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Abstract We present an implementation of the Xord framework

for streaming processing of XSLT transformationsduhon .Net
technologies. Within the framework, we implement efficient

streaming algorithm, called the SSXT algorithm, afdp to
process a significant subset of top-down XSLT tfemsations.
We exactly characterize this class of transfornmetioand
implement schema-based analyzer which, for
transformations, determines containment in thislahe SSXT
algorithm uses a stack of the size proportionahtdepth of the
input XML document. Such memory usage is highlycefft in

practice since real-world XML documents are shallowhe

evaluation of the algorithm supports our expectastiand shows
that a transformation of large but shallow XML domnts is
processed using a constant size of memory.

Keywords streaming processing, XML, XSLT transformation,
tree transducer

1. Introduction

Common processors of XSLT [14] and XQuery [17
(Saxon, Xalan, AltovaXML) are tree-based, i.e.ytlstore

the whole input in the memory and then perform th

transformation itself (see Fig. l1la). Such approash
sufficient for small XML documents stored in files.
However, this classical processing is apparenttysndable
for large XML documents and XML data streams - he t
former case, it is not acceptable or even possibitore the
whole input document in the memory, while in thiedaone,
the XML data become available stepwise and neebeto
processed “on the fly".

It is thus natural to employ the streaming processi.e.,
to read the input document sequentially in the duoaut

a given
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Figure 1. Tree based vs. streaming processing of XML
transformation

for XML processing, or with a special streaming
transformation language. In both cases, a lowleve
approach to writing the transformation is used tist

]basically more difficult comparing to writing the

transformation in
gopular high-level languages XSLT and XQuery.

* An extra effort is needed in order to obtaificefnt
streaming algorithm as the result - it is necessagnalyze
the transformation by the user and to optimize stze of
the memory buffers manually. Still, it is not guateed that
the designed algorithm is close to the optimal sinee the
optimizations are typically done in an ad-hoc way.

In this paper, we are interested in the automatr@ach,
i.e., we focus on the problem how to design an raat

order as well as to generate the output documeff€aming processor for the commonly used transftiom

sequentially (see Fig. 1b). It is easy to see tfoatcertain
classes of XML transformations, such streaming @ssar is
substantially less memory-consuming than the tesed
processors.

languages such as XSLT and XQuery. Such approaactsbr
several advantages — the transformation is writtehigh-
level languages that are familiar to users workimg<ML
domain. At the same time, the process of deterrgiran

The simplest approach to obtaining a program fdefficient streaming algorithm for given transformoat is

streaming XML transformation is to write it commit by

accomplished by the processor itself and is hidaethe

hand in some common programming language using H#€r-

event-based parser such as SAX or
possibility is to specify the transformation in awtevel

streaming transformation language such as STX [1dutomatic

StAX. Another

There are some significant challenges to design an
processor for high-level transformation

XStream [10] or XTiSP [19]. However, both of thesdanguages. Both XSLT and XQuery are based on tree-

approaches are cumbersome for two reasons:

manipulation and contain several non-streaming tcoats.

« The user must be familiar either with a commoThe processor is supposed to apply the tree-maatipaol

programming language and corresponding event-b&Béd

Received August 20, 2008.

functions over a continuous stream of data while th
buffering is treated automatically. An importansue is to
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design the processor stack-based algorithm, its basic principles, im@etation
and memory issues. Section 7 contains detailedrigésa
i , of the Xord framework implementation. Implementatiof

gkt Anahyzor Algorithm the SSXT algorithm is presented in Section 7. IotiSe 8
N we mention the evaluation results. We conclude with
Xord Stati Schi SSXT th

anaiyzer | | analyzer | | algorthm ‘ agontnms | SUMMary and comments on future work.
Figure 2. Xord framework structure 2. State of the Art

Much of the previous work is devoted to streaming
evaluation of XPath expressions, [2, 3, 4, 11, 1#, 16],
The techniques used for XPath may be partially @dsal in
the streaming algorithms for the transformationg, dome
significant problems are still to be solved (e.different
grder of the elements in the input document andhia

in such a way that the size of memory buffers ufeed
processing the non-streaming constructs is minidhitoe
the given transformation and the input document.

