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Abstract. The article is concerned with the method for structuring the
electronic archive of technical documentation on the basis of the domain-
specific ontology. The ontology formal model, the technical document
model, and the algorithm for clustering electronic archive content that
has its origins in the modified fcm-method are presented. The authors
are pioneered in offering the formalization of the measure of distance
between ontological representations of the archive technical documents
on the basis of hierarchy transformation complexities comparison. Dif-
ferent types of semantic relations between ontology concepts should be
taken into account. Thus, the article considers the experimental results
of the subset of the electronic archive technical documentation of the
large project organization.
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Introduction

A modern large project organization possesses a sizable electronic archive of de-
sign and engineering documentation and engineering documentation. Its greater
part is represented in unstructured text files. In actual truth, such an electronic
archive contains the totally experience and knowledges of a great number of
highly trained specialists that have been developing and designing complex sys-
tems over many years. In case of expanding the electronic archive, difficulties re-
lated to document analysis on the basis of predetermined properties ensure. Also
skills of semantic processing of a great number of technical documentation and
intimate knowledges of the subject area are required for persons who involved
in complex technical systems designing. As a result, the important experience of
previous developments fixed in electronic archives often becomes non-demanded.
Thus, R&D cycle runtime increases.

The solution of the specified problem can be based on the use of intelligent
methods and algorithms of text documents analysis in order to create the nav-
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igation structure of the technical documentation electronic archive. The paper
[1] suggests using ontologies in intelligent document analysis.

Evaluating the specific character of project knowledges leads to the necessity
of forming the project organization ontology with the special structure includ-
ing features of a project process in the form of a subject area concept system,
relations between these concepts, and interpretation functions. In such a man-
ner the electronic archive should possesses properties of an intelligent system.
At the moment mathematical methods and algorithms providing the means for
structuring an electronic archive of technical documentation with consideration
for its content and the specific character of a project organization subject area
are not available.

Consequently, currently central problems include development of models,
methods and algorithms for construction of the navigation structure of the tech-
nical documentation electronic archive on the basis of domain-specific clustering
of partially formalized information resources.

In Section 1, the authors decribe the formal model of electronic archive ontol-
ogy structure. Section 2 considers a technical document as an electronic archive
resource and presents the ontological model. In its turn, Section 3 proposes the
algorithm for ontology-oriented indexing of technical documents. The measure
of distance in the context of ontology relating to the level of designing standards
is formalized in Section 4. Section 5 offers some experimental results.

1 The structural model of an electronic archive ontology

A subject area of complex system designing places some constraints on the struc-
ture of an applied ontology. The rigid binding to standards and systems life cycle
models applied at different stages of designing implies the necessity of forming
the ontology that consists of a lot of levels, as indicated by 1.

Formally, the electronic archive ontology consists of two applied ontologies
and may be written as the equation 1:

O = (0P,0%° R,), (1)

where OP is a subject area ontology component, OXC is an ontology of designing
systems life cycles, R4 is a unidirectional association relation between the on-
tology components. Let us consider the electronic archive ontology components
in more detail (1).

In this way, let us write the domain-specific ontology as the following se-
quence:

OP = (C,W,R",FP),

where C' is the set of electronic archive concepts that makes up a bulk of a
conceptual apparatus of an automated system designing, W = WS U W7F is
a set of subject area concepts, here W9 is a set of concepts on the level of
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standards, W7 is a set of concepts on the project level, R” is a set of relations.
Symbolically,

R ={Rg, RZ, R3},

where RE is anti-symmetric, transitive, irreflexive binary generalization relation-
ship ("subclass_of’), RE is a binary transitive composition relation (‘part_of’),
RYE is a binary relationship of unidirectional association.

The set of concepts C is defined by the following equation:

C=(C5"uC®u...c5 ) ucr,

where C% i = 1,k is the set of subject area concepts for the standards of the
it" group, CT is the set of subject area concepts extracting from the technical
documentation of projects realized.

The set of interpreting functions is denoted as follows:

FP? ={Fyor, Fores},

here F o : {W} — {C''} is a function correlating a set of terms and a set of
subject area concepts, Fp s : {CT} — {C®} is an interpretation function of
the set of concepts allowing to go to the level of concepts defined in standards.

The ontology on a life cycle as a sequence component (eq. 1) consists of three
sets and is denoted by the following equation:

OLC _ <MLC7StLC’RLC>7

tLC

here M™C is a set of models of designing systems life cycles, S is a set of life

cycle stages.

