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Abstract.

XML has emergd a the leadig languag for
representig and exchangig dat not only on the Weh
but also in generhin the enterpriseXQuel is emergig
as the standat quey languag@ for XML. Thus, bols ae
required to mediaé betveen XML queries ad
heterogeneaidata urces o integraeé datam XML. This
pape preserg the XMedia mediator a unique tobfor
integratigp and queryig disparat heteogen®us
information & unified XML views. It describs the
mediate archiectue ard focuse on the ungue
distributed quey processing tecmology implementd in
this componentQuey evaluatia is basd on an originh
XML algeba simpy extending clesscd operatos ©
process tples d tree elementsFurther we preseha sé
of performarce evaluatin on a relaiond benchmark
which leadd 1t disciss possil# performane
enharcements.
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1. Introduction

In recen years thee have bee mayy resard progect
focusirgp on heterogeneau informdion integration
Typicd information integratio systens hawe aopted a
wrappermediata archiectue [1]. In this architecture
mediatos provice a uniform use interface b quey
integratel views d heterogeneal informdion souces
Wrappeis provice locd views d data urces in a globa
dat nodel The locd views can be queria in a limited
way accordirg to wrappe capabiities. Although the loca

as view (LAV) apprad has been considered in some

systens [14, 7], mog systens follow the globd as views
(GAV) appra@ach in which the integratd views ae
designé in terms o the locd views d sources Wdl-
known resears projects and prototype basd on this
architectue include Gatic [2], Tsimmi [3], IRO-DB [4]
and Ya [5]. While in the 90's mos studies wee basd on
using the objed modé as dat integratbon mode] the
focus has cora o XML as glob&a modd at the begnning
of the nav century.
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The alvantage d XML as an exchage mode] (i.e, it is
rich, clear extensibé amd secure) makes it the bes
candidae for supporting the integratd dat model In
addition, usirg XML views for locd data source hides
the locad specificities d ead system Furthermore the
richness d the XML schena model simplifies wrgppe
mappings Also, the emergencefoXQuety as a powerfu
universd quer languag@ for XML makes it possibe ©
quey XML globd and locd views in a uniform way
basel on a standat interlace Thus the® advantage
explan tha several esarh projcs hae emergd to
query in a unifom way heterogeneus dat ources basd
on XML as exchang nodel se fa exampé [6, 7, 8].

e-XMLMedia is providirg one d the first producs basd
on XML to integraé heterogenesudaa urces namey
the e XML mediatg (see www.e-xmimedidr). It is the
resut of a tedinolog transfe from the universiy of
Versalles (PRi®/ Laboratory) This mediato with the
associatd wrappes provides tk required functionaities
to quey in a unifom way heterogeneus dat sourceslt
is a sehisticatal componeh composd o severa
packags in charg d decomposig queries into mone
source sub-queries dfficiently shipping loca sub-queries
to dat urces geting resuls in XML through a SAX
interface processirg and assemblilg them Queris &
well as subqueries ae expresseal in XQuery In addtion,
capalbilities ae &sociatd to wrappe so tha the mediato
sends only supportal queris © wrappers In summary
the mediato uses XML to represendispara¢ datam a
common forma and creat aunified view of that data
Using advaced distributed qusr processig technology;,
the mediato provides an applcation with the servics it
need t integraé an demand heterogeneoinformdion.

This pape describs a verson of the mediato cdled
XMedia. This verson differs from the industri& version
in some ways notaby it is basd on an originaalgeba
for XML processirg called the XAlgebra The
contributiors d this pape are threefold. Firs we
descrite the madular systen archiectue o the XMedia
Mediator Second we descrile the quey processimg
algorithm which is basd on quey transforméions and
the algebraoperatig on tuples o XML trees A criticd
resut is tha the mediato is capabé d processirg mog
queries in pipelire cn XML even flows. Third, we repot
on a benchmd& of the arclitecture showig the



weaknase and strength o the man systen commpnents
thus leadirg to newv ideas for quely optimizaion. Sonme o
them shoutl be integratd in a futue versian of XMedia.