We describe the implementation of the Xord framdw(see
Fig. 2) which represents a prototype XSLT automati
streaming processor. The Xord framework is basedhen Output document).

formal framework for streaming XML transformatiofiist

introduced in [7]. The framework is capable to psx  Several streaming processors for XSLT and XQuewgha
automatically a class of top-down XSLT transforroasi been implemented. However, their efficiency was
which captures a significant number of practicalseded demonstrated only by experiments on a small nunaber
XML transformations. The processing is done usirgja&k XML transformations and input XML documents. Ittisis

of the size proportional to the depth of the indMIL  not known how much memory these processors confame
document. a given type of XML transformation. The only exdeptit

The main contributions of this paper are the foltayy the XSLT processor based on SPM [13] which by dtin
does not have any additional memory. Due to th& tHc

1. We present a modular implementation of the Xor@bility to store data temporarily the processaigmificantly
framework for streaming processing of xsLTless powerful than the SSXT algorithm that we idérce in
transformations. The implementation consists of theection 5. Moreover, the class of transformatiatured is
Template Model, the Schema Model and the AlgorithrOt characterized. .

Model. The framework has a solid formal base [6)t7] XML Streamlng Machin@XSM)[17] processes a subset of
is intended to contain several streaming algorithmXQuery queries on XML streams. It is based on XML
each of them is first designed as a formal modiéda streaming transducer that is a model for transiatine or
streaming XML transducer (SXT). For such model, thE0ré input stream fragments into and output stream

transformation class captured and the memoff@gment. The transducer uses input buffers, arpubut
requirements are known. buffer and one or more working buffers for realgithe

translation. First, a given XQuery query is tratestainto a

2. Using both the Template Model and the Algorithn€twork of _XSM'S- A single basic XSM correspondsato
Model, we implement an efficient streaming algarith subexprgssmn of the XQuery query. Then the XSMGS a
for processing a subset of top-down XSLTappropnate!y .connected following the nestlr?g of
transformations. We exactly characterize this clafss Subexpression '”'th? whole XQuery query. The remylt
transformations. The algorithm uses a stack ofstpe network  of XSMS 1S reduced into a smgle XSM by
proportional to the depth of the input XML documentC€onsequent application of composition algorithm ahel
Such memory usage can be considered constant rgsulting XSM is further optimized and translatatbia C

practice, since real-world XML documents are shallo Program. The processor has several limitationgy GNIL
[18]. documents without attributes and recursive striactur

definition are considered. Second, XSM is able rnocess

3. We mention experimental results for the algorithn®nly @ simple, r-lon-recursive XQuery query, howevbg
implemented. The results show that the algorithr{eY @Spects are included. .
indeed consumes constant amount of memory whenBEA/XQRL[9] is a streaming XQuery processor that is a

processing transformations from associated class §Rntral component of BEA's WLI product. It implenten
large and shallow XML documents. full XQuery. The authors have compared the procesgh

Xalan-J processor on the set of 25 typical WLI
The rest of this paper is organized as followsSéation 2 transformations as well as on XMark Benchmarks. BEA

we list automatic streaming processors for XSLT anBrocessor a-ppeared to be fast on small databasesyér,
XQuery. Section 3 presents the formal base of tjbe processing of large databases was slower dilme tiact
framework. The class of top-down XSLT transformasio that the optimizations specially designed for XMteams

and the schema model considered are describectiiogd  are limited in this engine. . .
and Section 5, respectively. In Section 6, we bhice the FluXQuery[15] is a streaming XQuery transformation
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engine based on a new internal query languagedcalle
\emph{FluX}. FluX extends the XQuery with new
constructs for event-based processing. XQuery gsery
converted into
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We define thegeneral XML transducer (GXBs the basic
general model (see Fig. 4a). It is used to modél al
algorithmically computable XML transformations atneir
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XSLT GXT 1 SXT1
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Figure 4. An abstract framework

tree-based processing. The input heads of GXTetsavthe
input tree in any direction and the output is gated from
the root to the leaves. At the beginning of a tfamsation,
the transducer has only one input head, which aitrthe
root of the input tree, and one output head, whiths at
the root position of the empty output tree. Duramgingle
transformation step, the whole input tree is altflaas a
context. One or more new computation branches @n b

Figure 3. A schema of a) general XML transducer, and bypawned and the corresponding input control is chdee

streaming XML transducer

this internal representation and the buffer sizepsmized
by examining the query syntax as well as the ifpuD.
FluXQuery supports a subset of XQuery includingtees
for-loops and joins, but it does not handle aggiega
functions. The engine was benchmarked against XQuer

engines Galax and AnonX on selected queries oKMark

the input nodes specified by XPath expressionshétsame
time, the output heads may generate a new parhef t
output.

