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Abstra
t. The growing use of XML languages has spurred the demand

for means to transform XML do
uments. Many XML transformation sys-

tems are, however, limited in their expressive power, and fail to provide

a useful 
olle
tion of 
ombinators for several tasks.

This paper des
ribes SXSLT, a pra
ti
al, higher-order, 
on
ise, expres-

sive and readable de
larative XML transformation language. The lan-

guage is a head-�rst rewriting system over abstra
t XML syntax trees,

implemented as a library extension of S
heme. SXSLT features lo
al

s
oping of re-writing "templates", �rst-
lass stylesheets, �exible traver-

sal strategies, the ability to re-traverse the original or the transformed

trees. The language 
an emulate XSLT in whole or in part, in a more


oherent and expressive manner. By virtue of being a S
heme library,

SXSLT is seamlessly integrated with S
heme.

We illustrate the power of SXSLT with several examples abstra
ted from

pra
ti
al proje
ts. We and other people have used SXSLT for over two

years for real-life proje
ts, ranging from authoring of stati
 and dynami


Web pages to 
ontent-distribution engines. Our experien
e and user 
om-

ments show that SXSLT is expressive and easy to use. We argue that

this out
ome is a 
onsequen
e of SXSLT providing right abstra
tions for

XML transformations, of being higher-order, de
larative and extensible.

Keywords: XML, SXML, XSLT, tree traversal, S
heme.

1 Introdu
tion

So far, the o�
ial (W3C) XML transformation language XSLT [19℄ has not

proven very satisfa
tory. The problem is not XSLT's being a fun
tional language

� it is XSLT not being fun
tional enough [15℄. XML pra
titioners often 
ite the

following drawba
ks of the language:

Poor syntax Large XSLT programs are so verbose that they be
ome unread-

able. XML turns out a poor notation for a programming language [2℄

Missing nuts-and-bolts "While the designers probably left 'generi
' fun
tion-

ality out of the spe
 on the grounds that XSLT was never intended to be a

general-purpose programming language, they failed to realize that even sim-

ple do
ument transformations often require a little nuts-and-bolts program-

ming. Leaving out the nuts and bolts made XSLT a half-broken language."

[15℄

Low order XSLT templates are not �rst 
lass. A transformed do
ument or its

part 
annot easily be re-transformed [15℄



Closed system XSLT is designed as a 
losed system. Extensions to operate

with other languages exist, but are notably unwieldy [5℄.

In this paper, we present a pra
ti
al XML transformation language that is free

from the above drawba
ks. This language, SXSLT, is more expressive than XSLT

and is also simpler and more 
oherent. SXSLT is a higher-order pure fun
tional

transformation language based on �exible tree traversals. The language is im-

plemented as a library in a pure fun
tional subset of S
heme. The 
hoi
e of 
ore


onstru
tions and the illustration of their expressiveness is one 
ontribution of

this paper.

SXSLT has been used in real-life, 
ommer
ial, edu
ational and government

environments. One example is an aviation weather query tool [7℄ for operational

users and small plane pilots equipped with a handheld and a wireless re
eiver.

Another example is generating an XML manifest �le required for 
ataloging a

weather data markup format in the U.S. Department of Defense's XML repos-

itory. Manual 
reation of su
h a �le is unfeasible [8℄. A Census S
ope web site

authored with SXSLT was highlighted in Yahoo Pi
k! on May 30, 2002. The

authors of that site, whom we have not met nor 
orresponded with, publi
ly


ommented on how "extraordinarily easy" the proje
t was [1℄. Finally, this very

paper has been 
omposed in an abstra
t XML syntax (SXML) and then 
on-

verted to L

A

T

E

X by an appropriate SXSLT transformation. SXSLT is in the publi


domain and available from a Sour
eForge repository [16℄.

SXSLT is 
hara
terized by the following features:

� XSLT and SXSLT both assume that the sour
e XML do
ument has been

parsed into a tree form. They both transform the tree as instru
ted by a

stylesheet. The result should be pretty-printed afterwards. A transformer of a

re-writing rule (a "template") in SXSLT is a ordinary S
heme pro
edure, often

a lambda-expression.

� SXSLT is a head-�rst re-writing system similar to S
heme ma
ros. This fa
t

makes it trivial to see when a rewriting rule applies. In XSLT, understanding

when a template is triggered is a 
omplex problem, requiring evaluating XPath

expressions, 
omputing priorities and keeping tra
k of import orders. Unlike

ma
ros, SXSLT o�ers: (i) wild
ard re-writing rules and transformers for text

strings; (ii) the 
hoi
e of appli
ative or normal transformation orders, even within

the same stylesheet; (iii) lo
al s
oping of "templates"; (iv) repeated traversals of

the sour
e do
ument.

� Like XSLT, SXSLT 
an s
an the sour
e do
ument repeatedly; the traversal

order 
an however be 
ontrolled by the user. Unlike XSLT 1.0, the result of the

traversal 
an itself be traversed and manipulated, by the same or a di�erent

stylesheet.

� In an XSLT stylesheet the set of e�e
tive templates 
an be altered at

runtime only by expli
itly 
hanging modes. In SXSLT, we 
an amend or repla
e

the 
urrent stylesheet indire
tly (via lo
al s
oping) or dire
tly. The latter feature

is reminis
ent of expansion-passing ma
ros.

