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We will deliver a truly open,
sustainable and innovative framework
for access and exploitation of
Europe’s rich heritage of mathematics.

EuDML Team

The paper presents the EuDML project — the European Digital Mathematics Library
(http://www.eudml.eu) which main goals are:

e to create a common infrastructure for seamless navigation, searching and in-
teracting within the deeply interlinked network of distributed validated multi-
lingual digital mathematical content available throughout Europe, which will
make mathematics readily available for all users of this resource;

e to provide a safe archival back-end so that publishers do not have to maintain
their back catalogues indefinitely, and thus agree to transfer their content and
to licence eventual open access to it according to their moving wall policy;

e to satisfy the demand for reliable and long-term availability of mathematical
research output.

The Bulgarian contribution to the project is also presented — BulDML “The Bulgarian
Digital Mathematics Library” (http://sci-gems.math.bas.bg).

1. The Mathematics library. It is a myth that mathematicians need nothing for
their work. Research in mathematics may not require expensive lab equipment or involve
costly field trips, but every mathematician needs fast and free access to the huge and
growing body of mathematical knowledge accumulated since antiquity. The traditional
form of storing this knowledge is the library of paper editions. A complete coverage
of the classics, prompt acquisition of new items, ease of access, user-friendliness are
all goals that librarians have been used to pursue. But in order to be fully useful, the
mathematical library must be more than a collection of texts; it must be an infrastructure,
a network with links and references which allow one to track the relations between the
items. The peculiarity of mathematics among sciences is that its results never age: a
valid theoretical development remains valid for ever, with new results supplementing
rather than supplanting the classics.

70



In our times the volume of new

scientific results is growing expo- 90 000

nentially. Mathematical literature 80 000

today amounts to more than 3 mil- 70 000

lion publications, of a total of 100 60 000

million pages. The diagram on the

right shows the number of new pub- 50000

lications per year (by now it has 40000

reached 100 000). In 2010 Zentral- 30 000

blatt MATH has refereed 66 180 20 000 -

new items. Half of all citations aim 10 000 -

more than 10 years back; one quar- 0

ter aim more than 20 years back. 2 8 g Qe ©vg 8 g v g
This rate of growth is hard for even 22222222 22K

the largest and wealthiest tradi-
tional libraries to keep up with.

2. The Digital Mathematics Library. Together with this problem, the modern
age has brought forth its solution, based on the progress of digital and communication
technologies. The solution is the digital library of mathematical knowledge. Such a li-
brary can grow indefinitely, with no physical restrictions whatsoever, and offer ubiquitous
access to all, from anywhere and at any time. Moreover, it allows the construction of
a comprehensive system of links and references between the items in a way that paper
editions do not.

The creation of digital archives is assisted by the fact that nowadays it is standard
practice for new publications to be prepared in electronic form, and old texts are being
converted into it by many projects worldwide. However, these efforts are not well coor-
dinated and do not systematically cover the literature. Digital/digitised documents are
often duplicated, serials are split among various providers, and permanent reliable access
is not guaranteed. Good access requires numerous subscriptions and complicated search.
These challenges led to the concept of a large-scale virtual mathematical library.

After pioneering generalist digitisation projects launched in the 1990s in France (Gal-
lica), in USA (JSTOR), in EU (DIEPER), and the seminal JEM/ERAM project (funded
by DFG over 1998-2002), the International Mathematical Union (IMU) published a white
paper on the concept of “a virtual library containing much of the past literature—a li-
brary that could eventually grow into a World Mathematics Library”. This led in 2001 to:
“Twenty centuries of mathematics: Digitizing and disseminating the past mathematical
literature” [1].

While new maths oriented projects were successfully launched (project Euclid in USA,
NUMDAM in France), the NSF funded a one year (2002-2003) planning project in order
to study further the feasibility of the Digital Mathematics Library (DML).

IMU proposed to assume further coordination, under the flag “World Digital Mathe-
matics Library” (WDML), with supervision by the Committee on Electronic Information
and Communication (CEIC). This worldwide activity culminated in 2006 when the Gen-
eral Assembly of IMU adopted the communication “Digital Mathematical Library: a
Vision for the Future” prepared by the CEIC. However, no actual coordination emerged
among interested parties, whose number was steadily growing. The ultimate WDML goal
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being virtually endorsed by all mathematicians, new initiatives appeared worldwide, from
a wide range of organisations with possibly different views on content selection, cooper-
ation, and business model.

