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ABSTRACT

The article deals with the development of an information
system model designed for scientific and educational
activities; discusses the state of ontologies as a semantic
integration tool; considers the issue of the formation of
metadata element sets; and proposes an approach to
automatizing the collection of information on scientific
activities in the given knowledge domain, which would
combine the metasearch and information extraction methods
based on ontologies.

Key words: Information System Metadata Extraction,
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1. INTRODUCTION

Currently, two information system types are developed and
used (here and after referred to as “I1S”): documentary and
factographic. Documentary IS are repositories of documents
containing metadata, by means of which documents are
classified and searched for. Factographic 1S accumulate and
store data as a set of instances of a single or several types of
structural elements (information entities), each of which
instances or a certain set of them represent data on a certain
fact, standalone event, in isolation from other data and
facts.IS that include the features of both information system
types mentioned above are becoming the most demanded
means of information support of scientific and educational
activities. These IS help meet the information needs of
skilled users in conformity to the scheme “document —
consideration — fact.” Note that this pattern complies with the
RDF scheme of associated data [1].Interoperability is the
key requirement for the IS designed to support scientific
and educational activity [2].The interoperability of any IS
is understood as the extent of its correlation with other
information systems, including with the human. It is
impossible to ensure the interoperability of systems
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without strict abidance by the respective international
standards and guidelines.

In this case, the standards should also apply to:

data access protocols and interfaces;
search engine languages and interfaces;
data representation schemes and formats;
homogenous data visualization interfaces;
information encoding rules;

data access control rules.

The authors aim at developing information resources
and services that would meet the demands of even the
least numerous consumer groups (down to a single user).
This aim corresponds with a user friendly tendency for
software development, e.g. the successful integration of
heterogeneous data with preliminary check of its
genuineness [3] or developing algorithms against website
phishing to ensure data safety [4]. When developing such
software bundles, the authors consider the following
properties of a modern 1S:

e ensuring the preservation of knowledge accumulated
in institutes and scientific organizations;

e provision of both academic researchers and students
with the access to scientific knowledge and
information;

e ensuring a multi-faceted information support for
scientific research based on modern networking
technology;

e  guarantee
knowledge;

o development ofa toolset for analytic research of the
processes of scientific knowledge production,
scientific information, and communication of the
academic community.

of prompt utilization of modern
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2. THEINFORMATION SYSTEM MODEL

ISNOD is an information system that provides for the
systematization and integration of scientific knowledge and
information resources, substantive effective access to them
(search and navigation) and their intellectual processing
tools. One of the key problems of the article is the
construction of a model that would accurately represent the
software system. The model construction involves ontology
[5]. Several approaches to the definition of this concept are
known, but no commonly accepted interpretation has been
found so far, as it is convenient to interpret this term
differently depending on each particular task: from loose
definition to the description of ontologies in logical and
mathematical terms and constructs. In our turn, we will
consider ontology as the formal specification of separable
conceptualization, which takes place in a certain context of
the subject field. We understand conceptualization as not
only collection of concepts, but also all the related
information: properties, relations, restrictions, axioms, and
statements required to describe and solve problems in the
chosen subject field.

Ontologies are the new intellectual means for searching
resources in the Internet, special innovative methods to
represent and process knowledge and inquiries. They can

accurately and effectively describe the semantics of data for
a certain subject field and address the issue of concept
incompatibility and inconsistency. Ontologies feature their
own processing tools (logical conclusion) that correspond to
the problems of semantic information processing. Thanks to
ontologies, the user using a search engine will be able to
obtain resources that are semantically relevant to the query.
Therefore, ontologies have become widely popular in solving
the problems of knowledge representation and engineering,
semantic integration of information resources, information
search, etc.