We define the streaming XML transducer (SX®s the
basic streaming model (see Fig. 4b). It is usadddel one-
pass streaming processing without an additional ongm
The SXT has a single input head that reads thetinpu
document sequentially, and a single output head tha

benchmark. These experiments showed that FluXQuef¥nerates the output document sequentially. TheTSSX

consumes less memory and runtime than other twimesg

SPM (Streaming Processing Modé¢l)3] is a model of
simple one-head, one-pass streaming processor ukitn
additional memory. Authors present a proceduretitied to
converts a given XSLT stylesheet into SPM. Theastrable
XSLT stylesheet is then defined to be such stylestar
which the procedure does not report a failure. Hewnean
algorithm for testing the streamability of XSLT isot
introduced, and thus the class of XSLT transfororeti
captured by SPM is not clearly characterized.

3. Formal base

The implementation framework for XSLT is basedtioa
abstract framework introduced in [6, 7]. It cotsief two
groups of formal models:

equipped with a stack to store temporary data.ngyosing
various restrictions on the GXT, different XML
transformation classes can be defined. On the dthad,
the SXT can be extended by a memory to store tesnpor
data or by allowing more passes over the input mhacu.
This way, we obtain models of several streamingessors
— the corresponding streaming algorithms are bisittee
simulation of a restricted GXT by an extended SXThe
overall schema of the framework is shown in Fig. 3.

When designing a new streaming algorithm within the
framework, it is necessary to find a correspondédmateeen
a restricted GXT and an extended SXT. In this paper
present one such algorithm in which we considersthmple
order-preserving branch-disjoint GXT and the simpkT

a basic general model for the tree-based procesa%ing(SSXT)- The algorithm is calle8SXT algorithmaccording

XML transformations and its restrictions,

a basic streaming model for the streaming procgssin

of XML transformations and its extensions.

All models are based on deterministic tree transdic
formal models for tree transformations [20] origedhin the
formal language theory. Both general and strearxity.
transducers are defined in common terms in order
facilitate development of the streaming algorithms.

to the streaming XML transducer employed.

The GXTs are language-independent and in case a
conversion method between GXT and a specific laggus
found, an implementation framework for this langeiagn

be developed in a straightforward way starting frtme
abstract framework. In this paper, we focus on XSLT
transformations and therefore we directly consid&LT
tPansformation classes instead of GXTs.
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At the design level, the implementation framewakthe
XSLT language consists of two basic modules: We define an auxiliary functioeval-expthat is needed
1. Static analyzemanalyzes the given XSLT styleshest later when defining restrictions put on simple XSLT
and determines to which of the known classes of TXSLtransformations. Letmp be a transforming templatd, be
transformations it belongs. Specifically, a schdvased an XML document, andi be a node ofl. We define an
analyzer is used which performs the analysis adgegrtb auxiliary functioneval-expby
the information stored in an XML schema for inpu1X
documents. eval-exptmp, d, u
2. Transformer processesxsl using the algorithm
associated with the determined transformation class evalexp.d, u :::evalexp.d, u

4. Simple XSLT transformations where exp, ..., exp is a sequence of XPath expressions
appearing in the template callstofp (in this order). Thus,

the eval-expfunction returns the concatenation of the node
sequences returned by individual XPath expressions.

In the SSXT algorithm, we only consider simple XSL
transformations which arerder-preservingand branch-
disjoint.

