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ABSTRACT

The automatic generation of formatters for (programming) languages withingreSbrF Meta-Environment is
a research topic that is concerned with the construction of language specific formatters (or pretty-printers) given a
language definition in SF.

In this paper, we give an overview of pretty-printers that have been developed within this project and observe
that these pretty-printers are eitHanguage dependeitr non-customizableLanguage independence and cus-
tomizability are inevitable properties of pretty-printers however, when faced with the problem of formatting many
different, evolving languages. Therefore, we introduce in this paper a generic framework for pretty-printing and
describe an instantiation of the framework that forms a language independent and customizable pretty-printer.
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Keywords and Phrase®esign, Documentation, Languages, Document Preparation, Program Generators.
Note Work carried out under project SEN-1.4, ASF+SDF

1 Introduction

The automatic generation of formatters (or pretty-printers) for programming languages withiath8z¥ Meta-
Environment (Klint, 1993) has been a research topic for a long time. This research is concerned with the construc-
tion of language specific formatters given a language definition in the syntax definition formalist&ering

et al, 1989). Development of powerful formatting tools is essential for the industrial acceptancereSBr
(Deurseret al,, 1996). The renovation factories described in van den Bedrad. (1997c), for instance, depend

not only on flexible parsing technology and fast transformations but also on powerful pretty-print tools.

The pretty-printers that were designed for and integrated with the Meta-Environment, have one disadvantage
in common: they depend on VTP (Borrasal,, 1989; Borras, 1989). VTP is the internal tree representation of
terms and modules within the Meta-Environment. It is defined as part of the Centaur system, a generic interactive
environment generator (Borrasal.,, 1989), on top of which the #F+ SbrF Meta-Environment has been built. This
dependency of the pretty-print tools on VTP makes them unusable outside the Centaur system. The development
of a new Meta-Environment (van den Braetal, 1997f, 1997d), not based on Centaur, therefore requires a
reimplementation of these tools.

In this paper we emphasize the importance of generic pretty-printerdandpegage independeandcustomiz-
able The observation that none of the existing pretty-printers do satisfy both properties motivates the development
of newpretty-printers, rather than reimplementing existing ones. We therefore introduce a generic framework for
pretty-printing and discuss a particular instantiation of this framework that forms the pretty-print system for the
new Meta-Environment.



The paper is organized as follows: Section 2 describes and classifies the pretty-printers that have been designed
before. We discuss the motivation for the development of new pretty-print tools in Section 3. Section 3.2 describes
a generic framework for pretty-printing and a particular instantiation of the framework. Conclusions, related work,
and directions for future work are described in Section 5. Appendix A contains a complete descriptior,of B
the markup language that is used in the generic pretty-print framework. An elaborated example of the use of the
pretty-print system that we present in this paper is included in Appendix B.

2 Classification of Pretty-Printing Approaches

In this section we will give a brief historical overview of the various pretty-printing approaches that have been used

in the AsF+SDF Meta-Environment. A more detailed overview of these pretty-printing facilities can be found in

van den Brand (1995). Based on this overview we will give a classification of the approaches with respect to
customizability, language dependence, and their dependence on the internal abstract syntax tree representation and
implementation of the AF+SDF Meta-Environment. This classification is used to locate problems in the various
approaches and to formulate design properties for a new pretty-print approach that is introduced in this paper.

Approach 1: VTP and PPML. The very first version of the pretty-printer was based on VTP (Bostaa.,

1989; Borras, 1989), the internal abstract syntax tree representation of modules and terms, and on the pretty-print
engine PPML (Morcos-Chounet and Conchon, 1986). This pretty-printer was implementedigrl(Chailloux

et al, 1984) and constructs a PPML term for arbitrary VTP trees. For each node in the VTP tree a corresponding
PPML term is constructed based on a restricted number of heuristics. The PPML term is interpreted by the PPML
formatter engine which generates the formatted textual representation of the VTP tree. The main advantage of this
pretty printer was its good performance. The incorrect output that was sometimes generated by the PPML engine
and the inflexibility of the pretty-printer (only by writing adL ISP program the output of the pretty-printer could

be adapted), motivated the development of a new generation of pretty-printers.

Approach 2: VTP and TolATEX. One of the strong features of thesA+ SDF Meta-Environment is the transla-
tion of (parts of) ASF+SDF modules toATpX. This feature promotes literate programming and the integration of
A SF+SDF specifications inAIpX documents.

The tooltolatex  (Visser, 1994), traverses a VTP tree and generéigX kode. It was developed indepen-
dent of the pretty-printer based on PPML. This tool only supports the formattingef 80F modules. Although
the tool formats very nicely, it is difficult to adapt because most formatting rules were hard codedispL

Approach 3: VTP and Box. Motivated by the restrictions of the first pretty-printer implementation, a prelimi-
nary version of the Bx language was designed (Mos, 1990). This work was the starting point of a whole range of
tools to improve the pretty-print facilities of thesi+SDF Meta-Environment. The initial Bx language evolved

to the Box language described in van den Brand and Visser (1996).

Box is a language independent, intermediate representation used as markup language to describe the intended
layout of text. In general, the process of pretty-printing involves the construction of a formatting for an input term
over a languagé, and the generation of an output term over a languagehich respects this formatting. dx
allows both tasks to be separated ifrant-end(also calledormatterin this text), dedicated to the formatting of
an input term (i.e., the construction of aB term), and @ack-endwvhich translates Bx to some output format.

