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Abstract

This thesis is about evolving the TXL programming languadg&L was originally de-
signed for small transformation tasks in support of an a@rpemtal approach to language
design. Since its introduction, there has been a trend ttauasing TXL in large software
analysis and renovation systems whose development recplieboration and maintain-
ability. Also, there has been increasing diversity in TXajgplication domain. Users have
discovered applications unforeseen by the original desgynin response to application
growth TXL must itself grow. This thesis presents nine erdeaments to TXL that address
problems that arise in TXL programming. We call the resgltianguage ETXL. Each
change to the language is individually motivated using eamthat detail what aspect
of TXL programming we are targeting for improvement. We prashe design of each
solution, give the syntax and informally define the semante provide examples of how
the problems that motivated us are now solved in the new kEggand present some ad-
ditional solutions that are gained by combining features.ifwttoduce our fully functional
prototype and explain how each change has been implemdtiteally, we present ETXL

solutions to two problems that are representative of TXuisent usage.
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Chapter 1

Introduction

1.1 Introduction

Source analysis and transformation systems are chawedday an ability to define a gram-
mar and a set of rules. Such a system constructs a parsertfeousér-supplied grammar,
runs the parser on the program input to construct an inteepagsentation, applies the rules
describing the intended analysis or transformation, araljirwrites out the transformed
structure. Though principally used for operating on pragrang languages, source anal-
ysis and transformation systems are not restricted to psing source code. They can
in fact be used to perform structural analysis or transféionaon any data that can be
represented by a tree structure.

One such system is the TXL programming language [CordyO4krlihput is parsed
according to a free-form extended BNF-like grammar, the@adustructure is processed by
a program given in TXL's rule specification language, anddbgput is guided by format-
ting cues embedded in the grammar. In this thesis we studyutbebased analysis and

transformation phase of TXL.
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TXL’s rule specification system is a hybrid rule and funcabprogramming language.
At the heart of it is the by-example pattern and replacemamtite system. Built on top of
that is a purely functional programming language in whickrsg€an specify program logic
to solve programming problems. Though not always obviowndst impression, TXL
is a Turing-complete programming language.

The TXL language was originally intended for small programgrianguage transfor-
mation tasks [Cordy88, Cordy90]. Since its inception, TXashmatured from a tool for
experimenting with language variations to a developmevitemment in which large soft-
ware renovation programs [Dean01] and language impleriensaare written. The appli-
cations to which users apply TXL have grown from hundredsnafd to many thousands of
lines. When using TXL for such applications it becomes cleat it was not intended to be
used as the main environment in which a large solution isaoBeovisions for addressing
the maintainability requirements of huge TXL code bases archvmultiple developers
collaborate were never made. Large applications have pusTidésign to the test and it is
clear that we must introduce software engineering pracgsaeh as modularity and generic
programming into the TXL language in order to support theingiof maintainable large-
scale applications.

Over the years TXL has also seen a growth in its applicatianado. Originally in-
tended to aid in the development of the Turing programmingulage, TXL is now used for
multilingual parsing [Syn03], web page analysis [RicOldntwritten formulae recogni-
tion [Zan02], speech understanding [Cet96], program apétron and translation between
programming languages [Cordy04]. TXL is also well suitednany tasks in software en-
gineering [Cordy02], including design recovery [Dean0Rd3], design pattern analysis

[Rad99], metaprogramming, refactoring [Grant03], andnteaiance. These many new
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uses for TXL have certainly put a strain on its existing featset and now TXL requires
help from the very techniques that it supports.

This thesis is about improving the TXL programming langutmeneet the needs of
growing application sizes and an expanding applicationalomAs TXL's uses evolve, so
must the language in order to keep pace. We wish to make TXLra oseful tool, to cater
to the needs of existing users and to gain new users.

We present a series of changes to the TXL programming lareguzach enhancement
introduces a new paradigm to TXL that should enable the ngritif more intuitive, more
easily understood, or more maintainable TXL programs. Tiweresult will be the next
iteration in the evolution of TXL as a source code analysataansformation programming
language. We call the new language we have developed ETXL.

In our approach we will forego strict syntactical backwaaimpatibility. Doing so
will give us the freedom to choose the most natural syntagnef it invalidates some
existing programs. We do, however, strive to preserve th&tieg semantics. We must
not render any existing programs inexpressible and we naigeduce functionality. We
aim to choose our language changes carefully, such thatastng programs we have
invalidated are easily ported to the new syntax.

Once digesting our design, the reader should see that g@fiiXL program to ETXL
mostly involves escaping the new keywords. There are soeteasios that require special
attention, for example an unescaped colon can no longer $&egaas an argument be-
cause a colon is now used to separate in parameters from@umeters. In practice these
scenarios occur infrequently.

Each language change described in this thesis has beerypedaising TXL itself.

The design and implementation of new features were donerallpla This enabled us to



CHAPTER 1. INTRODUCTION 4

experiment and acquire instant feedback on the utility efdasign changes. Once design
flaws have been worked out and it is clear that the new chamgdg for production, they
can be incorporated directly into the TXL engine. In the miae, it is our hope that TXL
programmers will try out the prototype, which is availablerh the project’s home page

[1]. Feedback on the prototype is encouraged.

1.2 Problems and Solutions

In general, we wish to improve TXL in response to its growisg.uOn a closer look, we
have some more specific motivations for improving the lagguaOur changes may be

roughly characterized as follows.

Abstraction and Modularity

Directly tied into the fact that TXL is increasingly used flarger projects that require
collaboration is an observed need for generic programnabgiraction and modularity
facilities. When developing large systems, code reuse agan@zation is important to

developers. We wish to promote code reuse in TXL by addinguage constructs that
permit the writing of generic data structures and algorghridve want a mechanism for
grouping code into logical components. Our work on ruleetgpd out parameters as well

as on modularity supports this need.

General Purpose Language Features

Some changes are centered around taking proven characseasgeneral-purpose lan-

guages and incorporating them into the unique TXL enviramme/e strive to introduce
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features that TXL programmers expect to see based on thesiiopis programming expe-
rience and incorporate them into TXL within the bounds otitéque semantics. Doing so
should make the language more accessible. For example,enatarested in increasing

the type safety of the language and we want to better supponplex decision making.

Increasing Expressiveness

Other parts of this work have to do with increasing the overgbressiveness of the lan-
guage. We aim to provide users with the proper tools to egpiesr intent. We believe

that the more a developer’s intentions can be captured bggamming language the bet-
ter the language is. A programming environment that is betfermed is able to do more

for the programmer in the form of managing the mundane bwt mecessary details of a
complex problem. As expressiveness increases, progragsrimeeome more confident that
their program accurately depicts the ideal solution tortheablem. In a sense this is trying

to narrow the gap between expected program behaviour andlgcbgram behaviour.

Minimizing use of Globals

Some changes presented in this thesis are motivated by 1@ desninimize the use of

global variables for storing data that is not global in natufor example, modularity en-
ables global variables that are used only in a subset of thgram to be made private to
the relevant code. The introduction of out parameters helgsadicate the use of global
variables used strictly to transfer data between rulesb@&@leariables used for these pur-
poses inappropriately use up names in the global name spdcsrece they never go out
of scope they are not garbage collected. Using globals ftar wlansfer results in wasted

memory.
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Supporting TXL's Unique Paradigms

On one hand we wish to introduce features present in gepeargbse languages and
thereby make TXL more accessible, but on the other hand T)d_usique programming

language and we have no intention of grinding away the chexniatics that make it stand
out as a useful tool. Therefore we also aim to support theuengaradigms of the TXL

language. For example, we have noticed that in TXL many kagaare often propagated
between rule invocations due to the fact that TXL progranesantred around decon-
structing and reconstructing parse trees. To accommobastgtogramming pattern we

have added nested rules so that users may take advantagdicftlynpassed variables.

Use-Driven Design

We strive to adapt the language to reflect the ways in whichused in practice. It is true
that a language is best designed by its users. Languagendesigre in fact the principal
users of a language and therefore drive its design, howtesrare not the only users, and
so should not be the only designers. Regular users withfapapplications in mind often
come up with ways of using a language that were not foresedghédypriginal designer
and so features that support such applications do not &est. practices evolve and bring
to light language deficiencies. Some language changesilbedan this thesis have come
about from noticing how the language is used in practice aastng it to reflect those

conventions.

Support

Some language changes we propose are in support of the niemefewe have introduced

and do not constitute new features on their own. They areelieivnecessary elements of
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the new design and serve to tie together the mix of featurdswe proposed. For example,
variable name scoping and forward variable declaratione baen introduced in support

of the block structure that if clauses and nested rulesduizo.

1.3 Thesis Outline

In order to get a better feel for how the proposed changedditire transformational pro-
gramming paradigm as a whole, background research into tdresformation systems
was performed. TXL indeed has competitors and our work onutaoity for instance
has been partially motivated by the existence of moduléedyures in other source trans-
formation systems. Chapter 2 surveys existing sourcefoanation systems, including
TXL.

In preparation for this work, considerable study of TXL spnand semantics [Cordy03]
was performed. An in-depth knowledge of TXL must be obtaibefbre suggesting lan-
guage changes in order to avoid proposing features whosgduality are already covered
by existing features. Background study in this regard isduactly discussed in Chapter
2, although it is evident throughout in the form of assediand arguments regarding the
syntax and semantics of the language.

Chapter 3 brings to light in detail the motivation behindreksmguage change. We look
at the current limitations of the language and show why a gbas necessary. Chapter
4 proposes each language change, summarizes the syntaeraadtiEs and highlights
example uses. Also, any associated implications or prabbme discussed. The prototype
implementation of each feature is discussed in Chapter 5.

Chapter 6 discusses two real-world examples of ETXL progrrat make use of the

language features we have developed. The first is an optionizaroblem that is typical
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of the kind of problems that TXL is used for. It expands C++regsions involving vectors
into multiple instances, one for each vector component.SEHwend example demonstrates
the use of new features in the creation of a reusable diagtyanadule that is able to store
any type of data, while retaining a type-safe interface.

Chapter 7 summarizes this work, discusses future directionthe design of ETXL
and mentions some other changes that were not included idetsign. The appendices
contain the full ETXL grammar as well as the full listings tietexamples described in

Chapter 6.

1.4 Terms and Conventions

In this thesis the terrparameteris taken to mean the named entity that exists inside of a
rule. The termarguments taken to mean the value passed to a rule invocation. Wenaay t
a value is passed as an argument and received as a parameter.

The termscopehas two uses in this thesis. It is used to refer to the parsddrevhich
arule is applied. Here we say the scope of a rule and refeetpdbse tree which the rule
can act on. Secondly, we use it to refer to the subset of asrall@iises in which a particular
variable is visible. Here we say the scope of a variable afet te the set of clauses in

which the variable may be referenced.



Chapter 2

Program Transformation Systems

This chapter reviews other source analysis and transfamaystems, then gives a brief
introduction to TXL. The other systems mentioned here dlediconsiderably in appear-
ance from TXL, yet at their core, they are quite similar to TXLommon between all
systems is the process of matching instances of structaierps and possibly replacing
them with new tree constructions. The differences betwhesd systems are in how the

grammar and transformation facilities are expressedalded and implemented.

2.1 ASF+SDF

ASF+SDF [Bran02, Bran03] is a transformation system baseteom rewriting. Term
rewriting is directly analogous to tree transformationeart simply meaning a node in a
parse tree. SDF is the syntax definition component of theesystt allows the program-
mer to specify the lexical, context-free, and abstractayof the language to be processed.
ASF is the algebraic specification formalism, which is thie4lbased term rewriting com-

ponent. Programming transformations in ASF entails thepmmsition of a set of rewrite

9
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rules in the form oLHS = RHSequations.

The grammar is specified in a form that has the syntax of eantiuption given on
the left hand side and the type given on the right. This is alietdifference from most
language description tools. If the user's grammar is anduguit is possible to resolve the
ambiguities using priority and associativity attributespgroductions.

The rewrite rules specify how to make reductions, also knassimplifications. In
term rewriting this refers to matching a pattern and makingm@acement. Each rule is
composed of a simple equation. On the left hand side is tHerpaib match and on the
right hand side is the replacement. The left hand side may\@nables that may be used
on either side of the equation. If used on the left hand sidg Will require equality of ex-
pressions. If used on the right hand side they will trangfegression to the replacement.
Once a set of term rewriting rules have been declared, pmotremnsformation becomes the
problem of the simplification of terms until no more rules carcceed and a normal form
is achieved.

Figure 2.1 shows the use of ASF+SDF to compute the derivafia@ expression with
respect to a specific variable. The comments in the examgldipht the various sections
of the specification. These sections are common ingredieis program transformation
systems.

In the domain of program transformation, the repeated egiptin of all rules to a parse
tree until a normal form is achieved is not very useful. Wedhae ability to specify to
which sections of a tree certain rules should be applieds €ffect can be achieved in
ASF+SDF by defining custom grammar productions that endajesa set of types with a
new type and then targeting rewrite rules to match the new.tgy constructing the new

type in a rule’s RHS, we are able to invoke the collection dééslby name. This allows us
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Figure 2.1: ASF+SDF Example

%% The token definitions.
| exi cal syntax

[0-9]+ -> nat

XYz] -> var

%% The granmar.
cont ext-free synt ax

nat -> expr

var -> expr

expr "+" expr -> expr {left}
expr "*" expr -> expr {left}
(" expr )" -> expr {bracket}

"d" expr /" "d" var -> expr

%o Priority specification for resolving the anmbiguity
%% i nherent in the gramar.
context-free priorities

expr " expr -> expr > expr "+" expr -> expr

%% The types of the variables used in rewite rules.
hi ddens
vari abl es
“N" -> nat
"V'[0-9]* -> var
"E"[0-9]* -> expr

%% The rewite rules.

equati ons
[ 1] dN/dV = 0 [ 2] dvidv = 1
[ 3] V1 1= V2 ==> dV1/dV2 = 0
[ 4] d(E1+E2)/dV = dE1/dV + dE2/dV

[ 5] d(E1*E2)/dV = dEl/dV * E2 + El1 * dE2/dV

[6]E+0-E [770+E=E
[ E*1=E [991*E=E
[10)0*E =0 1] E*0=0

Use of ASF+SDF to compute the derivative of an expressidmre#fpect to a specific variable. In
this example all rules are repeatedly applied until a norriwain is arrived at, yielding the solution.




CHAPTER 2. PROGRAM TRANSFORMATION SYSTEMS 12

to localize the application of rules to specific subtrees.

To further control the rewrite process, ASF provides a meisma for attaching con-
ditions to rules. Conditions can be used to refine the patietio construct values that
are used in the replacement. Rule labelling and conditioeasuaeful in controlling the
rewrite process, however they are somewhat lacking witheasto flexibility and gener-
ality. ASF+SDF supports some standard tree traversalsi$ting nodes of a parse tree
in a predictable order, however tree traversals other themdard top-down and bottom-
up traversals and their variants must be explicitly progreed using the types involved.
Therefore other means of controlling the rewrite processsaught. Other systems, no-

tably ELAN and Stratego, aim to fix this deficiency.

2.2 ELAN

ELAN [Boro98] is a rule-based programming language desigoe developing theorem
provers, logic-based programming languages, constraimeis and decision procedures.
ELAN was not specifically designed for writing program trEmmations, however it is
useful in the problem domain. One of the first application&bAN was to prototype a
functional programming language.

The syntax definition component of ELAN is similar to SDF. Araeple is shown in
Figure 2.2. Types, known as sorts in the rewrite literatare defined using a format that is
slightly different from SDF. Instead of the name of a typeegmng in the syntax definition
of a production, the symbdis used. Following the syntax definition, in parenthesis, ar
the corresponding names of the types used. Then comes thetype production itself.
Finally, after the production type, attributes that guide parsing process may be given.

As in SDF, these attributes are priority and associativitgalives.
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Figure 2.2: ELAN Example

[l Syntax definition.
oper ators gl obal

X : variable;

y : variable;

z : variable;

@ : ( variable ) expr pri 3;

@ : (int) expr pri 3;

(@) : (expr) expr

@ * @ : ( expr expr ) expr assocRight pri 2;
@ + @ : ( expr expr ) expr assocRight pri 1;

end

/1 Types of variables used in rewite rules.
rul es for expr

N, N1, N2 : int;

V : variable;

/! Rewrite rules.

gl obal
[ NL + N2 => N where N:=() N1 + N2 end
[ NI * N2 => N where N:=() N1 * N2 end
J(v)=V end
J(N)=N end

end

end

Use of ELAN to simplify operations on constants in arithmekipressions.

ELAN rewrite rules very much resemble those of ASF. Ruleshapattern on the left
hand side with corresponding replacement on the right hated $hey may be followed
by conditions which can be used to further refine the rules oonhstruct values used in the
replacement. They may also be labelled so they can be eptieierenced in other rules.

From a program transformation point of view, ELAN is very ganto ASF+SDF.
We mention it here because of one important difference. ttbdtuced a novel concept

to rewrite systems which has since made its way into rewsittesns targeted towards
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program transformation.

The contribution of ELAN was motivated by a need to manage aplplications. Large
rewrite applications usually have many sections and skibta ability to say for certain
what is the order of operations in a large program is cestaniatessary. Also, since rulesin
a rewrite system may be written such that more than one rujesoneceed at rewriting any
given input, a collection of rewrite rules may yield morernhane result. Such programs
require an ability to declare that certain rule applicasishould happen before others in
order to narrow down the set of results to those that areetesir

ELAN addresses this problem of managing rule applicatignstroducing a new en-
tity into rewrite systems called a strategy. Strategieadorder to the otherwise non-
deterministic process of making rule applications. Thégvathe programmer to specify
how rules may be combined together. They can be used to ékptieclare how trees
are walked and which rules are applied during a walk. ELANdtsspecifically targeted
towards program transformation, however strategies in [Elpfovided the motivation for
their introduction into program transformation rewritjinga the Stratego language. Strate-

gies are discussed further in the next section covering tfaego language.

2.3 Stratego Language

Recognizing the need for better control of the applicatibmeavrite rules in rule-based
program transformation systems, the Stratego languag®4Yintroduces the concept of
rewrite strategies to rule-based program transformatstratego is a direct descendant of
ASF+SDF and ELAN, combining the program transformatiorilitées of ASF+SDF with
the strict separation of rules from strategies that wasdhtced by ELAN.

Stratego uses the SDF component of ASF+SDF for defining syiRale syntax also
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Figure 2.3: Common Strategies in Stratego

module traversals

import lists

strategies
try(s) = s <+id
repeat(s) = rec x(try(s; X))
topdown(s) = rec x(s; all(x))
bottomup(s) = rec x(all(x); s)
downup(s) = rec X(s; all(x); s)
downup2(sl, s2) = rec x(sl; all(x); s2)

Some common rule application strategies. Strategies dexplicitly mention the terms that they
operate on. They take other strategies (a rule is a simplmfof a strategy) as parameters and
implicitly deconstruct terms. For example, thkl (s) strategy applies to all subterms of the
current term.

borrows very much from ASF. The distinguishing characterisf Stratego is therefore the
strategy driven transformation. A strategy is a declaeat@nstruct which allows careful
control over the dependency relationships between rulestrakegy takes as a parameter
a transformation task that is to be applied to a parse treate8ies look very much like
rules, however, they do not explicitly mention the terms they modify. Instead, they
reference other strategies and implicitly operate on terms

The most simple form of a strategy is a rule. More complexetjias are constructed
using a set of operators that combine strategies togetlmerexample, the sequence op-
eratorsl;s2 causes the application of one strategy, then the next. sSTH& operator
attempts to apply one of two strategies. A set of built-iatgtgies define basic traversal
behaviour. Theec x(s) strategy defines a symbal, whose reference is represents a
recursive application of the strategy. Téls) strategy says apply the strategyo all
subterms of the current term being processed (i.e. all sebtof the current tree). These

operators and basic strategies allow the programmer tofg@etraversal without giving
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the specific forms involved.

Figure 2.3 shows some common strategies that may be proggdnm&tratego. The
try(s) strategy first applies strategy if that fails then it applies the identity strategy.
Therepeat(s) strategy applies until it fails. Thetopdown(s) strategy applies to the
current term then recurses. Thatomup(s) strategy recurses first then applged_astly,
thedownup strategies do a top-down and bottom-up application.

Stratego represents the most recent developments in therégriting family of pro-
gram transformation systems. Stratego has many otheestieg features such as dynamic
rules which allow a program to define rules at run-time. Cayeylpermit patterns to be ab-
stracted so language syntax need not be directly specifeeclile. Our work on out param-
eters resembles overlays in Stratego. Research into hoetter lexpress transformations

through control of the rewrite process is ongoing in thet8ga community.

