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Abstract. Critical or scienti ¢ editionsarea promising eld for the application
of declaratve programmingwhich canfacilitate the parsingandthe markupof

texts, andthetransformatiorof XML documents.

We have usedalogic programming—baseapproactor the productionof critical

editions:In particular we proposea transformatiorof XML documentdasedn

a compactandintuitive substitutionformalism.Moreover, we have developeda

nev XML updatdanguage=NUPDATE for addingnavigationfacilities.

We have implementeda transformatiortool in Swi—PROLOG, which integrates
and interleares PROLOG's well-knavn de nite clausegrammarsand the new

substitutionformalism.
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1 Intr oduction

The mainstreamapproachto XML processings basedon conceptssuchas the Ex-
tensibleStyle Sheetlanguage for TransformationgXsLT), the XML querylanguage
XQuery,andthe underlyingpathlanguagexX PATH. Originally, X SLT wasmeantasan
adwancedsortof Cascadingtyle SheetgCss), but thenit developedinto atool for the
transformatiorof markup— the real formattingtool wasdeliveredafterwardsas X sL
FormattingObjects(X sL—F0).

Theway X sLT worksresemblesemarkablytheway of PROLOG. Thetransforma-
tionis doneby traversalof atree,andby testingthe matchingof nodesagainstpatterns
in the style sheet.ComparingPRoOLOG and XsLT, of coursethe mainstreantharacter
andthe extent of supportare argumentsin favour of XsLT, but thereare also some
drawbacks[9]. Firstly, XSLT is not a universalprogramminganguagewhich means
that not all problemsare solvablewithin this framevork. Secondly XsLT is not de-
signedfrom groundup asa declaratve languageln simpleexamplesthis is not easily
visible, but asapplicationsget more complex you seethe barelydisguisedmperative
backgroundshiningthroughin control structureqxsl:if, xsl:for-eachetc.)andpattern
matching.A detailedcomparisonof XsLT and PROLOG canbe found on the Www
pagesof Swi—PrRoLOG [13].



Logic programmings very well-suitedfor naturallanguageprocessindNLP) [8]
andfor text processingn generalln particulay de nite clausegrammas (DCGs)are
apowerful declaratve approacho writing parserg11]. Accordingto RichardO'K eefe
the greatadvantageof DCGsis thatit is importantnot to think aboutthe details of
thetranslation:Any time you have stereotypedode,usingatranslatorto automatically
supplythe x ed connectionpatternsmeansthat the codeis dramaticallyshorterand
clearer thanit would otherwisehave been,because/ou are hiding the uninformative
partsandrevealingthe informative parts.Thus,the codeis easierto write andto read,
andit hasfewer mistales,becausehe patternis establisheancein the translatorand
thereaftetirelesslyappliedwith machineconsisteng. DCGsarejust oneexamplefor a
moregeneraidea(cf. [10,14]): de ne alittle language embeddedn PROLOG syntax,
write aninterpreterfor thatlanguageanddevise a translatoiwhich turnsconstructof
thatlanguagento the (useful,non—-book—lkeeping)codethattheinterpretemwould have
executedor thoseconstructs.

Prator[15] hasshavn thattechnique®f logic programmingareespeciallyaptfor
the structuresandthe speci ¢ problemsof critical editions.DCGsanda graphtraver-
salhadbeenusedfor transformingbetweerthe differentlayersof XML documentsn
thepilot projectJeanPaul. In the presenpapemwe extendthis approactby proposinga
morecompacindintuitive substitutiorformalism,which canbeinterleavedwith PRO-
LOG's built-in DCG formalism,andwe have developeda nev XML updatelanguage
FNUPDATE for addingnavigationfacilities.

Therestof this paperis organizedasfollows: In Section2 we review somecharac-
teristicsof critical editionsin generalandwe give anintroductionto thedifferenttypes
of XML structuresusedwithin the pilot projectJeanPaul. In Section3 we shov how
XML documentsanberepresenteth PROLOG, andwe presentransformationdased
on sequentiakcansandon treetraversalsrespectirely. Finally, in Section4 we usean
XML updatelanguageFNUPDATE, thatwe have implementedn PROLOG, for adding
topologyandnavigationfacilitiesto XML documents.

