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Abstract. After an extensive study of the metadata policy of each otds-
tent partners, the EuDML project evaluated many differ&nategies and existing
schemas that could store every detail faithfully, and yséree room for the en-
hancements foreseen in the project’s work plan. The framemmvided by the
so-called NLM Journal Archiving and Interchange Tag Suiés\selected as best
readily available approximation of our needs. Some modiéoa of it have been
endorsed by the project, defining the first version of ourraitange schema for
heavily math-based content.
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1 Introduction

1.1 The EuDML project

The EuDML project aims to design and build a collaborativgitdi library service
that will collate the mathematical content brought by 11tefgartners and make it
accessible from a single platform, tightly integrated wighevant infrastructures such
as Zentralblatt MATH. As such, it is the first attempt toward@e-scale international
implementation of a Digital Mathematics Library (DML), aiglexpected to pave the
way towards a truly inclusive and global DML. In this dirext we will try to accom-
modate new associated partners and to interoperate witbarglinfrastructures in the
fields of scientific information. Interoperability needshished and documented stan-
dards, which is one of the tasks undertaken by EuDML's thiodkwpackage.

1.2 Why a EUDML schema?
A public well-specified EUDML schema is needed:

1. Because content providers need to knehich metadatahey should expose to
EuDML harvesters, which details and granularitygquired(obligatory metadata),
appreciatedfundamental metadata), and which further enhancementsg@ected
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to provide added valut their cooperation with the EuDML project (supplemental
metadata).

Thanks to the specification, they can see what informatiavaisted by EUDML.
They can expose their holdings directly encoded in this wayhey can expose
their “richest” format which contains all the relevant infaation to the extent pos-
sible.

2. Because the search engine has to kmdvere to look for e.g., an author when
a user searches for an author. (Search for “Hilbert” as authest produce quite
different results than searching for “Hilbert” as free textvithin the whole record
of a given item, think of “Hilbert space”, “Hilbert transfioi’, which can appear as
key words, in titles, cited titles, etc.). The schema seags pivot norm for various
provider formats and schemas.

3. Because the search engine has to kmtwat to displaywhen showing search result
lists (Author, Title, bibliographic source, link to full x&..) as well ashow to
displaycomplex structures (multilingual information, referetisés, mathematical
formulae...). It has thus to knolow they are encoddd order to present them in
the best shape for a given user in a given environment.

4. Because metadata enhancers toolsets have to worklefireed basiso that they
know what they start from and where they store their results.

Some examples: reference citation matching, duplicatctien and records merg-
ing or metadata enrichment from various sources. More Bpaity to our corpus:
a metadata enhancer should be able to scan an existing reetadard to find, for
instance, a reference to a formula, generate a new formétifoformula (e.g., by
OCR or translation to MathML fron"IpX code), and to store the resulting object
in parallel to the pre-existing one(s).

5. Finally, EuDML must be able texportits content in a predictable, reusable way,
for safety backups, interoperability, and to enable canpeaviders to retrieve the
EuDML-enhanced metadata for their collection of items, ridew to improve their
local collections to a higher level of quality. They need tok how this new in-
formation will be encoded so that they can use it. This cabeatdone with their
internal format, as many added-value elements will be béyba scope of such
format.

1.3 A metadata model for EuDML

This paper presents the first specification of the EuDML meeadchema, which is
already used by the current prototype of the system.
Its main goals are to:

— provide details on the structure, granularity, and enagsithat should be supported
by content partners (se¢ B 2);

— provide incentive to more content providers to contribbegrtbest metadata to the
EuDML central metadata repository using adequate schenw@teroperability
devices (see[82.5 and &B.5);

— present the NLM Journal Archiving and Interchange Tag SU#gS) as the gen-
eral frame adopted to encode and exchange the EuDML metadadtdist the
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changes needed in order to support all content types cateédiio EuUDML (see
8[3);

— introduce a set of best practices to ensure perfect undeliatpof tagging practice
among EuDML partners (sed 8 4);

— outline directions for improvements (seEl§ 5).

2 Methodology & Definitions

This section describes the principles, methods and notlwatsare used to define the
EuDML metadata schema in the next sections. As this docunaendt these specifi-
cations, will be revised during the EuUDML project, we alsaaée how this further

development might be carried out.

