Integrating XQuery and P2Pin MonetDB/XQuery*

Ying ZhangandPeterBoncz

Centrumvoor WiskundeenInformatica,P.0.Box94079,1090GB, Amsterdamthe Netherlands
fY.zhang, P.Boncz g@cwi.nl

Abstract. MonetDB/XQuery isafully functionalpublicly availableXML DBMS
thathasbeenextendedwith distributedand P2Pdatamanagemerfunctionality
Our (minimal) XQuery languageextensionXRPC addsthe conceptof RPCto
XQuery, andexploits the set-at-a-timelatabas@rocessingnodelto optimizethe
networking costthroughatechniquecalledBulk RPC.We describeour approach
toincludetheserviceofferedby diverseP2Pnetwork structuregsuchasDHTS),
in away thatavoidsary furtherintrusionin the XQuerylanguageandsemantics,
andshav how this, similarly to Bulk RPC,will leadto furtherqueryoptimization
opportunitiesvherethe XDBMS interactswith the underlyingP2Pnetwork. We
alsodiscusssomeP2Pdatamanagemenapplicationswere MonetDB/XQuery
is beingused(anin-homesmall scenaricanda wide-areacollaboratve applica-
tion). As this researchs work-in-progressye outline someresearchjuestions
onour pathtowardsde ning andrealizingP2PXDBMS technology

1 Intr oduction

In the AmbientDB [9] project,we are building MonetDB/XQuery , an open-source
XML DBMS (XDBMS) with supportfor distributedqueryingand P2Pservices Our
work is motivated by the hypothesisthat P2Pis a disruptive paradigmthat should
changehe natureof databaséechnologyMost of the existing distributedDBMS tech-
nologiesweredevelopedto beusedin (small-scale)ocal-areanetworks (LAN). Those
technologiesisuallyassumehat(i) thereis a centralcontrollerand/orpeershave com-
pleteknowledgeof the whole system(ii) peersareuniform andhighly available, iii)
placemenof datahappensn a controlledway andis rarely changedand(iv) a global
databaseschemads used.Peerto-Peer(P2P)networks have led the distributed DBMS
researcho reconsidesexisting technologiesn sucha new ervironment,where(i) sys-
temshave decentralizedrchitectures(ii) peersjoin or leave the network at any time,
(i) placementf datais out of the systems controlandit changedrequently (iv) each
peercanhaveits local databasechemgor noschemaatall), and(v) dataownedby the
peersareoftenincomplete pverlappingandevencon icting.

Challenges.While the P2Pdatabaseoncepthasgenerated researchmiche,the con-
cepthasnotyetbeenwidely recognizedasrelevant.A rst problemis thatP2Pdatabase
technologyis understoody differentresearcher® meandifferentthings,andthereis
no “role model” system(like what System-Rwas for the RDBMS) as an orientation
pointfor thecommunity Secondlymostproposedechniquege.g.P2Pqueryprocess-
ing algorithms)are evaluatedin simulationswhoseresultsare hardto extrapolateto
behaiour in real-world circumstancesA third andrelatedproblemis that so far no



“killer applications™for P2Pdatabas¢echnologyhave beenrecognizedin contrasto
P2Psystems- of which variousmostly le-downloadingsystemshave found a large
useraudience).

Strategy. Our stratgy for advancingthe state-of-the-aris to incrementallydevelopa
working P2P databaserototypeasa test-bedfor our researchandto work on appli-
cationsthat bene t from P2P databasdechnologiesThis stratgy requires— besides
researclteffort — a large investmentn prototypeengineeringWe are glad to be able
to build on MonetDB/XQuery[8], anopensourceXDBMS basedon purelyrelational
queryprocessinghatsupportsXQuery[3] andthe XQueryUpdateFacility (XUF) [11].
The choicefor XML asa datamodel— andweb standardsn general- easesnary
aspectof distributeddatamanagemernt.e. the XML dataformatis platformindepen-
dent,andthereis ubiquitoussupportfor URIs andspeci cally HTTP networking, that
we usefor dataandquerytransport) We obtainP2PXDBMS functionality by orthogo-
nally extendingXQuerywith supportfor (i) distributedqueryingand(ii) P2Pservices.
At this stagewe have madethe step (i) by introducing XRPC, an XQuery language
extension(afull discussionis in [29]). We alsoformulatetherequirementandcurrent
directionfor achiesing step(ii), andillustratethe working of our ervisionedsystemin
aP2PapplicationcalledStreetTVo.

StreetTiVo is a shovcaseapplicationbeingdevelopedby the Dutch nationalresearch
projectMultimediaN, that unitesmultimediaand databaseesearcherg variousaca-
demic and industrial researchinstitutes. The StreetTVo applicationis a plug-in for
so-calledHome TheatrePCs (MythTV and Windows Media CenterEdition), which
one can considerprogrammableligital video recorders.The StreetTVo plug-in en-
ablesreal-timecontent-basedideoretrieval andmetadatagenerationpy distributing
compute-intensie video analysisover multiple peersthat recordedthe sameTV pro-
gram.This applicationinvolvesdistributed collaboratordiscorery, work coordination,
andresultexchangdn avolatile WAN ervironment(but notvideo le exchange-it is
strictly legal). We think thatdeploying ready-to-runP2Pdatamanagementechnology
enablegquick developmentf this application.

