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Abstract. Critical or scienti�c editionsarea promising�eld for theapplication
of declarative programming,which canfacilitatetheparsingandthemarkupof
texts,andthetransformationof XML documents.
Wehaveuseda logic programming–basedapproachfor theproductionof critical
editions:In particular, we proposea transformationof XML documentsbasedon
a compactandintuitive substitutionformalism.Moreover, we have developeda
new XML updatelanguageFNUPDATE for addingnavigationfacilities.
We have implementeda transformationtool in SWI–PROLOG, which integrates
and interleaves PROLOG's well–known de�nite clausegrammarsand the new
substitutionformalism.
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1 Intr oduction

The mainstreamapproachto XML processingis basedon conceptssuchas the Ex-
tensibleStyleSheetLanguage for Transformations(XSLT), the XML query language
XQuery,andtheunderlyingpathlanguageXPATH. Originally, XSLT wasmeantasan
advancedsortof CascadingStyleSheets(CSS), but thenit developedinto a tool for the
transformationof markup– the real formattingtool wasdeliveredafterwardsasXSL

FormattingObjects(XSL–FO).

Theway XSLT worksresemblesremarkablytheway of PROLOG. Thetransforma-
tion is doneby traversalof a tree,andby testingthematchingof nodesagainstpatterns
in thestylesheet.ComparingPROLOG andXSLT, of coursethemainstreamcharacter
and the extent of supportare argumentsin favour of XSLT, but thereare also some
drawbacks[9]. Firstly, XSLT is not a universalprogramminglanguage,which means
that not all problemsare solvablewithin this framework. Secondly, XSLT is not de-
signedfrom groundup asa declarative language.In simpleexamplesthis is not easily
visible, but asapplicationsgetmorecomplex you seethebarelydisguisedimperative
backgroundshiningthroughin control structures(xsl:if, xsl:for-eachetc.)andpattern
matching.A detailedcomparisonof XSLT and PROLOG canbe found on the WWW

pagesof SWI–PROLOG [13].



Logic programmingis very well–suitedfor naturallanguageprocessing(NLP) [8]
andfor text processingin general.In particular, de�nite clausegrammars (DCGs)are
apowerful declarativeapproachto writing parsers[11]. Accordingto RichardO'Keefe
the greatadvantageof DCGs is that it is importantnot to think aboutthe detailsof
thetranslation:Any timeyouhavestereotypedcode,usingatranslatorto automatically
supply the �x ed connectionpatternsmeansthat the codeis dramaticallyshorterand
clearer thanit would otherwisehave been,becauseyou arehiding the uninformative
partsandrevealingtheinformativeparts.Thus,thecodeis easierto write andto read,
andit hasfewer mistakes,becausethepatternis establishedoncein the translatorand
thereaftertirelesslyappliedwith machineconsistency. DCGsarejustoneexamplefor a
moregeneralidea(cf. [10,14]): de�ne a little languageembeddedin PROLOG syntax,
write aninterpreterfor that language,anddevisea translatorwhich turnsconstructsof
thatlanguageinto the(useful,non–book–keeping)codethattheinterpreterwouldhave
executedfor thoseconstructs.

Prätor[15] hasshown that techniquesof logic programmingareespeciallyapt for
thestructuresandthespeci�c problemsof critical editions.DCGsanda graphtraver-
salhadbeenusedfor transformingbetweenthedifferentlayersof XML documentsin
thepilot projectJeanPaul.In thepresentpaperweextendthisapproachby proposinga
morecompactandintuitivesubstitutionformalism,whichcanbeinterleavedwith PRO-
LOG's built–in DCG formalism,andwe have developeda new XML updatelanguage
FNUPDATE for addingnavigationfacilities.

Therestof thispaperis organizedasfollows: In Section2 wereview somecharac-
teristicsof critical editionsin general,andwegiveanintroductionto thedifferenttypes
of XML structuresusedwithin thepilot projectJeanPaul. In Section3 we show how
XML documentscanberepresentedin PROLOG, andwepresenttransformationsbased
on sequentialscansandon treetraversals,respectively. Finally, in Section4 we usean
XML updatelanguageFNUPDATE, thatwe have implementedin 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 behan-
dledwithin a critical apparatus(think of a setof foot– or endnotes).They areenriched
by commentarieswith historicalandphilological informationandmadeaccessibleby
indicesanddirectories.Otherpeculiaritiesarethe mostly large extent of the editions
and the fact that the period of productionas well as of usageis very long reaching
from decadesto centuries.Especiallyin electroniceditionsit is necessaryto carefor
sustainableavailability andusability.