The European Mathematical Society (EMS), which had been involved in this process
from the beginning, organised brainstorming meetings in Berlingen (Switzerland) in 2002
and 2003, yielding an “expression of interest” letter sent to the European Commission in
2003, and a proposal to FP5 for an infrastructure called DML-EU. Despite the lack of a
formal success of this European initiative, a number of meetings, conferences and local
DML activities have been organized since 2003, thus demonstrating even stronger the ur-
gent needs of the global scientific community. This continuous work allowed participants
to keep track of: the ongoing activities, emerging best practices, as well as the techni-
cal challenges related to the development of a “mathematical semantic web”. Finally
the idea for a common DML infrastructure for access to the mathematical knowledge in
Europe was successfully materialised within the frames of the project European Digital
Mathematics Library — EuDML.

3. The European Digital Mathematics Library — EuDML. The EuDML
project obtained support from the European Commission in the framework of the Infor-
mation and Communications Technologies Policy Support Programme (CIP ICT PSP,
“Open access to scientific information”, project no. 250503). The official start of the
project was on February 1, 2010 for a duration of 36 months [2].

The project consortium consists of 14 European partners (Table 1), among which
universities, public institutions and leading technology providers, dedicated to produc-
ing quality scientific information. The project partner teams include mathematicians,
librarians, digital library specialists, publishers, professional information service and doc-
ument engineering specialists, and computer scientists. The consortium is strengthened
by its 2 associated partners: the European Mathematical Society is associated to the
project as the relevant organization for setting the goals and assessing the usefulness of
the project’s outcome, it will chair the Scientific advisory board; the University Library
of Gottingen will contribute journals digitised in the ERAM and RusDML projects, as
well as the largest collection of digitised mathematical books.

The main goal of the EuDML project is to establish a pilot implementation of an
integrated mathematics digital library system allowing for seamless access for otherwise
dispersed digital material of the partners and associates.

The main outcome of the envisioned library service is expected to set-up a network of
institutions where the digital items would be physically archived. Each local (partner)
institution is assigned with the following tasks: selecting, acquiring, developing, main-
taining, cataloguing and indexing, as well as preserving its own collections according
to clear policies. Thus they will play the role of a reference memory institution for a
well-defined part of the mathematical corpus.

The network of institutions as a whole would make it possible to assemble a global,
virtual library providing a one-stop gateway to the distributed content through user-
friendly retrieval interfaces. Moreover, published standards of interoperability would
allow this virtual library to serve as an infrastructure layer for any component of the
scientist’s environment where reference to a published mathematical result is necessary,
turning a mere intellectual reference into an actual link to the result.

The EuDML system (Fig. 1) is based on Service Oriented Architecture. It is de-
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Table 1. The EuDML Consortium

Partner organisation | Technical Contributed | Country Current
name expertise content estimation
of the ex-
isting DML
content
Instituto Superior | digital Portugaliae Portugal 2,000 items
Técnico: Computer | libraries Mathematica
Science Department
Université Joseph | math NUMDAM, .
Fourier: Cellule MatI;l— metadata, CEDRAM France 50,000 items
Doc journal
publishing
EDP Sciences journal SMAI/EDPS
publishing journals
& interoper-
ability
University of Birming- | math accessi- United
ham: School of Com- | bility Kingdom
puter Science
Made Media Limited user interface
Fachinformationszentrum | math  meta- | Zentralblatt, Germany 85,000 items
Karlsruhe: Zentralblatt | data EMIS
MATH
Masaryk Universit math meta- | Czech math . .
Brno: yFaculty of Infor}—, data, journals Czech Republic 26,000 items
matics electronic
publishing
Institute of Mathematics | math, journal | DML-CZ
— Academy of Sciences of | publishing
the Czech Republic
Warsaw University: | access plat- | Bibliotheka Poland 13,000 items
Interdisciplinary ~ Cen- | form & Wirtualna
tre for Mathematical | interoperability| Matematyki
and Computational
Modelling
COH?GJO. Superl9r c}e In- elgctr(.)mc DML-E Spain 5,000 items
vestigaciones Cientificas: | scientific
IEDCYT literature
University of Santiago de | math
Compostela: Institute of
Mathematics
Institute of Mathemat- | digitisation BulDML Bulgaria 3,500 items
ics and Informatics at | and
the Bulgarian Academy | digital
of Sciences libraries
Tonian University: De- | math and HDML Greece 15,000 items
partment of Informatics | education
metadata
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Fig. 1. EuDML functional vision

signed to embrace a set of core services (sufficient for the basic system operation) and
a number of enriching services (e.g. publication metadata store, the indexing and the
search services, the content storage system and structured publication browsing services)
(Fig. 2).

The extensibility and the multidimensional scalability of the EuDML platform are its
key features: allowing easy addition of new services (and content), additional volume,
new content’s structure, concurrent users, etc., without performance or reliability degra-
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Fig. 2. EuDML core and extension services
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dation. A natural solution towards these concepts is a modular, distributed architecture.

