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Ab stract

Oneofthecore problemswith computer language development (and thus DSL development),
is the production of a parser for a language. While many pemle just write their own lexers and
parsers, for decadeghe \ standard" approach to this problem has beento uselexer/ parser genertors
from the family of tools typi ed by lex and yaccB]. Tools based on lex and yacc exist for every
ernvironmert in which one could seriously desire to produce a DSL.

This thess is the presenation of a collection of techniques for the use of XML and XSLT
in addition to lex/yacc like lexer/ parser generaors for the rapid production of DSL transfam tooals.
| will de ne a grammar de<ription language in XML, and discuss sewral high-order grammar
transforms upon that language; and | will de ne a smadl cdlection of lex and parse level actions
which can be composed to manipulate and re-write XML ASTs at parsetime. | will also discuss
the development of generaors for yielding lex/y acc like tools, and demanstrate examplesin C and
Java.

Though robust meta-DSL environments exist, | believe there is value in investigating low
cost extensimns to the lexer/parser genemation model. My investigaions have expandedupon the
badc choice of delaying semantic actions until after parse time, and of relying upon available XML
tools for as much work as they can bea. These choices produced a low-cost environmert which
provided high-order grammar feaures, suc as lists and optional symbols, as well as production

tim e sub-tree re-writes.



CHAPTER 1

Intro duction

Computers are magic. We use them to endow expressias written in
imaginary semanic systems of symtpls with the force to alter the world.
We call many of these systems \Pr ogramming Languages", and there are
also\User Interfaces" and\ Applications". We have done sucha good job
of de ning the semantics of thesesystems, and of implementing layers of
electronics to act the semanics out, that virtually 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 semanics
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.

Ultimately, most systemsof semantics for computers could be called languages and most
of theselanguagesare not very important, in the sense that few resaurcesare degined to be spent
upon them. Con gur ation languages,systemcortrol languages,theinput languagesfor \data-driven
programs"; most of these languagesare Domain Speci ¢ Language, which we de ne as suc in as
much as they di er from General Purpose Languages When we talk about DSLs, we don't usually
meanthat a language is not Turing complete; but rather that it is imsy, chegp, little, or something
similar (this will be covered in far more detail later in 2.3.2. Related Work). Since we produce so
many DSLs, and sinceby their very naturetheywill have few resaircesavailable for their production,

there is same natural value in seeling means to reducethe resaurceswhich they demand.



Oneof the core problemswith computer language development (and thus DSL development),
is the production of a parser for a language. While many pemle just write their own lexers and
parsers, for decadeghe \ standard" approach to this problem has beento uselexer/ parser genertors
from the family of tools typi ed by lex and yaccB]. Tools based on lex and yacc exist for every
ernvironmert in which one could seriously desire to producea DSL.

Beyond lex and yacc are full language creaion ervironmerts; ervironments which groups of
developers, both academic, professimal, and hobbyist, have pushedto levelsof surprising robustness.
But there is litt le discusson of what shauld be done when what is neededis only slightly greater
than than lex and yacc provide, but quite a bit lessthan a full ervironment. Thus, let us condder
extensians to the lexer/ parser generation model.

One of the core questions which all lexer/parser geneimtion ernvironments must have an
answer to is \Where do you attach the action code?". In other words, when geneiting lexers
and parsers, how does the environment attach (and re-write) semartic actions for terminals and
nonterminals to the produced code? Dicult y with this quegion has prevented many generdion
ernvironmerts from providing high-order grammar features(such asoptional symbols, or lists), since
it becomesdi cult to descibe what changesneedto be made to the action code when an option
elemen is not presen.

The simplest possible answer to this question, \ Where do you attach the action code?", is,
\Nowhere.". Though someapplications require it (error recovery, interactive ervironmerts, etc.), it
is not always neaessay to take semartic actions at parsetime. Semantic validation (scope cheding,
etc) can be performed after parsing, and other transfamations can work with the nal AST.

A second question central to lexer/parser generaion is \How do | presnt the language
grammar to the genetion environment?". Most gene@tion environments approach this by having

piggyback languages(2.1.1. Piggymack) which mix grammar and genemtion commandswith action
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code speci cation. Again note that not only is the action code not transformable, but statemerts
in the grammar are intermixed with it, so they are di cult to manipulate aswell.

If we abandon sematrtic action at parse time, and concertrate sdely on the construction of
ASTs, a number of intereging doors open on the lex/ yacc model. Grammar transformation becanes
feasible, if we have a grammar represeration format which is amenable to transfamation. If we
have an AST structure which is amenable to re-writes, same more complex grammar tricks become
feasible, as we can re-write them away as the parse tree is congdructed (collapsing recursive lists,
for example). For thesereasonsand others, | have chosento use XML and XSLT for represatation
and manipulation of both grammar descriptions and ASTs. Though same of the old guard dislikes
it, XML (the Extensble Markup Language[36]) and XSLT (X SL Transformations[38]) provide the
world's most popular (eg. used) tree and tree transformation ervironmerts by at leag seweral
orders of magnitude (every installatio n of Internet Explorer and Mozilla include an XSLT processng
ervironmen); and at this point, they are simply ubiquitous.

This thesds is the presenation of a collection of tedniques for the use of XML and XSLT
in addition to lex/yacc like lexer/ parser generaors for the rapid production of DSL transfam tools.
I will de ne a grammar de<ription language in XML, and discuss sewral high-order grammar
transforms upon that language; and | will de ne a smadl cdlection of lex and parse level actions
which can be composed to manipulate and re-write XML ASTs at parsetime. | will also discuss
the development of generaors for yielding lex/y acclike tools, and demanstrate examplesin C and
Java.

| begn with agenerd reviewofthe eld of DSLtools,and somediscusson of the cost domain
which shgpesDSL dewelopmert. Next will be my personal motivation in pursuing this problem, and
this approach, followed by a summary of the techniques I've worked out, and discussion of some

points relatedto them. After that will beathorough treatmert of ead technique; followed by a guide
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to application, with examplesin C and in Java. | then preset the application of thesetechniquesto
a non-trivial example, the production of a parsertool for the Cascaling Style SheetsB9] language.
We closewith a presenati on of some foreseeableobjections wit h reactions followed by conclusons,
and plans for future work.

Lastly are appendices provided to aid in the discussio, the rst eight are of the most
value for those which may wish to apply thesetechniques. They are a full implemertation of my
sygdem for both C and Java. A.1l. language.xsdis an XML Sdema5] for my language desciip-
tions; A.2. language2bntxsl is an XSLT[38] transfom which transfoms language les into BNF,
for those that prefer BNF; A.3. enumerate_productions.xsl and A.4. resdve lists.xsl are language
to language transforms which provide high-order grammar features; A.5. geneate_ ex_lexer.xsl and
A.6. generate_bison parser.xsl provide code generaion for C; and A.7. generate_j exlexer.xsl and

A.8. geneate java cup_parser.xsl provide it for Java.



CHAPTER 2

Related W ork

In Modular Domain Speci ¢ Language and Tools, Hudak de nes DSLs

A domain speci ¢ language (D SL) is a programming language tailored for
a particular application domain. Characteristic of an e ective DSL is the
ability to dewelop complete application programs for a domain quickly
and e ectively. A DSL is not (necesarily) \genesml purpos”. Rather,
it shauld capture precisdy the semantics of an application domain, no

more and no less. [30]

DSLs provide a meansof not only expressingour underganding of a class of problems more
concisely, they provide a meansof thinking about a class of problems more agilely. Hudak goes
on to suggest that a DSL which su ciently captures some problem domain will be accesible to
non-expert programmers which knowledgein that domain. This alone is a pretty strong drive for
the development of DSLs.

Hudak also claims that the long-term dewelopmert costs of sdftware based upon DSLs de-
signed for the problem domain grow more slowly than converti onal approaches, though they have a
higher startup cog.

Spinellis claims:

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

semantic distance betweenthe problem and the program.[14]

And Waite observes:



As our underganding of a class of problems improves, we usually are
able to recogiize more things that are common to sdutions of problems
in that class Thesecommon agects of the problem sdutions can then
be embodied in additional declaative speci cation techniques for the

problem class.[13]

So we seesome strong pressureto evolve and re-develop DSLs. Kienle[12] also makesthe
case that iterative DSL dewelopmernt 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 smadl fraction of those avail able for developing
general purpose languagesfl4], sowe have other needsfor seekingmeansto reducethe cost of this

developmert.

2.1. A DSL Pattern Language

Spinellig14] provides a thorough patt ern language for discussing domain speci ¢ languages
in the paper \Nota ble design patterns for domain-speci ¢ languages. | will briey summarize the

portions of this paper pertinent to the current discussion.

2.1.1. Piggyback. The piggytack structural pattern usesthe feauresof an existing host
language. Programs written in a DSL implemerted using the piggylack pattern will consist of code
elemerts of the host language intermixed with code elemerts of the DSL extensians. Someprocesing
ernvironment, often using the pipeline pattern, will realize the function of the DSL by resolving the
extension elemerts into same cdlection of elemerts from the host language, while preserving the host

elemerts in the program. The languagesof lex and yaccB] are examples of the piggyback pattern.



2.1.2. Pipeline. The pipeline behavioral pattern providesa means of DSL composition.
The output of one DSL processao is feedasinput to another; in this way, a collection of piggybacdked,

lexical processing and transformation based DSLs can be composedto redize an implemenrtation.

2.1.3. Lexical Processing. The lexical processing creational pattern realizesa DSL through
simple lexical manipulations (as opposedto the more complex manipulati ons of source-to-source
transformation) 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 expansian. The C pre-processa

is an example of the lexcal processing pattern.

2.1.4. Langua ge Extension. The languageexension creationa pattern is usedto add
new featuresto an existing language. It di ers from the piggyback patt em in that the feauresare
addeddirectly to the host language. Some languages such asHaskell and Lisp, provide mecanisms
for language extension within the scope of their semartics, in most other languages, the language

processingtool-chain must be extended.

2.1.5. Langua ge Specialisatio n. The languagespecialisation creaional pattern removes
features from a baselanguage, in order to make that language meet same cdlection of invariants.
This pattern canbe easilyrealized using the pipeline pattern to implement a validator, which ensures
that the removed features are not used. An example is the \safer-subset" of C dewveloped for the

automotiv e industry [14].

2.1.6. Sour ce-to- Sour ce Transformatio n. Thesource-to-source transformation creational
pattern transforms the DSL saurce code via suitably shallow or dee translation processinto the
saurce code of an existing language. Thi s patt ern must be opposedto the lexical proceséng pattern
in that the transformation can take into accaunt deeper structural information than that available

in the strictly local actions of the lexical processing pattern.
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2.1.7. Omitt ed Patterns. The patt emns data structure represengtion and systemfront-

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

2.2. DSL Tools

Giventhe desirability 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 production of DSLs; stated an-
other way, specialized languagesfor producing spedalized languages. For purposesof this discussion,

| will term these DSLs meta-DSLs. | examine a sample of the eld of meta-DSLs here.

2.2.1. Eli. Wait€13] discus®s the application pattern for the Eli compiler construction
sysem[9]. He also spendsa good ded of time discussingthe need to iterate the design for a DSL,
as underganding dewelops. | will summarize briey below.

From the Eli web page:

Methods and techniques of compiler congruction are applicable to a
range of problemsthat is much broader than the development of compil-
ers for programming languages Procesors for input languages, design
languages, speci cation languages,and intermediate languagesin appli-

cations programs all demand sdutions to translation problems.

We have combined a variety of standard tools that implemert
powerful compiler congruction strategiesinto a domain-speci ¢ program-
ming ervironmert called Eli. Using this environmenrt, one can auto-
matically generae complete language implementations from application-

oriented speci catio ns. The implementations might beinterpretive, using



the constructs of the source language to invoke operations of an exist-

ing system, or might involvetr anslaion into an arbit rary target language.

Eli providesmodern compiler construction facilities to userswith
awide range of sophistication. It o erscomplete solutions for commonly-
encourtered language implemertation subtasks and contains libraries of
reusable speci cations, making possible the production of high-quality

implemertations from simple problem de<riptions.

The system has been in the eld since 1989, and has beenused
in a number of projects worldwide. It generaes programs whose per-
formance is comparable to that of a good hand-coded implemertation.
Development time for a processo using Eli is generdly about one third
of that for comparable hand code, and maintenanceis signi cantly easer

becausespeci cations rather than implementatio ns are being maintained.

Eli produces tools which use the saurce-to-saurce transformation pattern. 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 things which might come up in the designh of any particular 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 developmert model and language, a

language which the user must leamn.

2.2.2. MetaBorg. Bravenboer and Visser[3] discussMetaBorg[2], a sygem for construc-

tion of piggylack DSLs implemented using the pipeline pattern. 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 transfamation ernvironmerts, 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 condsts of embedding
domain-speci ¢ languages in a geneml purpose host language and as-
similating the embedded domain code into the surrounding host code.
Instead of extending the implemertatio n of the host language, the assim-
ilation phaseimplemerts domain abstractions in terms of existing APIs
leaving the hog language undisturbed. Indeed, MetaBorg can be consid-

ered a method for promating APIs to the language level.

2.2.3. smgn. Kienle[l2]introducessmgn,ameta-DSL tool written for the SUIF2 Compiler
System. It provides support for lexical and grammatical analysis, and parse tree manipulation. As
sud, it is also a tool which realizesth e saurce-to-saurce transformation pattern. Howewer, whereas
Eli is a robust system, sman is still a purposewritt en language. While smgn demongrates a re-
purposng for usein more generic DSL implementations, it doesnot possesthe tool-chain maturity
of the Eli system.

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

user must learn.

2.2.4. Little Languages in Python. Aycock[11] branchesdeeper into the ream of ad-
hockery. He details the useof a seta Python[10] classeshe hacked together, which implement DSLs
in a manner which utilizes Python's class inheritance medanisms 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 sud, it is an example of
the saurceto-saurce transformation pattern.

The paper doesa good job of communicating a reproducible implemenrtation approach, but
fails to really nail down the distinction betweenthe portions of his approach which are necesary,

and thosewhich are incidental to his implemertation.

2.2.5. Haskell. Hudak[30] discussedhe developmert of \Do main Speci c EmbeddedLan-
guages in Haskell. It is bestto think of this as an application of the language extensian pattern.
Languageswhich support this form of extensioncanbe exibly 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 | describe the results of using the func-
tional programming language Haskell to build DSELs. Haskell has sev-
eral featuresthat | believe are crucial to the pure embedding of a DSL:
hig her -order func ti ons, lazy evaluat ion, polymorphi sm, and type
classes. A language with lessof thes feaures could possibly also be
used, but probably only with a higher emphasis on pre-pro cessing and

the compl exitie s thus introduced.

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-processo. This line of reasoning is common at the far end of the compiler community, 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 semartic application of language developmen, the literature of DSL
discusson has always carried with it an understanding that the languages are, in same greater or
leser way, under tighter developmert budgetsthan other languages. We formalize this idea as the
DSL Cog Domain.

A Cog Domain is a relative distribution of resairces As an example, in the realm of
compilation, 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 Cog Domain.

But Cost Domains are not limited to the assgnment of \ computing" resources. The assig-
ment of monetary, temporal, and knowledge resaurces may also be desribed by a Cog Domain.
Consider the Time Critical Cog Domain, wherein tim eis giventhe highest priority. In order to meet
thesetime constraints, monetary resourceswill be assignedin a manner which would be consdered
too cogly outside of this domain.

We areinterestedin the DSL Cost Domain. Webelievethat the appropriate characterization
of when a language is a DSL, and when it is not, is best made through examination of the relative
assignmert of resourcesto a project. While it is di cult to preciselyde ne this cost domain, and the
assignmert of performance constraints, money, time, knowledge,and semantic articulation which it
implies; we have developed same rules of thumb to help determine when a project is within the DSL

Cost Domain.

2.3.1. Domain Specic Languages. DSLs have existed at least since the beginning of
interactive computer interfaceg4]. We narrow our survey to the meta-level - techniques and tools

for deweloping DSLs. Kienle de nes a DSL as:
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a smdl formal (programming) language whose expressive power covers
precisly a certain application domain and doesnot include many of the

featuresfound in generd-purp oselanguagesfL2].

A patt ern language for the discusson of DSLs is given by Spinellis[14], who also explores
the econamic constraints of the DSL Cog Domain. Spinellis states that the econamic constraints
in uence the design techniquesfor DSLs. He emphasiza the role that incremental developmert has
and the importance of rapidly delivering results. Hudak[30] also discusseg he relationship between
language development costsand the neel for incremental design. He describesthe implementation
of seweral embeddedDSLs, which heimplemerts in Haskell through the useof higher-order functions
and userde ned in x operators. Aycock[11] statesthat frequerlly a fast compiler is unnecesary,
particularly if input programs are small on average. The issuesthat dominate in such a situation

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

2.3.2. Three Rules of Thumb. Our resarch group worked out the following rules of

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

(1) Is the cost of processingthe language non-critical?
(2) Is it important that the language's de nition remain exible?
(3) Will the number of the language's users dier from the number of the language's

developers by less than two orders of magnitude?

The two orders of magnitude in the third rule is just a guess,but we feel that it is a good
gues. For example, consider a language being developed by a team of 8 (including managers,
testers and documertation writers). To meetthe r st two rules, we must establishthat procesing
this language is not cost critical, and that the language de nition must remain exible. It isdi cult
to state that a language designed for a user base of less than 800 people, and meeting the other

requiremerts, would not be a DSL.
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Theserules can guide implementation dedsionsfor language projects. If, for a givenlanguage
project, the answers are all \y es", then the projed is clealy within the DSL Cost Domain. These
rules are not necessay to place a project in the DSL Cost Domain, but they are su cien t. Judgmert
must be exercisal in other cases.

Consider the case when, though a language's user community is large, it is expected to
continue to experiencerapid ewlution and dewvelopmert. If language processingis not cod critical,
it may still bethat the most cost e edive application of developmert resourcesis to apply tedniques
from the DSL Cost Domain to the problem. If at same future time the language'sdevelopment rate
were to deaease, it might then becomecast e ectiv e to migrate the language implementation to
more sophisticated implementation techniques in order to achieve processng e ciencies.

Additio nally, while an entire project might not fall within the DSL Cost Domain, some of
its deliverablesmay. Candidate deliverablesinclude initial language prototypes,where the exibilit y
of the language's de nition is more important than the language's processing cost; and smdl glue
languages neededto direct the behavior of larger sub-g/stems (such as the loading of extension

libraries).



CHAPTER 3

Mot ivati on

In this section | will to exposethe persanal journey which lead to my current underganding
of the eld of DSLs, con gur ation languages,and XML. There are a number of common threads
which arise throughout the narrative. First, XML is ubiquitous, inescapable, and usually the simplest
answer; Secand, systemsare not the answer, familiar systems are, there comesa time when the
popular answer becomes the right answer.

Lastly, I'd liketo note that I've personally cometo the approach of applying transformations
to implement DSLs through the web dewelopmert community, and not through the traditional

compiler community; and | suspect that more and more peoplewill walk this path.

3.1. The Alchemist

In May of 2000, | dropped out of school for nancial reasas (reason: | had no nancials).
Luckily, Red Hat, Inc. neededOperating System developers, and so | spert 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
community, but alsothe production and maintenance of subsystemsbuilt up from thesecomponerts
(I worked primarily on printing), and of con gura tion tools for these subsystems. This lead to my
involvement with a Red Hat internal project know asthe Alchemist, and | claim full responsibility
for it's failure.

The Alchemist was a multi-sourced con guration library, meaning that it was dedgned so

that a subsydem could be readingits con guration from various sources(the package defaults, the

15
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company con g server, the depatment con g sener, and the machine's local settings) and merge
the reault together into a cohesve whole. The nal library constituted 15 thousand lines of dense
C code, of which | wrote 10 thousand; as well as a set of bindings into the Python programming
language, which (after a rst round by someone else)l rewrote completely. It is the largest, heaviest
code | have ever developed. It performs tree merges,in C, e cien tly, while using string internment,
and referencecourting.

The most annoying thin g about the Alchemist wasthat it worked. In fact, Red Hat's Linux
distributions still ship with it, but only onetool usesit (the printing tool), but not for merging from
multip le saurces (I was one day away from adding that feature when | 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 semartics to merge a cascade of
con g uration trees,with various levels of priority, atomicity, and namedversusunnamed calections.
Wit h a properly desighed schema, you can set some very subtle con gur ation palicies. Or rather,
you could, if you understood the semantics of the language, which apparently no one but Crutcher
Dunnavant ever did.

The Alchemist was my rst introduction to producing a setious DSL environment, though

at the time | did not recoqize it as such. Someinteresting bits of history occur at this point:

The GUI for the printer con guration tool wasdeweloped with a GUI developmert tool
named Glade[34], which storesits window templatesas XML. Rather than geneirate
GUI code with Glade, | useda secondproject, Libglade[33], which interprets Glade's
project les at run time for building interffaces Both projects are available for all
Linux distributions.

The storage and transmission format of the data was XML, but the library parsedit

using the SAX[32] interface, and had it' s own internal structuresfor the trees.
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Someof the output writer modules for the library provided XSLT transformations on
the XML, but those were provided by someoneelse,because | found them to be too

‘weird'.

3.2. Ghede

In January of 2002 | returned to college to complete my Bachelor's, and was haunted by
the Alchemist. It was simultaneousy a large, impressve, functional pieceof code, and and a great
failure. Dedding to put more e ort into addressing con gur ation as a genewl problem, | worked to
design an even more exible sygem named Ghede.

Ghede was to be a generd con guration sewer, designedfrom the outset to be network
based, and to have a simple module interface for plugins. Graylin Trevor Jay and | 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, asit wasthe most portable interface we could nd. Needingsane method of interfacing
with plugins, it was dedded that Ghedewould possesa loca le pipe variation of XML-RPC which
was dubbed XML-IP C. Again, | found myselfworking with XML, in adi erent environmert, because
of a needfor commodity availability.

Of course, Ghedewas newer nished, though it's basic sever was completed.

3.3. XML-IPC

After all the work on Ghede, and familiarity generaed with XML-RPC, it occurred to me
that really nailing down the XML-IP C protocol for local, binary independent IPC, would be very
useful. | decidedthat this would be my thesis, and put about 7 months into it. Part of this was
investigating just how available XML- RPC was (very, it even has TCL/Tk [22] modules!).

The draft theds for XM L-IPC was written in Docbook, an XML baseddocumert production

sygem, which usesXSLT transformations to produce PostScript or HTML views of documerts.
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3.4. CSS

During the summer of 2003, | began, purely as a personal project, to learn CSS(Cascaling
Style Sheets)B9]; asl'd beenputting it o for a number of years. Being rather impressedwith what

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

3.5. XP ath, XSLT, and the Period of Exploration

Becaming increasngly annoyed with some of the features of Docbook, and beginning to
think about XSLT, | started readingthe Docbook transfomsto n d out why expected things failed
to happen in Dochook. The XSLT transforms proved more approachable than theyd rst looked,
and the group pushedit's web work into an earneg e ort to truly learn XSLT.

The group spent a weekreading the XML, XPath, and XSLT standards in their entirety.
Had the group come at this from the traditionally route, wed probably have used same form of
tut orial (such asthose available at www.w3scools.can), and this task probably taken us only half
aslong. Thusbegan, in Septenber of 2003, the Period of Exploration. The group wrote transforms
for all sats of systems. We wrote litt le snippets of XSLT which generaed useful scripts on the
various systemswe administered. We genera ed many web pageswhich took simple XM L languages
to complex presenations (using the CSSlearned ealier for styling).

What redly becane a problem was that a good deal of data insisted on being something
other than XML. We started to write programs for the sde purpose of reading various formats and

producing XML represenations of them.

3.6. Turtle s

At somepoint in the fall of 2003, while talking to Don Yessick about the transformation
sygem he was dewveloping for his Doctorate, SLY[21], | becane somewhat annoyed with the extreme

amount of structure and work he was putt ing into buildin g up the transfomation ervironment, and
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the resulting rarity of the tool (only Don can useit). | declared that | could produce a tool with a
good chunk of the transformative capacity of Don's tool with far lesswork, by parsing rst to XML,
and then writing the transforms | wanted as XSLT. This discussim lasted about 3 weeks with Don
never really getting that | was talking about the commadity nature of XSLT, and not the storage
format of XML, asthe main selling point of my suggegion.

Ultimately, Don and | disagreed about what should be done wit h action code. Don wished
to transfom the action code, and | wished to ignore it.

Ultimately, one long night produceda tool which | caled Turtles This amountedto a small
shell script, a Make le, and a 300 line XSLT transformation. The tool would take a grammar le
(written in XML), and produce.l and .y lesfor a ex/bison parser tool, which usedlibxml for it's
AST, and wrote out the resultant tree after it parseda stream. The next night added high-order
list condruct to the tool's grammar. The XSLT transformation was now 500 lines. But the result
of this parsewasnot a Concrete Syntax Treg, it was partialy re-writt en by rules at each production,
and structures such asrecursiw lists were cdlapsedinto singe list nodeswith children, rather than
recursive structures.

Clearly, my exposure and badkground permitted Turtlesto be written, and to be written
as quickly asit was Everything | have done in this domain since those r st two nights has been
re nemert, and a search for a way to isoate what it was that | knew that permitted me to write

Turtles into atomic, and transferable componernts.



CHAPTER 4

Technique Summary

This work preserts a cdlection of techniques for geneiting transfam tools which rely
upon commadity componerts available for all languages and platforms, and should be universdly
applicable. It also demonstrates the application of these techniquesto two ervironmerts (C and
Java), and towards the production of a non-trivia | tool (a parserfor CSS2.).

The primary motivation behind all of thesetechniquesis that they require nothing which is
not available to the point of ubiquity. The basc 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 discus®d how to usetheir tools, and how their tools work; this work covershow to build tools
similar to these for other environmerts.

The watchword of all of the tedniquesprovided here is Commadity. All of them are cheap,
and all of them are fast to write; though perhapsthey are not fast to execute. Howewer, the machine
upon which | write this paper runs at 4751 MIPS, so perhaps someof the urgency can be removed

from procesing tedniques.

4.1. Applicability

This approach reliesupon lexer and parser generaors, and thus is primarily applicable to
context free languages. Additionally, because of the nature of the AST implemertation, semartic
actions must be delayed until after parsing, at transformation time. Thus, astheamount of semartic
analysis or lexical re-write necesary for a language grows, the cost of implemertin g the transforma-

tion stage in XSLT grows as well. This shauld not be taken as a rea®n to discaunt the approach
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though, as many languagesare smdl and relatively simple. Even those which are not so simple,
such asthe language of Cascading Style Sheets, are approachable.

I have found that the ideal application of thesetechniquesis in the rapid it erative develop-
ment of Domain Speci c Languages to the point that it is possible to dewvelop languageswhich are
almost disposable. To foreshadow the more complete description we begin with a brief synopsis of

the techniques.

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

Use XML for Grammar and AST Represeratio n, use existing XML librariesto repre-
sert the tree structure of the input, the transformations, and the speci cation of the
parser gene@tor.

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

comman operations.
Enable Optional Symboals through Grammar Transfoms, allowing the concise expres
sion of productions.