Simple XSLT stylesheet contains anitializing template |, grder to determine whether a stylesheet is smipl
and several transforming templates. The initiazin st pe checked that it conforms the structure ribest:
template sets the initial mode 100 and call processing of now  we  describe order-preserving simple  XSLT
the root element (node). It is of the form: transformations and  branch-disjoint simple  XSLT

. transformations. In case a simple XSLT transfororatioes

<xsl:template match="/"> . o
<xsl:apply-templates mode="m0"/> </xsl:template> not conform to these conditions, the SSXT algoritismot
applicable - moreover, in majority of cases, addil

A transforming template is called by an elemeama memory buffers are needed in order to process the

and a mode: transformation.
<xsl:template match="a" mode="m1"> Order-preserving simple XSLT. A simple XSLTxsl is
<}'X'Sf$r’:]|;t:t:f & order-preservingon a set of XML documen® if and only
if,
The template body consists of output elementssfpty ~ - for each transforming templatep of xs|,
nested) and template calls which call applicatibrotber - for each XML documend / D,
templates by an XPath expression and a mode. Tipaitou - for each node of XML documentd,

elements are of the form: it holds eval-exptmp, d, u returns a sequence of nodes of

<element name> d in document order.

... element body ...
</element name>

Branch-disjoint simple XSLT. A simple XSLT xsl is
The template calls are of the form: branch-disjointon a set of XML documentif and only if,
<xsl:apply-templates select= - for each transforming templatep of xsl,

"child::a/child::b/descendant::c" . for each XML documentd / D,

mode="m2"/>

for each node& of XML documentd,

A subset of XPath expressions is allowed in
transforming templates - they may contain onlyahihd it holds eval-exptmp, d, u does not contain two nodes

descendant axis, and they may select nodes by oalyie located within the same branchabf
XPath := Step | Step/XPath 5. Schema model
Step = Axisiname

As already mentioned, the static analyzer for tBXB
algorithm uses information stored in input XML sofe

where namerefers to an element name. The evaluatio"f]leflnlng the set of input XML document for the

function for XPath expressioexp with respect to the XML :ransiorma’i!on). n orderbl t% t(:]eterlm mih whethg(; the
documentd and one of its nodess is denoted by ransiormation Is processable by the aigorithm. aer

XML schemas without the choice constructor and rsva
definitions. Such schema can be represented schema
follows the semantics of evaluation of XPath expi@ss, treein a straightforward way. The schema tree contaims
the only difference is that in our case it is st to types of nodes:

consider a single node as the current context set. - Element type nodes each represents particular

Axis := child | descendant

evalexp, d, u. The semantics of theval function directly
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element type define within the schema 2. new sequence contains a single final statehwv
Constructor nodes- each represents a constructobelongs to the DFA evaluating the lastly-matched
applied on an element type or a set of elememxpression or an expression locaséter the lastly-matched
types. expression - the corresponding template call isggsed,
The structure of the tree naturally reflects the 3. new sequence contains a final state whétbnigs
relationships among element types as well as tlie the DFA evaluating expression locateeforethe lastly-

applications of the matched expression, or it contains two or morel fitaes -
error.
a
( ™,
Y
S
i~ )
) “\?/“
& XfAnalyzer XfAlgorithm
[ c | d | d
v
A S
S < XfXsdSsxtAnalyzer XfTemplateAnalyzer S/ XfSsxt
*r ~ /
\* )/ s g
‘ XiSchema XfXslt
e (SchemaModel) (TemplateModel)
‘\,7,/ | 7
bl e Figure 6. Xord framework

In case b), the current cycle configuratiaengplate id
matched expression)iés pushed on the stack and new cycle
for processing the called template starts. Theecycl

Figure 5. An example schema tree

constructors to element types. An example scheegisr

shown in Fig. 5. configuration is popped after the whole called tEtehas

been processed and the control moves back to tirentu
The schema model considered is abstract, and tbus femplate. In case a), the evaluation continuese Hiean
bounded to a particular schema language. Howenetheé end-tag is encountered, the sequence of the DFfessta
prototype implementation we employ W3C XSD notationocated at the top of the stack is popped. Herte XiPath
[22, 23] for XML schemas. expression of the current template are evaluated on
“branches™ of din.

6. SSXT algorithm

The SSXT takes an input documeit and a top-down 6.2. Memory usage
XSLT stylesheeksl| as the input. It readsn sequentially in In the SSXT algorithm, a single sequence of DFAesta
one pass and apply the styleshest stepwise. First, the is pushed on the stack when reading start-tag:miamdatch
template matching the root elementlafin the initial mode is found, and a single sequence of DFA states b
is set to be the currently processed templaterrént from the stack when reading end-tags and movingaugsy
templat§. The processing proceeds in cycles. During i the element hierarchy. The sequences are obyiais
single cycle, a single template call of the curriemiplate is constant length since the number of states in aecseg
processed. depends on the number of XPath expressions in the
templates oksl.

