Programmatic Building of Models Just for Pretty
Printing

Tero Hasu
Helsinki Institute for Information Technology
PO Box 9800, FI-02015 TKK, Finland
tero. hasu@iit.fi

Abstract

In-memory object models of programs are commonly built ytgdo facilitate
program analysis and manipulation. We claim that for son@ieations it makes
sense to construct such models for the sole purpose of jprattyng, and explain the
reasoning behind our claim in this paper. We also describelarte have created to
support this approach to pretty printing; the tool derifesn an annotated grammar,
both an object-oriented API for model building, as well agesponding routines for
pretty-printing built models.
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1 Introduction

Pretty-printing capability is required in tools intendedgroduce readable source code.
There are a number of ways one might choose to implemenygmetiting. In many tools
one requires an abstract syntax tree (AST) of each proc@segtam for analysis and/or
manipulation, and in those cases it is natural to write aimeutat traverses the AST to
emit textual code. However, when implementing a tool tha&sdwot transform programs,
but rather reads in some input and generatasvaprogram based on the input, it is far
less clear how pretty printing would best be implemented.

When an AST is not required for code analysis or manipulgiimposes, one may choose
from a number of alternative approaches to pretty printimgthis paper we explore the
idea of constructing an AST-like model of the program anyyveayely for pretty printing
purposes. We talk abomodes, as in object models specifying what is to be printed.
We avoid talking about ASTs, so as not to imply that we arergstied in the abstract
syntax of the target language; we want to know how to printlgaa, but not necessarily
what specific target language construct it represents. \&esfon model construction
that is done imperatively and incrementally, by writingetaents that instantiate and add
objects into a model, in any desired order.



The rest of this paper is organized as follows. In Section@discuss our pretty-printing
approach in more detail, and consider potential applioatitn Section 3 we introduce a
specific implementation of the approach, by describing &weocreated to facilitate the
implementation of pretty-printable model builders. WeK@a related work in Section 4,
and conclude in Section 5.

2 ConstructivePretty Printing

We refer to our pretty printing approach esnstructive pretty printingCPP); with this
term we try to emphasize that the defining characteristibefapproach is that one ex-
plicitly constructs, bit by bit, a model to be printed. Theaebobjects may be of different
native types, and to support incremental model buildingy tre likely to contain named
fields into which to insert more objects in any desired order.

An alternative way to “construct” a model is to essentialistjlist its contents, in a declar-
ative fashion, allowing for variability by letting lists atain non-literal expressions. This
approach is widely used by Lisp programmers at least, arkily lto result in somewhat

shorter model building code than in CPP. Tdmveniencef writing such code depends
largely on how conveniently one can express a named liseitaiiiguage syntax.

A common code generation approach not involving model mglds to use aemplate
engine(e.g., Smarty, Velocity, Cheetah). template-based code generati@h one spec-
ifies what to generate using a textual template, but may emioectives within the text to
account for variability. The directives—usually exprasse the engine implementation
language—are expanded by the engine. The concept of teergaigines is easy to un-
derstand, and most implementations are straightforwauséo These are very desirable
properties, but we still argue that alternative solutiorssteh as CPP—are more suitable
for some applications. We believe CPP to be a good approdehsitin cases where:

e One prefers to program imperatively. It is natural for peofa think in terms of
objects and actions.

¢ One wants to concentrate on abstract syntax, without wagrgbout delimiters and
other notation that can be automatically emitted as reduire

e The data to be printed is highly variable. For example, a tatagngine is of little
assistance in printing arithmetic expressions of variéigth and content.

e One wants all formatting rules in one place. A major probleith¥emplate engines
is that formatting information is spread around all the t&atgs being used, and this
can easily lead to inconsistencies. In CPP, code specifyirajto print andhowto
print it is kept separate.

e Onerequires indentation with variable levels of nestingthWwémplate engines, one
must be very careful with whitespace and line breaks to gefitmatting right, and
even then, producing variable levels of nesting gets diffitca CPP, the semantics
to decide when to indent can be in the model.



e One wants conditional line breaking. If a line is getting tong, one must know
whereit is okay to break it; again, in CPP, there can be sufficientesgics in the
model.

e One simply does not want to work with strings. Code with a fatdng manipula-
tion tends to be tedious to write and hard to read. In CPP, sod& can be isolated
in the printing routines.

