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1. INTRODUCTION

Pretty-printingis concernedwith formattingandpresentationof computerlanguages.Theselanguagesinclude
ordinaryprogramminglanguagesandlanguagesdefiningdatastructures.XML [6], recentlyacceptedasinterna-
tionalstandardfor therepresentationof structureddata,bringsformattingissues(relatedto thetransformation
of XML documentsto user-readableform) towardsa broadcommunityof tool builders.

Thesetool buildersaswell aslanguagedesignersdemandadvancedpretty-printtechniquesto minimizethe
time requiredfor developingnew or adaptingexisting pretty-printers. For both it is essentialto maximize
languageindependenceof pretty-printersandto be ableto addsupportfor new languageseasily. Moreover,
pretty-printersshouldminimizecodeduplication,becustomizable,extensible,andeasyto integrate.

Most pretty-printtechnologyusedin industrytodaydoesnot meettheserequirements.This lack of sophis-
ticatedtechnologymakesdevelopmentandmaintenancecostsof pretty-printershigh. Despitethe academic
researchin this field which hasyieldedadvancedpretty-print techniques,we observe that thesetechniques
havenotcomeavailablefor practicaluseyet.

In this paperwe combinenew and existing techniquesto form a pretty-print systemthat satisfiesmod-
ernpretty-printerrequirements.It featureslanguageindependence,extensibility, customization,pretty-printer
generation,andit supportsmultiple outputformatsincludingplain text, HTML, andLATEX. Furthermore,the
pretty-printercaneasilybeintegratedin existingsystemsandis freelyavailable.

This article is organizedasfollows. Section2 describesseveralaspectsof pretty-printingby summarizing
earlierwork in thisfield. In Section3 we describethedesignandimplementationof thegenericpretty-printer
GPP. Severalcasestudiesarediscussedin Section4. Section 5 explainshow our pretty-printercanbeused
to format XML documentsdependingon their documenttype definition (DTD) andhow it may function as
alternative to theextensiblestylelanguage(XSL). Contributionsandfuturework areaddressedin Section6.

2. STATE OF THE ART

Traditionally, mostlyad-hocsolutionshave beenusedto copewith theproblemof formattingcomputerlan-
guages.Not only weretraditionalpretty-printersboundto specificlanguages,they alsocontainedhard-coded
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formattingruleswhichmadethemnon-customizable.
Thefirstgeneralsolutionto thepretty-printproblemwasformulatedbyOppen[20]. Hedescribeda language

independentpretty-printalgorithmoperatingon a sequenceof logically continuousblocks of strings. The
divisionof theinputby delimiters(eitherblockdelimitersor whitespace)providesinformationaboutwereline
breaksareallowed.

Oppenalsointroducedconditionalformattingto supportdifferentformattingswhena block cannotfit on a
singleline. He distinguishesinconsistentbreaking,which minimizesthenumberof newlinesthatareinserted
in a block to make it fit within the pagemargins, andconsistentbreaking,which maximizesthe numberof
newlines.Conditionalformattinghasbeenadoptedin mostmodernpretty-printers.

In addition to Oppen,many languageindependentpretty-printalgorithmsaredescribedin the literature.
Traditionalalgorithmswhich aremoreor lesssimilar to Oppen’s include[23, 18, 24, 19, 30]. A consequence
of conditionalformattingis anexponentialgrowth of thepossibleformattings.While thetraditionalalgorithms
only considera small subsetof theseformattingsin orderto limit executiontime, moreadvancedformatting
algorithmsare designedin the communityof functional programming[12, 26, 14, 34]. Thesealgorithms
heavily dependon lazy evaluationto abstractover executiontime. This allows thepretty-printersto selectan
optimalformattingin a lazy fashionfrom all possibleones.

Severalformattingprimitiveshavebeensuggestedasalternativeto theblanksandblocksof Oppen.Modern
pretty-printersdescribeformatting in termsof boxes(as introducedby [15] and[18]). PPML[19] definesa
formalism basedon boxes to definethe structuringof displays. It introducesdifferent typesof boxes for
differentformatting.Examplesaretheh box for horizontalformattingandv for verticalformatting.Basedon
PPML, [30] introducesthelanguageBOX, mainly to solve sometechnicalproblemsof PPML. Anothersimilar
approachto PPML is describedby Boulton[5]. He describesa formalismto annotatea grammarwith, among
others,abstractsyntaxandformattingrules.Thesyntaxfor specifyingformattingis basedon PPML.

Oppen[20] observed that the processof pretty-printingcanbe divided in a languagedependentfront-end
for the translationof a programtext to somelanguageindependentformatting,anda languageindependent
back-endwhich translatesthelanguageindependentformattingto anoutputformat.All currentpretty-printers
thatweareawareof follow thisstructure.

