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ABSTRACT
Tool builders dealing with many different languages, and language designers require sophisticated pretty-print
techniques to minimize the time needed for constructing and adapting pretty-printers. We combined new and
existing pretty-print techniques in a generic pretty-printer that satisfies modern pretty-print requirements. Its
features include language independence, customization, and incremental pretty-printer generation.
Furthermore, we emphasize that the recent acceptance of XML as international standard for the representation
of structured data demands flexible pretty-print techniques, and we demonstrate that our pretty-printer provides
such technology.
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1. INTRODUCTION

Pretty-printingis concernedvith formattingandpresentatiof computedlanguagesThesdanguageclude
ordinaryprogrammindanguagesndlanguageslefiningdatastructuresxML [6], recentlyaccepte@sinterna-
tional standardor therepresentationf structureddata,bringsformattingissuegrelatedto the transformation
of XML documentgo userreadabldorm) towardsa broadcommunityof tool builders.

Thesetool buildersaswell aslanguagalesignerslemandadvancedoretty-printtechniqueo minimizethe
time requiredfor developing new or adaptingexisting pretty-printers. For both it is essentiato maximize
languagandependencef pretty-printersandto be ableto add supportfor new language®asily Moreover,
pretty-printersshouldminimize codeduplication,be customizableextensible andeasyto integrate.

Most pretty-printtechnologyusedin industrytodaydoesnot meettheserequirementsThis lack of sophis-
ticatedtechnologymakes developmentand maintenanceostsof pretty-printershigh. Despitethe academic
researchn this field which hasyielded advancedpretty-printtechniqueswe obsene that thesetechniques
have notcomeavailablefor practicaluseyet.

In this paperwe combinenew and existing techniquego form a pretty-print systemthat satisfiesmod-
ern pretty-printerrequirementslt featuredanguagandependencextensibility, customizationpretty-printer
generationandit supportsmultiple outputformatsincluding plain text, HTML, andIATeX. Furthermorethe
pretty-printercaneasilybeintegratedin existing systemsandis freely available.

This articleis organizedasfollows. Section2 describeseveralaspectof pretty-printingby summarizing
earlierwork in thisfield. In Section3 we describehe designandimplementatiorof the genericpretty-printer
GPP. Several casestudiesarediscussedn Sectiond. Section 5 explainshow our pretty-printercanbe used
to format XML documentslependingon their documenttype definition (DTD) and how it may function as
alternatve to the extensiblestylelanguage&xsL). Contritutionsandfuturework areaddresseth Section6.

2. STATE OF THE ART
Traditionally, mostly ad-hocsolutionshave beenusedto copewith the problemof formattingcomputedan-
guagesNot only weretraditionalpretty-printersboundto specificlanguagesthey alsocontainechard-coded



formattingruleswhich madethemnon-customizable.

Thefirstgenerabkolutionto thepretty-printproblemwasformulatedoy Oppen20]. Hedescribedlanguage
independenpretty-printalgorithm operatingon a sequencef logically continuousblocks of strings. The
division of theinputby delimiters(eitherblock delimitersor white spaceprovidesinformationaboutwereline
breaksareallowed.

Oppenalsointroducedconditionalformattingto supportdifferentformattingswhena block cannotfit on a
singleline. He distinguishesnconsistenbreakingwhich minimizesthe numberof newlinesthatareinserted
in a block to malke it fit within the pagemargins, and consistenbreaking,which maximizesthe numberof
newlines. Conditionalformattinghasbeenadoptedn mostmodernpretty-printers.

In additionto Oppen,mary languageindependenpretty-printalgorithmsare describedn the literature.
Traditionalalgorithmswhich aremoreor lesssimilarto Oppensinclude[23, 18, 24, 19, 30]. A consequence
of conditionalformattingis anexponentialgrowth of the possibleformattings.While thetraditionalalgorithms
only considera small subsebf theseformattingsin orderto limit executiontime, moreadwancedformatting
algorithmsare designedin the communityof functional programming[12, 26, 14, 34]. Thesealgorithms
heavily dependon lazy evaluationto abstracover executiontime. This allows the pretty-printergo selectan
optimalformattingin alazy fashionfrom all possibleones.

Severalformattingprimitiveshave beensuggestedsalternatve to the blanksandblocksof Oppen.Modern
pretty-printersdescribeformattingin termsof boxes(asintroducedby [15] and[18]). PPmL[19] definesa
formalism basedon boxesto definethe structuringof displays. It introducesdifferenttypesof boxes for
differentformatting. Examplesarethe h box for horizontalformattingandv for verticalformatting. Basedon
PPML, [30] introduceshe languageBox, mainly to solve sometechnicalproblemsof pPmL. Anothersimilar
approacho pPmL is describedy Boulton[5]. He describes formalismto annotatea grammarwith, among
others abstracsyntaxandformattingrules. The syntaxfor specifyingformattingis basedbn pPmL.