The advantage of this division is the separation of parts in a pretty-printer that depend on the input language and
parts that depend on the output format. A pretty-printer within this setting, is the composition of a front-end and a
back-end. The output of a front-end and the input of a back-end are connectexkby B

Box first use was to replace PPML in the process of formattisg+#SDF terms and modules. A front-end,
implemented in [ELISP, generated a 8x term by traversing the VTP tree. ThisoR term was processed by the
back-endbox2text to obtain the corresponding textual representation. The back-end is specifisg-HSzF
and compiled to C using the ASF to C compiler (Kamperman and Walters, 1993). This approach produces correct
output but is still inflexible. Nevertheless, this combination of front-end and back-end still forms the default pretty-
printer of the AsF+SDF Meta-Environment.

Approach 4: Box and Formatter Generator. The inability of the user to influence the pretty-printing of terms
motivated the development of a formatter generator (van den Brand and Visser, 1996). Given a language definition



Language | VTP tree | Overlapping
Approach | Customizable| Dependent| Based Code
VTP and PPML no no yes yes
VTP andtolatex limited no yes yes
VTP and Box no no yes no
generated pretty-printer as:
executable specification yes yes no no
stand-alone tool no yes no no

Table 1:Classification of pretty-print approaches.

in SDF, the formatter generator generates a formatter for that language as a sst+@0x conditional rewrite
rules. These rewrite rules define mappings from language patternexcegpressions. The & expressions
define how the patterns should be formatted and can be overruled by the user.

The resulting specification can be compiled using tter £0 C compiler to obtain a stand-alone front-end.
Together with the back-endox2text , it forms a pretty-printer which can replace the default pretty-printer
provided by the AFSDF Meta-Environment. This approach has been used among others to obtain pretty-printers
for SEAL (Koorn, 1994), COBOL (van den Brard al., 1997¢), and PROLOG (Brunekreef, 1996).

Because a generated formatter can be adapted only by modifying rewrite rules, it cannot be customized any
further after compilation. As a consequence, a recompilation of the formatter is required whenever its output has
to be adapted. A pretty-printer, composed of a generated formatter as front-end, and a back-end, thus can be used
in two ways: (i) as executable specification; this pretty-printer is customizable but cannot be used as stand-alone
pretty-printer or be used to replace the default pretty-printer; (ii) as stand-alone pretty-printer after compilation to
C: the stand-alone pretty-printer thus obtained is non-customizable but can be used to replace the default pretty-
printer of the Meta-Environment.

There are several disadvantages related to the approach of the formatter generator. First of all, the generated
formatters are language dependent. As a result, a separate formatter is required for each language. Secondly,
pretty-printing languages under development is not supported. Instead, each time the language is adapted a new
formatter has to be generated, otherwise the formatter would generate incorrect output. Thirdly, the formatter can
be used only to format terms. ThussA+SDF specifications cannot be formatted with the generated formatters.
Finally, the use of the pretty-printers, either as executable specifications or as stand-alone pretty-printers, is not
satisfactory because the executable specifications cannot be used in a stand-alone setting, whereas the compiled
pretty-printers are non-customizable.

The generated formatters produceBas output which can be processed by back-ends to translate to some out-
put format. Besidebox2text , a new back-end has been developed that translazgeBpressions togX code.

The combination of this back-end with generated front-ends provides a facility to develop powerful typesetting
tools. In Brunekreef (1995) all PSF specifications are typeset using this combination of techniques.

Classification of Pretty-Printers. The pretty-printers that we have described in this section can be classified
according to a number of properties. This classification proved to be helpful in locating problems of existing pretty
printers and formulating design properties for new pretty-printers.

We will distinguish four properties: i) Customizable; pretty printers that satisfy this property can be customized
by the user to obtain language specific pretty-printers; ii) Language dependent: this property specifies whether or
not a pretty-printer is restricted to format programs of a single language only; iii) VTP tree based: specifies whether
the pretty-printer depends on a VTP tree traversal; iv) Overlapping code. A pretty-printer forms a mapping from a
term over some input language to some output format. Many pretty-print techniques require this complete mapping
to be defined separately for each combination of input language and output format. Redefining this mapping results
in overlapping code when only the input language (or output format) of several pretty-printers differs. The property
‘Overlapping code’ indicates whether a significant part of the code of a pretty-printer has been implemented for
another pretty-printer as well.

The classification of the pretty-printers described in this section according to these four properties is depicted
in Table 1. From this table we see that the pretty-printers are either language dependent or non-customizable.
Furthermore, pretty-printers that are based axBontain less overlapping code. Finally, we observe that all
pretty-printers that have been integrated within the Meta-Environment depend on the Centaur system because they



require a traversal of the VTP tree. This classification of existing pretty-printers is used in the next section to
motivate the development of new pretty printer tools for use within a new&DF Meta-Environment.

3 A Generic Pretty-Print Approach

The pretty-print tools described in the previous section that have been integrated within the Meta-Environment
(approaches 1, 2, and 3), all depend on the internal tree representation (VTP) of Centaur. These tools traverse a
parse tree represented as VTP tree to pretty-print the concrete syntax. As a consequence they are all bound to the
Centaur system. Because Centaur was implementedlinde (Chailloux et al., 1984), the pretty-printers were

(at least partly) implemented ingLisp as well, in order to have access to VTP trees. This dependence on the
Centaur system and their implementation iBLLSP not only makes it hard to develop new or adapt (maintain)
existing pretty-print tools, it also makes their reuse outside the Centaur system impossible.

Breaking the dependency between theFASDF system and ELIsP/Centaur was a strong motivation for the
development of a new Meta-Environment (van den Brahal,, 1997f, 1997d). This new Meta-Environment uses
AsFix (van den Branet al., 1997a) as parse tree representation feFASDF modules (see Section 3.1). AsFix is
designed to represent structured data and, in contrast with VTP trees, to be exchangeable between a heterogeneous
collection of tools.

Tools used within the new Meta-Environment which require access to the abstract representaSenSii /A
modules have to be designed to operate on AsFix terms. As a consequence, a reimplementation of the pretty-print
tools is required to reuse them within this new Meta-Environment.

