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Ab stract

Oneof thecoreproblemswith computer languagedevelopment (and thusDSL development ),

is the production of a parser for a language. While many people just writ e their own lexers and

parsers, for decadesthe \ standard" approach to this problem has beento uselexer/ parser generators

from the family of tools typi�ed by lex and yacc[8]. Tools based on lex and yacc exist for every

environment in which one could seriously desire to produce a DSL.

This thesis is the presentatio n of a collection of techniques for the use of XML and XSLT

in addit ion to lex/ yacc like lexer/ parser generators for the rapid production of DSL t ransform tools.

I will de�ne a grammar description language in XML, and discuss several high-order grammar

transforms upon that language; and I wil l de�ne a small collection of lex and parse level actions

which can be composed to manipulate and re-write XML ASTs at parse time. I will also discuss

the development of generators for yielding lex/y acc like tools, and demonstrate examplesin C and

J ava.

Though robust meta-DSL environments exist, I believe there is value in investigat ing low

cost extensions to the lexer/pa rser generation model. My investigations have expanded upon the

basic choice of delaying semantic actions until after parse t ime, and of relying upon available XML

tools for as much work as they can bear. These choices produced a low-cost envir onment which

provided high-order grammar features, such as lists and optional symbols, as well as production

tim e sub-tree re-writes.

ix



CHAPTER 1

In tro duc t ion

Computers are magic. We use them to endow expressions wri tten in

imaginary semantic systems of symbols with the force to alter the world.

We call many of these systems \Pr ogramming Languages", and there are

also \User Interfa ces" and \ Appli cations". We havedonesucha good job

of de�ning the semantics of thesesystems, and of implementing layers of

electronics to act the semantics out, that virtual ly everyone who uses a

computer comesto think of software, data, and \electronic documents" as

\t hings"; the computer feels \buggy" or \wr ong" only when the semantics

of the system break, and we are forced to deal with the reality, that there

is not a thing there, but a series of events.

Ult imately, most systemsof semantics for computers could be called languages, and most

of these languagesare not very important, in the sense that few resources are dest ined to be spent

upon them. Con�gur ation languages,systemcont rol languages,the input languagesfor \da ta-driven

programs"; most of these languagesare Domain Speci�c Languages, which we de�n e as such in as

much as they di� er from General PurposeLanguages. When we talk about DSLs, we don't usually

meanthat a language is not Turing complete; but rather that it is 
imsy , cheap, little, or something

similar (th is will be covered in far more detail later in 2.3.2. Related Work ). Since we produce so

many DSLs,and sinceby their very nature they wil l have fewresourcesavailable for their production,

there is some natural value in seeking means to reducethe resourceswhich they demand.
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Oneof thecoreproblemswith computer languagedevelopment (and thusDSL development ),

is the production of a parser for a language. While many people just writ e their own lexers and

parsers, for decadesthe \ standard" approach to this problem has beento uselexer/ parser generators

from the family of tools typi�ed by lex and yacc[8]. Tools based on lex and yacc exist for every

environment in which one could seriously desire to produce a DSL.

Beyond lex and yacc are full language creat ion environments; environments which groupsof

developers,both academic, professional, and hobbyist , have pushedto levelsof surprising robustness.

But there is litt le discussion of what should be done when what is neededis only slight ly greater

than than lex and yacc provide, but quite a bit lessthan a full environment. Thus, let us consider

extensions to the lexer/ parser generat ion model.

One of the core questions which all lexer/pa rser generation environments must have an

answer to is \Where do you at tach the action code?". In other words, when generating lexers

and parsers, how does the environment attach (and re-write) semantic actions for terminals and

nonterminals to the produced code? Di�cult y with this quest ion has prevented many generation

environments from providing high-order grammar features(such asoptional symbols, or lists), since

it becomesdi� cult to describe what changesneed to be made to the action code when an option

element is not present.

The simplest possibleanswer to this question, \ Where do you at tach the action code?", is,

\No where.". Though someapplications require it (error recovery, interact ive environments, etc.), it

is not always necessary to take semantic actions at parse tim e. Semantic validat ion (scope checking,

etc) can be performed after parsing, and other t ransformations can work wit h the �na l AST.

A second question cent ral to lexer/ parser generat ion is \Ho w do I present the language

grammar to the generation environment?". Most generation environments approach this by having

piggyback languages(2.1.1. Piggyback) which mix grammar and generation commandswith action
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code speci�catio n. Again note that not only is the action code not transformable, but statements

in the grammar are intermixed wit h it, so they are di�cult to manipulate as well.

If we abandon semantic action at parse time, and concentrate solely on the construction of

ASTs, a number of interest ing doors open on the lex/ yacc model. Grammar transformat ion becomes

feasible, if we have a grammar representat ion format which is amenable to t ransformation. If we

have an AST structure which is amenable to re-writes, some more complex grammar tric ks become

feasible, as we can re-write them away as the parse tree is const ructed (collapsing recursive lists,

for example). For thesereasonsand others, I have chosento useXML and XSLT for representation

and manipulati on of both grammar descriptions and ASTs. Though some of the old guard dislikes

it, XML (the Extensible Markup Language[36]) and XSLT (X SL Transformations[38]) provide the

world's most popular (eg. used) tree and tree t ransformation environments by at least several

ordersof magnitude (every installatio n of Internet Explorer and Mozil la include an XSLT processing

environment); and at this point, they are simply ubiquitous.

This thesis is the presentatio n of a collection of techniques for the use of XML and XSLT

in addit ion to lex/ yacc like lexer/ parser generators for the rapid production of DSL t ransform tools.

I will de�ne a grammar description language in XML, and discuss several high-order grammar

transforms upon that language; and I wil l de�ne a small collection of lex and parse level actions

which can be composed to manipulate and re-write XML ASTs at parse time. I will also discuss

the development of generators for yielding lex/y acc like tools, and demonstrate examplesin C and

J ava.

I begin with a general reviewof the � eld of DSL tools, and somediscussion of the cost domain

which shapesDSL development. Next will be my personal motivation in pursuing this problem, and

this approach, followed by a summary of the techniques I'v e worked out, and discussion of some

points related to them. Af ter that will bea thorough t reatment of each technique; followedby a guide
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to application, with examples in C and in Java. I then present the application of thesetechniquesto

a non-t rivial example, the production of a parser tool for the Cascading Style Sheets[39] language.

We closewith a presentati on of some foreseeableobjections wit h reactions, followed by conclusions,

and plans for fut ure work.

Lastly are appendices provided to aid in the discussion, the �rs t eight are of the most

value for those which may wish to apply these techniques. They are a full implementat ion of my

system for both C and Java. A.1. language.xsd is an XML Schema[35] for my language descrip-

tions; A.2. language2bnf.xsl is an XSLT[38] t ransform which tr ansforms language �les into BNF,

for those that prefer BNF; A.3. enumerate productions.xsl and A.4. resolve li sts.xsl are language

to language t ransforms which provide high-order grammar features; A.5. generate 
 ex lexer.xsl and

A.6. generate bison parser.xsl provide code generation for C; and A.7. generate j 
 ex lexer.xsl and

A.8. generate java cup parser.xsl provide it for Java.



CHAPTER 2

Rel ated Work

In Modular Domain Speci� c Languages and Tools, Hudak de�nes DSLs:

A domain speci�c language (DSL) is a programming language tailored for

a particular application domain. Characterist ic of an e�ectiv e DSL is the

abilit y to develop complete application programs for a domain quickly

and e�ecti vely. A DSL is not (necessarily) \ general purpose". Rather,

it should capture precisely the semantics of an application domain, no

more and no less. [30]

DSLs provide a meansof not only expressingour understanding of a class of problems more

concisely, they provide a means of thinking about a class of problems more agilely. Hudak goes

on to suggest that a DSL which su� cient ly captures some problem domain will be accessible to

non-expert programmers which knowledge in that domain. Th is alone is a prett y st rong drive for

the development of DSLs.

Hudak also claims that the long-term development costs of software based upon DSLs de-

signed for the problem domain grow more slowly than conventi onal approaches, though they have a

higher startup cost .

Spinellis claims:

DSLs are the concise description of an applicati on's logic reducing the

semant ic distance betweenthe problem and the program.[14]

And Waite observes:

5
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As our understanding of a class of problems improves, we usually are

able to recognize more things that are common to solutions of problems

in that class. These common aspects of the problem solut ions can then

be embodied in additional declarat ive speci�cat ion techniques for the

problem class.[13]

So we seesome st rong pressureto evolve and re-develop DSLs. Kienle[12] also makes the

case that it erat ive DSL development is the norm. This alone would be su� cient reason to work

towards simplifying the production of new DSLs; but we also see that the developer resources

available for developing DSLs will always be a very small fraction of thoseavailable for developing

general purpose languages[14], so we have other needsfor seekingmeansto reducethe cost of this

development.

2.1. A DSL Pattern La nguage

Spinellis[14] provides a thorough patt ern language for discussing domain speci�c languages

in the paper \Nota ble design pat terns for domain-speci�c languages". I will brie
y summarize the

port ions of this paper pert inent to the current discussion.

2.1.1. Pi ggyba ck. The piggyback structura l pattern uses the featuresof an existing host

language. Programs written in a DSL implemented using the piggyback pattern will consist of code

elements of thehost language intermixed with codeelements of the DSL extensions. Someprocessing

environment, oft en using the pipeline patt ern, will realize the function of the DSL by resolving the

extension elements into some collection of elements from the host language,while preserving the host

elements in the program. The languagesof lex and yacc[8] are examples of the piggyback pattern.
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2.1.2. Pi peline. The pipeline behavioral pattern provides a means of DSL composition.

The output of oneDSL processor is feedasinput to another; in this way, a collection of piggybacked,

lexical processing, and tr ansformation basedDSLs can be composedto realize an implementation.

2.1.3. Lexical Pr ocessing. The lexical processing creational pattern realizesa DSL through

simple lexical manipulations (as opposed to the more complex manipulati ons of source-to-source

transformat ion) on programs writt en in the DSL, in order to produce programs written in the host

language. These lexical manipulations are inherently local in their expansion. The C pre-processor

is an example of the lexical processingpattern.

2.1.4. Langua ge Ex tensio n. The languageextension creational pat tern is used to add

new features to an existing language. It di� ers from the piggyback patt ern in that the featuresare

addeddirectly to the host language. Some languages, such asHaskell and Lisp, provide mechanisms

for language extension within the scope of their semantics, in most other languages, the language

processingtool-chain must be extended.

2.1.5. Langua ge Special isatio n. The languagespecialisation creational pattern removes

features from a baselanguage, in order to make that language meet some collect ion of invariants.

This pat tern canbeeasily realized using thepipelinepat tern to implement a validator , which ensures

that the removed features are not used. An example is the \safer-subset" of C developed for the

automotiv e industry [14].

2.1.6. Sour ce-to- Sour ce Tr ansformatio n. Thesource-to-source transformation creational

pattern transforms the DSL source code via suitably shallow or deep translation processinto the

source code of an existing language. Thi s patt ern must be opposedto the lexical processing pattern

in that the tr ansformation can take into account deeper st ructural informat ion than that available

in the strict ly local actions of the lexical processingpattern.
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2.1.7. Omi tt ed Patterns. The patt erns data structure representation and systemfront-

end are DSL application patterns, and are not pertinent to the current discussion.

2.2. DSL Tools

Given the desirabilit y of DSLs, and the needfor cost e�ectiv e ways of developing them, it is

only natural that DSLs would be developed whose domain was the product ion of DSLs; stated an-

other way, specialized languagesfor producing specialized languages. For purposesof th is discussion,

I will term theseDSLs meta-DSLs. I examinea sample of the � eld of meta-DSLs here.

2.2.1. Eli . Wait e[13] discusses the application pat tern for the Eli compiler construction

system[9]. He also spendsa good deal of t ime discussingthe need to it erate the design for a DSL,

as understanding develops. I will summarize brie
y below.

From the Eli web page:

Methods and techniques of compiler const ruction are applicable to a

rangeof problems that is much broader than the development of compil-

ers for programming languages: Processors for input languages, design

languages, speci�cat ion languages,and intermediate languages in appli-

cations programs all demand solutions to t ranslat ion problems.

We have combined a variety of standard tools that implement

powerful compiler const ruction strategiesinto a domain-speci�c program-

ming environment called Eli. Using this environment, one can auto-

matically generate complete language implementations from applicat ion-

oriented speci�catio ns. The implementations might be interpretive, using
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the constructs of the source language to invoke operations of an exist-

ing system, or might involve tr anslat ion into an arbit rary target language.

Eli providesmodern compiler construct ion facilities to users wit h

a wide range of sophistication. It o� ers complete solutions for commonly-

encountered language implementation subtasks and contains lib raries of

reusable speci�cations, making possible the production of high-qualit y

implementations from simple problem descriptions.

The system has been in the �eld since1989, and has beenused

in a number of projects worldwide. It generates programs whose per-

formance is comparable to that of a good hand-coded implementation.

Development ti me for a processor using Eli is generally about one third

of that for comparable hand code, and maintenanceis signi�ca ntl y easier

becausespeci�cations rather than implementatio nsare beingmaintained.

Eli produces tools which use the source-to-source transformat ion pat tern. It is indicativ e of

a \ mature" meta-DSL, wit h support , manuals, books, and many examples. It is robust, and provides

many hooks and features for th ings which might come up in the design of any part icular DSL. A

very large amount of work has been put into developing and popularizing Eli. It is also a very

large system, with a good deal of instrumentation, and its own development model and language, a

language which the user must learn.

2.2.2. M etaBorg. Bravenboer and Visser[3] discussMetaBorg[2], a system for construc-

tion of piggyback DSLs implemented using the pipeline patt ern. It is a very robust approach, which
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has been ported to Java, Prolog, and Stratego. MetaBorg is a very robust meta-DSL, with it's own

parser and t ransformation environments, and a large amount of supporting archetecture.

From the MetaBorg[2] web page:

MetaBorg is a method for providing concrete syntax for domain abstrac-

tions to application programmers. The method consists of embedding

domain-speci�c languages in a general purpose host language and as-

similating the embedded domain code into the surrounding host code.

Instead of extending the implementatio n of the host language, the assim-

ilation phase implements domain abstractions in terms of existing APIs

leaving the host language undisturbed. Indeed, MetaBorg can be consid-

ered a method for promot ing APIs to the language level.

2.2.3. smg n. Kienle[12] int roducessmgn,a meta-DSL tool writ ten for the SUIF2 Compiler

System. It provides support for lexical and grammatical analysis, and parse tree manipulation. As

such, it is also a tool which realizesthe source-to-source transformat ion pattern. However, whereas

Eli is a robust system, smgn is still a purposewritt en language. While smgn demonst rates a re-

purposing for usein more generic DSL implementations, it doesnot possesthe tool-chain maturit y

of the Eli system.

However, smgn shares one important feature with Eli: it has it's own language, which the

user must learn.

2.2.4. Li t tl e L anguages in Python. Aycock[11] branchesdeeper into the realm of ad-

hockery. He details the useof a set a Python[10] classeshe hacked together, which implement DSLs

in a manner which uti lizes Python's class inheritance mechanisms to provide subclassable DSLs.

These classesprovide a means of lexing and parsing a DSL, which is then interpreted by a class
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which consumesthe resultant parse tree, and producesthe target code. As such, it is an example of

the source-to-source transformat ion pattern.

The paper doesa good job of communicat ing a reproducible implementat ion approach, but

fails to really nail down the distinction between the portions of his approach which are necessary,

and thosewhich are incidental to his implementat ion.

2.2.5. H askell. Hudak[30] discussesthe development of \Do main Speci�c EmbeddedLan-

guages" in Haskell. It is best to th ink of this as an application of the language extension pattern.

Languageswhich support th is form of extensioncan be 
 exibl y distorted to cover the domain of new

problems, but there is a nasty tendency, which Hudak falls prey to, to becomelanguage blind . An

example:

In the remainder of this paper I describe the results of using the func-

tional programming language Haskell to build DSELs. Haskell has sev-

eral features that I believe are crucial to the pure embedding of a DSL:

hig her -order func ti ons, lazy evaluat ion, polymorphi sm, and typ e

classes. A language with less of these features could possibly also be

used,but probably only with a higher emphasis on pre-pro cessing and

the compl exitie s thus int roduced.

The emphasis is mine. We are given the suggestion that support for higher-order func-

tions, lazy evaluation, poly-morphism, and type classesis simpler, and lesscomplex, than adding

a pre-processor. This line of reasoning is common at the far end of the compiler communit y, and

demonstrates an unfortunate misunderstanding of the capabiliti es of the average programmer.
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2.3. The DSL Cost Dom ain

Though DSLsspecify a semantic application of languagedevelopment, the literature of DSL

discussion has always carried with it an understanding that the languages are, in some greater or

lesser way, under t ighter development budgets than other languages. We formalize thi s idea as the

DSL Cost Domain.

A Cost Domain is a relative distr ibution of resources. As an example, in the realm of

compilat ion, consider the Fast Code and the Small Code Cost Domains. In the Fast Code Cost

Domain, the resourcesare distributed in such a way that target code speed is more important than

space consumption; whereas the reverse is true in the Small Code Cost Domain.

But Cost Domains are not limited to the assignment of \ computing" resources. The assign-

ment of monetary, temporal, and knowledge resources may also be described by a Cost Domain.

Consider the Time Critical Cost Domain, wherein tim e is given the highest priorit y. In order to meet

thesetime const raints, monetary resourceswill be assignedin a manner which would be considered

too cost ly outside of this domain.

Weare interestedin the DSL Cost Domain. Webelieve that the appropriate characterization

of when a language is a DSL, and when it is not, is best made through examinati on of the relat ive

assignment of resourcesto a project. While it is di�cult to preciselyde�ne this cost domain, and the

assignment of performance constraints, money, time, knowledge,and semantic articulation which it

implies; we have developed some rules of thumb to help determine when a project is within the DSL

Cost Domain.

2.3.1. Do main Speci�c L anguages. DSLs have existed at least since the beginning of

interactive computer interfaces[4]. We narrow our survey to the meta-level - techniques and tools

for developing DSLs. Kienle de�nes a DSL as:
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a small formal (programming) language whose expressive power covers

precisely a certain application domain and doesnot include many of the

features found in general-purp oselanguages[12].

A patt ern language for the discussion of DSLs is given by Spinellis[14], who also explores

the economic constraints of the DSL Cost Domain. Spinellis states that the economic constraints

in
uence the design techniques for DSLs. He emphasizes the role that incremental development has

and the importance of rapidly delivering results. Hudak[30] also discussesthe relationship between

language development costs and the need for incremental design. He describes the implementation

of several embeddedDSLs, which he implements in Haskell through the useof higher-order functions

and user-de�ned in�x operators. Aycock[11] states that frequently a fast compiler is unnecessary,

particu larly if input programs are small on average. The issuesthat dominate in such a situation

are development time, maintainabilit y, and mutabilit y of the language.

2.3.2. Three Rules of T hum b. Our research group worked out the following rules of

thumb for characterizing the DSL Cost Domain, and in practice, they have provided useful guidance.

(1) Is the cost of processing the language non-critical?

(2) Is it important that the language's de� nition remain 
exible?

(3) Wil l the number of the language's users di�er from the number of the language's

developers by less than two orders of magnit ude?

The two orders of magnit ude in the third rule is just a guess,but we feel that it is a good

guess. For example, consider a language being developed by a team of 8 (including managers,

testers, and documentat ion writer s). To meet the �r st two rules, we must establish that processing

this language is not cost crit ical, and that the languagede�nition must remain 
exible. It is di� cult

to state that a language designed for a user base of less than 800 people, and meeting the other

requirements, would not be a DSL.
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Theserulescan guide implementation decisionsfor languageprojects. If, for a given language

project, the answers are all \y es", then the project is clearly wit hin the DSL Cost Domain. These

rules are not necessary to place a project in the DSL Cost Domain, but they are su�cien t. Judgment

must be exercised in other cases.

Consider the case when, though a language's user communit y is large, it is expected to

cont inue to experiencerapid evolution and development. If language processing is not cost critical,

it may still be that the most cost e� ect ive applicat ion of development resourcesis to apply techniques

from the DSL Cost Domain to the problem. If at some fut ure time the language'sdevelopment rate

were to decrease, it might then becomecost e�ectiv e to migrate the language implementation to

more sophisticated implementation techniques in order to achieve processing e�ciencies.

Additio nally, while an ent ire project might not fall wit hin the DSL Cost Domain, some of

its deliverablesmay. Candidate deliverablesinclude initial language protot ypes,where the 
exibilit y

of the language's de� nition is more important than the language's processing cost; and small glue

languages neededto direct the behavior of larger sub-systems (such as the loading of ext ension

libraries).



CHAPTER 3

Mot ivati on

In this section I will to exposethe personal journey which lead to my current understanding

of the �eld of DSLs, con�gur ation languages, and XML. There are a number of common threads

which arise throughout the narrat ive. First, XML is ubiquitous, inescapable, and usually the simplest

answer; Second, systemsare not the answer, famili ar systems are, there comesa tim e when the

popular answer becomes the right answer.

Lastly, I'd like to note that I'v e personally come to the approach of applying transformat ions

to implement DSLs through the web development communit y, and not through the tradit ional

compiler communit y; and I suspect that more and more peoplewill walk th is path.

3.1. The Al chem ist

In May of 2000, I dropped out of school for �nancia l reasons (reason: I had no � nancials).

Luckil y, Red Hat, Inc. neededOperat ing System developers, and so I spent the next year and a

half in Durham, North Carolina. The duties of an OS Developer in the Durham o�ce included not

only packaging and bug �xing of disparate piecesof system software pulled from the Open Source

communit y, but alsothe production and maintenance of subsystemsbuilt up from thesecomponents

(I worked primarily on print ing), and of con�gura tion tools for these subsystems. This lead to my

involvement with a Red Hat internal project know as the Alchemist, and I claim full responsibilit y

for it's failure.

The Alchemist was a multi-sourced con�guration lib rary, meaning that it was designed so

that a subsystem could be reading it s con� gurat ion from various sources(the package defaults, the

15
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company con�g server, the department con�g server, and the machine's local settings) and merge

the result together into a cohesive whole. The �nal library constitu ted 15 thousand lines of dense

C code, of which I wrote 10 thousand; as well as a set of bindings into the Python programming

language, which (aft er a �rs t round by someoneelse)I rewrote completely. It is the largest, heaviest

code I have ever developed. It performs tree merges,in C, e�cien tly , while using string internment,

and referencecount ing.

The most annoying thin g about the Alchemist was that it worked. In fact, Red Hat's Linux

distributions still ship with it , but only one tool usesit (the printing tool), but not for merging from

multip le sources (I was one day away from adding that feature when I was laid o� , and it was just

an interface issue,the code was already there).

You see, the Alchemist works. It usesa complex set of semantics to merge a cascade of

con�g urat ion t rees,with various levelsof priorit y, atomicit y, and namedversusunnamedcollections.

Wit h a properly designed schema, you can set some very subtle con�gur ation policies. Or rather,

you could, if you understood the semant ics of the language, which apparent ly no one but Crutcher

Dunnavant ever did.

The Alchemist was my �rs t intr oduct ion to producing a serious DSL environment , though

at the t ime I did not recognize it as such. Someinteresting bits of history occur at th is point:

� The GUI for the printer con�gurat ion tool wasdeveloped with a GUI development tool

named Glade[34], which stores its window templates as XML. Rather than generate

GUI code wit h Glade, I useda secondproject, Libglade[33], which interprets Glade's

project �les at run time for building interfaces. Both projects are available for all

Linux dist ributions.

� The storage and transmission format of the data was XM L, but the libr ary parsed it

using the SAX[32] interface, and had it' s own internal structures for the trees.
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� Someof the output writer modules for the library provided XSLT tr ansformations on

the XML, but those were provided by someoneelse,because I found them to be too

'weird'.

3.2. Ghede

In January of 2002 I returned to college to complete my Bachelor's, and was haunted by

the Alchemist. It was simult aneously a large, impressive, functional pieceof code, and and a great

failure. Deciding to put more e� ort into addressing con�gur ation as a general problem, I worked to

design an even more 
exible system named Ghede.

Ghede was to be a general con�gurat ion server, designedfrom the outset to be network

based, and to have a simple module interface for plugins. Graylin Trevor Jay and I spent a good

deal of the fall of 2002 working on this project. We choose the XML-RP C[15] protocol for talking to

our server, as it was the most portable interface we could �nd. Needingsome method of interfacing

with plugins, it was decided that Ghedewould possesa local �le pipe variation of XML-RPC which

wasdubbedXML-IP C. Again, I found myselfworking with XM L, in a di�eren t environment , because

of a needfor commodit y availabilit y.

Of course, Ghedewas never �nished, though it 's basic server was completed.

3.3. XML-IPC

Af ter all the work on Ghede,and familiar it y generated wit h XML- RPC, it occurred to me

that really nailing down the XML-IP C protocol for local, binary independent IPC, would be very

useful. I decided that this would be my thesis, and put about 7 months into it . Part of this was

investigat ing just how available XML- RPC was (very, it even has TCL/Tk [22] modules!).

The draft thesis for XM L-IPC was written in Docbook, an XML baseddocument production

system, which usesXSLT transformat ions to produce PostScript or HTML views of documents.
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3.4. CSS

During the summer of 2003, I began, purely as a personal project, to learn CSS(Cascading

Style Sheets)[39]; as I'd beenputt ing it o� for a number of years. Being rather impressedwith what

was available in this language, I immediately started pushing my friends into learning it .

3.5. XP ath, XSL T, and the Perio d of Expl ora ti on

Becoming increasingly annoyed wit h some of the features of Docbook, and beginning to

thin k about XSLT, I started reading the Docbook tr ansforms to �n d out why expected things failed

to happen in Docbook. The XSLT t ransforms proved more approachable than they'd �rs t looked,

and the group pushedit's web work into an earnest e� ort to truly learn XSLT.

The group spent a week reading the XML, XPath, and XSLT standards in their ent irety.

Had the group come at this from the tr aditionally route, we'd probably have used some form of

tut orial (such as those available at www.w3schools.com), and this task probably taken us only half

as long. Thus began, in September of 2003, the Period of Exploration. The group wrote t ransforms

for all sorts of systems. We wrote litt le snippets of XSLT which generated useful scripts on the

various systemswe administered. We generated many web pageswhich took simple XM L languages

to complex presentat ions (using the CSSlearned earlier for styling).

What really became a problem was that a good deal of data insisted on being something

other than XML. We started to write programs for the sole purposeof reading various formats and

producing XML representations of them.

3.6. Turtle s

At somepoint in the fall of 2003, while talking to Don Yessick about the transformation

system he wasdeveloping for his Doctorate, SLY[21], I became somewhat annoyed with the extreme

amount of structure and work he was putt ing into buildin g up the tr ansformation environment , and
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the resulting rarit y of the tool (only Don can use it). I declared that I could produce a tool with a

good chunk of the transformat ive capacity of Don's tool with far lesswork, by parsing �rs t to XML,

and then writing the tr ansforms I wanted as XSLT. This discussion lasted about 3 weeks, with Don

never really getting that I was talking about the commodit y nature of XSLT, and not the storage

format of XML, as the main selling point of my suggest ion.

Ult imately, Don and I disagreed about what should be done wit h action code. Don wished

to t ransform the action code, and I wished to ignore it.

Ult imately, one long night produceda tool which I called Turt les. This amounted to a small

shell script , a Make�le, and a 300 line XSLT transformat ion. The tool would take a grammar �le

(written in XML), and produce .l and .y � les for a 
ex /bison parser tool, which usedlibxml for it's

AST, and wrote out the resultant tree after it parsed a stream. The next night added high-order

list const ruct to the tool's grammar. The XSLT transformat ion was now 500 lines. But the result

of this parsewasnot a Concrete Syntax Tree, it wasparti aly re-writt en by rules at each production,

and structures such as recursive lists were collapsed into single list nodeswith children, rather than

recursive structures.

Clearly, my exposure and background permitted Turt les to be writ ten, and to be writ ten

as quickly as it was. Everything I have done in thi s domain since those �r st two nights has been

re� nement , and a search for a way to isolate what it was that I knew that permit ted me to write

Turtles into atomic, and t ransferable components.



CHAPTER 4

Technique Summa ry

This work presents a collection of techniques for generating t ransform tools which rely

upon commodit y components available for all languages and plat forms, and should be universally

applicable. It also demonstrates the application of these techniques to two environments (C and

Java), and towards the production of a non-trivia l tool (a parser for CSS2.1).

The primary motivation behind all of thesetechniquesis that they require nothing which is

not available to the point of ubiquit y. The basic onesrely upon XML and XSLT, lex and yacc, and

the more advanced onesrely upon the basic ones. Where others who have covered similar ground

have discussed how to usetheir tools, and how their tools work; this work covers how to build tools

similar to these for other envir onments.

The watchword of all of the techniquesprovided here is Commodity . All of them are cheap,

and all of them are fast to write; though perhaps they are not fast to execute. However, the machine

upon which I write this paper runs at 4751 MIPS, so perhaps someof the urgency can be removed

from processing techniques.

4.1. Ap pl icab i li t y

This approach relies upon lexer and parser generators, and thus is primar ily applicable to

context free languages. Addi tionally, because of the nature of the AST implementat ion, semantic

act ions must be delayed until aft er parsing, at tr ansformation t ime. Thus, asthe amount of semantic

analysis or lexical re-write necessary for a languagegrows, the cost of implementin g the transforma-

tion stage in XSLT grows as well. This should not be taken as a reason to discount the approach

20
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though, as many languages are small and relatively simple. Even those which are not so simple,

such as the language of Cascading Style Sheets, are approachable.

I have found that the ideal application of thesetechniques is in the rapid it erative develop-

ment of Domain Speci�c Languages, to the point that it is possible to develop languageswhich are

almost disposable. To foreshadow the more complete description we begin with a brief synopsis of

the techniques.

� Delay Semantic Actions, do no processinguntil a complete AST is built.

� UseXML for Grammar and AST Representatio n, use existing XML lib raries to repre-

sent the tree structure of the input, the transformat ions, and the speci�cation of the

parser generator.

� Map Lexical Actions to Match, Error, and Ignore providing conveniencein the speci-

�catio n of the lexer.

� Re-Write Nodes at Production Time, constraining re-writ es of the AST to the most

common operations.

� Enable Optional Symbols through Grammar Transforms, allowing the conciseexpres-

sion of productions.

F oo ::= B ar ? B az ?

