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Abstract

Developing theories, methods and algorithms to discover and generate new knowledge has
always been one of the most important tasks of any researcher, especially if they are actively
working on the creation of new scientific publications. There is no universal language for the
formal description of concepts (knowledge) and systemology of transdisciplinary scientific
research. This raises a set of topical problems for researchers, and one of them is the way to
speed up information (in the form of cognitive-structure) search process in their own sources.
The ontology-related complex for semantic processing of scientific data is designed to solve
this problem for the researcher who has dozens to hundreds of published scientific papers.
We are not aware of any search engines that could provide the same information for a
researcher in such a short time. The ontology-related complex implements information
retrieval and knowledge discovery technologies with emphasis on technologies and tools
such as Semantic Web and cognitive graphics. The development of such a complex consists
of three stages. The first stage creates the instruments for complex development, methods and
algorithms for interaction between the components of the system “User Knowledge
engineer — Remote endpoint”, also at this stage data is added to the system. The second
stage solves the task of multimedia representation for conceptual and figurative structures
described in scientific documents. The third stage solves the task of acquiring new
knowledge.
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1. Introduction

There are many applications for searching information from various databases (DBs), including
specialized ones. Most of these applications do not take into account the cognitive aspect of data
processing, which is necessary for creativity, in particular for the researcher (RSR).

A separate problem is the multimedia (conceptual and figurative) representation of search results
and their comparison with the conceptual structure of the Knowledge Domain (KD); this is of interest
in order to gain new knowledge. The processing of scientific publications by a single author, authors
of a scientific unit or institute using Semantic Web technology is relevant for scientific research.

The ontology related complex (OrC) for semantic processing of scientific data uses information
retrieval and knowledge discovery technologies with a focus on Semantic Web and cognitive graphics
technologies and tools [1-3]. These technologies and related tools enable the creation of multimedia
representations of conceptual and figurative structures that are described in scientific articles. We use
scientific publications and databases containing them (DBSP) as scientific data. Semantic Web
technologies allow the creation and processing of a Resource Description Framework (RDF)
repository of scientific publications, the creation of local or remote endpoints, and execution of
SPARQL-queries. Of the plethora of Semantic Web technologies, it is necessary to highlight the
SPARQL-technology, which allows the RSR to create queries of arbitrary complexity and receive
information in response.
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A summary chart for the development of the OrC DBSP is shown in Figure 1. It includes a
preparation stage block and main stage blocks with variations A, B, and C. The preparation stage is
described in detail in [1]. The ontological graphs of subject area and one of scientific publications that
serve as data for implementation of the main stage, variation B phase 2 are also given there. "New
knowledge" in the phase 3 description is a knowledge that is not contained in the DBSP of the user
(author).

Preparation stage
Creating an RDF repository of SPs

using Protégé ltools.
ain stage.

Files {SPn.owl}, n=(1,N)
Variant A.1 Main stage.

Local endpoint based on the “"._‘ Variant A.2
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Phase 1. User SPARQL queries execution. Variant C

Phase 2. Multimedia visualization of the user query Arbitral remote endpoint on the Internet
results.

Phase 3. Manipulation by elementary meanings in order to
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Figure 1: Summary chart for the development of the OrC DBSP

We are aware of personalized knowledge base of the researcher, in which a number of
functionalities declared, these features support the processes of scientific and creative activity [2].
Such personalized knowledge base is:

* atool to support scientific research, and one of the central areas of development of practical

informatics [4, 5];

* development of a knowledge system for the RSR, in order to create new knowledge (or to

streamline existing knowledge, check errors and inconsistencies etc.) [6-9];

* one of the main subsystems of a modern research design system [10], an automated

workstation for the researcher [4];

* one of the basic elements for establishing a permanent canonical knowledge [11] and

supporting the functioning of a knowledge-oriented information system [12].

There is a close relationship between Semantic Web and UML technologies. In particular, we are
talking about the relationship between the Web Ontology Language (OWL) syntax and the visual
modeling of Unified Modeling Language (UML) diagrams. UML is presented as a general-purpose
visual modeling language, which is designed to specify, visualize, design and document components
of software, business processes and other systems. UML is a simple and powerful modelling tool, that
can be used effectively to create conceptual, logical and graphical models of complex systems that are
built for different purposes. This language incorporates all the best practices and qualities of software
engineering that have been successfully used for many years, to model large and complex systems
[13].