We believe the 
ombination of the above features is unique and powerful.

We must stress that these features are not heaped up indis
riminately, but are



indu
ed by a 
ompa
t 
ore of tree traversal 
ombinators and �rst 
lass transform-

ers. In its essen
e XSLT, too, implements a very simple me
hanism of iterating

over the do
ument and of dispat
hing based on predi
ates. This simpli
ity is

however 
overed by layers of extensions, su
h as modes and priorities. The ex-

amples in later se
tions of the paper show that SXSLT's te
hnique of impli
it

and expli
it swit
hing of stylesheets subsumes the modes. In SXSLT, transfor-

mation templates be
ome �rst 
lass, whi
h expands the expressiveness to a large

degree. A user of SXSLT 
an easily re-transform the sour
e or the output trees

and hen
e "invoke a template" or an entire stylesheet, without any need for

additional synta
ti
 sugar.

SXSLT is seamlessly integrated with S
heme: re-writing transformers are

ordinary S
heme fun
tions, whi
h may invoke other S
heme pro
edures. Traver-

sal 
ombinators are also S
heme fun
tions. This integration of SXSLT with the

mature general purpose programming language is espe
ially important in the


ontext of Web servi
es, whi
h require a deeper relation between manipulating

the in
oming XML do
ument and performing the requested servi
e.

We must stress that SXSLT transformation stylesheets are ordinary S
heme

data stru
tures: S-expressions. The ability of a transformation language to ma-

nipulate its own transformation rules was 
onsidered important by the design-

ers of XSLT. The XML notation was meant to enable su
h a re�e
tion. XSLT

however fell short: mat
hing, sele
tions, string and arithmeti
 operations are ex-

pressed in XPath, in a syntax markedly di�erent from that of XML, and from

XSLT in parti
ular. XML notation for the rest of XSLT made the language terri-

bly verbose. In 
ontrast, SXSLT is both re�e
tive and 
omprehensible. The fa
t

that an SXSLT transformer is a S
heme fun
tion generally limits the re�e
tive

power. The sele
tion 
riterion of a SXSLT transformation rule, however, is al-

ways open to re�e
tion. In 
ontrast, the non-XML syntax of an a
tion trigger in

XSLT inhibits re�e
tion.

The bulk of this paper introdu
es SXSLT on three expository examples. The

examples meant to exhibit the salient features of SXSLT and to 
ompare SXSLT

and XSLT in expressiveness, while avoiding the deluge of minute details present

in real-world proje
ts. This paper 
annot illustrate however all SXSLT features.

In parti
ular, the use of XPath-
onformant expressions in SXSLT will not be


overed. All the examples were inspired by XSLT samples found in literature.

The �rst example gives a general feel for SXSLT and exhibits lo
al s
oping of

re-writing transformers. The example in Se
tion 3 highlights the higher order

of SXSLT and its treatment of XML Namespa
es. We show how the higher

fun
tional order of SXSLT has made a 
ontext-sensitive transformation 
on-


ise. Se
tion 4 elaborates an example of a multi-stage transformation with sev-

eral stylesheets. We emphasize the ability to invoke stylesheets and to emulate

XSLT's modes. The �nal two se
tions dis
uss the related work and 
on
lude.

Appendix A formally spe
i�es SXML and SXSLT and shows an implementation

of the SXSLT engine.



2 Example 1: Context-Sensitive Chara
ter Substitutions

The present se
tion gives a general illustration of SXSLT. We des
ribe a traver-

sal 
ombinator pre-post-order, �rst-
lass transformers, wild
ard re-writing rules,

and lo
al s
oping of the rules.

As the illustrating example we 
hose the 
onversion of XML do
uments into

L

A

T

E

X for further typesetting and publishing. The example is of 
lear pra
ti
al

relevan
e: indeed, we use its full version to produ
e this paper. The 
onver-

sion has to preserve and appropriately translate the marked-up stru
ture. We

should also translate between 
hara
ter en
odings: XML and L

A

T

E

X have di�er-

ent sets of "bad" 
hara
ters and di�erent rules for es
aping them. Furthermore,

the es
aping rules depend on the 
ontext. More pre
isely, we want to trans-

form <tag>text</tag> into a L

A

T

E

X environment nbegin{tag}textnend{tag},

<p>text</p> into text followed by an empty line, and <br/> into nn. The text,

the 
ontent of an XML element, may 
ontain 
hara
ters su
h as $, %, and { that

must generally be es
aped in L

A

T

E

X , the verbatim markup being an ex
eption.

A simpli�ed version of our example, without the 
ontext dependen
y of 
har-

a
ter en
oding rules, was elaborated by Moertel [15℄. We deliberately built on

his example so to 
ompare our SXSLT solution with the XSLT 
ode in his ar-

ti
le. Even though Moertel solves a notably simpler problem, his XSLT 
ode is

voluminous.