A new processing cycle starts when a match is fdond
some template call. Here an extra item - a cycle
configuration - is pushed on the stack. Howeveremh
returning from processing the call, the cycle ogarfation is
popped. Based on this observation, it is easyddlsat the
size of the stack never exceeds the numbepth of d +

6.1. Processing cycle.

All XPath expression within a template are evahugti
concurrently. The evaluation is realized by deteistic
finite automata (DFA). A similar evaluation technéhas
been used in [5]. A single DFA is constructed fercke
expression. When the processing of a templatessttre
sequence of the initial states of DFAs is pushetherstack.
The input head of SSXT reads the elementsdiefin We treat two boundary situations in a special way -
document order. When a start-tag is encounteredy n@rocessing templates that do not contain any teteoialls
sequence of DFAs is computed. Three situationsenayr: ~ and processing matches at leavediof

1. new sequence contains no final state -inipet
head continues in evaluation,
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7. Xord framework garbage collector, behaved unexpectedly — only mino

) ) implementation-level changes could significantlfuient
The Xord framework was designed for analyzing anfhe results. Moreover, we wanted the frameworketa®

tran;for.ming large ?(ML data and XMF streams. Itsyych platform independent as possible. Therefore we
application interface is formed by a set of inteefalasses reimplemented the framework in the ISO/ANSI C++sifle
for traversing analyzed data structures. The cdrehe the stability of experiments we got even better sneed

framework consists of these abstract models (gpebli values compared to the .Net version.
1. Template Model for transforming templates

implemented by th&fXsltclasses, 6.1. Template model

2. Schema Modefor XML schemas implemented by N the Xord framework, XSLT stylesheets are repneesd
the XfSchemalasses, by a set of classes, ¥ord Template Mode(see Fig. 7).

3. Analyzer Modefor static analyzers implemented byEach template from the XSLT contains a sequence of
the XfXsdSsxtAnalyzerand XfTemplateAnalyzer template calls. A template call consists of thesperXPath

classes. expression and the template called by @pply-templates
mechanism. The input template file is parsed iftese
XiCall structures before the analysis. Then the analygizrithm
Step + template : XfTemplate directly traverses the DAG, evaluates the exprassatc.
— + node : XmiNode
+ Name - string + select  : XfXpath
+ Descendant : bool L ooz - string
- T
Y y M tsmplate XfSchama
yd + map : Dictionary<string,Node>
S T
NAxe) select sl \ v
L XfTemplate ‘map
XiXpath + match : string
+ exp :List<Step> + mode :string
+ node :XmiNode ltem node._ Node
+ calls  :List<XfCall> - node - Node =~ id :string
7 - minOccurs : int
- maxOccurs : int
calls | _femplates I
il A children |
XfXslt T
- templates - List<XfTemplate> ComplexElement SirmpleElement
- calls - List<XfCall>

- children : List<ltem>

Figure 7. Xord template model

4. AlgorithmModel for streaming transforming XfRegexp __atom Atom

algorithms implemented by th&Ssxiclasses. + regexp :ListcAtom> |7 T+ ﬁpe —

Since the models are abstract, Treenplate Modeinay be
adopted to model templates of any template-based. XM Figure 8. Xord schema model
transformation language and tl8zhema Modemay be
adopted to .m.o.del any XML schema language based 0%2. Schema model
structure definition.
Furthermore, the framework is complemented by afet Although there are well established and widely usktL

auxiliary helper classes. The algorithmic part kg tAPI ~ Parsers, we have found no suitable parser for X%®.
supports: perform schema manipulation, the .NET Framework

SsxtAnalyzer algorithm derived from the abstractProvides a set of classes called 8whema Object Modebr
Analyzer modeland using theSchema Modeand SOM for short. The SOM is for schemas what DOMois f
the Template Modeland XML documents: the SOM classes represent variotus p
SsxtAlgorithm- transforming algorithm derived from & schema, for  example XmiSchemaSimpleType
the abstracilgorithm model XmISchemaElementthere are many other classes that
represent attributes, facets, groups, complex typed so
on. This model is especially useful for creatingnesnas
programmatically, but its application interfacenist very