2.1 Scope of this work

Metadata is usually defined as “data about the data”, so ieraedtarget our work on
metadata, it is important to make explicit what is the cdmtadia we expect to describe
with our metadata.

EuDML being the digital metaphor of a mathematics orientexfgssional library,
important concepts that will necessarily be handled in yfstesn, and thus need some
internal metadata schema, are: publication (publicatmrtaners such as journals or
books, as well as individual contributions aka items), pergontributors, and users
aka patrons), legal person (person’s affiliations, publishetc.), user community, user
annotation.

However, given the nature of the EuDML central repositorfyjcl will be assem-
bled by aggregating content from a number of partner’s ogtas, we are lead to sin-
gle out the individual mathematical works in the library as main relevant data, and
hence to focus on a metadata schema designed to bear adirreileformation that can
be gathered, consolidated or generated for each intedtdteeixt.

We thus consider publication containers, persons and élfffdiations, and publish-
ers, as peripheral information attached to some full tegt §uipporting the ability to
link to an authority list of such). We also discard all registd users information as
well as their possible annotations in this iteration of owrky for these are consid-
ered private concepts to the EuUDML system, thus inapprtepitiaa static, exportable
representation of the library’s content metadata.

2.2 The EuDML item

The central object in EuDML, used as the unit of delivery a@mgstas the pivot for the
metadata schema, is &dam

EuDML defined relevant logical units that can be deliverettheaxcontext of EuUDML
in the following way:

“An item is a self-contained mathematical text which hasrbséentifically vali-
dated and formally published”.
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We warn readers from the library community that this defamitis incompatible
with that used in FRBR [11] terminology, where it would benetcallednanifestation

Loosely put, an item is the kind of mathematical content @natld be reviewed in
Zentralblatt MATHor Mathematical Reviewso the relevance of this concept is quite
consensual in the mathematical community. It is the objeatreambiguous citation in
a scientific article would point to, thus the importance a$ ttoncept for a reference
library.

Two different editions of a book would be different itemst bot a new print; two
digitisations of the same article would be related to a siiigim, but the reprinting of
that article in its author’s collected works would yield axngem (hopefully related
to the previous one). We must be very cautious with mathealateferences that, al-
though the same “ideal work” can be manifested through uarichannels such as a
conference, an abstract, a full paper, or a monograph, btipassible in subsequent
works to refer uniquely to them collectively, as the actuefails contained in each
manifestation could differ enough to make the referenceigmaus. Even a solid ab-
stract reference such as “the Hahn-Banach theorem” migétiaied with quite varying
hypothesis and conclusions depending on the context whisrenanifested.

As the main focus of the EUDML project is to ease discovergeas, use and ex-
change of mathematical itentee EUDML itemis thus the primary entity type described
by the schema.

The identification of an item, as a formally published tessentially requires bibli-
ographic data which describefereandby whomit was published and depends on the
typeof publication (journal article, book, etc.).

For this version of the schema, we explicitly support théofeing publication types,
which are logical subclasses of the generic “item” class:

a multivolume work;
— a book, namely
e a single volume from a multivolume work,
e a monograph (which might be a doctoral dissertation, a memagj
e an edited book (a book that contains chapters or articlashidoge been writ-
ten by different authors and collated by scientific editevhjch might be a
conference proceedings volume);
— a part of a book such as a chapter, or a contribution in a pdicge volume;
a journal article.

2.3 Out of scope functionality

The following do not constitute requirements on EuDML seegi and are thus not in
the scope of a EUDML metadata schema:

— Handle material that is not considered as having been pantlis and formally
published (e.g. preprints, personal web pages...).

— Special provisions for papers not generally accessibli@ei.g. on paper only, in
house access only, library catalogue...).

— Version control for documents, as EuDML only considers wsdrkpublished final
form.
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— Complicated author/contributor structures for documeassthis is of no signifi-
cance in math publishing. We won't try to record authors’ teitation weights,
ordered authors’ list where either the first or the last naagrmore significance,
etc.

— Description of access embargo periods (moving wall) anérdibensing, access
barriers, digital rights management issues, since EuDMbwis an eventual open
access policy and leaves those issues under full contrdleofdspective content
(full text) providers.