The res of this pape is organted as follows The nex
section focuss on the middlewae objetives ad
architecture Section 3 describe the XAlgebra, a simpke
extensbn d relationd algebr to pracess XML forests In
section 4, we discuss possitd extensins d the quey
processirg engine We ncluce by summarizig the
contributiors ard discissirg future developments.

2. System Overview and Ar chitecture
2.1 Integrating and Querying XML Views

XMedia mediato is a data integrabn middlewae
managiy XML views d heterogenea dat sourceslt
follows the globd as view approach Globd views ae
defined by administratos thiough Queris referencig
locd collectiors d XML documentsThey are queriel by
uses though a Java AP exterding JDBC to XQuery,
called XML/DBC. Data ources can be o various types
including relationd databases XML files, XML
databaseslegagy applications etc. Sgcific wrappes
ddivering metada thiouch introsgedion and providig
a leas a subsé of XQuely on exported dbectiors
ercapsulag them Ideally, a wrgppe can provice mgping
fundionalities & XML views o achiee locd mappings
of data ard metada & the urce.

The mediato aims & suppoting fully XML standards
including XML schema XQuey, DOM and SAX
interfaces XML schema ae useé intensivey for
metadad represention. In particular schema descrile
wrappel dat ources ard views & ary layer. XQueries
are typecheckal thraugh schemasWe suport currenty
mod XQuely usecases Findly, we internaly process
XML as SAX evert flows for efficieng rea®ns Indeed
DOM is in generh too costy to instariate XML
documeng durirg pracessing. However the use can if
required g¢ DOM trees & results ad we somémes ue
DOM inside themediato to keegp XML documens for
latter processing.

Queries ae decompogk in optimal mono-source sub
queries and glob#d quel plars expressg in a specift
algeba (the XAlgebra)extending the relationhalgebi o
process tees Queries ae optimized in a simpe bu
efficient way. Simpk heuritics ae suported in the
current verson, while costbasel quey optimization
could be introdwced in the future Heurigics incluce the
XML counterpatt of classcd relationd detachmem of
sekctions am semijoin transformations Severa
algorithms ae implementd for processirg XAlgebra
operators.

To discove relevan sites for a quely and decompos it,
metadad ae maintaind describiig the sourcesWhen a

wrappe is registerd to a mediator metadad desciding
the source a serto the mediatothrough a cnfiguraton
file. This file contais an XML documeh containirg a
schena for each colledion exposd by the wurce
wrapper If the schema foa cdlection is nd known a
schena hy defadt is generatedwhich describe the pah
sd of the cdlection it is a fom o dataguide Metadaa
schema ae ket in the mediato memoy and indexed ¥
source, hamespce cdlection and pah for fag access
during quely processing.

2.2 A Recursive Dataflow-based Architecture

The mediato archiectue is representein Figue 1 The
XML/DBC APl is the only inteface wvith externa
components Thus notice tha the mediato ships requests
to wrappes thraigh XML/DBC and this gé resuls
through it. This makes possiel for a mediato to e
anothe mediator a a wrgper. Furthermoreresits ae
supplied in XML/DBC throudh SAX readersThus flows
of evens ae transfered between mediatos ard wrgppers
avoiding the overhed generaté by the allocdéion d
intermedia¢ memorystructures The recursive ah dat
flow-basel archtectue is interestig for applications tha
can perfom dat integratbn & multiple stage withou
mudh peformarce degradation.

The majo subcomponens ae the XQuey parser the
metadad manager the quer evaluatoy the quely
decomposerand tte resit reconstructarAll componens
are briefly describe below.

