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From pixels to minds

I Google Scholat,..; reyiewed maUt ETtET!

I Vision of World Digital Math Library (WDML) that will bitreg t
enduring mathematical legacy to researchers (and students)
worldwide.

I High quality, checked content, crosslinking via reviewing
databases Zentralblatt MATH or Mathematical Reviews (more
than 2,500,000 reviewed articles)

I Estimation of 100,000,000 pages in total only (able to be
cleverly stored in a pocket size portable disc (YEN 20,000)
today).

I New science depends critically on “old' mathematics (avaikable
pixels on paper only): 50% of current references are to pre-1990
papers, 25% to pre-1980 [Eisenbud 2004].

I 250,000 distinct authors (minds) sent papers for a review in

thn lact Adaradn in Mmathamatinal cninnAne
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Digital Mathematics Library — motivations

I All math knowledge at your ngertips!

I Using bibliographicglobal citation analysis and ranking to
tackle information overload (# of references in
The Collection of Computer Science bibliographies):
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Publish or perish — publication growth

“If [in 2600] you stacked all the new books being published
next to each other, you would have to move at ninety miles an
hour just to keep up with the end of the line. Of course, by
2600 new artistic and scienti ¢c work will come in electronic
forms, rather than as physical books and paper. Nevertheless,
if the exponential growth continued, there would be ten
papers a second in my kind of theoretical physics, and no time
to read them.”

Stephen Hawking
I problems with reviewing
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Going digital — Digital Mathematics Library

I Going digital increases impact (citation scores) [Giles B99

I authors put preprints on the web, publishers eager to be idlex
by search engines (50% tra& from there)) Google Scholar,
Citeseer.

[ persistence of author's information on the web
I +ad surrogate! ad fondes

I+ implications of digital access: from factography art of
posing questions.

I 1 (W)DML!
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(W)DML Initiatives

NUMDAMNumérisation de documents anciens mathématiques.

ERAMThe Jahrbuch Project—Electronic Research Archive for
Mathematics (1868—-1942): ,Jahrbuch tber die
Fortschritte der Mathematik*”

JSTOR(AMS journals)

EMANIelectronic mathematical archiving network (Cornell,
SUB Géttingen, MathDoc, Tsinghua University Library)
RusDMLRussian DML (2,000,000 pages of papers in Zbl
refereed journals)
DML-CZDigital Mathematical Library of mathematical
literature published in the Czech and Slovak Republics.
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Speci cs of Mathematical Publications

review databases where entries atassi ed according to the
Math Subject Classi cation Scheme (MSC 2000).

Zentralblatt MATH (more than 2,000,000 entries drawn from
more than 2,300 serial and journals) Jahrbuch tber die
Fortschritte der Mathematik (JFM) covering the period
1868-1942 (200,000 entries digitized in ERAM).

MathSciNet: 2,329,742 publications (May 20th, 2008),
80,000 new items and 60,000 reviews added each year; 1799
journals covered; links to 501.123 original articles; 11.304
active reviewers; 428.680 authors indexed. Since 1940.

50 year old or even older papers are frequently cited.

Mathematical Knowledge Management in the DML-CZ project L-d2\VFaculty of Informatics, Masaryk University, Brn


http://www.zblmath.fiz-karlsruhe.de/MATH/home
http://www.ams.org/mathscinet/

What and why? DML-CZ DML-CZ overview MSC Publishing OCR Summary
000000800 000000 0000000000000 00000000 [e]e] 000000000000

Better than Google Scholar for mathematical peer reviewexature; bottom-up by DML-CZ

Google Scholar vs. MR/Zbl

http://scholar.google.com/scholar?q=Antonin Kucera
http://www.ams.org/mathscinet/search/publicatiotralRpg1=IID&s1=695584
http://www.ams.org/mathscinet/pdf/1992331.pdf?pg3&s1=695584&r=16

Author and instituion disambiguation:
http://www.ams.org/mathscinet/search/institutionchi?code=CZ_MASC

See the di erence? Hyperlinking needed for computing H-index, high
quality metadata for its robustness etc.
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Bottom-up way to WDML—DML-CZ

I Failure of global funding of DML-EU within FP6.
I Funding plans ($75,000,000) by the Gordon and Betty Moore
Foundation.

I Google Print project: massive digitization of Harvard, Stashfor
Oxford, University of Michigan and New York Public libraries
($150,000,000).

I Niche “markets”, grey literature, mathematical literature
published in CE not covered.