2 Critical Editions

Critical editionsarenotoriouslydif cult sortsof text, asthey form not onelinear text

but rathera complex of differentvariantsandreadingsof a text, which areto be han-
dledwithin a critical apparatugthink of a setof foot—or endnotes)They areenriched
by commentariesvith historicalandphilologicalinformationand madeaccessibldy

indicesanddirectories.Other peculiaritiesare the mostly large extent of the editions
and the fact that the period of productionaswell asof usageis very long reaching
from decadego centuries Especiallyin electroniceditionsit is necessaryo carefor

sustainablevailability andusability.

Someproblemsaredueto the print form. Lack of spacdeadsto elaboratesystems
of abbreviationsandto steadyconsiderationsyhich materialandinformationcanstill
be incorporatedandwhich one hasto be left out. The print canhardly handlethe in-
herentonlinearityof thedocumentsandof coursethereis no thoughtof adaptatiorto



differentsituationsof usageComparedo theprint form, electroniceditionsshav some
adwantageswhich resultfrom the advancedwaysof navigationandretrieval andfrom

thepossibilityto provide differenttypesof output. Thelargerstoragecapacitieprovide

roomfor additionalinformationregarding,e.g.,involved personor historicalcircum-
stancesHypertet capacitiedacilitatethe constitutionof temporal,spatialor thematic
relations Differenteditionsmaybenestedandentirely new informationspacesnaybe
createdn thisway.

2.1 The Pilot Project JeanPaul

TheAcademyof SciencesindHumanitiesof Berlin—-Brandenbrgis thehomeof mary
edition projectsof all ages— editionsin a broadersenseincluding asidefrom work
editionsalsosourceeditionsanddictionaries Most of theseeditionsarestill focussed
ontheprint form, but we areworking on the migrationto genuineelectroniceditions.
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Fig. 1. Commento a Letterof the JeanPaul Edition

JeanPaul hasbeena frequentlyreadandappreciatecuthorof novelsin thetimes
of Goethe The JeanPaul Edition is organizedn 6 volumes,eachof which consistsof
about150lettersto JeanPaul. Thetwo aimsof the pilot projectwereto produceanelec-
tronic equivalentof the just nished rst volume,andto demonstratsomeadditional
featuresof anelectroniceditionin anenrichedselection Aside from the usualcontents
it providesa simplefull text searchand— mostimportantly— threepathsto theletters
via correspondenyearor placeof therespectre letter.

In this paperwe focuson the commentdo the letters.For eachletter thereexists
onecommentthecommento the rst letterof the rst volumeis shovnin Figurel.



The sourcetexts of the edition were originally producedwith Microsoft Word,
which is not a desirablechoiceas an editor's tool at all, but just legag. They were
subsequentlyranslatedo amigrationlayerin HTML by acommerciatool. In theSec-
tions3 and4 wewill shown transformationfrom this migrationlayerlayerto thearchive
layer of theedition. Thetimeframe,in which acritical editionshouldbeusablejs very
long. Differentusersor situationsmay demandlifferentpresentationsyhich canthen
be producedrom thearchiveddocuments.

2.2 Transformation Techniques

Two orthogonakonceptsareusedfor transformingdocumentsDCGsandsubsititution
rules,which canalsobe mixedby callingthemfrom eachother:

— We useDCGsfor groupingelementghatareon the samelevel in the sourcedoc-
umentto form comple, nestedstructuresThey arewell-suitedfor parsinga se-
guenceof itemsby a sequentiakcan.

— We usesubsititutionrulesfor transforminga complex, nesteddocumentThey tra-
verseatree—shaped ML documentecursvely: rst thesubelementef anelement
aretransformedthentheresultingelements alsotransformed.

We proposea new, compactandintuitive substitutionformalism,which canbe inter-
leavedwith PROLOG's well-known built—in DCG formalism,

3 Transformation of XML Documents

The transformatiorof XML documentss a perfecttaskfor declaratve programming.
The rst successs to seehow seamlesslyan XML documentcorvertsinto a gen-
uine PROL OG structure Subsequentlywe shov how to strip off unnecessargraphical
markupandto transformlayout markupwhich transportameaninginto explicit XmL
tagging.This transformdrom the migrationto thearchive layer.