P xmL/DBC
= =
\ XML/DBC API |
J executeQuery (XQuery) i GEPNEEDER
ML METADATA
PARSER I
=
RECONSTRUCTOR
CANONISER
J e i EVALUATOR i._. ML Cacha
DECOMPOSER
XML/DBC

EXECUTOR

Atomic Query
Reuest | OPTIMIZER &

Figure 1 Overviav of the mediato archtecture
Par ser

The parse parss the quey and generate the query
structue if the quey is synacically ard type carect
Otherwise it returrs adocumentd eror.

Canoniser

The canonise first normdizes the quey ard generatea
quey in normd form. Normdization applis the
transforméion rules describd in [7]. Fa example let



clauses ae treatd as temporay variabk definitions ard
eliminated Expressons o the fom FLWR(FLWR) are
unnestd when pgsible Second the canonise transforns
normalizel querie in simpk queries plus a reonstructon
operator A simple quey is a quey in which dl retum
expressons ae simpe pah exprssons The
reonstruction operato is a seuene o elemen
constructos who® tag amd dat ae dther constans o
come from simpke pah expresions.

Decomposer

The decorpose& deconposes ead simpk quey in atomt
queriesi.e, quey involving only one globd collection It
also generatga join tree (possibly empty) to keep trad of
the dependenchetween the atome queries Neding and
unnestilyg operatos may alo be generate to restructue
intermedia¢ resuls. Moreover, the decorpose identifies
from the metadata #h relevah dat urces and the
cdlection localizaion. Base on this information it
translate the atomic querig on a globa collection in a
union d queries on locd colledions In particular it
translats globd paths with regula expressions in locd
patts rephcing jokers by the pesibe patls extactal
from the metadataFinally, it creates a first executian plan
for the query.

Optimizer

The executn plax is compose o operatos d the
XAlgebra The role d the optimizer is o transfom and
annotae it to ge the bes possibe plan Simpke
optimizdions d the quey plan ae peformed in the
currert versbn, but more comple ones ae planned base
on a cos model Fa example the optimizer groups the
operatos tha refer the same surce in a singé quey for
shipping once It alo ordes the globd operatos
accordig to quey heuristic am sekctk the besg
processirg mehod (paralle] seuerce @ pipeling for
globd operators|t shoud also choos the bes algorithm
for eath algeba operator.

Executor

The executois in charg@ d shipping the sib-queries
the wrappes usirg XML/DBC and cdlecting the resuls
in cacke memory In general resuls ae nd fully
instantiatedl in mah menory but SAX evens ae
produwced and diectly processel by the evaluato when
possible We represenead ordere collecton d XML
tree shpped from a wrgpe as an XTupleg i.e, a wple o
refererces o fored of XML trees instantiatd in cache

Evaluator

Basal on the quey plan the evaluato evaluate the
remainirg globd quey ard eplies the algebra
operatos in main memory The XAlgebra operatos ae
able to perfom XPathbasel progdion, restrigion,
product join, nesthg, sorting union interection ard

differerce d orderal cdlectiors d XTuples Fa eath
operatoy we implemehone a more specift algorithms
For example severhglobd join algoithms ae possible
The evaluato may work with intermedia¢ cdlections
fully storel in man mamory, bu can al work ona SAX
flow of events thus implementig pipelining and haé
joins. Dependen join algorithns reguesing XTuple
one urce and queryirg the othe base on the resuls ae
also possible.

Reconstructor

It applies the reonstructon operato to the intermediaa
resuls representt s XTuples ad generate the query
answer In othe words it ness and tag the dath © & ©
constru¢ the find result Finally it built the SAX evert
flow to delive the resuls © the user.

M etadata manager

This packag@ manage the schema d all registerel
sources Further for ead souce it maintairs the
cdlection nams with the sssociatd queryab® pah set
The pah sd is a kind d dataguide giving an overviav of
all paths instantiatd in the source If a pah is missingit
will not be queried The pah sé has © be given by the
wrappe when registerig the urce (©n canmand
XDescribe).

