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Abstract. Subject ontologies are the basis of every information system that de-
scribes scientific knowledge. A particular simplified case of a subject ontology
is the indexes of classification systems, such as international UDC, ICI, Russian
State Rubricator for Scientific and Technical Information (SRSTI) and Library
Bibliografic Classification (LBC). A more developed example of a subject ontol-
ogy is thematic thesauri containing terms related to a certain field of science or
technology, with their hierarchical and horizontal connections. When considering
the architecture of the Common Digital Space of Scientific Knowledge
(CDSSK), a subject ontology is understood as a generalized structure that in-
cludes both thesaurus elements and associated indexes of various classification
systems that describe this scientific area. This article presents the results of re-
search related to the construction of subject ontologies based on the previously
developed system for supporting terminological dictionaries and proposes a
methodology for identifying new key terms for its replenishment. The methodol-
ogy is based on the use of existing citation databases (CDB), such as WEB of
Science and Scopus for English-language publications and the Russian Citation
Index for Russian-language publications. The methodology presupposes the di-
vision of the scientific area into a number of sections, the selection from the CDB
of the core of articles related to each section, and from the articles - the author's
key terms, which, in conjunction with the corresponding sections of the classifi-
cation systems, should form the basis of the subject ontology of this scientific
area.
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1 Introduction

One of the important areas of modern informatics, associated with the preservation and
dissemination of scientific achievements, is the creation of a Common Digital space of
scientific knowledge (CDSSK). This space should reflect the reliable knowledge ob-
tained in various fields of science. The purpose of creating a space is to provide users
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of various categories with multifaceted information both within individual scientific
areas and at the intersection of sciences. In accordance with the concept reflected in [1—
3], the CDSSK is a collection of heterogeneous information resources, grouped into
thematic subspaces, united by a single ontology. A unified ontology is understood as
the principles of their construction common for all subspaces — unified approaches to
storing and providing information, forming object classes and relationships between
them, metadata and attribute profiles, user interfaces, etc. The ontology and software
shell of the CDSSK should provide a developed multifaceted search for heterogeneous
information, its convenient visualization and navigation through related resources. The
basis for the thematic search for information in each subspace should be its subject
ontology — the most complete set of terms reflecting all aspects of the scientific direc-
tion, with the links established between them. By definition, the CDSSK should contain
a variety of resources, including those retrieved from existing databases and library
catalogs. Subject search for information in these databases is based on the classification
system (CS) adopted in them. If we talk about Russian polythematic bibliographic re-
sources, then they are based on one of such KS as Rubricator for Scientific and Tech-
nical Information (SRSTI), UDC, Library Bibliografic Classification (LBC), Interna-
tional Classification of Inventions (ICI). To ensure accurate and complete import of
data from external bibliographic systems, the CDSSK subject ontology should include
the indices of these CSs. The subject ontology of the CDSSK subspace is a thematic
thesaurus in this scientific area, supplemented by indices of various classification sys-
tems that act as descriptors. It is obvious that the problem of the formation of subject
ontologies is closely related to the traditional problems of the formation of thematic
thesauri. A lot of studies, both foreign and domestic, are devoted to these problems [4—
6]. Standard forms of presentation of thesauri in machine form [7], software tools for
their formation and embedding into digital libraries [8] have been developed.

Theoretical developments related to the problems of constructing and presenting the-
sauri in digital form create a certain basis for the formation of subject ontologies of the
CDSSK. However, there is no uniform methodology for their practical implementation
for various scientific fields. One of the possible typical approaches to solving this prob-
lem is presented in this article.

2 Basic System ""Terms""

In 2017-2019, with the support of the RFBR, a team of specialists with the participation
of the author conducted research in the field of creating a prototype of a subject ontol-
ogy based on the use of existing information resources [9-12].

The result of these studies was the creation of a system of terminological dictionaries
"Term" [13], which includes terms and their definitions corresponding to the concepts
reflected in the SRSTI [14]. The informational basis for building the system was the
terminological dictionaries developed at Allrussian Institute for Scientific & Technical
Information (VINITI).

The system in its original form included more than 12,000 terms related to 69 the-
matic scientific areas, and definitions of terms with active links to their sources on the
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Internet. The system provided the ability to enter and edit data, search, view and navi-
gate through its elements. In Fig. 1 provides information about the term "plasma waves"
related to the physics dictionary. Here you can see the name of the dictionary to which
the term belongs, UDC indices (in this case 533.95), SRSTI code (29.27.29), links to
the definition of the term.