I Making WDML (bottom dg)y creation of “microclima”: 1) with
the help of the local goverment funding: DML-CZ, 2) from
scanned images to full text marked pages.
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I Czech Academy of Sciences grant (program Information Society)
2005-2009, full (retro)digitization of 50,000 pages of
mathematical literature per year.

I We do not want to reinvent the wheel (scanning, text OCR).

I Research partl) gradual enhancement of the digital material
by "knowledge enhancing' Iters on markup-rich XML 2atdew
methods for (semantic) text processing tested on the avagabl
data

I IPR part:sharing/delivery (economic models for knowledgegshari
due to interests of content owners/publishers).
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What to digitize in DML-CZ?

7-8 Czech and Slovak math journals, 100—200 monographs and
textbooks and conference proceedings, in total about 250 j08@ges:

Czechoslovak Mathematical Joul3&D00 scanned, 7,000 are
already born digital). Published by Academy of Sciences of CR,
distributed partially by Springer. Founded gasopis pro

p¥stovani matematikin 1872, under current name since 1951.
272 pages quarterly.

Applications of Mathemati¢20,000/5,000). Published by
Academy of Sciences of CR. Founded in 1956\(dtkace
matematiky. 80 pages bimonthly.

Archivum Mathematicuf®,000/4,000) Masaryk Uni in Brno.

Mathematica Bohemiead Archivum Mathematicusiready partially
digitized in Gottingen,. .. Copyright issues crucial.
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Who is in the project?

Four contractors (all from Czech Republic):

Czech Academy of Sciences, Pragudi°i Rakosnik, head of the
project, responsibility for material selection, copyrigh
negotiations.

Masaryk University, Brno Petr Sojka (FI) formats and tools,
technical coordination, information retrieval, indexing.

Mirek BartoSek (Institute of Computer Science), content
management system, metadata Q/A, long-term archiving.

Charles University, PragueJi®i Vesely, Olith Ulrych, selection
and preparation of materials for digitization, metadata cfesp.

Library of Academy of Sciences, PragueMartin Lhotak,
document scanning in Jenstejn.
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On the way from digital image to knowledge

Summary
000000000000

acquisition preparation, document acquisition, copyright issues
handling;
scanning document scanning (1/5 of the budget only) main
metadata entering, scanning checks;

image processing main OCR, image enhancements.

semantic processing document markup enhancement, semantic
processing, document classi cation, citation linking,
document clustering, [math] indexing;

delivery and presentation visualization techniques of document
repository, digital library web portal, interfaces to other

services and search engines for the semantic based
document processing/delivery.
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DML-CZ work ow steps
1] 2] 3] (4] (5]

Acquisition Scanning Digital Object DL WDML
ini co-ordination

ation

N

biblio-record
book doc structure ——{ i S
00|
journal contents, refs, | -
rticl linking img

scanned page —> (——3

lmfges txt repository
MathSciNet

files
w OCR Zentralblatt-M
—~ T
born-digital

‘ physical document l digitization | digital document l digital library global DL
- doc selection - workflow - quality assessm. - DL system - standards
- IPR clearing - scanning - conversions -access - interoperability
- scan preparation - img enhancement - struct. content - archiving - co-operation
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Proof. Let K be a cube, K c & put K = g=}(K). According to theorem 50
we have K € 9 and it follows from theorem 24 that

P(K,v) :Kf/(r) dz. (89)

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

Jite) e = fiton - Tl ay = ﬂ(y) dy. (90)

From theorem ro (and relation. (86)) we sce that P(K, o) = P(R, $); relations
(89), (90) show therefore that P(K, ) — //1 ) dy, which completes the proof.

Remark. The reader may compare this paper with [6].
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document selection by quality, but grey literature too.
preparation acquisition of documents for scanning.
copyright negotiation with publishers (or even authors?)

In what order? What is important when signing digitizationre@t®
Current trends in EU: paying for the rights to digitize and to the
authors rights organizations for everything not older than y&ars
:-( . Following NUMDAN! .

“I have worked for the digital math library in drent committees

since 1992, and now | am tired of this topic. The main obstcate of
legal nature (misuse of copyright laws by big commerciéispats),

and we missed some opportunities along the way.” Peter Micho
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Floods in Bohemia three years ago. Many manuscripts were under
water, and frozen (put into the refrigerator). Work ow fooges of
defrosing includes scanning (Library of Academy of Scienagstejie
near Prague, capacity of 40,000 pages per month or more!).

parameters 600 dpi 4bit depth.

scanning facilities Digibook RGB 10000, Al color book scanner;
two book scanners Zeutschel OS 7000, A2 B/W.

software Book Restorer to make the scanned pages uniform
(white space around text body,. ..); system Sirius for
archival storage of scanned materials (they are put on
CDs as TIFFs);
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Optical Character Recognition

I Text OCR by two phase DML-OCR implemented with ABBYY
FineReader SDK 8.1.