+

F oo ::= B ar B az

j B ar

j B az
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� Enable Lists through Grammar Transforms, enabling the conciseexpression of delim-

ited lists.
LI ST ::= � 1 �

+

LI ST ::= LI ST ite m LI ST r li st

L I ST r lis t ::= LI ST r l ist hL I ST deli m i LI ST i tem

j �

L I ST ite m ::= �

hL I ST deli m ::= � i

� a set of li st ite m pro ductions, � a set of delim iter pr oduc tions,

h::: i only present when � is not emp ty.



CHAPTER 5

Relat ed Observ at ions

5.1. Gramm ar Mall eabil it y

One of the chief advantagesof envir onments wit h high-order grammar transformations is

the ease with which grammars can be altered in them. During the development of the CSSparser

described in 8.4. A CSS Parser, I checked the test casesafter every nonterminal was added, and

sometimesrest ructured the way lists were formed to make it easier to handle. In other sit uat ions, as

when a new DSL is being st ructured for the �rs t time, malleable grammars make the development

of a nice clean grammar much easier, and relieve some of the language designer's burden.

5.2. XML and XSL T A vail abi li t y

XSLT is an XML language for describing XML node tree transformations, and vir tually all

XML environments include an XSLT processor. XSLT is commonly used to yield HTML, PostScript,

PDF, and WAP views of XML documents; it is used to transform between database formats in

enterprise environments; and it is supported nat ively by all third- generation browsers (including

Mozilla and IE). Thus XML and XSLT are rapidly consuming the design space for data interchange.

5.3. lex and yacc Av ail abi li t y

The lex/y accfamily of lexer/ parsergenerators won the parsergenerat ion space. Th is family

is what is taught in compiler classes, and what books are written about. Many projects exist to

re-implement the lex and yacc generators in various environments. For lex, these include 
ex+ +

(C++ )[26], JFlex (Java)[19], alex (Haskell)[27], a
ex (Ada)[28], TP lex (Turbo Pascal)[29], and
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many others. For yacc, these include Yacc++[ 24](C+ +) and CUP (or java cup)[20](Java) and

JavaCC[23](Java). The examplesin this paper have beencon�r med to work in 
ex, a lex clone, and

bison, a GNU yacc clone, but you should be able to � nd a 
a vor for any environment which also

possesseslex and an XML /XSL T environment.



CHAPTER 6

The Technique s

6.1. Technique: Del ay Semantic Ac tio n

It is my �rm belief that much of the complexity of handling parser generation lies in de-

veloper's insistence on performing semantic actions during parsing. While this is appropriate for

interactive environments (such asshells), it is not necessary for batch processedlanguages. The rest

of the techniques depend upon delaying semantic actions unt il the t ransformation step.

What th is also delays is the interpretat ion of strings, and similar actions. It is common to

de-escape strings during lexing, rather than waiting for the �r st pass of tr ansformation, but this

often adds unneccessary complexity to parser generation.

6.2. Technique: Use X M L for Gramm ar Repr esenta ti on

XML providesa rich syntax and data structure upon which to de�ne languages, and through

XSLT, it is extremely easy to de�ne portable transformations on it. In developing any t ransform

tool, you will needto write a representatio n of the grammar for the languageto be transformed, and

the actions to take at appropriate points as that grammar is applied. If the representatio n language

for your grammar is itself easy to transform, you can de�ne high-order grammar features (th is will

be dealt with later as separate techniques).

Therefore:

� De� ne an XML language to represent your grammars.

� Build XSLT transforms which map from your language to your language to realize

high-order grammar features,such as lists and opt ional elements.
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� Use XSLT to generate BNF from the grammars for debugging.

� Use XSLT to generate your lexer and parser source from the grammar.

In my application, language �les describe all lexical and grammat ical actions neededto

generate an XM L AST for a language. An XML Schema[35] is provided in the appendix asA.1. lan-

guage.xsd, and a description of that schema is provided here. Before gett ing into that, I'll provide a

basic guide to reading XML Schema documents.

6.2.1. A Crash Course in XML Schema. This section exists to provide basic under-

standing of the XSD language of XM L Schema[35], so that the reader unfamiliar with XSD can

follow the remainder of the discussionon the XML language�les.

XML Schema is an XML language for specifying validating grammars for XML languages.

The W3C (t he World Wide Web Consort ium) is currently moving to replace XML's original spec-

i�catio n language, DTD (Document Type De�nition), with the far more 
 exible and preciseXSD

(t he short name for XML Schema).

6.2.1.1. Elements, Attri butes, and Types. As XSD is a language for specifying the gram-

mar for XML �les, it must of necessity deal primaril y with elements and attributes. XSD uses

xsd:e lem ent and xsd:at tribute elements for describing the propert ies of elements and attributes,

or for referencing a description of an element or att ribute made elsewhere, as is done wit h the ref

attribute. When describing the type of an xsd:e lem ent or xsd:attr ibute , we have the choice of

placing an anonymous type descripti on withi n the element , or referencing a named type description

through the element's type att ribut e.

There are two kinds of type in XSD, xsd: com ple xT yp e and xsd: simpl eTyp e.

xsd:s im pleT ype types can only describe strings, and their are a number of built in simpleTypes,

such as xsd: NMTOKE N which matches legal XML ident i�er names. Since XML attributes can

only contain strings, all xsd:attr ibute typesmust be xsd:simpl eTyp es. When an xsd: element



27

is given a simpleType, it cannot contain at tr ibutes, nor can it contain any element children; if

either of these is needed,then it is given an xsd: com ple xT yp e type, which describe thesethi ngs.

xsd:com plexT yp e typescan describe types which contain attribut es and element children; when

an xsd:compl exT ype needsto contain both element and text children, it is said to be mixed. Both

xsd:s im pleT ype and xsd: com plexT yp e can extend or restrict previously de�ned types, through

the useof xsd:extensi on and xsd:restrictio n elements (which will not be fully explained here).

6.2.1.2. Choices and Sequences. The valid element contents of an xsd:com plexT yp e are

speci�ed using xsd:sequence, xsd: choice , and xsd: al l elements, which contain other items, bethey

xsd:e lem ent , or one of the speci�ers xsd:sequence, xsd:choi ce, or xsd: al l . The cardinalit y of

elements in theseenvironments is a�ected by the attributes minOccurs and maxOccurs, though the

defaults vary betweenthem. xsd:sequence is a simple sequence,where every element has assumed

cardinalit y of 1, though unlessoverridden by the occurrenceat tr ibutes (as when mi nOccur s = \0 00,

making an item opt ional). xsd:choi ce is a disjunction, where one of the listed opt ions is matched,

and the maxOccurs can be raised, but minOccurs must be greater than or equal to 1. xsd: al l is

a feature not commonly seen in grammars, it is the conjunction of its children, so that all of them

must be selected,and for xsd:all , minOccurs may be set to 0, but maxOccurs must always be 1.

Thus the following sample of XSD:

<xsd: element name="A">

<xsd:comple xType>

<xsd:sequ ence>

<xsd:el ement re f="B" maxOccurs="unbounded"/>

<xsd:el ement re f="C" minOccurs="0"/>

<xsd:ch oice>

<xsd: element ref="D" maxOccurs="2"/>

<xsd: all>

<xsd:elemen t ref="E " minOccurs="0"/ >

<xsd:elemen t ref="F "/>

<xsd:elemen t ref="G "/>
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</x sd:all>

</xsd :choice>

</xsd:s equence>

</xsd:com plexType >

</x sd:eleme nt>

Is roughly equivalent to the following BNF:

A ::= B + C ? (D f 1; 2g j (( E F G) j (E GF ) j (F E G) j (F GE ) j (GE F ) j (GF E ) j (F G) j (GF )) )

6.2.2. H ow language �les work . This sect ion covers the structure of �les described by

A.1. language.xsd, which specify the lexical and grammat ical de� nition for a language. These �les

are rooted wit h a langua ge element . This element has a name at tr ibute, which speci�es the name

of the language being described (all namesdescribed in this format are used for symbol generation,

and as a result they must be legal identi � ers in the generated parser target language). The langua ge

element also possessestwo children, a lexer element , which comes � rst and which describes the

lexicographic rules of the language; and a parser , which comessecond and which describes the

grammat ical rules of the language. The following fragment of XSD de�nes language elements:

<xsd: element name="language">

<xsd:comple xType>

<xsd:sequ ence>

<xsd:el ement re f="lexer "/>

<xsd:el ement re f="parse r"/>

</xsd:s equence>

<xsd:attr ibute name="name" type=" xsd:NMTOKEN" use="requir ed"/>

</xsd:com plexType >

</x sd:eleme nt>

The lexer element describes the lexicographic portions of the language. This element has

opti on, patt er n, matc h, ignore , and error element childr en. The option elements are used to

pass opt ions to the lexer generator.

Ex: <opti on>case-i nsensiti ve</o pt io n>
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The following fragment of XSD de�nes option elements:

<xsd: element name="option" ty pe="xsd: string"/ >

The pat tern element is used to de�ne regexp pat terns to be reusedby the regexp of the

rules de�ned by later pattern or mat ch elements.

Ex: <patt er n name="NL">nn| nr nn| nr| nf< /p att er n>

The following fragment of XSD de�nes pattern elements:

<xsd: element name="pattern">

<xsd:comple xType>

<xsd:simp leConten t>

<xsd:re strictio n base="xsd:stri ng">

<xsd: attribut e name="name" ty pe="xsd: NMTOKEN"

use="requir ed"/>

</xsd :restric tion>

</xsd:s impleContent>

</xsd:com plexType >

</x sd:eleme nt>

The matc h elements are used to de�n e lexical actions which generate terminal sub-trees.

These sub-t reeswill consist of an element node (with the name given by the \ term" att ribut e),

containing a text node whose value is that of the matched lexeme. The text content of matc h

elements is the regexppatt ern for the associated rule.

Ex: <matc h ter m="I MPORTSYM">"@import "</ match >

The following fragment of XSD de�nes match elements:

<xsd: element name="match">

<xsd:comple xType>

<xsd:simp leConten t>

<xsd:re strictio n base="xsd:stri ng">

<xsd: attribut e name="term" ty pe="xsd: NMTOKEN"

use="requir ed"/>

</xsd :restric tion>

</xsd:s impleContent>

</xsd:com plexType >
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</x sd:eleme nt>

The ignore elements are used to de�ne lexical actions which ignore their lexemes. Like

matc h elements, the text content of ignore elements is the regexp for the associated rule. The

following fragment of XSD de�n es ignore elements:

<xsd: element name="ignore" ty pe="xsd: string"/ >

The err or elements are used to de�ne lexical actions which halt parsing and signal an error.

(Oft en an `anything' match placed at the end of the lexer sect ion will usean er ror element.)

Ex: <erro r> .</ er ro r>

The following fragment of XSD de�nes er ror elements:

<xsd: element name="error" typ e="xsd:s tring"/>

The parser element describ es the grammatical port ions of the language. This element

has opt ional attributes start, which speci�es the start symbol of the language (it default s to the

�rs t nonterminal or list symbol), and expected con
i cts, which speci�es the number of shift/r educe

con
icts the parser generator should expect in the language (it defaults to 0).

The parser element contains non t er m and li st element children. Thesechildren correspond

to grammat ical rules and sets of action code. non te r m elements describe nonterminal rules; and

li st elements resolve, aft er a language ) language t ransformation, to a collection of non term

elements. The following fragment of XSD de�nes parser elements:

<xsd: element name="parser">

<xsd:comple xType>

<xsd:sequ ence>

<xsd:ch oice maxOccurs=" unbounded">

<xsd: element ref="non term"/>

<xsd: element ref="lis t"/>

</xsd :choice>

</xsd:s equence>

<xsd:attr ibute name="star t" type= "xsd:NMTOKEN"/>

<xsd:attr ibute name="expected_con flicts" type="xs d:nonNegativeInt eger"
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defau lt="0"/>

</xsd:com plexType >

</x sd:eleme nt>

The non term elements describe nonterminal rules and their action code. These elements

havea requiredatt ribut ename, which speci�es thenonterminal's produced, and an optional at tribute

epsilon, which speci�es if the nonterminal hasan empty production. The non term elements contain

0 or more pr oduct ion childr en, which describe individual productions, and are described by the

type Pro ductionT ype. The following fragment of XSD de�n es non term elements:

<xsd: element name="nonterm">

<xsd:comple xType>

<xsd:sequ ence>

<xsd:el ement name="production" type="Pr oduction Type"

minOccurs=" 0" maxOccurs="un bounded"/>

</xsd:s equence>

<xsd:attr ibute name="name" use="r equired" type="x sd:NMTOKEN"/>

<xsd:attr ibute name="epsilon" typ e="xsd:b oolean" default= "false"/ >

</xsd:com plexType >

</x sd:eleme nt>

The list elements describe high-order lists which map to collections of recursive non t er ms,

as described in 6.7.2. Technique: Lists through Grammar Transforms. These elements have at-

tributes name, epsi lon, item name, item action, i tem epsilon, delim name, delim action, and de-

lim epsilon; and contain del im iter and pro duc ti on elements. The full semantics of l ist elements

are provided by a language ) language tr ansformation, and will be described in the list resolution

technique. The following fragment of XSD de�nes lis t elements:

<xsd: element name="li st">

<xsd:comple xType>

<xsd:sequ ence>

<xsd:el ement name="deli miter" t ype="Pro ductionT ype"

minOccurs="0" maxOccurs="unbo unded"/>

<xsd:el ement name="production" type="Pr oduction Type"
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maxOccurs="un bounded"/>

</xsd:s equence>

<xsd:attr ibute name="name" use="r equired" type="x sd:NMTOKEN"/>

<xsd:attr ibute name="epsilon" typ e="xsd:b oolean" default= "false"/ >

<xsd:attr ibute name="item_epsilon " type=" xsd:bool ean" def ault="fa lse"/>

<xsd:attr ibute name="deli m_epsilo n" type= "xsd:boo lean" default="f alse"/>

<xsd:attr ibute name="item_name" t ype="xsd :NMTOKEN"/>

<xsd:attr ibute name="item_action" type="A ctionTyp e"/>

<xsd:attr ibute name="deli m_name"type="xs d:NMTOKEN"/>

<xsd:attr ibute name="deli m_action " type=" ActionTy pe"/>

</xsd:com plexType >

</x sd:eleme nt>

The type Pro ductionT ype type is usedby both the deli mite r and pro duct ion elements.

It contains a list of one or more symbol elements, which specify their own re-writ e actions, and

contain as text the name of the symbol they are to match.

Ex: <symbol >SomeSymbol< /sy mbol>

sym bol elements possess optional action, rename, and optional at tr ibutes. The action

attribute speci� esthe re-write action which should be applied to a symbol 's sub-t reeat parsetime,

and it defaults to \ preserve". If a symbol 's sub-tree should be renamed at parse t ime, then the

rename attribute speci�es the new name.

The language language supports opt ional symbols, through the use of a language )

language tr ansform. The optional att ribut e, when \ true" or \ false" speci�es if a symbol is op-

tional (and defaults to \ false"). Note that the t ransform never producesempty productions, and

thus A? B ? will yield A B , A, and B , but not the epsilon production. This is discussed further in

the the enumeration technique. The following fragment of XSD de� nessym bol elements:

<xsd: element name="symbol" maxOccurs="unbounded">

<xsd:comple xType>

<xsd:simp leConten t>

<xsd:re strictio n base=' xsd:NMTOKEN'>

<xsd: attribut e name="action" type="Ac tionType " defaul t="prese rve"/>
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<xsd: attribut e name="rename" type="xs d:NMTOKEN"/>

<xsd: attribut e name="optional " type=" xsd:bool ean" def ault="fa lse"/>

</xsd :restric tion>

</xsd:s impleContent>

</xsd:com plexType >

</x sd:eleme nt>

The type Act ionT yp e is usedby various att ribut esto specify which re-writ e action to take

at production ti me. It enumerates four possiblevalues: \pr eserve", \content", \to ken", and \ drop".

The following fragment of XSD de�nes the ActionT ype:

<xsd: simpleTy pe name="ActionT ype">

<xsd:restri ction base="xsd: string">

<xsd:enumeration value="p reserve" />

<xsd:enumeration value="c ontent"/ >

<xsd:enumeration value="t oken"/>

<xsd:enumeration value="d rop"/>

</xsd:res triction >

</x sd:simpl eType>

6.3. Technique: Use X M L for AST Repr esenta ti on

The wide availabilit y of XML means that it is usually available for useas the internal rep-

resentation when constructing ASTs. If XML is used for AST representat ion, no t reemanipulation

code, nor custom purpose AST classes will need to be developed. Binary data will require some

textual encoded form, such as Base64[5]. However, many DSL applications never deal in binary

data, so the encoding lim itat ion is not very great.

The primary advantage of using XML for AST representation is that AST serialization

becomestrivia l, and well de�ned, and thus language processingtools can be strung together with

pipesand �lt ers, wit h no requirement that they bewritten in thesamelanguage. Semant ic validation

and type checking could be performed by a Java program, and then a C basedXSLT engine could

transform the validated code into some dest inat ion format.
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6.4. Techn ique: Map L ex ical A ctio ns to M atc h, Error, and Ignore

Lexers scan input character st reams,and yield terminal streams (represented as somenode

or token data structure) to a parser. They perform th is task by scanning characters in the input

stream, and selecting sub-strings which match certain patt erns. Various actions can be performed

on these sub-strings, such as the const ruction of a terminal node to be passedon to the parser. For

a given lexical match, our lexer will construct an XML sub-treewhich consists of an XML element

root node wit h the same name as the terminal, that contains an XML text node whosevalue is the

lexical content of the terminal.

The rules usedby the lex-family lexer generators associate regular expressions wit h action

code. Theseexpressions are buil t into the generated lexer's state machine, and when their patt erns

match, the rule's associated action code is executed. While di� erent lexer generators support di� er-

ent dialects of regular expressions(and thus di�er ent patterns must be developed for di� erent lexer

generators), there is enough similarit y betweenregexp dialects that you should have little di�cult y

adapt ing a pattern from one lexer generator to another.

In an e� ort to reducethe work done in parseand processingsteps,many complex and subtle

features have been developed for the various lexer generators available. Since we are using a full

transform environment (XSLT), we have li ttle needfor such clevernessat the Lex stage, and so we

cast lex actions into three distinct and limited classes:

(1) matc h rules - which produce terminal nodesfor lexical tokens;

(2) ignore rules - which consumecharacters, but take no other actions; and

(3) err or rules - which specify patterns which should yield lexical errors.

For example, the following is the lexer portion of B.3. li spy.language.xml, which de�nes a

language called \lisp y", which I used during tool development:

<lexe r>

<match term="leftPa ren">"(" </match>
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<match term="rightP aren">") "</match >

<match term="identi fier">[[ :alpha:] ][[:alnu m:]]*</m atch>

<match term="number">[[:dig it:]]+</ match>

<match term="string ">'[^']* '</match >

<ig nore>[^[ :print:] ]|[\n[:b lank:]]< /ignore>

<error>.</e rror>

</l exer>

6.4.1. Lexer Ac ti on Co de.

6.4.1.1. Ignore Rules. The ignore rulesusually producerelativ ely tr ivial action code. These

rules merely need to match and consume strings, and not to yield tokens. With 
ex , ignore rules

rules yield:

PATTERN {

/ * Ignore */;

}

6.4.1.2. Error Rules. The er ror rules require a bit more work. When they match, it means

that the input is lexically malformed, and we want to halt the tr ansformation. To do this, you'll

needsomeform of error token, separate from all tokens used in your terminal or non-terminal sets.

This token holds no lexical value, so we don't build it an XML node; it only serves to indicate to

the parser that we are in a failure mode. Wit h 
ex , error rules yield:

PATTERN {

/ * Error */

yylval = NULL;

r eturn li spy_lex_ error;

}

6.4.1.3. Match Rules. The matc h rules captur e the lexeme as a text node, and create an

element node for the terminal, which contains the lexemetext node as a child. XML libr aries vary,

but for 
ex and l ib xml [16], our match rules yield:

PATTERN {

/ * Match */

yylval = xmlNewNode(NULL, "TERMINAL_NAME");

xmlAddChild(yylva l, xmlNewText(yy text));

r eturn li spy_sym_TERMINAL_NAME;

}
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6.4.1.4. Line and Column Numbering. It is frequentl y useful to annotate these terminal

nodes with line and column attributes. Some lexer generators provide environments which t rack

line and column numbers; but in others, you will needto create custom purpose rules which match

at the beginning of the rule sets to tr ack thesenumbers. In 
ex , this is oft en accomplished in the

following manner:

. ++column_number; REJECT;

\n ++line_n umber; column_number = 1; REJECT;

In our envir onments, we have made this annotati on a run-t ime option; so our true match

act ion code is closer to this:

PATTERN {

/ * Match */

yylval = xmlNewNode(NULL, "TERMINAL_NAME");

i f (track _term_position) {

char buf[32];

snpri ntf(buf, 32, "%d", line_ number);

xmlSetProp(yy lval, "l ine", buf);

snpri ntf(buf, 32, "%d", column_number);

xmlSetProp(yy lval, "c olumn", buf);

}

xmlAddChild(yylva l, xmlNewText(yy text));

r eturn li spy_sym_leftPare n;

}

6.5. Technique: Re-W rite No des at Pr oduc ti on Tim e

Since the AST will be an XML t ree, the semantic content of each symbol matched by a

particu lar production will itself be an XML fragment. The simplest approach to building an AST at

this point is to collect the fragments as children of a new element node created for the non-terminal

being produced (working in context -freegrammars, there is only ever one NT being produced).

I have found that a good deal of work can be saved in later tr ansformation stepsby permit-

ting somebasic re-writes of thesesub-treesat this step. I have ident i�ed �v e speci� c re-writes which
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Figure 1. Node Re-Write Selections

are simple to implement in an XML environment, and together enable many high-order grammar

features (such as collapsed lists). The simplest, r ename , simply renames the root of the sub-t ree.

Sub-trees wil l always have element nodesas their roots, since parser and lexer action code produces

such sub-trees.

When a production matches,thevarious families of parser generatorsprovide di�eren t means

of accessing the semantic content of each symbol in the production. In our case, this wil l be the

XML sub-tree for a symbol. We have developed a collection of basic re-write actions which can be

applied to a symbol's sub-tree in the action code of a production. The root of a symbol's sub-t ree

will always be a single element node, since the action code of all of our non-terminal and terminal

productions yield rooted XML t rees.

In additio n to rename , there are four selection actions which can be performed on a sub-

tree:

(1) preserv e - which keeps the symbol's entire sub-tree as a child of the produced non-

terminal's node;

(2) tok en - which keeps only the root of the sub-tree;

(3) conten t - which keepsall of the sub-tree, except for the root node; and

(4) drop - which discards the symbol's sub-tree entirely .
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It should be noted that renaming is, for obvious reasons, nonsensical when combined with

the \ content" or \ drop" node selections.

For example, the following is the parser portion of B.3. lispy.language.xml :

<parser>

<li st name="Program" epsilo n="true" >

<producti on>

<symbol>Apply</ symbol>

</produ ction>

</list>

<nonterm name="Apply">

<producti on>

<symbol action= "drop">l eftParen </symbol >

<symbol rename="functio n">ident ifier</s ymbol>

<symbol action= "content ">ApplyL ist</sym bol>

<symbol action= "drop">r ightPare n</symbol>

</produ ction>

</nonterm >

<li st name="ApplyLi st" epsi lon="tru e">

<producti on>

<symbol>Apply</ symbol>

</produ ction>

<producti on>

<symbol>identif ier</sym bol>

</produ ction>

<producti on>

<symbol>number</symbol>

</produ ction>

<producti on>

<symbol>string< /symbol>

</produ ction>

</list>

</p arser>

6.5.1. Parser Ac ti on Co de. The code for theseaction rules is tr ivial, soexamplesshould

su�ce. The main th ing you need to know about bison actions is that the semantic value of the
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non-terminal being produced is stored at locat ion $$, and the semant ic value of the 1.. .N symbols

for a given production are stored at locat ions of the form $1, $2, .. ., $N.

The general case for a non-terminal production is to create a new XML node wit h the same

name as the non-terminal, and to yield that node as the semant ic content of the production. With

bison and li bxm l[16], our production code was of the general form:

$$ = xmlNewNode(NULL, "NONTERMINAL_NAME");

/* In sert Re-Write Code for Each Symbol */

6.5.1.1. Renam e Re-W rite for Symbol 1.

xmlNodeSetName($1, "NEW_NAME");

6.5.1.2. Pr eserve Re-Wri te fo r Symbol 1.

xmlAddChild($ $, $1);

6.5.1.3. Token Re-W rite for Symbol 1.

xmlAddChild($ $, $1);

if ($ 1->child ren) {

xmlFreeNodeList($ 1->child ren);

$1->child ren = NULL;

}

6.5.1.4. Con tent Re-Writ e for Symbol 1.

if ($ 1->child ren) {

xmlAddChildList($ $, $1->children) ;

$1->child ren = NULL;

}

xmlFr eeNode($1);

6.5.1.5. Dr op Re-Wri te for Symbol 1.

xmlFr eeNode($1);

6.5.1.6. List of Terminals. For most parser generators, it will be necessary to provide the

generator a list of all terminals which will be yielded by the lexer to the parser. This list can be

extracted by t ransformat ion on the XML rules for the lexer.
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6.6. Techni que: Optio nal Symbols thr ough Gra mmar Tra nsforms

F oo ::= B ar ? B az

Optional symbols are quite useful in grammars, and as a result, many, possibly most gram-

mars have (or could be writt en in a way which had) several. These symbols must be resolved at

some point, and in most environments this task is left to the programmer. Resolving grammar

productions which contain optional symbols is a mechanical task, if a given production contains N

optional symbols, then after resolving the production, the grammar will contain 2N productions in

its place.

However, when using a transformable grammar de�n ition, there is no reason to expect the

human programmer to do this menial task. Human error rate alone arguesagainst it.

Since it is easy to specify an epsilon production for a non-terminal, a useful tric k for the

optional symbol enumerati on t ransform is to have it not produce epsilon productions which are

the result of enumeration. This providesa meansof handling a grammar convention which is quite

common: F oo ::= B ar B az? j B az can then be written: F oo ::= B ar? B az?. Th is tric k was

suggestedto me by Don Yessick in his Doctoral work[21].

F oo ::= B ar ? B az ?

+

F oo ::= B ar B az

j B ar

j B az

6.6.1. A Cr ash Cour se in XSL T. This section exists to provide basic understanding of

the XSLT language of XML Stylesheet Language Transforms[38], so that the reader unfamiliar with

XSLT can follow the remainder of the discussion on XSLT transform � les.
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XSLT is an XML language for specifying tree transformat ions on XML languages. It is the

most used tree t ransform language in existence.

6.6.1.1. XPath Expressions and Template Matching. The core of XSLT is it 's template

matching model. XSLT recursesthrough an input tree, and as it doesso, it matches nodes(elements,

attributes, namespace nodes, comments, text, and processinginstructio ns) to somexsd:tem plate ,

and then evaluates the matched template on the node. The default template copiesonly text nodes,

and recurses, so that an XSLT t ransform wit h no templates in it will strip all of the elements (and

thus at tr ibutes and namespaces), comments, and processing inst ructions from an XML � le, leaving

only the text.

In order for a template to override this default, it must have a match at tr ibute which

speci�es an XPath[37] expression which evaluates tr ue for the given node. XPath is the XML Path

language, and provides a means of evaluat ing expressions over an XML t ree. Since there are often

several templates which may match a given node, the one who's match has the higher speci� city

is applied. The means by which the relat ive speci�cit y of two XPath expressions is determined is

de�ned by a rather complex set of rules in the XSLT speci�cation, but it tends to be what one

would describe intuitiv ely - named elements in expressions are more speci�c than unnamed ones,

expressions with more tests are more speci�c than thosewith fewer, etc.

These XPath expressions are used for other portio ns of XSLT as well. They are used by

xsd:i f and xsd:when as the contents of test at tr ibutes to determine 
o w contr ol; and by xsd:for-

each, xsd:par am, xsd:v ar iable and others as the contents of select attributes, which select values

from an XML t reeto perform various operations on.

6.6.1.2. Recursion, Variables, and Parameters. In XSLT, there are two means of recursion

available - xsd:apply-tem plat es, which returns to template matching on the current context; and

xsd:call -templ ate , which calls an xsd:tem plat e explicitly by name. XSLT also provides a means
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of de� ning variables, the xsd: variable element, which de�nes a new XPath variable which is in-

scope for elements which are following siblings or children of following siblings of the xsd:v ar iabl e

de�nit ion. The value of a variable is set using either the select at tr ibute and an XPath expression,

or the result of applying the template contained within the xsd: variable element. Parametersmay

be passed between templates through the use of xsd:par am elements. xsd:par am behave like

xsd:v ariable elements in every way, except that the value which is set for them is overridden if a

template is called with an xsd:wi th-pa ram which matchesthe xsd:para m in the template.

6.6.1.3. Flow Control. Flow cont rol in XSLT is accomplishedwit h xsd: if and xsd:c ho ose.

The template de�ned with in an xsd:i f element is evaluated if the XPath expression in it's test at-

tribute evaluates tr ue. xsd: choose elements contain a sequenceof xsd: when elements with test at-

tributes, followed by an xsd:o t her wi se element; xsd:choose elements are like an i f ; elif ; el i f ; else

series; and every occurrenceof these two pat terns is identi cal:

<xsd: if test= "SOMETEST">

BODY

</x sd:if>

<xsd: choose>

<xsd:when t est="SOMETEST">

BODY

</xsd:whe n>

</x sd:choos e>

6.6.2. H ow enumerat e pro du ctio ns.xsl work s. Th is section examines the behavior of

A.3. enumerate productions.xsl, which provides a basicXSLT transform which enumeratespro duc-

tio ns (and deli mi ter s) of languagegrammars which contain optional elements into all pro duc tio ns

(and deli mi ter s) which contain no opt ional elements required to provide the semantics of the gram-

mar. It should be t rivial to implement in other transformat ion environments.
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The following is an identi ty template in XSLT. It will tr ansform an XML document into

itself. However, other templates wit h higher speci�cit y to their matches will override th is where

appropriate.

<xsl: template name="identity" match="node()">

<xsl:copy>

<xsl:for- each sel ect="att ribute:: *">

<xsl:co py/>

</xsl:f or-each>

<xsl:appl y-templa tes/>

</xsl:cop y>

</x sl:templ ate>

The enumerat ion is performed by a recursive template named enume r ate-pro ductio n. It

will override the ident it y template for nodeswhich possessymbol children which are opt ional (this

includespro duction and deli mi t er nodes). The basic algorith m used by enumerate -pr oduc ti on

is to select the �r st optional sym bol nodewhich it hasnot yet seen,and twice, oncewith that symbol

added to the y l ist , and oncewith it added to the nl ist . The yli st and the nli st , or the yes and no

lists, list the identi ties of opt ional nodes which have already beenseen,and which have been either

enabled(in the caseof the yli st ), or disabled (in the case of the nl ist ).