2.4 Analysis of the EUDML metadata requirements

Metadata exists to support the functionalities expecteadhfthe system. In this section
we describe the functional aspects of a Digital Mathemadtibsary (DML) that we
intend to provide:

— Uniquely identify an item not only within EUDML, but acrossstwhole mathemat-
ical literature.
— Discovery of published items by
o fielded search on various attributes such as author nartles, publication
year, subject, abstracts, journal title, key words,
e browsing collections by selecting a starting point such gis@n journal name,
mathematical classification code, author name,
e sorting and filtering search or browse results,
e automated reference matching to help external resourcegheir citations
into links to EuDML items.
— Retrieving a specific item through a known identifier such 804, URI or other
unique identifier.
— Assert the relevance to the user of a given item through thgladi of attributes
such as subject, abstract, language, and citations to anmdtfrat item.
— Display and indexing of attributes in multiple languages$ransliteration systems.
— Interlinking as a powerful access tool to mathematicalweses. Examples of this
consist of links to reviews in the major reviewing databgdabrbuch, Zentralblatt
MATH, MathSciNet), and links to and from citations from selsient works.
— Linking to other material such as user provided annotatianthor identification
services.
— Display of mathematical formulae in various formats basethe user’s choice or
capabilities (e.g. MathML,gX, graphics, speech synthesis).

Besides the end user oriented functionalities, the schdmmald also serve as an
exchange model.

2.5 Quality insurance on metadata

From the above requirements analysis, we derived the failpfunctional definitions,
which help identify more objectively whether a given iteretadata is eligible to
support minimal digital library operation, standard fidatured operation, or advanced
operation tweaked for EuUDML math-specific content.
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Obligatory metadata We define obligatory metadata as the bare minimum of meta-
data information that is requested from EuDML data prowdd@his is not exactly a
functional category but rather a policy requirement.

Obligatory metadata is the required minimum of metadatar@deioto unambigu-
ously identify and handle a relevant mathematical pulibeceih the scope of EUDML:
Item type, authors, original title, bibliographic refecerfor this publication with enough
structure so as to enable collection’s browsing, uniquetiier, URL of full text.

Fundamental metadata Fundamental metadata is what satisfies the functionalmequi
ments for browsing, searching and reference matching beeardllections at item level.
It enables basic digital library interaction with the EuDMbrpus.

The term fundamental was chosen so that it is clear whichrimdition is needed
to provide the fundamental functionality expected by tgpigsers. It is a qualitative
superset of obligatory metadata.

If this information is relevant to the item described, themust be present in the
metadata. If it is absent from provider’s original metad#tan our enhancing tool set
must provide a solution in order to enable this publicatioEuDML.

It contains obligatory metadata (see above) as well as atdmghtional information
(abstract, key words, main language) that should be thegererated by the project.

Supplemental metadata Beyond fundamental metadata, this is additional metadata
that should be stored, generated, and exploited within EULDM

Supplemental metadata is whatever goes beyond fundanmeatatiata (e.g. rela-
tions to subject ontologies, authority lists, MR/ZM IDs, lilingual, multiscript, bibli-
ographies/references, interlinking, math handling ye) has relevance to the EuDML's
corpus specificities and EuDML system functionalities.

3 The EuDML metadata schema

This section is about how EuDML metadata will be encoded dnigally appear or
be transported in certain given scenarios (such as duritgdat harvest from EuDML
data providers, or exposition of EUDML metadata to agg@gae.g. Europeana, or for
a “snhapshot” or “dump” of EuDML contents).

As we do not want to reinvent the wheel, a quick survey of exisKML encodings
was conducted, paying special attention to the followirgureements:

— mathematical formulae should be supported in a varietyrofi&s, including MathML;

— rich text should be allowed where applicable, in other woindsencoding used must
account for a number of basic formatting elements such agjtgphical attributes;

— the description of reference lists (bibliographies) sddug taken into account, as
they are an essential tool for researchers;

— using a recognised and widely deployed standard would benashdiowever, as
we do not expect an existing XML document type definition dresna to be able
to describe our data “out of the box”, it should be easily cossable.