Foo == Bar?Baz?
+

Foo = Bar Baz
j Bar

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

ited lists.
LI ST = 1
+
LI ST = LI ST_dtem LI ST _rlist
LIST _rlist = LI ST_rlist hL1 ST __delimi LI ST __item
j
LIST_tem =
hLIST_delim := i
a set of list item pro ductions, a set of delim iter productions,

h:::i only present when is not empty.



CHAPTER 5

Relat ed Observations

5.1. Gramm ar Mall eabil ity

One of the chief advantagesof ernvironmerts with high-order grammar transformations is
the easewith which grammars can be altered in them. During the developmert of the CSS parser
descibed in 8.4. A CSS Parser, | chedked the test casesafter every nonterminal was added, and
sametimesregructured the way lists were formed to make it easer to handle. In other situations, as
when a new DSL is being structured for the rst time, malleable grammars make the developmert

of a nice clean grammar much easier, and relieve same of the language designets burden.

5.2. XML and XSLT Availability

XSLT is an XML language for descibing XML node tree transformations, and virtually all
XML ervironmerts include an XSLT processo. XSLT is commonly usedto yield HTML, PostSciipt,
PDF, and WAP views of XML documerts; it is used to transform between database formats in
erterprise environmerts; and it is supported natively by all third- genemtion browsers (including

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

5.3. lex and yacc Av ailability

The lex/y accfamily of lexer/ parsergenerators won the parsergeneration space. This family
is what is taught in compiler classes and what books are written about. Many projects exist to
re-implement the lex and yacc generaors in various environmerts. For lex, theseinclude ex+ +

(C++ )[26], JFlex (Java)[19], alex (Haskell)[27], aex (Ada)[28], TP lex (Turbo Pascal)[29], and
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many others. For yacc, theseinclude Yacc++[24](C++) and CUP (or java_cup)[20](Java) and
JavaCCJ23](Java). The examplesin this paper have beencon r med to work in ex, alex clone, and
bison, a GNU yacc clone, but you shauld be ableto nd a avor for any environmert which also

posessedex and an XML/XSLT environmert.



CHAPTER 6

The Technique s

6.1. Technique: Delay Semantic Action

It is my rm béelief that much of the complexity of handling parser geneition lies in de-
veloper's insistence on performing semantic actions during parsing. While this is appropriate for
interactive ervironmerts (such asshells), it is not necesary for batch procesedlanguages The rest
of the techniques depend upon delaying sematriic actions until the transfamation step.

What this also delays is the interpretation of strings, and similar actions. It is common to
de-eape strings during lexing, rather than waiting for the r st pass of transformation, but this

often adds unneccessgy complexity to parser genemation.

6.2. Technique: Use XML for Gramm ar Representati on

XML providesa rich syntax and data structure upon which to de ne languages and through
XSLT, it is extremely eay to de ne portable transformations on it. In dewveloping any transform
tool, you will needto write a represenation of the grammar for the languageto be transformed, and
the actions to take at appropriate points asthat grammar is applied. If the represenatio n language
for your grammar is itself easy to transform, you can de ne high-order grammar features (this will
be dealt with later as separate techniques).

Therefore:

De nean XML languageto represet your grammars.
Build XSLT transforms which map from your language to your language to realize

high-order grammar feaures, such as lists and optional elemerts.
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Use XSLT to geneiate BNF from the grammars for debuggng.

Use XSLT to geneite your lexer and parser saurce from the grammar.

In my application, language les de<ribe all lexical and grammatical actions neededto
generatean XM L AST for alanguage. An XML Schema35] is provided in the appendix asA.1. lan-
guagexsd, and a de<ription of that schema is provided here. Before getting into that, I'll provide a

badc guide to reading XML Scemadocumerts.

6.2.1. A Crash Course in XML Schema. This section existsto provide basic under-
standing of the XSD language of XML Schemd35], so that the reader unfamiliar with XSD can
follow the remainder of the discussionon the XML language les.

XML Schemais an XML language for specifying validating grammars for XML languages.
The W3C (the World Wide Web Consortium) is currently moving to replace XML's original spec-
i catio n language DTD (Documert Type De nition), with the far more exible and precise XSD
(the short name for XML Scema).

6.2.1.1. Elements, Attri butes, and Types. As XSD is a language for spedfying the gram-
mar for XML les, it must of necessiy deal primarily with elemens and attributes. XSD uses
xsd:elem ent and xsd:at tribute elements for descibing the properties of elemeris and attributes,
or for referencing a de<ription of an elemen or att ribute made elsavhere, asis done with the ref
attribute. When de<ribing the type of an xsd:element or xsd:attr ibute , we have the choice of
placing an anonymous type desciipti on withi n the elemen, or referencing a namedtype desription
through the element's type att ribute.

There are two kinds of type in XSD, xsd: complexTyp e and xsd: simpl eTyp e.
xsd:sim pleT ype typescan only describe strings, and their are a number of builtin simpleTypes,
such as xsd: NMTOKE N which matcheslegd XML identi er names. Since XML attributes can

only contain strings, all xsd:attr ibute typesmust be xsd:simpl eTyp es. When an xsd: element
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is given a simpleType, it canna contain attributes, nor can it contain any element children; if
either of theseis needed,then it is given an xsd: comple xT yp e type, which descibe thesethings.
xsd:com plexT yp e typescan desribe typeswhich contain attribut es and element children; when
an xsd:compl exT ype needsto contain both elemen and text children, it is said to be mixed. Both
xsd:sim pleT ype and xsd: complexT yp e can extend or restrict previously de ned types,through
the useof xsd:extensi on and xsd:restrictio n elemens (which will not be fully explained here).
6.2.1.2. Choices and Sequenes. The valid element contents of an xsd:com plexT yp e are
speci ed using xsd:sequence, xsd: choice, and xsd: all elemerts, which contain other items, bethey
xsd:element, or one of the speci ers xsd:sequence, xsd:choice, or xsd: all. The cardinality of
elemerts in theseernvironmertsis a ected by the attributes minOccurs and maxOccurs, though the
defaults vary betweenthem. xsd:sequence is a simple sequencewhere every element has assumed
cardinalit y of 1, though unlessoverridden by the occurrenceattributes (as when minOccurs = \0 %
making an item optional). xsd:choice is a disjunction, where one of the listed options is matched,
and the maxQOccurs can be raised, but minOccurs must be greater than or equalto 1. xsd:all is
a feature not commonly seen in grammars, it is the conjunction of its children, sothat all of them
must be selected,and for xsd:all , minOccurs may be setto 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 ref="B" maOccurs="unbounded"/>
<xsd:el ement ref="C" minOccurs="0"/>
<xsd:ch oice>
<xsd: element ref="D" maxOccus="2"/>
<xsd: all>
<xsd:element ref="E " minOcars="0"/ >
<xsd:element ref="F "/>

<xsd:element 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?(Df1;29j ((EFG)j(EGF)j(FEG)j(FGE)j(GE F)j(GFE)j(FG)j(GF)) )

6.2.2. How language les work . This sec¢ion coversthe structure of les described by
A.1. language.xsd which specify the lexical and grammatical de nition for a language. These les
are rooted with a langua ge elemert. This elemen has a name attribute, which speci es the name
of the language being described (all namesdescribed in this format are used for symbol geneation,
and as a result they must be legal identi ers in the generated parser targetlanguagg. The langua ge
elemen also possesestwo children, a lexer element, which comes rst and which descibes the
lexicographic rules of the language; and a parser, which comessecad and which de<ribes the

grammatical rules of the language. The following fragmert of XSD de nes language elemerts:

<xsd: element name="language">
<xsd:comple xType>

<xsd:sequ ence>
<xsd:el ement ref="lexer "/>
<xsd:el ement ref="parse r'/>
</xsd:s equence>

<xsd:attr ibute name="namé type=" xsd:NMT®EN" use="requir ed"/>

</xsd:com plexType >

</x sd:eleme nt>

The lexer elemen describesthe lexicographic portions of the language. This elemen has
opti on, patt ern, matc h, ignore, and error elemer children. The option elemeris are used to
pass options to the lexer genetor.

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

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

The pattern elemern is usedto de ne regexppatterns to be reusedby the regexpof the
rules de ned by later pattern or mat ch elemens.
Ex: <patt ern nanme="NL">nn| nrnn| nr| nf</p att ern>

The following fragment of XSD de nes pattern elemeris:

<xsd: element name="patern">
<xsd:comple xType>
<xsd:simp leConten t>
<xsd:re strictio n base="xsd:stri ng">
<xsd: attribut e name=hame" ty pe="xsd: NMTOKEN"
use="requir ed"/>
</xsd :restric  tion>
</xsd:s impleContent>

</xsd:com plexType >

</x sd:eleme nt>

The match dements are usedto de ne lexical actions which generate terminal sub-trees.
These sub-treeswill consist of an element node (with the name given by the \term" attribute),
containing a text node whose value is that of the matched lexeme. The text content of matc h
elemerts is the regexppattern for the asscriated rule.

Ex: <natc h ter m=I MPAT.SYM>" @mpat "</ mdch >

The following fragment of XSD de nes match elemers:

<xsd: element name="m&h">
<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 elemerns are usedto de ne lexical actions which ignore their lexemes. Like
matc h elemerts, the text content of ignore elements is the regexpfor the assiated rule. The
following fragment of XSD de nesignore elemens:

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

The err or elemers are usedto de ne lexical actions which halt parsing and signal an error.
(Often an “anything' match placed at the end of the lexer sedion will usean error elemen.)

Ex: <erro r>.</ error>

The following fragment of XSD de nes error elemens:

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

The parser elemen descibesthe grammatical portions of the language. This elemen
has optional attributes start, which speci es the start symbol of the language (it defaults to the
rst nonterminal or list symbal), and expected_con i cts, which speci es the number of shift/r educe
con icts the parser genemtor should expect in the language (it defaults to 0).

The parser elemert contains nonterm and li st elemen children. Thesechildren correspond
to grammatical rules and ses of action code. nonterm elements describe nonterminal rules; and
list elemerns resnlve, after a language ) language transfamation, to a cdlection of nonterm

elemens. The following fragmert of XSD de nes parser elements:

<xsd: element name="paser">
<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="start" type="xsd:NMTOKEN"/>

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

</x sd:eleme nt>

The nonterm elemers de<sribe nonterminal rules and their action code. These elemeris
have a requiredatt ribut e name, which speci es thenonterminal's produced, and an optional attribute
epsilon, which sped es if the nonterminal hasan empty production. The nonterm elemeris contain
0 or more product ion children, which descibe individual productions, and are descibed by the

type Pro ductionT ype. The following fragment of XSD de nes nonterm elements:

<xsd: element name="nmterm">
<xsd:comple xType>
<xsd:sequ ence>
<xsd:el ement name="production" type="Pr oduction Type"
minOccurs="0" maxOcurs="un bounded"/>
</xsd:s equence>
<xsd:attr ibute name="nameé use="r equired" type="x sd:NMTORN"/>
<xsd:attr ibute name="epsilon" typ e="xsd:b oolean" default= "false"/ >
</xsd:com plexType >

</x sd:eleme nt>

The list dements descibe high-order lists which map to collections of recursive nonterms,
as descibed in 6.7.2. Technique: Lists through Grammar Transforms. These elemens have at-
tributes name, epsilon, item_name, item_action, item_epsilon, delim_name, delim_action, and de-
lim_epsilon; and contain delimiter and pro ducti on elemeris. The full semartics of list elemens
are provided by a language) language transformation, and will be described in the list resolution

technique. The following fragmernt of XSD de nes list elemeris:

<xsd: element name="li st">
<xsd:comple xType>
<xsd:sequ ence>
<xsd:el ement name="deli miter" type="ProductionT ype"
minO@urs="0" maxOccus="unbo unded"/>

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

</xsd:s equence>
<xsd:attr ibute name="namé use="r equired" type="x sd:NMTOEN"/>
<xsd:attr ibute name="epsilon" typ e="xsd:b oolean" default= "false"/ >
<xsd:attr ibute name="item_epsilon " type=" xsd:bool ean" default="fa Ise"/>
<xsd:attr ibute name="deli m_epsilon" type="xsd:boo lean" default="f alse"/>
<xsd:attr ibute name="item_name" t ype="xsd :NMTOKEK
<xsd:attr ibute name="item_action" type="ActionTyp e"/>
<xsd:attr ibute name="deli m_name"type="xs d:NMTOK¥'/>
<xsd:attr ibute name="deli m_action" type=" ActionTy pe"/>
</xsd:com plexType >

</x sd:eleme nt>

The type Pro ductionT ype typeis usedby both the deli mite r and pro duct ion elemeris.
It cortains a list of one or more symbol eements, which specify their own re-write actions, and
contain as text the name of the symbol they are to match.

Ex: <symiol >Sane&Symbd< /sy miwl>

symbol elemens possessoptional action, rename and optional attributes. The action
attribute sped esthe re-write action which should be applied to a symbol's sub-treeat parsetime,
and it defaults to \ preserve". If a symbol's sub-tree should be renamed at parse time, then the
rename attribute speci es the new name.

The language language supports optional symboals, through the use of a language )
language transfom. The optional attribute, when \true" or \false" species if a symbal is op-
tional (and defaults to \false"). Note that the trandorm 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 fragmert of XSD de nessymbol elanerts:

<xsd: element name="symbol" maOccurs="unbounded">
<xsd:comple xType>
<xsd:simp leConten t>
<xsd:re strictio n base='xsd:NMT®EN">

<xsd: attribut e name=‘action" type="ActionType " defaul t="prese rve"/>
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<xsd: attribut e name=tename" type="xs d:NMTOKE&'/>
<xsd: attribut e name=ptional " type=" xsd:bool ean" default="fa Ise"/>
</xsd :restric  tion>
</xsd:s impleContent>
</xsd:com plexType >

</x sd:eleme nt>

The type Act ionT yp e is usedby various attribut esto specify which re-writ e action to take
at production time. It enumerates four possiblevalues: \pr esere", \content", \to ken", and \ drop".

The following fragment of XSD de nes the ActionT ype:

<xsd: simpleTy pe nameZActionT 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 XML for AST Representati on

The wide availabilit y of XML means that it is usudly available for useas the internal rep-
resertation when constructing ASTs. If XML is used for AST represenation, no tree manipulation
code, nor custom purpose AST clas®s will needto be deweloped. Binary data will require some
textual encaded form, such as Base645]. Howewer, many DSL applications never deal in binary
data, sothe encaling limitation is not very great.

The primary advantage of using XML for AST repre®rtation is that AST serialization
becomestrivial, and well de ned, and thus language processingtools can be strung together with
pipesand It ers, with norequiremert that they bewritten in the samelanguage. Semantic valid ation
and type cheding could be performed by a Java program, and then a C based XSLT engine could

transform the validated code into some dedination format.
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6.4. Technique: Map Lexical Actions to Match, Error, and Ignore

Lexers scan input character streams,and yield terminal streams (represeted as somenode
or token data structure) to a parser. They perform this task by scanning characters in the input
stream, and sdecting sub-strings which match certain patt ems. Various actions can be performed
on thes sub-strings, such asthe condruction 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 elemen
root node with the same name as the terminal, that corntains an XML text node whosevalue is the
lexical content of the terminal.

The rules usedby the lex-family lexer geneiators assaiate regular expressias wit h action
code. Theseexpressims are built into the generaed lexer's state machine, and when their patt ems
match, the rule's assciated action code is executed. While di erent lexer generaors support di er-
ernt dialects of regular expressions(and thus di er ent patterns must be developed for di erert lexer
generators), there is enaugh similarity betweenregexp dialects that you should have little dicult y
adapting a pattern from one lexer generaor to another.

In ane ort toreducethework donein parseand processingsteps,many complex and subtle
features have been deweloped for the various lexer genemtors available. Since we are using a full
transform ervironment (XSLT), we have little needfor such clevernessat the Lex stage, and sowe

cast lex actions into three distinct and limited classes:

(1) matc h rules - which produce terminal nodesfor lexical tokens;
(2) ignore rules - which consume characters, but take no other actions; and

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

For example, the following is the lexer portion of B.3. lispylanguag.xml, which de nes a

language called \lisp y", which | used during tool developmert:

<lexe r>

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

<méach term="identi fier">[[ :alpha:] ][[:alnu m:]]*</m atch>
<mach term="number'>[[:dig it]]+</ match>

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

<ignore>["[ :print] ]I\n[:b lank:]]< /ignore>

<error>.</e rror>

</l exer>

6.4.1. Lexer Action Code.

6.4.1.1. Ignore Rules. The ignore rulesusually producerelativ ely trivial action code. These
rules merely need to match and conaume strings, and not to yield tokens. With ex , ignore rules
rules yield:

PATTRN{
/* Ignore */;

}

6.4.1.2. Error Rules. The error rules require a bit more work. When they match, it means
that the input is lexically malformed, and we want to halt the transfomation. To do this, you'll
needsomeform of error token, sepaite 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 senesto indicate to
the parserthat we are in a failure mode. Wit h ex , error rulesyield:

PATTRN{
[* Error *
yylval = NULL;
return li spy_lex_ error;

}

6.4.1.3. Match Rules. The match rules capture the lexeme as a text node, and create an
elemen node for the terminal, which contains the lexemetext node as a child. XML libr aries vary,
but for ex and libxml [16], our match rules yield:

PATTBN({
/* Match */
yylval = xmINewNde(NULL, "TERMIML_NAME"
xmlAddChild(yylva |, xmINewnText(yy text));

return li spy_sym_TERMINAINAME;
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6.4.1.4. Line and Column Numbering. It is frequently useful to annotate these terminal
nodes with line and column attributes. Some lexer generators provide ervironmerts which tradk
line and column numbers; but in others, you will needto create custom purpose rules which match
at the begnning of the rule setsto track thesenumbers. In ex , this is often accanplished in the
following manner:
++column_number; REJECT,;
\n ++line_n umber; column_number = 1; REJECT
In our environmerts, we have made this annatati on a run-time option; so our true match
adion code is closerto this:
PATTEN{
/* Match */

yylval = xmINewNde(NULL, "TERMIML_NAME'

if (track _term_position) {
char buf[32];
snpri ntf(buf, 32, "%d, line_ number);
xmlSetProp(yy Ival, "l ine", buf);
snpri ntf(buf, 32, "%d, column_numbej;

xmlSetProp(yy Ival, “column”, buf);

xmlAddChild(yylva |, xmINenText(yy text));

return li spy_sym_leftPare n;

6.5. Technique: Re-Write Nodes at Production Tim e

Sincethe AST will be an XML tree, the semartic content of each symbol matched by a
particular production will itself be an XML fragment. The simplestapproach to building an AST at
this point is to collect the fragments as children of a new elemen node creaed for the non-terminal
being produced (working in context-free grammars, there is only ever one NT being produced).

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

ting somebasic re-writes of thesesub-treesat this step. | haveidentied v esped c re-writes which
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Figure 1. Node Re-Write Selections

are simple to implemert in an XML environmert, and together enable many high-order grammar
features (such as collapsed lists). The simplest, rename, simply renamesthe root of the sub-tree.
Sub-trees wil | always have element nodesas their roots, since parser and lexer action code produces
such sub-trees.

When a production matches,th e various families of parser generaor s provide di erent means
of accessing the semantic content of each symbol in the production. In our case, this will be the
XML sub-tree for a symbol. We have deweloped a cdlection of badc 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-tree
will always be a singe elemert node, sincethe action code of all of our non-terminal and terminal
productions yield rooted XML trees.

In addition to rename , there are four selectimn actions which can be performed on a sub-

tree:

(1) preserv e - which kees 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) content - which keepsall of the sub-tree, except for the root node; and

(4) drop - which discards the symbol's sub-tree ertirely.
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It shauld be noted that renaming is, for obvious reasas, nonsensi@al when combined with

the \ content" or \drop" node selections.

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

<parser>
<li st namezProgram" epsilo n="true" >
<producti on>
<symbol>Apply</ symbol>
</produ ction>
<Jlist>
<nonterm name="Apply">
<producti on>
<symbol action= "drop">| 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 nameZApplyLi st" epsilon="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>
<Jlist>

</parser>

6.5.1. Parser Action Code. The codefor theseaction rulesistrivial, soexamplesshould

suce. The main thing you needto know about bison actions is that the semariic value of the
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non-terminal being produced is stored at location $$, and the semanrtic value of the 1.. .N symbols
for a given production are stored at locations of the form $1, $2,.. ., $N

The generd cas for a non-terminal production is to creae a new XML node wit h the same
name as the non-terminal, and to yield that node asthe semantic content of the production. With
bison and libxm I[16], our production code was of the generd form:

$$ = xmINewNde(NULL, "NONTERINAL_NME");

/* Insert Re-Write Cale for Each Symbl */

6.5.1.1. Rename Re-Write for Symbol 1.
xmINadeSetNare($1, "NEW_NAME"

6.5.1.2. Preserve Re-Wri te for Symbol 1.
xmlAddChild($ $, $1);

6.5.1.3. Token Re-Write for Symbol 1.

xmlAddChild($ $, $1);
if ($1->child ren) {
xmlFreeNadeList($ 1->child ren);

$1->child ren = NUL;

6.5.1.4. Content Re-Writ e for Symbol 1.

if ($1->child ren) {
xmlAddChildList($ $, $1->children)
$1->child ren = NUL;

}

xmlFreeNode($1);
6.5.1.5. Drop Re-Wri te for Symbol 1.

xmlFreeNode($1);

6.5.1.6. List of Terminals. For mog parser genemtors, it will be necessay 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 trangormation on the XML rules for the lexer.
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6.6. Technique: Optio nal Symbols thr ough Gra mmar Transforms

Foo := Bar? Baz

Optional symbols are quite usefulin grammars, and as a result, many, possibly mog gram-
mars have (or could be writt en in a way which had) sewral. These symbols must be resdved at
same point, and in most environments this task is left to the programmer. Resdving grammar
productions which contain optional symbols is a medanical task, if a given production contains N
optional symbols, then after resolving the production, the grammar will contain 2V productions in
its place.

However, when using a transformable grammar de nition, there is no reasonto expect the
human programmer to do this menial task. Human error rate alone arguesagainst it.

Sinceit is eay to specify an epsilon production for a non-terminal, a useful trick for the
optional symbol enumeration transform is to have it not produce epsilon productions which are
the result of enumeration. This providesa meansof handling a grammar cornvertion which is quite
common: Foo ::= Bar Baz? | Baz can then be written: Foo ::= Bar? Baz?. This trick was

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

Foo := Bar? Baz?
+

Foo := Bar Baz
j Bar
j B az

6.6.1. A Crash Coursein XSLT. This section existsto provide hasic understanding of
the XSLT language of XML Stylesheet Language Transforms[38], so that the reader unfamiliar with

XSLT can follow the remainder of the discusson on XSLT transform les.
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XSLT is an XML language for specifying tree transformations on XML languages. It is the
mog used tree transform 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 asit doessg, it matches nodes(elemerts,
attributes, namespae nodes commerts, 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 transfom with no templatesin it will strip all of the elemens (and
thus attributes and namespace$, commernts, and procesing instructions from an XML e, leaving
only the text.

In order for a template to override this default, it must have a match attribute which
speci es an XPath[37] expression which evaluates tr ue for the given node. XPath isthe XML Path
language, and provides a means of evaluating expressims over an XML tree. Since there are often
sewral templates which may match a given node, the one who's match has the higher speci city
is applied. The means by which the relative specicity of two XPath expresdons 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 desciibe intuitively - named elemers in expressims are more speci ¢ than unnamed ones,
expressiams with more tests are more speci ¢ than thosewith fewer, etc.

These XPath expressons are used for other portions of XSLT as well. They are used by
xsd:i f and xsd:when asthe contents of test attributes to determine ow cortrol; and by xsd:for-
each, xsd:par am, xsd:v ariable and others as the contents of sdect attributes, which sele¢ values
from an XML treeto perform various operations on.

6.6.1.2. Recursion, Variables, and Parameters. In XSLT, there are two means of recurson
available - xsd:apply-tem plates, which returnsto template matching on the current context; and

xsd:call -templ ate, which calls an xsd:tem plate explicitty by name. XSLT also provides a means
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of de ning variables, the xsd: variable elemen, which de nes a new XPath variable which is in-
scqpe for elements which are following siblings or children of following siblings of the xsd:variable
de nit ion. The value of a variable is set using either the sdect attribute and an XPath expression,
or the reault of applying the template contained within the xsd: variable elemen. Parametersmay
be passd between templates through the use of xsd:par am elemeris. xsd:par am behave like
xsd:v ariable elemensin 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 control in XSLT is accomplishedwith xsd: if and xsd:choose.
The template de ned within an xsd:i f elemern is evaluated if the XPath expressim in it's test at-
tribute ewvaluatestrue. xsd: choose elemers contain a sequenceof xsd: when elemenswith test at-
tributes, followed by an xsd:otherwi se elemen; xsd:choose elements are like an if ; elif ; elif ; else

selies; and every occurrenceof thesetwo patterns is identi cal:

<xsd:if test= "SOMETHES>
BODY

</x sd:if>

<xsd: choose>
<xsd:when test="SOMETEST">
BODY
</xsd:whe n>

</x sd:choos e>

6.6.2. How enumerat e_pro ductio ns.xsl work s. This section examines the behavior of
A.3. enumerate_productions.xsl, which provides a basic XSLT transform which enumerates pro duc-
tio ns (and deli mi ter s) of language grammars which contain optional elements into all pro ductio ns
(and deli mi ter s) which contain no optional elemeris requiredto provide the semantics of the gram-

mar. It shauld be trivial to implement in other transformation ervironments.
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The following is an identity template in XSLT. It will transfoom an XML documert into
itself. Howewer, other templates with higher speci city to their matches will override this 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/>
<Ixsl:cop y>
</x sl:templ ate>

The enumeration is performed by a recursive template named enume rate-pro ductio n. It
will override the identity template for nodeswhich possessymbol children which are optional (this
includespro duction and deli miter nodeg. The basic algorith m used by enumerate-pr oducti on
isto selectthe r st optional symbol nodewhich it hasnot yet seen,and twice, oncewith that symbol
addedto theylist, and oncewith it added to the nlist. The yli st and the nli st, or the yes and no
lists, list the identities of optional nodes which have already beenseen,and which have been either
enabled (in the caseof the yli st), or disabled (in the cas of the nlist).