The Metadata Repository, which manages a replica of all the metadata for all the
items in the different content repositories is at the core. It does not contain actual object
items, which remain in the local repositories (this way we avoid to have to deal with IPR
issues, leaving the control of that to the local repositories).

The Metadata Repository manages the metadata updates from the local repositories.
It will support adapting the different forms of metadata that each provider has about their
items to the common format required by the EuDML. To support those processes, the
Metadata Repository also will comprise in its internal architecture a Metadata Registry.
Some items in the content repositories may not yet be freely accessible, but may need
enhancement of their metadata. Hence, a facility is planned for content providers to
invoke the Metadata Enhancer directly on their privileged access items via the External
Services Interface, to enhance the metadata before uploading. At the bottom is the
collection of Local Repositories. Each content provider maintains its own collection of
items, which can be supplied on demand. Such requests are via identifiers, i.e. the
content repositories are not required to provide search or browse facilities, but merely to
manage their collections of items, provide access via identifiers and manage right of access
issues corresponding the to moving wall open access policy adopted by the consortium.

The Search Engine provides search and item identifier resolution facilities. The Meta-
data Repository mediates with the content repositories to fetch actual items for the higher
levels of the system.

The Metadata Enhancer is a component that can identify items for which it might
be able to enhance the existing metadata, including fetching the item and analyse it
(e.g. using current OCR, math formula recognition, keyword extraction, signature file
construction, bibliography analysis technologies). This component will actually consist
of a range of different tools, that can be improved and extended over time, and that can
handle different aspects of individual item metadata enhancement.

The Association Analyser works on metadata for sets of different items, rather than,
as in the case of the Metadata Enhancer, on single items. It identifies related items from
the metadata records and updates the metadata accordingly so that various links between
documents, or links to relevant external resources, can be recorded in the Metadata
Repository.

The Annotation Component provides mechanisms to attach new material to individual
items in the repositories and maintain this new material. It is envisaged that this will
support community interactivity with the collection by allowing users to add, view and
update their own reviews, tutorials, comments, or recommendations to each item.

The Accessibility Component provides support for enhancing accessibility of items,
if required, before presentation to end users. For visually impaired or dyslexic users,
this will involve speech synthesis for text or for mathematical formulae (via MathML
annotation), large print re-formatting or OCR facilities to make scanned image items
accessible to Braille readers. Automatic translation facilities will be provided for texts
in a language not understood by the user.

The Web User Interface and the Ezternal Services Interface provide public access
to the system both wvia web browsers and by web services. This comprises bidirectional
interoperability with external resources such as the Math Genealogy, MacTutor History
of Mathematics, Mathworld, Wikipedia, EqWorld and other mathematical and science
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related web resources. Interoperability with Europeana will be also considered at this
level.

The EuDML system’s architecture will be developed taking into account the de-
tailed functional requirements specifications. The extensibility, scalability and reliability
requirements make it natural to look for a fully distributed, platform independent solu-
tion. While the general architecture design will follow the Service Oriented Architecture
(SOA) paradigm, the communication layer will remain abstract. This will enable the
individual services to communicate through different appropriate means, including pos-
sible direct connection when deployed in a single location (host). Furthermore, universal
SOAP communication will be maintained as the default for flexibility and compatibility
reasons, and more lightweight remote communication will be provided when necessary.

Each of the functional modules presented above will be accomplished by means of a
separate service or a group of services acting together.

The Metadata Store will be composed of several separate services acting together:
a Metadata Repository Manager; a Storage Manager; and a Metadata Registry. An
important requirement is also to provide the assignment of a persistent identifier to each
entity, and the ability of the related resolution service to point to a local copy and back
to the original resource’s locations.

Despite the fact that EuDML will be used its internal common metadata schema, it
is anticipated that multiple different metadata patterns will be used by different content
providers and data sources, and these will have to be reversibly mapped onto the internal
data structure. That implies an additional requirement for the Metadata Store, viz. to
support the synchronization of the different metadata forms with the format required
by the EuDML. For that purpose, the Metadata Repository will also include a Metadata
Registry in its internal architecture [3].

The other expected functions, including annotation, accessibility, metadata enhancer
or association analyser will be realised as separate enriching services, that while following
the same service design principles, will be considered extension services. Examples of such
services include the Citation Service, responsible for citation resolving and indexing or
Similarity Service [4], which would be able to return similar objects based on a predefined
metrics and criteria. Similarly, additional extension services are hoped to be developed
in the future by third parties or by the involved partners.