The EuDML metadata schema 7

3.1 Review of evaluated metadata encodings

We evaluated the following schemas which all provide somigesolution to our

query:

EULER |Euler FP5 project metadata, which was developed for cataiggnon-digital)
resources existing in various European libraries [4];

SWAP |Scholarly Works Application Profile in qualified Dublin Comehich essentially
provides granularity to describe (with raw text metadatg)digital scholarly work
(detailed bibliographic description, eprint versionimglidation status) [3] ;

MODS Metadata Object Description Schema from the Library of @esg, which is
pretty much an interchange format for multimedia librartat@gues([7];

DML-DC [Euclid/NUMDAM/GDZ recommendation on presenting DML meddal in
simple Dublin Core, which was an attempt to qualify simpleblu Core for mak-
ing metadata interchange more useful between DMLs by Ul4tirefixing re-
peated elements, as well as some best practices recomnosisdat mathematical
expression encoding in titles and abstract [2];

MLAP |Mathematical Literature Application Profile for Dublin Goby David Ruddy,
which is a relatively strict yet very generic schema for inkt&nging precise bibli-
ographic records of scholarly works [10]. Besides the faat mathematicians are
eager to exchange this kind of information in order to bualdjer DMLs and further
the interlinking of existing DMLSs, this proposal has nothspecific to mathemati-
cal content;

JATS NCBI/NLM Journal Archiving Tag Suite, which was created lwihe primary
intent of providing a common format in which publishers amchéves could ex-
change journal conteritl[9].

While Dublin Core metadata is nowadays a central device fdewteroperability,
especially for enhancing visibility of heterogeneous ediions, it was felt that DC
based formats would be useful for exporting EuUDML metadatanbt for storing the
consolidated master with all information and additionsfmen in the project’'s work
plan. In fact, DC is so generic that, among its 15 elementsafe relevant to a digital
library project such as EuDML, and a lot of structure has tatded to qualify and
organise information we would expect from each of the pgatelements. This is
what application profiles such as EULER, SWAP, DML-DC and MR_Are aimed at,
each of these developed with a specific aspect of literanteedhange in mind. MODS
is a more constrained framework that can be used, togetherMETS, in order to
describe a precise bibliographic record of a cataloguedabbas well as its physical
description—no room exists, apart from using relationsxtemmal objects conforming
to some other format, for encoding parts of an item’s textoatent like bibliographies.
However, none of these provide support for mathematicaikedge encoded as such:
the mathematically oriented standards just favgeX fiotation as it can be embedded
into any XML file as text modulo some escaping.

Inera Inc. provides some introduction to the NLM Journal iving Tag Suite
(JATS in the following) [5]:

The NLM Journal Archiving and Interchange DTD Suite, cokaued by Inera Inc.,

Mulberry Technologies, and NCBI, is the de facto standaletéxt DTD for scholarly
publishing.


http://www.emis.de/projects/EULER/metadata.html
http://dublincore.org/scholarwiki/SWAPDSP
http://www.loc.gov/standards/mods/
http://projecteuclid.org/collection/euclid/documents/metadata/dml_dc.html
http://www.dml.cz/bitstream/handle/10338.dmlcz/702570/DML_003-2010-1_4.pdf
http://dtd.nlm.nih.gov/
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Since the DTD was first released in April 2003, it has beent{ferscholarly publishing
world) rapidly adopted. Whereas ISO 12083 never achieveaidacceptance, the NLM
DTD has already been adopted by hundreds of journals (phpbalth of 500) world-
wide. Many small and medium-sized publishers have adogted\LM DTD, and a
number of larger publishers are preparing to deliver cdrgtecording to the NLM DTD
when asked. Most of the major journal publishing compositord service suppliers are
up to speed on the DTD and happy to deliver content taggeditwith

The NLM DTD has also proven popular with aggregators. It &s‘tiouse” DTD of Aty-
pon Systems and the recommended DTD for full-text contehigenta and Highwire
Press. And, of course, NLM uses it for PubMed Central.

The NLM DTD has been no less popular with libraries. In a jgness release, the
British Library and the Library of Congress announced tlhetytwould support the
NLM DTD as their archiving standard for electronic contdhhas also been adopted
by Portico (a major Mellon-funded archive effort).