Definition 1. Terminological environment of concepts is the set of terms (lay-
ers) from the electronic archive technical documentation of projects realized.

According to the paper [1], a semantic distance between the concept and
terms in the technical document should be defined on the basis of the semantic
relation idea. The idea encloses the use of ’distance’ between words.

The semantic coefficient of the relation between the concept and the term
(the semantic distance) is defined by the following equation:

1
Zoccur (Cf(s) )wj) exp(sentence-(paragraph+1))

(occur (e ;)
num | occur | ¢; , Wy

P(S)
num (pamgraph — cooccur (ci ,wj)>

S (cf(s), wj) =

)

num (totalparagraph)

here cf)(s),wj is the i*" concept on the level of projects (standards) of the on-

tology and the j* term, sentence is the distance expressed in the form of the



66 Alexey M. Namestnikov et al.

Series of
standards No. 34

\/ The life cycle

ontology

Series of
standards No. 19

/ >
<}—

The terminological
environment of notions

The domain-
specific
ontology

Symbolic notion:

——> connect_ to ------> part_of ——» subclass_of

Fig. 1. The structure of the electronic archive applied ontology.

number of sentences between the concept and the term, paragraph is a distance

expressed in the form of the number of paragraphs between the concept and
the term, num (paragmph — cooccur (05(5)7 wj)) is the number of paragraphs

P(5)

. P(S .
where coocurrence ¢; \”’ and w; exist, num (occur (ci &) wj>) is the number

P(S
of rencontres between len ()

paragraphs in the document.

and w;, num (totalparagraph) is the number of

After defining semantic distances between the concept and the document
terms, its necessary to define the subset of terms that are appreciably seman-
tically close to the concept. In case of defining the terminological environment,
according to the paper [2], the hypothesis of A-compactness that leans up the
A-distance, taking into account a normalized distance d between terms and the
characteristics of a local density of terms 7 about these elements.

If the semantic distances between all the pairs of terms with the terminologi-
cal environment are defined, the graph connecting all terms can be plotted. After
that, the most long edge (the graph diameter D) should be defined. Consider
two terms w,; and w; and denote the length of the edge connecting them (the
semantic distance) as a (w;,w;). We obtain the normalized distance between

_a
terms d = 5-
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Further, let us find the shortest edge between the ones adjusted to the edge
(w;, wj). Its length is denoted by Byin. The ration between the lengths of ad-

justed intervals is denoted by 7* = Ba In order to normalize this value, let

min

us find the largest value 7,,4, in the entire graph. The value 7 = " is a nor-
malized characteristic of a set local density nonhomogeneity about the ontology
terms w; and w;. A = f(7,d) is a A-distance between the terms w; and w.
According to the paper [2], the use of A = 72 - d as such a distance measure is
suggested.

In order to define the terminological environment of the ontology concept on
the level of realized projects, it is necessary to mark such an edge (w;,w;) that
can be a boundary between terms related to the ontology concept and terms
that are not included in the terminological environment of the concept. With
the use of A-KRAB algorithm, the final criteria characterizing the quality of such
a disjunction of terms is denoted by the following equation:

F = h*r%d — max,

where h = 2 - mT:' . %_, is the equinumerosity criteria of the specified classes of
terms. Here m™ is the number of terms included on the terminological environ-
ment of the concept, m™ is the number of other ones.

Thus, with the use of the A-compactness hypophysis, the subset of terms
that is included in the terminological environment of the concerned concept is
defined.

Every terminological environment W of the concept C:(S) can be denoted

by the following equation

{(w1g, f1x) s (War, for) -+ -5 (Wik, fix) 5 - - (Wi, fir) },

here w;, is i*" term k" ontology concept, I, is the total amount of term asso-
ciated with the the k*" concept, f; is a normalized semantic weight of the i*"
term in the terminological environment of the k** concept (normalized semantic
distance between the term and the concept in the context of the one ontology
environment).

2 The ontology model of the technical document as an
electronic archive resource

A technical document in the context of an electronic archive is considered is an
information resource. Any one of technical documents can be considered as a
container of partially structured information. On the one hand, we deal with a
natural language text, but on the other hand, a technical document is proper
structured. The structure is defined in different standards.