When there are no more optional children to enumerate, this template tegds to seeif the
current cournting would yield an epsilon production. If it would not, it producesa copy of the basic
node involved (in this case, either an pro duction or delimi ter elemen). The copied elemert is
given a copy of every elemen 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 ']]* nane="enumeate-pro duction" >
<xsl: param name="ylis t"/>
<xsl: param name="nlis t"/>
<xslvariab le namezsym"
select="s ymbol

[ @optional="true’ ]



[ not(cont

[1]"/>

<xsl:choose >

<xsl:when test="$
<xslva riable
<xsl:ca ll-templ
<xsl: with-par
<xsl: with-par
</xsl :call-te
<xsl:ca Il-templ
<xsl: with-par
<xsl: with-par
</xsl :call-te

</xsl:w hen>

<xsl:othe rwise>
<xskif  test="c
<xsl:ico py>
<xsl: for-each
<symbol>
<xsl:for-
<xsl:co
</xsl:f

<xsl:co

</symbol>

</x sl:for-e
</xsl :copy>

</xsl :if>

ains(con cat($yli st, ,

sym">

ate name"enumerate-prod
am namezylist"  select="
am name=nlist"  select="
mplate>

ate name"enumerate-prod
am namezylist" select="

am name=nlist’ select="

mplate>

ount(symbol[not( @optional) or @ptional! ='truel ) or $ylist">

select= "symbol[ not(cont

each sel ect="att ribute:

py/>
or-each>

py-of select="no de()"/>

ach>

</xsl:o therwise >

</xsl:cho ose>

</x sl:templ ate>

$nlist) , generate-id()) )]

name="sid" select ="generate-id($s ym)"/>

uction">
concat($ ylist, ' ', $sid)"/>

$nlist/ >

uction">
$ylist”/ >

concat($ nlist, ' ', $sid)"/>

ains($nl ist, generate-id ()))]">

*lname() != 'opt ional]" >

44
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6.7. Technique: Lists thr ough Grammar Transforms

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

nonterm rule would look like this:

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

<production >
<symbol>LIST</symbol>
<symbol>A</symbol >
</product ion>

<production >
<symbol>LIST</symbol>
<symbol>B</symbol >
</product ion>

</nonterm>

Unfortunately, given a symbol stream A B A A this yields the containment
(O A B A A), rather than the more useful (A B A A). We would likely needto resructure
this treeat transform time in order to actually make any useof it; and since this action (matching
lists of elements) is virtually guaranteed to come up while writing a trandorm tool, there is some
real value in having a higher level model for deding with this. The smgn tool[12] a ttens recursive
lists, but does not handle delimited lists, and provides no means of controlling the nature of the
cdlapse.

We have dewveloped a higher-order list abstraction de ned in terms of the non-terminal
abgraction. The meaning of the list abstraction is captured in terms of left recurdon and node re-
write (particul arly the\content” action) in the produced nonterms. Thesemethods can be applied
to yield lists of this type for any context-free parser generaor, no matter its features; and they are

relativ ely eay to adapt to other parser generaion models. Our list rulesyield nonterm rules, not
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action code. Sincethis is a transformation approach based around XML and XSLT, and since our
grammar rules are themselves XML, it is only natural for usto de ne theresdution of li st elemeris
into nonterm elemeris in terms of XSLT templates.

We'll lay out the skeleton of the productions genemted by a list rule asloose BNF (without
discussng the node re-writes acting upon symbols). In this BNF,  will denote the set of produc-
tions for elemers of the list,  will denae the set of productions for delimiters of the list, and 1
will denote the join operation, as suggested for delimited lists in Advanced Compiler Design and
Implementation[1]. Additionally, 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 s& of non-terminals:

LIST = LIST_.item LI ST _rlist

LI ST _rlist

LIST__rlist hLl ST_delimi LI ST_item
i
LI ST __item

hLl ST __delim n= i

The following list abstraction provides for named delimiters, named items(in which casea
matching list production is held in an item elemen wit h the given name), unnameditems(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 list 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 permitted an epsilon production, defaults to
\false";

(3) item_name - speci es if this list's items should be named, and what the name should

be;
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(4) item.action - speci es the action to be takenfor this list's items (defaults to \content"
if item_name is not set, and \pr esewre" if it is);

(5) item_epsion - speci es if there is an epsilan production for the list item, defaults to
\false".

(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 delimiters (defaults to
\dr op" if delim_name is not set, and \pr esere" if it is).

(8) delim_epsion - speci es if thereis an epslon production for the delimiter item, defaults

to \false".

Note: The epsilon, item_epsilon, and delim _epsion attrib utes of a list are related. Only one
of them can be setto \t rue" without producing grammar coni cts.

The rules have one or more pr oducti on children, which work the same as those of non-
term rules. These productions descibe the various productions of a list's items. list rules may
have deli miter children, which behave the same as pr oducti on rules, save that they desribe the

productions of a list's delimiters.

6.7.1. A Quick List 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 some Expressia), and parameters may be set by keyword. The

grammar for such a language might appear as:
ParamL ist = ( E xpr ession
j identi fier equals Expression )

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

ParamL ist ParamlLis t__ite m ParamL ist_rlist

ParamList __rlist ParamLis t__rlist ParamLi st__delim ParamL ist__ite m

ParamList _item = E xpr essi on
i identi fier equals E xpr ession

P ar amLis t__delim = comma

We wish the AST sub-tree for parameter lists to be a ParamLis t node, containing a cal-
lection of Param nodes each containing one parameter. We also wish to perform some re-write on
keyword parameters,by renaming theidenti er symbol to keyword, and by dropping the equals
symbol. Additionally, we wish to permit epdlon productions on the list, which would be di cult to
expressin our current BNF without more formalism there. All of this can be accanplished wit h the

following list rule:

<list name="RramList " item_name="Pamam" epsilon="tru e">
<delimiter>
<symbol>commas</synbol>
</delimit er>
<production >
<symbol rename="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>

Which resolesto the following set of nonterm rules:

<nonterm name"Paramlist" epsilon="tr ue">
<production >
<symbol rename="Rram"

action ="preser ve">ParamList__i tem</symbol>
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<symbol
action ="conten t">ParamList__rl ist</sym bol>
</product ion>

</nonterm>

<nonterm name"Paramlst__rli st epsilon="tru e">
<production >
<symbol action="c ontent"> ParamList__rlist </symbol >
<symbol action="d rop">Par amList__delim</s ymbol>
<symbol rename="Rram"
action ="preser ve">ParamList__i tem</symbol>
</product ion>

</nonterm>

<nonterm name&"Paramlist__ite m" epsil on="fals e">
<production >
<symbol rename="leyword">identifi er</symbol>
<symbol action="d rop">equ als</sym bol>
<symbol>Expressio n</symbol>
</produ ction>
<production >
<symbol>Expressio n</symbol>
</produ ction>

</nonterm>

<nonterm name"Paramlist__del im" epsilon="fal se">
<production >
<symbol>commas</synbol>
</product ion>

</nonterm>

6.7.2. Formal List Resolution. Formally, the resolution of list rulesinto nonterm rules

is de nedby the following XSLT transformations, which producea nonterm rule, with pr oducti on
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children, for ead non-terminal appeaing in our informal BNF. The symbols usedin these pro-
ducti ons are provided by three helper templates, which act to realizethe various re-writes our list
abgraction requires A full XSLT Transform le is provided in the appendix as A.4. resolvelists.xsl

Initi ally, undergand that ewery list rule producesthree (or four, if delimiters are de ned)

nonterm rules. If the name of the list is \LIST", then thesenonterms will be:

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

(2) \LI ST _rlist* - which de nes the non-terminal for the recursiwe lists, which are com-
pletely consumed by node re-write actions;

(3) \LI ST_item" - which matches the various list items of the list rule; and

(4) \LI ST __delim" - which matches the various delimiters of the list rule, if there are

delimiters.

The following is the certral XSLT template from A.4. resohe.lists.xsl which drives this
resolution:

<xsl: template match="list">
<nonterm name="{@nae}" epsilon="{s tring(@e psilon = ‘'true’) }">
<producti on>
<xsl:ca ll-templ ate name'list-i  tem-symbol"/>
<xsl:ca Il-templ ate name'list-r list-sym bol"/>
</produ ction>
</nonterm >
<nonterm name="{concat(@nane, '_ rl ist)}" epsilon= "true">
<producti on>
<xsl:ca I-templ ate name'list-r list-sym bol"/>
<xslif  test="d elimiter ">
<xsl: call-tem plate name="list -delim-s ymbol"/>
</xsl :if>
<xsl:ca I-templ ate name'list-i  tem-symbol"'/>

</produ ction>



51

</nonterm >
<nonterm name="{concat(@nane, ' 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 >
<xslif  test="delim iter">
<nonterm name="{concat(@nane, '__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 >
<Ixsl:if>

</x sl:templ ate>

Every place where we usethe __rlist symbol, it hasthe \content" action. This causesthe
recursive lists to collapse, sothat the top level list non-terminal gets only the __item children of all

the recursiw lists, in the proper order. This cals for the following relatively simple template:

<xsl: template name="list-rlis  t-symbol ">
<symbol action="con tent">
<xslvalu e-of sel ect="con cat(@nane, '_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 setfor the list, the __item symbol gains arename action to renameit's sub-tree's
root nodeto the givenname. The default action to perform on __item symbolsis\content”, though
this changesto \pr esere" if item _name is set, and can be set explicitly usingitem _action . These

conditional semantics are realised with the following XSLT template:

<xsl: template name="list-item -symbol" >
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<symbol>
<xslif test="@it em_name*
<xslat tribute name="rename">
<xsl: value-of select= "@item_name"/>
</xsl :attribu te>
</xsli f>
<xsl:attr ibute name="acti on">
<xsl:ich oose>
<xsl: when tes t="@item_action" >
<xslvalue- of selec t="@item_action" />
</x sl:when>
<xsl: when tes t="@item_name">peserve< /xsl:whe n>
<xsl: otherwis e>content</xsl:0 therwise >
</xsl :choose>
</xsl:a ttribute >
<xslvalu e-of sel ect="con cat(@nane, '__it em')"/>
</symbol>

</x sl:templ ate>

__delim symbols are just like __item symbols, except that their default action is \ drop",
and not \content"; asshawn in this nal template:

<xsl: template name="list-deli m-symbol">
<symbol>
<xslif  test="@ddim_name">
<xslat tribute name="rename">
<xsl: value-of select= "@delim_name"/>
</xsl :attribu te>
</xski f>
<xsl:attr ibute name="acti on">
<xsl:ch oose>
<xsl: when tes t="@deli m_action ">
<xslvalue- 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>



</xsl:a ttribute >
<xsl:valu e-of sel ect="con cat(@nane,
</symbol>

</x sl:templ ate>

'__delim)"/>
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CHAPTER 7

A Guide to App lication

The application of the thesetechniquesto a language desciption requires the developmert
of a method for Language Resoltion, which resohes high-order language features It requires a
method of Building the Tool, which generates input to the lexer and parser genemtors, and then
applies those generaors, and compilesthe tool. At that point the tool will be available for Using

the Tool.

7.1. Language Resoluti on

In order to dewelop a Language Resolution method, XSLT transforms for resolving the
ernvironmernt's high-level grammar feaureswill be needed. These transforms must be orderedin such
away that their seiial application will fully resolve thelanguage down to nonterm elemens without

optional symbols. The two high-order transforms provided with this document, A.4. resdve.lists.xsl

Language to Language
XSL Transform
T T
\ 1
‘D’

Resolve Language

|;'>|| XSLT |||;'>|| XSLT |||:'>||XSLT|||;’>

XML |:> Resolve |:> XML
Language

Language Description Resolved
Language Description

Figure 2. Language Resdution

54



55

Generate Lexer

Language to Lexer Generator Input

XSL Transform

U .
[ e e N e | S

Lexer Generator Lexer Source
Input

> ||XtoXML||

Parser Tool

S
XML |

Resolved
Language Description

Generate Parser

Language to Parser Generator Input

XSL Transform

J X
= S e

Parser Generator Parser Source
Input

Figure 3. Building the Tool

and A.3. enumerate_productions.xsl may be applied in any order, and may be applied repeatedly.
After ordering the selected transfoms, all that needsdoing is the condruction of a a basc build
chain (I usea M&efi le ) which will apply them to language de<ription les. This will completethe

LanguageResoluion method.

7.2. Building the Tool

7.2.1. Lispy. As an example we will use a simplistic, Lisp-like language (called \lispy"),
which possssesapplications, identi er s, numbers, and strings. A basic transformation would be to
re-write a Lispy statemert from its parenthetical notation 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 generate X _lexer.xsl and

generate _Y _par ser.xsl will be neededfor di erent ervironmerts, and for di erent choicesof X

and Y. Examples are provided for C and Java. The development processfor such transforms can

be summarized as:

(1) Write A Trivial Tool

(2) Abstract the Tool

Oncethesetransforms are developed, they will need a build chain (again, | use a M&kefil €)
which applies them in order to generae input for the lexer and parser generdors from a fully
resolved language description le; runs the genemtors on the generaed input, and compiles the

resulting saurce into the nal tool. This will complete the method for Building the Tool.

7.2.2. Write a Trivi al Tool. Invegigate and selet an XML library, lex clone, and yacc
clone for the ervironment. Then, implemert a parsertool for same trivial language with the chosen
tools. The red point of this exercise is to feel out the tools being used, and to answer a small
number of basic questions posel by the techniques. It is important that this parser is written as
thoughit were geneated, using very regular code patterns. If it is written with a vaired writing style,
the abstraction step will require more work.

For the lexer:

(1) What action code should form matc h, ignore, and error rules? The match code
needsto create XML elemen nodes,and XML text nodes.
(2) If it is neccesary to track line and cdumn count, how will the lexer handle that? This

code neals to attach attributesto the elemerns produced by match nodes.

For the parser.

(1) What action 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. Abstract the Tool. After the creaion of a basic example parser, and the subse-
guernt code debuggng, it is straight forward to abstract the exampleinto a transfom. Some portions
of the code will be invariant acrossall generaed saurce les, and thesecan be copiedwholesale into
the transform. Others, sud as listing the non-terminals, or yielding the action code segnerts, will

require slightly more work.

7.3. Using the Tool

Once the parse tool for the language is developed, there are many applications for it.
Further transformations could be applied to it's XML output, perhaps to geneite code, perhaps to
simplify the representation for future trangorms. Other tools could be applied to analyze the code,
and, due to the ubiquity of XML libraries, there is no needfor di erent tools in the sameanalysis

chain to to be written in any particular language.

7.4. An Example in C

As an example, I've written a basc implementation of a lispy parserin C, using ex,
bison, and libxml. The action code usel for the C example was presented earlier in the lexer and
parser technique sections. This example program is a lter (meaning that it readsits input from
stdin, and writes its out put to stdout). It is available in the appendix as B.10. lispylexer.| and

B.11. lispy_parser.y, and was built using the commands:
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bison -v -d li spy_parser.y
fl ex -oli spy_lexer. c lis py_lexer. |
cc “xml2-confi g --c fl ags --li bs™ -o li spy_parser \

lispy parser. tab.c

Note: the * character in this log is a backtick.
This producesthetool | isp y_pars er, and the intermediary les: li spy_le xer.c,

li spy_parser. output, |is py_parser.ta b.c, and li spy_parser.t ab.h

7.4.1. Intermezz o. At this point, it might seemappropriate to abstract B.10. lispy_lexer.1
and B.11. lispy_parser.y into XSLT transformations on Language les. Howevwer, the Lispy Language,
even the resdved form, is lacking any use of the \to ken" action. As a result, there is no prototype
of this action in the example code.

In order to address this limit ation, | 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"
action. The | e B.7. lispy_null.languagexml represets this extended language, and the artifact
B.8. lispy_null-resolved.languagexml is the result of resolving it with A.4. resole.lists.xsl.

Re-writing the C code to support the additional lexical and grammatical rules introduced
(and to change the name of referencesto the language) producedthe artifacts B.12. lispy_null_lexer.|
and B.14. lispy_null_parser.y.

Thesecan be built into ‘lispy_null parser' using the commands:

bison -v -d i spy null _parser.y
fl ex -oli spy _null_| exer. c lis py_null _lexer. |
cc “xml2-confi g --c fl ags --li bs" -o li spy _null _parser \

lispy_null_ parser. tab.c
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Note: the * character in this log is a backtick.
This producesthe intermediary les: |is py_null _ exer. c,

li spy_null _parser. output, lis py_null _parser.t ab.c, andlis py_null parser.t ab.h

7.4.2. Abstract It. Now that the example implementation makesuseof all the atomic ac-
tions neededby the LPT method, It is pretty straightforward to abstract implemertationsinto XSLT
transformations which produce ex lexers and bison parsers The various actions needto be enumer-
ated, and every occurrence of the name of the language needsto be replaced with <xsl: value -of
sele ct="/ la nguage/@amé/> , or some parameter or variable equivalen.

The artifact A.5. generate_ex _lexer.xsl is an XSLT transform which transforms resdved
Language documerts into ex basel lexers.

The artifact B.13. geneated.lispy_null_lexer.l is the result of transforming B.8. lispy_null-
resoved.languagexml with A.5. genemate_ex lexer.xsl. It varies only cosmeticdly from
B.12. lispy.null_lexer.l.

The artifact A.6. geneate_bison_parser.xsl is an XSLT transfam which transfomms resdved
Language documerts into bison based parsers.

The artif act B.15. generated.lispy_null_parser.y is the result of transforming B.8. lispy_null-
resoved.languagexml with A.6. genemate_bison_parser.xsl. It varies only cosnetically from

B.14. lispy.null_parser.y.

7.5. An Exampl e in Java

As a secand example, I'vewritten a badc implementation of a lispy_null parserin Java, using
JFlex, java_cup, and Xerces. This example program is also a It er. That is available in the appendix

as B.16. lispy_null_lexer.lex and B.17. lispy_null parser.cup, and was built using the commands:

java JHe x.Main lis py_nul _le xer. lex
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java java_cup.Man li spy_null _parser.cup

javac -d . Yyl ex.ja va parser. java sym,jav a

This producesa cdlection of Java classes, which can be run using the command:

java li spy_null. parser < INPUHLE

7.6. Lexer Act ion Code

This is the matc h code for the Java lexer. It also provides line counting.

PATTBN({
Element e = (Element) parser. documentcreateE lement(" SYMBOL?)
e.appendChild ( parser .documert.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 trivial.

PATTRN{

/* ig nore */;

This istheerr or code for the Java lexer, it just prints out the bad pattern and returns null.

PATTRN{
System.err.pr intin("l  llegal character : "+yyte xt());

retur n null;
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7.7. Parser Action Code

This is the rename code for the Java parser. Unfortunately, there is no standard interface
yet in the Java XML classesfor changing an elemer's name, so it is necessay to clone it. This

routin e does so destructiv ely:

publi c static Element cloneWithNewNa®(Element e, String namg {

Element newE= documat.creat eElement(name);
while (e.hasC hildNode s()) {

newEappendChld( e.getFirstC hild() );

if (e.hasAttr ibutes() ) {

NameblodeMapoldattma p = e.getAttribu tes();

NameblodeMapnewattmap = newEgetAttr ibutes() ;

Node n;

while (oldatt map.getLength() !'= 0) {
n = oldattmap .item(0) ;
e.removeAttri buteNode((Attr)  n);

newattmap.set Namedltem(n);

retur n newk;

It is applied using the following code in a rule:

sN = parser.c loneWith NewNamegN );

This is the preserv e action code for the Java parser. It appendsthe symbol sub-treeto the

current production tree.

parser.curren t.append Child( sN);
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This is the content action for the Java parser. It appends the children of the symbol

sub-treeto the current production tree.

while (e.hasC hildNode s()) {

curre nt.appen dChild( e.getFir stChild( ) );

This is the tok en action for the Java parser. It appendsthe sub-treeto 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 parseris to do nothing, and just let the garbage colledor eat

the symbol's sub-tree.

7.8. lispy_null -java

Unfortunately, during implementation, it came up that the original
B.7. lispy.null.languagexml le won't work in this situation, as JFlex lacks someof the character
classmechanismsused by ex. This is dealt with in

B.9. lispy_null-java.language.xml| with altered regular expresdons for JFlex compatibilit y.

7.9. Abstra ction

Though the code for this implemertation is wildly di er ent, the transforms produced when
abgracting this example (A.7. generatej ex_exer.xsl and
A.8. generate_java_cup_parser.xs|, provided in the appendix) are structurally similar to those used

for C. This will likely be true for mog ernvironmerts.



CHAPTER 8

A CSS Parser

Turning attention to a more complex example, | presen an application of thesetedcniques
to the development of a parser for Cascaling 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 elemers, and complex interactions with whitespace, and so there is same complexity in
producing tools for working with it.

The toal | producedusing thesetechniquestook me about a weekto develop, working about
3 hours a day. Howewer, at any given time, some sub-set of the language would parse and build.
Development was quick, and relatively painless Howewer, applying my original techniquesto this
development project led to a signi ca nt expansion of the nature of the language, and dightly altered
the semantics of the high-order list transform. The remainder of this sectionwill cover the changes
that the CSSParser forced, but rst, a warning.

W arning: anyone interested in implementing a parser for the CSS format shauld 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 removael; but this
is a mistake. A careful examination of the structure of seletor lists will reval 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 caseinsensitive, and many lexer genetors have the ability to set that asan option.
This required an extenson to the language format, and the code generators for C, to permit options

to be passedthrough to the lexer.
Additionally, lexical patterns used by CSS make heavy reuseof some of the same regexp
sub-paterns. In mog lexical genemtion ervironmerts, 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 genemtion facilities

8.2. Changes: Exp ected Coni cts

As do many non-trivial grammars, the CSS grammar contains a number of shift/r educe
conicts. Most parser genetion tools have a means of specifying how many are expected, and as
long asthe number detected matchesthe number expected, the tools do not complain. Working on

this grammar required adding the attribute expected_con ic ts to the parser elemers of langua ge

les.

8.3. Changes: Opti onal Symbols

The many, many optional symbols in the CSS productions drove the production of the
high-order tranform A.3. enumerate_productions.xsl, which enablesgrammars to possesoptional
elements. Actually, producing the transform took signi ca ntly lesswork than enumerating all of the
optional elemens oncewould have taken, so assoon as it becane an issue,| pausal for a few hours

to produce and debugthe new grammar transform.
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8.4. Changes: Empty Delimi ters

The grammar structure of Expressionsreally lendsitself to being structured as a delimited
list, and it is necesary to presere the nature of the delimiter. Unfortunately, one of the valid
delimiters is epsilon. This forced a change in the semartics of A.4. resolvelists.xsl, which initi ally

did not permit an epsilon productions for delimiters. Such are the lessms learned in actual use.



CHAPTER 9

Conclusions

Though robust meta-DSL environments exist, | believe there is value in investigating low
cost extensins to the lexer/parser generation model. My investigaions have expandedupon the
badc choice of delaying semantic actions until after parsetime, and of relying upon available XML
tools for as much work as they can bea. These choices produced a low-cost environmert which
provided high-order grammar feaures, sud as lists and optional symbols, as well as production

tim e sub-tree re-writes.

9.1. Objections

9.1.1. If you want to do this, why not use Lisp? The largest single lessom which |
feel needsto be conveyed is that we should simply accept XML. At this poaint, other formats should
only be creaed when there is a reason compelling enouch to produce a new parser chain. | shall let
this excempt from Extensible Programming for the 21st Century by Dr. Gregory V. Wilson of the

University of Toronto carry the argumert:

You don't need XM L to do this .

Sdeme provesby example that ewverything described in this ar-
ticle could have been done twenty years ago, and could be done today
without XML. However, the fact is that it didn't happen: as attractive
as parenthesizal lists are conceptually, they failed to win programmers'
hearts and minds. In cortrast, it has only taken HTML and XML a

decadeto becomethe mog popular data format in history. Every large
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application today can handle it; ewvery programming language contains
libraries for manipulating it; and every young programmer is as famil-
iar with it as the previous generdion was with streams of strings. S-
expressims might have deserved to win, but XML has. And yes, there
are better (i.e. more succinct, and henceeasier to proces$ waysto repre-
sernt the semantics of programsthan XML, but we believe that will turn
out in practice to be irrelevant. XML can do the job, and is becaning
universal; it is therefore di cult to imagine that anything elsewill be so

compelling as to displace it.[ 31]

9.1.2. XM L is not human reada bl e/writable . Thisobjectionisfrequertly raised, often
by proponents of ML or Scheme, or of more esteric, custom purposeenvironmerts. They make the
claim:

Why use XM L? | undergand the human readale format F far better

than | understand the P of XML.

Where F is somelanguage that the objector likes,and P is selectedfrom a set with repre-
serntative members goop, machine readable format, and proprietary format.

When these objections were rst raised about XML in the late 1990s, there was perhaps
same validity to them. XML then was just a subset of SGML[42], and SGML required somepretty
complex processingto handle. XML was the buzzword of the day, and its (many) detractors rightly
pointed that out, aswell asthe fact that it wasn't new, and that S-expressiams could do everything

XML could do. They were right, expect for one thing. XML did catch on.
Quantity hasa quality all its own. -Josgh Stalin

Today XML is in ewverything, and tomorrow, XML will be how everything talks. The latest

crop of application dewelopers were trained as Web Developers, there are many of them, and every
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JavaSciipt, HTM L, DHTML, ASP, JSP, XML-RP C, RSS,SOAP, blog, and CMS deweloper hasone

thing in common: XML is their native tongue.

9.1.3. XM L is too big/slow. A long-held tenet of faith of somein the compiler com-
munity is that XML is too big and slow. It has been said to be too expensive a form, in both
processingand repreertation costs, for selious use in AST manipulation. Though this may have
beentrue when XML arrived on the seenein 1998, the caosts of processing XML have not increased
dramatically since then, while computing power / cost has increased 16 fold as of the writing of this
paper. For many applications, and for the DSL Cost Domain, XML shauld no longer be consdered
harmful.

As an example, Ying Zou and K ostas Kontogiannis are a pair of reseachersat the University
of Waterloo, active in the areas of AST represeration in XML][ 7], and dramatic code refactorings
built upon suc represernati ons[6]. In [6], they descibe some experiments in which various C source

basswere represerted in XML, and report expansions of:

AVL Library -164,401B C) 1,660,167B XML
Bash - 628,919B C) 25421,443B XML

Tcsh - 930,644B C) 47,444,861B XML

Theseresearchers are actively performing saurce analysis and transformation on code bases
in the 50M sizerange. A point to note here, thes trees are Concrete Syntaxt Treesgenerated from
mature programs written in Generd Purpose Languages, so they are quite a bit larger than the
AST treeswe would exped to be generaed for DSLs. Running personal tests upon an Intel(R)
Pertium (R) 4 CPU 2.40GHz desktop machine, running Fedaa Core 2[43], the xmllint[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:

$Is -l bar. xm
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-r w-rw-r- - 1 crutcher crutcher 52111163 Jun 19 13:36 bar. xm

$ ti mexnili nt --ti ming -- noout bar. xm
Pasing took 3553 ns

Freeing took 450 ms

real 0m4.073s
user 0m3.302s

Sys 0mO0.716s

This parse occupied 285M of memory; however, this was just a persamal computer, not a
development workstation, and even it has 1Gig of memay. In cod domains where the exibilit y
of the language de niti on is more important than the language's processingcost, suc as the DSL

Cost Domain, we could quite easly accept such performance numbers

9.1.4. You areusing the term \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 discusson tends to be imprecise. Lit tle distinction 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 | cortinue the practice of ignoring this distinction; |
will also require that all productions which yield a given non-terminal on their left-hand side are

cdlected as part of the single de nit ion of that non-terminal.

9.1.5. XSLT isbad at X. The last class of sefious objections to using XML for language

validation, semanti c cheds (such as type cheding), and trangorm dewelopmert is that XSLT and
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XPath have same seiious limitations. This is true, and while such things as string de-escaing or
escpe evaluation are possible in XSLT, they require very complex recurgve templates to achieve.
However, due largely to the massive popularity of XML, XSLT, and XPath, a great deal
of work is currently underway to addressthese limitations. The 2.0 draft specsfor XSLT and
XPath provide means of de ning new functions in XSLT which becane available in the XPath
ervironment, a full regexp engne for XPath, and a powerful string mapping engne for XSLT which

enablessuccinct expressims of complex string re-writes.

9.2. Successes

In applying thesetechniques,I've beenconsistently pleasedwith the stability of the systems
under dewvelopmert. As there are seweral layers of high-order transfams at work in the generaion
of code, edit/ compile/test cyclesof 5 minutes or so becomecapable of rapidly exploring signi can t
changesto a language's grammar; with litt le time lost to typos or other mechanical errors in action
code production.