2.4 ANTLR Tree Parser Generator

The ANTLR Tree Parser Generator [Parr94] (formerly knowrS&RCERER) is an ap-
proach to the problem of program transformation aimed atdoef practical importance to
programmers by integrating with general-purpose programghanguages.

ANTLR allows the specification of a grammar plus tree padenmd associated actions.
In the first stage the ANTLR system parses the input into agria representation. In
the second stage the internal representation is parsedmaoivn fashion using the tree
patterns. Upon a pattern match, an associated action, aoddtbst language such as C++,
is triggered. ANTLR provides escapes from action code battkthe ANTLR domain for
accessing the parts of a pattern match. Using these esd¢apgmssible to read or write

parse tree components. This mechanism makes it possibkplicity program arbitrary
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Figure 2.4: ANTLR Tree Parser Example

expr:
ID
| FLOAT
| <<int n;>>
fc > [n]
<<printf("function call has %d arguments\n”, n);>>

fc > [int nargs]:
<«<int i = 0;>>
# FUNC ID ( . <<i++>> ) *)
<<nargs = i;>>

An example of ANTLR tree parser patterns and associatedrecti Theexpr pattern matches
expressions of type identifier, float, or function call. Thection call form is separated out into a
pattern of its own that counts the number of function calllengnts and returns the result to the
main pattern. The symbots<>> delimit pattern action code.

tree traversals and transformations. ANTLR does not haweparsing phase. Outputting
a transformed tree requires the writing of output stateméntction code. Figure 2.4
shows an example of tree patterns used to match expressions.

ANTLR also supports semantic predicates for refining théepaimatching process. A
semantic predicate is a user-defined expression that égalieeither true or false and that
indicates the validity of a pattern match. Semantic pradarovide the same function as

conditions on rewrite rule.

2.5 TXL

TXL, the Tree Transformation Language, is a hybrid functioand rule-based program

transformation system. The processing of input is diviged three phases: parsing of the
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input text into a structured parse tree, transformatiomefarse tree and unparsing of the

new tree to the output text.

Trans—
Parse formed
Input __ Parse Transform Unparse |—= Output
Tree

A program written in the TXL Language is divided into a gramrepecification and a
set of structural transformation rules. These specify dmgliage to be processed and the
transformation instructions, respectively. A TXL gramnsnormally divided into a base

grammar and grammar overrides.

Grammar TXL Program

Base Grammar
Transformation

Rules

Overrides

The base grammar defines the lexical and syntactic formseolathguage to be pro-
cessed. The base grammar is usually included by the maimgmofecause language
grammars are often reused. The lexical forms are given ig@ae expression notation.
The syntactic forms are defined using a free-form extendel-B grammar. Ambigui-
ties in the grammar are handled via a backtracking parsonyighm.

Grammar overrides can be used to extend or modify the basengga allowing new
language forms to be accepted during the parse or generatige hransformation. For
example, if extending a programming language to includeva kied of statement, one

will override the statement non-terminal.
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Program transformation behaviour is defined by the set asfoamation rules, which
are able to search parse trees for by-example style patathgrovide replacements.
Whether or not a rule is applied may be controlled by furthretgyn matching on pattern
components as well as by conditions programmed in a furatitgle. These facilities are
analogous to rule conditions in the term rewriting systemesipusly described.

TXL provides a built-in tree traversal mechanism. If thealdf tree searching is inad-
equate, arbitrary tree traversals may be developed byaitkpltoding the traversal order
in a functional style. Similarly, the order of rule appliwat is controlled by the explicit
invocation of rules using TXL's function application meciem.

To fully take advantage of TXL’s abilities, grasping the higklnature of rules is essen-
tial. TXL Rules have dual personalities. A rule exhibits iEdweristics of term rewriting
rules in the sense that a rule repeatedly searches its soppesfances of its pattern and
makes a replacement. On the other hand a rule is a functigi@lgogram that looks and
behaves like a statically typed lisp function that can belicitfy iterated. Knowing when
to view a rule as which is the key to fully harnessing TXLslaigs. In some problemsiitis
advantageous to believe that you are writing a rewrite mitkat other times it is necessary
to be thinking in terms of functional programming.

In the following figures we show an example of a TXL progrant thaves else-if tests
and all following cases into an if statement nested in anlgisek. A section of the C++
grammar relevant to the transformation is shown in Figube Zhe complete TXL ruleset

is shown in Figure 2.6. Finally, sample input and outputdext shown in Figure 2.7.
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Figure 2.5: TXL Grammar Example

defi ne statement
[labelled_statement]
[expression_statement]
[selection_statement]
[iteration_statement]
[jlump_statement]
[declaration_statement]
[try_block]
[compound_statement]
[comment]

end defi ne

def i ne selection_statement
if ( [condition] )
[statement]
[repeat else if part]
[opt else part]
|  ’switch ( [condition] )
[statement]
end defi ne

def i ne else_if part
‘else 'if ( [condition] )
[statement]
end defi ne

def i ne else_part
‘else
[statement]
end defi ne

def i ne condition
[expression]
| [ repeat type_ specifier+] [declarator] = [assignment_expression |
end defi ne

A section of the C++ grammar relevant to the TXL transforraatexample in Figure 2.6.
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Figure 2.6: TXL Ruleset Example
i ncl ude "cpp.grm"

def i ne program

[cpp_program]
end defi ne

rul e nestElselfs
repl ace [selection_statement]
if ( Condition [condition] )
IfBranch [statement]
ElselfPart [ repeat else_ if part]
OptElsePart [ opt else_part]
deconst ruct ElselfPart
'else 'if ( ElselfCond [condition] )
ElselfBranch [statement]
ElseRest [ repeat else_ if part]
by
'if ( Condition )
IfBranch
‘else {
'if ( ElselfCond )
ElselfBranch
ElseRest
OptElsePart
}

end rul e

functi on main
repl ace [program]
P [program]
by
P [nestElselfs]
end function

A TXL transformation that moves else-if tests and all folhmicases to a nested else branch.
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Figure 2.7: TXL Input and Output Example

bool bl, b2;
i nt main( i nt argc, char *argv)
{
if (agc==1)
cout << "There were no arguments." << endl;
elseif (agc ==2)
cout << "There was one argument. ™ << argv[l] << "." << endl;
el se {

cout << "There was more than one argument: ";
for ( int a=1 a<argc;, at+ )

cout << (@ ==17?2":" ™) << argv[a] << "™,
cout << "" << endl;

}
}
bool bl, b2;
i nt main( int argc, char *argv )
{
if (agc==1)
cout << "There were no arguments." << endl;
el se {
if (argc == 2)
cout << "There was one argument. ™ << argv[l] << "." << endl
el se {
cout << "There was more than one argument: ";
for ( int a=1 a<argc;, at+ )
cout << (@ ==17?"™:" ") << argvfa] << "™,
cout << "." << endl;
}
}
}

Sample input and output texts showing the result of the toamstion in Figure 2.6. The else-if test
has been moved to a new if statement in an else block.
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2.6 Summary

Source transformation systems are in wide use in many arfeesngputer science and
software engineering. We have looked at several populdesys The first of the term
rewriting family of program transformation systems is ASB¥. It supports conditional
rewrite rules and a fixed set of generic traversal schemesgati@g a custom traversal
scheme requires the node visitation order to be explicithgpammed.

ELAN is a rule-based rewrite language that is targeted tdsvariting deduction sys-
tems. It is not specifically designed for program transfdromeand therefore can be awk-
ward when used to analyze source code. ELAN introduced theeqt of strategies to
rewrite systems. Strategies are declarative construatctn specify traversal order and
rule application order. Strategies have proven usefulératiea of program transformation.

The Stratego language is the descendent of ASF+SDF and Elt A&bimbines the pro-
gram transformation facilities of ASF+SDF with the strategiented traversal introduced
by ELAN. It also introduces innovative features of its owrlsas dynamic rules and over-
lays.

ANTLR takes a different approach to source analysis andstoamation, one which
aims at easy integration with popular host programming uaggs. Though useful for
making transformations, ANTLR is better described as apagser generator, rather than
a transformation system. ANTLR tree patterns invoke astiwhich are coded in a host
language. Escapes from the action code back into ANTLR peead and write access to
the components of a pattern match, enabling the transfamat parse trees.

TXL, also in a category of its own, is a hybrid rule and funobprogramming lan-
guage. Rewrite rules in the form of pattern and replacemains gompose the base lan-

guage. A full functional programming language is built op,tavhich enables arbitrary
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traversal and program logic. The goal of this thesis is torowe the program transforma-
tion facilities of TXL. The next chapter looks at the motiais behind the improvements

that will be described in subsequent chapters.



Chapter 3

Motivation

This chapter looks at the specific motivations behind thguage changes that we propose.
In each section we illustrate how the solutions to certaobj@ms that arise in program
transformation are expressed in TXL. We point out currenitiitions of the language with
respect to approaching these problems and suggest waysi¢ch Wie language may be
altered so that solutions may be better expressed. Therdesigach proposed change

follows directly from the motivations we illustrate in thebapter.

3.1 Must-Match Rules

The central paradigm of TXL programming is by-example patsnd replacement. If the
tree to which a rule is applied matches the rule’s pattern the result is the replacement.
If the tree does not match the pattern then the original &8y returned. In most cases
this is the desired behaviour because TXL is most often uséidd and modify instances
of a particular problem in arbitrary source code. If a prablastance is not found then the

work of the TXL engine is complete and the programmer needaabformed.

25
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Figure 3.1: Multiple-Stage Transformation

% Fi nd function declarations that return vectors by val ue.
rul e moveRetToParams
repl ace $ [function_definition]
'Vector Declarator [declarator] Body [function_def body ]
by
'void Declarator [insertParam] Body [rewriteReturn]
end rul e

The principal pattern of a multiple-stage transformatidrhis example locates functions that return
vectors by value and rewrites them to return their value mfitst argument. Once the pattern has
made a match and the return type has been changader t Par am must succeed at inserting
a parameter and ewr i t eRet ur n must successfully rewrite all the return values it has found
otherwise the transformation is incomplete.

However, sometimes a problem is such that certain patteatnsbe expected. This
may arise if the text being processed is automatically gaadror if processing a program
known to be legal and the pattern involves a necessary ¢ondar legality, such as the
existence of aain() routine. Rules written for such cases should always matbleywise
some error condition exists.

Rules that are expected to match also arise when writingipled$tage transforma-
tions. These transformations require an all-or-nothingragch. Once the first stage of
a multiple-stage transformation has taken effect it is etgukthat the following stages
will also succeed, otherwise some error condition existsiltiMtage transformations are
characterized by the existence of a principal pattern wkialesponsible for identifying
instances of the problem and worker rules which are emplty&dndle the various stages
of the transformation. An example of a multiple-stage tfameation is given in Figure
3.1

In practice, rules that are expected to match are frequemnityen, however, whether

or not these rules actually match often goes unchecked.eTibgro easy way of learning
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when a rule that should have matched failed to match anytiibgresent, it is necessary
for the programmer to identify test cases that may be pro#ierand verify the results or
to otherwise notice that something is wrong. In many casesrttolves actively pursuing

the possibility that a particular rule is not matching.

When it is apparent that some rule is failing to match, b rtot obvious which rule is
the source of the problem, tracking down the faulty rule camdry time consuming and in-
convenient. This can involve inserting print statementsughout the program to identify
the rules that are taking effect. After the problem has bdentified the print statements
must be deleted or commented out. If another bug surfacesdatthen the procedure of
sprinkling print statements throughout the program mustepeated. Alternatively, pro-
gram flow may be traced. Which approach is best depends oratbhesrof the problem;
print statements provide good summary information whedsdmigging provides precise
information. In either case effort must be expended towamtking down the source of
the problem.

We believe that whether or not a rule should match is a statipgsty of a rule. To
address this we wish to add to TXL a mechanism for explicititisg as an attribute of
a rule, whether or not the rule is expected to match. The TXgirenis then capable of

verifying our assumptions.

3.2 Objectless Rules

Practical experience with TXL has shown that it is sometinmEhecessary for a rule to be
applied to anything in particular. For example, it may bedase that a rule simply queries
or sets a global variable. This kind of rule does not operatarything, does not need to be

passed any parameters, nor does it return a result. In arethmple, a programmer may
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prefer as a matter of style to pass all data on which the ruideades as parameters. This can
happen if a rule must take many parameters and it does not sealse stylistically to use
any one of the parameters as the object of the rule, theregjgesting that the parameter is
the focus of a replace or matching rule.

In TXL, rules that do not need to operate on any parse tree atemas polymorphic
rules without a named binding in the pattern. Omitting a bigdor the[any] type is
not required; it is done because the anonymous type is ndtarseit is poor style to add
unused pattern bindings to the local namespace.

These types of polymorphic rules can be applied to anythmagedways leave the parse
tree to which they are applied unchanged. Such a rule canrsedsyed an identity func-
tion. Since these kinds of rules do not perform a deconstiuid best to invoke them
by applying them to an anonymous construct of tjgmg] in order to avoid falsely sug-
gesting that they read or write the parse tree to which theyapplied. Figure 3.2 shows
a rule that simultaneously walks two lists. As a matter ofestpoth lists are passed as
parameters.

The existence of this practice of writing anonymous polypimoe matching rules that
operate only on globals or parameters challenges the mexi$XL design, suggesting that
every rule is not strictly either a matching or replacingeruln practice, some rules are
simply a sequence of operations. Therefore we wish to petias to be written with no

replace or match clause. We call this new kind of rule an dlgss rule.

3.3 Strong Typing

In TXL, rules may be applied to any tree type. Some rule appibos are nonsensical and

TXL warns about these. If a rule can never match a tree bedhesgrammar does not
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Figure 3.2: Unused Main Pattern

functi on typecheckLists ParamTypes | repeat decl_specifier]
ArgTypes [ repeat decl specifier]
mat ch [any]
_ [any]

% Take apart each paranmeter and argunent.
deconst ruct ParamTypes

Param [decl_specifier] RestParams| repeat decl specifier]
deconstruct ArgTypes
Arg [decl_specifier] RestArgs [ r epeat decl specifier]

% Type check the first pair and recurse.
construct _ [any]
_ [typecheck Param Arg] [typecheckLists ParamTypes ArgTyp es]
end function

construct _ [any]
_ [typecheckLists ParamTypes ArgTypes]

This rule is responsible for checking that in a function ¢h# argument types match the parameter
types. NeithePar aniTypes nor Ar gTypes are considered the object of the type check. Instead
they are both parameters. The function is invoked in an am@ug construct of typany] .

derive the type for which the rule is searching, then a wayniessage is printed. Though
in general, TXL can search for a pattern match from any tree foXL is this way because
the structure of code, specifically how a transformatiorr@iged into rules and patterns,
is driven by the structure of the grammar that is being opéran. In practice, grammar
productions are often reused, meaning that instancestefpaican occur rooted at various
different types, therefore the ability to search for paitseirom different parse tree roots is
a useful feature of TXL.

However, it is also true that even though a rule may succeeslatting subtrees be-
neath many different tree roots, it may be a valid transfoioneonly when applied to a
specific tree root. This can happen because languages ared&signed such that syn-

tactically valid code is a superset of semantically valideco Therefore a transformation
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Figure 3.3: Rule Valid at Only One Root

rul e forLoopMakeUnaryinc
ski ppi ng [statement]
repl ace [assignment_expression]
CastExpr [cast_expression] += 'l
by
++ CastExpr
end rul e

In this example, the programmer’s intent is to replace bg-orcrements of for loop variables in
loop iteration code with the prefix operator. Though thiserulould succeed when applied to various
kinds of statements, it should only be applied to iterati@miesnents. In TXL this requirement must
be stated in a comment and explicitly heeded by the user ofikhe

can be syntactically valid but not necessarily semantioadlid. It may also be the case
that a programmer simply intends a rule to be used rooted @ cfi tree root and is not
interested in matching the other cases.

Figure 3.3 shows an example of a transformation that is syingdly valid when applied
to various different tree roots, but is a valid transformatias prescribed by the program-
mer, only when applied to a single tree root. This transfaionais intended to rewrite
loop increment operations to use the increment operat@ rille could successfully trans-
form expression statements for example, but in this apjpdicdahey are outside the rule’s
domain.

In an environment where code is written and used by diffepamties and must be
maintainable over time, the ability to communicate in theglaage that a rule should be
applied only to a specific type can enable more effectiveaboltation. The reason is that
the compiler is able to enforce the property laid out by thegpgmmer. Type safeness

helps to ensure that code is used as intended.
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3.4 Nested Rules

In a TXL program, parse trees are frequently taken apart andnstructed. Much of
TXL's power comes from the ease of locating instances of lerab and binding their parts
to variables for later use in constructing a solution. Thecpss involves the management
of many variables containing parts of parse trees. Thedablas are a key part of the
pattern matching paradigm around which TXL is built.

Due to the fact that grammars are essentially tree datatstas; TXL programmers
are often faced with the need to propagate data collectdueatpper levels of a traver-
sal down to the lower levels. This is generally accomplishg@ccumulating parameters
as rules deconstruct and recurse deeper into a tree sgudurtomplex problem can in-
volve propagating an increasingly large number of pararaetewn many levels of a rule
hierarchy.

For example, suppose a rule needs to manipulate expressiardass member func-
tion of a C++ program. The manipulation requires the classeydhe class variables, the
function name and the function’s local parameters. A topllevle is written for locating
classes, extracting the class name and collecting thevdaisbles. A second level rule lo-
cates functions, extracts the function name and collectd fzarameters. The actual worker
searches a function’s expressions and performs the rewrdaking use of the propagated
variables. An example of a transformation of this naturausmin Figure 3.4.

Manually propagating data in this fashion is time consumargor prone and some-
what inconvenient. It requires extra work during initiabgramming as well as during
maintenance. Due to the deconstruct and reconstruct natufrL programming, the
manual propagation of data down a traversal surfaces dfterwish to relieve this neces-

sity by providing nested rules that support the referenoinigcal data originating from a
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Figure 3.4: Propagation of Variables

% Use class and function properties to deternmine if we should prefix.
functi on meetsPrefixCriteria ClassKey [class_key] Classld [id]

OptBase [ opt base_clause] FuncDeclSpec | r epeat decl_specifier]

Funcld [id]

end function

% Visit each declaration in the function.
rul e prefixinFunc ClassKey [class_key] Classld [id] OptBase [ opt base_clause]
FuncDeclSpec [ repeat decl_specifier] Funcld [id]
repl ace $ [init_declarator]
Id [id] Optlnit [ opt initializer]
wher e
Id [meetsPrefixCriteria ClassKey Classld OptBase FuncDec ISpec Funcld]
by
Classld [_ Funcld] [_ Id] Optinit
end rul e

% Visit each function in the class.
rul e prefixinClass Classkey [class_key] Classld [id] OptBase | opt base_clause]
repl ace $ [function_definition]
FuncDeclSpec [ repeat decl_specifier] FuncDeclarator [declarator]
FuncBody [function_def body]
deconstruct * [id] FuncDeclarator
Funcld [id]
by
FuncDeclSpec FuncDeclarator
FuncBody [prefixinFunc ClassKey Classld OptBase FuncDecl Spec Funcld]
end rule

% Visit each cl ass.
rul e prefixLocals
repl ace $ [class_specifier]
ClassKey [class_key] Classld [id] OptBase | opt base_clause]
{ MemberSpec [ opt member_specification] }
by
ClassKey Classld OptBase
{ MemberSpec [prefixinClass ClassKey Classld OptBase] }
end rule

An example scenario requiring the propagation of parse t@aponents to the lower levels of a tree
traversal. The top level rulpr ef i xLocal s collects class properties and pushes them down. The
second level rulgr ef i xI nCl ass collects function properties and adds them to the collectio
The real workergr ef i xI nFunc andrreet sPrefi xCrit eri a utilize the propagated data to
perform the transformation.
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parent rule. Instead of propagated data dominating paearists, we wish it to be made

implicitly available.

3.5 Rule Parameters

TXL rules provide a built-in mechanism for searching parsed. The leftmost, shallowest
search strategy is appropriate in most cases. Howeverhat times a custom search
strategy must be written. Since TXL is a full functional pragnming language, writing
a custom search strategy does not pose a problem itself. &itera recipe is to encode
the search into a recursive form by deconstructing the geeseand recursing on its parts
in a way that yields the desired pattern test order. The ocdald be dictated by the
contents of nodes as in the case of a binary search. Alteehgtthe search could simply
follow a predefined order other than leftmost, shallowest: éxample, the evaluation of
arithmetic expressions represented in parse tree formresga leftmost, deepest search
strategy. Another example is the need to visit the elemdrdssequence in reverse order.
Figure 3.5 shows the use of binary search to locate a nodeybyhien apply a worker rule.

