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Vision of European Digital Mathematics Library

Finally three year project or European Digital Mathematics Library, EuDML
(programme EU CIP-ICT-PSP, type Pilot B, EU contribution (1.6 MEur, 50%
of total budget only) February 2010–January 2013. The strategy of

Final identity with strapline (stacked)

was:

• to master the technology, develop tools and offer them;

• concept of moving wall to motivate and engage commercial publishers
without Open Access bussiness model;

• to collect data (from existing local or publishers’) digital libraries into
‘one-stop shop’ and achieve critical mass in the domain→ ‘a must/me
too’ effect then as with PubMed Central.
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EuDML as a virtual library portal

EuDML provides a virtual library based on data from smaller data providers,
DLs and publishers:
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One portal: European Digital Mathematics Library
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Aggregation of data from building bricks of regional repositories

14 data and technology providers plus associated partners as ZMath,
Göttingen library,…

DML content providers serve mostly publisher’s or regional more or less
established DML repositories: The Czech Digital Mathematics Library
DML-CZ, NUMDAM, DML-PL, DML-PT, DML-GR, DML-BG, DML-ES,…

Aggregation via standard OAI-PMH protocol (OAI servers run by data
providers).

EuDML metadata schema(s) was borrowed from NLM (heavily funded by US
NiH) and consequently extened. It allows also math-awareness (e.g. math
stored both in TEX and MathML), and fully fledged reference lists. NLM
generation is supported by developed tools funded by NiH.

Innovation, rather than research.
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From paper to digital processing, from local to the global DML
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Example of DML-CZ

• <http://dml.cz> with 33,000+ papers (330,000+ pages)

• agreements with the primary content providers (mostly small publishers)

• metadata validation and editing, often also digitization

• who

• what

• browse, browse similar

• how to search

• export (to EuDML, Google Scholar), metadata conversions

Do as much as possible you can do locally, providing as rich and validated
content as possible.
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The approach used in DML-CZ

A successfully built repository (e.g. set of workflows) needs a coordinated
effort of librarians, IT specialists and representatives of users—content
specialists: (D+M+L)=success ‘equation’.

Design, technical and political decisions behind building the Czech Digital
Mathematics Library DML-CZ (<http://dml.cz>) in the context of other
thematical community projects (PubMed Central, ADS, INSPIRE, SCOAP3
and EuDML) have been solved. No wheel reinvention.

Our framework integrates workflow for the articles scanned from a paper
(math OCR), for documents from retro-born digital period (data available in
some type of electronic form) and for born-digital ones. To sustain, minimize
manual labor, automate as much as possible.
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Data heterogenity, specificity: no free lunch to unify
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Challenges of Math handling: OCR, indexing, search…
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Challenges of automation, validation, metadata mapping in
DML-CZ
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Document accessibility 4 DML processing challenges

Conversions (inversion of authoring+typesetting) needed from:

born-digital period: typesetting by TEX with export of [meta]data into digital
library: maxTract

retro-digital period: scanning, geometrical transformations (BookRestorer),
OCR (FineReader, InftyReader), two-layer PDF

retro-born-digital period: not complete .tex or .dvi data, bad formats, bitmap
fonts of low resolution: finally Tesseract

and
Document
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From PDF to MathML (via LATEX)

Most fulltexts available as PDF only, often as low quality scanned volume
pages. Aggregation via IP protected OAI-PMH, including the PDFs behind
moving wall.

Workflow based in the case of:

born-digital PDFs: on maxTract, otherwise on PDFBox (plain text);

bitmap PDFs: on Infty, otherwise on Tesseract (no math).
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Infty to get fulltexts with math to enhance DML services

In EuDML: Run in parallel in Brno (DML-CZ), Grenoble (NUMDAM) and
Lisbon (other) to speed up. Almost 200K papers (more than 1M pages and
still running).

Working with prof. Suzuki to improve further (automation, support for
Russian, LATEX driver,…). Re-OCRing DML-CZ takes two weeks.

Automated only, no time (and money) to fix OCR errors.

MathML output used for [internal] indexing and similarity computations only,
not for metadata or export.
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maxTract from Birmingham
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maxTract from Birmingham II: adding accessibility

Adding accessibility to mathematical documents on multiple levels:

• access to content for print impaired users, such as those with visual
impairments, dyslexia or dyspraxia

• output compatible with web browsers, screen readers and tools such as
copy and paste, which is achieved by enriching the regular text with
mathematical markup. The output can also be used directly, within the
limits of the presentation MathML produced, as machine readable
mathematical input to software systems such as Mathematica or Maple.

On EuDML 10k+ fulltexts are served, mostly for reading in Chrome (HTML5
output) and/or Adobe Acrobat Reader (as multiple-layer PDFs, [no tagged
PDFs yet]).

Enhanced PDF serving issues (rights from data providers, errors).
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Metadata and conversions: MathML and LATEX!

Data heterogenity, plethora of formats, validation and conversions:

world of authors: LATEX, TEX notation of mathematics

world of applications/data exchange: XML, MathML

REPOX engine (by IST Lisbon) to remap different metadata formats to unique
representation.