This ease of iterative grammar invegigation was particularly useful when developing the
CSSparser, which | intend to use further in a number of web development projects. Addit ionally,
I've applied these techniques to the development of a transformation and publishing de<ription
language for a collaborative web site | ran for a few months, with good results and quick changes.
| believe that simple XML based grammar techniqueslike thes will becane more prevalent for the

development, and modi ca tion of, commadity DSLs.

9.3. Futur e Work

Lists are useful in grammars, but they often exist solely for use in single production; and
to de ne a full top-level list elemen for what is frequertly a minor seiies without even delimiters

is a bit tiresane. For this reason, an obvious next-step would be to dewelop a high-order grammar
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transform which allowed lists to be de ned inside productions, and resole them to named utilit y
lists at the top level, to then be resdved by the existing list resolution code. An example of such a

production might be:

<nonterm name"Foo0">
<production >
<symbol action="d rop">LPAREN</syrhol>
<list>
<delimi ter>
<symio|>COMM#Asymbol >
</del imiter>
<production>
<symiol>ident ifier</s ymbol>
</pro duction>
</list>
<symbol action="d rop">RPAREN</syrhol>
</product ion>

</nonterm>

Which might resdveto:

<nonterm name"Foo">
<production >
<symbol action="d rop">LPAREN</syrhol>
<symbol action="c ontent"> id345</s ymbol>
<symbol action="d rop">RPAREN</syrhol>
</product ion>
</nonterm>
<list name="id345">
<delimiter>
<symbol>COMMA</sybol>
</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 possibility for future
work exists in changing the parse time node re-write model to apply XSLT transforms to symbol
sub-trees. The 5 current actions could easily be supported as XSLT transforms. Assuming that the
sub-treeto betransfamed is set as the current context, the following XSLT templates are examples

of what could be done:

<xsl: template name="rename">
<xsl: param name="nam¥g>
<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="peserve" >
<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="mntent">
<xsl:copy-o f select ="node() "/>

</x sl:templ ate>

<xsl: template name="dop"/>
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One of the more ambitiousideas|I'v e had for future work is the generaion 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 s de ned as the smalleg discrete
meaningul unit in a language). For example, the word \r eading" is made up of the two morphemes
\read" 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 composedwith same other morpheme in order to congruct words).
Sothe basicidea here is that lexemeswould be passal through a secad level of parsing.

One means of constructing a morpheme parserwould be to extend the regexp language used
for the lexer to utilize groups(asis commonin many regexp languages, but relatively unheard of for
lexer generaors), and then createtokensfor each selectedgroup (possibly contained in the sub-tree
of a lexical token). This would limit morpheme parsing to only regular languages but that should
be su cien t to enable an interesting class of morpheme basedlanguages Further work could truly

util ize full multi-level parsing.
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APPENDIX A

Useful Code

A. 1. language. xsd

This document is an XM L Schemafor validating language descriptions written in my \la n-
guage" language. It permits the usage of optional elemers, and of lists, as resdved by A.3. enu-

merate_productions.xsl and A.4. resole._lists.xsl.

<?xnh versio n="1.0"? >
<xsd:schema xmins:xs d="http: //www.w3.0rg/200 1/XMLSclema">

<l--
| The <language/> element is the root node of language file s.
1
! Bx: <language nane="foo">
! <le xer/>
! <parser/>
! </l anguage>
+-- >
<xsd:element name="language">
<xsd:compl exType>
<l--
I The <language/> element has, in order,
! one <lexer/> element, and one <parser /> element.
+-->
<xsd:seq uence>
<xsd:element ref="lexe r'/>
<xsd:e lement ref="pars er"/>
</xsd: sequence>

<l--
I The <language/> element has a "name" attribut e.
+-->
<xsd:att ribute name="nara" type="xsd:NMTOKEN"use="requi red"/>
</xsd:co mplexType>
</xsd:elem ent>

<l--
| The <lexer/> element describes the lexica | portio ns of the language.
- >
<xsd:element name="lexer">
<xsd:compl exType>
<l--
! The <lexer/> element may have <option />, <pattern/>, <match/>,
I <ignore/>, and <error /> elements. The order of the <natch/>,
! <ignore/>, and <error /> rules will be signifi cant to most lex er
! generators.
+-->
<xsd:seq uence>
<xsd:c hoice maOccurs="unbounded">

<l--
| The <opti on/> ele ment is used to pass options to the parser.

7
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!

I Ex: <opti on>case-insensit ive</opt ion>

+-- >

<xsd:element name="gtion" type="xsd:string" />

<l--
I The <patt ern/> element is used to define regex patterns to be
! reused by the lexical match rules .
!
I B¢ <patt ern name&"NL">\n \r\n|\r  |\f</pat tern>
- >
<xsd:element name="mttern">
<xsd:compl exType>
<xsd:sim pleConte nt>
<xsd:r estricti on base="xsd:str ing">
<xsd:attribu te nameZname" type="xsd :NMTOKEN
use="requi red"/>
<Ixs d:restri  ction>
</xsd: simpleContent>
</xsd:co mplexType>
</ xsd:elem ent>

<l--

I The <match/> element is used to define lexical actions whch

| generate terminal sub-tre es. These sub-tr ees will consist of an
! element node (wit h the namegiven by the "term" attribute ),

! containin g a text node wipse value is that of the matched lexem.
!

I Ex: <match term="IMPORT_¥M">"@import'</m atch>

! <match term="identity ">{IDENT}</match >

! <match term="HASH">"#{NAME}<match>

+-- >

<xsd:element name="ratch">
<xsd:compl exType>
<xsd:sim pleConte nt>
<xsd:r estricti on base="xsd:str ing">
<xsd:attribu te nameZterm" type="xsd:NMTOKEN
use="requi red"/>
</xs d:restri  ction>
</xsd: simpleContent>
</xsd:co mplexType>
</xsd:elem ent>

<I--

I The <ignore/> element is used to define |exical actions which
! ignore their lexem.

!

I B¢ <ignore>\W<[ MR VR )R [<fignor e>

+-- >

<xsd:element name="ignore" type="xsd:string" />

<l--

I The <error/> element is used to define lexical actions wtich
! halt parsing and signal an error. (Often an 'anyt hing' mach
! placed at the end of the lexer section.)

!

I Bx: <error>.<ferr or>

+-- >

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

</xs d:choice >

</xsd: sequence>

</xsd:co mplexType>
</xsd:elem ent>

<l--
! The <parser/> ele ment describes the grammatical portions of the |anguage.
+-- >
<xsd:element name="@rser">
<xsd:compl exType>
<l--
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! The <parser/> element has sonme number of <nonterm/> and <list />
! elements. <li st/> elements mst be resolved downto <nonterm/>
! elements before code can be generated .
+-->
<xsd:seq uence>
<xsd:c hoice  maOccurs="unbounded">
<xsd:element ref="no nterm"/>
<xsd:element ref="li st"/>
</xs d:choice >
</xsd: sequence>

<l--

I The "start" attribute  specify s the start symtl of the gramma

I If it is not present, then the first <nonterm/> or <list/> will be
! used as the start synbol.

+-->

<xsd:att ribute name="start" type ="xsd:NMTOKEN"/>

<l--

I The "expected _conflic ts" attr ibute specifys the numbe of

! shift /reduce conflict s the parser generator should expect

! in the language. It defaults to "0".

+-->

<xsd:att ribute name="expected_co nflicts" type="x sd:nonNegativeln teger"
default="0"/ >

</xsd:co mplexType>

</xsd:elem ent>

<l--

<nonterm/ > elements describe a Na-Terminal in the gramma

+-- >
<xsd:element name="ronterm">
<xsd:compl exType>

<l--
! <nonterm/> el ements contain 0 or more <production/> elements.
+-->
<xsd:seq uence>
<xsd:e lement name="production" type="P roductio nType"
minOccurs="0" max@curs="u nbounded/>
</xsd: sequence>

<l--
I The "name" attribute  of <nonterm/>'s specify the nameof the
! associated Symbol, and of the root of the synbol's sub-tree.
+-->
<xsd:att ribute name="nam" use="required " type="xsd:NMT®&EN"/>

<l--

! The "epsilon" attribu te sets if a NonTerminal has any empty

I gramnatical productio ns. Note, this -must- be specifi ed using the
I "epsi lon" att ribute, and not an empty <production/> element.

+-->

<xsd:att ribute name="epslon" ty pe="xsd: boolean" default ="false" />
</xsd:co mplexType>

</xsd:elem ent>

<l--
]
]

<list/> elements describe high-or der list s which mapto collectio ns of
recursive <nonter m/>s.

+em >

<Xsl

d:element name="list">

<xsd:compl exType>

<l--

I <list /> elements contain <delimiter/> elements and <productio n/>
I elements. All of the <delimit er/> ele ments come befor e all of the
! <production/> elements.

+-->
<xsd:seq uence>

<xsd:e lement name="delimiter" type="Pr oduction Type"



minCccurs="0 " maxOcars="unb ounded"/ >

<xsd:e lement name="production" type="P roductio nType"
max@curs="u nbounded/>

</xsd: sequence>

<l--

! The "name" attribute  of <nonterm/>'s specify the nameof the
! associated Symbol, and of the root of the synbol's sub-tree.
+-->

<xsd:att ribute name="nam" use="required " type=" xsd:NMT®EN"/>

<I--

I The "epsilon" , "item_ epsilon" , and "delim_epsilon" attributes of a
| <list /> are related. Only one of them can be set to "true", but

! there is no way to enforce this constraint in a schena yet.

+-->

<xsd:att ribute name="epslon" ty pe="xsd: boolean" default ="false" />
<xsd:att ribute name="ite m_epsilon" type="xsd:boo lean" default="f alse"/>
<xsd:att ribute name="delim_epsil on" type ="xsd:bo olean" default=" false"/>

<l--

I "item _name"is a renamenamefor list item nodes. Note, this is a
! rename name, so these nodes are not available as symipls to use in
! other product ions!

!

I"item_ action is 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 to "conte nt".
I When"item_na me" is set, "ite m_action" defaul ts to "preserve" .
+-->

<xsd:att ribute name="ite m_name"type="xs d:NMTOK¥'/>

<xsd:att ribute name="ite m_action" type=" ActionTy pe"/>

<l--
I "deli m_name"is a renamenamefor lis t delimi ter nodes. Note, this is
! rename name, so these nodes are not available as symipls to use in
! other product ions!
!
I"delim _action is the action to re-writ e delimi ter nodes with.
!
I The attribute s "delim _name" and "deli m_action" are related.
I When"delim_n ame" is not set, "delim_ action" defaults to "dro p".
I When"delim_n ame" is set, “delim_acti on" defaults to "token".
+-->
<xsd:att ribute name="delim_name" type="x sd:NMTOEN"/>
<xsd:att ribute name="delim_actio n" type="ActionT ype"/>
</xsd:co mplexType>
</xsd:elem ent>

<l--
! The ProductionTyp e type is used by both the <deli miter/> and

! <producti on/> elements. It contai ns a lis t of one or more <symbol/>

! elements, which specify their ownre-writ e action s.

+-- >
<xsd:complex Type nane="ProductionTyp e">

<xsd:seque nce>

<xsd:ele ment nane="symbd" maxOcurs="un bounded">
<xsd:c omplexType>
<xsd:simpleC ontent>
<xsd:restr iction base="xsd :NMTOKEN

<l--

! The "action" attribut e specif iys the re-write action which
! should be applied to a <symbd/>'s subtree at parse time.
! It defaults to "prese rve".

+-->

<xsd:att ribute name="action" typ e="Actio nType" default=" preserve "/>

<l
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! If a <symbol/>'s subtree should be renamedat parse time,
I the "rename" attribut e specif iys the new name

+-->

<xsd:att ribute name="rename" typ e="xsd:N MTOKEN¥

<l--

I The <language/> language supports optional symbols, through

! the use of a (languag e => lan guage) transform. Howeve, the

! trans form never produces empty productions. Thus A? B? will

! yield A Band A and B but not the epsilon production .

+-->

<xsd:att ribute name="optional" type="xsd:boolean " defaul t="false "/>

</xsd:re strictio n>
</xsd:simp leConten t>
</xs d:comple xType>
</xsd: element>
</xsd:se quence>
</ xsd:complexType>

<l--

! The Actio nType ty pe is used by various attributes to specify which

! re-write action to take at production time. 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:enumeration value=" preserve "/>
<xsd:enumeration value=" content" />
<xsd:enumeration value=" token"/>
<xsd:enumeration value=" drop"/>
</xsd:re strictio n>

</ xsd:simp leType>

</xs d:schema>
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language?2 bnf .xsl

This documert is an XSLT transform which producesa rough human readable grammar for

language desciption les. It works with optional eements, but not with lists.

<?xnh versio n="1.0"? >
<xsl :transfo rm versi on="1.0"
xmins:xs |="http:  //www.w3.0rg/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="@nane"/>
<xslitext> &#xa;&#xa;</xsl: text>

<xskif  test="//[sy mbol[@opional = ‘true] ">
<xslitex t>Note: The enuneration of optio nal symmls (X?) </xsl:t
<xslitex t>omits empty production s.&#xa;& #xa;</xs l:text>
</xskif >

<xsl:text> Grammatical Productions: </xsl:te xt>
<xslif  test="pars er/@expected_con flicts">
<xslitex t> (expect </xsl :text>
<xslival ue-of select="pa rser/@ex pected_conflicts "/>
<xsl:tex t> confl icts)</x sl:itext>
</xskif >

<xslitext> &#xa;&#xa;</xsl: text>

<xslif  test="pars er/@star t and parser/@st art
<xsl:tex t>Gramma starts at: </xsltext>
<xsl:val ue-of select="pa rser/@st art"/>
<xslitex t>&#xa;&#xa;</xs |:text>
</xskif >
<xsl:for-e ach sele ct="pars er/nonte rm">
ue-of select="@name"/>
t>&#xa; </xsl :text>

<xsl:val
<xsl:tex

<xsl:for
<xsli
<xsl:f

-each select="pr oduction ">
f test=" position () != 1">| </xsl :if>
or-each select=" symbol">

<xsl :value-o f select ="."/>

<xsl :if test ="@optional and @optional="true’ ">?</xsl :if>
<xsl:if test ="positi
</xs I:for-ea ch>

on()

<xsl itext>&# xa; </xsl:text>

</xsl: for-each >

<xsli f test=" @epsilon and @epilon = ‘true™>
<xsl :if test ="produc tion">| </xslif >
<xsl itext>/*  empty */&#xa; <Ixslte xt>
</xs L:if>

<xsl:t ext>;&#x a;</xsl: text>

</xsl:fo r-each>

<xsl:text>
<xsl:text>

&#xa;</x sl:text>
&#xa;</x sl:text>
Rules:&# xa;&#xa; </xslite xt>

<xsl:text> Lexical

ext>

= parser/no nterm[1] /@name">

1= last()"> <xsltex t> </xs| :text></ xslif>



<xsl:for-e ach sele ct="lexe
<xsl:tex t>%optio n </xsl:
<xsl:val ue-of select="."
<xslitex t>&#xa;< /xsl:tex
<xslif  test="po sition()
<xslit ext>&#xa;</xsl:t
</xsl: if>
</xsl:fo r-each>

<xsl:for-e ach sele ct="lexe

rloption ">
text>

>

>

= last( )">
ext>

r/patter n">

<xsl:cal I|-templa te namezleftfie Id">
<xsl:w ith-para mname=%tr" sel ect="con cat(@nane, ' ‘)" />
<xsl:w ith-para m name=Width" select="1 6"/>

</xsl: call-tem plate>
<xslval ue-of select="."
<xslitex t>&#xa;< /xsl:tex
</xsl:fo r-each>

<xslitext> &#xa;</x sl:text>

<xsl:for-e ach sele ct="lexe

/>
t>

r*[name () != 'pattern' and namg)

<xsl:cal I|-templa te namezleftfie Id">
<xsl:w ith-para mname=%tr" sel ect="con cat(., ' ")"/>
<xsl:w ith-para  m name=Width" select="1 6"/>

</xsl: call-tem plate>

<xslif  test="na me() =
<xslif  test="na me() =
<xslif  test="na me() =

"ignore™ >/* ignore */</x slif>
“error"> {return LEX_ERRR}</xsl :if>
' match™>

<xsl:t ext>{ret urn </xs l:text>

<xsl:v alue-of select="
<xslit ext>;}</ xsl:text
</xsl: if>

<xsltex t>&#xa;< /xsl:tex
</xsl:fo r-each>

<xslitext> &#xa;</x sl:text>
</xsl:temp late>

<xsl :templat e name=leftfiel
<xsl :param name="str "/>
<xsl :param name="width"/>
<xsl:choos e>
<xsl:whe n test="  string-|
<xslv alue-of select="
</xsl: when>
<xsl:oth erwise>

@term"/>
>

t>

dm>

ength($s tr) >= $width">
$str'/>

<xsl:c all-temp late nane="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>

'o ption]"

>

83



84

A. 3. enum erate _pro ductions .xsl

This documert is an XSLT trangorm which resdves productions in language desciiptions

which contain optional elemeris into all of their enumerations.

<?xnh versio n="1.0"? >
<xsl :transfo rm versi on="1.0"

xmins:xs |="http:  //www.w3.0rg/199 9/XSL/Tr ansform" >
<xsl :output indent=" yes"/>

<xsl :templat e name=fidentity " match="node()" >

<l--

! This is an identity template in XSLT.

| However other template s with higer specificity
| will override this 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 I[@optio nal="tru €e']]" name="enurarate-pr oduction ">
<xsl :param name="yli st"/>
<xsl :param name="nli st"/>

<l--

! Select the firs t symbol with optional = 'true’
I which has not yet been proccess ed.

+-->

<xslivaria ble name"sym"

select=""symbol
[@option al="true ']
[not(con tains(co ncat($yl ist, ' ', $nlist ), generate-id() ))]
[

<xsl:choos e>
<xslwhe n test=" $sym">
<l-- V¢ found a new symbol thi s pass. Get it's id. -->
<xslv ariable name="sid" selec t="gener ate-id($ sym)"/>

<l-- Recurse wth this symbol active. -->
<xsl:c all-temp late nane="enumeate-pro duction" >
<xsl :with-pa ram name"ylist"  select= "concat( $ylist, ' ', $sid)"/>

<xsl :with-pa ram name"nlist"  select= "$nlist" />
</xs l:call-t  emplate>

<l-- Recurse wth this symbol inactive . -->

<xsl:c all-temp late nane="enumeate-pro duction" >
<xsl :with-pa ram name"ylist"  select= "$ylist" />
<xsl :with-pa ram name"nlist" select= "concat( $nlist, ' ', $sid)"/>
</xs l:call-t  emplate>

</xsl: when>

<xsl:oth erwise>
<l--

No new symiol, thus this is the fin al pass.

Since we wish to strip out epsilon producti ons, and since they

woud be produced when ther e are no symbols which are not optional
ANDthe $ylist is empty, wetest on this here.

+-->

<xsli f test=" count(sy mbol[not (@optional) or @ptional !='true’ ) or $ylist">



<xsl:c opy>
<xsl| :for-eac h select ="symbol[not(con tains($n list,
<symbol>
<xsl:for -each select="at tribute: :*[name( ) !=
<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>

generate-i  d()))]">

‘op tional] ">
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A.4 . resolve_lists.xsl

This documert is an XSLT transorm which resdveslist elemens in language desciiptions

into setsof nonterm elemens which realize the list elemert's semantics.

<xsl :transfo rm versi on="1.0"
xmins:xsl="h ttp://ww w.w3.0rg /1999/XS L/Transf orm">

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

<l--

I This is an identity template in XSLT.

| However other template s with higer specificity
| will override this 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="{@ame}" epsilon="{ string(@ epsilon = 'true' )}">
<product ion>
<xsl:c all-temp late nane="list- item-sym bol"/>
<xsl:c all-temp late nane="list- rlist-sy mbol"/>
</prod uction>
</nonter m>
<nonterm name="{concat(@name,
<product ion>
<xsl:c all-temp late nane="list- rlist-sy mbol"/>
<xsli f test=" delimite r">
<xsl :call-te  mplate name="lis t-delim- symbol"/ >
</xs l:if>
<xsl:c all-temp late nane="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>
<xslif  test="deli miter>
<nonterm name="{concat(@name, '__d elim’)}"
epsilo n="{stri ng(@delim_epsilon = 'tru e")}">
<xsl:for -each select="de limiter" >
<production>
<xsl :copy-of select= "*'/>
</pr oduction >
</xsl: for-each >
</nonter m>
</xskif >
</xsl:temp late>

1 list)}" epsilon ="true">

<xsl :templat e name=list-rli st-symbo ">
<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>

<xslif test="@i tem_name&>

<xsl:a ttribute name="rename">



<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>
<xslif test="@delim_name">
<xsl:a ttribute name="rename">
<xsl :value-o f select ="@delim_name"/>
</xs l:attrib  ute>
</xsl: if>
<xslatt ribute name="action">
<xsl:c hoose>
<xsl :when te st="@delim_actio n">
<xsl:value -of sele ct="@delim_actio n"/>
</xsl:when >
<xsl :when te st="@delim_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, ' _delim)"/ >
</symbol >
</xsl:temp late>

</xs l:transf  orm>
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A.5. generate _ex _lexer.xsl
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This documert isan XSLT transform which generatesinput for the C fl ex lexer genetor.

It is meant to be usedin conjunction with A.6. generate_bison parser.xsl.

<?xnh versio n="1.0"? >
<xsl :transfo rm versi on="1.0"
xnins:xsl= “http://  www.w3.09/1999/ XSL/Transform">

<xsl :output method="text"/>
<xsl :variabl e name=lang" select="/I anguage/@name"/>

<l--

! This template gens the fl ex code for a <language/> file.
+-- >

<xsl :templat e match="languag e">

%({/* <xslva lue-of select="@ name"/>_lexer.] */

/* 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 &It ;stdio.h &gt;

#inc lude "<xslvalue -of sele ct="@nane"/>_par ser.tab. h"
9%}

%opion 8bit

<l--
! Gen any options in the <lexer/>.
+-- >
<xsl :for-eac h select ="/langu age/lexe r/option ">
%opifon <xsl :value-o f select ="."/>
</xsl:for- each>

<xsl :text>&# xa;</xsl :text>

<l--
! Gen any patterns in the <lexer/>.
+-- >
<xsl :for-eac h select ="/langu age/lexe r/patter n">
<xsl:value -of sele ct="@nane"/>
<xsl:itext> &#x9;</x sl:text>
<xslvalue -of sele ct=""/>
<xsltext> &#xa;</x sl:text>
</xsl:for- each>

%%

<l-- This provides for line counting . -->
. ++column_number; RBIECT,;
\n +Hine_number; column_numdr = 1; REJECT,;

<l-- Generate the action code for each <match/>, <ignore/>, and <err or/>
<xsl :for-eac h select ="lexer/ match | lexer/ig nore | |exer/err or">

<!l-- a few lines of space. -->

<xslitext> &#xa;&#xa;</xsl: text>

<!-- print the regex. -->
<xsl:apply -templat es selec t="."/>

<xsl:choos e>
<l--
! <match/> acti on code.
+-->

>



<xsl:whe n test=" name() = 'match’ "> {
yylv al = xmINewNode{ULL, "<xsl:valu e-of sel ect="@term"/>");

#ifd ef DEBUG
fpri ntf(stde rr,

#endif

if

}
*

*

"TERMINAL %s{%s)\n" ,
"<xsl:value- of selec t="@term"/>",

yyte xt);

(track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);

yytext does not need to be escaped for XM,
xmINewTek does the right thing. */

xmlAddChild( yylval, xmINewTet(yytex t));

retu rn <xsl: value-of select= "concat( $lang,

sym_', @term)"/ >;

}<Ix sl:when>

<l--

! <ignore/> action code.

+-->

<xsl:whe n test=" name() = 'ignore "> {

I*

ignore */;

}</x sl:when>

<l--

| <error/> acti on code.

+o->

<xsl:whe n test=" name() = 'error' "> {
yylv al = NUL;
retu rn <xsl: value-of select= "$lang"/ >_lex_er ror;
}<Ix sl:when>

</xsl:ch oose>

</ xsl:for-

Mo
/‘k

*
*
*
*
*
*
*
*
*

}
%%

each>

flex thin ks of it 's lexer s as fil ters.
As a result, all characte rs which match nothing get
printed to stdout .

As a general solution, we mayimplement a catch-a Il
which eit her:

a) Ignore s these characte rs, or

b) Throws an error.