3.1 XwmL Documentsin PROLOG

Essentiallyan XML or HTML elementcanbe represente@s a nestedterm structure
containingthetagname theattributelist, andthe content(possiblyalsoalist or empty).
Thereare somelibrariesavailableto supportthis sort of transformatiorin bothdirec-
tions. As far aswe know the rst wasthe HTmL tool PiLLoW for CiA0 PROLOG [4],
which alsocontainssomeCacl— andHTTP—supportA similar library for SGML exists
for Swi—PROLOG.

Thetool FNQUERY [16], whichwasimplementedn Swi—PROLOG, usesaslightly
abbreviated— but similar—termstructure E.g.,an XML element



<p style="margin-top:0;margin-bottom:0 >
<font face="Times New Roman" size="3">
<em>1,</em> 18-19
<strong>Gehen </strong>  bis

<strong>sind] </strong>
Dem folgenden  Brief  Vogels
</font>

</p>
is representeds

3t

p:[style:'margin-top:0;margin-bottom:0

font:[face:' Times New Roman', size:3]]
em:['1,7, '18-19',
strong:['Gehen T,  bis, strong:['sind] 1,
'Dem folgenden  Brief Vogels ... 1 1]

calledFN triple, wherethe attribute list canbe omitted, if it is empty Here,a triple is

representetly meansf operatorde nition in theform T:As:C , whereAs is anasso-
ciative list of attribute/valuepairsin theform a:v . Text elementgsuchas'18-19" )

are simply represente@s PROLOG atoms.The PROLOG library FNQUERY goesbe-
yondthe puretransformatiorby providing additionalmeango selectandhandlesub-
structurescomparabléo XQueryor F—logic.E.qg.,if Xml is the FN triple above, then
thecall X := Xml'font@face selectsthe value'Times New Roman' of the
face —attributeof thenestedont —elementindassignst to X. A detaileddescription
of theselectionfeaturesof FNQUERY canbefoundin [16].

3.2 ComplexTransformations by Traversal of Documents

Thepredicatd@ransform_fn_item/2 transformanFN triple ltem_1 (e.g.,from
themigrationlayer)into another=N triple ltem_2 (e.g.,from thearchivelayer)based
onfactsfor the predicate--->/2

transform_fn_item(T:As:Es, ltem) -
maplist(  transform_fn_item,
Es, Es 2 ),
( T:AssEs 2 --->  ltem
;o As =],
TEs 2 --> ltem ).
transform_fn_item(declare(_X), .
transform_fn_item(ltem, Item).

This new subsitutionformalismhasbeenimplementedwithin the subsystentn-
TRANSFORM of FNQUERY. It generalizesXsLT style sheetswhich canbe seenasa
collectionof transformatiorrules. Thesetemplaterulesin XsLT have theform of



<xsl:template match=Pattern>
Template</xsl:template>

Pattern is an XPATH expressionwhich matchesvith somenodesof the document
tree,andTemplate isthecontentwhichis to beinsertedatthislocation.This content
may containthe possiblyrecursve applicationof the sameor othertemplaterules.For
doingthisin PROLOG, we usesubstitutiorrulesof theform

tem_1 --> Item_2 :- Condition.

If aterm matchesthe patternitem_1 (andof courseall capacitiesof the PRoLOG

uni cation canbeusedto dothis matching)andthecall of Condition  (which canbe
a standardPROLOG goal) succeedsthenthe patternwill be replacedby the template
Iltem_2 .

3.3 Fromthe Migration Layer to the Archive Layer

Onthemigrationlayerthetext is representedsa at sequencef paragraptelements,
asshawn in the previous subsectionThe following substitutionrules transformthis
sequencéo a nestedstructure.

html:_:Es --->  Es.

head:_: ---> " - assert(commentHead).

body: :Es 1 ---> commentEs 2 :-
jean_paul_comment(comment:Es_2, Es_1, D).

p:As:Es ---> signedp:Es -
right = As”align.
p:_:Es ---> notep:Es.

font:As:Es --> latEs -
‘'small-caps' = AsMfont-variant'.
font:_:[X] --> X
em:_:Es ---> commentHead:Es :- retract(commentHead).

em:_:Es ---> page:Es.

strong:_:Es --->  |lemma:Es.
u_:Es ---> spaced:Es.

