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Starter, MotlvatlonandGoaIs

Digital Libraryof Mathematics— why?

I Information/knowledge your ngertips!

I Visionof WorldDigital Math Librarythat willbringthe enduring
mathematicalegacyto researchergandstudents) worldwide.

I Estimationof 75.000.000 pagesin total only(ableto becleverly
stored in oneportable500 GBdisc (EUR200) thesedays).

I Newscienceadependscritically onold mathematics:50%of
currentreferencesareto pre-1990 pagers, 25%to pre-1980
(Eisenbu@004).

I 250.000 distinct authors sent pagers for a reviewn the last
decaddn mathematicalsciences.
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Starter, MotlvatlonandGoaIs

Digital Library—why?

I Informationoverload? es,but weto faceit anywayGoogle
PageRankhoosesvhatis worth (bybibliographicajlobal
citation analysis).

I Googlescholar Citeseer.
| adsurrogate! adfondes
I ImplicationsFromfactographyto the art of posingquestions.
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Starter, MotlvatlonandGoaIs

Motivation,Goals

>

Visionof WorldDigital MathematicsLibrary(WDML)N digital
form

DML-C2%rojectdml.muni.cz
not onlypageimageshut addedvaluewrt. GoogleScholar
full text indexinggoodsearchingandranking),

wellclasi ed pagers, with hypertext linksbetweerthemand
refereedatabases(ZentralBlatt and Math Reviews)

persistent andstableaccessaimedat full (text) visibilityin the
globalinformationspace(Googlescholar OAI-MPHervers,..)

> >t > >

To
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Starter, MotlvatlonandGoaIs

Bottom-upwayto WDML—DML-CZ

I Failureof globaffundingof DML-EUWnithinFP6.

I Similarsituation with WDMIfundingplansbythe Gordonand
Betty MooreFoundation.

I GooglePrint project: massivealigitizationof Harvard Stanford,
OxfordUniversityof Michigarand NewY orkPublidibraries
($150.000.000).

I Niché'markets”,greyliterature, mathematicaliterature
publishedn CEnot covered.

I Making?WDMI(bottom upy bycreationof “microclima”1) with
the helpof the localgovermentundingDML-CZ2) from
scannedmagedo full text markedpages.
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Starter, MotlvatlonandGoaIs

(W)DMlInitiatives

NUMDAMNumeérisatiorde documentsanciensmathématiques.

ERAMTheJahrbuchProject—Electroni®kesearchirchivefor
Mathematics(1868-1942): ,Jahrbuchiiberdie
Fortschritte der Mathematik"

JSTOR(AMSjournals)
EMANIelectronicmathematicalarchivinghetwork(Cornell,
SUBGOttingen,MathDoc,TsinghuaJniversityLibrary)

RusDMLRussiarDML(2.000.000 pagesof papersin Zbl
refereedournals)

DML-CZDigital MathematicalLibraryof mathematical
literature publishedn the Czechand SlovakRepublics.
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Starter, MotlvatlonandGoaIs

TheGoal

I CzechAcademyof Sciencegyrant (programinformationSociety)
2005-2009, full (retro)digitizationof 50.000 pagesof
mathematicaliterature per yearis planned.

I Wedonot wantto reinventthe whee(scanningtext OCR).

I Researctpart: 1) gradualenhancementf the digital material
by ‘knowledgenhancinglters onmarkup-richrKMLdata. 2) New
methodsfor (semantic)text processingested onthe available
data

I IPRpart:sharing/delivergeconomienodelgor knowledgsharing
dueto interests of contentowners/publishers).
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Starter, MotlvatlonandGoaIs

Speci cs of MathematicalPublications

A

p>)

A

reviewdatabaseswhereentriesare classi edaccordingo the
Math SubjectClassi cationSchem&gMSC2000).

Zentralblatt MATH(morethan 2.000.000 entriesdrawnfrom
morethan 2300 serialandjournals)Jahrbuchiiberdie
Fortschritte der Mathematik(JFM)coveringhe period
1868-1942 (200.000 entriesdigitizedin ERAM).
MathSciNet: 24.157 itemsaddedin 2005; 1799 journals
coverediinksto 501.123 originalarticles;11.304 active
reviewers428.680 authorsindexedSincel940.

50 yearoldor everolderpapers are frequentlycited.

Limitedsearchin reviewdatabasesonlythings as collaboration
distances.

Onthe “opposite'CiteSeerGoogleScholar.
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What?

Whatto digitizein DML-CZ?