One could argue that the generated formatters (according to approach 4 in Section 2) do not depend on the
implementation of the AF+SDF Meta-Environment because they do not require direct access to parse trees and
thus provide a pretty-print mechanism that is also usable within a new Meta-Environment. Because of the language
dependency of the generated formatters however, we do not consider this approach acceptfbldtasetty-
printer in a new Meta-Environment.

For the reimplementation of the pretty-print tools, only thexBbased pretty-print tools as described in the
previous section are considered because of the advantage that the separation of a pretty-printer in a front-end and
a back-end provides.

Observe that the 8x based tools described in the previous section are either language dependent or non-
customizable. A formatter generated by the formatter generator on the one hand, is highly customizable. However,
the language dependence of the generated formatters requires separate formatters for each language. The default
pretty-printer of the current Meta-Environment on the other hand, is able to format terms over different language
definitions. Unfortunately, it does not support customization of the generated output at all.

For a pretty-printer to be usable in general, it should be language indepamdenistomizable. Both require-
ments have motivated the development of a new set of pretty-print tools, instead of just reimplementing the existing
pretty-print tools. The new tools are again dividedront-endsandback-endsA front-end (or formatter) takes a
parse tree over an input languafes input and generates aB term as output. A back-end takes aBterm
as input and generates as output a term over some output féfmatpretty-printer is constructed by connecting
the output of a front-end to the input of a back-end, usiruxBs intermediate representation. Before describing
this generic pretty-print framework and an instantiation (which forms the pretty-print system for the new Meta-
Environment) in Section 3.2, we will first discuss AsFix andxBbriefly in Section 3.1 and 3.2, respectively. The
front-end and back-ends that instantiate the generic pretty-print framework are described in Section 4.1 and 4.2.

3.1 AsFix

AsFix (Asr+SDF Prefix Notation) (van den Brandt al, 1997a) is a parse tree representation f@FASDF

terms and modules, designed to be exchangeable between a heterogeneous collection of tools. AsFix contains all
information of the original source text, this includes in particular the original source text itself (that is, all keywords,
white space, comments, etc. are preserved). AsFix is implemented as instance of the more general ATerm (short
for Annotated Terms) representation (van den Brahdl, 1997b). Within the new Meta-Environment AsFix

is used to replace VTP as module (and term) representation. AsFix is suitable for pretty-printing because it not
only contains the parse tree (used to select pretty-print rules), but also the original source text (required to support
comments in the pretty-printed output).



3.2 Box Language

In the generic pretty-print framework the input language dependent parts and the output format dependent parts
are separated in front-ends and back-ends, respectively. Front-ends and back-ends are connected using a language
independent intermediate representation, callea Bsee Figure 1). Bx is a mark-up language to describe the
intended layout of text. A Bx expression is constructed by composing sub-boxes usomg dperators. These
operators specify the relative ordering of boxes. Examplesoof @erators are thid andV operator which format

boxes horizontally and vertically, respectively:
JIEAENEN

B
EEE) - 5
Bs

The exact formatting of eachdX operator can be customized usingBoptions. For example, to control the
horizontal layout between boxes thHeoperator supports thes space option.

Hue [ B[ B || Bs || = [Bi]. B || Bs

For a description of Bx in general we refer to van den Brand and Visser (1996) were thre IBnguage was
introduced.

In this section we describe how we deviate from the originakBanguage. We slightly adapted the original
Box language described in van den Brand and Visser (1996) because of a few irregularities that would make
the development of Bx based tools very hard. A detailed description of the syntax and the functionality of the
adapted Bx language can be found in Appendix A.

Adaptation of Positional Box Operators. In general, positional Bx operators (like théd andV operators)
specify the relative positioning of their sub-boxes. For exampleHtloperator specifies that its sub-boxes are
separated by horizontal layout. ThandWD operators of the original 8x language deviate from this model.
Thel operator, which operates on a single box, is used to specify left indentation. It has only effect in a vertical
context:

By
vENEIE) - [5]

Here we see that tHeoperator specifies how the boxBs and B, are positioned. Althougi; is not a sub-box,
thel operatodoesspecify its relative positioning t@®s.

The WD operator from the original Bx language does not specify the relative positioning of its sub-boxes
either. The operator translates to an empty box with (horizontal) dimensions equal to its argument.

To make the Bx language more regular, we removed both operators. To provide left indenting similar to the
| operator, we introduced a new space optish ‘The is space option specifies horizontal layout to be placed
between sub-boxes. Similar to theperator, indentation is in effect only in vertical mode.

Viees [ B[ B2]] = VI[ B 1 [[B:]1] =

To be able to specify horizontal spacing equal to the width of some box (lik&/theperator), we allow horizontal
spacing to be specified as @B expression.

IE
V Bl B2 = V B1 H WD B1 BZ =




front-ends back-ends

Box

Figure 1:A generic framework for pretty-printing.

Adaptation of Non-Positional Box Operators. Besides thé andWD positional Box operators, we removed
a few non-positional operators as well.

The rather complicated mechanism to express the formatting of comments using the optfARrYPAR
andPAR, has been simplified. We replaced the three operators by the single comment ofigrator

Finally, we removed th® operator. The operator translates to the vertical composition of two of its sub-
boxes separated by a horizontal bar. Because this operator is too strongly relatze-&pA (it is used solely to
format conditional equations of #&+ SDF specifications), it has been replaced by the more general line operator
‘L’. The L operator translates to a horizontal bar of width equal to the width of its first sub-box. The bar is
constructed from characters of its second sub-box.

