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ABSTRAT. A numberof stepsare required to createcompehensiveflexible electionic editions
of ancientdocumentsespeciallythosewhosevisual quality hasdegradedand thoseavailable
in multiple versions. Besidesacquisitionand display of materials,supportis required for in-
terrelating variants, and interfacesare neededo allow deriving and justifying new editions.
Furthermoe, lower-level metanismsare neededo allow the maintenancef discorered and
specifiedrelationships. Althoughsolutionscan be found in other applicationsfor handling
someportions of the specificsteps,still there are challengesto meetthe steps’new require-
mentsand to integrate the individual stepsseamlessly This paper presentsan overviewn of a
work-in-progressto createan integratedsystenfor processingorinted documentsvith degrad-
edvisualquality andmulti-variantcontents Additionally, theimplementatiorof thethreemod-
ulesenablingcreationof new editions,providing underlyingdatabasesupport,andcustomizing
hypertext documentsor reades are describedn detail.
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1. INTRODUCTION

For severalyearswe have beenbuilding a digital archive basedaroundthe works
of Miguel de CenantesSaaedra(1547-1616)theauthorof Don Quixotedela Man-
cha. Don Quixote oftenrecognizedasthefirst modernnovel, providesillustration of
mary of theissuesinvolvedin creationof electroniceditions. No manuscriptof the
work hassurvived, only a numberof editionspublishedduring Cenantes’lifetime.
The available imagesof thesemanuscriptsare duplicatedfrom archival microfilms
andaretypical quality for mary rareandimportantdocumentsecevedfrom distant
libraries; while readablethey reflectseverecompromisesn imagequality. Unfortu-
nately dueto administratve or budgetaryrestrictions the availability of bettercopies
is unlikely dueto both the ageof original materialandthe rarenesf the original
texts; the holdersof rare printedtexts usuallyare unwilling to subjectthemto addi-
tional scanningor copying.
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Figure 1. Textualimage of a page fromthe 1605princepsedition of Don Quixote

Figurel shows the imageof onepage,corvertedfrom a 35mmmicrofilm, of the
1605 princepsedition of Don Quixote Obviously, the quality of this facsimileim-
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agepresentsignificantchallengedor contentacquisitionaswell aspresentationAs

Figurel shows, unacceptableisual quality resultsfrom backgrounchoise,shadavs

alongspineandedgesdistortionsto theimageintroducedn copying, written annota-
tions,andlibrary stampsFurtherchallengeso automatigprocessingrecausedy the

unusualletter forms usedin classicalSpanishandtypesettingcorventionsno longer
usedtoday The effect of documentimagequality on the correctionrate for optical

characterecognition(OCRY)is significant,especiallywhentheimagequality degrades
belown specificthresholddGAR 98, CAS90]. A poorrecognitionrate increaseshe

acquisitioncostdramaticallydue to necessanheary manualpost-processingvork

suchasproof-readingandcorrection.

As a separatdactor importanttexts in the humanitiesoften have beenpresered
in multiple early versions.Evenwhenthe authors original manuscript@areno longer
available,insightsinto thework canbe gainedby comparisorof differentimpressions
of thefirst editionandof editionspreparedvhile the authorwasstill alive. For exam-
ple, thereareelevensignificantversiond of Don Quixotedela Manda, includingthe
princeps— the earliestprinted edition, publishedin Madrid, 1605. Many variances
discrepantext sggmentsn differentversionsderivedfrom anidenticaloriginal coun-
terpart,exist amongthe differentcopiesof the sameedition? Choosingonevariance
over anotheris the job of a Cenantesscholar anddifferentscholaramay, of course,
male differentchoiceshasedon their interpretatiorof the raw material. Our acquisi-
tion processupportghe specificatiorof suchchoicesallowing the cateyorizationof
thechoiceandassociatiorof justificationfor it.

