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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

cuDML

The EUROPEAN DIGITAL
MATHEMATICS LIBRARY 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 provides a virtual library based on data from smaller data providers,
DLs and publishers:

Web User Interface

Acessibility | Annotation Search

Component | Component Engine External
Services

Interface

Metadata Repository

Association Metadata
Analyser Enhancer

Local Repositories
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14 data and technology providers plus associated partners as ZMath,
Gottingen 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 (OAl 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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http://dml.cz
http://numdam.org

Aggregation
[¢] lele]e}

From paper to digital processing, from local to the global DML
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* <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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http://dml.cz
http://dml.cz/about
http://dml.cz/news
http://dml.cz/handle/10338.dmlcz/104576
http://dml.cz/browse-author-items?id=7557
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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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Motivation, EuDML Aggregation DML Challenges Conversions Reference Parsing Export Similarity Conclusions
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Data heterogenity, specificity: no free lunch to unify

Proof. Let K be a cube, & c & put K = g-(K). According to theorem 50
we have K ¢ % and it follows from theorem 24 that

P(K,v) J/(:» dz. (89)

The functional determinant 7' of the mapping p = ¢~1 fulfils the relation
T(p(x)) . det M(z) = 1, so that

f@)dz = [1(y) - ()] dy = ffiy) dy . (90)
i I i

e that P(K, v) = P(K, #); relations

From theorem 50 (and relation (86) we
= [/(w) dy, which completes the proof.
k

(89), (90) show therefore that P(K, ¢

Remark. The reader may compare this paper with [6].
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https://editor.dml.cz/view/serial/CzechMathJ/03-1953-1/1
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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 (Fi

neReader, InftyReader), two-layer PDF

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

RETRO-DIGITISED Refinement

Printed Image Capture OCR

Document Image

Printed Analysis Meta—data
[ | Data and
RETRO-BORN DIGITAL Document
Extraction

PDF/PS

BORN DIGITAL
Conversion
TeX

DML
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http://www.cs.bham.ac.uk/research/groupings/reasoning/sdag/download.php

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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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, IATEX 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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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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Data heterogenity, plethora of formats, validation and conversions:

world of authors: IATEX, 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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» 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/>
» DOl lookup
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http://wing.comp.nus.edu.sg/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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<algorithms version="110505">
<algorithm name="ParsCit” version="110505">
<citationList>
<citation wvalid="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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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.dmicz/143106>)
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http://dml.cz/handle/10338.dmlcz/143106

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 1 6 1
(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 1 1 12
(15.38%) (84.62%) (7.69%) (92.31%)
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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 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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http://repositories.webometrics.info/en/search/Ranking/czech

Exploration of a DML: browsing (semantically) similar papers

Semantic search via topic modeling: Latent Semantic Indexing, Latent
Dirichlet Allocation
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LDA Topics Pie Chart for math.0406240:

Each slice represents a different topic. The size of the slice corresponds to "how much is the article about this topic?".
Topics which contribute <6% fo the above document are aggregated under "other”.

LDA topics are distributions over words, in the image, each topic is summarized by its five most probable words.
{map. bundle, halomorphic,

{curve, curves, points,
degree, singular}

E1DML/

{every, finite, theorem,
sets, exists}
coefficients, sum}
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cohomology, complex}

{theorem, lemma, ideal,
finite, hence}

other

{real, integral, complex,
analytic, imaginary}

{polynomial, formula, polynomials,
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topic: weighted list of words

document: weighted list of topics

Topics
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Topic proportions and

Documents assignments

Seeking Life’s Bare (Genetic) Necessities

COLD SPRING HARROR, New YORK— “are ot all hat o apan.” cpecaly in
. son 0 the 75,000 genes g he ho

< does an|

e ac the genome mectm
wo genome rescarchers with radically
different approaches prescnted complemen-

Us answ
nml\}\ rs

required a m
other rescarcher mapped genes
in asimple parasite and esti

mated that for this organism,
800 genes are plenty todo the

an, a computation
lecular hulu;.n» |

job—but that anything short §
of 100 wouldn't be enough. H
Although the numbers don't (N H
match precisely, those predictions | 1 Q-"‘:-‘- ) E
{ ) 5
— p il g /. T <
* Genome Mapping and Sequenc- -
ing, Cold Spring Harbor, New York, Stripping down. Compuler analysis yields an esti-
May 810 12 ‘mate of the minimum modern and ancient genomes.

SCIENCE + VOL.

o 24 MAY 1996

\_/

SMDML | 7he EUROPEAN DIGITAL
WVIATHEMIATICS LIERARY  DML/CICM 2013, Bath, UK, July 11th, 2013: Towards Machine-Actionable Modules of a DML



+ all topics computed automatically from document corpora
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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.

English (en) [*| Jane Doe Log oOut
EuDML ‘ The EUROPEAN DIGITAL
MATHEMATICS LIBRARY

|T\t\e, Author, Keyword, Citation, Date... m

Displaying similar documents to “On oscillation
criteria for third order nonlinear delay differential
equations”

©On the solution of the ditferential equation ,f[.(, y,y(l], ..,y(ﬂ)] =0.

Smbat Abian, Arthur B, Brown (1958)
Bollettino dellUnione Matsmatica taliana
Similarity:

Superposition of and Feflerman's inequality
Miroslav Krbsc, Thomas Schott (1998)

Bollettino dell'Unions Matematica ltaliana

Similarity:

In questo lavoro si studiana condizioni sufficienti sulla funzione pesa V, sspresse in termini di
integrabilita, per la validita della disuguaglianza
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http://eudml.org

+ 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)

* alot more on <http:/project.eudml.org> and <http://project.dml.cz>
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http:/project.eudml.org
http://project.dml.cz

e Improving further automation and OCR.

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

e Math mining
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Credits for LDA pictures goes to David M. Blei.

Credits for illustrations goes to Jifi Franek.

Credit for DML-CZ workflow picture goes to Mirek Bartosek.
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