This rule chooses to ignore them. */

</xs l:templa te>

</xs l:transf

orm>
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A. 6. generate _bison _par ser.xsl

This documert is an XSLT transform which genetesinput for the C bis on parser gener

ator. It is meart to be usedin conjunction with A.5. geneate_ex _lexer.xsl

<?xnh versio n="1.0"? >
<xsl :transfo rm versi on="1.0"
xnins:xsl= “http://  www.w3.09/1999/ XSL/Transform">

<xsl :output method="text"/>
<xsl :variabl e name=lang" select="/I anguage/@name"/>

<l--
! This template gens the bison code for a <language/> file.
+-- >

<xsl :templat e match="languag e">

<l--
! If the grammarhas a know number of expected shif t/reduce conflic ts,
! gen a pragmaline to the parser generator .
+-- >
<xsl :if test ="parser /@expected_confl icts">
%exect <xsl:value-o f select ="parser /@expected_confl icts"/>
<xslitext> &#xa;</x sl:text>
<xsl:text> &#xa;</x sl:itext>
</ xsl:if>

<l--
! Wen the <parser/ > has a specifie d "start symbol, use it as the basis,
! otherwise , use the first <nonterm/> in the language.
+-- >
%start <xsl: value-of select= "$lang"/ ><xslte xt>_sym_</xslite 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>
<xslival ue-of select="pa rser/non term[1)/ @name"/>
</xsl:ot herwise>
</xsl:choo se>

<xsl :text>&# xa;</xs| :text>
<xsl :text>&# xa;</xs| :text>

<l--
! Generate a list of the terminals of the |anguage which will be returned
! by the le xer.
- >
<xsl :for-eac h select ="lexer/ match/@term">
<xskif  test="not( precedin g:match [@term=current() ])">
<l-- only select the first occurance of each termi nal. -->
<xsl:tex t>%token </xsl:t ext>
<xslival ue-of select="co ncat($la ng,
<xsltex t>&#xa;</xsltex t>
</xskif >
</xsl:for- each>

_sym_, )" />

%token <xsl: value-of select= "$lang"/ >_lex_er ror
%{/* <xslva lue-of select="$ lang"/>_ parsery */
#inc lude &It ;libxml/ tree.h&g t;

#define YYSVYPExmINodePtr
#define YYEROR_VERBE1
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stat ic xmINadePtr la st_node;

#ifn def TRAG_POSITON

#define TRAG_POSITDON1

#endif

stat ic int track_tok en_posit ion = TRACK_POSION;
stat ic int |ine_number;

stat ic int column_number;

/* Include |exer generated from <xsl:value-o f select ="$lang" />_lexer .I */
#inc lude "<xslvalue -of sele ct="$lan g"/>_lex er.c"

9%}

%%

<l--

! Generate the acti on code for each nonterminal which _has_ action code.
<;s_l ;or—eac h select ="parser /nonterm [product ion or @psilon = 'true’ ][>

<xslitext> &#xa;</x sl:text>
<xsl:call- template name="mrser_no nterm"/>
</xsl:for- each>

%%

int yywrap(void) { return 1; }

int
yyer ror
(char *msg)
{
fpri ntf(stde rr, "Err or at li ne %d: %\n", i ne_numbe, msg);
}
int
main
(int argc,
char **argv )
{
/* This programs parses data from stdin,
* and write s its output to stdout. */
int ret;
xmlDocPtr  doc;
line _number = 1,
colu mn_numhbe = 1;
ret = yyparse( );
if (ret ==0) {
doc = xmiINeviDoc("1.0 ");
xmlSetTreeDoc(last_n ode, doc);
xmlDocSetRoatElement (doc, la st_node) ;
xmlDocFormatDump(stdout, doc, 1);
xmlFreeDoc(d oc);
ret = 0;
} else {
ret =1,
}
retu rn ret;
}
</xs l:templa te>
<l--

I This template generates the code for a single <nonterm/> element.
- >



<xsl :templat e name=parser_n onterm">
-
<{ Gen and namespae the nonterm's symbol.
| Ex <nonterm name="SYM5 => "LANG_synSYM:"
<:s_l:>value -of sele ct="$lan g"/>_sym_<xslva lue-of select="@ name"/>
<xsl:text> :&#xa;</ xsltext >

<l
! This for-each gens the code for each <productio n/> of the <nonterm/>.
+-->
<xsl:for-e ach sele ct="prod uction">
<I--
! Genand namepace the symbols of the producti on.
!
! Ex: <producti on>
! <symbol>A</symtpl>
! <symbol>B</symioI>
! <symbol>C</symlol>
! </produ ction> => "LANGsym_ALANG_sym_BANG_sm_C"
+-->
<xsltex t> <Ixsl: text>

<xslif  test="po sition() !=1">| </xslif>
<xsl:for -each select="sy mbol">

<xsl:v alue-of select=" $lang"/>

<xslit ext>_sym </xslit ext>

<xsl:v alue-of select=" ."/>

<xsli f test=" position () != last()">
<xsl:text> <Ixsltex t>
</xs l:if>

</xsl: for-each >

last _node = $$ = xmINewNodeULL, "<xsl:valu e-of sel ect="../ @name"/>
<xsl :itext>") ;&#xa;</ xsltext >

<xsl :for-eac h select ="symbol">

<I--
| Qalculate the action to take for this synbol.
! It defaul ts to "preserve" .
+-- >
<xsl :variabl e name=action>
<xsl:choos e>
<xsl:whe n test=" @action" >
<xsliv alue-of select=" @action"/>
</xsl: when>
<xsl:oth erwise>p reserve< /xsl:oth erwise>
</xsl:ch oose>
<[/xslvari able>

<l--
I This generates a nice comment about what the acti on code will be
! doing.
|
! Bx: /* Symbol: action='pr eserve', rename=Differe ntSymbol' */
+-- >
<xsl :text>&# xa;&#x9; /* </xsl :text><x slvalue -of select="."/>
<xsl :itext>: action=" </xslte xt>
<xsl :value-o f select ='$actio n'/>
<xsl itext>'< /xsltex t>
<xsl:if test ="@renam and @ename!= "">
<xslitext> , rename='</xsl: text>
<xslvalue -of sele ct="@rename'/>
<xslitext> '</xslit ext>
</ xsl:if>
<xsl :text> */</xslt ext>

<l--

! Action code for "rename".

! V¢ rename the root of the sub-tre e. This happens before any
! other action, so we neednt worry about any inter actions with



! those actions.

+-- >

<xsl:if test ="@renam and @ename!= "">

xmINodeSetName($<xsl:value-o f select ="positi on()"/>
<xsltext> , "</xs| :text>

<xsl:value -of sele ct="@rename"/>
<xslitext> ");</xsl :text>
</xs l:if>

<I--

I Action code for "preserve ".

! V¢ keep the entir e sub-tr ee.

+-- >

<xsl :choose>

<xsl :when te st="$act ion = 'p reserve' ">

xmlAddChild( $$, $<xslvalue- of selec t="posit ion()"/> );
</xs l:when>

<I--
! Action code for "token".
I V¢ keep only the root of the sub-tree, discarding it's children.
+-- >
<xsl :when te st="$act ion = 't oken™>
xmlAddChild( $$, $<xslvalue- of selec t="posit ion()"/> );
if ($<xslva lue-of select="p osition( )"/>->ch ildren) {
xmlFreeNodelist($<xs l:value- of selec t="posit ion()"/>
<xsl :text>-> children );</xsl: text>
$<xslvalue- of selec t="posit ion()"/> ->childr en = NUL;

</xs l:when>

<l--

! Action code for "content" .

! V@ keep only the children (if there are any) of the sub-t ree.

- >

<xsl :when te st="$act ion = 'c ontent" >

if ($<xslva lue-of select="p osition( )"/>->ch ildren) {
xmlAddChildL ist($$,  $<xslva lue-of select="p osition( )"/>
<xsl :text>-> children );</xsl: text>
$<xslvalue- of selec t="posit ion()"/> ->childr en = NUL;

xmlFreeNode($<xsl:va lue-of select="p osition( )"/>);
$<xslvalue- of selec t="posit ion()"/> = NULL,;
</xs l:when>

<l--
! Action code for "drop".
I V¢ free the sub-t ree.
- >
<xsl :when te st="$act ion = 'd rop™>
xmlFreeNode($<xsl:va lue-of select="p osition( )"/>);
$<xslvalue- of selec t="posit ion()"/> = NULL;
</xs l:when>
</xs l:choose >

</xs I:for-ea ch>

</xs I:for-ea ch>

I--
<!. Action code for epsilon productio ns.
<J>:sl >|f test ="@epsilon and @psilon = 'true’ "> |
{ last _node = $$ = xmINewNode{lULL, "<xsl:valu e-of sel ect="@name"/>");
</xs l:if>

</xs l:templa te>

</xs l:transf  orm>
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A.7. generate jex _lexer.xsl

This document is an XSLT transfom which generaes input for the Java JFlex lexer gen-

erator. It is meant to be used in conjunction with A.8. generate_java cup_parser.xsl.

<?xnh versio n="1.0"? >
<xsl :transfo rm versi on="1.0"
xnins:xsl= “http://  www.w3.09/1999/ XSL/Transform">

<xsl :output method="text"/>
<xsl :variabl e name=lang" select="/I anguage/@name"/>

<xsl :templat e match="languag e">
/* <xslvalu e-of select="@name"/>_le xer.lex */
/* This file generated 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.Symtol;

%%

%cup
%lin e
%column

%%

<xsl :for-eac h select ="lexer/ *'>
<!-- a few lines of space. -->
<xslitext> &#xa;&#xa;</xsl: text>

<l-- print the regex. -->
<xsl:apply -templat es selec t="."/>

<!-- yield appropriate action code. -->
<xsl:choos e>
<xsl:whe n test=" name() = 'match’ ">
<xsl:c all-temp late nane="match-action- code"/>
</xsl: when>
<xsl:whe n test=" name() = 'ignore ">
<xsl:c all-temp late nane="ignor e-action -code"/>
</xsl: when>
<xsl:whe n test=" name() = 'error' ">
<xsl:c all-temp late nane="error -action- code"/>
</xsl: when>
</xsl:ch oose>
</xsl:for- each>

</xs ltempla te>

<xsl :templat e name='match-action-cod e"> {
Element e = (Element)
pars er.document.crea teElement("<xsl: value-of select= "@term"/>");
e.ap pendChil d( parser.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, '_sym_, @erm)'/>, e);
}</x slitempl ate>

<xsl :templat e name=ignore-a ction-co de"> {
/* ignore */;
}</x slitempl ate>



<xsl :templat e name=®¢rror-ac tion-cod e"> {
System.err.p rintin(* lllegal  characte r:
retu rn null;

}</x slitempl ate>

</xs l:transf orm>

"+yyt ext());
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generator. It is meart to be usedin conjunction with A.7. geneiate_j ex _lexer.xsl.

A.8. generate java_cup _parser.xsl

96

This document is an XSLT transform which genemtes input for the Java j ava_cup parser

<?xnh versio n="1.0"? >

<xsl :transfo

xnins:xsl= “http://

<xsl :output
<xsl :variabl

<xsl :templat

<xsl :text>/*  </xsl:it

I* This file

package <xsl :value-o

e name=

rm versi on="1.0"

www.w3.09/1999/ XSL/Transform">

method="text"/>

lang" select="/I anguage/@name"/>

e match="languag e">

ext><xs| :value-o f select ="@name™_parse r.cup */

generat ed by generate_j ava_cup_parser.x sl */

f select ="@nameé';

sers.Doc umentBuilder;

sers.Doc umentBuilderFact ory;
sers.Fac toryConf iguratio nError;
sers.Par serConfi guration Exceptio n;

gWriter;

org.w 3c.dom.Document;

org.w 3c.dom.NamedNod®&lap;

org.a pache.xml.serial ize.XMLSerialize r;
org.a pache.xml.serial ize.Outp utFormat ;

ime.*;

DocumentBuil derFacto ry facto ry = DoaimentBuilderFact ory.newl nstance( );
DocumentBuil der buil der = factory.ne wDocumeBuilder ();
document = builder.n ewDocum();

import javax .xml.par

import  javax .xml.par

import  javax .xml.par

import javax .xml.par

import java. io0.Strin

import java. io.lIOExc eption;
import org.w 3c.dom.NodeList;
import

import  org.w 3c.dom.Element;
import  org.w 3c.dom.Node;
import  org.w 3c.dom.Attr;
import

import

import

import java_ cup.runt

init  with {:

3

parser code {:
stat ic Docurent document = null;
stat ic Element curre nt = null;

public stati

¢ Elemert clonewWithNewName(Element e, String nane) {

Element newE= docunent.crea teElement(name);

whil e (e.has ChildNodes()) {

}
if

newEappendChild( e. getFirst Child() );

(e.hasAtt ributes( ) ) {

NamedNodeMapoldattm ap
NamedNodeMapnewattmap
Node n;

e.g etAttrib  utes();
nevE.getAtt ributes( );

whil e (oldat tmap.get Length() != 0) {
n = oldattma p.item(0 );
e.re moveAttr ibuteNod e((Attr)  n);
newdtmap.se tNamedIltem(n);



}

retu rn newk;

}

public stati c void contentAc tion(Ele ment e) {
whil e (e.has ChildNodes()) {
curr ent.appe ndChild( e.getFi rstChild () );
}

}

public stati c void tokenActi on(Element e) {
whil e (e.has ChildNodes()) {
e.re moveChild( e.get FirstChi 1d() );
}

curr ent.appe ndChild( e );
}

public stati c void nain(Stri ng args[ ]) throws Exception {
new parser(n ew Yylex (System. in)).par se();

document.appendChil d(parser .current );
document.g etDocumentElement().norm alize();

Stri ng xmlIStr = null ;

XMLS8rialize r serial izer = new XMLSealizer ();
Stri ngWriter  strWri ter = new String Writer() ;
OutputFormat  outFor mat = new Output Format() ;

/I setup for mat sett ings
outFormat.se tVersion ("1.0");
outFormat.se tindenti ng(true) ;
outFormat.se tindent( 2);

/I Define a Writer
seri alizer.s etOutput CharStre am(strWriter);

/I Apply the format settings
seri alizer.s etOutput Format(o utFormat );

try {
/I Serialize  XMLDoament

seri alizer.s erialize (parser. documeny);
xmlStr = str Writer.t oString( );
strWriter.cl  ose();

} catch (IOException i0Ex) {
System.out.p rintin(*  Error " + ioEXx);
}

System.out.p rint(xml  Str);

<xsl :for-eac h select ="lexer/ match/@term">

<xsl:if
<l--

te st="not( precedin g:match [@term=current() 1)">
only select the first occurance of each termi nal. -->

<xsl:tex t>termin al Element </xs| :text>
<xslval ue-of select="co ncat($la ng, sy m_', )" />
<xslitex t>;&#xa; </xslite xt>
</xskif >
</xsl:for- each>

terminal

<xslvalue- 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_', @nan)¥&>

<xslitext> ;&#xa;</ xsltext >
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</xsl:for- each>

<xsl :for-eac h select ="parser /nonterm ">
<xsl:text> &#txa;</x sl:itext>
<xsl:call- template name="mrser_no nterm"/>
</xsl:for- each>

</xs l:templa te>

<xsl :templat e name=parser_n onterm">
<xsl:value -of sele ct="$lan g"/>_sym_<xslva lue-of select="@ name"/>
<xsl:text> :=&#xa ;</xslt ext>

<xsl:for-e ach sele ct="prod uction">
<xsl:tex t> </xsl: text>
<xslif  test="po sition() !=1">| </xslif>
<xsl:for -each select="sy mbol">

<xslv alue-of select=" $lang"/>
<xsl:t ext>_sym </xsl:t ext>

<xsl:v alue-of select=" ."/>

<xslit ext>:is</ xsltext >

<xsl:v alue-of select=" position ()"/>

<xsli f test=" position () != last()">
<xsl itext> </xslitex t>
</xs l:if>

</xsl: for-each >

RESUT = parser.docu ment.cre ateElement("<xsl :value-o f select ="../@na me"/>
<xsl itext>") ;</xslit ext>
parser.curre nt = RESLT;

<xsl :for-eac h select ="symbol">
<xsl:varia ble name'action ">
<xsl:cho ose>
<xsl:w hen test ="@action">
<xsl :value-o f select ="@action"/>
</xs l:when>
<xsl:o therwise >preserv e</xsl:0 therwise >
</xsl: choose>
</xsl:va riable>

<xsl :text>&# xa;&#x9; /* </xsl :text><x slvalue -of select="."/>
<xsl :itext>: action=" </xslte xt>
<xsl :value-o f select ='$actio n'/>
<xsl itext>'< /xslitex t>
<xsl:if test ="@renam and @ename!= "">
<xslitext> , rename='</xsl: text>
<xslvalue -of sele ct='@rename'/>
<xslitext> '</xslit ext>
</ xsl:if>
<xsl :text> */</xslt ext>

<xsl:if test ="@renam and @ename!= "">
s<xsl:value- of selec t="posit ion()"/>
<xslitext> = parser.cloneW ithNewName( s</x sl:text>
<xslvalue -of select="posi tion()"/ >
<xsltext> , "</xs| :text>

<xslvalue -of sele ct="@rename"/>
<xslitext> ");</xsl :text>
</xs l:if>

<xsl :choose>

<xsl :when te st="$act ion = 'p reserve' ">

parser.curre nt.appen dChild( s<xslva lue-of select="p osition( )"/> );
</xs l:when>

<xsl :when te st="$act ion = 't oken™>
parser.token Action( s<xslva lue-of select="p osition( )"/> );
</xs l:.when>



<xsl :when te st="$act ion = 'c ontent
parser.conte ntAction ( s<xsl: value-of
</xs l:when>

<xsl :when te st="$act ion = 'd rop™>
<l--  No acti on -->

</xs l:when>

</xs l:choose >

</xs I:for-ea ch>

'</><s I:for-ea ch>
<xsl :if test ="@epsilon and @psilon

>
select= "positio n()'/> );

= 'true’ "> |

RESUT = parser.docu ment.cre ateElement("<xsl :value-o f select ="@name?");

parser.curre nt = RESILT;

</xs l:if> ;
</xs l:templa te>

</xs l:transf orm>
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APPENDIX B

Lispy Languag e and Code Example s

B. 1. lispy_sampl e.txt

A sample of lispy.

(foo bar (baz 1 'abc def (qux)))

B. 2. lispy_sampl e.xml

The desred XML output for the sample.

<?xnh 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>
<numbe line=" 1" column="7">1</number>
<strin g line=" 1" column="8">'a bc def'< /string>
<Apply>
<function i ne="1" column="10">qux</ function >
</Appl y>
</Apply>
</ Apply>
</Pr ogram>
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B. 3. lispy.langua ge.xml

The language decription for the toy language\ lispy".

<?xnh versio n="1.0"? >
<lan guage name="lisp y">
<l exer>
<match term="lef tParen"> "("</mat ch>
<match term="rig htParen" >")"</ma tch>
<match term="ide ntifier" >[[:alph allj[:a Inum:]]* </match>
<match term="nunber">[[: digit]] +</match>
<match term="str ing">'[* 'T*</ma tch>
<ignore> [M:prin  t]][[\n [:blank: ]l</igno re>
<error>. </error>
</lexer>
<parser>
<list name="Progam" epsilon="tr ue">
<production>
<synbol>Appl y</symbol>
</pr oduction >
</list >
<nonterm name="Aply">
<production>
<synbol acti on="drop ">leftPa ren</symbol>
<synbol rename="function">id entifier ~</symbol >
<synbol acti on="cont ent">ApplyList</ symbol>
<synbol acti on="drop ">rightP aren</sy mbol>
</pr oduction >
</nont erm>
<list name="ApplyList" epsilon=" true">
<production>
<synbol>Appl y</symbol>
</pr oduction >
<production>
<synbol>iden tifier</ symbol>
</pr oduction >
<production>
<synbol>number</symb ol>
</pr oduction >
<production>
<synbol>stri ng</symbol>
</pr oduction >
</list >
</parser >
</language >



B.4. lispy-reso Ived.language. xml

B.3. lispy.languagexml with all high-order grammar feaures resolved.

<?xnh versio n="1.0"? >
<lan guage name="lisp y">
<l exer>

<match term="lef tParen"> "("</mat ch>

<match term="rig htParen" >")"</ma tch>

<match term="ide ntifier" >[[:alph a]j[;a Inum:]]* </match>
<match term="nunber">[[: digit]] +</match>

<match term="str ing">'[" T*</ma tch>

<ignore> ["[:prin  t]]|\n  [blank: ]]</igno re>

<error>. </error>

</lexer>

<parser>

<nonterm name="Rogram" epsilon= "true">
<production>
<synbol acti on="cont ent">Pro gram__it em</symiol>
<synbol acti on="cont ent">Pro gram__rl ist</sym bol>
</pr oduction >
</nont erm>
<nonterm name="Rogram__rlist"  epsilon=
<production>
<synbol acti on="cont ent">Pro gram__rl ist</sym bol>
<synbol acti on="cont ent">Pro gram__it em</symiol>
</pr oduction >
</nont erm>
<nonterm name="Rogram__item" epsilon="f alse">
<production>
<synbol>Appl y</symbol>
</pr oduction >
</nont erm>
<nonterm name="Aply">
<production>
<synbol acti on="drop ">leftPa ren</symbol>
<synbol rename="function">id entifier </symbol >
<synbol acti on="cont ent">ApplyList</ symbol>
<synbol acti on="drop ">rightP aren</sy mbol>
</pr oduction >
</nont erm>
<nonterm name="AplyList " epsilo n="true" >
<production>
<synbol acti on="cont ent">ApplyList__ item</sy mbol>
<synbol acti on="cont ent">ApplyList__ rlist</s ymbol>
</pr oduction >
</nont erm>
<nonterm name="AplyList _ rlist" epsilon ="true">
<production>
<synbol acti on="cont ent">ApplyList__ rlist</s ymbol>
<synbol acti on="cont ent">ApplyList__ item</sy mbol>
</pr oduction >
</nont erm>
<nonterm name="AplyList __item" epsilon= "false">
<production>
<synbol>Appl y</symbol>
</pr oduction >
<production>
<synbol>iden tifier</  symbol>
</pr oduction >
<production>
<synbol>number</symbol>
</pr oduction >
<production>
<synbol>stri ng</symbol>
</pr oduction >
</nont erm>
</parser >

true">
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</language >
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B.5. lispy_null _sample .txt

A sample of lispy_null.

(foo bar null (baz 1 'abc def (qux)))

B.6. lispy_null _sample. xmi

The dedred XML output for the sample.

<?xnh 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>
<numbe line=" 1" column="8">1</number>
<strin g line=" 1" column="9">'a bc def'< /string>
<Apply>
<function i ne="1" column="11">qux</ function >
</Appl y>
</Apply>
</ Apply>
</Pr ogram>




B.7. lispy_null .language .xml

The language de<ription for the toy language\ lispy_null".

<?xnh versio n="1.0"? >
<lan guage name="lisp y_null">
<l exer>
<match term="lef tParen"> "("</mat ch>
<match term="rig htParen" >")"</ma tch>
<match term="nul I">"null  "</match >
<match term="ide ntifier" >[[:alph a]j[;a Inum:]]* </match>
<match term="nunber">[[: digit]] +</match>
<match term="str ing">'[" T*</ma tch>
<ignore> [":prin  t]][[\n [:blank: Jl</igno re>
<error>. </error>
</lexer>
<parser>
<list name="Progam" epsilon="tr ue">
<production>
<synbol>Appl y</symbol>
</pr oduction >
</list >
<nonterm name="Aply">
<production>
<synbol acti on="drop ">leftPa ren</symbol>
<synbol rename="function">id entifier ~</symbol >
<synbol acti on="cont ent">ApplyList</ symbol>
<synbol acti on="drop ">rightP aren</sy mbol>
</pr oduction >
</nont erm>
<list name="ApplyList" epsilon=""true">
<production>
<synbol>Appl y</symbol>
</pr oduction >
<production>
<synbol>iden tifier</  symbol>
</pr oduction >
<production>
<synbol>number</symb ol>
</pr oduction >
<production>
<synbol>stri ng</symbol>
</pr oduction >
<production>
<synbol acti on="toke n">null< /symbol>
</pr oduction >
</list >
</parser >
</language >
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B. 8. lispy_null-resolved.langua ge.xml

B.7. lispy_null.languagexml with all high-order grammar featuresresdved.

<?xnh versio n="1.0"? >
<lan guage name="lisp y_null">
<l exer>
<match term="lef tParen"> "("</mat ch>
<match term="rig htParen" >")"</ma tch>
<match term="nul I">"null  "</match >
<match term="ide ntifier" >[[:alph alj[:a Inum:]]* </match>
<match term="nunber">[[: digit]] +</match>
<match term="str ing">'[* 'T*</ma tch>
<ignore> ["[:prin  t]]|[\n  [:blank: ]]</igno re>
<error>. </error>
</lexer>
<parser>
<nonterm name="Rogram" epsilon= "true">
<production>
<synbol acti on="cont ent">Pro gram__it em</symiol>
<synbol acti on="cont ent">Pro gram__rl ist</sym bol>
</prod uction>
</nonter m>
<nonterm name="Rogram__rlist"  epsilon=" true">
<production>
<synbol acti on="cont ent">Pro gram__rl ist</sym bol>
<synbol acti on="cont ent">Pro gram__it em</symiol>
</prod uction>
</nonter m>
<nonterm name="Rogram__item" epsilon="f alse">
<production>
<synbol>Appl y</symbol>
</prod uction>
</nonter m>
<nonterm name="Aply">
<production>
<synbol acti on="drop ">leftPa ren</symbol>
<synbol rename="function">id entifier </symbol >
<synbol acti on="cont ent">ApplyList</ symbol>
<synbol acti on="drop ">rightP aren</sy mbol>
</prod uction>
</nonter m>
<nonterm name="AplyList " epsilo n="true" >
<production>
<synbol acti on="cont ent">ApplyList__ item</sy mbol>
<synbol acti on="cont ent">ApplyList__ rlist</s ymbol>
</prod uction>
</nonter m>
<nonterm name="AplyList __rlist"  epsilon ="true">
<production>
<synbol acti on="cont ent">ApplyList__ rlist</s ymbol>
<synbol acti on="cont ent">ApplyList__ item</sy mbol>
</prod uction>
</nonter m>
<nonterm name="AplyList __item" epsilon= "false">
<production>
<synbol>Appl y</symbol>
</prod uction>
<production>
<synbol>iden tifier</  symbol>
</prod uction>
<production>
<synbol>number</symbol>
</prod uction>
<production>
<synbol>stri ng</symbol>
</prod uction>
<production>
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<synbol acti on="toke n">null< /symbol>
</prod uction>
</nonter m>
</ parser>
</la nguage>
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B.9. lispy_null -java.language. xml

The language de<ription for the toy language\lispy_null", modi ed to work with JFI ex.

<?xnh versio n="1.0"? >
<lan guage name="lisp y_null">
<l exer>
<match term="lef tParen" "("</mat ch>
<match term="rig htParen" >")"</ma tch>
<match term="nul I">"null  "</match >
<match term="ide ntifier" >[a-zA-Z ]J[a-zA-Z 0-9]*</m atch>
<match t erm="nunber">[0- 9]+</mat ch>
<match term="str ing">[" T*</ma tch>
<ignore>[ \t\nn \fl</ign ore>
<error>. </error>
</lexer>
<parser>
<list name="Progam" epsilon="tr ue">
<production>
<synbol>Appl y</symbol>
</pr oduction >
</list >
<nonterm name="Aoply">
<production>
<synbol acti on="drop ">leftPa ren</symbol>
<synbol rename="function">id entifier ~</symbol >
<synbol acti on="cont ent">ApplyList</ symbol>
<synbol acti on="drop ">rightP aren</sy mbol>
</pr oduction >
</nont erm>
<list name="ApplyList" epsilon=""true">
<production>
<synbol>Appl y</symbol>
</pr oduction >
<production>
<synbol>iden tifier</ symbol>
</pr oduction >
<production>
<synbol>number</symbol>
</pr oduction >
<production>
<synbol>stri ng</symbol>
</pr oduction >
<production>
<synbol acti on="toke n">null< /symbol>
</pr oduction >
<flist >
</parser >
</language >



This documert is a lexer for B.3. lispy.language.xml written by hand for ex.

B.10. lispy_lexer.|

to be paired with B.11. lispy_parser.y.

%{/* lispy_| exerl */

#inc lude
#inc lude
#inc lude

#inc lude
9%}

%opion

%%

"o

}

<stdio.h>
<string.h>
<stdio.h>

"li spy_pars er.tab.h

8bit

++column_number; RBIECT,;

+Hine_number; col umn_numdr = 1; REJECT,;

yylv al = xmINewNodel{ULL, "I eftParen

if (track_to ken_position) {
char buf[32] ;

)

snprintf(buf , 32, "%d", line _number);

xmlSetProp(y ylval, "line", b

uf);

snprintf(buf , 32, "%d", colu mn_numhg;

xmlSetProp(y ylval, "column",

}

buf);

/* yytext does not need to be escaped for

* xmINewTek does the right thing.
xmlAddChild( yylval, xmINewT&t(yytex

retu rn lispy _sym_lef tParen;

yylv al = xmINewNode{ULL, "r ightPare

if (track_to ken_position) {
char buf[32] ;

*/
1);

n");

XML,

snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line",  buf);

snprintf(buf , 32, "%d", colu mn_numh®g;

xmlSetProp(y ylval, "column",

}

buf);

/* yytext does not need to be escaped for

* xmINewTek does the right thing.
xmlAddChild( yylval, xmINewTet(yytex

retu rn lispy _sym_rig htParen;

[a Ipha:]ll [alnum: 71* {

yylv al = xmINewNode{ULL, "i dentifie

if (track_to ken_position) {
char buf[32] ;

*
1);

r;

XNL,

snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line",  buf);

snprintf(buf , 32, "%d", colu mn_numhg;

xmlSetProp(y ylval, "column",

buf);
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}

/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewTet(yytex t));

retu rn lispy _sym_identifier;

}
[[:d igit:]]+ {
yylv al = xmINewNodel{ULL, "number");
if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));
retu rn lispy _sym_nurboer;
}
™ o
yylv al = xmINewNode{ULL, "s tring");
if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));
retu rn lispy _sym_string;
}

[ print]]  |I\n[:bl  ank]] {
/* ignore */;

}
yylv al = NUL;
retu rn lispy _lex_err or;
}
Jn {
/* flex thin ks of it 's lexer s as fil ters.
* As a result, all characte rs which match nothing get
* printed to stdout .
*
* As a general solution, we mayimplement a catch-a Il
* which eit her:
* a) Ignore s these characte rs, or
* b) Throws an error.
*
* This rule chooses to ignore them. */
}

%%
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B.11. lispy_par ser.y

111

This documert is a parserfor B.3. lispylanguagexml| written by hand for bison. It is meart

to be paired with B.10. lispy_lexer.l.