One solution that also suits the above cases, but does rnietrqaet our definition of CPP,
is Builder [3]. Itis similar to template engines, but in thaiBler case, a template is spec-
ified as Ruby code that programmatically builds an XML docaotrfer pretty printing.
The formatting of the output text is left to Builder. Samplelding code and the resulting
output is shown below.

Listing 1: Printing XML with Builder. [3]
Bui | der: : Xm Mar kup. new(: t ar get =>STDOUT, :i ndent=>2).
person { |b|] b.name("Jim); b.phone("555-1234") }

Listing 2: Builder output.

<per son>
<nane>Ji nx/ nane>
<phone>555- 1234</ phone>
</ per son>

The Builder approach differs from CPP in that each XML eletienlder method, by the
time it returns, will have caused the printing of the entilengent—no model gets built

As a result, one has to specify the entire document at ondéginrder in which XML

elements are to appear in the document. CPP is more flexili¢hat flexibility comes
with overhead in constructing and traversing models.

3 (qretty

To support the use of CPP, we developed a tool cajiedty. It is a Ruby library that
makes it possible to dynamically derive, based on an aresbgabmmar of a language, an
object-oriented API for building models representing @gsions in the languaggretty
also produces code for pretty printing the models accorttirignts in the grammar.

3.1 Specifying a Grammar

gretty requires a grammar specification as input. The grammar @fsggbin Ruby, using
a provided API, and may be annotated with layout-relatedrin&tion. Some tools try
to keep different grammar concerns such as base syntax powl Iseparate; GPP (see
Section 4), for example, does this by having separate graranthformatting rules for
each non-terminal. We chose not to do thigjretty to avoid the extra work involved in
maintaining multiple rules per non-terminal.

LAt time of writing, support for generating DOM-like strucas with Builder is planned.



| Task | CPU time (seconds) |

Grammar specification analysis (C++ grammar) 1.64
Class hierarchy generation (C++ grammar) 0.17
Model building (C++ declaration) 0.00
Pretty printing (C++ declaration, 10 times) 0.16

Table 1:qgretty performance measurements. Times listed are the averaderofiids, run on a
PC with a 2.80 GHz Pentium 4 processor and 1 GB of memory. Tlesuned program analyzed
210 grammar rules, generated 134 Ruby classes based ondbehuilt a model of a short C++
class declaration (2 superclasses, two members), anégtimt declaration 10 times. The analysis
time does not include parsing performed by the Ruby runtinpgagram startup.

Below is an example grammar specification, extracted frorasapet-unreleased tool in
which gretty is used for pretty printing C++ type specifiers; we are usimg tool to
convert GCC-XML generated C++ interface descriptions antbfferent format.

Listing 3: A grammar specified in Ruby, uskisting 4: An approximate EBNF transla-

ing theqretty API. tion.
crul e(:type_spec, type spec ::=
squbach(:Pypenane), QYPE&ANE
opt(" ", :declarator))) ( decl arator)?

crul e(: ptr_decl arator,
seq("*", opt(:declarator)))
crul e(:ref _declarator,
seq("&", opt(:declarator)))
crul e(:array_decl arator,
seq(opt (: declarator),
“[", opt(ident(:num)), "1"))
crul e(: func_decl arat or,
seq(" (", opt(:declarator), ")",
"E", opt (:funcargs), ")"))
arul e(: funcargs,
conmal i st (:type_spec))
cruIeE:cv_decIarator,
seqg(choi ce(namit(:const),
nam it (:vol atileg;,
opt(" ", :declarator)))
crul e(: name_decl ar at or,
i dent (: nane))
arul e(: decl arat or,
basi c(: decl arator))

ptr _declarator ::=
"*" decl arator?
ref declarator ::=
"&" decl arator?
array_declarator ::=
decl arat or ?
"T" ONUWP 1"
func _declarator ::=
"“"(" declarator? ")"
"(" funcargs? ")"
funcargs ::=
type spec (", " type_spec)*
cv_declarator ::=
("const"
"vol atile")
' decl arator)?
nanme_decl arator ::=
NAVE