Mokasa™  Pepaktwposats  McTopwa YaanTs

BOmMHbI B nrasme / dusunka [plasma waves / physics]

37a 3anuch CCHINABTCA Ha 3anucu
Cnosaps o Ouauka/ v [dictionary Physics /]

Pazgen YK + Ouvamuka nnasms / 533.95 [UDC plasma dynamics / 533.95 ]

Ha 3Ty 3anucs ceeinaiTes

[Definition of the term Tolook (1) ]
[Relationship of terms To look ( 9) ]

Onpeaenekvte TepiiHa

CBA3b TEPMUHOB (KaK
source)

ATpubyTol
Tepmux BOMHbI B NNasme [ Term plazma waves]
s il iy [SRSTI index 29.27.29]

Fig. 1. Term metadata example

Clicking on the link "View" in the "Definition of term" line opens a window (Fig. 2),
which contains the definition of the term and an active link to its source.

Mokasate Pepaxtuposats WcTopus Yaanuts

3Ta 3anuUch CCbiNAeTCA Ha 3anucu

Tepmun

McTouHMK

s femto.com.uavarticles/part_1/0569.htm [Source of definition]

Ha 3Ty 3anice cesinaoTeR

CBA3b TEPMUHOB (KaK

[Relationship of terms To look (8) 1]

target)

ATpubyTol

Onpepenetue Bonkel 8 NNasme (NNasmeHHbIe BONHbI) — 3MEKTPOMATHUTHBIE BOMHBI, CAMOCOMACOBAHHbIE C KONNEKTUBHIM ABIKEHIEM 3aPRK. YaCTUL NNasMbl
Cneyucuka Nnasmbl, B YaCTHOCTH, €8 OTNMYME OT HeTPaNbHOro rasa, CBA3aHa ¢ BONHOBLIMKM Npoyeccamu. CywecTeyeT MHoro Tunos B. B n.,

deﬁnltlon onpeaensembix @& COCTOAHWEM, 3aBUCALUMM OT HANMYNA UNK OTCYTCTBUSA BHELU. MarH. NONeR U OT KOHDUrypauui NNAa3Mbl U NONeN.

Knaccudukayua B. B n. npou3sBoauTCA, Npexae BCero, No BenuyuHe amnnuTyasl. Mpu Gonblunx aMNNUTyAax BONHOBLIE ABIKEHUA Ha3.
HENMHEVHBIMI BONHAMI; OHI MOTYT GbiTb PEryNAPHBIMM, HaNPUMEP, CONUTOHSI, IMGO XaOTUHECKIMM, HaNPUMEP, GECCTONKHOBUTENLHYIE YAapHbIe
BonHbI, OBLUee pelueHie 33a41 O HeNMHEHsIX BONHaX oTcyTCTayeT. 3agavy O BOMHAX Manoi aMNNMTYAL! YAAETCA PeLUMTs A0 KoHUa B oblueM
BMAE, NMHEaPU30BaB YP-HUA, ONUCHIBAIOLLME COCTORHME NNasMbl. OBLIMHO Nog Tep "B.en." MIMEHHO Takue BOMHLI

Fig. 2. Term definition window

When the development and filling of the first version of the system were completed,
the idea arose of forming the relationships of terms by identifying the presence of each
term in the definition of other terms, both within "one's" dictionary and in external dic-
tionaries. A corresponding software algorithm was developed and implemented, as a
result of which more than 300,000 pairs of terms related to each other in the indicated
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sense were generated in the system, and the ability to view and edit these relationships
was provided. The resulting relationships related to several subject dictionaries were
edited by experts in these subject areas — each relationship was assigned one of five
types of meanings: identical, close, contains another, contained at another, intersect. In
the system, along with verbal designations of the type of relationships, for clarity, sym-
bolic ones are used, respectively — =", "~" ">" "<" "> <",

The metadata pages for terms contain links to the relationships of that term to others.
On the page (Fig. 1) there is a link to relationships with those terms in the definition of
which this concept is included. The page containing the definition of a term (Fig. 2)
contains a link to relationships with terms that are included in the definition of this
concept. In the example shown in Fig. 1 there are 9 such links, in Fig. 2 — 8. Clicking
on the link "To look 9" opens a window with the specification of links (Fig. 3). The
system offers not only 7 relationships of terms inside the dictionary "Physics", but also
connections of the concept “waves in plasma” from the “Physics” dictionary with the
term “plasma flow” from the “Mechanics” dictionary (first line) and “Solar wind” from
the “Astronomy" (Sixth line).