The �rst step of an XML transformation is parsing a sour
e do
ument into an

abstra
t syntax tree (AST). SXSLT uses an abstra
t syntax 
alled SXML [10℄,

whi
h is also a realization of the XML Information set in the form of Lisp's S-

expressions. An input XML do
ument to translate into L

A

T

E

X will look in SXML

similar to the following:

(do
ument (quotation "
itation line 1" (br) "another line"))

An SXML expression is indeed a tree of proper nodes and text strings. Proper

SXML nodes are S-expressions formed from a tag (a S
heme symbol) followed by

the list of 
hild nodes. The SXML spe
i�
ation [10℄ des
ribes in great detail the

syntax of SXML nodes: element, attribute, namespa
e de
laration, pro
essing

instru
tion, and other nodes. We 
an use any XML parser to 
onvert the sour
e

do
ument into this format.

Just like XSLT, SXSLT turns an AST of the sour
e do
ument into an AST

of the result. The latter, when written out, is the transformed (in our 
ase,

L

A

T

E

X ) do
ument. Figure 1 presents the translation fun
tion and auxiliary pro-


edures. An auxiliary pro
edure make-
har-quotator, a higher-order generator

of 
hara
ter-repla
ement fun
tions, is elided. That 
ode is available from the

SXSLT distribution. The transformation task is 
arried out by a traversal 
om-

binator pre-post-order, whi
h is invoked with the sour
e SXML expression and

a transformation stylesheet. The stylesheet is a list of re-writing rules, whi
h

asso
iate SXML node tags (as keys) with the 
orresponding transformation pro-


edures. We often 
all the latter handlers. Re
all that an SXML node tag is the

head of an S-expression that represents the node. The stylesheet is therefore not



unlike a ma
ro environment of S
heme, whi
h asso
iates synta
ti
 keywords with

ma
ro transformers. Both SXSLT and ma
ro transformers are ordinary S
heme

pro
edures, whi
h often use quasiquotation. Given a sour
e S-expression, the

pre-post-order 
ombinator visits its nodes, looks up node tags in the supplied

stylesheet and applies the 
orresponding transformers to the nodes. Therefore,

pre-post-order is similar to S
heme's ma
ro-expander. There are important dif-

feren
es however. By default, the 
ombinator pre-post-order traverses the sour
e

expression in post-order. Given an SXML node (tag 
hild-node ...) the 
om-

binator �rst visits 
hild-nodes, then looks up a re-writing rule for the tag in the

stylesheet, and applies the 
orresponding handler to the transformed 
hildren.

Su
h a re-writing regimen is appropriate for our task. The 
ombinator pre-post-

order 
an 
arry out other transformation strategies, whi
h will be demonstrated

in the later se
tions. The 
omplete spe
i�
ation of the pre-post-order fun
tion

and its implementation are given in Appendix A.

Figure 1 shows that the SXML->LaTeX translation is indeed rather uniform.

We turn text strings into es
aped text strings and proper SXML nodes into

the 
orresponding L

A

T

E

X environments. SXSLT stylesheets may 
ontain wild-


ard rules *text* and *default*, whi
h fa
ilitate su
h a generi
 pro
essing. A

*default* re-writing rule applies when no other rule does. A *text* transformer

handles SXML 
hara
ter data nodes.

We have to make an ex
eption for verbatim nodes in the sour
e SXML do
-

ument. Su
h nodes are translated into an alltt L

A

T

E

X environment to set o� lit-

eral text. The alltt environment has a di�erent set of 
hara
ters to be es
aped.

Therefore, we have to alter our normal handling of text strings. The pre-post-

order traversal 
ombinator supports su
h a swit
hing of node handlers, through

s
oping. An asso
iation between a node tag and its handler in a stylesheet may

optionally in
lude a "lo
al stylesheet," whi
h extends the 
urrent stylesheet dur-

ing the traversal of node's 
hildren. The rule for a verbatim node, Fig. 1, takes

advantage of this fa
ility. Therefore, whenever pre-post-order visits a verbatim

node, it shadows the default text transformer with the lo
al one. The latter is

responsible for spe
ial en
oding of 
hara
ter data within the node. Altering the

transformation environment through s
oping appears more intuitive than that

through XSLT modes.

The present paper is a produ
tion version of our example. The master �le

[11℄ 
ontains the sour
e of this paper in SXML and the stylesheet to transform

the sour
e into the L

A

T

E

X format.

3 Example 2: Context-Sensitive Term Generation

XSLT o�ers good tools for XML transformations, and a

eptable string pro-


essing fa
ilities. Leaving out seemingly luxurious features su
h as higher-order

fun
tions, however, has proven to 
ripple the language: "The really bad thing

is that the designers of XSLT made the language free of side e�e
ts but then

failed to in
lude fundamental support for basi
 fun
tional programming idioms.

Without su
h support, many trivial tasks be
ome hell." [15℄



(define (generate-TEX Content)

(pre-post-order Content

; The stylesheet, the initial environment.

`(

(*default* . ,(lambda (tag . elems)

(in-tex-env tag '() elems)))

(*text* . ,(lambda (trigger str)

(if (string? str) (string->goodTeX str) str)))

(p

. ,(lambda (tag . elems)

(list elems nl nl)))

(br . ,(lambda (tag)

(list "\\\\ ")))

(verbatim ; set off pie
es of 
ode: one or several lines

((*text* . ; Different quotation rules apply here

,(let ((string->goodTeX-in-verbatim

(make-
har-quotator

'((#\~ . "\\textas
iitilde{}")

(#\{ . "\\{")

(#\} . "\\}")

(#\\ .