4 A Generic Pretty-Print Framework

By using Box as intermediate representation, we are able to create a generic, extensible pretty-print framework.
In Figure 1 this generic framework is depicted. Programs in this figure are denoted by ellipses, the rectangle in the
figure denotes data. The framework can be instantiatgdiggingfront-ends and back-ends into the system. Each
front-end forms a mapping from terms over an input languag® BoXx, each back-end translate®B to some

output format0O;. Language independence of the pretty-print system means that the system does not depend on
the input language. Language independence is supported within our framework since it allows different front-ends
to be plugged in. In Figure 2 a particular instantiation of the framework is depicted. As in Figure 1, we denote data
by rectangles and programs by ellipses. The figure shows the generic framework instantiated with one front-end
(the programasfix2box , see Section 4.1) and three back-ends (the progkem®asfix , box2text , and
box2latex , described in Section 4.2). Together, the front-end and back-ends form the pretty-print system of the
new Meta-Environment.

The figure displays two combinations of programs that have AsFix as input and as output. The first combination
(asfix2box  andbox2asfix ) shows that after formatting the layout in an AsFix term (containing the parse
tree) an AsFix term with the same parse tree is obtained. The fact that parsing the formatted text of a given AsFix
term produces an AsFix term again, with the same parse tree, is expressed by the second combination of tools
(asfix2box , box2text , andparser ).

4.1 From AsFix to Box

A front-end within the pretty-printer setting takes a teéfhover some languagg as input and generates @B

term that represents the pretty-printed téfimBecause the pretty-print system is to be used within the new Meta-
Environment in which terms are represented in AsFix, we initially limited our attention to the development of
front-ends based on AsFix only.

Given an $F definition of a languagé, a term1" over L can be represented in AsFix and formatted with the
formatterasfix2box . Using AsFix as term representation makes the formatter language independent because
any term represented in AsFix can be formattecbfjx2box

Of course, terms over different languages have to be pretty-printed differently. The froasix@2box
therefore is parameterized such that it can be instantiated with language dependent pretty-print rules. Hence,
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Figure 2:A particular instantiation of the generic pretty-print framework.

asfix2box is agenerictool because this parameterization separates generic code from language specific pretty-
print rules.

The pretty-print rules define how specific language constructs are to be pretty-printed. That is, a pretty-print
rule forms a mapping from a context-free language construct toatBrm. To be usable in practice, modifying
the pretty-print tables by hand should be easy. Pretty-print tables are therefore presented to the user as mappings
from SDF productions to Bx expressions. These mappings will be discussed in the next section.

4.1.1 Pretty-Print Tables

The front-endasfix2box  is a generic, language independent tool. The tool is parameterized with a set of pretty-
print tables. Given such a set of tablesfix2box constructs a Bx term by applying the pretty-print rules

to an input term. The pretty-print tables describe how language constructs should be pretty-printed. The use of
pretty-print tables thus separates generic code from language dependent pretty-print rulesr @aén8ion of

the context-free syntax of pretty-print tables is displayed b&low

context-free syntax
Sdf-CfFunction “,” BOX — Sdf-Entry
“[" sdfEntry* “]” — SdfTable

A pretty-print table consists of zero or more entries. Each entry is formed by a context-free productmm in S
together with a Bx expression, denoting how the language construct should be formatted.

Example 4.1 Consider the language definition of the data type Boolom Selow:

context-free syntax
“True” — Bool
“False” — Bool
Bool “/\"” Bool — Bool
Bool “\ /" Bool — Bool

To construct a pretty-print table for this grammar, we specify for each context-free productmx expression:

1All code examples and program listings in this paper are formatted using the generic pretty-printer described in this papsfixEirst,
box is used to obtain a 8x expression describing the intended layout. Ther2latex is used to obtain correspondinJix code.



“True” — Bool, KW [ “True” ]
“False” — Bool, KW [ “False” ]
Bool “/\” Bool — Bool, H[-1*/\" 2]

Bool “\ /" Bool — Bool, H[ 1 “\/" 2]
]

Given this table, the constants “True” and “False” will be pretty-printed as keywords. The productions defining the
operators /\" and “\ /" are both formatted horizontally. Note the use of numbered place holddrsgfid “_2")
to denote BX expressions corresponding to non-terminal symbols in the left-hand side abther&ductions.

(|

From the example we see that it is rather straightforward to define a pretty-print table given a language definition
in SDF. The user just creates a pretty-print entry for each context-free production by specifying the production and
the corresponding 8x expression. Productions for which no pretty-print entry exists are formatted horizontally
using theH operator.

A more elaborated example of defining pretty-print tables and their use is presented in Appendix B.

4.1.2 Modularization of Pretty-Print Tables

The front-endhsfix2box  accepts a sequence of pretty-print tables as input. A sequence ofttalles. . . t,

is ordered in such a way thgt> t; whenever < j. From matching entries within different tables only the entry
defined in the table with highest order is applied. From matching entries defined in a single table, the first entry is
selected. This ordering of pretty-print tables specifies exactly which pretty-print rule will be applied when several
matching entries exist.

The ability to pass a sequence of tableas@ix2box and the ordering of tables allows for a modular struc-
turing of pretty-print tables. We suggest a modular structuring where the pretty-print tables follow the import
structure of the correspondin@& grammar (i.e., for each constituting module of the grammar a separate pretty-
print table is defined). The pretty-print table corresponding to e 18odule can be reused whenever therS
module itself is reused. The ordering of tables allows the user to customize pretty-print rules by redefining them
in pretty-print tables corresponding to importing modules.

4.1.3 Automatic Generation of Pretty-Printers

The generic todhsfix2box  can be instantiated with a number of pretty-print tables to adapt its default operation.
Togetherasfix2box  and the pretty-print tables for a languafdéorm a formatter for the language In order
to generate a formatter for a language automatically, only a set of pretty-print tables has to be generated.

