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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 inde-
pendence, customization, and incremental pretty-printer generation.

Furthermore, we emphasize that the recent acceptanaelofis international standard for the representation of struc-
tured data demands flexible pretty-print techniques, and we demonstrate that our pretty-printer provides such technology.

Keywords: documentation, languagesyiL , tool construction, software engineering

1. Introduction implementation of the generic pretty-printepr. Several

Prettv-printing is concerned with formatting and oresen-C2S€ studies are discussed in Section 4. Section 5 explains
y-p 9 9 P OW our pretty-printer can be used to formaiL docu-

tathn of computer .Ianguages. These languages m(.:ll.j ne1ents depending on their document type definitiong)
ordinary programming languages and languages deﬁmngnd how it may function as alternative to the extensible
data structures<xmL [6], recently accepted as international Y oo
) . style languagexsL). Contributions and future work are
standard for the representation of structured data, brlngg Jdressed in Section 6
formatting issues (related to the transformationxefL '
documents to user-readable form) towards a broad com-
munity of tool builders. 2. State of the art
These tool builders as well as language designers dé&raditionally, mostly ad-hoc solutions have been used to
mand advanced pretty-print techniques to minimize theope with the problem of formatting computer languages.
time required for developing new or adapting existingNot only were traditional pretty-printers bound to specific
pretty-printers. For both it is essential to maximize lan-languages, they also contained hard-coded formatting rules
guage independence of pretty-printers and to be able twhich made them non-customizable.
add support for new languages easily. Moreover, pretty- The first general solution to the pretty-print problem
printers should minimize code duplication, be customizaas formulated by Oppen [20]. He describedlam-
able, extensible, and easy to integrate. guage independergretty-print algorithm operating on a
Most pretty-print technology used in industry today sequence of logically continuous blocks of strings. The di-
does not meet these requirements. This lack of sophisdsion of the input by delimiters (either block delimiters or
ticated technology makes development and maintenaneehite space) provides information about were line breaks
costs of pretty-printers high. Despite the academic reare allowed.
search in this field which has yielded advanced pretty- Oppen also introducedonditional formattingto sup-
print techniques, we observe that these techniques have nadrt different formattings when a block cannot fit on a
come available for practical use yet. single line. He distinguishes inconsistent breaking, which
In this paper we combine new and existing techniquesninimizes the number of newlines that are inserted in a
to form a pretty-print system that satisfies modern prettyblock to make it fit within the page margins, and consis-
printer requirements. It features language independencient breaking, which maximizes the number of newlines.
extensibility, customization, pretty-printer generation, andConditional formatting has been adopted in most modern
it supports multiple output formats including plain text, pretty-printers.
HTML, and BTpX. Furthermore, the pretty-printer can eas-  In addition to Oppen, many language independent
ily be integrated in existing systems and is freely availablepretty-printalgorithmsare described in the literature. Tra-
This article is organized as follows. Section 2 describeslitional algorithms which are more or less similar to Op-
several aspects of pretty-printing by summarizing earliepen’s include [23, 18, 24, 19, 30]. A consequence of con-
work in this field. In Section 3 we describe the design andlitional formatting is an exponential growth of the pos-



sible formattings. While the traditional algorithms only CFG
consider a small subset of these formattings in order to T
limit execution time, more advanced formatting algorithms
are designed in the community of functional programming
[12, 26, 14, 34]. These algorithms heavily depend on lazy
evaluation to abstract over execution time. This allows

the pretty-printers to select an optimal formatting in a lazy

table
generator

fashion from all possible ones.

Several formatting primitives have been suggested as pretty-print o7
alternative to the blanks and blocks of Oppen. Modern U or® Lprongam,
pretty-printers describe formatting in termshafxeqas in-
troduced by [15] and [18])PPML[19] defines a formalism \ /
based on boxes to define the structuring of displays. It in-
troduces different types of boxes for different formatting. @X

