XML Query Reformulation
for XPath, XSLT and XQuery

Sven Groppe
(Sven.Groppe@deri.org, http://members.deri.at/~sveng/)

Tutorial at DBA 2006/Innsbruck

Structure of the Tutorial

= First 90 Minutes
= Short Introductions
= XML
= XSLT including XPath
= 3 Query Reformulation Methods including Performance Evaluation
= Second 90 Minutes
= Intersection Test of XPath expressions
= Reduction of Intersection Test to Satisfiability Test
= Satisfiability Test without schema information
= Satisfiability Test with schema information
= Differences between XQuery and XSLT
= 2 Caching Strategies for transformed XML data
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Introductions - XML

= Extensible Markup Language (XML)
= derived from Standard Generalized Markup Language (SGML)
= used for
= large-scale electronic publishing
= exchanging a wide variety of data on the web and elsewhere
= describes data in a tree structure consisting of nodes of type
= document,
= element,
= attribute,
= text,
* namespace,
= processing-instruction and
= comment
= Order of nodes is important (except attribute nodes)
= Each node has an (own) identity
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XML - Textual versus Graphical Representation

= Textual representation Graphical Representation

<Maps> Document Node

<Map>
<title>
World
</title>
<content>
... Bitmap of the World ...
</content>
</Map>
<Map>
<title>
Africa
</title>
<content>
. Bitmap of whole Africa ...
</content>
</Map>
</Maps>
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Introductions - XPath

= XPath expressions describe a node set of an XML
document

location steps

" Qypatn = /Maips Map [title=‘Africa‘’]/title
[

short form for predicate
child: :Maps

axis name test
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XPath Evaluation on XML document

~
<Maps> g
<Map> L L]
<title> S
World §
</title>
<content> S,
. Bitmap of the World ... Jfr"
</content> UK
</Map> ’7 L =
<Map> . i ‘ﬁ
<title> .
Africa >
</title> :1"
<content> B
. Bitmap of whole Africa ... g
</content> -
</Map> —Z
</Maps> o
o
-
o
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Extensible Stylesheet Language Transformations (XSLT)

= Part of the Extensible Stylesheet Language (XSL)

= Declarative language
= Purpose: Transformation of XML documents to
= XML,
= HyperText Markup Language (HTML),
= Adobe Portable Document (PDF) or
= text documents
by template rules
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Transformation of an XSLT Stylesheet

= XSLT stylesheet:
= XML document with root element <xsl:stylesheet>
= Templates <xsl:template match=M> contain XPath pattern M
= Input XSLT nodes, which select a new input node set I of the input
XML document, e.g.
= <xsl:value-of select=I>, which represents the content of T
= <xsl:apply-templates select=I>, which calls the templates with
each XML node of T
= Output XSLT nodes, e.g.
= <xsl:element name=N>, which generate an element N
= <xsl:attribute name=N>, which generate an attribute N
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Example of a Transformation with XSLT

XSLT Stylesheet V

Current XSLT <?xml version='
Instruction

O input Node Set
<«— Current Input Node|

<xsl:template matcl
<xsl:element name=’

<xsl:apply-templates
select="area"/> /\
<Ixsl:element>
<
Maps> </xsltemplate>

<Map>
<title> World  </title> <xsl:template match="area"> -—
<content> <xsl:element nam ap"> <areas
... Bitmap of the world ... <xsl:element name="title"> <label>World</label>
oo <xsl:value-of select="label"/> <bitmap>
</N{ap> </xs.l:element> B " .. Bitmap of the world ...
<Map> <xsl:element name="content"> </bitmap>
12 q o <xsl:value-of select="bitmap"/> <area>
<titte> Africa  </title> P Iy )
8 <label>Africa</label>
<content> 0
</xsl:element> <bitmap>
... Bitmap of whole Africa ... <xsl:apply-templates Bitmap of whole Africa
</content> select="area’/> </bitmap>
</Map> </xsl:template> </area>

