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Abstract. As you know, today the digital economy is understood as an economy
based on the processes of production and use of digital technologies. Currently,
these processes are largely implemented on the basis of digital platforms orga-
nized in various subject areas and fields of activity. Such platforms have their
own sets of services and allow solving various sets of tasks for the development
and use of digital technologies.

This article discusses the development and use of digital technology in scientific
activities based on digital platforms. Such platforms have their own sets of ser-
vices and allow solving various sets of tasks for the development and use of dig-
ital technologies. We have indicated the importance and role of digital libraries
in the formation of digital platforms, and also analyzed the problems of ensuring
the integration (connectivity) of the extracted information.

The concept of a metadata factory is presented by us as a system of intercon-
nected software tools designed to create, process, store and manage metadata of
digital library objects. Such metadata factories make it possible to integrate cre-
ated electronic collections into digital scientific libraries that will combine these
collections.

We have solved a number of problems associated with the construction of the
metadata factory of the digital mathematical library named after Lobachevsky-
DML. We suggest using this implemented metadata factory as an element of the
ecosystem of any scientific digital library.

Keywords: Digital Science Platform, Digital Science Library, Digital Library
Ecosystem, Metadata, Metadata Generation, Metadata Extraction, Metadata Nor-
malization, Metadata Factory, Digital Mathematical Library Lobachevskii-DML.

Introduction

As you know, at present, the digital economy is understood as an economy based on
the processes of production and use of digital technologies (see, for example, [1]). To-
day, these processes are largely implemented on the basis of digital platforms organized
in various subject areas and fields of activity. Such platforms have their own sets of
services and allow you to solve a variety of problem sets for the development and use
of digital technologies. The very concept of a digital platform and some features
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of the current stage of their development are analyzed in [2]. In [3], estimates are given
of the current level of development of digital platforms in Russia.

These levels include the following four main components: the definition of multilateral
digital platforms, development factors for digital platforms, business models, and com-
petition dynamics. Note that the formation of digital platforms for research and devel-
opment is provided for by the Digital Economy of the Russian Federation program [4,
Ch. 1]. This program emphasizes the need to create digital platforms for basic and ap-
plied research, research and development. It is research and development that precisely
constitutes the main lines of activity in the field of research and development. As arule,
each created digital platform has a specific organization that acts as a platform operator
and forms its own ecosystem around itself.

Another area of development and use of digital technologies in scientific activity
provides for the organization of access to the latest scientific results, in particular, sci-
entific publications and scientometric information about them, using modern digital
technologies. Historically, this direction is associated with the formation of digital (or
electronic) libraries in the world, including scientific ones. Their active development
began at the end of the twentieth century (see, for example, [5-7]). In general, digital
(electronic) libraries of any orientation (not only scientific) mean models of complex
information systems that serve as the basis for creating universal distributed knowledge
storages and are equipped with navigation and search tools in the collections of heter-
ogeneous electronic documents included in these storages.

1 Digital Scientific Libraries
Currently, digital scientific libraries exist in all developed countries of the world [7, 8].

1.1  Russian Digital Scientific Libraries

We only note the most famous Russian digital scientific libraries that provide not only
access to scientific content, but also services for working with it.

— Socionet (https://socionet.ru, year of organization — 2000). This is a digital li-
brary that ensured Russia's participation in the development of an international
online scientific and educational infrastructure (initially — in the field of social
sciences, now — in all scientific disciplines);

— eLibrary (https://elibrary.ru/, year of organization — 2005). This is the largest
Russian digital scientific library integrated with the Russian Science Citation
Index (RSCI);

— Cyberleninka (https://cyberleninka.ru, year of organization — 2012). This is a
digital scientific library, which is based on the concept of open science (Open
Science) and is one of the five largest open scientific archives in the world;

— MathNet.RU (http://www.mathnet.ru/, year of organization — 2006). This is an
all-Russian mathematical portal. It contains archives of leading Russian mathe-
matical journals, collections of video lectures, navigation and search tools, as
well as an information system for managing editorial processes [9].
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In Russia in addition to those listed a large number of various digital libraries have
been created related to modern publishing and scientometric services.