0 0 0
L program L program L program

Examples are thk box for horizontal formatting and for
vertical formatting. Based onPML, [30] introduces the L
languagesox, mainly to solve some technical problems representation
of PPML. Another similar approach tepmL is described L program
by Boulton [5]. He describes a formalism to annotate a
grammar with, among others, abstract syntax and format-
ting rules. The syntax for specifying formatting is based @f@
ONPPML.
Oppen [20] observed that the process of pretty-printing
can be dIVIded in a Ianguage dependmnt-endfor the repretgé(rtltation reprl_eas-le;ﬁ?ation reprglti.vlnlt_ation
translation of a program text to some language independent f f f
formatting, and a language independbatk-endwhich
translates the language independent formatting to an output i , .
format. All current pretty-printers that we are aware off 19ure 1. Anoverview of the generic pretty-print&ee. It
follow this structure. consists of a table generator, a front-epdréetree2-
The division of a pretty-printer in a front-end and back—box ). and three chk-ends which produce plain taxL
end not only makes a back-end language independent, q,pd BTEX, respectively.
also makes a front-end output format independent. Despite
this fact, by far the most back-ends that are described in the . .
literature concentrate on the translation from a language inQOde)' is used in [23, 24, 5].
dependent input term to plain text. Articles which address . A front-end can aiso be generated from_a grammar
the translation to other output formats include [19, 30, 27].WlthOUt annotated format rules by a pretty-pnngaqer— ,
A nice formatting is a question of style and personalator _that analyses the st-ructure of a grammar to "guess
taste [16]. Blaschek and Sametinger [4] emphasize that suitable layout. Despite the usefulness of such gener-

" . ators in environments where a large number of evolving
the ability to customizehe generated output of a pretty- . : ;
) : : . = languages are used, little work has been carried out on this
printer to one’s favorite style can improve the readability, ~ i
AT Lo ._“topic. The only pretty-printer generator that we are aware
and maintainability of programs significantly. Customiz- " . ! X )
. - . : . of is described in [30]. They describe a generator which
ing existing pretty-printers mostly requires changing the

code manually, or modifying the formatting rules as anno_produces dedicated, language specific front-ends. These

tations of the grammar (which, as a result, also modmefront-ends contain formatting rules and the code to perform

the grammar). An ordinary user cannot be expected to pe%he formatting. The actual formatting can be customized

form such modifications. A more user-friendly approach of[)y adapt_lng or .extendlng thg generated code. Their ap-
customizable pretty-printing is described by [4]. They in_proach yields highly customizable formatters but the for-

troduce user-adaptable pretty-printing using personal prorpatters are language dependent and customization requires

files which provide individual formatting rules for general modlfylng the generated code (and thus requires under-
| standing the generated code).
anguage constructs.

A front-end for a language can be constructed by hard- , ,
coding the formatting rules manually, or be generated frons: A Prétty-printer for every occasion
a grammar annotated with formatting rules. The first apDespite all research on the topic of pretty-printing, most
proach is most commonly used, for example in [13, 19]pretty-printers that are used in practice are language spe-
The latter approach, suggested by Oppen (who emphasizedic, inflexible, and support only a very restricted number
the importance of separating pretty-print information fromof output formats. Moreover, for many languages not even



a pretty-printer exists. Adding support for a new language (6‘0"0“5

or a new output format often means implementing a new o®® of® description

pretty-printer from scratch. Thisis notonly atime consum{ "H hs Formats its sub-boxes horizontally.

ing task, but also introduces much code duplication which VvV vs,is Formats its sub-boxes vertically.

increases maintenance costs. HV hs,vs,is Inconsistent line breaking. Respect$
On the other hand, more advanced pretty-printers that line width by formatting its sub-boxes

have been developed as part of research projects are often horizontally and vertically.

incomplete (because they only address a limited number of A _ hs:vs Formats its sub-boxes in a tabular.

pretty-print aspects), or are tightly coupled to a particula ALT De'oend'r.'g on the available width, for-

system [19, 30] which make them hard to use in general. mats its first or second sub-box.

Summarizing, there is a great need for advanced prettyl-_ . .
. . L . . ._“Table 1. PositionalBox operators and supported space options
print techniques in industry which are flexible, customiz- hs defines horizontal layout between boxes,defines vertical
able, easy to use, and language independent. Despite Y '

y t between box meldefines left indentation
research in this field there are currently no such pretty ayoutbetween boxes, amsidetines e entation).
printers for practical use available.

