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Abstract. The space of scientific knowledge is understood as a system
of knowledge from various fields of science tested by the scientific
community. The Common Digital Space of Scientific Knowledge (CDSSK)
is a digital environment into which information resources and objects that
have been tested by the scientific community and that reflect scientific
knowledge from a different fields of science are integrated. The common
digital space of scientific knowledge consists of a set of thematic subspaces
related to various areas of science, built according to common principles. The
first step towards the implementation of the CDSSK is the development of its
ontology, i.e. a multi-level system of concepts describing resources and
objects of subject areas, concepts, terms and connections between them,
characterized by an open hierarchical and dynamic structuring, oriented both
for storing existing knowledge and for extracting new ones. Since the CDSSK
is a fundamentally new information environment, there are a number of
significant problems on the way to its implementation. The paper deals with
the problems and tasks of forming such a space and developing tools for
implementation and support the CDSSK.
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1 Introduction

The avalanche-like increase in the volume of scientific information appearing in the
world in the form of printed and digital publications, documentary and factual data-
bases, creates serious problems with its processing and use. A researcher dealing with
a particular scientific problem, in order to familiarize himself with all the information
related to his sphere of interest, and to highlight the necessary and useful information,
requires a considerable time, distracting him from his scientific activity. On the other
hand, lack of important data obtained in his scientific field can lead to a senseless waste
of time for research, the results of which have already been obtained by other scientists.

In this regard, it becomes necessary to filter scientific information and extract
knowledge from it that is novel and unique [1, 2]. The aggregate of such information
in digital form, together with the means to ensure its actualization, preservation and
provision to users, is defined as a single digital space of scientific knowledge (CDSSK)
[3, 4]. The CDSSK is an integral part of the “electronic knowledge space”, the for-
mation of which is an important issue raised in a number of policy documents related
to the development of the information society and the digital economy.

2 Basic definitions

The space of scientific knowledge is understood as a system of knowledge tested by the
scientific community from various fields of science. At the same time, the CDSSK is a
digital environment into which information resources and objects that have been tested
by the scientific community and that reflect scientific knowledge from a specific field
of science are integrated.

The CDSSK consists of a set of thematic subspaces related to various areas of sci-
ence, built according to common principles.

Thematic subspace is a part of the general space, limited by the framework of a spe-
cific subject area. Despite the fact that there are some examples of formalization of
knowledge in different subject areas [5-15], there is no generalized approach to defin-
ing the digital space of scientific knowledge. An analysis of examples of the formali-
zation of the knowledge space [16, 17] in various areas indicates that the main compo-
nents of the CDSSK in general and each of its thematic subspaces in particular are
ontology and content.

The ontology includes a universal description of the CDSSK data structure. This is
a multi-level system of concepts that describes the classes of objects reflected in each
subspace, the types of relationships between these classes and their objects both within
one subspace and between subspaces, as well as the rules for mapping objects into the
CDSSK.

The content of the CDSSK is actually scientific information (objects, properties, on-
tologies), as well as a terminological description of the field of knowledge [15, 20-23]
(thesauri, dictionaries, classifiers). The content, in particular, includes a set of digital
copies of real world objects and a description of their metadata profiles [18, 19, 23, 24].



The local subspace of the CDSSK is a certain “isolated” part of the CDSSK (possibly
polythematic), which has the same properties as the general space. Local subspace:

« is defined on a certain subset of the CDSSK data (content);

« is built on the same principles as the CDSSK;

« is intended for use by a group of users;

* can exist in isolation from the CDSSK itself, without violating the structure of the
knowledge system contained in it;

« is dynamically linked to the main (base) space means by import/export.

Integration is the process of linking data from external sources with the CDSSK con-
tent.

The CDSSK design is the process of mapping the state of the subject area into a
digital representation available for research and machine processing.

The Semantic Library is an the CDSSK design tool that provides:

- the formation of a thematic subspace (TS) of the CDSSK, including automated
processing and loading of content into TS with the establishment of all ontological links
between its elements;

- accumulation and editing of new information;

- multidimensional data search and navigation through the content of the CDSSK;

- the formation of a local subspace according to the given characteristics.

3 The ontology of the CDSSK

The first step towards the implementation of the CDSSK is the development of its on-
tology. By ontology in this context, we mean a multi-level system of concepts that de-
scribe resources and objects of subject areas, concepts, terms and connections between
them, characterized by an open hierarchical and dynamic structuring, oriented both for
storing existing knowledge and for extracting new ones.

The CDSSK ontology has three levels.