ISNOD stores the information on employees and their
publications, conferences and projects the researchers
participated in, as well as the information on organizations,
related to particular scientific projects, various scientific
publications, and others. Information entities describe the
main classes of the entities of the scientific information
space, such as Organization, Person, Scientific Activity,
Publication, ScientificEvents, Training Course,
Subdiscipline,  Competence, = Geographic  Location,
Conference Proceedings etc., as well as associations between
them.
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Figure 1:Class visualization

Ontology can be visualized with Protégé (Figure 1).
OntoGraf is a plugin used to visualize various entities of the
software system and their associations. OntoGraf can be used
to activate the search functionality that enables searching for
any function, as well as a function and the components
associated with it. We can choose any function and expand it
to visualize all of its variants and the components that
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implement it. Figure 2 describes the class of an information
space entity — Scientific Activity — as well as its functional
properties (title, number, start date, end date), and its
correlations with other classes: Subdiscipline, Person,
Organization, Publication. The Scientific Activity class
reflects the information on the results of a project, grant,
agreement, and the like.
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Figure 2:Description of the Scientific Activity class

Below is a fragment of the OWL implementation of the content
used to describe Scientific Activity in the Turtle format.

The set of properties of the Scientific Activity class (Object
Property and Data type Property according to the OWL
language notation) is as follows:

:hasDirection_Subdisciplinerdf:typeowl:ObjectProperty;

rdfs:domain : Scientific Activity;

rdfs:range :Subdiscipline;

:participates_Organization_inScientific_Activityrdf:typeowl:
ObjectProperty;

rdfs:domain : ScientificActivity;

rdfs:range :Organization;

sisPublication_ofScientific_Activityrdf:typeowl: ObjectPropert

rdfs:domain : ScientificActivity;

rdfs:range :Publication;

:participatesIn_Person_inScientific_Activityrdf:typeowl:Obj
ectProperty;

rdfs:domain :ScientificActivity;

rdfs:range :Person;

:participatesIn_Person_inScientific_Activityrdf:typeowl: Obj
ectProperty;

rdfs:domain : ScientificActivity;

rdfs:range : Organization;

:Scientific Activity_Titlerdf:typeowl: DatatypeProperty;

rdfs:domain :ScientificActivity;

rdfs:rangerdfs:Literal;

:Scientific Activity_Numberrdf:typeowl:DatatypeProperty;

rdfs:domain :ScientificActivity;
rdfs:rangerdfs:string;

Further, the Functional Property entity is used to provide each
instance (representative) of the Scientific Activity class with the
requirement to specify only one start date and one end date:

:ScientificActivity_EndDaterdf:typeowl: DatatypeProperty,
owl: Functional Property;

rdfs:domain :ScientificActivity ;

rdfs:rangerdfs: Date;
:ScientificActivity_StartDaterdf:typeowl: DatatypeProperty,
owl: Functional Property;

rdfs:domain :ScientificActivity ;

rdfs:rangerdfs: Date;

Figure 3 below schematically presents thePerson class. Persons
are the actors/individuals, who have the following
properties:surname, name, patronymic, initials, the list of WOS
publications, the list of Scopus publications, the list of RSCI
publications, the list of Mathnet.ru publications. Besides, this
class is associated with other classes, namely: Study Course,
Scientific Events, Scientific Activity, Organization, Publication.
For example: teaches Person Study Course, participates
Person in Scientific Activity, works Person at Organization,
participates Person in Scientific Event, is Author of
Publication.
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Figure 3: Description of the Person class

The set of properties of the Person class (Object Property
and Datatype Property according to the OWL language

notation) is as follows:

‘teaches_Person_StudyCourse:typeowl:ObjectProperty;
rdfs:domain :Person;
rdfs:range :StudyCourse;
:participates_Person_inScientific_Event:rdf:typeowl:Objec
tProperty;
rdfs:domain :Person;
rdfs:range :Scientific Event;
:participates_Person_inScientific_Activity:
rdf:typeowl: ObjectProperty;
rdfs:domain :Person;
rdfs:range: Scientific_Activity;
:is_Author_ofPublication: rdf:typeowl:ObjectProperty;
rdfs:domain :Person;
rdfs:range : Publication;
:teaches_Person_StudyCourse:rdf:typeowl:ObjectProperty;
rdfs:domain :Person;
rdfs:range :Study Course;
:Person_Surnamerdf:typeowl: DatatypeProperty;
rdfs:domain :Person;
rdfs:rangerdfs:Literal;
:Person_Name rdf:typeowl:DatatypeProperty;
rdfs:domain :Person;
rdfs:rangerdfs:Literal;
:Person_Patronymicrdf:typeowl: DatatypeProperty;
rdfs:domain :Person;
rdfs:rangerdfs:Literal;
:Person_L.ist of Publications _Mathnet.ru
rdf:typeowl: DatatypeProperty;
rdfs:domain :Person;
rdfs:rangerdfs:xsd:anyURI;
:Person_L st of Publications
_inScopusrdf:typeowl: DatatypeProperty;
rdfs:domain :Person;
rdfs:rangerdfs:xsd:anyURI;
:Person_L.ist of Publications __inWOS
rdf:typeowl: DatatypeProperty;
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rdfs:domain :Person;