declarator ::=
ptr_decl arator |

gretty includes an API for dynamically generating a set of classgsesponding to a
grammar specification. Eadr ul e gets its own class, whose instances figtls (for
adding model objects) based on the named terms appearirg oight-hand side of the
rule.ar ul es do not get a class; instead, their fields are folded int@ togitaining rules.
This is an important feature, as many “off-the-shelf” graangresult in deep grammar
trees; one can achieve a shallower class hierarchy merejydigiously usingar ul e
declarations instead @fr ul e declarations.

gretty has a weakness in that it does not scale well to handle laayargars. For one
thing, given a complex grammar it can be difficult to createoaeasponding class hier-
archy that—despite the complexity—provides a usable mdiéding API. Also,qretty

is slow in analyzing large grammars, as we noticed tryingse a fairly complete C++
grammar. For related performance figures, look at Table 1.



3.2 Building a Model

Immediately after a class hierarchy has been generatadnoes of the classes can be
used to form tree structures constituting models for prptigting. gretty-generated
classes have accessor methods for getting and settingddkes, as one would expect.

Also, as described in Section 3.dretty knows the concept of a field, and each field
has what we call &uilder settermethod, intended to make model building convenient.
Depending on the receiving field, a builder setter decidestiédr to create a new node
object. If so, it determines the type of object to createspasts arguments to the con-
structor of the object, and then assigns the resulting olbgethe appropriate instance
variable. If not, it simply uses its argument as the valuesgign. The method returns the
assigned object, and, if a Ruby block is passed, also passebject to the block.

Below we give an example of model building, emulating thel@er example of Section 2.
In addition to the model building code, both the used gramspacification and the pro-
duced output are shown. Two alternative syntaxes for defiaper son are included to
demonstrate how the use of Ruby blocks makes the tree steumftthe model clearer.

Listing 5: Grammar specification.
crul e(: xm _mar kup, opt(seplist(:person, nl)))
crul e(: person, choice(seq("<person>", nl, indent(one_or_nore(
seq(choi ce(: name, :phone), nl))), "</person>"), "<person/>"))
nfield [:name, :phone], :phane => : @i st

crul e(:name, seq("<name>", ident(:nane), "</ name>"))
cfield :nane
crul e(: phone, seq("<phone>", ident(:phone), "</phone>"))

cfield : phone

Listing 6: Model building code and a pretty printing request

nodel = ast:: Xm Mar kup. new

nodel . person { |b|] b.name "Jint; b.phone "555-1234" }
b = nodel . person; b.nanme "Tim'; b.phone "555-4321"
CodePrinter:: pp(nodel)

Listing 7: The pretty printed output.

<per son>
<nane>Ji nx/ name>
<phone>555-1234</phone>

</ per son>
<per son>

<nanme>Ti nx/ nanme>
<phone>555-4321</phone>
</ per son>

An obvious problem withgretty is that the produced model building API has no visible
interface definition, forcing programmers to deduce it frima grammar specification.
gretty uses runtime reflection for code generation, and there iptlgsie no option to
generate APl documentation either.

At no point during or after model building doegetty validate tree structure [12], nor
is there static typing support in Ruby that could be used &vgmt builder code from

mistakenly placing a node into a context where the grammes dot allow it. We do not

perceive this as a big problem, since the preferred way fibdling models is via builder

setters, which automatically create nodes of the corrgd.ty



3.3 Pretty Printing a M odel

gretty provides an API via which a model subtree may be pretty pinRarameters can
be passed to choose an output stream, or to specify maxinmenwidth, for instance.
The implementation makes use opanter methodnamedqr et ty_pri nt thatgretty
includes in all the classes it generates. When invoked, argéed printer method matches
the receiver’s instance data to the corresponding gramuteto determine what to print.

During printing, an object we call printer visitor essentially walks the model depth-
first, passing itself to the printer method of each node; tietgr methods are expected
to print themselves using the API provided by the visitor.r parposes of flexibility,
gretty allows a hand-coded class to be included in a model clasarhier, as long as it
implements pretty printing in a compatible manner; in tlisethe right-hand side of the
corresponding grammar rule need not be given in the grampeaifgcation.