Sometimes it is the case that the same search strategy isegquoultiple times in a
TXL program. For example, it may be the case that processshglements in reverse
order is the normal way to handle a specific type of input. Ghancase of a binary tree
implementation of a symbol table, it may be desirable to riyafie contents of a named
node using various different rules from different pointstia program.

In the case of binary search, one might be inclined to solggattoblem by first retriev-
ing the node of interest using a generic find then modifyingriis would permit using
the same find routine no matter which rule is used to modifynibge of interest. Since

TXL employs copy-on-write semantics this approach will work. Retrieving a node and
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Figure 3.5: Custom Tree Traversal

function findLeft Key [number]
repl ace [node]
NodeKey [number] NodeVal [value] Left [node] Right [node]
wher e
Key [< NodeKey]
by
NodeKey NodeVal Left [findAndincRef Key] Right
end function

functi on findRight Key [number]
repl ace [node]
NodeKey [number] NodeVal [value] Left [node] Right [node]
wher e
Key [> NodeKey]
by
NodeKey NodeVal Left Right [findAndincRef Key]
end function

functi on findHere Key [number]
repl ace [node]
NodeKey [number] NodeVal [value] Left [node] Right [node]
wher e
Key [= NodeKey]
by
NodeKey NodeVal [incRef] Left Right
end function

functi on findAndincRef Key [number]
repl ace [node]
Node [any]
by
Node [findLeft Key] [findRight Key] [findHere Key]
end function

An example of a custom tree traversal in the form of a binaaydde Once the target of the binary
search is found the worker rulencRef is applied.
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then modifying it will leave the version in the symbol tablechanged. The node must
afterwards be reinserted into the tree in order to storedhkaltr of the change. This ap-
proach works but is more cumbersome and expensive than yiaglithe node in place.
For other search strategies, extraction then reinsertepnmot even be possible if the data
structure was previously organized in a fashion that cabeeoéproduced with an insertion
routine. In these cases we have no choice but to embed théeewle directly in the
search strategy.

In TXL, reusing the same search strategy with various dfierewrite rules requires us
to duplicate the code implementing the search. To remogeadguirement for code dupli-
cation, we wish to add to TXL a mechanism for writing rule-épeéndent search strategies.
It should be possible to write a search strategy once andredesize the rules that the

search strategy applies.

3.6 Type Parameters

Similar to the need for rule-independent search stratetfiese is also a need for type-
independent rules. Often, a search strategy or transf@migtwritten multiple times with
the only difference between the versions being the treestgpewhich they operate. This
can happen when writing common list processing algorithnth @s sort routines or list
reversals. Figure 3.6 gives an example of list reversalidddhat one could substitute any
type for[id] and still have a valid reversal.

A need to duplicate code and differentiate it only by type aagse along with the need
to specialize types. A type specialization in grammar progning involves duplicating
and slightly modifying a section of a grammar with possiblgnaaller, larger or just plain

different set of allowable strings. Type-independentsuleuld also find use in the writing
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Figure 3.6: List Reversal

function reverse List [ repeat id]
deconstruct List
First [id] Rest [ repeat id]

repl ace [repeat id]
SoFar [ repeat id]
construct Result [ repeat id]
First SoFar
by
Result [reverse id Rest]
end function

An example of a rule that could be made to operate on any lisiroply changing the type of the
list element.

of generic algorithms over homogeneous structures suchestomposed of a single type.
As discussed in the previous section, an ability to paranzete rule would enable
us to write search strategies that are independent of thafispeansformations that they
perform. If we extend this idea of parameterization of laamgiconstructs to include types
as well, we find that more generic programming is possiblev Me are also able to write

a search strategy that generalizes to multiple tree types.

3.7 If Clauses

TXL has control flow implicitly built into the language. If grclause in a rule fails then
the entire rule is considered to have failed. In this sensk files are a series of nested
if statements. With this in mind one can implement branctip@pplying a different rule
for each case in the branch. The binary search of Figure dvplemented in this way.
This mechanism of branching does not mirror the semanties @f statement as most

programmers know it. An important difference is that theesasiust be explicitly written
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such that they are mutually exclusive. Since cases are eddéodule applications, whichin
TXL are independently applied, then even if a particulaecagceeds, all successive cases
are still tested and may also succeed if not explicitly paogmed to exclude the previous
cases. Most languages that implement if statements do hai/behis way. TXL is this
way because rule application semantics have been borrawelef purpose of branching.

The explicit mutual exclusion of cases can be seen in FigéreNBrmally, if both less-
than and greater-than tests fail then equality is assumiditb However, with rule-based
cases as in this example, the equality test is required.oitthis clause the binary search
would apply its rule to every node it encountered on the wahéointended target of the
rule.

Guaranteeing mutually exclusive branches in the case afysearching is easy. How-
ever, as the complexity of tests increases the task getshandhe event that tests involve
multiple deconstructions and where clauses, the only nmesatdg solution is to introduce a
global variable that indicates when a branch of the if stat@rhas been taken. In the event
that an if branch modifies data that is read in other testseiftblause, then this solu-
tion is necessary, otherwise successive tests will exgueldous tests based on a different
program state.

The difficulties in explicitly programming mutually exclius branches is shown by the
subtle incorrectness of Figure 3.7, an example of expligvhlking a statement list. This
kind of processing is necessary when data must be propadated a list of statements.
In this example there is a rule to handle each type of stateniére cases for handling
label and expression statements are shown. Note that sicberele must propagate the
walk data down to the next statement, each case is resperisibthe recursive call to

walkStmts , the rule that ties all the cases together. This examplecisriact because
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Figure 3.7: Incorrect Branching

funct i on walkLabeledStatement WalkData [walk_data]
repl ace [repeat statement]
Stmt [labeled_statement] Rest [ repeat statement]
by
Stmt Rest [walkStmts WalkData]
end function

functi on filterExpr Expr [expression_statement] WalkData [walk d ata]
repl ace [repeat statement]
deconstruct not Expr
'assert ( AssertExpr [expression] ) ;
by
Expr
end function

funct i on walkExpressionStatement WalkData [walk _data]
repl ace [repeat statement]
Stmt [expression_statement] Rest | repeat statement]
construct ResStmt [ repeat statement]
_ [filterExpr Stmt WalkData]
construct Tall [ repeat statement]
Rest [walkStmts WalkData]
by
ResStmt [. Tail]
end function

functi on walkStmts WalkData [walk_data]
repl ace [repeat statement]
Statements [ repeat statement]
by
Statements
[walkLabeledStatement WalkData]
[walkExpressionStatement WalkData]

end function

This example is incorrect because in the eventfthatt er Expr removes the expression statement,
all successive statements may be processed twice depandingether the following statement is
handled by any of the cases after the expression statemeaiorily way to guard against this is to
introduce a global indicating that a case was taken.
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when filterExpr removes an expression statement, the remaining statemmaytget
unknowingly processed twice. This kind of problem requites use of global variables
because different cases see different program state arefdreecannot correctly exclude
each other.

Though using global variables is a workable solution, indfaent that recursion is re-
quired the global variable must in fact be a stack of globalsrder to be correct, making
the implementation far more tedious. Since one could easdye that recursion is in-
evitably required in every non-trivial TXL program, the gl variable solution to mutual

exclusion leaves much to be desired.

3.8 Out Parameters

The principal method of analyzing a parse tree in TXL is thiéggpa match. A pattern match
is used to both require that a parse tree contain specificegdnd to extract subtrees from
it. If a pattern that expresses the entire direct subtreeiialse for extracting the subtrees
of interest, then a simple deconstruct will do. If a pattevoted deeper in the tree is
necessary then a searching rule or deconstruct can be used.

Deconstruction requires exact knowledge of the structtitheoparse tree being taken
apart. In TXL, there is currently no way of deconstructingeetwithout having access
to the associated grammar definitions. This fact makesfitdif to modularize a decon-
struction by inserting an interface between the code thedlsiéo extract subtrees for later
use and the patterns used to extract them. In the event fifextedt parts of a grammar
are maintained by different developers, such an interfamddwe necessary to modularize
programming tasks.

An ability to abstract away the deconstruction of a tree Wallow TXL programmers
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Figure 3.8: Variations of a Pattern

rul e rewriteAssignmentl
repl ace $ [statement]
Id [id] = AssignExpr [assignment_expression] ;
by
Id [ 'set] ( AssignExpr ) ;
end rul e

rul e rewriteAssignment2
repl ace $ [statement]
assign( Id [id], AssignExpr [assignment_expression] );
by
Id [ 'set] ( AssignExpr ) ;
end rul e

An example of a pattern that can take on multiple forms. Thdes both find variable assignments.
Though the forms they search for differ in syntax, they agetidal in semantics. In TXL there is no
way to factor out a pattern from otherwise identical rules.

to better organize code much the same way that a functiomcat imperative language is
used to abstract away a task. A function can be specified ortaaoked multiple times.
Similarly, a pattern abstraction mechanism would allow thgpa to be specified once and
used multiple times.

In some scenarios, several rules may differ only by the padtthat they use to take
apart trees. In this case the ability to write the rule onoa gass in as a parameter the
pattern used to take apart the tree being operated on woulddfal. Figure 3.8 gives an
example of two rules whose patterns differ only in syntaxcdees such as these, an ability
to abstract away the deconstruction would avoid the needpbaate rules.

We wish to add to TXL a mechanism for deconstructing a tre@out immediately
specifying a pattern, but instead use some object thatsepte a pattern. With this goal in

mind we have introduced the concept of out parameters.
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3.9 Modularity

TXL was originally designed for small rapid prototyping kas Now it finds use in larger
production systems with many thousands of lines of code, lieclwmultiple developers
work. As the size of TXL programs grow, a mechanism for infation hiding becomes
increasingly necessary. The ability to maintain a sectioa program independent of the
remainder of the program is very important when developangd systems. Collaborating
developers must be concerned about such issues as avoatireggaollisions and specializ-
ing rule names to reflect the areas of the TXL program in whiely are meaningful.

Developers that write reusable code modules which aredetto be dropped into any
TXL program must also heed the name collision problem. Ifthee to claim that they
have written a truly reusable module, it cannot be the caadttmust be modified to work
with a program that uses the same names.

In existing TXL programs, avoiding name collisions is acghshed by employing a
naming convention whereby all entities are prefixed withaifying name. Private entities
can be further distinguished by prepending an underscotieetmame. This convention
works, but it is somewhat tedious as every name definitionaesdciated reference must
be prefixed. Figure 3.9 gives an example of a reusable code@lmodwhich all entities
are prefixed with this scheme.

Naming conventions succeed at avoiding name collisiongdbutot permit the true
hiding of names. That is, there can be no real distinctioméen entities that are pri-
vate and entities that are public. Name hiding is very comptaare in large-scale systems
because its use can dramatically simplify the compreharsia program by hiding inter-
nals. Name hiding is a key requirement when producing aritttaat requires entry strictly

through a carefully chosen interface.
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Figure 3.9: Reusable HTML Markup Code

defi ne HTML item
[ HTML begin] [any] [ opt _HTML_end]
end defi ne

defi ne HTML begin
< [id [ repeat _HTML_ option] >
end defi ne

defi ne HTML end
</ Jid] >
end define

% Make an item bol d.
functi on HTML boldize
repl ace [any]
A [any]
construct BoldTag [ HTML_begin]
<B>
by
A [ HTML tagwith BoldTag]
end function

% Markup with any tag.
function _HTML tagwith Tag [ HTML_ begin]
deconstruct Tag
< Tagld [id] TagOptions [ repeat _HTML_ option] >
repl ace [any]
Anything [any]
construct TaggedThing [ HTML_item]
<Tagld TagOptions> Anything </Tagld>
deconst ruct TaggedThing
TaggedAnything [any]
by
TaggedAnything
end function

An example of a reusable code module that can be easily dioppe any TXL program for the
purpose of marking up output with HTML tags. To avoid namdlimts, type definitions and rules
must be prefixed with the module name. Private names ardisijivy a leading underscore.
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With a simple naming convention as the one described abtagenat possible to bypass
the use of qualifying names as a matter of convenience wieza tlappens to be no name
collisions. This is another feature that is common in modedaion schemes.

We wish to provide a facility for defining abstraction layénat allow developers to
either hide or expose grammar definitions, rules and glodr@hbles as well as group code
into logical program modules. A modularization feature \daid in collaboration on large
projects, ease the writing of generic libraries and imptbesquality of TXL software from

a software engineering point of view.

3.10 Summary

Often rules are written which are expected to match. Unfately, whether or not these
rules actually match often goes unchecked. When a tranatmmgoes wrong because
rules are failing, tracking down the faulty rule can be tinoesuming. To defend against
this scenario, it is desirable to be able to declare as a p#anedanguage that a rule is to
always match. This empowers the TXL engine to verify the pgogner’s intentions on
their behalf.

There are cases in TXL programming where it is not necessarg fule to have a
main pattern. Some rules are not really rules, but are meegjyences of operations. In
these cases, the common practice is to write anonymous popync matching rules. This
suggests that perhaps a new type of rule is in order, onedlsatdymatch or replace clause.

TXL allows rules to search for patterns from various diffégreee roots. This is a useful
feature of TXL, however, sometimes we want a rule to be relefram only a single root.
Some mechanism of expressing in the language that a ruldesapplied only to a tree of

a specific type would enable the TXL engine to enforce ruldiegiion restrictions.
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Transformations often require context information. In T,Xhe way to propagate con-
text is by passing data to subrules with parameters. Astagersals go deeper and deeper
into a parse tree, the amount of data propagated increasdse€lthe programmer from
explicitly passing many parameters we wish to add an akidityimplicitly make values
available to subtasks.

In program transformation, the ability to write rules thaesify how to walk a tree
independent from the rules that specify how to transforis &,desirable feature. An ability
to pass rules as parameters enables this abstractionaBynite want to be able to write
rules that are aware of the structure of the trees that thesatgon, but are independent of
the specific types. Type parameters satisfy this requiremen

In TXL, rule application and pattern matching semanticsehlagen borrowed for the
purpose of branching. The techniques employed for selgctises work, but are unfamil-
iar to most programmers, contain subtle pitfalls and areesamat tedious for complicated
tests. Therefore a native branching facility in TXL wouldgraove programs that require
complex decision making.

In TXL, there is no way to define an abstraction layer betweetecthat needs to
deconstruct a tree and the code that does the deconstrugtibaut using global variables.
An ability to abstract away the task of taking apart a treeld/@mable developers to draw
clean program modularization boundaries between those¢asks.

Due to the increasing size of TXL programs and requiremendéveloper collabora-
tion that accompanies larger programs, software engimgg@riactices are being drawn on
for managing large code bases. Programmers are requireduiate modularity features
that are common in other systems. Therefore we wish to intedanguage support for

organizing code into modules.
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We have shown in detail the motivations behind our langudgsges. With each
change we aim to address specific language deficiencies. elfollowing chapter we
present the design of the language changes that we havededeh response to the prob-

lems presented in this chapter.



Chapter 4

Design

In this chapter we present the language changes that we lexreéoded. We define the
syntax of our new features relative to the existing TXL syntahich is described in detall
in the TXL language specification [Cordy03]. We use TXL'sdaage definition syntax as
the notation for our changes. This is also described in thie [Biguage specification. For
those readers who wish to see how each syntax change fithafalt solution, the entire
ETXL grammar is given in Appendix A.

For each new feature we informally define its semantics aed tiescribe, with exam-
ples, how our solution solves the problems we set out to addreChapter 3. We aim
to show that each new feature is an improvement in its owrt,regid in some cases how
features may be combined effectively. Some of our featurieg ladded benefits and these

are mentioned. Also, limitations and implications of oulusions are discussed.

46
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Figure 4.1: Must-Match Rule Syntax

redef i ne replace_clause
[opt 'must] 'replace [ opt replace_modifier] [nonterm_ref]
[pattern]
end redefine

The replace clause has been redefined to include the optiarst keyword.

4.1 Must-Match Rules

Some TXL rules are written with the expectation that theyl alivays match the tree to
which they are applied. However, the default behaviour irLTs<for a rule to silently fail.
We wish to add to TXL an optional attribute associated withla that indicates it should
always match, thus enabling the TXL engine to assert suels rntleed match.

The design of must-match rules is fairly straightforwardy definition, matching-
only rules (rules that contain only a match clause) commnataiehether or not they have
matched to their caller, and so we need not be concernedhvath.tThe must-match prop-
erty is applicable only to rules with replace clauses, tlteeawe have made it a part of the
replace clause. Figure 4.1 shows the syntax we have choseule As given as a must-
match rule by prefixing the replace clause with the keywoudt. This syntax is simple
and reads naturally.

Once a rule has been specified with the must-match propleet¥, TXL engine is capa-
ble of identifying rules that should have matched but did Ratles may unexpectedly fail
perhaps because of an improperly specified pattern or be¢hegprogrammer has made
an assumption of the input that is too strong and needs tddpeeeby covering additional
cases. In any case, the failure of a must-match rule shouhddal known to the user and

So we cause it to generate a run-time error.
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Figure 4.2: Must-Match Rule Example

functi on saveAndReturn
nmust repl ace [statement]
return AssignmentExpression [assignment_expression] ;
by
{

_ret = AssignmentExpression ;
return ;

}

end function

Worker component of Figure 3.1. The transformation compbsaveAndRet ur n would be ap-
plied to all return statements after transforming a funotsreturn value to a by-reference parame-
ter. Any return statement that failed to be rewritten woubddstitute a failure of the transformation.

An important aspect of must-match rules is that the TXL eagaable to check that
rules are behaving as expected on every run of the prograns alitomated checking
provides assurance to the programmer that if an assumptisrid hold then the error will
not go unnoticed.

Must-match rules permit the writing of better multiplegatransformations. Once
a problem instance has been found and committed to, workes that implement the
various components of the transformation can be made masthmules. In the event that
a transformation has only partially completed, a run-timerewill draw attention to the
problem. Figure 4.2 shows the worker rule that would be &plpio all return statements

found by the ruleewriteReturn ~ of Figure 3.1.

4.2 Objectless Rules

In practice, not all rules are strictly either a replace otahaule. Some rules can be

considered merely a sequence of operations. In supporisfvie have added objectless
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Figure 4.3: Objectless Rule Example

functi on noGlobalErrors
i nport GhlISyntaxErrors [number]
0
i nport GhISemanticErrors [number]
0
end function

wher e
_ [noGlobalErrors]

In this example, an objectless function is used in a wheraselao require that no errors were
encountered during the processing of input.

rules, also known as identity rules, to TXL. Objectless sutave neither a replace clause
nor a match clause and are semantically equivalent to anyaraurs polymorphic match-
ing rule. They can be applied to any parse tree and their sadsedetermined only by
contained deconstruct, import and where clauses.

It is possible for clauses other than match and replace toAai objectless rule may
guery a global for a specific pattern or deconstruct its aeus Therefore, even though an
objectless rule always matches the parse tree it is appljéchtay still be useful in a where
clause. In existing TXL, this is not possible without firsinetructing a dummy variable
simply for the purpose of applying the objectless rule in &kelclause. To accommodate
this minor discrepancy, objectless rules may be applietiécanonymous variable’‘in
where clauses. We must restrict this facility however. Otbgss rules are the only type of
rules that may be applied to the anonymous variable in wHateses. The application of a
non-objectless rule would be the equivalent of searchingnayty, typeless value, therefore
we do not permit it. Figure 4.3 shows an example of an objesttale that does nothing

but query globals. The result of the rule is verified in a wreagise.
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Figure 4.4: Capturing Rule Failure

rul e removeReturnVvals
if
repl ace [jump_statement]
‘return _ [expression] ;
by
return ;
el se
export NoReturnValsRemoved [number]
1
end if
end rul e

If the pattern does not succeed then print a warning and afhyidentity function.

Objectless rules can be used in combination with if claudesdfibed in Section 4.7) to
make alternatives to replacements in a manner that prestr@eneaning of the rule. TXL
semantics dictate that if a rule’s pattern does not matclpange tree it is applied to, then
the parse tree is returned unchanged. Preserving thisnyapel catching the case that a
rule’s pattern does not match can be accomplished by wrggpepattern in an if test and
using an objectless rule in the else clause. Should therpditig the parse tree will always
be returned unchanged because the else case is the identtioh. Figure 4.4 gives an

example.

4.3 Strong Typing

TXL permits a rule to be applied to any tree root. This is usbéicause grammar produc-
tions are often reused in grammar design and so rules arel wgeén applied to various

different types. On the other hand some TXL rules may be \atig when applied to a
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Figure 4.5: Strong Typing Syntax

redefi ne rule_stmt
'rule [ opt nonterm_ref] [id] [param_list]
[repeat rule_clause+]
‘end ’rule
end redefine

The new rule syntax with strong typing. Function syntax leenlmodified in the same way.

specific type, despite the fact that they succeed in thaistoeimation when applied to var-
ious different types. There is no facility in the languagedommunicating the requirement
that a rule should only be applied to a specific type.