Our projectteam,comprisedof researcherfrom the areasof ComputerScience
and SpanishLiterature,is seekingto producea unified, electronicvariorum edition
of Don Quixote Thevirtual variorumeditionwill containmultiple copiesof the 11
significantearly editionsof Don Quixote annotatiornof the variancegresentamong
the editionsto allow their comparisonderivative editions,generatedsthe resultof
scholarlyanalysisof the variancesand bearingsupportingreasoningand scholarly
commentanby experts. The readerof a virtual variorumeditionwill be ableto cus-
tomize the text presentationperhapsselectingdifferentinterpretationdor different
applicationsaswell asannotateghe results. Furthermoreall componentsén the vir-
tual variorumeditionwill beinterlinked,allowing easytraversalamongtherepresen-
tations. To provide raw materialsfor the virtual variorumedition, we have obtained
microfilmed copiesof the text from multiple collections(the SpanishNational Li-
brary, the HispanicSocietyof America,theBritish Museum,YaleUniversity, Harvard
University, andothersstill in progress)which we arecorvertingto digital images.

1. Theseeditionsare,for volume1: Madrid 1605 (princep$; Madrid 1605,2nd ed.; Valencia
1605; Brussels1607; Madrid 1608, 3rd ed.; Madrid 1637 (combinededition); Madrid 1647

(combinededition). For volume 2, they are: Madrid 1615 (princep3; Brusselsl616; Madrid

1637(combinededition); Madrid 1647 (combinededition).

2. Accordingto ananalysisdonemanually thereare 20 significantvariancedound in chapter
onealone,excludingvariancesn theuseof punctuatiormarks.Therearetotal of 126 chapters
in Don Quixote
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Figure2. Geneal procesof digitizing degradedprintedtextswith multi-variantcon-
tents

In this paperwereportoninitial experiencedasednwork with theearlyeditions
of Don Quixotede la Mancha. Theseexperienceshave leadto developmentof an
architecturethatallows economicalkcorversionto digital form of ancientdocuments
with degradedvisual quality andmulti-variantcontents.

2. PREVIOUSWORK AND PROPOSED SOLUTIONS

Someeffort hasbeendevotedto the researctof acquisition preparationandpre-
sentatiorof digital librariesmaterial[BRE 96, SEA 97, LEC 98]. Issuesabouthow to
dealwith texts with degradedmagequality andmulti-variantcontentsalsohave been
discussedGLA 98, BLA 95]. To offer bettersolutionsfor processingrinteddocu-
mentswith degradedvisual quality and/ormulti-variantcontentsmethodspresented
in the prior work canbe extended. In addition,nev methodsneedto be developed
to meetnew requirementsAn importantrequirements to retainlinkageamongthe
relateddataentitiesthataregeneratediuringdifferentprocessingteps.For instance,
variancesreidentifiedduringa collationphaseandeditingjustificationsarespecified
duringa latereditingphase A relationshipexists betweena varianceandthe editing
justificationsthat resultedfrom its analysis. It is important,therefore,to retainthe
correctrelationshipamongdataentitiesthat might be modifiedor removedaftergen-
eration. For instance an updateto a varianceshouldleadto a correspondingeview
of the relatedediting justifications,or an inconsisteng might be incurred. If there
is no mechanisnfor retainingrelationshipsamongdataentities,it will bedifficult to
maintainthe consisteng of relateddataentitiesandto presenthe inter-relateddata
entitiesto readersorrectly To overcomeheabove dravback,anappropriaténtegra-
tion amongindividual stepsis necessarydataentitiesaswell asrelationshipsamong
themwill beretainedandcontrolledin theintegratedenvironment.

3. OVERVIEW OF THE PROPOSED SYSTEM

Although theremight be differencesamongthe proceduredor handlingvarious
texts,aprocedurdor digitizing printedtexts with poorvisualquality andmulti-variant
contentscanbe generalizedasshavn in Figure2. To performdigitizationwork that
follows the above procedurea systemiillustratedin Figure3, is proposed.A num-
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Figure 3. Architecture of the systenfor digitizing degradedprinted texts with multi-
variant contents

ber of functionalmodulesin the systemare necessaryn the procedure which are
describedasfollows: (1) After digitization, the documenimageenhancemennod-
ule is providedto reconstructraw imagesto obtain sufficient quality for Web pre-
sentation.Additionally, reconstructedmagesimprove the accuray rate of the later
contentgecognitionprocess Reconstructedocumenimagesalsoareimportantfor

later editingwork becausecholarsneedthemto verify correctcorversionfrom doc-
umentimagesto the correspondingplain texts andto obtainadditionalcluesthatare
not presentin the plain text form. (2) To copewith the degradedvisual quality of

