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Abstract—The objective of the research, results of which are
present in the article, is the development of a method for
conceptual indexing of semistructured project diagrams. The
task arouses interest in development of intelligent repositories of
design organizations and allows grouping the realized projects.
The proposed method of conceptual indexing is based on the
use of the special type of ontologies — the project ones. In
essence, an ontology plays a role of a compatible model for
knowledge representation in a project organization. The ontology
includes semantic description of project diagram notations and
design pattern used in design activity. Conceptual indexing of
project diagrams are carried with the following steps: defining
the project context, defining the subset of the electronic archive
diagrams corresponding to the project context, defining a degree
of conformity of design patterns from an ontology to the project
diagram concerning each element of the obtained subset of the
electronic archive diagrams. In case of conceptual indexing of
project diagrams representing composite elements of information
resources of the electronic archive, both a text component
(comments in program code, different instructions, etc.) and
elements of semistructured notations of project diagrams are
taken into account. Technically, the result of conceptual indexing
is represented in the form of a fuzzy hypergraph defined on sets
of terms of a domain ontology and terms corresponding to design
patterns. The ontology of project diagrams describing semantics
of UML class diagrams and including «delegation» as a design
pattern in Java.
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tern, project diagram

I. INTRODUCTION

In recent years, researchers in the field of program engi-
neering have been interested in intelligent systems that have
their origins in ontological principle of special knowledge
representation [1], [2], [3]. The ontological representation of
artifacts of software development (models, source codes of
program modules) allows to carry out automated analysis of
program systems and software intensive systems. Realization
of the ontological approach assumes constructing the ontology
model taking into account aspects of semistructured modelling
notations of program systems and features of architectural
solutions or design patterns. The domain context can be
extracted from comments texts relating to the source code.
The factor of fundamental incompleteness of project diagrams
and comments in the source code on the natural language
implies the necessity of using corresponding mathematical
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models in the purpose of formalization. The article proposes
to use formalism of fuzzy hypergraphs for such cases.

II. THE FORMAL MODEL OF AN ONTOLOGY OF PROJECT
DIAGRAMS

In order to solve the problem of intelligent analysis of
project diagrams included in project documentation, it’s neces-
sary to have knowledge in the field of constructing the formal-
ized diagrams (using notations). Fig. 1 shows the structure of
the fragment of the ontology of project diagrams, particularly,
class diagrams in UML (Unified Modelling Language).
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Figure 1. The structure of an ontology of project diagrams (including an

example of a design pattern)

Such knowledge allows to identify design patterns used
in different projects and, consequently, find projects with
similar architectural solutions and approaches to realization
of program subsystems of automated systems (AS). Fig. 1
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cites a design pattern called «Delegation» as an example [4].
Formally, the ontology of project diagrams can be written as
follows:

oP™I — {O:ldwj orri_opri

tmp1? Ztmpa

.., RPI FPTIY (1)

where O7"7 — is an ontology of the UML diagram (a class
diagram is used in the working process), Of,’;f@ — is an
ontological representation of the :-th design pattern of program
systems, RP™J — is a relation associating a concept from
O%7 and an instance appertaining to O} . FP™7 — is an
interpretation function setting up a correspondance between
instances from O}” and O classes.

Let us consider the main components of the UML diagram

ontology:
Ofl’"j = (CP™I RPTI | FPT),

where CP"7 = {F"7, ... ¥} —is a set of terms defining the
main elements of UML class diagram (e.g. «Thing», «Class»,
«Object», «Interface», «Relationship», etc.); RP™ —is a set of
relations allowing to construct ontological representations of
project diagrams in compliance with the appropriate notations
(e.g. relations: defining the name of the diagram element of
string type «hasAName», inheritance relation «isA», relation
connecting a class with an object of this class «isObjectOf»,
etc.); FP™J — is a set of interpretation functions defining on
relations RP™7.

The ontological representation of the i-th design pattern of
program systems is defined as follows:
orri

tmp;

prj

i) L instance(r?

= {instance(c}

Actually, the ontological representation of an individual
design pattern represents a set of terms and relations from
the ontology of project diagrams with addition of relation
TsameAs, representing the «owl:sameAs» relation embedded
in OWL. If the specified relation associates two individuals of
an ontological representation of a design pattern, individuals
are considered as the same object.

Fig. 1 shows attribute01 and object01 associated by the
«owl:sameAs» relation. This means that the specified object
of a class (class2) is an attribute of another class (classl).