When there are no more opt ional children to enumerate, this template tests to seeif the

current counting would yield an epsilon production. If it would not, it producesa copy of the basic

node involved (in thi s case, either an pro duction or del imi ter element). The copied element is

given a copy of every element which is either not optional, or is optional but is selected by the

current yli st . The template follows:

<xsl: template match="*[symbol [@option al='true ']]" name="enumerate-pro duction" >

<xsl: param name="ylis t"/>

<xsl: param name="nlis t"/>

<xsl:variab le name="sym"

select="s ymbol

[ @optional='true' ]
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[ not(cont ains(con cat($yli st, ' ', $nlist) , generate-id()) )]

[ 1]"/>

<xsl:choose >

<xsl:when test="$ sym">

<xsl:va riable name="sid" select ="genera te-id($s ym)"/>

<xsl:ca ll-templ ate name="enumerate-prod uction">

<xsl: with-par am name="ylist" select=" concat($ ylist, ' ', $sid )"/>

<xsl: with-par am name="nlist" select=" $nlist"/ >

</xsl :call-te mplate>

<xsl:ca ll-templ ate name="enumerate-prod uction">

<xsl: with-par am name="ylist" select=" $ylist"/ >

<xsl: with-par am name="nlist" select=" concat($ nlist, ' ', $sid )"/>

</xsl :call-te mplate>

</xsl:w hen>

<xsl:othe rwise>

<xsl:if test="c ount(symbol[not( @optional) or @optional! ='true'] ) or $yl ist">

<xsl:co py>

<xsl: for-each select= "symbol[ not(cont ains($nl ist, generate-id ()))]">

<symbol>

<xsl:for- each sel ect="att ribute:: *[name() != 'opt ional']" >

<xsl:co py/>

</xsl:f or-each>

<xsl:co py-of select="no de()"/>

</symbol>

</x sl:for-e ach>

</xsl :copy>

</xsl :if>

</xsl:o therwise >

</xsl:cho ose>

</x sl:templ ate>



45

6.7. Technique: Lists thr ough Gr ammar Tra nsfor ms

Now, what are lists? In most grammars, matching a list of elements requires that we

const ruct a recursive non-terminal (left -recursive for LALR( 1) grammars) which matchesthe various

productions of the list, and has an epsilon production. For a list to match the symbols A and B, a

non term rule would look like th is:

<nonterm name="LIST" epsilon= "true">

<production >

<symbol>LIST</symbol>

<symbol>A</symbol >

</product ion>

<production >

<symbol>LIST</symbol>

<symbol>B</symbol >

</product ion>

</n onterm>

Unfortunately , given a symbol stream A B A A, this yields the containment

(( (( () A) B) A) A), rather than the more useful ( A B A A) . We would likely needto rest ructure

this t reeat transform time in order to actually make any useof it; and since this action (matching

lists of elements) is virtua lly guaranteed to come up while writing a t ransform tool, there is some

real value in having a higher level model for dealing with this. The smgn tool[12] 
a t tens recursive

lists, but does not handle delimit ed lists, and provides no means of contro lling the nature of the

collapse.

We have developed a higher-order list abstraction de�ned in terms of the non-terminal

abst raction. The meaning of the list abstract ion is captured in terms of left recursion and node re-

write (particul arly the \ content " action) in the produced non te r ms. Thesemethods can be applied

to yield lists of this type for any context-free parser generator, no matt er its features; and they are

relativ ely easy to adapt to other parser generat ion models. Our li st rules yield non t er m rules, not
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act ion code. Since this is a transformation approach based around XML and XSLT, and since our

grammar rules are themselvesXML, it is only natural for us to de�ne the resolution of li st elements

into non te r m elements in terms of XSLT templates.

We'll lay out the skeleton of the productions generated by a l ist rule as looseBNF (without

discussing the node re-writes acting upon symbols). In th is BNF, � will denote the set of produc-

tions for elements of the list, � will denote the set of product ions for delimiters of the list, and 1

will denote the join operat ion, as suggested for delimited lists in Advanced Compiler Design and

Implementation[1]. Addit ionally, know that if � is � , we don't have any delimiters, and we ignore

all parts of the BNF within hi. Informally, a delimited list of this form:

LI ST ::= � 1 �

becomesthe following set of non-terminals:

L I ST ::= L I ST i tem LI ST r l ist

LI ST r li st ::= L I ST r li st hLI ST del im i LI ST ite m

j �

LI ST i tem ::= �

hLI ST delim ::= � i

The following list abstraction provides for named delimiters, named it ems(in which casea

matching list production is held in an item element wit h the given name), unnamed it ems(in which

the symbols of the production are direct children of the list ), and a collection of complex re-writes

upon both items and delimiters. Our l ist rules have seven att ributes:

(1) name - speci�es the name of the produced non-terminal, required;

(2) epsilon - speci�es if this non-terminal is permit ted an epsilon production, default s to

\fa lse";

(3) i tem name - speci�es if this li st 's items should be named, and what the name should

be;
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(4) i tem action - speci�es the action to be taken for th is list's items (defaults to \content"

if i tem name is not set, and \pr eserve" if it is);

(5) i tem epsilon - speci�es if there is an epsilon product ion for the list item, defaults to

\fa lse".

(6) delim name - speci�es if this list' s delims should be named,and what the name should

be; and

(7) delim action - speci�es the action to be taken for this list's delimit ers (defaults to

\dr op" if delim name is not set, and \pr eserve" if it is).

(8) delim epsilon - speci�es if there is an epsilon production for the delimiter item, defaults

to \ false".

Note: The epsilon, i tem epsilon, and delim epsilon attrib utes of a list are related. Only one

of them can be set to \t rue" without producing grammar con
i cts.

The rules have one or more pr oduc ti on children, which work the same as those of non-

term rules. These productions describe the various productions of a list 's items. l ist rules may

have deli mi ter childr en, which behave the same as pr oduc ti on rules, save that they describe the

productions of a list's delimiters.

6.7.1. A Quic k L ist Example . Let's examinea more complex list example. Suppose we

are working with a languagewhose functi ons have comma delimited parameter lists (where the value

of a given parameter is given by someExpression), and parameters may be set by keyword. The

grammar for such a language might appear as:

P ar amL i st ::= ( E xpr ession

j identi f ie r equals E xpr essi on )

1 comma
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Whi ch, using the pattern already given, would resolve to:

P ar amL i st ::= P ar amLis t ite m P ar amL i st r l ist

P ar amList r li st ::= P ar amLis t r li st P ar am Li st delim P ar amL i st ite m

j �

P ar amList i tem ::= E xpr essi on

j identi f ie r equals E xpr ession

P ar amLis t del im ::= comma

We wish the AST sub-tree for parameter lists to be a ParamLis t node, containing a col-

lection of Para m nodes, each containing one parameter. We also wish to perform some re-write on

keyword parameters,by renaming the identi �er symbol to keyw or d, and by dropping the equals

symbol. Addi tionally, we wish to permit epsilon productions on the list, which would be di� cult to

expressin our current BNF without more formalism there. All of this can be accomplished wit h the

following l ist rule:

<list name="ParamList " item_n ame="Param" epsi lon="tru e">

<delimiter>

<symbol>comma</symbol>

</delimit er>

<production >

<symbol r ename='keyword'> identifi er</symbol>

<symbol action='d rop'>equ als</sym bol>

<symbol>Expressio n</symbol>

</product ion>

<production >

<symbol>Expressio n</symbol>

</product ion>

</l ist>

Whi ch resolvesto the following set of non term rules:

<nonterm name="ParamList" epsilon="tr ue">

<production >

<symbol r ename="Param"

action ="preser ve">Para mList__i tem</symbol>
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<symbol

action ="conten t">ParamList__rl ist</sym bol>

</product ion>

</n onterm>

<nonterm name="ParamList__rli st" epsi lon="tru e">

<production >

<symbol action="c ontent"> ParamList__rlist </symbol >

<symbol action="d rop">Par amList__ delim</s ymbol>

<symbol r ename="Param"

action ="preser ve">Para mList__i tem</symbol>

</product ion>

</n onterm>

<nonterm name="ParamList__ite m" epsil on="fals e">

<production >

<symbol r ename="keyword">identifi er</symbol>

<symbol action="d rop">equ als</sym bol>

<symbol>Expressio n</symbol>

</produ ction>

<production >

<symbol>Expressio n</symbol>

</produ ction>

</n onterm>

<nonterm name="ParamList__del im" epsi lon="fal se">

<production >

<symbol>comma</symbol>

</product ion>

</n onterm>

6.7.2. For mal Lis t Resolut ion. Formally, the resoluti on of li st rulesinto non t er m rules

is de� nedby the following XSLT transformations, which producea non t er m rule, wit h pr oduc ti on
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childr en, for each non-terminal appearing in our informal BNF. The sym bols used in these pro-

duc ti ons are provided by three helper templates, which act to realizethe various re-writ es our list

abst raction requires. A full XSLT Transform �le is provided in the appendix as A.4. resolve li sts.xsl

Initi ally, understand that every l ist rule producesthree (or four, if delimiters are de� ned)

non term rules. If the name of the l ist is \ LIST", then thesenon t er ms will be:

(1) \LI ST" - which is the top-level non-terminal for the list, and the symbol that should

be used in productions;

(2) \LI ST rlist" - which de�nes the non-terminal for the recursive list s, which are com-

pletely consumed by node re-write actions;

(3) \LI ST it em" - which matches the various list items of the li st rule; and

(4) \LI ST delim" - which matches the various delimiters of the li st rule, if there are

delimit ers.

The following is the centra l XSLT template from A.4. resolve lists.xsl which drives this

resolution:

<xsl: template match="list">

<nonterm name="{@name}" epsilon="{s tring(@e psilon = 'true') }">

<producti on>

<xsl:ca ll-templ ate name="list-i tem-symbol"/>

<xsl:ca ll-templ ate name="list-r list-sym bol"/>

</produ ction>

</nonterm >

<nonterm name="{concat(@name, '__rl ist')}" epsilon= "true">

<producti on>

<xsl:ca ll-templ ate name="list-r list-sym bol"/>

<xsl:if test="d elimiter ">

<xsl: call-tem plate name="list -delim-s ymbol"/>

</xsl :if>

<xsl:ca ll-templ ate name="list-i tem-symbol"/>

</produ ction>
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</nonterm >

<nonterm name="{concat(@name, '__it em')}"

epsilon ="{strin g(@item_epsilon = 'true' )}">

<xsl:for- each sel ect="pro duction" >

<xsl:co py-of select="." />

</xsl:f or-each>

</nonterm >

<xsl:if tes t="delim iter">

<nonterm name="{concat(@name, '__de lim')}"

epsilon ="{strin g(@delim_epsilon = 'true ')}">

<xsl:for- each sel ect="del imiter">

<production>

<xsl: copy-of select=" *"/>

</pro duction>

</xsl:f or-each>

</nonterm >

</xsl:if>

</x sl:templ ate>

Every place where we use the r l ist symbol, it has the \content" action. This causes the

recursive li sts to collapse, so that the top level list non-terminal gets only the item child ren of all

the recursive lists, in the proper order. This calls for the following relatively simple template:

<xsl: template name="list-rlis t-symbol ">

<symbol act ion="con tent">

<xsl:valu e-of sel ect="con cat(@name, '__rl ist')"/>

</symbol>

</x sl:templ ate>

Wedo a bit more work for list items. Though the non-terminal's nameremains\LIST item" ,

if item name is set for the l ist , the item symbol gains a rename action to renameit 's sub-tree's

root node to the given name. The default action to perform on item symbols is \content", though

this changesto \pr eserve" if item name is set, and can be set explicitly using it em action . These

conditional semantics are realised with the following XSLT template:

<xsl: template name="list-item -symbol" >
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<symbol>

<xsl:if t est="@it em_name">

<xsl:at tribute name="rename">

<xsl: value-of select= "@item_name"/>

</xsl :attribu te>

</xsl:i f>

<xsl:attr ibute name="acti on">

<xsl:ch oose>

<xsl: when tes t="@item_action" >

<xsl:value- of selec t="@item_action" />

</x sl:when>

<xsl: when tes t="@item_name">preserve< /xsl:whe n>

<xsl: otherwis e>content</xsl:o therwise >

</xsl :choose>

</xsl:a ttribute >

<xsl:valu e-of sel ect="con cat(@name, '__it em')"/>

</symbol>

</x sl:templ ate>

del im symbols are just li ke item symbols, except that their default action is \ drop",

and not \c ontent"; as shown in this �nal template:

<xsl: template name="list-deli m-symbol">

<symbol>

<xsl:if t est="@delim_name">

<xsl:at tribute name="rename">

<xsl: value-of select= "@delim_name"/>

</xsl :attribu te>

</xsl:i f>

<xsl:attr ibute name="acti on">

<xsl:ch oose>

<xsl: when tes t="@deli m_action ">

<xsl:value- of selec t="@deli m_action "/>

</x sl:when>

<xsl: when tes t="@deli m_name">preserve </xsl:wh en>

<xsl: otherwis e>drop</ xsl:othe rwise>

</xsl :choose>
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</xsl:a ttribute >

<xsl:valu e-of sel ect="con cat(@name, '__de lim')"/>

</symbol>

</x sl:templ ate>



CHAPTER 7

A Guide to App l icat ion

The applicat ion of the thesetechniques to a language description requires the development

of a method for Language Resolution, which resolves high-order language features. It requires a

method of Building the Tool, which generates input to the lexer and parser generators, and then

applies those generators, and compiles the tool. At that point the tool will be available for Using

the Tool.

7.1. La nguage Resoluti on

In order to develop a Language Resolution method, XSLT transforms for resolving the

environment's high-level grammar featureswill be needed.These transforms must be ordered in such

a way that their serial application will fully resolve the language down to nonterm elements without

optional symbols. The two high-order transforms provided with this document, A.4. resolve lists.xsl

F igure 2. Language Resolution

54
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Figure 3. Building the Tool

and A.3. enumerate productions.xsl may be applied in any order, and may be applied repeatedly.

Af ter ordering the selected tr ansforms, all that needsdoing is the const ruction of a a basic build

chain (I usea Makefi le ) which will apply them to language description �les . This will complete the

LanguageResolution method.

7.2. Bui ldi ng the Tool

7.2.1. Li spy. As an example we will use a simplisti c, Lisp-like language (called \lisp y"),

which possessesapplications, ident i�er s, numbers, and st rings. A basic transformat ion would be to

re-write a Lispy statement from its parenthetical notat ion to a more common parameter format, like

so:

(foo bar (baz 'abc' 1)) ) foo( bar, baz('abc', 1))
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In order to Build the Tool, transform variants of genera te X lexer.xsl and

gener ate Y par ser.xsl will be neededfor di� erent environments, and for di� erent choicesof X

and Y . Examples are provided for C and J ava. The development processfor such tr ansforms can

be summarized as:

(1) Write A Trivial Tool

(2) Abstract the Tool

Once thesetransforms are developed, they will need a build chain (again, I use a Makefil e)

which applies them in order to generate input for the lexer and parser generators from a fully

resolved language description �le; runs the generators on the generated input, and compiles the

resulting source into the �na l tool. This will complete the method for Buil ding the Tool.

7.2.2. W r ite a Trivi al Tool . Invest igate and select an XML library, lex clone, and yacc

clone for the environment . Then, implement a parser tool for some t rivial language with the chosen

tools. The real point of this exercise is to feel out the tools being used, and to answer a small

number of basic questions posed by the techniques. It is important that this parser is writt en as

though it were generated, using very regular code patterns. If i t is wri tten with a vaired writing style,

the abstraction step will require more work.

For the lexer:

(1) What act ion code should form matc h, ignore , and er ror rules? The match code

needsto create XML element nodes,and XML text nodes.

(2) If it is neccessary to track line and column count , how will the lexer handle that? This

code needs to att ach att ribut esto the elements produced by match nodes.

For the parser:

(1) What act ion code should be usedfor \ rename"?
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Fig ure 4. Using the Tool

(2) What action code should be used for \ preserve", \dr op", \ content" , and \to ken" ac-

tions?

7.2.3. Abs t rac t th e Tool. Af ter the creati on of a basic example parser, and the subse-

quent code debugging, it is st raight forward to abstract the example into a tr ansform. Some port ions

of the code will be invariant acrossall generated source �les, and thesecan be copiedwholesale into

the transform. Others, such as listing the non-terminals, or yielding the action code segments, will

require slightly more work.

7.3. Usi ng the Tool

Once the parser tool for the language is developed, there are many applications for it.

Further tr ansformations could be applied to it's XML output, perhaps to generate code, perhaps to

simplify the representation for future t ransforms. Other tools could be applied to analyze the code,

and, due to the ubiquit y of XML lib raries, there is no need for di� erent tools in the sameanalysis

chain to to be written in any particular language.

7.4. An Exa mple in C

As an example, I'v e written a basic implementation of a lispy parser in C, using 
ex,

bison, and libxml. The action code used for the C example was presented earlier in the lexer and

parser technique sections. This example program is a �lter (meaning that it reads its input from

stdin, and writes its out put to stdout ). It is available in the appendix as B.10. li spy lexer.l and

B.11. li spy parser.y, and was buil t using the commands:
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bi son - v -d li spy_par ser .y

fl ex -o li spy_l exer. c lis py_le xer. l

cc ` xml2- confi g --c fl ags - -li bs` -o li spy_par ser \

l isp y_parse r. tab .c

Note: the ` character in this log is a backtick.

This producesthe tool l isp y pars er , and the intermediary �les: li spy le xer .c ,

li spy parse r. out put , l is py pars er .ta b. c, and li spy parser.t ab.h

7.4.1. In termezz o. At this point, it might seemappropriate to abstract B.10. lispy lexer.l

and B.11. li spy parser.y into XSLT tr ansformations on Language�les. However, the Lispy Language,

even the resolved form, is lacking any useof the \to ken" action. As a result, there is no protot ype

of this action in the example code.

In order to address this limit at ion, I extended Lispy by adding a null object, supported at

the lexical and grammatical levels. At the grammar level, it is reducedto a token with the \ token"

act ion. The �l e B.7. lispy null.language.xml represents this ext ended language, and the artifact

B.8. lispy null-resolved.language.xml is the result of resolving it with A.4. resolve lists.xsl.

Re-writ ing the C code to support the additional lexical and grammat ical rules intro duced

(and to change the nameof referencesto the language) produced the art ifacts B.12. li spy null lexer.l

and B.14. lispy null parser.y.

Thesecan be built into 'lispy null parser' using the commands:

bi son - v -d li spy_nul l_p ar ser .y

fl ex -o li spy_nul l_l exer. c lis py_null _l exer. l

cc ` xml2- confi g --c fl ags - -li bs` -o li spy_nul l_p ar ser \

l isp y_null_ parse r. tab .c
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Note: the ` character in this log is a backtick.

This producesthe intermediary �les: l is py null l exer. c,

li spy null pars er. outp ut , lis py nul l parser.t ab.c , and l is py null par ser .t ab. h

7.4.2. Abs t rac t It. Now that the example implementatio n makesuseof all the atomic ac-

tions neededby the LPT method, It is prett y straightforward to abst ract implementat ions into XSLT

transformat ions which produce
ex lexers and bison parsers. The various actions needto be enumer-

ated, and every occurrenceof the name of the language needsto be replaced wit h <xsl: value -o f

sele ct= "/ la nguage/@name"/> , or some parameter or variable equivalent .

The artif act A.5. generate 
ex lexer.xsl is an XSLT transform which transforms resolved

Language documents into 
ex based lexers.

The arti fact B.13. generated.lispy null lexer.l is the result of transforming B.8. lispy null-

resolved.language.xml with A.5. generate 
ex lexer.xsl. It varies only cosmetically from

B.12. li spy null lexer.l.

The artifact A.6. generate bison parser.xsl is an XSLT t ransform which t ransforms resolved

Language documents into bison based parsers.

The artif act B.15. generated.li spy null parser.y is the result of transforming B.8. lispy null-

resolved.language.xml with A.6. generate bison parser.xsl. It varies only cosmetically from

B.14. li spy null parser.y.

7.5. A n Exampl e in Java

As a second example, I'v e writ ten a basic implementation of a lispy null parser in Java, using

JFlex, java cup, and Xerces. This example program is also a �lt er. That is available in the appendix

as B.16. li spy null lexer.lex and B.17. lispy null parser.cup, and was built using the commands:

ja va JFle x.Mai n lis py_null _le xer. lex
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ja va ja va_cup. Main li spy_null _par ser .c up

ja vac - d . Yyl ex.ja va pars er. ja va sym.jav a

This producesa collection of Java classes,which can be run using the command:

ja va li spy_nul l. parser < I NPUTFIL E

7.6. L exer Act ion Co de

This is the matc h code for the Java lexer. It also provides line count ing.

PATTERN {

Element e = ( Element) parser. document.createE lement(" SYMBOL");

e.app endChild ( parser .document.create TextNode(yytext( )) );

e.set Attribut e("line" , Intege r.toStri ng(yylin e + 1));

e.set Attribut e("colum n", Inte ger.toSt ring(yyc olumn + 1));

retur n new Symbol(sym.lispy_n ull_sym_ leftPare n, e);

}

This is the ignore code for the Java lexer. It's pretty triv ial.

PATTERN {

/* ig nore */;

}

This is the err or code for the Java lexer, it just prints out the bad pat tern and returns null.

PATTERN {

Syste m.err.pr intln("I llegal character : "+yyte xt());

retur n null;

}
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7.7. Par ser Ac ti on Co de

This is the rena me code for the Java parser. Unfortunately , there is no standard interface

yet in the Java XML classesfor changing an element 's name, so it is necessary to clone it . This

routin e doesso destructiv ely:

publi c static Element cloneWi thNewName(Element e, Str ing name) {

Element newE = document.creat eElement(name);

while (e.hasC hildNode s()) {

newE.appendChild( e.g etFirstC hild() ) ;

}

if (e .hasAttr ibutes() ) {

NamedNodeMapoldattma p = e.ge tAttribu tes();

NamedNodeMapnewattmap = newE.getAttr ibutes() ;

Node n;

while (oldatt map.getLength() != 0) {

n = oldattmap .item(0) ;

e.removeAttri buteNode((Attr) n);

newattmap.set NamedItem(n);

}

}

retur n newE;

}

It is applied using the following code in a rule:

sN = parser.c loneWith NewName(sN );

This is the preserv e action code for the Java parser. It appendsthe symbol sub-tree to the

current production tree.

parse r.curren t.append Child( sN );
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This is the content action for the Java parser. It appends the childr en of the symbol

sub-treeto the current production t ree.

while (e.hasC hildNode s()) {

curre nt.appen dChild( e.getFir stChild( ) );

}

This is the tok en action for the Java parser. It appends the sub-tree to the current pro-

duction tree, but it strips the children.

while (e.hasC hildNode s()) {

e.removeChild ( e.getF irstChil d() );

}

curre nt.appen dChild( e );

The drop action for the Java parser is to do noth ing, and just let the garbage collector eat

the symbol's sub-tree.

7.8. l ispy null -ja va

Unfortunately , during implementation, it came up that the original

B.7. li spy null.language.xml �le won't work in thi s sit uat ion, as JFlex lacks someof the character

classmechanismsused by 
ex. This is dealt with in

B.9. lispy null-java.language.xml, with alt ered regular expressions for JFlex compatib ilit y.

7.9. Abstra ctio n

Though the code for this implementati on is wildly di�er ent, the transforms produced when

abst racting this example (A.7. generate j 
 ex lexer.xsl and

A.8. generate java cup parser.xsl, provided in the appendix) are structura lly similar to those used

for C. This will likely be t rue for most envir onments.



CHAPTER 8

A CSS Parser

Turning attention to a more complex example, I present an application of thesetechniques

to the development of a parser for Cascading Style Sheets2.1, as speci�ed in CSS 2.1 Appendix

G[40] (included as C.1. W3C CSS Grammar). This language makes heavy use of list constructs,

optional elements, and complex interactions with whitespace, and so there is some complexity in

producing tools for working with it.

The tool I producedusing thesetechniquestook me about a weekto develop, working about

3 hours a day. However, at any given t ime, somesub-set of the language would parse and build.

Development was quick, and relatively painless. However, applying my original techniques to this

development project led to a signi�ca nt expansion of the nature of the language,and slightly alt ered

the semantics of the high-order list transform. The remainder of this section will cover the changes

that the CSSParser forced, but �rs t , a warning.

W ar ning: anyone interested in implementing a parser for the CSS format should make

a careful study of the whitespace interactions in the language. Upon �rst examination, many of the

lexical and grammatical patterns seem to contain excess whitespace which could be removed; but this

is a mistake. A careful examination of the structure of selector lists wil l reveal why whitespace must

be structured as it is in the CSSgrammar.
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8.1. Chan ges: Lexer Optio ns and Pattern s

CSSis case-insensitive, and many lexer generators have the abil it y to set that as an option.

This required an extension to the language format, and the code generators for C, to permit opt ions

to be passedthrough to the lexer.

Additio nally, lexical pat terns used by CSS make heavy reuseof some of the sameregexp

sub-pat terns. In most lexical generation environments, their is a means of specifying symbolic names

for regexp subpatterns, in order to simplify their reuse. This too was added to the language and

code generation facilit ies.

8.2. Changes : Exp ected Con
i cts

As do many non-t rivial grammars, the CSS grammar contains a number of shift/r educe

con
icts. Most parser generation tools have a means of specifying how many are expected, and as

long as the number detected matchesthe number expected, the tools do not complain. Working on

this grammar required adding the at tr ibute expected con
ic ts to the parser elements of langua ge

�les.

8.3. Cha nges: Opti ona l Sym bols

The many, many optional symbols in the CSS productions drove the production of the

high-order t ransform A.3. enumerate productions.xsl, which enablesgrammars to possesopt ional

elements. Actually , producing the tr ansform took signi�ca ntly lesswork than enumerating all of the

optional elements oncewould have taken, so as soon as it became an issue,I paused for a few hours

to produce and debug the new grammar transform.
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8.4. Cha nges: Em pt y Del imi ters

The grammar structure of Expressionsreally lends itself to being st ructured as a delimited

list, and it is necessary to preserve the nature of the delimiter . Unfortunately, one of the valid

delimit ers is epsilon. Th is forced a change in the semant ics of A.4. resolve li sts.xsl, which initi ally

did not permit an epsilon productions for delimiters. Such are the lessons learned in actual use.



CHAPTER 9

Conclusions

Though robust meta-DSL environments exist, I believe there is value in investigat ing low

cost extensions to the lexer/pa rser generation model. My investigations have expanded upon the

basic choice of delaying semantic actions until after parse t ime, and of relying upon available XML

tools for as much work as they can bear. These choices produced a low-cost envir onment which

provided high-order grammar features, such as lists and optional symbols, as well as production

tim e sub-tree re-writes.

9.1. Ob j ecti ons

9.1.1. If you want to do this , wh y not use Lis p? The largest single lesson which I

feel needsto be conveyed is that we should simply accept XML. At this point , other formats should

only be created when there is a reason compelling enough to produce a new parser chain. I shall let

this excerpt from Extensible Programming for the 21st Century by Dr. Gregory V. Wilson of the

University of Toronto carry the argument:

You don' t need XM L to do this .

Schemeprovesby example that everything described in thi s ar-

ticle could have been done twenty years ago, and could be done today

with out XML. However, the fact is that it didn't happen: as attra ctive

as parenthesized lists are conceptually , they failed to win programmers'

hearts and minds. In contr ast, it has only taken HTML and XML a

decadeto becomethe most popular data format in history. Every large
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applicat ion today can handle it ; every programming language contains

libraries for manipulat ing it; and every young programmer is as famil-

iar wit h it as the previous generati on was with streams of strings. S-

expressions might have deserved to win, but XM L has. And yes, there

are better (i.e. more succinct , and henceeasier to process) ways to repre-

sent the semant ics of programs than XML, but we believe that will turn

out in practice to be ir relevant. XML can do the job, and is becoming

universal; it is therefore di�cult to imagine that anyth ing elsewill be so

compelling as to displace it.[ 31]

9.1.2. XM L is not human reada bl e/writable . Th is objection is frequently raised,often

by proponents of ML or Scheme,or of more esoteric, custom purposeenvironments. They make the

claim:

Why use XM L? I understand the human r eadable format F far better

than I understand the P of XML.

Where F is somelanguage that the objector likes,and P is selectedfrom a set with repre-

sentat ive members: goop, machine readable format, and proprietary format.

When these objections were �rs t raised about XML in the late 1990s, there was perhaps

some validit y to them. XML then was just a subset of SGML[42], and SGML required someprett y

complex processingto handle. XML was the buzzword of the day, and its (many) detractors rightly

pointed that out, as well as the fact that it wasn't new, and that S-expressions could do everything

XML could do. They were right, expect for one th ing. XM L did catch on.

Quantit y has a qualit y all its own. -Joseph Stalin

Today XML is in everything, and tomorrow, XML will be how everything talks. The latest

crop of applicat ion developers were tra ined as Web Developers, there are many of them, and every
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JavaScript , HTM L, DHTML, ASP, JSP, XML-RP C, RSS,SOAP, blog, and CMS developer hasone

thin g in common: XML is their native tongue.

9.1.3. XM L is to o bi g/s low. A long-held tenet of faith of some in the compiler com-

munit y is that XML is too big and slow. It has been said to be too expensive a form, in both

processingand representation costs, for serious use in AST manipulation. Though this may have

beentr ue when XML arrived on the scenein 1998, the costs of processingXML have not increased

dramatically since then, while computing power / cost has increased16 fold asof the writing of this

paper. For many applicat ions, and for the DSL Cost Domain, XML should no longer be considered

harmful.