Thedivisionof apretty-printerin afront-endandback-endnotonly makesaback-endlanguageindependent,
it alsomakesa front-endoutput format independent.Despitethis fact, by far the mostback-endsthat are
describedin theliteratureconcentrateon thetranslationfrom a languageindependentinput termto plain text.
Articleswhichaddressthetranslationto otheroutputformatsinclude[19, 30, 27].

A niceformattingis aquestionof styleandpersonaltaste[16]. BlaschekandSametinger[4] emphasizethat
theability tocustomizethegeneratedoutputof apretty-printertoone’sfavoritestylecanimprovethereadability
andmaintainabilityof programssignificantly. Customizingexisting pretty-printersmostly requireschanging
thecodemanually, or modifying the formattingrulesasannotationsof thegrammar(which, asa result,also
modifiesthe grammar).An ordinaryusercannotbe expectedto performsuchmodifications.A moreuser-
friendly approachof customizablepretty-printingis describedby [4]. They introduceuser-adaptablepretty-
printingusingpersonalprofileswhichprovide individual formattingrulesfor generallanguageconstructs.

A front-endfor a languagecanbeconstructedby hard-codingtheformattingrulesmanually, or begenerated
from a grammarannotatedwith formattingrules. Thefirst approachis mostcommonlyused,for examplein
[13, 19]. Thelatterapproach,suggestedby Oppen(who emphasizedtheimportanceof separatingpretty-print
informationfrom code),is usedin [23, 24, 5].

A front-endcanalsobegeneratedfrom a grammarwithout annotatedformat rulesby a pretty-printergen-
erator that analysesthe structureof a grammarto “guess”a suitablelayout. Despitethe usefulnessof such
generatorsin environmentswherea largenumberof evolving languagesareused,little work hasbeencarried
out on this topic. Theonly pretty-printergeneratorthatwe areawareof is describedin [30]. They describea
generatorwhich producesdedicated,languagespecificfront-ends.Thesefront-endscontainformattingrules
andthecodeto performtheformatting.Theactualformattingcanbecustomizedby adaptingor extendingthe
generatedcode.Their approachyieldshighly customizableformattersbut theformattersarelanguagedepen-
dentandcustomizationrequiresmodifying thegeneratedcode(andthusrequiresunderstandingthegenerated
code).
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Figure1: An overview of thegenericpretty-printerGPP. It consistsof a tablegenerator, a front-end(parse-
tree2box ), andthreeback-endswhichproduceplain text, HTML andLATEX, respectively.

3. A PRETTY-PRINTER FOR EVERY OCCASION

Despiteall researchon thetopic of pretty-printing,mostpretty-printersthatareusedin practicearelanguage
specific,inflexible,andsupportonly averyrestrictednumberof outputformats.Moreover, for many languages
not even a pretty-printerexists. Adding supportfor a new languageor a new output format often means
implementinga new pretty-printerfrom scratch.This is not only a time consumingtask,but alsointroduces
muchcodeduplicationwhich increasesmaintenancecosts.

On theotherhand,moreadvancedpretty-printersthathave beendevelopedaspartof researchprojectsare
oftenincomplete(becausethey only addressa limited numberof pretty-printaspects),or aretightly coupledto
a particularsystem[19, 30] whichmake themhardto usein general.

Summarizing,thereis a greatneedfor advancedpretty-printtechniquesin industrywhich areflexible, cus-
tomizable,easyto use,andlanguageindependent.Despitetheresearchin thisfield therearecurrentlynosuch
pretty-printersfor practicaluseavailable.

In the remainderof this sectionwe will describethe architectureanddesignof the genericpretty-printer
GPP which satisfiesmodernpretty-printrequirements.Thepretty-printeris languageindependentanddivided
in front-endsandback-endsto make futureextensionseasyto incorporate.A box basedintermediateformat
(calledBOX), which supportscommentpreservationandwhich is preparedfor incrementalandconservative
pretty-printing[25], is usedto definethe formattingof languagesandto connectfront-endswith back-ends.
Furthermore,thepretty-printerusesnew techniquesto supportcustomizationof pretty-printers(basedon re-
usable,modularpretty-print tables),and incrementalpretty-printergeneration.We supportmultiple output
formatsincludingplain text, HTML, andLATEX. Finally, thepretty-printercanbe integratedeasilyin existing
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operator

options
description

H hs Formatsits sub-boxeshorizontally.
V vs, is Formatsits sub-boxesvertically.
HV hs, vs, is Inconsistentline breaking.Respectsline width by formattingits sub-boxeshor-

izontallyandvertically.
A hs, vs Formatsits sub-boxesin a tabular.
ALT Dependingon theavailablewidth, formatsits first or secondsub-box.

Table1: PositionalBOX operatorsandsupportedspaceoptions(hs defineshorizontallayoutbetweenboxes,vs defines
verticallayoutbetweenboxes,andis definesleft indentation).

systems,or beusedstand-aloneandis freelyavailable.Figure1 givesageneraloverview of thearchitectureof
GPP.