TepMMHOJ'IOFMLleCKMe crnosapu

Monbiosatens  [+]  WcToswuk  [+]  OnpegenenveTepmuwa  [+]  Tepmun +] Cnosaps [+] BBK [+] CssmbTepwuHos  [+]

YOK

Cnmcok Crpyktypa i 5
HanpgeHo 9 3anuceit

+ BONHbI B NNA3Me (Pria) < TEHHMR MNAIMBI (Mexaroisa)

« BOMHbI B MINA3Me (Guyixz) > NIHTMIOPOBCKME BONHBI (Pwsia)

+ BOMHI B NNA3ME (Pw3wca) > MATHUTOIBYKOBLIE BOMHI (Bya

+ BOMHBI B NNa3me (usxa) > yAaPHLIE BOMHbI B NNa3Me (i BbiGop

+ BOMHI B NA3Me (Vusia) >< HEMMHEMHbIE ABNEHWA B NNa3ve (v

« BOMHbI B NNA3Me (Dusuka) >< CONMHEMHBIA BETEP (AcTporomms retaiabiod

+ BOMHBI B NNa3Me (Pusika) >< TYPOYNEHTHOCTB NNA3MBI (Prsixa BONHLI B Nnasme / usuka

« BOMHBI B NNA3Me (Puawka) >< WPEAUHTrepa ypasHeHUe HENMHeHO® (Pusika

* BONHYI B NNasMe (Pusmnka) < BonHL (dusuka name

MpymenTs

Fig. 3. An example of term relationships (words of this term are included in the definition of
others).

Each link is an active link, when you click on it, a window opens with the definition of
the term associated with the considered one (Fig. 4). An authorized user with the ap-
propriate rights can edit the link type or delete it.



ee X (2526) Brogawwe - Mowra Mailru X | [B) (1) Beiewwii rasa Mocxosckore X TepmHonorvueckve croeapn X nw' T = |

1o | class.labs.benran.ru/records/term _relation/2312¢ % P o M (0 Npwocenommena)

mHa  [+]  Tepmu +]  Cnosape + B5k +]  CansbTepmuHos [+

Mokasate PeparTuposats UcTopus nanuTs

BOJIHbI B Nnasme (euanxa) >< LLipeauHrepa ypaBHeHue HenmHenHoe
(Puzuka)
37a 3anUCh CCHINABTCA Ha 3anucH

Source

Target

ATpHEYTHI

Fig. 4. Relationship details window

A similar window opens when you click on the "To look 8" link in Fig. 2. Here we see
the connections of the term "waves in plasma" with terms from the dictionaries "Geo-
physics™, "Nuclear Engineering”, "Space Research” and "Mathematics" (Fig. 5).

TepmMuHonoruyeckne crnosapu
Monbsosatens  [+]  MWcTouwwk  [+]  Onpepenenme Tepmuda  [+]  Tepmus [+] Cnosaps [+] BBEK [+] CasasbTepmuHos  [+]

VOK  [+]

admin B

Crucok  Crpyktypa % 3
: Hamngero 8 sanuceit

« Mar{uTHOe none (f'ec >
* Mar{uTHoe none (5

) > BOMHLI B N
savus) > BOMHbI B NNA3Me (Puaa Bbl60p
5 S 1 target
* YAApHan BONHA (Mexarwra) >< BOMHbI B NNA3MEe (Duwra
>< BOMHbLI B NNa3Me (Pusmxa) Bonue! B nnaame (nNnasmeHHbIe BONHLI) —

« YPaBHEHWUA ABWKEHWUA NNA3MBbI (Mares
« BOMHBI (PU3VKa) > BOMHbI B NNasMe (Suanka)
name

MoumeruTs

Fig. 5. Example of term relationships (terms included in the definition of a given one).

3 Methodology for filling subject ontology

For the development of the "Term" system to a full-fledged version of the subject on-
tology, it is necessary to supplement it with key terms (CT) that describe in sufficient
detail the selected scientific directions. It is proposed to solve this problem using the
keywords indicated by the authors in their scientific articles. To automate this process
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and select high-quality publications, citation databases such as WEB of Science (WoS)
and Scopus (for English-language publications) and the Russian Citation Index (RSCI)
for Russian-speaking ones can be used.

The proposed technique includes the following processes.

1. Division of the field of science into separate sections. The degree of detail of such
a division is determined by scientists together with information workers on the basis of
an analysis of existing classification systems (CS), such as SRSTI, UDC, ICl, etc., well
developed for this scientific area.

