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Starter, MotivationandGoals

DigitalLibraryof Mathematics– why?

I Information/knowledgeat your�ngertips!
I Visionof WorldDigitalMath Librarythat willbringthe enduring

mathematicallegacyto researchers(andstudents) worldwide.
I Estimationof 75.000.000 pagesin total only(ableto becleverly

stored in oneportable500 GBdisc(EUR200) thesedays).
I Newsciencedependscriticallyonoldmathematics:50%of

current referencesareto pre-1990 papers,25%to pre-1980
(Eisenbud2004).

I 250.000 distinct authorssent papers for a reviewin the last
decadein mathematicalsciences.
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Starter, MotivationandGoals

DigitalLibrary– why?

I Informationoverload?Yes,but weto faceit anyway:Google
PageRankchooseswhatis worth(bybibliographicalglobal
citation analysis).

I GoogleScholar,Citeseer.
I ad surrogate! ad fondes
I Implications:Fromfactographyto the art of posingquestions.
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Starter, MotivationandGoals

Motivation,Goals

À Visionof WorldDigitalMathematicsLibrary(WDML)in digital
form

Á DML-CZprojectdml.muni.cz

Â not onlypageimages,but addedvaluewrt. GoogleScholar

Ã full text indexing,goodsearching(andranking),

Ä wellclasi�ed papers,withhypertext linksbetweenthemand
refereedatabases(ZentralBlatt andMath Reviews)

Å persistent andstableaccess,aimedat full (text) visibilityin the
globalinformationspace(GoogleScholar,OAI-MPHservers,...)
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Starter, MotivationandGoals

Bottom-upwayto WDML—DML-CZ

I Failureof globalfundingof DML-EUwithinFP6.
I Similarsituation withWDMLfundingplansbythe Gordonand

Betty MooreFoundation.
I GooglePrint project:massivedigitizationof Harvard,Stanford,

Oxford,Universityof MichiganandNewYorkPubliclibraries
($150.000.000).

I Niche“markets”,greyliterature,mathematicalliterature
publishedin CEnot covered.

I MakingWDML(bottomup)2 bycreationof “microclima”:1) with
the helpof the localgovermentfunding:DML-CZ,2) from
scannedimagesto full text markedpages.
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Starter, MotivationandGoals

(W)DMLInitiatives

NUMDAMNumérisationdedocumentsanciensmathématiques.

ERAMTheJahrbuchProject—ElectronicResearchArchivefor
Mathematics(1868–1942): „Jahrbuchüberdie
Fortschritte derMathematik“

JSTOR(AMSjournals)

EMANIelectronicmathematicalarchivingnetwork(Cornell,
SUBGöttingen,MathDoc,TsinghuaUniversityLibrary)

RusDMLRussianDML(2.000.000pagesof papers in Zbl
refereedjournals)

DML-CZDigitalMathematicalLibraryof mathematical
literature publishedin the CzechandSlovakRepublics.
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Starter, MotivationandGoals

TheGoal

I CzechAcademyof Sciencesgrant (programInformationSociety)
2005–2009, full (retro)digitizationof 50.000 pagesof
mathematicalliterature per yearis planned.

I Wedonot wantto reinventthe wheel(scanning,text OCR).
I Researchpart: 1) gradualenhancementof the digital material

by`knowledgeenhancing'�lters onmarkup-richXMLdata. 2) New
methodsfor (semantic)text processingtested onthe available
data

I IPRpart:sharing/delivery(economicmodelsfor knowledgesharing
dueto interests of contentowners/publishers).
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Starter, MotivationandGoals

Speci�cs of MathematicalPublications

À reviewdatabaseswhereentriesareclassi� ed accordingto the
Math SubjectClassi�cationScheme(MSC2000).

Á Zentralblatt MATH(morethan 2.000.000 entriesdrawnfrom
morethan 2300 serialandjournals)Jahrbuchüberdie
Fortschritte derMathematik(JFM)coveringthe period
1868–1942 (200.000 entriesdigitizedin ERAM).