</area>

</Maps> </xsl:stylesheet>

Sven Groppe
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Motivation Query Reformulation — Possible Scenario

I company A uses

| format F,,
e o o - e

Transformed document

XML Document
D in format F,

e T = T ey ¥ e ey Y I
Sven Groppe
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Different approaches for Query Reformulation (1/2)

E Query 0 formulated in 0

in format £

Optimized view|

Optimize
{ L ] accordingto> E L J'
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Different approaches for Query Reformulation (2/2)

P | [,
in format £ >
=
=
~
o]
=
5 View v
e
E} XSLT =
g
E j 2
XQuery S’

Reformulated query R

Apply R

]

[ XML fragment |

. Y~
in format £,
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XPath Query on XSLT View

Query Q formulated in 0

in format £

View v

&)

uLoysueLy,

uLIojsuey; 0 Alddy l

Reformulated query R

in format F',
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Example of a Transformation

XSLT Stylesheet V
Q=/Maps/Map/title <?xml version="1.0"?>
<xsl:stylesheet version="1.0">

R=/area (/area)™
/label

XML fragment Xo=V(R(D)) <xsl:template matcl XML fragment Xg=R(D)
<xsl:element nam
transformed XML document V(D <xsl:apply-template:

select="area"/>
</xsl:element>

<xsl:template matcl
<xsl:element nam
<xsl:element name="title">
<xsl:value-of select="label"/>
</xsl:element>
<xsl:element name="content">
<xsl:value-of select="bitmap"/>
</xsl:element>
</xsl:element>
<xsl:apply-templates
select="area"/>
</xsl:template>

</xsl:stylesheet>

Sven Groppe
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XPath on XSLT View <xsl:sliesheel version="1.0">

xsl:template match="/">

= 0=/Maps/Map/title <xsl: nt name="Maps”>

= 1. part of the main problem: <xsl:apply-templates select="area"/>
= Determine a// execution sequences xslelements | 1oos
of the XSLT processor, which </xs|:témp|ate> Apes/azes
generate output that is relevant to \

- Modified XPath evaluator
processing XSLT stylesheets
instead XML documents
= 2. part of the main problem: T

= Determine the whole selected ) * ipe=/area(/area)"
set of the original document W[ _apan [ value-of select=Taberr>
the searched paths of the mo P v ipe=/area(/area)"/label
XPath eva!uatOT X <xsl:element name="content"> Style-
-> Determine logically the node set <xsl:value-of select="bitmap"/> sheet
(XPath expression) = R HBG I A

<xslelement> | g _ /area(/area)n/label

ipe=/area(/area)™

"R = :?.Peafte, 1ast node 1 || <xsl:apply-templates select="area"/>| Style-
ipe
P€atter last node n S sheet
Sven Groppe Path
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Further support

= Arbitrary mixture of relative and absolute paths within the
select attributes => use of 2 variables instead of ipe

Computation of current ipe and completed ipe

Neither input node nor test current ipe,, = current ipe,,
node without attached paths | completed ipe,., = completed ipe,

Input node with local input path | current ipe, £(xp(1) is empty) ap(1) else current ipe,, / rp(I) | ap(1)

expression 1 completed ips if(ap(I) is empty) completed ipe, else completed ipe, |
current ipe,,,

Testnode with Booleantest | curzent ipe,, - current ipe,,(T)

expression T completed ipe,,, = completed ipe,

‘Attached aiached stylesheet | current ipe, urzent ipe,,

path completed ip ompleted ipe,,,

complated ip: urrent ipe,, | completed ipe,.,

Attached flter stylesheet path | current ipe,, ..