The generation of pretty-print tables is independerdsiix2box  and therefore different tools can be used
to generate these tables. A typical table generator (see Figure 2) takes a (modsaldgfi@ition as input and
generates for each module a table containing the context-free productions and correspandexpissions.

Such a tool can implement the heuristics used in van den Brand and Visser (1996) and in the default pretty-printer
of Section 2. The modular structure of the tables generated by such a tool allows for an incremental pretty-
print approach. After some production in anfSmodule has been added or modified, only the pretty-print table
corresponding to that module needs to be regenerated.

Automatic generation and manually fine-tuning of pretty-print tables can interfere. Taking advantage of the
ordering of tables, we propose the separation of generated tables and tables that are modified by hand. When the
latter is given precedence over the generated table, the user is always able to customize the generated pretty-print
rules. Tool support can provide the ability to warn the user for non-matching entries in the non-generated table
(i.e., entries for which a corresponding production no longer exists).

4.2 Back-ends

In this section we will briefly discuss the back-erms2asfix , box2text , andbox2latex (see Figure 2).
From these back-ends onbhox2asfix is new. The other back-ends have been implemented before, but the
adaptation of the Bx language required a reimplementation of these back-ends. Fortunately, the reimplementation



is either trivial pox2text ) or it forms an overall improvement of the old implementation (in the cas®r®-
latex ).

From Box to AsFix. Ingeneral a pretty-printer takes a parse tree of a langliageinput and generates a string
over a languagé’ as output. Remember from Section 3.1 that AsFix is a parse tree representation that contains
layout information. This property of AsFix allows for a pretty-printer that generates a parse tree as output (i.e., it
returns the initial parse tree in which layout has been updated). Generation of parse trees with updated layout as
output of a pretty-printer is a performance issue basically. A performance improvement is obtained because tools
that operate on parse trees can use the output of the pretty-printer directly (no parsing is required to construct the
parse tree from the output of the pretty-printer).

The back-endbox2asfix  takes as input an AsFix term and @Bterm describing how the lexical elements
in the AsFix term should be formatted. The back-end returns as output the original AsFix term in which the lexical
elements are formatted conforming to thexBterm.

From Box to Text. The back-endox2text takes a BX term as input and generates a string containing

the pretty-printed term as output. This translation has been implemented before but cannot be reused unmodified
because the 8x language has been adapted (see Section 3.2). Fortunately, the baotx@adfix  already
implements the translation fromdX to text (the lexical information contained in AsFix terms is represented as

text strings), so reimplementifmpx2text s trivial. We just reuse parts tox2asfix

From Box to IATEX. Thebox2latex back-end generate&TEX code according to the layout information
contained in BX terms. A mapping from Bx to TgX has been implemented before, but the modification of the
Box language required a reimplementation. In addition to the tool that has been defined bex@latex
supports the mapping from lexical tokens 40X commands, similar to the tool TAEX (Visser, 1994). These
mappings give the user fine control over which symbols to use in the genefafédade.

Example 4.2 Mappings of lexical tokens can be defined in a table. Each entry in the table contains a mapping from
a Box string to aATpX command. To use the mathematical symbalisdnd ‘v’ for instance, for the specification
of Example 4.1, the following table can be passelddgr2latex

[
“/\" = "$\wedge$”
“\/" — "$\vee$”

]

box2latex  will now replace all occurrences o ’ by the BTEX macro ‘$\wedge$ ' and V' ' by the macro
‘S\vee$ . O

The generated®IpX code can be processed pyflatex  (Thanh, 1998) to produce a PDF document. The
cross referencing mechanism o6B in combination with the hyperref package (Rahtz, 1998) results in interactive
documents with hyperlinks.

5 Concluding Remarks

This paper gives an overview of the different pretty-printers that have been developed farh8D* Meta-En-
vironment. The development of a new Meta-Environment not based on Centaueamngblrequires a reimple-
mentation of the pretty-printers because the pretty-printers that have been integrated withgrFt{goA Meta-
Environment depend on VTP andLIsP. The observation that existing pretty-printers are either language depen-
dent or non-customizable motivated the development of new pretty-print tools rather than the reimplementation of
existing ones.

We introduced a generic framework and described an instantiation of this framework. This instantiation, con-
sisting of a front-end and several back-ends, forms the pretty-printer of the new Meta-Environment. This sys-
tem has been specified as a number sFASDF specifications. We generated stand-alone executables from the
specifications using the news#+SpF to C compiler (van den Branet al., 1999), which translates #&+SDF
specifications to C.



Future Work.  The pretty-print system that we developed has several drawbacks that require further investigation.
First, we mention the dependency of the generic framework that we introduced upooxHarigjuage, which is

used to connect front-ends to back-ends. This tiny language might turn out to be too weak in practice. We want to
investigate whether this language requires extension or whether another intermediate representation proves to be
more powerful and useful.

Secondly, the current pretty-print table generator is not fully satisfactory. It creates a pretty-print table for an
SDF grammar but it does not take the structure of the productions into account in order to ‘guess’ suiiable B
expressions. We want to develop a new generator similar to the formatter generator described in Section 2, that
uses heuristics for the generation of appropriateBxpressions.

Finally, we emphasize that the front-eadfix2box is not as powerful as the formatter generator of Sec-
tion 2. The latter supports any pattern to be adapted in the generated formattegsfikBdox  only supports
adaptation of Bx expressions corresponding to individual productions. This ‘localit@siix2box  might be
no problem for its use as default pretty-printer in the Meta-Environment. However, in order to have complete con-
trol over the pretty-printed output, this limitation a$fix2box is too strong. We suggest generating formatters,
similar to those generated by the formatter generator, in additiasfie2box  which can be plugged into the
generic framework and do give more control over the pretty-printed output. Adapting the existing formatter gen-
erator to generate formatters which accept terms over the reewd@guage would probably be a good approach
as well.