Oppen[20] obsenredthatthe procesof pretty-printingcanbe dividedin a languagedependentront-end
for the translationof a programtext to somelanguagendependenformatting,anda languageindependent
badk-endwhichtranslateshelanguagendependentormattingto anoutputformat. All currentpretty-printers
thatwe areawareof follow this structure.

Thedivisionof apretty-printetin afront-endandback-endchotonly makesaback-endanguagéndependent,
it alsomakes a front-end outputformat independent.Despitethis fact, by far the mostback-endghat are
describedn theliteratureconcentrat®n the translationfrom a languageéndependeninput termto plain text.
Articles which addresshetranslatiorto otheroutputformatsinclude[19, 30, 27].

A niceformattingis aquestionof styleandpersonataste[16]. BlaschekandSametingef4] emphasiz¢hat
theability to customizéhegeneratedutputof apretty-printerto one'sfavorite stylecanimprovethereadability
andmaintainabilityof programssignificantly Customizingexisting pretty-printeramostly requireschanging
the codemanually or modifying the formattingrulesasannotation®f the grammar(which, asa result,also
modifiesthe grammar). An ordinaryusercannotbe expectedto performsuchmaodifications. A more user
friendly approachof customizableoretty-printingis describecdby [4]. They introduceuseradaptablepretty-
printing usingpersonaprofileswhich provide individual formattingrulesfor generalanguageconstructs.

A front-endfor alanguageanbeconstructedy hard-codingheformattingrulesmanually or begenerated
from a grammarannotatedvith formattingrules. Thefirst approachtis mostcommonlyused,for examplein
[13, 19). Thelatterapproachsuggestedy Oppen(who emphasizetheimportanceof separatingretty-print
informationfrom code),is usedin [23, 24, 5].

A front-endcanalsobe generatedrom a grammarwithout annotatedormatrulesby a pretty-printergen-
erator that analyseghe structureof a grammarto “guess”a suitablelayout. Despitethe usefulnes®f such
generatorén ernvironmentswherea large numberof evolving languagesreused little work hasbeencarried
outon thistopic. Theonly pretty-printergeneratothatwe areawareof is describedn [30]. They describea
generatowhich producegledicated|anguagespecificfront-ends. Thesefront-endscontainformattingrules
andthecodeto performthe formatting. Theactualformattingcanbe customizedy adaptingor extendingthe
generateatode. Their approactyields highly customizabldormattersbut the formattersarelanguagedepen-
dentandcustomizationmequiresmodifying the generated¢ode(andthusrequiresunderstandinghe generated
code).
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Figurel: An overview of thegenericpretty-printerGpp. It consistf atablegeneratara front-end(parse-
tree2box ), andthreeback-endsvhich produceplaintext, HTML andIATEX, respectiely.

3. A PRETTY-PRINTER FOR EVERY OCCASION

Despiteall researcton the topic of pretty-printing,mostpretty-printerghatareusedin practicearelanguage
specific,inflexible, andsupportonly averyrestrictechumberof outputformats.Moreover, for mary languages
not even a pretty-printerexists. Adding supportfor a new languageor a new outputformat often means
implementinga new pretty-printerfrom scratch. This is not only a time consumingask, but alsointroduces
muchcodeduplicationwhich increasesnaintenanceosts.

Onthe otherhand,moreadvancedpretty-printerghat have beendevelopedaspart of researctprojectsare
oftenincomplete(becausehey only addresa limited numberof pretty-printaspects)or aretightly coupledto
aparticularsysten19, 30] which make themhardto usein general.

Summarizingthereis a greatneedfor advancedpretty-printtechniquesn industrywhich areflexible, cus-
tomizable easyto use,andlanguageéndependentDespitetheresearclin thisfield therearecurrentlyno such
pretty-printerdor practicaluseavailable.

In the remainderof this sectionwe will describethe architectureand designof the genericpretty-printer
GPP which satisfieamodernpretty-printrequirementsThe pretty-printeris languagendependenanddivided
in front-endsandback-endd4o make future extensionseasyto incorporate.A box basedntermediatdformat
(calledBOX), which supportscommentpreserationandwhich is preparedor incrementabnd conserative
pretty-printing[25], is usedto definethe formattingof languagesndto connectfront-endswith back-ends.
Furthermorethe pretty-printerusesnew techniquego supportcustomizatiorof pretty-printergbasedon re-
usable,modularpretty-printtables),and incrementalpretty-printergeneration. We supportmultiple output
formatsincluding plain text, HTML, andIATEX. Finally, the pretty-printercanbe integratedeasilyin existing



O O
0\36(& & description
H hs Formatsits sub-boxshorizontally
\Y Vs, is Formatsits sub-boxsvertically.
HV hs, vs, is Inconsistentine breaking.Respectdéine width by formattingits sub-boxshor-
izontally andvertically.
A hs, vs Formatsits sub-boxsin atakular.
ALT Dependingpnthe availablewidth, formatsits first or secondsub-box.