Finalselectionnot yet nished: 7-8 journals,100—-200 monographs
andtextbooksandconferenc@roceedingdntotal 250.000 pages.
Refereegburnalswestarted with:

A CzechoslakMathematichJourn&(30.000 pagesto scan,
7.000 are alreadyborndigital). Publishedy Academyof
Sciencef CRdistributed partially by Springer Foundeds
fasopisprop¥stovanimatematikyin 1872, undercurrentname
sincel951. 272 pagesquarterly.

A Applicationof Mathematicg20.000/5.000). Publishedby
Academyof Sciencef CRFoundedn 1956 (as Aplikace
matematiky. 80 pagesbimonthly.

MathematicaBohemicand ArchivunMathematicunalreadydigitized
in Gottingen,..Copyrighissuescrucial.
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Whas in the project?

Fourcontractors (all from CzectRepublic):

A

b

A

CzechAcademyof Sciences,Prague Ji°i Rakosnilheadof the
project,responsibilityfor materialselectioncopyright
negotiations.

Masaryk University in Brno Petr Sojka(Facultyof Informatics)
formats andtools, technicalcoordinationinformationretrieval,
indexing.

MirekBartoSek(Institute of ComputeiScience)content
managemensystem, metadata Q/A,long-termarchiving.
Charles University in Prague Ji°i VeselyQldich Ulrych,
selectionand preparationof materialsfor digitization,metadata
cleanup.

Library of Academyof Sciences, Prague Martin Lhotak,
documentscanningn Jenstejn.
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Onthe wayfromdigitalimageto knowledge

acquisition preparationdocumentcquisitioncopyrightissues
handling;
scanningdocumenscanning1/5 of the budgetonly)main
metadata entering,scanningchecks;

imageprocessingmainOCRimageenhancements.

semanticprocessingdocumenimarkupenhancemengsemantic
processingdocumentlassi cation, citation linking,
documentlustering,indexing;

delivenyandpresentation visualizatiortechniquef document
repository digital librarywelyportal, interfacesto other
servicesaandsearchenginedor the semanticbased
documenprocessing/delivery.
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Preparatoryand Scanning’hases

Preparation

documentelection by quality;greyliterature too.
preparation acquisitionof documentgor scanning.
copyright negotiationwith publisherqgor everauthors?)

Inwhatorder?Whatis important whersigningdigitizationcontract?
Currenttrends in EU:payingfor the rights to digitizeandto the
authorsrights organizationgor everythinghot olderthan 70 years.
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Preparatoryand Scanning’hases

Scanning

Floodsin Bohemiahree yearsago.Manymanuscriptswereunder
water,andfrozen(put into the refrigerator). Work owfor procesof
defrosingncludesscanningLibraryof Academyof SciencesJenstejn
nearPraguecapacityof 40.000 pagesper monthor morel).

parameters 600 dpi4bit depth.
scanningacilities DigiboolRGB10000, Al colorbookscanneriwo
bookscannersZeutschelDS7000, A2 B/W.
software BookRestorerto makethe scannedbagesuniform
(whitespacearoundtext body,..); systemSirius for
archivalstorage of scannednaterials(they are put on
CDsin TIFFG4);
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Preparatoryand Scanning’hases

OpticalCharacterRecognition

I Methodsfor separationof text OCRandmathematicsOCR.

I Math: Infty system(Suzukiet al.,Japan):1) layoutanalysis,
2) characterrecognition3) structure analysisof math.
expressionsand4) manualkerror correction

I TextOCRbyABBY YFineReadeAPl.

| SeveralDCRayers+ comparisorand machindearning
techniquedor logicaltagging(AutoTag XDOGystems).

I Qualityassurance—qualitynatters most! 99%-+accuracyfor
text, 96%-+for mathematics
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Preparatoryand Scanning’hases

Metadata andImageEnhancements/Processing

metadata standards choiceof standards (MODSMETS).
metadata acqusition retyping,OCRagging,getting elsewhere?

imageenhancementsnultipleformat, PDF DjVUconversions,
software?

semanticprocessingdocumenimarkupenhancemengemantic

processingdocumentlassi cation, citation linking,
documentlustering,indexing;

DublinCoreminiDMLor ZentralBlatt+MR?Orall? BibTeXr XML?
softwarefor digital repositoryADSpace?pibitemhandlingaddition
of ZBL MR JHRhyertext linksin miniDMLTechnologipr doingthe
linking?
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Preparatoryand Scanning’hases

Storage,Indexing

space multipleOCRayers multipleattribute layers(lemmas,

reviewecommentssemanticclassi cations,etc.) no
problemgo store andindexall of that for all
mathematicsliterature sofar.