"{\\begin{math}\\ba
kslash\\end{math}}")))))

(lambda (trigger str)

(if (string? str)

(string->goodTeX-in-verbatim str) str)))

))

. ,(lambda (tag . lines)

(in-tex-env "alltt" '()

(map (lambda (line) (list " " line nl))

lines))))

)))

; Quotator for bad 
hara
ters in the do
ument's body

(define string->goodTeX

(make-
har-quotator

'((#\# . "\\#") (#\$ . "\\$") (#\% . "\\%") (#\& . "\\&")

(#\~ . "\\textas
iitilde{}") (#\_ . "\\_") (#\\^ . "\\\^")

(#\\ . "$\\ba
kslash$") (#\{ . "\\{") (#\} . "\\}"))))

; Pla
e the 'body' within the LaTeX environment named 'tex-env-name'

(define (in-tex-env tex-env-name options body)

(list "\\begin{" tex-env-name "}" options nl

body

"\\end{" tex-env-name "}" nl))

Fig. 1. The SXML->TeX 
onverter and auxiliary fun
tions. nl is a string of the newline


hara
ter. The make-
har-quotator pro
edure takes a list of (
har . string) pairs

and returns a quotation pro
edure. The latter 
he
ks to see if its argument string


ontains any instan
e of a 
hara
ter that needs to be en
oded. If the argument string

is "
lean", it is returned un
hanged. Otherwise, the quotation pro
edure will return a

list of string fragments. The input string will be broken at the pla
es where the spe
ial


hara
ters o

ur. The spe
ial 
hara
ter will be repla
ed by the 
orresponding en
oding

string.



The example in this se
tion emphasizes how higher-order transformers in

SXSLT elegantly solve a 
lass of frequently arising problems: transforming an

XML do
ument so that di�erent o

urren
es of an element yield di�erent results

depending on that element's an
estors, siblings, or des
endants. We also high-

light the treatment of XML Namespa
es. Our example is an extended version of

generating rudimentary English phrases from a database. The original problem

was used in [13℄ to demonstrate XT3D: Given a database of pur
hase re
ords,

the goal is to 
reate a pur
hase summary su
h that multiple pur
hases are sep-

arated by 
ommas, ex
ept for the last two, whi
h are separated by the word

"and". Two examples of the input and generated terms are given on Fig. 2. The

transformation involves the restru
turing of the original markup and the inser-

tion of item delimiters: 
ommas and "and". We also add to the top-level text

element an attribute 
ount with the 
ount of the des
endant text elements.

<db:pur
hase

xmlns:db='http://internal.
om/db'>

<html:p

xmlns:html=

'http://www.w3
.org/HTML/'>

4 tinkers</html:p>

</db:pur
hase>

=)

<out:text

xmlns:out='http://internal.
om/out'

xmlns:a

=

'http://internal.
om/a

ounting'

a

:
ount='0'>4 tinkers</out:text>

<db:pur
hase

xmlns:db='http://internal.
om/db'

xmlns:html=

'http://www.w3
.org/HTML/'>

<html:p>4 tinkers</html:p>

<html:p>5 tailors</html:p>

<html:p>2 soldiers</html:p>

<html:p>1 spy</html:p>

</db:pur
hase>

=)

<out:text

xmlns:out='http://internal.
om/out'

xmlns:a

=

'http://internal.
om/a

ounting'

a

:
ount='3'>4 tinkers,

<out:text>5 tailors,

<out:text>2 soldiers and

<out:text>1 spy</out:text>

</out:text>

</out:text>

</out:text>

Fig. 2. Sample XML pur
hase re
ords and the 
orresponding generated phrases.

As before, the �rst step of the transformation is parsing of an XML do
ument

into an abstra
t syntax tree form, SXML. The sample input and generated terms

from Fig. 2 have the SXML form shown on Fig. 3.

The �gure demonstrates that SXML tags are extended XML names, made

of a lo
al name and a Namespa
e URIs parts [20℄. SXML tags are also S
heme

symbols, with a spa
e-e�
ient internal representation as mere referen
es into a

symbol table. A user may still wish to assign a short namespa
e-id for a long

Namespa
e URI. We have indeed done so on Fig. 3: we assigned the namespa
e-id

h for the HTML namespa
e URI. The namespa
e-ids are not to be 
onfused with

XML Namespa
e pre�xes. The former uniquely identify Namespa
e URIs, and

are 
hosen by the author of the stylesheet rather than by the author of the sour
e



(http://internal.
om/db:pur
hase

(h:p "4 tinkers"))

=) (out:text (� (a

:
ount 0)) "4 tinkers"))

(http://internal.
om/db:pur
hase

(h:p "4 tinkers")

(h:p "5 tailors")

(h:p "2 soldiers")

(h:p "1 spy"))

=)

(out:text (� (a

:
ount 3))

"4 tinkers,"

(out:text "5 tailors,"

(out:text "2 soldiers and"

(out:text "1 spy"))))

Fig. 3. The sample SXML terms before and after the pur
hase-re
ords-to-phrases

translation.

do
ument. The subje
t of namespa
es in SXML is thoroughly dis
ussed in [10℄.

