “Threshold « of confidence in the source data” followed
by the identification of the tolerance range «, delivering such a predicate True.
In general, set the specified area for non-strict FC is very difficult; it is possible and
that it is empty. Therefore, to solve the problem correctly binary approximation
non-strict FC in the ODA path is a reasonable compromise. Work with a common
threshold of confidence o proposed to replace the manipulation of a set of
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thresholds of confidence in the data fragments that describe each object g; € G™ at
the level of each separately taken “constraints of existence”.

A very important case is when the inconsistently of attributes is the result of a
fundamental cognitive procedure, known in FCA as a conceptual scaling [8]. This
case is considered in [16], where proposed the method of rational alpha-section non-
strict FC.

5. Formation of Class Structure Model

Analysis of binary FC allows deduce all the formal domain concepts. Formal
concepts are partially ordered by inclusion of extensions (the extension of the
concept - a set of objects, which are described by means of this concept) and form a
complete lattice [8]. To use this result in the design of the software necessary to
transform formal concept lattice in Class Structure Model.

Formal concepts according to the formation of their extensions are divided into
three types:

e The concepts of the first type describe objects really exist in the analyzed
domain. These concepts define a class of objects that deserve the naming of
“fundamental”.

e The concepts of the second kind - only generalize other notions. In
software design these classes are known as “virtual”.

e The third type of concepts is characterized by combining these features
concepts first and second kinds.

When designing the Class Structure Model pragmatic considerations require confine
fundamental and virtual classes of objects. In general, you can specify the following
principles of formal concept lattice transformations in Class Structure Model:

o all the concepts of the lattice are candidates for fundamental classes of the
model;

o the fundamental class becomes the minimum (in the terminology of
lattices) concept containing the object in its extension;

e attribute is preserved to the maximum of the concepts contained this
attribute in its intension;

o the highest concept lattice (his sign - power extension equal to the of
objects) is certainly excluded from the model, if its intention is empty;

o the smallest concept lattice (his sign - the power intention equal to the
power set of attributes) are known to be excluded from the model if its
extension is empty;

o analysis of candidates in the fundamental classes begins with the smallest
concept, and conducted by levels nearest super-concepts.

Algorithm which follows those principles is shown in table 3.
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Table 3 — Concept lattice conversion into a class structure model algorithm

Step

Operation

1

The original version of the model is formed as a copy of the formal concept lattice.

2

In the model is searched the greatest concept.
If the intension of this concept is empty, it is excluded from the model with break his ties with
sub-concepts.

In the model is searched the smallest concept.
If extension of the smallest concept is empty:

o this concept is excluded from the model with the breaking its ties with super-concept;

e aset of candidates in fundamental classes is formed of his closest super-concepts.
If extension of the smallest concept is not empty, then a set of candidates in fundamental classes
is formed of one smallest concept.

Loop through a set of candidates.

For each super-concept of the candidate under consideration excludes objects from
extension that are within the extension of this candidate (the extension super-concept is
always not less than the extension sub-concept).

4.2

In consideration of the candidate from the intension excludes any attribute that is part of
the intension of at least one super-concept (a combination of all super-concept’s intension
is always not more than concept intent, which they are).

43

If the candidate has no sub-concepts, it is recorded as the fundamental class. In such case
one of two alternatives is implemented:

e if the candidate has no sub-concepts, it is recorded straight as a fundamental;

o otherwise for this candidate creates a new sub-concept, in which the extension
is transferred (and only extension) of the candidate. This new sub-concept is
fixed as the fundamental class of objects. The intension of such fundamental
class is empty. The candidate is retained in the model as a virtual class with an
empty extension.

4.4

Promising set of concepts-candidates is unalterably filling with super-concepts of a
current candidate.

Promising set of candidates is being reduced: remains only root concepts of generalization
relationship, which is determined in a promising set of concepts-candidates.

If a set of promising candidates is not empty, then algorithm repeats from Step 4.

Classes with an empty extent and intent are excluded from a formed set. These could be only
intermediate (i.e. not root or node class) classes of developed taxonomy.