Table1: PositionalBox operatorsand supportedspaceoptions(hs defineshorizontallayout betweenboxes, vs defines
verticallayoutbetweerboxes,andis definedeft indentation).

systemspr beusedstand-alonandis freely available.Figurel givesa generabverview of thearchitectureof
GPP.

3.1 Anopenframavorkfor pretty-printing

We followed the well-known approachof dividing a pretty-printerin a languagedependenfront-endanda

languageindependenbadk-end This allows for an openpretty-printsystemwhich can easily be extended
to supportnew languagesand outputformats. A front-endfor languagel. expresseghe languagespecific
layoutof L in termsof agenericformattinglanguageA back-endproducingoutputformatO translateserms
over this formattinglanguageto O. A pretty-printerfor L producingO asoutputcannow be constructed
by connectingthe outputof the L. specificfront-endto the input of the back-endfor O. This architecture
thusisolatesanguagespecificcodein the front-endand outputformatdependentodein back-ends Adding

supportfor anew languageonly requiresdevelopinga new front-endfor thelanguagelik ewise,to addsupport
for anew outputformat,only a new back-enchasto bedeveloped.

We usedthedomainspecificlanguagesox [30] to connecthe outputof front-endgo theinputof back-ends
(seeSection3.2for a descriptionof the Box language).By usingBox to gluefront-endsandback-endsthe
framework allows any Box producerto be connectedo ary Box consumer This flexibility allows a whole
rangeof front-endsandback-end®f differentcomplexity to be connectedo the pretty-printframenork. For
example,multiple front-endsfor a singlelanguagemay exist simultaneouslyproviding differentfunctionality
or differentquality. Oneof themmight be optimizedfor speedperformingonly basicformattingfor instance,
while anotheiis designedo produceoptimalresultsatthe costof decrease@erformance.

3.2 Theboxmarkuplanguage

BOX is a languagendependenmarkuplanguagedesignedo describethe intendedlayout of text. Being a
box-basedanguageit allows a formattingof text to be expressedsa compositionof horizontalandvertical
boxes.BOX is basedon PPML[19] andcontainssimilar operatorgo describdayoutandconditionaloperators
to defineformattingdependingon the availablewidth. In additionto PPML, BOX supportsables,fonts, and
formatting comments. In the remainderof this sectionwe will give a brief overview of Box (for a more
completedescriptionof thelanguagewe referto [27]).

A term over the BOX languageconsistsof a nestedcompositionof boxes. The mostelementarpboxesare
strings, more complex boxes can be constructedoy composingboxes using positional opefators and non-
positional operators. The first (seeTable 1 for a list of available positionaloperators)specify the relative
positioningof boxes. Thelatter(seeTable2) specifythevisualappearancef boxes(by definingcolorandfont
parametersylefinelabels,andformatcomments.

Examplesof positionaloperatorsaarethe H andV operatorswhich formattheir sub-boxshorizontallyand
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0\36(& description
F Operatotto specifyfontsandfont attributes.
KW Font operatotto formatkeywords.
VAR Fontoperatotto formatvariables.
NUM Fontoperatotto formatnumbers.
MATH Fontoperatoito formatmathematicatymbols.
LBL Operatomusedto definealabelfor abox.
REF Operatotto referto alabeledbox.
C Operatotto representinesof comments.

Table2: Non-positionaBox operators.

vertically, respectiely:

H([B1B:][Bs|] = [B:1][B2]| Bs]
By
VEEE - 5
Bs

Theexactformattingof positionalbox operatorganbecontrolledusingspaceoptions For example to control
theamountof horizontallayoutbetweerboxes,theH operatorisupportghe hs spaceoption:

Hoas (| B1] [ Ba [ Bs|] = |Bi | B | | Bo]

BOX aswe useit slightly differsfrom its initial designasdescribedn [30]. We simplifiedthelanguagdmainly
to improve commenthandling)andmadeit moreconsistent.Furthermorewe introduceda generalizatiorof
theconditionalHOV operator This operatoywhichis availablein someform or anothetin mostformattinglan-
guagesformatsits contentsithercompletelyhorizontallyor completelyvertically dependingn theavailable
width (consistentine breaking).We introducedasgeneralizatiorthe ALT operator:

This operatorchoosesamongtwo alternatve formattingsdependingon the availablewidth. It choosesor its
first sub-boxwhensufiicient spacds availableandfor its secondsub-boxotherwise.