As an example, Yin g Zou and Kostas Kontogiannis are a pair of researchersat theUniversity

of Waterloo, active in the areas of AST representatio n in XML[ 7], and dramatic code refactorings

built upon such representati ons[6]. In [6], they describe someexperiments in which various C source

baseswere represented in XML, and report expansionsof:

� AVL L ibra ry - 164,401B C ) 1,660,167B XML

� Bash - 628,919B C ) 25,421,443B XML

� T csh - 930,644B C ) 47,444,861B XML

Theseresearchers are actively performing source analysis and transformat ion on code bases

in the 50M sizerange. A point to note here, these trees are Concrete Syntaxt Treesgenerated from

mature programs writ ten in General Purpose Languages, so they are quit e a bit larger than the

AST t reeswe would expect to be generated for DSLs. Running personal tests upon an Intel(R)

Pentium (R) 4 CPU 2.40GHz desktop machine, running Fedora Core 2[43], the xmllin t [16] tool

parseing a 50 megabyte XML �le, which was already in the bu� er cache (ie. not on disk, but

bu� ered) resulted in:

$ ls -l bar. xml
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-r w-rw- r- - 1 cr utc her cru tch er 52111163 Jun 19 13:36 bar. xml

$ ti me xmlli nt - -ti ming -- noout bar. xml

Pars ing t ook 3553 ms

Freeing t ook 450 ms

re al 0m4.073s

user 0m3.302s

sys 0m0.716s

This parse occupied 285M of memory; however, this was just a personal computer, not a

development workstation, and even it has 1Gig of memory. In cost domains where the 
exibilit y

of the language de�niti on is more important than the language's processingcost, such as the DSL

Cost Domain, we could quit e easily accept such performance numbers.

9.1.4. You ar e using the t er m \Pro duction" wrong. The yacc family of parser gener-

ators work in context -freegrammars. Sinceproductions in context-free grammars have only a single

non-terminal on their left-hand side;versusthe multiple non-terminals permitted in context-sensitive

grammars, the jargon of yacc discussion tends to be imprecise. Lit tle distinct ion is made between

the set of all right-hand sidesmatching a given left-hand side, and the de� nition of a non-terminal.

For the purposesof this paper, not only will I continue the practice of ignoring this distinction; I

will also require that all productions which yield a given non-terminal on their left-hand side are

collected as part of the single de�nit ion of that non-terminal.

9.1.5. XSL T is bad at X . The last class of serious objections to using XML for language

validat ion, semanti c checks (such as type checking), and t ransform development is that XSLT and
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XPath have some serious limitations. This is true, and while such things as string de-escaping or

escape evaluat ion are possible in XSLT, they require very complex recursive templates to achieve.

However, due largely to the massive popularit y of XML, XSLT, and XPath, a great deal

of work is currently underway to address these lim itat ions. The 2.0 draft specs for XSLT and

XPath provide means of de�ning new functi ons in XSLT which become available in the XPath

environment, a full regexp engine for XPath, and a powerful string mapping engine for XSLT which

enablessuccinct expressions of complex string re-writes.

9.2. Successes

In applying thesetechniques,I'v e beenconsistently pleasedwith the stabilit y of the systems

under development. As there are several layers of high-order t ransforms at work in the generation

of code, edit/ compile/test cyclesof 5 minutes or so becomecapable of rapidly exploring signi�can t

changesto a language'sgrammar; with litt le ti me lost to typos or other mechanical errors in action

code production.

This ease of iterative grammar invest igation was particularly useful when developing the

CSSparser, which I intend to use further in a number of web development projects. Addit ionally,

I'v e applied these techniques to the development of a transformation and publishing description

language for a collaborative web site I ran for a few months, with good results and quick changes.

I believe that simple XML based grammar techniques like these will become more prevalent for the

development, and modi�ca ti on of, commodit y DSLs.

9.3. Futur e W ork

Lists are useful in grammars, but they often exist solely for use in single production; and

to de�ne a full top-level list element for what is frequently a minor series without even delimiters

is a bit t iresome. For th is reason, an obvious next-step would be to develop a high-order grammar
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transform which allowed lists to be de�ned inside productions, and resolve them to named utilit y

lists at the top level, to then be resolved by the existin g list resolution code. An example of such a

production might be:

<nonterm name="Foo">

<production >

<symbol action="d rop">LPAREN</symbol>

<list>

<delimi ter>

<symbol>COMMA</symbol >

</del imiter>

<production>

<symbol>ident ifier</s ymbol>

</pro duction>

</list>

<symbol action="d rop">RPAREN</symbol>

</product ion>

</n onterm>

Whi ch might resolve to:

<nonterm name="Foo">

<production >

<symbol action="d rop">LPAREN</symbol>

<symbol action="c ontent"> id345</s ymbol>

<symbol action="d rop">RPAREN</symbol>

</product ion>

</n onterm>

<list name="id345">

<delimiter>

<symbol>COMMA</symbol>

</delimit er>

<production >

<symbol>i dentifie r</symbol>

</product ion>

</l ist>
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Beyond simply producing new high-order transforms, an interesting possibilit y for futu re

work exists in changing the parse t ime node re-writ e model to apply XSLT transforms to symbol

sub-trees.The 5 current actions could easily be supported as XSLT t ransforms. Assuming that the

sub-treeto be t ransformed is set as the current context, the following XSLT templates are examples

of what could be done:

<xsl: template name="rename">

<xsl: param name="name"/>

<xsl:elemen t name="$name">

<xsl:for- each sel ect="att ribute:: *">

<xsl:co py/>

</xsl:f or-each>

<xsl:co py-of select="no de()"/>

</xsl:ele ment>

</x sl:templ ate>

<xsl: template name="preserve" >

<xsl:copy-o f select ="."/>

</x sl:templ ate>

<xsl: template name="token">

<xsl:copy>

<xsl:for- each sel ect="att ribute:: *">

<xsl:co py/>

</xsl:f or-each>

</xsl:cop y>

</x sl:templ ate>

<xsl: template name="content">

<xsl:copy-o f select ="node() "/>

</x sl:templ ate>

<xsl: template name="drop"/>
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One of the more ambitio us ideas I'v e had for future work is the generation of morpheme[41]

parsers. In natural languages, distinctions are made between words; and at a di�ere nt level, be-

tween the morpheme's which make up words (where a morpheme is de�ned as the smallest discrete

meaningful unit in a language). For example, the word \r eading" is madeup of the two morphemes

\r ead" and \ ing" (\r ead" is a free morpheme, in that it can stand asa word by itself, \ ing" is bound

morpheme, in that it must be composed with some other morpheme in order to const ruct words).

So the basic idea here is that lexemeswould be passed through a second level of parsing.

One means of constructing a morphemeparserwould be to extend the regexp language used

for the lexer to utilize groups (as is common in many regexp languages, but relatively unheard of for

lexer generators), and then create tokensfor each selectedgroup (possibly contained in the sub-t ree

of a lexical token). This would limit morpheme parsing to only regular languages, but that should

be su�cien t to enable an interesting classof morpheme based languages. Further work could truly

util ize full mult i-level parsing.
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APPENDIX A

Useful Code

A. 1. language. xsd

This document is an XM L Schema for validating language descriptions written in my \la n-

guage" language. It permits the usage of optional elements, and of lists, as resolved by A.3. enu-

merate productions.xsl and A.4. resolve lists.xsl.

<?xml versio n="1.0"? >
<xsd:schema xmlns:xs d="http: //www.w3.org/200 1/XMLSchema">

<!--
| The <lang uage/> element i s the ro ot node of langu age file s.
!
! Ex: <lang uage name="foo">
! <le xer/>
! <parser/>
! </l anguage>
+-- >

<xsd:element name="language">
<xsd:compl exType>

<!--
! The <language /> element has, in order ,
! one <lexer/> element, and one <parser /> element.
+-->

<xsd:seq uence>
<xsd:e lement r ef="lexe r"/>
<xsd:e lement r ef="pars er"/>
</xsd: sequence>

<!--
! The <language /> element has a "name" attribut e.
+-->

<xsd:att ribute name="name" type= "xsd:NMTOKEN"use="requi red"/>
</xsd:co mplexType>

</ xsd:elem ent>

<!--
| The <lexe r/> element describes th e lexica l portio ns of th e langua ge.
+-- >

<xsd:element name="lexer">
<xsd:compl exType>

<!--
! The <lexer/> element may have <option />, <pat tern/>, <match/>,
! <igno re/>, and <error /> elements. The order of the <match/>,
! <igno re/>, and <error /> rules will be signifi cant to most lex er
! generators.
+-->

<xsd:seq uence>
<xsd:c hoice maxOccurs="unbounded">

<!--
! The <opti on/> ele ment is used to pass opt ions to the pars er.
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!
! Ex: <opti on>case- insensit ive</opt ion>
+-- >

<xsd:element name="option" t ype="xsd :string" />

<!--
! The <patt ern/> el ement is used to define regex patterns t o be
! r eused by the lex ical match rules .
!
! Ex: <patt ern name="NL">\n |\r\n|\r |\f</pat tern>
+-- >

<xsd:element name="pattern">
<xsd:compl exType>

<xsd:sim pleConte nt>
<xsd:r estricti on base="xsd:str ing">

<xsd:attribu te name="name" t ype="xsd :NMTOKEN"
use="requi red"/>

</xs d:restri ction>
</xsd: simpleContent>

</xsd:co mplexType>
</ xsd:elem ent>

<!--
! The <match/> element is used to define le xical actions which
! generate terminal sub-tre es. These sub-tr ees will consist of an
! element node (wit h the name given by the "term" attribute ),
! containin g a text node whose valu e is tha t of the matched lexem.
!
! Ex: <match term=" IMPORT_SYM">"@import"</m atch>
! <match term=" identity ">{IDENT}</match >
! <match term=" HASH">"#"{NAME}</match>
+-- >

<xsd:element name="match">
<xsd:compl exType>

<xsd:sim pleConte nt>
<xsd:r estricti on base="xsd:str ing">

<xsd:attribu te name="term" t ype="xsd :NMTOKEN"
use="requi red"/>

</xs d:restri ction>
</xsd: simpleContent>

</xsd:co mplexType>
</ xsd:elem ent>

<!--
! The <igno re/> ele ment is used to define l exical actions which
! i gnore th eir lexe m.
!
! Ex: <igno re>\/\*[ ^*]*\*+( [^/*][^* ]*\*+)*\ /</ignor e>
+-- >

<xsd:element name="ignore" t ype="xsd :string" />

<!--
! The <erro r/> element is used to define le xical actions which
! halt pars ing and signal an error. (Often an 'anyt hing' match
! placed at the end of the lexer section.)
!
! Ex: <erro r>.</err or>
+-- >

<xsd:element name="error" ty pe="xsd: string"/ >

</xs d:choice >
</xsd: sequence>

</xsd:co mplexType>
</ xsd:elem ent>

<!--
! The <parser/> ele ment describes t he grammatical portions of the l anguage.
+-- >

<xsd:element name="parser">
<xsd:compl exType>

<!--
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! The <parser/> element has some number of <nonterm/> and <list />
! elements. <li st/> ele ments must be re solved down to <nonterm/ >
! elements befo re code can be generated .
+-->

<xsd:seq uence>
<xsd:c hoice maxOccurs="unbounded">

<xsd:element ref="no nterm"/>
<xsd:element ref="li st"/>
</xs d:choice >

</xsd: sequence>

<!--
! The " start" attribute specify s the st art symbol of th e grammar.
! If it is not present, then th e first <nonterm/> or <l ist/> wi ll be
! used as the start symbol.
+-->

<xsd:att ribute name="start" type ="xsd:NMTOKEN"/>

<!--
! The " expected _conflic ts" attr ibute specifys t he number of
! shift /reduce conflict s the parser generator should expect
! in th e langua ge. It defaults to "0".
+-->

<xsd:att ribute name="expected_co nflicts" type="x sd:nonNegativeIn teger"
defa ult="0"/ >

</xsd:co mplexType>
</ xsd:elem ent>

<!--
! <nonterm/ > elements descr ibe a Non-Termin al in th e grammar.
+-- >

<xsd:element name="nonterm">
<xsd:compl exType>

<!--
! <nonterm/> el ements contain 0 or more <production/> elements.
+-->

<xsd:seq uence>
<xsd:e lement name="production" type="P roductio nType"

minOccurs="0" maxOccurs="u nbounded"/>
</xsd: sequence>

<!--
! The " name" at tribute of <nonterm/>'s specify the name of the
! associated Symbol, and of the root of the symbol's sub-tree.
+-->

<xsd:att ribute name="name" use="required " type=" xsd:NMTOKEN"/>

<!--
! The " epsilon" attribu te sets if a Non-Termina l has any empty
! grammatical productio ns. Note, this - must- be specifi ed using the
! "epsi lon" att ribute, and not an empty <production/> element.
+-->

<xsd:att ribute name="epsilon" ty pe="xsd: boolean" default ="false" />
</xsd:co mplexType>

</ xsd:elem ent>

<!--
! <list/> elements describe high-or der list s which map to collectio ns of
! r ecursive <nonter m/>s.
+-- >

<xsd:element name="list">
<xsd:compl exType>

<!--
! <list /> elements cont ain <del imiter/> element s and <productio n/>
! elements. All of the <delimit er/> ele ments come befor e all of the
! <production/> element s.
+-->

<xsd:seq uence>
<xsd:e lement name="delimiter" type="Pr oduction Type"
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minOccurs="0 " maxOccurs="unb ounded"/ >

<xsd:e lement name="production" type="P roductio nType"
maxOccurs="u nbounded"/>

</xsd: sequence>

<!--
! The " name" at tribute of <nonterm/>'s specify the name of the
! associated Symbol, and of the root of the symbol's sub-tree.
+-->

<xsd:att ribute name="name" use="required " type=" xsd:NMTOKEN"/>

<!--
! The " epsilon" , "item_ epsilon" , and "delim_eps ilon" at tributes of a
! <list /> are r elated. Only one of them can be set to " true", but
! there is no way to enforce th is const raint in a schema yet.
+-->

<xsd:att ribute name="epsilon" ty pe="xsd: boolean" default ="false" />
<xsd:att ribute name="ite m_epsilo n" type= "xsd:boo lean" default="f alse"/>
<xsd:att ribute name="delim_epsil on" type ="xsd:bo olean" default=" false"/>

<!--
! "item _name" i s a rename name for list item nodes. Note, this is a
! rename name, so these nodes are not available as symbols to use in
! other product ions!
!
!"item_ action i s the action to re-write item nodes with .
!
! The attribute s "item_ name" and "item_ action" are rela ted.
! When"item_na me" is not set, "item_ac tion" defaults t o "conte nt".
! When"item_na me" is set, "ite m_action " defaul ts to "p reserve" .
+-->

<xsd:att ribute name="ite m_name"type="xs d:NMTOKEN"/>
<xsd:att ribute name="ite m_action " type=" ActionTy pe"/>

<!--
! "deli m_name"is a rename name for lis t delimi ter nodes. Note, this is a
! rename name, so these nodes are not available as symbols to use in
! other product ions!
!
!"delim _action is the action to re-writ e delimi ter nodes with.
!
! The attribute s "delim _name" and "deli m_action " are re lated.
! When"delim_n ame" is not set, "delim_ action" defaults to "dro p".
! When"delim_n ame" is set, "de lim_acti on" defa ults to "token".
+-->

<xsd:att ribute name="delim_name" type="x sd:NMTOKEN"/>
<xsd:att ribute name="delim_actio n" type= "ActionT ype"/>
</xsd:co mplexType>

</ xsd:elem ent>

<!--
! The ProductionTyp e type i s used by both t he <deli miter/> and
! <producti on/> ele ments. I t contai ns a lis t of one or more <symbol/>
! elements, which specify t heir own re-writ e action s.
+-- >

<xsd:complex Type name="ProductionTyp e">
<xsd:seque nce>

<xsd:ele ment name="symbol" maxOccurs="un bounded">
<xsd:c omplexType>

<xsd:simpleC ontent>
<xsd:restr iction base='xsd :NMTOKEN'>

<!--
! The " action" attribut e specif iys the re-write action which
! shoul d be applied to a <symbol/>'s subtree at parse t ime.
! It defaults t o "prese rve".
+-->

<xsd:att ribute name="action" typ e="Actio nType" default=" preserve "/>

<!--
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! If a <symbol/ >'s subt ree should be re named at parse t ime,
! the " rename" attribut e specif iys the new name.
+-->

<xsd:att ribute name="rename" typ e="xsd:N MTOKEN"/>

<!--
! The <language /> langu age supports opt ional symbols, t hrough
! the use of a (languag e => lan guage) t ransform . However, the
! trans form never produces empty produc tions. Thus A? B? will
! yield A B and A and B, but not the epsilon pr oduction .
+-->

<xsd:att ribute name="optional" t ype="xsd :boolean " defaul t="false "/>

</xsd:re strictio n>
</ xsd:simp leConten t>

</xs d:comple xType>
</xsd: element>

</xsd:se quence>
</ xsd:complexType>

<!--
! The Actio nType ty pe is used by various at tributes to specify which
! r e-write action t o take at produc tion tim e. It enumerates four possible
! values: " preserve ", "cont ent", "t oken", and "drop ".
+-- >

<xsd:simpleT ype name="Action Type">
<xsd:restr iction base="xsd :string" >

<xsd:enu meration value=" preserve "/>
<xsd:enu meration value=" content" />
<xsd:enu meration value=" token"/>
<xsd:enu meration value=" drop"/>
</xsd:re strictio n>

</ xsd:simp leType>

</xs d:schema>
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A.2. language2 bnf .xsl

This document is an XSLT t ransform which producesa rough human readable grammar for

language descript ion �les. It works with opt ional elements, but not with lists.

<?xml versio n="1.0"? >
<xsl :transfo rm versi on="1.0"

xmlns:xs l="http: //www.w3.org/199 9/XSL/Tr ansform" >

<xsl :output method="text"/>

<xsl :templat e match="languag e">
<xsl:text> A Rough GrammarFor </xs l:text>
<xsl:value -of sele ct="@name"/>
<xsl:text> &#xa;&#xa;</xsl: text>

<xsl:if te st="//sy mbol[@optional = 'true'] ">
<xsl:tex t>Note: The enumeration of optio nal symbols (X?) </xsl:t ext>
<xsl:tex t>omits empty pr oduction s.&#xa;& #xa;</xs l:text>
</xsl:if >

<xsl:text> Grammatical Productions: </xsl:te xt>
<xsl:if te st="pars er/@expected_con flicts">

<xsl:tex t> (expe ct </xsl :text>
<xsl:val ue-of select="pa rser/@ex pected_c onflicts "/>
<xsl:tex t> confl icts)</x sl:text>
</xsl:if >

<xsl:text> &#xa;&#xa;</xsl: text>

<xsl:if te st="pars er/@star t and parser/@st art != parser/no nterm[1] /@name">
<xsl:tex t>Grammar starts at: </x sl:text>
<xsl:val ue-of select="pa rser/@st art"/>
<xsl:tex t>&#xa;& #xa;</xs l:text>
</xsl:if >

<xsl:for-e ach sele ct="pars er/nonte rm">

<xsl:val ue-of select="@n ame"/>
<xsl:tex t>&#xa; : </xsl :text>

<xsl:for -each select="pr oduction ">
<xsl:i f test=" position () != 1">| </xsl :if>
<xsl:f or-each select=" symbol">

<xsl :value-o f select ="."/>
<xsl :if test ="@optional and @optional='true' ">?</xsl :if>

<xsl :if test ="positi on() != last()"> <xsl:tex t> </xsl :text></ xsl:if>
</xs l:for-ea ch>

<xsl :text>&# xa; </x sl:text>
</xsl: for-each >

<xsl:i f test=" @epsilon and @epsilon = 'true'">
<xsl :if test ="produc tion">| </xsl:if >
<xsl :text>/* empty * /&#xa; </xsl:te xt>
</xs l:if>

<xsl:t ext>;&#x a;</xsl: text>

</xsl:fo r-each>

<xsl:text> &#xa;</x sl:text>
<xsl:text> &#xa;</x sl:text>

<xsl:text> Lexical Rules:&# xa;&#xa; </xsl:te xt>
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<xsl:for-e ach sele ct="lexe r/option ">
<xsl:tex t>%optio n </xsl: text>
<xsl:val ue-of select="." />
<xsl:tex t>&#xa;< /xsl:tex t>
<xsl:if test="po sition() = last( )">

<xsl:t ext>&#xa;</xsl:t ext>
</xsl: if>

</xsl:fo r-each>

<xsl:for-e ach sele ct="lexe r/patter n">
<xsl:cal l-templa te name="leftfie ld">

<xsl:w ith-para m name="str" sel ect="con cat(@name, ' ')" />
<xsl:w ith-para m name="width" select="1 6"/>
</xsl: call-tem plate>

<xsl:val ue-of select="." />
<xsl:tex t>&#xa;< /xsl:tex t>
</xsl:fo r-each>

<xsl:text> &#xa;</x sl:text>

<xsl:for-e ach sele ct="lexe r/*[name () != 'p attern' and name() != 'o ption']" >

<xsl:cal l-templa te name="leftfie ld">
<xsl:w ith-para m name="str" sel ect="con cat(., ' ')"/>
<xsl:w ith-para m name="width" select="1 6"/>
</xsl: call-tem plate>

<xsl:if test="na me() = ' ignore'" >/* igno re */</x sl:if>
<xsl:if test="na me() = ' error'"> {return LEX_ERROR;}</xsl :if>
<xsl:if test="na me() = ' match'">

<xsl:t ext>{ret urn </xs l:text>
<xsl:v alue-of select=" @term"/>
<xsl:t ext>;}</ xsl:text >
</xsl: if>

<xsl:tex t>&#xa;< /xsl:tex t>
</xsl:fo r-each>

<xsl:text> &#xa;</x sl:text>

</ xsl:temp late>

<xsl :templat e name="leftfiel d">
<xsl :param name="str "/>
<xsl :param name="width"/>

<xsl:choos e>
<xsl:whe n test=" string-l ength($s tr) >= $width">

<xsl:v alue-of select=" $str"/>
</xsl: when>

<xsl:oth erwise>
<xsl:c all-temp late name="leftf ield">

<xsl :with-pa ram name="str" select="c oncat($s tr, ' ') "/>
<xsl :with-pa ram name="width" select= "$width" />
</xs l:call-t emplate>

</xsl: otherwis e>
</xsl:ch oose>

</ xsl:temp late>

</xs l:transf orm>
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A. 3. enum erate pro ductions .xsl

This document is an XSLT t ransform which resolves productions in language descript ions

which contain optional elements into all of their enumerat ions.

<?xml versio n="1.0"? >
<xsl :transfo rm versi on="1.0"

xmlns:xs l="http: //www.w3.org/199 9/XSL/Tr ansform" >

<xsl :output indent=" yes"/>

<xsl :templat e name="identity " match="node()" >
<! --
! This is an iden tity template in XSLT.
| However, other template s with higer specificity
| will override t his where appropriate.
+-->

<xsl:copy>
<xsl:for -each select="at tribute: :*">

<xsl:c opy/>
</xsl: for-each >

<xsl:app ly-templ ates/>
</xsl:co py>

</ xsl:temp late>

<xsl :templat e match="*[symbo l[@optio nal='tru e']]" name="enumerate-pr oduction ">
<xsl :param name="yli st"/>
<xsl :param name="nli st"/>

<! --
! Select the firs t symbol with optional = 'true'
! which has not yet been proccess ed.
+-->

<xsl:varia ble name="sym"
select=" symbol

[@option al='true ']
[not(con tains(co ncat($yl ist, ' ' , $nlist ), generate-id() ))]
[1]"/>

<xsl:choos e>
<xsl:whe n test=" $sym">

<!-- We found a new symbol thi s pass. Get it's id. -->
<xsl:v ariable name="sid" selec t="gener ate-id($ sym)"/>

<!-- Recurse with this symbol active. -->
<xsl:c all-temp late name="enumerate-pro duction" >

<xsl :with-pa ram name="ylist" select= "concat( $ylist, ' ', $si d)"/>
<xsl :with-pa ram name="nlist" select= "$nlist" />
</xs l:call-t emplate>

<!-- Recurse with this symbol inactive . -->
<xsl:c all-temp late name="enumerate-pro duction" >

<xsl :with-pa ram name="ylist" select= "$ylist" />
<xsl :with-pa ram name="nlist" select= "concat( $nlist, ' ', $si d)"/>
</xs l:call-t emplate>

</xsl: when>

<xsl:oth erwise>
<!--
! No new symbol, thus this is the fin al pass.
!
! Since we wish to st rip out epsilon producti ons, and since t hey
! would be pr oduced when ther e are no symbols which are not optional
! ANDthe $yl ist is empty, we test on this here.
+-->

<xsl:i f test=" count(sy mbol[not (@option al) or @optional !='true' ]) or $ylist">
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<xsl:c opy>
<xsl :for-eac h select ="symbol [not(con tains($n list, generate-i d()))]">

<symbol>
<xsl:for -each select="at tribute: :*[name( ) != 'op tional'] ">

<xsl:c opy/>
</xsl: for-each >
<xsl:c opy-of select="n ode()"/>

</symbol >
</ xsl:for- each>

</xs l:copy>
</xs l:if>

</xsl: otherwis e>
</xsl:ch oose>

</ xsl:temp late>

</xs l:transf orm>
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A.4 . resolv e lis ts.xsl

This document is an XSLT t ransform which resolves l ist elements in language descript ions

into setsof nonterm elements which realize the l ist element's semantics.

<xsl :transfo rm versi on="1.0"
xmlns:xsl="h ttp://ww w.w3.org /1999/XSL/Transf orm">

<xsl :templat e name="identity " match="node()" >
<! --
! This is an iden tity template in XSLT.
| However, other template s with higer specificity
| will override t his where appropriate.
+-->

<xsl:copy>
<xsl:for -each select="at tribute: :*">

<xsl:c opy/>
</xsl: for-each >

<xsl:app ly-templ ates/>
</xsl:co py>

</ xsl:temp late>

<xsl :templat e match="list">
<nonterm name="{@name}" epsilon="{ string(@ epsilon = 'true' )}">

<product ion>
<xsl:c all-temp late name="list- item-sym bol"/>
<xsl:c all-temp late name="list- rlist-sy mbol"/>
</prod uction>

</nonter m>
<nonterm name="{concat(@name, '__r list')}" epsilon ="true">

<product ion>
<xsl:c all-temp late name="list- rlist-sy mbol"/>
<xsl:i f test=" delimite r">

<xsl :call-te mplate name="lis t-delim- symbol"/ >
</xs l:if>

<xsl:c all-temp late name="list- item-sym bol"/>
</prod uction>

</nonter m>
<nonterm name="{concat(@name, '__i tem')}"

epsilo n="{stri ng(@item_epsilon = 'true ')}">
<xsl:for -each select="pr oduction ">

<xsl:c opy-of select=". "/>
</xsl: for-each >

</nonter m>
<xsl:if te st="deli miter">
<nonterm name="{concat(@name, '__d elim')}"

epsilo n="{stri ng(@deli m_epsilo n = 'tru e')}">
<xsl:for -each select="de limiter" >

<production>
<xsl :copy-of select= "*"/>
</pr oduction >

</xsl: for-each >
</nonter m>
</xsl:if >

</ xsl:temp late>

<xsl :templat e name="list-rli st-symbo l">
<symbol action="co ntent">

<xsl:val ue-of select="co ncat(@name, '__r list')"/ >
</symbol >

</ xsl:temp late>

<xsl :templat e name="list-ite m-symbol">
<symbol>

<xsl:if test="@i tem_name">
<xsl:a ttribute name="rename">
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<xsl :value-o f select ="@item_name"/>
</xs l:attrib ute>

</xsl: if>
<xsl:att ribute name="action">

<xsl:c hoose>
<xsl :when te st="@ite m_action ">

<xsl:value -of sele ct="@ite m_action "/>
</ xsl:when >

<xsl :when te st="@ite m_name">preserve </xsl:wh en>
<xsl :otherwi se>conte nt</xsl: otherwis e>
</xs l:choose >

</xsl: attribut e>
<xsl:val ue-of select="co ncat(@name, '__i tem')"/>
</symbol >

</ xsl:temp late>

<xsl :templat e name="list-del im-symbol">
<symbol>

<xsl:if test="@delim_name">
<xsl:a ttribute name="rename">

<xsl :value-o f select ="@delim_name"/>
</xs l:attrib ute>

</xsl: if>
<xsl:att ribute name="action">

<xsl:c hoose>
<xsl :when te st="@del im_actio n">

<xsl:value -of sele ct="@del im_actio n"/>
</ xsl:when >

<xsl :when te st="@del im_name">preserv e</xsl:w hen>
<xsl :otherwi se>drop</xsl:oth erwise>
</xs l:choose >

</xsl: attribut e>
<xsl:val ue-of select="co ncat(@name, '__d elim')"/ >
</symbol >

</ xsl:temp late>

</xs l:transf orm>
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A.5 . genera te 
ex lexer.xsl

This document is an XSLT transform which generatesinput for the C fl ex lexer generator.

It is meant to be used in conjunction wit h A.6. generate bison parser.xsl.

<?xml versio n="1.0"? >
<xsl :transfo rm versi on="1.0"

xmlns:xsl= "http:// www.w3.org/1999/ XSL/Transform">

<xsl :output method="text"/>

<xsl :variabl e name="lang" select="/l anguage/@name"/>

<!--
! This template gens the fl ex code for a <l anguage/> file.
+-- >

<xsl :templat e match="languag e">
%{/* <xsl:va lue-of select="@ name"/>_lexer.l */
/* This file generat ed by generate_f lex_lexe r.xsl */

#inc lude &lt ;stdio.h &gt;
#inc lude &lt ;string. h&gt;
#inc lude &lt ;stdio.h &gt;

#inc lude "<x sl:value -of sele ct="@name"/>_par ser.tab. h"
%}

%option 8bit

<!--
! Gen any options i n the <l exer/>.
+-- >

<xsl :for-eac h select ="/langu age/lexe r/option ">
%option <xsl :value-o f select ="."/>

</ xsl:for- each>

<xsl :text>&# xa;</xsl :text>

<!--
! Gen any patterns in the <lexer/>.
+-- >

<xsl :for-eac h select ="/langu age/lexe r/patter n">
<xsl:value -of sele ct="@name"/>
<xsl:text> &#x9;</x sl:text>
<xsl:value -of sele ct="."/>
<xsl:text> &#xa;</x sl:text>
</ xsl:for- each>

%%

<!-- This pr ovides f or line counting . -->
. ++column_number; REJECT;
\n ++line_num ber; col umn_number = 1; REJECT;

<!-- Generate the action code for each <match/>, <ig nore/>, and <err or/> -->
<xsl :for-eac h select ="lexer/ match | lexer/ig nore | l exer/err or">

<! -- a few lines of space. -->
<xsl:text> &#xa;&#xa;</xsl: text>

<! -- print the regex. -->
<xsl:apply -templat es selec t="."/>

<xsl:choos e>
<!--
! <match/> acti on code.
+-->
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<xsl:whe n test=" name() = 'match' "> {
yylv al = xmlNewNode(NULL, "<xsl:valu e-of sel ect="@term"/>");

#ifd ef DEBUG
fpri ntf(stde rr,

"TERMINAL %s:{%s}\n" ,
"<xs l:value- of selec t="@term"/>",
yyte xt);

#endif

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn <xsl: value-of select= "concat( $lang, ' _sym_', @term)"/ >;
}</x sl:when>

<!--
! <igno re/> act ion code.
+-->

<xsl:whe n test=" name() = 'ignore '"> {
/* i gnore */ ;

}</x sl:when>

<!--
! <erro r/> acti on code.
+-->

<xsl:whe n test=" name() = 'error' "> {
yylv al = NULL;
retu rn <xsl: value-of select= "$lang"/ >_lex_er ror;

}</x sl:when>

</xsl:ch oose>
</ xsl:for- each>

.|\n {
/* f lex thin ks of it 's lexer s as fil ters.
* As a resu lt, all characte rs which match nothing get
* printed t o stdout .
*
* As a general solu tion, we may implement a catch-a ll
* which eit her:
* a) Ignore s these characte rs, or
* b) Throws an erro r.
*
* This rule chooses to igno re them. */

}

%%

</xs l:templa te>

</xs l:transf orm>
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A. 6. generate bi son par ser.xsl

This document is an XSLT transform which generates input for the C bis on parser gener-

ator. It is meant to be used in conjunction with A.5. generate 
ex lexer.xsl.