Ystart

%token
%token
%token
%token
%token

%token

lispy _sym_Pragyram

lispy _sym_lef tParen
lispy _sym_rig htParen
lispy _sym_identifier
lispy _sym_nurbper
lispy _sym_string

lispy _lex_err or

%{/* lispy_p arsery */

#inc lude <li bxml/itre e.h>

#define YYSWPE xmINodePtr
#define YYEROR_VERBE1

stat ic

stat ic
stat ic
stat ic

xmINadePtr la st_node;

int track_tok en_posit ion = 1;
int |ine_numker;
int column_number;

/* Include |exer generated from lisp y_lexer. | */
#inc lude "li spy_lexe r.c"

9%}

%%

lisp y_sym_Pogram:

{

lisp y_sym_Pogram__item lisp y_sym_Program__rlist
last _node = $$ = xmINewNodeULL, "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' */

it ($2->chil dren) {
xmlAddChildL ist($$,  $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

|
last _node = $$ = xmINewNodeULL, "Program”) ;

lisp y_sym_Pogram__rlist:

{

lisp y_sym_Pogram__rlist lis py_sym_RFogram__item

last _node = $$ = xmINewNodel{ULL, "Program__rlist");



/* Program__rlist: action='c ontent' */

it ($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 = $$ = xmINewNodelJULL, "Program__rlist");

lisp y_sym_Poogram__item:

{

lisp y_sym_Aply:

{

lisp y_sym_Aply

last _node = $$ = xmINewNodelULL, "Program__item");

/* Apply: action='pr eserve' */

xmlAddChild( $$, $1);

lisp y_sym_leftParen lispy_sy m_identi fier lis py_sym_AdplyList

last _node = $$ = xmINewNode{ULL, "Apply");

/* leftParen : action ='drop’ */

xmlFreeNode($1);

$1 = NULL;

/* identifie r: actio n='prese rve', rename="'function'

xmINodeSetName($2, "function ");

xmlAddChild( $$, $2);

/* ApplyList : action ='conten t' */

if  ($3->chil dren) {
xmlAddChildL ist($$,  $3->chil dren);
$3->children = NULL;

}

xmlFreeNode($3);

$3 = NULL;

/* rightPare n: actio n='drop' */

xmlFreeNode($4);

$4 = NULL;

lisp y_sym_AplyList:

{

lisp y_sym_AplyList_ _item i spy_sym ApplyLis t__rlist

")

last _node = $$ = xmINewNodel{ULL, "ApplyList

/* ApplyList __item: action=" content' */
if  ($1->chil dren) {
xmlAddChildL ist($$,  $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

lispy_s ym_right Paren
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/* ApplyList __rlist: action= ‘content ' */
it ($2->chil dren) {
xmlAddChildL ist($$,  $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

last _node = $$ = xmINewNodelULL, "ApplyList ");

lisp y_sym_AplyList_ _rlist:

{

lisp y_sym_AplyList_ _rlist  |ispy_sym_ApplyLi st__item
last _node = $$ = xmINewNodeULL, "ApplyList __rlist" );

/* ApplyList __rlist: action= 'content ' */
it ($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 = $$ = xmINewNodeULL, "ApplyList __rlist" );

lisp y_sym_AplyList_ _item:

{

lisp y_sym_Aply
last _node = $$ = xmINewNodelULL, "ApplyList __item") ;

/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

| li spy_sym_identifi er
last _node = $$ = xmINewNodelULL, "ApplyList __item") ;

/* identifie r: actio n='prese rve' */
xmlAddChild( $$, $1);

| li spy_sym_number
last _node = $$ = xmINewNodelULL, "ApplyList __item") ;

/* number: action='p reserve' */
xmlAddChild( $$, $1);

| li spy_sym_string
last _node = $$ = xmINewNodellULL, "ApplyList __item") ;

[* string: action='p reserve' */
xmlAddChild( $$, $1);
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%%

int yywrap(void) { return 1; }
int yyerror( char *msg) { fpr intf(std err,

int
main
(int argc,
char **argv )
{

int ret;
xmlDocPtr doc;

line _number = 1,
colu mn_numhbe = 1;

ret = yyparse( );

if (ret ==0) {

doc = xmINeviDoc("1.0 ");
xmlSetTreeDoc(last_n ode,
xmlDocSetRoatElement (doc,

xmlDocFormatDump(stdout,
xmlFreeDoc(d oc);

ret = 0;
} else {

ret =1,
}
retu rn ret;

"\t Error: 9%\n",

doc);
la st_node) ;

doc, 1);

mg);

}
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B.12. lispy_null_lexer.l

This documert is a lexer for B.7. lispy_null.language.xml writt en by hand for ex. It is

meart to be pairedwith B.14. lispy null_parser.y. It wasusedto develop A.5. geneate_ ex_lexer.xsl

%{/* lispy_n ull_lexe r.l */

#inc lude <stdio.h>
#inc lude <string.h>
#inc lude <stdio.h>

#inc lude "li spy_null _parser. tab.h"
9%}

%opion 8bit
%%

. ++column_number; RBIECT,;
\n +Hine_number; column_numdr = 1; REJECT,;

yylv al = xmINewNode{ULL, "I eftParen ");

if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);

}

/* yytext does not need to be escaped for XM,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));

retu rn lispy _null_sy m_leftPa ren;

"y
yylv al = xmINewNode{ULL, "r ightPare n");

if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line",  buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);

}

/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewTet(yytex t));

retu rn lispy _null_sy m_rightP aren;

}

"nul 1" {
yylv al = xmINewNode{ULL, "null");

if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line",  buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);



}

/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewTet(yytex t));

retu rn lispy _null_sy m_null;

}

[a Ipha]ll [alnum: 71* { ) B
yylv al = xmINewNodel{ULL, "i dentifie r");

if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column”, buf);
}
/* yytext does not need to be escaped for XM,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));

retu rn lispy _null_sy m_identi fier;

}
[d igit]+  {
yylv al = xmINewNodel{ULL, "number");
if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XM,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));
retu rn lispy _null_sy m_number
}
™o '
yylv al = xmINewNode{ULL, "s tring");
if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line",  buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewTet(yytex t));
retu rn lispy _null_sy m_string ;
}

[ print]]  |Dn(bl  ank]] {
/* ignore */;
}

yylv al = NUL;
retu rn lispy _null_le x_error;
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Jn {
[* flex thin ks of it 's lexer s as fil ters.
* As a result, all characte rs which match nothing get
* printed to stdout .
*
* As a general solution, we mayimplement a catch-a Il
* which eit her:
* @) Ignore s these characte rs, or
* b) Throws an error.
*
* This rule chooses to ignore them. */
}

%%
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This documert is a lexer for B.7. lispy.null.languagexml generaed by applying A.5. gen-

erate_ex _lexer.xsl to B.8. lispy_null-resolhed.language xml.

%{/* lispy_n ull_lexe r.l */
/* This file generat ed by generate_f lex_lexe r.xsl */

#inc lude <stdio.h>
#inc lude <string.h>
#inc lude <stdio.h>

#inc lude "li spy_null _parser. tab.h"
9%}

%opion 8bit

%%

. ++column_number; RBECT,;
\n +Hine_number; col umn_numdr = 1; REJECT,;

e
yylv al = xmINewNode{ULL, "I eftParen ");

#ifd ef DEBUG
fpri ntf(stde rr,
"TERVIINAL %s{%s}n" ,

"lef tParen”,
yyte xt);
#endif
if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XM,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));
retu rn lispy _null_sy m_leftPa ren;
}
e

yylv al = xmINewNode{ULL, "r ightPare n");

#ifd ef DEBUG
fpri ntf(stde rr,
"TERMINAL %s{%s}\n" ,
"rig htParen" ,

yyte xt);
#endif

if (track_to ken_position) {
char buf[32] ;



snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line",  buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);

}

/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));

retu rn lispy _null_sy m_rightP aren;

}

"nul " {
yylv al = xmINewNode{ULL, "null");

#ifd ef DEBUG
fpri ntf(stde rr,
"TERMINAL %s{%s)\n" ,

"nul I,
yyte xt);
#endif
if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line",  buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewTet(yytex t));
retu rn lispy _null_sy m_null;
}

[a Ipha]ll [alnum: 71* { ) B
yylv al = xmINewNodellULL, "i dentifie r");

#ifd ef DEBUG
fpri ntf(stde rr,
"TERVIINAL %s{%s}n" ,

“ide ntifier"
yyte xt);
#endif
if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line",  buf);
snprintf(buf , 32, "%d", colu mn_numh®g;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XN,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewTet(yytex t));
retu rn lispy _null_sy m_identi fier;
}
[[:d igit:]]+ {

yylv al = xmINewNode{ULL, "number");

#ifd ef DEBUG
fpri ntf(stde rr,
"TERMINAL %s{%s}n" ,
"nurber”,
yyte xt);
#endif
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if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numh®g;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XM,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));

retu rn lispy _null_sy m_number

{
yylv al = xmINewNode{ULL, "s tring");

#ifd ef DEBUG
fpri ntf(stde rr,
"TERVIINAL %s{%s}n" ,

"str ing",
yyte xt);
#endif
if (track_to ken_position) {
char buf[32] ;
snprintf(buf , 32, "%d", line _number);
xmlSetProp(y ylval, "line", buf);
snprintf(buf , 32, "%d", colu mn_numhg;
xmlSetProp(y ylval, "column", buf);
}
/* yytext does not need to be escaped for XM,
* xmINewTek does the right thing. */
xmlAddChild( yylval, xmINewT&t(yytex t));
retu rn lispy _null_sy m_string ;
}

[ print]]  |I\n[:bl ank]] {
/* ignore */;
}

yylv al = NUL;
retu rn lispy _null_le x_error;

Jin {

[* flex thin ks of it 's lexer s as fil ters.
As a result, all characte rs which match nothing get
printed to stdout .

As a general solution, we mayimplement a catch-a Il
which eit her:

a) Ignore s these characte rs, or

b) Throws an error.

R I

This rule chooses to ignore them. */

%%
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B.14 . lispy_null_parser.y

This documert is a parser for B.7. lispy.null.languagexml written by hand for bison. It is

meart to bepaired with B.12. lispy_null _lexer.l. It wasusedto dewvelop A.6. generate_bison_parser.xsl.

%start lispy _null_sy m_Program
%token lispy _null_sy m_leftParen
%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 ery */

#inc lude <li bxml/tre e.h>

#define YYSVYPExmINodePtr
#define YYEROR_VERISE1

stat ic xmINadePtr la st_node;
stat ic int track_tok en_posit ion = 1;
stat ic int |ine_number;

stat ic int column_number;

/* Include |exer generated from lisp y_null_| exer. */
#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 = $$ = xmINewNodeULL, "Program”) ;
/* Program__item: action='co ntent' */
if  ($1->chil dren) {
xmlAddChildL ist($$,  $1->chil dren);
$1->children = NULL;
}
xmlIFreeNode($1);
$1 = NULL;
/* Program__rlist: action='c ontent' */
it ($2->chil dren) {
xmlAddChildL ist($$,  $2->chil dren);
$2->children = NULL;
}
xmlFreeNode($2);
$2 = NULL;
}
|
{
last _node = $$ = xmINewNodelULL, "Program”) ;
}

lisp y_null_s ym_Program__rlis t:
lisp y_null_s ym_Program__rlis t lispy_ null_sym _Program__item
{



last _node = $$ = xmINewNodelJULL, "Program__rlist");
/* Program__rlist: action='c ontent' */
it ($1->chil dren) {
xmlAddChildL ist($$,  $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 = $$ = xmINewNodelJULL, "Program__rlist");
}

lisp y_null_s ym_Program__item:
lisp y_null_s ym_Apply

{
last _node = $$ = xmINewNodelULL, "Program__item");
/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

}

lisp y_null_s ym_Apply.
lisp y_null_s ym_leftP aren lis py_null_ sym_identifier

{
last _node = $$ = xmINewNode{ULL, "Apply");
/* leftParen : action ='drop’ */
xmlFreeNode($1);
$1 = NULL;
/* identifie r: actio n='prese rve', rename='function' */
xmINodeSetName($2, "function ");
xmlAddChild( $$, $2);
/* ApplyList : action ='conten t' */
if  ($3->chil dren) {
xmlAddChildL ist($$,  $3->chil dren);
$3->children = NULL;
}
xmlIFreeNode($3);
$3 = NULL;
/* rightPare n: actio n='drop’ */
xmlFreeNode($4);
$4 = NULL;
}

lisp y_null_s ym_ApplyList:

lisp y_null_s ym_ApphList__it emlispy _null_sy m_Applylist__rli
{
last _node = $$ = xmINewNodellULL, "ApplyList ");

/* ApplyList __item: action=" content' */
if  ($1->chil dren) {
xmlAddChildL ist($$,  $1->chil dren);

$1->children = NULL;

}
xmlFreeNode($1);

lispy_nul 1_sym_ApplyList

st

lispy_nu Il_sym_r ightPare n
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$1 = NULL;
/* ApplyList __rlist: action= ‘content ' */
it ($2->chil dren) {
xmlAddChildL ist($$,  $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

|
last _node = $$ = xmINewNode{ULL, "ApplyList

lisp y_null_s ym_Apphtist__rl ist:

{

lisp y_null_s ym_ApplhyList__rl ist lisp y_null_s ym_AppltList__it

last _node = $$ = xmINewNodel{ULL, "ApplyList

/* ApplyList __rlist: action= ‘content ' */
it ($1->chil dren) {
xmlAddChildL ist($$,  $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;
/* ApplyList __item: action=" content' */
it ($2->chil dren) {
xmlAddChildL ist($$,  $2->chil dren);
$2->children = NULL;

}
xmlFreeNode($2);
$2 = NULL;

|
last _node = $$ = xmINewNodelJULL, "ApplyList

lisp y_null_s ym_Apphtist it em:

{

lisp y_null_s ym_Apply
last _node = $$ = xmINewNodel{ULL, "ApplyList

/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);

| li spy_null _sym_identifier
last _node = $$ = xmINewNodel{ULL, "ApplyList

/* identifie r: actio n='prese rve' */
xmlAddChild( $$, $1);

| li spy_null _sym_nurber
last _node = $$ = xmINewNode{ULL, "ApplyList

/* number: action='p reserve' */
xmlAddChild( $$, $1);

| li spy_null _sym_string
last _node = $$ = xmINewNode{ULL, "ApplyList

[* string: action='p reserve' */
xmlAddChild( $$, $1);

")

_rlist" );

_rlist" 0 );

__item") ;

__item") ;

__item") ;

__item") ;
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int
int
int
main

| li spy_null _sym_null

last _node = $$ = xmINewNodelULL, "ApplyList __item") ;

/* null: action="tok en' *

xmIAddChild( $$, $1);

if  ($1->chil dren) {
xmlFreeNodelist($1-> children );
$1->children = NULL;

}
xmlAddChild( $$, $1);

yywrap(v oid) { return 1; }
yyerror( char *msg) { fpr intf(std err, "\t Error:

(int argc,
char **argv )

int ret;
xmlDocPtr doc;

line _number = 1,
colu mn_numhbe = 1;

ret = yyparse( );
if (ret ==

) {
doc = xmiINeviDoc("1.0 ");
xmlSetTreeDoc(last_n ode, doc);

%\n",

xmlDocSetRoatElement (doc, la st_node) ;

xmlDocFormatDump(stdout, doc, 1);
xmlFreeDoc(d oc);

ret = 0;
} else {

ret =1,
}
retu rn ret;

mg);

}
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This documert is a parserfor B.7. lispy_null.languagexml generaed by applying A.6. gen-

erate_bison_parser.xsl to B.8. lispy_null-resolvel.language xml.

Y%start

%token
%token
%token
%token
%token
%token

%token

lispy _null_sy m_Program

lispy _null_sy m_leftPa ren
lispy _null_sy m_rightP aren

lispy _null_sy m_null

lispy _null_sy m_identi fier
lispy _null_sy m_number
lispy _null_sy m_string

lispy _null_le x_error

%({/* lispy_n ull_pars ery */

#inc lude <li bxml/tre e.h>

#define YYSWPE xmINodePtr
#define YYEROR_VERBE1

stat ic xmINadePtr la st_node;

#ifn def TRAG_POSITDN
#define TRAG_POSITDON1

#endif
stat ic
stat ic
stat ic

int track_tok en_posit ion = TRACK_POSION;

int |ine_numker;
int column_number;

/* Include |exer generated from lisp y_null_| exer. */
#inc lude "li spy_null _lexer.c

9%}

%%

lisp y_null_s ym_Program:
lisp y_null_s ym_Program__item lispy_n ull_sym_ Program__rlist

{

last _node = $$ = xmINewNodelULL, "Program") ;

/* Program__item: action='co ntent' */

if  ($1->chil dren) {

xmlAddChildL ist($$,  $1->chil dren);

$1->children

}
xmlFreeNode($1);
$1 = NULL;

/* Program__rlist:
if ($2->chil dren) {

= NULL;

action='c ontent' */

xmlAddChildL ist($$,  $2->chil dren);

$2->children

}
xmlFreeNode($2);
$2 = NULL;

= NULL;
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last _node = $$ = xmINewNode{ULL, "Program") ;

lisp y_null_s ym_Program__rlis t:
lisp y_null_s ym_Program__rlis t lispy_ null_sym _Program__item

{
last _node = $$ = xmINewNodelJULL, "Program__rlist");
/* Program__rlist: action='c ontent' */
if  ($1->chil dren) {
xmlAddChildL ist($$,  $1->chil dren);
$1->children = NULL;
}
xmlIFreeNode($1);
$1 = NULL;
/* Program__item: action='co ntent' */
if ($2->chil dren) {
xmlAddChildL ist($$,  $2->chil dren);
$2->children = NULL;
}
xmlFreeNode($2);
$2 = NULL;
}
|
{
last _node = $$ = xmINewNodelJULL, "Program__rlist");
}

lisp y_null_s ym_Program__item
lisp y_null_s ym_Apply

{
last _node = $$ = xmINewNodelULL, "Program__item");
/* Apply: action='pr eserve' */
xmlAddChild( $$, $1);
}
lisp y_null_s ym_Apply.
lisp y_null_s ym_leftP aren lis py_null_ sym_identifier lispy_nul I_sym_ApplyList lispy_nu ll_sym_r ightPare n
{
last _node = $$ = xmINewNode{ULL, "Apply");
/* leftParen : action ='drop’ */
xmlFreeNode($1);
$1 = NULL;
/* identifie r: actio n='prese rve', rename='function' */
xmINodeSetName($2, "function ");
xmlAddChild( $$, $2);
/* ApplyList : action ='conten t' */
if ($3->chil dren)
xmlAddChildL ist($$,  $3->chil dren);
$3->children = NULL;
}
xmlFreeNode($3);
$3 = NULL;
/* rightPare n: actio n='drop’ */
xmlFreeNode($4);
$4 = NULL;
}

lisp y_null_s ym_ApplyList:



lisp y_null_s ym_ApphList__it emlispy _null_sy m_Applylist_ rli st
last _node = $$ = xmINewNodelULL, "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 = $$ = xmINewNodeULL, "ApplyList ");

lisp y_null_s ym_Apphtist__rl ist:

{

lisp y_null_s ym_ApphList_ rl ist lisp y_null_s ym_ApphtList__it em
last _node = $$ = xmINewNodelULL, "ApplyList __rlist* );
/* ApplyList __rlist: action= ‘content ' */
if  ($1->chil dren) {
xmlAddChildL ist($$,  $1->chil dren);
$1->children = NULL;

}
xmlFreeNode($1);
$1 = NULL;

/* ApplyList __item: action=" content' */
it ($2->chil dren) {
xmlAddChildL ist($$,  $2->chil dren);
$2->children = NULL;
}
xmlFreeNode($2);
$2 = NULL;

|
last _node = $$ = xmINewNodelULL, "ApplyList __rlist* );

lisp y_null_s ym_Apphiist__it em:

{

lisp y_null_s ym_Apply

last _node = $$ = xmINewNodelULL, "ApplyList __item") ;
/* Apply: action='pr eserve' *

xmIAddChild( $$, $1);

| li spy_null _sym_identifier

last _node = $$ = xmINewNodelULL, "ApplyList __item") ;

/* identifie r: actio n='prese rve' */
xmlAddChild( $$, $1);
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| li spy_null _sym_nurboer

last _node = $$ = xmINewNodelULL, "ApplyList __item") ;
/* number: action='p reserve' */

xmlAddChild( $$, $1);

| li spy_null _sym_string

last _node = $$ = xmINewNodelULL, "ApplyList __item") ;
[* string: action='p reserve' */

xmlAddChild( $$, $1);

| i spy_null _sym_null

last _node = $$ = xmINewNodelULL, "ApplyList __item") ;
/* null:  action="tok en' */

xmlAddChild( $$, $1);

it ($1->chil dren) {

xmlFreeNodelist($1-> children );
$1->children = NULL;

%%

int yywrap(void) { return 1; }

int
yyer ror
(char *msg)
{
fpri ntf(stde rr, "Err or at li ne %d: %\n", i ne_numbe, msg);
}
int
main
(int argc,
char **argv )
{

/* This programs parses data from stdin,
* and write s its output to stdout. */

int ret;
xmlDocPtr doc;

line _number = 1,
colu mn_numbe = 1;

ret = yyparse( );

if (ret ==0) {
doc = xmINeviDoc("1.0 ");
xmlSetTreeDoc(last_n ode, doc);
xmlDocSetRoaElement (doc, la st_node) ;

xmlDocFormatDump(stdout, doc, 1);
xmlFreeDoc(d oc);

ret = 0;
} else {

ret =1,
}
retu rn ret;
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B.16. lispy_null_lexer.lex

This documert is a lexer for B.7. lispy_null.languag.xml written by hand for JFlex. It is

meart to be pairedwith B.17. lispy.null_parser.cup. It wasusedto dewelopA.7. generatej ex lexer.xsl

package lisp y_null;
import org.w 3c.dom.Element;

import java_ cup.runt ime.Symtol;

%%

%cup

%lin e

%column

%%

"
Element e = (Element) parser .documert.create Element( "leftPar en");
e.ap pendChil d( parser.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);

}

Ao
Element e = (Element) parser .documert.create Element( "rightPa ren");
e.ap pendChil d( parser.document.creat eTextNode(yytext ()) );
e.setAttribu  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 I" {
Element e = (Element) parser .documert.create Element( "null");
e.appendChil d( parser.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 .documert.create Element( "identif ier");
e.ap pendChil d( parser.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);

}

91+ {
Element e = (Element) parser .documert.create Element( "number");
e.ap pendChil d( parser.document.creat eTextNode(yytext ()) );
e.setAttribu  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 .documert.create Element( "string” );
e.appendChil d( parser.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);



131

[ \e\n\f]  {
/* ignore */;
}

System.err.p rintin(* lllegal  characte r: "+yyt ext());
retu rn null;
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B.17. lispy_null_parser.cup

This documert is a parser for B.7. lispy.null.languagexml written by hand for bison. It is

meart to be pairedwith B.16. lispy.null_lexer.lex. It wasusedto dewvelopA.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. i0.lIOExc eption;

import  org.w 3c.dom.NodelList;
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.NamedNodklap;

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 = DoaumentBuilderFact ory.newl nstance( );
DocumentBuil der buil der = factory.ne wDocumeBuilder ();
document = builder.n ewDocum();

3}

parser code {:
stat ic Docurant document = null;
stat ic Element curre nt = null;

public stati c Elemert cloneWithNewName(Element e, String nane) {
Element newE= docunent.crea teElement(name);

whil e (e.has ChildNodes()) {
newEappendChild( e. getFirst Child() );
}

if (e.hasAtt ributes( ) ) {
NameNodeMapoldattm ap
NamdNodeMapnewattmap
Node n;

e.g etAttrib  utes();
nevE.getAtt ributes( );

whil e (oldat tmap.get Length() != 0) {
n = oldattma p.item(0 );
e.re moveAttr ibuteNod e((Attr)  n);
newdtmap.se tNamedItem(n);

}

retu rn newk;

}

public stati c void contentAc tion(Ele ment e) {
whil e (e.has ChildNodes()) {
curr ent.appe ndChild( e.getFi rstChild () );
}



public stati c void tokenActi on(Element e) {
whil e (e.has ChildNodes()) {
e.re moveChild( e.get FirstChi 1d()

}

public stati c void nain(Stri

}

curr ent.appe ndChild( e );

new parser(n ew Yylex (System. in)).par

se();

document.appendChil d(parser .current );
document.g etDocumentElement().norm  alize();

Stri ng xmiStr = null ;

XML Erialize

Stri

OutputFormat

ngWriter

);

r serial izer = new XMLSegalizer

strWri ter = new String Writer()

ng args[ ]) throws Exception {

0s

outFor mat = new Output Format() ;

/I setup for mat sett ings
outFormat.se tVersion ("1.0");
outFormat.se tindenti ng(true) ;
outFormat.se tindent( 2);

/I Define a Writer
seri alizer.s etOutput CharStre am(str\Writer);

/I Apply the format settings
seri alizer.s etOutput Format(o utFormat);

);

try {
/I Serialize ~ XMLDoament
seri alizer.s erialize (parser. document);
xmiStr = str Writer.t oString(
strWriter.cl  ose();
} catch (IOException ioEx) {
System.out.p rintin("  Error " + i0EXx);
}
System.out.p rint(xml Str);
}
3
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_numér;
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__items1l lisp y_null_s ym_Program__rlis t:s2

RESUT = parser.docu ment.cre ateElement("Prog ram");
parser.curre nt = RESLT;

I*

Program__item:

action='co ntent' */

parser.conte ntAction ( sl );

/*

Program__rlist:

action='c ontent' */

parser.conte ntAction ( s2 );

133



RESUT = parser.docu ment.cre ateElement("Prog ram");

parser.curre nt = RESILT;

lisp y_null_s ym_Program__rlis t ::=
lisp y_null_s ym_Program__rlis t:s1 lis py_null_ sym_Progam__ite m:s2

{:

RESUT = parser.docu ment.cre ateElement("Prog ram__rli st");

parser.curre nt = RESILT;

/* Program__rlist: action='c ontent' */
parser.conte ntAction ( sl );

/* Program__item: action='co ntent' */
parser.conte ntAction ( s2 );

RESUT = parser.docu ment.cre ateElement("Prog ram__rli st");

parser.curre nt = RESILT;

lisp y_null_s ym_Program__item ::=

{:

lisp y_null_s ym_Applysl

RESUT = parser.docu ment.cre ateElement("Prog ram__ite m");

parser.curre nt = RESLT;

/* Apply: action='pr eserve' */
parser.curre nt.appen dChild( sl );

lisp y_null_s ym_Apply ::=

{:

lisp y_null_s ym_leftP aren:s1 lispy_nu Ill_sym_i dentifie

RESUT = parser.docu ment.cre ateElement("Appl y");

parser.curre nt = RESILT;

/* |eftParen : action ='drop’ */

/* identifie r: actio n='prese rve', rename="'function'
s2 = parser. cloneWit hNewNanfes2, "f unction”

parser.curre nt.appen dChild( s2 );

/* ApplyList : action ='conten t' */
parser.conte ntAction ( s3 );

/* rightPare n: actio n='drop’ */

lisp y_null_s ym_Apphtist :=
lisp y_null_s ym_ApplhList__it em:sl li spy_null _sym_ApfyList__ rlist:s2

{:

RESUT = parser.docu ment.cre ateElement("Appl yList");

parser.curre nt = RESILT;

/* ApplyList __item: action=" content' */

parser.conte ntAction ( sl );

/* ApplyList __rlist: action= ‘content '
parser.conte ntAction ( s2 );

*/

)

rs2

*/

lis py_null_ sym_ApplList:s3
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RESUT = parser.docu ment.cre ateElement("Appl yList");
parser.curre nt = RESLT;

lisp y_null_s ym_Apphtist__rl ist :=

{:

lisp y_null_s ym_ApphList__rl ist:s1 lispy_nul |_sym_ApplyList_ _item:s2

RESUT = parser.docu ment.cre ateElement("Appl yList__r list");
parser.curre nt = RESILT;

/* ApplyList __rlist: action= ‘content ' */
parser.conte ntAction ( sl );

/* ApplyList __item: action=" content' */
parser.conte ntAction ( s2 );

RESUT = parser.docu ment.cre ateElement("Appl yList__r list");
parser.curre nt = RESILT;

lisp y_null_s ym_Apphtist_it em:=

{:

lisp y_null_s ym_Apply:sl

RESUT = parser.docu ment.cre ateElement("Appl yList__i tem");
parser.curre nt = RESILT;

/* Apply: action='pr eserve' *
parser.curre nt.appen dChild( sl );

| li spy_null _sym_identifier: sl

RESUT = parser.docu ment.cre ateElement("Appl yList__i tem");
parser.curre nt = RESLT;

/* identifie r: actio n='prese rve' */
parser.curre nt.appen dChild( sl );

| li spy_null _sym_nurper:s1

RESUT = parser.docu ment.cre ateElement("Appl yList__i tem");
parser.curre nt = RESILT;

/* number: action='p reserve' */
parser.curre nt.appen dChild( sl );

| li spy_null _sym_string:sl

RESUT = parser.docu ment.cre ateElement("Appl yList__i tem");
parser.curre nt = RESILT;

[* string: action='p reserve' */
parser.curre nt.appen dChild( sl );

| i spy_null _sym_null:s1

RESUT = parser.docu ment.cre ateElement("Appl yList__i tem");
parser.curre nt = RESLT;

/* null: action="tok en' */
parser.token Action( sl );
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APPENDIX C

CSS Parser Files

C.1. W3C CSS Grammar

This documert is a copy of http:// wwww3.0org/T R/ CSS2¥gr ammar.html asof June of 2004.