available facsimileimages,a customrecognitionmoduleis required. The recogni-
tion moduleis expectedto be moretolerantof noisein documenimagesby making
useof known featuresof the printedtext, suchasthe lexicon andotherhigherlevel

linguistic informationin the processedext. (3) An editing tool (the MVED) is un-
derdevelopmentto supporithe simultaneougditing of texts with multiple versions,
which is not supportedby generalediting tools. The editing tool needsto facilitate
the work of locating, analyzingand classifyingvariancesamongdifferentversions;
comparingcontrastingandlinking versiongsthatcouldbein differentformats(either
facsimileimageor plaintext). (4) A Hypermedia-baseDataEntity Managemengys-
tem (HDEMS) is requiredfor controllingacces®f dataentities,recordingderivation
relationshipsamongdataentities,andkeepingrelateddataentitiesin consistenstate.
In this paper dataentitiesare calledrelatedif thereexist relationshipsamongthem.
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Figure 4. Flow chart of dataentitiesduring the procesf digitizing printed texts

Inter-relationshipsamongdataentitiesare createddueto two major reasonsformat
mutationandcontentsderivation. As Figure4 shaws, alarge volumeof variouskinds
of dataentitiesare generatedy differentfunctional modulesduring the processof
digitizing degradedprintedtexts with multi-variantcontents.Thus,a framework like
the HDEMS is necessaryo preventinconsistencieamongrelateddataentitiesdur-
ing the digitalizationprocess.(5) A modulefor customizinghypertet documentss
necessaryo sene readerswith variousbackgroundsinddifferentinterests.Through
adaptablelocumentsieadercanview differentlevelsof materialthatincludesediting
rationale,variancesamongmultiple versions,andoriginal facsimileimages besides
the editedtexts.

Our earlyactiities have focusedon modules(3), (4), and(5). Thesemoduleswill
be describedn thefollowing threesections.
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4. THE MULTI-VARIANT CONTENTSEDITOR (MVED)

Scholarseedto preparevariouseditionsbasedntheiranalysisof theraw materi-
al, interpretedhroughtheirknowledgeandperceptionsTo supportheeditingof doc-
umentswith multiple versionstherearerequirementshatcannot be metby current
text editing tools. Theserequirementsnclude the capability of locating, analyzing
and classifyingvariancesamongdifferentversions;and comparingand contrasting
versionghatcould bein differentformats(eitherfacsimileimageor plain text).

4.1. Structural Overview

To fulfill theserequirementsthe major componentsn the MVED include: (1) a
collator, for comparingmultiple versionf thesametext to locateall textual variances
amongversions.The outcomeof a collation sessiorincludesthe offsetandlengthof
all variancedoundduringthe session.The offsetandlengthdatawill be usedby the
text synchronizatiormechanisnto facilitate the analysisof textual variances;2) a
mechanisnfor text andimagesynchronizationywhich facilitatescomparingandcon-
trastingmultiple texts andtheir raw images.Sincerepeateccomparisorandcontrast
amongthe multiple sourcesarerequiredto conductthe analysisof variancesxisting
in thosetexts andediting decisions an efficient mechanisnfor performingintensie
comparisorandcontrastwork amongmultiple texts/imagessourceds important;(3)
avarianceclassificatiormechanismwhich allows scholardo classifyvariancesnter
actively, basedn their knowledgeandanalysisof variancegound by the collator.

4.2. Interactionswith the MVED

TheMVED is implementedn Java andis deployjedon Windows NT. The MVED
canfind all textual variancedn a collectionof up to 32 texts with multi-variantcon-
tentsby comparingeachto a pre-selectedasetext. After collation, editorscanselect
aspecificsetof variantcontentdn all collatedtexts with a mouseclick. Whensucha
selectioris made pbothplaintext andfacsimilerepresentatioaresynchronizednthe
display With supportof the text/imagesynchronizatiormechanismeditorsareable
to focuson comparingandcontrastingcontentsof documentsvith minimum cogni-
tive overhead.

