
Digital Mathematical Libraries
in the Past, Present and Future

Petr Sojka

Masaryk University, Faculty of Informatics, Brno, Czech Republic
<sojka@fi.muni.cz>

Informatics Colloquium, Faculty of Informatics, Brno, Czech Republic
October 8th, 2013

Final identity with strapline (stacked)

}w��������
��������������� !"#$%&'()+,-./012345<yA|

mailto:sojka@fi.muni.cz


. . . . . . . . . . . . . . . .
The Past

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
The Present

. . . . . . . .
The Future

. . . .
Summary

Talk topics and take-home message

..Scholarly
Communication

. Open Access..

Future of

.

.

Digital Math
Libraries

.

.

DML-CZ

.

Math
Reviews

.

Zentralblat
Math

.

EuDML

.Methods for . .

Math OCR

.
Similarity

.

Formulae
search

.

Semantics

Petr Sojka, Informatics Colloquium, Faculty of Informatics, Brno, CZ, October 8th, 2013: Digital Mathematical Libraries in the Past, Present and Future



. . . . . . . . . . . . . . . .
The Past

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
The Present

. . . . . . . .
The Future

. . . .
Summary

The Past: Scholarly Communication going digital from paper

E = mc2 ?
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Beginnings of scholarly communication: paper only
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Library catalogues on paper cards
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1931, Zentralblatt für Mathematik und ihre Grenzgebiete

• longest running abstracting and reviewing service in pure and applied
mathematics

• still running, having almost 3,000,000 records of math literature
published since 1868, most of them with independent peer review

• 7,000 reviewers, 120,000+ new records per year

• commercial service (paid access now)
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1940, January: volume 1, number 1 of Mathematical Reviews

• US competitor to Zentralblatt, also commercial, paid access

• monthly issues of peer reviews of the world’s current mathematical
literature

• 25fold increase since 1940: 400→ 10,000 reviews monthly

• MSC – Mathematics Subject Classification developed and shared with
ZMath: most papers MSC-classified as part of review (or since 1990 by
author)
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1958: Stanford Computer Science pioneer uses IBM 650
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1967–69, Stanford Public Information REtrieval System: SPIRES
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1969, SLAC: Stanford Linear Accelerator Center
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1977, Stanford, typesetting going digital, including math (TEX)
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1989 @ CERN: hypertext to link the documents
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1991, Stanford, SLAC: first web interface to DL catalogue

• first web site outside Europe

• first database on the web, “first web killer app” (T. Berners Lee)
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1991, Los Alamos, preprint archive arXiv

An archive for electronic preprints of scientific papers in the fields of
mathematics, physics, astronomy, computer science, quantitative biology,
statistics, and quantitative finance which can be accessed online.

• Paul Ginsparg: speed up of scholarly communication

• submissions in TEX source: smooth switch to hypertext and PDF later

• now (2013) 7,000 submissions per month, almost 1,000,000 fulltexts in
total

• hosted by Cornell library, costs ($400,000 per year) shared by the
community of users (institutions of users)
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1997, Stanford, stanford.google.com, going global
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1997, “bringing order to the web”: Larry Page’s ranking

• global citation analysis: “pages that are well cited from many places
around the web are worth looking at”

• random walker/surfer metaphor (d = .85):

PR(A) = (1− d) + d×
(
PR(T1)

C(T1)
+ · · ·+ PR(Tn)

C(Tn)

)
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1998, CiteSeer: an automatic citation indexing system (for CS)

@inproceedings{Giles:1998:CAC:276675.276685,
author = {Giles, C. Lee and Bollacker, Kurt D. and Lawrence, Steve},
title = {CiteSeer: an automatic citation indexing system},
booktitle = {Proceedings of the third ACM

conference on Digital libraries},
series = {DL ’98},
year = {1998},
isbn = {0-89791-965-3},
location = {Pittsburgh, Pennsylvania, USA},
pages = {89--98},
url = {http://doi.acm.org/10.1145/276675.276685},
doi = {10.1145/276675.276685},
acmid = {276685},
publisher = {ACM},
address = {New York, NY, USA}}

Automated parsing of paper full texts (from PostScript) using regular
expressions; now: DBLP, CiteseerX, ACM-DL,…
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2000: History of the dream: vision of WDML

In the beginning was vision of all mathematical knowledge, peer reviewed,
verified (100,000,000 pages) and engineered into one-stop e-shop/DL.

AMS supported NSF preparation grant (in 2003) for WDML—Worldwide
digital mathematics library, planned to be funded by de Moore foundation
($100,000,000 requested). Application was not successful.

Even other attempts on the European level (FP5, FP6) were not successful.