I Errorsin math!  Methods for separation of text OCR and
mathematics OCR.

I Math: Infty system (Suzuki et al., Japan): 1) layout analysis
2) character recognition, 3) structure analysis of math.
expressions, and 4) manual error correction

I Multilayer PDF with several OCR layers (text, matp{nrath in
MathML or OMDoc)

I Quality assurance—quality matters most! 99%-+ accuracy for
text, 96%+ for mathematics
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Metadata and Image Enhancements/Processing

metadata standards choice of standards (MODS, METS).
metadata acqusition Zbl/MR, OCR tagging, [retyping]

image enhancements TIFF, PDF, jbig2 compression as a measure of
quality

semantic processing document markup enhancement, semantic
processing, document classi cation, citation linking,
document clustering, indexing;

References and fulltexts are metadata as well, Englishstidied MSC
mandatory. OAI-MPH export.
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Metadata Editor http://editor.dml.cz

Web-based client-server tool, developed (ICS MU) frotets¢Rython) for
metadata import, editing and checking.

Toos_Hap

DML-CZ: Metadata editor (serial)

it vome 07 1

e | sove o | |
Titie 2
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Title 328
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Storage, Indexing

space multiple OCR layers, multiple attribute layers (lemmas,
reviewer comments, semantic classi cations, etc.) no
problems to store and index all of that fail
mathematics literature so far.

software 1) client/server architecture, Bonito and Manatee

developed at NLPLAB FI MU, used by OUP dictionary
development (Oxford Thesaurus of English, 2004) based
on corpora of 100,000,000 word positions, superior
scaling qualities. 2) Lucene indexing software (OSS).
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Document Markup Enhancement Methods

context dependent mapping from visual to logical markup

algorithms of language identi cation (bi-gram, tri-gramdesl,
par or even sentence level)

document classi cation, metrics, ontology construction,
comparison with AMS 2000 classi cation

semiautomatic bibliography markup and metrggishal
mathematics citation index, “MathRank”

document clustering (for visualization, ...), identi catadmear
duplicates
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visualization technigues “lost in hyperspace fear', vizualization of

document clustering, Visual Browser (glient user's
eyes).

delivery customised digital library system DSpace (open source,

created at MIT) for nal articles delivery, search.
Manakin interface.
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Visualization in Visual Browser

On the Maximum Average Degree and ..
<

On the Maximum Average Degree and ...
T
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Visualization in Visual Browser

A_Raspaud

\

author __ paj cCiteSeerPSU 114377

-

E_Sopena

0_Y_Boradin

\

n0ai_CiteSeerPSL)_AE3016
nai_CiteSeerPSU_224016

AW Kostochka
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web portal unique and persistent URLSs: Digital Object Identi er
DOI (URN? PURL?,...)

interfaces to other services OAI-PMH harvesting, bibitem export,
Googlebot optimization

indexing, search relevancelLucene, customized for math.

(Experiments with Manatee and EDBM-2 (Zbl,
NUMDAM))?
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Paper Classi cation

Summary
000000000000

every math journal paper today classi ed by MSC ( ve
alphanumerical letter code) taxonomy

one primary, several secondary MSC

useful for search narrowing, clustering, documenent digtanc
basis

old papers were not classi ed when published or reviewed
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Mathematical Subject Classi cation

Mathematical Paper Classi cation and Categorization

We thrive in information-thick worlds because of our marseind everyday
capacity to select, edit, single out, structure, highlighgtoup, pair, merge,
harmonize, synthesize, focus, organize, condense, rédilagown, choose,
categorize, catalogclassify, list, abstract, scan, look into, idealize, isolate,
discriminate, distinguish, screen, pigeonhole, pick emérintegrate, blend,
inspect, lter, lump, skip, smooth, chunk, average, appete, cluster,
aggregate, outline, summarize, itemize, review, dipipntbrough, browse,
glance into, leaf through, skim, re ne, enumerate, gleamgsize, winnow
the wheat from the cha and separate the sheep from the goats.