Visual modeling in UML can be represented as a process of gradual descent from the most general
and abstract conceptual model of the original system to the logical and then to the physical model of
the corresponding software system. For these purposes, first a model is built in the form of a so-called
use case diagram. This diagram describes the functional purpose of the system, what the system will
do in the course of its operation. A use case diagram is an initial conceptual representation, or
conceptual model, of a system during its design and development [14, 15].

OrC "Database of scientific publications" was created for the author, who is actively involved in
the preparation and release of new SPs. Of course, it is possible to search in your own SPs manually
(which happens in most cases), but with the help of the OrC this search can be greatly accelerated. In



addition, it is possible to automatically structure the retrieved data into appropriate templates for
future SPs.

We will now discuss the development of architectural, structural components and UML-diagrams.
Diagrams showing the operation of the OrC based on the Apache Jena Fuseki remote endpoint. In
addition, we will discuss examples of how to use a formally described scientific paper, and perform a
number of queries to some papers.

The purpose of this paper is to show the process of the OrC development. The complex allows us
to greatly accelerate the search for information by the user (in his own DB of SPs), gives visual
representation of the publication concepts and the relevant subject area, and implements Brooks’
famous formula for gaining new knowledge [7, 8]:

K(S)+dl =K(S+dS),

K|

where X(5) is the original knowledge structure, which is modified by the results of processing of the

information portion <7 | creating a new structure = (5 + 4S) and new knowledge portion &S It

is assumed that the components </ and <5 are closely related to the elementary meanings,
introduced in [1].

In [1] you also can find charts of the ontology graphs of scientific publications design and their
processing. On the basis of (X, R) of the ontology graph developed a suitable ontology graph of the
scientific publication. Publications formal XML/RDF description developed with the use of the
Protégé 5.5.0 instruments.

Elementary meanings created out of the sentences of the text of the article, depending on the
complexity of the sentence and its contents (in accordance with the syntax of the Ukrainian language)
are formed like this:

*  Complex sentences split into simple sentences.

*  Simple and complicated sentences split into simple sentences that have subject, predicate and

direct object.

*  Simple two-member sentence represented as subject (S), predicate (P) and object (O).

*  The elementary meaning is a certain equivalent of the RDF triple of the Semantic Web.

On the Figure 2 and Figure 3, you can see mentioned (X, R) ontology graph, and ontology graph

of scientific publication, created with the Protégé 5.5.0 instruments. This ontology graphs describe

“article 17, they are used to show examples of SPARQL queries and results too. English version of

“article 1” was printed in Journal of Automation and Information Sciences, vol 50, 2018, Issue 10,

PP. 1-17.
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Figure 2: (X, R) ontology graph of the “article 1”
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Figure 3: ontology graph of “article 1” in Protégé 5.5.0

The main stage of user tasks is broken down into three variants of the OrC architecture - A, B and
C. These variants have different functional capacities. A — Least powerful (organized as a local
endpoint on the user PC). B — Medium power (organized as a remote endpoint based on the Apache
Jena Fuseki server). C — most powerful (organized as a remote endpoint, which is implemented using
the original software). We can see that different variants of the OrC are suitable for different
purposes. A — For a single user in a local network with a knowledge engineer (KE), in this scenario
the user can form queries and get answers, working with only one science publication at a time. B —
for multiple users of the same research unit. C — for users of the whole institute. For option B it is
already possible to form a single query to retrieve structured information from several articles
simultaneously, which cannot be done with popular search engines.

This material will focus on describing processes using UML-diagrams for variant B, phase 1 (B1).

2. Architectural and structural organization of the OrC DBSP (variant B,
phase 1)

In this variant, the OrC functions as a remote endpoint based on the Apache Jena Fuseki and
consists of three phases: phase 1 — processing of user SPARQL queries; phase 2 — multimedia
visualization of user query results, or creation and use of conceptual and figurative structures of the
subject area; phase 3 — manipulation of elementary meanings with purpose of gaining new knowledge.

Figure 4 shows a generalized diagram for the OrC B1 variant.