There is no support for having generated printer methods gasiake use of any context
information, which makes it somewhat inconvenient to deti Vanguage constructs that
print differently depending on context. Should contexbimfiation be required, one can
attempt to encode it in the grammar, or implement select@rimethods manually.

4 Related Solutions

There are many tools [1, 7] capable of generating APIs foratpey on grammatically
structured data, but we do not know of any tool apart frqnetty designed to generate
classes for the specific purpose of pretty printing. Withhsspecialization, semantics
not relevant in the context of pretty printing may be omiftezhding to shorter model
building code. One just requires enough object semanticsdimect coercion to strings
for printing, and enough structural information to enalolierfatting.

Some grammar-based tools [10, 11] restrict themselves-tmked structured context-
free grammarg11], which can—in generating classes—be mapped to a atassitance
hierarchy such that the presence of certain kind of noniteaisiis implicit in the inheri-
tance relationships, without concrete nodes for thosetaoninals needing to appear in
ASTs. For similar shallowing of models,qetty user must enhance the grammar with
sufficient annotationggretty accepts all context-free grammars—the classes it geserate
do notinherit from each other, nor do they have a staticgfied interface; they only form

a hierarchy through builder setters’ knowledge of whats#asshould be instantiated for
which field.

GPP [8, 9] is one of the most powerful and generally appliegioetty-printing solutions
around, but it does not generate a language-specific APIrfigrammatic building of
models. The GPP toolset can handle a parse tree, an AST, diredtly—source-code
text as input, but if one has none of these, a solution sinula@retty might be helpful
for building suitable input. GPP is part of the Stratego/>X#][program transformation
toolkit. There are a number of others, such as DMS [2] and @lker [4], and while
these all are capable of pretty printing, they are rathgelaystems, and might be overkill
to use just for that purposqretty is not a reengineering tool, but it integrates easily within
Ruby applications that need to genenagsvcode.



CodeDOM [5] provides a fixed API for building models of progratranslatable to any
of multiple supported languagegretty does not support multiple target languages for a
single model. While CodeDOM has better multi-language eeingy support, its weak-
nesses are that it does not provide elements to represdéam@liage features of all target
languages, and that CodeDOM model building code gets getteoge. gretty avoids
these problems by generating target language specific ARBlgmed for convenient model
building.

5 Conclusion

In this paper, we have explored the idea of programmaticalhstructing models just for
pretty printing. We listed a number of situations where gjpyg) CPP might be warranted,
but any benefits must naturally be weighed against impleatienteffort.gretty is a tool
that can help reduce the effort required, as it is capable@dyring grammar-specific
class hierarchies and associated pretty-printing rositidalike most grammar-dependent
software, it even supports languages defined at runtimewagnammar specification
can be created and processed at any time, and the resulisgesl can be put into an
anonymous module to allow unneeded definitions to be discard

Aside from implementation effort, one must also consideethbr it is possible to achieve
convenient model building in a given case. Either the modddimg language or the
printed language might make it hard to do sgetty models are built in Ruby, whose
syntax seemed quite acceptable for the task, but we woulel lilead a language feature
similar to the JavaScripti t h statement for specifying the default receiver for a set of
method calls.

For a friendly model building API, one probably requires nogable naming and a class
hierarchy of reasonable deptiretty’s grammar specification language can assist in mak-
ing class hierarchies shallower than grammar trees. Nawgonges fairly naturally for
some languages; in our XML example, method names directly tm&lement names in
the XML document schema. There is no immediately obvioustwagap C++ language
constructs to method names, however, as we found in tryirdetme a C++ program
model building API.

gretty is available for download [13], along with another libraslledcodepri nt . The
latter provides functionality for printing and formattigxt, offering control over inden-
tation and line breaking, for instance, ageetty depends on it for low-level formatting
tasks. The reader should note that the present bad perfoenadigretty excludes its use
from many applications. It would be possible to drasticattprove performance, at least
by switching to compile-time code generation, but this fsfier future work.
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