We must emphasize that both simple and extended XML names are represented

in SXML as atomi
 S
heme symbols. They only di�er in appearan
e: symbols

representing extended XML names are spelt with a 
olon 
hara
ter.

Figure 4 presents the translation fun
tion, 
onvert-db. The latter takes an

SXML expression, su
h as the one in the left 
olumn of Fig. 3, and yields the


orresponding expression in the right 
olumn. The translation fun
tion is again

an invo
ation of the pre-post-order traversal 
ombinator. The 
ombinator re-


eives the sour
e SXML expression and the translation stylesheet with three

transformation rules. Of a parti
ular interest is the rule for a h:p element. Its

transformer is of a higher order: it rewrites an h:p element into a pro
edure.

The latter takes a 
ount argument and the variable number of arguments that

must be pro
edures of the same kind. The transformer for the pur
hase ele-

ment starts the domino e�e
t of applying these pro
edures to the list of their

followers. This sequen
e of (impli
itly 
ontext-passing) appli
ations is the reason

the transformation of a h:p element turns out to be dependent on the element's

siblings.

The stylesheet 
ode on Fig. 4 is 
omplete. It is instru
tive to 
ompare the

stylesheet with the equivalent XSLT 
ode ([13℄, Fig. 4). The latter 
ode (whi
h

does not generate the attribute 
ount) o

upies the better half of a page in

a two-
olumn layout and 
ontains 31 elements, with numerous sele
tions and

mathemati
al operations.

To obtain the �nal result as the one shown in the right-hand 
olumn of

Fig. 2, we need to pretty-print the transformed tree. Curiously, SXML-to-XML


onversion is also a SXSLT transformation task. The SXML spe
i�
ation (itself

authored in SXML) and the SXSLT distribution give several examples of this

straightforward transformation.

4 Example 3: Re
ursively Reorganizing Pun
tuation

Our third example, whi
h highlights re
ursive, re�exive transformations with

several stylesheets, was suggested by David Durand, a member of Brown Uni-

versity's S
holarly Te
hnology Group (STG). The STG has done extensive work

on real-world SGML and XML do
uments with ri
h markup; the problem here



(define (
onvert-db do
)

(pre-post-order do


; the 
onversion stylesheet

`((h:p . ,(lambda (tag str)

(lambda (
ount . args) ; 
ount 
an be #f:

(let ((att-list ; don't generate the attr

(if 
ount `((� (a

:
ount ,
ount))) '())))

(mat
h-
ase args

(() `(out:text ,�att-list ,str))

((?arg)

`(out:text ,�att-list

,(string-append str " and")

,(arg #f)))

((?arg . ?rest)

`(out:text ,�att-list ,(string-append str ",")

,(apply arg (
ons #f rest)))))))))

(http://internal.
om/db:pur
hase . ,(lambda (tag . pro
s)

(if (null? pro
s) '()

(apply (
ar pro
s)

(
ons (length (
dr pro
s)) (
dr pro
s))))))

(*text* . ,(lambda (trigger str) str)))))

Fig. 4. SXSLT transformation that implements translation on Fig. 3.

is abstra
ted from one of their appli
ations. Durand's example requires a trans-

former that moves pun
tuation inside a tag:

Cli
k <a href='url'>here</a>! ==> Cli
k <a href='url'>here!</a>

Even in this simple formulation, an XSLT solution is extremely unwieldy [3℄.

This transformation, to be truly useful, should a

ount for several important

parti
ular 
ases. For example, we should not move the pun
tuation inside an

XML element in the following 
ontext:

<br></br>;s
heme 
omment

Furthermore, we may need to exempt an element from re
eiving adja
ent pun
-

tuation, for instan
e, in

<p>For more details, see

the paper <
ite>Krishnamurthi2001</
ite>.</p>

The 
ontent of the 
ite element is typi
ally a bibliographi
 key, so it is not ap-

propriate to add any pun
tuation to it. Finally, we do want to move pun
tuation

re
ursively: given

<p>This <strong><em>needs pun
tuating</em></strong>!</p>



we would like to see the ex
lamation mark inside the innermost appropriate

element (<em> in our 
ase).

Suppose we begin with the following sample do
ument:

<div><p>some text

<strong><em>needs pun
tuating</em></strong>!</p>

<br></br>. This is a <
ite>
itation</
ite>.

Move <a href='url'>period around</a>.text</div>

We assume that 
ite elements are barriers to inward pun
tuation movement.

We de�ne the pun
tuation 
hara
ter set as:

(define pun
tuation '(#\. #\, #\? #\! #\; #\:))

Again we start by parsing the sample do
ument into SXML (using the SSAX

parser [9℄):

(*TOP* (div (p "some text "

(strong (em "needs pun
tuating")) "!")

(br)

".\nThis is a "

(
ite "
itation")

". Move "

(a (� (href "url")) "period around")

".text"))

Our pull-in transformation works in two alternating phases. The �rst phase is

a 
lassi�
ation, whi
h identi�es the pun
tuation and the nodes that 
an re-


eive pun
tuation. The identi�ed nodes are wrapped in annotating elements.