Someproblemsaredueto theprint form. Lackof spaceleadsto elaboratesystems
of abbreviationsandto steadyconsiderations,which materialandinformationcanstill
be incorporatedandwhich onehasto be left out. The print canhardly handlethe in-
herentnonlinearityof thedocuments,andof coursethereis no thoughtof adaptationto
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differentsituationsof usage.Comparedto theprint form,electroniceditionsshow some
advantages,which resultfrom theadvancedwaysof navigationandretrieval andfrom
thepossibilityto providedifferenttypesof output.Thelargerstoragecapacitiesprovide
roomfor additionalinformationregarding,e.g.,involvedpersonsor historicalcircum-
stances.Hypertext capacitiesfacilitatetheconstitutionof temporal,spatialor thematic
relations.Differenteditionsmaybenestedandentirelynew informationspacesmaybe
createdin this way.

2.1 The Pilot Project JeanPaul

TheAcademyof SciencesandHumanitiesof Berlin–Brandenburg is thehomeof many
edition projectsof all ages– editionsin a broadersenseincluding asidefrom work
editionsalsosourceeditionsanddictionaries.Most of theseeditionsarestill focussed
on theprint form, but weareworking on themigrationto genuineelectroniceditions.

Fig.1. Commentto a Letterof theJeanPaulEdition

JeanPaul hasbeena frequentlyreadandappreciatedauthorof novelsin thetimes
of Goethe.TheJeanPaul Edition is organizedin 6 volumes,eachof which consistsof
about150lettersto JeanPaul.Thetwo aimsof thepilot projectwereto produceanelec-
tronic equivalentof the just �nished �rst volume,andto demonstratesomeadditional
featuresof anelectroniceditionin anenrichedselection.Asidefrom theusualcontents
it providesa simplefull text search,and– mostimportantly– threepathsto theletters
via correspondent,yearor placeof therespective letter.

In this paperwe focuson the commentsto the letters.For eachletter thereexists
onecomment;thecommentto the�rst letterof the�rst volumeis shown in Figure1.
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The sourcetexts of the edition were originally producedwith Microsoft Word,
which is not a desirablechoiceasan editor's tool at all, but just legacy. They were
subsequentlytranslatedto amigrationlayer in HTML by acommercialtool. In theSec-
tions3 and4 wewill show transformationsfrom thismigrationlayerlayerto thearchive
layer of theedition.Thetimeframe,in whichacritical editionshouldbeusable,is very
long.Differentusersor situationsmaydemanddifferentpresentations,which canthen
beproducedfrom thearchiveddocuments.

2.2 Transformation Techniques

Two orthogonalconceptsareusedfor transformingdocuments,DCGsandsubsititution
rules,whichcanalsobemixedby calling themfrom eachother:

– We useDCGsfor groupingelementsthatareon thesamelevel in thesourcedoc-
umentto form complex, nestedstructures.They arewell–suitedfor parsinga se-
quenceof itemsby a sequentialscan.

– We usesubsititutionrulesfor transformingacomplex, nesteddocument.They tra-
verseatree–shapedXML documentrecursively: �rst thesubelementsof anelement
aretransformed,thentheresultingelementis alsotransformed.

We proposea new, compactandintuitive substitutionformalism,which canbe inter-
leavedwith PROLOG's well–known built–in DCGformalism,

3 Transformation of XM L Documents

The transformationof XML documentsis a perfecttaskfor declarative programming.
The �rst successis to seehow seamlesslyan XML documentconverts into a gen-
uinePROLOG structure.Subsequently, we show how to strip off unnecessarygraphical
markupandto transformlayout markupwhich transportsmeaninginto explicit XML

tagging.This transformsfrom themigrationto thearchive layer.

3.1 XM L Documentsin PROL OG

Essentially, an XML or HTML elementcanbe representedasa nestedterm structure
containingthetagname,theattributelist, andthecontent(possiblyalsoalist or empty).
Therearesomelibrariesavailableto supportthis sortof transformationin bothdirec-
tions.As far aswe know the�rst wastheHTML tool PiLLoW for CIAO PROLOG [4],
which alsocontainssomeCGI– andHTTP–support.A similar library for SGML exists
for SWI–PROLOG.