Publishers and local bodies started massive digitization themselves.
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The Present: Scholarly Communication via Digital Libraries

E = mc2 ?

Markup Design Typesetting Proofreading Preprint Print Distribution

!

E = mc2

E = mc2
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Stakeholders in scholarly communication

• authors: provably benefit from open access – distribution optimization

• content mediators: publishers, digital libraries owners – [non-]profit
optimization

• readers: benefit from accessibility – discoverability, search and
presentation/understanding optimization

All benefit from digitization.
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2005: The Czech Digital Mathematics Library

Project 1ET200190513 – funded by the Academy of Sciences of the Czech
Republic. Programme ”Information Society” (National Research Programme,
2005–2009), full (retro)digitization of 50,000 pages of mathematical literature
per year, 8M CZK in total (≈ 1$ per digitized page).

The goal: to investigate, develop and apply techniques, methods and tools
that would allow the creation of a suitable infrastructure and conditions for
establishing the Czech Digital Mathematics Library (DML-CZ). The library
content: scholarly mathematical literature which has been published
throughout history in the Czech lands.

<http://dml.cz>
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DML-CZ challenges: from pixels to minds

• Research part: 1) gradual enhancement of the digital material by
‘knowledge enhancing’ filters on markup-rich XML data. 2) New
methods for (semantic) text processing tested on the available data.
3) The design of the work-flow aiming at mathematical knowledge
stored in digital library.

• IPR part: sharing/delivery (economic models for knowledge sharing due
to interests of content owners/publishers).
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Bottom up processing—local (Brno, CZ) document engineering
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DML-CZ: who?

Four contractors (all from Czech Republic):

À Czech Academy of Sciences, Prague Jiří Rákosník, head of the project,
responsibility for material selection, copyright negotiations.

Á Masaryk University, Brno Petr Sojka (FI) formats and tools, technical
coordination, information retrieval, indexing.
Mirek Bartošek (Institute of Computer Science), content management
system, metadata Q/A, long-term sustainability.

Â Charles University, Prague Jiří Veselý, Oldřich Ulrych, selection and
preparation of materials for digitization, metadata cleanup.

Ã Library of Academy of Sciences, Prague Martin Lhoták, document
scanning in Jenštejn.
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Some of the verified and proven technologies (in DML-CZ)

• Scanned image processing and transformations (with BookRestorer)
(BP Pulkrábek)

• Mathematical optical character recognition: OCR by combining
FineReader (SDK 8.1) and Infty by prof. Suzuki (DP Panák, Mudrák,
BP Vystrčil)

• Pre-MSC era papers’ automated classification by MSC (with Radim
Řehůřek)

• gensim framework: similarity article computations aka document
clustering (Ph.D. research by Radim Řehůřek)
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DML-CZ challenges and lessons learned

DML-CZ, the Czech Digital Mathematics Library, now serves more 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

• negotiations with Google Scholar towards better visibility

• semantic similarity metrics developments (Radim Řehůřek’s Ph.D.)

DML-CZ is according to The Ranking Web of World Repositories the best
repository in CZ, 91. in EU and 203. in the world.

For more, see (who, what, browse, browse similar, how to search).
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Nature 454, 263 (2008) | doi:10.1038/454263b

SLEEPLESS NIGHTS LEAD 
TO FALSE MEMORIES
But caffeine comes to the 
rescue ...
www.nature.com/news

Drinking water in Myanmar’s Irrawaddy 
delta may be contaminated with high levels of 
arsenic, a geological map suggests.

Arsenic contamination is a serious problem 
in several regions of south Asia, most nota-
bly Bangladesh, where half of the country’s 
wells may be polluted. Long-term exposure to 
arsenic can cause skin lesions and cancer. 

A new map of southeast Asia by geologist 
Michael Berg, of the Swiss Federal Institute of 
Aquatic Science and Technology in Düben-
dorf, and his colleagues shows the probability 
of arsenic contamination in the ground water, 
based on geological and soil properties 
(L. Winkel et al. Nature Geosci. doi:10.1038/
ngeo254; 2008). The region is particularly 
prone to arsenic contamination, Berg says, 
because of the abundance of large deltas filled 
with relatively young sediment deposited just 
10,000 years ago. Young sediment is more reac-
tive, and so thought more prone to releasing 
arsenic.

The map marks several recognized arsenic 
hotspots, including the Red River and Mekong 
deltas and the Chao Phraya basin. And it 
reveals a high probability of arsenic in excess 
of safe limits in southern Sumatra and the 
Irrawaddy delta — regions for which few data 
previously existed. 

