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Abstract would therefore benefit when reuse of reengineerings could
be improved, such that reengineerings for new customers
Automatic software reengineerings change or repair ex- or language dialects can be developed rapidly from existing
isting software systems. They are usually tailor-made for ones and time to market can be decreased [18].
a specific customer and language dependent. Maintaining Developing reusable reengineerings requires advanced
similar reengineerings for multiple customers and different language technology to easily deal with multiple customers
language dialects might therefore soon become problematicand language dialects. The literature contains many arti-
unless advanced language technology is being used. cles addressing flexible parsing and processing techniques.
Generic pretty-printing is part of such technology and is Flexible, reusable pretty-printing techniques are not very
the subject of this paper. We discuss specific pretty-print as-well addressed and are the subject of this paper.
pects of software reengineering such as fulfilling customer-  Pretty-printing in the software reengineering area serves
specific format conventions, preserving existing layout, andtwo purposes. Firstly, foautomaticsoftware reengineering
producing multiple output formats. In addition, we describe pretty-printing is used fosource (re-) generatiqrto trans-
pretty-print techniques that help to reduce maintenance ef-form the abstract representation of a reengineered program
fort of tailor-made reengineerings supporting multiple lan- back to human readable textual form. Usually, a pretty-

guage dialects. printer then is the last phase in a reengineering pipeline.
Applications, such agoBOL reengineering andsbL Programs are first parsed, then reengineered (for instance

documentation generation show that our techniques, imple-by transformation), and finally pretty-printed.

mented in the generic pretty-printer GPP, are feasible. Secondly, for semi-automatic(or manual) software

reengineering pretty-printing is used falocumentation

generation[5]. In this case, the reengineering process re-
1. Introduction quires user intervention and documentation generation is
used to make programs easy accessible. To that end, a
pretty-printer, used to format programs nicely, can be com-
repairing existing software systems. Software reengineer—bined with add.itional program understanding techniques_to

enable analysis and inspection of programs to determine

ing is often language dependent and customer specific. : . .
For instance, Dutch banks have to standardize their bankWhere and how reengineering steps are required. Examples

account numbers before the second quarter of 2004 [15]_areTvr;/:t;-rs;§(§;fen§f:\?\};?2 ?ggndpncgemr'im'gterrcl)zraggm;:hallen i
To that end, a restructuring reengineering [3] might be im- S gl Ing | uces 9

plemented for a particular Dutch bank to reengineer his N9 functional requirements for pretty-printing:
CoBOL-85 dialect, by changing account numbers from 9to o T support source generation and documentation gen-

Software reengineering is concerned with changing and

10 digits while presgrving hig spegific coding conventions. eration, a pretty-printer should be able to produce mul-
Although the reengineering itself is of general use for all tiple output formats. We define formattings indepen-
Dutch banks, this specific implementation is hard to reuse. dently of such output formats joretty-print rules{16].

When a reengineering company wants to develop such
reengineerings for different customers and different lan- e The modifications made during software reengineer-
guage dialects (for instance to support the bank account ing should be minimal [20]. Only the parts that need
number reengineering for some other of the 300 existing repairing should be modified. This implies that com-
coBoL dialects [14]), problematic reuse may easily lead to ments and existing layout should be preserved. To that
a significant maintenance effort. A reengineering company end, we proposeonservativeretty-printing.



if %a comment X then X = 0 fi X X 0

(@) (b)

Figure 1. Example of a parse tree (a) and an abstract Syntax tree (b). Comments in the parse tree
start with ‘%’, layout is denoted by * ",

—

e Customer-specific format conventions should be re- 2. Pretty-printing
spected. To yield a program text that looks like the

original one, a pretty-printer is required that produces  pretty-printing is concerned with transforming abstract
a customer-specific formatting. We prop@ssstomiz-  representations of programs to human readable form.
ablepretty-printing to meet such specific conventions. pretty-printing is like unparsing, but additionally, is con-

In order to cost-effectively develop pretty-printers for cerned with producing nicely (pretty) formatted output. The
various programming languages, tailored towards different result of pretty-printing can be plain text which is directly
customer-specific format conventions, maintenance efforthuman readable, or a document in some markup language
should be minimal. To reduce maintenance effort, reuseSuch asHTmL.
across different pretty-printers should be promoted. To that  In this paper we consider two types of abstract represen-
end, we formulate a number of technical requirements:  tations: (full) parse treegsee Figure 1(a)) amabstract syn-
tax treeqsee Figure 1(b)). Full parse trees (also catied-
crete syntax treggontain all lexical information, including
comments and ordinary layout.