Outline. In Section2, we presenbur rst step,namelydistributedXQuery processing
usingalanguageaxtensioncalledXRPC. While XRPC alreadyallows to performP2P
queriesiit still missesa numberof vital P2Pfunctionalities(robust connectvity, peer
andresourcaliscovery, approximatequery/transactioprocessing)In Section??, we
outlineour plansandresearctyuestiongo addressheseopenissuesWe alsoillustrate
how the described®?2PXDBMS canbe usedin the StreetTVo application.Finally, in
Sectiond we describeelatedwork, beforeconcludingin Section5.

2 XRPC: Distrib uted XQuery Processing
The XRPCsyntaxfor remotefunctionapplicationis similar to XQueryD[22]:
“execute at” “f” Expr “g” “f” FunApp(ParamLig) “g"

whereExpr is an XQueryxs:string  expressiorthatspeci esthe URI of the peeron
which FunApp is to be executed.Here we restrictthe function applicationFunApp



to userde ned functions(UDF) thatarede ned in a module.Thus,the de ning pa-
rametersof an XRPC call are: (i) a moduleURI, (ii) a function name,and (iii) the
actualparametersThemoduleURI is the oneboundto the namespacalenti er in the
functionapplication.Justlike a“import module ” statementthe moduleURI maybe
supplementedly aso-called‘at " hint, which alsois a URI.

We choseto excludecalling built-in functionsover XRPC, sinceremoteexecution
of local parametersloesnot provide ary functionalbene t over local execution.We
also exclude remoteapplicationof userde ned functionsspeci ed inside the query
(ratherthanin amodule).This latterrestrictionsimpli es theissueof how to transport
thequeryde nition from callerto callee,asit allowsthe XQuerysystemimplementing
XRPCto re-usetheexistingmechanisnior functionresolutionfrom importedmodules.

We madea consciouschoicefor by value! parametepassingasby refeencese-
manticswould make it very complicatedto orthogonallysupportXPath/XQueryon
parametersr resultsof RPCecalls (think of callingparent:*  onan XML nodetype
parametemassedy reference- it would requireadditionalimplicit communication).

Examples.As arunningexample we assume setof XQuerydatabassystemgpeers)
thateachstorea Im databaselocumentfiims.xml " with contentssimilarto:

<films>
<film><filmName>The Rock</flmName><act orName>Sean Connery</actorName ></fil m>
<film><filmName>Gol  dfi nger</ fi ImName><acto rName>Sean Connery</actorName>  </f il m>
<film><filmName>Gre  en Card</flmName><acto ~ rName>Gerar d Depardieu</actorName  ></fi Im>
<[films>

We assumean XQuerymodulefiimdb  storedat http:/x.org/film.xq , thatde nes
afunctionfilmsByActor()

module namespace film="filmdb";
declare  function  film:filmsByActor( $actor as xs:string) as node()*
{ doc("films.xml")//f ilm Nane[. ./ act orName=$act or] };

We canexecutethis functionon theremotepeer‘y.org ” to getasequencef Ims in
which SeanConneryplaysin theremote Im database:

import module namespace film="filmdb" at "http://x.org/fil m.xq";

<films> Q1)
f execute at f"xrpci/ly.org" g f film:filmsByActor( "Sean Connery") g g

<[films>

We introduceherea new xrpc network protocol,acceptedn the destinationURI of

execute at . Thegenericform of suchURIsisxrpc:// < hog > [: port] [ path]].

Thexrpc://  indicateghenetwork protocol. Thesecondpart,< hog > [: port], indicates

theremotepeer Thethird part,[s[pah]], is anoptionallocal pathatthe remotepeer
Theabove exampleyields:

<films>

<filmName>The Rock</filmName>
<filmName>Goldfinge  r</ fil mNane>
<[films>

Anotherexampleperformsmultiple remotefunctioncallsto a singlepeer:

infw_ ort module namespace film="fimdb" at "http://x.orgffil m.xq";

<films>

f for $actor in (“Julie  Andrews’, "Sean Connery") (Q2)
let $dst := "xrpc:/ly.org"
return  execute at f$dst g f film:filmsByActor($ actor) g g

<[films>

1 Only the subtreerootedat a nodeparameteis sent.



Note that one can also perform XRPC calls to mary different peersfrom within the
sameguery(sincethe destinatiorexpressioris unrestricted).

2.1 SOAP XRPC Messagd~ormat

SQAP (SimpleObjectAccessProtocol)is anXML-basedmessagéormatusedfor web

serviceg2]. We proposeaheuseof SOAP messagesverHTTP asthenetwork protocol

underlyingXRPC.Thechoicefor SOAP allows seamlesmtegrationof XRPCwith web

servicesand Service Oriented Architectures(SQA). SQAP web serviceinteractions
usuallyfollow a RPC (request/responsggattern,thoughthe SQAP protocolis much

richerandallows multi-hopcommunicationsandhighly con gurableerrorhandling.