AT [[B1][B:]] = or

3.3 Pretty-printtables

We introducethe notion of interpretedformattingin which a front-end(seeSection3.4) formatsits input by
interpretinga setof languagespecificformattingrules. Formattingrulesandcodeareseparatethy definingthe
formattingrulesin pretty-printtables.Eachformattingrule formsa mappingof theform p;, — b (wherepy,
denotesa productionof the grammarof the languagel, andb denoteghe correspondin@ox expressionand
specifieshow thelanguageconstrucip;, shouldbeformatted.

Representindgormattingrulesin tablesinsteadof having a single dedicatedoretty-printerthat containsall
pretty-printrulesfor a languageprovidesthe following advantagesFirst, tablessupporta modulardesignof
pretty-printers.As a consequence pretty-printercanfollow the samemodularstructureasthe correspond-
ing modulargrammarandre-useis promoted.Second pretty-printtablespromoteincrementabpretty-printer
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“package” Name “;” — PackagedDeclaration — H [KW[‘package”] H hs=0 [-1 “;"]],
“import” Name “;” — ImportDeclaration — H [KW[‘import”] H hs=0 [_1 “;"]],

“import” Name “" “*" ;" — ImportDeclaration — H [KW[“‘import”] H hs=0 [_1 “ “*" “;"]]

Figure2: A sampleof a pretty-printtable. Thetablecontainsmappinggrom grammaiproductionsn SbF (on
theleft-handsideof ‘—') to correspondingox expressiongon theright-handsideof ‘—).

generationWhenoneor moremodulesof a modulargrammararemodified,only thetablescorrespondingo
the modifiedmoduleshave to be re-generatedThird, tablesallow easypersonatustomizatiorby separating
globally definedor generatedormattingrules,andcustomizedulesin differenttables.Defininganordering
on tablesdeterminesvhich formattingrule shouldbe appliedwhenmultiple rulesexist for a singlelanguage
construct.lt allows a userto customizethe pretty-printerby definingadditionalruleswith higherprecedence.
Fourth,the separatiorof formattingrulesin tablesallows for agenericsox producemhich, wheninstantiated
with languagespecificpretty-printtables performslanguagespecificformatting(seeSection3.4).

We usethe syntaxdefinitionformalismSDF [11] to expressanguageconstructsn pretty-printtables.SDF
in combinationwith generalized-LRparsergeneratiorj22] offersadvancedanguagdaechnologythathandles
thefull classof context-free grammars.By usingthis technologyin the pretty-printerwe alsoobtainpretty-
print supportfor this classof grammars.n additionto Sbr, the generalideaof pretty-printtablescontaining
mappingdrom languageconstructdo Box expressionganeasilybeimplementedor othersyntaxdefinition
formalisms(like BNF) or xML aswell.

Figure2 shavs anexampleof a pretty-printtablewhich definesaformatfor threelanguageconstructof the
programmindanguagelava. Thefirst entryin thetabledefinesaformattingfor PackagedDeclaration®. This
languageconstructconsistsof the terminalsymbolspackage and’;’, andthe non-terminalsymbolName.
The formattingrule expresseshat thesethreeelementsarelayout horizontally that package is formattedas
keyword, andthat no white spaceis insertedbetweenthe non-terminalName andthe semicolon. Obsere
the useof the numberedplaceholder (‘_1") to denotethe BOX expressioncorrespondingo the formatted
non-terminalsymbolName. The remainingformattingentriesdefinesimilar formattingsfor the two import
declaratiorconstructof Java.

3.4 Agenericboxproducer

We designeda generic,languagdndependentront-endwhich appliesformattingrulesdefinedin an ordered
sequencef pretty-printtablesto aparseree.Separatinghelanguagespecificformattingrulesin tablesallows

thegenericfront-endto be re-usedunmodifiedto formatary language Constructinga pretty-printerfor anew

languageonly requiredanguagespecificformattingrulesto bedefinedin tables.

Thefront-endoperate®n a universalformatfor the representationf parsetrees(calledAsFix [9]), which
presereslayoutandcommentsOperatingon parsetreesin generahasthe advantagehatlexical information
for disambiguatioris available. Thereforenve do nothave to dealwith theinsertionof bracletsto disambiguate
the generatedutpuf. BecauseAsFix is a universalparsetree format, it canrepresenparse-treegor ary
languageandthereforeallows genericparse-tre@perationgo be definedin languagendependentools. As
a result, the transformatiorof a parsetreeto Box canbe definedlanguagendependentlyin the singletool
parsetree2box  (seeFigurel). UsingAsFix hastheadditionaladvantagehatall layoutis preseredin the
treewhich simplifiescommenthandling.