Complemented by Mulberry Technologies, Inc. [8]:

The Journal Archiving and Interchange Tag Suite (also dahe NLM DTD although
it is available in DTD, XSD, and RNG forms) provides a commoNIXformat for
preserving the intellectual content of journal articlesl@pendent of the form in which
that content was originally delivered. The Tag Suite cdagi$ Tag Sets for Archiving,
Publishing, and Authoring journal article content and a $a&g for Books and book
material. The Tag Sets have been widely adopted by arcHikessies, and publishers
and are supported by many data conversion vendors and XM&. too

NISO (the National Information Standards Organizatiomas/ working to make the
JATS into a NISO standard.

As JATS was already used internally by one of our partnersqEERiences), and
proved to have room to store faithfully all of the metadatacmtered while review-
ing the EuDML content to be integrated, and moreover pravatandard structures for
most of the new elements foreseen in the work plan (full texbeling, native support
for MathML and alternative versions of formulae, notably)as an easy task to se-
lect it as best candidate for our purpose. It is a trivial tasklerive most DC based
metadata from carefully organised JATS files (while the epse would require a JATS
application profile in Dublin Core).

In summary, here are some decisive features that highligM BATS as the best
available framework to host EuDML metadata:

— It has been adopted as the internal format of one of our par{E#DP Sciences),
and is already vastly deployed as an interchange format Imy m@entific publish-
ers because of their interoperability with PubMed Centf8ITOR, or Portico. Its
wide deployment and large user community makes it a goodereée model for
outer interoperability.

— Itis highly customisable and meant for customisation (niéedess, we decided to
keep minimal any deviation from the standard schemas inrdodeaximise wider
interoperability).

— It has room to store any kind of scholarly content up to thétixt itself, and to
store parallel versions of the same content encoded diffigr@vhich is crucial for
our enhancing workflow).
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— Last but not least, it is MathML-ready (yet allowing storaij@lternative represen-
tation of the mathematical content).

JATS provides three DTDs that we will adapt for describingthuee main content
types:

— The Journal Archiving and Interchange Tag Setimplements article3.dtd for jour-
nal articles (cfhttp://dtd.nlm.nih.gov/archiving/)

— The NCBI Book Tag Setimplements book3.dtd for books and bookcollection3.dtd
for collections of books (chttp://dtd.nlm.nih.gov/book/)

Although JATS can be easily customised to fit any special fggdve will try
to adhere to its readily published DTDs to the largest expassible, specifying best
practices recommendations in order to attain maximum ctibifity among EuDML
partners, and reliability of exchanged metadata with thadies.

3.2 The EuDML schema, initial version, based on JATS

To assess the suitability of JATS to our needs more objdgtitree above analysis was
completed by an attempt to transform large samples of &lailBuDML metadata as
contributed by their providers to one of the JATS DTDs.

From this experience, we concluded that JATS needed mofetaauit our needs,
in two opposite directions:

1. The item types currently supported by JATS published D&Egs journal article,
book, and book collection (which is defined as “a series okisgelated in some
manner”). While the EuDML “first class citizens” are moreelisified, cf. the sup-
ported item types listed in[§2.2.

We thus decided to organise all our content in three n@jotainersjournal article,
single book, and multiple volume books. The two first itemetypequired very
minor extensions to existing JATS schemas for article arakifsuch as allowing
a conference description in a book metadata for confereraxepdings that are
not published in a journal). As the last one doesn't fit pdatfetbe JATS collection
model, we created a new one, called mbook, which has the atetafla book, but
whose content is a list of separate books as in JATS collectio

These slight deviations from the three standard JATS schéonan the initial ver-
sion of our EuDML schema specification: se€e § 3.3.

2. A drawback of JATS versatility is that it doesn’t imposgcitconstraints on meta-
data encoding, and often allows for different ways to endbdesame information.
For efficiency of metadata interchange and exploitationi® ML, we felt that we
needed guidelines so as to have a common encoding practiceraterstanding
among all EuDML partners and content providers. The initetsion is outlined
here, &%, and available on our web site (5&€p: //www.eudml . eu/eudml -metadata-specification).
Further revisions will be released periodically based @uaback from other activi-
ties within the project.


http://dtd.nlm.nih.gov/archiving/
http://dtd.nlm.nih.gov/book/
http://www.eudml.eu/eudml-metadata-specification
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3.3 EuDML metadata specification v. 1.0

The EuDML metadata schema version 1.0 as defined by delieeB2®2 [€] is im-
plemented in three DTDs providing the 3 root elements hgldiML metadata for
three major types of items, namely journal articles, boaks] multivolume works. A
consequence of this choice is that some book parts (typigadividual articles in a
proceedings volumes), while being “first class citizensbur abstract model, are de-
scribed and exchanged within the whole book they belonghis i€ a decision on the
formal way used to store and transport our items’ metadatarpatically rooted in the
existing JATS DTDs, and in the fact that bibliographicaladeannot be structured the
same way for these different items. It is not intended toriesn any way the items’
records are exposed to or navigated by end users.

