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AbstratIn previous work, we demonstrated that relationaldatabases an serve as eÆient bak-ends for XMLQuery proessing: The XPath aelerator (\pre/postorder numbering") enodes XML douments in a shema-oblivious fashion. Stairase join enapsulates tree-spei� knowledge for eÆient XPath evaluation on
pre/post enoded data. At VLDB 2004 we devisedthe loop-lifting ompilation proedure that allows thepurely relational evaluation of XQuery on o�-the-shelfRDBMSs.This demonstration assembles these tehniques into a full-edged XQuery implementation. The Path�nder om-
piler translates inoming XQuery expressions into purelyrelational query plans. Though implementable on anyRDBMS, these plans bene�t from spei� optimizationsin our relational bak-end MonetDB. Experiments on-�rm the unsurpassed salability of our approah.

Relational XQuery Proessing Stak

RDBMSTree Enoding (XPath Ael.)XPath Axes (Stairase Join)sequeneenoding loop-liftingXQuery � Relational databases as bak-ends for XML:I re-use existing tehnology: indexes, optimizers, . . .I reah unsurpassed salability,I ease integration with existing software.� There is some tension between the relational proessing modeland XQuery:I set-oriented data model vs. ordered sequenes,I bulk proessing vs. expliit iteration.
� Path�nder implements a fully relational XQuery proessingstak:I a suitable tree enoding to store XML douments (e.g.,XPath aelerator),I eÆient XPath evaluation by means of stairase join,I relational enoding for XQuery sequenes,I bulk-oriented proessing of iteration onstruts in termsof loop-lifting.� Path�nder is designed as an XQuery-to-RDBMS ompiler.Soure Language: XQuery Core� Large subset of the W3C XQuery spei�ation:I arbitrary expression nesting,I id/idref support.� Path�nder implements the full axis feature.� Stati typing at query ompile time.� Normalized XQuery Core representation for e�etive query rewriting.

atomi literals doument order (e1 << e2)sequenes (e1, e2) node identity (e1 is e2)variables ($v) arithmetis (+, -, . . . )

let $v := e1 return e2 omparisons (eq, lt, . . . )

for $v at $p in e1 return e2 Boolean operators (and, or, . . . )

if e1 then e2 else e3 fn:doc(e), fn:root(e)
typeswitch lauses fn:id(e), fn:idref(e)
element { e1 } { e2 } fn:data(e)
text { e } fs:distinct-doc-order(e)e1 order by e2,...,en fn:count(e), fn:sum(e)XPath (e/�::�) fn:empty(e)user de�ned funtions fn:position(), fn:last()Target Language: Relational Algebra� Standard relational algebra:I Row-numbering operator % readily available in SQL:1999.I , ", � just eÆient short-hands for standard algebra expressions.� EÆiently implementable on any relational bak-end.� Various nie properties:I All joins are equi-joins.I All unions are disjoint; dupliate elimination made expliit.

� olumn projetion, renaming� row seletion:[ disjoint unionn di�ereneÆ dupliate elimination� Cartesian produt

1 equi-join% row-numberingstairase join", � element/text node onstrution~ arithmeti/omparison/Boolean operator �

Relational Sequene Enoding� XQuery: ordered sequenes of items.I Sequenes are always at.I Possibly heterogeneous sequenes.� Enode sequene order in olumn pos.� Columns ref and kind referene key ref in value ontainer kind .I MonetDB's multijoin for eÆient value lookup. (42, "John", 3.14E0, 42)

one value ontainerper query and type(values kept unique)

pos item1 422 "John"3 3.14E04 42
pos ref kind1 0 12 2 23 1 34 0 1

kind =1key int0 42kind =2key string0 "Dave"1 "Marc"2 "John"kind =3key double0 2.73E01 3.14E02 6.2E24

� heterogeneousitem sequenes � pos denotessequene orderXQuery representation Relationalrepresentation MonetDB implementation
Loop-Lifting: Turn Iteration into Joins

for $x in (k, : : : , 2, 1)
return $x * 5 for $x in (100,200, 300) return

for $y in (30, 20) return

if ($x eq $y * 10 ) then $x else ()� Enode iteration in olumn iter .

(k,. . . , 2, 1)pos item1 k... ...k � 1 2k 1

$xiter pos item1 1 k... ... ...k � 1 1 2k 1 1

5iter pos item1 1 5... ... ...k � 1 1 5k 1 5� Bulk-oriented proessing of for lauses.�iter,pos,item:res~res:(item,item1)

1iter=iter1iter pos item1 1 k... ... ...k � 1 1 2k 1 1

iter pos item1 1 5... ... ...k � 1 1 5k 1 5

iter pos item1 1 k*5... ... ...k � 1 1 10k 1 5

�iter,pos,item
1iter=iter1�iter1:iter�res=res:(item,item1)

1iter=iter1 �iter1:iter,item1:res~res:(item,item1)

1iter=iter1�iter1:iter,item1:item��iter��iter:inner,item%inner:(iter,pos)��iter��iter:inner,item%inner:(iter,pos)�
�iter:inner,pos,item

1iter=outer�outer:iter,inner pos item1 10pos1pos item1 302 20pos1iter1 pos item1 1002 2003 300
iter pos item4 1 2005 1 300

iter pos item1 1 102 1 103 1 104 1 105 1 106 1 10iter pos item1 1 301 2 202 1 302 2 203 1 303 2 20iter pos item1 1 1001 2 2001 3 300

Optimizations� Loop-lifted stairase joinI perform embedded XPath loationsteps for multiple (nested) iterationsin a single doument-san� Name-test push-downI perform name- and kind-tests be-fore/during loop-lifted stairase joininstead of afterwards� Join reognition� Order awareness & order optimizationsI order-preserving physial algebraI eliminate non-neessary sorting
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Salability & Comparison
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MonetDB/XQuery
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Galax

Path�nder + MonetDB = MonetDB/XQuery� Available as open-soure softwareI Mozilla-like liense � Download & developers websiteI http://sf.net/projects/monetdb/

� MonetDB/XQuery homepageI http://monetdb-xquery.org/ XQuery