T:As:Es ---> T:As:Es.

The body of the HTML documentis transformednto a comment—elementandthe
rst em—elemenin the bodybecomeshe headerof this commentthisis acchieed by
the assertiorof commentHead . Subsequeném-elementsaretransformedo page —
elementsThe following text is the resultof the transformationlt is archived, andit



senesasthe basisfor the productionof different presentationayers.In the archive
layerthe commentconsistsof a headerwhich is acommentHead —elementandtwo
blocks,which aregivenby ednote —elementsvith atype —attributehaving thevalue
Uberlieferung andErlauterungen , respectiely.

<comment>
<commentHead>1. Von Erhard Friedrich Vogel.
Rehau, 6. Mai 1781, Sonntag
</commentHead>
<ednote type="Uberlieferung">
<notep>H: BL, Eg. 2008. 1 Bl. 2r, 1/2 S.</notep>

</ednote>
<ednote type="Erlauterungen">

<notep>
<page>1,</page>  18-19
<lemma>Gehen</lemma> bis <lemma>sind]</lemma>
Dem folgenden  Brief Vogels ist zu entnehmen,
</notep>
</ednote>
</comment>

Thegroupingof acommeninto a headerlandtwo blocks—in thethird substitutiorrule
above — hasbeenacchiedusingthe predicatdean_paul_comment/3  , whichis
de ned by thefollowing DCG rules:

jean_paul_comment(comment:Es) -->
header(H),
block('Uberlieferung’, X),
block('Erlauterungen’, Y),
{ append(H, [X, Y], Es) }

header([notep:[]:[commentHead:Es_1]| Es 2]) -->
sequence_of notep([notep:[]:[page . :Es_ 1]|[Es _2]).

block(Type, ednote:[type:Type]:Seq) -->
sequence_of _notep([notep:_:[Type] [Seq])

sequence_of notep([notep:As:Es]) -->
[notep:As:Es].
sequence_of_notep([notep:As:Es|Seq]) -->
[notep:As:Es],
sequence_of notep(Seq).

Accordingto the DCG rules,the headercan consistof several notep —elementsthe
rst of theseelementss derivedfromanFN triple notep:[]:[page:_:Es_1] that



istransformedo anothetFN triple of theform notep:[]:[commentHead:Es_1]
Usingfurher DCG rulesthenotep —element®f the archive layer canbe transformed
to note —elementssuchasthefollowing:

<note id="7">
<remark>
<position page="1" line="18-19"/>
<lemma>Gehen</lemma> <lemma>sind</lemma>
</remark>
Dem folgenden  Brief Vogels ist zu entnehmen,
</note>

The archie layer preseresall information,which may be helpful in somecase,
andomitsall presentatiorspeci c features.

4 Updateof XML Documents

In this sectionwe investigatetransformationghat are appliedto the archive layer for
producinga presentatiotiayeror a presentatiomayerwith navigationutilities, respec-
tively. Thetransformationgrebasedonthe XmL updatelanguage=NUPDATE, which
we have implementedn PROLOG within FNQUERY.

4.1 Pruning of XML Documents

Using FNUPDATE we deletetheremark —elementsvithin the ednote —elementsor
Erlauterungen | sincethey shallnotbedisplayedatthe presentatiomayer:

xml_extract_notes(Xml_1, Xml_2) -
Xml_2 = Xml_1 <> |
~ednote::[@type="Erlauterungen’]
Anoteremark .

In FNUPDATE an XML elementgivenby anFN triple Xml_1 canbe prunedby delet-
ing certainsubelementss-> is a binary operatoywhich indicatesthat within the fol-
lowing pair of bracletsit will be speci ed by a path expressionwhich subelements
shouldbe deleted.In the example,certainremark —elementsare deleted;the condi-
tion @type="Erlauterungen’ assureghatonly ednote —elementsvith thevalue
Erlauterungen  in theirtype —attrituteareaffected.