That is, if an SXML node is a string that starts with a pun
tuation 
hara
ter,

we break the string and return the pun
tuation and the remainder wrapped

into an identifying SXML element: (*move-me* pun
tuation-
har-string

orig-string-with-pun
tuation-removed). Other string SXML nodes are re-

turned unannotated. If an SXML node is an element node, we 
he
k whether

the node has no 
hildren or has been bla
klisted from re
eiving pun
tuation. If

so, we return the node un
hanged. Otherwise, we annotate it by wrapping it in

an SXML element (*
an-a

ept* original-node).

The se
ond phase, whi
h performs the a
tual transformation, examines the

result of the 
lassi�
ation. When we see a (*
an-a

ept* original-node)

immediately followed by a (*move-me* pun
tuation-
har-string string)

node, we move the pun
tuation inside the original-node. We then apply the

algorithm re
ursively to the 
hildren of the node.

While the des
ription of the algorithm is fairly simple, it 
alls for a pre-

order traversal. This is be
ause nodes must examine their neighbors before they

examine their 
hildren, and must modify the traversal of their 
hildren based

on what they �nd adja
ent. Fig. 5 presents the 
lassi�
ation stylesheet and Fig.

6 that for transformation. Both stylesheets instru
t the pre-post-order traversal




ombinator to navigate pre-order. This is the most appropriate strategy sin
e

the pull-in algorithm appears to require a hybrid traversal strategy based on

breadth-�rst sear
h.

The 
lassi�
ation stylesheet is the only pla
e that spe
i�es, in a 
lear de
lara-

tive manner, whi
h elements 
an or 
annot a

ept pun
tuation. The transforma-

tion stylesheet is generi
. We should point out that the the *default* handler on

Fig. 6 �rst transforms element 
hildren with a di�erent, 
lassi�
ation, stylesheet.

The handler then re-pro
esses that transformation's result. This fa
t highlights

the advantages of SXSLT over XSLT. Be
ause a node handler may re
ursively

invoke the traversal fun
tion and pass it an arbitrary stylesheet, there is no need

to introdu
e modes and to 
lutter the syntax and the semanti
s of the transfor-

mation language. Be
ause the traversal 
ombinator is a ordinary fun
tion, we 
an

easily 
apture the result of a stylesheet transformation for further manipulation.

Su
h an operation in XSLT 1.0 is immensely unwieldy [15℄.

The transformed SXML tree looks as follows:

(div (p "some text "

(strong (em "needs pun
tuating" "!") "")

"")

(br)

".\nThis is a "

(
ite "
itation")

". Move "

(a (� (href "url")) "period around" ".")

"text")

whi
h, 
onverted to XML, reads as

<div><p>some text

<strong><em>needs pun
tuating!</em></strong></p><br/>.

This is a <
ite>
itation</
ite>.

Move <a href="url">period around.</a>text</div>

5 Related Work

The most venerable related work on applying fun
tional programming to markup

is probably DSSSL, a Do
ument Style Semanti
s and Spe
i�
ation Language [4℄.

DSSSL did not, however, survive the swit
h from SGML to XML. One of the

major di�eren
es between SXML transformations and DSSSL are more �exible

traversal strategies of SXSLT and �exible swit
hing of stylesheets.

XT3D, introdu
ed in [13℄, is a de
larative XML transformation language

based on transformation-by-example. This language is intentionally very di�er-

ent from XSLT: XT3D is far more intuitive and designed for inexperien
ed users.

In 
ontrast, the present paper is oriented towards power users, who need all the

expressive and transformation power of W3C standards and even more.

One 
ommon way to spe
ify graph traversals and transformations is by 
om-

bining node a

essors by 
ombinators. Walla
e and Run
iman [17℄ [18℄ have



; The identity fun
tion for use in a SXSLT stylesheet

(define sxslt-id (lambda x x))

(define 
lassify-ss

`((*text*

. ,(lambda (trigger str)

(
ond

((equal? str "") str)

((memv (string-ref str 0) pun
tuation)

(list '*move-me*

(string (string-ref str 0))

(substring str 1 (string-length str))))

(else str))))

; the following nodes never a

ept the pun
tuation

(� *preorder* . ,sxslt-id) ; an attribute node

(
ite *preorder* . ,sxslt-id)

(*default*

*preorder*

. ,(lambda (tag . elems)

(
ond

((null? elems) (
ons tag elems)) ; no 
hildren, won't a

ept

((mat
h-tree '((� . _)) elems '()) ; no 
hildren but attributes

(
ons tag elems)) ; ... won't a

ept

(else

(list '*
an-a

ept*

(
ons tag elems)))))

)

))

Fig. 5. A stylesheet for the pre-post-order fun
tion to 
onvert an SXML tree into an

annotated tree. The latter identi�es strings of pun
tuation 
hara
ters and nodes that


an a

ept the pun
tuation.