First, the knowledge engineer downloads the appropriate files and deploys Apache Jena Fuseki as
a remote endpoint [16, 17]. He then uploads scientific publications to the server in the form of RDF
graphs; this data is generated during the preparation stage.
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Figure 4: Generalized diagram of the OrC DBSP

The user sees in his interface a list of possible natural language queries. He can select any query
from this list one by one, the selected query is sent over the network to the knowledge engineer
module. Systematically, the user specifies the information with which he works. It is possible to select
a subset of the articles that are used for the search, this feature is useful if it is not necessary to search
the entire database.

The following are examples of queries in natural language (NL).

3. Basic user queries

The researcher’s database contains N scientific articles published in popular scientific journals.

The serial numbers of scientific publications N can be described as follows:
N=1,2,...,m,...,m,..,m,..

The serial numbers of scientific publications (in this case we are dealing with articles) serve as
arguments for queries. The data are organized so that the author of a scientific publication is the first
co-author in the publication; otherwise, the owner of the database is the author.

1. Show the titles of the articles on the subject of “transdisciplinarity”.

2. Show the titles of the articles on the subject of “ontological”.

3.  Show the abstracts of the articles my, ..., m,, ..., my, ...

4. Show the keywords of the articles my, ..., my, ..., my, ...

5. Show the titles of all N articles:

6. Show the titles of all N articles in the order of the date of publication;

7. Show the titles of all N articles without co-authors.

8. Show the titles of the articles my, ..., my, ..., my, ..., where m,;, m,, my are user-defined query
arguments.

9.  Show the full names of the co-authors of the articles my, ..., m,, ..., my, ...
10. Show the names of the chapters of the articles my, ..., m,, ..., my, ...

4. UML-diagrams of the OrC functioning for variant B1

Now let us discuss UML-diagrams that reveal the core OrC functions for variant B1.
Figure 5 is the use case diagram, Figure 6 is the class diagram, Figure 7 is the components
diagram, and Figure 8 is the sequence diagram.
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Figure 5: Use case diagram of the OrC DBSP

A certain number of researchers are connected to a local area network (LAN), which is managed
by a knowledge engineer. We will look at the operation of the system for one user, for other users the
process is organized in a similar way.

A general interface module functions on the researcher’s personal computer (PC). The interface
displays all queries in natural language. The researcher can select a single query with the required
arguments. Another interface element shows the results of the query.

The other part of the system contains a knowledge engineer module. This module generates a
SPARQL-query from a NL-query, and sends it over HTTP protocol to the end-point. The Apache
Jena Fuseki server executes the SPARQL-query and sends the result back to the knowledge engineer
module.
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Figure 6: Class diagram of the OrC DBSP
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The sequence of the generation and processing of the user queries is shown in detail in Fig. 5 to

Fig. 8.
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5. Examples of SPARQL-queries and their results

It is important to note that the diagrams do not show the process of selecting arguments and

converting them into article numbers in the database.

NL-query.

Reading data from
the database

Show the titles of the articles on the subject of “transdisciplinarity”.




SPARQL-query.
PREFIX : <http://www.semanticweb.org/aukomnaii/ontologies/2020/5/19/untitled-ontology-3 6#>

SELECT ?ArticleNumber ?ArticleName
{

GRAPH 7x0Mep_cratTi {?s] :Ha3Banue craTtpu ?ArticleName.
FILTER REGEX(?ArticleName, "tpancaucuummr”, "i")}
{bind(strafter(str(?HoMep_cratTi),str(:)) as ?ArticleNumber)}

}

Query results.

ArticleNumber ArticleName
"MeToa010rM4yeckne OCHOBbI Pa3BUTUS,
1 CTaHoBANeHUA U IT-noaaepXKm

TpaHCAUCUMNAMHAPHbIX UCCnegoBaHUI"
"TpaHcancUMNAMHAPHOCTb, MHPOPMATUKA

2 M pa3BUTUE COBPEMEHHON UMBUAM3aLUN"
6 "Mpo6.1eMbl TPAHCAMCLUUIIMHAPHOCTHU
- W posib MHPpopMaTUKK"
"BBefeHue B KN1acc TPaHCANCUUMINHAPHBIX
7 OHTOJI0r0-YMpaB/iIseMbIX CUCTEM UCCNIE[,0BATENIbCKOTO
NpoeKTMpoBaHmsa"
NL-query.