Journal articles are described with a minimal extension of the Journal Aricighand
Interchange Tag Set version 3.0 with root elementicle>:

— the @xml:lang attribute is allowed for theissue-title> element.

Books are described with a minor extension of the Book Tag Set®e3i0 with root
elementkbook>:

— achild<conference> element (as irarticle-meta>) is allowed in<book-meta>;
this element is needed to describe conference proceedihgwes;

— a child <book-part-id> with attribute @pub-id-type is allowed in<book-part-
meta>; this element is used to preserve item-level identifiersgnvparts of a
book are EUDML items;

— the @pub-id-type attribute to<book-id> and <book-part-id> can have values
beyond a restricted list; it is used in particular to identifie authority who
assigned the identifier.

Multivolume works are described by a new root elementbook>. Multivolume works’
metadata is identical tebook> metadata, with the addition of references to indi-
vidual constituents (volumes). The elem&hbok-meta> is replaced bymbook-
meta> with same structure, except:

— a child<mbook-list> element is required iambook-meta>. It is a container for
individual volumes, as in JATS collection DTD;

— each component volume reference is captured bynasook-volume> element
(child of <mbook-list>), with the following children:

e <title>: the title of the volume,

e any number okbook-id> and<ext-link> elements.
While the EuDML internal machinery only needisook-id>s in order to imple-
ment the multivolume work/individual book relationshipgttitle> and <ext-
link> elements should be useful to external applications forlaysand access
purposes. Each individual volume in a multivolume work is@ated with the
Book DTD.

3.4 Conversion summary

While developing this work, we converted large sample rmegtadets from a number
of partners to plain NLM DTD and inspected where conversias difficult to achieve,
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when doubts or choices had to be made, when the target seutit not accommo-
date the source structure, etc. When we faced the neceassitpbse between different
structures offered by NLM DTD, we took note and started amajigcussion within our
working group which ended up in a number of best practicesmesendations. When
we found metadata that could not be faithfully stored in tkisteng NLM DTDs, we
took note of this for further processing. Finally, we took tiesign decision to adhere
as closely as possible to the existing NLM DTDs, implemetiedsmall modifications
that were required to faithfully store all encountered itgtpes, and left aside some
more modifications, waiting for more feedback from the akigplementation of the
project to be realised in the forthcoming months.

The following table summarises the number of item types fr@rious EuDML
collections which were successfully converted in ordenvtdate our results presented
here.

Collection EuDML metadata (Schema) | Notes
Gallica-Math 2081 grticle) converted from internal
XML with LATEX
CEDRAM 1868 @rticle) converted from internal
XML with MathML
NUMDAM 43944 frticle) converted from internal
XML
DML-E 6401 @rticle) converted from SQL
database
EDPS journals 200 (article) slight variation of native
EDP schema to obey best
practices
ElibM 25453 grticle) converted from internal
XML
BulDML 436 (article) converted from DC XML
DML-Cz 26 476 grticle), converted from internal
132 (book) XML
GDZ Mathematica 53 396 érticle), converted from METS
2298 pook), XML
296 (mbook)
RusDML 16 486 érticle) converted from METS
XML
Port. Mat. 1347 g@rticle) converted from TEL XML
All 180814 records

In order to get the most out of the contributed metadata,caiVerted items meet
the obligatory requirements, even when the original metadain’t meet them. For
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this, we had to heuristically split some unstructured fightis tagged bibliographic ref-
erences, e.g. We also tagged &AlEX formulae encountered with NLM superstructure
with MathML alternative encoding (sed &8 #%.3). We thus haveently 206,775 tagged
formulae in our metadata. They were mostly processed fie¥nehcoding embedded
into a text field from the provider’s metadata.