(define transform-ss

`(

(*text* . ,(lambda (trigger str) str))

(� *preorder* . ,sxslt-id) ; Don't mess with the attributes

(*move-me* ; remove the wrapper

*preorder*

. ,(lambda (trigger str1 str2)

(string-append str1 str2)))

(*
an-a

ept* ; remove the wrapper and transform

*preorder* ; the node (re
ursively)

. ,(lambda (trigger node)

(pre-post-order node transform-ss)))

(*default*

*preorder*

. ,(lambda (tag . elems)

(
ons tag

(pre-post-order

(let loop ((
lassified (pre-post-order elems 
lassify-ss)))

(
ond

((null? 
lassified) 
lassified)

; 
he
k to see if a *
an-a

ept* node is followed

; by a *move-me* node

((mat
h-tree '((*
an-a

ept* _node)

(*move-me* _pun
tuation _str)

. _rest)


lassified

'())

=>

(mat
h-bind (node pun
tuation str rest)

(
ons (append node (list pun
tuation))

(
ons str (loop rest)))))

(else

(
ons (
ar 
lassified) (loop (
dr 
lassified))))

))

transform-ss)

)))))

Fig. 6. The transformation stylesheet.



developed a 
ombinator library that serves as an extensible domain-spe
i�
 lan-

guage for transforming a subset of XML. SXML supports all of XML, in
luding

pro
essing instru
tions and XML Namespa
es. In addition, the 
ombinator ap-

proa
h is less intuitive for spe
ifying generi
 transformations with ex
eptions

(i.e., where the set of ex
epted nodes depends on the traversal 
ontext).

XDu
e [6℄ employs a powerful notion of regular expression types to 
apture

XML values. It employs a powerful notion of subtyping, as well as union types,

to support the ri
h set of patterns that programmers might write to mat
h

against evolving and semi-stru
tured data. Its pattern-mat
hing ma
hinery is

also stri
tly more powerful than that of languages like ML, while providing

the bene�ts of stati
 typing. In 
ontrast to SXML, however, XDu
e e�e
tively

for
es programmers to write transformations as interpreters. Furthermore, the


urrent XDu
e language appears to be rather limited, without support for higher-

order fun
tions and hen
e traversal strategies, whi
h are 
riti
al in many realisti


transformation 
ontexts.

It is possible to spe
ify traversals more 
on
isely than we do. The Demeter

proje
t revolves around a notion of "traversal strategies" [14℄, whereby a pro-

grammer writes a regular expression-based path through an obje
t graph, and

Demeter generates the appropriate traversal 
ode. While this is extremely useful

for pro
essing XML trees (and even graphs), Demeter's programming language

support remains weak. It 
urrently runs atop C++ and Java, whi
h have lim-

ited means to 
leanly express higher-order behavior. Worse, Demeter 
urrently


omputes entirely through side-e�e
ts, making it a poor �t for many XML trans-

formation tasks, whi
h have a highly fun
tional �avor.

6 Con
lusion and Future Work

This paper has des
ribed SXSLT, an XML manipulation language. The language

is a S
heme library that realizes a head-�rst re-writing system over trees rep-

resenting XML Information set. SXSLT has been used in pra
ti
e for over two

years by us and other users. The examples elaborated in this paper have been

abstra
ted from real-life proje
ts. In our and other users' experien
e, SXSLT is

expressive and easy to use. The elaborated examples indi
ate that su
h a positive

experien
e is the 
onsequen
e of SXSLT being a domain-spe
i�
 de
larative layer

over a general-purpose fun
tional language. The layer implements right abstra
-

tions and patterns of XML transformations: (i) abstra
t XML syntax trees, (ii)

pre- and post-order traversals of abstra
t syntax trees, (iii) transformation en-

vironments (stylesheets), (iv) dispat
h to re-writing transformers based on node

names, (v) wild
ard transformation rules, (vi) lo
al s
oping of re-writing rules.

The base language, S
heme, gives us mature syntax, �rst-
lass and higher-order

transformers and traversal 
ombinators, extensibility, and "nuts-and-bolts."

We identify several dire
tions for future work. First, we would like to improve

the expressiveness of the system. The 
urrent traversals do not automati
ally

pass the 
ontext (as fold does). While we have not needed this for our appli
a-

tions so far, their value is be
oming in
reasingly 
lear. We therefore hope to put



more emphasis on building stronger traversal strategies. Se
ond, we have not

dis
ussed transformations that more 
losely resemble database queries followed

by rewriting; for su
h transformations, it remains open to 
ombine our approa
h

with a database query optimizer. Finally, many aspe
ts of SXSLT 
an be ex-

pressed in a powerful ma
ro system su
h as M
Mi
Ma
 [12℄, whi
h 
ommutes

with program-pro
essing tools su
h as type inferen
e engines; this is one useful

path for re
overing type information.