according to afiter (7 op ] | conpleted ipe,,
apath expression,

secce)and cis

mpty
ompleted ipe,

current ipe,., urrent ipe, lcurrent ipe, =c]

completed ipe,., = completed ipe.,

Attached loop stylesheet paths | current ipe,, ..
1.0 completed ipey,

current ipe,, = (current ipe,l ap(current ipe,.,) |.lap(current ipe,..))
(/rp(eurrent ipe,..)|..|/zp(current ipe,...))"
completed ipe,, = if o) == iPe ) = empy)
ipe,,, | (ap(completed ipe,...) .| P8 ))
else (completed ipe,, | current ipe,. / (rp(completed ipey) I-.|
ipep) )| tpey) ) ipcp))

XSLT Query on XSLT View

Query 0 formulated in 0
in format £
-
=
§ View v
S
s (@) :
g
Z
:
Reformulated query R)
ApplyR | XML fragment |
5 Y~
in format £,
Sven Groppe
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Example of a Transformation — XSLT query on XSLT View
Q=/descendant-or-self: :node() | Qxpatn=
/descendant-or-self: :node () ‘/Maps/map/title‘
/attribute: :node() |
V(R(D))

/area(/area)"|
/1label

/descendant-or-self: :node ()
/namespace: :node ()

XML document D

XSLT Stylesheet Qyg 1 @

Sven Groppe !
5 -
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Experiments-XPath query on XSLT View-DOM CloneNode

XML
document |11}

b |Sm
L - r

Sven Groppe
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XML
document| Input, | POM DOM
D tream| Parser tree

DOM Out

XPathAPI.selectNodelterator
(out.getNode(),Q);
do{n=iterator.nextNode();}
while(n!=null);

XPathAPI.selectNodelterator
(out.getNode (), Q) ;
do{n=iterator.nextNode();}
while(n!=null);

XML Query
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Xalan using DOM CloneNode Approach

tire in seconds
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S0 4200
Filzsize in kB

=010 200
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Xalan CloneNode: Varying the selectivity, constant file size 7 Megabyte

Sven Groppe
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XML Query

175 Q(S(R(D))) (Total time)
150
@ X2.R(D) (Parse D + CloneNode)
T 125
3
H
100
=
g s
e
» Q(5(D)},using DOM imput
3.5(R(D)) (Transformation)
25
0 x 1.k (Query Reformulation)
0 25 50 100
electivity of R [%]
Faster for
<= 30% selectivity
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Experiments — XPath query on XSLT View - SAXFilter

SAX Out
InputStream XSLT | SA}
[Processor|Evertty

versus

SAX Out

Sven Groppe
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Xalan using SAXFilter Approach

15 <100% selectivity

140 2

130

120 - '_‘:Il,u celectivitl,

< Q(=(CYY,using 5AX _npu.
110 -

=B0R zelectivity
w08 celectivity
B0t cclectivity

tine in seconds
=
=3

70 - -
60 - +90% celeclivily
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Xalan SAXFilter: Varying the selectivity, constant file size 7 Megabyte

® Q(S(R(DY)) (Total time)

25
0 20 Q(3(D)),using SAX input
K A3.8(R(D)) (Transformation)
H Ve
H I’
215 i
] -
2 s
& 10 .x/ P%—XZ.R(D) (Parse D+SAHFilter+SAKZDOM)

- —
M'—*’——r
e T
s
)(//
0 A v o T % 1.R (Query Reformulation)
0 25 50 s 100
celectivity of R [¥]
Faster for
<= 70% selectivity:
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Optimizing the XSLT view according to a query

Query Q formulated in

ST

in format £

View v

(D) | e > (GoD)

Optimized view|

Sven Groppe
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T View Optimization

<xsl:tefmplate match="/">

" 9=/Maps/Map <xsl:elenfent name="Maps”>
[title=“Africa“]/title

<xsl:apply-templates select="area"/>
= 1. Eliminate unnecessary XSLT

instructions (no template heads) S aremmstes ;:I;T;_
sheet

I:template match="area":
P z Path

El

<xsl:element name="Map">]