Strongly typed rules accommodate this need by permittiegptiogrammer to specify
an exclusive type to which a rule may be applied. Strong tymmoptional and specified
immediately before a rule name. The syntax is shown in Figuse

Once arule has been designated as strongly typed, the ETépitar is able to verify
that it is applied to parse trees of the correct type. Rulesieghto the wrong type cause a
compile-time error.

Strongly typed rules permit a programmer’s intent to be wagat more accurately. The
example in Figure 3.3 highlights a case where a rule is stin&ly valid at many different
statement types, but is semantically valid only when applethe iteration statement.

Figure 4.6 shows the strongly typed version of this example.

4.4 Nested Rules

TXL programs frequently involve the deconstruction ancrestruction of parse trees. In-

herent in analysis and transformation is a need to propatgtedeeper into a parse tree
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Figure 4.6: Capturing Intent with Strong Typing

rul e [iteration_statement] forLoopMakeUnaryinc
ski ppi ng [statement]
repl ace [assignment_expression]
CastExpr [cast_expression] += 'l
by
++ CastExpr
end rul e

The strongly typed version of Figure 3.3. The strong typiagtares the requirement that the rule
be applied to iteration statements only.

Figure 4.7: Nested Rule Syntax

redef i ne rule_clause

| [rulefunc_stmt]
end redefine

The change required to support nested rules. Rule and famatiatements are now permitted in
clause lists.

during a traversal. The way to do this in TXL is by passing dest@arameters to rules. We
have noticed that in some cases data is propagated deepeegmer though several levels
of a traversal. The amount of data tends to increase as the¥sed proceeds.

The solution we have devised is to allow the nesting of ruléigure 4.7 shows the
syntax change required; a rule or function statement is rie/ta appear in a clause list.
A nested rule in ETXL is permitted to access variables bountsiancestors. Since TXL
variables must be declared before use, variables that dre txcessed by a nested rule
must be bound before the declaration of the nested rule.

Nested rules are not visible outside of their parent andescendants. This makes it

impossible for a rule invocation to skip a generation. Assulte variables bound in an
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ancestor are guaranteed to exist on the program stack. kevtdrg that a parent rule has
multiple invocations on the stack (perhaps because of aswelcall), the youngest stack
frame is used for accessing the parameter. Since boundoiegiare only ever read, a
function would never modify its parent’s stack frame, ordgad from it.

In addition to reducing the amount of parameter passingiredjLthis nested rule solu-
tion also serves as a means to better organize code. InngxiBXL, private rules that are
only ever used by one function are often written. Nestingfigd communicate the context
of a rule. Figure 4.8 shows the example of Figure 3.4 impldetewith nested rules. All
explicit propagation of data is eliminated.

Other languages that have nested functions include PaSgall-60, Algol-68, PL/1
and Ada. In the past there has been debate over the value tetifesctions [Han81].
There has been criticism especially in the domain of sysfaegramming, where it is said
that nested functions hinder separate compilation andne@n unacceptable amount of
function call overhead. TXL, being a high-level, directhterpreted language is free from
these concerns, however there is some merit to the arguimemested rules make pro-
grams less readable by further separating the declaratizariables from their use. Also,
that nested rules do not cooperate very well with other laggudeatures. For example, in
our implementation a nested rule cannot be passed as anamgtora rule parameter.

Despite these concerns we believe that nested rules aretlawine addition to TXL
because they reduce the need to repeatedly pass as pasimeteany read-only variables

that are often in use in TXL programs.
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Figure 4.8: Nested Rule Example

% Visit each cl ass.
rul e prefixLocals
repl ace $ [class_specifier]
ClassKey [class_key] Classld [id] OptBaseClause | opt base_clause]
{ MemberSpec [ opt member_specification] }

% Visit each function in the cl ass.
rul e prefixinClass
repl ace $ [function_definition]
FuncDeclSpecifier [ r epeat decl_specifier] FuncDeclarator [declarator]
FuncBody [function_def body]
% Retrieve the function’s name
deconstruct * [id] FuncDeclarator
Funcld [id]

% Use context to determine if we should prefix.
functi on meetsPrefixCriteria

end function

% Visit each declaration in the function.
rul e prefixinFunc
repl ace $ [init_declarator]
Id [id] Optlnit [ opt initializer]
wher e
Id [meetsPrefixCriteria]
by
Classld [_ Funcld] [ Id] Optinit
end rul e

by
FuncDeclSpecifier FuncDeclarator FuncBody [prefixinFun c]
end rul e

by
ClassKey Classld OptBaseClause
{ MemberSpec [prefixinClass] }
end rule

This example shows Figure 3.4 implemented with nested. rilesworker rulepr ef i xI nFunc
andneet sPrefi xCriteriaimplicitly utilize variables bound in their ancestors. Theed to
explicitly propagate class and function data has been elatsd.
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Figure 4.9: Rule Parameter Syntax

r edef i ne parameter_type

| [rule_type]
end r edefi ne

def i ne rule_type
T[ opt nonterm_ref] [rule_or_func] [rule_type param_list] ']
end defi ne

def i ne rule_type_param_list
[repeat parameter type] [ opt rule_type out param_list]
end defi ne

def i ne rule_type_out_param_list
" [ repeat parameter type]
end defi ne

A summary of rule parameter syntax. Parameter types have teglefined to allow the rule type.
Rule types require any strong typing and parameter typesatgument rules might have. Since
rules are referenced by name, no change to argument syntagused.

4.5 Rule Parameters

To enable the writing of generic search strategies that earsbd to traverse a parse tree in
a manner that is independent of specific rewrite rules, wpgee adding rule parameters.
Rule parameters enable the writing of custom generic sesdrategies. Figure 4.9 shows
the ETXL syntax of rule parameters.

Rule parameters must fully specify the signature of thesrthey accept as arguments.
This includes parameter types and any strong typing spatdit This requirement is
justified by the fact that in TXL, rule signatures are statieaning that a single rule passed
in as an argument can only be used with one set of argumerg pgssed to it. Requiring

the full signature in the type of the rule parameter ensunas the parameters and any
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strong typing a rule argument must have is effectively comicated. Without the full
signature, the programmer would need to examine the canténihe rule to which a rule
argument is passed to see what the parameters must be antypéndts applied to. This
would work for determining the required type of rule argutsebut would be inconvenient
and likely error prone.

The full specification of the rule parameter signature alspkfies the implementation.
Itimplies that the body of a rule containing a rule paramegerbe validated for correctness
and compiled independent of any specific invocations. Nqtireng the full signature
would mean that a rule with rule parameters must be validateglach set of rules passed
as arguments that are found in the program. Since an ineogatiint may itself be in arule
with rule parameters, any of which may be passed as the rglerant in the invocation,
finding all unique sets of rules passed as parameters to geg gile involves a recursive
search through all rules. Requiring the full specificatibruée parameter signatures means
we do not have to do this.

At invocation point, a rule is passed as an argument eitheefgyencing a local rule
parameter or by naming a global rule. No change to the systeaquired to support the
passing of rules as arguments. Inside a rule, a rule parametee is available for use in
the rule body as if it were a globally defined entity. Figur&®shows a generic binary
search that is able to apply any rule to a node found by key.

The implementation of this mechanism is simple and the pgnadan be used to write
any generic search strategy. One remaining issue to addrdsst of passing data argu-
ments along with a rule argument and later passing them teuteeargument when it is
invoked. The most simple solution, the one which we empbotg require the programmer

to pass the data arguments to the rule accepting the rulmpteg then later explicitly pass
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Figure 4.10: Generic Binary Search Tree Traversal

function findLeft Key [key] Rule [ rul e
repl ace [node]
NodeKey [key] NodeVal [value] Left [node] Right [node]
wher e
Key [< NodeKey]
by
NodeKey NodeVal Left [findAndApply Key Rule] Right
end function

functi on findRight Key [key] Rule [ rul e]
repl ace [node]
NodeKey [key] NodeVal [value] Left [node] Right [node]
wher e
Key [> NodeKey]
by
NodeKey NodeVal Left Right [findAndApply Key Rule]
end function

function findHere Key [key] Rule [ rul e
repl ace [node]
NodeKey [key] NodeVal [value] Left [node] Right [node]
wher e
Key [= NodeKey]
by
NodeKey NodeVal [Rule] Left Right
end function

functi on findAndApply Key [key] Rule [ rul e]
repl ace [node]
Node [any]
by
Node
[findLeft Key Rule] [findRight Key Rule] [findHere Key Rule ]
end function

A generic version of the binary search in Figure 3.5 that ifeab apply any rule to the target node.
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the data arguments to the rule argument in all calls to it.
Another approach might be to specify the rule plus its argusias a single unit in the

argument list. An invocation dindAndApply may look as in the following example.

SymbolTable [findAndApply VariableName [addReference Ex pressionld]]

The problem with this solution is that it may be confused veithability to apply rules to
rule arguments. In this proposed scheme, the above exampad as the application of
findAndApply  to SymbolTable with two argumentsyariableName andaddReference

plus its associated parametepressionld . However, given existing TXL semantics a
programmer’s intuition may suggest the above is read aspplcation ofaddReference

to VariableName then the application dindAndApply  to SymbolTable with the mod-
ified VariableName as an argument. Despite the fact that ETXL does not suppert th
application of rules to rule arguments, the syntax cergasnggests that it does. Given this
potential ambiguity as well as a desire to reserve the riglntroduce the application of

rules to rule arguments, this solution is unacceptable.

4.6 Type Parameters

A mechanism to parameterize types would permit us to write-independent rules. Such
rules are useful when writing algorithms over various dédfe types that have similar prop-
erties. Type parameters free us from writing multiple rakes differ only by the types that
they operate on.

Type parameters are specified in a similar fashion to rulamaters. They are given in
the parameter list with the keywotygpe ordefine in place of the parameter type. Figure
4.11 shows the syntax changes we have made. At invocation, goiype is passed as an

argument either by referencing a local type parameter oiténally specifying the type as



CHAPTER 4. DESIGN 59

Figure 4.11: Type Parameter Syntax

redef i ne parameter_type r edef i ne function_arg
| [type_type] |  [nonterm_ref]
end redefine end redefine

def i ne type_type
| 'define ]
| T 'type ]
end defi ne

Syntax modifications necessary to support type paramelbesparameter type has been redefined
to permit the type form. The function argument syntax nownfistiteral types.

in a define statement or a pattern. The TXL grammar has beeifietbth permit literal
references to types in the argument list. A literal type milyee be a pure type such as
[declarator] or it may contain a modifier as [repeat statement]

Inside a rule, a type parameter may be used anywhere a glabefihed type may
be used, with a restriction. A type with a modifier cannot bsspd as an argument to a
parameter that is in turn used with a modifier. Type parareetsed with a modifier must
accept only pure types as arguments. If the definition of @ pgrameter in a parameter list
implied the definition of a new type that contained the argointgpe then this restriction
would not exist, however no such implication exists. In ETXype parameters merely
associate a name with an existing type. The author conchdes tvould be beneficial to
somehow specify which type parameters accept only purestgpe which type parameters
accept modifiers in order to enforce the previously mentiomstriction. This is left for
future work.

Type parameters allow the expression of a generic sort agrshioFigure 4.12. This

sort can operate on any type for which a less-than operatobeavritten. In general, type
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Figure 4.12: Generic Sorting

rule sort T [ type] LessThan [[T] rul e [T]]
repl ace [repeat T]
N1 [T] N2 [T] Rest [ repeat T]
wher e
N2 [LessThan N1]
by
N2 N1 Rest
end rul e

construct Sorted [ repeat pair]
Pairs [sort [pair] pairLess]

A generic sorting routine that can be applied to a list of apye. The sort routine requires a less-
than operator for comparing instances of the type.

parameters aid in writing generic algorithms and data &iras. Type parameters are most
useful in combination with rule parameters.

Type parameters introduce the nestind]ofdelimiters for the purpose of containing
type names. This nesting would cause problems if implemgritie application of rules
to rule arguments or if implementing nameless constructeingch are both mentioned as
possible future changes in Section 7.3. In terms of pardigyi$ not a fatal ambiguity
because type names can be distinguished from rule namesrnis bf readability though,
a sufficient naming convention would be required in orderasilg decipher the meaning
without looking up the name in question.

Unfortunately type parameters do not permit as simple adementation as rule pa-
rameters. A rule with rule parameters may be compiled ondetlaa same code used for
all invocations due to the statically typed nature of ruleapzeters. In the run-time system,
arule parameter may be represented with a single valuafygagtthe rule. Unfortunately

the same cannot be said of type parameters. Since the s&wocta pattern must be parsed



CHAPTER 4. DESIGN 61

before the pattern is used and the result of the parse idlgigatermined by the types in
the pattern, a rule must therefore be validated for coresstrand compiled once for each
set of types passed as parameters. This requires a recsesiteh through all rules in the

program.

4.7 If Clauses

In order to permit branching in TXL without requiring the éxjt programming of mutu-
ally exclusive branches, we propose adding a native bragatonstruct to TXL. The con-
struct should behave similar to if statements in genergbg@ae programming languages,
but should not represent a significant deviation from exgsiiXL conventions. The most
obvious choice for achieving this goal is the syntax showhigure 4.13. This syntax fits
in well with existing TXL syntax and is fully compositionalt allows if tests and then
blocks to be any sequence of clauses, including an if cldaasH.i

If clauses behave as follows. If all clauses in an if test sad¢the then block is entered
and no more if tests are considered. Once a then block hasbésned, the success of the
clause list containing the if clause is determined by theisg#a in the then block. If all
clauses succeed, control is passed to the code followinif creuse.

If any clause in an if test fails, the then block is abandonedi the test block of the
next else-if clause is tried. If no test block succeeds,robig transfered to the else clause.
If there is no else clause, the clause list containing thiaige fails. The reason for this is
discussed later in this section. Figure 4.14 demonstragasge of an if clause to implement
the binary search of Figure 4.10.

In order for a rule that contains an if clause to be legal,yeentrol flow path through

the rule must be a correct rule in its own right. This meansithavery path there must be
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Figure 4.13: If Clause Syntax

def i ne if_clause def i ne elseif_clause
'if ‘else 'if
[repeat clause] [repeat clause]
[opt then_block] [opt then_block]
[repeat elseif clause] end defi ne
[opt else_clause]
'end 'if def i ne else_clause
end defi ne ‘else
[repeat clause]
def i ne then_block end defi ne
'then

[repeat clause]
end defi ne

Syntax of if clauses. This syntax allows any clause in i§téisen blocks and else blocks.

Figure 4.14: Binary Search Using If Clause

function findAndApply Key [number] Rule [ rul e
repl ace [node]
N [number] Left [node] Right [node]
if where
Key [< N]
t hen by
N Left [findAndApply Key Rule] Right
el se if where

Key [> N]
t hen by

N Left Right [findAndApply Key Rule]
el se by

N [Rule] Left Right
end if

end function

Using if clauses to implement the binary search of FigureD4.The size of the code is reduced
significantly.
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Figure 4.15: Incomplete Rule

i f replace [repeat number]
1

t hen construct _ [stringlit]
SawOneMsg [print]

elseif

end if
by
Repl

An example of why an empty else block must induce failure anust forbid match, replace and
by clauses from appearing in an if clause. If no if test is dblsucceed then transferring control to
after the if clause would imply that the rule is able to makeplaicement without first succeeding
in matching any pattern.

only one replace or match clause and replace clauses muesat@rresponding by clause
which is not followed by anything. It is worth noting thatstpossible for a path to partially
complete. For example, a replace in an if test may succeéd fmliowing where clause
or deconstruct may fail. In this case, control is transfeosithe next test or else block as if
the replace never succeeded. Another replace clause mpstdent in whichever path is
taken.

As previously mentioned, if clauses in ETXL must be compléefdis means that if
none of the if tests succeed, and there is no else clausectimdrol flow cannot proceed
past the if clause. There are two reasons for this. The fistdnao with the fact that if
any branch of an if clause contains a replace or by clausesthbranches must, otherwise
it would be possible to derive a control flow path through @ ithiat did not have a proper
pattern and replacement pair. A rule containing the codegarg 4.15 would not make
any sense if upon failure of all if tests, control were padseafter the if clause. Allowing

control flow to proceed past an if clause when an empty elseseles encountered would
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require us to disallow the use of match, replace and by ctainsi clauses. Since doing
so would dramatically reduce the utility of if clauses, weake to fail when an empty else
clause is encountered.

The second reason that empty else clauses cause failure kbaswith the fact that
variables have no default value. Either they are bound oralcexist. Quite often, the
purpose of an if clause is to select a value for a variable ith&d be used later in the
rule. Suppose that all if tests fail and the empty else bramtaken, then the variable is
not bound and according to TXL semantics, does not exists €bnstitutes a compile-
time error that must be corrected by explicitly programméamgelse case that binds some
default value. Instead of forcing the programmer to add ardyralse case that constructs
some default value merely to satisfy the compiler, we alllogm to be omitted and fail the
containing clause list when an empty else clause is encrahte

We have found that when using the if clause, it is sometimesdise that no statements
are required in the then block. To accommodate thistite keyword has been made
optional. A branch is interpreted as having an empty theokolghen the keyword is not
present.

The syntax we have chosen is not without its faults. It is seha awkward with
respect to readability, leading to a lack of a consistergimation convention. For example,
theif where clause of Figure 4.14 reads clumsily. If we move Where to the next line
and add a level of indentation as shown in Figure 4.16 the andmess off where goes
away. Unfortunately it makes the code look unnaturally spand adds a second level of
indentation to a construct that by convention requires onl.

If the test contains more than one clause as in the secondfp@igure 4.16 then we

find that adding a level of indentation is necessary in oralensure readability. Since each
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Figure 4.16: If Test Indentation

i f i f

wher e const ruct Dist [number]
Key [< N] First2 [- Firstl]
t hen wher e

Dist [< Max] [= Max]
t hen

At left: an alternative to writing f wher e. At right: when the if test contains more than one
clause, adding a level of indentation is necessary to ensagability.

clause in the test (with the exception of clauses that cafailptontributes to the result, it

would be misleading to misalign the clauses.

4.8 Out Parameters

In TXL there is no way to abstract away the deconstruct of agotree. It is not possible to
put an interface in between code that requires a tree to beebrdown into parts and the
code that performs the breakdown. Also, there is no way adrmpeterizing a rule by the
patterns it uses. We wish to bring these abilities to TXL dydducing out parameters.

An out parameter binds a value from a called rule to a variabhae in a calling rule.
Inside the called rule, an out parameter must be bound aer ¢fitl target of a construct or
an element in a pattern or be returned by another rule invotat an out parameter. The
behaviour of out parameters was designed to follow the bebawf pattern matching. If
a pattern fails to find a match then the variables of the patiee not bound and control
cannot proceed past the pattern. In our design of out paessyete require that if a rule

fails to bind an out parameter then the caller is unable toged.
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Note that the successful transfer of an out parameter todler ¢s independent of the
success or failure of the rule in which it was bound. A ruld thacceeds in binding an out
parameter but fails in making a replacement will not fail tiadler clause list. Maintaining
these two mechanisms as independent processes helps tih&agsign simple.

TXL rules can have iteration implicitly built-in. Any claasthat follows the replace
clause of a searching rule may be executed more than oncegdusingle invocation. This
means that an out parameter may be bound in the called ruke timan once. In this case
the last value to be bound in the called rule is the value thegturned to the caller.

Syntactically, a colon is used to separate in parametens dut parameters in both pa-
rameter and argument lists. Figure 4.17 summarizes théeggyntax changes to support
out parameters.

In TXL, the introduction of a new variable into the currenbpe is always accompa-
nied by a type. This design choice is motivated by the fadt Txd. programs typically
manipulate many variables. Keeping track of the meaning mfogram with many vari-
ables is made easier by more explicit typing of those vaembil'he introduction of new
variables in out argument lists maintains this design mpiec An out argument whose
type has not been previously defined in the current scope bywaafd clause (described
in Section 4.9) must have its type explicitly given in the atgument list. Even though it
is possible to infer the type of a newly bound variable from signature of the rule being
called, we require the type to be explicitly given in ordehtp promote better program
comprehension.

Out parameters are a convenient way of abstracting awayettengtruct of a parse tree
without deviating far from existing TXL syntax and semasti@he use of out parameters

to abstract away a deconstruct is demonstrated in Figuge 4.1
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Figure 4.17: Out Parameter Syntax

redef i ne param_list
[repeat parameter] [ opt out param_list]
end redefine

def i ne out_param_list
" [ repeat parameter]
end defi ne

r edef i ne function_app
T [function_name] [ r epeat function_arg] | opt out_arg_list] ]
end redefine

defi ne out_arg_list
" [ repeat out_arg]
end defi ne

defi ne out_arg
[i[d] [ opt nonterm_ref]
end defi ne

Parameter and argument lists now have an optional out patanmmmponent that both begin with
a colon. Out parameters are specified in a manner identicah tgarameters. Out arguments are
given by an identifier and an optional type.

