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Abstract: This paperdescribesa distributed Query Enginefor executingquerieson XML docu-
ments.It supportscomple pattern matding and a single pattern can be usedfor not only
expressingselectionsand projectionbut alsofor a joins of onepart of the documentvith another
parts of the samedocumentThepatternscan containpath expressionsandtag variablesaswell.
It is a multithreadedpipelinedqueryenginewith ead operator running as a sepaate thread. A
singlequeryenginecanexecutemultiple queriesat the sametime and executionof a singlequery
canbedistributedacrossdifferentserves. Thedistributedserves are totally symmetricand que-
ries can be submittedto any server The serverconformsto XML and proposedXML-QL stan-
dards and all communicatioramongserves follow thesespecificationsThis makes sure that

even the query enginefn other vend@ can participate in a distrited query xecution.

1 Introduction

XML (eXtensibleMarkup Language)1] is a subsetof SGML that hasbeenproposedoy
W3C. Thegoalof XML is to provide mary of the SGML benefitsnot availablein HTML andto
provide alanguagedhatis easierto learnanduse.lt is usedto createdatain a semi-structuredor-
matandit is possibleto do muchmorecomplex querieson XML documentsghanis it possibleon
HTML. Thesefeatureamake XML anexcellentlanguagdor storingdata,especiallyon internet.
This paperdescribes QueryEnginefor XML documentsvhich canexecutequeriesspecifiedin

XML-QL, a query language for writing queries for XML documents.

Thepaperis organisedasfollows. Section2 givesa brief descriptionof XML-QL. If youare
familiar with XML-QL thenyou can skip this section.Section3 describeghe featuresimple-
mentedby our queryengine(hereaftereferredto asQE) thatareusedin extractingthe datafrom

XML documentsSection4 describeshefeatureghatcanbeusedto createaresultingXML doc-



umentfrom the dataextractedby the engine.Section5 and6 describemotivation andmethodol-

ogy for distrituted operation.

2 XML-QL: A Query Language for XML documents
XML-QL uses element patterns to match data in an XML documenkaampde is

VWHERE
<book>
<title> $t </ >
</> IN "http://ww.a. conl book. xm

This query would matchfor the given patternin book.xml and return all the book titles.
XML-QL allows theresultto be producedasyet anotherxXML documentlt allows the formatof

theresultingXML documento bespecifiedusinga CONSTRJCT clause Thereforeaquerylike

VWHERE
<book>

<title> $t </>
</>IN"http://ww. a. com book. xni
CONSTRUCT
<nei n_book>

$t

</ >
would result in an XML document kk

<queryresul t>
<nmei n_book>
Java Programm ng Language
</ >
<nmei n_book>
Li nux Kernel Hackers Cuide
</ >
</ >



3 Data Extraction

3.1 Pattern Matching
The QE matcheghe simplepatterndik e the onedescribedn section2. Suchpatternsanbe

usedto specifyselectionsaandprojectionson the documentsPatternmatchingprovidesvery pow-
erful andflexible semanticghatallow the userto expressa wide variety of queriesin a compact

fashion.

3.2 Sdf Joins
Supposéahereis an XML documentappleton.xmicontainingthe given andfamily namesof

the peopleliving in Appleton. The datarequiredis a list of all stringsthat are usedasa given

name and as amily name. This query can be represented by theifal pattern.

VWHERE
<per sonnel >
<per son>
<name>
<gi ven> $g </ >
</ >
<per son>
<name>
<famly> $g </ >
</ >
</ >
</ >
in "http://ww. w .com appl eton. xm "
CONSTRUCT
<nane> $g </ >

Speakingn relationalterms,this queryis a projectionof appleton.xmbnthefield given (say
resultingin doc1) anda projectionon field family (sayresultingin doc2) andthena join on
doc1 anddoc?2. Therearemary comple selfjoin queriegpossiblewith the patternsThis query
wasa vertical split of thedocumenindjoin of theresultingparts.Onecouldeasilydo horizontal
split andjoin of theresultingparts.The queryenginealsohandleghe casewherethereis a series
of horizontalandvertical splitsinto differentpartsandthereis ann-way join betweerthoseparts.
For examplesupposea useris interestedn finding a string which is a manages given name,a

workers fiamily name and a chils’'name in GE. The query can bgpeessed as



VHERE
<per sonnel >
<per son>
<name>
<gi ven> $g </ >
</ >
<posi ti on> Manager </>
</ >
<per son>
<name>
<fam|y> $g </ >
</ >
<posi tion> Wrker </>
</ >

<per son>
<chi | d>
<nanme> $g </>
</ >
</ >
</ >
in "http://ww.w .confge.xm"
CONSTRUCT
<nanme> $g </>

3.3 Path Expressions
The tag inside a specifiedpatterncan also be a regular path expression.Our query engine

implements all the pathxpressions that are specified in the XML-QL specification [2].