In Fig. 3 class taxonomy after converting the formal concept lattice, shown in
Fig. 2. Conspicuous is the fact that concepts 13 and 17 (highlighted in Fig.2) are
absent in this taxonomy. Both of these concepts are losing their extent and intent
after the conversion. Besides that in Fig. 3 the concept number 5 determines a
fundamental class (all similar classes are highlighted) in order to describe the intent
(and only intent) for which a special virtual class 05 implemented into the model.
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Fig. 3. Taxonomy of classes in domain “O0 methodologies and their techniques”.

5. Conclusion

Formal Concept Analysis (FCA) has shown its benefits in many application areas —
including the field of Software Engineering. Its use is especially valuable in the
early stages of software development associated with the identification of a domain
object types (classes) and relationships between these types.

Methodical equipment of the Ontological Data Analysis significantly expands and
strengthens these advantages:

o can deal with incomplete and contradictory information about the data
domain, namely a situation is typical for the beginning of the software life
cycle;

e organically describes and analyzes arbitrary relations between classes of
domain;

e take into account numerous priori known analyst relationship between the
properties of domain (actually an additional cognitive resource that did not
use the classic FCA).

Finally, the arsenal includes ODA pragmatically oriented algorithm for
transforming formal concept lattice model in describing the structure of the classes.
Formed model differs in that only describes two kinds of classes with a
fundamentally different technical realization.

Acknowledgment

This work was conducting research on the topic “Development of the basic theory
of intersubjective manage using ontological model of the situation” within the state
task Institute for the Control of Complex Systems of Russian Academy of Sciences
for 2013-2015, as well as public support of the Ministry of Education and Science
of the Russian Federation in the framework of implementation of the Program of
improving the competitiveness of Samara State Aerospace University among the
world’s leading research and education centers for 2013-2020.

82



AH

. Koapues, B.C. Cmupnos, C.B. CmupHoB. Panrionanbnoe poeKTHpOBaHHE MOJICIIH, OMHCBIBAIOIICH CTPYKTYpY

KJIaCCOB OOBEKTOB, Ha OCHOBE OHTOJIOTHYECKOT0 aHann3a AaHHbIX. Tpyast UCII PAH, Tom 27, Beim. 3, 2015 1., c. 73-86

References

(1]

[2].
[3].
[4].

[5].
[6].
[71.
[8].
[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

. G. Booch. Object-Oriented Analysis and Design with Applications (2 ed.). Benjamin-
Cummings Publishing, 1994. 608 p.

P. Coad and E. Yourdon. Object-Oriented Analysis. Prentice Hall, 1990. 223 p.

J. Martin and J. Odell. Object-Oriented Analysis and Design. Prentice Hall, 1992. 515 p.
S. Shlaer and S.J. Mellor. Object Lifecycles, Modeling the World in States. Yourdon
Press, 1991. 268 p.

B. Meyer. Object oriented software construction (2 ed.). Prentice Hall, 1997. 1296 p.
G.N. Kalyanov. CASE strukturnyj sistemnyj analiz (avtomatizacija i primenenie)
[CASE structural systems analysis (automation and application)]. Lori, Moscow, 1996.
242 p. (in Russian).

A.M. Vendrov. CASE-tekhnologii: sovremennye metody i sredstva proektirovanija
informacionnykh sistem [CASE-technology: modern methods and tools for the design of
information systems]. Finansy i statistika [Finance and Statistics], Moscow, 1998. 176 p.
(in Russian).

B. Ganter and R. Wille. Formal Concept Analysis. Mathematical foundations. Springer-
Verlag, Berlin-Heidelberg, 1999. 290 p.

R. Godin, H. Mili, G.W. Mineau, R. Missaoui, A. Arfi and T.-T. Chau. Design of Class
Hierarchies based on Concept (Galois) Lattices. Theory and Application of Object
Systems (TAPOS), 1998, 4(2), pp. 117-134.

S. Diiwel, W. Hesse. Bridging the gap between Use Case Analysis and Class Structure
Design by Formal Concept Analysis. In: J. Ebert, U. Frank (Hrsg.): Modelle und
Modellierungssprachen in Informatik und Wirtschaftsinformatik. Proc. “Modellierung
2000”. Folbach-Verlag, Koblenz, 2000, pp. 27-40.