A parse tree (PT) can be pretty-printpdogressively
which means thadll layout will be generated. For the PT of
Figure 1(a) this implies that the comment apdnodes are
e Adding support for a new language should be easy. We discarded and replaced by newly generated layout strings.

propose using generic format engines, which can in- Generation of layout can also be less progressive by pre-

terpret pretty-print rules of arbitrary languages. More- serving (some or all) of the existing layout nodes. This is
over, we simplify creating new formattings wiphetty- calledconservativepretty-printing.
print table generation An abstract syntax tree (AST) must always be pretty-
) ) , i printed progressively, since it does not contain layout nodes.

* Software reengineering can be apphed. FO dlffere.n_t An extra challenge of pretty-printing ASTs is that literals
representations of programs each requiring Specific ; o the keywords of the program) should be reconstructed.
pretty-print techniques. We address two such repre- Pretty-printing consists of two phases [17]. First, the ab-

sentations (l.e., parse-trees a_nd abstract syntax tre‘_as)stract representation is transformed to an intermediate for-

and We propose to reduce mamtenapce cost by _Sharmqnat containing formatting instructions. Then, the format-

formattings between the corresponding pretty-printers. ting instructions are transformed to a desired output format.

In contrast to existing literature, which usually concen-  The intermediate format that is obtained during the first

trates on a specific aspect of pretty-printing [9], this paper phase of pretty-printing can be represented as a tree (see
strives to give a complete discussion of pretty-printing in the Figure 2(a)). The nodes of thfsrmat treecorrespond to
area of software reengineering. We start with a discussionformat operators and denote how to layout the underlying
of conceptual foundations of pretty-printing for software leaves (for exampleH for horizontal, andv for vertical
reengineering. Then we describe the generic pretty-printformatting). This phase is thus basically a tree transforma-
framework GPP. Finally, we cover existing reengineering tion in which an AST or PT is transformed to a format tree.
projects conducted with GPP, includin@BoL reengineer-  During the second phase, the format tree is used to produce
ing andsbL documentation generation. the corresponding layout in the desired output format.

¢ A formatting should be reusable for a language, its di-
alects, and for defining customized formattings. We
propose to group pretty-print rules modular pretty-
print tables which allow a formatting to be defined as
a composition of existing and new pretty-print tables.



We propose to define the transformation to a format tree 3.2. Layout preservation
as a mapping from language constructs (grammar produc-
tions) to corresponding format constructs. As we will see  Animportant function of layout is to improve the under-
in Section 4, such mappings can be shared for transform-standability of programs. Such layout is inserted by devel-
ing PTs and ASTs. This makes pretty-printing of both tree opers and does not always follow strict format conventions.
types, based on a single transformation definition, possible.lt may contain slight adaptions, for instance to group certain
We will also see in Section 4 how the construction of lines of code together, or to make a statement fit nicely on a
such language-specific mappings is simplified by generat-single line.
ing them from corresponding grammars. With standard (progressive) pretty-print technigues such
formattings will disappear. Consequently, layout occurring
in program fragments that are not even touched by the actual
program reengineering will not survive.
Clearly, for serious software reengineering, it is essen-
This section addresses requirements for pretty-printingtial that the formatting of unaffected program pastd be
in the context of software reengineering as well as corre- preserved [20]. Only the affected parts should be formatted

3. Pretty-printing for software reengineering

sponding solutions. automatically using a customized pretty-printer. Therefore
the use otonservative pretty-printings inevitable.
3.1. Multiple output formats Conservative pretty-printing produces a format tree
which contains (some) original layout nodes (for instance
Pretty-printing for software reengineering serves two the node_, ,'in Figure 1(a)). Conservative pretty-printing

purposes: i) as back-end of an automated reengineering progherefore only works on full parse trees because ASTs, in

cess; ii) as part of a documentation generator. In the ﬁrstgeneral, do not contain layout nodes.

case a pretty-printer is used to transform a reengineered proih (ionsetrvatéve fr:eity'r]pr"]'g%g operates don PTs IIT \gh'gh
gram to plain text, such that it can be further developed, € layout nodes that should be preserved are marked. on-

compiled etc. In the latter case, it is used to produce a visy-Servative pretty-printing consists of two steps. First, the PT

ally attractive representation of programs foogram un- g mapge:jhto afgrm?rt]trtee using prl? gorle.sstlr\:e pr'etfty-pl)rllan_lt_lng.
derstandingpurposes. econd, the nodes that were marked in the origina are