In the remainder of this section we will describe allows anvBox producer to be connected to aBUX Con-
the architecture and design of the generic pretty-printer YBOX P v

) . . . sumer. This flexibility allows a whole range of front-ends
GPP which satisfies modern pretty-print requirements. nd back-ends of different complexity to be connected to

The pretty-printer is language independent and diVide@e pretty-print framework. For example, multiple front-

in front-ends and back-ends to make future extensions . o

i . : nds for a single language may exist simultaneously, pro-
easy to incorporate. A box based intermediate format. | . > . . .

viding different functionality or different quality. One of

(called Box), which supports comment preservation andthem might be optimized for speed, performing only basic
which is prepared for incremental and conservative prettyf- 9 P peed, p gonly

o . ) . ormatting for instance, while another is designed to pro-

printing [25], is used to define the formatting of languages ;
. duce optimal results at the cost of decreased performance.

and to connect front-ends with back-ends. Furthermore,
the pretty-printer uses new techniques to support cus-
tomization of pretty-printers (based on re-usable, modulas-2-  1he box markup language
pretty-print tables), and incremental pretty-printer generBoX is a language independent markup language designed
ation. We support multiple output formats including plainto describe the intended layout of text. Being a box-based
text,HTML, and ETEX. Finally, the pretty-printer can be in- language, it allows a formatting of text to be expressed as a
tegrated easily in existing systems, or be used stand-alom@mposition of horizontal and vertical boxa&sox is based
and is freely available. Figure 1 gives a general overviewon PPML[19] and contains similar operators to describe
of the architecture o&PP. layout and conditional operators to define formatting de-
pending on the available width. In additionreML, BOX
supports tables, fonts, and formatting comments. In the
remainder of this section we will give a brief overview of
Box (for a more complete description of the language we
refer to [27]).

Aterm over thesox language consists of a nested com-
osition of boxes. The most elementary boxes are strings,

3.1. Anopen framework for pretty-printing

We followed the well-known approach of dividing a pretty-
printer in a language dependdrmint-endand a language

independenback-end This allows for an open pretty-print
system which can easily be extended to support new lan-
guages and output formats. A front-end for langudge b

expresses the language specific layouf.dh terms of a
generic formatting language. A back-end producing outpu
formatO translates terms over this formatting language t
O. A pretty-printer forL producingO as output can now

(0]

more complex boxes can be constructed by composing
?oxes usingpositional operatorandnon-positional oper-
ators. The first (see Table 1 for a list of available positional
operators) specify the relative positioning of boxes. The
latter (see Table 2) specify the visual appearance of boxes

be constructed by connecting the output of fhepecific
front-end to the input of the back-end for. This architec-
ture thus isolates language specific code in the front-en
and output format dependent code in back-ends. Addin%to
support for a new language only requires developing a new
front-end for the language, likewise, to add support for a
new output format, only a new back-end has to be devel-
oped.
We used the domain specific languagex [30] to con-

(by defining color and font parameters), define labels, and
g)rmat comments.

Examples of positional operators are thandV oper-

rs, which format their sub-boxes horizontally and verti-

ally, respectively:
H([B1][B:][ Bs]]

B
nect the output of front-ends to the input of back-ends (see
Section 3.2 for a description of theox language). By us- v [ ] - B>
ing BOX to glue front-ends and back-ends, the framework B3




“package” Name “;” — PackagedDeclaration —

o H [KW[‘package”] H hs=0 [_1 “;"],
OQQ,"" q ini “import” Name “;” — ImportDeclaration —
¢ Oescrlp ion - - - H [KW[‘import’] H hs=0 [_1 “]],
perator to specify fonts and font attributes. simport” Name “” **" *» _ ImportDeclaration —
KW Font operator to format keywords. H [KW[import’] H hs=0 [_1 *» “» =]

VAR  Font operator to format variables.

NUM  Font operator to format numbers.

MATH Font operator to format mathematical symbols.
LBL  Operator used to define a label for a box.

REF  Operator to refer to a labeled box.

C Operator to represent lines of comments.

Figure 2. A sample of a pretty-print table. The table con-
tains mappings from grammar productions inDFSon the
left-hand side of ‘—’) to correspondingoXx expressions
(on the right-hand side of ‘—).

Table 2.Non-positionalBox operators. . .
grammar and re-use is promoted. Second, pretty-print ta-

The exact formatting of positional box operators can bebles promote incremental pretty-printer generation. When

. ; one or more modules of a modular grammar are modi-
controlled usingpace optionsFor example, to control the : o
. fied, only the tables corresponding to the modified modules
amount of horizontal layout between boxes, itheperator

supports thés space option: have to'be 're—generated. .Third, tables aI.Iow easy personal
’ customization by separating globally defined or generated

formatting rules, and customized rules in different tables.