Examples of the latters are Mendeley (https://www.mendeley.com, year of organi-
zation — 2008) is a tool for managing a personal scientific library and effective collab-
orative scientific work; ISTINA (https://istina.msu.ru/, year of organization — 2014) is
a digital platform for collecting, organizing, storing and analyzing scientometric infor-
mation for the preparation and adoption of managerial decisions.

1.2 International Digital Science Libraries

The largest international digital scientific libraries are scientometric databases:

— Web of Science (until 2014 — Web of Knowledge) (https://clari-
vate.com/webofsciencegroup/solutions/web-of-science/). It arose in 1961 as a
product of the American company ISI (Institute for Scientific Information),
later belonged to the Thomson Reuters media corporation and became digital,
since 2016 it belongs to Clarivate Analytics; its main product is Web of Science
Core Collection;

—  Scopus (https://www.scopus.com/, founded in 2004). This is the largest citation
database for peer-reviewed scientific literature.

These digital libraries (as well as a large number of others) play a huge role in ac-
celerating the circulation of existing knowledge and access to it. But without the Inter-
net, which today has become a comprehensive integrated information environment, ex-
tracting information from various kinds of information sources (databases), which are
a variety of digital libraries, would be impossible. At the same time, a number of serious
problems arise in ensuring the integration (connectivity) of the extracted information.
From this point of view, the narrowing of the entire space of available information
makes it possible to more accurately specify information and, therefore, provide better
access to and use of it. Such a narrowing is provided in the framework of specialized
digital scientific libraries, which are organized in specific subject areas. For example,
mathematical digital libraries have reached a high level of organization. The history of
their origin and development is presented, for example, in [8, 10]. Digital libraries such
as MathNet [9], Numdam [11], dml-cz [12] provide services that take into account the
peculiarities of mathematical content. Within the framework of the project The Euro-
pean Digital Mathematics Library (EuDML, https://initiative.eudml.org/), methods for
integrating European digital mathematical collections are being developed.

Thus, at present, in the field of science and scientific research, on the one hand, a
significant number of different digital scientific libraries have been formed. They im-
plement a wide range of search services. Each digital library has its own ecosystem. On
the other hand, there are currently no examples of digital scientific platforms that are
created and in accordance with the basic definitions [2, 3] successfully implement their
own functions and user interaction services, as well as their own business models. We
believe that digital scientific libraries can serve as the basis for building such digital
platforms. At the same time, existing (not all) ecosystems must be improved. In the
absence of such ecosystems, they simply need to be created. Below we discuss one area
of such improvement.
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2 Metadata and Navigation in the Scientific Information Space

Currently, digital scientific libraries exist in all developed countries of the world [7, 8].
It is well known that today navigation in the information space is largely provided by
the availability and completeness of the set of metadata (data about data) of documents
presented on the network (for example, [13-16]). There are currently quite a few dif-
ferent metadata standards. These standards should provide opportunities for interoper-
ability with the external environment, identification and integration of information, its
search in a distributed environment. Metadata should be open and extensible, oriented
to modern semantic and digital technologies. But even with such standards, it is very
difficult to really provide the necessary metadata properties for various documents. It
is much easier to standardize metadata in relation to a specific subject area and on the
basis of those digital libraries that are created in this area. An example is the field of
mathematical and computer sciences, where a significant number of digital libraries
have been created that perform various functions of integrating mathematical
knowledge. Features of the presentation of document metadata in various digital math-
ematical libraries are described in [10, 11].

