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Abstract. This paper studies the problem of building a modern information
society as a task of forming a virtual knowledge space. This task can be
implemented on the IT platform of a digital library, which ensures the formation
and provision of information resources in various areas to general public users.
It shows how electronic copies of objects of a library, archive and museum
storage represented in the form of texts, graphic images, and audio/video
objects, including 3D-models, can be integrated using digital library facilities.
The concept of a hierarchical level of electronic objects is introduced. The
definitions of objects of various levels are given and the principles of work with
objects of each level are formulated. The hierarchical representation of elec-
tronic objects in a digital library environment is proposed. A distinction between
thematic, theme-specific, and interdisciplinary collections is shown. The infor-
mation environment for forming subtheme collections is represented as a set of
databases created by information fund holders. This environment is distributed
and unified in terms of the software and hardware used, as well as in terms of a
set of requirements for digital images being formed. The paper formulates the
basic principles of forming collections of various levels in a digital library
environment and reflects the developed digital solutions that ensure their
implementation. For each hierarchical level, it gives examples of objects and
collections provided on the portal of the Scientific Heritage of Russia Digital
Library (SHR DL) and formed in compliance with the proposed principles and
digital solutions. In particular, the paper describes in detail the thematic col-
lection of publications in mathematics being a database formed through LibMeta
DBMS; interdisciplinary collection “Garden of Life” created in collaboration
with one of the Russian museums, and some other collections.
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1 Introduction

The formed digital knowledge space is one of the most important elements of the
modern information society. Access to objects of the knowledge space is provided via
the Internet, which offers many opportunities for combining various information
sources, extracting knowledge and forming a virtual information space on their basis.
An effective means of integrating information resources is a complex of technological,
technical, and organizational solutions united by the concept of a digital library that
ensures the formation and provision of information resources in various areas to
general public users.

There exist several integrators that combine different types of information resour-
ces. An example is the European electronic library Europeana [1], which aims at
combining digital images of European cultural heritage sites and making their content
available to users. At the same time, Europeana provides access to full texts of elec-
tronic printed publications. The other example of the pooling of resources is the
European library [2], which is a portal that provides a free search for resources
available to the leading national and scientific libraries in Europe. From 2011 to 2017,
the European library managed the Europeana Libraries project, which was created to
include more than 5 million objects from 19 scientific libraries in Europe. In 2017, the
European library project was closed, and all the processes associated with the unifi-
cation of European digital objects of cultural significance is provided by Europeana.

Unlike the European media, most cultural and scientific centers of the United States
have long been creating their digital collections and cooperate only for the organization
of thematic projects. Since 1990, the Library of Congress has launched an American
Memory project called the National Electronic Library. However, this project did not
involve pooling the resources of most US public libraries. There were many thematic
library projects in the country without centralized management. In 2013, the electronic
resources of libraries, universities, museums, and archives were combined and made
available through a single portal [3], the electronic public library of America (DPLA),
which should provide online access to the cultural heritage of the whole country.
DPLA, unlike Europeana, does not contain digital copies of documents but provides
metadata about their resources transferred by participating libraries. The DPLA data-
base contains records redirecting the user to the provider library site that contains the
corresponding digital document. The digital public library of USA portal serves as a
single point of access to millions of objects, providing search across all DPLA-enabled
digital libraries [4].

Several large aggregators of information resources described above provide access
not only to digital copies of printed publications, but also allow viewing thematic
collections or virtual exhibitions provided by participants [5]. However, none of the
above resources allows to dynamically form user collections of the presented infor-
mation objects united by some features [6].

In particular, the task of integrating electronic objects of library storage, archival
storage and museum storage presented in the form of text files, graphic images, and
multimedia into a unified resource is solved with the help of electronic libraries [7].
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We have considered in sufficient detail the approaches to the digital library design
and principles of their formation using the example of the Scientific Heritage of Russia
Digital Library (SHR DL) in [8-10].

SHR DL provides integration of electronic copies of scientific objects stored in
institutions of memory (libraries, archives, museums), presented in the form of text
files, graphic images, and multimedia. Objects that are reflected in the SHR DL are
accompanied by extensive information about their creators, scientists who have made a
significant contribution to the development of Russian science.

SHR DL is based on a combination of the principles of decentralization (prepa-
ration of metadata and digitization of materials by resource owners) and centralization
(editing, storing information and providing it to users upon their requests).