Figure5 shows the MVED’ s main window, displayinga list of variancedound in
a collation sessiorin which threedifferenttexts areanalyzed.Thethreetexts corre-
spondto the chapteronein threeversionsof Don Quixote denotedasMadrid1605
Madrid1608 andMadrid1637, respectiely. Figure6 shavs analternatve, compact
list of the samevariancelist. In eitherthe full or compactvariancelist, clicking any
item amonga setof varianceswill enabletext synchronizationj.e., theitemsof the
samesetof variancein othertexts will belocatedat the sametime. As seenin Fig-
ure 7, adocumentviewer showns a sggmentof text, with the variancehighlighted. If
desiredafacsimileimage,alsosynchronizedcanbedisplayed.Figure8 shovs three
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E%The MVYED: Editor for Multi-Wariant Texts
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Figure5. Full variancelist in the MVED

synchronizedviewerson a particularvariance- concluian concluian andconcluian
in this example.An editoralsomayselectany region of text in ary of theviewersand
synchronizethe otherviewerswith it.

Sincefacsimileimagesare the sourcesof all dataentitiesgeneratedduring the
digitizing processaccesgo thoseimagesis importantduring editing. As Figure7
shaws, thereis a scrollableimagedisplayareawithin eachdocumentiiewer window.
The synchronizatiormechanisnmbetweena text andits facsimileimage counterpart
allows usersto locate correspondingegions. In additionto this text-to-imagesyn-
chronizationglicking on facsimileimagesandthe choicelist locatedin thetop row of
eachdocumentwiewer window allow usergto performimage-to-tet synchronization.

Wheneeraneditordecidego make a correctionand/orcommentaryn a particu-
lar setof variancespressinghe Edit Var buttonwill leadhim/herto aneditingdialog,
asFigure9 shavs. Throughthe editing dialog, the editoris ableto selectthe correct
contentsor make a correctiondirectly, classifythe editedvarianceinto oneof thefive
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Figure 6. Compactvariancelist in the MVED

pre-determinedateories, give commentaryaboutthe editing transactionand cite
supportingmaterial. Pressinghe Savebutton in the editing dialog will activatethe
HDEMS to storethe contentsof the editingtransactiorinto the underlyingdatabase.

4.3. Implementation | ssues

Dueto the limits of available OCR techniquesit is not feasibleto performreal-
time synchronizatiorbetweenexts andtheir facsimileimagescounterpartsThe fea-
sible solutionis to collect the coordinatesof every line in facsimileimageswith a
supportingtool. Thesepre-collecteccoordinategareusedby the text-imagesynchro-
nizationmechanisnto locatetheregion of animageapproximatelywhich derivesthe
correspondingparagraptof plain text.

3. The five categories: printing errors, typographicalerrors, spelling variants, substantial-
certain, and substantial-uncertainyere developedby a domain expert after examinationof
thetexts andexisting scholarlypractices.
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Figure 7. Highlightedvariancein theversionof Madrid 1605

5. THE HYPERMEDIA-BASED DATA ENTITY MANAGEMENT SYSTEM

Besidesenforcingconsisteng control, two other objectves of the HDEMS are
(1) providing commonfunctionality, suchas navigating amongrelateddataentities,
for differentupperlayeredapplicationghroughuniforminterface whichincreasehe
modularity; and (2) facilitating efficient project managementsuchas beingableto
keeptrackof relationshipsamongdataentities.

5.1. Architecture of the HDEMS

Figure 10 shows the structureof the HDEMS and the relationshipbetweenthe
HDEMS and otherapplications. As Figure 10 shows, dataentitiescanbe storedin
two places:eitherin the underlyingdatabaser in the file system.However, for the
sale of efficientaccesgontrolandverification,boththe metadatandrelationshipof
dataentities,which areaccesseftrequently arestoredin theunderlyingdatabaseAll
uppetrlayeredapplicationsaccesslataentitiesthroughthe applicationinterface(API)
of theHDEMS.
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Figure 8. ThreeSyntironizedDocumentsvith Textsand Images

5.2. Underlying Database Design

We choseto placedataentities,relationshipamongthem,andtheir metadatanto
a relationaldatabasdor the following reasons.First of all, thereare large number
of instancesf eachtype of entity andthereexists a regular patternof relationships
amongspecifictypesof entities.Secondwith featuredmetadatapf entitiesstoredin
a structuredformat, it is easieno locateparticularentitiesprecisely by usingmeta-
datato specifythe entitiesof interest. Third, the relationshipsamongentitiescanbe
modeledby the entity-relationshig E-R) model[CHE 76, OZK 90, OZK 86], which
is theunderlyingmodelof relationaldatabases.