We compare a frequency of occurrence of terms in one technical document
with a frequency of occurrence of the same terms in the whole set of documents.
It is originally conceived that the terms are not valuable if the frequency of terms
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in the document analyzed is far in excess of the frequency in the whole set of
documents. Symbolically, such a dependence can be denoted as follows:

N
fi=efids, =15, tog (g )
here tfidf; is a relative importance of the term w; in a document, tf; is a nor-
malized frequency of term w; occurrence, N is a number of documents, df (w;)
is a number of documents containing a term w;.

An ontological model of a technical document is such a document represen-
tation that corresponds to the applied ontology state of an electronic archive.
By [3], it follows that the notion of electronic document passport including a
semantic index can be an analog of such a model.

A section of a technical document can be shown as follows:

d __ P S
Si = <Chsgl,csg7cs?>,

where s;-i is the #*" section of a technical document d, chga is a unique name of
the i*" section of a technical document d, C;f_h C’fd is a subset of subject area

concepts, defined in the context of the i section of a technical document d.
Let us denote the j** term of the i*" section of a technical document d by

d
Sq

w;’, than a set of terms of the i*" section of a technical document d can be
defined as:

d d d
— S; S; Si
Wea = {wi", wy ,...,wlgd},

where [ a4 is a number of terms of the i*" section of a technical document d.

With the use of an interpretation function of the ontology FmecP AW} =
{CP} on the stage of technical document indexing, we obtain the ontological
representation of the document section:

d P S P P S S
OVSi = <chsg,CS?,ng>,C’S§l g C ’Os;.l g C |St£’c .

C’f; c oY stEC means that the ontological representation of the document

includes only ontology concepts of a subset C° (on the level of standards using
in automated systems designing) that correspond to the k'" stage of designing
StLe.

With the use of function FDr s : {CF} — {C®}, we can get the final
representation of a technical document section that considers the state on an
electronic archive applied ontology:

oV = (chy, {CLUCHY), CL C CP, 0% C CF [gpne .
A formal ontology model of a technical document can be defined as follows:

oVt = (57 {CJUCTY),
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The two main parts can be marked in the above equation: a structural one (S9)
and a conceptual one ({CI U Cf}) in the context of realized projects of the
archive and standards applied in the process of automated system designing
with regard to the stage of a life cycle.

3 Ontology-oriented indexing of technical documents

The ontology indexing of a technical document has in its basis the following
function:

d d
Foya sy — oV,

here sf is the i*" section of a technical document d, oVsdd is an ontological rep-

resentation of the it" section of a technical document d. 4
Notice that the method of computing a normalized weight of a term w; in

the it" section of a technical document d has in its basis the following equation:

d N 1
wj* d 2 S+ Ef2
w‘;i w;i wff

d d
S, . . . S, . . . .
here f;* is a normalized weight of a term w;’ in the it" section of a technical

d
. S .
document d, tf .4 is a term w;’ frequency of occurrence, N is the total amount
w.,"*

J
d
. . . S, .
of documents, dt is a number of documents including a term w;*, n is a number

of terms in the j*" section of a technical document d.

Definition 2. A degree of manifestation of an electronic archive ontology con-
cept is a degree of conjunction between a terminological environment and a set of
concepts of a technical document fragment subject to the condition that a termi-
nological environment includes terms that are semantically close to the concept.

Computing the degrees of manifestation of ontology concepts for every section
of a technical document is performed with the use of the apparatus of fuzzy
irrelevance [4]. Fuzzy irrelevance between a set W (a set of ontology terms on
the level of projects (standards) included in the terminological environment of
concept) and a set C¥ (5) (a set of concepts of an applied ontology on the level

of projects (standards)) denoted by I" = (W, cr®), O) where W and CP(%) are
crisp sets, O is a fuzzy set in W x CP(5) A set W is a domain of a function, a

set CP(9) is a range of a function, and O is a fuzzy graph of a fuzzy relevance.
The crisp relevance I' = (W, CT($), 0) with a chart O as a carrier of a fuzzy

chart O is called the carrier of fuzzy relevance I = (VV7 cP) O) . In the context

of an ontology, a chart O defines parts of unidirectional associations RE between
a project concepts and terms in an ontology.



70 Alexey M. Namestnikov et al.

In order to find the meaning of concept domination, the method comparing
the terminological environment of every concept in the ontology of a subject
area ontology on the project level with the text analyzed. Let us remark that
the minimal fragment of a text analyzed is a sentence and a maximal one is the
whole document, as in different fragments of the text different concepts of the
subject area are layed an emphasis on [5].