<xsl:element name="title">

<xsl:value-of select="label"/>

</xsl:element> Detected|
‘ Style-
: sheet
</xsl:element> Path
Loop
<xsl:apply-templates select="area"/>| Style-
</xsl:template> sheet
Sven Groppe </xsl:stylesheet> Path
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<?xml version="1.0"?:
<xsl:stylesheet version="1.0">

XSLT View Optimization
<xsl:te*plale matcl

" 9=/Maps/Map <xsl:elenfent name="Maps”>
[title=“Africa“]/title

>

<xsl:apply-templates select="area
= 1. Eliminate unnecessary XSLT [(areayiiace suAoai]iabellie

. ! ; Filter
instructions (no template heads; jg,s't:,'::,"l;':: [pe-] Style-

sheet
Path

lap >
ipemEJQ,‘ ipe= (/area)”[la

matE=—le"s| bel="Africa’]

= 2. Insert predicates at selected
node sets

ipe= -
B serect=—labe| iPe e
[ ipe ms=area | [ ipe,.,mtaber | | Pt |
L2 ipe=(/area)”[label=
"Africa”]/label
STeet

</xsl:element> Path

Loop
<xsl:apply-templates select="area"/>| Style-

</xsl:template> sheet
Sven Groppe </xsl:stylesheet> Path
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XSLT View Optimization

* 0=/Maps/Map
[title=“Africa“]/title

= 1. Eliminate unnecessary XSLT
instructions (no template heads

= 2. Insert predicates at selected
node sets

<?xml version="1.0"?>
<xsl:stylesheet version="1.0">

<xsl:teMmplate match="/">

<xsl:elenfent name="Maps”>

<xsl:apply-templates select="area
[(/area)"[label="Africa”]/label]"/> N
</xsl:element> Filter
</xsl:template> Style-
sheet
Path

PCini¢

lap >
H X ﬁ‘ ipe=(/area)"[la

lo™s| bel="Africa”]

ipe=

/area)"[la

Serect=_labe|

Sven Groppe
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[ ipe ws=area | o bel="Africa J
w id ipe=(/area)”[label=
A "Africa”]/label
o STIeEet
Path

\—r‘ Loop
<xsl:apply-templates select="area Style-

[(/area)"[label="Africa”]/label]"/>

</xsl:template> sheet
L</xshstylesheet- |V Path

XML Query on for XPalh, XSLT and XQuery 2a.l

XSLT View Optimization

* 0=/Maps/Map
[title=“Africa“]/title

= 1. Eliminate unnecessary XSLT
instructions (no template heads

= 2. Insert predicates at selected

node sets [label="Africa”)/label">
<xsl:element name="Map"> £::node()
“Africa”]
= 3. Insert test nodes at split <xsl:element name="title">
XSLT nodes £: :node ()
<xsl:value-of select="label"/> Africa”]
. :node () [1lab
s
: STIEET
</xsl:element> Path
Loop
<xsl:apply-templates select="area Style-
[(/area)"[label="Africa”]/label]"/>
</xsl:template> sheet
Sven Groppe L</xsl:stylesheet- | ¥ Path
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<?xml version="1.0"?>

<xsl:stylesheet version="1.0">

<xsl:template match="/">

<xsl:element name="Maps”>

<xsl:apply-templates select="area
[(/area)"[label="Africa”]/label]"/> .
</xsl:element> Filter
</xsl:template> Style-

<xsl:template match="area"> sheet

<xsl: if test="self::node() If: :node ()

Algorithm

computeFilter

(1) Algorithm computeFilter

(2) Input: N XSLT node

(3) P detected stylesheet paths

(4) initIPE  XPath expression

(5) output: £ filter expression

(6) P’ = {p’ | dpeP A p’ is subpath of p (or one of its branched

paths) starting with the
its branched paths)}

(7) for each p’eP’={pl’, ..,
(8) compute current ipe,,
(9) f = current ipe,, + "|"+.