Â MathSciNet : 24.157 itemsaddedin 2005; 1799 journals
covered;linksto 501.123 originalarticles;11.304 active
reviewers;428.680 authorsindexed.Since1940.

Ã 50 yearoldor evenolderpapersarefrequentlycited.

Limitedsearchin reviewdatabases,onlythingsas collaboration
distances.

Onthe `opposite':CiteSeer,GoogleScholar.
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What?

Whatto digitizein DML-CZ?

Finalselectionnot yet �nished:7–8 journals,100–200 monographs
andtextbooksandconferenceproceedings.In total 250.000 pages.
Refereedjournalswestarted with:

À CzechoslovakMathematical Journal (30.000 pagesto scan,
7.000 arealreadyborndigital). PublishedbyAcademyof
Sciencesof CR,distributedpartiallybySpringer.Foundedas
ƒasopisprop¥stovánímatematikyin 1872, undercurrentname
since1951. 272 pagesquarterly.

Á Applicationsof Mathematics(20.000/5.000). Publishedby
Academyof Sciencesof CR.Foundedin 1956 (as Aplikace
matematiky). 80 pagesbimonthly.

MathematicaBohemicaandArchivumMathematicumalreadydigitized
in Göttingen,...Copyrightissuescrucial.
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What?

Whois in the project?

Fourcontractors (all fromCzechRepublic):

À CzechAcademyof Sciences,PragueJi°í Rákosník,headof the
project,responsibilityfor materialselection,copyright
negotiations.

Á Masaryk University in Brno Petr Sojka(Facultyof Informatics)
formats andtools,technicalcoordination,informationretrieval,
indexing.
MirekBartošek(Institute of ComputerScience),content
managementsystem,metadataQ/A,long-termarchiving.

Â CharlesUniversity in PragueJi°í Veselý,Old°ichUlrych,
selectionandpreparationof materialsfor digitization,metadata
cleanup.

Ã Library of Academyof Sciences,PragueMartin Lhoták,
documentscanningin Jenštejn.
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Onthe wayfromdigital imageto knowledge

acquisition preparation,documentacquisition,copyrightissues
handling;

scanningdocumentscanning(1/5 of the budgetonly)main
metadataentering,scanningchecks;

imageprocessingmainOCR,imageenhancements.

semanticprocessingdocumentmarkupenhancement,semantic
processing,documentclassi�cation,citation linking,
documentclustering,indexing;

deliveryandpresentation visualizationtechniquesof document
repository,digital librarywebportal, interfacesto other
servicesandsearchenginesfor the semanticbased
documentprocessing/delivery.
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PreparatoryandScanningPhases

Preparation

documentselectionbyquality;greyliterature too.

preparation acquisitionof documentsfor scanning.

copyright negotiationwithpublishers(or evenauthors?)

Inwhatorder?Whatis important whensigningdigitizationcontract?
Currenttrends in EU:payingfor the rights to digitizeandto the
authorsrights organizationsfor everythingnot olderthan 70 years.
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PreparatoryandScanningPhases

Scanning

Floodsin Bohemiathreeyearsago.Manymanuscriptswereunder
water,andfrozen(put into the refrigerator).Work�owfor procesof
defrosingincludesscanning(Libraryof Academyof Sciences,Jenštejn
nearPrague,capacityof 40.000 pagesper monthor more!).

parameters 600 dpi4bit depth.

scanningfacilities DigibookRGB10000, A1 colorbookscanner;two
bookscannersZeutschelOS7000, A2 B/W.

software BookRestorerto makethe scannedpagesuniform
(whitespacearoundtext body,...); systemSirius for
archivalstorageof scannedmaterials(theyareput on
CDsin TIFFG4);
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PreparatoryandScanningPhases

OpticalCharacterRecognition

I Methodsfor separationof text OCRandmathematicsOCR.
I Math: Infty system(Suzukiet al.,Japan):1) layoutanalysis,

2) characterrecognition,3) structure analysisof math.
expressions,and4) manualerrorcorrection

I TextOCRbyABBYYFineReaderAPI.
I SeveralOCRlayers+ comparisonandmachinelearning

techniquesfor logicaltagging(AutoTag,XDOCsystems).
I Qualityassurance—qualitymatters most! 99%+accuracyfor

text, 96%+for mathematics
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PreparatoryandScanningPhases

MetadataandImageEnhancements/Processing

metadatastandards choiceof standards(MODS,METS).

metadataacqusition retyping,OCRtagging,getting elsewhere?

imageenhancementsmultipleformat,PDF,DjVUconversions,
software?

semanticprocessingdocumentmarkupenhancement,semantic
processing,documentclassi�cation,citation linking,
documentclustering,indexing;

DublinCore,miniDMLor ZentralBlatt+MR?Orall?BibTeXor XML?
softwarefor digital repository?(DSpace?)bibitemhandling,addition
of ZBL,MR,JHRhypertext linksin miniDML?Technologyfor doingthe
linking?
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PreparatoryandScanningPhases

Storage,Indexing

space multipleOCRlayers,multipleattribute layers(lemmas,
reviewercomments,semanticclassi�cations,etc.) no
problemsto store andindexall of that for all
mathematicsliterature sofar.

software 1) client/serverarchitecture,BonitoandManatee
developedat NLPLABFIMU,usedbyOUPdictionary
development(OxfordThesaurusof English,2004) based
oncorporaof 100.000.000 wordpositions,superior
scalingqualities.2) Luceneindexingsoftware(OSS).
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PreparatoryandScanningPhases

DocumentMarkupEnhancementMethods

À contextdependentmappingfromvisualto logicalmarkup

Á algorithmsof languageidenti�cation (bi-gram,tri-gram based,
par or evensentencelevel)

Â documentclassi�cation,metrics,ontologyconstruction,
comparisonwithAMS2000 classi�cation

Ã semiautomaticbibliographymarkupandmetrics,global
mathematics citation index,“MathRank”

Ä documentclustering(for visualization,...), identi�cation of near
duplicates
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PreparatoryandScanningPhases

Presentation

visualizationtechniques`lost in hyperspacefear',vizualizationof
documentclustering,VisualBrowser(di� erentuser's
eyes).

deliverysystemKramerius(opensource,createdunder
contract) for scanneddocumentsdelivery.
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PreparatoryandScanningPhases

Delivery

webportal uniqueandpersistent URLs:DigitalObjectIdenti�er
DOI(URN?PURL?,...)

interfacesto otherservicesOAI-PMHharvesting,bibitemexport,
Googlebotoptimization

indexing,searchrelevanceManatee,Lucene,or EDBM-2?mirroring?
GoogleScholar?Paidcontentmodel?
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PreparatoryandScanningPhases

Howto Find?Search!

À anentry gate to the digitizedpapers is search

Á full text searching(MathFind)

Â searchingfor intext references

Ã searchandexchangeof mathematical formulas: MathML,
OpenMath

Ä dueto the massivesizeof digitizedmaterial,the onlywayis very
goodOCR,including math.
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(Fine+Infty)Reader

ExistingOCRSystems

À Not to reinventthe wheel:trial of severalOCRengines.

Á NosingleOCRsystemwithacceptableresults: higherror rate,
workingonlyfor speci�c purposes(plainEnglishtext), direct use
wasnot possible.

Â FineReaderbyABBYYgavegoodresults for (evenmultilingual)
text, andallowsfor typefacelearning.

Ã InftyReaderbywww.inftyproject.o rg the onlyavailable
solutionfor structural math recognition.

Ä Noout-of-the-shelfsolution.
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(Fine+Infty)Reader

OurOCRSolution

À combiningboth,usingFineReaderandInftyReaderin a pipe to let
everysystemto dowhatit is goodfor, then `vote'

Á top-level(Java)programto automate the processand �x some
inde�ciencies

Â instant setupunusable:�ne-tuning andgradually enhancing
the OCRprocedureandprogramparameterssothat OCRresults
wouldbeacceptablefor DML-CZpurposes

Ã trying to improvethe results further byclosecooperationwith
the teamof prof.Suzuki(Infty Projectleader,KyushuUniversity,
Japan),andhopefullywithother (retrodigitization)projects
e� orts.
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Work�owof DML-CZat VariousLevelsof Detail