The PROLOG predicatexml_extract_notes/2 is appliedto a comment—
elementXml_1, andthuswe don't have comment in the selectionpath. The result
Xml_2, which formsthe presentatiotayer, is alsoa comment—elementcomparedo
Xml_1 thenote —elementaresimpli ed; in our examplewe obtain



<note id="7">
Dem folgenden Brief  Vogels ist zu entnehmen,
</note>

asasimpli ed subelemenof the presentatiotayer structure.

4.2 Topologyand Navigation

The presentatiotayeris not meantasthe graphicalinterface,which is primarily pro-
ducedby the style sheetand the browser, but as an organisationof the contentwith
regardto differentuserinterests.

A very importanttaskin this context is navigation. We suggesto distinguishbe-
tweentopology and navigation with referenceto a document.Topolagy refersto the
potentialconnectionsof documentelementswhereasnavigationmeansthe realised
andusedconnectiorpaths.In accordancevith this convention,providing thetopology
would be part of the archive layer, whereaghe presentatiorhasto careof the naviga-
tion. While topologyis a matterof conceptuabndstructuralrelations,navigation has
alsoto take into accounttechnicalandaestheticaspectof the realisation.Otheruser
interestdemandlifferentwaysof accesandnavigation,but theseshouldbegenerated
from theonearchivelayer, or better:thearchive layershouldbe designedn away that
multiple navigationscanbe producedwith little effort.

Theinformationfrom the documentgvenin its taggedarchive format,maynot be
enougho producethenavigation.In suchcasewne needmetainformation,incorporated
into thedocumente.g.,asRDF) or keptin aseparatele or databaseHereagainPro-
LOG is a goodchoiceto handleandinferencethesestructuresThe presentatioayer
maybeseerasavirtual layerontop of documentandmetainformation.Derivedfrom
suchmetainformationare both the navigation headlinesof the lettersandthe differ-
ent directoriesof personsyearsand places,which provide accesgo the content,cf.
Figure2.

Anothernavigationtaskis thecreationof indices,e.g.for persongnentionedn the
documentFor this purposewe would inserta durabletagthatmarksthe persomames,
like <person>Name</person> , onthe archive layer. This providesthe basisfor
theinsertionof the appropriatdinking structureson the presentatiottayer.

Creatingan Index for an XML Document

Thefollowing predicateaddsanchorgo a givenword within anFN termusingFNUP-
DATE: If a givenword Nameoccursin the contentlist of a note —elementthenthe
word is replacedby anelemenkperson>Name</person>

xml_enrich_with_anchors(Name, Xml_1, Xml_2) :-
Xml_2 = Xml_1 <-+> [



Fig. 2. Navigation Utilities

~ednote”note~child::"™*"::[
Aself::™*'=N, name_contains(Name, N)]
Aperson:[N] ]-

This is initiated by the binary replacemenbperator<-+>/2 in the path expression.
E.g.,if wewantto enrichan XML documentontainingtheelement

<note id="7">
Dem folgenden  Brief  Vogels
</note>

with anchorgo wordscontainingVogel , thenwe assumehatthe contentof this ele-
mentis split into tokens,i.e., thatwe have thefollowing FN triple:

note:[id:7]:[
'Dem’, folgenden, 'Brief’, 'Vogels', e 1

Usingthe FNUPDATE statemenabove we obtainthefollowing:

<note id="7">
Dem folgenden  Brief  <person>Vogels</person>
</note>

Finally, we createthe index structurefrom the enricheddocument.For eachin-
sertedanchor the following predicateextractsa correspondingeferenceof the form
<a href="#N">Name</a> from the updateddocumentwheretheID N is gener
atedusingthecall get_num(anchor_id, N):

10



xml_extract_references(Xml, index:Anchors) -
findall( a:[href:R]:[Name],

( [Name] := Xml* "person”content::*,
get_num(anchor_id, N),
File = Xml@file,
concat([File, "#, N, R) ),
Anchors ).

Obsene, thattheselectionrXml®_“person yieldsacompletegperson —elementsuch
asperson:[]:['Vogels'] . The subsequenéxpression*content::* selects
its contentlist. Thus,in therule abore Namewould be assignedo 'Vogels'

Givenapresentatiotayer le letter_17  containingheenrichechote —element
above,we obtainanindex with areferenceo letter_17

<index>
<a href="letter_17#1">'Vogels'</a>

</index>

Thisindex will bestoredin aseparat&XML le.