Both purposes demand different output formats: plain inserted in the format tree. To combine these layout nodes

text for the pretty-printer as back-end, and a high-quality with non-layout nqdes, we |ntrp(_juc9 a special empty for-
. mat operatore. This operator joins its sub-trees without
format (such asIEX, HTML, or PDF) for a documentation :
enerator producing any I.ayout'. For each quout pode that needs to be
9 o . preserved, the insertion process is defined as follows:
To limit maintenance cost of a pretty-printer due to code
duplication we divide a pretty-printer in two separate com- e First, the terminal symbol occurring left to a layout
ponents, aformat tree producerand aformat tree con- node is located in the format tree (e.g., the second
sumer The first produces a language-specific formatting in Figure 2(a) in case the layout string,‘ ’ has to
represented as format tree, while the latter transforms such be preserved between the symbofsand =" in Fig-
a tree to an output format. This division makes a producer ure 1(a)).
independent of the output format and a consumer indepen-
dent of the input language.
A pretty-printer for input languagieand output formab

e Then, the format tree right to that terminal symbol is
determined and removed (the nod€ in Figure 2(a)).

now consists of the composition: e The terminal symbol, the layout node, and the format
tree are then inserted into a new sub-tree which has the
pp’ = format tree producer-format tree consumgr empty format operatag as root.

tree can be transformed to multiple output formats. In Sec-  bol in the original format tree.

tion 4 we c_iiscuss the implementation of three such con- Applying these steps to the format tree of Figure 2(a) yields
sumers which produce plain tetTmL, and ETEX. the tree as depicted in Figure 2(b).

This architecture reduces maintenance effort because To transform a format tree with layout nodes to text, we

each format tree consumer can be reused as-is in all prettyyge 5 format functiori that operates on format expressions
printers. Once the pretty-print rules for a language have 5.4 produces text. It is defined as follows:
been defined, programs in that language can be formatted

in all available output formats without extra effort. flety,...,tn)) = f(t)-...- f(tn)



if X then X = 0 fi if X then X = 0 fi if %a comment X then x = 0 fi
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Figure 2. (a) Format tree, (b) format tree in which existing layout ( L) is preserved, (c) format tree
with preserved comments. The nodes in the trees correspond to format operators.

floty,...,tn) = f(ty) 1, Ftp) ... 1, F(ta) Comment preservation is similar to layout preservation
for each format operatap and is also only defined on full parse trees. Ehegperator
. is used to insert a comment into a format tree (like for in-
f(s) = sforeach non-terminal symbsl ) : ; " ;
) serting ordinary white space). In addition, we introduce a
f(w) = wforeach layout stringv new format operatoy to mark comments in format trees.

This operator serves documentation generationlizgréte
programming13]. It allows comments to be formatted ex-
plicitly in non-text formats (for instance in a separate font).

The format tree that is obtained from Figure 2(a) by in-
serting%a comment is depicted in Figure 2(c).

The operator-* denotes string concatenatiol}, denotes a
layout string generated by the operatar This definition
states that foe only sub-trees are concatenated, while for
other operator$ also puts layout between sub-trees.

For example, when we defing = _, andl,, = \n, then
we can translate the format tree of Figure 2(b) to text using 3.4. Customizability
the following derivation:

When performing automatic software reengineering for

f(V (H(if,x, then), H (g(x, I_“_“_"-:)’O),ﬁ)) - a customer, the resulting programs should have a similar

(H(if, x, then)) -1, - f(H ((x =),0))-1 _ formatting as the original ones. When different customers
) v e v’ are served, this requires the availability of several format
if- 1y -x- Iy -then-1y, - f(e(X, =) 1y -0- Iy -fi = engines, each producing the formatting of a particular cus-
if -1y -x- 1y -then-1, - x- =-y-0-l,-fi = tomer. Developing each of them from scratch is a lot of

if_x then\nx = 0\nfi work and easily leads to undesired maintenance effort. In-

stead, reusing existing pretty-print engines and customizing
their behavior is preferable.

Since thes operator produces no layout, the string that ~ To make pretty-printers easily customizable, we advo-
separates the two adjacent terminal symbwlahd =" is cate pretty-printing usingpretty-print rules[16]. Pretty-
exactly the layout string that had to be preserved. All other print rules are mappings from language constructs to format
layout strings are generated according to the (customer-constructs. Each mapping defines how a language construct

specific) pretty-print rules. should be formatted. Pretty-print rules are defined declar-
atively and interpreted by a format engine. Constructing a
3.3. Comment preservation format tree from a PT or AST now consists of a tree trans-

formation in which the exact transformation is defined by a

Like layout, comments also serve to improve the under- Set of pretty-print rules. Customization is achieved by sup-
standability of programs. Such information, which might Pplying different rules to a format engine.
include important descriptions and instructions to develop- By using this interpreted approach, the same format en-
ers, should in all cases be preserved. Since an ordinangine can be reused for every language and all customers.
progressive pretty-printer would destroy this information, a Only pretty-print rules have to be defined to develop a
comment preserving pretty-printer is required for software pretty-printer for a language. Furthermore, existing rules
reengineering. can be redefined to customize a formatting.