In another example, consider the problem of returning aevédom a find routine. In
TXL, writing a retrieval function without the use of a globedriable requires the value
sought to be returned via the object on which the functionates. The tree to be searched
is passed in as a parameter. The function matches an empty aadl replaces it with the
result of the find. After the find call, the value must be exeddrom the optional result
type.

Using out parameters, the find routine instead operateseotigh being searched and
returns its result via an out parameter. This eliminatesneed for a deconstruct of the

result immediately following the find call. The find can iretiebe invoked with a single
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Figure 4.18: Abstracted Deconstruction

funct i on deconstructElself : Condition [condition] Statement [sta tement]
Rest [ repeat else_if_part]
mat ch [repeat else if part]
‘else 'if ( Condition [condition] )
Statement [statement]
Rest [ repeat else_if_part]
end function

wher e
ElselfParts [deconstructElself : Condition [condition]
Statement [statement] Rest [ repeat else_if part]]

Use of out parameters to abstract away the deconstruct oflssitclause. The caller is able to
retrieve the critical parts of the clause without being cemzd about the specific syntax.

Figure 4.19: Binary Search Using Out Parameters

function find Key [number] : Value [number]
mat ch [node]
NodeKey [number] NodeValue [number] Left [node] Right [nod €]
i f where
Key [< NodeKey]
t hen where
Left [find Key : Value [valuge]]
el se if where
Key [> NodeKey]
t hen where
Right [find Key : Value [value]]
el se construct Value [value]
NodeValue
end if
end function

wher e
Tree [find Key : Value]

A binary search that returns its result via an out parametdris permits the find to be invoked using
a where clause and avoids the need to extract the resultihge\feom an optional type.
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where clause that reads naturally. A solution to the prolbdérinary search using out
parameters is shown in shown in Figure 4.19.

In general, the ability to move the return value from the obg the rule application
to an out parameter is useful because it allows the devetoptake advantage of TXL's
built-in searching capabilities and to return any numbeestilts from the same rule while
avoiding the use of global variables.

Out parameters also find a use in propagating informatiarutyir the walk of a parse
tree. It is very often the case that during a walk, inforntatioust be propagated back
up a parse tree. In traditional compiler design these vauesalled synthetic attributes.
A downside to using out parameters to this end is that the statature used to pass the
information around will be given twice in parameter listace in the in parameter list for
propagating the structure down the tree and a second timleeasut parameter list for
propagating the data back up.

A nice result of out parameters is that when used in comhinatiith rule parame-
ters, we gain the ability to parameterize patterns for thpgse of information hiding or
otherwise generic programming. For example, a developgrmead to duplicate a rule
many times, varying only the pattern used to deconstructrdeeon which it operates. If
the pattern could be parameterized then a single geneacaulld be written, passing the
method of deconstruction in as a parameter. In Figure 4.8 egparameter binds the LHS
and RHS of a value assignment using out parameters and yhecebas a parameterized
pattern. The generic replacement routine can easily bewisedarious other patterns that
locate value assignments in other forms provided that thtenqpebinds the necessary LHS

and RHS values.
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Figure 4.20: Parameterized Patterns

funct i on deconstructAssignment : Id [id] Expr [expression]
mat ch [statement]
Id [id] = AssignExpr [assignment_expression] ;
construct Expr [expression]
AssignExpr
end function

rul e genericReplace AssignmentPattern [ rul e : [id] [expression]]
repl ace $ [statement]
Stmt [statement]
wher e
Stmt [AssignmentPattern : Id [id] Expr [expression]]
by
Id [ 'set] ( Expr ) ;
end rul e
by
Program [genericReplace deconstructAssignment]
An example of the parameterization of patterns using ouap@&ters in combination with rule

parameters. The generic replace routine expects to be gaspattern parameter that finds forms
of assignment and returns their LHS and RHS.

4.9 Scoping and Forward Variable Declarations

TXL rules consist of a single local variable scope. In ourigiesve have added a block
structure in the form of nested rules and if statements. laveeto not stray too far from
common programming language design practices, then wighotbhck structure comes a
requirement for nested scopes that implement name hidimLEherefore treats nested
rules and blocks of clauses within an if clause as a new Mariabme scope, allowing
variables in parent scopes to be accessed, or hidden bylavéoible name.

Since all local variables in TXL are read-only, it is not pib$s for a branch in an if

clause to modify a variable that exists in a parent scopes asmmonly done in block
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Figure 4.21: Forward Variable Declaration Syntax

def i ne forward_clause
forward [id] [nonterm_ref]
end define

The new clause type for making forward variable declaraion

Figure 4.22: Forward Variable Declaration Example

f orward ExprStmt [expression_statement]
if
deconstruct UseExprl
frue
t hen
construct ExprStmt
Exprl
el se
construct ExprStmt
Expr2
end if

mat ch [statement]
ExprStmt

An example of a forward clause used to predeclare a variaidé is assigned a value from within
an if clause. Without the forward declaration the variableul not be visible outside the if clause.

structured languages. This inhibits a very common use offthenstruct; which is to
conditionally construct a variable. Therefore we requineahility to pre-declare variable
names that may possibly be constructed in a child block. Tisfgahis requirement we
have added the forward clause.

Forward variable declarations associate a variable wiip@ but do not give it a value.
The syntax is shown in Figure 4.21. The variable must be beooradvalue in following

code before it may be referenced. Except in the case of patténe binding need not
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Figure 4.23: Ambiguous Pattern Binding

f orwar d ExprStmt [expression_statement]

deconstruct StmtList
ExprStmt ExprStmt RestStmt | r epeat statement]

An example of why we cannot omit a type from a binding in a patt&he meaning of the de-
construct pattern cannot be deciphered without deterngiifithe expression statement was bound
following the forward declaration.

include a type since the variable has already been assigypé .aForward variable decla-
rations enable a clean and consistent syntax for pre-diegtltre type of variables bound by
out parameters as well as for constructing a value baseceareshlt of a condition in an if

clause. An example of a forward variable declaration in alt@nal variable construction

is shown in Figure 4.22.

Due to the similarity between the semantics out parametetdaward variable dec-
larations, out parameters also function as forward vagidbClarations.

Forward variable declarations allow types to be omittedhfemnstruct clauses and out
parameter lists. It seems natural to generalize this tcaalaisle binding points in order to
gain a simpler and cleaner design. In the name of consistgngylesirable to support the
omitting of the type from a parameter binding as well, bus thinot practical. The problem
is that the meaning of a pattern can become dependent onigitereoe of a binding in prior
code.

Figure 4.23 illustrates this problem. Deciphering the nieguof the deconstruct of
StmtList  requires not only locating the declarationdprStmt , but also searching for-
ward from the declaration to verify that the variable is iedébound. If bound, then

the StmtList deconstruct means to match an existing expression statawme. |f
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not bound, then the deconstruct means to match any two w@émkpression statements.
Therefore it is not possible to easily understand the megamiira deconstruct without first
studying the entire rule. Due to the potential for error ir@me in this requirement we have

chosen to leave out the ability to omit a type from a pattern.

4.10 Modularity

As TXL has gained acceptance, there has been a growth in énage/size of TXL appli-
cations. In order to accommodate this growth, languagefeathat permit developers to
organize code into coherent modules are necessary. Ther#ohave added a modularity
system to TXL.

We chose to implement the module system at the language tatteér than at the file
level because TXL already has a useful include system. €igLlt4 summarizes the new
statements introduced by modularity. Rules, global véembnd grammar defines may be
modularized by wrapping them in a module statement. All 0Tl language constructs
are considered entities in the global name scope becausarthelosely tied to the parsing
phase, which is global in nature. By default, an entity withimodule is private and as
such is not accessible outside of the module. An entity masnade public by listing it
in a public statement. A public entity may then be referencetside of its module by
qualifying it with its module name and a dot. Figure 4.25 shalae HTML markup code
of Figure 3.9 in a module form.

The need to qualify a public entity can be alleviated by inipgrits module with
the using statement. The using statement is permissibleeinidp level scope as well
as in a module. Once a module has been imported, all its pabtities are accessible

without qualification as if they were defined in the name sc@mnsequently, no collisions
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Figure 4.24: Module Syntax

redef i ne statement def i ne using_stmt
'using [id]
|  [module_stmt] end defi ne
| [using_stmt]
end redefine def i ne public_stmt
'public
def i ne module_stmt [repeat id]
'module [id] 'end 'public
[repeat statement_inmod] end defi ne
'end 'module

end defi ne

def i ne statement_inmod
[define_stmt]
| [rulefunc_stmt]
| [public_stmt]
| [using_stmt]
end defi ne

A summary of modularity syntax. A module is a construct alethguage level that is used to wrap
a collection of statements. Also shown is the using statemdrich imports all the names of a
module, and the public statement, which is used to make mazied entities public.

between the public names of the imported module and themxisames in the scope can
exist in order for the import to succeed. Previously impdm@mes are included in this
collision check. That s, it is not possible to import the gamame into a module more than
once.

Entities are modularized strictly at the name level. Foingpie, in our scheme a public
grammar define that is composed of private grammar definesbadylly deconstructed
using only token types, which must always be public. Thismsehat it is possible to take
apart a private grammar define without naming it. In a serisectiuld be considered to be

circumventing the module system we have devised.
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Figure 4.25: HTML Markup Module

nodul e HTML
public def i ne begin tag
boldize < [id [ repeat option] >
end public end define
def i ne item defi ne end_tag
[begin_tag] [any] [ opt end_tag] < [ [id] >
end defi ne end defi ne

functi on boldize
repl ace [any]
A [any]
construct BoldTag [begin_tag]
<B>
by
A [tagwith BoldTag]
end function

functi on tagwith Tag [begin_tag]
deconstruct Tag
< Tagld [id] TagOptions [ r epeat option] >
repl ace [any]
Anything [any]
const ruct TaggedThing [item]
<Tagld TagOptions> Anything </Tagld>
deconst ruct TaggedThing
TaggedAnything [any]
by
TaggedAnything
end function
end nodul e

replace * [id]
ld [id]
by
ld [HTML.boldize]

The HTML markup code of Figure 3.9 in a module form. Using nardy features, private names
are truly hidden and there is no need to qualify names withenH TML module.
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Enforcing a strict boundary between public and privateterstat the grammar structure
level would involve the addition of an accessibility desijan that represents the bound-
ary. A grammar define with such a designation, perhaps teawesible-only define, could
be referenced in a name binding but not deconstructed. Timisdé define would closely
resemble opaque types of common programming languagedodette gap in our mod-
ule system, public defines would be required to be composiethysbf either other public
defines or visible-only defines. Verifying that visible-pmlefines are never deconstructed
in a pattern would entail the analysis of the parse tree ofyepattern to ensure that the
current set of visible-only defines exist in the parse trdg as leaf nodes.

Though visible-only defines are attractive from a designdpaint because they enable
the precise definition of the boundary between a module’dipand private grammar
definitions, the little practical gain they bring does notraat the effort required of their
implementation, which at our prototype level is substdntlawe consider that private
module defines are not likely to be composed of public defioesying from inside the
module or elsewhere, then essentially the purpose of thisddi check is merely to protect
against a rather useless fringe case: which is the abilitgke apart a type that cannot be
named, and doing so with only token types. Therefore we hiawsan to omit visible-only

defines.

4.11 Summary

This chapter presents the design of the new language feahaeare introduced in this
thesis. The first of the changes, must-match rules, permiptéfixing of a replace clause
with themust keyword, which indicates to TXL that a rule should always makmatch.

Must-match rules that fail to match generate a run-timererro
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To accommodate the writing of rules that are merely a sequehaoperations, we now
permit rules with no replace or match clause. This new kindute, an objectless rule, is
semantically equivalent to an anonymous polymorphic magrtule.

Strong typing enables the programmer to specify the typeanébles to which a rule
may be applied. This enables programmers to more accuratelynunicate their inten-
tions. An application of a strongly typed rule to a variabfele wrong type results in a
compile-time error.

In our design we permit rules to be given in the clause lisnoftaer rule. A rule nested
in another may reference variables defined in any of its doresThis can alleviate the
need to explicitly propagate data down a traversal.

To make generic programming possible we have added a nemptaaof typeule
for passing rules as arguments. Rule parameters must fdlify the type of arguments
they accept. To accompany rule parameters in the intraslucti generic programming
facilities to TXL, we have also added a new parameter of type that permits grammar
definitions to be passed as arguments.

A native branching construct that supports full if-elseli$e functionality has been
added. Any clause may be nested in an if clause provided ey @ath through the
rule is a valid rule in its own right. If no test succeeds aner¢his no else block, control
flow cannot proceed past the if clause.

Out parameters have been introduced, which enable thddraris value from a called
rule back to the caller. If the called rule fails to bind an patameter then the caller cannot
proceed past the point of invocation. If an out parametepisbd more than once due to
implicit iteration then the last value is returned to theleral Combining out parameters

with rule parameters enables us to create pattern paraneé&tican be used to deconstruct
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a tree in manner that is independent of the specific pattext. us

To support nested block structures introduced by if statesnand nested rules, we
have added variable scoping and forward declarations. Bestied block introduces a new
variable scope in which existing ancestor variables maydoessed, or hidden by new
variables. Since variables are read-only, constructingreable that is to exist in a parent
scope requires us to introduce forward variable declaratio

We have introduced a modularity statement that can be usedamize code into mod-
ules with independent name spaces. A rule, define and glabable may be encapsulated
in a module. By default, module entities are private. They bmmade public by including
them in a public statement. Outside of a module, public mae@ulities can be accessed
by qualifying the entity with the module name. The need tolds tan be alleviated with
a using statement.

In presenting the design of these new features we have dsdumir approach, pre-
sented the syntax, informally defined the semantics anahgixamples that show how our
new features address the problems outlined in the previoayster. In the next chapter we

discuss the implementation of our prototype.
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Implementation

TXL was originally designed to aid in the development of theiilg programming lan-

guage [Cordy04]. The Turing language developers wantedlddospecifying and proto-

typing new language features in a by-example manner in stippthe user-driven devel-
opment of Turing. Turing developers needed a tool that wallttv a maximum amount
of experimentation with new features without the developttiene required by common
compiler development tools, which in contrast are largelsigned for developing produc-
tion compilers for fixed languages. Born from this need aralved over many years into
a general-purpose source analysis and transformation @ has found uses in many
language development problems.

In a testament to the usefulness of TXL as a language designveohave chosen to
rapidly prototype ETXL using a TXL transformation. It is, lokesign, a natural choice
for this problem. Since we are extending the TXL languagealse use it as the target
of the transformation. We transform ETXL to pure TXL in a manthat preserves all
existing language features as well as implements the newésawe have designed. Figure
5.1 illustrates this approach. Our prototype aims to be dete@nd usable by the TXL

79
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Figure 5.1: Implementation Architecture
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The ETXL program is first transformed lexically to simpltig processing of certain TXL constructs
such as comments and compounds that are difficult to dealinitXL. The ETXL transformations

are then applied to produce a TXL program that implementsnthe features. The reverse of the
lexical transformation is then performed. Finally, thernsfiormed program and the original input

is passed to the TXL engine for processing.

community. Once our new language features have shown todmtigal and worthwhile
in a production environment they can be implemented diewctthe TXL engine. Itis our
hope that user feedback can be collected and heeded astilme$garoposed in this thesis
are considered for transfer into the TXL engine.

Much of the implementation of this prototype relies on theiaacies of the TXL im-
plementation. For example, we rely upon the fact that in a,rahy clauses preceding
the replace clause are executed only once, no matter how tima@y the rule matches the
parse tree to which it is applied. This is not specificallytpdrthe TXL language, but
rather a property of the implementation. In another exampleauses rely on the fact
that matching rules in where clauses never short circuitly ©ne of the matching rules
needs to succeed, but all are always applied. Since the THinerns itself evolving, it is

not possible for us to guarantee the correctness of our tgpEamplementation into the
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future. The assumptions we make and rely on may at some poioniger hold.

5.1 Must-Match Rules

Must-match rules use a flag variable to indicate to theirecallhether or not the rule has
succeeded. The flag is initialized to false before the exacwf any clauses that may fail.
The rule executes as normal and just before it returns, anagiovhich success of the rule
is guaranteed, a value of true is written to the flag. This {pmiay not necessarily be the
last statement due to the requirement that the by clauseebl@ghstatement. The caller,
upon return, is then responsible for examining the flag asuing an error message if the
must-match rule did not match anything.

Implementing must-match rules is complicated by the faat We wish them to work
in conjunction with recursion. A global variable unique &k rule will not work for us
because a recursive call would tamper with the value betaran be read by the caller.
Also, tree expressions permit a rule to be invoked multiphees against a single variable.
Using a global variable, we would be forced to split up sugbregsions in order to read the
result of an invocation before a subsequent invocation@fstme rule interfered with the
result. To address both of these issues, we require eacbaitivn to have a flag variable
unique to it. To accomplish this, flags are managed usingck.stdpon entry, the flag
initialization is in fact a push to the must-match stack. defreturn, success is always

written to the top of the stack. Figure 5.2 shows the impleiat@m of Figure 4.2.
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Figure 5.2: Must-Match Rule Implementation

functi on returnByReferenceParameter
construct _ [any]
_ [_mm_stack _push 0]
repl ace [statement]
return AssignmentExpression [assignment_expression] ;
construct _ [any]
_ [_mm_stack _set top 1]
by
{

__ret = AssignmentExpression ;
return ;

}

end function

The implementation of the must-match rule example in Figuze Upon entry a value of false is
pushed to the must-match stack. At the end of the rule a vdltreeis written to the top of the
stack. The caller is responsible for popping the flag fromsiaek and generating a run-time error
if false.

5.2 Objectless Rules

Implementing objectless rules entails the addition of achmainy clause to the rule. The
match any clause may go anywhere in the rule because it alwajches irrespective of
the value or type its containing rule is applied to and thremee€annot cause the rule to fail.
Furthermore, matching rules and functions both quit afteffirst match is made. Thisisin
contrast to rules with replacements, which execute the falbsving the replace clause for
each match to the replace clause. Consequently, it doesattgmif the rule’s statements
go after or before the match clause. We chose to insert thehnaaty clause at the end of
the rule.

mat ch [any]
_ lany]
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As described in Section 4.2, we have added the ability toyapipjectless rules to the
anonymous variable *in where clauses. To implement this feature we first enfdhee
every rule applied to the anonymous variable in a where elaisideed an objectless rule.
A failure in this regard generates a compile-time error.;lie accommodate for the fact
that in TXL the anonymous variable is not permitted as thgetof a where clause, we

create a variable of tygany] and use it as the object of the where clause.

5.3 Strong Typing

The strong typing implementation is strictly a compile-¢ifeature. Once strong typing
has been checked the type specifiers are removed and thapragleft as is. Enforcing
strong typing involves verifying the legality of the apg@t@n of each strongly typed rule.
This verification is done during the scoping pass when adatietiy of local variables and
their types is available. Before the scoping pass begin$ol@abdictionary of strongly
typed rules is built. If the name of a rule in an applicatiomasntained in the dictionary,
or the name is a strongly typed rule parameter, its type idi@@ragainst the type of the
variable to which it is applied. Any type mismatch resultaicompile-time error.

A strong typing check is also incorporated into the verifmabf rule argument types
in the implementation of rule and type parameters. Any mtsm& the strong typing

between argument and parameter results in a compile-tirae er

5.4 Nested Rules

In block structured languages such as Pascal, access t@ast@rs stack is provided by

the display variable, which is an array of frame pointerac8iat this prototype level we do
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not have access to frame pointers, we cannot implementcheses in the traditional way.
Instead, we take advantage of the fact that the values stor€dL variables are never
modified. Once a variable is bound to a value, it is a read-enlyty until the variable
goes out of scope and its value is garbage collected. Thigepnoallows us to implement
the parent stack access by implicitly passing needed véloesparent to child as regular
parameters. There is no need to propagate changed valoetheahild back to the parent
since variables are never modified.

For every child rule encountered in a parent clause list va¢ dietermine which vari-
ables defined in the parent are referenced in the child or ity descendants. For each
variable found, we add a parameter of the same type to thé&'spérameter list. Then for
every call to the child rule from the parent or any of its destsnts we add the variable
to the argument list. Note that these are the only locatiom® fwhich a child rule may
be called. The child rule is then moved to the top level scopkits clause list is scanned
in search of nested rules. This recursive approach permitable references across mul-
tiple levels in the nesting hierarchy to work. Figure 5.3whdhe implementation of the
prefixLocals routine in Figure 4.8, which is an example of the need to pyapavari-

ables down a traversal.