3. Physical Algebra

As merionad alove XQuely requess ae translatd in a
physcd algeba simple eough to be amenald
optimizaion and implementationSeverh algebra hawe
been recertly proposel [6, 9, 10, 12] for XML. Ou god
is 0 be & cloe @& possibe © sone extedal relation&
algeba [11] bu to be abk o manipula¢ tres and
orderel collecions d trees We now introduce our
extendal relationd data modd and its associat algeba
for processirg XML collections.

3.1 Data modd

A relation is classidly a subseof the Cartesia produt
of a list of domains With simpk reldions domairs ae
simple sé of values with objed relations domairs can be
sd of objects a values We introduce XRelation tha can
be mnsidered a a specih cage o objed relations
domairs beirg XML trees Classically, an XML tree 5 a
sa of labeled ordered roted trees In addtion, crosstree
hypelinks can be suportal as specid edges

With XRelation domairs ae XML trees d given pah
set Attributes ae XPah referencig nodes in the XML
trees (e figure 2) Each atribute can be muti-valued
i.e., refers severh sub-trees XRelatim are ordere
cdlections d XTuples Thus eah XTuple is conposal
of XPath named attributesvalues o which referewe
subtrees in the colletion d trees As a result the schera
of an XRelatbn is d type R(XPath+ [Path4), whee



XPaths ae definirg the attributes ard Paths compos the
pah sé of the XML trees.

Figure 2 shovs an exampé d an XRelation compogkdf
four XTuples The schema fothe XReldion is Example
(person/fname, person/address;
person/address/street, book/title, book/author/Iname,

book/date [ person/fname, person/lname,
person/address, person/address/street,
person/address/town, book/title, book/author,

book/author/lname, book/date ]). An XTuple refes to
nodes and can be perceivd & a index of XML trees
Processirg throudn referermes computd orce 5 mud
more dficient than pracessirg the trees thiouch dired
navigaion.

3.2 XAlgebra Operators

The XAlgebra incudes both relationd operdions ©
process the tables o referertes and navigdion in the
XML trees The algebras a physiccd algebg in the sens
tha algebrat expressiors ae use to pracess XML flows
and thd algorithns ae diredly implementimg them

XAttributes

person/fname
person/address
person/address/stregt
person

bookititle
book/author/Iname
book/date

Forest

person book

output In general we nodify diredly the XRelaton in
memory Operatos al® hawe specific parametersve
only give the some logidaones in the seguel.

The evaluatio pracess d eat operato is conposel of
two steps a preparatio st ard an execution one The
preparatio st analyes the inpu XReation(s and the
parametes associatd to the operato to determie wha
will be the exat operdion to do when th XTuples will
flow in. For example for an operaton thd requires
mergirg trees the preparatio stgp determine to which
refererce rode the nev sub-tree will have o be linked ard
which patts will be in common Thus, tle executio stg
is efficient as the majo pat of processirg has alead/
been done

4. Performance optimization by additional
modules

Figure 3 shovs the differert stes d an XQuey reques
on the mediator Measure ows the executio time (in
millisecond) dependig on the numbe of resulting
documerg for ead type d execution The mos$ above
greph is the totd execution time The graph jug unde
represerd the evaluatio time on the mediatorJus undeg
ther is the graf representig the time speh on the
wrappe and finally the mos below graph represest the
initiali zaion time d the request The experimet shows
the hich cog of communcaion for XML documensg

e ol ires meiffnto e | €Xxchang betwee the wreppess and the mediatorit's the
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Figure 2 Exampk d an XRelation

number of results documents

XML documens ae sem to the mediato in the fom of
evert flows (basd on SAX) XTuples ae creatd "on the
fly" when XML document d known schema ae
receivel from the wrgppers Non-blocking operatos woik
in pipelire on the evem flows. Blocking operatos requie
the full instantiaton o an inpu flow in cacke memory
Non-blocking N-ary operatos works in generhin parallé
on the inpu flows.