<?xml versio n="1.0"? >
<xsl :transfo rm versi on="1.0"

xmlns:xsl= "http:// www.w3.org/1999/ XSL/Transform">

<xsl :output method="text"/>

<xsl :variabl e name="lang" select="/l anguage/@name"/>

<!--
! This template gens the bi son code for a <language /> file.
+-- >

<xsl :templat e match="languag e">

<!--
! I f the gr ammarhas a know number of expected shif t/reduce conflic ts,
! gen a pragma line to the parser generator .
+-- >

<xsl :if test ="parser /@expected_confl icts">
%expect <xsl :value-o f select ="parser /@expected_confl icts"/>

<xsl:text> &#xa;</x sl:text>
<xsl:text> &#xa;</x sl:text>
</ xsl:if>

<!--
! When the <parser/ > has a specifie d "start " symbol, use it as the basis,
! otherwise , use th e first <nonterm/> in th e langua ge.
+-- >

%start <xsl: value-of select= "$lang"/ ><xsl:te xt>_sym_</xsl:te xt>
<xsl :choose>

<xsl:when test="pa rser/@st art">
<xsl:val ue-of select="pa rser/@st art"/>
</xsl:wh en>

<xsl:other wise>
<xsl:val ue-of select="pa rser/non term[1]/ @name"/>
</xsl:ot herwise>

</ xsl:choo se>

<xsl :text>&# xa;</xsl :text>
<xsl :text>&# xa;</xsl :text>

<!--
! Generate a list of the te rminals of the l anguage which wi ll be re turned
! by the le xer.
+-- >

<xsl :for-eac h select ="lexer/ match/@term">
<xsl:if te st="not( precedin g::match [@term=current() ])">
<! -- only select t he first occuran ce of each termi nal. -->

<xsl:tex t>%token </xsl:t ext>
<xsl:val ue-of select="co ncat($la ng, '_sy m_', .)" />
<xsl:tex t>&#xa;< /xsl:tex t>
</xsl:if >

</ xsl:for- each>

%token <xsl: value-of select= "$lang"/ >_lex_er ror

%{/* <xsl:va lue-of select="$ lang"/>_ parser.y */

#inc lude &lt ;libxml/ tree.h&g t;

#def ine YYSTYPExmlNodePtr
#def ine YYERROR_VERBOSE1
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stat ic xmlNodePtr la st_node;

#ifn def TRACK_POSITION
#def ine TRACK_POSITION1
#endif
stat ic int t rack_tok en_posit ion = TRACK_POSITION;
stat ic int l ine_number;
stat ic int column_number;

/* I nclude l exer generated f rom <xsl :value-o f select ="$lang" />_lexer .l */
#inc lude "<x sl:value -of sele ct="$lan g"/>_lex er.c"

%}

%%

<!--
! Generate the acti on code for each nonterminal which _has_ action code.
+-- >

<xsl :for-eac h select ="parser /nonterm [product ion or @epsilon = 'true' ]">
<xsl:text> &#xa;</x sl:text>
<xsl:call- template name="parser_no nterm"/>
</ xsl:for- each>

%%

int yywrap(v oid) { r eturn 1; }

int
yyer ror

(cha r *msg)
{

fpri ntf(stde rr, "Err or at li ne %d: %s\n", li ne_number, msg);
}

int
main

(int argc,
char **argv )

{
/* This programs parses data from st din,
* and write s its output to stdout. */

int ret;
xmlDocPtr doc;

line _number = 1;
colu mn_number = 1;

ret = yypars e( );

if ( ret == 0) {
doc = xmlNewDoc("1.0 ");
xmlSetTreeDoc(last_n ode, doc);
xmlDocSetRootElement (doc, la st_node) ;

xmlDocFormatDump(stdout, doc, 1);
xmlFreeDoc(doc);
ret = 0;

} el se {
ret = 1;

}

retu rn ret;
}

</xs l:templa te>

<!--
! This template generates t he code for a si ngle <nonterm/> element.
+-- >
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<xsl :templat e name="parser_n onterm">
<! --
! Gen and namespace the nonterm's symbol.
!
! Ex: <nonterm name="SYM"/> => "LANG_sym_SYM:"
+-->

<xsl:value -of sele ct="$lan g"/>_sym_<xsl:va lue-of select="@ name"/>
<xsl:text> :&#xa;</ xsl:text >

<! --
! This fo r-each gens the code for each <productio n/> of t he <nonterm/>.
+-->

<xsl:for-e ach sele ct="prod uction">
<!--
! Gen and namespace the symbols of the producti on.
!
! Ex: <producti on>
! <symbol>A</symbol>
! <symbol>B</symbol>
! <symbol>C</symbol>
! </produ ction> => "LANG_sym_A LANG_sym_BLANG_sym_C"
+-->

<xsl:tex t> </xsl: text>
<xsl:if test="po sition() !=1">| </xsl:if>
<xsl:for -each select="sy mbol">

<xsl:v alue-of select=" $lang"/>
<xsl:t ext>_sym_</xsl:t ext>
<xsl:v alue-of select=" ."/>
<xsl:i f test=" position () != la st()">

<xsl :text> </xsl:tex t>
</xs l:if>

</xsl: for-each >
{

last _node = $$ = xmlNewNode(NULL, "<xsl:valu e-of sel ect="../ @name"/>
<xsl :text>") ;&#xa;</ xsl:text >

<xsl :for-eac h select ="symbol ">

<!--
! Calculate the act ion to t ake for this symbol.
! I t defaul ts to "p reserve" .
+-- >

<xsl :variabl e name='action'>
<xsl:choos e>

<xsl:whe n test=" @action" >
<xsl:v alue-of select=" @action" />
</xsl: when>

<xsl:oth erwise>p reserve< /xsl:oth erwise>
</xsl:ch oose>

</ xsl:vari able>

<!--
! This generates a nice comment about what the acti on code will be
! doing.
!
! Ex: /* Symbol: action='pr eserve', rename='Differe ntSymbol' */
+-- >

<xsl :text>&# xa;&#x9; /* </xsl :text><x sl:value -of sele ct="."/>
<xsl :text>: action=' </xsl:te xt>
<xsl :value-o f select ='$actio n'/>
<xsl :text>'< /xsl:tex t>
<xsl :if test ="@rename and @rename != ''">

<xsl:text> , rename='</xsl: text>
<xsl:value -of sele ct='@ren ame'/>
<xsl:text> '</xsl:t ext>
</ xsl:if>

<xsl :text> * /</xsl:t ext>

<!--
! Action code for " rename".
! We rename the roo t of the sub-tre e. This happens before any
! other act ion, so we needn't worry about any inter actions with
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! t hose act ions.
+-- >

<xsl :if test ="@rename and @rename != ''">
xmlNodeSetName($<xsl :value-o f select ="positi on()"/>

<xsl:text> , "</xsl :text>
<xsl:value -of sele ct="@rename"/>
<xsl:text> ");</xsl :text>

</xs l:if>

<!--
! Action code for " preserve ".
! We keep t he entir e sub-tr ee.
+-- >

<xsl :choose>
<xsl :when te st="$act ion = 'p reserve' ">
xmlAddChild( $$, $<xsl:value- of selec t="posit ion()"/> );

</xs l:when>

<!--
! Action code for " token".
! We keep only the root of the sub- tree, di scarding it's children.
+-- >

<xsl :when te st="$act ion = 't oken'">
xmlAddChild( $$, $<xsl:value- of selec t="posit ion()"/> );
if ( $<xsl:va lue-of select="p osition( )"/>->ch ildren) {

xmlFreeNodeList($<xs l:value- of selec t="posit ion()"/>
<xsl :text>-> children );</xsl: text>
$<xsl:value- of selec t="posit ion()"/> ->childr en = NULL;

}
</xs l:when>

<!--
! Action code for " content" .
! We keep only the children (if the re are any) of t he sub-t ree.
+-- >

<xsl :when te st="$act ion = 'c ontent'" >
if ( $<xsl:va lue-of select="p osition( )"/>->ch ildren) {

xmlAddChildL ist($$, $<xsl:va lue-of select="p osition( )"/>
<xsl :text>-> children );</xsl: text>
$<xsl:value- of selec t="posit ion()"/> ->childr en = NULL;

}
xmlFreeNode($<xsl:va lue-of select="p osition( )"/>);
$<xsl:value- of selec t="posit ion()"/> = NULL;

</xs l:when>

<!--
! Action code for " drop".
! We free t he sub-t ree.
+-- >

<xsl :when te st="$act ion = 'd rop'">
xmlFreeNode($<xsl:va lue-of select="p osition( )"/>);
$<xsl:value- of selec t="posit ion()"/> = NULL;

</xs l:when>
</xs l:choose >

</xs l:for-ea ch>
}
</xs l:for-ea ch>

<!--
! Action code for epsilon productio ns.
+-- >

<xsl :if test ="@epsil on and @epsilon = 'true' "> |
{

last _node = $$ = xmlNewNode(NULL, "<xsl:valu e-of sel ect="@name"/>");
}
</xs l:if> ;

</xs l:templa te>

</xs l:transf orm>
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A.7. gener ate j
ex lexer .xsl

This document is an XSLT tr ansform which generates input for the J ava JFlex lexer gen-

erator. It is meant to be used in conjunction with A.8. generate java cup parser.xsl.

<?xml versio n="1.0"? >
<xsl :transfo rm versi on="1.0"

xmlns:xsl= "http:// www.w3.org/1999/ XSL/Transform">

<xsl :output method="text"/>

<xsl :variabl e name="lang" select="/l anguage/@name"/>

<xsl :templat e match="languag e">
/* <xsl:valu e-of sel ect="@name"/>_le xer.lex */
/* This file generat ed by generate_j flex_lex er.xsl * /

package <xsl :value-o f select ="@name"/>;
import org.w 3c.dom.Element;
import java_ cup.runt ime.Symbol;

%%

%cup
%lin e
%column

%%

<xsl :for-eac h select ="lexer/ *">
<! -- a few lines of space. -->
<xsl:text> &#xa;&#xa;</xsl: text>

<! -- print the regex. -->
<xsl:apply -templat es selec t="."/>

<! -- yield appropr iate act ion code. -->
<xsl:choos e>

<xsl:whe n test=" name() = 'match' ">
<xsl:c all-temp late name="match-action- code"/>
</xsl: when>

<xsl:whe n test=" name() = 'ignore '">
<xsl:c all-temp late name="ignor e-action -code"/>
</xsl: when>

<xsl:whe n test=" name() = 'error' ">
<xsl:c all-temp late name="error -action- code"/>
</xsl: when>

</xsl:ch oose>
</ xsl:for- each>

</xs l:templa te>

<xsl :templat e name="match-ac tion-cod e"> {
Element e = (Element )

pars er.document.crea teElement("<xsl: value-of select= "@term"/ >");
e.ap pendChil d( parse r.document.creat eTextNode(yytext ()) );
e.se tAttribu te("line ", Integ er.toStr ing(yyli ne + 1)) ;
e.se tAttribu te("colu mn", Int eger.toS tring(yy column + 1));
retu rn new Symbol

(sym.<xsl:va lue-of select="c oncat($l ang, '_s ym_', @term)"/>, e);
}</x sl:templ ate>

<xsl :templat e name="ignore-a ction-co de"> {
/* i gnore */ ;

}</x sl:templ ate>
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<xsl :templat e name="error-ac tion-cod e"> {
Syst em.err.p rintln(" Illegal characte r: "+yyt ext());
retu rn null;

}</x sl:templ ate>

</xs l:transf orm>
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A.8 . genera te java cup parser.xsl

This document is an XSLT t ransform which generates input for the J ava j ava cup parser

generator. It is meant to be used in conjunct ion with A.7. generate j
ex lexer.xsl.

<?xml versio n="1.0"? >
<xsl :transfo rm versi on="1.0"

xmlns:xsl= "http:// www.w3.org/1999/ XSL/Transform">

<xsl :output method="text"/>

<xsl :variabl e name="lang" select="/l anguage/@name"/>

<xsl :templat e match="languag e">
<xsl :text>/* </xsl:t ext><xsl :value-o f select ="@name"/>_parse r.cup */
/* This file generat ed by generate_j ava_cup_parser.x sl */

package <xsl :value-o f select ="@name"/>;

import javax .xml.par sers.Doc umentBuilder;
import javax .xml.par sers.Doc umentBuilderFact ory;
import javax .xml.par sers.Fac toryConf iguratio nError;
import javax .xml.par sers.Par serConfi guration Exceptio n;

import java. io.Strin gWriter;
import java. io.IOExc eption;

import org.w 3c.dom.NodeList;
import org.w 3c.dom.Document;
import org.w 3c.dom.Element;
import org.w 3c.dom.Node;
import org.w 3c.dom.Attr;
import org.w 3c.dom.NamedNodeMap;

import org.a pache.xml.serial ize.XMLSerialize r;
import org.a pache.xml.serial ize.Outp utFormat ;

import java_ cup.runt ime.*;

init with {:
DocumentBuil derFacto ry facto ry = DocumentBuilderFact ory.newI nstance( );
DocumentBuil der buil der = fa ctory.ne wDocumentBuilder ();
document = builder.n ewDocument();

:}

pars er code {:
stat ic Document document = null;
stat ic Element curre nt = nul l;

publ ic stati c Element cloneWithNewName(Element e, String name) {
Element newE = document.crea teElement(name);

whil e (e.has ChildNodes()) {
newE.appendChild( e. getFirst Child() );

}

if ( e.hasAtt ributes( ) ) {
NamedNodeMapoldattm ap = e.g etAttrib utes();
NamedNodeMapnewattmap = newE.getAtt ributes( );
Node n;

whil e (oldat tmap.get Length() != 0) {
n = oldattma p.item(0 );
e.re moveAttr ibuteNod e((Attr) n);
newattmap.se tNamedIt em(n);

}
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}

retu rn newE;
}

publ ic stati c void contentAc tion(Ele ment e) {
whil e (e.has ChildNodes()) {

curr ent.appe ndChild( e.getFi rstChild () );
}

}

publ ic stati c void t okenActi on(Element e) {
whil e (e.has ChildNodes()) {

e.re moveChild( e.get FirstChi ld() );
}
curr ent.appe ndChild( e );

}

publ ic stati c void main(Stri ng args[ ]) throw s Except ion {
new parser(n ew Yylex (System. in)).par se();

document.appendChil d(parser .current );
document.getDocumentElement().norm alize();

Stri ng xmlSt r = null ;

XMLSerialize r serial izer = new XMLSerializer ();
Stri ngWriter strWri ter = new String Writer() ;
OutputFormat outFor mat = new Output Format() ;

// setup for mat sett ings
outFormat.se tVersion ("1.0");
outFormat.se tIndenti ng(true) ;
outFormat.se tIndent( 2);

// Define a Writer
seri alizer.s etOutput CharStre am(strWr iter);

// Apply the format settings
seri alizer.s etOutput Format(o utFormat );

try {
// Serialize XMLDocument
seri alizer.s erialize (parser. document);
xmlStr = str Writer.t oString( );
strWriter.cl ose();

} catch (IOException ioEx) {
Syst em.out.p rintln(" Error " + ioEx);

}

Syst em.out.p rint(xml Str);
}

:}

<xsl :for-eac h select ="lexer/ match/@term">
<xsl:if te st="not( precedin g::match [@term=current() ])">
<! -- only select t he first occuran ce of each termi nal. -->

<xsl:tex t>termin al Element </xsl :text>
<xsl:val ue-of select="co ncat($la ng, '_sy m_', .)" />
<xsl:tex t>;&#xa; </xsl:te xt>
</xsl:if >

</ xsl:for- each>

terminal <xsl:value- of selec t="$lang "/>_lex_ error;

<xsl :for-eac h select ="parser /nonterm ">
<xsl:text> non terminal Element </x sl:text>
<xsl:value -of sele ct="conc at($lang , '_sym_', @name)"/>
<xsl:text> ;&#xa;</ xsl:text >



98

</ xsl:for- each>

<xsl :for-eac h select ="parser /nonterm ">
<xsl:text> &#xa;</x sl:text>
<xsl:call- template name="parser_no nterm"/>
</ xsl:for- each>

</xs l:templa te>

<xsl :templat e name="parser_n onterm">
<xsl:value -of sele ct="$lan g"/>_sym_<xsl:va lue-of select="@ name"/>
<xsl:text> ::=&#xa ;</xsl:t ext>

<xsl:for-e ach sele ct="prod uction">
<xsl:tex t> </xsl: text>
<xsl:if test="po sition() !=1">| </xsl:if>
<xsl:for -each select="sy mbol">

<xsl:v alue-of select=" $lang"/>
<xsl:t ext>_sym_</xsl:t ext>
<xsl:v alue-of select=" ."/>
<xsl:t ext>:s</ xsl:text >
<xsl:v alue-of select=" position ()"/>

<xsl:i f test=" position () != la st()">
<xsl :text> </xsl:tex t>
</xs l:if>

</xsl: for-each >
{:

RESULT = parser.docu ment.cre ateElement("<xsl :value-o f select ="../@na me"/>
<xsl :text>") ;</xsl:t ext>
pars er.curre nt = RESULT;

<xsl :for-eac h select ="symbol ">
<xsl:varia ble name='action '>

<xsl:cho ose>
<xsl:w hen test ="@actio n">

<xsl :value-o f select ="@actio n"/>
</xs l:when>

<xsl:o therwise >preserv e</xsl:o therwise >
</xsl: choose>

</xsl:va riable>

<xsl :text>&# xa;&#x9; /* </xsl :text><x sl:value -of sele ct="."/>
<xsl :text>: action=' </xsl:te xt>
<xsl :value-o f select ='$actio n'/>
<xsl :text>'< /xsl:tex t>
<xsl :if test ="@rename and @rename != ''">

<xsl:text> , rename='</xsl: text>
<xsl:value -of sele ct='@ren ame'/>
<xsl:text> '</xsl:t ext>
</ xsl:if>

<xsl :text> * /</xsl:t ext>

<xsl :if test ="@rename and @rename != ''">
s<xsl:value- of selec t="posit ion()"/>

<xsl:text> = parse r.cloneW ithNewName( s</x sl:text>
<xsl:value -of sele ct="posi tion()"/ >
<xsl:text> , "</xsl :text>
<xsl:value -of sele ct="@rename"/>
<xsl:text> ");</xsl :text>

</xs l:if>

<xsl :choose>
<xsl :when te st="$act ion = 'p reserve' ">
pars er.curre nt.appen dChild( s<xsl:va lue-of select="p osition( )"/> );

</xs l:when>

<xsl :when te st="$act ion = 't oken'">
pars er.token Action( s<xsl:va lue-of select="p osition( )"/> );

</xs l:when>
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<xsl :when te st="$act ion = 'c ontent'" >
pars er.conte ntAction ( s<xsl: value-of select= "positio n()"/> ) ;

</xs l:when>

<xsl :when te st="$act ion = 'd rop'">
<!-- No acti on -->

</xs l:when>
</xs l:choose >

</xs l:for-ea ch>
:}
</xs l:for-ea ch>

<xsl :if test ="@epsil on and @epsilon = 'true' "> |
{:

RESULT = parser.docu ment.cre ateElement("<xsl :value-o f select ="@name"/>");
pars er.curre nt = RESULT;

:}
</xs l:if> ;

</xs l:templa te>

</xs l:transf orm>



APPENDIX B

Lisp y Languag e and Code Example s

B. 1. li spy sampl e.txt

A sample of lispy.

(foo bar (baz 1 'abc def' (q ux)))

B. 2. li spy sampl e.xml

The desired XML output for the sample.

<?xml versio n="1.0"? >
<Program>

<Apply>
<functio n line=" 1" column="2">fo o</funct ion>
<identif ier line ="1" col umn="3">bar</ide ntifier>
<Apply>

<funct ion line ="1" col umn="5">baz</fun ction>
<number line=" 1" column="7">1</number>
<strin g line=" 1" column="8">'a bc def'< /string>
<Apply>

<fun ction li ne="1" column="10">qux</ function >
</Appl y>

</Apply>
</ Apply>

</Pr ogram>

100
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B. 3. li spy.langua ge.xml

The language description for the toy language \ lispy" .

<?xml versio n="1.0"? >
<lan guage name="lisp y">

<l exer>
<match t erm="lef tParen"> "("</mat ch>
<match t erm="rig htParen" >")"</ma tch>
<match t erm="ide ntifier" >[[:alph a:]][[:a lnum:]]* </match>
<match t erm="number">[[: digit:]] +</match>
<match t erm="str ing">'[^ ']*'</ma tch>
<ignore> [^[:prin t:]]|[\n [:blank: ]]</igno re>
<error>. </error>
</lexer>

<parser>
<list name="Program" epsilon="tr ue">

<production>
<symbol>Appl y</symbol>
</pr oduction >

</list >
<nonterm name="Apply">

<production>
<symbol acti on="drop ">leftPa ren</symbol>
<symbol rename="function">id entifier </symbol >
<symbol acti on="cont ent">App lyList</ symbol>
<symbol acti on="drop ">rightP aren</sy mbol>
</pr oduction >

</nont erm>
<list name="ApplyList" epsilon=" true">

<production>
<symbol>Appl y</symbol>
</pr oduction >

<production>
<symbol>iden tifier</ symbol>
</pr oduction >

<production>
<symbol>number</symbol>
</pr oduction >

<production>
<symbol>stri ng</symbol>
</pr oduction >

</list >
</parser >

</ language>
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B.4 . l ispy-reso lv ed.language. xml

B.3. lispy.language.xml with all high-order grammar features resolved.

<?xml versio n="1.0"? >
<lan guage name="lisp y">

<l exer>
<match t erm="lef tParen"> "("</mat ch>
<match t erm="rig htParen" >")"</ma tch>
<match t erm="ide ntifier" >[[:alph a:]][[:a lnum:]]* </match>
<match t erm="number">[[: digit:]] +</match>
<match t erm="str ing">'[^ ']*'</ma tch>
<ignore> [^[:prin t:]]|[\n [:blank: ]]</igno re>
<error>. </error>
</lexer>

<parser>
<nonterm name="Program" epsilon= "true">

<production>
<symbol acti on="cont ent">Pro gram__it em</symbol>
<symbol acti on="cont ent">Pro gram__rl ist</sym bol>
</pr oduction >

</nont erm>
<nonterm name="Program__rlist" epsilon=" true">

<production>
<symbol acti on="cont ent">Pro gram__rl ist</sym bol>
<symbol acti on="cont ent">Pro gram__it em</symbol>
</pr oduction >

</nont erm>
<nonterm name="Program__item" epsilon="f alse">

<production>
<symbol>Appl y</symbol>
</pr oduction >

</nont erm>
<nonterm name="Apply">

<production>
<symbol acti on="drop ">leftPa ren</symbol>
<symbol rename="function">id entifier </symbol >
<symbol acti on="cont ent">App lyList</ symbol>
<symbol acti on="drop ">rightP aren</sy mbol>
</pr oduction >

</nont erm>
<nonterm name="ApplyList " epsilo n="true" >

<production>
<symbol acti on="cont ent">App lyList__ item</sy mbol>
<symbol acti on="cont ent">App lyList__ rlist</s ymbol>
</pr oduction >

</nont erm>
<nonterm name="ApplyList __rlist" epsilon ="true">

<production>
<symbol acti on="cont ent">App lyList__ rlist</s ymbol>
<symbol acti on="cont ent">App lyList__ item</sy mbol>
</pr oduction >

</nont erm>
<nonterm name="ApplyList __item" epsilon= "false">

<production>
<symbol>Appl y</symbol>
</pr oduction >

<production>
<symbol>iden tifier</ symbol>
</pr oduction >

<production>
<symbol>number</symbol>
</pr oduction >

<production>
<symbol>stri ng</symbol>
</pr oduction >

</nont erm>
</parser >
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</ language>
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B.5. l ispy null sample .txt

A sample of lispy null.

(foo bar nul l (baz 1 'abc def' (qux) ))

B.6. l ispy null sample. xml

The desired XML output for the sample.

<?xml versio n="1.0"? >
<Program>

<Apply>
<functio n line=" 1" column="2">fo o</funct ion>
<identif ier line ="1" col umn="3">bar</ide ntifier>
<null li ne="1" column="4"/>
<Apply>

<funct ion line ="1" col umn="6">baz</fun ction>
<number line=" 1" column="8">1</number>
<strin g line=" 1" column="9">'a bc def'< /string>
<Apply>

<fun ction li ne="1" column="11">qux</ function >
</Appl y>

</Apply>
</ Apply>

</Pr ogram>
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B .7. l ispy null .l anguage .xml

The language description for the toy language \ lispy null " .

<?xml versio n="1.0"? >
<lan guage name="lisp y_null">

<l exer>
<match t erm="lef tParen"> "("</mat ch>
<match t erm="rig htParen" >")"</ma tch>
<match t erm="nul l">"null "</match >
<match t erm="ide ntifier" >[[:alph a:]][[:a lnum:]]* </match>
<match t erm="number">[[: digit:]] +</match>
<match t erm="str ing">'[^ ']*'</ma tch>
<ignore> [^[:prin t:]]|[\n [:blank: ]]</igno re>
<error>. </error>
</lexer>

<parser>
<list name="Program" epsilon="tr ue">

<production>
<symbol>Appl y</symbol>
</pr oduction >

</list >
<nonterm name="Apply">

<production>
<symbol acti on="drop ">leftPa ren</symbol>
<symbol rename="function">id entifier </symbol >
<symbol acti on="cont ent">App lyList</ symbol>
<symbol acti on="drop ">rightP aren</sy mbol>
</pr oduction >

</nont erm>
<list name="ApplyList" epsilon=" true">

<production>
<symbol>Appl y</symbol>
</pr oduction >

<production>
<symbol>iden tifier</ symbol>
</pr oduction >

<production>
<symbol>number</symbol>
</pr oduction >

<production>
<symbol>stri ng</symbol>
</pr oduction >

<production>
<symbol acti on="toke n">null< /symbol>
</pr oduction >

</list >
</parser >

</ language>
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B. 8. li spy nul l- r esolved.langua ge.xml

B.7. lispy null.language.xml with all high-order grammar featuresresolved.

<?xml versio n="1.0"? >
<lan guage name="lisp y_null">

<l exer>
<match t erm="lef tParen"> "("</mat ch>
<match t erm="rig htParen" >")"</ma tch>
<match t erm="nul l">"null "</match >
<match t erm="ide ntifier" >[[:alph a:]][[:a lnum:]]* </match>
<match t erm="number">[[: digit:]] +</match>
<match t erm="str ing">'[^ ']*'</ma tch>
<ignore> [^[:prin t:]]|[\n [:blank: ]]</igno re>
<error>. </error>

</ lexer>
<parser>

<nonterm name="Program" epsilon= "true">
<production>

<symbol acti on="cont ent">Pro gram__it em</symbol>
<symbol acti on="cont ent">Pro gram__rl ist</sym bol>

</prod uction>
</nonter m>
<nonterm name="Program__rlist" epsilon=" true">

<production>
<symbol acti on="cont ent">Pro gram__rl ist</sym bol>
<symbol acti on="cont ent">Pro gram__it em</symbol>

</prod uction>
</nonter m>
<nonterm name="Program__item" epsilon="f alse">

<production>
<symbol>Appl y</symbol>

</prod uction>
</nonter m>
<nonterm name="Apply">

<production>
<symbol acti on="drop ">leftPa ren</symbol>
<symbol rename="function">id entifier </symbol >
<symbol acti on="cont ent">App lyList</ symbol>
<symbol acti on="drop ">rightP aren</sy mbol>

</prod uction>
</nonter m>
<nonterm name="ApplyList " epsilo n="true" >

<production>
<symbol acti on="cont ent">App lyList__ item</sy mbol>
<symbol acti on="cont ent">App lyList__ rlist</s ymbol>

</prod uction>
</nonter m>
<nonterm name="ApplyList __rlist" epsilon ="true">

<production>
<symbol acti on="cont ent">App lyList__ rlist</s ymbol>
<symbol acti on="cont ent">App lyList__ item</sy mbol>

</prod uction>
</nonter m>
<nonterm name="ApplyList __item" epsilon= "false">

<production>
<symbol>Appl y</symbol>

</prod uction>
<production>

<symbol>iden tifier</ symbol>
</prod uction>
<production>

<symbol>number</symbol>
</prod uction>
<production>

<symbol>stri ng</symbol>
</prod uction>
<production>
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<symbol acti on="toke n">null< /symbol>
</prod uction>

</nonter m>
</ parser>

</la nguage>



108

B.9. l ispy null -ja va.l anguage. xml

The language description for the toy language \ lispy null " , modi�ed to work wit h JFl ex.