5 Final Remarks

The introductionof the substitutionpredicate-->/2  extendsthe ideasof the DCG
operator->/2 , whichis usuallyusedfor transformation®n at sequencesf tokens,
to transformation®n complex structuresaseddn treetraversalsUsing--->/2  , we
have simpli ed thetransformatiorformalismof [15].

We have usedthe sublanguag&NUPDATE of FNQUERY for a compactspeci ca-
tion of updatego the archive layer of the critical JeanPaul edition. This was usedfor
the constructiorof further navigationstructuresn additionto the hierarchicaltable of
contentscf. Figure 2, which we had before.Now we have a word registeraswell. In
the future we wantto basethe creationof the whole navigationstructureincludingthe
hierarchicatableof contentson FNUPDATE andFNTRANSFORM.

At the momentthe handlingof metadatais a rathermodestmatterin our project.
The next stepwill be to incorporatemetainformationin RDF andto get nearerto
the SemantidAeb. Without doubtthis is a very interestingandimportantdevelopment
for the future of critical editions.Examplesof logic programmingtools and libraries
for RDF areto be found for example within Swi—ProL0OG and within the Mozilla
project[3]. As RDF is a formatwhich mustbe supplementetby a separateneansfor
inference PROLOG (andcompanionsyvill be ourfavouritealsoin this eld.

11



References

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

. S.Abiteboul,P. BunemannD. Suciu:Dataonthe Web— FromRelationgo Semi—Structured

DataandXmL, MorganKaufmann,2000.

. G. Antoniou,F. vanHarmelen:A SemanticMebPrimer MIT Press2004.
. D. Brickley: Enablinginference,

http://www.mozilla.org/rdf/doc/inferenc e.html

. D. CabezaM. Hermengildo: Www Programmingusing ComputationalLogic Systems

(andthePiLLoW / CiAo Library), Proc.Workshopon Logic Programmingaindthe WWW,
atWWWe, 1997.

. S.Ceri, G. Gottlob, L. Tanca:Logic ProgrammingandDatabasesSpringer 1990.
. M.A.Covington:NaturalLanguagérocessindor PrologProgrammer®2renticeHall, 1993.
. G. GazdarC. Mellish: NaturalLanguageProcessingn PROLOG: An Introductionto Com-

putationalLinguistics,Addison-\sley, 1989.

. G. Gupta,E. Pontelli, D. Ranjan,etal.: Semantid-iltering: Logic ProgrammindKiller Ap-

plication, Proc. Symposiumon Practical Aspectsof Declaratve LanguagesPADL 2002,
SpringerLNCS 2257.

. M. Leventhal:XSL ConsideredHarmful,

www.xml.com/pub/a/1999/05/xsl/xslconsid ered_1 .html

L.S. Levy: Tamingthe Tiger — Software Engineeringand Software Economics,Springer
1987.

R.A.O'Keefe:TheCraft of Prolog,MIT Press1990.

C. Lehner:PrRoL0OG undLinguistik, Oldenboug Verlag,1990.

B. Parsia: Long storyaboutusingSwi—PROLOG, RDF andHTML Infrastructureespecially
Chapter6: DCGsComparedo XSLT,

http://www.xml.com/pub/a/2001/07/25/pro logrdf .html

F. Pereira, S. Sheiber:PrRoLOG and Natural-Languag@nalysis, Centerfor the Study of
Languageandinformation,1987.

K. Prator: Logic for Critical Editions,Proc.Intl. Conferencen Applicationsof Declaratve
ProgrammingandKnowledgeManagementNAP 2004.

D. Seipel:ProcessingKML Documentsn PROLOG, Proc.17th Workshopon Logic Pro-
grammingWLP 2002.

M. Smith,C. Welty, D. McGuinnessOwL Web OntologyLanguageGuide,February2004,
http://www.w3.0rg/TR/2004/REC-owl-guide -20040 210/ .

J. Welemaler, A. Anjewierden: Programmingn XpPCE/PROLOG
http://www.swi-prolog.org/

12