XRPC RequestMessage SQAP messagesonsistof an Envelope , with a (optional)
Header andaBody. Insidethe body, we de ne arequest thatspeci esamoduleURI
module , an (optional) at-hintlocation ~ anda function namemethod . The actualpa-
rametersof a single function call are enclosedby a call element.Eachindividual
parameterconsistsof a sequence elementthat containszeroor morevalues.Belov
we shawv the SQAP XRPCrequestmessagéor theexamplequery(Q1) :

<?xml version="1.0" encoding="utf-8"?>
<env:Envelope  xmins:xrpc="http:/ /monet db. cwi .n I/X Query"
xmins:env="http://w ww.w3. org /2 003/05 /so ap- envel ope"
xmins:xs="http://ww w.w3.0 rg/ 2001/ XMLSchema'
xmins:xsi="http:/lw ww.w3. org /2 001/XMLScheme- ins tan ce"
xsi:schemaLocation= “ht tp: //m onetd b.c wi. nl/ XQuery http:/monetdb.cw i.n X Query /XRPC.xsd ">
<env:Body>
<xrpc:request module="filmdb" location="http://x or g/ fil mxq" method="filmsByActo ">
<xrpc:call>
<xrpc:sequence>
<xrpc:atomic-value Xsi:type="xs:stri ng" >Sean Connery</xrpc:atomi c-v al ue>
</xrpc:sequence>
<Ixrpc:call>
</xrpc:request>
</env:Body>
</env:Envelope>

XRPC ResponséMessagesollow thesameprinciples.Insidethebodyis now aresponse
elementhatcontaingheresultsequence of theremotefunctioncall. In themessages,
atomicvaluesarerepresentedvith atomic-value , andareannotatedvith their (sim-
ple) XML Schemalype by the xsiitype  attribute. Thus,the heterogeneousliyped
sequenceontaininganinteger2 anddouble3.1 would become:

<xrpc:sequence>
<xrpc:atomic-value xsi:type="xs:integer ">2 </ xrp c:a tomic -va lue >
<xrpc:atomic-value xsi:type="xs:double" >3. 1</xr pc: ato mic-v alu e>

</xrpc:sequence>
XML nodesarepassedy value enclosedy anelement tag:

<xrpc:sequence>
<xrpc:element><fil mName>The Rock</filmName></  xrp c:e lement>
<xrpc:element><fil miame>Galdf in ger </f ilm Name></x rpc :el enent >
<[xrpc:sequence>

Similarly, the XML SchemaXRPC.xsd? de nes enclosingelementsor documentat-
tribute,text, processingnstruction andcommennodes XRPCfully supportsheXQuery
DataModel (XDM) [12], arequirementor makingit anorthogonalXQuerylanguage
feature.Userde ned elementtypesareannotatedn the messagessingxsiitype  at-
tributes,suchthat XRPC messagesanbe correctlyvalidated[29].

2 Seehttp://monetdb.cwi.nl/XQuery/XRPC.xsd



2.2 XRPC Formal Semantics

In de ning the semanticof XRPC 3, we take careto attachproperdatabassemantics
to the conceptof RPC,to ensurethatall RPCsbheingdoneon behalfof a singlequery
seea consistendistributed databasémage and commit atomically It is known that
full serializabilityin distributedqueriescancomeat a high cost,andthereforewe rst
de ne alessstrict isolationlevel that still may be usefulfor certainapplicationsWe
usethefollowing notationsandterms:

— P denotesa setof peeridenti ers.

— F denotesa setof XRPCfunction applications The focus of this paperis read-
only functioncalls,which areindicatedby f,. If the evaluationof an XRPCcall f
requiresevaluationof otherXRPCcall(s),weterm f anestedXRPCcall.

— M denotesa setof XQuery modules A moduleconsistsof a numberof function
de nitions d;. EachXRPC call f mustcorrespondo a de nition d; from some
modulems 2 M.

— Eachqueryoperatesn a dynamiccontet. The XQuery 1.0 Formal Semanticg4]
speci estheresultof anexpressiorto bede ned by asemantigudgementlynEnv
Expr) val. Thisjudgemenstateghatin thedynamiccontext dynEnv, theexpres-
sionExpr evaluatedo thevalueval, whereval is aninstanceof the XQuery Data
Model [12]. For now, we simplify the dynamicervironmentto a databasestate
db (i.e. the documentandtheir contentsstoredin the XML database)dynEnv'
db@p. ThedynEnv.docvaluefrom the XQueryFormal Semantic$4] corresponds
to db usedhere.To indicatea context at a particularpeerp, we write db@p.

BasicRead-Only XRPC is de ned by extendingthe XQuery 1.0semantigudgements
with anew rule Rg, :
sengy,: preques(m; fr; ParamLid)
db@p; = f;(ParamLid)) val; db@p;
seng, p,responsgval) (Rr,)
db@py * fr(ParamLid)@p;) val;, db@pg

This rule statesthat in the dynamic context, evaluationof the read-onlyXRPC call
fr(ParamLig) @p; startswith sendinghereques{m; f; ParamLig) to peerp;. Here,m
is themoduleURI (plusat-hint)in which function f; is de ned, andParamLid is alist
of actualparametersThefunction f; is thenevaluatedasa normallocal functionin the
dynamiccontet dynEnv@p;, that consistsof the databasetatedb@p; of the remote
peerp; atthetime therequestarrivedat p;. The evaluationyieldsthe valueval, which
is sentbackto thelocal peerpg. Hence the nal resultof this XRPCcall at pg is val.

Note that neitherthe local databasestatedb@pg nor the remote databasestate
db@p; weremodi ed by the evaluationof a read-onlyXRPC function. The function
evaluationresultval is atransientvalue,which only existin theruntimeervironmentat
both pg and p;. Also notethatthis de nition inductively relieson the XQuery Formal
Semanticgo evaluatef locally at p;, andthusmaytriggerthe evaluationof additional
XRPCcallsif thesehapperto bepresentin bodyof f.