Show the titles of the articles on the topic of “ontological .
SPARQL-query.
PREFIX : <http://www.semanticweb.org/aHukomnait/ontologies/2020/5/19/untitled-ontology-36#>

SELECT DISTINCT ?ArticleNumber ?ArticleName
{

GRAPH ?xomep_cratti {?sl :Ha3zBanue cratbu ?ArticleName.
FILTER REGEX(?ArticleName, "onToxor", "i")}
{bind(strafter(str(?HOMep_cTtarTi),str(:)) as ?ArticleNumber)}

}

Query results.

" ArticleNumber ArticleName
"Tpo AesiKi 0COBAMBOCTI NOBYL0BM OHTONOMNYHUX MOZAENEN NPEAMETHIX OBACTEN "
"BBeAeHue B KNacc TPaHCAUCLUNINHAPHBIX OHTOJIOrO-YNpPaBasSiEMbIX CUCTEM
nccae0BaTeIbCKOro NPoeKkTMpoBaHns"
"OHTONI0rNYecKas KoHUeNumus MHopmMaTmM3aL MM Hay4HbIX UCCieaoBaHMN"
"ApPXUTEKTYPA OHTONOr0-YNpaBAsieMbIX KOMMbIOTEPHbIX CUCTEM"

"K BOMpOCY CUCTEMHO-OHTOIOMMYECKOM MHTErpaLmm 3HaHUM NpegMeTHoN obactu'
"3HaHMe-opMeHTUPOBaHHbIE MHGOPMALIMOHHbIE CUCTEMbI C 06paboTKOM
eCTeCTBEHHO-A3bIKOBbIX OObEKTOB: OHTOJIOrMYEeCKUi noaxon,"
"CUCTEMHO-OHTOJIOTMYECKNI aHaNIM3 NpeaMeTHOM obnactn"

R RIS ~N

NL-query.
Show the annotations of the articles 1,2, 7.
SPARQL-query.


http://test.ulif.org.ua:51089/articles/data/article21
http://test.ulif.org.ua:51089/articles/data/article19
http://test.ulif.org.ua:51089/articles/data/article16
http://test.ulif.org.ua:51089/articles/data/article10
http://test.ulif.org.ua:51089/articles/data/article8
http://test.ulif.org.ua:51089/articles/data/article7
http://test.ulif.org.ua:51089/articles/data/article5
http://test.ulif.org.ua:51089/articles/data/article7
http://test.ulif.org.ua:51089/articles/data/article6
http://test.ulif.org.ua:51089/articles/data/article2
http://test.ulif.org.ua:51089/articles/data/article1

PREFIX : <http://www.semanticweb.org/auxomnaii/ontologies/2020/5/19/untitled-ontology-36#>

SELECT ?ArticleNumber ?ArticleName (group concat(?anotaiis) as ?Abstract)
FROM NAMED <http://test.ulif.org.ua:51089/articles/data/article 1>
FROM NAMED <http://test.ulif.org.ua:51089/articles/data/article2>
FROM NAMED <http://test.ulif.org.ua:51089/articles/data/article7>
{
GRAPH ?nomep_cratTi {?s] :HazBanue cratbu ?ArticleName.
{:AnnoTarus :Nmets_llpemnoxkenne ?pedcHHS }
{?peuenns :Mmets_Texct ?aHoTaImis }
{bind(strafter(str(?HOMep crtarTi),str(:)) as ?ArticleNumber)}