The first stepof designingthe underlyingdatabases identifying all necessary
entities, along with their attributes. Therearetwo typesof dataentitiesgenerated
during the procesof creatingelectronicvariorumeditions: single-editionentity and
cross-editionentity. Single-editionentities are thoseentitieswhich contentscome
from oneeditiononly. In our systemjdentifiedsingle-editiordataentitiesinclude (1)
raw image: the classfor the imagesobtainedfrom digitizing microfilms thatrecord
originaltexts, (2) enhancedmage:theclassfor theenhancedmageghatwill resultin
moreefficientautomaticcontentsrecognition(3) full pagein ASCII: theclassfor the
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Figure 9. VarianceEditing Dialog Interface

plain texts obtainedbasedon the facsimileimages,(4) text paragraptwithin a page:
aparagraplof text within onepage,usedfor recordinga variantstringbelongingto a
particularvariance and(5) text sggment: comprisescontinuousull pagesn ASCII,
thatwill bethebasisfor text collationto find textual varianceamongdifferenteditions
of the sametext. In contrastto single-editionentity, cross-editiorentities’ contents
comefrom multiple editions. The identified cross-editionentitiesare (1) collation
session:specifiesone set of text sggments,which textual collation was performed
to find the variancesamongthe given setof text sggments,(2) variance:includesall
informationabouta particularvariancoundduringthe proces®f acollationsession,
and(3) editingtransactionrecordscontribution from the editors.

After identifyingtheentitiesandtheirattributes theentity-relationshigE-R) mod-
elis usedto modeltherelationshipamongthedataentities. Thederivationalrelation-
shipsamongthe dataentitiesaremodeledin two ways,dependingn the type of the
relationship.The one-to-mam relationshipis is representetty meansof primarykey
(PK) - foreign key (FK) pairing. The requirement®of the systemdeterminewhich
typesof relationshipsare definedamongentities. For example,the one-to-mam re-
lationship betweenthe raw image classand the enhancedmage classreflectsthat
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morethanoneimagescouldbeproducedby enhancinghe sameoneraw image.The
mary-to-mary relationship,alsoknown asassociationneedto be representedsta-
blesin E-R models.Theseassociatie tablesareusedby the HDEMS API to perform
navigation;upperlayeredapplicationsdo not know the existenceof thesetables.

5.3. Implementation

Therelationaldatabasenanagemengystemusedin thiswork is Oracle8. Tables
in thedatabasstorevariousdataentities,their metadataandrelationshipsTo access
dataentitiesin the databasethe MVED usesJIDBC — a standardelationaldatabase
interfacefor Java programs.Anothermoduleneedingaccesdo the dataentitiesis a
unifieddocumentomposewhichwill bediscussedhter, to accesshedataentitiesby
using“oraperl”’ — a packagdor connectingPerlprogramsandthe Oracledatabase.
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Figure 11. Optionsandunifiedhypertext documentn a browser

6. The Reader’'sInterface

Evenwith raw facsimileimagestexts, andediting transactionstoredin the sys-
tem,thewholesystemwill notbecompletewithoutaninterfacethroughwhichreaders
areableto accessheraw materialandeditingrecords.Two goalsof thereadersinter
facein our systemare(1) to provide higheravailability (allow morereadergo access
the contentsof the system)and(2) to allow readergo customizeunified documents,
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i.e., to generateary combinationsof raw materialand editing records,basedupon
their preferencesTo achieve the goals,a Web-basedeaders interfaceis developed,
which usesstandardWeb browsersto accepta readers input andto display unified
documentsgeneratedby a CGIl programbasedon readers input. As the left-side
framein Figure 11 shaws, throughthe compositionoptions, readerscan selectthe
sourcesof material. The unified documentshownn in the right-sideframein Figure
11, will becreatedbasedn the selectedptions.