5.5 Rule and Type Parameters

Both rule and type parameters are implemented with a simgbstgution mechanism.
The program is searched for applications of rules whereautgpe arguments are passed.
ETXL first performs some simple validity checks on each ajgtion. Rule arguments have

their type checked against the specification of the rulerpatar. This involves checking
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Figure 5.3: Nested Rule Implementation

function prefixLocals_prefixinClass_meetsPrefixCriteria Class Key [class_key]
Classld [id] OptBaseClause [ opt base_clause]
FuncDeclSpecifier [ r epeat decl_specifier] FuncDeclarator [declarator]
mat ch * [any]

end function

rul e prefixLocals_prefixinClass_prefixinFunc ClassKey [cla ss_key] Classld [id]
OptBaseClause [ opt base clause] FuncDeclSpecifier [ r epeat decl_specifier]
FuncDeclarator [declarator] Funcld [id]

repl ace $ [init_declarator]
Id [id] Optlnit [ opt initializer]

wher e
Id [prefixLocals_prefixInClass_meetsPrefixCriteria Cl assKey Classld
OptBaseClause FuncDeclSpecifier FuncDeclarator]
by
Classld [_ Funcld] [_ Id] Optlnit
end rul e
rul e prefixLocals_prefixinClass ClassKey [class_key] Classl d [id]

OptBaseClause [ opt base clause]
repl ace $ [function_definition]
FuncDeclSpecifier [ r epeat decl_specifier] FuncDeclarator [declarator]
FuncBody [function_def _body]
deconstruct * [id] FuncDeclarator
Funcld [id]
by
FuncDeclSpecifier FuncDeclarator
FuncBody [prefixLocals_prefixInClass_prefixinFunc Cla ssKey Classld
OptBaseClause FuncDeclSpecifier FuncDeclarator Funcld]
end rule

rul e prefixLocals
repl ace $ [class_specifier]
ClassKey [class_key] Classld [id] OptBaseClause | opt base_clause]
{ MemberSpec [ opt member_specification] }
by
ClassKey Classld OptBaseClause
{ MemberSpec [prefixLocals_prefixInClass ClassKey Class Id OptBaseClause] }
end rul e

The implementation of Figure 4.8. Nested rules are moveddaddp level scope, have their name
prefixed with the name of their parent, and their parametstsliare filled in with the implicitly
passed variables.
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Figure 5.4: Generic Sorting Implementation

rul e sort_ pair__pairLess
repl ace [repeat pair
N1 [pair] N2 [pair] Rest [ repeat pair]
wher e
N2 [pairLess N1]
by
N2 N1 Rest
end rul e

construct Sorted [ repeat pair]
Pairs [sort_pair__pairLess]

The implementation of the generic sorting routine and calhpin Figure 4.12.

any strong typing and parameter types of the rule argumestsehose of the rule param-
eter. In general, a type parameter will accept any argunmentever if a type argument
with a modifier, for exampl@epeat id] , is passed to a type parameter that is referenced
in conjunction with a modifier then a compile-time error is\geated.

The substitution works as follows: rules with rule or typegaeters are removed from
the program and constitute a collection of templates. Foin ésstinct set of rule and type
arguments encountered in all invocations of a rule templatetemplate is instantiated by
substituting the argument values in place of their corradpay parameter references. In
the case of rule parameters, the argument value is simplyaime of a rule. In the case of
type parameters the argument value is the name of a type plosséble modifier.

The name of an instantiated rule is chosen by appending theremt values to the
root name. New instantiations are prepended to the list lesSruFigure 5.4 shows the

instantiation and corresponding call point of the geneoitiisg rule of Figure 4.12.
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5.6 If Clauses

If clauses are implemented by splitting each if test into furection calls, one to go down
the if true branch and possible then block, and another tmgmdhe else-if or else branch.
Control does not return to the caller at the point of the spigtead each branch is respon-
sible for executing its case and the rest of the clausesdlatfthe if clause.

As in the implementation of must-match rules, the impleragon of if clauses uses a
stack of flags for indicating when a control flow path has be&en. The rule implementing
the if branch first pushes a value of false to the stack thaesti test status flags, then
proceeds to evaluate the test. Upon success of the tesitas\arvalue of true to the top of
the stack and proceeds down the then branch. Since the rplermenting the else branch
will be executed regardless of the outcome of the if brartdirst pops the top of the stack
and requires it to be false. This mechanism ensures thatfdtssis and else clauses are
executed only when the previous if test fails.

Since each if test transfers control flow to the two rules enpénting its cases, all
local variables must be propagated to both branches. Lacelbles are propagated in the
form of implicitly passed arguments. Figure 5.5 shows thd.T¥de implementing the
if-elseif-else construct of the binary search shown in Fegti14.

The implementation we have described so far is not yet camplierequires the tie-up
of a loose end. In the case of rules that repeatedly seardneid® to which they are ap-
plied, we require a mechanism to manually fail a search whaattarn and corresponding
replacement is split across multiple rules by an if clause.

For example, consider a rule in which a pattern is given inttipelevel scope of the
rule and the correct replacement is selected by an if clai$e top level scope needs

to stop searching for patterns when no if branch succeedsakinma replacement. In
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Figure 5.5: If Clause Implementation

function findAndApply Key [number] by
Rule [ rul €] _This
repl ace [node] [ branch3 Key Rule N Left Right]
_This [node] [ branch4 Key Rule N Left Right]
deconstruct _This end function
N [number] Left [node] Right [node]
by function _branch3 Key [number]
_This Rule [ rul e] N [number]
[ branchl Key Rule N Left Right] Left [node] Right [node]
[ branch2 Key Rule N Left Right] construct _ [any]
end function _ [Lif_stack push_false]
repl ace [node]
function _branchl Key [number] _This [node]
Rule [ rul e] N [number] wher e
Left [node] Right [node] Key [> N]
construct _ [any] construct _ [any]
_ [Lif_stack_push_false] _ [Lif_stack_set true Q]
repl ace [node] by
_This [node] N Left Right [findAndApply Key Rule]
wher e end function
Key [< N]
construct _ [any] function _branch4 Key [number]
_ [Lif_stack_set true 0] Rule [ rul e] N [number]
by Left [node] Right [node]
N Left [findAndApply Key Rule] Right construct _if stack top 2 [number]
end function _ [Lif_stack pop]
deconstruct _if stack top 2
function _branch2 Key [number] 0
Rule [ rul e] N [number] repl ace [node]
Left [node] Right [node] _This [node]
construct _if stack top_ 1 [number] by
_ [Lif_stack_pop] N [Rule] Left Right
deconstruct _if stack top 1 end function
0
repl ace [node]
_This [node]

Implementation of Figure 4.14. The invocation of branch ané two inf i ndAndAppl y signifies
the start of the if construct. Branch one implements thesifaad the first case. Branch two ensures
that the if test failed, then proceeds with the remainingesaBBranch three implements the else-if
test. Branch four ensures that the else-if test failed theteates the else part.
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our implementation of if clauses, the top level scope ingake if branches via two func-
tion applications. Since the TXL function application maolsm cannot indicate when an
applied function fails to make a replacement, an explictlban indicator is necessary.

The need for explicit failure also arises when a completdaifi®e separates a replace
and its by clause. This is due to the fact that all clausesvatg an if clause are pushed
into the rules implementing the branch cases.

Our prototype detects when manual failure may be requirddadds an explicit check
for this special case. Again, a stack of boolean flags is gyjat® for solving our con-
trol flow problem. Immediately before the first branch poiaparating the pattern and
replacement, a flag is pushed to the replace stack. All beenchcontrol flow that can be
derived from the branch point write a success indicatorédadip of the stack upon success
in rewriting. This will happen immediately before the byusa. The rule that invokes the
branch point and thus contains the search mechanism thahes/to be failed ensures
that success was written to the flag before it continues bay¢or the pattern.

Figure 5.6 shows an example of a pattern and replacemengetasplit across mul-
tiple rules by an if clause and consequently the search neustdnually failed when the
replacement fails. In this example, the result of a decaosis used to determine what the
replacement should be. The corresponding implementadiea,in Figure 5.6, shows the

use of a stack of flags to explicitly fail the replacement.

5.7 Out Parameters

In the high-level TXL programming environment, it is not pdse for a rule to access the
local variables of a rule it has invoked, therefore somesfi@mpoint must be employed

for passing values from a called rule back to its caller. k@ tve again employ a stack
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Figure 5.6: Manual Failing of a Pattern

rul e iVarNeverZero
repl ace [statement]
if ( Cond [condition] )
Stmt [statement]
i f
deconstruct Cond
P1=0
by
Stmt
elseif

end rul e

rul e ivarNeverZero
repl ace [statement]
_This [statement]
deconstruct _This
if ( Cond [condition] )
Stmt [statement]
construct _ [any]
_ [_repl_stack push 0]
construct _result_1 [statement]
_This
[ branchl Cond Stmt]
[ branch2 Cond Stmt]
construct _repl_top_1 [number]
_ [_repl_stack_pop]
deconstruct _repl top 1
1
by
_result_1
end rul e

function _branchl Cond [condition]

Stmt [statement]
construct _ [any]

_ [Lif_stack _push_false]
repl ace [statement]

_This [statement]
deconstruct Cond

Pl= 0
construct _ [any]

_ [Lif_stack_set_true Q]
construct _ [any]

_ [_repl_stack set top 1]
by

Stmt

end function

An ETXL example and corresponding implementation showiegntanual failing of a pattern

search. The purpose of this example rule is to remove testsitd known to be true. The principal
pattern is contained in the top level scope and the replactésnare contained in the sub rules im-
plementing the if cases. Success of the replacement muspligtly communicated to the rule in
which the pattern is searched. Only the first case is shown.
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mechanism.

As noted in Section 4.8, we wish that the transfer of out patans be independent of
the success or failure of a rule. Since any statement in anmnale cause termination, it
is simply not practical to write values to the out parametacls at the return point of a
rule. Every clause in a rule is potentially a return poinstéad, we initialize out parameter
values to a default value and then write them to their pasitio the stack immediately
after they are bound. Each out parameter is representecatatk by a boolean flag that
indicates whether or not the value has been bound, and dlegbtype[any] that stores
the out parameter value.

At entry point, a rule that binds out parameters for its calld immediately push a flag
value of false and an empty value to the stack. One defaulevalll be pushed for every
out parameter the rule is expected to return. If the rule hiail before an out parameter
is bound then the parameter’s flag value will read false aad#tler will be aware the out
parameter was never bound. As the rule proceeds througbedaund variables that name
out parameters are bound in the local scope, they are imtegdvaritten to their position
in the current stack frame along with a flag value of true.

On the invocation side, the calling rule is responsible fgqpging values from the stack
and creating local bindings. All out parameter flags andeskare popped from the stack
immediately after the invocation. After this, the valuesyrba examined. These two tasks
must be separated because examination of the value may tteusalling rule to fail. If
this were to happen before all expected out parameters vopged from the stack then the
out parameter stack and TXL’s built-in stack would becomeadisync. From that point
on in the program’s execution, out parameters would not workectly.

Once all values have been popped, then it is verified that eacie was bound using
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Figure 5.7: Out Parameter Implementation

function deconstructElself outp
construct _ [any]
_ [_op_stack_push] [ op_stack push] [ op_stack push]
mat ch [repeat else_if part]
‘else 'if ( Condition [condition] )
Statement [statement]
Rest [ repeat else_if part]
construct _ [any]
_ [_op_stack _set top 2 Rest]
construct _ [any]
_ [Lop_stack_set top 1 Statement]
construct _ [any]
_ [_op_stack_set top 0 Condition]
end function

construct _ [repeat else if part]
ElselfParts [deconstructElself_outp]
const ruct Condition_stack_obj [ opt _op_stack _obj]

_ [op_stack_pop]
const ruct Statement_stack obj [ opt _op_stack ohj]

_ [Lop_stack_pop]
construct Rest stack obj [ opt _op_stack obj]

_ [Lop_stack_pop]

deconstruct Condition_stack obj
1 Condition_any_type [any]

deconstruct * [condition] Condition_any type
Condition [condition]

deconstruct Statement stack obj
1 Statement_any type [any]

deconstruct * [statement] Statement any type
Statement [statement]

deconstruct Rest stack obj
1 Rest_any type [any]

deconstruct * [ repeat else_if part] Rest any type
Rest [ repeat else_if part]

The implementation of Figure 4.18. The radleconst r uct El sel f is responsible for first push-
ing empty values to the out parameter stack. Upon variabielibg, out parameters are written
into their position in the stack along with a flag indicatinigat they have been bound. After the
rule invocation, which is shown here as a construct clausesifaplicity, the caller pops the stack
objects containing the values and flags. Then for each paemtiee caller ensures it was written
and extracts the value into a local variable of the approfeitype.
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the parameter’s status flag. The out parameter value, whashbhen retrieved from the
stack into a variable of typfany] , is then extracted and bound to a variable of the correct
type. Figure 5.7 shows the TXL implementation of the ETXL eddl Figure 4.18.

Notice that the implementation in Figure 5.7 shows the iation as an anonymous
construct when in fact in the original example the rule isoked using a where clause.
Our example implementation has been modified for simplin#yause the implementation
of an invocation via a where clause is indeed more complexddéinition, a where clause
fails the clause list in which it is contained if the conditid implies is not met. This
property would prevent the caller from popping default drestvise bound values from the
out parameter stack when the where clause failed, puttegti parameter stack out of
sync with TXL's built-in rule invocation stack.

To solve this problem, we put where clauses that involvertmesfer of out parameters
into an if clause. The original where clause is put into titest. The code for popping and
binding the out parameters is inserted in the then bloclgued by all the original clauses
that were after the where clause. Finally, code that popsaghout parameters is written
into the else case. This ensures that following a where e|abe out parameter stack is

always in sync with TXL’s built-in rule invocation stack.

5.8 Scoping and Forward Variable Declarations

Scoping is implemented by a dedicated scoping pass, durmchvdictionaries of names
defined in each scope are maintained. As the scoping pass ok clauses, it looks up
every name encountered, associates the name with its adgpe and mangles the name
with a number representing the scoping depth. The implestientof forward variables is

incorporated into this scoping pass. Found variables thaiod have types (as in construct
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Figure 5.8: Scoping Implementation

functi on removeAssigns : _scl Assigns [ repeat assignment_expression]
i f
repl ace * [ i st init_declarator]
_sc2 Declld [id] = _sc2 AssignExpr [assignment_expressi on]
, _SC2 Rest [ |i st init declarator]
t hen
construct _sc2 Result [ |i st init declarator]

_sc2 Declld , _sc2_Rest [removeAssigns :
_sc2_TailAssigns [ r epeat assignment_expression]]
construct _scl Assigns [ repeat assignment _expression]
_sc2 Declld = _sc2 AssignExpr _sc2_TailAssigns
by
_sc2_Result
el se
construct _scl Assigns [ repeat assignment expression]

end if
end function

Implementation of enoveAssi gns found in Figure 6.2. Théssi gns variable is the only top
level scope variable. All others are created in the secomdllscope.

clauses and out argument lists) have their types insertieiif type has been previously
declared in a forward clause or if their name is an out paramet

For example, Figure 5.8 shows the implementatioreofoveAssigns , found in Ap-
pendix B on page 130. Names have been mangled with their scopber. Types have

been looked up and inserted.

5.9 Modularity

The modularity implementation is strictly a compile-timeature. It is based on name

prefixing, a practice often adopted by TXL programmers wighio emulate modularity.
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Specifically, all entities inside of a module have their ngmnefixed with_m_and the
module name. This ensures that names will not collide witities of the same name that
exist in other modules or in all likelihood with names thaisein the top level scope. All
references to a module entity, explicitly qualified or othise implied, are located and also
prefixed.

The modularity implementation is divided into several gas€©n the first pass we build
a list of names contained in each module, as well as in theetgd 5cope. Then for each
using statement we verify its legality. The public namesontgd by a using statement must
not collide with any name that already exists in the scope. ddilision check is performed
for all items defined in the scope as well as all the public reateeady imported into the
scope by previous using statements. Any failure in thisnebgauses a compile-time error.

On the second pass we look up unqualified names that referdalmentities and give
them the proper qualification. Unqualified names are firdtéoaup in the local module. If
found they are qualified with the module name. If not foungthie then looked up within
the public entities of all imported modules. If still not fod, names will go unchanged.
Names that are intended to refer to an entity within a moduteabe never found will be
interpreted as a reference to an entity that does not exishwie program is passed to the
TXL engine.

On the final pass all qualifications are looked up, validated mangled. When a
reference to a qualified name is encountered, the ETXL camioibks up the name in the
list of the module’s names and if found and is public, appedply mangles the name by
removing the dot and prepending the qualification to the nalinéhe name is not found
within the module, or if it is private, the improper referenwill generate a compile-time

error. Validation is relevant to manually programmed digdtions only, as those inserted
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Figure 5.9: Modularity Implementation

defi ne _m _HTML_item
[ m_HTML begin_tag] [any] [ opt _m_HTML end_tag]
end define

defi ne _m HTML_begin tag
<[id] [ repeat option] >
end defi ne

define _m HTML end tag
</ [id] >
end defi ne

function _m_HTML boldize
repl ace [any]
A [any]
construct BoldTag [ m_HTML begin_tag]
<B>
by
A [ m_HTML_tagwith BoldTag]
end function

function _m_HTML tagwith Tag [ m_HTML_begin tag]
deconstruct Tag
< Tagld [id] TagOptions [ r epeat option] >
repl ace [any]
Anything [any]
construct TaggedThing [ m_HTML item]
<Tagld TagOptions> Anything </Tagld>
deconst ruct TaggedThing
TaggedAnything [any]
by
TaggedAnything
end function

replace * [id]
Id [id]
by
Id [ m_HTML_boldize]

The implementation of Figure 4.25. All module entities am/ed to the top level scope and have
their names prefixed with the module name.
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in the previous pass are guaranteed to be correct. FigushbWs the implementation of

the HTML markup module of Figure 4.25.

5.10 Summary

We have rapidly prototyped ETXL as a transformation. Sined Ts well suited to
language-to-language translation we use it as the tranatoyn tool. Since our new lan-
guage is an extension of TXL we also use it as the target ofrresformation. Using
TXL has afforded us the time to concentrate on experimentiitig the design of the new
features. Once the new features have been proven in a pradectvironment they may
be transferred to the TXL engine.

Must-match rules use a stack of flags for indicating if a ride made a match. Imme-
diately upon entry a must-match rule pushes a false valueelmately before returning
it writes a true value to this flag. The caller pops the flag fritve top of the stack and
generates a run-time error if it is false.

The implementation of objectless rules involves detectthgn a rule has no replace or
match clause and inserting a match clause at the end of éaéhatlwill match any type.

Strong typing is implemented during the scoping pass whetytbe of each variable is
known. If a strongly typed rule is applied to a variable of Win®ng type then a compile-
time error is generated.

Implementing nested rules involves determining whichalalgs that originate in a par-
ent rule are accessed in a child. These variables are addeel ¢hild’s parameter list and
corresponding arguments are added to all invocations. dleeis moved to the top level
scope.

Rule and type parameters are both implemented by substitukor each set of rule
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and type arguments passed to a rule, the rule is instanbgtegplacing occurrences of the
parameters with the literal values of the arguments.

Each if and else-if test is implemented by branching the mitie two subrules that
are both executed unconditionally. The true branch useack sif flags to indicate suc-
cess as in the implementation of must-match rules. The baksech verifies that the true
branch failed before executing its clauses. Control doesatarn to the original rule. Both
branches are responsible for implementing all followirausles.

The out parameter implementation uses a stack for returmingparameters from a
called rule back to its caller. The called rule first pushefmae values for each out pa-
rameter, then immediately after the parameter is boundatiisen into its position on the
stack. The caller pops values from the stack, ensures thgtwiere written, then binds
them to local values.

Scoping and forward variable declarations are implemediteithg a dedicated scoping
pass, which is responsible for determining the originatieglaration of each referenced
variable and mangling the name with the scope depth.

All module entities are prefixed with their module name. Refiees to module entities
from within the module are also prefixed. References to pudsitities from outside of the
module are located and again prefixed.

In describing the implementation of our new features, thiapter has discussed the
overall approach of the transformation, gone into the tetdithe compile-time and run-
time implementations, and given examples of the code gtetetay the transformation.

The next chapter presents two real-world examples of ET)étuiees in use.



Chapter 6

Examples

This chapter explains two example programs that make us& ¥t Eeatures. The full
listings of the examples are found in Appendices B and C. &le&mples solve real-
world problems while making use of ETXL features where théewyditurally. They were
chosen from a larger selection of examples on the ground#ittaeach showcase several

ETXL features in combination.