3.5 A note on interoperability

When acquiring metadata from different partners, it wasoked that any reasonably
structured format is rather easily converted to JATS formide big drawback with
many OAI-PMH servers is that they only serve the mandatory+D@& format in such a
way that many different metadata elements are stored irathhe srepeated Dublin Core
element. As a consequence, only heuristics based on ordgpefarance, or pattern
matching on an element’s value allows disambiguating theadsa thus contributed.
For instancexidentifier> can be used to transport an ISSN, a textual bibliographic ref
erence, a URL, etc.

Qualified versions of Dublin Core that are modelled on theau&ta schema with
finest grain available to the content provider allow faithfiterchange of metadata.
Qualification can be embedded into the value of simple Dubtine elements as in the
DML-DC recommendation or similar qualification using URIKd prefixes, or it can
use qualified elements and a documented application prafile as SWAP or MLAP.

As of writing this report, the best scenario for returnind®li_ metadata to providers
is to use the EuDML schema over OAI-PMH communication chémne

For interoperability and visibility beyond EuDML partness associated partners,
a simple transformation has been developed to represertisetsaf EUDML meta-
data in OAI-DC (compliant with DML-DC) so that general hasters can manage our
metadata. A prototype implementation of this is availabl¢hte project partners in a
dedicated OAI-PMH server.

4 Best practices recommendation for mapping EuDML abstract
metadata to the EUDML schema

A best practices working group for representing EuUDML matadn JATS notation
was formed. A set of recommendations has been developedandow been tested
on all available EuDML items. Complete examples of EuDML Xfiles obeying these
recommendations are available on our web site. We give saara@es of the issues
tackled below.

The recommendation itself is a work-in-progress, whictvalable to the project’s
partners in an internal wiki as a live HTML page they can eldit.first version has
been made accessible in an area ofiie. eudml . eu website dedicated to developers’
resourcesi{ttp://www.eudml .eu/eudml -metadata-specification). Up-to-date
documentation is in the process of being made available floedownload as well: the
specification, the DTDs and possible associated tools.
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4.1 Special item types

Proceeding volumes were an interesting case, as they warddeldain very different
ways by different providers. As many EuDML partners wererariily journal digiti-
sation projects, they had “journalised” proceedings, evhan they were published as
independent books: modelling a conference series as aglh@ach proceedings vol-
ume as a journal issue, and each contribution as an artioleeter, the bibliographic
metadata of a conference series publishing its yearly pdings in a general lecture
notes series, e.g., is quite different from that of a jouspacial issue. Our modifica-
tions of JATS standard DTDs is in this area are meant to haaetlgxthe same details
for each flavour of conference publishing. As soon as theraelbolds conference pro-
ceedings, the conference details are placed in the metagifdi@r in<article-meta> for
journal articles, or irckbook-meta>. The<conference> element is the same in each case.

To set information about editors (e.g for a proceedings,nvbitors replace au-
thors),<contrib> element is used together wigiicontrib-type attribute set to “editor”.

Books, like articles, can have multiple translations ofrttidle in JATS. For some
reason, journal issue metadata is somewhat less detafleddhbooks. In EuDML you
can have multiplecissue-title> elements, distinguished by the@xml:lang attributes.
In the case of an article published in a special issue, iteaast(or editors) should
be distinguished from the issue editors: #mntrib> element is used together with
@contrib-type attribute set to “issue-editor”.

4.2 I|dentifiers and relations

The item-centric vision of the EuDML imposes to be very carein identifiers and
relations. Each EuDML itermusthave a unique persistent identifier. As it comes from
elsewhere, it will also typically come with a nhumber of diffet identifiers that we
should register in order to enable further interoperahilit

The item metadata record is something like a linking hub Far given item: it
should hold links to various resources attached to the iestitem, as well as to other
related items. Obviously, a relation needs some sort oftifiiemfor the related object
as well.

We identified three main classes of relations, for which veenemend to use three
different JATS structures:

1. Primary identifiersidentify an item or a container. They are assigned by the pub-
lisher (DOI, PIl and specific internal identifier) or by the#& DML. They are not
necessarily associated with an URL.

Such identifiers are stored in a dedicated element relatitke item’s type (e.g.
<article-id>). They must have @pub-id-type attribute.

2. Documentidentifierprovide links to the different versions of tbententpertaining
to an item or a container on the provider’'s web site (the PDBiwg, the full HTML
version, etc.).