The main functionalities of SHR DL include:

formation and storage of content provided by institutions of memory;
search for metadata objects of electronic funds of institutions of memory;
search, metadata about scientists and publications;

thematic search;

viewing of collections available in the SHR DL;

forming and editing custom collections;

searching by collection;

work with media objects, allowing you to view media objects;

viewing full texts of digital copies of publications;

import of metadata from external systems.

User access to the SHR DL is through any browser. The basis of the SHR DL
software is the “LibMeta” platform. The core of this platform performs the following
functions [11]:

management of the static content of the SHR DL;

storage of objects of the SHR DL represented by RDF-triples in relational Database
Management System (DBMS);

batch download;

indexing;

full-text search;

system security;

news management.

The participants of the project for the creation of the SHR DL (scientific libraries,
museums, archives of the Russian Academy of Sciences and several scientific insti-
tutes) form and edit the metadata of their resources on-line in the technological data-
base. The ontology of the SHR DL envisages that each object to be included in the
SHR DL is characterized by a set of properties fixed for each type of objects (persons,
publications, museum objects, etc.). As the formation (editing) of the object metadata is
completed, they are loaded in batch mode into the central database with the automatic
establishment of links with other objects.

It should be noted that SHR DL is developing as an integral part of the Russian
digital knowledge space towards the integrator of scientific information resources of
memory institutions.
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The formation and maintenance of information funds of digital libraries and the
provision of access to them require a specific technological environment that supports
relevant procedures. The study of the fund creation process and the nature of material
requests has demonstrated that users often need to select information objects from the
entire set of interconnected digital library resources united by one feature or some
combination of them. This, in turn, provokes a need to develop and analyze the
hierarchical representation of digital objects in a digital library environment. To build
the above hierarchy, let us introduce the following concepts:

“objects” — images of items of information funds;

“type of an object” — an object property that reflects its membership in one of the
resource groups determined in a digital library space (publications, archive materials,
museum objects, etc.);

“theme of an object” — an object property that reflects its content identity with the
group determined by a certain semantic concept (e.g. a section of science, historical
period, attitude to this person, etc.);

“collection” — a set of objects of one or several types and (or) themes.

The proposed hierarchical representation of objects in a DL environment containing
4 levels is given in Fig. 1.

LEVEL 4
INTERDISCIPLINARY COLLECTIONS

4

LEVEL 3
THEMATIC COLLECTIONS

A

LEVEL 2
THEME-SPECIFIC COLLECTIONS

T

LEVEL 1
DIGITAL LIBRARY OBJECTS

Fig. 1. Hierarchical levels of information objects.
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Combining digital objects of various hierarchical levels according to some features
allows developing and implementing numerous analysis and processing procedures for
them, as well as representations according to the needs of the user. At the same time, it
significantly enhances the ability to reflect the results of the search in digital library
funds: from exhibiting a separate object to providing collections created by it and the
arrangement of virtual exhibitions.

2 Elements of Hierarchical Levels of Information Objects

The elements of Level 1 are digital library objects. The elements of the first level can
be presented by digital copies of printed publications, archive materials, museum
objects, audio/photo/video items.

Consider collections of objects of the first level relating to the same type and theme
as elements of Level 2. For example, a collection of e-books in a given scientific area
or a collection of museum objects of the same type (collection of minerals, sculptures,
etc.). Objects formed in this way are called theme-specific collections.

Consider collections of objects of various types relating to a particular topic as
elements of Level 3. For example, a collection dedicated to a certain scientific area,
event or person, which includes at least two types of objects on a given topic: a
collection of books, archive materials, museum objects. Such collections are called
thematic. For example, the thematic collection on the botany of the 1920s—1930s may
include a collection of books on this topic, biographies of biologists, as well as mul-
timedia materials of the period, etc. [12, 13].

Objects of Level 4, which are formed by combining objects of the previous level,
are called interdisciplinary collections. Thematic collections (Level 3) may exist by
themselves, but may also be a part of interdisciplinary collections. If a collection
includes materials relating to various fields of science (knowledge) and intersected by
one or several parameters, then such a collection comprises several thematic collec-
tions. For example, an interdisciplinary collection dedicated to space exploration may
include materials on astronomy, space physics, history of cosmonautics, as well as
those related to the problems of space exploration, etc.