The front-endparsetree2box  constructsa Box term for a parsetree of a languageby traversingthe
parsetreein depthfirst orderandsimultaneouslyconstructinga Box termaccordingto the languagespecific
formattingrulesin the pretty-printtables. For eachnodein the treethat correspondso a productionof the
languageparsetree2box  searcheshe tablesfor the correspondinggox expression.Whena formatrule
for aproductiondoesnotexist, parsetree2box  automaticallygeneratea defaultrule (thisapproachmalkes

1pleasenote that productionsin SDF are reversedwith respectto formalismslike BNF. On the right-handside of the arraw is the
non-terminakymbolthatis producedy the symbolson theleft-handsideof thearraw.

2We do not considerconstructingvalid parsetrees(i.e., parsetreescontainingall lexical informationfor disambiguationjs part of
pretty-printing.In caseatreeis notconstructedy a parsemirectly, disambiguatior{like describedn [30] and[21]) mightbe neededand
hasto be performedby third partytools.
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Figure 3: A screendump shaving the result of the HTML codeof a Java codefragmentas producedby
box2html

pretty-printentriesoptionalbecausaimpleformattingsareconstructealynamicallyfor missingentries).The
BOX termthusobtaineds thenmodifiedto includeoriginal commentsandis instantiatedvith Box termsrep-
resentingheformattednon-terminakymbolsof theproduction.Originalcommentsrerestoredy insertingC

boxes(containingthetextual representationf comments)n theBox term,andby positioningthesecomment
boxesusingtheH andV operatorgo preseretheiroriginal location.

3.5 Pretty-printergeneation

Constructinga pretty-printerfor a languageby handis a time consumingtask. The ability to quickly and
easily obtain pretty-printershecomesnore and moreimportantwhenthe numberof languagesand dialects
in useincreaseskFor example,developmentof domainspecificlanguage¢DSLs), andlanguageproto-typing
requiresthe useof alarge numberof pretty-printersanddemand£nhancedechnologyfor the constructiorof
pretty-printers.

Pretty-printergenerationbasedn grammaravithoutannotatedormatrules,is suchtechnology This tech-
nology supportsthe generatiorof a pretty-printerfor a languageby “guessing”a suitablelayout basedon
grammaianalysisandformattingheuristics Obviously, theresultof suchgenerategretty-printerswill notsat-
isfy completelyin mostcasesandtheability to adaptgenerategretty-printerstronglyincreasesheusefulness
of thegeneratoandits generatedormatters.

In additionto the pretty-printergeneratordescribedn [30], which producesdedicated)anguagespecific
front-endswe introducean alternatve techniquefor the generatiorof pretty-printersvhich benefitsfrom the
tablebasedoretty-printapproachDueto the separatiorof languagespecificformattingrulesandgenericcode
to performa formatting,thereis no needto generateary code. Only pretty-printtableshave to be generated
andthe genericformattingengineparsetree2box  canbere-usedor eachlanguagdo performthe actual
formatting. This approactcompletelyseparatedata(the pretty-printtables)andcode(the genericformatting
engine).The usercancustomizethe formattingby overrulinggeneratedormattingrulesin tableswith higher
precedencéseeSection3.3).

In our approacha pretty-printergeneratoronly consistsof a table generatar We developedsucha table
generatowhich constructsa separateretty-printtable for eachmodule of a modular SbF grammar The
generatorcurrently only usessimpletechniquego generatformattingrulesfor a language.Improving the
generatiomprocesdy usingmoreadvancecheuristicandgrammaianalysids acurrentresearchopic. Another
approacho improve the generatecretty-printtableswould be to guide the generatiomprocessy meansof
userprofiles(similarto [4]).

3.6 Boxconsumes
A back-endtransformsa languagendependensox termto an outputformat. The advantageof using GPP
depend®nthenumberof availableoutputformats.GrPp currentlysupportgheoutputformatsplaintext, HTML,



public class Helloworld

{

public static void main( String[] args )

{

System.out.printin( “Hello World!" );

}
}

Figure4: Theresultof formattinga Java codefragmentusingthe back-endoox2latex

andIATEX, whichareproducedy theback-enddox2text , box2html ,andbox2latex ,respectrely. PDF
canalsobegeneratedbut indirectly from generated”TeX code.

Fromthethreeback-enddox2text isthemostcomplicatecbecausé hasto performall formattingitself.
Thetranslationto HTML andIATEX is lesscomplicatedbecausehe actualformattingis not performedby the
back-endbut by a wes browseror IATEX. The implementationof theseback-endghereforeconsistsof a
translatiorfrom aBox termto native HTML or IATEX code.