3 We adoptthe notationsfrom XQuery 1.0 andXPath2.0 Formal Semantic$4]



RepeatableReads.As a querymay performmultiple XRPC callsandeachXRPCcall
may againperformXRPC calls, it canhapperthatsomepeerp; is contactednultiple
times,evenusingdifferentcall sequencesdVhenconsideringule R, , thedynamicen-
vironmentdynEnv@p; containingthe databasestatedb@p; maythusbe seemmultiple
times during query evaluation.In betweenthosemultiple function evaluations,other
transactionsnay updatethe databasendchangedb@p;. Thus,thosedifferentXRPC
callstothesameremotepeerp; from thesamequeryq mayseedifferentdatabasstates.
Thiswill notbeacceptabléor someapplicationsandtherefore we deemit worthwhile
to de ne repeatablereadisolationfor queriesthat perform XRPC calls. For this pur-
pose we formulatea similar-looking rule R%, , wherewe tagthe databasstatewith a
queryidenti er: db,@p.
sengy, preques(q;m; f,; ParamLid)
dbg@p; ~ fr(ParamlLid)) val; dbg@p; 0
seng, p,responsgval) (R%,)
dbg@po ~ fr(ParamLig)@p;) val, dog@p;

This rule speci esall XRPC calls at peerp; belongingto the samequeryq, will be
evaluatedusingthe samedatabasetatedbg@p;. This dbg@p; is the stateof the data-
baseatthetime whenthe rst XRPCrequesbelongingto q arrivedat p;. Obsenethat
a uniquequeryidenti er g is now passedasan extra parametein the XRPCrequest,
suchthata peercanrecognizewhich XRPC calls belongto the samequery*. Clearly,
XRPC with repeatableeadsrequiresmoreresourceso implement,assomedatabase
isolation mechanism(of choice)will have to be applied.The transactiormechanism
of MonetDB/XQuery for example,usessnapshoisolation basedon shadev paging,
which keepscopiesof modi ed pagesaround.

A quite commonreasorwhy a peeris called multiple timesin the samequeryis
whenan XRPC call appearsnside a for-loop. In Section2.3 we describehow loop-
lifting helpsavoid thesecostlyisolationmeasurein caseof simpleXRPC queries(i.e.
thosethatcontainonly onenon-nestedunctionapplication)®.

Updates.XRPCis anorthogonalanguageextension thusit alsoallows updatinguser
de ned functionsto be called. MonetDB/XQuerysupportssuchupdatesconforming
to the W3C XQuery UpdateFacility [11]. Thus,XRPC alsoenablexcomplex P2Pup-
datetransactionsasa querymay containmultiple suchupdatingfunction XRPC calls,
eachcall may be nested,suchthat the samepeermay be involved in the execution
of multiple updatingXRPC calls originating from the samequery In [29] we de ne

two updatesemanticsa lax semanticsvhereeachupdatingXRPC call is executedand
committedin isolation,and a strict variant,that supportsrepeatableeadsand atomic
distributed commit (this latter semanticgequiresa costly distributedcommit protocol
suchas2PC).Also, we describea deterministicupdateorder (the XUF leavesthis or-

deropen)anddescribean extensionto our SOAP messagéormatto guaranteeorrect
deterministicupdateorderin distributedupdatesn [29].

4 Notethatthe choiceof desiredsemanticule is madeperquery notperrequest.
5 XRPCcurrentlyonly hasrepeatable-readsipportfor simpleXRPC queriesat zerocost.



2.3 Bulk RPC

Oneof the majorcontritutionsof XRPCis allowing Bulk RPCopemtions in which a
single XRPCrequesimessagés sentto the destinatiorpeerto performmultiple func-
tion calls. The resultsof sucha Bulk RPC operationare sentback,again,in a single
(responsenessageOhbviously, this approackcandramaticallyreducenetwork latengy
andband-widthusageif the numberof interactionswith XRPC callsto the samepeer
is large.While Bulk RPCcanin principlebeappliedin any XQueryimplementationit
followedquitenaturallyfrom thetranslatiortechniqgueusedoy the Path nder[15] com-
piler (thatis usedin MonetDB/XQuery),which is is capableof translatingarbitrarily
shapedXQuery expressionsnto a singlerelationalplan, consistingonly of set-a-time
relationalalgebraexpressions.

Bulk RPC to a singlepeer. Our earlierexamplequery(Q2) con- jeprmmre

tains a function applicationinside a for- loop. In the relational
XQuerytranslationapproactof Path nder, the valuesof the vari-
ables$dst and$actor of all iterationsinsidethis loop arerep- [I[1[xrpc :=:0rg="

resentedy the three-columrrelationaltablesshavn attheright L212[XRC =00~

side.Theactualvaluesof avariablearestoredin thecolumnitem . Thecolumniter is
usedto preseretheiterationorder The columnpos is usedto indicatethe positionof
thevaluein an XQuery sequenceThis loop-lifting techniques extensiely explained
in [8] and[15]. Fromthetables,t canbe seenthatthe valuesof $dst arethe samein
bothiterationsof thefor -loop, whereasbactor takesonvalues*Julie  Andrews” in
the rst and“Sean Connery " in the secondteration.Both pos columnsin our tables

containonly thevaluel indicatingthatthereareno multi-item sequencei thequery
For this query XRPC generate®ne requestmessageas shovn below (only the
request is showvn). Eachcall is representedly anindividualcall child element:

<xrpc:request module="filmdb" location="http://x. org ffi Im.xq " method="flmsByAc tor ">
<xrpc:call> <l-- first  call ->
<xrpc:sequence>
<xrpc:atomic-value xsi:type="xs:string "> Jul ie Andrews</xrpc:atomi c-v alu e>
<Ixrpc:sequence>
</xrpc:call>
<xrpc:call> <l-- second cal -->
<xrpc:sequence>
<xrpc:atomic-value xsi:type="xs:string "> Sean Connery</xrpc:ato  mic -va lue >
<Ixrpc:sequence>
</xrpc:call>

</xrpc:request>

Bulk RPCreturngresultsof multiple callsin oneresponse  elementwith onesequence
elementrepresentingheresultof eachcall:

<xrpc:response module="filmdb" method="filmsByAct  or" >
<xrpc:sequence/> <l-- result of first cal -->
<xrpc:sequence> <l-- result of second call -->
<xrpc:element><fi ImName>The Rock</lmName></xrp  c:e le mert>
<xrpc:element><fi ImName>Gald fin ger </f ilm Name></x rpc :e lement >
<Ixrpc:sequence>
</xrpc:call>

</xrpc:request>

Bulk RPC to multiple peers.In the previous examplethe execute at expression
$dst happenedo be constant,suchthat all loop-lifted function calls had the same



destinationpeer and could be handledby the single Bulk RPCrequestabove. In the
generalcase however, therearemultiple destinatiorpeerswhich meanghatwe have
to splittheinputtablesin sub-tablesvith the parametevaluesfor eachdistinctdestina-
tion peer Fromtheseseparatesub-inputswe performa separat¢Bulk) RPCrequests
to eachpeer in parallel. The resultsextractedfrom the responsemessagesre then
combined( ) andre-ordered29].

In the remainderof the paper we will de ne someadditionalsemanticof XRPC
functionsasif thereis only a singledestinationURI. This is donefor simplicity; the
techniqueof splitting at run-timeall XRPC inputsperuniquedestinatiorandhandling
themseparatelyrivially appliesto any case.

2.4 XRPC Implementation

The XRPC modulein MonetDB/XQuerycontainsan ultra-light HTTP daemornimple-
mentation[19] thatrunsa requestandler(the XRPC sener), and containsa message
senderAPI (the XRPCclient). We alsohadto addsupportfor theexecute at syntax
to the Path nder XQuerycompiler andchangéts codegeneratoto generatestubcode
thatinvokesthenew messagsendelAPI.

XRPC call processinge-useghe standardXML shreddingand serializationpro-
vided by MonetDB/XQuery: rst from the actualparametera XML messages se-
rializedinto a HTTP postrequestsentout usingthe messagesenderAPI. Thereturn
messagés againshreddedndtheresultingrelationaltablesareusedastheresultof the
XRPCcall. Therequeshandlerontheotherside behaessimilarly. It listensfor SOAP
requestsaandshredsincoming messagesito a temporaryrelationaltable,from which
the parametewaluesareextracted.The modulefunctionspeci edin the SOAP request
is thenexecutedocally with theseparametetables,producinga resulttable. The re-
questhandlerthenbuilds aresponsenessagé whichthisresulttableis serializednto
XML ontothenetwork soclet.

Experiments. We conductedsomesimpleandpreliminaryexperimentdo evaluatethe

performanceof SOAP XRPC in MonetDB/XQuery The test setupconsistedof two

2GHzAthlon64Linux machinesonnectean 100Mb/sethernetWe de ned amodule
with atrivial userde ned function,thataddstwo integerparameters:

module namespace test="test";

declare function add($a as xs:integer, $b as xs:integer) as xs:integer

{ retun  $a + $b ),

For eachmeasurementye executedthe following function hundredimes(the average
elapsedimeis reported):

import module namespace test="test" at "http://x.orgltest. xq";

for $i in (1 to $x) ' (Q3)
return  execute at f"xrpci/ly.org" g f test:add(20,22) g

While in MonetDB/XQuery loop-lifting of

XRPC calls (i.e. Bulk RPC)is the default, we [$x=1]$x=1000

alsoimplementedh singleRPCat-a-timemech- one-at-a-timg 35 | 34979

anismfor comparisonFigurel shavstheexper bulk 35| 400

imentwherewe compareperformancenf Bulk

RPCwith single RPC at-a-time,while varying  F9- 1. XRPCPerformancg¢msec)



the numberof loop iterations$x. It shows that performancas identicalat $x=1, such
that we can concludethat the overheadof Bulk RPCis small. At $x=1000, thereis
an enormoudifference mostly causedoy network communicationcost. This is eas-
ily explainedasthe single RPCat-a-timeexperimentinvolvesperforming1000times
synchronoufRPCsinsteadof 1.

3 P2PXQuery Semantics

MonetDB/XQuery providesgenericXQueryfunctionality, andits distributedquerying
andupdatefacilities canbe usedin widely varying ervironments First, we shav how
the mechanisndescribedso far, can be usefulin LAN ervironmentswith a limited
numberof nodes.When considering/AN applicationswith potentiallythousandr
moreparticipatingpeergsuchasStreetTVo), we proposeo useDistributedHashTable
(DHT) datastructuresinderthehoodof the system.

In the following, we will shov how thesewidely varying applicationareascanbe
addressethy thefn:doc() andfn:put()  built-in functionsplus our XRPC execute
at languageconstruct.