3.5. Modularity

grammar

pretty—
print table

parse
tree

Software reengineering requires pretty-print techniques
that make dealing with language dialects, embedded lan-
guages, and customer-specific formattings easy.

To facilitate this, development and maintenance time
should be decreased by allowing new pretty-printers to be
constructed from existing ones. In Section 3.4, we already
pointed out how this can be achieved by separating pretty-
print rules and pretty-print engines. Pretty-print engines can
be reused for all different customers, only pretty-print rules
have to be defined for each of them.

However, only a small portion of an existing set of
pretty-print rules needs to be changed usually, when adding
support for a new customer-specific format or language di-
alect. Pretty-printer construction would therefore further be
simplified when the unchanged pretty-print rules could also
be reused. With modular pretty-print tables this is achieved.

We therefore group pretty-print rules pretty-print ta-
bles By prioritizing each table, pretty-print rules in a table
with higher priority will override the rules in tables of lower
priority. The set of pretty-print rules obtained by combin-
ing two tablest; andt, (wheret; has highest priority), is
defined as follows:

e

——

': box2..

\\
L)
T

\
box2html

Figure 3. Architecture of the generic pretty-
printer GPP. Ellipses denote GPP compo-
nents, boxes and triangles denote data.

4. GPP: a generic pretty-printer

GPP is a generic pretty-printer that implements the ideas
and techniques discussed in Section 2 and 3. GPP’s archi-
tecture is shown in Figure 3. It consists of the pretty-print
table generatgopgen , two format tree producepgt2box
andast2box (see Section 4.2), and the format tree con-
sumersbox2text , box2html , and box2latex (see
Language dialects Pretty-print rules for new or affected ~Section 4.3). Format tree producers and consumers are im-

language constructs are defined in a new set of pretty-Plemented as separate components which exchange format
print tablesT,ew. The complete formatting is obtained  trees represented in the markup language. This archi-

by merging Thew With the pretty-print tables of the tecture can easily be extended by additional tools that pro-
existing (base) language. Thus, only the pretty-print dUce or consumeox format trees (see Section 5).

rules inThew have to be defined, the rest can be reused. o
4.1. Format definition

p=tU(t;—ty)

Construction of formattings with modular pretty-print ta-
bles works as follows:

Embedded languagesA formatting for a languagelL

which embeds. is obtained by combining the format
rules ofL with the format rules ol.. For instance,
suppose you already have pretty-print rules for the lan-
guagecoBoL and SQL, then building a pretty-printer
for coBoLwith embedded SQL amounts to combining
both sets of pretty-print rules.

Customer specificity A customer-specific formatting for a
languageL can be defined by combining customer-
specific pretty-print rules and standard pretty-print

rules. Only the customer-specific rules have to be de-

fined which override the reused default rules.

The first phase of pretty-printing consists of transform-
ing an PT or AST to a format tree. This section discusses
how the transformation can be defined as mapping from lan-
guage productions iaDF to format constructs iBOX.

Syntax definition We use the Syntax Definition Formal-
ismsDF[7, 21] to define language productions (see Figure 4
for some examples)sDF allows modular, purely declara-
tive syntax definition. In combination with generalized LR
(GLR) parser generation, the full class of context-free gram-
mars is supported.

sDF allows concise syntax definition with syntax oper-

An arbitrary number of pretty-print tables can be merged ators in arbitrary nested productions. For instance, using
this way. This makes extensive reuse of pretty-print rules the ()’ and ‘?’ operators which denote sequences and op-
possible. For instance, to define a customer-specific for-tionals, respectively, the if-construct of Figure 4 can be ex-
matting for an embedded language dialect. tended with an optional else-branch as depicted in Figure 5.



context-free syntax
“if” EXP “then” STAT “fi” — STAT {cons (“IF")}

ID =" EXP — STAT {cons (“ASSIGN")}
ID — EXP {cons (“ID")}
NAT-CON — EXP {cons (“NAT")}
STR-CON — EXP {cons (“STR")}

Figure 4. Grammar productions in  SDF corre-
sponding to the PT and AST of Figure 1. 1

context-free syntax
“if” EXP “then” STAT ( “else” STAT )? “fi” —
STAT {cons ("IF")}

Figure 5. Extending the if-construct of Fig-
ure 4 with an optional else-branch using the
SDF syntax operators ()’ and "?".

IF ~ V[H["if" 1 “then”] -2 “fi",
ASSIGN -- H[_1 “=" 2],

ID -1,

NAT - 1,

STR -1

Figure 6. A pretty-print table for the grammar
of Figure 4.

It either formats its first sub-box if sufficient width is avail-
able, or its second otherwise.