2.1  Digital Library Metadata Factory

We believe that a metadata factory should become an essential element of the ecosys-
tem of any digital library. We use the term “metadata factory of digital library” in the
following sense: a metadata factory is a system of interconnected software tools aimed
at creating, processing, storing and managing metadata of digital library objects and
allowing integrating created electronic collections into aggregating digital scientific li-
braries. The use of these tools, mainly in the automatic mode, will ensure the perfor-
mance of operations such as selecting objects and their relationships, extracting
metadata from various sources and specific documents, checking, refining, improving,
normalizing in various formats, and matching metadata (using manual editing or auto-
matic agents), as well as storing and linking metadata to external databases. In the case
of the digital mathematical library, a number of specialized ones are added to the listed
tools. For example, this is a conversion to the MathML format, markup of mathematical
formulas and organization of a search on them [11, 17-19].

We indicate the main tasks that must be solved within the framework of the digital
library metadata factory.

When working with digital libraries, one of the important tasks is the automated
integration of the repositories of relevant documents with other information systems.
Such a process is based on a model of aggregation and dissemination of metadata. The
OAIl  Protocol for Metadata Harvesting model  (http://www.openar-
chives.org/OAl/openarchivesprotocol.html, hereinafter OAI-PMH) is supported by
most systems designed to store information resources. To organize work with OAI-
PMH it is necessary to use a digital storage support system. The most famous of these
are DSpace, Eprints, Fedora, and Greenstone. Some libraries have specialized methods
for harvesting metadata from other repositories. In this case, it is necessary that the data
providers have tools and services that allow the dissemination of metadata.
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To organize the interaction of services both within the digital library and with exter-
nal libraries and databases, it is necessary to take into account the metadata formats that
are used in them. Even in one digital library, software tools work with multiple
metadata formats. This is due both to the features of the formation of digital content,
and to the requirements of aggregating digital libraries and scientometric databases. We
mention only the most common metadata formats that you have to deal with when or-
ganizing the interaction of services in digital libraries (their full descriptions are avail-
able on the Internet).

First of all, this is the Dublin Core format and its extensions, the MARC cataloging
format, RIS (Research Information Systems) bibliographic link formats, AMSBib, and
the Russian Science Citation Index (RSCI) XML format.

Separately, we note the XML schemes of the Journal Archiving and Interchange Tag
Suite (NISO JATS), which are designed to meta-describe articles in scientific journals
[20, 21]. The significance of these schemes for digital mathematical libraries is deter-
mined by the fact that the mandatory and fundamental metadata sets for The European
Digital Mathematics Library (EuDML) [22] are based on the NISO JATS v.1.0 scheme.

Many of the tasks mentioned above were solved by us when constructing the
metadata factory of the digital mathematical library Lobachevskii-DML (https://loba-
chevskii-dml.ru/). As in the case of any digital scientific library, the formation of the
Lobachevsky-DML library and the corresponding metadata factory required the use of
technological solutions to manage scientific content, both previously created and those
that were newly developed by us.

The formation of metadata of digital mathematical collections in the metadata fac-
tory of the digital library Lobachevskii-DML is carried out in several stages.

At the stage of preprocessing, the collection of documents is processed by software
tools in order to bring it to a form suitable for further automatic processing [10]. For
this, clustering of documents by stylistic similarity is performed, and then the stylized
constructions used in the document are reduced to the template form. For example, .tex
collections may contain documents that use not only the \title { } command, but also
\tit{}, \ArticleNAME{ } and others to design the article title. Lists of authors,
keywords, codes of subject classifiers and other information necessary for the formation
of a set of metadata are recorded using tex-commands, which differ significantly in the
style files of various journals.

Moreover, the title of the article, the list of authors, keywords and other blocks nec-
essary for inclusion in the metadata may not be executed by teams. In this case, they
simply differ in font selection, for example, {\bf Paper Title}. In these cases,
an attempt is made to automatically find such blocks by location in the text and font
design. This approach applies to most collections of documents created in office for-
mats [23]. In [24-26], algorithms for extracting metadata from scientific articles are
presented. These algorithms are based on the study of the structure of documents and
ontologies for describing the structure of documents.