3.1 Anopenframework for pretty-printing
We followed the well-known approachof dividing a pretty-printerin a languagedependentfront-endanda
languageindependentback-end. This allows for an openpretty-printsystemwhich caneasilybe extended
to supportnew languagesand output formats. A front-endfor language² expressesthe languagespecific
layoutof ² in termsof agenericformattinglanguage.A back-endproducingoutputformat ³ translatesterms
over this formatting languageto ³ . A pretty-printerfor ² producing ³ asoutputcan now be constructed
by connectingthe outputof the ² specificfront-endto the input of the back-endfor ³ . This architecture
thusisolateslanguagespecificcodein the front-endandoutputformatdependentcodein back-ends.Adding
supportfor anew languageonly requiresdevelopinganew front-endfor thelanguage,likewise,to addsupport
for anew outputformat,only a new back-endhasto bedeveloped.

WeusedthedomainspecificlanguageBOX [30] to connecttheoutputof front-endsto theinputof back-ends
(seeSection3.2 for a descriptionof the BOX language).By usingBOX to gluefront-endsandback-ends,the
framework allows any BOX producerto be connectedto any BOX consumer. This flexibility allows a whole
rangeof front-endsandback-endsof differentcomplexity to beconnectedto thepretty-printframework. For
example,multiple front-endsfor a singlelanguagemayexist simultaneously, providing differentfunctionality
or differentquality. Oneof themmightbeoptimizedfor speed,performingonly basicformattingfor instance,
while anotheris designedto produceoptimalresultsat thecostof decreasedperformance.

3.2 Theboxmarkuplanguage
BOX is a languageindependentmarkuplanguagedesignedto describethe intendedlayout of text. Being a
box-basedlanguage,it allows a formattingof text to beexpressedasa compositionof horizontalandvertical
boxes. BOX is basedon PPML[19] andcontainssimilar operatorsto describelayoutandconditionaloperators
to defineformattingdependingon theavailablewidth. In additionto PPML, BOX supportstables,fonts,and
formattingcomments. In the remainderof this sectionwe will give a brief overview of BOX (for a more
completedescriptionof thelanguagewereferto [27]).

A termover the BOX languageconsistsof a nestedcompositionof boxes. Themostelementaryboxesare
strings,more complex boxes can be constructedby composingboxes using positional operators and non-
positionaloperators. The first (seeTable1 for a list of availablepositionaloperators)specify the relative
positioningof boxes.Thelatter(seeTable2) specifythevisualappearanceof boxes(by definingcolorandfont
parameters),definelabels,andformatcomments.

Examplesof positionaloperatorsaretheH andV operators,which formattheir sub-boxeshorizontallyand
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operator

description
F Operatorto specifyfontsandfont attributes.
KW Fontoperatorto formatkeywords.
VAR Fontoperatorto formatvariables.
NUM Fontoperatorto formatnumbers.
MATH Fontoperatorto formatmathematicalsymbols.
LBL Operatorusedto definea labelfor abox.
REF Operatorto referto a labeledbox.
C Operatorto representlinesof comments.

Table2: Non-positionalBOX operators.

vertically, respectively:

´¶µ ·7¸ ·�¹ ·�º »½¼ ·7¸ ·�¹ ·�º

¾¿µ · ¸ · ¹ · º »À¼
·�¸
· ¹
·�º

Theexactformattingof positionalboxoperatorscanbecontrolledusingspaceoptions. For example,to control
theamountof horizontallayoutbetweenboxes,theH operatorsupportsthehs spaceoption:

´�ÁÃÂ�ÄyÅ�µ ·7¸ ·�¹ ·�º »,¼ ·�¸ ·�¹ ·�º
BOX asweuseit slightly differsfrom its initial designasdescribedin [30]. Wesimplifiedthelanguage(mainly
to improve commenthandling)andmadeit moreconsistent.Furthermore,we introduceda generalizationof
theconditionalHOV operator. Thisoperator, whichis availablein someform or anotherin mostformattinglan-
guages,formatsits contentseithercompletelyhorizontallyor completelyverticallydependingon theavailable
width (consistentline breaking).We introducedasgeneralizationtheALT operator:

ALT
µ · ¸ · ¹ »,¼ ·7¸

Æ�Ç ·�¹
This operatorchoosesamongtwo alternative formattingsdependingon theavailablewidth. It choosesfor its
first sub-boxwhensufficientspaceis availableandfor its secondsub-boxotherwise.

3.3 Pretty-printtables
We introducethenotionof interpretedformattingin which a front-end(seeSection3.4) formatsits input by
interpretingasetof languagespecificformattingrules.Formattingrulesandcodeareseparatedby definingthe
formattingrulesin pretty-printtables.Eachformattingrule formsa mappingof theform È<É#Ê�ËÍÌ (whereÈ<É
denotesa productionof thegrammarof thelanguage² and Ì denotesthecorrespondingBOX expression)and
specifieshow thelanguageconstructÈ�É shouldbeformatted.