The exact formatting of positional operators can be con-
trolled usingspace options For example, to control the
amount of horizontal space between boxes,Hhaperator
supports théas space option:

His—2 [] - UU'—""

The non-positional operators of tlEoXx language are

Together with concrete syntax, corresponding abstractused for cross referencing and for specifying text attributes

syntax can also be definedsmr. This is achieved by defin-

(such as font and color). They are also used to structure text,

ing the constructor names of the abstract syntax as annotafor instance by marking parts as comment text, as variable,

tions to the concrete syntax productions (thes attributes

or as keyword.

in Figure 4 and 5). These define the node names of abstract BOX does not have an explicit empty format operator

syntax trees [12].

which is needed for conservative pretty-printing (see Sec-

As we will see shortly, constructor names also serve to tion 3.2). However, this operator can be mimicked using the

identify productions and to select proper pretty-print rules.

Format expressions We use the languageox [2, 9] to
express formattingssox is a markup language which al-

lows formattings to be expressed as compositions of boxes Pretty-print rules

Box composition is accomplished usibgx operators

The language distinguishegositional and non-
positional operators.  Positional operators are further
divided in conditionalandnon-conditionaloperators. Ex-
amples of non-conditional, positional operators arethe
andV operators, which format their sub-boxes horizontally

and vertically, respectively:
HI[B. (B B!

Conditional operators take the available line width into ac-
count. An example is thALT operator:

ALT[]: or

Iproductions irsDF are reversed with respect to formalisms liker:
on the right hand side of the arrow is the non-terminal symbol that is pro-
duced by the symbols on the left-hand side of the arrow.

VI[Bu][][Bs]i

H operator add,__, [ ... ]. The comment operatgrused
for comment preservation (see Section 3.3) is represented
using theC operator inBOX.

We can now define pretty-print rules
as mappings frorsDF productions t®ox expressions, and
pretty-print tables as comma separated lists of pretty-print
rules (see Figure 6).

BOX expressions in pretty-print tables contain numbered
place holders_ (L and_2 in Figure 6) which correspond to
non-terminal symbols isDF productions. During pretty-
printing they are replaced by the generatex-expressions
for these non-terminal symbols.

Constructor annotations ofDF productions serve as
keys in pretty-print tables. Since they are contained in the
parse tree format that we use (see Section 4.2) and (as node
names) in ASTs (see Figure 1(b)), they can be used to for-
mat both tree types.

The pretty-print table of Figure 6 only contains pretty-
print entries for flat (non-nestedpF productions. To en-
able format definition for arbitrary nestewr productions,

a separate pretty-print rule can be defined for each nested
symbol in a production. Such pretty-print rules are identi-
fied by the path from the result sort of the production to the
nested symbol.

For example, Figure 7 contains pretty-print entries for
the nestedsDF production of Figure 5. The first rule has



IF -- V[H["if" _1 “then”] 2 _3 “fi"],
IF.3:0pt -- 1,
IF.3:0pt.1:seq -- “else” _1

Figure 7. Pretty-print table for the nested if- !
construct of Figure 5.

only the constructor naméR) as key and corresponds to the else @
top-level sequence of symbols of teer production (i.e.,
the sequence of children of the root node of the tree depicted  Figure 8. Graphical structure of the nested
in Figure 8). The remaining pretty-print rules correspond  spr production of Figure 5. Grey ellipses de-
to the nested symbols. For each path from the root node note nested sprsymbols.
in Figure 8 to a nested symbol (denoted as grey ellipse), a
pretty-print rule is defined.

All path elements contain indexes which are obtained by ] ] o
numbering the non-terminal symbols contained in nestedFormatting parse trees Formatting PTs is implemented
symbols. Symbol names are required as part of path ele/n pt2box which supports conservative and comment pre-

ments for pretty-printing ASTs. This is further discussed in S€"ving pretty-printing. It operates on a universal PT for-
Section 4.2. mat, called AsFix [21]. This format can represent PTs for