These identifiers come in the form of an activable link st@g@xlink:href attribute
to the<self-uri> element. The combination of the mime-type and a controled v
cabulary for values allows to predict the nature of the resmthe link points to.
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3. External identifierare primarily identifiers proceeding from other authostiguch
as Zentralblatt MATH, Math. Reviews, CrossRef, which asgigs to articles, au-
thors, journals or books, or related resources.

External identifiers must be set usixext-link>, the value being the identifier itself.
An activable link should be stored @xlink:href attribute when applicable while
the @ext-link-type attribute should keep track of the identifying mechanisrd an
authority. Links to related items (including other EuDMEIits) should useext-
link> in a similar way.

4.3 Mathematics

Although the MSC reads “Mathematicalbjectclassification”, and although JATS pro-
vides a<subject> element, MSC should be encoded with #ievd> element inside a
<kwd-group> with attribute@kwd-group-type set to the actual scheme: “msc” followed
by the year (e.g. “msc2000”).

Inline and display mathematical formulae are expresseuesely with <inline-
formula> and<disp-formula> elements. Both MathML and (LagX version of the same
formula can be wrapped up usirglternatives> element. This mechanism will be ex-
tended so that other versions (accessible, aural) can telstoa similar fashion.

Itis recommended to attach a unique ID to each formula to feeideer processing.

For TeX notation, it is recommended to put compilable code into <tex-math>
element. This means that the switch to math mode should beop#éine element’s
value, and control sequences should be standard (stan@amimg: macros defined in
plain and ATpX formats, possibly with AMS mathematical extensions)slimportant
because some environments suchh@bstline change the internal grammar of their
content while switching to math, and this would be lost. Weently recommend that
the content of thetex-math> element be literal gX code with two characters (& and
<) escaped using standard XML entiti&sufp ; and&1t ;). Putting a full ETEX source
in a CDATA section (as exemplified in JATS documentation)iglieitly disapproved.

For instance

A product of four(p, g)-sections (withp < q).
should be encoded the following way.

A product of four
<inline-formula id="dle4">
<alternatives>
<mml:math xmlns:mml="http://wwuw.w3.org/1998/Math/MathML">
<mml :mrow>
<mml :mo> (</mml : mo>
<mml :mi>p</mml:mi>
<mml :mo>,</mml :mo>
<mml :mi>q</mml :mi>
<mml :mo>) </mml : mo>
</mml : mrow>
</mml :math>
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<tex-math>$(p,q) $</tex-math>
</alternatives>
</inline-formula>-sections (with
<inline-formula id="d1e20">
<alternatives>
<mml:math xmlns:mml="http://www.w3.org/1998/Math/MathML">
<mml :mrow>
<mml :mi>p</mml :mi>
<mml :mo>&1t ;</mml :mo>
<mml :mi>q</mml:mi>
</mml :mrow>
</mml :math>
<tex-math>$p&lt;q$</tex-math>
</alternatives>
</inline-formula>) .

5 Conclusion & further work

We have exposed the rationale that leaded us to base the EsBivdima for descriptive
metadata on NLM Journal Archiving and Interchange Tag SuMie provided the cur-
rent specification of the schema as a diff to three existiagdard JATS DTDs. We also
gave some examples of the recommendations we came up witfasddsign choices
allowed by JATS are correctly understood by all partnerds Twork is assessed by
the fact that we could convert all EuDML partner's metadatailable to us into this
framework.

Now, EuDML is starting to exploit what we have generated soAanumber of
tools are developed in order to improve the quantity as wetha quality of the meta-
data available to the project, they will evolve into vari@ugomated workflows. Using
these tools, we should be able to get new metadata elembatanty superseed or
just add to the items’ descriptions. Duplicates, similagl aelated items should also
be detected. We will thus face the necessity to merge itewrdsdrom a number of
sources, some of them “trusted” (e.g. manual keywords oy-ealited translations),
some of them much less so (computed similarity, guessed M&@Gmatic translation,
OCRed math formulae. . .). We feel that the current schenabisst enough to store all
this information faithfully side by side, while retainintgiorigin. Indeed, we think that
managing this will boil down to adding a number of rules artdlaite values to our
Best practices. However, we are now expecting feedback &amamber of project’s
activities to assess and refine the work reported here.
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