Appendix G Gramma of CSS2.1
*Contents*

* G.1 Grammar<grammar.html#ql>

* G.2 Lexical scanner <grammar.html#q2>

* G.3 Canparison of toke nization in CSS2.1 and CSS1
<gramrar.html# tokenize r-diffs>

/Thi s appendx is normative. /

The grammar below defines the syntax of CSS2.1. It is in some sense,
however, a superset of CSS2.1 as this specification imposes additio nal
semantic constraints  not expressed in this grammar. A confor ming UA must
also adhere to the forward-c ompatibl e parsin g rules

<./s yndata.h tml#synt ax>, the selecto rs notat ion, the propert y and value
notation <./ about.ht ml#property-defs >, and the unit notation . In
addition, the documet language mayimpose restricti ons, e.g. HTML
imposes rest rictions  on the possible values of the "class" attribute

G.1 Granmar

The grammar below is LALR(1) (but note that most UA's should not use it
dire ctly, since it doesn't express the parsi ng conventions

<syndata.htm l#parsin g-errors >, only the CSS2.1 syntax). The format of
the producti ons is optimized for hunman consumption and some shorthan d
notation beyond Yacc (see [YACC] <refs.html# ref-YACC>) is used:

* o+ 0 or more

* %% 1 or more

* x9% 0Qor 1

* **  separates alterna tives
* * T groupin g

The producti ons are:

styl esheet
. [ CHARSE SYMS* STRINGS* ;' 1?2
[S|CDO|CDC]* [ i mport [S|CDO|CDE J*
[ [ rule set | malia | page ] [S| CDO|CDC] J*

imbort
IMPORT_¥aVI S*
[STRINGJURI] S* [ medium[ COMMS&* medium]* ]? ;' S*

média
MEDIA_SM S* medum [ COIMAS* nedium ]* LBRACES* rules et* '} S*

medium
IDENT S*
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page
PAGE_SY®* pseudo_page? S*
LBRACES* declar ation [ ;' S* declarati on ]* '} ' S*

pséudo_page
;" IDENT

op’erator
S S* | COMMS* | /* empty */

combnator
PLUSS*
| GREATEBR*
| S+

unary_operat or
| PWS

property
. IDENT S*

rule set
selector [ COMMS&* sele ctor [*
LBRACES* declar ation [ ' S* declarati on ]* '} ' S*

sele ctor
. simple_s elector [ combinator simple_sele ctor [*

sirﬁple_selec tor
element_name[ HASH| class | attrib | pseudo ]*
| [ HASH| class | attrib | pseudo ]+

cla’ss
"' IDENr
elément_name
IDENT| ™
attr ib
T S*IDENTS* [ [ '=' | INCLUES| DASIMATCH S*
[ IDENT| STRING] S*]? T
pséudo
[ IDENT| FWNCTIONS* IDENT?S* ') ]
de’cl aration
property ' S* expr pri 0?
| * empty */
pri’o
IMPORTAN SYMS*
exbr

: term [ operator term ]*

term
unary_operator?
[ NUMBEB* | PERCENTAGE* | LENGTHS* | EMSS* | EXSS' | ANGE S* |
TIME S* | FREQS* | function ]
| STRINGS* | IDENT S* | WRI S* | hexcolor

func tion
FUNCTIONS* expr ') S*

r
* There is a constr aint on the color that it 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*



G.2 Lexical scanner

The followin g is the tokeniz er, writ ten in Fex (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 Flex can deal with (decimal 255). They should
be read as "\4177777" (decimal 1114111), which is the highest possib le
code point in Unicode/ISO-10 646.

%opion case-insensi tive

h [0-9a-f]

nonascii  [\2 00-\377]

unic ode \W{h K1,6}\ nn][ Mt \nn\M)) 2

escape {unic ode}]\\[ -~\200- \377]

nmstart [ _a- z][{nona scii}|{e scape}

nmclar [ _a-z A-Z0-9-] |{nonasc ii}{{esc ape}

stri ngl \"([ \t #$%&-~]\{ nB]\[{ nonascii }|{escap e})*\"
stri ng2 \'([ \t #$%&-~]\{ nl}\"{ nonascii }|{escap e})*\'

ident {nmstart}{nmch ar}*

name {nmchar}+

num[0-9]+|[ 0-9]*." [0-9]+

stri ng {stri ngl}|{st ring2}

url  ([#$%&* -~]|{non ascii}{ escape}) *

s [ \twin\f ]

w{s}*

nl \n\in\  r|\f

range \?{1,6 }{h}(\? {0,5}{h }(?{0.4 J{h}(\? {03}{h }(?{0,2 }{h}(\?  ?Kh})

%%

{s}+ {return S;}

WV [+ (Y9 *TRR+)* VO /% ig nore comments */
"<I- " {retu rn CDO;}

> " {retur n CDC;}

" {return INCLUDE;}
"[=" {return DASHMAKH;}

{w}" {" {retu rn LBRAE;}
{w}" +" {retu rn PLUS}
{w}" >" {retu rn GREAHR;}
{w}" " {retu rn COMMA

{str ing} {re turn STRNG;}
{ide nt} {ret urn IDENT;}
"#'{ name} {r eturn HASH;}

"@inport”  {r eturn IMPORT_SYM
"@pae" {ret urn PAGESYM;}
"@mdia" {re turn MEDA_SYM;}
"@clarset” {return CHARSET)Y3/;}

""" w}'impor tant”  {r eturn IMPORTANEYM;}

{numiem {ret urn EMS}

{numiex {ret urn EXS}

{numipx {ret urn LENGH;}
{numjcm {ret urn LENGH;}
{numimm{ret urn LENGH;}
{nuntin {ret urn LENGH;}
{numipt {ret urn LENGH;}
{numipc {ret urn LENGH;}
{numideg {re turn ANGE;}

)
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{numjrad {re turn ANGE;}
{numigrad {r eturn ANGLE;}
{numims {ret urn TIME}

{num}s {retu m TIME;}
{numiHz {ret urn FREQ
{numikHz {re turn FRE);}
{nuni{ident}  {return DIMEN;}
{num% {retu rn PERCETAGE;}
{nun} {retur n NUMBER

"url ("{wH{st ring{w} )" {ret urn URI;}
"url ({wHur [Hw})"  {return URI;}
{ide nt}"(" {return FUNCTION;

. {return *yytext;}

G.3 Comprison of tokeni zation in CSS2.1 and CS1

There are somediffe rences in the syntax specified in the CS1
recommendaton ([CSS1] <refs .html#re f-CSS1>), and the one above. Mog of
these are due to newtokens in CSS2that didn't exist in CSS3. Others
are because the grammar has been rewritten to be more readable. Howeer,
ther e are someincompatible changes, that wee felt to be errors in the
CSSlsyntax. They are explai ned below.

* CSSlstyle sheets could only be in 1-byte-per- characte r encodings,

such as ASCIlI 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 CS3

tokeni zer, and some UA have accepted 2-byte encodings .

CSSlonly allo wed four hex-dig its afte r the backslash (\) to refer

to Unicode characters, CSS2al lows six

<syndata.html# escaped-characte rs>. Furthermore, CSS2allows a

whites pace character to delimi t the escape sequence. Eg.,

according to CSS1, the string "abcdef " has 3 letters (\abcd, e,

and f) , according to CSS2it has only one (\ab cdef).

* The tab character (ASAl 9) was not allowed in strings . Howeve,

since strings in CSSlwere only used for font namesand for URs,

the only way this can lead to incompatibility between CSSland

CSS2is if a style sheet contains a font famil y that has a tab in

its name.

Simila rly, newines (escaped wth a backslash

<syndata.html# strings> ) were not allow ed in strings in CSS1.

* CSS2parses a number i mmediatdly follo wed by an identi fier as a
DIMENtoken (i .e., an unknownunit), CSS1lparsed it as a numbe
and an identif ier. That meansthat in CSS1, the declar ation 'f ont:
10pt/1 .2serif  was correct, as was fo nt: 10pt/12pt serif' in
CSS2, a space is requi red before "seri f'. (Sone UAs accepted the
first example, but not the second.)

* In CS8, a class namecould start with a digit (".55ft "), unless
it was a dimension (. 55in"). In CSS2, such cl asses are parsed as
unknown dimensions (to allow for futur e additi ons of new units ).
To male "55ft " a vali d class, CSS2requires the first digit to be
escaped ("\35 5ft")

*

*
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C.2. css.language. xml

This document is the language descipti on | developed for CSS.

<?xnh versio n="1.0"? >
<lan guage name="css">

<l exer>
<option> case-ins ensitive </option >

<pattern name="N">\n|\r \n|\r\f  </patter n>
<pattern name="S>[ \t\r \n\fl</p attern>
<pattern name="W{S}*</ pattern>

<pattern name="HEX">[0-9 a-fl</pa ttern>

<pattern name="NONASCII>[\200-\ 377]</pa ttern>

<pattern name="WICODE"XY{HEXH{ 1,6}(\r\ n|[ \t\r \n\fl)?< /pattern >
<pattern name="ESCAPE">UNICODH}[ -~\ 200-\377 ]</patte rn>
<pattern name="WISTART[>a-z]{ NONASCH{ESCAPE}</patt ern>
<pattern name="WICHAR">[a-zA-Z0-9-]{NO NASCII}| {ESCAPE}/patter n>
<pattern name="IDENT">{WMSTARTNMCHAR§/patter n>

<pattern name="FRING1"X'((t  !#$%&ami;~]\\{ NL}V[{ NONASCIH{ESCAPE})*\"</
<pattern name="FRING2"¥X(]\t 1 #$%&ampg:~]\{  NL}\"{ NONASC}{ESCAPE})*\'</
<pattern name="FRING">{STRING1f{STRING2}</patt ern>

<pattern name="WRL">(['# $%&amp*]|{NON ASCII}{ ESCAPE}</patte rn>

<pattern name="MME">{NKIHAR}+<pattern>
<pattern name="NUM">[0-9]+|[0-9] *"."[0-9 ]+</patt ern>

<match t erm="S">{S}+</match>

<l-- ignore commnts -->
<ignore> WA *\:+([N *][M]R\ *+)*\/</  ignore>

<match term="CDG>"&lt;! --"</mat ch>
<match term="CDC>"-->"< /match>

<match t erm="EQWLS">"="</match>
<match t erm="INCLUDES">*="</mat ch>
<match t erm="DASMATCH"4="</mat ch>

<match t erm="LBRACE">{W¥"</mat ch>
<match t erm="PLIB">{W}"+"</match >
<match t erm="GRBTER">{W}>"</ma tch>
<match term="COMA">{W}""</matc h>

<match t erm="STRNG">{STRING}</match>

<match term="ide ntity">{ IDENT}</match>
<match term="HASI">"#"{N AME}</mé&h>

<match t erm="IMPORT_SYM"@impot"</matc h>
<match term="PAG_SYM">@page"<match>
<match term="MEDA_SYM"*@media'</match>
<match term="CHRSET_SYM @charset'</ma tch>

<match t erm="IMPORTANT.Y3/">"I"{ W}"important"</m atch>

<match t erm="EMS>{NUM}em</match>

<match t erm="EXS>{NUM}ex</match >

<match t erm="LENGTH">{NW}px</mach>
<match t erm="LENGTH">{NW}cm</m&h>
<match t erm="LENGTH">{NWM}mm</mah>
<match t erm="LENGTH">{NW}in</match>
<match t erm="LENGTH">{NW}pt</match>
<match t erm="LENGTH">{NW}pc</mach>
<match t erm="ANGE">{NUNdeg</match>

pattern>
pattern>
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<match t erm="ANGE">{NUNrad</ma tch>
<match t erm="ANGE">{NUNgrad</m atch>
<match t erm="TIME">{NUMms</match>
<match t erm="TIME">{NUM}</match >

<match term="FRE)">{NUMHz</match>
<match t erm="FRE)">{NUMkHz</match>
<match t erm="DIMEN">{NUMIDENT} </match>
<match t erm="PERENTAGE{NUM}%natch>
<match t erm="NURER">{NW}</match>

<match term="URIistring"> "url("{W HXSTRING{W}")"< /match>
<match term="URlurl">"ur I("{WKU RLHKW}") "</match >
<match t erm="FUNCTION">{DENT}"( "</match >

<match term="PEROD">"." </match>
<match term="CODN">":"< /match>
<match t erm="SENMCOLON"%"</mat ch>

<match t erm="ASTERISK">"*"</matc h>

<match t erm="RBRCE">"}" </match>
<match t erm="RPREN">")"</match>

<match t erm="LBRACKET">['</matc h>
<match t erm="RBRCKET">]"'</matc h>

<match t erm="MINJS">"-"< /match>
<match t erm="SLASH">"/"< /match>

<error>. </error>
</lexer>

<parser start="Sty lesheet" expected_confli cts="6">

<nonterm name="3yleshee t">
<production>
<synbol opti onal="tr ue">CharacterSet </symbol >
<synbol acti on="drop ">Ignora bles</sy mbol>

<synbol acti on="cont ent" optional="t rue">Imp ortList< /symbol>

<synbol acti on="cont ent">Rul eMediaPayeList</ symbol>
</pr oduction >
</nont erm>

<nonterm name="Maracter Set">

<production>
<synbol acti on="drop ">CHARSE _SYM</gmbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol acti on="cont ent">STRING</synbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol acti on="drop ">SEMICQON</syrhol>
</pr oduction >

</nont erm>

<list name="Ignorables" epsilon= "true">

<production>
<synbol acti on="drop ">S</symbol>
</pr oduction >

<production>
<synbol acti on="drop ">CDO</ymbol>
</pr oduction >

<production>
<synbol acti on="drop ">CDC</gymbol>
</pr oduction >

<flist >

<list name="ImpatList">
<production>
<synbol>Import</symb ol>
<synbol acti on="drop ">Ignora bles</sy mbol>
</pr oduction >
</list >
<nonterm name="Import">
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<production>
<synbol acti on="drop ">IMPORTSYM</synbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol rename="Value">ImportValue</ symbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol acti on="cont ent" optional="t rue">MediumList< /symbol>
<synbol acti on="drop ">SEMICQON</syrhol>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>

<nonterm name="ImportVal ue">

<production>
<synbol>STRING</symbl>
</pr oduction >

<production>
<synbol>URIstring</s ymbol>
</pr oduction >

<production>
<synbol>URIurl</symb ol>
</pr oduction >

</nont erm>

<list name="RuleMediaPagList" epsilon=" true">
<production>
<synbol>Rule set</sym bol>
<synbol acti on="drop ">Ignora bles</sy mbol>
</pr oduction >
<production>
<synbol>Medi a</symbol>
<synbol acti on="drop ">Ignora bles</sy mbol>
</pr oduction >
<production>
<synbol>Page</symbol >
<synbol acti on="drop ">Ignora bles</sy mbol>
</pr oduction >
</list >

<nonterm name="Mdia">

<production>
<synbol acti on="drop ">MEDIA SYM</syrol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol>MediumList</ symbol>
<synbol acti on="drop ">LBRACE/symbol >
<synbol acti on="drop ">Sstar< /symbol>
<synbol>Rule setList< /symbol>
<synbol acti on="drop ">RBRAC&symbol >
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>

<list name="MedumList" item_name="Medium">

<delim iter>
<synbol>COMMK/symbd>
<synbol acti on="drop ">Sstar< /symbol>
</de limiter>

<production>
<synbol acti on="cont ent">ide ntity</s ymbol>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</list >

<nonterm name="Rge">
<production>
<synbol>PAGE SYM</synbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol opti onal="tr ue">PseudoPage</symbol>
<synbol acti on="drop ">LBRACE/symbol >
<synbol acti on="drop ">Sstar< /symbol>
<synbol acti on="cont ent">Declaration List</sy mbol>
<synbol acti on="drop ">RBRAC&symbol >
</pr oduction >
</nont erm>
<nonterm name="ReudoPag">
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<production>
<synbol acti on="drop ">COLONsymbol>
<synbol acti on="cont ent">ide ntity</s ymbol>
</pr oduction >

</nont erm>

<list name="RulesetList" epsilon ="true">
<production>
<synbol>Rule set</sym bol>
</pr oduction >
</list >

<nonterm name="Rileset">

<production>
<synbol acti on="cont ent">Sel ectorLis t</symbol>
<synbol acti on="drop ">LBRACE/symbol >
<synbol acti on="drop ">Sstar< /symbol>
<synbol acti on="cont ent">Declaration List</sy mbol>
<synbol acti on="drop ">RBRACE&symbol >
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>

<list name="SelectorList ">

<delim iter>
<synbol>COMMK/symbd>
<synbol acti on="drop ">Sstar< /symbol>
</delimiter>

<production>
<synbol>Sele ctor</sy mbol>
</pr oduction >

</list >

<list name="Selector" delim_acti on="cont ent">

<delim iter>
<synbol acti on="toke n" rename="follo wing">PLUS</symiol>
<synbol acti on="drop ">Sstar< /symbol>
</de limiter>

<delim iter>
<synbol acti on="toke n" rename="child ">GREATE</symbd>
<synbol acti on="drop ">Sstar< /symbol>
</delimiter>

<delim iter>
<synbol acti on="toke n" rename="descendant">S plus</sy mbol>
</de limiter>

<production>
<synbol opti onal="tr ue" rename="elemrent">Ele mentName/symbol >
<synbol opti onal="tr ue" acti on="cont ent">Sel ectorNon ElementList</sym bol>
</pr oduction >

</list >

<list name="SelectorNonElementLi st">

<production>
<synbol rename="id">HASH</synbol>
</pr oduction >

<production>
<synbol>Clas s</symbol>
</pr oduction >

<production>
<synbol>PseudoClass</symbol>
</pr oduction >

<production>
<synbol>Attr ibute</s ymbol>
</pr oduction >

<flist >

<nonterm name="(ass">
<production>
<synbol acti on="drop ">PERIOB/symbol >
<synbol acti on="cont ent">ide ntity</s ymbol>
</pr oduction >
</nont erm>



<nonterm name="BeudoClass">

<production>
<synbol acti on="drop ">COLONsymbol>
<synbol acti on="cont ent">ide ntity</s ymbol>
</pr oduction >

<production>
<synbol acti on="drop ">COLONsymbol>
<synbol>FUNQION</symbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol opti onal="tr ue">iden tity</sy mbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol acti on="drop ">RPAREXsymbol >
</pr oduction >

</nont erm>

<nonterm name="Atribute ">
<production>
<synbol acti on="drop ">LBRACKT</symto|>
<synbol acti on="drop ">Sstar< /symbol>
<synbol rename="namé&>identi ty</symb ol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol acti on="drop ">RBRACKT</symto|>
</pr oduction >
<production>
<synbol acti on="drop ">LBRACKT</symto|>
<synbol acti on="drop ">Sstar< /symbol>
<synbol rename="namé&>identi ty</symb ol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol rename="relation">At tribRela tion</sy mbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol rename="value">Attri bValue</ symbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol acti on="drop ">RBRACKT</symto|>
</pr oduction >
</nont erm>
<nonterm name="AtribRel ation">
<production>
<synbol acti on="cont ent">EQUALS</synbol>
</pr oduction >
<production>
<synbol acti on="cont ent">INC LUDES</gmbol>
</pr oduction >
<production>
<synbol acti on="cont ent">DASMATCH<fgmbol>
</pr oduction >
</nont erm>
<nonterm name="AtribvVal ue">
<production>
<synbol>iden tity</sy mbol>
</pr oduction >
<production>
<synbol>STRING</symbl>
</pr oduction >
</nont erm>

<nonterm name="HementName">

<production>
<synbol acti on="cont ent">ide ntity</s ymbol>
</pr oduction >

<production>
<synbol 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>
<synbol>SEMICOLON</gmbol>
<synbol>Ssta r</symbol>
</delimiter>
<production>
<synbol rename="Property">id entity</ symbol>
<synbol acti on="drop ">Sstar< /symbol>
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<synbol acti on="drop ">COLONsymbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol>Expr ession</ symbol>
<synbol opti onal="tr ue">Important</s ymbol>
</pr oduction >

</list >

<list name="Expression" item_name="term" delim_name="opeator" delim_eps ilon="tr
<delim iter>
<synbol>SLASH</symbd>
<synbol acti on="drop ">Sstar< /symbol>
</delimiter>
<delim iter>
<synbol>COMRK/symbd>
<synbol acti on="drop ">Sstar< /symbol>
</de limiter>

<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>NUMBR</symio|>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>PERENTAGEsymbol>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>LENG@H</symiw|>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>EMS+symbol>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>EXS<symbol>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>ANGIE</symbd>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>TIME</symbol >
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>FRE®/symbol >
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol opti onal="tr ue">UnaryOperator</symbol>
<synbol>Function</sy mbol>
</pr oduction >
<production>
<synbol>STRING</symbl>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol>iden tity</sy mbol>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
<production>
<synbol>URIstring</s ymbol>
<synbol acti on="drop ">Sstar< /symbol>

ue">
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</pr oduction >

<production>
<synbol>URIlurl</symb ol>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >

<production>
<synbol>hexc olor</sy mbol>
</pr oduction >

</list >

<nonterm name="WaryOperator">

<production>
<synbol>MINUS</symbd>
</pr oduction >

<production>
<synbol>PLUS</symbol >
</pr oduction >

</nont erm>

<nonterm name="Runction" >

<production>
<synbol>FUNTION</symbol>
<synbol acti on="drop ">Sstar< /symbol>
<synbol>Expr ession</ symbol>
<synbol acti on="drop ">RPAREXSsymbol >
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >

</nont erm>

<nonterm name="Important ">
<production>
<synbol acti on="drop ">IMPORANT_SYMsymbol>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
</nont erm>

<list name="Splus">
<production>
<synbol acti on="drop ">S</symbol>
</pr oduction >
<flist >
<list name="Sstar" epsil on="true ">
<production>
<synbol acti on="drop ">S</symbol>
</pr oduction >
<flist >

<nonterm name="ftexcolor" >
<production>
<synbol acti on="cont ent">HASH</symbd>
<synbol acti on="drop ">Sstar< /symbol>
</pr oduction >
</nont erm>

</parser >
</language >
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C.3. css.full.bnf

This isa BNF desciiption of CSSgenerated from C.2. csslanguage.xml by A.2. language2imf.xsl.