TheCGl programis responsibléor composingahypertext documentlynamically
Uponreceving arequesfrom thereaderthehypertext documenctomposeperforms
asequencef operationgo generat@ customizedinifieddocumentTheseoperations
include (1) parsingthe given agumentsfrom Web browserto determinethe read-
er's requirement.(2) Matchingthe readers requirementsith available materialby
sendingqueriesto the underlyingdata-entitydatabase(3) Fetchingthe best-matched
materialfrom the dataentity databaself the systemcannot find the requestediata
entities, the bestalternatve dataentitieswill be sentfor display For example,if a
readerwantto seethe variancesateyorizedasprinting errorsby Editor-A but there
is no editing transactionclassifiedas “printing error” by Editor-A, the systemwiill
searchfor a varianceidentified asresultingfrom printing errorsby ary othereditor
for display Thesystemwill usethecorrespondingariancen thebasetext asdefault
replacemenif no appropriateediting classificationexist in the database(4) Associ-
atinghyperlinkswith inter-relationshipsamongdataentities,for example,associating
hyperlinkswith editing recordsthat containdetailedinformationaboutraw material,
editingcommentariesandparticipatingeditors. Thus,in additionto browsingunified
documentsteadersalsocaninvestigatehe editedmaterialin detailthroughthesehy-
perlinks. As Figure11 shaws, in the unified documentgachvariances color-coded,
enlaged, and associatedvith a hyperlink representedy a magnifying glassicon.
Clicking anicon will leadreaderto anotherbrowserwindow whereall dataentities
relatedto the associatediarianceare displayedor canbe reachedhroughotherhy-
perlinks; seeFigure12. If morethanoneeditingtransactiondasbeenmadeon the
samevarianceby differenteditors,readeicanselectary oneof theeditingtransactions
by usingthe pull-down menuin the uppersideframe. Besidesediting transactions,
readersalsocanview facsimileimageswhich containthe variancef interestin the
lower-sideframe. (5) Composinga unified documentsy concatenatindetcheddata
entitiesin the orderof occurrenceThe unified hypertext documentwill be sentback
to readers browserthroughthe Web sener.

7. CONCLUSIONS

Dueto rarenessaccesgo ancientdocumentsisuallyis restricted which hinder
s the researctwork of domainexpertsand awvarenes®f rare documentsdy general
readers.Besidespresentinghe overviewn of an integratedsystemfor digitizing an-
cient documentswith degradedvisual quality and multi-variantcontents this paper
detailsthreemodulesthat are underdevelopment.First, this paperdescribeiow an
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Figure 12. Browserwindowdisplayingdetailsof a variance

editingtool for documentsvith multi-variantcontent{MVED) canlocatevariances,
facilitatecomparisorandcontrasiof multiple versionsof the samedocumentandal-
low scholarsto correctand commenton particularpartsof the document. With it's
embeddedynchronizatioomechanismthe MVED canlocatea setof variantcontents
in every collatedtexts aswell asthe correspondindgacsimileimagebasedon a par
ticular sgmentof texts. Following the MVED, this paperdescribesow derivational
relationshipsamongrelateddataentitiescanbe storedin a relationaldatabasethus
lessinconsistenciesvill resultfrom the frequentupdateon the linkage structureof
relatedentitiesandthe contentsof entities. The third modulepresentedn detailis a
Web-basedeadersinterface. The penasivenes®f Webbrowsersincreasesheavail-
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ability of bothraw andeditedmaterial. Throughthe Web-basednterface readersan
customizethe compositionof unified texts, aswell astraverseamongall relateddata
entitiesthroughhyperlinks.

Integratingthe above modulestogether a genericsolutionis formedfor creating
electroniceditionsof ancientextualdocumentsTheintegratedsystembenefitsschol-
arsby associatingaw materialswith their editingrationalecloselyandprecisely The
associatioralsoallows dynamiclinks amongraw materialsand supportfor multiple
scholarlyinterpretations This facilitatesservingreaderswith differentbackgrounds,
interests,and goals. In addition, readersare not limited by the decisionsmadeby
editors,readerscancreatecustomizeceditionsat will. More broadly we believe that
theconceptsworking proceduresandsoftwaretechniquesvill behelpfulin handling
issuesof mid-to-large scaleprocessingpf ancientdocumentdor a wide variety of
additionalcollections.
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