3.1 Simple Scenarios

TheXQueryl.0languagd3] speci esadatashippingmodelto dealwith remoteXML

documentsThe built-in functionfn:doc()  retrievesan XML documentstoredin the
peeridenti ed by anxs:anyURI . In the XQuery UpdateFacility [11], a new built-in

functionfn:put()  hasbeenaddedwhich storesan XML documennode(or an XML

elementnode)to the location speci ed by an xs:anyURI . Our XRPC extensionfor
the XQuerylanguagesnablesa queryshippingmodelto queryandmanipulateremote
XML documentsGivenour choicefor SQAP over HTTP asthe network protocolfor
XRPC, it is interestingto note thatthe execute at construct,when combinedwith

fnidoc() andfn:put() , providesanimplementatiorof HTTP-basedatashipping,
asshowvn by thefollowing rewriting rules:

fn:put  ($node; xrpc//  hog=localnameé

SatEnvbaseIRI ( 0 (Rpu;)
execute at f xrpc://  hod gf fniput ($node; localname g

fn:doc (xrpci//  hog=localname

SatEnv.bastJRI (0 (Rdoc,)
execute at f xrpc://  hog gf fnidoc (localnamé g
Thus,an XQuery systemwith XRPC canimplementthe HTTP protocolin fn:doc()
fn:put()  internally by usingXRPCto executethoserequestsemotelywith thelocal
partof the URI (andanempty”base-URI”,from the staticervironment[4]).

Consumer Electronics Use Cases.Our AmbientDB researctprojectoriginatesfrom
the desirein the consumeelectronicsdomainto provide a commondatamanagement
layer, that managesnetadatafound on mobile and stationaryconsumerelectronics
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Fig. 2. MonetDB/XQuery with multiple DHT connections

devicesin and aroundthe home (mobile phonesmusic players,PDAs, digital video
recordersPCs,etc). Thefactthatsomeof thesedevicesaremobileandnot alwayscon-
nected andthatmanugcturersvould preferto provide functionality without the strict
needto install a centralsener, squarelyputsthis areain the P2Pdomain,albeitin a
LAN andarelatively smallscale. Someof theapplicationdoundhere(e.g.musicmeta
databrowsing,intelligentmediasynchronizatiorandplaylist statisticscollection,anal-
ysisandrecommendationdanalreadybene t from the functionalitiesof a systemlike
MonetDB/XQuery . More informationaboutthe ervisionedAmbientDB applications
canbefoundin [9, 13]. Notethatin a LAN, peerdiscovery canstill be handledby the
application(usingapplication-lerel protocolslike UPnP[1]).

3.2 LooseDHT Coupling

A Distributed HashTable[24,5] provides(i) robustconnectvity (i.e. triesto prevent
network partitioning), (i) high dataavailability (i.e. preventdatalossif a peergoes
down by automatiaeplication),and(iii) ascalablgkey,value)storageanechanisnwith
O(log(N)) costcompleity (whereN is the amountof peersin the network). A num-
berof P2Pdatabasgrototypeshave alreadyusedDHTs[10,16-1821]. An important
designquestionis how a DHT shouldbe exploitedby an XQueryprocessarandif and
how the DHT functionality shouldsurfacein the querylanguage.

We proposehereto avoid arny additionallanguagesxtensionsput ratherintroduce
anew dht network protocol,acceptedn the destinationJRI of fn:doc() , fn:put()
andexecute at. The genericform of suchURIsis dht// dht_id/ key. The dht:/
indicatesthe network protocol. The secondpart, dht_id, indicatesthe DHT network
to be used.Suchan ID is usefulto allow a P2P XDBMS to participatein multiple
(logical) DHTs simultaneouslyasshovn in Figure2(a). Thethird part (key) is usedto
storeandretrievevaluesin theDHT. Thesimplestarchitecturéo coupleaDHT network
with aDBMS is to justusethe DHT API, theput(key,value) andget(key):value
functions,to implementthe XQuerydatashippingfunctionsfn:put()  andfn:doc()
asshavnin rulesRpy, andRgog,:

pi = dht_hashyn_ig(key)
dht_sengy, preques(“put”; (key,$node)3
dht_store@p; ~ put ($node) @p; ) dht_store"@p; (Rpu,)
dht_sengy p,response)

db@pp ~ fniput  ($node; dht : ==dht_id=key) ) db@po




pi = dht_hashyp _iq(key)
dht_sengh, preques(“get ”; (key))
dht_store@p; ~ get (dht_id=key) ) $node; dht_store@p; (Rdoc,)
dht_sengy1 p,responsé¢snode)

db@pg = fnidoc (dht :==dht_id=key) ) 9$node; db@pq

Thatis, we simply usethe DHT to storeXML documentsasstring values.The rules
indicatethatattheremotepeerp;, only the peers DHT storagds involved,hence peer
pi doesnot even have to have a running MonetDB/XQuery*instance Note that the
XQueryfunctionfn:doc is aread-onlyfunction,sincethedocumentetrievedby using
this functionis storedasatransientdocument.

In this architecturewe canrun the DHT as a separategrocesscalled the Local
DHT Agent(LDA). EachLDA is a procesghatis connectedo oneDHT dht_id (see
Figure2(a)). This processuns separatelyfrom the databaseener, suchthatwe can
usethe DHT softwarewithoutany modi cations.