Figure 3 Executia time for ead step

4.1 XML Compression and Bulk Transfers

Transfering XML documens betveen wrappes ard
mediatos gpears  be cosly. Each XTuple is encodd in
an XML messa@ ard sen over the network The XML
messa@ is then parsd on the clien ard transforme
internally in an XTuple descriptoand XML trees & even
flows. Thus the numbe of message is inportart ard the
processirg time is high. Ore mg argue thd our netwok

All operatos d the XAlgebra receivea colledion o
XTuples as npu and returna cdlection d XTuples &



is slav (10 M bits), bu this is nd suficient to explan the
results.

To sae in numbe of messages we ould ue buk
transfer and sexd severhmessags in ore black. The
numbe of message pe& blod stould be tunel such tha
the pipeline @ the cliert contnues o praceal smoothly
Neverthelss this does not sawe parsig ard unparsng o
lengthy messagesThis is someha inhereih to XML and
may degra@ performanceforever.

Ore solutim is © use a comprssa forma for
transfering XTuples Schema o XTuples ae known
both by the dient ard the serve unde the fom of a list of
paths The types d values (leaves & XML treeg are al®
known thraugh XML schemas Thus an obviows
compression mechanis consiss in sendilg an XTuple &
a sguerce d path identifies (16 bits is sufficien}
followed by the led value enodel accordimg to its type
Parsirg will then be an obviows task However, ve mgy
looe the puity of XML and the generalij of the
communication mechanismAlthough it is a kit contray
to XML principles we believe thiaa compressin devtce
savirg parshgtime is crucial.

4.2 Operator Algorithms

The benchmarke version 6 the mediato use a simpe
join algorithm (optimizel neste loops) It isobvious tha
othe algorithms dould be consideré for joins notably,
but for othe operatos & wdl (e.g, nes is quite
complex) Implementiy dep@&den joins, i.e., jon by
readirg an XRelation and queryigthe othe with the real
value could be helpfu to sawe in numbe of messags in
cae d smal answers Merge join and hash jai coud
also be useful Thus we ae curretly integratng a library
of algorithms for eadh XAlgebra operator The problen is
then how to sekd the bes plan A possibe answeis ©
develg a co$ model.

4.3 Cost M oddl

The classicd solution for choosirg the bes executian plan
is b compae plan coss usig a cos model We propose a
cogd mode somérow inspired from DISCO[13] The
mediate has a gene@ cos modd derived from a
relationd cost nodd extendel with tree marpulation
Then eah wrappe can expot specifics statisics and
formulas o the mediator The gener cos modéd is
generdly usel with the exported statisics (to evaluag
cardinalties), but specift formula exported by a wrappe
can ovaride geneit formulas This gproat gives a
framewok to compué the gbbd cost d a query plan
integratirg locd information on souces.

To canmunicae ther cog modd to the mediator a
wrappe uses a co$ modd language In an XM
environment the cos languag ha © be definel in XML.
As formulas and staistics defintions ue a lot of
mathematis notdaions we basd ou cod languag on

MathML. MathML is a specificatio o the W3C for
coding in XML the representeon a the structure ba
mathematid object Only the structurh information
abou a mathemticd objed is interestig for our purpose
The advantage d using MathML for describirg cog
formulas ae threefold: it is ful XML , it suppors generha
formulas and calculation softwae can be use to
compute formulas

Parametey usel for evalugion d a co$ modd are
statistic relatie 0 the systen (systen stdistics) and
statistics relative 0 the data (datsstatistics) Far semi
structurel data sone othe systen parameter sould be
defined sud & comparien betveen two typed values
comparien betveen two trees navigdion in a tree
(pointe chasing) Data stdistics depads on daa and
cdlections o data containd in the urce Classicd data
statistic use are cardindity of a colledion, distribution
of an atribute in a cdlection minimum ard maximun
values taken by an dtribute Far semistructurel data one
mud add sone parameter sud & aveage deph and
width of trees in a colled¢ion. Sud information could b
derived from XML schemas.