The algorithm of computing a degree of dominance of a concept in the text
fragment consists of the following steps:

Step 1. Defining the maximal degree of manifestation of ontology concepts
in the text fragment of a technical document d:

i (Cp<s)) — maz, (ufr;; (cF’(S))) .

Step 2. Defining the mean of a degree of manifestation of ontology concepts
without the concept with the maximum degree of manifestation (defined at the
previous step):

n—1
1
g (90) = L5 g ().
P n — P
i=1

where éf_)(s) c P _ ci((fc)’ cﬁ(a‘s;) = argmazrs) <Mfrg (CP(S))), n is a number

of concepts with a non-zero degree of manifestation for a text fragment frg .
Step 3. Defining a degree of manifestation of a concept in a text fragment

d.
Iry:

Aprg () = g (F9) = jeg (7). @)

The equation 2 defines a quality of selection of a text fragment in a technical
document in order to constrain the subject area concept that is fixed in an
electronic archive ontology.

Having applied the ontology interpretation function F5 . : {W} — {CT},
we obtain an initial ontological representation of each segment. The representa-
tion consists of initial sets of concepts on the levels of projects and standards
that require correction.

The results of the experiments with extracting text fragments on the basis
of the genetic optimization show that averages 30% of concepts add up to 70%
of the total degree of manifestation of all the concept of the text fragment.

The final step of forming the ontological representation of a technical doc-
ument is the use of interpreting function FZ. s : {CF} — {C} that allows
to specify a set of concepts on the level of standards resting on the subset of
ontology concepts found in a technical document. The concepts correspond to
the realized projects.

In case of realizing the above procedures, we get the final ontological repre-
sentation for every i*" section of a technical document.
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4 The ontological measure of distance between
documents

Let us consider the formal measure of distance between documents in the con-
text of ontology concepts relating to the level of designing standards. Every
ontological representation can be illustrated in a form of a tree (a hierarchy) of
subject area concepts. Such an hierarchy can be defined by finding a minimal
tree including all concepts from the ontological representation [2].

The Levenshtein distance between hierarchies can be defined on the basis
of computing an edit operation cost that should be found for each type of a
semantic relation. Thus, an edit operation for a generalization relation is denoted
by ¢s, (Rg) and a "part_of’ one is denoted by ¢sg, (Rg). S; shows belonging the
value of an edit operation to the the i*" group of standards. Actually, in case
of clustering, an edit operation is defined as a weight of a certain relation. The
weight value lies in the range between 0 and 1 and have different values within
the framework of every group of standards.

The total edit distance between the hierarchies is defined as the following
equation:

s = mas (z o5, (RE). + 3" s, <R£>Z) 7

s=1 =1

where ¢ is a group of standards number, s is an adding generalization relation
number, [ is an adding ’part_of’ relation number. The total edit distance can be
computed as a maximum one from all edit distance defined for every group of
standards.

A normalization coefficient T,y is defined on the basis of all semantic rela-
tion of a generalized hierarchy. Thus, a measure of distance between ontological
representations of technical documents can be defined as follows:

dy dy | Tov
| oV oV || T

In order to create the navigation structure in the form of a nested set of
clusters of technical documents, it is necessary to solve the problem of setting the
weights of semantic relations between ontology concepts on the level of standards.
As noted above, weight coefficients are defined as ¢g, (Rg ) and ¢g, (Rg ) for a
generalization relation and ’part_of’ relations respectively.

In view of the fact that the specified relations are used in the ontology con-
cepts for different groups of standards, let us suppose that their optimal values
for each group (in the context of their concept hierarchies) are generally differ-
ent. Let us formulate the principle of the best value for weight coefficients of
ontology semantic relations.

Let {oV?}* be a set of ontological relations of documents included in the
model sampling (the expert division of documents between classes). The follow-
ing equation is true:

{oV4}r C {0V},
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where {0V ?} is a full set of ontological representation of electronic archive tech-
nical documents. The ontology is defined by the equation (1). On the level of
standards, the generalization and 'part_of’ relations are defined on the basis of
concepts with corresponding weight coefficients ¢g, (Rg ) and ¢g, (Rg ), where
S; is the " group of designing standards used in ontology creation.