Defining an ordering on tables determines which format-

BOX as we use it slightly differs from its initial design as N9 rule should be applied when multiple rules exist for

described in [30]. We simplified the language (mainly tod single Ianguage const.ru'ct. It al]c?ws a user to' cus.tomize
improve comment handling) and made it more consistent!® Prétty-printer by defining additional rules with higher
Furthermore, we introduced a generalization of the condiPrécedence. Fourth, the separation of formatting rules in

tional HOV operator. This operator, which is available in t2bles allows for a generox producer which, when in-
some form or another in most formatting languages, forStantiated with language specific pretty-print tables, per-

mats its contents either completely horizontally or com-'Ms language specific formatting (see Section 3.4).

pletely vertically depending on the available width (con- We use the syntax definition formalisnm§[11] to ex-
sistent line breaking). We introduced as generalization thpress language constructs in pretty-print table@r 8

Huss ([ B1][Ba|[Bs |1 = | By | {B: | | Bs]

ALT operator: combination with generalized-LR parser generation [22]
offers advanced language technology that handles the full
class of context-free grammars. By using this technology
ALT [ ] = or in the pretty-printer we also obtain pretty-print support for
this class of grammars. In addition to§ the general idea

of pretty-print tables containing mappings from language
This operator chooses among two alternative formattingg§onstructs t®ox expressions can easily be implemented
depending on the available width. It chooses for its firsfor other syntax definition formalisms (likeNF) or xmL
sub-box when sufficient space is available and for its sec@s well.

ond sub-box otherwise. Figure 2 shows an example of a pretty-print table which
defines a format for three language constructs of the pro-
3.3. Pretty-print tables gramming language Java. The first entry in the table de-

fines a formatting foPackagedDeclaration®. This lan-

We introduce the notion of interpreted formatting in which Lage construct consists of the terminal svmipaiskade
a front-end (see Section 3.4) formats its input by interpret-g g y 9

ing a set of language specific formatting rules. Formatting"® +» @nd the non-terminal symblame. The format-
9 guage sp 9 : gEing rule expresses that these three elements are layout hor-

rules _and code are separated by defining the form""tﬁn%ontally thatpackage is formatted as keyword, and that
rules in pretty-print tables. Each formatting rule forms a0 White’space is inserted between the non-terr’maﬂhe

gqui%%' ngfo{rfge ];er:?rfa; tﬁévrgr?rip L diréobtzseﬁort’;_ and the semicolon. Observe the use of the numbered place
9 guage holder (‘-1") to denote theBox expression corresponding

the correspondingox expression) and specifies how theto the formatted non-terminal symbbme. The remain-

language construgt;, should be formatted. . . . . - .
. : : . ing formatting entries define similar formattings for the
Representing formatting rules in tables instead of hav; © . .
. . . . : two import declaration constructs of Java.
ing a single dedicated pretty-printer that contains all pretty-

print rules for a language provides the following advan-

tages. First, tables support a modular deSIQn of pretty= 1please note that productions imSare reversed with respect to for-

printers. As a consequence, a pretty-printer can follownajisms likesnr. On the right-hand side of the arrow is the non-terminal
the same modular structure as the corresponding modulaymbol that is produced by the symbols on the left-hand side of the arrow.




3.4. Ageneric box producer Metscape: Hello world

We' designed a generic, Ianguage independent front-end Fila Edit View GCo |

which applies formatting rules defined in an ordered se-

guence of pretty-print tables to a parse tree. Separating || public class Hello¥orld

the language specific formatting rules in tables allows the

generic front-end to be re-used unmodified to format any I

language. Constructing a pretty-printer for a new language System.out.printing “Hello World!™ );

only requires language specific formatting rules to be de-

fined in tables. }
The front-end operates on a universal format for the

representation of parse trees (called AsFix [9]), which pre- E |

serves layout and comments. Operating on parse trees in

general has the advantage that lexical information for dis-

ambiguation is available. Therefore we do not have td-igure 3. A screen dump showing the result of tevL

deal with the insertion of brackets to disambiguate the gercode of a Java code fragment as producetdi2htm|

erated outpdt Because AsFix is a universal parse tree

format, it can represent parse-trees for any language and

therefore allows generic parse-tree operations to be defindd @ large number of pretty-printers and demands enhanced

in language independent tools. As a result, the transformdechnology for the construction of pretty-printers.