3.4 Predicates
Eachclausen thequeryhasa patternaswell asa predicateassociateavith it. A predicatds

an arbitrarybooleanexpressioninvolving variablesaswell asconstants.The standardccompari-
sonoperators<,>,=,!=,<=>=aresupportedor bothnumbersaswell asstrings. In addition,the
boolearnoperatordAND, OR andNOT canalsobeused. Thepredicates evaluatedfor eachsetof
valuesof thevariablesn thequerythatthe patternmatchemproduces.If the predicatesvaluatess

true, that set is sent to thexheperator in the query; otherwise it is rejected.



4 The CONSTRUCT clause

This clauseis the final stepin the executionof any query The constructclauseconsistof a
template(which is very similar to a pattern)that specifieshow the resultis to be formatted.
Although XML-QL doesnot requirethe resultto be a valid XML documentthe parserwe use
enforceghisrestriction. Theconstructtlauseusuallyinvolvesbothtext aswell asvariables. The
variablesmay be boundto strings,numbersjndividual elementodesin the documentr setsof
elementnodes. As eachtupleis receved by the CONSTRJCT operatorit builds anin-memory
representatioonthe XML document. Thedocumenis formattedto make it easilyreadableand
is finally written out to disk.

Usuallytheresulttemplatehasstatictext asthe namesof thevarioustagsandvariablesasthe
contentenclosedy tags. However, XML alsosupportstag variables:theseallow the namesof
thetagsto bevariables. Ourimplementatiorhaslimited supportfor tag variables. We allow the
tagnameto beavariable but we do notallow thetagnameto beanexpressiorinvolving bothtext

and \ariables.

4.1 Skolem Functions
Skolem functions are analogougo the group by clausein SQL. Skolem functionsallow

groupingof multiple related“tuples” underthe sametag. However, due the flexible natureof
XML, thefunctionscansometimedeadto inconsistenciesOurimplementatiorchecksfor these
inconsistencieasit is producingtheresultandignoresthe skolemfunctionswhenthey areincon-
sistent. As theresultsof thequeryarerecevedby the constructoperatoyin additionto construct-
ing the in-memoryXML representationf alsoconstructsa hashtable of nodelD’s thatinvolve
skolem functions. Wheneer a tag with a skolem function is encounteredthis hashtable is
searched to find the correct nodes.

Skolemfunctionsmake it impossibleto startwriting out the resultuntill the entiredocument
hasbeenprocessedThis canbeamajorproblemwhenasinglequeryis distributedacrosanulti-

ple serers.

5 Architecture
The QE follows a client-senrer architectureThe sener waitson a particularport for requests
from clients. Theclientsandsenerscommunicateisingsoclets. The momentarequestomeso

asener, it spavns a separatehreadto servicethatrequestA singlesener canexecutemultiple



gueriesconcurrentlyand is always available to acceptmore requestsif there are sufficient

resources on the machine it is running on.

6 Distributed Operation
6. 1 Why Distributed Operation?
6.1.1 Performance
Queriedik e searchindor thecheapestarof a givenspecificatiorontheinternettake quitea
bit of time to executebecuas®f the sheewvolumeof datathatneedgo be scannedor finding the
result. This might increasehe responseime to the userbeyond acceptabldimits. Sincedataon
internetis distributed acrossa huge numberof seners, this distribution could be exploited to
achiese parallelismin queryexecutionandreducetheresponseime to the user Onecanexpecta
reasonable speedup because of thevialig reasons:
» Each machine has limited computational resources. Disitrigpthe query mads more com-
putational paver available for the recution of the query
* A singlesenerhaslimited bandwidth.Thisbandwidthcouldbecomeabottleneckf thequery
involves a lage number of big documents. If the query is running derdifit serers on dif-

ferent parts of the internet, the cumwatbandwidth of the seevs can be utilized

Superlinear Speedup
The above reasonsanleadto linear speedugat best.Anotherreality aboutthe internetthat

can make the superlinear speeduppossibleis the fact that internetis not symmetricallycon-
nected.There are clustersof high connectvity connectedwith eachother with relatvely low
bandwidthavailablebetweerthe clusters For exampleif mostof the dataoneis interestedn is in
LondonandBerlin. Onecanrun the queryon onesener in Madisonor ship partof the queryto
anothersener in Chicago,gaininga speedumf two (if lucky). If the subqueriesreshippedto a
sener in London and anotherin Berlin and just ship the resultsover the trans-atlantidine, a

speedup of more than ows \ery likely.