Related Work. The notion of boxes for formatting text is not new.oB like languages includegK (Knuth,

1984) and PPML (Morcos-Chounet and Conchon, 1986; Borras, 1989). The langoage Based on PPML

and as a consequence, both languages are quite similar. We refer to van den Brand and Visser (1996) for a
comprehensive description of formatters anob®ike languages.

Functional approaches of pretty-printing are described in Hughes (1995) and Swatsltr§1998). These
approaches use a set of combinators to express the desired layout of text. Most of these combinators correspond
to Box operators. For example, tix< combinator is used to place its arguments horizontally (similar taithe
operator), the--< combinator places its arguments vertically (like Ytheperator).

Obtaining interactive documents fromoR terms has been a research topic for several years. In van der
Graaf (1997) the back-erabx2html is developed. Unfortunately, severabB operators (like theHOV and
L operators) cannot be expressed in terms of HTML operators. As a consequence the translation to HTML is
currently not satisfactory. Fortunately, we are able to obtain interactive documents anyhow, becatigX the L
code that we generate fromoB can be translated to PDF.

Acknowledgments We would like to thank Paul Klint (CWI) and Joost Visser (UvA) for reading earlier drafts
of this paper.

A The Box Language

Box is a mark-up language to describe the intended layout of text. A preliminargxfiBased on PPML (Morcos-
Chounetand Conchon, 1986) was introduced in Vos (1990 iBself was described before in van den Brand and
Visser (1996). In this section we describe a new version of the Bnguage. Section 3.2 contains the motivation
for this new version and a comparison with the version of van den Brand and Visser (1996).

Expressions over thed® language can be constructed diymposinghoxes usingox-operators These op-
erators specify the relative positioning of boxesBsupports several of thepesitionaloperators (described in
detail in Section A.1). Examples of positional operators areHfadV operators which format their sub-boxes
horizontally and vertically, respectively. The exact formatting of the positional operators can be controlled by
means of options. These options allow for instance, the horizontal and vertical layout withratit®/ operators
to be controlled.

Besides positional operatorspR also containson-positionabperators. These operators are used to control
how sub-boxes are displayed. These operators include font operators to specify font parameters (font family, font
color, etc.) and operators for cross referencing.
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Syntax of the basic positionaldX operators and space options inrS

exports
context-free syntax
“hs” — SPACE-SYMBOL
“vs” — SPACE-SYMBOL
“is” — SPACE-SYMBOL

SPACE-SYMBOL *
SPACE-SYMBOL *

" INT — S-OPTION
" BOX — S-OPTION

S-OPTION* — S-OPTIONS
context-free syntax

BOX-STRING — BOX

BOX* — BOX-LIST

“H” S-OPTIONS “[" BOX-LIST “]” — BOX

“V” S-OPTIONS “[" BOX-LIST “]” — BOX

“HV” S-OPTIONS “[" BOX-LIST "  — BOX
“HOV” S-OPTIONS “[" BOX-LIST “I" — BOX
The syntax of the alignmentd@X operator is defined as follows:
context-free syntax
“A’ A-OPTIONS S-OPTIONS “[" BOX-LIST “I" — BOX

“R” “[" BOX-LIST “]" — BOX

“I"” S-OPTIONS — A-OPTION
“c” S-OPTIONS — A-OPTION
“r’ S-OPTIONS — A-OPTION
“(" {A-OPTION “"}* “)y" — A-OPTIONS

Observe how space options are combined with column definitions to detfémecolumnspacing. The space options that
follow the alignment options defiriater-row spacing.

Figure 3:Syntax of positional Bx operators in BF.

A.1 Positional Box-Operators

The most elementary boxes are strings enclosed in double quotes. Smaller boxes can be composed to form new
boxes using the positionaldX operators that specify the relative ordering of the smaller boxes. The syntax in
SDF of the positional BX operators is depicted in Figure 3.

TheH andV operators are the basic positionabBoperators. They format their sub-boxes horizontally and
vertically, respectively. This behavior is depicted in the diagrams below:

W (BB = [B1][7] w1=
2

When the line width is taken into account, tHeandV operators can be combined to obtain conditional operators.
Depending on the amount of space left, boxes are placed horizontally or verticaltyc@htains two conditional
operators. The first operatoHOV"), places all its sub-boxes horizontally when they fit on a single line, otherwise,
they are all placed vertically. This can be expressed in terrhkasfdV operators as:

HI[B][B2][ B ])
MIEN EXEN)

TheHOV operator maximizes the number of lines occupied when its sub-boxes do not fit on a single line.
The second conditional operator minimizes the number of lines occupiedd Viuperator calculates a com-
bination ofH andV operators as follows:

HOV [[ By ][ B: ][ Bs]] = or

11



operator| hs | vs | is | remarks

ENEN

Indentation is used only when the formatting occupies
multiple lines.

HV v | v | v | idem.

A v |V The hs space option defines theter-columnspacing,
thevs option defines thenter-row spacing.

Table 2:Supported space options for each positionakBperator.

H[[Bu][ 2] B ]

or
VIH[[B:][B:]][B5]]

o (EE]E) - -
V[‘Bl‘H[‘BzHBzﬂ]

or

VI[[B.]|B: ][ B:]]

The HV operator calculates the layout of the sub-boxes in such a way that the number of lines is minimized and
the lines are maximal filled. This operator is typically used when a list of items is to be pretty-printed.

H, V, HOV, andHV are the basic positional®« operators. Each of these operators can be accompanied
with a number of options to control the layout between sub-boxes. The following options are suparted:
for horizontal spacingys for vertical spacing, ang for shifting horizontally in a vertical context (indentation).
Certain combinations of options anB operators do not make sense, e.g.,ltheperator in combination with
the optionsss oris. Table 2 summarizes the available space options for eachdperator.