Thetool FNQUERY [16], whichwasimplementedin SWI–PROLOG, usesaslightly
abbreviated– but similar – termstructure.E.g.,anXML element
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<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 representedas

p:[style:'margin-top:0;margin-bottom:0 ;']:[
font:[face:'Times New Roman', size:3]:[

em:['1,'], '18-19',
strong:['Gehen '], bis, strong:['sind] '],
'Dem folgenden Brief Vogels ...' ] ]

calledFN triple, wheretheattribute list canbeomitted,if it is empty. Here,a triple is
representedby meansof operatorde�nition in theform T:As:C , whereAs is anasso-
ciative list of attribute/valuepairsin theform a:v . Text elements(suchas'18-19' )
aresimply representedas PROLOG atoms.The PROLOG library FNQUERY goesbe-
yondthepuretransformationby providing additionalmeansto selectandhandlesub-
structures,comparableto XQueryor F–logic.E.g., if Xml is theFN triple above, then
the call X := Xml^font@face selectsthe value 'Times New Roman' of the
face –attributeof thenestedfont –elementandassignsit to X. A detaileddescription
of theselectionfeaturesof FNQUERY canbefoundin [16].

3.2 ComplexTransformations by Traversalof Documents

Thepredicatetransform_fn_item/2 transformsanFN triple Item_1 (e.g.,from
themigrationlayer)into anotherFN triple Item_2 (e.g.,from thearchivelayer)based
on factsfor thepredicate--->/2 :

transform_fn_item(T:As:Es, Item) :-
maplist( transform_fn_item,

Es, Es_2 ),
( T:As:Es_2 ---> Item
; As = [],

T:Es_2 ---> Item ).
transform_fn_item(declare(_X), '').
transform_fn_item(Item, Item).

This new subsitutionformalismhasbeenimplementedwithin the subsystemFN-
TRANSFORM of FNQUERY. It generalizesXSLT style sheets,which canbe seenasa
collectionof transformationrules.Thesetemplaterulesin XSLT have theform of
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<xsl:template match=Pattern>
Template</xsl:template>

Pattern is an XPATH expression,which matcheswith somenodesof thedocument
tree,andTemplate is thecontentwhich is to beinsertedat this location.Thiscontent
maycontainthepossiblyrecursiveapplicationof thesameor othertemplaterules.For
doingthis in PROLOG, we usesubstitutionrulesof theform

Item_1 ---> Item_2 :- Condition.

If a term matchesthe patternItem_1 (and of courseall capacitiesof the PROLOG

uni�cation canbeusedto dothismatching)andthecall of Condition (whichcanbe
a standardPROLOG goal) succeeds,thenthe patternwill be replacedby the template
Item_2 .

3.3 From the Migration Layer to the Ar chiveLayer

On themigrationlayerthetext is representedasa �at sequenceof paragraphelements,
asshown in the previous subsection.The following substitutionrules transformthis
sequenceto a nestedstructure.

html:_:Es ---> Es.
head:_:_ ---> '' :- assert(commentHead).
body:_:Es_1 ---> comment:Es_2 :-

jean_paul_comment(comment:Es_2, Es_1, []).

p:As:Es ---> signedp:Es :-
right := As^align.

p:_:Es ---> notep:Es.

font:As:Es ---> lat:Es :-
'small-caps' := As^'font-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 transformedinto a comment–element,and the
�rst em–elementin thebodybecomestheheaderof this comment;this is acchievedby
theassertionof commentHead. Subsequentem–elementsaretransformedto page –
elements.The following text is the resultof the transformation.It is archived,andit
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servesas the basisfor the productionof differentpresentationlayers.In the archive
layer thecommentconsistsof a header, which is a commentHead–element,andtwo
blocks,whicharegivenby ednote –elementswith a type –attributehaving thevalue
Überlieferung andErläuterungen , respectively.

<comment>
<commentHead>1. Von Erhard Friedrich Vogel.

Rehau, 6. Mai 1781, Sonntag
</commentHead>
<ednote type="Überlieferung">

<notep>H: BL, Eg. 2008. 1 Bl. 2�r, 1/2 S.</notep>
...

</ednote>
<ednote type="Erläuterungen">

...
<notep>

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

</notep>
</ednote>

</comment>

Thegroupingof acommentinto aheaderandtwo blocks– in thethird substitutionrule
above – hasbeenacchievedusingthepredicatejean_paul_comment/3 , which is
de�ned by thefollowing DCGrules:

jean_paul_comment(comment:Es) -->
header(H),
block('Überlieferung', X),
block('Erläuterungen', 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 headercanconsistof several notep –elements;the
�rst of theseelementsisderivedfromanFNtriple notep:[]:[page:_:Es_1] that
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is transformedtoanotherFN tripleof theformnotep:[]:[commentHead:Es_1] .
UsingfurherDCG rulesthenotep –elementsof thearchive layercanbetransformed
to note –elements,suchasthefollowing:

<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 archive layer preservesall information,which may be helpful in somecase,
andomitsall presentationspeci�c features.