SXML transformations often make multiple sele
tions from one or more XML

do
uments. It is possible to perform su
h queries with an SXSLT stylesheet that

rewrites the do
ument tree into the one that 
ontains the desired sele
tion. Us-

ing transformations to implement queries is ine�
ient, however, and re�e
ts a

mismat
h of abstra
tions. For these situations, our library in
ludes a query lan-

guage 
alled SXPath [16℄. SXPath is, of 
ourse, a re�e
tion of the W3C's XPath

query language [21℄ into S
heme. Comparing SXPath with the Consortium's

more advan
ed de
larative language, XQuery [22℄, is a task for future work.
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Appendix A: SXSLT Spe
i�
ation and Implementation

SXSLT is a higher-order pure fun
tional transformation language based on �ex-

ible tree traversals. The tree in question is usually an SXML tree [10℄, whi
h

is an abstra
t syntax tree of an XML do
ument. In SXML, 
hara
ter data are

represented as S
heme strings. XML markup � elements, pro
essing instru
-

tions, attribute lists � are uniformly represented by a S
heme list. The head of

su
h a list, whi
h is always a S
heme identi�er, names the markup. For an XML

element, the 
orresponding SXML list starts with element's expanded name, op-

tionally followed by lists of attributes and of e�e
tive namespa
es. The rest of

the SXML list is an ordered sequen
e of element's 
hildren � 
hara
ter data,

pro
essing instru
tions, and other elements.

Sin
e SXML data is essentially a tree stru
ture, the SXML grammar 
an

be presented as a set of two mutually-re
ursive datatypes, Node and Nodelist,

where the latter is a list of Nodes:



hNodei ::= ( hnamei . hNodelisti ) | "text string"

hNodelisti ::= ( hNodei hNodei* )

hnamei ::= hLo
alNamei | hExpandedNamei | � |

*TOP* | *PI* | *COMMENT* | *ENTITY* |

*NAMESPACES* | ��

The SXML Spe
i�
ation [10℄ gives more detail.

The SXSLT language is implemented as a library in a pure fun
tional subset

of S
heme. At the 
ore of this library is a fun
tion pre-post-order, whi
h

takes an SXML tree and and a stylesheet, and returns a transformed tree:

pre-post-order:: htreei x hbindingsi -> htreei.

The stylesheet, hbindingsi, is a list of hbindingis of the following stru
ture:

htreei ::= hNodei | hNodelisti

hbindingsi ::= ( hbindingi hbindingi* )

hbindingi ::= ( htrigger-symboli *preorder* .

hhandleri ) | ( htrigger-symboli

hnew-bindingsi? . hhandleri )

htrigger-symboli ::= hnamei | *text* | *default*

hnew-bindingsi ::= hbindingsi

and the hhandleri is a pro
edure htrigger-symboli x htreei -> htreei.

The fun
tion pre-post-order traverses a htreei, whi
h is either a hNodei or a

hNodelisti. For ea
h hNodei of the form ( hnamei hNodei* ) the fun
tion looks

up an asso
iation with the given hnamei among its hbindingsi. When pre-post-

order fails to �nd the asso
iation, it tries to lo
ate a *default* binding. It is

an error if the latter attempt fails as well.

Having found a binding, the fun
tion pre-post-order �rst 
he
ks whether the

binding is of the form ( htrigger-symboli *preorder* . hhandleri ). If the

found binding pres
ribes a pre-order traversal, the handler is `applied' to the


urrent node. Otherwise, the pre-post-order fun
tion �rst 
alls itself re
ursively

for ea
h 
hild of the 
urrent node, with hnew-bindingsi prepended to the 
urrent

bindings. The result of these 
alls is passed to the hhandleri, along with the head

of the 
urrent hNodei. To be more pre
ise, the handler is applied to the head

of the 
urrent node and its pro
essed 
hildren. The result of the handler, whi
h

should also be a htreei, be
omes a hNodei of the transformed tree. If the 
urrent

hNodei is a text string, a spe
ial binding with a symbol *text* is looked up.

The hnew-bindingsi that appears in ( htrigger-symboli hnew-bindingsi

. hhandleri ) has the same form as hbindingsi. The hnew-bindingsi is a

lo
al stylesheet. It takes e�e
t only when traversing the 
hildren of a parti
ular

node (whose name is the htrigger-symboli). The bindings of hnew-bindingsi

override the bindings from the �parent� stylesheet.

Fig. 7 provides an implementation of pre-post-order that satis�es the above

spe
i�
ation.



(define (pre-post-order tree bindings)

(
ond

((nodeset? tree)

(map (lambda (a-tree) (pre-post-order a-tree bindings)) tree))

((not (pair? tree))

(let ((trigger '*text*))

(
ond

((or (assq trigger bindings) (assq '*default* bindings)) =>

(lambda (binding)

((if (pro
edure? (
dr binding)) (
dr binding) (
ddr binding))

trigger tree)))

(else

(error "Unknown binding for " trigger " and no default")))

))

(else

(let ((trigger (
ar tree)))

(
ond

((or (assq trigger bindings) (assq '*default* bindings)) =>

(lambda (binding)

(if (and (pair? (
dr binding)) (eq? '*preorder* (
adr binding)))

(apply (
ddr binding) tree)

(apply

(if (pro
edure? (
dr binding)) (
dr binding) (
ddr binding))

(
ons trigger

(pre-post-order (
dr tree)

(if (pair? (
dr binding))

(append (
adr binding) bindings)

bindings)))))))

(else

(error "Unknown binding for " trigger " and no default")))))))

Fig. 7. The fun
tion pre-post-order: the 
ore fun
tion of SXSLT