<?xml versio n="1.0"? >
<lan guage name="lisp y_null">

<l exer>
<match t erm="lef tParen"> "("</mat ch>
<match t erm="rig htParen" >")"</ma tch>
<match t erm="nul l">"null "</match >
<match t erm="ide ntifier" >[a-zA-Z ][a-zA-Z 0-9]*</m atch>
<match t erm="number">[0- 9]+</mat ch>
<match t erm="str ing">'[^ ']*'</ma tch>
<ignore> [ \t\r\n \f]</ign ore>
<error>. </error>
</lexer>

<parser>
<list name="Program" epsilon="tr ue">

<production>
<symbol>Appl y</symbol>
</pr oduction >

</list >
<nonterm name="Apply">

<production>
<symbol acti on="drop ">leftPa ren</symbol>
<symbol rename="function">id entifier </symbol >
<symbol acti on="cont ent">App lyList</ symbol>
<symbol acti on="drop ">rightP aren</sy mbol>
</pr oduction >

</nont erm>
<list name="ApplyList" epsilon=" true">

<production>
<symbol>Appl y</symbol>
</pr oduction >

<production>
<symbol>iden tifier</ symbol>
</pr oduction >

<production>
<symbol>number</symbol>
</pr oduction >

<production>
<symbol>stri ng</symbol>
</pr oduction >

<production>
<symbol acti on="toke n">null< /symbol>
</pr oduction >

</list >
</parser >

</ language>
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B. 10. l ispy lexer.l

This document is a lexer for B.3. li spy.language.xml written by hand for 
ex. It is meant

to be paired wit h B.11. lispy parser.y.

%{/* lispy_l exer.l * /

#inc lude <st dio.h>
#inc lude <st ring.h>
#inc lude <st dio.h>

#inc lude "li spy_pars er.tab.h "
%}

%option 8bit

%%

. ++column_number; REJECT;
\n ++line_num ber; col umn_number = 1; REJECT;

"(" {
yylv al = xmlNewNode(NULL, "l eftParen ");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _sym_lef tParen;
}

")" {
yylv al = xmlNewNode(NULL, "r ightPare n");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _sym_rig htParen;
}

[[:a lpha:]][ [:alnum: ]]* {
yylv al = xmlNewNode(NULL, "i dentifie r");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);
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}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _sym_identifier;
}

[[:d igit:]]+ {
yylv al = xmlNewNode(NULL, "number");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _sym_number;
}

'[^' ]*' {
yylv al = xmlNewNode(NULL, "s tring");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _sym_str ing;
}

[^[: print:]] |[\n[:bl ank:]] {
/* i gnore */ ;

}

. {
yylv al = NULL;
retu rn lispy _lex_err or;

}

.|\n {
/* f lex thin ks of it 's lexer s as fil ters.
* As a resu lt, all characte rs which match nothing get
* printed t o stdout .
*
* As a general solu tion, we may implement a catch-a ll
* which eit her:
* a) Ignore s these characte rs, or
* b) Throws an erro r.
*
* This rule chooses to igno re them. */

}

%%
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B. 11. l ispy par ser.y

This document is a parser for B.3. li spy.language.xml writ ten by hand for bison. It is meant

to be paired wit h B.10. lispy lexer.l.

%start lispy _sym_Program

%token lispy _sym_lef tParen
%token lispy _sym_rig htParen
%token lispy _sym_identifier
%token lispy _sym_number
%token lispy _sym_str ing

%token lispy _lex_err or

%{/* lispy_p arser.y */

#inc lude <li bxml/tre e.h>

#def ine YYSTYPExmlNodePtr
#def ine YYERROR_VERBOSE1

stat ic xmlNodePtr la st_node;

stat ic int t rack_tok en_posit ion = 1;
stat ic int l ine_number;
stat ic int column_number;

/* I nclude l exer generated f rom lisp y_lexer. l */
#inc lude "li spy_lexe r.c"

%}

%%

lisp y_sym_Program:
lisp y_sym_Program__item lisp y_sym_Program__rlist

{
last _node = $$ = xmlNewNode(NULL, "Program") ;

/* Program__item: action='co ntent' * /
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* Program__rlist: action='c ontent' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "Program") ;

}
;

lisp y_sym_Program__rlist:
lisp y_sym_Program__rlist lis py_sym_Program__item

{
last _node = $$ = xmlNewNode(NULL, "Program__rlist");
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/* Program__rlist: action='c ontent' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* Program__item: action='co ntent' * /
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "Program__rlist");

}
;

lisp y_sym_Program__item:
lisp y_sym_Apply

{
last _node = $$ = xmlNewNode(NULL, "Program__item");

/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

}
;

lisp y_sym_Apply:
lisp y_sym_leftParen lispy_sy m_identi fier lis py_sym_ApplyList lispy_s ym_right Paren

{
last _node = $$ = xmlNewNode(NULL, "Apply");

/* l eftParen : action ='drop' */
xmlFreeNode($1);
$1 = NULL;

/* i dentifie r: actio n='prese rve', re name='function' */
xmlNodeSetName($2, " function ");
xmlAddChild( $$, $2);

/* ApplyList : action ='conten t' */
if ( $3->chil dren) {

xmlAddChildL ist($$, $3->chil dren);
$3->children = NULL;

}
xmlFreeNode($3);
$3 = NULL;

/* r ightPare n: actio n='drop' */
xmlFreeNode($4);
$4 = NULL;

}
;

lisp y_sym_ApplyList:
lisp y_sym_ApplyList_ _item li spy_sym_ApplyLis t__rlist

{
last _node = $$ = xmlNewNode(NULL, "ApplyList ");

/* ApplyList __item: action=' content' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;
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/* ApplyList __rlist: action= 'content ' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "ApplyList ");

}
;

lisp y_sym_ApplyList_ _rlist:
lisp y_sym_ApplyList_ _rlist l ispy_sym_ApplyLi st__item

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __rlist" );

/* ApplyList __rlist: action= 'content ' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* ApplyList __item: action=' content' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __rlist" );

}
;

lisp y_sym_ApplyList_ _item:
lisp y_sym_Apply

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

}
| li spy_sym_identifi er

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* i dentifie r: actio n='prese rve' */
xmlAddChild( $$, $1);

}
| li spy_sym_number

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* number: action='p reserve' */
xmlAddChild( $$, $1);

}
| li spy_sym_string

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* string: action='p reserve' */
xmlAddChild( $$, $1);

}
;
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%%

int yywrap(v oid) { r eturn 1; }
int yyerror( char *msg) { fpr intf(std err, "\t Error: %s\n", msg); }

int
main

(int argc,
char **argv )

{
int ret;
xmlDocPtr doc;

line _number = 1;
colu mn_number = 1;

ret = yypars e( );

if ( ret == 0) {
doc = xmlNewDoc("1.0 ");
xmlSetTreeDoc(last_n ode, doc);
xmlDocSetRootElement (doc, la st_node) ;

xmlDocFormatDump(stdout, doc, 1);
xmlFreeDoc(doc);
ret = 0;

} el se {
ret = 1;

}

retu rn ret;
}
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B.1 2. li spy nul l lexer .l

This document is a lexer for B.7. lispy null.language.xml writt en by hand for 
ex. It is

meant to be paired with B.14. li spy null parser.y. It wasused to develop A.5. generate 
 ex lexer.xsl.

%{/* lispy_n ull_lexe r.l */

#inc lude <st dio.h>
#inc lude <st ring.h>
#inc lude <st dio.h>

#inc lude "li spy_null _parser. tab.h"
%}

%option 8bit

%%

. ++column_number; REJECT;
\n ++line_num ber; col umn_number = 1; REJECT;

"(" {
yylv al = xmlNewNode(NULL, "l eftParen ");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_leftPa ren;
}

")" {
yylv al = xmlNewNode(NULL, "r ightPare n");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_rightP aren;
}

"nul l" {
yylv al = xmlNewNode(NULL, "null");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);
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}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_null;
}

[[:a lpha:]][ [:alnum: ]]* {
yylv al = xmlNewNode(NULL, "i dentifie r");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_identi fier;
}

[[:d igit:]]+ {
yylv al = xmlNewNode(NULL, "number");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_number;
}

'[^' ]*' {
yylv al = xmlNewNode(NULL, "s tring");

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_string ;
}

[^[: print:]] |[\n[:bl ank:]] {
/* i gnore */ ;

}

. {
yylv al = NULL;
retu rn lispy _null_le x_error;

}
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.|\n {
/* f lex thin ks of it 's lexer s as fil ters.
* As a resu lt, all characte rs which match nothing get
* printed t o stdout .
*
* As a general solu tion, we may implement a catch-a ll
* which eit her:
* a) Ignore s these characte rs, or
* b) Throws an erro r.
*
* This rule chooses to igno re them. */

}

%%
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B. 13. gener ated.l ispy nul l lexer.l

This document is a lexer for B.7. li spy null.language.xml generated by applying A.5. gen-

erate 
ex lexer.xsl to B.8. li spy null-resolved.language.xml.

%{/* lispy_n ull_lexe r.l */
/* This file generat ed by generate_f lex_lexe r.xsl */

#inc lude <st dio.h>
#inc lude <st ring.h>
#inc lude <st dio.h>

#inc lude "li spy_null _parser. tab.h"
%}

%option 8bit

%%

. ++column_number; REJECT;
\n ++line_num ber; col umn_number = 1; REJECT;

"(" {
yylv al = xmlNewNode(NULL, "l eftParen ");

#ifd ef DEBUG
fpri ntf(stde rr,

"TERMINAL %s:{%s}\n" ,
"lef tParen",
yyte xt);

#endif

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_leftPa ren;
}

")" {
yylv al = xmlNewNode(NULL, "r ightPare n");

#ifd ef DEBUG
fpri ntf(stde rr,

"TERMINAL %s:{%s}\n" ,
"rig htParen" ,
yyte xt);

#endif

if ( track_to ken_posi tion) {
char buf[32] ;
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snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_rightP aren;
}

"nul l" {
yylv al = xmlNewNode(NULL, "null");

#ifd ef DEBUG
fpri ntf(stde rr,

"TERMINAL %s:{%s}\n" ,
"nul l",
yyte xt);

#endif

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_null;
}

[[:a lpha:]][ [:alnum: ]]* {
yylv al = xmlNewNode(NULL, "i dentifie r");

#ifd ef DEBUG
fpri ntf(stde rr,

"TERMINAL %s:{%s}\n" ,
"ide ntifier" ,
yyte xt);

#endif

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_identi fier;
}

[[:d igit:]]+ {
yylv al = xmlNewNode(NULL, "number");

#ifd ef DEBUG
fpri ntf(stde rr,

"TERMINAL %s:{%s}\n" ,
"number",
yyte xt);

#endif
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if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_number;
}

'[^' ]*' {
yylv al = xmlNewNode(NULL, "s tring");

#ifd ef DEBUG
fpri ntf(stde rr,

"TERMINAL %s:{%s}\n" ,
"str ing",
yyte xt);

#endif

if ( track_to ken_posi tion) {
char buf[32] ;
snpr intf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, " line", buf);
snpr intf(buf , 32, "%d", colu mn_number);
xmlSetProp(y ylval, " column", buf);

}

/* yytext does not need to be escaped for XML,
* xmlNewText does t he right thing. */

xmlAddChild( yylval, xmlNewText(yytex t));

retu rn lispy _null_sy m_string ;
}

[^[: print:]] |[\n[:bl ank:]] {
/* i gnore */ ;

}

. {
yylv al = NULL;
retu rn lispy _null_le x_error;

}

.|\n {
/* f lex thin ks of it 's lexer s as fil ters.
* As a resu lt, all characte rs which match nothing get
* printed t o stdout .
*
* As a general solu tion, we may implement a catch-a ll
* which eit her:
* a) Ignore s these characte rs, or
* b) Throws an erro r.
*
* This rule chooses to igno re them. */

}

%%
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B.14 . l ispy nul l parser .y

This document is a parser for B.7. li spy null.language.xml written by hand for bison. It is

meant to bepaired wit h B.12. lispy null lexer.l. It wasusedto developA.6. generate bison parser.xsl.

%start lispy _null_sy m_Program

%token lispy _null_sy m_leftPa ren
%token lispy _null_sy m_rightP aren
%token lispy _null_sy m_null
%token lispy _null_sy m_identi fier
%token lispy _null_sy m_number
%token lispy _null_sy m_string

%token lispy _null_le x_error

%{/* lispy_n ull_pars er.y */

#inc lude <li bxml/tre e.h>

#def ine YYSTYPExmlNodePtr
#def ine YYERROR_VERBOSE1

stat ic xmlNodePtr la st_node;

stat ic int t rack_tok en_posit ion = 1;
stat ic int l ine_number;
stat ic int column_number;

/* I nclude l exer generated f rom lisp y_null_l exer.l * /
#inc lude "li spy_null _lexer.c "

%}

%%

lisp y_null_s ym_Program:
lisp y_null_s ym_Program__item lispy_n ull_sym_ Program__rlist

{
last _node = $$ = xmlNewNode(NULL, "Program") ;

/* Program__item: action='co ntent' * /
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* Program__rlist: action='c ontent' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "Program") ;

}
;

lisp y_null_s ym_Program__rlis t:
lisp y_null_s ym_Program__rlis t lispy_ null_sym _Program__item

{
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last _node = $$ = xmlNewNode(NULL, "Program__rlist");

/* Program__rlist: action='c ontent' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* Program__item: action='co ntent' * /
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "Program__rlist");

}
;

lisp y_null_s ym_Program__item:
lisp y_null_s ym_Apply

{
last _node = $$ = xmlNewNode(NULL, "Program__item");

/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

}
;

lisp y_null_s ym_Apply:
lisp y_null_s ym_leftP aren lis py_null_ sym_identifier l ispy_nul l_sym_ApplyList lispy_nu ll_sym_r ightPare n

{
last _node = $$ = xmlNewNode(NULL, "Apply");

/* l eftParen : action ='drop' */
xmlFreeNode($1);
$1 = NULL;

/* i dentifie r: actio n='prese rve', re name='function' */
xmlNodeSetName($2, " function ");
xmlAddChild( $$, $2);

/* ApplyList : action ='conten t' */
if ( $3->chil dren) {

xmlAddChildL ist($$, $3->chil dren);
$3->children = NULL;

}
xmlFreeNode($3);
$3 = NULL;

/* r ightPare n: actio n='drop' */
xmlFreeNode($4);
$4 = NULL;

}
;

lisp y_null_s ym_ApplyList:
lisp y_null_s ym_ApplyList__it em lispy _null_sy m_ApplyList__rli st

{
last _node = $$ = xmlNewNode(NULL, "ApplyList ");

/* ApplyList __item: action=' content' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
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$1 = NULL;

/* ApplyList __rlist: action= 'content ' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "ApplyList ");

}
;

lisp y_null_s ym_ApplyList__rl ist:
lisp y_null_s ym_ApplyList__rl ist lisp y_null_s ym_ApplyList__it em

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __rlist" );

/* ApplyList __rlist: action= 'content ' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* ApplyList __item: action=' content' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __rlist" );

}
;

lisp y_null_s ym_ApplyList__it em:
lisp y_null_s ym_Apply

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

}
| li spy_null _sym_identifier

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* i dentifie r: actio n='prese rve' */
xmlAddChild( $$, $1);

}
| li spy_null _sym_number

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* number: action='p reserve' */
xmlAddChild( $$, $1);

}
| li spy_null _sym_str ing

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* string: action='p reserve' */
xmlAddChild( $$, $1);

}
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| li spy_null _sym_null
{

last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* null: act ion='tok en' */
xmlAddChild( $$, $1);
if ( $1->chil dren) {

xmlFreeNodeList($1-> children );
$1->children = NULL;

}
xmlAddChild( $$, $1);

}
;

%%

int yywrap(v oid) { r eturn 1; }
int yyerror( char *msg) { fpr intf(std err, "\t Error: %s\n", msg); }

int
main

(int argc,
char **argv )

{
int ret;
xmlDocPtr doc;

line _number = 1;
colu mn_number = 1;

ret = yypars e( );

if ( ret == 0) {
doc = xmlNewDoc("1.0 ");
xmlSetTreeDoc(last_n ode, doc);
xmlDocSetRootElement (doc, la st_node) ;

xmlDocFormatDump(stdout, doc, 1);
xmlFreeDoc(doc);
ret = 0;

} el se {
ret = 1;

}

retu rn ret;
}
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B.1 5. generated.l ispy null parser. y

This document is a parser for B.7. lispy null.language.xml generated by applying A.6. gen-

erate bison parser.xsl to B.8. li spy null-resolved.language.xml.

%start lispy _null_sy m_Program

%token lispy _null_sy m_leftPa ren
%token lispy _null_sy m_rightP aren
%token lispy _null_sy m_null
%token lispy _null_sy m_identi fier
%token lispy _null_sy m_number
%token lispy _null_sy m_string

%token lispy _null_le x_error

%{/* lispy_n ull_pars er.y */

#inc lude <li bxml/tre e.h>

#def ine YYSTYPExmlNodePtr
#def ine YYERROR_VERBOSE1

stat ic xmlNodePtr la st_node;

#ifn def TRACK_POSITION
#def ine TRACK_POSITION1
#endif
stat ic int t rack_tok en_posit ion = TRACK_POSITION;
stat ic int l ine_number;
stat ic int column_number;

/* I nclude l exer generated f rom lisp y_null_l exer.l * /
#inc lude "li spy_null _lexer.c "

%}

%%

lisp y_null_s ym_Program:
lisp y_null_s ym_Program__item lispy_n ull_sym_ Program__rlist

{
last _node = $$ = xmlNewNode(NULL, "Program") ;

/* Program__item: action='co ntent' * /
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* Program__rlist: action='c ontent' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
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last _node = $$ = xmlNewNode(NULL, "Program") ;
}

;

lisp y_null_s ym_Program__rlis t:
lisp y_null_s ym_Program__rlis t lispy_ null_sym _Program__item

{
last _node = $$ = xmlNewNode(NULL, "Program__rlist");

/* Program__rlist: action='c ontent' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* Program__item: action='co ntent' * /
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "Program__rlist");

}
;

lisp y_null_s ym_Program__item:
lisp y_null_s ym_Apply

{
last _node = $$ = xmlNewNode(NULL, "Program__item");

/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

}
;

lisp y_null_s ym_Apply:
lisp y_null_s ym_leftP aren lis py_null_ sym_identifier l ispy_nul l_sym_ApplyList lispy_nu ll_sym_r ightPare n

{
last _node = $$ = xmlNewNode(NULL, "Apply");

/* l eftParen : action ='drop' */
xmlFreeNode($1);
$1 = NULL;

/* i dentifie r: actio n='prese rve', re name='function' */
xmlNodeSetName($2, " function ");
xmlAddChild( $$, $2);

/* ApplyList : action ='conten t' */
if ( $3->chil dren) {

xmlAddChildL ist($$, $3->chil dren);
$3->children = NULL;

}
xmlFreeNode($3);
$3 = NULL;

/* r ightPare n: actio n='drop' */
xmlFreeNode($4);
$4 = NULL;

}
;

lisp y_null_s ym_ApplyList:
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lisp y_null_s ym_ApplyList__it em lispy _null_sy m_ApplyList__rli st
{

last _node = $$ = xmlNewNode(NULL, "ApplyList ");

/* ApplyList __item: action=' content' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* ApplyList __rlist: action= 'content ' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "ApplyList ");

}
;

lisp y_null_s ym_ApplyList__rl ist:
lisp y_null_s ym_ApplyList__rl ist lisp y_null_s ym_ApplyList__it em

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __rlist" );

/* ApplyList __rlist: action= 'content ' */
if ( $1->chil dren) {

xmlAddChildL ist($$, $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* ApplyList __item: action=' content' */
if ( $2->chil dren) {

xmlAddChildL ist($$, $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

}
|

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __rlist" );

}
;

lisp y_null_s ym_ApplyList__it em:
lisp y_null_s ym_Apply

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

}
| li spy_null _sym_identifier

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* i dentifie r: actio n='prese rve' */
xmlAddChild( $$, $1);

}
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| li spy_null _sym_number
{

last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* number: action='p reserve' */
xmlAddChild( $$, $1);

}
| li spy_null _sym_str ing

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* string: action='p reserve' */
xmlAddChild( $$, $1);

}
| li spy_null _sym_null

{
last _node = $$ = xmlNewNode(NULL, "ApplyList __item") ;

/* null: act ion='tok en' */
xmlAddChild( $$, $1);
if ( $1->chil dren) {

xmlFreeNodeList($1-> children );
$1->children = NULL;

}

}
;

%%

int yywrap(v oid) { r eturn 1; }

int
yyer ror

(cha r *msg)
{

fpri ntf(stde rr, "Err or at li ne %d: %s\n", li ne_number, msg);
}

int
main

(int argc,
char **argv )

{
/* This programs parses data from st din,
* and write s its output to stdout. */

int ret;
xmlDocPtr doc;

line _number = 1;
colu mn_number = 1;

ret = yypars e( );

if ( ret == 0) {
doc = xmlNewDoc("1.0 ");
xmlSetTreeDoc(last_n ode, doc);
xmlDocSetRootElement (doc, la st_node) ;

xmlDocFormatDump(stdout, doc, 1);
xmlFreeDoc(doc);
ret = 0;

} el se {
ret = 1;

}

retu rn ret;
}
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B.1 6. li spy nul l lexer .lex

This document is a lexer for B.7. lispy null.language.xml writ ten by hand for JFlex. It is

meant to bepairedwith B.17. li spy null parser.cup. It wasusedto developA.7. generate j 
 ex lexer.xsl.

package lisp y_null;

import org.w 3c.dom.Element;

import java_ cup.runt ime.Symbol;

%%

%cup
%lin e
%column

%%

"(" {
Element e = (Element ) parser .document.create Element( "leftPar en");
e.ap pendChil d( parse r.document.creat eTextNode(yytext ()) );
e.se tAttribu te("line ", Integ er.toStr ing(yyli ne + 1)) ;
e.se tAttribu te("colu mn", Int eger.toS tring(yy column + 1));
retu rn new Symbol(sy m.lispy_ null_sym _leftPar en, e);

}

")" {
Element e = (Element ) parser .document.create Element( "rightPa ren");
e.ap pendChil d( parse r.document.creat eTextNode(yytext ()) );
e.se tAttribu te("line ", Integ er.toStr ing(yyli ne + 1)) ;
e.se tAttribu te("colu mn", Int eger.toS tring(yy column + 1));
retu rn new Symbol(sy m.lispy_ null_sym _rightPa ren, e);

}

"nul l" {
Element e = (Element ) parser .document.create Element( "null");
e.ap pendChil d( parse r.document.creat eTextNode(yytext ()) );
e.se tAttribu te("line ", Integ er.toStr ing(yyli ne + 1)) ;
e.se tAttribu te("colu mn", Int eger.toS tring(yy column + 1));
retu rn new Symbol(sy m.lispy_ null_sym _null, e);

}

[a-z A-Z][a-z A-Z0-9]* {
Element e = (Element ) parser .document.create Element( "identif ier");
e.ap pendChil d( parse r.document.creat eTextNode(yytext ()) );
e.se tAttribu te("line ", Integ er.toStr ing(yyli ne + 1)) ;
e.se tAttribu te("colu mn", Int eger.toS tring(yy column + 1));
retu rn new Symbol(sy m.lispy_ null_sym _identif ier, e);

}

[0-9 ]+ {
Element e = (Element ) parser .document.create Element( "number" );
e.ap pendChil d( parse r.document.creat eTextNode(yytext ()) );
e.se tAttribu te("line ", Integ er.toStr ing(yyli ne + 1)) ;
e.se tAttribu te("colu mn", Int eger.toS tring(yy column + 1));
retu rn new Symbol(sy m.lispy_ null_sym _number, e);

}

'[^' ]*' {
Element e = (Element ) parser .document.create Element( "string" );
e.ap pendChil d( parse r.document.creat eTextNode(yytext ()) );
e.se tAttribu te("line ", Integ er.toStr ing(yyli ne + 1)) ;
e.se tAttribu te("colu mn", Int eger.toS tring(yy column + 1));
retu rn new Symbol(sy m.lispy_ null_sym _string, e);

}
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[ \t \r\n\f] {
/* i gnore */ ;

}

. {
Syst em.err.p rintln(" Illegal characte r: "+yyt ext());
retu rn null;

}
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B.1 7. lis py nul l parser .cup

This document is a parser for B.7. li spy null.language.xml written by hand for bison. It is

meant to bepairedwith B.16. li spy null lexer.lex. It wasusedto developA.8. generate java cup parser.xsl.

package lisp y_null;

import javax .xml.par sers.Doc umentBuilder;
import javax .xml.par sers.Doc umentBuilderFact ory;
import javax .xml.par sers.Fac toryConf iguratio nError;
import javax .xml.par sers.Par serConfi guration Exceptio n;

import java. io.Strin gWriter;
import java. io.IOExc eption;

import org.w 3c.dom.NodeList;
import org.w 3c.dom.Document;
import org.w 3c.dom.Element;
import org.w 3c.dom.Node;
import org.w 3c.dom.Attr;
import org.w 3c.dom.NamedNodeMap;

import org.a pache.xml.serial ize.XMLSerialize r;
import org.a pache.xml.serial ize.Outp utFormat ;

import java_ cup.runt ime.*;

init with {:
DocumentBuil derFacto ry facto ry = DocumentBuilderFact ory.newI nstance( );
DocumentBuil der buil der = fa ctory.ne wDocumentBuilder ();
document = builder.n ewDocument();

:}

pars er code {:
stat ic Document document = null;
stat ic Element curre nt = nul l;

publ ic stati c Element cloneWithNewName(Element e, String name) {
Element newE = document.crea teElement(name);

whil e (e.has ChildNodes()) {
newE.appendChild( e. getFirst Child() );

}

if ( e.hasAtt ributes( ) ) {
NamedNodeMapoldattm ap = e.g etAttrib utes();
NamedNodeMapnewattmap = newE.getAtt ributes( );
Node n;

whil e (oldat tmap.get Length() != 0) {
n = oldattma p.item(0 );
e.re moveAttr ibuteNod e((Attr) n);
newattmap.se tNamedIt em(n);

}

}

retu rn newE;
}

publ ic stati c void contentAc tion(Ele ment e) {
whil e (e.has ChildNodes()) {

curr ent.appe ndChild( e.getFi rstChild () );
}

}
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publ ic stati c void t okenActi on(Element e) {
whil e (e.has ChildNodes()) {

e.re moveChild( e.get FirstChi ld() );
}
curr ent.appe ndChild( e );

}

publ ic stati c void main(Stri ng args[ ]) throw s Except ion {
new parser(n ew Yylex (System. in)).par se();

document.appendChil d(parser .current );
document.getDocumentElement().norm alize();

Stri ng xmlSt r = null ;

XMLSerialize r serial izer = new XMLSerializer ();
Stri ngWriter strWri ter = new String Writer() ;
OutputFormat outFor mat = new Output Format() ;

// setup for mat sett ings
outFormat.se tVersion ("1.0");
outFormat.se tIndenti ng(true) ;
outFormat.se tIndent( 2);

// Define a Writer
seri alizer.s etOutput CharStre am(strWr iter);

// Apply the format settings
seri alizer.s etOutput Format(o utFormat );

try {
// Serialize XMLDocument
seri alizer.s erialize (parser. document);
xmlStr = str Writer.t oString( );
strWriter.cl ose();

} catch (IOException ioEx) {
Syst em.out.p rintln(" Error " + ioEx);

}

Syst em.out.p rint(xml Str);
}

:}

terminal Element lis py_null_ sym_left Paren;
terminal Element lis py_null_ sym_righ tParen;
terminal Element lis py_null_ sym_null ;
terminal Element lis py_null_ sym_identifier;
terminal Element lis py_null_ sym_number;
terminal Element lis py_null_ sym_stri ng;

terminal lis py_null_ lex_erro r;

non terminal Element lispy_n ull_sym_ Program;
non terminal Element lispy_n ull_sym_ Program__item;
non terminal Element lispy_n ull_sym_ Program__rlist;
non terminal Element lispy_n ull_sym_ Apply;
non terminal Element lispy_n ull_sym_ ApplyLis t;
non terminal Element lispy_n ull_sym_ ApplyLis t__rlist ;
non terminal Element lispy_n ull_sym_ ApplyLis t__item;

lisp y_null_s ym_Program ::=
lisp y_null_s ym_Program__item:s1 lisp y_null_s ym_Program__rlis t:s2

{:
RESULT = parser.docu ment.cre ateElement("Prog ram");
pars er.curre nt = RESULT;

/* Program__item: action='co ntent' * /
pars er.conte ntAction ( s1 );

/* Program__rlist: action='c ontent' */
pars er.conte ntAction ( s2 );
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:}
|

{:
RESULT = parser.docu ment.cre ateElement("Prog ram");
pars er.curre nt = RESULT;

:}
;

lisp y_null_s ym_Program__rlis t ::=
lisp y_null_s ym_Program__rlis t:s1 lis py_null_ sym_Program__ite m:s2

{:
RESULT = parser.docu ment.cre ateElement("Prog ram__rli st");
pars er.curre nt = RESULT;

/* Program__rlist: action='c ontent' */
pars er.conte ntAction ( s1 );

/* Program__item: action='co ntent' * /
pars er.conte ntAction ( s2 );

:}
|

{:
RESULT = parser.docu ment.cre ateElement("Prog ram__rli st");
pars er.curre nt = RESULT;

:}
;

lisp y_null_s ym_Program__item ::=
lisp y_null_s ym_Apply:s1

{:
RESULT = parser.docu ment.cre ateElement("Prog ram__ite m");
pars er.curre nt = RESULT;

/* Apply: action='pr eserve' */
pars er.curre nt.appen dChild( s1 );

:}
;

lisp y_null_s ym_Apply ::=
lisp y_null_s ym_leftP aren:s1 lispy_nu ll_sym_i dentifie r:s2 lis py_null_ sym_ApplyList:s3 lispy_n ull_sym_ rightPar en:s4

{:
RESULT = parser.docu ment.cre ateElement("Appl y");
pars er.curre nt = RESULT;

/* l eftParen : action ='drop' */

/* i dentifie r: actio n='prese rve', re name='function' */
s2 = parser. cloneWit hNewName( s2, "f unction" );
pars er.curre nt.appen dChild( s2 );

/* ApplyList : action ='conten t' */
pars er.conte ntAction ( s3 );

/* r ightPare n: actio n='drop' */
:}

;

lisp y_null_s ym_ApplyList ::=
lisp y_null_s ym_ApplyList__it em:s1 li spy_null _sym_ApplyList__ rlist:s2

{:
RESULT = parser.docu ment.cre ateElement("Appl yList");
pars er.curre nt = RESULT;

/* ApplyList __item: action=' content' */
pars er.conte ntAction ( s1 );

/* ApplyList __rlist: action= 'content ' */
pars er.conte ntAction ( s2 );

:}
|

{:
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RESULT = parser.docu ment.cre ateElement("Appl yList");
pars er.curre nt = RESULT;

:}
;

lisp y_null_s ym_ApplyList__rl ist ::=
lisp y_null_s ym_ApplyList__rl ist:s1 l ispy_nul l_sym_ApplyList_ _item:s2

{:
RESULT = parser.docu ment.cre ateElement("Appl yList__r list");
pars er.curre nt = RESULT;

/* ApplyList __rlist: action= 'content ' */
pars er.conte ntAction ( s1 );

/* ApplyList __item: action=' content' */
pars er.conte ntAction ( s2 );

:}
|

{:
RESULT = parser.docu ment.cre ateElement("Appl yList__r list");
pars er.curre nt = RESULT;

:}
;

lisp y_null_s ym_ApplyList__it em ::=
lisp y_null_s ym_Apply:s1

{:
RESULT = parser.docu ment.cre ateElement("Appl yList__i tem");
pars er.curre nt = RESULT;

/* Apply: action='pr eserve' */
pars er.curre nt.appen dChild( s1 );

:}
| li spy_null _sym_identifier: s1

{:
RESULT = parser.docu ment.cre ateElement("Appl yList__i tem");
pars er.curre nt = RESULT;

/* i dentifie r: actio n='prese rve' */
pars er.curre nt.appen dChild( s1 );

:}
| li spy_null _sym_number:s1

{:
RESULT = parser.docu ment.cre ateElement("Appl yList__i tem");
pars er.curre nt = RESULT;

/* number: action='p reserve' */
pars er.curre nt.appen dChild( s1 );

:}
| li spy_null _sym_str ing:s1

{:
RESULT = parser.docu ment.cre ateElement("Appl yList__i tem");
pars er.curre nt = RESULT;

/* string: action='p reserve' */
pars er.curre nt.appen dChild( s1 );

:}
| li spy_null _sym_null:s1

{:
RESULT = parser.docu ment.cre ateElement("Appl yList__i tem");
pars er.curre nt = RESULT;

/* null: act ion='tok en' */
pars er.token Action( s1 );

:}
;



APPENDIX C

CSS Parser File s

C.1. W3 C CSS Gra mmar

This document is a copy of http:// www.w3.org/T R/ CSS21/gr ammar.html asof Juneof 2004.