III. THE METHOD OF CONCEPTUAL INDEXING OF
PROJECT DIAGRAMS

The objective of the conceptual indexing of project diagrams
is calculating an index of electronic archive. In order to solve
the task, it’s necessary to define instances of ontology classes
of project diagrams and calculate the degree of conformity of
design patterns to a project diagram for the indexable diagram.

Let us consider the following data as source ones:

o {{cs1,dc1), (csa,dca), ..., {csn,dc,)} — is a set of an-
alyzed projects of an electronic archive, each of them
includes the source code cs; and a class diagram dc;, i —
is the project number;

o the ontology
{{CPi RPTIY {tmpy, tmps, . .

orri =
S tmpm }} including

)7 .. ~arsameAs}-

a set of concepts of a notation of project diagrams C?"J
(UML class diagrams as elements), a set of relations
between classes RP™J and a set of design patterns
{tmpy, tmpa, ..., tmpp };

o TP = {(th, f1), (&5, f3), ..., (t7, f/)} — is a technical
assignment on a new project of an automated system p
preprocessed and defined as a number of terms ¢7, ...t
with corresponding frequencies f1, ..., f/’;

e dcP — is a project diagram as a part of a new project
of the AS (the project diagram corresponds the technical
assignment) 7'zP.

According to the scheme of calculating the conceptual index
of a design organization, the conceptual indexing of project
diagrams in carried as follows:

1) Defining the project context.

2) Defining a subset of the electronic archive diagrams
corresponding to the project context.

3) Defining the degree of conformity of design patterns
from the ontology OP™/ to the project diagram dcP
with relation to each element of the obtained subset of
diagrams of an electronic archive.

Defining the context of the project is carried out on the basis
of the method of conceptual indexing of textual information
resources [5], [6]:

0‘/tz = OV(T’Za Odom’ Otz)'

The input for the function of the conceptual indexing of
the textual information F,y is the technical assignment 7'z
preprocessed, the domain ontology O™ and the thesaurus
O,

The following set is the result of conceptual indexing

OV = {ulel?) /e, () [k

The set includes the concept cf* € C%™ with the corre-
sponding value of the function of membership of the i-th
concept j;(ct?) to the technical assignment 7'z (the degree
of manifestation of the concept in the text of the technical
assignment). Let us consider the obtained set oV, as the
realized project concept.

The conceptual indexing is carried analogically for the set
of projects of the electronic archive {(S¢, Dc)}. The comment
text is extracted for each text of the source code sc; € Sc:

(k) €7} = pov (7).

Vi:te; = Feztcomm(sci)v

where tc; is the preprocessed textual representation of the
program module sc;:

te; = {<tTCi’ i%i>7 <t§Ci’ ;Ci>7 EER <t§ci’vf:6i>}'

The result of performing a function of the conceptual
indexing is the ontological representation of comments of the
source code for each program module:

O‘/scl = LoV (tCi, Cdom7 Ctz)’
OVaey = Ll /% les™) 57 oo ) fe} ).
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Let us define a set of project diagrams of an electronic
archive of a project organization compliant with the context
oV, as follows:

Delov,, = {dei = &(pov (¢*) < pov (c**)) > 0.5},

where «<»» is the equality operator and «&» is the conjunction
operator for all c*%, ct* € Cdom,

In other words, the specified set includes project diagrams
for which the condition of fuzzy equality of ontological
representations on source codes of programs and a technical
assignment is fulfilled.

Let us consider the process of defining the degree of
manifestation of patterns of an ontology of project diagrams.
That allows to calculate the conceptual index of a project
organization according to UML project diagrams presented in
the electronic archive.

Let us denote the degree of membership iy, (dc;) of a
project diagram dc; to a pattern tmp;. fiemp, (dc;) is defined
analytically as follows:

N (ABonZf
N(ABoz!™ Y’

tmp;

:utmpj (dcz) -

where N (ABomZ:j ) is a number of facts that are true if
terminology T'BoxzP" is true, and corresponds to the base of
facts ABox,), ; N(ABox},, ) is the number of facts of the
tmp;.

The number of facts N (ABozf:,f%,j) of a pattern tmp; is

quite simple to define (by summation of the number of facts
of the j-th design pattern), but in order to define N (ABoz7,”),
the following algorithm should be used.

Step 1. Transformation of a project diagram of an electronic

archive dc; to a number of facts ABonZf of the type shown
below:
elem{“ : Concept
(elemz“" ,elemd<) : Role,

where Concept is the concept defined in T BoxP™ and Role is
the role defined in T BoxP™J; elemzcﬂelemgcl are terms
instances extracted from a project diagram dc;.

Step 2. Defining the set of basic classes from ABox?,’
regarding to a pattern tmp;.