First level. Conceptualizing the CDSSK. This level describes the basic concepts that
make up the CDSSK. It includes the following concepts:

« Information object — a digital copy of a real world object or a specially created
digital object that reflects certain properties of a real object;

« Information object identifier — a data element that allows to unambiguously identify
an object in the CDSSK;

» Thematic subspace — a set of information objects with their properties and connec-
tions related to a certain scientific direction;

* Local class of objects — objects belonging to one thematic subspace;

« Universal object class — objects associated with several thematic subspaces. Uni-
versal classes include objects such as persons, publications, documents, events, organ-
izations, etc.;

« Attributes of a digital object — structured properties (metadata) that characterize the
object from the point of view of the objectives of the CDSSK;

» Metadata profile — a set of attributes describing objects of a particular class;



* Subject ontology (thesaurus) of a thematic subspace — a set of indexes of classifi-
cation systems, key terms with their thesaurus connections related to a given scientific
direction;

* Subject ontology of the CDSSK — a set of subject ontologies of individual sub-
spaces;

* Thesaurus connections are links between two elements of a subject ontology with
a given set of values that can be established within a given thematic subspace;

* Attribute links — links between different objects both within one class and between
objects of different classes;

* Type of attribute links — takes one of two values: unambiguous link (object A is
linked by link b with only one object B of a particular class) and multivalued link (ob-
ject A can be linked by link b with several objects of a given subset B). There is an
unambiguous relationship between the object “city” and “country” from the class “ge-
ographic concepts”, while the feedback “country” — “city” is multivalued;

« Kind of attribute links — specific relationships between different objects of the same
or different classes, both local and universal. The objects of the universal classes “per-
son” and “publication” can have multivalued connections of the form “author”, “edi-
tor”, “compiler”, etc. There can be connections between a museum object and a person
of the form “model author”, “collection author”, “donator”, etc.

At the second level of the ontology, the concepts of the first level are concretized in
relation to the general space and one or another thematic subspace, in particular, in
accordance with the definition given at the first level, thesauri of specific subject areas
are determined. Specific local classes of objects are determined by the specifics of the
field of science to which they belong. For microbiology, these can be strains, collections
and databases of microorganisms; for linguistics — dictionaries, languages, text corpora,
etc., for chemistry — reactions, substances, chemical elements, etc.

At the third ontological level, the metadata profiles of the CDSSK objects and the
relationships between them are established. As examples of unambiguous attribute re-
lationships within the same class, one can cite relationships between publications of
different levels: an article (analytical level) is linked by the relationship “published in
... with a certain issue of the journal (monographic level), which, in turn, is associated
with the description of the journal (summary level).

4 Levels of design and functionality of the CDSSK software

The result of the design of the CDSSK should be a “three-layer” software package, the
layers of which correspond to the levels of the ontology of space and have the corre-
sponding functionality. The design of the CDSSK includes three levels:

- System-wide (based on the first level ontology), intended for the work of specialists
in the field of informatics — system analysts of a wide profile. It provides tools for the
formation and editing of the main vocabularies of the system, object types and types of
links between objects, etc.;



- The thematic layer of the software complex, determined by the second level of

ontology, has functionality that ensures the formation of thematic subspaces in a par-
ticular field of science. It is focused on the work of authorized users — specialists in a
specific scientific field. At this level, they define the basic concepts of the subspace and
the relationship between its elements, describe and connect the necessary data sources,
using the introduced concepts of the first and second levels of the ontology, and gain
access to batch loading of data. Within this layer, user interfaces of the system, specific
to the thematic subspace, are formed,;
- Applied layer (implementation of specific decisions made at the first and second lev-
els), developed by specialists in the field of creating software systems. This layer of the
software package is based on the third level of the ontology and provides external users
with access to the CDSSK. The functionality of this layer includes the provision of the
possibility of a multidimensional search for data within the CDSSK, their visualization
and export, and navigation through the space. At this level, the user can organize data
into collections, classify them according to various criteria, and form one or another
local subspace.

5 Problems of creating the CDSSK

Since the CDSSK is a fundamentally new information environment, there are a number
of significant problems on the way to its implementation.

Formalization problems

Currently, there are no generally accepted approaches to defining the content of the
CDSSK, taking into account the fact that specific scientific knowledge is specific to
certain fields of science. The problem of identifying the subspace of the CDSSK that
belongs to a separate subject area is quite complicated, since there is no formal gener-
ally accepted approach to this problem; it would seem that to solve this problem it
would be possible to rely on existing classification systems (such as SRSTI, UDC,
MKI, etc.), however, as analysis shows [22], no classification provides the necessary
completeness and accuracy of reflection of scientific knowledge in a particular area.

Linguistic problems

The basis of each thematic subspace is a subject ontology — an extended thesaurus
with types of connections between its elements specific for each field of science, which
comprehensively describes this subject area. For the formation of such thesauri and
their dynamic support, it is necessary to develop a special methodology based on Se-
mantic Web technologies.

Expertise problem

The CDSSK should contain reliable scientific information with minimal duplication
of both the data itself and their sources. Accordingly, it is necessary to develop a mech-
anism for the selection of materials intended for inclusion in the CDSSK. Expert selec-
tion should be one of the components of such a mechanism.