tion of a parse tree teox can be defined language inde-

pendently in the single to@arsetree2box  (see Fig- Pretty-printer generation, based on grammars without
ure 1). Using AsFix has the additional advantage that alhnnotated format rules, is such technology. This technol-
layout is preserved in the tree which simplifies commenbgy supports the generation of a pretty-printer for a lan-
handling. guage by “guessing” a suitable layout based on grammar
The front-endparsetree2box  constructs aBOX  analysis and formatting heuristics. Obviously, the result of
term for a parse tree of a language by traversing the parsg,ch generated pretty-printers will not satisfy completely
tree in depth first order and simultaneously constructing, most cases and the ability to adapt generated pretty-

aBox term according to the language specific formattingprinters strongly increases the usefulness of the generator
rules in the pretty-print tables. For each node in the treq jts generated formatters.

that corresponds to a production of the langupgese-

tree2box searches the tables for the correspondioy . . , .
expression. When a format rule for a production does not !N @ddition to the pretty-printer generator described in
exist,parsetree2box  automatically generates a default [30], Which produces dedicated, language specific front-
rule (this approach makes pretty-print entries optional be€NdS, we introduce an alternative technique for the genera-
cause simple formattings are constructed dynamically fofiOn Of pretty-printers which benefits from the table based
missing entries). Theox term thus obtained is then mod- Pretty-print approach. Due to the separation of language

ified to include original comments, and is instantiated withSPecific formatting rules and generic code to perform a
formatting, there is no need to generate any code. Only

BOX terms representing the formatted non-terminal sym-* . :
bols of the production. Original comments are restored by"€tty-printtables have to be generated and the generic for-

insertingC boxes (containing the textual representation of"atting engingarsetreeZbox  can be re-used for each
comments) in theox term, and by positioning these com- language to perform the actual formatting. This approach

ment boxes using thil andV operators to preserve their completely separates data (the pretty-printtables) and code
original location. (the generic formatting engine). The user can customize

the formatting by overruling generated formatting rules in
tables with higher precedence (see Section 3.3).

public static void main{ String]) args )

3.5. Pretty-printer generation

Constructing a pretty-printer for a language by hand is .
a time consuming task. The ability to quickly and eas- . " OUr @pproach, a pretty-printer generator only con-
ily obtain pretty-printers becomes more and more impor-S'StS of a table generator. We developed such a table gener-

tant when the number of languages and dialects in use jator which constructs a separate pretty-print table for each
odule of a modular 8F grammar. The generator cur-

creases. For example, development of domain specific laf’ " | imole techni i te f i
guages (DSLs), and language proto-typing requires the ud&NtY only uses simple techniques to generate formatiing
rules for a language. Improving the generation process by
2We do not consider constructing valid parse trees (i.e., parse treegsing more advanced heuristics and grammar analysis is a

co_nt_ammg all lexical mfo_rmatlon for disambiguation) as pert of pretty- current research tOpiC. Another approach to improve the
printing. In case a tree is not constructed by a parser directly, disam-

biguation (like described in [30] and [21]) might be needed and has to b€nerated pretty-print tables would be to guide the genera-
performed by third party tools. tion process by means of user profiles (similar to [4]).




public class HelloWorld

{ 3.7. Implementation
public static void - main( String[] args ) For the implementation of the individual tools ePPwe
{ System.out.printin( “Hello World!” ); combined modern parsing techniques with compiled al-
} R - gebraic specifications. The parsing techniques, based on
} SGLR (scannerless generalized-LR) parsing [32], allow us

to easily define and adapt grammars and automatically
Figure 4. The result of formatting a Java code fragmengenerate parsers from them. The basic functionality of
using the back-enbox2latex the individual tools is implemented as a number of exe-
cutable specifications in the algebraic specification formal-
ism ASrF+SDF [11, 3, 31]. From these specifications we
obtained C code by compiling the specification using the
Asr+SDF compiler [28]. The generated C code is efficient
and gives a promising performance @Pp despite of its
interpreted approach based on pretty-print tables, and its
implementation as algebraic specification.

The generated parsers and compiled specifications are
glued together into a single component using Unix scripts.
We usemake in combination with dynamically generated
Makefiles as performance improvement, to prevent doing
redundant work.