; . useful for parsing and analyzing existing schemas.

both in algorlthms and da’Fa structures used, thed Xo Since the schema analysis using standard XML schema
framework was implemented in C# on .Net platformase Honv model would be very complicated and tangled, we
of its comfortable and effective development. have designed Xord Schema Modekhich is targeted to

But, in later phases when exact impact of differeethods  effective representation and analysis of existicigesnas. A
should have been measured, the runtime, espettially

Originally, since early experiments with analyziagd
transforming algorithms required often substantt@nges
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simplified object structure of that model is depittin Fig.
8.

referenced polymorphic associative array of simated
complex type nodes. Each complex node containstafi
references to its child nodes with their cardiyallsing
this recursive structure that form a DAG (or a tnéth one
particular node selected as a root), the parseehsatcould
be easily traversed and processed.

6.3. Static analyzer

The static analyzer for SSXT algorithm checks dhder-
preservation and branch-disjointnessof simple XSLT
stylesheet in case the set of input XML documentsiat
restricted by a schema, i.e., any XML document oser
given alphabet of element names may appear asfh. i
For a given XSLT styleshegsl and an XML schemasd it
automatically analyzes the memory usage of theastireg
processing oksl on a set of documents definedxsd The
analyzer is described in [8] in more detalil.

XfCall XfTemplate
(TemplateModel) (TemplateModel)
Dfaltem .
+ template :XfTemplate | + match :string
+ node : XmiNode “aall + call :XfCall + mode :string
+ select : XfXpath + node : XmiNode
+ made string + calls :List<XiCall>
=l 71
A
\ 7
call template
: 7
nems‘: y
M s
SICycleConfig SIDfaSequence
+ template : XfTemplate + template : XfTemplate
+ call < XfCall + items : List<Dfaltem>

N
\

N, d;-"'

XiStack
- st : Stack<Stackltem>

Stackltem

SICycleConfig
- ds :SiDfaSequence

= stack

stk

XfAlgorithm
# xslt : XfXslt
# stk : XfStack
L]

Figure 10. Xord SSXT model

8. SSXT Implementation

The implementation of the SSXT algorithm followseth

Xord Ssxt Mode(see Fig. 9) and it uses both themplate
model and theAlgorithm model classesThe Algorithm
Model is an abstraction of all streaming algorithtasbe
designed within the Xord framework. Since the alfon is
stack-based, the main data structure used is anpgbhic
stack of type XfStack which stores sequencesra# Btates
and cycle configurations.

Until the transformation is finished the top of dtas

checked and the stack item is processed, see ttieodne

below. In case of an empty stack and nonempty neimgi

input newDFA sequencés pushed on the stack. Following

listings of simplified pseudo-code demonstrate mdaas of
described methods without nonessential technidallde

Dvo akova and Zavoral

Ssxt::Run(xml)
{currTemplate = xslt.Start();

The whole schema is represented as a recursiv currCall =

null ;
transformed = false ;
while (! transformed) {
if (! stk.Empty()) {
stk.Top.Process();
break ;
} else {
switch (currType) {
case Element:
stk.Push(
DfaSequence(curTemplate));
Advance();
break ;
case EndElement:
Generate(currCall);
transformed =
break ;

true ;

}

}

Listing 1. SSXT main loop

7.1. DFA sequences

The core of the processingDFA sequencesis
accomplished when start tags of elements are eteraah
A new DFA sequencés generated on the stack in case the
current DFA sequencecontains no final states. Otherwise
the output is generated and a neycle configurationis
placed on the stack. In case of a template witlcalls, its
output is generated immediately.