H
H
group by ?ArticleNumber ?ArticleName
Query results.
ArticleNumber ArticleName Abstract
"Pa3paboTaHbl OCHOBbI METOA0JI0TNU
"MeToA010rM4ecKne OCHOBbI TPaHCAMCUMNANHAPHOIO CUCTEMHOIO NOAX0AA K
pa3BUTUSA, CTAHOBNEHUA N IT-  NOCTAaHOBKE U BbINMOJIHEHWNIO HAYUYHbIX UCCNEA0BAHUMN U
1 noagep>KKu CNOXKHbIX NPUKNALHbIX MPOEKTOB C aKLLEHTOM Ha ux IT-
TPaHCANCUMIMIMHAPHbIX noaAepyKKy € UCNoJIb30BaHMEM METOA,0B U CPeaCTB
nccnenoBaHmnin” NCKYCCTBEHHOIO MHTE//IEKTA, B YAaCTHOCTH
OHTOIOTMYECKOTO UHXXUHUPWUHTA. ...
"TpaHCcANCUMNANHAPHOCTb, " .
2 MHGOPMATHKA 1 pa3BuTHe MepcneKkTuBbl M NPO6AEMbI Pa3BUTUS YENOBEYECKOM
N " UMBUIM3ALMM BCErAA BOJIHOBAIM OOLLECTBO. ...
COBPEMEHHON LIMBUAN3 ALK
"BBegeHune B Knacc "PaccMOTpEH KNacc CUCTEM UCCNEAOBATENbCKOIO
TPaHCAUCUMIMIMHAPHbIX NPOEKTUPOBAHUS, OCHOBAHHbIX Ha MCMOJIb30BAHUU
7 OHTOJIOrO-yMpaBAsieMbIX CUCTEM napagurm TPaHCAMCUMNINHAPHOCTH,
nccaefoBaTesIbCkoro OHTOJIOFMYECKOro ynpaB/eHNs U LiesieHanpaB/IieHHOro
npoekTupoBaHus" pasBUTUA. ...
NL-query.

Show the keywords of the articles 1,2, 7.
SPARQL-query.
PREFIX : <http://www.semanticweb.org/Hukomnait/ontologies/2020/5/19/untitled-ontology-36#>

SELECT ?ArticleNumber ?ArticleName ?KeyWords

FROM NAMED <http://test.ulif.org.ua:51089/articles/data/article 1>

FROM NAMED <http://test.ulif.org.ua:51089/articles/data/article2>

FROM NAMED <http://test.ulif.org.ua:51089/articles/data/article7>

{

GRAPH ?1oMep crarTi { 7s]1 :Haspaame KC ?KeyWords OPTIONAL

{?s2 :Ha3manue crarbu ?ArticleName} }
{bind(strafter(str(?HOMep_cTtarTi),str(:)) as ?ArticleNumber)}

j
Query results.

ArticleNumber ArticleName KeyWords



http://test.ulif.org.ua:51089/articles/data/article7
http://test.ulif.org.ua:51089/articles/data/article2
http://test.ulif.org.ua:51089/articles/data/article1

"BBeieHKne B Kslacc
TPaHCAMCUMNINHAPHBIX OHTON0rO-

"TpaHCANCUMNAMHAPHOCTb,
OHTOJIOFMYEcKoe yrnpaBfieHue,
BUPTYa/ibHble CTPYKTYpbI (Mapagurma),
pa3BUBaIOLLIMECS CUCTEMBI,
HoocdeporeHes, Hoocdepa, Hay4yHas
KapTMHa MUpa, TPaHCAUCLUNINHAPHBIN
noaxop, (3HaHMs), Knactepsbl
KOHBEpPreHLUN, OHTONOTNYECKMUIA
Nnoaxof, OHTOIorMYecKas KoHuenuus,
dpopMasnbHas oHTOoNOrMA, Popmya
Bbpykca, nHtennektyanbHble UC,
TpaHCAUCLUMNIMHAPHbIE OHTOJIOTO-
ynpasngemsble NC, nuccnepoBatenbckoe
NPOEKTUPOBaHMNE, NEPCOHabHble 6a3bl
3HaHUI, NpegMeTHas obnactb, GRID-
cetn"
"TpaHCAUCUMNIMHAPHOCTb,
MHPOpPMATUKA, MOHUTOPUHT, KNnactep
KOHBEpPreHuMn, KOMMbOTEPHAN
oHTonorus, knowledge engineering,
EanHas HauMoHanbHas ceTb
uHpopMaTtmsaumm, rnobanbHas ceTb
TPAHCANCUMNAMHAPHbIX 3HAHWUHA.

"Hay4yHas KapTuUHa MMpa,
MHPOpPMaLIMOHHAA TEXHOJIOTUS,
pa3BMBaloLLLAACS MHPOPMaALMOHHas
cucTeMa, TPaHCAUCUMNANHAPHOCTD,

TPaHCAMCUMIMIMHAPHbIE UCCNENOBAHMS,

TPaHCAUCUMNANHAPHbIE 3HaHWS,
KaacTep KOHBEPreHLun, OHTOIoruS,

OHTOJIOrn4yecCkKasa KoHuenuna, OHTo0ro-

OPUEHTMPO-BaHHas NoaaeprKka."