In order to process files as producedhmx2latex
latex , the style fileboxenv is required which con-

3.6. Box consumers

A back-end transforms a language indepen@emnt term
to an output format. The advantage of usiagp de-
pends on the number of available output formaspcur-

rently supports the output formats plain testtmML, and
IATEX, which are produced by the back-eratsx2text

box2html , andbox2latex , respectivelyPDF can also
be generated but indirectly from generatégkX code.

From the three back-enti®x2text is the most com-
plicated because it has to perform all formatting itself. The

translation todTML and ETEX is less complicated because by
the actual formatting is not performed by the back-end bu
by aweB browser orATgX. The implementation of these
back-ends therefore consists of a translation froeoa
term to nativedTML or IATEX code.

The translation to text consists of two phases. Dur
ing the first phase theox term is normalized to con-
tain only horizontal operators, vertical operators, and com

Lains the implementation of theox specific environments.
or a general usage of this style file and for an in-depth dis-
cussion of its implementation we refer to [7].

4. Case studies

4.1.

Formatting real-world languages

We experimented with the pretty-printer and its generator
and constructed pretty-printers for some real-world lan-
guages. These languages include the programming lan-

The formatting deﬁned in BOX term iS eXpressed guage Java and the extensible markup |anglmg_e. An
in HTML as a complex nested sequence HIfML ta-  application of the pretty-printer in industry is its use as for-
bles. In contrast t(BOX, HTML is designed to format a matter for Risla [2], a domain Specific |anguage for de-
text logically (consisting of a title, a sequence of para-scribing financial products.
graphs etc.), not as a composition of horizontal and vertical Fqr the Java pretty-printer we first constructed a gram-
bOXES. Only the use O'iTML tables (|n Wh|Ch indiVidUaI mar in DPF according to the Java Language Speciﬁca_
rows correspond to horizontal boxes and tables to verticg|gn [10]. Then we generated pretty-print tables from this
boxes) yielded a correettmL representation of the for- grammar. Finally, we customized the pretty-printer manu-
matting defined in @ox term. Figure 3 shows a screen g|ly to meet our requirements. Figure 3 and Figure 4 show
dump of a pretty-printed Java code fragment produced byne result of formatting a small Java program. Figure 3 is
box2html obtained by usingpox2html| , for Figure 4 we usetiox-

IATEX code, representing the formatting defined in a2latex
BOX term, is obtained by translating tlB®x term to cor- The xMmL formatter is another application @Pp for
respondinggdox specific ETeX environments. These envi- real-world languages. Its development was very similar to
ronments provide the same formatting primitivessax  the construction of the Java formatter. We first constructed
in IATEX. As an additional featurehox2latex allows a grammar fronXmL in SDF according to [6], then we
one to define a translation froeox strings to nativeATeX  generated and customized pretty-print tables. Thanks to
code. This feature is used to improve the final output, fothe table based approach, we were able to re-use these ta-
instance by introducing mathematical symbols which werdles for the pretty-printer of the language depicted in Fig-
not available in the original source text (for example, it al-ure 5 and 6. Similar to the grammar of this language, which
lows one to introduce the symbap”in the output where combines the languagesL andBox (see Section 5), we
the wordphi was used in the original source text). Fig- were able to also construct a corresponding pretty-printer
ure 4 shows the result of processing a small Java code frafpr this language by combining (and re-using) the pretty-
ment bybox2latex printers ofxmL andBox.

ments. During the second phase the simplifiec term is
translated to text and the final layout is calculated.



<!ELEMENT person (name, surname, age)> —
4.2. Tool construction V is=3 [“person” -1 2 _3],

T . . ! —
The individual components @prPprovide basic language < EhE'[\ana’\geﬁ?nﬁ (#PCDATA>

independent preFty-print faciljties. These ppmponents Can _\g| EMENT surname (#PCDATA)> —
easily be used in combination with additional software H [“surname: " _1],
to construct advanced special-purpose tools. We have <IELEMENT age (#PCDATA)> —
combined these generic tools for instance, with language H [“age: ” _1]
specific features to form two advanced formatting en-
gines for the algebraic specification formalisns# Spr  Figure 5. A simplexmL DTD annotated witlBox format-
[3, 11, 31]. The tooltolatex  generates a modular ting rules
IATEX document from an AF+SDF specification by for-
matting each individual module incrementally, and com-
bining them to form a single document with a table ofcan be constructed by defining mappings fromp con-
contents and cross references between modules. Similartructs toBox. Once such pretty-print tables have been
the tooltohtml generates hyper-linkaermL documents defined, well-formedkML documents over the®TD can
from a modular specification, featuring visualization of thebe transformed to all output formats for which a back-end
import structure of the specification and hyper-links be-s available.
tween modules.