6.1 Expand Vector Components

The first example, with the full listing found in Appendix Bnéls expression statements
where all terminals are either constants or three-dimeasigector objects and expands
them into three statements, one for each vector componehnis i useful in C++ for
avoiding the creation of temporary variables used to stoeerésult of each vector op-
eration. The optimized code generated by this transfoonas instead able to run the
expression to completion on each vector component befowenmto the next. Temporary

values never leave the registers.

99
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Figure 6.1: Type Conversion

functi on constructStatements FromType [ type] From [ repeat FromType]
deconstruct From
First [FromType] Rest [ repeat FromType]

construct Tall [ repeat statement]
_ [constructStatements FromType Rest]
repl ace [repeat statement]
by
First ; Tall
end function

This example uses type parameters to construct a list adratts from any list of objects that may
be promoted to a statement by appending a semi-colon. Thasplarameterized by the type that
the conversion is made from and the list of items to be prodndteeturns a list of statements.

Type parameters are used in this example to write a gengrécdgnversion. The rule
constructStatements , shown in Figure 6.1, constructs a list of statements frormreegc
list of any objects that could be individually used to constia statement. Since statements
derive expressions and expressions derive many formsg, éineia number of different types
that could be converted to the statement type. For exampietibn calls and assignment
expressions may both be promoted to the statement type. allgrentype change of a
sequence of items requires a conversion to be written fdn pag of types. Using type
parameters we can eliminate that need.

This example makes heavy use of nested rules both for oiggnibde into sections
and to a lesser extent for implicitly passing parameterss €kample is divided in three
major sections that are each encapsulated into a top ldeelThe sections are: collecting
Vector declarations (page 129), extracting initialization exgiens from variable decla-
rations (page 130) and expanding vector expressions im@ooents (page 131). Most of
the worker subroutines associated with each of these ssdi@ expressed as nested rules.

This example uses objectless rules in combination withaifises for catching the case
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Figure 6.2: Extracting Initializations from Declarations

functi on removeAssigns : Assigns [ repeat assignment_expression]
i f
repl ace * [ i st init_declarator]
Declld [id] = AssignExpr [assignment_expression]
, Rest [ 1i st init_declarator]

t hen
forward TailAssigns [ repeat assignment_expression|
construct Result [ |i st init_declarator]

Declld , Rest [removeAssigns : TailAssigns]
construct Assigns
Declld = AssignExpr TailAssigns
by
Result
el se
% Got to the end of the list, return enpty assi gnments.
const ruct Assigns

end if
end function

Ther enoveAssi gns routine removes initialization expressions from a list afiable declara-
tions and returns them as a list of assignment expressions.

that a rule fails to match anything. In the rukmoveAssigns , shown in Figure 6.2, if
the main pattern does not match an item in the list it is tisingr; then it is assumed that
the end of the list is reached and the rule defaults to theoalse, which initializes the out
parameter it is expected to return. In this branch there jgatiern match. In existing TXL,
catching when the end of a list is arrived at during a walk nexgua separate rule. In ETXL
we are able to express the task of walking the list with a singjle.

The ruleremoveAssigns is interesting for another reason; it achieves an effedtitha
not possible in existing TXL. This rule removes initialigdrom declarations and returns

them in an out parameter. In general terms, it simultangousidifies a parse tree and
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returns a result based on the modification without using éwiyad variables in the process.
This cannot be achieved in TXL. The need to simultaneouslgifm@and return values
from a tree is a task that surfaces often. Using out paraseteare easily able to program

it without the use of globals variables.

6.2 Generic AVL Tree Module

This example, with the full listing found in Appendix C, shea generic AVL tree module

written in ETXL. It is a good example of using the new featuresreate a module that

integrates easily with any program. The AVL tree supporseihand find, and because it
is a balanced binary tree, they both run in logarithmic tififeis module would be used to
implement a symbol table.

Since the tree is used for storing symbols, the type of itsigdixed to the identifier
type. However, the value that it stores can be of any typee Tggependence in the value
is useful because often the type of the data associated widngty in a symbol table is
application specific. Therefore the example makes use effigpameters. All routines that
deal with the value type are parameterized by it.

A key feature of this example is the use of modularity. All easl encapsulated in the
AVL module. Only the tree data type and the insert and find tions are made public.
Everything else is hidden from the user. This minimal irdeef makes the module fairly
easy to understand and use.

The find routine, shown in Figure 6.3, operates on a tree ahzestan out parameter
to return its result. As mentioned in the out parameter disicun of Section 4.8, moving
the result to an out parameter enables a query function todbedcas a matching function

and consequently used in a where clause. If the find functds to locate a given key
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Figure 6.3: AVL Module Find Function

% Find function. Fails the match if the itemis not in the tree.
% Al ways bi nds Opt Val ue.

function [tree] find Key [id] ValType [ type] : Optvalue [ opt ValType]
i f
nmat ch [treg]
"nil
t hen

% Construct an enpty result, but fail the function.
construct OptValue _
deconstruct not Key Key
el se

nmat ch [treg]

NodeKey [id] NodeVal [any] Height [number] Left [tree] Righ t [tree]
i f where

Key [< NodeKey]
t hen

% Go left.

wher e

Left [find Key ValType : OptValue]

else if where

NodeKey [< Key]

t hen
% Go right.
wher e
Right [find Key ValType : OptValue]
el se

% Ht the target.
deconstruct * [ValType] NodeVal
TypedVval [ValType]
construct OptValue
TypedVal
end if
end if
end function

The module’s find routine. It makes use of strong typing, awarpeters and if clauses. In this
example of find the out parameter is always bound, regardiédise result of the find. The first if
test catches the case that the key is not located and bindsatyeaeturn value. Since the failure
case is explicitly handled the function must be delibeyatailed.
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then it will fail any where clause it is in.

The out parameter that find uses to return its value is anmgttgpe. If a search key is
not found then an empty result is returned. This means thhaeifind routine is used in a
construct clause then it will never fail the calling clauisé IThis allows a user to search for
a value and continue onward regardless of whether or noue veds returned. Processing
the return value can be handled elsewhere in the program.fifitheoutine is therefore
flexible in how it may be used. Calling it from a where claus# gause the find to fail the
clause list if the key is not found and calling it from a constrclause will always return a
result that may be processed at a later time.

The strong typing feature that we have introduced is aldizedi in this example. The
insert and find routines are both strongly typed. The userohgttyping makes it easy to
see how the insert and find are intended to be used becausgtheftthe rule is shown
directly in the signature. Note however, that using stromng here is only a matter of
good style. It does not affect the compiler’s ability to reperrors. This is because insert
and find are both non-searching rules. Without the stronopgypghe TXL engine would
still produce an error if insert or find were applied to a noeettype because their patterns
could never match.

Following the module, in the top level name space, are dingert and find routines
(page 140) that test the AVL functionality. The insert driveads key and value pairs from
a list and inserts some of them into the tree. The find drivekdaup every key from the
same list and reports on the results. Some of the keys wilb@addund. Notice how the top
level scope can have names that also exist in the module wtighroblems. Access to the
public names of the module is accomplished by qualifyingrtivath the module name.

The find driver takes advantage of if clauses in order to impelet more compact code
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than previously possible. The find function is invoked in aevenclause, which is in turn
put into an if clause. Should the key be found, the associake is printed. If the find
fails, the case is handled immediately by printing a messiagexisting TXL, the handling
of this case would need to be moved to a separate rule, makériggic of the driver more
difficult to follow.

If clauses are also prevalent in inserting, finding and efi@hg. Insert and find can
both be expressed as single routines using if clauses.deidyj each case would need to
be expressed in a function of its own. This improves readgloibnsiderably.

The rebalancing code searches for tree nodes that are déopisicheight and corrects
them by rearranging the node and its descendents in a mdratdevels out the tree while
preserving the ordering of nodes. There are four possibidonfigurations that require
reblancing. Consider the rutebalCasel (page 135), which is responsible for handling
two of these cases. This rule first creates many variabléstbaused later in both cases.
If we were using the old form of selection, the creation obédlihese variables would need
to be duplicated, once for each case. Using if clauses wenst@ad create the variables
once, select on their values, then use them in construdiageplacement.

Lastly, this example makes use of nested rules for groupinig.c ThecalcHeight
function shown in Figure 6.4 requires the support of a fusrctor calculating the maximum
of two integers. Though a max routine could certainly be @able function, the goal of
this example is to provide a generic dictionary, not a mdthaly. Therefore the max

function is considered private talcHeight . Writing it as a nested rule helps to show this

property.
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Figure 6.4: Private Max Function

% Cal cul ate the height of a single tree node, assuning all
% chi |l dren have correct height.
functi on calcHeight
% Return the max of two nunbers.
function max N2 [number]
repl ace [number]
N1 [number]
wher e
N1 [< N2]
by
N2
end function

repl ace [tree]
Key [id] Val [any] Height [number] Left [tree] Right [tree]
construct LH [number]
_ [getHeight Left]
construct RH [number]
_ [getHeight Right]
by
Key Val LH [max RH] [+ 1] Left Right
end function

An example of declaring small, private helper routines astexd rules.

6.3 Summary

This chapter highlights the use of our new features in thet&si of two real-world prob-
lems. The first example is a tool for optimizing expression®living numerical vector
objects in C++. It makes use of objectless rules and if ckats@andle the case that a rule
fails to match anything. It uses nested rules for impligithssing parameters and grouping
code. Type parameters are used to write a type conversiondrlist of any type to a list
of statements. Out parameters are used to write a rule thattaneously transforms a tree

and returns data based on the transformation without thefugebal variables.
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The second example is a generic AVL tree module. It makes tisérang typing
for indicating the use requirements of the interface diydactthe rule signatures. It uses
nested rules for grouping code. It uses type parametersdking a type-independent data
structure. It uses if clauses for complex decision makingughout. It uses out parameters
for returning values from the interface and modularity facgpsulating the code into a
module that can be easily integrated with any existing @ogr

These examples show how ETXL is useful in solving traditiggragram transforma-
tion problems, as well as in solving problems that arise megal-purpose programming,
such as a generic dictionary. In the following chapter we miamize this work, suggest
future directions for the design of ETXL and give severaleotthanges that were not in-

cluded in this work.



Chapter 7

Conclusion

/7.1 Summary

The goal of this thesis is to improve the TXL programming laage. We set out to enhance
the language in response to growing TXL application sizesaanexpanding application
domain. In some cases, TXL programs have become huge anttévalphe best practices
of software engineering is needed. In other cases, novelfosel XL have been found
and TXL must grow to keep pace with these new demands. We loapake TXL easier
to use, TXL programs more concise and easier to understawidtoamake it easier for
programmers to express their intent.

We have introduced nine features that independently eeh&Kt. These features in-
troduce new paradigms and enable new kinds of TXL prograrbs teritten. By combin-
ing the features, we find that more language effects arelgessuch as parameterizable
patterns, or rules that simultaneously modify a tree arnwfmedata based on the modifica-
tion.

In TXL programming, it is not uncommon to write rules that @aected to match.

108
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There is no facility in the language for declaring this pndpef rules. Therefore, it is
up to the programmer to see to it that rules that should aiMeaymsatching are actually
matching. If we are able to declare as a part of the languagettule is to always match
then we can instead have the engine assert this properthisierid we have added must-
match rules. The must keyword, prepended to a replace ¢leaiseéow be used to declare
that a rule is to always match. This frees the programmer froitng verification code.

Often, rules are written that do not transform or match aag tn particular. Instead
they operate only on parameters or global variables. Tberefie recognize that not all
rules are strictly either a replace or a match rule. Somes iare objectless rules and do not
have a match or replace clause. We implement objectlessbylanserting a match clause
that will match any tree to which the rule is applied.

An ability to apply a rule to any tree root is a useful featune aoincides with typical
grammar construction practices. Sometimes a rule is writech that it should only be
applied to a single type. In an environment where code igewiand used by different
people, specifying the type that a rule may be applied to comaates the intent of the
programmer. Therefore we introduce the ability to strortghe rules. An application of a
strongly typed rule to the wrong type generates a compie-grror.

In TXL, the need to propagate data down the traversal of eepaeg surfaces often.
This is typically handled by explicitly propagating datadhgh parameters. In some cases
this can be many variables. We have added nested rules withbihty to reference vari-
ables originating in an ancestor in an effort to reduce tleelte explicitly pass parameters.
In the implementation of this feature, referenced variglale implicitly passed as param-
eters.

In TXL programming, it is not uncommon to write multiple rgléhat differ only by
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the rules that they apply or by the types that they operateTdris can happen, for ex-
ample, when writing traversals over data structures or wirging algorithms over types
that share structural properties. To meet these needs weeititavduced rule and type pa-
rameters, which allow a rule to be parameterized by theiestihat vary. This allows the
code to be written once and reused. Both rule and type paeasnate implemented by
substitution.

TXL finds use in a variety of programming situations. The nedomplex decision
making often arises. In existing TXL, rule application series have been borrowed for
the purpose of branching, which works, but often is awkward arror prone. We have
added a native branching clause that allows complex decis@king. The if clause may
contain any clause provided that every path through thasae&orrect pattern-replace rule
or matching rule. If clauses are implemented by utilizingrsiles to handle the cases and
a stack of boolean variables for communicating if test statu

In TXL there is no way to abstract away a pattern. A developesthave access to
type definitions in order to take apart a tree. We have addegavameters for transferring
data from a called rule back to a caller. Out parameter seasafioilow pattern matching
semantics. If a rule fails to bind an out parameter then tlerc@annot proceed past the
point of invocation. This mechanism is independent of a’sudeiccess or failure. Out
parameters are implemented using a dedicated stack fonmeguwalues back to the caller.

If we define rule parameters that are expected to returntsagal out parameters then
in effect we have gained the ability to parameterize pastetiis is useful if the semantics
of a particular deconstruct is fixed, but the specific syn&es among different patterns.

To accommodate the block structure we have introduced elaufses and nested rules,

we have added variable name scopes. A variable name in ar@std, for example in an
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if test, may reference a variable declared in a parent. Ayéaund variable in a nested
block may hide a variable declared in a parent block. Scoigingplemented by mangling
variable names with their scoping depth number.

In order to permit nested blocks to declare a variable thattessed in a parent, for
example for selecting variable values using an if clauséhave added the forward variable
declaration. Forward variable declarations affect thgpggpdepth number used to mangle
names during the scoping pass.

To address larger programs on which multiple developerkwer have introduced
modularity capabilities to TXL. Modularity allows a develer to wrap a section of code
in module opening and closing statements and thereby makeoithe private. Interfaces
may be declared by designating rules, type defines and glalbiables as public. Public
entities may be accessed outside of the module by qualdicatith the module name.
Alternatively, a commonly used module may have its publimesimported with the using
statement.

We have presented the solution to two real-world problerasttike advantage of our
new features. The first is a classic example of program toamsftion. The second is an
implementation of a data structure that is a rare task fognamo transformation systems.

Our language changes have been implemented in a workingtypet which is avail-
able from the ETXL home page [1]. We encourage users to dawhii try it out and

submit feedback to the author.

7.2 Future Work

This section describes future directions for the designXE Some design issues were

not resolved and therefore the design would benefit fronhéurstudy. In this section we
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also address moving the existing design into the engine;iwikia more concrete goal.

As noted in the design discussion on type parameters inddetib, an ability to specify
which type parameters accept only pure types and which tgpenpeters accept any type
at all may be beneficial. This would communicate in the sigreabf the type parameter
which types may be passed as arguments.

An argument to a type parameter is passed ugindelimiters. This is consistent with
the use of these delimiters whenever referencing a type ib. TXmay be worthwhile
to investigate the passing of type parameters without tdeBmiters in order to resolve
the problems associated with nesting them, as discussegtiio8 4.6 on type parameter
design.

Again concerning type parameters, in large type-indepsnd®dules there can be
frequent type parameter passing. Every rule that needsféceree the parameterized
types must take the type as a parameter and must have theagpeddto it by all callers.
It may worthwhile if a type parameter could act across a ctitbe of rules. The solution
might be to pass type parameters to modules. The same argoragrbe applied to rule
parameters.

Another problem that might be solved in a similar way is thet faat type parameters
can only be passed to rules. If writing a module that has afwisiata type such as the dic-
tionary module described in Section 6.2, it would be helffiypes could be parameterized
in grammar definitions as well.

Unfortunately, out parameters in their current design oatwe used in combination
with TXL’s built-in iteration for the purpose of collecting list of items. Out parameters
are only useful for collecting lists if programming exptidieration using recursion. This

limitation can be seen igetDeclarations of Appendix B (page 129). This example
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uses TXL'’s built-in search facility to avoid the explicitirersal of a large subset the C++
grammar and so it must use global variables. A change to th@amameter design to
permit this may therefore be worthwhile.

It is our hope that existing TXL programmers will try out omofotype. Any devel-
oper feedback we are able to acquire will be very useful inkimgr out design bugs and
determining the practical utility of new features. We arpessally interested in how our
changes will fair in a production environment. Once theudezg are deemed production
guality, their design is settled and all the inconsistemai@ ironed out, we hope to transfer
this work directly into the TXL engine.

The transfer process should be incremental so that theatoess of the engine may
be frequently asserted. Some of the new features are eagplginented independently.
Objectless rules, strong typing, modularity, must-matdbs and out parameters are good
examples these. Other features must be transfered togétbeexample scoping and if
clauses should be implemented together. Initial analyfsiseodependencies between the

features would help to avoid unnecessarily adding sevemice.

7.3 Other Changes

This section briefly describes other proposed languagegelsa hese changes are largely
cosmetic in nature and do not constitute new features. Beaintatter of convenience,
these changes were not covered by our research goals, halveyare interesting from a
usability point of view. These may be worthy of future putsuespecially if one set out to

update TXL's syntax, a task we have not tackled.
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e Change thelefine keyword totype to better reflect that a grammar definition rep-
resents a data type in the TXL programming language. MucheoXL documen-
tation describes grammar definitions as types and thus loasdihe keywordype

to be a natural name.

e Allow the application of rules to rule arguments. In exigtinXL, the application of
arule to a tree which is to be passed as an argument is handkidhply construct-
ing the argument in a clause immediately preceding the nudication. Allowing
the application inline enables the programmer to expresplsi applications more

concisely.

e Allow the use of nameless constructors in tree expressibike. the application of
functions to function arguments, nameless constructablercode to be expressed
more concisely. Nameless constructors would be usable lzrgna typed variable

is allowed and would take the following form in tree expresst:

[type argl arg2 arg3]

e Enumerate all the different search characteristics oérdech as searching rule, one-
pass rule, function and searching function, and permit datadation of the search
type of a rule using only a single keyword. The current coratian of keyword and

symbol modifier is unnecessarily complex.

e Allow arbitrary boolean expressions usiAjDandORoperators in where clauses. In
TXL, composing complex boolean expressions from wheresglawsing the non-
standard formsvhere all andwhere not usually requires careful attention. The

functionally equivalent boolean operators are far moreilfanto programmers.
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7.4 Conclusion

As the size of TXL programs grow and the breadth of applicetimcreases, it becomes
necessary to respond to the needs of TXL programmers. Thisattempts to do just that
by adding features to the TXL programming language thatraitié writing of large pro-

grams, that encourage common software engineering peaciind that otherwise facilitate
the writing of better TXL programs. In addressing these seee have developed ETXL,

the next generation in TXL's evolution.



Appendix A

Unifled ETXL Grammar

This appendix presents the entire ETXL grammar. Modificetioecessary to support
ETXL features have been integrated into the base TXL gramMér use TXL's syntax
definition facilities as the notation for describing the BT3yntax. This form is described
in detail in the TXL language specification [Cordy03]. Thragnmar is functionally equiv-

alent to the grammar used in the prototype implementation.

% Grammar for ETXL processing. The input ETXL program nust first
% be filtered through the norm programand then afterwards

% t hrough unnor m bef ore being processed by TXL. These filters

% handl e constructs requiring special attention such as pragmas,
% comrent decl arations and conmpounds. Both filters are found
%in the ETXL distribution.

t okens
quotedlit
% Gets the nore conmon case. Note that brackets
% can only occur as the first char
HAVE W\NYT |

% Get the special case '"string"
VIO TA™ |
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% Get the special case '"string’. Note that the

% si ngl e quoted string cannot have a new i ne.