7
- YNpaBAseMbIX CUCTEM
ncciep0BaTeIbCKoro NPoeKTMpoBaHms”
"TpaHCcAMCUMNAUHAPHOCTb,
2 MHbOpPMaTHKa U pas3BUTUE
COBpPEMEHHON UmBMan3aummn'
"MeToaon0ornyeckme OCHOBbI Pa3BUTHS,
1 cTaHoBneHUA U IT-noaaepxku
TPaHCAUCUMNANMHAPHLIX UCCneaoBaHuin"
NL-query.

Show the names of the chapters of the article 1.
SPARQL-query.

PREFIX : <http://www.semanticweb.org/Hukomnait/ontologies/2020/5/19/untitled-ontology-36#>

SELECT ?ArticleNumber ?ArticleName ?ArticleChapter ?ArticleChapterName
FROM NAMED <http://127.0.0.1:3030/articles/data/article 1>
{
GRAPH ?nomep cratti {?s] :Ha3zBanue cratbu ?ArticleName
OPTIONAL {?ArticleChapter :HazBanue paznena ?ArticleChapterName} }
{bind(strafter(str(?HomMep_cTarri),str(:)) as ?ArticleNumber)}

;
Query results.

ArticleNumber ArticleName ArticleChapte ArticleChapterName



http://test.ulif.org.ua:51089/articles/data/article1
http://test.ulif.org.ua:51089/articles/data/article2
http://test.ulif.org.ua:51089/articles/data/article7

"MeTo010rM4ecKmue OCHOBbI

"
Onpeaenenns n CylHOCTb
pa3BuUTUSA, CTAHOBAEHUSA U IT- pea il

MOHATUIN, CBA3AHHBIX C

1 noaaepXKun :Paspen 1
ANCUMMJIMHAPHBIMYW UC-
TPaHCAMCUMNINHAPHbIX "
o cnefoBaHUAMM
nccieoBaHnin
"MeToa010rnyeckme OCHOBbI
pa3BuTUSA, CTaHOBAEHUA U IT- "TpaHcAUCUMNAMHAPHOCTD -
1 noaaepXKn :Pazpen 2 HoochepHas KoHUENUMs - KapTUHA
TPaHCANCUMNANHAPHbIX Mupa"
nuccneaoBaHmin"
"MeToa010rn4eckme OCHOBbI
pasBuTUA, CTaHOBAEHUS U IT- "OCHOBbI OHTOJIOTO-
1 noanep»KKu :Paszpen 3 opwueHTMpoBaHHOM NoadepKku TI-
TpaHCAUCUMIMIMHAPHbIX nccnenoBaHuin"
nuccneaoBaHmin"
"MeTo1010rMYeCKME OCHOBbI
pa3BUTKA, CTaHOBAEHUS U IT- "MIHpopMaLMOHHbIE TEXHONOTUM
1 noaaepXKun :Paspen 4 noaaepku T Hay4YHbIX
TPaHCAUCUMIMIMHAPHbIX nccnenoBaHuin"
nccnegoBaHmn'

6. Conclusion

The aim of our research was to develop an ontology-related complex for semantic processing of
scientific data, which will allow the researcher to significantly increase the rate of extraction of
necessary information (in the form of cognitive structures) from their own sources.

This paper presented and described the architectural and structural organization of the OrC, which
includes a local area network of a user and knowledge engineer PCs, and a remote endpoint based on
the Apache Jena Fuseki server. UML diagrams show the functioning of the OrC. Also shown are
examples of user queries.

7. Further research

This study is still far from its final goal. As we have already explained, phases 2 and 3 need to be
implemented. Algorithms for creating conceptual and figurative structures, algorithms for comparing
and analyzing these structures with the further intention of constructing KD data, and algorithms for
discovering new knowledge, including the algorithms according to the Brooks formula, need to be
developed.

In future research, our team will develop original tools and facilities in order to optimize user
queries and optimize the usability of the ontology-related complex.
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