Edward R. Tufte

every math journal paper today classi ed by MSC (ve
alphanumerical letter code) taxonomy (tree)

one primary, several secondary

useful for search narrowing, MSC 1991, MSC 2000, MSC 2010
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Mathematical Subject Classi cation

Automated MSC Classi cation Experiment

To date (March 2008), in the digitized part there are 369 volunoés
14 journals and book collections: 1,493 issues, 11,7428 on
177,615 pages. From NUMDAM, we got another 15,767 full texts of
articles (in simple XML format) for an experiment.

several di erent languages
trained on papers with one primary MSC
NLP lab's GVP project code as basis
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Mathematical Subject Classi cation

Automated MSC Machine learning

tokenization and lemmatization: the rst part of the preprocessing relates to
how the text is split into tokens (words)—alphabetic, lcvase,
Krovetz stemmer, lemmatization, bi-gram tokenization;

feature selectors: how to choose the tokens that discriminate bestZ; mutual
information (Ml-score);

feature amount: how many features are needed to classify best—500, 2,000 or
20,000 features;

term weighting: how the features will be weighted{ variants and weights
normalizationsdtc (augmented term frequencydnnandnnn));

classi ers: Naive Bayes (NB);Nearest Neighbour&k(NN), Support Vector

Machines (SVM), Arti cial Neural Nets (ANN);

threshold estimators: how to choose the category status of the classi er based
on a threshold—xed or s-cut strategy for threshold setting;

evaluation and con dence estimation: how results are measured and how the
con dence is estimated in them—Receiver Operating
Characteristic (), Normalized Cross Entropy (NCE).

Mathematical Knowledge Management in the DML-CZ project L-d2\VFaculty of Informatics, Masaryk University, Brn


http://en.wikipedia.org/wiki/ROC_curve

What and why? DML-CZ DML-CZ overview MSC Publishing OCR Summary
000000000 000000 0000000000000 0000@000 [e]e] 000000000000
Mathematical Subject Classi cation

GVP Framework for comparing learning methods

The two di erently colored curves correspond to the chosen learnitigaae (k-NN,
Naive Bayes in the legend on the right). From the colors bblmsen function values,
one immediately sees which combination (at the bottom)epnacessing methods
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Dependency of performance on the number of examples
class limit

From the three curves one can see that by increasing the thokesbf

minimum category size one gets better results in every as(maor
square combination at the bottom).
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Mathematical Subject Classi cation

Detail of MSC-sorted documents' similarity matrix

Matrix computed by LSA for
top-level MSC code 20-xx
Group theory and
generalizations. The white
lower right square
corresponds to the 20Mxx
Semigroupssubject papers.
We can see strong similarity
of 20Mxx to 20.92
Semigroups, general
theory and 20.93
Semigroups, structure

and classi cation (white
lower left and upper right
rectangles).
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Metadata from born-digital papers

main idea: metadata exported as a side-ect of publishing
printed journal issues with only minimal additional costs (by
requirement of proper tagging).

references, full text for searching
minimal changes in the work ow
Archivum Mathematicypilot project.
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Born-digital (retro-born-digital) paper handling

Pilot project of Archivum Mathematicum

inspired by CEDRAM
papers ilrAIpX with AMS styles, references irBBeX
new styles les by Michal-R£ka

automated typesetting, page numbering, EMIS web page
generation,. ..

use of con gurable Tralics converter to XML
high automation by program make
automated import to DML-CZ

rst issue already available
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Optical Character Recognition (of Mathematics): DML-GZ=(fane+Infty)Reader

How to Find? Search!

an entry gate to the digitized papers search

full text searching, searching for intext references

OCR Summary
©00000000000

search and exchange wfathematical formulas in MathML,

OpenMath: project Mathdex

due to the massive size of digitized material, the only way is very

good OCHycluding math.
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Optical Character Recognition (of Mathematics): DML-GZ=(fane+Infty)Reader

Existing OCR Systems

Not to reinvent the wheel: trial of several OCR engines.

No single OCR system with acceptable results: high errer rat
working only for speci ¢ purposes (plain English text)ctliree
was not possible.

Fine Reader by ABBYY gave good results for (even multilingual)
text, and allows for typeface learning.

InftyReader byvww.inftyproject.org  the only available
solution for structural math recognition.

No out-of-the-shelf solution.
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Our OCR Solution

combining both, using FineReader and InftyReader in a pipe to le
every system to do what it is good for, then “vote'

top-level (Java) program tautomate the processand X some
inde ciencies

instant setup unusablene-tuning andgradually enhancing

the OCR procedure and program parameters so that OCR results
would be acceptable for DML-CZ purposes

trying to improve the results further by close cooperatiothwi

the team of prof. Suzuki (Infty Project leader, Kyushu Uniyersit
Japan), and hopefully with other (retrodigitization) potge

e orts.
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Optical Character Recognition (of Mathematics): DML-GZ=(fane+Infty)Reader

DML-CZ OCR Work ow — middle level of details |

Choosing the testbed data (30.000 pages of CMJ since 1951).
Scanning 600 DPI, 4-bit depth (soft binarization advantage).
Lookup for hot typefaces used in CMJ.