Thetranslationto text consistsof two phasesDuring thefirst phasethe Box termis normalizedo contain
only horizontaloperatorsyerticaloperatorsandcommentsDuring the secondphasehe simplifiedBox term
is translatedo text andthefinal layoutis calculated.

Theformattingdefinedin aBox termis expressedn HTML asa comple nestedsequencef HTML tables.
In contrasto BOx, HTML is designedo formatatext logically (consistingof atitle, asequencef paragraphs
etc.),notasa compositionof horizontalandverticalboxes. Only theuseof HTML tables(in whichindividual
rows correspondo horizontalboxes andtablesto vertical boxes)yielded a correctHTML representatiomf
the formattingdefinedin a Box term. Figure3 shows a screendumpof a pretty-printedJava codefragment
producedy box2html

IATEX code,representinghe formattingdefinedin a Box term, is obtainedby translatingthe Box termto
correspondin@ox specificlATeX ervironments.Theseervironmentsprovide the sameformatting primitives
asBoX in IATEX. As anadditionalfeature box2latex  allows oneto defineatranslationfrom BoX stringsto
native IATeX code. This featureis usedto improve the final output, for instanceby introducingmathematical
symbolswhichwerenotavailablein theoriginal sourcetext (for example, it allows oneto introducethesymbol
‘¢’ in the outputwherethe word phi wasusedin the original sourcetext). Figure 4 shows the result of
processing small Java codefragmentby box2latex

3.7 Implementation

For the implementatiorof the individual tools of GPP we combinedmodernparsingtechniqueswvith com-
piled algebraicspecifications.The parsingtechniquespasedon SGLR (scannerlesgeneralized-LRparsing
[32], allow usto easilydefineandadaptgrammarsand automaticallygenerateparsersrom them. The basic
functionality of the individual toolsis implementedasa numberof executablespecificationsn the algebraic
specificationformalism AsF+SDF [11, 3, 31]. Fromthesespecificationsve obtainedC codeby compiling
the specificationusingthe AsrF+SDF compiler[28]. The generatedC codeis efficient andgivesa promising
performancef GPp despiteof its interpretedapproachasedon pretty-printtables,andits implementatioras
algebraicspecification.

The generategarsersand compiledspecificationsare gluedtogetherinto a single componenusing Unix
scripts.We usemake in combinationwith dynamicallygeneratedakefilesasperformancémprovementto
preventdoingredundantvork.

In orderto procesdiles asproducedby box2latex by latex , the stylefile boxenv is requiredwhich
containgheimplementatiorof the Box specificervironments.For ageneralusageof this stylefile andfor an
in-depthdiscussiorof its implementatiorwe referto [7].



4. CASE STUDIES

4.1 Formattingreal-worldlanguages

We experimentedvith the pretty-printerandits generatoandconstructegretty-printersfor somereal-world
languagesThesdanguageicludethe programmindanguagelaza andtheextensiblemarkuplanguagexmL.
An applicationof the pretty-printerin industryis its useasformatterfor Risla[2], adomainspecificlanguage
for describindinancialproducts.

For the Java pretty-printerwe first constructedhgrammaiin SDF accordingo the Java LanguageSpecifica-
tion [10]. Thenwe generategbretty-printtablesfrom this grammar Finally, we customizedhe pretty-printer
manuallyto meetour requirementskigure3 andFigure4 shav theresultof formattinga smallJava program.
Figure3 is obtainedby usingbox2html , for Figure4 we usedbox2latex

ThexMmL formatteris anotherapplicationof Gpp for real-world languageslts developmenivasvery similar
to the constructiorof the Java formatter We first constructech grammarfrom XML in SDF accordingto [6],
thenwe generatedind customizedpretty-printtables. Thanksto the table basedapproachwe wereableto
re-usethesetablesfor the pretty-printerof the languagedepictedin Figure5 and6. Similar to the grammar
of this languagewhich combineghelanguagesxmL andBoXx (seeSection5), we wereableto alsoconstruct
a correspondingpretty-printerfor this languageby combining(andre-using)the pretty-printersof XML and
BOX.

4.2 Tool construction
The individual component®f GpPpP provide basiclanguagendependenpretty-printfacilities. Thesecompo-
nentscaneasilybe usedin combinationwith additionalsoftwareto constructadvancedspecial-purposiols.
We have combinedthesegenerictoolsfor instancewith languagespecificfeatureso form two advancedfor-
mattingenginedor thealgebraicspecificatiorformalismAsF+SDF [3, 11, 31]. Thetooltolatex  generatea
modularlATeX documenfrom an A sF+SDF specificatiorby formattingeachindividualmoduleincrementally
andcombiningthemto form a singledocumentvith atableof contentsandcrossreferencedetweermodules.
Similarly, thetool tohtml generatefiyperlinkedHTML documentdrom a modularspecificationfeaturing
visualizationof theimport structureof the specificatiorandhyperlinks betweemmodules.