W. Hesse and T. Tilley. Formal Concept Analysis Used for Software Analysis and
Modelling. Formal Concept Analysis (Foundations and Applications) / LNAI 3626.
Eds.: B. Ganter, G. Stumme and R. Wille. Berlin-Heidelberg, Springer-Verlag, 2005,
pp. 288-303.

H.-M. Haav. A Semi-automatic Method to Ontology Design by Using FCA. Proc. of the
CLA 2004 International Workshop on Concept Lattices and their Applications (Ostrava,
Czech Republic, 2004, September 23-24). Eds.: V. Snasel, R.Belohlavek. TU of
Ostrava, Dept. of Computer Science, 2004, pp. 13-24.

C. De Maio, L.V.Fenza and S. Senatore. Towards Automatic Fuzzy Ontology
Generation. In: Proc. of the 2009 IEEE Int. Conf. on Fuzzy Systems (Jeju Island, Korea,
2009, August 20-24), pp. 1044-1049.

S.V. Smirnov. Ontologicheskij analiz predmetnykh oblastej modelirovanija [Ontological
analysis of modeled domains]. lzvestija Samarskogo nauchnogo centra RAN [Proc. of
the Samara Scientific Center of RAS], 2001, vol. 3(1), pp. 62-70 (in Russian).

S.V. Smirnov. Postroenie ontologij predmetnykh oblastej so strukturnymi otnoshenijami
na osnove analiza formal'nykh ponjatij [Designing of ontologies by using Formal
Concept Analysis in domains with arbitrary relationships]. Znanija — Ontologii -Teorii:
Materialy Vserossijskoj konferencii s mezhdunarodnym uchastiem [Knowledge —
Ontology — Theory: Proc. of the National Conf. with international participation]
(Novosibirsk, Russia, 2011, October 3-5), vol. 2. Institut matematiki SO RAN [Sobolev
Institute of Mathematics], Novosibirsk, 2011, pp. 103-112 (in Russian).

V.P. Ofitserov, V.S.Smirnov and S.V.Smirnov. Metod al'fa-sechenija nestrogikh
formal'nykh kontekstov v analize formal'nykh ponjatij [Method alpha-section non-strict
formal contexts in Formal Concept Analysis]. Problemy upravlenija i modelirovanija v

83



AN. Kovartsev, V.S. Smirnov, S.V. Smirnov. Intelligent Design of Class Structure Model based on Ontological Data
Analysis. Trudy ISP RAN /Proc. ISP RAS, vol. 27, issue 3, 2015, pp. 73-86

slozhnykh sistemakh: Trudy XVI mezhdunarodnoj konferencii [Complex System:
Control and Modeling Problem. Proc. the XVI Int. Conf.] (Samara, Russia, 2014,
June 30 — July 03). Samarskij nauchnyj centr RAN [Samara Scientific Center of RAS],
Samara, 2014, pp. 228-244 (in Russian).

[17]. L.V. Archinski. Vektornye logiki: osnovanija, koncepcii, modeli [Vector logic:
foundation, concepts and models]. Irkutsk: Irkutskij gosudarstvennyj universitet [Irkutsk
State University], 2007. 228 p. (in Russian).

[18]. N. Lammari and E. Metais. Building and maintaining ontologies: a set of algorithms.
Data & Knowledge Engineering, 2004, vol. 48(2), pp. 155-176.

PaunoHanbHoe NnpoeKkTupoBaHMe Moaenw,
onucbiBaloLWen CTPYKTYpPY KnaccoB
00BbEeKTOB, Ha OCHOBE OHTOJIOrM4eCKOro
aHanu3a faHHbIX

'4.H. Koeapyes <kovr_ssau@mail.ru>,
1B.C. Cmupnos <victorsmirnov92@gmail.com>
2C.B. Cuupros <smirnov@iccs.ru>
YCrAy (HHUY), 443086, Poccus, 2. Camapa, ya. Mockoeckoe wiocce, dom 34
2HITYCC PAH, 443020, Poccus, 2. Camapa, yn. Cadosas 61