(10) return f

Sven Groppe
1 University of Innsbruck

pr’} do

.+"|" + current ipeg.

node N to the end of p (or one of

of p’ initialized with initIPE

XML Query on for XPaih, XSLT and XQuery a0, aal
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Algorithm optimize XSLTStylesheet

(1) Algorithm optimizeXSLTStylesheet

(2) Input: V  XSLT stylesheet
3) OXPath XPath query
(4) Output: V' XSLT stylesheet
(5) 1 = evaluateXPath(QXPath, <(QXPath, root of V, null, null, null)>)
(6) for each pl € 1 do
(7) P.addAll (getNextOutputNodes (null,pl, CONTENT))
(8) V' = V.clone()
(9) for each N € V' do
(10) if (NgP and N#<xsl:template>) delete N (and its subtree) in V'
(11) else if (N is input node)
(12) £ = computeFilter(N,P,"")
(13) N.setLocalInputPathExpression (
N.getLocallnputPathExpression ()+"["+£+"]")

(14) else if (N is split XSLT Node)
(15) f = computeFilter (N, P, "sel node () ")
(16) Nn = createElementNode ("<xsl:if test='" + £ + "'/>")
(17 Nn.setParentNode (N.getParentNode ())
(18) N.setParentNode (Nn)
(19) return v’

1 University of Innsbruck XML Query ion for XPath, XSLT and XQuery a1/ 44l

Optimizing XSLT View — Xalan / DOM

100% selectivity
90 selectivity
80X selectivity
G(SCD) Y, "ueing "DOM input
708 'selectivity
50% selectivity
50 50% selectivity
40% selectivity
30% selectivity
selectivity

10% selectivity

time in seconds
o
S
=

0% selectivity

0 T T T T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Filesize in kB
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Optimizing XSLT View — Xalan / DOM

50 ~=%2. 0(5°(D)) (Total time)

0(8(D)), using DOM input

w

3
'
X

X

time in seconds
ra
&

0 S ————#——% 1.5’ (View optimization)
0 10 20 30 40 50 60 70 80 90 100
selectivity of @ [¥
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Optimizing XSLT View — Xalan / SAX

109% sclogtiyit
800 eTacerivEy
807 tivity
7% select

ivite
68, ang Q S(I])?,usi.ne SAX input
w00 3 sseenivnd
Hs selelslid
o 8% selectivity
3
5
3
g
i
i
@ 50
el
) T T T T 1
0 5000 10000 15000 20000 25000
filesize in kB
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Optimizing XSLT View — Xalan / SAX

2s 2. A8’ (D)) (Total time)
L
P
20 — Q(5(D)), using SAX imput
et
L

o e
] -
515 S
e L
S 3
c
ul0
g
b}

5

0 e e ——H——#——x1.5" (View optimization)

0 10 20 30 40 50 60 Ed 80 90 100
selectivity of 0 [%]
Sven Groppe
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Excluding XSLT instructions

<xsl:stylesheet>
<xsl:template match="/child::r">
<xsl:element name="s">
<xsl:for-each selec
<xsl:element name:
<xsl:attribute name="d">
<xsl:value-of select="attribute::b"/>
</xsl:attribute>
</xslielement>

<xsl:element name="e">
<xsl:attribute name="f">
<xsl:value-of select="attribute::b"/> h times
</xsl:attribute>
</xsl:element>

</xsl:for-each>
</xsl:element>
</xsl:template>
</xsl:stylesheet>

Qypan = /child::s/child:

clattribute::d < X]/attribute::d

Sven Groppe
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XSLT instructions excluded — Xalan / DOM

150 _~auery transfornation 186%

-~ Q{5{D}};using DOH input

. —Xquery transformation 75%

tine in seconds
2
8

. — =X query transfornation 58%
——

uers transfurnatlnn 25%
g

318

10 1) 2
il
8 T T T . | query transformation 8%
a 1 2 3 4 5
exclude parancter
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XSLT instructions excluded — Xalan / SAX