"TOWC)#\n]*™ |

% Get the special case '’ or '’
"\ |

% And finally if all else fails.

end t okens

comment s
"%
end coment s

conmpounds

L <= >x =
end conpounds

keys
'all "assert ‘attr by 'comments 'compounds 'construct
‘deconstruct 'define ’each 'end 'export ’external ‘functi
'import include 'keys ’list 'match 'not 'opt 'redefine
‘repeat 'replace ’'rule 'see ’skipping 'tokens ‘where 'modu
'public 'using ’'forward 'type 'must 'if 'then ’'else

end keys

def i ne txl_program
[repeat statement]
end defi ne

%
% St at enent s
%

defi ne statement
[include_stmt] | [pragma_stmt] | [comment_stmt]
| [keys_stmt] | [define_stmt] | [rulefunc_stmt]
| [tokens_stmt] | [compounds_stmt] | [module_stmt]
| [using_stmt]
end define

on
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def i ne include_stmt
'include [stringlit]
end defi ne

def i ne pragma_stmt
'# 'pragma [stringlit]
end defi ne

def i ne comment_stmt
‘comments
[repeat comment inst]
‘'end ‘comments
end defi ne

def i ne comment_inst
[stringlit]
end defi ne

def i ne keys_stmt
'keys
[repeat keys token]
'end 'keys
end defi ne

def i ne keys_token
[token]
| [ not ’end] [key]
end defi ne

def i ne define_or_redefine
'define
|  ‘'redefine
end defi ne

def i ne define_stmt
[define_or_redefine] [id]
[productions]
'end [define_or_redefine]
end defi ne

def i ne rulefunc_stmt
[rule_stmt]
| [func_stmt]
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end define

def i ne rule_stmt
'rule [rule_def sig]
[repeat rule_clause+]
‘end ’rule
end defi ne

def i ne func_stmt
function [rule_def_sig]
[repeat rule_clause+]
‘end ’function
end defi ne

def i ne rule_def sig
[opt nonterm_ref] [id] [param_list]
end defi ne

def i ne tokens_stmt
'tokens
[repeat token_define]
'end 'tokens
end defi ne

def i ne token_define
[id] [ opt token_sep] [token_ patterns]
end defi ne

def i ne token_patterns

[token_pattern_item] [token_sep] [token_patterns]

| [token_pattern_item]
end defi ne

def i ne token_pattern_item
[stringlit]
[

end defi ne

def i ne token sep
|
| '+
end define
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def i ne compounds_stmt
‘compounds
[repeat stringlit]
'end 'compounds
end defi ne

def i ne compounds_token
.| .| [token]
end define

def i ne module_stmt
'module [id]
[repeat statement_inmod]
'end 'module
end defi ne

def i ne statement_inmod
[define_stmt] | [rulefunc_stmt]
| [public_stmt] | [using_stmt]
end defi ne

def i ne public_stmt
‘public
[repeat id]
'end 'public
end defi ne

def i ne using_stmt
‘using [id]
end defi ne

%
% Pr oducti ons
%

def i ne productions

[production]

[repeat more_productions]
end defi ne

def i ne more_productions
| [production]
end defi ne
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def i ne production
[repeat production_el]
end defi ne

def i ne production_el
|  [nonterm_ref]
| [term_ref]
end define

%
% Term nal s and Non-Terninal s
%
def i ne nonterm_ref
[ [nonterm_ref_cont] ’]
end defi ne

def i ne nonterm_ref cont
[id] ". [id]

| [id]

|  [nonterm_premod] [nonterm_id_or_term] [

|

|  [nonterm_depreciated]

end defi ne

def i ne nonterm_depreciated
[nonterm_id_or_term] '?
[nonterm_id_or_term] ™*
[nonterm_id_or_term] '+
[nonterm_id_or_term] ',
[nonterm_id_or_term] ', '+
" [nonterm_id_or_term]

™ [nonterm_id_or_term]
end defi ne

def i ne nonterm_id_or term
[id] ". [id]
| [id]
| [quotedlit]
end defi ne

defi ne term_ref

opt nonterm_postmod]
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[id]
[term_quote_not_needed]
[number]

[stringlit]
[quotedlit]
end defi ne

def i ne term_guote_not needed
LRSS &)+
AR N R N R
@ [N 11" {7}~
| <= | >z | e
end defi ne

def i ne nonterm_premod
‘opt | 'repeat | 'list | 'see | 'not | ‘attr
end defi ne

def i ne nonterm_postmod
+

end defi ne

%

% Rul e O auses

%

def i ne rule_clause

[replace_clause] | [match_clause] | [where_clause]
| [assert_clause] | [skipping_clause] | [import_clause]
| [export_clause] | [deconstruct_clause] | [construct cl
I
I

[forward_clause] | [rulefunc_stmt] | [if_clause]
[by_clause]
end defi ne

def i ne replace clause

[opt 'must] 'replace [ opt replace_modifier] [nonterm_ref]

[pattern]
end define

def i ne match_clause

'match [ opt replace_modifier] [nonterm_ref]

[pattern]
end define
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def i ne replace_modifier
1% | !$
end defi ne

def i ne where_clause
'where [ opt 'not] [ opt ‘all]
[tree_expression]
end define

def i ne assert_clause
‘assert [ opt 'nof] [ opt ‘all]
[tree_expression]
end defi ne

def i ne skipping_clause
'skipping [nonterm_ref]
end defi ne

def i ne import_clause
'import [global_id] [ opt nonterm_ref]
[opt pattern]
end defi ne

def i ne export_clause
'export [global_id] [ opt nonterm_ref]
[ opt replacement]
end defi ne

def i ne global id
[opt module_qual] [id]
end defi ne

def i ne module_qual
[id] "
end defi ne
def i ne deconstruct_clause
'deconstruct [ opt 'not] [ opt *] [ opt nonterm_ref] [id]

[pattern]
end define

def i ne construct_clause
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‘construct [id] [ opt nonterm_ref]
[replacement]
end defi ne

def i ne forward_clause
forward [id] [nonterm_ref]
end defi ne

def i ne if_clause

'if
[repeat rule_clause]

[opt then_block]
[repeat elseif clause]
[opt else_clause]
‘end 'if

end defi ne

def i ne elseif_clause
‘else 'if
[repeat rule_clause]
[opt then_block]
end defi ne

def i ne then_block
'then
[repeat rule_clause]
end defi ne

def i ne else_clause
‘else
[repeat rule_clause]
| ‘else ’else
[repeat rule_clause]
end define

def i ne by _clause
by
[replacement]
end defi ne

%
% Par anet er Li st
%
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def i ne param_list
[repeat parameter] [ opt out _param_list]
end defi ne

def i ne out_param_list
" [ repeat parameter]
end defi ne

def i ne parameter
[id] [parameter_type]
end defi ne

def i ne parameter_type
[nonterm_ref]

| [rule_type]
| [type_type]
end define

def i ne rule_type
T[ opt nonterm_ref] [rule_type_kw] [rule_type param_list] ']
end defi ne

def i ne rule_type kw
‘rule
|  ‘function
end defi ne

def i ne rule_type_param_list
[repeat parameter type] [ opt rule_type out param_list]
end defi ne

def i ne rule_type out_param_list
" [ repeat parameter_type]
end defi ne

def i ne type_type
| 'define ]
| ' 'type ]
end defi ne

%
% Patt erns
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%

def i ne pattern
[repeat pattern_el]
end defi ne

def i ne pattern_el
[id]
| [pattern_lit]
| [id] [nonterm_ref]
end defi ne

def i ne pattern_lit
[term_quote_not_needed]
| [number]
| [stringlit]
| [quotedlit]
end defi ne

%
% Repl acenent s
%

def i ne replacement
[repeat replacement el]
end defi ne

def i ne replacement el

[replacement_lit]

| [tree_expression]
end defi ne

def i ne replacement lit
[term_quote_not_needed]
| [number]
| [stringlit]
| [quotedlit]
end defi ne

%
% Tree Expressions
%
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def i ne tree_expression
[id] [ repeat function app]
end defi ne

def i ne function_app
T [function_name] [ repeat function_arg] |
end defi ne

def i ne out_arg_list
" [ repeat out_arg]
end defi ne

defi ne out_arg
[i[d] [ opt nonterm_ref]
end defi ne

def i ne function_name
[id] ". [id]
| [id]
| [term_quote_not_needed]
end defi ne

def i ne function_arg
'each
|  [function_arg_lit]
| [id] " [id]
| [id]
|  [nonterm_ref]
end defi ne

def i ne function_arg_lit
[term_quote_not_needed]
| [number]
| [stringlit]
|  [quotedlit]
end defi ne

opt out_arg list] ]
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Example: Expand Vector Components

This appendix contains the full listing of the example ddsm¥ in Section 6.1. This
example finds expression statements where all terminal®idrer constants or three-
dimensional vector objects and expands them into threeesgjams, one for each vector

component.

i ncl ude "cpp.grm"

def i ne program

[cpp_program]
end defi ne

% Construct a list of statements froma generic list of objects.
% Assuned that the objects are not termnated with a sem -col on.

functi on constructStatements Type [ type] From [ repeat Type]
deconstruct From
First [Type] Rest [ repeat Type]

construct Tall [ repeat statement]
_ [constructStatements Type Rest]
repl ace [repeat statement]
by
First ; Tail
end function
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% Return a list of identifiers representing all declarations of
% type Decl Spec regardl ess of scope. Because the rules that

% search for declarations use TXL's built-in search, we cannot
% eradi cate all use of global variabl es.

functi on getDeclarations DeclSpec [id] : Declarations [ repeat id

% Retrieve declarations fromparanmeter |ists.
rul e getParams
repl ace $ [parameter_declaration]
DeclSpec ParamDeclarator [parameter_declarator]
Paraminit [ opt parameter_init]
deconst ruct ParamDeclarator
ParamDeclaratorld [id]
i mport GetDeclarations_VectorDecls | repeat id
export GetDeclarations_VectorDecls
ParamDeclaratorld GetDeclarations_VectorDecls
by
DeclSpec ParamDeclarator Paraminit
end rul e

% Retrieve identifiers froma list of init declarators.
rul e getlnitDecls
repl ace $ [init_declarator]
Declarator [declarator] Optinit | opt initializer]
deconst ruct Declarator
Declaratorld [id]
i mport GetDeclarations_VectorDecls | repeat id
export GetDeclarations_VectorDecls
Declaratorld GetDeclarations_VectorDecls
by
Declarator Optlnit
end rul e

% Get declarations froma sinple declaration.
rul e getDecls
repl ace $ [simple_declaration]
DeclSpec InitDeclaratorList [ [ i st init_declarator] ;
by
DeclSpec InitDeclaratorList [getlnitDecls] ;
end rul e

mat ch [any]
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Any [any]
export GetDeclarations_VectorDecls [ repeat id] _
construct _ [any]
Any [getParams] [getDecls]
i nport GetDeclarations_VectorDecls
Declarations [ repeat id]
end function

% Move initializer expressions to follow ng statenents.
rul e breakinitializers

% Renpve assignnents and return themin the assignnents out

% par anet er.

functi on removeAssigns : Assigns [ repeat assignment_expression|

i f
replace * [ |ist init_declarator]
Declld [id] = AssignExpr [assignment_expression]
, Rest [ i st init_declarator]

t hen
forward TailAssigns [ repeat assignment_expression]
construct Result [ i st init_declarator]

Declld , Rest [removeAssigns : TailAssigns]
const ruct Assigns
Declld = AssignExpr TailAssigns
by
Result
el se
% Got to the end of the list, return enpty assignnents.
const ruct Assigns

end i f
end function

repl ace $ [repeat statement]
'Vector InitDeclaratorList [ [ i st init_declarator] ;
RestStmt [ r epeat statement]

% Pull out the inits of sinple identifiers and nove themto
% foll owi ng statenents.
forward Assigns [ repeat assignment_expression]
construct StrippedDecl [statement]
'Vector InitDeclaratorList [removeAssigns : Assigns] ;
construct InitExprs [ repeat statement]
_ [constructStatements [assignment_expression] Assigns |
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by
StrippedDec! InitExprs [. RestStmt]
end rul e

% Fi nd expressions where all postfix expressions are either
% constants or vectors and expand the expression into three
% expr essi ons, one for each conponent.
rul e componentexpand VectorDecls [ repeat id]

%ls a postfix expression a reference to a vector identifier?
functi on isVectld
mat ch [postfix_expression]
ld [id]
deconstruct * [id] VectorDecls
(o}
end function

%ls a postfix expression a literal nunber?
functi on isNumber
mat ch [postfix_expression]
_ [number]
end function

%ls a postfix expression a paren expression?
functi on isParen
mat ch [postfix_expression]
( _ [expression] )
end function

% Look for postfix expressions that are not references to
% vectors or not literal nunbers.
function nonid
mat ch * [postfix_expression]
PostfixExpression [postfix_expression]
wher e not
PostfixExpression [isParen] [isVectld] [isNumber]
end function

rul e appendComponent Component [id]
repl ace $ [postfix_expression]
ld [id]
by
Id . Component
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end rul e

repl ace $ [statement]
Expression [expression] ;

% W are interested in expressions in which there is not one
% postfix_expression that does not have the necessary
% property of being either a reference to a vector or being a
% nunber.
wher e not
Expression [nonld]
by
{
Expression [appendComponent 'X] ;
Expression [appendComponent 'y] ;
Expression [appendComponent 'z] ;

}

end rul e

r ul e componentExpandinFunctions

repl ace $ [function_definition]

FunctionDefinition [function_definition]
% Cet the |ocal declarations of vector objects.
forward VectorDecls [ repeat id]
construct _ [function_definition]

FunctionDefinition

[getDeclarations 'Vector : VectorDecls]

by
FunctionDefinition
[breakinitializers]
[componentExpand VectorDecls]
end rul e

functi on main
repl ace [program]
P [program]
by
P [undoDisambig] [componentExpandinFunctions]
end function




Appendix C

Example: AVL Tree Module

This appendix contains the full listing of the example dissxt in Section 6.2. This is an
example of a generic AVL tree module that is useful as a syrtdiide. The tree supports

insert and find. It can be easily dropped into any application

% Ceneric AVL tree that supports insert and find. Can be used to
% store any type.

nodul e AVL

public
tree insert find
end public

% Key, Value, Height, Left, Right
defi ne tree
[id] [any] [number] [tree] [tree]
| nil
end defi ne

% Cetting a node’ s hei ght
function getHeight Tree [tree]
repl ace [number]
N [number]
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i f deconstruct Tree
nil
t hen by
0
el se i f deconstruct Tree
_[id] _ [any] Height [number] _ [tree] _ [tree]
t hen by
Height
end if
end function

% Cal cul ate the height of a single tree node, assuning all
% chil dren have correct height.
functi on calcHeight
% Return the max of two nunbers.
function max N2 [number]
repl ace [number]
N1 [number]
wher e
N1 [< N2]
by
N2
end function

repl ace [tree]
Key [id] Val [any] Height [number] Left [tree] Right [tree]
construct LH [number]
_ [getHeight Left]
construct RH [number]
_ [getHeight Right]
by
Key Val LH [max RH] [+ 1] Left Right
end function

%
% Rebal anci ng
%

function lefttong RH [number] DesiredDiff [number]
mat ch [number]
LH [number]
wher e
RH [< LH]
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construct Diff [number]
LH [- RH]
wher e
Diff [= DesiredDiff]
end function

function righttong RH [number] DesiredDiff [number]
mat ch [number]
LH [number]
wher e
LH [< RH]
construct Diff [number]
RH [- LH]
wher e
Diff [= DesiredDiff]
end function

% Handl e an i nbal ance on the left.
functi on rebalCasel
repl ace [tree]
Key [id] Val [any] Height [number] Left [tree] Right [tree]
deconstruct Left
LKey [id] LVval [any] LHeight [number] LLeft [tree] LRight [t
construct LLH [number]
_ [getHeight LLeft]
construct LRH [number]
_ [getHeight LRight]
i f

% ap
% /
% p
% |/
% n
wher e

LLH [leftlong LRH 1]
t hen

deconstruct LLeft

LLKey [id] LLVal [any] LLHeight [number]

LLLeft [tree] LLRight [tree]

construct Newleft [tree]

LLKey LLVal O LLLeft LLRight
construct NewRight [tree]

Key Val 0 LRight Right

ree]
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by

LKey LVal LHeight NewLeft [calcHeight] NewRight [calcHeig

elseif
% ap
% |/
% p
% \
% n
wher e
LLH [righttong LRH 1]
t hen
deconstruct LRight
LRKey [id] LRVal [any] LRHeight [number]
LRLeft [tree] LRRight [tree]
construct Newleft [tree]
LKey LVal O LLeft LRLeft
construct NewRight [tree]
Key Val 0 LRRight Right

by

LRKey LRVal LRHeight NewLeft [calcHeight] NewRight [calcH

end if
end function

% Handl e an i nmbal ance on the right.
functi on rebalCase2
repl ace [tree]
Key [id] Val [any] Height [number] Left [tree] Right [tree]
deconst ruct Right
RKey [id] RVal [any] RHeight [number] RLeft [tree] RRight [t
construct RLH [number]
_ [getHeight RLeft]
construct RRH [number]
_ [getHeight RRight]
i f

% gp

% \
% p
% /
% n
wher e

RLH [leftlong RRH 1]
t hen
deconstruct RLeft

ht]

eight]

ree]
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RLKey [id] RLVal [any] RLHeight [number]
RLLeft [tree] RLRight [tree]
construct Newleft [tree]
Key Val 0 Left RLLeft
construct NewRight [tree]
RKey RVal 0 RLRight RRight
by
RLKey RLVal RLHeight NewLeft [calcHeight] NewRight [calcH
elseif
% gp
% \
% p
% \
% n
wher e
RLH [righttong RRH 1]
t hen
deconst ruct RRight
RRKey [id] RRVal [any] RRHeight [number]
RRLeft [tree] RRRight [tree]
construct Newleft [tree]
Key Val 0 Left RLeft
construct NewRight [tree]
RRKey RRVal 0 RRLeft RRRight
by
RKey RVal RHeight NewLeft [calcHeight] NewRight [calcHeig
end if
end function

%
% Rebal ance, sel ect between:
%
% gp ap
% |/ or \
% p P
%
function rebal
repl ace [tree]
Tree [tree]
deconstruct Tree
_Jid] _ [any] _ [number] Left [tree] Right [tree]
construct LH [number]
_ [getHeight Left]

eight]

ht]
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construct RH [number]
_ [getHeight Right]

% Check for inbalance towards the left side.
i f where

LH [lefttong RH 2]
t hen by

Tree [rebalCasel]

% Check for inbal ance towards the right side.
el se if where
LH [righttong RH 2]
t hen by
Tree [rebalCase?2]
end if
end function

% I nsert function. If the node is in the tree already then this
%wll silently fail.
function [tree] insert Key [id] ValType [ t ype] Value [ValType]
f orwar d Result [tree]
i f
% Ht aleaf, this is our insert point.
repl ace [tree]
"nil
t hen
% 1 nit the new node.
deconstruct Value
ValueAny [any]
construct Result
Key ValueAny 0 'nil 'nil

el se
% Everything el se is a node, decide whether to go left or
% right.
repl ace [tree]
NodeKey [id] NodeVal [any] Height [number] Left [tree] Righ t [tree]
i f where

Key [< NodeKey]
t hen construct Result

NodeKey NodeVal Height Left [insert Key ValType Value] Righ t
else if where

NodeKey [< Key]
then construct Result
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NodeKey NodeVal Height Left Right [insert Key ValType Value ]
end if
end if

% On the way back up we check for the rebal ance condition and
% recal cul ate heights. Rebal will only ever happen once due
%to properties of the avl tree.
by
Result [rebal] [calcHeight]
end function

% Find function. Fails the match if the itemis not in the tree.
% Al ways bi nds Opt Val ue.
function [tree] find Key [id] ValType [ type] : Optvalue [ opt ValType]
if
mat ch [treg]
"nil
t hen
% Construct an enpty result, but fail the function.
construct OptValue _
deconstruct not Key Key
el se
mat ch [treg]
NodeKey [id] NodeVal [any] Height [number] Left [tree] Righ t [tree]
i f where
Key [< NodeKey]
t hen
% Go left.
wher e
Left [find Key ValType : OptValue]
else if where
NodeKey [< Key]
t hen
% Go right.
wher e
Right [find Key ValType : OptValue]
el se
% Ht the target.
deconstruct * [ValType] NodeVal
Typedval [ValType]
const ruct OptValue
TypedVal
end if
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end if
end function

end nodul e

%
% Modul e usage.
%

% lnsert itens that are to go into the dict.
rul e insert
repl ace $ [item]
Key [id] Value [number] 'yes
i nport Tree [AVL.tree]
export Tree
Tree [AVL.insert Key [number] Value]

by
Key Value ’yes
end rul e
% Find all itens.
rul e find

repl ace $ [item]
Key [id] Value [number] Shouldinsert [key]
i nport Tree [AVL.tree]
forward Result [ opt number]
i f
wher e
Tree [AVL.find Key [number] : Resulf]
t hen
construct _ [opt number]
Result [print]
el se
construct msg [stringlit]
construct _ [stringlit]
msg [+ "find failed on "] [quote Key] [print]
end if
by
Key Value Shouldinsert
end rul e
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