DfaSequence::Process(xml)
{ds = GetDfaSequence();
switch (currType) {
case Element:
new_ds = ds.Transition(currName);
if (! new_ds.HasFinalStates()) {
stk.Push(new_ds);
Advance();
} else {
myCall = new_ds.CallWithFinalStte();
Generate(currCall, myCall);
calledTemplate = SelectTemplate(
currName, myCall.mode);
if (calledTemplate.Empty) {
calledTemplate.Generate();
currCall = myCall;
if (laType == Element)
stk.Push(new_ds);
xml.Advance();
} else {
stk.Push(CycleConfig(
currTemplate, myCall));
currTemplate = calledTemplate;

currCall = null;

} break ;
case EndElement:
if (laType == EndElement)
stk.Pop();
Advance();
break ;
default
stk.Pop();
break ;
}
}
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Listing 2. DFA sequences processing

7.2. Cycle configurations
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like Xalan or Saxon uses DOM for the whole document
which implies memory requirements proportional t® t
document size. Our measurements confirmed this
expectation; Fig. 11 shows a comparison of transidion

The cycle configuration processing depends on thmemory requirements of 10000 to 10 million entities

current XML node type. A start tag pushes a HeRA
sequencevhile an end tag generates output.

CycleConfig::Process(xml)
{cc = GetCycleConfig();
switch (currType) {
case Element:
if (laType == Element)
stk.Push(
DfaSequence(currTemplate));
Advance();
break ;
case EndElement:
Generate(currCall);
currTemplate = cc.template;
currCall = cc.call;
stk.Pop();
break ;
}
}

Listing 3. Cycle configuration processing

9. Evaluation

We have evaluated the SSXT algorithm against the

publicly available tree-based XSLT processors SaXathan

2
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0 T T 1
depth 8 50 100 150 200

Figure 12. Dependency on document depth

We have not included comparison to the streaming

and XSLTProc using both synthetic and real datae Trprocessor SPM [13] and to the transformation pnogra
evaluation showed that the SSXT algorithm requiges written manually using some event-based parsehérfirst
memory proportional to a depth of the input XMLcase, experiments were not possible since the Skl wot

document. Since this depth is generally not dependin
the document size and documents are relativelyleshal
(99% of documents have fewer than 8 levels wheteas

capture the class of top-down XSLT transformations
considered. In the second case, the comparisondwil
pointless since the effectiveness of a hand-wriftesgram

average depth is 4 according to [18]), our memor§epends solely on the programmer skills and thusvagy.

requirements for most of the XML documents are tamis
independent to the document size.
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Figure 11. Memory comparison

We have experimented with various sets of XSLT, XSD
and XML combinations; all the experiments provedrogy
required for the transformation depends only ondize of
XSLT and XSD which are completely stored in menmemng
the document depth. Having equal XSD and XSLT, ntgmo
consumption was equal for 1 KB and 1 GB document.

The net memory consumption for the transformation
(without space needed for the schema and templatilin
is shown in the Fig. 12 — somewhat blurred linevghthat
all the experiments resulted in nearly the sameesl or
more precisely, all the results were within 1% mang

10.Conclusion

We introduced an implementation of the Xord
framework for efficient XSLT processing. The furoctality
of the framework is currently based on the stackeba
streaming algorithm which is able process a cldsom
down XSLT transformations using stack of the size
proportional to the depth of the input document.

In practice, the stack size can be considered aohst
since real XML document typically contain only féewels
of elements. We supported this observation by éxpssts -

On contrary, XSLT processing using standard praesss the results show that the algorithm is much lessnarg-
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consuming comparing to the standard DOM processing005, 52-54, 2005.

Moreover, the algorithm is much more powerful than [12] Todd J. Green, Ashish Gupta, Gerome Miklau,

existing streaming algorithms for XSLT. Makoto Onizuka and Dan Suciu: Processing XML stream
A lot of issues are left for the future work. Sirtbe class with deterministic automata and stream indexesAGM

of transformations is markedly restricted (espécidhe Trans. Database Syst., 29(4):752-788, ACM, New York

order preserving condition is significant) we waskh the NY, USA, 2004.

extension of the current algorithm to a buffer-bhse [13] Z. Guo, M. Li, X.Wang, and A. Zhou. Scalable

streaming algorithm in order to make it possiblg@tocess XSLT Evaluation. In Advanced Web Technologies and

more complex transformations. The other promisingpplications, LNCS 3007/2004. Springer Berlin /

direction is research on multiple passing transfdiom Heidelberg, 2004.

algorithms that should process complex transforonati  [14] A. K. Gupta and D. Suciu. Stream processing of

without a need of large data buffers. XPath queries with predicates. In SIGMOD '03:
Proceedings of the 2003 ACM SIGMOD international
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