arbitrary context-free languages and contains all lexical in-
formation including layout and comments. In addition, con-
Pretty-print rule generation  Writing pretty-print tables  structor symbols are also available because each node in an
can, even for small languages, be a time consuming andasFix PT contains the complete grammar production that
error-prone process. To simplify pretty-print table construc- produced the node.
tion, we implemented a pretty-print table generator (the  Thjs format tree producer first collects all layout nodes
componenppgen in Figure 3). Given a syntax definition  from a PT. Then it constructs Box-expression during a
in SDF, this generator produces pretty-printrules forsF - hottom-up traversal of the PT. Finally, it inserts some of the
productions and for all paths to nested symbols. collected layout nodes in theox-term. Layout is inserted
Literals in SDF productions are recognized as keywords as follows: comments are always inserted; original non-
and formatted with th&W operator. Several heuristics are comment layout is only inserted when conservative pretty-
used to make a rough estimation about vertical and hori- printing is turned on; newly created layout is never inserted
zontal formatting. This is achieved by recognizing several (see Section 3.2 about layout insertion).
structures ofDF productions and generating compositions  gox expressions are constructed by obtaining and in-
of H andV boxes accordingly. For most productions how- stantiating pretty-print rules from pretty-print tables. Pretty-
ever, no explicit formatting is generated. That is, a pretty- print rules can also be generated dynamically because all
print rule is generated without positionalbx-operators  information required for rule generation is available is-A
(such as the last two pretty-print rules in Figure 7). This Fix. Part of the functionality of the pretty-print generator
makes generated tables easy to understand and to adapt. ppgen is therefore reused ipt2box to dynamically gen-
With the generator, a pretty-printer for a new language erate pretty-print rules. This makes pretty-print rules dis-
can be obtained for free. Although the formatting thus ob- pensable because rules that are missing are generated on
tained is minimal, it is directly usable. To improve the the fly.
layout, we can benefit from the customizability of pretty-

print tables and incrementally redefine the formatting. Only Formatting abstract syntax trees Generation of format

pretty-print rules that do not satisfy have to be redefined. rees from ASTs is implemented ast2box . Given a

Customized pretty-print rules can be grouped in separate ta- .
bles such that regeneration of tables after a language Changseet of pretty-print rulesast2box - produces the same for

. mat tree apt2box , except for preserved layout strings.
does not destroy the customized rules. !
ASTs do not contain layout and consequently, conserva-

tive nor comment preserving pretty-printing is supported by
4.2. Format tree producers ast?2box .
Abstract syntax is generated fropmF definitions based
This section discussgs#t2box andast2box which on the constructor annotations of grammar productions.
generate format trees from PTs and ASTSs, respectively.  These constructor annotations define the node names of




ASTs. We refer to [12] for a discussion of abstract syn-
tax generation from concrete syntax definitions. Since con-

From BOX to HTML  Boxes are translated tox2html
to a nested sequence BffML tables. Representingox

structor names also serve as keys in pretty-print tables, than HTML is difficult becauseHT™ML only contains primi-
name of a node in an AST can be used to obtain the corre-tives to structure text logically (as title, heading, paragraph

sponding pretty-print rule (see Figures 1(b) and 6).

In an AST, certain types of symbols are indistinguish-
able although they require to be formatted differently. The
symbol names in the keys of pretty-print rules serve to be

etc.), not as composition of horizontal and vertical boxes.
Only with HTML tables (where rows correspond to horizon-
tal boxes and tables to vertical boxes) we can correctly rep-
resenBOX-operators irHTML.

able to always determine the types of symbols, such that the

correct formatting can be applied.
For instancesDF supports comma separated lists which

5. Applications

have the same abstract syntax as ordinary lists. The sep-
arator symbols are not contained in the abstract syntax and This section addresses several applications of the generic

have to be reproduced during pretty-printing. Consequently,

pretty-printer GPP in practice.

comma separated lists require special treatment and should

be distinguished form ordinary lists. This can be achieved
with the information in the paths of corresponding pretty-
print rules.

Keywords are not contained in ASTs and have to be re-
produced during pretty-printing. ASTs also lack informa-
tion to generate pretty-print rules containing these keywords
dynamically. In contrast tpt2box , it is therefore essen-
tial for ast2box that pretty-print rules are defined for each
constructor in the AST.

4.3. Format tree consumers

The last phase of pretty-printing consists of transforming
a format tree to an output format. The architecture of GPP
allows an arbitrary number of such format tree consumers.
We implemented three of them which produce plain text,
IATEX, andHTML as output format, respectively.

From BOX to text The box2text component trans-
forms a format tree to plain text. It fully supports comment
preservation and conservative pretty-printing. The trans-
formation consists of two phases. During the normaliza-
tion phase all non-positional operators (except@eom-
ment operator) are discarded, and positional operators ar
transformed toH and V boxes. A normalizedox-term

only contains non-conditional operators and absolute, rather

5.1. The Grammar Base

The Grammar Base (GB) is a collection of reusable Open
Source language definitions 8DF2 This collection in-
cludes grammars forML, C, COBOL, JAVA, FORTRAN,

SDL, andYAcCC.

In addition to language definitions, GB also contains
pretty-print tables for each language. Together with gener-
ated parsers, GB thus offers a large collection of format tree
producers and consumers for software reengineering sys-
tems for free.

The pretty-printer generator is used to generate initial
pretty-print tables for new languages. By using this gen-
erator, pretty-print support can be guaranteed for each lan-
guage without any effort. The generator is integrated in the
build process of GB to automatically build a pretty-print ta-
ble for a language unless a customized table exists.