Theexecute at canbe“simulated”asfollows:

SatEnvbas®RI ( dht : ==dht_id=prefix
db@py *~ fr(ParamLig)) val; db@pg (Rxrpc,)
db@pg * fr(ParamLig)@dht : ==dht_id=prefix) val; db@pg

Rule Ryrpe, in factjust evaluateghe functionlocally, by gettingall documentswith a
relatve URI namefrom the DHT. Thisis achiezed by settingthe baseURIin the static
ervironmentto dht ://dht_id/prefix. If thefunctionbodythuscontainsary fn:doc()
fn:put() on somerelative URI localname the rules Rpy, and Rqoc, Specify that
thedocumenshouldbe stored/retrigedinto/fromdht ://dht _id/prefix localname One
shouldnotethatthe prefix maybeempty

While this approachallows zero-efort coupling of DHT technologywith DBMS
technology we considerit nothing more thana workaround.Rule Ryrpe, substitutes
functionshippingby datashipping,defeatinghe purposeof XRPC.In caseof updates,
we would needto modify the rule to storethe modi ed documentsusingput backin
the DHT, but sucha two-stepupdateis hardto be madeatomic.

3.3 Tight DHT Coupling

In atight couplingscenarioyatherthankeepXML asstring blobsinsidethe DHT (in
RAM), eachDHT peeractually usesits local XDBMS to storethe documentysee
Figure2(b)). To realizethis, we needto extendthe DHT API with asinglenew method:

xrpc (key; q; m; f(ParamLid)) : item()*

This new methodallows the reques in the below rule to be routedthroughthe DHT
(dht.send, to achieve thefollowing semanticgor XRPCcallsto a“dht:// " URI:

0 = dht_hashi (ke _
dht_seng, preques(q, m; fy; ParamLig)
db@qpi ~ fr(ParamLig)@pj) val; dbg@p (Rxrpes)
dht_sengy1 p,responsgval)
dbg@po ~ fr(ParamLig)@dht : ==dht_id=key) val; dbg@po

This rule statesthatthe DHT dht_id routesan XRPC requestusingthe normalDHT
routingmechanisntowardsthepeerp; responsibldor key. WhentheLocal DHT Agent




(LDA) in p; recevessucha requestjt performsan XRPC to the MonetDB/XQuery
instanceon the samepeerp;. This XRPC executedat remotelocation p; from the LDA
into MonetDB/XQuery (it mayuseeithersemantiiRg, or R%,). Theresponsés then
transportedackvia the DHT towardsthe queryoriginator po.

In this scenariowe cansupportn:doc() andfn:put() by combiningrule Ryypc,
with Rgoc, andRpy, . Thatis, usean XRPCrequestoutedvia the DHT to do aremote
executionof fn:doc() , fn:put()  ontherelative URI localname

In thetight coupling,we have to extendthe DHT implementationA positive side-
effectof thisis thatthe DBMS getsaccesso to informationinternalto theP2Pnetwork.
Thisinformation(e.g.peerresources;onnectvity) canbeexploitedin queryoptimiza-
tion. Also, bulk XRPCrequestsoutedovertheDHT maybeoptimized(similarto Bulk
RPC),by combiningrequestghatfollow the samerouteaslong aspossiblein single
network messages.

StreetTiVo UseCasesWe shov how two usescasesn the StreetTVo applicationcan
beimplementechsXQuerymodulefunctions which thencanbeexecutedusingXRPC
andtightly coupledDHT semantics.

(i) Collaborator Discovery In StreetTVo, compute-intensie video analysiswork is
distributedto all peersp; thatrecordthesameTV program.Every TV programsvideo
datais dividedinto sgmentsof e.g.30 secondsEachpeerp; analyse®nesggmentata
time.If apeerpg has nished retrieving the metadataof asggments;, it sendghemeta
datato thosepeerghatrecordthe sameTV program sothatthe otherpeersdo nothave
to analysethe samesggmentthemseles.Peerpg thentriesto nd outif therearemore
sggmentsneedto be analysedif yes,the peerpo claimsthe sggments; andanalyseit.

Thesestepsarerepeatedintil all ssgmentsof a TV programareanalysed.

In this scenariopeerpg needgo know which otherpeersrecordthe sameprogram
(its collaborators)This canbe implementedasthe following. Assumethat every TV
programhasauniqueidenti er progid , thenwe creategor eachrecordedl'V program
prog; an XML documentwith the name”<progid>xml " to keepa list of pid -s of
peerghatrecordthis program Storethedocument progid.xml " in apeerin theDHT
network andlaterretrieve it canbedoneby thecalls:

fn:put($node, "dht:/fdht  _id/progid.xml") , and
fn:doc("dht://dht _d/progid.xml") .

If a peeris going to recordthe TV programprogid , it shouldadd its peerID to

“progid.xml  ". This canbetypically doneby anXRPCcall like:

execute at f'dht//dht  d/progid.xml" g f xrpc:addPID($pid) g

(i) DistributedKeyword Retrieval. One of the featuresprovided by StreetTVo is Au-
tomatic SpeechRecognition(ASR) on TV programs.The resultingtext is storedas
metadatafor the recording,and can be searchedisingtext retrieval functionality in
MonetDB/XQuery . Eachpeershouldhave accesgo a local XQuery modulewith
the userde ned functionsearchKeywords thatgetstwo parametersThe rst param-
eterpid identi es the programin which text fragmentshouldbe searchedThe second

parametekeywords is alist of searchkeywords.