Other examples of the use of the individual component&xample 5.1 In Figure 5 we define a simpleTp which
for tool construction include the integration ebpin the  structures personal data (name, surname, and age). The
interactive AsF+SDF Meta-Environment [29], and its inte- DTD is annotated witlBox formatting rules. These rules
gration and distribution as part of XT [8], a distribution of formulate that the contents of records should be formatted

tools for the construction of program transformation sys-vertically, left indented, and preceded by the string “per-

tems. son”. . .
Below the textual representation of a typical well-

formed document over thisTD is displayed after format-

5. Formatting xml documents ting by box2text

The extensible markup languageL [6] is a universal for- person
mat for the abstract representation of structured documents name: Johny
and data. Pretty-print techniques are used to transform surname: Walker
XML documents to user-readable form. FormattimgL age: 5
documents is being standardized in the extensible style lan-
guagexsL [1]. The combination okmL andxsL separate Of course, the formatting can be improved, for instance by
content kML) from format sL). Since the intended use Using tables to align field names and field values.
of XML initially was limited towEB documents, techniques
for pretty-printingxmL documents mostly concentrated on
the transformation teiTML.
We expect that the need to represemt. documentsin matted easily.

other formats thamT™mL will grow rapidly. Moreover, al- Currently, we do not support formatting rules to be de-
ternatives toxsL are desirable because the translation fro”}ined as annotations of arp directly (as we did in Fig-

XML tO HTML .usingXSL is'consid'ered .to be difficult [17]. ure 5). Instead, we first generate apFyrammar from a
AlthoughxsL is powerful, its design might prove to be un- DTD, then we use the (5 grammar to generate a pretty-

neces;arlly difficult fqr the common case and thus makeﬁrint table. This indirection allows us to experiment with
more simple pretty-print techniques sensible.

Our pretty-printer provides such techniques and com
bined with its ability to produces different output formats
makes it suitable for formattingmL documents.

Example 5.1 demonstrates that the ussoxk as for-
matting language in combination wikmL , and the use of
the available back-ends allows/iL documents to be for-

XML by using existing pretty-print tools, minimizing the
need for additional software.

5.2. An alternative style language

The obvious way to transform asmML document tatHTML
currently is by using«sL stylesheets. AmxsL stylesheet
The Document Type Definitiond(D) of an XML docu-  specifies how particular documents should be presented
ment defines the structure of a document. Dhie of an  in terms of somexmL formatting vocabulary. AnxsL
xML document can thus be seen as language definition atylesheet thus describes a structural transformation be-
grammar, and its contents as a term over that language. tween the original document and the formatting vocabu-
A pretty-printer for a language can be constructed bylary. HTML is used as formatting vocabulary whenxaaL
defining mappings from language production®tax ex- documenthas to be transformed into a traditiomab doc-
pressions. Similarly, a pretty-printer for a particutatD  ument.

5.1. Using box to format xml documents



<!ELEMENT person (name, surname, age)> —

“<html>" “<head>" “<title>" _1 _2 “</title>" my name is Johny Walker
“</head>" “<body>" _1 .2 “ and " _3 “</body>" and I'm 5 years old
“</html>", </body>
<IELEMENT name (#PCDATA)> — </html>
“my name is ” _1,
<!ELEMENT surname (#PCDATA)> — This HTML document can then be displayed by the user
-1, using anHTML browser.
<IELEMENT age (#PCDATA)> —
“lam " 1 “years old” Example 5.2 demonstrates how simple transformation

rules ofxML documents can be separated from code that
%efines traversals. This provides, in combination with the
implicit tree traversals gbarsetree2box , a simple for-
matting mechanism ofML documents and may serve as
alternative toxsL.