Collections of natural history museums are of particular interest for applied and
fundamental research. They are used for informative and educational purposes [14].
One of the ways of representing interdisciplinary collections in a distributed digital
library environment is to form a virtual exhibition. A virtual exhibition is a multimedia
information resource in the Internet environment, demonstrating to the user hetero-
geneous pieces of information (digital copies of printed materials, archive documents,
museum items, etc.), combined according to given characteristics. The chief distinction
of a virtual exhibition is the provision of information in an interactive form. Along with
materials of various types being represented, multimedia objects, digital 3D-models of
museum objects, in particular, are necessary to form digital natural history collections.
Virtual exhibitions, in contrast to museum exhibitions, are not limited by the duration
of an exhibition [15, 16].
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It is important to note that the arrival of virtual exhibitions in a digital library
environment may be one of the directions in the integration of heterogeneous resources
and representation of the digital museum content.

2.1 Examples of Information Objects of Various Hierarchical Levels
in a Digital Library Environment

Consider examples of objects of various levels represented in the Scientific Heritage of
Russia Digital Library.

Objects of Level 1 are presented by “scientists”, “publications”, “museum objects”,
etc., available in the portal for SHR DL (http://e-heritage.ru) and selected by the user.
[9]. A search in this portal can be carried out by several parameters with a fragment of
the field value entered for a search indicated. Figure 2 shows the result of the search of
D. Bernoulli’s letters to L. Euler published in Latin (Excerpta ex litteris a Daniele
Bernoulli ad Leonhardum Euler). The displayed bibliographic description is an active
link, following which you can get a complete text of this publication (Fig. 3), is an
object of Level 1 in this case.
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Fig. 2. Search result of a particular publication.
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EREE [ [] crpana 18w ] [1]

Bernulli ad Leonhard Eulerum // Commentarii 7
Academiae Scientiarum Imperialis Petropolitanae. EXCERPT A EX LITTERIS.

Ser.1.-1751.-C.3-15

DANIELE BERNOVLLI

ad
Leonhardem Euler

gregia plne funt, Vir Celeberrime, quee mihi de
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am huivsmodi quantitates conflanter reducis ad- circulum
cundem , cuius radium- ponis aequalem vnitati, non fes
cus ac quantitates logarithmicae reduci folent ad logarith.
micam , cuius fubtangens fit vaitate exprefia: Tum vero
admiratus fom- infignem vlom , quem primus- obleruaft

Fig. 3. Fragment of the e-book “Excerpts from Daniel Bernoulli’s Letters to Euler”.

Theme-specific collections are most popular among the users of the Scientific
Heritage of Russia Digital Library. They allow, for example, to see the overall picture
of the development of a specific scientific area or to form an updated bibliographic
collection of scientific works. Some theme-specific collections formed in the infor-
mation space of the Scientific Heritage of Russia Digital Library are given below.

One of the examples of a theme-specific collection is publications in mathematics
available in the digital library. This collection contains bibliographic data and complete
texts of 969 publications in mathematics.

The majority of the collection publications are in Russian (70,07%). In addition to
publications in Russian, the collection includes books in Latin (21,67%) and French
(5,06%). Publications in English, German and other languages make up about 3,2%.

The percentage distribution of available publications into periods is given in
Table 1.

A dramatic reduction in the number of available works since the second half of the
20th century is primarily due to the copyright law, following which SHR DL members
prepare materials to be included in the Library.

Another example of a theme-specific collection is “Scientific publications of XIX
century in the Scientific Heritage of Russia Digital Library”. The main distinction of
this collection from the previous one is that (a) in this case, the selection of publications
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Table 1. Time distribution of publications

Period %
1700-1799 | 20
18001899 | 14
1900-1949 | 54
1950-1999 | 10
20002018 | 6

is limited to a specific historical period — XIX century, (b) this collection includes
works in various scientific areas. This collection includes 4848 scientific publications
published in 1800-1899 in Russian, English, German, French, Latin and other
languages.

An example of a thematic digital collection formed by SHR DL is “Minerals in
P.V. Yeremeyev’s publications”. This thematic collection offers the user to get
acquainted with digital images of minerals, which are studied in P.V. Yeremeyev’s
works, as well as his published works, in which these minerals are described (Fig. 4).
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Fig. 4. Thematic collection “Minerals in P.V. Yeremeyev’s publications”.