The models will spur debate because not 
every one agrees that soil characteristics accu-
rately reflect the sediment below. Years of 
weathering could have taken its toll on sur-
face properties, argues John McArthur, a geo-
chemist at University College London. “It’s like 
asking you to tell me what’s in the basement 
of your building by looking at the floor plan 

of your lobby,” he says. But Charles 
Harvey of the Massachusetts Institute 
of Technology in Cambridge notes that 
the sediment’s youthful age means the 
surface may still hold useful informa-
tion about the composition below. 
Berg and his collaborators found that 
their predictions matched known data 
60–75% of the time. 

Geologists agree that it would 
not be surprising to find arsenic in the 
Irrawaddy delta. A 2002 survey of 25 vil-
lages in the region found high levels of 
arsenic in 67% of the wells examined. That 
survey covered only a fraction of the 3.5 million 
inhabitants of the region, Berg notes: “There is 
an urgent need to have a closer look there.”

Because the arsenic originates in sediment 
below the surface, Cyclone Nargis, which hit 

the area in May, is unlikely to have greatly 
affected the region’s groundwater. The inhab-
itants of the delta now mainly rely on rainwater 
as a source of drinking water, says Paul Jawor, 
a relief worker for Médicins sans Frontières 
who has recently returned from the region. The 
wells in the delta are currently mostly used for 
cleaning and washing, he says. ■

Heidi Ledford

Irrawaddy may be poisoned by arsenic
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Skin lesions from arsenic poisoning.

A small group of researchers is 
meeting in Birmingham, UK, later 
this month to plan a free digital 
library of mathematics.

All the mathematical literature 
ever published runs to more 
han 50 million pages, with around 
75,000 articles added each 
year. Over the past decade there 
have been several attempts to 
make this prodigious body of 
work accessible in a single digital 
archive, but so far none has 
succeeded. 

A group of mathematicians 

intends to change this. They have 
started small, with a handful of 
digitization projects in Poland, 
Russia, Serbia and the Czech 
Republic. In a few years they hope to 
unite these repositories with their 
western European counterparts 
in an archive to be hosted by the 
European Union, according to the 
organizer, Petr Sojka, an informatics 
scientist at Masaryk University 
in Brno in the Czech Republic. 
Eventually this pan-European 
archive could be expanded globally, 
he says.

To make such an archive easier 
to search, researchers have found 
ways to guess the subject of a 
paper on the basis of the frequency 
of symbols in it. But there will be 
many more-practical challenges, 
such as finding the funds to scan 
millions of old papers and striking 
deals with publishers who hold 
rights to them. 

It may already be too late to build 
a single free mathematical archive, 
according to John Ewing, head of the 
American Mathematical Society, 
which maintains a list of more than 

1,500 journals whose archives have 
already been digitized. “A few years 
ago, this model had the potential 
to change the mathematics journal 
literature in profound ways,” he 
says. But most publishers have 
rushed to scan their own archives in 
order to lock them up and sell them 
to libraries. 

“While the effort to digitize the 
smaller collections is admirable, 
and it’s certainly worthwhile, it’s 
unlikely to effect a larger change,” 
says Ewing. ■

Jascha Hoffman

Starting small but adding up: a free maths archive
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Workshop series Towards a Digital Mathematics Library founded to tackle
numerous challenges identified during DML-CZ project.
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DML workshop series archived in DML-CZ
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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 publisher’s) 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:
EuDML

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).

<http://eudml.org>
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DML processing challenges: document accessibility

Conversions (inversion of authoring+typesetting) needed from:

born-digital period: typesetting by TEX with export of [meta]data into digital
library: maxTract otherwise on PDFBox (plain text)

retro-digital period: scanning, geometrical transformations (BookRestorer),
OCR (FineReader + InftyReader), otherwise on Tesseract
(no math)

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

and
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Getting fulltexts with math from bitmaps

Infty Reader from Fukuoka: working with prof. Suzuki to improve further
(automation, support for Russian, LATEX driver,…).

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

Run in parallel in Brno, Grenoble and Lisbon to speed up. Almost 200K
papers (more than 1M pages).

MathML output used for [internal] indexing and similarity computations only,
not for metadata or export.
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Getting fulltexts with math from PDF

Born-digital PDF: maxTract developments from Birmingham
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Adding accessibility

Use of linear grammars by Anderson (1968)

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
(Chromevox plugin) and/or Adobe Acrobat Reader (as multiple-layer PDFs,
[no tagged PDFs yet]).
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Content Similarity Results in EuDML: <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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Math aware Search and Indexing

• Usual way of seeking information via [Google] search

• Conventional searching approaches are not applicable for math

• Usage of existing mathematical search engines (MathDex, EgoMath,
LATEXSearch, LeActiveMath, MathWebSearch) problematic