%8
. ——=Kquery transfornation 106%
88 R
e
70 I -
— -
- .
N .-~ query transfornation 75%
E T
E, —— e
gae e
H e
Eap d— .
g . ——=xauery transfornation 50%
H e — QCS(DI ) ,using SAX input
D3 PP
L
20 e — mw— —— —Xquery transfornation 25%
), 108%

acs’
= _g “l(JSr-mzl)-éns?urnatlun %
B

(S'(D)). 8%
04 ; , ; v "

exclude paraneter
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Experiment with real data - DBLP

= DBLP data contains a bibliography of publications
<xsl:stylesheet>
<xsl:template match="/dblp">
<xsl:element name="result">
<xsl:apply-templates select="child::node()"/>
</xsl:element>
</xsl:template>
<xsl:template match="child
<xsl:element nam
<xsl:element name="Name">
<xsl:value-of select="child::author"/>
</xsl:element>
<xsl:element name="Title">
<xsl:value-of select="child::title"/>
</xsl:element>
<xsl:element name="Year">
<xsl:value-of select="child::year"/>
</xsl:element>
</xsl:element>
</xsl:template>
</xsl:stylesheet>

:node () ">

:result/child:: Year < X]/child::Year selectivity <11.8 %
result/child Year < X]/child::* selectivity > 11.8 %

Sven Groppe
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DBLP data — Xalan DOM

12
Ty e 0 (5(D)), usLrg DOM
10
g8 “ Ty transformation, using DOM
5 A wonm e USLT opt. For WPath queries, DOM
8 AN PSES e o)
I PN S
5
@
g
=
2
0 T T T T T T T T T
6 8 10 12 14 16 13 20 22 24 26 28 30 32 34 36 38 40
selectivity of O [%]

Sven Groppe
1, University of Innsbruck XML Query ion for XPath, XSLT and XQuery 4044l

DBLP data — Xalan SAX

20 i 0(s(D)), using SAX

—_ = ——x—}5LT opt. for HPath ies, SAX
v x o x opt. for XPath queries

time in seconds

fa i {
4 < ¢ = e == 3 = query transformation, using SAX

S

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 30 40
selectivity of 0 [¥]
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= Transformation of only the sufficient XML fragment, if
transformed XML documents are queried
= avoids problems of replication
= saves processing time (for transformation),
= depending of selectivity of queries and XSLT processor
= Xalan  (CloneNode <= 30%, SAXFilter <= 80%)
= Saxon (CloneNode <= 20%, SAXFilter <= 55%)
= scalable and efficient especially when using SAXFilter
= saves transportation costs in distributed scenarios

Sven Groppe
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= Optimize XSLT View v according to XPath query Q,. ..,
= Avoid step for retrieving resultant XML fragment R (D)
= Faster whenever many XSLT instructions can be excluded
= DOM: queries with < 80% selectivity are faster (Xalan, Saxon)

= SAX: queries with <= 60% selectivity are faster (Xalan)
queries with <= 70% selectivity are faster (Saxon)

Sven Groppe
1, University of Innsbruck XML Query ion for XPath, XSLT and XQuery 43744l

Questions / Remarks?

= Sven Groppe, XML Query Reformulation for XPath, XSLT and XQuery,
Sierke-Verlag, Gottingen, 2005. ISBN 3-933893-24-0

Sorne Vertag

Sven Groppe
sven.groppe@deri.org

http://members.deri.at/~sveng/
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Absolute Part and Relative Part of an XPath Expression

= An XPath expression I can be divided into
= an absolute part ap (1), which contains only absolute paths, and
= a relative part rp (1), which contains only relative paths

sothatap(I) U rp(I) is equivalentto I

= Example:
I = (/E1 | E2/E3 | E4) /ES
rp(I) = (E2/E3 | E4) /ES

ap(I)= /E1/ES5
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