Otherexamplesof the useof theindividual components$or tool constructionincludetheintegrationof Gpp
in the interactve AsF+SDF Meta-Environmenf{29], andits integrationanddistribution aspartof XT [8], a
distribution of toolsfor the constructiorof programtransformatiorsystems.

5. FORMATTING XML DOCUMENTS

The extensiblemarkuplanguagexmL [6] is a universalformat for the abstractrepresentatiomf structured
documentsand data. Pretty-printtechniquesare usedto transformxmL documentgo userreadableform.
FormattingxML documentss beingstandardizeéh theextensiblestylelanguagexsL [1]. Thecombinatiorof
XML andXsL separateontent(xmL) from format(xsL). Sincetheintendeduseof XML initially waslimited
to wes documentstechniquedor pretty-printingxmL documentsnostly concentratedn the transformation
to HTML.

We expectthatthe needto represenkML documentsn otherformatsthanHTML will grow rapidly. More-
over, alternatvesto x sL aredesirablébecause¢hetranslatiorfrom xML to HTML usingXxsL is consideredo be
difficult [17]. Although xsL is powerful, its designmight prove to be unnecessarilgifficult for the common
caseandthusmakesmoresimplepretty-printtechniquesensible.

Our pretty-printerprovidessuchtechniqguesand combinedwith its ability to producedifferentoutputfor-
matsmalkesit suitablefor formattingxmL documents.

5.1 Usingboxto formatxmldocuments
The Documen(tType Definition (DTD) of an XML documentdefinesthe structureof a document.The DTD of
an xmL documentcanthusbe seenaslanguagedefinition or grammay andits contentsas a term over that
language.

A pretty-printerfor alanguagecanbe constructedy definingmappingsrom languageproductiongo Box
expressionsSimilarly, a pretty-printerfor aparticularoTb canbeconstructedby definingmappinggrom bTD
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<!ELEMENT person (name, surname, age)> —
V is=3 [“person” .1 2 _3],
<!ELEMENT name (#PCDATA)> —
H [“name: " 1],
<!ELEMENT surname (#PCDATA)> —
H [“surname: " _1],
<IELEMENT age (#PCDATA)> —
H [‘age: " _1]

Figure5: A simplexmL DTD annotatedvith Box formattingrules

constructgo Box. Oncesuchpretty-printtableshave beendefined,well-formed xmL documentover that
DTD canbetransformedo all outputformatsfor which a back-ends available.

Example5.1 In Figure5 we definea simpleDTD which structuregpersonadata(name,surnameandage).
TheDTD is annotatedvith Box formattingrules. Theserulesformulatethatthe contentsof recordsshouldbe
formattedvertically, left indentedandprecededy the string“person”.

Below thetextual representatioof atypical well-formeddocumenbver this DTD is displayedafterformat-
ting by box2text

person
name: Johny
surname: Walker
age: 5

Of coursetheformattingcanbeimproved,for instanceby usingtablesto align field namesandfield values.

Examples.1demonstratethatthe useof Box asformattinglanguagen combinationwith xmL, andtheuse
of theavailableback-endsllows xML documentgo beformattedeasily

Currently we do not supportformattingrulesto be definedasannotation®f a bTD directly (aswe did in
Figureb). Instead we first generatean SDF grammarfrom a DTD, thenwe usethe SDF 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 currentlyis by using XsL stylesheets.An xsL
stylesheespecifieshow particulardocumentshouldbepresentedéh termsof somexmL formattingvocatulary.
An XxsL stylesheethusdescribes structuratransformatiorbetweertheoriginaldocumentndtheformatting
vocahulary. HTML is usedasformatting vocalulary whenan xML documenthasto be transformednto a
traditionalwes document.

In spiteof its advantageof separatingpresentatiomndcontentandits expressie power, we agreewith [17]
thatxsL is difficult. Firstbecauséhe languagausesthe XML syntaxwhich make xsL stylesheetslifficult to
read.Furthermorethelanguagss large asa resultof theintentionto make xsL stylesheetgenerallyapplica-
ble. Finally, the combinationof a formattinglanguageanda transformationanguagemakesxsL stylesheets
comple anddifficult to maintainbecaus®nehasto dealwith formattingandtransformationssueqby means
of treetraversals)simultaneously

We think that thesenegative aspectanake xsL stylesheets$oo difficult for mary simple transformations.
Separatiorof traversalsandpresentationandalesscomple« languagevould easedescribingsimplepresenta-
tionsof XML documents.