rdfs:rangerdfs:xsd:anyURI;

:Person_L st of Publications
__inRSClrdf:typeowl: DatatypeProperty;

rdfs:domain :Person;

rdfs:rangerdfs:xsd:anyURI;

:Person_Genderrdf:typeowl: DatatypeProperty;

rdfs:domain :Person;

rdfs:rangerdfs: Literal.

The Publication class correlates with the following classes:
Person,  Scientific ~ Activity,  Scientific ~ Events,and
Subdiscipline. Besides, it has the following properties:
Document Language, Publication Date, Title, Edition,
Keywords, URI, Abstract, Bibliographic Reference, etc.

The set of properties of the Publication class
(ObjectPropertyand Datatype Property according to the
OWL language notation) is as follows:

is_Publication_ofScientific_Activityrdf:typeowl:ObjectPro
perty;

rdfs:domain :Publication;

rdfs:range :Scientific Activity;

:has_Author_Personrdf:typeowl:ObjectProperty;

rdfs:domain :Publication;

rdfs:range :Person;

;is_Publication_ofScientific_Eventrdf:typeowl:ObjectPrope
rty;

rdfs:domain :Publication;

rdfs:range:Scientific Event;

:describes_Publication_Subdisciplinerdf:typeowl: ObjectPr
operty;

rdfs:domain :Publication;

rdfs:range :Subdiscipline;

:Publication_Titlerdf:typeowl:DatatypeProperty;

rdfs:domain :Publication;

rdfs:rangerdfs:Literal;

:Publication_Editionrdf:typeowl:DatatypeProperty;

rdfs:domain :Publication;
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rdfs:rangerdfs:Literal;
:Publication_Publication

Daterdf:typeowl: DatatypeProperty;
rdfs:domain :Publication;
rdfs:rangerdfs:xsd:int;
:Publication_ Keywordsrdf:typeowl: DatatypeProperty;
rdfs:domain :Publication;
rdfs:rangerdfs:Literal;
:Publication_ URIrdf:typeowl:DatatypeProperty;
rdfs:domain :Publication;
rdfs:rangerdfs: xsd:anyURI;
:Publication_Abstractrdf:typeowl: DatatypeProperty;
rdfs:domain :Publication;
rdfs:rangerdfs:Text;
:Publication_Referencerdf:typeowl: DatatypeProperty;
rdfs:domain :Publication;
rdfs:rangerdfs: Literal;
:Publication_Document_Language

rdf:typeowl: DatatypeProperty;
rdfs:domain :Publication;
rdfs:rangerdfs: Literal;

The ISNOD information model should be tiered and consist
of at least two elements [6]: the data storage subsystem and
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Figure 4: Repository view window

Based on this model, the concept of “institutional repository”
was created as a system of long-term storage and
accumulation of information, provision of secure access to
digital entities, being the result of the intellectual activity of

1

the information resource management service subsystem. In a research or educational institution [7].

this case, the data storage function must be separated and be
independent from other functions and services of the system.
The data storage subsystem — digital repository — is one of
the critical elements of the system and serves to provide for
the “function” of long-term storage of information resources.
Services can change, but the data must be stored in a secure
place (Figure 4).

Publication has a basic set of attributes, which is based on
the Dublin Core data scheme, extended in compliance with
the MECOF requirements [8].

