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Abstra
tIn previous work, we demonstrated that relationaldatabases 
an serve as eÆ
ient ba
k-ends for XMLQuery pro
essing: The XPath a

elerator (\pre/postorder numbering") en
odes XML do
uments in a s
hema-oblivious fashion. Stair
ase join en
apsulates tree-spe
i�
 knowledge for eÆ
ient XPath evaluation on
pre/post en
oded data. At VLDB 2004 we devisedthe loop-lifting 
ompilation pro
edure that allows thepurely relational evaluation of XQuery on o�-the-shelfRDBMSs.This demonstration assembles these te
hniques into a full-
edged XQuery implementation. The Path�nder 
om-
piler translates in
oming XQuery expressions into purelyrelational query plans. Though implementable on anyRDBMS, these plans bene�t from spe
i�
 optimizationsin our relational ba
k-end MonetDB. Experiments 
on-�rm the unsurpassed s
alability of our approa
h.

Relational XQuery Pro
essing Sta
k

RDBMSTree En
oding (XPath A

el.)XPath Axes (Stair
ase Join)sequen
een
oding loop-liftingXQuery � Relational databases as ba
k-ends for XML:I re-use existing te
hnology: indexes, optimizers, . . .I rea
h unsurpassed s
alability,I ease integration with existing software.� There is some tension between the relational pro
essing modeland XQuery:I set-oriented data model vs. ordered sequen
es,I bulk pro
essing vs. expli
it iteration.
� Path�nder implements a fully relational XQuery pro
essingsta
k:I a suitable tree en
oding to store XML do
uments (e.g.,XPath a

elerator),I eÆ
ient XPath evaluation by means of stair
ase join,I relational en
oding for XQuery sequen
es,I bulk-oriented pro
essing of iteration 
onstru
ts in termsof loop-lifting.� Path�nder is designed as an XQuery-to-RDBMS 
ompiler.Sour
e Language: XQuery Core� Large subset of the W3C XQuery spe
i�
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�e
tive query rewriting.

atomi
 literals do
ument order (e1 << e2)sequen
es (e1, e2) node identity (e1 is e2)variables ($v) arithmeti
s (+, -, . . . )

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 fun
tions fn:position(), fn:last()Target Language: Relational Algebra� Standard relational algebra:I Row-numbering operator % readily available in SQL:1999.I , ", � just eÆ
ient short-hands for standard algebra expressions.� EÆ
iently implementable on any relational ba
k-end.� Various ni
e properties:I All joins are equi-joins.I All unions are disjoint; dupli
ate elimination made expli
it.

� 
olumn proje
tion, renaming� row sele
tion:[ disjoint unionn di�eren
eÆ dupli
ate elimination� Cartesian produ
t

1 equi-join% row-numberingstair
ase join", � element/text node 
onstru
tion~ arithmeti
/
omparison/Boolean operator �

Relational Sequen
e En
oding� XQuery: ordered sequen
es of items.I Sequen
es are always 
at.I Possibly heterogeneous sequen
es.� En
ode sequen
e order in 
olumn pos.� Columns ref and kind referen
e key ref in value 
ontainer kind .I MonetDB's multijoin for eÆ
ient 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 sequen
es � pos denotessequen
e 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 ()� En
ode 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 pro
essing 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 stair
ase joinI perform embedded XPath lo
ationsteps for multiple (nested) iterationsin a single do
ument-s
an� Name-test push-downI perform name- and kind-tests be-fore/during loop-lifted stair
ase joininstead of afterwards� Join re
ognition� Order awareness & order optimizationsI order-preserving physi
al algebraI eliminate non-ne
essary sorting
 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

2019181716151413121110987654321Q:

no
rm

al
iz

ed
 p

er
fo

rm
an

ce
/s

pe
ed

up

[XMark, 110MB]

iterative    child step, iterative    descendant step
loop-lifted child step, iterative    descendant step
iterative    child step, loop-lifted descendant step
loop-lifted child step, loop-lifted descendant step
loop-lifted child step, loop-lifted descendant step, name-test

 0.1

 1

 10

 100

12111098Q:

tim
e 

[s
]

[11MB]
cross product
join

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

2019181716151413121110987654321Q:no
rm

al
iz

ed
 p

er
fo

rm
an

ce
/s

pe
ed

up

[XMark, 110MB]
non-order preserving
order preserving

S
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MonetDB/XQuery
X-Hive
Galax

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

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