The basic class is such an instance elemici of a term
«Class» (or its subsidiary term «Subclass» from ABozZZf , that
corresponds to an instance cls,"”’ € Class from ABoxf,’;fpj
and in case of which a pattern tmp; includes the maximum

number of fact of the following type:
elemi”

(elemf“ %) : Role, (x,elem{“) : Role.

: Concept

The obtained set of basic classes of a project diagram dc;
regarding to a pattern ¢mp; can be denoted as follows:

tmp;

dc,-,
,clsy :

{(elems ), (elemdet sy, .}

; tmp;
where a sequence (elem{“, cls, "™

stance of a project diagram elemi
a class of a project pattern clszmp 7,

Step 3. Calculating the number of true facts by pairwise
replacement of instances of classes of the j-th pattern tmp;
and the i-th project diagram dc;:

) means that a term in-
is equal to an instance of

ci

vk : clsi,mpj “ elemzci. )

The fact of a design pattern is true regarding to a project
diagram if the relation to it can be found in the set of
facts of a project diagram taking into account the fact that
different term names of instances denotes different individuals.
Different names of terms belong to the same ontology instance
only when the instances are associated through the relation
«owl:sameAs».

The stated steps of the algorithm of conceptual indexing of
a project diagram dc; are carried out for each design pattern
of an ontology of project diagrams. As a result, ontological
representation of a project diagram of an electronic archive is
defined as follows:

Ve, = {ttmp, (dei) [tmpr, premp, (de;) [tmpa, .. ., 3)
ttmp, (dei) [tmps}.

Practically, the expression (3) represents a fuzzy set based
on a set of design patterns of an ontology of project diagrams,
where fitmp, (dc;) is a degree of membership of a project
diagram dc; to a design pattern tmp;.

IV. THE MODEL OF A CONCEPTUAL INDEX OF PROJECT
DIAGRAMS

The formal structure of a conceptual index of project
diagrams is more difficult that the one of textual technical
documents. The reason lies in the fact that, in conceptual
indexing of project diagrams which are the composite ele-
ments of information resources of an electronic archive, both
textual component (comments in the source code, different
instructions, etc.) and elements of semiformalized notations
of a representation language for project diagrams are taken
into account.

As in case of document resources, C' = {¢;}, i € I =
{1,2,3,...,n} is a finite set of the domain terms fixed in the
ontology. A set of patterns of project diagrams in the ontology
is denoted as T = {tmpi}, k € K = {1,2,3,...,1}. A set
of project diagrams is denoted as Dc = {dc;}, jeJ=
{1,2,3,...,m} is a family of fuzzy subsets in CUT. CI,,; =
(C,T, Dc) is called a fuzzy undirected hypergraph if déj #
7,5 € J and jgjdéj = C'UT; herewith ¢y, co, ...,c, € C and

tmpy,tmpa, ..., tmp; € T are vertices of a hypergraph, a set
Dc consisting of dcy, dca, ..., dcy, is a set of fuzzy edges of a
hypergraph.

A project diagram has an ontological representation as a
result of conceptual indexing. Hence, let us denote a set
Dc = {d~cj} as a set of project diagrams in the conceptual
index, déj is an individual ontological representation of the
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Figure 2. An example of a part of conceptual index

j-th diagram of an electronic archive. The following fuzzy
undirected hypergraph

Clyj = (C,T, Dc) 4)

defines the conceptual index of a base of projects (Fig. 2)
practically. ~ 5

Two project diagrams dc, and dcs are called unfuzzy
adjacent if dc, N dcs # @. The following value

/j,(daw dég) = ,dec.Yﬂng (C) (5)

V
c€(deyNdces)

tmpE(de’y Ndcs) lUJdCyﬂdC& (tmp)

is called a degree of adjacency of project diagrams d?:v and
dcs. The value 1 — u(dév, dE(;) describes the distance between
the project diagrams in an information base on the basis of
contexts of projects and the degree of membership of a project
diagram to design patterns from an ontology.