A set {oV9}* consists of two subsets {oV¢}% U {oV?}* that correspond to
the expert division of documents between two predetermined classes. The opti-
mization problem of weight coefficients of semantic relations consists of finding
such a set of coefficients as follows:

(05, (RG) 05, (RA)), (05, (RG) . 05, (R2)),- - (05, (RG), 5, (RE))}-
The clustering coefficient defined by the equation 3 should be as low as possible.
max (K+ + K_, X+ + K:)

N

F* = — min (3)
where K_ and K — are sets of absent documents respectively in the first and the
second clusters, Ky K, are sets of redundant documents respectively in the
first and the second clusters, N is the number of documents.

5 The analysis of computational experiments result on
the basis of FRPC JSC 'RPA ’Mars’ electronic archive
documentation

In case of analysis of computational experiments result on the basis of the doc-
umentation of FRPC JSC 'RPA ’Mars’ electronic archive, the domain-specific
ontology was used. The ontology consists of two series of standards used at the
enterprise:

1. GOST 34. Information technologies. Open systems interconnections. (It con-
sists of 108 ontology concepts at the level of standards).

2. GOST 19. Unified system for design documentation. (It consists of 111 on-
tology concepts at the level of standards).

The ontology level appropriate to the realized projects is based on the selec-
tion of FRPC JSC 'RPA ’Mars’ electronic archive documentation that includes
5017 technical documents. The level consists of 81 concepts and 10078 unique
terms comprising the terminological environment of concepts.

Thus, the domain-specific ontology consists of 300 concepts. They include
219 concepts at the level of standards used at the enterprise and 81 concepts
and 10078 unique terms at the level of realized projects.

The expert of FRPC JSC 'RPA ’Mars’ prepared the selection involving 5017
technical documents and grouped into two main sections:

— the section based on the documentation type that consists of 52 groups
(GOST 2.601, 2.602, 2.102, 2.701 3.1201);
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— the section based on work sectors that consists of 28 groups (products dis-
cussed in documents).

In order to perform the experiment of quality evaluation of structuring FRPC
JSC "RPA ’Mars’ electronic archive documentation, the index containing both
ontological and traditional representations of technical documents (set of ’termin-
frequency’ pairs) was used. Further, the indices were structured with the use of
different variants and subsequent quality evaluation according to the following
list:

— structuring the traditional representations of technical documents with the
use of Oracle Text tools;

— structuring the traditional representations of technical documents with the
use of the modified FCM-algorithm of clustering;

— structuring the ontological representations of technical documents with the
use of the modified FCM-algorithm of clustering;

— structuring the ontological representations of technical documents with the
use of the modified FCM-algorithm of clustering with regard to the life cycle
models of the designing system.

Quality evaluation of FRPC JSC ‘RPA ‘Mars’ electronic archive documentation

structuring
0,60 K Oracle Text
0,50
3 \\
@ Traditional

0,40 \ representation
0,30 — \ B Ontological

— \ representation
0,20 \

— \ — El Ontological
0,10 |— . representation with

& - — & regard to a life cycle

0,00

work sectors documentation type

Fig. 2. Quality evaluation of FRPC JSC 'RPA ’Mars’ electronic archive documentation
structuring.

As indicated by Fig. 2, the most appropriate values of the evaluation function
for ontological results with regard to the life cycle models of the designing system
were obtained in case of structuring the technical documentation selection in
work sectors as it performs structuring in individual documents content. In case
of structuring according to the document type, Oracle Text outperforms the
others.

The function of documentation structuring with the use of Oracle Text is
based on the clustering algorithm considering a frequency of term occurrence
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in documents. The algorithm works well in case of structuring in accordance
with the document type when Oracle Text gives the best results. The modified
FCM-algorithm of clustering ontological representations of technical documents
with regard to the life cycle models of the designing system provides structuring
of highest quality in accordance with work sectors with regard to the content.

Conclusion

The computational experiments show that the results of structuring the ontolog-
ical representations of technical documents with regard to the life cycle models
of the designing system is 40% better than results structuring with the use of
Oracle Text. The time spending on indexing and structuring processes of tech-
nical documentation ontological representations is, on the average, 7% less than
the total time spending on indexing and structuring processes of technical docu-
mentation traditional representations. The ontological approach to indexing and
structuring technical documentation makes possible structuring the electronic
archive for less time. As this takes place, the most time spending is related to
the process of documentation indexing.
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