The virtual exhibition “Garden of Life”, dedicated to the 160" anniversary of the
birth of I.V. Michurin (Fig. 5), and the exhibition “Portraits from Skeletons”, dedicated
to M.M. Gerasimov’s scientific work (Fig. 6), are examples of interdisciplinary col-
lections created in the form of virtual exhibitions.

The first virtual exhibition includes archive materials dedicated to 1.V. Michurin
and his scientific school (including text documents, digitized newsreel, and photos) and
two theme-specific collections on this topic — digitized publications from library funds
and 3D-model fruit of L.V. Michurin, stored in K.A. Timiryazev State Biological
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| vim.benran.ru Q

T1aBHOE MEeHIO K 160-neTuio co ausa poxaenus U.B. Muuypuna

=
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=

Fig. 5. The main page of the virtual exhibition “Garden of Life”.
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0 npoexte MM.Tepacumos  oM.M.Tepacumoe  6ubnmorpadms METO/1bl PEKOHCTPYKLMM 3d Mopenu u aTpubyums

Fig. 6. The main page of the virtual exhibition “Portraits from Skeletons”.

Museum. The exhibition is freely available at http://vim.benran.ru/ and referred to in
the portal of SHR DL.

The exhibition “Portraits from Skeletons” dwells on M.M. Gerasimov’s scientific
heritage, his school, and anthropology development. This exhibition has the same
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structure as the above one and includes, among other things, digital 3D-models of M.
M. Gerasimov’s anthropological reconstructions and his students, interactive compo-
nent allowing the visitor to get acquainted with M.M. Gerasimov’s work in a playful
form (Fig. 7).

HAYYHOE HACNEAME
M.M. TEPACHMOBA

Mpussatve

NPU3BAHME

T'epacumoB Muxann MuxaioBua
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Fig. 7. The page of joint virtual exhibition “Portraits from Skeletons” describing M.M.
Gerasimov’s work.

Both exhibitions created on the platform of the Scientific Heritage of Russia Digital
Library in association with K.A. Timiryazev State Biological Museum and Russian
State Documentary Film and Photo Archive.

3 Conclusion

In the course of studying the problems of organizing various collections, the following
basic principles of their formation have been formulated:

e The IT platform of the digital library should support the ability to form and pro-
viding collections of various levels.

e The information environment for forming collections is a set of distributed data-
bases created by information fund holders. This principle presupposes the existence
of a single space of information support ensuring the creation, dynamic updating,
and accumulation of information resources by organizations participating in the
formation of DL funds.
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e The technological environment for the formation of digital objects is distributed and
unified in terms of the software and hardware used and a set of requirements for
digital images being formed. The conceptual basis for the organization of such
environments is a distributed formation and storage of large data arrays. At the same
time, a centralized metadatabase equipped with common search and navigation
services is also created in the distributed information environment. Along with it,
metadata are also stored on the servers of participants of the formation of DL funds,
which enables their use in local systems of information search and provision [15].

e Provision of complete and sufficient digital object (metadata set) description means
for their inclusion in a collection and their representation in information funds of the
digital library.

¢ Independent collection formation by information fund holders combined with their
availability.

The developed hierarchical approach to the formation of collections within the
digital library makes it possible to more effectively and dynamically meet the infor-
mation needs of users of different categories.

According to these principles, the dispatch system for stages of integration of
interdisciplinary collections has been developed. It allows immersing various digital
objects (images of museum objects, printed publications, archive materials, multimedia
objects) into the distributed SHR DL environment online. The subsystem of data packet
exchange allows exchanging data in the RDF/XML format according to the ontology
metadata model. In its turn, the architecture of formation of the information support
system for interdisciplinary collections and the application profile of the extended data
storage support allow forming such collections in the distributed SHR DL environment.

Thematic collections presented in the SHR DL environment have been created in
compliance with the available technology of forming and representing thematic col-
lections in a distributed information environment of the digital library [6, 17, 18].

The research is carried out by JSCC RAS — branch of SRISA within supported by
Russian Foundation for Basic Research (projects 17-07-00400 and 18-07-00893).

The computational capacity of JSCC RAS, MVS-100 K cluster, in particular, was
used to build 3D-models.
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