Training the Fine Reader (FR) 8.0 OCR engine for the fonts used.

Training the Lingua::ldent Perl module for language idernibrat

of languages used in CMJ (EN, RU, F, GE, CZ, SK): very reliable
statistical method based on character bigrams and trigram
counts.

FR scanning using general setup pro le (no speci ¢ language
vocabulary used).

Evaluating the language of the scanned block.
Calling FR to scan for the 2nd time with pro le appropriate to
the recognized language(s).

Mathematical Knowledge Management in the DML-CZ project L-d2\VFaculty of Informatics, Masaryk University, Brn



What and why? DML-CZ DML-CZ overview MSC Publishing OCR Summary
000000000 000000 0000000000000 00000000 00 00000@000000

Optical Character Recognition (of Mathematics): DML-GZ=(fane+Infty)Reader

DML-CZ OCR Work ow — middle level of details Il

Export the result as layered PDF (+FineReader XML).
Importing this PDF by InftyReader.

InftyReader recognition and storing the result Infty Markup
Language IML (XML+MathML) afeKL

Running (our Java) program OMLCorrector to x some Infty
Reader inde ciencies in IML.

Running (our Java) program OCRJoiner to compare characters i
bounding boxes by FR and InftyReader and store the nal result
in IML.

Use the resulted les in further DML-CZ work ow.
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Optical Character Recognition (of Mathematics): DML-GZ=(fane+Infty)Reader

OCR XML Postprocessing

<mblock>

<munit entity="1" ocrparam="685,1746,704,1758,0">
check

<mlink type="under">

<munit ocrparam="684,1761,707,1794,0">s</munit>
</mlink>

</munit>

<mblock>

is transformed to

<char ocrparam"684,1746,707,1794" entity="1"></char >
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Optical Character Recognition (of Mathematics): DML-GZ=(fane+Infty)Reader

Type of errors: T (text), D (diacritics), M (mathematics)lay@ut)
Steps: 1 (FR1), 2 (FR2), 3 (Infty), 4 (OCRJoiner), 5 (IMLComec

Step T D M L

1 10 0 224 82
2 4 0 170 78
3 4 0 168 71
4 14 0 24 15
5 14 0 24 15
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Optical Character Recognition (of Mathematics): DML-GZ=(fane+Infty)Reader

DML-CZ OCR Results

Picture FR1 FR2 FR8.0 PE IR IR xed
1 84,99% 88,03% 88,46% 97,48% 97,48%
86,93% 88,76% 88,07% 98,97% 98,97%
89,19% 92,35% 91,53% 99,18% 99,18%
93,40% 93,52% 95,78% 99,15% 99,19%
91,09% 91,62% 92,15% 99,87% 99,87%
79,46% 80,05% 82,25% 99,61% 99,61%
92,59% 93,39% 93,71% 99,09% 99,09%
8 91,33% 91,33% 98,30% 98,18% 98,61%
Average 88,65% 89,90% 91,23% 98,97% 99,02%

NOoO oab~hwWN
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Optical Character Recognition (of Mathematics): DML-GZ=(fane+Infty)Reader

OCR—Conclusions

less than 1% error rate (countingl types of errors).

still space for improvements (better text/math separationc
Unicode support in InftyReader)

still space for better robustness and precission

several bachelor (Vy4il) and diploma thesis (Panak, Mudrak)
using FR SDK
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Summary, Conclusions, Bibliography

Summary and Conclusions

We should experiment; we should try out new things;
we should tinker with technology and nd better ways
to communicate. John Ewing (2002)

Preliminary DML-CZ project web pages are at http://dspadezim
and http://project.dml.cz/.

Metadata editor. MSC classi cation, math document similarityew
born-digital work ow (pilot project of Archivum Mathematicum)

TODO: Even betterath OCR EuDML projectintegration—real data
are needed to explore methods (classi cation, similarityRDiGrther.

Properly designedsualization may help taeveal enormous
amounts of (textual)data. ,Graphics reveal data.” (Tufte)
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Summary, Conclusions, Bibliography

DML 2009 workshop invitation

Summary
00000000000 e

Towards Digital Mathematics Library: DML 2009 workshop:

http://www.google.com/search?q=DML+2009 Grand Bengriont
CA

Submissions at

http://www.easychair.org/conferences/?conf=dmi200&é¥nd of
March!
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