Representingformattingrulesin tablesinsteadof having a singlededicatedpretty-printerthatcontainsall
pretty-printrulesfor a languageprovidesthe following advantages.First, tablessupporta modulardesignof
pretty-printers.As a consequence,a pretty-printercanfollow thesamemodularstructureasthecorrespond-
ing modulargrammarandre-useis promoted.Second,pretty-printtablespromoteincrementalpretty-printer
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“package” Name “;” Î PackagedDeclaration — H [KW[“package”] H hs=0 [ 1 “;”]],
“import” Name “;” Î ImportDeclaration — H [KW[“import”] H hs=0 [ 1 “;”]],
“import” Name “.” “*” “;” Î ImportDeclaration — H [KW[“import”] H hs=0 [ 1 “.” “*” “;”]]

Figure2: A sampleof apretty-printtable.Thetablecontainsmappingsfrom grammarproductionsin SDF (on
theleft-handsideof ‘—’) to correspondingBOX expressions(on theright-handsideof ‘—’).

generation.Whenoneor moremodulesof a modulargrammararemodified,only thetablescorrespondingto
themodifiedmoduleshave to bere-generated.Third, tablesallow easypersonalcustomizationby separating
globally definedor generatedformattingrules,andcustomizedrulesin differenttables.Defininganordering
on tablesdetermineswhich formattingrule shouldbeappliedwhenmultiple rulesexist for a singlelanguage
construct.It allows a userto customizethepretty-printerby definingadditionalruleswith higherprecedence.
Fourth,theseparationof formattingrulesin tablesallowsfor agenericBOX producerwhich,wheninstantiated
with languagespecificpretty-printtables,performslanguagespecificformatting(seeSection3.4).

We usethesyntaxdefinitionformalismSDF [11] to expresslanguageconstructsin pretty-printtables.SDF

in combinationwith generalized-LRparsergeneration[22] offersadvancedlanguagetechnologythathandles
the full classof context-freegrammars.By usingthis technologyin thepretty-printerwe alsoobtainpretty-
print supportfor this classof grammars.In additionto SDF, thegeneralideaof pretty-printtablescontaining
mappingsfrom languageconstructsto BOX expressionscaneasilybeimplementedfor othersyntaxdefinition
formalisms(like BNF) or XML aswell.

Figure2 showsanexampleof apretty-printtablewhichdefinesaformatfor threelanguageconstructsof the
programminglanguageJava. Thefirst entryin thetabledefinesaformattingfor PackagedDeclaration1. This
languageconstructconsistsof the terminalsymbolspackage and‘ ;’, and the non-terminalsymbolName.
The formattingrule expressesthat thesethreeelementsarelayouthorizontally, thatpackage is formattedas
keyword, andthat no white spaceis insertedbetweenthe non-terminalName andthe semicolon. Observe
the useof the numberedplaceholder (‘ 1’) to denotethe BOX expressioncorrespondingto the formatted
non-terminalsymbolName. The remainingformattingentriesdefinesimilar formattingsfor the two import
declarationconstructsof Java.

3.4 A genericboxproducer
We designeda generic,languageindependentfront-endwhich appliesformattingrulesdefinedin anordered
sequenceof pretty-printtablesto aparsetree.Separatingthelanguagespecificformattingrulesin tablesallows
thegenericfront-endto bere-usedunmodifiedto formatany language.Constructingapretty-printerfor anew
languageonly requireslanguagespecificformattingrulesto bedefinedin tables.

Thefront-endoperateson a universalformatfor therepresentationof parsetrees(calledAsFix [9]), which
preserveslayoutandcomments.Operatingonparsetreesin generalhastheadvantagethatlexical information
for disambiguationis available.Thereforewedonothaveto dealwith theinsertionof bracketsto disambiguate
the generatedoutput2. BecauseAsFix is a universalparsetree format, it can representparse-treesfor any
languageandthereforeallows genericparse-treeoperationsto be definedin languageindependenttools. As
a result, the transformationof a parsetreeto BOX canbe definedlanguageindependentlyin the singletool
parsetree2box (seeFigure1). UsingAsFix hastheadditionaladvantagethatall layoutis preservedin the
treewhichsimplifiescommenthandling.

The front-endparsetree2box constructsa BOX term for a parsetreeof a languageby traversingthe
parsetreein depthfirst orderandsimultaneouslyconstructinga BOX termaccordingto the languagespecific
formattingrulesin the pretty-printtables. For eachnodein the treethat correspondsto a productionof the
languageparsetree2box searchesthe tablesfor thecorrespondingBOX expression.Whena format rule
for aproductiondoesnotexist,parsetree2box automaticallygeneratesadefaultrule(thisapproachmakes

1Pleasenote that productionsin SDF arereversedwith respectto formalismslike BNF. On the right-handsideof the arrow is the
non-terminalsymbolthatis producedby thesymbolson theleft-handsideof thearrow.