Appendix G. Grammar of CSS2.1

*Contents*

* G.1 Grammar<grammar.html#q1>
* G.2 Lexical scanner <grammar.html#q2>
* G.3 Comparison of toke nization in CSS2.1 and CSS1

<grammar.html# tokenize r-diffs>

/Thi s appendix is normative. /

The grammar below defines th e syntax of CSS2.1. It is in some sense,
however, a superset of CSS2.1 as th is speci fication imposes additio nal
semantic constraints not expressed i n this grammar. A confor ming UA must
also adhere to the f orward-c ompatibl e parsin g rules
<./s yndata.h tml#synt ax>, the selecto rs notat ion, the propert y and value
nota tion <./ about.ht ml#property-defs >, and t he unit notation . In
addi tion, th e document langu age may impose r estricti ons, e.g . HTML
imposes rest rictions on the possible values of the " class" attribute .

G.1 Grammar

The grammar below is LALR(1) (but note that most UA's should not use it
dire ctly, si nce it doesn't express t he parsi ng conventions
<syndata.htm l#parsin g-errors >, only the CSS2.1 synt ax). The format of
the producti ons is optimized for human consumption and some shorthan d
nota tion beyond Yacc (see [YACC] <refs.html# ref-YACC>) is used:

* ***: 0 or more
* *+*: 1 or more
* *?*: 0 or 1
* *|*: separates alterna tives
* *[ ]*: groupin g

The producti ons are:

styl esheet
: [ CHARSET_SYMS* STRINGS* ';' ] ?

[S|CDO|CDC]* [ i mport [S|CDO|CDC]* ]*
[ [ rule set | media | page ] [S| CDO|CDC]* ]*

;
import

: IMPORT_SYMS*
[STRING|URI] S* [ medium [ COMMAS* medium]* ]? ';' S*

;
media

: MEDIA_SYM S* medium [ COMMAS* medium ]* LBRACES* rules et* '}' S*
;

medium
: IDENT S*

136
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;
page

: PAGE_SYMS* pseudo_page? S*
LBRACES* declar ation [ ';' S* declarati on ]* '} ' S*

;
pseudo_page

: ':' IDENT
;

operator
: '/' S* | COMMAS* | /* empty */
;

combinator
: PLUSS*
| GREATERS*
| S+
;

unary_operat or
: '-' | PLUS
;

property
: IDENT S*
;

rule set
: selector [ COMMAS* sele ctor ]*

LBRACES* declar ation [ ';' S* declarati on ]* '} ' S*
;

sele ctor
: simple_s elector [ combinator simple_sele ctor ]*
;

simple_selec tor
: element_name [ HASH| cl ass | at trib | pseudo ]*
| [ HASH| class | attrib | pseudo ]+
;

clas s
: '.' IDENT
;

element_name
: IDENT | '*'
;

attr ib
: '[' S* I DENTS* [ [ '=' | INCLUDES | DASHMATCH] S*

[ IDENT | STRING] S* ]? ']'
;

pseudo
: ':' [ IDENT| FUNCTIONS* IDENT? S* ')' ]
;

decl aration
: property ':' S* expr pri o?
| /* empty */
;

prio
: IMPORTANT_SYMS*
;

expr
: term [ operator term ]*
;

term
: unary_operator?

[ NUMBERS* | PERCENTAGES* | LENGTHS* | EMSS* | EXSS* | ANGLE S* |
TIME S* | FREQS* | fu nction ]

| STRINGS* | IDENT S* | URI S* | hexcolor
;

func tion
: FUNCTIONS* expr ')' S*
;

/*
* There is a constr aint on the colo r that i t must
* have eith er 3 or 6 hex-di gits (i. e., [0-9 a-fA-F])
* after the "#"; e. g., "#000" is OK, but "#abcd" is not.
*/

hexcolor
: HASHS*
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;

G.2 Lexi cal scanner

The followin g is the tokeniz er, writ ten in Flex (see [FLEX]
<ref s.html#r ef-FLEX>) notati on. The tokenize r is case-insens itive.

The two occurrences of "\377 " repres ent the highest characte r number
that current version s of Fle x can deal with (decimal 255). They should
be r ead as " \4177777" (decim al 1114111), which is th e highes t possib le
code point i n Unicode/ISO-10 646.

%option case-insensi tive

h [0 -9a-f]
nonascii [\2 00-\377]
unic ode \\{h }{1,6}(\ r\n|[ \t \r\n\f]) ?
escape {unic ode}|\\[ -~\200- \377]
nmstart [_a- z]|{nona scii}|{e scape}
nmchar [_a-z A-Z0-9-] |{nonasc ii}|{esc ape}
stri ng1 \"([ \t !#$%&(-~]|\\{ nl}|\'|{ nonascii }|{escap e})*\"
stri ng2 \'([ \t !#$%&(-~]|\\{ nl}|\"|{ nonascii }|{escap e})*\'

iden t {nmsta rt}{nmch ar}*
name {nmchar}+
num [0-9]+|[ 0-9]*"." [0-9]+
stri ng {stri ng1}|{st ring2}
url ([!#$%&* -~]|{non ascii}|{ escape}) *
s [ \t\r\n\f ]
w {s }*
nl \ n|\r\n|\ r|\f
range \?{1,6 }|{h}(\? {0,5}|{h }(\?{0,4 }|{h}(\? {0,3}|{h }(\?{0,2 }|{h}(\? ?|{h}))) ))

%%

{s}+ {return S;}

\/\* [^*]*\*+ ([^/*][^ *]*\*+)* \/ /* ig nore comments */

"<!- -" {retu rn CDO;}
"--> " {retur n CDC;}
"~=" {return INCLUDES;}
"|=" {return DASHMATCH;}

{w}" {" {retu rn LBRACE;}
{w}" +" {retu rn PLUS;}
{w}" >" {retu rn GREATER;}
{w}" ," {retu rn COMMA;}

{str ing} {re turn STRING;}

{ide nt} {ret urn IDENT;}

"#"{ name} {r eturn HASH;}

"@import" {r eturn IMPORT_SYM;}
"@page" {ret urn PAGE_SYM;}
"@media" {re turn MEDIA_SYM;}
"@charset" { return CHARSET_SYM;}

"!"{ w}"impor tant" {r eturn IMPORTANT_SYM;}

{num}em {ret urn EMS;}
{num}ex {ret urn EXS;}
{num}px {ret urn LENGTH;}
{num}cm {ret urn LENGTH;}
{num}mm{ret urn LENGTH;}
{num}in {ret urn LENGTH;}
{num}pt {ret urn LENGTH;}
{num}pc {ret urn LENGTH;}
{num}deg {re turn ANGLE;}
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{num}rad {re turn ANGLE;}
{num}grad {r eturn ANGLE;}
{num}ms {ret urn TIME;}
{num}s {retu rn TIME;}
{num}Hz {ret urn FREQ;}
{num}kHz {re turn FREQ;}
{num}{ident} {return DIMEN;}
{num}% {retu rn PERCENTAGE;}
{num} {retur n NUMBER;}

"url ("{w}{st ring}{w} ")" {ret urn URI; }
"url ("{w}{ur l}{w}")" {return URI;}
{ide nt}"(" { return FUNCTION;}

. {r eturn *y ytext;}

G.3 Comparison of tokeni zation i n CSS2. 1 and CSS1

There are some diffe rences i n the syntax specified i n the CSS1
reco mmendation ([CSS1] <refs .html#re f-CSS1>), and th e one above. Most of
thes e are due to new tokens in CSS2that did n't exis t in CSS1. Other s
are because the grammar has been rewritten t o be more readable. However,
ther e are some incompatible changes, that were felt to be er rors in the
CSS1syntax. They ar e explai ned belo w.

* CSS1style sheets coul d only be in 1-byte-per- characte r encodi ngs,
such as ASCII and ISO-8859-1. CSS2.1 has no such limi tation. In
practi ce, ther e was li ttle dif ficulty in extra polating the CSS1
tokeni zer, and some UAs have accepted 2-byte encodings .

* CSS1only allo wed four hex-dig its afte r the backslash (\) to r efer
to Unicode characters, CSS2al lows six
<syndata.html# escaped-characte rs>. Furthermore , CSS2allows a
whites pace character t o delimi t the escape sequence. E.g.,
accord ing to CSS1, the string "\abcdef " has 3 letters (\abcd, e,
and f) , accord ing to CSS2 it has only one (\ab cdef).

* The ta b charac ter (ASCII 9) was not al lowed in strings . However,
since strings in CSS1were onl y used f or font names and for URLs,
the only way t his can lead to incompat ibility between CSS1and
CSS2i s if a style sheet conta ins a fo nt famil y that has a tab in
its name.

* Simila rly, newlines (e scaped with a backslash
<syndata.html# strings> ) were not allow ed in st rings in CSS1.

* CSS2parses a number i mmediately follo wed by an identi fier as a
DIMENtoken (i .e., an unknown unit), CSS1 pars ed it as a number
and an identif ier. That means that in CSS1, th e declar ation 'f ont:
10pt/1 .2serif' was cor rect, as was 'fo nt: 10pt /12pt serif'; in
CSS2, a space is requi red befo re "seri f". (Some UAs accepted t he
first example, but not the second.)

* In CSS1, a cla ss name could st art with a digit (".55ft "), unle ss
it was a dimension (". 55in"). In CSS2, such cl asses ar e parsed as
unknown dimensions (to allow f or futur e additi ons of new units ).
To make ".55ft " a vali d class, CSS2re quires t he first digit t o be
escaped (".\35 5ft")
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C.2. css.language. xml

This document is the language descripti on I developed for CSS.

<?xml versio n="1.0"? >
<lan guage name="css">

<l exer>
<option> case-ins ensitive </option >

<pattern name="NL">\n|\r \n|\r|\f </patter n>
<pattern name="S">[ \t\r \n\f]</p attern>
<pattern name="W">{S}*</ pattern>

<pattern name="HEX">[0-9 a-f]</pa ttern>
<pattern name="NONASCII">[\200-\ 377]</pa ttern>
<pattern name="UNICODE">\\{HEX}{ 1,6}(\r\ n|[ \t\r \n\f])?< /pattern >
<pattern name="ESCAPE">{UNICODE}|\\[ -~\ 200-\377 ]</patte rn>
<pattern name="NMSTART">[_a-z]|{ NONASCII}|{ESCAPE}</patt ern>
<pattern name="NMCHAR">[_a-zA-Z0 -9-]|{NO NASCII}| {ESCAPE}</patter n>
<pattern name="IDENT">{NMSTART}{NMCHAR}*</patter n>

<pattern name="STRING1">\"([\t ! #$%&amp;(-~]|\\{ NL}|\'|{ NONASCII}|{ESCAPE})*\"</ pattern>
<pattern name="STRING2">\'([\t ! #$%&amp;(-~]|\\{ NL}|\"|{ NONASCII}|{ESCAPE})*\'</ pattern>
<pattern name="STRING">{STRING1}|{STRING2}</patt ern>
<pattern name="URL">([!# $%&amp;*-~]|{NON ASCII}|{ ESCAPE})*</patte rn>

<pattern name="NAME">{NMCHAR}+</pattern>
<pattern name="NUM">[0-9]+|[0-9] *"."[0-9 ]+</patt ern>

<match t erm="S">{S}+</match>

<!-- ign ore comments -->
<ignore> \/\*[^*] *\*+([^/ *][^*]*\ *+)*\/</ ignore>

<match t erm="CDO">"&lt;! --"</mat ch>
<match t erm="CDC">"-->"< /match>

<match t erm="EQUALS">"="</match>
<match t erm="INCLUDES">"~="</mat ch>
<match t erm="DASMATCH">"|="</mat ch>

<match t erm="LBRACE">{W}"{"</mat ch>
<match t erm="PLUS">{W}"+"</match >
<match t erm="GREATER">{W}">"</ma tch>
<match t erm="COMMA">{W}","</matc h>

<match t erm="STRING">{STRING}</match>

<match t erm="ide ntity">{ IDENT}</match>
<match t erm="HASH">"#"{N AME}</match>

<match t erm="IMPORT_SYM">"@import"</matc h>
<match t erm="PAGE_SYM">"@page"</match>
<match t erm="MEDIA_SYM">"@media"</match>
<match t erm="CHARSET_SYM">"@charset"</ma tch>

<match t erm="IMPORTANT_SYM">"!"{ W}"impor tant"</m atch>

<match t erm="EMS">{NUM}em</match>
<match t erm="EXS">{NUM}ex</match >
<match t erm="LENGTH">{NUM}px</match>
<match t erm="LENGTH">{NUM}cm</match>
<match t erm="LENGTH">{NUM}mm</match>
<match t erm="LENGTH">{NUM}in</match>
<match t erm="LENGTH">{NUM}pt</match>
<match t erm="LENGTH">{NUM}pc</match>
<match t erm="ANGLE">{NUM}deg</match>
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<match t erm="ANGLE">{NUM}rad</ma tch>
<match t erm="ANGLE">{NUM}grad</m atch>
<match t erm="TIME">{NUM}ms</match>
<match t erm="TIME">{NUM}s</match >
<match t erm="FREQ">{NUM}Hz</match>
<match t erm="FREQ">{NUM}kHz</match>
<match t erm="DIMEN">{NUM}{IDENT} </match>
<match t erm="PERCENTAGE">{NUM}%</match>
<match t erm="NUMBER">{NUM}</match>

<match t erm="URIstring"> "url("{W }{STRING}{W}")"< /match>
<match t erm="URIurl">"ur l("{W}{U RL}{W}") "</match >
<match t erm="FUNCTION">{IDENT}"( "</match >

<match t erm="PERIOD">"." </match>
<match t erm="COLON">":"< /match>
<match t erm="SEMICOLON">";"</mat ch>

<match t erm="ASTERISK">"*"</matc h>

<match t erm="RBRACE">"}" </match>
<match t erm="RPAREN">")" </match>

<match t erm="LBRACKET">"["</matc h>
<match t erm="RBRACKET">"]"</matc h>

<match t erm="MINUS">"-"< /match>
<match t erm="SLASH">"/"< /match>

<error>. </error>
</lexer>

<parser st art="Sty lesheet" expecte d_confli cts="6">

<nonterm name="Styleshee t">
<production>

<symbol opti onal="tr ue">CharacterSet </symbol >
<symbol acti on="drop ">Ignora bles</sy mbol>
<symbol acti on="cont ent" opt ional="t rue">Imp ortList< /symbol>
<symbol acti on="cont ent">Rul eMediaPageList</ symbol>
</pr oduction >

</nont erm>

<nonterm name="Character Set">
<production>

<symbol acti on="drop ">CHARSET_SYM</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol acti on="cont ent">STRING</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol acti on="drop ">SEMICOLON</symbol>
</pr oduction >

</nont erm>

<list name="Ignorables" epsilon= "true">
<production>

<symbol acti on="drop ">S</symbol>
</pr oduction >

<production>
<symbol acti on="drop ">CDO</symbol>
</pr oduction >

<production>
<symbol acti on="drop ">CDC</symbol>
</pr oduction >

</list >

<list name="ImportList">
<production>

<symbol>Import</symb ol>
<symbol acti on="drop ">Ignora bles</sy mbol>
</pr oduction >

</list >
<nonterm name="Import">
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<production>
<symbol acti on="drop ">IMPORT_SYM</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol rename="Value">Impor tValue</ symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol acti on="cont ent" opt ional="t rue">MediumList< /symbol>
<symbol acti on="drop ">SEMICOLON</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>
<nonterm name="ImportVal ue">

<production>
<symbol>STRING</symbol>
</pr oduction >

<production>
<symbol>URIstring</s ymbol>
</pr oduction >

<production>
<symbol>URIurl</symb ol>
</pr oduction >

</nont erm>

<list name="RuleMediaPageList" epsilon=" true">
<production>

<symbol>Rule set</sym bol>
<symbol acti on="drop ">Ignora bles</sy mbol>
</pr oduction >

<production>
<symbol>Medi a</symbol>
<symbol acti on="drop ">Ignora bles</sy mbol>
</pr oduction >

<production>
<symbol>Page</symbol >
<symbol acti on="drop ">Ignora bles</sy mbol>
</pr oduction >

</list >

<nonterm name="Media">
<production>

<symbol acti on="drop ">MEDIA_SYM</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol>Medi umList</ symbol>
<symbol acti on="drop ">LBRACE</symbol >
<symbol acti on="drop ">Sstar< /symbol>
<symbol>Rule setList< /symbol>
<symbol acti on="drop ">RBRACE</symbol >
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>
<list name="MediumList" item_name="Medium">

<delim iter>
<symbol>COMMA</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</de limiter>

<production>
<symbol acti on="cont ent">ide ntity</s ymbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</list >

<nonterm name="Page">
<production>

<symbol>PAGE_SYM</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol opti onal="tr ue">PseudoPage</symbol>
<symbol acti on="drop ">LBRACE</symbol >
<symbol acti on="drop ">Sstar< /symbol>
<symbol acti on="cont ent">Dec laration List</sy mbol>
<symbol acti on="drop ">RBRACE</symbol >
</pr oduction >

</nont erm>
<nonterm name="PseudoPage">
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<production>
<symbol acti on="drop ">COLON</symbol>
<symbol acti on="cont ent">ide ntity</s ymbol>
</pr oduction >

</nont erm>

<list name="RulesetList" epsilon ="true">
<production>

<symbol>Rule set</sym bol>
</pr oduction >

</list >

<nonterm name="Ruleset">
<production>

<symbol acti on="cont ent">Sel ectorLis t</symbo l>
<symbol acti on="drop ">LBRACE</symbol >
<symbol acti on="drop ">Sstar< /symbol>
<symbol acti on="cont ent">Dec laration List</sy mbol>
<symbol acti on="drop ">RBRACE</symbol >
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>

<list name="SelectorList ">
<delim iter>

<symbol>COMMA</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</de limiter>

<production>
<symbol>Sele ctor</sy mbol>
</pr oduction >

</list >

<list name="Selector" delim_acti on="cont ent">
<delim iter>

<symbol acti on="toke n" rename="follo wing">PLUS</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</de limiter>

<delim iter>
<symbol acti on="toke n" rename="child ">GREATER</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</de limiter>

<delim iter>
<symbol acti on="toke n" rename="descendant">Splus</sy mbol>
</de limiter>

<production>
<symbol opti onal="tr ue" rename="element">Ele mentName</symbol >
<symbol opti onal="tr ue" acti on="cont ent">Sel ectorNon ElementList</sym bol>
</pr oduction >

</list >
<list name="SelectorNonElementLi st">

<production>
<symbol rename="id"> HASH</symbol>
</pr oduction >

<production>
<symbol>Clas s</symbol>
</pr oduction >

<production>
<symbol>PseudoClass</symbol>
</pr oduction >

<production>
<symbol>Attr ibute</s ymbol>
</pr oduction >

</list >

<nonterm name="Class">
<production>

<symbol acti on="drop ">PERIOD</symbol >
<symbol acti on="cont ent">ide ntity</s ymbol>
</pr oduction >

</nont erm>
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<nonterm name="PseudoClass">
<production>

<symbol acti on="drop ">COLON</symbol>
<symbol acti on="cont ent">ide ntity</s ymbol>
</pr oduction >

<production>
<symbol acti on="drop ">COLON</symbol>
<symbol>FUNCTION</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol opti onal="tr ue">iden tity</sy mbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol acti on="drop ">RPAREN</symbol >
</pr oduction >

</nont erm>

<nonterm name="Attribute ">
<production>

<symbol acti on="drop ">LBRACKET</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol rename="name">identi ty</symb ol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol acti on="drop ">RBRACKET</symbol>
</pr oduction >

<production>
<symbol acti on="drop ">LBRACKET</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol rename="name">identi ty</symb ol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol rename="rela tion">At tribRela tion</sy mbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol rename="value">Attri bValue</ symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol acti on="drop ">RBRACKET</symbol>
</pr oduction >

</nont erm>
<nonterm name="AttribRel ation">

<production>
<symbol acti on="cont ent">EQUALS</symbol>
</pr oduction >

<production>
<symbol acti on="cont ent">INC LUDES</symbol>
</pr oduction >

<production>
<symbol acti on="cont ent">DASMATCH</symbol>
</pr oduction >

</nont erm>
<nonterm name="AttribVal ue">

<production>
<symbol>iden tity</sy mbol>
</pr oduction >

<production>
<symbol>STRING</symbol>
</pr oduction >

</nont erm>

<nonterm name="ElementName">
<production>

<symbol acti on="cont ent">ide ntity</s ymbol>
</pr oduction >

<production>
<symbol acti on="cont ent">ASTERISK</symbol>
</pr oduction >

</nont erm>

<list name="DeclarationL ist" ite m_name="Declarat ion" ite m_epsilo n="true" >
<delim iter>

<symbol>SEMICOLON</symbol>
<symbol>Ssta r</symbol>
</de limiter>

<production>
<symbol rename="Property">id entity</ symbol>
<symbol acti on="drop ">Sstar< /symbol>
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<symbol acti on="drop ">COLON</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol>Expr ession</ symbol>
<symbol opti onal="tr ue">Important</s ymbol>
</pr oduction >

</list >

<list name="Expression" item_name="term" delim_n ame="operator" delim_eps ilon="tr ue">
<delim iter>

<symbol>SLASH</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</de limiter>

<delim iter>
<symbol>COMMA</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</de limiter>

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>NUMBER</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>PERCENTAGE</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>LENGTH</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>EMS</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>EXS</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>ANGLE</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>TIME</symbol >
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>FREQ</symbol >
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol opti onal="tr ue">UnaryOperato r</symbol>
<symbol>Function</sy mbol>
</pr oduction >

<production>
<symbol>STRING</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol>iden tity</sy mbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol>URIstring</s ymbol>
<symbol acti on="drop ">Sstar< /symbol>
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</pr oduction >
<production>

<symbol>URIurl</symb ol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<symbol>hexc olor</sy mbol>
</pr oduction >

</list >
<nonterm name="UnaryOperator">

<production>
<symbol>MINUS</symbol>
</pr oduction >

<production>
<symbol>PLUS</symbol >
</pr oduction >

</nont erm>

<nonterm name="Function" >
<production>

<symbol>FUNCTION</symbol>
<symbol acti on="drop ">Sstar< /symbol>
<symbol>Expr ession</ symbol>
<symbol acti on="drop ">RPAREN</symbol >
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>

<nonterm name="Important ">
<production>

<symbol acti on="drop ">IMPORTANT_SYM</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>

<list name="Splus">
<production>

<symbol acti on="drop ">S</symbol>
</pr oduction >

</list >
<list name="Sstar" epsil on="true ">

<production>
<symbol acti on="drop ">S</symbol>
</pr oduction >

</list >

<nonterm name="hexcolor" >
<production>

<symbol acti on="cont ent">HASH</symbol>
<symbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>

</parser >
</ language>
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C. 3. css.ful l. bnf

This is a BNF description of CSSgenerated from C.2. css.language.xml by A.2. language2bnf.xsl.

A Rough Grammar For css

Grammatical Producti ons: (ex pect 6 conflicts )

Styl esheet
: Characte rSet Ign orables ImportLi st RuleMediaPageList
| Characte rSet Ign orables RuleMediaPageList
| Ignorabl es ImportList RuleMediaPageList
| Ignorabl es RuleMediaPageList
;

CharacterSet
: CHARSET_SYMSstar STRINGSstar SEMICOLON
;

Igno rables
: Ignorabl es__item Ignorab les__rli st
| /* empty */
;

Igno rables__ rlist
: Ignorabl es__rlis t Ignora bles__it em
| /* empty */
;

Igno rables__ item
: S
| CDO
| CDC
;

ImportList
: ImportLi st__item ImportL ist__rli st
;

ImportList__ rlist
: ImportLi st__rlis t Import List__it em
| /* empty */
;

ImportList__ item
: Import I gnorable s
;

Import
: IMPORT_SYMSstar ImportV alue Sstar MediumList SEMICOLONSstar
| IMPORT_SYMSstar ImportV alue Sstar SEMICOLONSstar
;

ImportValue
: STRING
| URIstrin g
| URIurl
;

RuleMediaPageList
: RuleMediaPageList__item RuleMediaPageList__rlist
| /* empty */
;

RuleMediaPageList__r list
: RuleMediaPageList__rlist RuleMediaPageLi st__item
| /* empty */
;

RuleMediaPageList__i tem
: Ruleset Ignorabl es
| Media Ig norables
| Page Ign orables
;

Media
: MEDIA_SYM Sstar MediumList LBRACE Sstar RulesetL ist RBRACE Sstar
;

MediumList
: MediumList__item MediumList__rli st
;
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MediumList__ rlist
: MediumList__rlis t MediumList__de lim MediumList__ item
| /* empty */
;

MediumList__ item
: identity Sstar
;

MediumList__ delim
: COMMASstar
;

Page
: PAGE_SYMSstar PseudoPage LBRACESstar Declarati onList RBRACE
| PAGE_SYMSstar LBRACESstar DeclarationL ist RBRACE
;

PseudoPage
: COLONid entity
;

RulesetList
: RulesetL ist__ite m RulesetList__r list
| /* empty */
;

RulesetList_ _rlist
: RulesetL ist__rli st RulesetList__ item
| /* empty */
;

RulesetList_ _item
: Ruleset
;

Ruleset
: Selector List LBRACESstar Declar ationLis t RBRACESstar
;

SelectorList
: Selector List__it em Selec torList_ _rlist
;

SelectorList __rlist
: Selector List__rl ist SelectorList __delim Selector List__it em
| /* empty */
;

SelectorList __item
: Selector
;

SelectorList __delim
: COMMASstar
;

Selector
: Selector __item Selector_ _rlist
;

Selector__rl ist
: Selector __rlist Selector __delim Selector __item
| /* empty */
;

Selector__it em
: ElementName SelectorNonElementLi st
| ElementName
| Selector NonElementList
;

Selector__de lim
: PLUSSstar
| GREATERSstar
| Splus
;

SelectorNonElementLi st
: Selector NonElementList__ item SelectorNon ElementList__rli st
;

SelectorNonElementLi st__rlis t
: Selector NonElementList__ rlist SelectorNo nElementList__it em
| /* empty */
;

SelectorNonElementLi st__item
: HASH
| Class
| PseudoClass
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| Attribut e
;

Class
: PERIODi dentity
;

PseudoClass
: COLONid entity
| COLONFUNCTIONSstar ide ntity Sstar RPAREN
| COLONFUNCTIONSstar Sstar RPAREN
;

Attr ibute
: LBRACKETSstar i dentity Sstar RBRACKET
| LBRACKETSstar i dentity Sstar At tribRela tion Sstar Attri bValue Sstar RBRACKET
;

Attr ibRelati on
: EQUALS
| INCLUDES
| DASMATCH
;

Attr ibValue
: identity
| STRING
;

ElementName
: identity
| ASTERISK
;

DeclarationL ist
: Declarat ionList_ _item Declaratio nList__r list
;

DeclarationL ist__rli st
: Declarat ionList_ _rlist Declarati onList__ delim Declaratio nList__i tem
| /* empty */
;

DeclarationL ist__ite m
: identity Sstar COLONSstar Expression Important
| identity Sstar COLONSstar Expression
| /* empty */
;

DeclarationL ist__del im
: SEMICOLON Sstar
;

Expression
: Expressi on__item Expression__rli st
;

Expression__ rlist
: Expressi on__rlis t Expression__de lim Expression__ item
| /* empty */
;

Expression__ item
: UnaryOperator NUMBERSstar
| NUMBERSstar
| UnaryOperator PERCENTAGESstar
| PERCENTAGE Sstar
| UnaryOperator LENGTHSstar
| LENGTHSstar
| UnaryOperator EMS Sstar
| EMSSstar
| UnaryOperator EXS Sstar
| EXSSstar
| UnaryOperator ANGLESstar
| ANGLESstar
| UnaryOperator TI MESstar
| TIME Sstar
| UnaryOperator FREQ Sstar
| FREQSstar
| UnaryOperator Function
| Function
| STRINGSstar
| identity Sstar
| URIstrin g Sstar
| URIurl Sstar
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| hexcolor
;

Expression__ delim
: SLASHSstar
| COMMASstar
| /* empty */
;

UnaryOperato r
: MINUS
| PLUS
;

Function
: FUNCTIONSstar Expressio n RPARENSstar
;

Important
: IMPORTANT_SYMSstar
;

Splus
: Splus__i tem Splus__rlist
;

Splus__rlist
: Splus__r list Splus__item
| /* empty */
;

Splus__item
: S
;

Sstar
: Sstar__i tem Sstar__rlist
| /* empty */
;

Sstar__rlist
: Sstar__r list Sstar__item
| /* empty */
;

Sstar__item
: S
;

hexcolor
: HASHSstar
;

Lexi cal Rules:

%option case-insensi tive

NL \n|\ r\n|\r|\ f
S [ \t \r\n\f]
W {S}*
HEX [0-9 a-f]
NONASCII [\20 0-\377]
UNICODE \\{H EX}{1,6} (\r\n|[ \t\r\n\f ])?
ESCAPE {UNICODE}|\\ [ -~\200 -\377]
NMSTART [_a- z]|{NONASCII}|{E SCAPE}
NMCHAR [_a- zA-Z0-9- ]|{NONASCII}|{ES CAPE}
IDENT {NMSTART}{NMCHAR}*
STRING1 \"([ \t !#$%&(-~]|\\{ NL}|\'|{ NONASCII}|{ESCAPE})*\"
STRING2 \'([ \t !#$%&(-~]|\\{ NL}|\"|{ NONASCII}|{ESCAPE})*\'
STRING {STRING1}|{S TRING2}
URL ([!# $%&*-~]| {NONASCII}|{ESCA PE})*
NAME {NMCHAR}+
NUM [0-9 ]+|[0-9] *"."[0-9 ]+

{S}+ {ret urn S;}
\/\* [^*]*\*+ ([^/*][^ *]*\*+)* \/ /* i gnore */
"<!- -" {ret urn CDO;}
"--> " {ret urn CDC;}
"=" {ret urn EQUALS;}
"~=" {ret urn INCLUDES;}
"|=" {ret urn DASMATCH;}
{W}" {" {ret urn LBRACE;}
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{W}" +" {ret urn PLUS;}
{W}" >" {ret urn GREATER;}
{W}" ," {ret urn COMMA;}
{STRING} {ret urn STRING;}
{IDENT} {ret urn iden tity;}
"#"{ NAME} {ret urn HASH;}
"@import" {ret urn IMPORT_SYM;}
"@page" {ret urn PAGE_SYM;}
"@media" {ret urn MEDIA_SYM;}
"@charset" {ret urn CHARSET_SYM;}
"!"{ W}"impor tant" { return I MPORTANT_SYM;}
{NUM}em {ret urn EMS;}
{NUM}ex {ret urn EXS;}
{NUM}px {ret urn LENGTH;}
{NUM}cm {ret urn LENGTH;}
{NUM}mm {ret urn LENGTH;}
{NUM}in {ret urn LENGTH;}
{NUM}pt {ret urn LENGTH;}
{NUM}pc {ret urn LENGTH;}
{NUM}deg {ret urn ANGLE;}
{NUM}rad {ret urn ANGLE;}
{NUM}grad {ret urn ANGLE;}
{NUM}ms {ret urn TIME;}
{NUM}s {ret urn TIME;}
{NUM}Hz {ret urn FREQ;}
{NUM}kHz {ret urn FREQ;}
{NUM}{IDENT} {ret urn DIMEN;}
{NUM}% {ret urn PERCENTAGE;}
{NUM} {ret urn NUMBER;}
"url ("{W}{ST RING}{W}")" {re turn URIstring;}
"url ("{W}{UR L}{W}")" {retur n URIurl ;}
{IDENT}"(" {ret urn FUNCTION;}
"." {ret urn PERIOD;}
":" {ret urn COLON;}
";" {ret urn SEMICOLON;}
"*" {ret urn ASTERISK;}
"}" {ret urn RBRACE;}
")" {ret urn RPAREN;}
"[" {ret urn LBRACKET;}
"]" {ret urn RBRACKET;}
"-" {ret urn MINUS;}
"/" {ret urn SLASH;}
. {ret urn LEX_ERROR;}
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C.4. postpr ocess.xsl

This document is an XSLT t ransform to postprocessthe output of parser tools built using

C.2. css.language.xml into a nicer XML form. It relies upon XSLT ext ensions which are not stan-

dard in XSLT 1.0, but are in the current drafts for XSLT 2.0.