2. Establishing relationships between the selected sections and the indexes of the
selected CS related to this field of science. In relation to each section in each CS, indices
are selected that are more or less associated with this section. The pairs "section — in-
dex" are formed and one of the 5 type of relationships between terms in each pair are
established (see above).

3. For each of the selected sections, queries are formulated to the citation database
(WosS, Scopus, RSCI), in accordance with which publications are selected published
during a certain interval of years, depending on the scientific direction. The metadata
of each article retrieved upon request has attributes containing a list of key terms and
links to publications citing the article.

The data obtained can serve as the basis for filling the subject ontology. For this, key
terms for each scientific section should be selected from the received articles, and du-
plicate terms should be excluded from the resulting list. Then, experts should exclude
“noise terms” that are not relevant to the given field of science. Technically, the ex-
tracting of key terms from WoS and Scopus is not difficult — both of these systems can
process queries automatically and provide the ability to obtain information in various
structured formats that make it easy to highlight the author's key terms from DB rec-
ords. The situation with the RSCI is somewhat more complicated, in which neither au-
tomatic processing of requests nor the issuance of information in any structured format
is provided. The system provides data in the form of text records. To extract the neces-
sary information, it will be needed to develop a program that processes HTML pages
containing found publications.

As aresult of processing the information received for each selected section of a given
scientific area, an array of Russian-language (RSCI) and English-language terms (WoS,
Scopus) is formed, indicating the frequency of their occurrence during any given time
interval.

As a first approximation, it can be assumed that all the selected key terms are in-
cluded in the corresponding sections of this scientific direction, which, in turn, are as-
sociated with the previously established type of connection with the indices of various
COPs. Obviously, the resulting sets of key terms require editing by specialists in this
scientific field, but this work is much easier than searching for key terms.

4 Model Implementation

The proposed technique was tested in 2019 on the example of modeling a subject on-
tology in microbiology [15]. In this scientific direction, 42 sections were allocated. For
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each section, a relationship was established of one of the 5 above types with SRSTI and
UDC. For each of them, based on the processing of articles records received by queries
to the WoS database, key terms were programmatically selected.

A total of 5865 articles were processed, of which 22715 different English key terms
(KT) were identified. After semantic processing (screening out of KTs not related to
microbiology), the total number of unique KTs was 7346. These terms were translated
into Russian and, together with the microbiology data downloaded from the system
"Terms", were loaded into a separate database, which is a simplified model of the sub-
ject ontology. Data exchange between systems was carried out on the basis of the the-
saurus description format proposed within the framework of the Semantic WEB con-
cept (SKOS recommendations) [16].

In Fig. 6 shows the form of issuing terms associated with the concept of "photosyn-
thesis". The elements of the subject ontology located under the heading "are identical"
show that "photosynthesis” is the basic term of one of the terminological dictionaries
and the heading of the sections of the VINITI and SRSTI headings.

Monck cea3aHHbIX TepmnHos [ search for related terms]

[Terms, rubricators, keywords] lidenticall
TepMUHbI, pybprKaTopbl, KNtoYeBble cioBa ToXOEeCTBEHHbI
thotocuuTes + DoTOCHHTE3

+ BUHUTU 341311
+ TPHTU 343177
Wckatp

Bnun3ky [closest] Wnpe

e 6aKTepum

[wider] Ve [narrower] CBS3aHbl [connected]

DU3MONOTHA MUKPOOPTaHU3MOE

Fig. 6. An example of visualization of terms related to "photosynthesis"

The lists “Wider” and “Narrower” contain corresponding indices of three headings
(GRNTI, UDC and VINITI) and the names of sections allocated by microbiologists.
The “Closest” list includes key terms selected from the WoS, whose names include the
word “photosynthesis”; in the list "Connected" — sections of microbiology from the
"Terms" system, the definitions of which include the term "photosynthesis" (in this ex-
ample, one of the VINITI rubricator indexes.

5 Conclusion

The proposed methodology has shown its efficiency. Researches on its development
will be continued at the MSC RAS within the framework of state assignment 0580-
2021-0016 and at VINITI with the support of the Russian Foundation for Basic Re-
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search (project No. 20-07-00103). The nearest prospect is to expand the model of sub-
ject ontology using the example of microbiology — to work out the technology for re-
plenishing the set of key terms from Russian-language databases (primarily from the
RSCI), to enter into the system of English-language terms with the establishment of
synonymy and other relations with Russian-language terms extracted from the RSCI.
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