Content generation and data integration issues

There is no unified approach to integrating data from various sources into a single
information environment. Most of the data sources to be loaded into one or another
thematic subspace of the CDSSK do not have a means of exporting in any unified for-
mat. To retrieve and load formalized data that meet the requirements of ontologies into
the thematic subspace of the CDSSK, in each specific case, it is necessary to have spe-
cialized technical knowledge and use special software tools.

6 Data integration issues

Let's consider the concept of interaction of the software package with external data
sources. Data loading from external sources into the knowledge space (downloading)
is carried out through its ontology. The priorities for creating the CDSSK data integra-
tion tools include the following.

Development of an ontology of the integration process. It should be related to the
CDSSK ontology and include concepts such as: Display, Source, Link and others.

Development of source requirements. The data source to be integrated must be pro-
vided with a semantic layer. Each object in the source must have a set of properties to
uniquely identify it and a unique URI.

Constructing the mapping. The mapping is built at the level of conceptual concepts
of the subject area, while:
- a set of standard operations is introduced for cleaning and bringing data;
- a set of rules is introduced according to which an object from a source can be repre-
sented within the framework of the concepts of the subject area.

7 The CDSSK Toolkit

Basic technological requirements for the CDSSK toolkit:

- universality — the ability to describe different types of resources;

- structuredness — support of links between resources;

- adaptability — the ability to port to various platforms;

- dynamism — the ability to adapt the system to the evolution of resources and cus-
tomize user interfaces.

Functionality of the CDSSK toolkit

The main functionality should ensure the solution of the following tasks:
« formation of a multilevel model of the subject area;
« integration of data sources;
* provision of user and machine readable interfaces.
List of functions:
* create / view / edit of:
- information resources and their copies;
- thesaurus;



- collections of information objects;
« connection of data sources;
* batch loading of data that make up the content of the library;
« attribute / semantic / full-text search;
* provision of data in a machine-readable format;
« highlighting additional links between instances of information resources;
« support for semantic labels to describe thematic orientation.

8 Basic principles for the implementation of the toolkit
for supporting the local subspace of the CDSSK

The CDSSK functionality is based on the following principles of a personal open se-
mantic digital library [27, 28]:

1. The library must support the ability to use media resources or refer to them when
describing objects, including text, images, 3D models, audio and video files, or any
combination of them;

2. The types of resources used and the connections between them should be de-
scribed by means of the system within the framework of certain concepts that make up
the semantic description of the resources of the library content. The set of these con-
cepts is thematically limited to the terms of the subject area from a certain thesaurus;

3. The library should be an integration node, providing the ability to link local sub-
space data with data from different sources, in particular, presented in a form that meets
the requirements of Linked Open Data (LOD). It should also be able to retrieve the data
from this library in a structured format;

4. Library users should be able to organize their local subspaces of the collection
according to the scientific direction they are interested in, adding new terms to the sub-
ject thesaurus, thus clarifying the area of their interests. Also, users should be able to
search not only among objects within the system, but also on data sources without the
need to use special knowledge for search queries. A personal open semantic digital
library must support:

- input and editing of heterogeneous digital objects (such as text, images, audio and
video files, 3D models of objects and phenomena);

- customizable options for importing and exporting data presented in formats that
meet the requirements of the Semantic Web;

- multidimensional data search and navigation through related objects;

- data visualization, taking into account the specifics of subject areas;

- authorization of users with customizable access rights to certain data;

- protection of information from unauthorized access;

- the ability to quickly recover data in case of technical failures.



9 Priority tasks for the design of the CDSSK

1. Development of an ontology of the first level of the CDSSK, containing concepts
common to various scientific fields, on the basis of which it is possible to reflect
knowledge from a certain field of science in the CDSSK.

2. Development of requirements for the integration of data sources and ensuring the
solution of the data integration problem based on the developed ontology.

3. Development of specific requirements for the semantic library used as a tool for
constructing the CDSSK subspace and providing navigation through it. Such a library
should be equipped with data source integration tools; must support mechanisms for
linking library data with data from other sources; have customizable user interfaces;
provide import / export of data in machine-readable formats.

10 Conclusion

The development and maintenance of the CDSSK is a national challenge. It should
involve leading organizations in the field of information technology (in terms of defin-
ing the first-level ontology), and in various fields of science (for the development of
second-level ontologies of individual thematic subspaces), the main organizations-
keepers of scientific resources (libraries, archives, museums).

Research is carried out within the framework of state assignments No. 0580-2021-
0016 (Joint Supercomputer Center of Russian Academy of Sciences) and No.18-00-
00297 (Federal Research Center “Computer Science and Control” of the Russian Acad-
emy of Sciences).
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