2We do not considerconstructingvalid parsetrees(i.e., parsetreescontainingall lexical informationfor disambiguation)aspart of
pretty-printing.In casea treeis notconstructedby aparserdirectly, disambiguation(like describedin [30] and[21]) mightbeneededand
hasto beperformedby third partytools.
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Figure 3: A screendump showing the result of the HTML codeof a Java codefragmentas producedby
box2html .

pretty-printentriesoptionalbecausesimpleformattingsareconstructeddynamicallyfor missingentries).The
BOX termthusobtainedis thenmodifiedto includeoriginalcomments,andis instantiatedwith BOX termsrep-
resentingtheformattednon-terminalsymbolsof theproduction.Originalcommentsarerestoredby insertingC
boxes(containingthetextual representationof comments)in theBOX term,andby positioningthesecomment
boxesusingtheH andV operatorsto preservetheiroriginal location.

3.5 Pretty-printergeneration
Constructinga pretty-printerfor a languageby handis a time consumingtask. The ability to quickly and
easilyobtainpretty-printersbecomesmoreandmoreimportantwhenthe numberof languagesanddialects
in useincreases.For example,developmentof domainspecificlanguages(DSLs),andlanguageproto-typing
requirestheuseof a largenumberof pretty-printersanddemandsenhancedtechnologyfor theconstructionof
pretty-printers.

Pretty-printergeneration,basedongrammarswithoutannotatedformatrules,is suchtechnology. This tech-
nology supportsthe generationof a pretty-printerfor a languageby “guessing”a suitablelayout basedon
grammaranalysisandformattingheuristics.Obviously, theresultof suchgeneratedpretty-printerswill notsat-
isfy completelyin mostcasesandtheability to adaptgeneratedpretty-printersstronglyincreasestheusefulness
of thegeneratorandits generatedformatters.

In additionto the pretty-printergeneratordescribedin [30], which producesdedicated,languagespecific
front-ends,we introduceanalternative techniquefor thegenerationof pretty-printerswhich benefitsfrom the
tablebasedpretty-printapproach.Dueto theseparationof languagespecificformattingrulesandgenericcode
to performa formatting,thereis no needto generateany code.Only pretty-printtableshave to begenerated
andthegenericformattingengineparsetree2box canbere-usedfor eachlanguageto performtheactual
formatting.Thisapproachcompletelyseparatesdata(thepretty-printtables)andcode(thegenericformatting
engine).Theusercancustomizetheformattingby overrulinggeneratedformattingrulesin tableswith higher
precedence(seeSection3.3).

In our approach,a pretty-printergeneratoronly consistsof a tablegenerator. We developedsucha table
generatorwhich constructsa separatepretty-print table for eachmoduleof a modularSDF grammar. The
generatorcurrentlyonly usessimpletechniquesto generateformattingrulesfor a language.Improving the
generationprocessbyusingmoreadvancedheuristicsandgrammaranalysisis acurrentresearchtopic. Another
approachto improve the generatedpretty-printtableswould be to guidethe generationprocessby meansof
userprofiles(similar to [4]).

3.6 Boxconsumers
A back-endtransformsa languageindependentBOX term to an outputformat. The advantageof usingGPP

dependsonthenumberof availableoutputformats.GPP currentlysupportstheoutputformatsplaintext, HTML,
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public class HelloWorldÏ
public static void main( String[] args )Ï

System.out.println( “Hello World!” );ÐÐ
Figure4: Theresultof formattinga Javacodefragmentusingtheback-endbox2latex .

andLATEX, whichareproducedby theback-endsbox2text , box2html , andbox2latex , respectively. PDF

canalsobegeneratedbut indirectly from generatedLATEX code.
Fromthethreeback-endsbox2text is themostcomplicatedbecauseit hasto performall formattingitself.

The translationto HTML andLATEX is lesscomplicatedbecausetheactualformattingis not performedby the
back-endbut by a WEB browseror LATEX. The implementationof theseback-endsthereforeconsistsof a
translationfrom a BOX termto native HTML or LATEX code.

Thetranslationto text consistsof two phases.During thefirst phasetheBOX termis normalizedto contain
only horizontaloperators,verticaloperators,andcomments.During thesecondphasethesimplifiedBOX term
is translatedto text andthefinal layoutis calculated.

Theformattingdefinedin a BOX termis expressedin HTML asa complex nestedsequenceof HTML tables.
In contrastto BOX, HTML is designedto formata text logically (consistingof a title, a sequenceof paragraphs
etc.),not asa compositionof horizontalandverticalboxes.Only theuseof HTML tables(in which individual
rows correspondto horizontalboxesandtablesto vertical boxes)yieldeda correctHTML representationof
the formattingdefinedin a BOX term. Figure3 shows a screendumpof a pretty-printedJava codefragment
producedby box2html .