<?xml versio n="1.0"? >
<xsl :stylesh eet vers ion="1.0 "

xmlns:xs l="http: //www.w3.org/199 9/XSL/Tr ansform"
xmlns:my="postpr ocess.xs l"
xmlns:ex sl="http ://exslt .org/com mon"
xmlns:fu nc="http ://exslt .org/fun ctions"
xmlns:st r="http: //exslt. org/stri ngs"
extensio n-element-prefix es="my exsl str func">

<xsl :import href="ex sl/str.r eplace.x sl"/>

<xsl :output indent=" yes"/>

<!-- ================================================================= -->
<!-- Functio ns -->

<fun c:functi on name="my:unescstr">
<xsl :param name="str "/>
<xsl :variabl e name="q" selec t="subst ring($st r, 1, 1) "/>
<xsl :variabl e name="s" selec t="subst ring($st r, 2, st ring-len gth($str ) - 2)"/ >

<f unc:resu lt selec t="str:r eplace($ s, concat('\', $q), $q)" />
</ func:fun ction>

<!-- ============================================== -->
<!-- Strip Functions -->

<fun c:functi on name="my:stri p">
<xsl :param name="str "/>

<xsl:varia ble name="nstr" select=" normaliz e-space( $str)"/>
<xsl:varia ble name="nlen" select=" string-l ength($n str)"/>

<f unc:resu lt>
<xsl:cho ose>

<xsl:w hen test ="$nlen = 0"/>

<xsl:o therwise >
<xsl :variabl e name="fchar" select="s ubstring ($nstr, 1, 1)"/>
<xsl :variabl e name="fidx" select="my :str-ind ex($str, $fchar) "/>

<xsl :variabl e name="lchar" select="s ubstring ($nstr, $nlen, 1)"/>
<xsl :variabl e name="lidx" select="my :str-rin dex($str , $lchar )"/>

<xsl :value-o f select ="substr ing(subs tring($s tr, 1, $lidx), $fidx)"/>
</xs l:otherw ise>

</xsl: choose>
</func:r esult>

</ func:fun ction>

<fun c:functi on name="my:str- index">
<xsl :param name="str "/>
<xsl :param name="sub"/>

<f unc:resu lt>
<xsl:val ue-of select="st ring-len gth(subs tring-be fore($st r, $sub) ) + 1"/>
</func:r esult>

</ func:fun ction>

<fun c:functi on name="my:str- rindex">
<xsl :param name="str "/>
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<xsl :param name="sub"/>
<xsl:varia ble name="prestr " select ="substr ing-befo re($str, $sub)"/ >
<xsl:varia ble name="postst r" selec t="subst ring-aft er($str, $sub)"/ >
<xsl:varia ble name="len" select="s tring-le ngth($pr estr) + 1"/>

<f unc:resu lt>
<xsl:cho ose>

<xsl:w hen test ="not(co ntains($ poststr, $sub))" >
<xsl :value-o f select ="$len"/ >
</xs l:when>

<xsl:o therwise >
<xsl :value-o f

select=" $len + my:str-ri ndex($poststr, $sub)"/>
</xs l:otherw ise>

</xsl: choose>
</func:r esult>

</ func:fun ction>

<!-- ================================================================= -->

<xsl :templat e match="Stylesh eet">
<css>

<xsl:if te st="Char acterSet ">
<xsl:att ribute name="encoding">

<xsl:v alue-of select=" my:unescstr(Char acterSet )"/>
</xsl: attribut e>

</xsl:if >

<xsl:for-e ach sele ct="Impo rt | Ruleset | Media | Page">
<xsl:app ly-templ ates sel ect="."/ >
</xsl:fo r-each>

</ css>
</ xsl:temp late>

<!-- ============================================= - ->

<xsl :templat e match="Import" >
<import>

<xsl:attri bute name="href" >
<xsl:cho ose>

<xsl:w hen test ="Value/ STRING">
<xsl :value-o f select ="my:unescstr(Va lue/STRI NG)"/>
</xs l:when>

<xsl:w hen test ="Value/ URIstrin g">
<xsl :variabl e name="s" selec t="strin g(Value/ URIstrin g)"/>
<xsl :value-o f select ="my:unescstr(my :strip(s ubstring ($s, 5, string-l ength($s ) - 5))) "/>
</xs l:when>

<xsl:w hen test ="Value/ URIurl">
<xsl :variabl e name="s" selec t="strin g(Value/ URIurl)" />
<xsl :value-o f select ="my:str ip(subst ring($s, 5, stri ng-lengt h($s) - 5))"/>
</xs l:when>

</xsl: choose>
</xsl:at tribute>

<xsl:if te st="Medi um">
<xsl:att ribute name="medium">

<xsl:f or-each select=" Medium">
<xsl :value-o f select ="."/>
<xsl :if test ="positi on() != last()">

<xsl:text> </xsl:t ext>
</ xsl:if>

</xs l:for-ea ch>
</xsl: attribut e>

</xsl:if >
</ import>
</ xsl:temp late>

<!-- ============================================= - ->
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<xsl :templat e match="Ruleset ">
<rul eset>

<xsl:for-e ach sele ct="Sele ctor">
<selecto r>

<xsl:a pply-tem plates select="* "/>
</sele ctor>

</xsl:fo r-each>
<xsl:app ly-templ ates sel ect="Dec laration "/>

</ ruleset>
</ xsl:temp late>

<xsl :templat e match="followi ng | descendant | child" >
<xsl:copy- of selec t="."/>
</ xsl:temp late>

<xsl :templat e match="id">
<node id=" {.}"/>
</ xsl:temp late>

<xsl :templat e match="element ">
<element name="{.} "/>
</ xsl:temp late>

<xsl :templat e match="Class">
<class name="{.}"/ >
</ xsl:temp late>

<xsl :templat e match="PseudoClass">
<psuedocla ss name="{.}"/>
</ xsl:temp late>

<xsl :templat e match="PseudoClass[FUNCTION]">
<psuedocla ss name="{FUNCTION}{iden tity})"/ >
</ xsl:temp late>

<xsl :templat e match="Functio n">
<xsl:varia ble name="name" select=" my:strip (substri ng(FUNCTION, 1, string-l ength(FUNCTION)- 1))"/>
<f unction name="{$name}">

<xsl:app ly-templ ates sel ect="Exp ression/ *"/>
</functi on>

</ xsl:temp late>

<xsl :templat e match="Attribu te">
<attribute name="{name}">

<xsl:if test="re lation">
<xsl:a ttribute name="relation" >

<xsl :value-o f select ="relati on"/>
</xs l:attrib ute>

<xsl:a ttribute name="value">
<xsl :choose>

<xsl:when test="va lue/iden tity">
<xsl:val ue-of select="va lue/iden tity"/>
</xsl:wh en>

<xsl:when test="va lue/STRI NG">
<xsl:val ue-of select="my :unescst r(value/ STRING)"/>
</xsl:wh en>

</ xsl:choo se>
</xs l:attrib ute>

</xsl: if>
</attrib ute>

</ xsl:temp late>

<xsl :templat e match="*">
<xsl:copy>

<xsl:for -each select="at tribute: :*">
<xsl:c opy/>
</xsl: for-each >

<xsl:app ly-templ ates/>
</xsl:co py>

</ xsl:temp late>

<!-- ============================================= - ->
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<xsl :templat e match="Declara tion"/>

<xsl :templat e match="Declara tion[*]" >
<property name="{Property}">

<xsl:if te st="Impo rtant">
<xsl:att ribute name="important"> true</xs l:attrib ute>
</xsl:if >

<xsl:apply -templat es selec t="Expre ssion/*" />
</ property >
</ xsl:temp late>

<!-- ============================================= - ->

<xsl :templat e match="Media">
<media>

<xsl:attri bute name="medium">
<xsl:for -each select="Me diumList /Medium">

<xsl:v alue-of select=" ."/>
<xsl:i f test=" position () != la st()">

<xsl :text> </xsl:tex t>
</xs l:if>

</xsl: for-each >
</xsl:at tribute>

<xsl:apply -templat es selec t="Rules etList/R uleset"/ >

</ media>
</ xsl:temp late>

<!-- ============================================= - ->

<xsl :templat e match="Page">
<page>

<xsl:if te st="Pseu doPage">
<xsl:att ribute name="pseudo">

<xsl:v alue-of select=" PseudoPage"/>
</xsl: attribut e>

</xsl:if >

<xsl:apply -templat es selec t="Decla ration"/ >
</ page>
</ xsl:temp late>

<!-- ============================================= - ->

</xs l:styles heet>
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C.5. test.css

This document is a collection of random CSS which was built up during the development

of the parser.

@charset "UTF-8";

@import "foo " a, b, c;
@import url( "foo") a, b, c;
@import url( foo) a, b, c;

/* A comment */
*, . bar+ bang, #boogle baz> qar, [ba gel] [fo o|=bar] [monkey= "foo bar" ]:foo (bar) quux qack, sww {

/* A comment */
prop: 1;

}

.big header:h over {
padding: 26px 0px 0px 6px;
font -family: serif ! importan t;
font -size: 38px;
colo r: #660000;

}

/* Page Body Style * /
.pag e-body {

font -size: 16px;
padding: 0px 6px 0px 6px;
font -family: sans-se rif;

}
.pag e-body a, .page- body a:v isited, .page-bo dy a:act ive { color: #003366; }

@media paper {
a { font-wei ght: bol d; }
br { padding : 5px; }

}

@page :monkey {
padding: 3px foo( 1 2 );

}

.pag e-addres s {
font -size: . 75em;
text -align: right;
border-top: solid 2px #660000;

}

/* Block Sty le */
.pag e-block- group {

clea r: both;
margin-botto m: 5px;

}

.pag e-block {
padding: 0px 3px 0px 3px;

}

.pag e-block- title {
background: #660000;
font -weight: bold;
font -size: 1.1em;
colo r: white ;

}
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/* LinkBox Style */
.pag e-linkbo x {

floa t: right ;
widt h: 203px;
padding-left : 3px;
background: white;

}

.pag e-linkbo x-title {
colo r: white ;
font -weight: bold;
font -size: 1.1em;
text -align: center;
background: #999999;

}

.pag e-linkbo x-link {
background: #cccccc;
margin: 4px 0px 4px 0px;
padding: 3px 0px 3px 5px;

}
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C. 6. test. t mp.xml

This document is the output of the parser tool generated from C.2. css.language.xml when

it is fed C.5. test.css as input.

<?xml versio n="1.0"? >
<Stylesheet>

<Character Set>"UTF-8"</Cha racterSe t>
<I mport>

<Value>
<STRING>"foo"< /STRING>

</Value>
<Medium>a</Medium>
<Medium>b</Medium>
<Medium>c</Mediu m>

</ Import>
<I mport>

<Value>
<URIstring>url ("foo")< /URIstri ng>

</Value>
<Medium>a</Medium>
<Medium>b</Medium>
<Medium>c</Mediu m>

</ Import>
<I mport>

<Value>
<URIurl>url(fo o)</URIu rl>

</Value>
<Medium>a</Medium>
<Medium>b</Medium>
<Medium>c</Mediu m>

</ Import>
<Ruleset>

<Selecto r>
<element>*</el ement>

</Select or>
<Selecto r>

<Class>bar</Cl ass>
<follo wing/>
<element>bang</element >

</Select or>
<Selecto r>

<id>#boogle</i d>
<descendant/>
<element>baz</ element>
<child />
<element>qar</ element>

</Select or>
<Selecto r>

<Attri bute>
<name>bagel</name>

</Attr ibute>
<descendant/>
<Attri bute>

<name>foo</n ame>
<rel ation>|= </relati on>
<val ue>

<i dentity> bar</ide ntity>
</va lue>

</Attr ibute>
<descendant/>
<Attri bute>

<name>monkey</name>
<rel ation>=< /relatio n>
<val ue>

<STRING>"foo bar"< /STRING>
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</va lue>
</Attr ibute>
<PseudoClass>

<FUNCTION>foo(</FUNCTION>
<ide ntity>ba r</ident ity>

</PseudoClass>
<descendant/>
<element>quux</element >
<descendant/>
<element>qack< /element >

</Select or>
<Selecto r>

<element>sww</element>
</Select or>
<Declara tion>

<Property>prop </Proper ty>
<Expression>

<ter m>
<NUMBER>1</NUMBER>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>bigheader</Clas s>
<PseudoClass>hover</Ps eudoClass>

</Select or>
<Declara tion>

<Property>padd ing</Pro perty>
<Expression>

<ter m>
<LENGTH>26px</LENGTH>

</te rm>
<operator/>
<ter m>

<LENGTH>0px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>0px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>6px</LENGTH>
</te rm>

</Expr ession>
</Declar ation>
<Declara tion>

<Property>font -family< /Propert y>
<Expression>

<ter m>
<i dentity> serif</i dentity>

</te rm>
</Expr ession>
<Important/>

</Declar ation>
<Declara tion>

<Property>font -size</P roperty>
<Expression>

<ter m>
<LENGTH>38px</LENGTH>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>colo r</Prope rty>
<Expression>

<ter m>
<hexcolor> #660000</hexcolo r>

</te rm>
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</Expr ession>
</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>page-body</Clas s>

</Select or>
<Declara tion>

<Property>font -size</P roperty>
<Expression>

<ter m>
<LENGTH>16px</LENGTH>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>padd ing</Pro perty>
<Expression>

<ter m>
<LENGTH>0px</LENGTH>

</te rm>
<operator/>
<ter m>

<LENGTH>6px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>0px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>6px</LENGTH>
</te rm>

</Expr ession>
</Declar ation>
<Declara tion>

<Property>font -family< /Propert y>
<Expression>

<ter m>
<i dentity> sans-ser if</iden tity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>page-body</Clas s>
<descendant/>
<element>a</el ement>

</Select or>
<Selecto r>

<Class>page-body</Clas s>
<descendant/>
<element>a</el ement>
<PseudoClass>visited</ PseudoClass>

</Select or>
<Selecto r>

<Class>page-body</Clas s>
<descendant/>
<element>a</el ement>
<PseudoClass>active</P seudoClass>

</Select or>
<Declara tion>

<Property>colo r</Prope rty>
<Expression>

<ter m>
<hexcolor> #003366</hexcolo r>

</te rm>
</Expr ession>

</Declar ation>
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<Declara tion/>
</ Ruleset>
<Media>

<MediumList>
<Medium>paper</Medium>

</MediumList>
<Ruleset List>

<Ruleset>
<Selector>

<element>a</element>
</Selector>
<Declaration >

<Property> font-wei ght</Pro perty>
<Expressio n>

<term>
<ident ity>bold </identi ty>

</term>
</ Expressi on>

</Declaratio n>
<Declaration />

</Rule set>
<Ruleset>

<Selector>
<element>br</eleme nt>

</Selector>
<Declaration >

<Property> padding</Propert y>
<Expressio n>

<term>
<LENGTH>5px</LENGTH>

</term>
</ Expressi on>

</Declaratio n>
<Declaration />

</Rule set>
</Rulese tList>

</ Media>
<Page>

<PAGE_SYM>@page</PAGE_SYM>
<PseudoPage>monkey</PseudoPage>
<Declara tion>

<Property>padd ing</Pro perty>
<Expression>

<ter m>
<LENGTH>3px</LENGTH>

</te rm>
<operator/>
<ter m>

<Function>
<FUNCTION>foo(</ FUNCTION>
<Expression>

<term>
<NUMBER>1</NUMBER>

</term >
<operator/>
<term>

<NUMBER>2</NUMBER>
</term >

</Expres sion>
</ Function >

</te rm>
</Expr ession>

</Declar ation>
<Declara tion/>

</ Page>
<Ruleset>

<Selecto r>
<Class>page-address</C lass>

</Select or>
<Declara tion>

<Property>font -size</P roperty>
<Expression>
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<ter m>
<EMS>.75em</EMS>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>text -align</ Property >
<Expression>

<ter m>
<i dentity> right</i dentity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>bord er-top</ Property >
<Expression>

<ter m>
<i dentity> solid</i dentity>

</te rm>
<operator/>
<ter m>

<LENGTH>2px</LENGTH>
</te rm>
<operator/>
<ter m>

<hexcolor> #660000</hexcolo r>
</te rm>

</Expr ession>
</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>page-bl ock-grou p</Class >

</Select or>
<Declara tion>

<Property>clea r</Prope rty>
<Expression>

<ter m>
<i dentity> both</id entity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>marg in-botto m</Property>
<Expression>

<ter m>
<LENGTH>5px</LENGTH>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>page-bl ock</Cla ss>

</Select or>
<Declara tion>

<Property>padd ing</Pro perty>
<Expression>

<ter m>
<LENGTH>0px</LENGTH>

</te rm>
<operator/>
<ter m>

<LENGTH>3px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>0px</LENGTH>
</te rm>
<operator/>
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<ter m>
<LENGTH>3px</LENGTH>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>page-bl ock-titl e</Class >

</Select or>
<Declara tion>

<Property>back ground</ Property >
<Expression>

<ter m>
<hexcolor> #660000</hexcolo r>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>font -weight< /Propert y>
<Expression>

<ter m>
<i dentity> bold</id entity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>font -size</P roperty>
<Expression>

<ter m>
<EMS>1.1em</EMS>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>colo r</Prope rty>
<Expression>

<ter m>
<i dentity> white</i dentity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>page-li nkbox</Class>

</Select or>
<Declara tion>

<Property>floa t</Prope rty>
<Expression>

<ter m>
<i dentity> right</i dentity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>widt h</Prope rty>
<Expression>

<ter m>
<LENGTH>203px</LENGTH>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>padd ing-left </Proper ty>
<Expression>

<ter m>
<LENGTH>3px</LENGTH>

</te rm>
</Expr ession>
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</Declar ation>
<Declara tion>

<Property>back ground</ Property >
<Expression>

<ter m>
<i dentity> white</i dentity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>page-li nkbox-ti tle</Cla ss>

</Select or>
<Declara tion>

<Property>colo r</Prope rty>
<Expression>

<ter m>
<i dentity> white</i dentity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>font -weight< /Propert y>
<Expression>

<ter m>
<i dentity> bold</id entity>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>font -size</P roperty>
<Expression>

<ter m>
<EMS>1.1em</EMS>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>text -align</ Property >
<Expression>

<ter m>
<i dentity> center</ identity >

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>back ground</ Property >
<Expression>

<ter m>
<hexcolor> #999999</hexcolo r>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion/>

</ Ruleset>
<Ruleset>

<Selecto r>
<Class>page-li nkbox-li nk</Clas s>

</Select or>
<Declara tion>

<Property>back ground</ Property >
<Expression>

<ter m>
<hexcolor> #cccccc</hexcolo r>

</te rm>
</Expr ession>

</Declar ation>
<Declara tion>

<Property>marg in</Prop erty>
<Expression>
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<ter m>
<LENGTH>4px</LENGTH>

</te rm>
<operator/>
<ter m>

<LENGTH>0px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>4px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>0px</LENGTH>
</te rm>

</Expr ession>
</Declar ation>
<Declara tion>

<Property>padd ing</Pro perty>
<Expression>

<ter m>
<LENGTH>3px</LENGTH>

</te rm>
<operator/>
<ter m>

<LENGTH>0px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>3px</LENGTH>
</te rm>
<operator/>
<ter m>

<LENGTH>5px</LENGTH>
</te rm>

</Expr ession>
</Declar ation>
<Declara tion/>

</ Ruleset>
</St ylesheet >
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C. 7. t est.xml

This document is the result of proccessing C.6. test.tmp.xml wit h C.4. postprocess.xsl.

<?xml versio n="1.0"? >
<css encodin g="UTF-8">

<i mport hr ef="foo" medium="a b c"/ >
<i mport hr ef="foo" medium="a b c"/ >
<i mport hr ef="foo" medium="a b c"/ >
<ruleset>

<selecto r>
<element name="*"/>

</select or>
<selecto r>

<class name="bar"/>
<follo wing/>
<element name="bang"/>

</select or>
<selecto r>

<node id="#boo gle"/>
<descendant/>
<element name="baz"/>
<child />
<element name="qar"/>

</select or>
<selecto r>

<attri bute name="bagel "/>
<descendant/>
<attri bute name="foo" relation ="|=" value="bar "/>
<descendant/>
<attri bute name="monkey" relat ion="=" value="f oo bar"/ >
<psuedoclass name="foo(bar)"/>
<descendant/>
<element name="quux"/>
<descendant/>
<element name="qack"/>

</select or>
<selecto r>

<element name="sww"/>
</select or>
<propert y name="prop">

<term>
<NUMBER>1</NUMBER>

</te rm>
</proper ty>

</ ruleset>
<ruleset>

<selecto r>
<class name="bigheader "/>
<psuedoclass name="hover"/>

</select or>
<propert y name="padding" >

<term>
<LENGTH>26px</LENGTH>

</te rm>
<operator/>
<term>

<LENGTH>0px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>0px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>6px</LENGTH>
</te rm>

</proper ty>
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<propert y name="font-fam ily" important=" true">
<term>

<i dentity> serif</i dentity>
</te rm>

</proper ty>
<propert y name="font-siz e">

<term>
<LENGTH>38px</LENGTH>

</te rm>
</proper ty>
<propert y name="color">

<term>
<hexcolor> #660000</hexcolo r>

</te rm>
</proper ty>

</ ruleset>
<ruleset>

<selecto r>
<class name="page-body"/>

</select or>
<propert y name="font-siz e">

<term>
<LENGTH>16px</LENGTH>

</te rm>
</proper ty>
<propert y name="padding" >

<term>
<LENGTH>0px</LENGTH>

</te rm>
<operator/>
<term>

<LENGTH>6px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>0px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>6px</LENGTH>
</te rm>

</proper ty>
<propert y name="font-fam ily">

<term>
<i dentity> sans-ser if</iden tity>

</te rm>
</proper ty>

</ ruleset>
<ruleset>

<selecto r>
<class name="page-body"/>
<descendant/>
<element name="a"/>

</select or>
<selecto r>

<class name="page-body"/>
<descendant/>
<element name="a"/>
<psuedoclass name="vis ited"/>

</select or>
<selecto r>

<class name="page-body"/>
<descendant/>
<element name="a"/>
<psuedoclass name="active"/>

</select or>
<propert y name="color">

<term>
<hexcolor> #003366</hexcolo r>

</te rm>
</proper ty>

</ ruleset>
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<media medium="paper">
<ruleset >

<selec tor>
<ele ment name="a"/>

</sele ctor>
<property name="font-w eight">

<ter m>
<ident ity>bold </identi ty>

</term>
</prop erty>

</rulese t>
<ruleset >

<selec tor>
<ele ment name="br"/>

</sele ctor>
<property name="paddin g">

<ter m>
<LENGTH>5px</LENGTH>

</term>
</prop erty>

</rulese t>
</ media>
<page pseudo="monkey">

<propert y name="padding" >
<term>

<LENGTH>3px</LENGTH>
</te rm>

<operator/>
<term>

<f unction name="foo"><term >
<NUMBER>1</NUMBER>

</term ><operat or/><ter m>
<NUMBER>2</NUMBER>

</term ></funct ion>
</te rm>

</proper ty>
</ page>
<ruleset>

<selecto r>
<class name="page-addr ess"/>

</select or>
<propert y name="font-siz e">

<term>
<EMS>.75em</EMS>

</te rm>
</proper ty>
<propert y name="text-ali gn">

<term>
<i dentity> right</i dentity>

</te rm>
</proper ty>
<propert y name="border-t op">

<term>
<i dentity> solid</i dentity>

</te rm>
<operator/>
<term>

<LENGTH>2px</LENGTH>
</te rm>

<operator/>
<term>

<hexcolor> #660000</hexcolo r>
</te rm>

</proper ty>
</ ruleset>
<ruleset>

<selecto r>
<class name="page-bloc k-group" />

</select or>
<propert y name="clear">

<term>
<i dentity> both</id entity>
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</te rm>
</proper ty>
<propert y name="margin-b ottom">

<term>
<LENGTH>5px</LENGTH>

</te rm>
</proper ty>

</ ruleset>
<ruleset>

<selecto r>
<class name="page-bloc k"/>

</select or>
<propert y name="padding" >

<term>
<LENGTH>0px</LENGTH>

</te rm>
<operator/>
<term>

<LENGTH>3px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>0px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>3px</LENGTH>
</te rm>

</proper ty>
</ ruleset>
<ruleset>

<selecto r>
<class name="page-bloc k-title" />

</select or>
<propert y name="background">

<term>
<hexcolor> #660000</hexcolo r>

</te rm>
</proper ty>
<propert y name="font-wei ght">

<term>
<i dentity> bold</id entity>

</te rm>
</proper ty>
<propert y name="font-siz e">

<term>
<EMS>1.1em</EMS>

</te rm>
</proper ty>
<propert y name="color">

<term>
<i dentity> white</i dentity>

</te rm>
</proper ty>

</ ruleset>
<ruleset>

<selecto r>
<class name="page-link box"/>

</select or>
<propert y name="float">

<term>
<i dentity> right</i dentity>

</te rm>
</proper ty>
<propert y name="width">

<term>
<LENGTH>203px</LENGTH>

</te rm>
</proper ty>
<propert y name="padding- left">

<term>
<LENGTH>3px</LENGTH>
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</te rm>
</proper ty>
<propert y name="background">

<term>
<i dentity> white</i dentity>

</te rm>
</proper ty>

</ ruleset>
<ruleset>

<selecto r>
<class name="page-link box-titl e"/>

</select or>
<propert y name="color">

<term>
<i dentity> white</i dentity>

</te rm>
</proper ty>
<propert y name="font-wei ght">

<term>
<i dentity> bold</id entity>

</te rm>
</proper ty>
<propert y name="font-siz e">

<term>
<EMS>1.1em</EMS>

</te rm>
</proper ty>
<propert y name="text-ali gn">

<term>
<i dentity> center</ identity >

</te rm>
</proper ty>
<propert y name="background">

<term>
<hexcolor> #999999</hexcolo r>

</te rm>
</proper ty>

</ ruleset>
<ruleset>

<selecto r>
<class name="page-link box-link "/>

</select or>
<propert y name="background">

<term>
<hexcolor> #cccccc</hexcolo r>

</te rm>
</proper ty>
<propert y name="margin">

<term>
<LENGTH>4px</LENGTH>

</te rm>
<operator/>
<term>

<LENGTH>0px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>4px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>0px</LENGTH>
</te rm>

</proper ty>
<propert y name="padding" >

<term>
<LENGTH>3px</LENGTH>

</te rm>
<operator/>
<term>

<LENGTH>0px</LENGTH>
</te rm>
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<operator/>
<term>

<LENGTH>3px</LENGTH>
</te rm>

<operator/>
<term>

<LENGTH>5px</LENGTH>
</te rm>

</proper ty>
</ ruleset>

</cs s>