Top-levelDML-CZWork�ow
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Work�owof DML-CZat VariousLevelsof Detail

DML-CZOCRWork�owDiagram

TowardsDigitalMathematicsLibraryDML-CZ(OCRof MathematicalTexts) Facultyof InformaticsMasarykUniversityin Brno



DMLCZ– Why? DML-CZ–What,Who DML-CZ–How?OCRfor Mathematics– How? DML-CZOCR Results SummaryandFurtherWork

Work�owof DML-CZat VariousLevelsof Detail

DML-CZOCRWork�ow– middlelevelof details I

À Choosingthe testbed data (30.000 pagesof CMJsince1951).
Á Scanning600 DPI,4-bit depth(soft binarizationadvantage).
Â Lookupfor hot typefacesusedin CMJ.
Ã Trainingthe FineReader(FR)8.0 OCRenginefor the fonts used.
Ä Trainingthe Lingua::IdentPerlmodulefor languageidenti�cation

of languagesusedin CMJ(EN,RU,F,GE,CZ,SK):veryreliable
statistical methodbasedoncharacterbigramsandtrigram
counts.

Å FRscanningusinggeneralsetuppro�le (nospeci�c language
vocabularyused).

Æ Evaluatingthe languageof the scannedblock.
Ç CallingFRto scanfor the 2nd time withpro�le appropriateto

the recognizedlanguage(s).
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Work�owof DML-CZat VariousLevelsof Detail

DML-CZOCRWork�ow– middlelevelof details II

Ê Exportthe result as layeredPDF(+FineReaderXML).

Ë Importingthis PDFbyInftyReader.

Ì InftyReaderrecognitionandstoring the result Infty Markup
LanguageIML(XML+MathML)andLATEX.

Í Running(ourJava)programOMLCorrectorto �x someInfty
Readerinde�cienciesin IML.

Î Running(ourJava)programOCRJoinerto comparecharactersin
boundingboxesbyFRandInftyReaderandstore the �nal result
in IML.

Ï Usethe resulted�les in further DML-CZwork�ow.
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Work�owof DML-CZat VariousLevelsof 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-CZat VariousLevelsof Detail

DML-CZOCRWork�owImplementationGoryDetails

Contactme,nosecrets,nopatents!
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GradualImprovementsof OCR

Evaluation

Typeof errors:T(text), D (diacritics),M (mathematics),L (layout)
Steps:1 (FR1),2 (FR2),3 (Infty), 4 (OCRJoiner),5 (IMLCorrector)

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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GradualImprovementsof OCR

DML-CZOCRResults

Picture FR1 FR2 FR8.0PE IR IR�xed
1 84,99% 88,03% 88,46% 97,48% 97,48%
2 86,93% 88,76% 88,07% 98,97% 98,97%
3 89,19% 92,35% 91,53% 99,18% 99,18%
4 93,40% 93,52% 95,78% 99,15% 99,19%
5 91,09% 91,62% 92,15% 99,87% 99,87%
6 79,46% 80,05% 82,25% 99,61% 99,61%
7 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%
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Summary

+ lessthan 1%charactererror rate (countingall typesof errors).

+ qualityfor math search,relevancerankingsu� cient

+ still spacefor improvements(better text/math separationand
Unicodesupportin InftyReader)

+ still spacefor better robustness

+ still spacefor joiningthe e� orts
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Summary

SummaryandConclusions

Weshouldexperiment;weshouldtry out newthings;
weshouldtinkerwith technologyand�nd better ways

to communicate. John Ewing(2002)

Weareat the start—many problemsareunresolved.Preliminary
projectwebpagesareat http://dml.muni.cz/. WillGooglePrint and
GoogleScholarprojectstake overbefore(W)DMLis �nished (90:10%
rule)?

Realdata areneededto exploremethodsfurther.

Properlydesignedvisualization mayhelpto revealenormous
amountsof (textual) data. „Graphicsrevealdata.“ (Tufte)

Freeaccess+intelligentretrievalareprerequisitiesof sharing
knowledge.
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