LATEX code,representingthe formattingdefinedin a BOX term, is obtainedby translatingthe BOX term to
correspondingBOX specificLATEX environments.Theseenvironmentsprovide thesameformattingprimitives
asBOX in LATEX. As anadditionalfeature,box2latex allowsoneto definea translationfrom BOX stringsto
native LATEX code.This featureis usedto improve thefinal output,for instanceby introducingmathematical
symbolswhichwerenotavailablein theoriginalsourcetext (for example,it allowsoneto introducethesymbol
‘ Ñ ’ in the output wherethe word phi was usedin the original sourcetext). Figure 4 shows the result of
processingasmallJava codefragmentby box2latex .

3.7 Implementation
For the implementationof the individual tools of GPP we combinedmodernparsingtechniqueswith com-
piled algebraicspecifications.The parsingtechniques,basedon SGLR (scannerlessgeneralized-LR)parsing
[32], allow us to easilydefineandadaptgrammarsandautomaticallygenerateparsersfrom them. Thebasic
functionalityof the individual tools is implementedasa numberof executablespecificationsin thealgebraic
specificationformalismASF+SDF [11, 3, 31]. From thesespecificationswe obtainedC codeby compiling
thespecificationusingthe ASF+SDF compiler[28]. ThegeneratedC codeis efficient andgivesa promising
performanceof GPP despiteof its interpretedapproachbasedon pretty-printtables,andits implementationas
algebraicspecification.

The generatedparsersandcompiledspecificationsaregluedtogetherinto a singlecomponentusingUnix
scripts.We usemake in combinationwith dynamicallygeneratedMakefilesasperformanceimprovement,to
preventdoingredundantwork.

In orderto processfiles asproducedby box2latex by latex , thestylefile boxenv is requiredwhich
containstheimplementationof theBOX specificenvironments.For a generalusageof thisstylefile andfor an
in-depthdiscussionof its implementationwe referto [7].
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4. CASE STUDIES

4.1 Formattingreal-worldlanguages
We experimentedwith thepretty-printerandits generatorandconstructedpretty-printersfor somereal-world
languages.TheselanguagesincludetheprogramminglanguageJavaandtheextensiblemarkuplanguageXML.
An applicationof thepretty-printerin industryis its useasformatterfor Risla[2], a domainspecificlanguage
for describingfinancialproducts.

For theJava pretty-printerwefirst constructedagrammarin SDF accordingto theJava LanguageSpecifica-
tion [10]. Thenwe generatedpretty-printtablesfrom this grammar. Finally, we customizedthepretty-printer
manuallyto meetour requirements.Figure3 andFigure4 show theresultof formattinga smallJavaprogram.
Figure3 is obtainedby usingbox2html , for Figure4 weusedbox2latex .

TheXML formatteris anotherapplicationof GPP for real-world languages.Its developmentwasverysimilar
to theconstructionof theJava formatter. We first constructeda grammarfrom XML in SDF accordingto [6],
thenwe generatedandcustomizedpretty-printtables. Thanksto the tablebasedapproach,we wereableto
re-usethesetablesfor thepretty-printerof the languagedepictedin Figure5 and6. Similar to the grammar
of this language,which combinesthelanguagesXML andBOX (seeSection5), wewereableto alsoconstruct
a correspondingpretty-printerfor this languageby combining(andre-using)the pretty-printersof XML and
BOX.

4.2 Tool construction
The individual componentsof GPP provide basiclanguageindependentpretty-printfacilities. Thesecompo-
nentscaneasilybeusedin combinationwith additionalsoftwareto constructadvancedspecial-purposetools.
We have combinedthesegenerictoolsfor instance,with languagespecificfeaturesto form two advancedfor-
mattingenginesfor thealgebraicspecificationformalismASF+SDF [3, 11, 31]. Thetool tolatex generatesa
modularLATEX documentfrom anASF+SDF specificationby formattingeachindividualmoduleincrementally,
andcombiningthemto form asingledocumentwith atableof contentsandcrossreferencesbetweenmodules.
Similarly, thetool tohtml generateshyper-linkedHTML documentsfrom a modularspecification,featuring
visualizationof theimportstructureof thespecificationandhyper-links betweenmodules.

Otherexamplesof theuseof theindividual componentsfor tool constructionincludetheintegrationof GPP

in the interactive ASF+SDF Meta-Environment[29], andits integrationanddistribution aspartof XT [8], a
distributionof toolsfor theconstructionof programtransformationsystems.