The type of Publication determines the set of mandatory
descriptive metadata and rules of their display. Publication is
the only class of documents that can contain information
content. The latter is, as a rule, external with respect to the IS
and is stored in a digital repository [9]; in the system
metadata, it is represented with a link to the resource
(Figures 5, 6).
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3. ISNOD METADATA SCHEME BASICS

The main requirements for the development of the ISNOD
data model were:

o the possibility of adequate information representation;
e interoperability with other systems containing similar
information.

With account of these requirements, we included the
following types of classes in the model: Organization,
Person, Scientific Activity, Publication, Scientific Events,
Study Course, Subdiscipline, Competence, Geographic
Location, Conference Proceedings. The development of the
class structure requires defining the characteristic properties
of each information entity that sufficiently describes it. The
requirement for interoperability complicates this problem.
Ensuring interoperability is one of the most important tasks,
as significant information resources are already digitally
represented, and the main problem arising when using them
is the lack of links between them. In order to provide for the
interaction with a wide range of information systems, it is
necessary to ensure the model’s compatibility with the
common standards of data representation. We familiarized
ourselves with the proposals and standards of meta
description of information classes included in ISNOD, such
as Dublin Core [10] and CERIF [11].Dublin Core was
chosen as the basis for the implementation of the Publication
resource from the variety of available options. This choice is
substantiated by the following advantages of the standard:

e the set of core semantic elements is compact and at the
same time allows setting virtually all the required
attributes;

e the semantics of every element can be refined using
qualifiers, both standard, known and comprehensible
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for everyone, and those specifically designed for
accurate specification of the semantic meaning of a
certain attribute when exchanging data within a small
community;

e the standard makes it possible to use various semantic
schemes, vocabularies, etc.;

e it has a defined mechanism for extracting information
from description using unconventional extensions of the
name space;

e the standard is gaining increasing popularity among the
world community.

The ISNOD publication data model enables specifying any
base element of Dublin Core (Title, Author, Abstract, etc.). It
provides for the use of qualifiers refining the semantics of
the base elements (such as Parallel Title, Member—Editor,
etc.). This facilitates exchanging literature information based
on this standard. However, a serious obstacle for the
interoperability of such subscheme of the ISNOD model with
other systems is the fact that the majority of systems consider
the standalone properties of Publications, such as Author,
Publisher, Source, as regular text attributes, while they are
connections with other entities (Persons, Organizations,
Publications). Such models do not contradict the Dublin
Core, but result in a certain incompatibility with the ISNOD
model, in particular when integrating data into the system

[8].

We chose the CERIF standard to represent information of
other classes: Organization, Person, Scientific Activity,
Scientific Events, Study Course, Subdiscipline, Competence,
Geographic Location. It is based on the data model that
includes entities such as Project, Organization and Person,
links between them, as well as the attributes of these entities.
The standard defines three tiers of detailing in class
description:
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1) complete class description, which contains an advanced
set of attributes and allows describing various resource
schemes;

2) a set of attributes for exchanging data between various
systems;

3) areduced set of attributes, which is the metadescription
of classes.

Worth noting is the fact that each standard offers its own
data model, and often its own information recordingsyntax.
The IS approach consists in using a single model of RDF-
defined data and syntax for exchanging metadata. Only the
semantics of the attributes of certain resources is taken from
the relevant standard. If it is impossible to find a suitable
element in the standard name spaces, one can create his own
space by defining it with URI and add the elements required
by the semantics. This approach facilitates the interaction
between ISNOD and other systems significantly [12].

4. METADATA EXTRACTION FROM
DOCUMENTS IN THE COURSE OF INFORMATION
SYSTEM INTEGRATION

In order to populate ISNOD with content, information is
collected from sources, such as websites of organizations,
associations, projects, and conferences, knowledge portals,
scientific social media, etc. As mentioned above, these
sources are used to obtain information on Projects,
Organizations, Persons, Conferences, all the basic classes of
the activity ontology, except the information on
Publications. The information about Publications is
extracted from repositories (Dspace).For each of these
classes, a separate method for information extraction is
developed, which includes a set of templates generated based
on ontology. Documents can be published in the Internet in
various formats. But since HTML is today the main format
of information representation in the Internet, the proposed
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methods for extracting the information on Projects,
Organizations, Persons, Conferences are tuned to work with
HTML pages.