In order to get a more sophisticated layout such as columns, thxeaBignment operator can be used. Itis a
combination of the operatdy, to indicate that an alignment is constructed, Bnaperators to represent individual
rows. TheA operator must be used with a set of alignment options, naimelyandr to indicate whether the
columns should be left, centered, or right aligned, respectively. The number of alignment options defines the
number of columns. For example:

Aler)[RI[ B |[B:][Bs]] [ B ] [B:] [Bs]

RI[B:][ Ba || Bs [1} [Ba] [ Bs || Bs |

To define the layout between columns, each alignment option can containsgace option. To define the layout
between rows, thA operator supports thes space option.

font parameter| description font operator | used to format
fn font name KW keywords
fm font family VAR variables
se font series NUM numbers
sh font shape MATH mathematical symbols
sz font size
cl font color
) (b)

Table 3: Table (a) displays the font parameters supported byFtBeoXx operator, table (b) displays the supported dynamic
font operators.
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The static font operatdf, the dynamic operators, and the font options are defined as:

exports
context-free syntax

FONT-PARAM “=" BOX-INT — F-OPTION
FONT-PARAM “=" FID — F-OPTION
F-OPTION* — F-OPTIONS
“F’ F-OPTIONS — FONT-OPERATOR
FONT-OPERATOR “[" BOX “7” — BOX
FONT-OPERATOR “(" BOX-LIST “)" — BOX-LIST
“fn” — FONT-PARAM
“fm” — FONT-PARAM
“se” — FONT-PARAM
“sh” — FONT-PARAM
“sz” — FONT-PARAM
“cl” — FONT-PARAM
Kw?” — FONT-OPERATOR
“VAR” — FONT-OPERATOR
“NUM” — FONT-OPERATOR
“MATH” — FONT-OPERATOR

The cross reference operators are defined as:
context-free syntax
“LBL" “[" BOX-STRING “” BOX “]" — BOX
“REF” “[" BOX-STRING “” BOX “]” — BOX
The syntax of the comment operator is:
context-free syntax
“C” “[" BOX-LIST " — BOX
Finally the line operator looks like:
context-free syntax
“L" “[” BOX BOX ‘"  — BOX

Figure 4:Syntax of non-positional Bx operators in BF.

A.2 Non-positional Box-Operators

There are four different types of non-positionadBoperators: the font operators to change the textual appearance

of Box expressions, the cross reference operators to create links between boxes, the comment operator to indicate
that a Box expression contains comments, and the line operator to draw lines of characters of arbitrary length. The
syntax in $F of these non-positional @ operators is depicted in Figure 4.

Font Operators. BoOX font operators are used to change the textual appearance of the argument box expression.
Fonts can be characterized by the parameters font name, font family, font series, font shape, font size, and font
color. The most general font operatorfs By means of font parameters the desired font can be controlled.
Table 3(a) summarizes the supported font parameters.

By using theF font operator, fonts are defined staticallyoBalso support fonts to be defined dynamically
using special font operators. These operators are used to format specific language constructs like keywords and
variables. The mapping from these operators to fonts is deferred to the back-ends. The user can customize these
font mappings at any time after theoR expression has been constructed. Table 3(b) summarizes the supported
dynamic font operators.

Cross Reference Operators. Box has limited support for cross referencing usingliBe. andREF operators.

The operatoLBL is used to define a label for a box, the oper&&fF is used to refer to a labeled box. Back-ends

can implement these operators to enable cross referencing in the generated output. Currently, only the back-end
box2latex fully support cross referencing (see Section 4.2). By default, this tool translate8thend REF

operators to the"IpX commands\label’ and \ref’, respectively.
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module Sdf
exports
sorts Sdf-Id Iterator CharClass Literal Module Section SyntaxSection CfFunction CfElem Attributes
FunOpName ListOpName
context-free syntax
“module” Sdf-Id Sectioh — Module
“imports” Sdf-ld+ — Section
“exports” SyntaxSectioh — Section
“sorts” Sdf-Id+ — SyntaxSection
“context-free” “syntax” CfFunctiof — SyntaxSection
‘4 — Iterator
o — Iterator
FunOpName CfElem*“—" Sdf-1d Attributes — CfFunction
Literal “(" {CfElem “"}* )" * =" Sdf-Id Attributes— CfFunction
Sdf-1d — CfElem
Literal — CfElem
Sdf-Id Iterator ListOpName — CfElem
“{” Sdf-Id Literal “}" Iterator ListOpName — CfElem
— Attributes
“{" {Literal “" }+ “}" — Attributes

Figure 5:Partial syntax definition of SF in SDF.

Comment Operator. The comment operatd is used to represent user defined comments in the source text.
This operator accepts a sequence oikBstrings as sub-boxes each of which starts a new line of comment. Argu-
ment strings may contain newline characters which are interpreted and start a new line. The semanti€s of the
operator with multiple sub-boxes containing newline characters is depicted below:

Cl*si\n...\ns," ] = C["s1" ..."s," ]

Depending on the back-end these strings are vertically formatted dihstyle.

Line Operator. The last non-positional operatorlis This operator is used to create a line of characters equal to
the width of its first sub-box. This operator can be used for instance, to “draw” the vertical bariagiations.
Its use is demonstrated by the following example:

VIH[[Bi][B:]] iy
L[H[]":" 1

B Example

In this section we will demonstrate the pretty-printer that we described in this paper by means of a comprehensive
example. We will use part of the language definition ofFQlefined in $F to demonstrate the construction of a
pretty-print table and to demonstrate the generated output of the generic pretty-printer when it has been instantiated
with the pretty-print rules for SF.