5. FORMATTING XML DOCUMENTS

The extensiblemarkuplanguageXML [6] is a universalformat for the abstractrepresentationof structured
documentsand data. Pretty-printtechniquesareusedto transformXML documentsto user-readableform.
FormattingXML documentsis beingstandardizedin theextensiblestylelanguageXSL [1]. Thecombinationof
XML andXSL separatecontent(XML) from format(XSL). Sincetheintendeduseof XML initially waslimited
to WEB documents,techniquesfor pretty-printingXML documentsmostlyconcentratedon thetransformation
to HTML.

We expectthattheneedto representXML documentsin otherformatsthanHTML will grow rapidly. More-
over, alternativesto XSL aredesirablebecausethetranslationfrom XML to HTML usingXSL is consideredto be
difficult [17]. Although XSL is powerful, its designmight prove to beunnecessarilydifficult for thecommon
caseandthusmakesmoresimplepretty-printtechniquessensible.

Our pretty-printerprovidessuchtechniquesandcombinedwith its ability to producesdifferentoutputfor-
matsmakesit suitablefor formattingXML documents.

5.1 Usingboxto formatxmldocuments
TheDocumentTypeDefinition (DTD) of an XML documentdefinesthestructureof a document.The DTD of
an XML documentcanthusbe seenas languagedefinition or grammar, and its contentsasa term over that
language.

A pretty-printerfor a languagecanbeconstructedby definingmappingsfrom languageproductionsto BOX

expressions.Similarly, apretty-printerfor aparticularDTD canbeconstructedby definingmappingsfrom DTD
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!ELEMENT person (name, surname, age) Ó —

V is=3 [“person” 1 2 3],
Ò

!ELEMENT name (#PCDATA) Ó —
H [“name: ” 1],

Ò
!ELEMENT surname (#PCDATA) Ó —

H [“surname: ” 1],
Ò

!ELEMENT age (#PCDATA) Ó —
H [“age: ” 1]

Figure5: A simpleXML DTD annotatedwith BOX formattingrules

constructsto BOX. Oncesuchpretty-print tableshave beendefined,well-formedXML documentsover that
DTD canbetransformedto all outputformatsfor whicha back-endis available.

Example 5.1 In Figure5 we definea simpleDTD which structurespersonaldata(name,surname,andage).
TheDTD is annotatedwith BOX formattingrules.Theserulesformulatethatthecontentsof recordsshouldbe
formattedvertically, left indented,andprecededby thestring“person”.

Below thetextual representationof a typicalwell-formeddocumentover this DTD is displayedafterformat-
ting by box2text :

person
name: Johny
surname: Walker
age: 5

Of course,theformattingcanbeimproved,for instanceby usingtablesto alignfield namesandfield values.

Example5.1demonstratesthattheuseof BOX asformattinglanguagein combinationwith XML, andtheuse
of theavailableback-endsallows XML documentsto beformattedeasily.

Currently, we do not supportformattingrulesto bedefinedasannotationsof a DTD directly (aswe did in
Figure5). Instead,we first generateanSDF grammarfrom a DTD, thenwe usetheSDF grammarto generate
a pretty-printtable. This indirectionallows us to experimentwith XML by usingexisting pretty-printtools,
minimizing theneedfor additionalsoftware.

5.2 Analternativestylelanguage
The obvious way to transforman XML documentto HTML currently is by using XSL stylesheets.An XSL

stylesheetspecifieshow particulardocumentsshouldbepresentedin termsof someXML formattingvocabulary.
An XSL stylesheetthusdescribesastructuraltransformationbetweentheoriginaldocumentandtheformatting
vocabulary. HTML is usedas formattingvocabulary when an XML documenthasto be transformedinto a
traditionalWEB document.

In spiteof its advantageof separatingpresentationandcontent,andits expressivepower, weagreewith [17]
that XSL is difficult. First becausethelanguageusesthe XML syntaxwhich make XSL stylesheetsdifficult to
read.Furthermore,thelanguageis largeasa resultof theintentionto make XSL stylesheetsgenerallyapplica-
ble. Finally, thecombinationof a formattinglanguageanda transformationlanguagemakesXSL stylesheets
complex anddifficult to maintainbecauseonehasto dealwith formattingandtransformationissues(by means
of treetraversals)simultaneously.

We think that thesenegative aspectsmake XSL stylesheetstoo difficult for many simple transformations.
Separationof traversalsandpresentation,anda lesscomplex languagewouldeasedescribingsimplepresenta-
tionsof XML documents.