At the preprocessing stage, part of the files cannot be processed automatically. For
example, this situation occurs when processing a tex-document, when there is no style
file or a file with author macro definitions that are referenced in the processed docu-
ment. From such files a set is formed, which is adjusted by semi-automatic tools or
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manually. After that, preprocessing is repeated. Files rejected at this stage several times
are manually corrected.

The next step is the formation of a set of basic metadata. Strings with the title of the
article and the list of authors are extracted from the documents. Next, the search is
carried out and the text of codes of subject classification, a block of keywords, affilia-
tion of authors and abstracts to the article, if they are given in the document, are ex-
tracted. Also, the metadata of each document includes its URL-link in the digital library
collection. The generated metadata is stored in the xml-file in accordance with the
DTD-rules and XML-schemes, which are installed in the digital library.

At the stage of improvement and refinement of metadata, software tools are used,
with which simple spelling errors and typos are corrected in the title of the article, list
of authors and keywords. Metadata is being improved, in particular, transliteration of
article titles, addition of abbreviations with full titles (“SPb” —“Saint Petersburg”,
“LIM” — “Lobachevskii J. Math.”, “Lobachevskii Journal of Mathematics”).

URLs are checked using existing refinement services. Then, the metadata includes
the date the web resource was accessed. Formula fragments in article titles and annota-
tions are converted to MathML code.

Not all metadata can be obtained by searching for the corresponding blocks in the
document and then extracting it from the text. Keywords, classifier codes, and other
data are determined only as the result of textual and semantic analysis of the document
[18, 24]. In the metadata factory, these operations are performed at the stage of gener-
ating additional metadata. As part of the project to create a digital mathematical library,
we have developed tools to automate a number of operations at this stage.

2.2 Normalization of Metadata

We use the term normalization [10] to refer to the methods for generating and convert-
ing document metadata in accordance with the rules and XML schemes of digital li-
braries and scientometric databases.

One of the functions of the metadata factory is the normalization of metadata in ac-
cordance with the formats of other aggregating libraries. For example, the OAI-PMH
protocol requires the inclusion of a metadata set in the resource description in the oai_dc
notation, which is based on Dublin Core.

In the metadata factory of the digital mathematical library Lobachevskii-DML, a
method has been developed for normalizing metadata into the format of the Russian
Science Citation Index [27]. This method is implemented as a plugin of the journal
platform Open Journal System and is used to generate metadata of the digital journal
“Russian Digital Libraries Journal” (https://elbib.ru/). Methods have also been created
to normalize the metadata of the collection of articles of this journal into formats of the
bibliographic database on computer sciences “dblp computer science bibliography”
(DBLP, https://dblp.uni-trier.de/) [28]. Methods have been created for the formation of
mandatory and fundamental sets of metadata using XML schemes of the EuDML Eu-
ropean Mathematical Library (https://initiative.eudml.org/) [10, 28].

Tools of the metadata factory of the Lobachevskii-DML library, already imple-
mented by us, are described in detail in [10].
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Conclusion

So, as a result of the development of the metadata factory of the digital scientific library
Lobachevskii-DML:

— asystem of services has been proposed for the automated generation of metadata
of electronic mathematical collections;

— developed an xml-language for the presentation of metadata, based on the Jour-
nal Archiving and Interchange Tag Suite (NISO JATYS);

— software tools have been created to normalize metadata of electronic collections
of scientific documents in formats developed by international organizations -
aggregators of resources in mathematics and Computer Science;

— an algorithm has been developed for converting metadata to the oai_dc format
and generating the archive structure for import into DSpace digital storage;

— methods for integrating electronic mathematical collections of Kazan University
into domestic and foreign digital mathematical libraries have been proposed and
implemented.

The metadata factory model presented above was implemented in a specific digital
mathematical library. Naturally, this model takes into account the specifics of the pro-
cessed content. At the same time, it can be used as an element of the ecosystem of any
scientific digital library.
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