4 Updateof XM L Documents

In this sectionwe investigatetransformationsthat areappliedto the archive layer for
producinga presentationlayeror a presentationlayerwith navigationutilities, respec-
tively. Thetransformationsarebasedon theXML updatelanguageFNUPDATE, which
we have implementedin PROLOG within FNQUERY.

4.1 Pruning of XM L Documents

Using FNUPDATE we deletetheremark –elementswithin theednote –elementsfor
Erläuterungen , sincethey shallnotbedisplayedat thepresentationlayer:

xml_extract_notes(Xml_1, Xml_2) :-
Xml_2 := Xml_1 <-> [

^ednote::[@type='Erläuterungen']
^note^remark ].

In FNUPDATE anXML elementgivenby anFN triple Xml_1 canbeprunedby delet-
ing certainsubelements.<-> is a binaryoperator, which indicatesthatwithin the fol-
lowing pair of brackets it will be speci�ed by a path expressionwhich subelements
shouldbe deleted.In the example,certainremark –elementsaredeleted;the condi-
tion @type='Erläuterungen' assuresthatonlyednote –elementswith thevalue
Erläuterungen in their type –attributeareaffected.

The PROLOG predicatexml_extract_notes/2 is applied to a comment–
elementXml_1 , and thuswe don't have comment in the selectionpath.The result
Xml_2 , which formsthepresentationlayer, is alsoa comment–element;comparedto
Xml_1 thenote –elementsaresimpli�ed; in our examplewe obtain
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<note id="7">
Dem folgenden Brief Vogels ist zu entnehmen, ...

</note>

asa simpli�ed subelementof thepresentationlayerstructure.

4.2 Topologyand Navigation

Thepresentationlayer is not meantasthegraphicalinterface,which is primarily pro-
ducedby the style sheetand the browser, but asan organisationof the contentwith
regardto differentuserinterests.

A very importanttaskin this context is navigation.We suggestto distinguishbe-
tweentopologyandnavigation with referenceto a document.Topology refersto the
potentialconnectionsof documentelements,whereasnavigationmeansthe realised
andusedconnectionpaths.In accordancewith this convention,providing thetopology
would bepartof thearchive layer, whereasthepresentationhasto careof thenaviga-
tion. While topologyis a matterof conceptualandstructuralrelations,navigationhas
alsoto take into accounttechnicalandaestheticaspectsof the realisation.Otheruser
interestsdemanddifferentwaysof accessandnavigation,but theseshouldbegenerated
from theonearchivelayer, or better:thearchive layershouldbedesignedin away that
multiple navigationscanbeproducedwith little effort.

Theinformationfrom thedocument,evenin its taggedarchive format,maynot be
enoughto producethenavigation.In suchcaseweneedmetainformation,incorporated
into thedocument(e.g.,asRDF) or keptin aseparate�le or database.HereagainPRO-
LOG is a goodchoiceto handleandinferencethesestructures.Thepresentationlayer
maybeseenasavirtual layeron topof documentsandmetainformation.Derivedfrom
suchmetainformationareboth the navigation headlinesof the lettersandthe differ-
ent directoriesof persons,yearsandplaces,which provide accessto the content,cf.
Figure2.

Anothernavigationtaskis thecreationof indices,e.g.for personsmentionedin the
document.For thispurposewewould insertadurabletagthatmarksthepersonnames,
like <person>Name</person> , on the archive layer. This providesthe basisfor
theinsertionof theappropriatelinking structureson thepresentationlayer.

Creatingan Index for an XML Document

Thefollowing predicateaddsanchorsto a givenword within anFN termusingFNUP-
DATE: If a given word Nameoccursin the contentlist of a note –element,thenthe
word is replacedby anelement<person>Name</person> :

xml_enrich_with_anchors(Name, Xml_1, Xml_2) :-
Xml_2 := Xml_1 <-+> [
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Fig.2. NavigationUtilities

^ednote^note^child::'*'::[
^self::'*'=N, name_contains(Name, N)]

^person:[N] ].

This is initiated by the binary replacementoperator<-+>/2 in the pathexpression.
E.g.,if wewantto enrichanXML documentcontainingtheelement

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

</note>

with anchorsto wordscontainingVogel , thenwe assumethat thecontentof this ele-
mentis split into tokens,i.e., thatwe have thefollowing FN triple:

note:[id:7]:[
'Dem', folgenden, 'Brief', 'Vogels', ... ].