AnHorammsi. PaccmarpuBaercss (OpPMaNbHBI  METOJ, OOECICYMBAIONIMH  MOAJICPIKKY
KPHTHUYECKH BAXXHOTO INara B OOBEKTHO-OPHEHTHPOBAHHOM aHAIHM3€ M IMPOCKTHPOBAHUH
nporpaMMHOro obecredenus. IlpemmoxeHo (OpPMHpPOBaTH MOJENb, ONMCHIBAIONLYIO
CTPYKTYPY KJIacCOB 0OBEKTOB, HA OCHOBE OHTOJIOTHIECKOTO aHAIHM3a SMIHPHIECKUX JaHHBIX
0 IeNneBOH IpeaMeTHOH OOJACTH MPOEKTHPOBAHHSA. DTa TEXHOJIOTHS SIBISIETCS PAa3BUTHEM
M3BECTHOTO METOJa aHanu3a (DOPMAIBHBIX MOHSATHI M crocoOHa padoTaTh C HEMOJHOW
(mMpOTHBOPEUYHBOM, HETOYHOMN, HEYETKOM U T.II.) SIMIUPHIECKON HHOpMAIKEil O MPEeIMETHOM
0o0nacTy, OpraHUYHO IOAJEP)KUBACT IIOCTPOCHHE IPOM3BOJIBHBIX OTHOLICHHUH MEXIy
KJ1accaMy OOBEKTOB M MMPUHHUMAET BO BHHUMAaHHE HMEIOIIUECS Y MCCIeI0BaTelsl CBEICHUS O
B3aUMOCBSI3M aKTyalbHBIX UISI MPOEKTHPOBIIUKA CBOHCTB OOBEKTOB IPEIMETHONH OOJIACTH.
Jlia ydera peanuil HaKOIUIEHHs 3MIMPUYECKUX IAHHBIX HUCIONB3YIOTCA MOJENIU U amlmapar
MHOTO3HA4YHOU BEKTOPHOMU JIoruky. IIpu 3TOoM 1714 3agaydl BBIBOAA MOHATHHHOW CTPYKTYpBI
TpeaAMeTHOH  obmacTH  opmupyeTcs  HECTpOTHMH  (QOpManbHBIA  KOHTEKCT.  Ero
npeoOpa3oBaHne B OWHapHBI (QOPMaJbHBIA KOHTEKCT, /I KOTOPOTO HM3BECTHBI
3¢ peKTHBHBIC aNTOPUTMBI BEIBOJIA HOPMAIIBHBIX MOHITHH, TPOU3BOIUTCS C HCHOJIB30BAaHUEM
MHTEJUICKTYyaJIbHOTO ~ alrOpUTMa  aib(a-annpoKCUMaIlMK, yYUTHIBAIOIIETO  THUIIMYHBIC
3aBHCHMOCTH MEXIYy CBOWCTBaMH OOBEKTOB U, TPEXJIE BCEro, KOHIENTYalbHYIO
CONPSDKEHHOCTh CBOWCTB OOBEKTOB, BO3HMKAIOUIYI0O B pe3ylbTaTe (yHIaMEHTaIbHON
M03HABAaTEIbHOM IpPOLEAYPbl IMPOEKTHUPOBLUIMKA — KOHLENTYalbHOIO ILIKAIUPOBAHUS
PETHCTPUPYEMBIX CBOMCTB OOBEKTOB. MeXIy BBIBEICHHBIMH U3 ()OPMAIBHOIO KOHTEKCTA
MOHATUSIMA  (PUKCUPYETCSl YaCTHUUYHBIM IOPSJOK [0 BJIOXKCHUIO CBOMCTB, W3BECTHBIH B
00BEKTHO-OPHEHTHPOBAHHOM aHalM3e KakK HaclefoBaHHMEe CBOicTB. Ompenensemas 3THM
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OTHOIICHUEM 3aMKHyTasl penieTka (OpMalbHBIX IOHATHH TpaHCHOpMHpPYETCS B MOJETb,
OIUCHIBAIONIYIO CTPYKTYPY KJIACCOB OOBEKTOB, B COOTBETCTBHH C PSJIOM IIPAarMaTHYECKUX
MPUHIUIIOB TPOEKTUPOBAHMS 3TOTO KII0YEBOT0 KOMIIOHEHTA IPOrPaAMMHOT0 00€CIEeYEeHHs.
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