V. CONCLUSION

The paper presents the formal model of a project diagram
ontology allowing to describe diagram notations at the seman-
tic level and design patterns used in the organization. The
developed method of conceptual indexing of semiformalized
UML project diagrams allows to reduce the task of information
resource analysis to operations with hypergraphs. The fuzzy
metrics of distance between ontological representations of
project diagrams is used of program subsystems for structuring
the content of the electronic archive of FRPC JSC «RPA
«Mars» (Ulyanovsk, Russia).
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KOHIIEIITYAJ/IbHOE UHIAEKCITPOBAHUE
IMPOEKTHBIX JIUATPAMM B 9JIEKTPOHHBIX
APXUBAX
Hamecraukos A.M., Yul'TV
Aspakymona B.C., ®HIII] AO «HIIO «Mapcs

Ilenbio nceaemoBanms, Pe3yIbTATH KOTOPOTO MPEJICTAB-
JIeHbI B JIaHHOW paboTe, sIBJIsieTCsl pa3paboTKa MeTo-
Jla, KOHIIETITYAJIHHOTO HWHICKCUPOBAHUS C/IabOCTPYKTYpPH-
POBAHHBIX IPOEKTHBIX auarpamMM. JlaHHasi 3a1a4a Mmpe-
CTaBJIIeT HWHTepeC IpHu pa3paboOTKe HHTEJIEKTYAJbHbBIX
PEIO3UTOPUEB MPOEKTHBIX OPTaHU3AINi U MTO3BOJISIET Ha
CEMaHTHYECKOM YPOBHE IIPOU3BOJUTH I'PYHIIUPOBKY pea-
JIM30BAHHBIX IIPOEKTOB. IIpeiiosKeHHbIi MeTos KOHIIeI-
TYaJbHOI'O WHJEKCHPOBAHUSI OCHOBAH HA HCIOJIH30BAHIHI
CIIENMAJIBHOIO BUIA OHTOJIOIHMI — OHTOJIOTMH ITPOEKTHBIX
guarpamm. QakTUIeCKU, OHTOJIOTUST BBITIOJIHSIET POJIb CO-
[JIACOBAHHOM MOJIEIN IPEJICTABIEHNS] 3HAHUN B IIPOEKT-
HOI opraHu3anuu. /laHHAasT OHTOJIOTUsI BKJIIOYaeT B cebst
CEMaHTHYECKOe OIMHMCAHNE HOTAIMI MPOEKTHBIX JUATPAMM
U NPUMEHSIEMbIX B IPOEKTHON JI€sITETbHOCTU MIa0JIOHOB
[IPOEKTUPOBAHUS.

KonnenryanbHoe HUHISKCUPOBAHUE ITPOEKTHBIX A~
TPAMM BBITIOJIHSIETCS TTOCPEJCTBOM  CJICIYIONINX IIIAr0B:
olIpeJie/IeHNEe KOHTEKCTa ITPOEKTa, OMpeesIeHUe TTOIMHO-
JKEeCTBA JIMarpaMM 3JIEKTPOHHOTO apXHBa, COOTBETCTBYIO-
IMUX KOHTEKCTY MPOEKTa, OIpe/e/IeHne CTEIeHN COOTBET-
CTBUsI MAOJIOHOB ITPOEKTUPOBAHUS U3 OHTOJIOI'MU ITPOEKT-
HOI JuarpaMme OTHOCHTEILHO KayKJIOro 3JIeMeHTa Haii-
JIEHHOT'O TTOJIMHOYKECTBA JUArpaMM 3JIEKTPOHHOI'O apXuBa.
IIpn KoHIENTYaIBHOM WHJIEKCHPOBAHUHU TTPOEKTHBIX JHA-
rpaMM, SIBJISIFOIIIUXCsI COCTABHBIMHU 3JIEMEHTAMU HHQOP-
MaI[HOHHBIX PECYPCOB 3JIEKTPOHHOTO apXWBa, VINTHIBAECT-
csl KK TEKCTOBasl COCTABJIAINIAs (KOMMEHTApDUN B LPO-
rPAMMHOM KOJI€, PA3JIMIHbIE WHCTPYKIMA W T.JI.), TaK W
3JIEMEHTHI ¢J1a00hOpPMaIN30BaAHHBIX HOTAIIUN TIPEJICTABIIE
HUsT TTPOEKTHBIX nuarpamM. PopMasbHO pe3yabTaT KOH-
[ENTYaJIbHOTO WHICKCUPOBAHUS IIPEJICTABISIETCA B BUJE
HEYeTKOro rumeprpada, OIpeIe/IeHHOIO Ha MHOMXKEeCTBax
MMOHATHUI OHTOJIOTMU MPEAMETHOH 00JIaCTH W MOHATHIA,
COOTBETCTBYIOIINX IMAabJIOHAM ITPOEKTUPOBAHUSI.

Paspaborana OHTOIOrUsT TPOEKTHBIX THATPAMM, OIUCHI-
BaOIell CeMaHTUKY JuarpaMm KJaccop sizbika UML u
BKJIIOYAIOIIAs IIPeJICTaBIeHne Iab/IoHa IPOEKTUPOBAHMIS
Ha sI3BbIKE Java «JIeJIerupOBaHUE>.
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