Metadata on the web—W3C standards: MathML, WAI-ARIA (Web
Accessibility Initiative—Acessible Rich Internet Applications), WCAG (Web
Content Accessibility Guidelines) 2.0.

Big volumes: → high automation to save costs: converting to MathML (via
Tralics) to allow discoverability and indexing (formulae similarity search).
130+K fulltexts with MathML, and growing….
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Reference Parsing for linking and validation

• References needed to segment and parse in fulltexts: manual editing
(in Metadata editor) costly

• Born-digital needed to check against CrossRef

• ParsCit <http://wing.comp.nus.edu.sg/parsCit/>

• DOI lookup
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Parsing with ParsCit

From OCR we get:

[5] Lambe, L., Stasheff, J.: Applications
of perturbation theory to iterated fibrations.
Manuscripta Math. 58 (1987), 363–376.
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Parsing citations with ParsCit

<algorithms version=”110505”>
<algorithm name=”ParsCit” version=”110505”>

<citationList>
<citation valid=”true”>

<authors>
<author>L Lambe</author>
<author>J Stasheff</author>

</authors>
<title>Applications of perturbation theory to iterated

fibrations.</title>
<date>1987</date>
<journal>Manuscripta Math.</journal>
<volume>58</volume>
<pages>363--376</pages>
<marker>[5]</marker>
<rawString>Lambe, L., Stasheff, J.: Applications of

perturbation theory to iterated fibrations.
Manuscripta Math. 58 (1987), 363–376.</rawString>

</citation>
</citationList>

</algorithm>
</algorithms>
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DOI lookup success rates

ParsCit as a preprocessor for CrossRef DOI look up by HTTP XML Query

Articles of volume 48, issue 5 of the Archivum Mathematicum journal
(<http://dml.cz/handle/10338.dmlcz/143106>)
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DOI lookup success rates
number ParsCit hand made
of refs. resolved not resolved resolved not resolved

article #2 10 1 9 2 8
(10.00%) (90.00%) (20.00%) (80.00%)

article #3 6 3 3 3 3
(50.00%) (50.00%) (50.00%) (50.00%)

article #4 19 4 15 4 15
(21.05%) (78.95%) (21.05%) (78.95%)

article #5 12 3 9 3 9
(25.00%) (75.00%) (25.00%) (75.00%)

article #6 17 6 11 6 11
(35.29%) (64.71%) (35.29%) (64.71%)

article #7 16 6 10 4 12
(37.50%) (62.50%) (25.00%) (75.00%)

article #8 9 3 6 3 6
(33.33%) (66.67%) (33.33%) (66.67%)

article #9 10 1 9 2 8
(10.00%) (90.00%) (20.00%) (80.00%)

article #10 13 5 8 5 8
(38.46%) (61.54%) (38.46%) (61.54%)

article #11 13 2 11 1 12
(15.38%) (84.62%) (7.69%) (92.31%)
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DML-CZ challenges and lessons learned

DML-CZ, the Czech Digital Mathematics Library, now serves amore than
300,000 pages of more than 30,000 math papers. Challenges were

• migration of existing workflows (retro-digital, retro-digital and
born-digital) into the repository

• DSpace exports via OAI-PMH directly in EuDML NLM

• negotiations with Google Scholar towards better visibility

• fulltext export including math (for indexing/search and similarity)

• alternative visualization
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DML-CZ visibility

DML-CZ is according to The Ranking Web of World Repositories the best
repository in CZ, 91. in EU and 203. in the world.
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Searching (semantically) similar papers

Exploration of a DML: browsing (semantically) similar papers

Semantic search via topic modeling: Latent Semantic Indexing, Latent
Dirichlet Allocation
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Leading Edge Example: Automated Meaning Picking from Texts
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Probabilistic Topical Modeling: Latent Dirichlet Allocation

• topic: weighted list of words

• document: weighted list of topics
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Topical Modeling: Latent Dirichlet Allocation II

• all topics computed automatically from document corpora

DML/CICM 2013, Bath, UK, July 11th, 2013: Towards Machine-Actionable Modules of a DML



. . .
Motivation, EuDML

. . . . .
Aggregation

. . .
DML Challenges

. . . . . .
Conversions

. . . . .
Reference Parsing

. .
Export

. . . . .
Similarity

. . .
Conclusions

Content Similarity Results in <http://eudml.org>

We have developed and delivered technology for similarity (gensim),
document conversions (to Braille or to text: Mathml2text) and math content
normalization. Different formulae representations for similarity computation.
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Summary

• DML-CZ and EuDML is up and running, with several novel math-aware
approaches developed and in use, with high degree of automation

• verified complex workflow and proven technologies and tools for [local]
DMLs

• scalable solution for fulltext processing including math formulae, math
OCR, search researched, implemented, tested and integrated into
current version of EuDML system!

• content aggregation and remapping via REPOX and DSpace

• math-aware methods for document similarity (MathML2text, gensim)

• a lot more on <http:/project.eudml.org> and <http://project.dml.cz>
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Future work

• Improving further automation and OCR.

• Improving math-aware search: MathML canonicalization and preprocessing
filters, evaluation with the use of EuDML math query log (database of
intentions).

• Math mining
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