We initiated theOnline Grammar Basdo make the
grammars in GB accessible and browsable via Intetnet.
GPP is used to produce the web pages by formatting all
language definitions and representing themimL .

2-2. Integration of GPP and GB in XT

XT [11] is a bundle of program transformation tools,

then relative offsets as space options. Then, during the secinitiated to simplify component-based development of pro-

ond phase, the normalizexbx-term is transformed to text.
This amounts to producing non-terminal symbols and lay-

gram transformation.
GPP and GB are highly integrated in XT by the gen-

out strings. The latter are computed based on the absoluteeral pretty-print tool pp. This tool combines all pretty-print

space options.

From Box to IATEX For the translation to ALEX,

we defined ATIEX environments corresponding tBOX-
operators [8]. Thdox2latex consumer translatesox-
operators to corresponding environment®IgX is then
used to do the real formatting. As an example, Figures 4—7
are all generated biyox2latex

components from GPP, with all pretty-print tables from GB.

The result is a tool that can pretty-print any language con-
tained in GB (currently more then 30 languages and 10 di-
alects) in any format supported by GPP (currently 3). The
tool can format either PTs or ASTSs.

2Seehttp://www.cwi.nl"'mdejonge/package-base/
3Seehttp://www.cwi.nl"mdejonge/grammar-base/
4Seehttp://www.program-transformation.org/xt/



With this tool, pretty-printing reduces to selecting an in- To use GPP in this experiment, we first generated a
put language, an input format (plain text, PT, or AST), and pretty-print table from theDF coBoLgrammar usingp-

an output format (plain texyTmL, or IBETEX). gen. Then we customized the generated pretty-print rules.
Since pretty-printing occurs conservatively and the trans-
5.3. A documentation generator forspL formations make only local changes, few layout nodes have

to be generated by the pretty-printer. Consequently, only

The development of a documentation generator for the@ féW pretty-print rules had to be customized to obtain a
Specification and Description Languagep() in corpora- proper formatting of the transformed program parts.
tion with Lucent Technologies was an application of GPP ~ Thus, although theosoL grammar is large (about 350
in industry [10]. The documentation generator produces a"estéd productions) and the corresponding generated pretty-
web-site that provides different views smL programs. print table is huge (about 1200 pretty-print rules), only a
We usedppgen to obtain an initial pretty-print table for ~ W pretty-print rules had to be customized by hand (3 in
spL and added pretty-print rules to customize this generatedtn® experiment that we performed) in order to use GPP suc-
formatting. cessfully in thiscoBoL reengineering system.
We usedpt2box to obtain aBox format tree forspL
programs, containing labels and references for several lan6. Discussion
guage constructs. Depending on the view that was being
constructed, a separate program connects the labels and ref- We only support conservative pretty-printing for PTs be-
erences of relevant language constructs, for instance stateause AST do not contain layout. However, defining a tree

transitions to corresponding state definitions. AfiML format based on ASTs with layout, and to implement con-
pages are produced lppx2html . servative pretty-printing for it, would not be difficult.
We also developed utilities that produsex-terms for We use pretty-print rule interpreters for transforming

data types, such as lists. These tools made it very easy td®Ts and ASTs to format trees. This has the advantage
transform such data types #ormL without the extra effort  that the interpreters are language independent and that a
of developing an abstract syntax and pretty-print tables first. pretty-printer can be customized at any time. Alternatively,
This illustrates that besides the format tree producers de-Hanguage-specific format tree producers can be generated
scribed thus far, also additional ones can easily be integratedrom pretty-print rules. This would increase performance at
with GPP. the cost of reduced flexibility.

The documentation generator also integrates other views In our approach, the rules that transform a PT or AST
of sbL programs, such as a graphical view on state tran-to a format tree are defined per language production. This
sitions. These views can be accessed from the generatettansformation can also be based on pattern matching in

HTML representation DL programs and vice versa. which case the tree structure is taken into account to de-
termine a proper formatting of program fragments [2, 16].
5.4. Pretty-printing cosoL This gives more expressiveness because it is context sen-

sitive. However, reuse of format definitions for formatting
GPP is currently being used in an industrial experiment PTS and ASTs would be complicated due to the usually dif-

concerned witlcoBoL reengineering. The goal of this ex- ferenttree structures.

periment is to bring the results of academic research into

practice to build automated reengineering systems. The ex-7. Concluding remarks

periment combinerewriting with layout[1] and conserva-

tive, comment preserving pretty-printing to leave the layout Related work We refer to [9] for a general overview of
of transformed programs in tact. existing work in pretty-printing.