6.1.2 Economic Factors
A large numberof internetbusinessesnake money out of the datathey own. They either

chage mone/ on per query basis(micro mongy) or throughadvertising. Such businessesvill

never partwith theirwhole databasstoredin their XML files. Very likely, they would runaquery



engineon their machineand make it available to usersto sendrequestgo. They would either
chage money for eachqueryor embedadvertisingin theresultXML documentslf a userwants
asearchon all sitesthatkeepthe old carsalesdata,the only way a queryenginecanexecutethis

qguery is by distribting sub queries to each of these sites

6.1.3 Technical Factors
It might be impossiblefor a query engineto fetch a document(say www.amazon.com/

book_data.xmlbecauseAmazondoesnt have ary suchXML document.They might be just
usingthis nameto represenatablebook_datan their RDBMS. They, however, may make avail-
ableafrontendthattake XML queriesonwww.amazon.com/book_data.xamhdtranslatdt into a
SQL queryon the table book_dateand executeit on their RDBMS andthenpackagethe result
tablein an XML format.As in the previos casethequerieson www.amazon.com/book_data.xml

can be recuted only by Amazon query engine and none else.

6.2 Cost M odel
We useda simple costmodelto decidewhich sub-queriego ship. Eachqueryenginehasa

statictable calledlocationtable. For eachXML documentjt storesthe hostnameof the sener
which is bestsuitedfor executingquerieson that document.eg an entry looks like www.ama-
zon.com/book_data.xng@ngine.amazon.conThis table doesnot storethe informationaboutall
the XML documentsut only thosewhich arereally hugeor which cannotbe fetchedbecausef
economicor technicalfactors.Accordingto our costmodel,shippingXML documentdistedin
the locationtable is expensve and shippingotherdocumentsdoesnt costanything. Our model
alsoignoresthe costof shippingintermediateesultsandthe overheadcostof startingup a large

number of serers.

6.3 How a Query is Distributed
Sincethe senersaresymmetricthe sener thatfirst recevesthe queryactsasa querycoordi-

nator Theclientsener architectureallows the querycoordinatorto actlike a clientandsendsub-
gueriesto the otherseners. The protocolis that when&er a sener recevesa query it doesnot
sendtheresultof the querydirectly but returnsa URL whereit is goingto placetheresults.The

coordinatorparseghe queryandlooks at the namesof XML documentghat are neededn this

query



Case 1. If noneof theneededdlocumentsarein thelocationtable,this sener goesaheadand
fetches these documents améautes the query itself.

Case 2. If therearesomedocumentsn the locationtableandthisitself is thesener for those
documents then it bewes like in case 1.

Case 3. If therearesomedocumentsn the locationtableandthe preferredsener for those
documentdgs not the coordinatingsener then the coordinatorpushesthe patternmatchingfor

each of the documents to their respacterers.

The coordinatordoesnot pushthe CONSTRJCT clauseto ary of the seners.All the final
datacomesbackto the coordinatorwhich then assembleshe resulting XML doucumentThe
coordinatordoesnot receve ary intermediateaesults--itonly recevesthefinal results.Theinter-

mediate results are directly transferred amongessrv

Dueto compatibilityreasonssenerscommunicat@mongeachotheronly usingthe standard
XML andXML-QL andall documentsincludingintermediataesults,areaccesseanly through
URL's. The intermediateresultsarerecastinto XML format andshipped.The receving sener
parses the document and continues its part of the.query

Our queryengineis ableto handlethe casesvhenmultiple documentsn a singleinClause

belong to diferent hosts and when documents ofedlént inClauses belong to fdifent hosts.

7 Conclusions

In this paper we describethe implementatiorof a distributedqueryenginefor XML-QL. It
includesa brief descriptionof the featuresmplementedWe talked aboutthe motivation behind
implementinga distributedqueryengineandour costmodel.The procesf distributing sub-que-

ries and deciding which sub-query to send wheas hreifly described.
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