With parsetree2box simplepresentationsof XML documentscanbedefinedbasedonanimplicit traver-
salof theparse-tree.Pretty-printtablesaresuitableto expressaformattingin termsof a formattingvocabulary
otherthanBOX. Thecombinationof animplicit traversalandpretty-printtablesaslittle languageto expressa
transformationto HTML thusformsanalternative to XSL for simpleformattingpurposes.
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!ELEMENT person (name, surname, age) Ó —

“

Ò
html Ó ” “

Ò
head Ó ” “

Ò
title Ó ” 1 2 “

Ò
/title Ó ” “

Ò
/head Ó ” “

Ò
body Ó ” 1 2 “ and ” 3 “

Ò
/body Ó ”

“

Ò
/html Ó ”,

Ò
!ELEMENT name (#PCDATA) Ó —

“my name is ” 1,
Ò

!ELEMENT surname (#PCDATA) Ó —
1,

Ò
!ELEMENT age (#PCDATA) Ó —

“I am ” 1 “years old”

Figure6: Pretty-printtablesusedaslanguageto definea simpletransformationfrom XML to HTML.

Example 5.2 Example5.1 demonstratedhow formattingin termsof horizontalandverticalboxescanbede-
finedfor a DTD. Formattinga documentaccordingto theserulesyieldsanunstructuredrepresentationof the
document.Figure6 shows how pretty-print tablescanalsobe usedto definea structuredrepresentationin
termsof HTML.

Themappingsin Figure6 definefor eachproductionof the XML DTD thecorrespondingHTML code.For-
mattinga well-formeddocumentusingbox2text accordingto theseruleswill yield:

<html>
<head>

<title>
my name is Johny Walker

</title>
</head>
<body>

my name is Johny Walker
and I’m 5 years old

</body>
</html>

This HTML documentcanthenbedisplayedby theuserusinganHTML browser.

Example5.2demonstrateshow simpletransformationrulesof XML documentscanbeseparatedfrom code
thatdefinestraversals.Thisprovides,in combinationwith theimplicit treetraversalsof parsetree2box , a
simpleformattingmechanismof XML documentsandmayserveasalternative to XSL.

For morecomplex transformationswhereimplicit traversalsaretoorestricted,weareplanningto investigate
onusinglanguagesdesignedprimarily for transformationsasalternativeto XSL. An exampleof suchalanguage
is Stratego [33], which hasmorepowerful transformationfacilities anda bettersyntax. We expectthat both
will helpto improvereadabilityandmaintainability.

6. CONCLUDING REMARKS

6.1 Contributions
In this paperwe describedthe design,implementation,anduseof the genericlanguageindependentpretty-
printer GPP. The systemcaneasilybe extendedin orderto addsupportfor morelanguagesor moreoutput
formats.It canalsoeasilybeadaptedto extendpretty-printsupportfor existing languages.Thesystemcom-
binesknown techniques(like languageindependentpretty-printing,division of pretty-printersin front-ends
andback-ends,andpretty-printergeneration)with new techniquesto provide advancedpretty-printsupport.
Our contributionsare: i) Formulationof formattingrules in pretty-print tables,which allows for a modular
pretty-printerdesignandsupportsincrementalpretty-printergeneration.ii) Customizationof pretty-printers
by meansof orderedpretty-printtables.iii) Wedevelopedagenericformatengine(parsetree2box ) which
operatesonauniversalparsetreeformatandinterpretslanguagespecificformatrulescontainedin pretty-print
tables. iv) We designeda tablegeneratorwhich generatespretty-print tablesfor a languageby inspecting
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the correspondinggrammar. v) We implementedthreeback-endswhich make plain text, HTML, andLATEX
outputavailable for all formatters. vi) The pretty-printeris designedasstand-alonesystemand can there-
fore easilybe integratedin third-partysystems.Moreover, the systemis free andcanbe downloadedfrom
http://www.cwi.nl/˜mdejonge/gpp/ .

Furthermore,wediscoveredthatXML is a relativenew applicationareaof pretty-printing.We experimented
with XML andwe found two usefulapplicationsof our pretty-printer. First, thepretty-printercanbeusedto
easilyformatan XML documentdependingon its DTD andto translateit to severaldifferentoutputformats.
Second,thepretty-printercanbeusedfor simpletermtransformationsasalternativeto XSL. For complex trans-
formationswesuggestusingmoreadvancedtransformationsystems(like theprogramminglanguageStratego
for instance)asalternative to XSL.

6.2 Futurework
This pretty-printprojectwasinitiatedaspartof thedevelopmentof a new ASF+SDF Meta-Environmentand
its integrationasdefault formatterwastheintendedgoal.Theintegrationof thepretty-printerin this interactive
programmingenvironmentis notfinishedyetbut is plannedto becompletedsoon.

The table generatoris the one componentof the pretty-print systemthat still needsadditionalresearch.
This researchincludesexperimentingwith moreadvancedheuristicsandgrammaranalysisto guessa suitable
layout,andexperimentingwith userprofilesto guidethegenerationprocessin orderto respectuserpreferred
formattingstyles.

The recentexperimentswith XML proved the usefulnessof the genericpretty-printapproachthat we fol-
lowed. The rapid growing importanceof XML and of formatting XML documentsmakes it an interesting
applicationareafor ourpretty-printerandanaturalextensionof our research.
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