The Grammar of SbF. Before we construct a pretty-print table fop§ we first show part of its definition in

SDF. The syntax definition of Figure 5 is taken from (Heeretgal, 1989) but has been greatly simplified by
removing several language constructs that are not of interest for this example. The figure also shows the intended
layout of DF definitions. The BX expressions that we define in the pretty-print table below, define a formatting

of SDF terms equivalent to the formatting of th@Smodule in Figure 5.
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“module” Sdf-Id Section *— Module, Vis =3 [H[KW [ “module”] 1]Vvs=1[2]]
“imports” Sdf-ld + — Section, H [ KW [ “imports” ] HV [ -1 ] ]

“exports” SyntaxSection ++ Section, Vis = 3 [ KW [ “exports” ] Vvs =1[1]]

“sorts” Sdf-ld + — SyntaxSection, H [ KW [ “sorts” ] HV [(1 ] ]

“context-free” “syntax” CfFunction +—+ SyntaxSection,
Vis =3 [ H[ KW [ “context-free” ] KW [ “syntax” J1TA (1,1, 1,1)[ 11]

“+" — Iterator, KW [ “+" ]

“7 - Iterator, KW [ “*” ]

FunOpName CfElem * <" Sdf-Id Attributes — CfFunction, R[H[.1 2] KW [“—="] .3 4]

Literal “(" {CfElem “"}* *)" * —” Sdf-1d Attributes— CfFunction, R[H[-1“(" 2“)"]KW [“ ="] 3 4]
Sdf-ld — CfElem, H[_1]

Literal — CfElem, H [-1]

Sdf-1d Iterator ListOpName—+ CfElem,H[Hhs =0 [1 2] 3]

“{” Sdf-1d Literal “}” Iterator ListOpName— CfElem, H[Hhs =0[4{" .1]Hhs=0[_2"}" 3] 4]
— Attributes, H [ ]

“{" {Literal “"}+ “}" — Attributes, Hhs =0 [{" .1 “}"]

{Literal “"}+, H[ 1 "]

Figure 6:A pretty-print table for the syntax definition of Figure 5.

A Pretty-Print Table for S bF. Given the partial language definition obSin Figure 5, we can specify a pretty-
print table for this language by specifyingoR expressions for each context-free production. This pretty-print
table is used to instantiate the t@dfix2box  to obtain a language specific pretty-printer. Below we will discuss
several details of the pretty-print table fob& The complete table is displayed in Figure 6.

From Figure 5, we see that arbS module basically consists of a sequence of sections. This sequence is
preceded by the keywordodule and the name of the module. Similar to the formatting of the syntax definition
in Figure 5, these sections will be formatted vertically and left indented. Keywords will be formatted using the
KW operator. The keyworthodule and the module name are formatted horizontally. These formatting rules are
described by the pretty-print rule below:

“module” Sdf-Id Section*— Module,
Vis=3[H [KW [“module” ] 1]Vvs=1[2]]

An SDF module can contain zero or more imports sections. Each imports section consists of the keypeotsl

and a number of module names. Formatting the module names horizontally may exceed the line width when the
imports section contains many module names. We therefore usBbperator to allow the formatting of module
names to capture multiple lines.

“imports” Sdf-ld+ — Section,
H [ KW [“imports” |HV [ _1]]

The context-free functions in Figure 5 are formatted in such a way that the elements at both sides of the arrow are
left-aligned. This formatting is achieved using the alignment operator configured with four left-aligned columns.
The fourth column (which is not visible from Figure 5) is used to format optional attributes.

“context-free” “syntax” CfFunction++ SyntaxSection,
Vis=3[H [ KW [ *“context-free” 1 KW [ “syntax” J1JA(, L1, N[ -11]]
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sorts Sdf-Id Iterator sorts Sdf-Id Iterator CharClass Literal Module Section SyntaxSection CfFunction
CharClass Literal CfElem Attributes FunOpName ListOpName
Module Section
SyntaxSection
CfFunction CfElem
Attributes
FunOpName
ListOpName

(a) Narrow (b) Wide

Figure 7:Different formatting depending on available width.

This entry specifies that context-free functions are formatted vertically (they are indented from the left by three
spaces). The context-free functions together form a tabular with four columns. Text in all four columns is left-
aligned.

Each context-free function in arb® module forms a row in the tabular. Each row consists of four columns: the
elements at the left hand side of the arrow, the arrow itself, the target sort of the production and optional attributes.
The entries below are used to achieve the desired formatting of individual context-free functions:

FunOpName CfElem* %" Sdf-Id Attributes — CfFunction,
R[H[12]KW[*“="] 3 4]

Literal “(" {CfElem “"}* “)" “ —" Sdf-Id Attributes — CfFunction,
RIH[ 1" 2“)"1KW[“ =" ] 3.4]

The pretty-print entries for the other language constructs are obvious and do not need any further discussion. The
complete pretty-print table for the grammar of Figure 5 is displayed in Figure 6.

Using the Pretty-Print Table for SDF. Now that a pretty-print table for the languagershas been constructed,

we can instantiate the generic tadfix2box  to obtain a language specific pretty-printer farS This instan-
tiated pretty-printer can be used to generat&xBor terms over $F according to the rules in the pretty-print
table. The generateddX terms can be translated to different output formats. Figure 5 for example, is obtained by
translating Box to IATEX.

Depending on the available width for pretty-printing, the final output may differ according to the semantics of
theHV andHOV operators. Figure 7 shows how tH& operator formats its sub-boxes differently depending on
the available width for pretty-printing. Both figures show the sorts section ofirer®dule depicted in Figure 5,
pretty-printed with the rules defined in the table of Figure 6. Because of the limited horizontal space available
in Figure 7(a), more lines are occupied to format the module names without exceeding the right margin than in
Figure 7(b).
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