In spite of its advantage of separating presentation and For more comple>f transformations .vvhere. |mpI!C|t
content, and its expressive power, we agree with [17] tha) aver'sals are too restrlgted, we are plannmg 0 |nvest|.gate
xsL is difficult. First because the language usessthe on using languages designed primarily for transformations

syntax which makexsL stylesheets difficult to read. Fur- as alternative tXSL. An example of such a Ianguage 'S
thermore, the language is large as a result of the intentioﬁt.r".’Itego [33], which has more poweriul transformapon fa-
to makexsL stylesheets generally applicable. Finally, thec'l'.tles and a bette.r.syntax. We e_xpegt. that both will help
combination of a formatting language and a transformal© 'MmpProve readability and maintainability.
tion language makessL stylesheets complex and difficult

to maintain because one has to deal with formatting and. Concluding Remarks

transformation issues (by means of tree traversals) simul- o
taneously. 6.1. Contributions

We think that these negative aspects ma®. |n this paper we described the design, implementation, and
stylesheets too difficult for many simple transformations,,se of the generic language independent pretty-pratter
Separation of traversals and presentation, and a less coripe system can easily be extended in order to add sup-
plex language would ease describing simple presentatiorb%rt for more languages or more output formats. It can
of xML documents. _ _ also easily be adapted to extend pretty-print support for

With parsetree2box  simple presentations oML existing languages. The system combines known tech-
documents can be defined based on an implicit traversal Wiques (like language independent pretty-printing, division
the parse-tree. Pretty-print tables are suitable to eXPressy pretty-printers in front-ends and back-ends, and pretty-
formatting in terms .of a formatting .vocabulary other tha”printer generation) with new techniques to provide ad-
BOX. The combination of an implicit traversal and pretty- \5nced pretty-print support. Our contributions are: i) For-
print tables as little Ianguage.to express a_transformation tulation of formatting rules in pretty-print tables, which
HTML thus forms an alternative tosL for simple format-  5)10ws for a modular pretty-printer design and supports in-
ting purposes. cremental pretty-printer generation. ii) Customization of

pretty-printers by means of ordered pretty-print tables. iii)
Example 5.2 Example 5.1 demonstrated how formatting\ve developed a generic format enginmisetree2-
in terms of horizontal and vertical boxes can be definegyox ) which operates on a universal parse tree format
forapTD. Formatting a document according to these ruleing interprets language specific format rules contained in
yields an unstructured representation of the document. Figsretty-print tables. iv) We designed a table generator which
ure 6 shows how pretty-print tables can also be used to dgenerates pretty-print tables for a language by inspecting
fine a structured representation in termsiofiL . the corresponding grammar. v) We implemented three

The mappings in Figure 6 define for each production ohack-ends which make plain textrML, and ETEX out-
the xML DTD the correspondingTML code. Formatting pyt available for all formatters. vi) The pretty-printer is
a well-formed document usingox2text ~ according to  designed as stand-alone system and can therefore easily be

Figure 6. Pretty-print tables used as language to define
simple transformation frommL to HTML.

these rules will yield: integrated in third-party systems. Moreover, the system is
<html> free and can be downloaded framttp://www.cwi.
<nr11ead> nl/"/mdejonge/gpp/

Furthermore, we discovered thatiL is a relative new

<title>
my name is Johny Walker application area of pretty-printing. We experimented with
</title> xMmL and we found two useful applications of our pretty-
</head> printer. First, the pretty-printer can be used to easily format

<body> an xML document depending on itstD and to translate



it to several different output formats. Second, the pretty-[6] T. Bray, J. Paoli, and C. M. Sperberg-McQueen. Extensible
printer can be used for simple term transformations as al-
ternative toxsL. For complex transformations we suggest

using more advanced transformation systems (like the pro{7]
gramming language Stratego for instance) as alternative to

XSL.

6.2.
This

opment of a new ArF+SDF Meta-Environment and its in-

Future work

pretty-print project was initiated as part of the devel-

tegration as default formatter was the intended goal. The
integration of the pretty-printer in this interactive program-

ming environment is not finished yet but is planned to bg10]

com

The table generator is the one component of the pretty 1

pleted soon.

print system that still needs additional research. This re-
search includes experimenting with more advanced heuris-

tics and grammar analysis to guess a suitable layout, aqu]

experimenting with user profiles to guide the generation
process in order to respect user preferred formatting styles.
The recent experiments witkmL proved the useful-

ness of the generic pretty-print approach that we foIIowed[.lg]

The

XML documents makes it an interesting application area for"1 4]

rapid growing importance ofML and of formatting

our pretty-printer and a natural extension of our research.
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