• new Math Indexer and Searcher (MIaS) developed at MU
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Math Indexer and Searcher — Features

• Inspired mostly by MathDex and EgoMath

• Based on full text core Apache Lucene

• Presentation MathML

• Allows similarity (not only exact match) between query and matched
term

• Commutativity

• Unification of variables and constants

• Subformulae matching

• Level of similarity calculation for expressions

• Mixed mathematical-textual queries
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Math Indexer and Searcher — Design

Petr Sojka, Informatics Colloquium, Faculty of Informatics, Brno, CZ, October 8th, 2013: Digital Mathematical Libraries in the Past, Present and Future



. . . . . . . . . . . . . . . .
The Past

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
The Present

. . . . . . . .
The Future

. . . .
Summary

Math Indexer and Searcher — Design II
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Formula Processing Weighting Example
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Math formulae indexing processing

math processing

ordering

tokenization

variables unification

constants unification

indexing
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Example

math processing

ordering

tokenization

variables unification

constants unification

indexing

searching
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searchingindexing

x y+y3

x y+y3 , x y , y3 , x , y , 3,+

x y+y3 , x y , y3 , x , y , 3,+ , id1
id 2+id 2

3 , id 1
id 2 , id 1

3

x y+y3 , x y , y3 , x , y , 3,+ , id1
id 2+id 2

3 ,

id1
id 2 , id1

3 , x y+ yconst , yconst , id 1
id 2+id 2

const , id 1
const

x y+y3

x y+y2

x y+y2

x y+y 2 , id 1
id 2+id 2

2

x y+y 2 , id1
id 2+id 2

2
,

x y+yconst , id 1
id 2+id 2

const

x y+yconst , id 1
id 2+id 2

const Match!

Petr Sojka, Informatics Colloquium, Faculty of Informatics, Brno, CZ, October 8th, 2013: Digital Mathematical Libraries in the Past, Present and Future



. . . . . . . . . . . . . . . .
The Past

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
The Present

. . . . . . . .
The Future

. . . .
Summary

Implementation

• Java

• Solr + Lucene

• scalable (109 formulae indexed from arXiv)

• jTidy for text extraction

• Mathematical part implements Lucene’s interface Tokenizer — able to
integrate to any Solr/Lucene based system as DSpace, many web
pages…
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Search demonstration
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Formulae search demonstration comments

Demo web interface: http://aura.fi.muni.cz:8085/webmias/

• MathML/TEX input (Tralics [2] for conversion to MathML [9])

• Canonicalization of the query – problems with UMCL library [1]

• Matched document snippet generation

• MathJax for nicer math rendering and better portability

• Snuggle TeX for on-the-fly as-you-type rendering

All up and ready on the EuDML system: <http://eudml.org/search/>
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Open Access in DMLs

• controversial issue, huge misunderstandings, domain specific (PubMed
Central example)

• publication quality is orthogonal to openess: PLOS example

• example of Impact factor boost

• serial crisis: Elsevier’s margin 40% (e.g. billions of $s)

• library bundles, consortia

• controlled profit in OA vs. uncontrolled profit in commercial closed
access?

• moving wall policy towards open access to DL heritage

• is Open Access future of DMLs?
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The Future: Scholarly Communication via DMLs using rich KB

E = mc2 ?

Markup Design Typesetting Proofreading Preprint Print Distribution

!

E = mc2

E = mc2
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Towards higher level content representations – knowledge bases

NLP processing from strings via words to meaning

• to allow searching (semantically) similar papers, precise [semantic]
indexing

• to allow exploration of a DML by intelligent browsing of (semantically)
similar papers: distributional semantics topic modeling as Latent
Semantic Indexing, Latent Dirichlet Allocation

• to allow personalization and domain specifics, e.g. semantic faceted
search (formulae,…)

• to track ‘train of thought’ – narrative qualities of papers

• finally have “knowledge at your fingertips”
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Example I: 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
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Example II: metric-based indexing of math (+text)
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Example III: text 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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Future of DMLs?

• full text mining in semantic direction (typesetting−1), higher level NLP

• open access in the long term

• author’s direct publishing (arXiv, Perelman), peer review later?

• increase of automation and precision on [multiple] ways from author’s
head to the reader’s one

• globalization (Google Scholar), automated suggestions

• personalization (up to the individual’s preferences)
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Future challenges

• robust Math OCR is necessary

• robust born-digital PDF2Math conversion is needed as well

• only then challenges as: multilingual math retrieval, MathML indexing
and search, math common sense, text and math disambiguation and
understanding, mathematical document classification, document
similarity could be possible
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That’s it!
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Credits for LDA pictures goes to David M. Blei.

Credits for illustrations goes to Jiří Franek.
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