software 1) client/serverarchitecture,BonitoandManatee
developdat NLPLAB-1MU,usedby OURlictionary
developmenOxfordThesaurusf English2004) based
oncorporaof 100.000.000 wordpositions sugerior
scalingqualities.2) Lucenendexingoftware (OSS).
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Preparatoryand Scanning’hases

DocumenMarkupEnhancementlethods

A contextdependentmappingromvisualto logicalmarkup

A algorithmsof languagedenti cation (bi-gram tri-gram based,
par or eversentencdevel)

A documentlassi cation, metrics,ontologyconstruction,
comparisomwith AMS 2000 classi cation

A semiautomatidibliographynarkupandmetrics,global
mathematics citation index;'MathRank”

A documentlustering(for visualization,..), identi cation of near
duplicates
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Preparatoryand Scannlng?’hases

Presentation

visualizatiortechniques’lostin hygerspacefear', vizualizatiorof
documentlustering,VisualBrowser(di erentuser's
eyes).

deliverysystemKrameriugopensource createdunder
contract) for scanneddocumentsielivery.
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Preparatoryand Scannlng?’hases

Delivery

webportal uniqueandpersistent URLsDigital Objectidenti er
DOI(URNPURL?,.)

interfacesto other servicesOAI-PMHharvestingbibitemexport,
Googlebobptimization

indexingsearchrelevanceManatee.uceneor EDBM-2"mirroring?
Googlescholar?Paidcontentmodel?
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Preparatoryand Scanning’hases

Howto Find?Search!

anentry gate to the digitizedpagersis search

full text searchingMathFind)

searchindor intext references

searchandexchangef mathematical formulas: MathML,
OpenMath

dueto the massivesizeof digitizedmaterial,the onlywayis very
goodOCRincluding math.

>t > P

>
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(Fine+Infy)Reader

ExistingOCRSystems

Notto reinventthe wheeltrial of severalODCRengines.

NosingleOCRsystemwith acceptablaesults: higherrorrate,
workingpnlyfor speci ¢ purposeqplainEnglishtext), direct use
wasnot possible.

FineReadelby ABBY Ygavegoodresults for (evermultilingual)
text, andallowdor typefacelearning.

A InftyReadebywww.inftyproject.o  rg the onlyavailable
solutionfor structural math recognition.

A Noout-of-the-shelfsolution.

> >

b
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(Fine+Infy)Reader
OurOCR5olution

A combinindpoth,usingFineReadesind InftyReadetin a pipe to let
everysystemto dowhatit is goodfor, then “vote'

A top-levelJava)programto automate the processand x some

inde ciencies

instant setup unusable:ne-tuning andgradually enhancing

the OCRprocedureandprogramparameterssothat OCResults

wouldbeacceptabldor DML-Curposes

trying to improvehe results further by closecoorationwith

the team of prof. Suzuki(Infty Projectleader KyushuJniversity,

Japan),and hogefullywith other (retrodigitization) projects

e orts.

>

b
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scaned images in
directory structure

S)

Y |
Fine+Infty , plain-text
Reader -tex/.ocr

splitting issue
pages into articles

Contents
o—

corrections

creation
Artfjcle of POF

metadata autodetection, full-text, referencies

MR, Zbl links,
AuthorityDB

handmade
_ corrections

or

corrections

.pdf‘

corrections
Arti
* * metadata,

. article

- full-text,
| referencies

publication
systems:

Kramerius,
DSpace, ...




upravené IML

Upravené IML

wistup (Lout)

OCRIoiner

warkflow

FRAML
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Work owof DML-CZt Variouslevelof Detail

DML-CLOCRNork ow middlelevelof details |

Choosinghe testbed data (30.000 pagesof CMJsincel951).

Scannings00 DPI14-bit depth(soft binarizationradvantage).

Lookugor hot typefacesusedin CMJ.

Traininghe FineReade(FR)8.0 OCRengindor the fonts used.

Traininghe Lingua::lderPerimoduldor languagedenti cation

of languagesisedin CMJ(EN,RU F,GE,CZ SK):veryreliable

statistical methodbasedoncharacterbigramsandtrigram

counts.

A FRscanningusinggeneraketup pro le (nospeci ¢ language
vocabularyised).

/E Evaluatinghe languageof the scannedlock.

C Calling=Rto scanfor the 2nd time with pro le appropriateto

the recognizedanguage(s).