A mediation cog modd depends on its systen parameter
and its dah parameterOre a more formula ae definel
in orde to calculage the evaluéion cos$ of a reques in this
systen (large granularity or a predicaten a paticular
operato (thin granularity) Formula far the thinne
granularity are specifis © the source am can be
expressal with specific parameters Formula for the
large granularity consig of cardinality totd cog and
execution cost.

In summary, developig a complete generic cosnodé
with overloadig pe wreppe is possikd in an XML
mediator Cog formulas can be exchangg in XML. A
cog modé is raquired to seéd the bes execuion plans
basel on estimatos d communicdion coss ad
processirg costs.

4.4 Wrapper Capabilities

In the describd verson o the mediator source
capabilities ae take into acount by classes We support
three clases o sources XQuely source SQ source
XML file. Bascally we puh XQuey queries o ou
XQuely souce bast SQ to the SQ. sources and jud
sekction to files wrappd by a filter. This is nice bu
insuficient for distinguishirg detdled functionaities o
sources To go furthe ard take intb eccourt detailel
fundionalities o source & the mediato level, a precie
description o source capallities is reuired This can be
dore glbobdly for a surce lty sendig an XML file
associatd to the metadata deiteng wha XML operata is
allowed globally on dl colledions a specifcally on ore
calection, the sgecific prevali ng.

4.5 Semantic Cache



Anothe way to sae messagig is implementig a
semantt cacle & the mediato level XTuples answerig
a given quey run by the mediato could be kept in cache
XML format will not be gpropriat & too large we
would rathe use the compresel forma introduced above
Thus a table 6 queries ordere by execuion time with
associatd resuls shoutl be ke in cacte and used @
answe new queries. Of course updat on souce daa will
not be take into account Thus semant cachiry is only
possibe for certan cdlectiors & XML documerg nd
updatel frequertly. It is vel valuabk in the cag o slow
sources e.g, Web souces.

With semanti caching a neav reques should be first
checkal agains the cached determim if it can answe
the requesor a pat of it. If yes the reques is splt in two
pars (ore pat can be null): a locd reques tha can be
answerd by the cache ad a urce reued tha mug be
answerd by the distam sources The two resits hae ©
be carectly assembledThis can be cbne by comparing
the algebraic treein caronicd form of the requeswith
the one d ead cacha requestlf one conputes a subse
of the other,the cacle can be usel to pracess par of the
request The regues algebrat tree ha o be punal to
replace the common pat by acdl to the XRelaton in the
cache Using an XML sematic cache fo XQuer is a
comple subjects thd has © be furthe worked out.

5. Conclusion

We hae presentd the XMedia systm for queryirg
integratel views d heterogeneus dataA first versian of
the systen has keen developed tethe universiy a the end
of the 90' s ard then transfered to the industy from 2000
to 2002wher it was completet redesignedCurrertly, a
new resart projed is plannal to develop an improde
mediator which shoutl take into acount lessoms from the
past The seond versbn is canmercidized and ha
severaongoing gplicaions and planned oes notaby on
tourism data hedth data and chemisty data.

The versim describd in this pape has unigue features
XQueries ae compile in executbn plars expressgin an
extended relatond algebm capable o processirg in
pipeline XML trees Quey processirg is clearly divided
in steps We isolatel the quer rewrite st from the
decompodion ste@ thd generate algebrai trees
processirg locdized dat sources Localizaion o
calections is peformed usirg metada unde the form o
XML schemas The optimization st requires a co$
modsd to be fully efficient. Hints hae bea introdiced in
the industridversion.

Peformarce measureméndemonstrate the vdidity of
the gproach bu the cos of transferrig XML files from
wrappess o mediatos appars © be excassive Severh
possibke improvemert tha should be party implemente
in XMedia have bee suggestedWe would like al® to
develg a more efficieh X-machire to pracess XAlgebra
expressions on XML flows.
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