With parsetree2box  simplepresentationsf xML documentganbedefinedbasednanimplicit traver-
salof the parse-treePretty-printtablesaresuitableto expressa formattingin termsof aformattingvocatulary
otherthansox. The combinationof animplicit traversalandpretty-printtablesaslittle languageo expressa
transformatiorto HTML thusformsanalternatve to xsL for simpleformattingpurposes.
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<!ELEMENT person (name, surname, age)> —
“<html>" “<head>" “<title>" _1 _2 “</title>" “</head>" “<body>" _1 .2 “ and " _3 “</body>"
“</html>",
<IELEMENT name (#PCDATA)> —
“my name is " _1,
<!ELEMENT surname (#PCDATA)> —
1,
<!ELEMENT age (#PCDATA)> —
“l'am ” _1 “years old”

Figure6: Pretty-printtablesusedaslanguageo definea simpletransformatiorfrom XML to HTML.

Example5.2 Example5.1 demonstratetiow formattingin termsof horizontalandverticalboxescanbe de-
finedfor a DTD. Formattinga documentaccordingto theserulesyields an unstructuredepresentationf the
document. Figure 6 shavs how pretty-printtablescanalsobe usedto definea structuredrepresentatiotin
termsof HTML.

Themappingsn Figure6 definefor eachproductionof the XML DTD the correspondingiTML code. For-
mattingawell-formeddocumentsingbox2text accordingo 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>

ThisHTML documentanthenbedisplayedby theuserusinganHTML browset

Exampleb.2 demonstrateBow simpletransformatiorrulesof xML documentsanbe separatedrom code
thatdefinegtraversals.This provides,in combinationwith theimplicit treetraversalsof parsetree2box ,a
simpleformattingmechanisnof xML document&andmaysene asalternatveto xsL.

For morecomple transformationsvhereimplicit traversalsaretoorestrictedwe areplanningto investigate
onusinglanguageslesignegrimarily for transformationasalternatveto x sL. An exampleof suchalanguage
is Stratgyo [33], which hasmore powerful transformatiorfacilities and a bettersyntax. We expectthat both
will helpto improve readabilityandmaintainability

6. CONCLUDING REMARKS

6.1 Contributions

In this paperwe describedhe design,implementationand useof the genericlanguagendependenpretty-
printer GPP. The systemcan easily be extendedin orderto add supportfor morelanguagesr more output
formats. It canalsoeasilybe adaptedo extendpretty-printsupportfor existing languagesThe systemcom-
binesknown techniqueglik e languageindependenpretty-printing,division of pretty-printersin front-ends
andback-endsand pretty-printergeneration)with new techniquedo provide advancedpretty-printsupport.
Our contritutionsare: i) Formulationof formattingrulesin pretty-printtables,which allows for a modular
pretty-printerdesignand supportsincrementalpretty-printergeneration.ii) Customizatiorof pretty-printers
by meansof orderedoretty-printtables.iii) We developedagenericformatengine(parsetree2box ) which
operate®n auniversalparsetreeformatandinterpretdanguagespecificformatrulescontainedn pretty-print
tables. iv) We designeda table generatomwhich generategretty-printtablesfor a languageby inspecting



12

the correspondinggrammar v) We implementedhreeback-endsvhich make plain text, HTML, and IATEX
output available for all formatters. vi) The pretty-printeris designedas stand-alonesystemand canthere-
fore easily be integratedin third-party systems.Moreover, the systemis free and can be downloadedfrom
http://www.cwi.nl/"mdejonge/gpp/

Furthermorewe discoveredthatxML is arelative new applicationareaof pretty-printing.We experimented
with xmL andwe foundtwo usefulapplicationsof our pretty-printer First, the pretty-printercanbe usedto
easilyformatan xML documentdependingon its DTD andto translatet to several differentoutputformats.
Secondthepretty-printercanbeusedfor simpletermtransformationgsalternatveto x sL. For comple trans-
formationswe suggestisingmoreadwancedransformatiorsystemglik e the programmindanguageStratgo
for instancepsalternatveto X sL.

6.2 Future work

This pretty-printprojectwasinitiated aspart of the developmentof a newv AsrF+SDF Meta-Environmenand
its integrationasdefaultformatterwastheintendedyoal. Theintegrationof the pretty-printeiin thisinteractie
programmingervironmentis notfinishedyetbut is plannedo be completedsoon.

The table generatoris the one componenf the pretty-print systemthat still needsadditionalresearch.
Thisresearchincludesexperimentingwith moreadvancedheuristicsaandgrammaranalysisto guessa suitable
layout,andexperimentingwith userprofilesto guidethe generatiorprocessn orderto respecuserpreferred
formattingstyles.

The recentexperimentswith XML provedthe usefulnes®f the genericpretty-printapproactthat we fol-
lowed. The rapid growing importanceof XML and of formatting XML documentamakesit an interesting
applicationareafor our pretty-printeranda naturalextensionof our research.
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