> >t > v
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Work owof DML-CZt Variouslevelof Detail

DML-CLOCRNork ow middlelevelbf details ||

Exportthe result as layeredPDF(+FineReadeKML).
Importingthis PDFby InftyReader.

InftyReadermrecognitiorandstoring the result Infty Markup

LanguagéML(XML+MathMLand BIEX.

I RunnindourJava)programOMLCorrectoio x somelnfty
Readeinde cienciesn IML.

I RunnindourJava)programOCRJoindo comparecharactersin

boundindgoxedyFRand InftyReaderandstore the nal result

inIML.

I Usethe resulted les in further DML-CZvork ow.

= Im: M
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Work owof DML- czn Variouslevelof Detail

OCRXMLPostprocessing

<mblock>

<munit entity="1"  ocrparam="685, 1746,7 04,1 758, 0">
check

<mlink type="under">

<munit ocrparam="684,1 761, 707, 1794,0 ">s</munit >
</mlink>

</munit>

<mblock>

is transformedto

<char ocrparam"684,1 746, 707,1794" entity="1">- s</char>
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Work owof DML—Cbt Variouslevelof Detail

DML-CLOCRNork owmplementatioioryDetails

Flenamerster Thread| Exception
RunException

Batcher

+fineReader0CR String

4streamsucker
eftyReaderlMLExtension:String ity
fineReadertMLExtension:string
tension; i
iodedensonsting |- — <SR N Thiead

Socearteosecnit | <> OCRJoinerThread

Sesplnervaecondiint [~ — o0y

sy Thvead] | fineReaderinput reader e —
+atcher outputWirter vy poc vy poc

]
e e prr— )
i T socevesd A —

T i sibor existufe]

= pr— 5N
I

ok iman(rt r0c, TCHAR® (D

scompareint M CorrectorThread L
nivold <Tmesy

OcRchar BoundingBox AccentMap

~<hrsting +8oundnggox g Hasitap Strng Charcter>

+OCRChar | { +8oundnggox
+OCRChar +urion BoundingBox FHAT WP Accentiizp
+oetOurparam:String | | | £RING MAP:Accentiap

#setCharivoid
#getCharistring

eftint

|
|
|
et o |
I
I
I

ccentiap
+getiCharacter

|

|

|

|

|

“topint

T | bottomint |
gt T

L

<que>>

OcRCharFR OcRIoiner

~<harConfidencerint | | -doclR:Dacument TMiCorrector

ReharFR>
SOCRCharFR. AstIR:LinkedLst <OCRChar > et
~accent:Hashset <Character> eaderisAiReat
|

+OCRJoiner +IMLCorrector
| +pracessivoid +processivod

oid Srocesabodkivid
l<cuse> | -croaterrDomodetvoid Tiavenveid

| processFRAILivoid

| processIRRHLvoid
L recWalIR:voi

— — ] changeTolRxMLivad
reeWakSaveivoid
Jin:vo

Contactme,nosecrets,nopatents!
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Ty of errors: T (text), D (diacritics),M (mathematics) L (layout)
Steps: 1 (FR1),2 (FR2),3 (Infty), 4 (OCRJoiner}y (IMLCorrector)

Step T
1 10
2 4
3 4
4 14
5 14

D
0
0
0
0
0

M
224
170

24
24

82
78
71
15
15



DMLCZ-Why? DML-CZ-WhatVho DML-CZ-How?OCRor Mathematics—- How? DML-CZOCR Results SummaryandFurtherWork
0000000 (o]e} 000000000 0O 000000 oe o

Graduallmprovementsf OCR

DML-CAOCRResults

Picture  FR1 FR2 FR8.0PE 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 o~ WOWDN
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Summary

lessthan 1%charactererrorrate (countingall types of errors).
qualityfor math search relevanceankingsu cient

still spacefor improvementgbetter text/math separationand
Unicodesupportin InftyReader)

still spacefor better robustness
still spacefor joiningthe e orts
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Summary

SummaryandConclusions

Weshouldexrimentweshouldtry out newthings;
weshouldtinkerwithtechnologyand nd better ways
to communicate. John Ewing(2002)

Weare at the start—many problemsare unresolvedPreliminary
projectwebpagesareat http://dml.muni.cz/WillGooglePrint and
Googlescholarprojectstake overbefore(W)DMlis nished (90:10%
rule)?

Realdata are neededo exploramethodsfurther.

Proerlydesignediisualization mayhelpto reveal enormous
amountsof (textual) data. ,Graphicsreveadata.” (Tute)

Freeaccess+intelligentetrievalare prerequisitiesof sharing
knowledge.
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