The transformations in this project are performed on full ~ Van De Vanter emphasizes the importance of comments
PTs and implemented in g% [4], an algebraic specifica- and white space for the comprehensibility and maintainabil-
tion formalism based on rewriting. Transformation rules ity of source code [20]. Like we, he advocates the need to
are interpreted by an engine that preserves layout duringpreserve this crucial aspect. He describes the difficulties in-
rewriting. Layout nodes that are created during rewriting volved in preserving this documentary structure of source
are marked as new. The result is a PT that contains orig-code, which is largely orthogonal to the formal linguistic
inal layout nodes wherever possible, and nodes marked astructure, but he does not provide practical solutions.
new, where layout nodes had to be created. Consequently, In[19] another conservative pretty-print approach is de-
only the parts of acoBoL program that were affected by scribed which only adjusts code fragments that do not sat-
the transformation are re-formatted by GPP, the rest of aisfy a set of language-specific format constraints. This ap-
program remains unchanged. proach is useful for improving the formating of source code



by correcting format errors. However, it cannot handle com- [5] A. van Deursen and T. Kuipers. Building documentation
pletely unformatted (generated) text and does not support generators. IfProceedings; IEEE International Conference
comment preservation. Furthermore, it adapts existing lay- on Software Maintenangpages 40-49. IEEE Computer So-
out (in case format errors are detected), which makes it not ciety Press, 1999. , ,

useful in general for software reengineering. [6] M. A. Harrison and V. Maverick. Presentation by tree trans-

Prettv-nrinting as tree transformation using transforma- formation. InProceeedings of 42nd IEEE International
ty-p 9 g Computer ConferencéEEE, 1997.

tion rules is also discussed by [6, 16]. They do not ad- (7] j. Heering, P. R. H. Hendriks, P. Klint, and J. Rekers. The
dress typical requirements for software reengineering such syntax definition formalism SDF — Reference man&G-

as customization and reuse of transformation rules, and lay- PLAN Notices24(11):43-75, 1989.

out preservation. Also transforming different types of trees [8] M. de Jonge. boxenv.sty: ATEX style file for format-

and producing different output formats is not addressed. ting BOX expressions. Technical Report SEN-R9911, CWI,
1999.

_ . . [9] M. de Jonge. A pretty-printer for every occasion. In I. Fer-
Contributions We d!scus_sed pretty-prl_ntlng in th_e con- guson, J. Gray, and L. Scott, editoRroceedings of the
text of software reengineering and described techniques that 2nd International Symposium on Constructing Software En-

make pretty-printing general applicable in this area. These gineering Tools (CoSET2000Vniversity of Wollongong,

techniques help to decrease development and maintenance  Australia, 2000.

effort of reengineering systems, tailored towards particular [10] M. de Jonge and R. Monajemi. Cost-effective mainte-

customer needs, and supporting multiple language dialects. ~ nance tools for proprietary languages Rioceedings of the

The techniques addressed in this paper includeistomiz- International Conference on Software Maintenance (ICSM
o o 5 2001) pages 240 — 249. |EEE, 2001.

able .p-retty printingto adapt ?.l pretty pr.mter o cus_tor_‘ner [11] M. de Jonge, E. Visser, and J. Visser. XT: a bundle of

specific format conventions, idonservative pretty-printing

. . program transformation tools. In M. van den Brand and
to preserve layout and comments during pretty-printing, iii) D. Parigot, editorsProceedings of Language Descriptions,

modular pretty-print tableso make formattings reusable, Tools and Applications (LDTA 2001yolume 44 ofElec-

and iv) pretty-printing of PTend ASTs using a single for- tronic Notes in Theoretical Computer ScienEésevier Sci-
mat definition. Furthermore, we implemented these tech- ence Publishers, 2001.

niques in the generic pretty-printer GPP which transforms [12] M. de Jonge and J. Visser. Grammars as contracts. In G. But-
PTs and ASTs to plain tex#iTML, and BTEX, using a single ler and S. Jarzabek,. editpr@enerative and Cpmponent-
format definition. Finally, we demonstrated that these tech- Based Software Engineering, Second International Sympo-

sion, GCSE 2000volume 2177 oL NCS Erfurt, Germany,
2001. Springer.

[13] D. E. Knuth. Literate Programming CSLI Lecture Notes
Number 27. Stanford University Center for the Study of
Language and Information, 1992.

Availability GPP is Free Software and can be ob- [14] R. Lammel and C. Verhoef. Cracking the 500-Language

tained from http://www.cwi.nl/"mdejonge/ Problem.IEEE Softwarepages 78-88, Nov./Dec. 2001.
package-base/ [15] L. Moonen. Lightweight impact analysis using island gram-

mars. InProceedings of the 10th International Workshop
on Program Comprehension (IWPC 200lBEE Computer

niques are feasible by using GPP for a number of non-trivial
applications, includingcoBoL reengineering andbL doc-
umentation generation.
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