UsingtheFNUPDATE statementabovewe obtainthefollowing:

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

</note>

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

Observe,thattheselectionXml^_^person yieldsacompleteperson –element,such
asperson:[]:['Vogels'] . The subsequentexpression̂ content::* selects
its contentlist. Thus,in theruleaboveNamewouldbeassignedto 'Vogels' .

Givenapresentationlayer�le letter_17 containingtheenrichednote –element
above,we obtainanindex with a referenceto letter_17 :

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

</index>

This index will bestoredin a separateXML �le.

5 Final Remarks

The introductionof the substitutionpredicate--->/2 extendsthe ideasof the DCG
operator-->/2 , which is usuallyusedfor transformationson�at sequencesof tokens,
to transformationson complex structuresbasedon treetraversals.Using--->/2 , we
havesimpli�ed thetransformationformalismof [15].

We have usedthesublanguageFNUPDATE of FNQUERY for a compactspeci�ca-
tion of updatesto thearchive layerof thecritical JeanPaul edition.This wasusedfor
theconstructionof furthernavigationstructuresin additionto thehierarchicaltableof
contents,cf. Figure2, which we hadbefore.Now we have a word registeraswell. In
thefuturewe wantto basethecreationof thewholenavigationstructureincludingthe
hierarchicaltableof contentson FNUPDATE andFNTRANSFORM.

At themomentthehandlingof metadatais a rathermodestmatterin our project.
The next stepwill be to incorporatemeta information in RDF and to get nearerto
theSemanticWeb. Without doubtthis is a very interestingandimportantdevelopment
for the future of critical editions.Examplesof logic programmingtools andlibraries
for RDF are to be found for examplewithin SWI–PROLOG and within the Mozilla
project[3]. As RDF is a formatwhich mustbesupplementedby a separatemeansfor
inference,PROLOG (andcompanions)will beour favouritealsoin this �eld.

11



References

1. S.Abiteboul,P. Bunemann,D. Suciu:DataontheWeb– FromRelationsto Semi–Structured
DataandXML, MorganKaufmann,2000.

2. G. Antoniou,F. vanHarmelen:A SemanticWebPrimer, MIT Press,2004.
3. D. Brickley: EnablingInference,

http://www.mozilla.org/rdf/doc/inferenc e.html .
4. D. Cabeza,M. Hermenegildo: WWW Programmingusing ComputationalLogic Systems

(andthePiLLoW / CIAO Library), Proc.WorkshoponLogic ProgrammingandtheWWW,
at WWW6, 1997.

5. S.Ceri, G. Gottlob,L. Tanca:Logic ProgrammingandDatabases,Springer, 1990.
6. M.A.Covington:NaturalLanguageProcessingfor PrologProgrammers,PrenticeHall, 1993.
7. G. Gazdar, C. Mellish: NaturalLanguageProcessingin PROLOG: An Introductionto Com-

putationalLinguistics,Addison–Wesley, 1989.
8. G. Gupta,E. Pontelli, D. Ranjan,et al.: SemanticFiltering: Logic ProgrammingKiller Ap-

plication, Proc. Symposiumon PracticalAspectsof Declarative LanguagesPADL 2002,
SpringerLNCS 2257.

9. M. Leventhal:XSL ConsideredHarmful,
www.xml.com/pub/a/1999/05/xsl/xslconsid ered_1 .html .

10. L.S. Levy: Taming the Tiger – Software Engineeringand Software Economics,Springer,
1987.

11. R.A.O'Keefe:TheCraft of Prolog,MIT Press,1990.
12. C. Lehner:PROLOG undLinguistik, Oldenbourg Verlag,1990.
13. B. Parsia: Long storyaboutusingSWI–PROLOG, RDF andHTML Infrastructure,especially

Chapter6: DCGsComparedto XSLT,
http://www.xml.com/pub/a/2001/07/25/pro logrdf .html .

14. F. Pereira, S. Sheiber:PROLOG andNatural–LanguageAnalysis,Centerfor the Studyof
LanguageandInformation,1987.

15. K. Prätor: Logic for Critical Editions,Proc.Intl. ConferenceonApplicationsof Declarative
ProgrammingandKnowledgeManagementINAP 2004.

16. D. Seipel:ProcessingXML Documentsin PROLOG, Proc.17th Workshopon Logic Pro-
grammingWLP 2002.

17. M. Smith,C. Welty, D. McGuinness:OWL WebOntologyLanguageGuide,February2004,
http://www.w3.org/TR/2004/REC-owl-guide -20040 210/ .

18. J. Wielemaker, A. Anjewierden:Programmingin XPCE/PROLOG

http://www.swi-prolog.org/

12