A Raigh Granmar For css
Granmatical Producti ons: (expect 6 conflicts )

Styl esheet
: CharacterSet Ignorables ImportLi st RuleMediaPageList
| CharacterSet Ignorables RuleMediaPageList
| Ignorabl es ImportList RueMediaPageList
| Ignorabl es RuleMediaPageList

CharacterSet
: CHARSEBYMSstar STRINGSstar SEMICOLON

Ignorables
: Ignorabl es__item Ignorab les_ rli st
| * empty */

Ignorables__ rlist
Ignorabl es__rlis t Ignora bles__it em
| 7+ empty */

Ignorables__ item
S
| CbO
| cbC

ImportList
ImportLi st__item ImportL ist__rli st

ImportList__ rlist
ImportLi st__rlis t Import List__it em
| * empty */

ImportList__ item
Import | gnorable s

Import
IMPORT_¥MSstar ImportV alue Sstar MediumList SBVICOLONBstar
| IMPORT_ ¥MSstar ImportV alue Sstar SEMIOLONSstar

ImportValue
STRING
| URIstrin g
| URlurl

RuleMediaPageList
RuleMediaPagelList__item RuleMediaPageList__rlist
| 7+ empty */

RuleMediaPageList__r list
RuleMediaPageList__rlist RuleMedaPagelLi st__item
| 7+ empty */

RuleMediaPaglList__i tem
Ruleset Ignorabl es

| Media Ig norables

| Page Ignorables

Media

MEDIA_SM Sstar MediumList LBRAE Sstar RulesetL ist RBREE Sstar
MediumList
MediumList__item Mediumlist__rli st



MediumList___rlist
MediumList__rlis
| 7+ empty */

MediumList__item
identity ~ Sstar

MediumList__delim
COMMBAstar

Page
PAGE_SY®star
| PAGE_SY®star

PséuioPage
COLONd entity

RulesetList
RulesetL ist__ite
| * empty */

RulesetList_ _rlist
RulesetL ist__rli

| * empty */
RulesetList_ _item
Ruleset
Ruleset

Selector List LBRACESstar Declar ationLis t RBRACHSstar

SelectorList
Selector List__it

SelectorList __rlist
Selector List__rl
| 7+ empty */

SelectorList __item
Selector

Se’Ie ctorList __delim
: COMMSstar

Selector

LBRACESstar

t Mediuntkist__de lim MediumList__item

m RulesetList__r list

st RulesetList__ item

em SelectorList_ _rlist

ist SelectorList __delim Selector List__it

Selector __item Selector_ _rlist

Selector__rl st
Selector __rlist
| 7+ empty */

Selector__it em

Selector __delim Selector

ElementName Sele ctorNonElementLi st

| ElementName

| Selector NonElematList

Selector__de lim
: PLUSSstar
| GREATERBstar

| Splus

SelectorNonElementLi st

Selector NonElematList__ item SelectorNon ElementList__rli

SelectorNonElementLi st__rlis t

Selector NonElematList__ rlist

| * empty */

SelectorNonElementLi st__item

HASH
| Class
| PseudoClass

PseudoPag LBRACESstar Declarati onList
DeclarationL ist

RBRBE

__item

SdectorNo nElementList__it

RBRACE

em

st

em
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| Attribut e

Cléss
PERIODI dentity

PseudoClass
: COLONd entity
| COLONFWINCTIONSstar ide ntity Sstar RPAEN
| COLONFWINCTIONSstar Sstar RPARE

Atfr ibute
. LBRACKE®Bstar identity Sstar RBRACKET
| LBRACKESBstar identity Sstar AttribRela tion Sstar Attri

Attr ibRelati on
: EQUALS
| INCLUDES
| DASMATCH

Atfr ibValue
. identity
| STRING

EIémantName
: identity
| ASTERISK

DeclarationL ist
Declarat ionList_ _item Declaratio nList_ r list

DeclarationL ist__rli st
Declarat ionList_ _rlist  Declarati onList__ delim Declaratio
| 7+ empty */

DeclarationL ist__ite m
identity ~ Sstar QOLONSstar Expression Important
| identity Sstar GOLONSstar Expression
| * empty */
DeclarationL ist__del im

: SEMICOLDSstar

Expression
Expressi on__item Expression__rli st

Expression__ rlist
Expressi on__rlis t Expression__delim Expression__item
| * empty */

Expression__item
: UnaryOpeator NUWIBERSstar
| NUMBERstar
| UnaryOpeator PHRCENTAGSSstar
| PERCENTGE Sstar
| UnaryOpeator LENGTHSstar
| LENGTHSstar
| UnaryOpeator EN® Sstar
| EMSSstar
| UnaryOpeator EXS Sstar
| EXSSstar
| UnaryOpeator ANGLE Sstar
| ANGLESstar
| UnaryOpeator TIMESstar
| TIME Sstar
| UnaryOpeator FREQ Sstar
| FREQSstar
| UnaryOpeator Function
| Function
| STRINGSstar
| identity  Sstar
| URIstrin g Sstar
| URIurl Sstar

bValue Sstar

nList_i tem

RBRCKET
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| hexcolor

Expression__ delim
: SLASHSstar
| COMMSAstar
| * empty */
UnaryOperator
MINUS
| PLUS

Function
FUNCTIONBstar Expressio n RPAREMNstar

Important

. IMPORTAN SYMSstar
Splus
: Splus__i tem Splus__rlist
Splus__rlist
: Splus__rlist Splus__item
| 7+ 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:

%opion case-insensi tive

NL \n\ Anj\rp f

S [\t \n\n\f]

w {S}*

HEX [0-9 a-f]

NONBSCII [\20 0-\377]

UNIGDE \{H EX}{1,6} (\r\n][  \t\\n\f  ])?

ESCRE {UNICODE}\[ -~\200 -\377]

NMSART [_a- Z]|{NONASCII}{E SCAPE}

NMCAR [_a- zA-Z0-9- ]{NONASCII}{ES CAPE}

IDENT {NMFARTHNMHAR}*

STRNG1 ([ Mt #$%&-~]\{ NL}\[{ NONASCH{ESCAPE}H*\"
STRNG2 VI Mt #$%&-~I\{  NLI\'{ NONASCH{ESCAPE})*\'
STRNG {STRNG1}|{S TRING2}

URL (['#* $%&*-~]| {NONASQ}|{ESCA PE})*

NAME {NMEAR}+

NUM [0-9 ]+][0-9] *."[0-9 ]+

{SH+ {ret urn S;}

V\* [I\*]*\*+ ([I\/*][I\ *]*\*+)* \/ 1% ignore */

<l {ret urn CDOC}

> {ret urn CDC}

=" {ret urn EQUEAS:}
=t {ret urn INCLUDES;}
=" {ret urn DASMTCH;}
{wy{" {ret urn LBRAEE;}
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{W}"+" {ret
{wy">" {ret
{wy"," {ret
{STRNG} {ret
{IDENT} {ret
"#"{ NAME} {ret
"@inport" {ret
"@pae" {ret
"@mdia" {ret
"@clarset” {ret
""" W}'important”

{NUNem {ret
{NUNex {ret
{NUNpx {ret
{NUNcm {ret
{NUNmMmm {ret
{NUNin {ret
{NUNpt {ret
{NUNpc {ret
{NUNdeg {ret
{NUNrad {ret
{NUNgrad {ret
{NUNms {ret
{NUNs {ret
{NUNHz {ret
{NUNKHz {ret
{NUNKIDENT} {ret
{NUNPb {ret
{NUNM {ret

urn PLUG

urn GRERER;}

urn  COMAL

urn STRNG;}

urn iden tity;}

urn HASH

urn IMPQRT_SYM;}
urn PAGESYM;}
urn MEDA_SYM;}
urn CHARET_SYMN;

{return |1 MPORTANSYM;}

urn EMS}
urn EXS}
urn LENGH;}
urn LENGH;}
urn LENGH;}
urn LENGH;}
urn LENGH;}
urn LENGH;}
urn ANGE;}
urn ANGE;}
urn ANGE;}
urn TIME}
urn TIME}
urn FREQ
urn FREQ
urn DIMEN;}
urn PERENTAGE;}
urn NUMBR;}

"url ("{WHST RINGKW})"  {re turn URIstring;}

“url ("(WHUR L{W}")"
{IDENT}"(" {ret
{ret
{ret
{ret
- {ret
"} {ret
" {ret
" {ret
" {ret
{ret
e {ret

{ret

{retur n URIlurl ;}
urn  FUNTION;}
urn PEROD;}
urn COL®;}
urn SEMCOLON;}
urn ASTRISK;}
urn RBREE;}
urn RPAEN;}
urn LBRAEKET;}
urn RBREBKET;}
urn MINS;}
urn SLAS;}
urn LEX ERROR;}
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C.4. postpr ocessxsl
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This document is an XSLT transfam to postprocessthe output of parser tools built using

C.2. css.languagexml into a nicer XML form. It reliesupon XSLT extensions which are not stan-

dard in XSLT 1.0, but are in the current drafts for XSLT 2.0.

<?xnh versio n="1.0"? >
<xsl :stylesh eet version="1.0 "
xmins:xs |="http:  //www.w3.0rg/199 9/XSL/Tr ansform"
xmins:my="postpr ocess.xs I"

<xsl

<xsl

<l--
<l

<func:functi

<xsl
<xsl
<xsl

xmins:ex sl="http ://exslt
xmins:fu nc="http ://exslt
xmins:st r="http: //exslt.
extensio n-element-prefix

import  href="ex sl/str.r

:output  indent=" yes"/>

.org/com mon"
.org/fun ctions"
org/stri  ngs"
es="my exsl str func">

eplace.x sl"/>

Functio ns -->

param name="str "/>

on name=my:unescstr">

wvariabl e name=%" selec t="subst ring($st r, 1, 1)"/>

variabl e name=%" selec t="subst ring($st T,

<func:resu It selec t="str:r
</func:fun ction>

<l--
<l

eplace($ s, concat(\, $q), $q9)" />

Strip Functions -->

<func:functi on nameZmy:stri

<xsl

param name="str "/>

<xslvaria ble name"nstr"
<xslvaria ble name"nlen"

<func:resu It>

<xsl:cho ose>
<xsl:w hen test ="$nlen

<xsl:o therwise >

<xsl :variabl e name=
<xsl :variabl e name=

<xsl :variabl e name=
<xsl :variabl e name=

p">

select=" normaliz e-space( $str)"/>
select="string-l ength($n str)"/>

= 0>
fchar" select="s ubstring ($nstr, 1, 1)"/>
fidx" select="my :str-ind ex($str, S$fchar) "/>

Ichar"  select="s ubstring ($nstr, $nlen, 1)"/>
lidx"  select="my :str-rin  dex($str , S$lchar )'/>

<xsl :value-o f select ="substr ing(subs tring($s tr, 1, $lidx),  $fidx)"/>

</xs l:otherw ise>
</xsl: choose>
</funcir esult>

</func:fun ction>

<func:functi on nameZmy:str-

<xsl :param name="str "/>

<xsl :param name="sub/>
<func:resu It>

<xsl:val ue-of select="st
</funcir esult>

</func:fun ction>

<func:functi on nameZmy:str-
<xsl :param name="str "/>

index">

ring-len gth(subs tring-be fore($st r, $sub)) + 1'/>

rindex">

2, string-len gth($str ) - 2)" >



<xsl :param name="sub/>
<xslivaria ble name"prestr " select ="substr ing-befo re($str,  $sub)"/ >
<xslivaria ble name"postst " selec t="subst ring-aft er($str, $sub)"/ >
<xslivaria ble name"len" select="s tring-le ngth($pr estr) + 1'/>

<func:resu It>
<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
select=" $len + ny:str-ri  ndex($poststr,  $sub)"/>

</xs l:otherw ise>

—

</xsl: choose>
</funcir esult>
</func:fun ction>

<l-- >

<xsl :templat e match="Stylesh eet">
<css>
<xslif  test="Char acterSet ">
<xsl:att ribute name="enwding">
<xsl:v alue-of select=" my:unescstr(Char acterSet )"/>
</xsl: attribut e>
</xskif >

<xsl:for-e ach select="Import | Ruleset | Media | Page">
<xsl:app ly-templ ates sel ect="."/ >
</xsl:fo r-each>

</css>
</xsl:temp late>

<l-- -

<xsl :templat e match="Import" >
<import>
<xsl:attri  bute nane="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=%" selec t="strin g(Value/ URIstrin g)"/>
<xsl :value-o f select ="my:unescstr(my :strip(s ubstring ($s, 5, string-l
</xs l:when>
<xsl:w hen test ="Value/ URlurl">
<xsl :variabl e name=%" selec t="strin g(Value/ URIlurl)" />
<xsl :value-o f select ="my:str ip(subst ring($s, 5, stri ng-lengt h($s)
</xs l:.when>
</xsl: choose>
</xsl:at tribute>

<xslif  test="Medi um">
<xslatt ribute name="metim">
<xsl:f or-each select=" Medium">
<xsl :value-o f select ="."/>

<xsl:if test ="positi on() != last()">
<xsl:text> </xslit ext>
</ xsl:if>

</xs l:for-ea ch>
<Ixsl: attribut e>
</xskif >
</import>
</xsl:temp late>

<l-- ->

ength($s) - 5)) ">

- B>



<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 nanme="{.}"/ >
</xsl:temp late>

<xsl :templat e match="Pseudodass">
<psuedocla ss name{.}"/>
</xsl:temp late>

<xsl :templat e match="Pseudodass[FUN CTION]">
<psuedocla ss name{FUNCTIONKidentity})"/ >
</xsl:temp late>

<xsl :templat e match="Functio n">
<xslvaria ble name"name" select=" my:strip (substri
<function name="{$name}">
<xsl:app ly-templ ates sel ect="Exp ression/ *'/>
</functi on>
</xsl:temp late>

<xsl :templat e match="Attribu te">
<attribute  name="{hame}">
<xslif  test="re lation">
<xsl:a ttribute  name="relation" >
<xsl :value-o f select ="relati on"/>
</xs l:attrib  ute>
<xsl:a ttribute name="walue">
<xsl :choose>
<xsl:when test="va luef/iden tity">
<xslval ue-of select="va lue/iden tity"/>
</xsl:wh en>
<xsl:when test="va lue/STRI NG">
<xslval ue-of select="my :unescst r(value/
</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>

<l--

ng(FUNCTON, 1, string-|

STRING)T>

ength(FUNCTION)- 1))"/>

154



<xsl :templat e match="Declara tion"/>

<xsl :templat e match="Declara tion[*]" >
<property name="{Property}">

<xslif  test="Impo rtant">

ute>

<xsl:att ribute name="imprtant"> true</xs l:attrib
</xskif >
<xsl:apply -templat es selec t="Expre ssion/*" [>
</ property >
</xsl:temp late>
<l--
<xsl :templat e match="Media">
<medb>
<xsl:attri  bute nane="medium">
<xsl:for -each select="Me diumList /Medium">
<xsl:v alue-of select=" ."/>
<xsli f test=" position () != last()">
<xsl:text> <Ixsltex t>
</xs l:if>
</xsl: for-each >
</xslat tribute>
<xsl:apply -templat es selec t="Rules etList/R uleset"/ >
</ media>
</xsl:temp late>
<l--
<xsl :templat e match="Page">
<page>
<xslif  te st="Pseu doPage">
<xsl:att ribute name="pseudo">
<xsl:v alue-of select=" PseudoPge"/>
</xsl: attribut e>
</xskif >
<xsl:apply -templat es selec t="Decla ration"/ >
</ page>
</xsl:temp late>
<l--
</xs |:styles heet>
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C.5. test.css
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This documert is a cdlection of random CSSwhich was built up during the developmert

of the parser.

@cheset "UTF-8";

@imprt "foo " a, b, c;
@imprt url( "foo") a, b, c;
@imprt url( foo) a, b, c;

/* A comment*/

* .bar+ bang, #boode baz> gar, [bagel] [fo o|=bar] [monkey= "foo bar" ]:foo (bar)
I* A comment*/
prop: 1;

.big header:h over {
padding: 26px Opx Opx 6px;
font -family:  serif !importan t;
font -size:  38px;
color: #660000;

}

/* Page Body Style */

.pag e-body {
font -size:  16px;
padding: Opx 6px Opx 6px;
font -family:  sans-se rif;

.page-body a, .page- body a:isited, .page-bo dy a:act ive { color: #003366; }

@med paper {
a { font-wei ght: bold; }
br { padding: 5px; }

}

@pag :monkey {
padding: 3px foo( 12 );

}
.page-addres s {

font -size: . 75em;

text -align:  right;

border-top: solid 2px #660000;
}

/* Block Style */
.pag e-block- group {
clear: both;

margn-botto m: 5px;
}
.page-block {
padding: Opx 3px Opx 3px;
}
.pag e-block- title
background: #660000;
font -weight:  bold;
font -size: 1.1em;

color: white;

quux gack, sww{
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/* LinkBox Style */
.page-linkbo x {
floa t: right ;
widt h: 203px;
padding-left : 3px;
background: white;

}

.page-linkbo x-tite ~ {
color: white;
font -weight:  bold;
font -size: 1.lem;
text -align:  center;
background: #999999;

}

.page-linkbo x-link  {
background: #cccccc;
margn: 4px Opx 4px 0px;
padding: 3px Opx 3px 5px;
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C.6. test. tmp.xml

This documert is the output of the parsertool generaed from C.2. css.language.xml when

it is fed C.5. test.cssasinput.

<?xnh versio n="1.0"? >
<Stylesheet>
<Qharacter Set>"UTFR8"</Cha racterSe t>
<l mport>
<Value>
<STRING>"f00"< /STRING>
</Value>
<Mediuma</Medium>
<Mediumb</Medium>
<Mediume</Mediu m>
</ Import>
<Import>
<Value>
<URIstring>url (“foo")< /URIstri ng>
</Value>
<Mediuma</Medium>
<Mediumb</Medium>
<Mediume</Mediu m>
</ Import>
<l mport>
<Value>
<URlurl>url(fo  0)</URIurl>
</Value>
<Mediuma</Medium>
<Mediumb</Medium>
<Mediumz</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>qgar</ element>
</Select or>
<Selecto r>
<Attri  bute>
<nane>bagel</name>
</Attr ibute>
<descendant/>
<Attri  bute>
<nane>foo</n ame>
<rel ation>|= </relati on>
<val ue>
<identity> bar</ide ntity>
</value>
</Attr ibute>
<descendant/>
<Attri bute>
<nane>monkey/name>
<rel ation>=< /relatio n>
<val ue>
<STRING>"foo bar"< /STRING>



</value>
</Attr ibute>
<PseudClass>
<FUNCTION>fa(</FUNCTION>
<ide ntity>ba r</ident ity>
</PseudoClass>
<descendant/>
<element>quux</element >
<descendant/>
<element>gack</element >
</Select or>
<Selecto r>
<element>sww</element>
</Select or>
<Declara tion>
<Property>prop </Proper ty>
<Expression>
<ter m>
<NJMBER>INUMBER>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion/>
</Ruleset>
<Ruleset>
<Selecto r>
<Class>bigheader</Clas s>
<PseudClass>hover</Ps eudoClass>
</Select or>
<Declara tion>
<Property>padd ing</Pro perty>
<Expression>
<ter m>
<LENGTH>P&</LEN@H>
</te rm>
<operator/>
<ter m>
<LENGTH>0g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>G/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>6&g/LENGH>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>font -family< /Propert y>
<Expression>
<ter m>
<identity> serif</i dentity>
</te rm>
</Expr ession>
<Important/>
</Declar ation>
<Declara tion>
<Property>font -size</P roperty>
<Expression>
<ter m>
<LENGTH>3&</LEN@H>
</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>P&</LENG@H>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>padd ing</Pro perty>
<Expression>
<ter m>
<LENGTH>0g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>6g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>0g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>6&g/LENGH>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>font -family< /Propert y>
<Expression>
<ter m>
<identity> 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>
<PseudClass>visited</ PseudoClass>
</Select or>
<Selecto r>
<Class>page-body</Clas s>
<descendant/>
<element>a</el ement>
<PseudClass>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>
<Mediumist>
<Medium>paper¢Medium>
</MediuniList>
<Ruleset List>
<Ruleset>
<Selector>
<element>a</element>
</Selector>
<Dedaration >
<Property> font-wei ght</Pro perty>
<Expressio n>
<term>
<ident ity>bold </identi ty>
</term>
</ Expressi on>
</Declaratio n>
<Dedaration />
</Rule set>
<Ruleset>
<Selector>
<element>br</eleme nt>
</Selector>
<Dedaration >
<Property> padding</Propert y>
<BExpressio n>
<term>
<LENGH>5px</LENGTH>
</term>
</ Expressi on>
</Declaratio n>
<Dedaration />
</Rule set>
</Rulese tList>
</ Media>
<the>
<PAGE_3W>@pagéRAGE_SW>
<PseudoRge>monky</PseudoPage>
<Declara tion>
<Property>padd ing</Pro perty>
<Expression>
<ter m>
<LENGTH>3g/LENGH>
</te rm>
<operator/>
<ter m>
<Function>
<FUNCTIN>foo(</ FUNCTION
<Expression>
<term>
<NUBRER>1</NUMBER>
</term >
<operator/>
<term>
<NUBER>2</NJMBER>
</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>
<BVIS>.75em/EMS>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>text -align</ Property >
<Expression>
<ter m>
<identity> right</i dentity>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>bord er-top</ Property >
<Expression>
<ter m>
<identity> solid</i dentity>
</te rm>
<operator/>
<ter m>
<LENGTH>2g/LENGH>
</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>
<identity> both</id entity>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>marg in-botto m</Property>
<Expression>
<ter m>
<LENGTH>5g/LENGH>
</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>0g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>3g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>G/LENGH>
</te rm>
<operator/>
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<ter m>
<LENGTH>3g/LENGH>
</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>
<identity> bold</id entity>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>font -size</P roperty>
<Expression>
<ter m>
<BVIS>1.1em/EMS>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>colo r</Prope rty>
<Expression>
<ter m>
<identity> 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>
<identity> right</i dentity>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>widt h</Prope rty>
<Expression>
<ter m>
<LENGTH>3px</LENGTH>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>padd ing-left </Proper ty>
<Expression>
<ter m>
<LENGTH>3g/LENGH>
</te rm>
</Expr ession>



</Declar ation>
<Declara tion>
<Property>back ground</ Property >
<Expression>
<ter m>
<identity> 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>
<identity> 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>
<BVIS>1.1em/EMS>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>text -align</ Property >
<Expression>
<ter m>
<identity> 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>4g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>0g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>4g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>0g/LENGH>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion>
<Property>padd ing</Pro perty>
<Expression>
<ter m>
<LENGTH>3g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>G/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>3g/LENGH>
</te rm>
<operator/>
<ter m>
<LENGTH>5g/LENGH>
</te rm>
</Expr ession>
</Declar ation>
<Declara tion/>
</Ruleset>
</St ylesheet >
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C.7. test.xml

This documert is the result of proccesing C.6. test.tmp.xml with C.4. postprocessxsl.

<?xnh versio n="1.0"? >
<css encodin g="UTF-8">
<import href="foo" medium=a b c"/ >
<import href="foo" medium=a b c"/ >
<import href="foo" medium=a b c"/ >
<ruleset>
<selecto r>
<element namez*"/>
</select or>
<selecto r>
<class name="ar"/>
<follo wing/>
<element namezbang"/>
</select or>
<selecto r>
<node id="#boo gle"/>
<descendant/>
<element namezbaz"/>
<child />
<element namezgar"/>
</select or>
<selecto r>
<attri bute nane="bagel "/>
<descendant/>
<attri bute nane="foo" relation ="|=" value="bar "/>
<descendant/>
<attri bute name="monke/" relat ion="=" value="f oo bar"/ >
<psuedoclass name="foo(bar)"/>
<descendant/>
<element nameZquux"/>
<descendant/>
<element nameZgack"/>
</select or>
<selecto r>
<element namezsww"/>
</select or>
<propert y name=prop">
<term>
<NJMBER>INUMBER>
</te rm>
</proper ty>
</ruleset>
<ruleset>
<selecto r>
<class name="bgheader "/>
<psuedoclass name="hower"/>
</select or>
<propert y name=padding" >
<term>
<LENGTH>P&</LEN@H>
</te rm>
<operator/>
<term>
<LENGTH>G/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>G/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>6&g/LENGH>
</te rm>
</proper ty>



<propert y name=font-fam ily" important="true">
<term>
<identity> serif</i dentity>
</te rm>
</proper ty>
<propert y name=font-siz e">
<term>
<LENGTH>3&</LENGH>
</te rm>
</proper ty>
<propert y name=tolor">
<term>
<hexcolor> #660000<hexcolo r>
</te rm>
</proper ty>
</ruleset>
<ruleset>
<selecto r>
<class name="mge-body"/>
</select or>
<propert y name=font-siz e">
<term>
<LENGTH>P&</LENG@H>
</te rm>
</proper ty>
<propert y name=padding" >
<term>
<LENGTH>G/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>6&g/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>G/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>6g/LENGH>
</te rm>
</proper ty>
<propert y name=font-fam ily">
<term>
<identity> sans-ser if</iden tity>
</te rm>
</proper ty>
</ruleset>
<ruleset>
<selecto r>
<class name="mage-body"/>
<descendant/>
<element nameza'/>
</select or>
<selecto r>
<class name="mage-body"/>
<descendant/>
<element nameza'/>
<psuedoclass name="visited"/>
</select or>
<selecto r>
<class name="mge-body"/>
<descendant/>
<element nameza'/>
<psuedoclass name="active"/>
</select or>
<propert y name=tolor">
<term>
<hexcolor> #003366<hexcolo r>
</te rm>
</proper ty>
</ruleset>
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<nedia medum="paper">
<ruleset >
<selec tor>
<ele ment nane="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 nane="br"/>
</sele ctor>
<property name"paddin g">
<ter m>
<LENGHI>5px</LENGTH>
</term>
</prop erty>
</rulese t>
</ media>
<page pseudo="monley">
<propert y name=padding" >
<term>
<LENGTH>3g/LENGH>
</te rm>
<operator/>
<term>
<function name="foo"><term>
<NUBER>1</NMBER>
</term ><operat or/><ter m>
<NUBER>2</NMBER>
</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>
<BMIS>.75em/EMS>
</te rm>
</proper ty>
<propert y name=text-ali gn">
<term>
<identity> right</i dentity>
</te rm>
</proper ty>
<propert y name=border-t op">
<term>
<identity> solid</i dentity>
</te rm>
<operator/>
<term>
<LENGTH>2g/LENGH>
</te rm>
<operator/>
<term>
<hexcolor> #660000<¢hexcolo r>
</te rm>
</proper ty>
</ruleset>
<ruleset>
<selecto r>
<class name="mage-bloc k-group" />
</select or>
<propert y name=tlear">
<term>
<identity> both</id entity>
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</te rm>
</proper ty>
<propert y name='nargin-b ottom">
<term>
<LENGTH>5g/LENGH>
</te rm>
</proper ty>
</ruleset>
<ruleset>
<selecto r>
<class name="mage-bloc k'/>
</select or>
<propert y name=padding" >
<term>
<LENGTH>0g/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>3g/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>G/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>3g/LENGH>
</te rm>
</proper ty>
</ruleset>
<ruleset>
<selecto r>
<class name="mage-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>
<BVIS>1.1em/EMS>
</te rm>
</proper ty>
<propert y name=tolor">
<term>
<identity> white</i dentity>
</te rm>
</proper ty>
</ruleset>
<ruleset>
<selecto r>
<class name="mage-link box"/>
</select or>
<propert y name=float">
<term>
<identity> right</i dentity>
</te rm>
</proper ty>
<propert y name=Wwidth">
<term>
<LENGTH>3px</LENGTH>
</te rm>
</proper ty>
<propert y name=padding- left">
<term>
<LENGTH>3g/LENGH>
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</te rm>
</proper ty>
<propert y name=background">
<term>
<identity> white</i dentity>
</te rm>
</proper ty>
</ruleset>
<ruleset>
<selecto r>
<class name="mge-link box-titl e"/>
</select or>
<propert y name=tolor">
<term>
<identity> white</i dentity>
</te rm>
</proper ty>
<propert y name=font-wei ght">
<term>
<identity> bold</id entity>
</te rm>
</proper ty>
<propert y name=font-siz e">
<term>
<BMS>1.1em/EMS>
</te rm>
</proper ty>
<propert y name=text-ali gn">
<term>
<identity> 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="mge-link box-link "/>
</select or>
<propert y name=background">
<term>
<hexcolor> #cccccc</hexcolo r>
</te rm>
</proper ty>
<propert y name=targin">
<term>
<LENGTH>4g/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>0g/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>4g/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>0g/LENGH>
</te rm>
</proper ty>
<propert y name=padding" >
<term>
<LENGTH>3g/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>G/LENGH>
</te rm>



<operator/>
<term>
<LENGTH>3g/LENGH>
</te rm>
<operator/>
<term>
<LENGTH>%g/LENGH>
</te rm>
</proper ty>
</ruleset>
</cs s>
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