To facilitate the analysis, the HTML page is represented as a
DOM tree according to the DOM (Document Object Model)
standard, which regulates the methods for document content
representation (in particular, HTML page) by means of an
object set [13]. Based on a relevant template, the DOM tree
of each page is analyzed, and the information described with
this template is extracted.To extract the metadata of the
publication from repositories in batches, the data are
exported in the Dublin Core format (Figure 7).
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Figure 7: Data extraction from the repository

The template is an XML document, which specifies the
markers signaling about the location of this object, relation,
or attribute for the objects, relations and attributes of
ontology.Figure 8 shows a fragment of the template used to
extract publication metadata from the repository. This
template enables the extraction of the attributes of the
Publication class, such as Title, Author, Abstract, Document
Type, Document Language, Publication URI, Bibliographic
Data, Keywords, Publication Date, etc.
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<devalue qualifier:

Zher Base
BR"> Kaa¥TY xaBapuibick)</devalues

> KpMATOrpading,

emMec canay syfecl. </devalues

<devalue qualifier; emec

BIDY<,

canay uoy

ine Herisgenren ar it Gip MoAenit acpTTeY Hana

pni alue>
<devalue qualifier="nene" element="title">Research and Computer Realization of ane Model of Encryption Algorithm Based onnonpasitional polynamial

notations</dcvalue>
<devalue qualifier="none" element="title" n

oAHoi mopenn Ha Base

NDANHOMMAN BHBIX CHETEM CUNTIeHMA</dovalue>
<dcvalue qualifier="nene" element&Typa rticle</dcvalue

Figure 8: Information extraction from the data repository using a template

We developed a PHP code in order to automatically extract
all publications from the repository along with Dublin Core
metadata in the ontology into the Protégé software (Figure
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9). It facilitates populating the ontology, one of the tasks of
which is the automation of the system population with data.
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<4 DMS ontolagy (http:/s

ora/galse

Sile Edit View Reasoner Tools Refactor Window Help

% DMS-ontology (hitp://wwnw sema

/2018/0/9/DMS ontology) : [CAUsersvAdnin\Desktop\protege 5.

Active ontology # Entities » Object properties x| Data
Zlass hi Class hierarchy (inferred;

ion properties =
= @ MNyBnuKauws
Class Annotations

owl: Thing
reorpaduueckoeMecTo
KomneTeHuns

» Hay4Han_neATensHOCTb

 ® HayuHan_meponpuatha

[T S
Annotation property hierarchy Datatypes
Obiject property hierarchy Data property hierarchy | Individuals by type  in=

EH "
*Muénukaunsi0

Asserted ~
- = owl:topObjectProperty

#nvenukauns100
LRl

by class = OWLViz = OntoGraf = SPARGL Query =
S:/www.semanticweb. org/liS/antalogies/INIR_O
Class Usage

5 O\omToRars 1]

- Search,

tology#MyGnukaunua

Figure 9: Publication metadata extraction from the repository

In this way, the following functions of the information
systems for the academic activity are revealed:

1) providing access to the information on various aspects
and participants of the academic activity, researchers, as
well as groups, communities, and organizations involved
in the research process;

integration of the related resources in the Internet
(relational databases, XML and HTML resources,
newsfeeds, etc.) in a uniform information space;
providing users with a means to find interesting
information in the entire information space of the portal;
providing information resource users with support (e.g.
announcement of various events and occasions);
maintaining a flexible interface, which makes it possible
to take into account user's preferences when working
with the resource and services rendered.

2)

3)
4)

5)

5. CONCLUSION

ISNOD enables researchers to significantly reduce the time
required for providing access to the information of their
interest. In this case, the efficiency of using each particular
ISNOD directly depends on the extent of correctness of the
information represented in it. Such an extent can be achieved
by automatizing the information collection process. For this
purpose, the subsystem of information sourcing from the
Internet is developed.As of today, all the main components
of this subsystem have been implemented and methods for
extracting  information  about  Projects,  Persons,
Organizations and Events have been developed, including
the corresponding templates and processors that implement
the information on publications.
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