Imagethis scenarioa StreetTVo userwantsto searchin the today's newscastfor
text fragmentsthat were aboutthe earthquak in Hawaii, but he/shedid not record
the newscast.Thenthe searchrequestneedsto be sendto other StreetTVo peersthat



have recordedhe newscast Assumethe newvscasts programiD is “newscast123"this
scenariaccanbeimplementedy thefollowing pseudo-code:

let $peers := execute at { "dht//dht_id/newsc ast 123" } { xrpc:getPIDs() }
for $p in $peers
execute at { $p } { xrpc:searchKeywords  ('n ewscastl 23", (‘earthquake", "hawaii")) }

3.4 Reseach Questions
Themissionof the AmbientDB projectatlargeis:

build a large-scalePeer-to-Reermiddlevware XML databasemanagemensystem,
which hidesthe heterogeneityof underlying databasesystemsand communica-
tions networks, and providesa uniform programminginterfaceto easethe deel-

opmentof the ambientintelligent applications.

The nal objectiveto unitedatafrom heterogeneousourcesecognizesheimportance
of schemaand dataintegrationin P2Pdatamanagement issuesnot addressethere.
The AmbientDB projectis beingconductedogetherwith Philips Researctand Tech.
Univ. Twente,andthis dataintegrationaspecis beingpursuedherewith specialatten-
tion for the probabilisticnatureof theresultof suchdata/schemantegration[28].

At CWI, we focuson the queryandupdateprocessingesearchyuestionssuchas:

— Which informationand API shoulda DHT exposeto a query processingengine
sud that it can effectivelyoptimizeP2P queries?How can queryoptimizationbe
pursuedeffectivelywithouthavinganyglobal statisticsHow canwebalancequery
optimizationeffort with queryexecutioneffort in a P2P setting?

— How canit be guaranteedthat the distributed executionof a querywill terminate
in a nite time Whenit is theright momento decidea queryhasproducedenough
result?Howcananerror behandledproperlyin MonetDB/XQuery ? Whenshould
an executionbeaborteddueto errors?

— Whid consistencyonstiaints can be relaxedfor differentkinds of applications?
Whatare the trade-ofs betweerocationtranspaencyandefciency?

4 RelatedWork

P2Pnetworks active topic in networking researchespeciallyDistributedHashTables,
suchasChord[26]. For practicaluse thesystem®8ambod23] andP-Grid[5] currently
seemo bethemostusable.

[14] is one of the rst papersthat discussdatabasenanagemenissuesin a P2P
ervironment.PIER[16] is a P2Pinformationexchangeandretrieval systemon top of
the BambooDHT. It usesa relationaldatamodel and query languageand hassome
supportfor in-network joins. UniStore[18] providesan (RDF-like) triple storageon
top of P-Grid.XPeer[25] isaP2PXDBMS for sharingandqueryingXML data,ontop
of asuperpeernetwork. The queryalgebraof XPeertakesexplicitly into accountdata
disseminationgatareplicationanddatafreshness21] is a proposalfor a XML-based
databaseystemon top of a DHT, which is alsonamedXPeer Of thesesystemsthe
PIERandUniStoresystemseento bethe mostdevelopedprototypessofar.



In theareaof extendingXQuerywith distributedqueryingcapabilities severalpro-
posalsare closeto our work ([22,7,6,20,27]). The syntaxof XRPC is basedon that
of XQueryD [22], but in a more restrictedform. The XQueryD approachrequiresa
runtime rewriter to scanthe XQuery expressiongn the execute statemenfor vari-
ablesandsubstitutehevariableswith the currentruntimevalues Sucharewriter is not
neededn XRPC,andby relying on functionresolutionin modules,querytransporta-
tion is simpli ed andqueriesmaybene t from pre-processingn Active XML ([7, 6]),
callsto servicefunctionsareembeddedn XML documentsGalax Yoo-Hoo! [20] is
relatedto ourwork in the sensehatweb servicesareaccessedsingremoteprocedure
callsandSQAP messageareusedasthe communicatiorprotocol(althoughmessages
mustbe manipulatedxplicitly with elementconstruction)DXQ [27] is aspeci cation
of a DistributedXML-Query network.

5 Conclusion

In this paper we discussedvork on MonetDB/XQuery that aimsto createpower-
ful P2PXML databaséechnologythat preseresthe full XQuery language(+XUF),
extendingit only with a singlenew constructcalled XRPC.® We rst gave a formal
de nition of the syntaxandthe semanticsof XRPC, and shoved how it canbe im-
plementeckf ciently usingset-at-a-timgrocessingdBulk RPC).A smallexperimental
sectiondemonstratethatBulk RPCstronglyimprovesperformancef querieshatex-
ecuteXRPC callsinsidefor -loops.We thendescribechow Distributed Hash Tables
(DHTSs) can be integratedwithout further XQuery extensions by addingsupportfor
anew dht//  protocolin URIs. We discussedhe semanticof two waysof coupling
(looseandtight)aDHT with anXDBMS, of whichthelatteris morepowerful. Thiswas
shown by elaboratingn somedetailhow thisfunctionalitycanbeusedn the StreetTVo
collaboratve videoindexing application.

Our next stepis to implementthesecouplingsin MonetDB/XQuery using the
BambooDHT [24], and perform experimentsin ervironmentslike PlanetLab Espe-
cially thetight couplingwill openupaplaying eld for anumberof queryoptimization
techniqueghat exploit the P2Pnetwork characteristicsThis is only one of the mary
researclguestionsn AmbientDB, of which we provideda non-exhaustve overview.
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