One or more Web User Interface Services will be developed, based on user require-
ments criteria. Functional interfaces and widgets is also envisaged to enable the inclusion
of an FuDML Search Boz in other local systems and portals. All the system’s operations
will be managed via a process management service, responsible for operation scheduling,
synchronisation and timely execution, and for the overall system level integrity of the
services.

4. The Bulgarian Digital Mathematics Library — BulDML. The IMI-BAS
repository developed under the FuDML project is based on the DSpace software with an
active and configured OAI-PMH interface for metadata harvesting. A permanent unique
identifier from Handle.NET system is assigned to each article (not only for citation
needs). These identifiers together with OAI-PMH make it possible to build a network
of repositories, search portals, and centralised web services. The BulDML provides an
open access to all its content.

When performing a search the user can view the individual search result (a record
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representing an item or a digital object in the repository and eventually the item itself).
Two options are offered — simple and full record. The simple record provides bibliographic
data related to the item with labels in natural language (e.g., Title, Author or Publisher)
whereas the full record provides more detailed information with Dublin Core element
labels (such as dc.title, dc.contributor.author or dc.publisher). Both record types provide
a URI (Uniform Resource Identifier), in this case represented by handle, which serves as
a persistent identifier of the item.
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The BulDML content is organized around Communities which can correspond to
administrative entities such as schools, departments, labs and research centers. Within
each community there can be an unlimited number subcommunities and an unlimited
number of collections. Each collection may contain an unlimited number of items.

BulDML is configured to use the Dublin Core metadata schema by default and is
in a full accordance with the metadata scheme developed under the EuDML project.
Dublin core is made up of elements, and qualifiers. There are 15 base elements: Title;
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Creator; Subject; Description; Publisher; Contributor; Date; Type; Format; Identifier;
Source; Language; Relation; Coverage; Rights.
Currently the BulDML covers more than 3500 mathematical items — publications
from 6 journals:
Serdica Mathematical Journal
Serdica Journal of Computing
Mathematica Balkanica
Fractional Calculus and Applied Analysis
International Journal Information Theories and Applications — ITHEA

International Journal Information Technologies and Knowledge — ITK
and conference proceedings.

BulDML captures, distributes and preserves digital research products. Here you can
find articles, working papers, preprints, technical reports, conference papers and data
sets in various digital formats. Content grows daily as new communities and collections
are added to BulDML.

5. Conclusions. The EuDML project is a result of the solid commitment and seri-
ous efforts of the mathematical community to produce a common digital library of the
mathematical knowledge. This could be the ultimate answer to the difficulties mathe-
maticians face when in search of a mathematical result they need. The foundations of
the EuDML semantic mathematical Web set would enable a user to find a previous work
by using a mathematical structure or a formula rather than a keyword. Furthermore,
any advance in this area achieved in the narrow context of mathematical research papers
would enhance the accessibility to the whole technical and scientific documentation.

We all remember Euclid’s legendary words to King Ptolemy: There is no royal road
to geometry! Still our strong belief is that the EuDML project will build a gateway to
the world’s mathematical knowledge.
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AKO HE ITAPCKMU IT'bT, TO ITOHE MATUCTPAJIA K'bM
MATEMATNYECKOTO 3HAHUE: ITPOEKT'BT EuDML

Panocnas Ilasios

IIpencrasen e npoekrbr EuDML — EBporneiickara mudposa 6ubsmoreka 1o Marema-
tuka (http://www.eudml.eu), KOHTO 1€sIM:

e J1a cb3mase obia nHMpPaCcTPpyKTypa 3a 6e3mpobieMHa HABUTAIUsl, ThPCEHE U
B3aMMOJEHCTBIE B PAMKHUTE Ha II'BTHA MPEXKa OT PA3IpPEEesICHO BAJIUUPAHO
MHOI'0€3UYHO MaTEMATHIECKO ChbprKaHue B IudpoBa hopMa, KOeTo Ja € J0C-
TBIHO B Isyia EBpona, u Taka ja HallpaBH MaTeMaTHKaTa JIECHO JOCTbIHA 33
BCHUYKH IIOTpEOUTEIIN;

® J1a 3a/I0BOJIM M3MCKBAHETO 3a HAJEXKJEH U JbJITOCPOUEH JOCTBI JI0 MaTeMa-
TUYECKUATE U3CJIC/[BAHUSI.

IIpencraBen e u GbarapckusaT npuaoc B npoekta — BulDML — mudposo xpanunmine
3a MaTeMarudecka JuTeparypa Ha MucruryTa 1o maremaruka n mHQOpMAaTHKa Ha
BAH (http://sci-gems.math.bas.bg).
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