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ABSTRACT

As XML hasbhecomea popularformatfor informationexchange,
theefficientprocessingf broadcasKML dataonaconstrainedle-

vice (for example,a cell phoneor a PDA) becomes critical task.
In this paperwe presenthe EXPeditesystem:a nev modelof data
processingwhich “migrates”the power of thedata-sendingener

to receversfor efficient processinglt consistof ageneralencod-
ing schemdor seners,andstreamingjueryprocessinglgorithms
on encodedXML streamfor client devices. Preliminary experi-

mentsshav theimpressve performancef the EXPeditesystem.

1. INTRODUCTION

XML hasbecomeapopularformatfor informationexchange Con-
sider for example,a broadcastingystemwherethe sener broad-
castsinformation as an XML stream,and eachrecever extracts
informationof interestfor further processing.Sincereceversare
oftenconstrainedievices(for example,cell phonesor PDAS), pro-
cessingXML dataefficiently with limited computingability and
memorybecomes coretechnicalchallenge.

As asampleapplication,aboutl46organizationsecentlyformeda
globalforum called TV-Anytime [2], with the vision of usingdig-
ital broadcastingasan opportunityto provide interactve TV ser
vices. For example, supposethat you are interestedin the NFL
gamebetweerthe Eaglesandthe Giants.UsingthecurrentTV en-
vironment,you mustlook throughnumerouschannel-by-channel
programlistings to find out thatit will be shawvn on channel5 at
9:30tonight. You canthensetyour VCR to recordit. Now imagine
your VCR asa personaprogramguidewhich takesasinput a per
sonalizedjuery for exampletheNFL gamebetweentheEaglesand
the Giants. The VCR thentracksdown the programor programs
correspondingo your view preferenceand intelligently records
them. To enablethis personalTV portal, TV-Anytime proposego
broadcasmeta-databoutprogramschedulessothathomedevices
(e.g.VCRs)canmale content-basecetrieval of the meta-datand
find out the time andchannelof programghata useris interested
in. Oneproposedsolutionis to useMPEG-7[1], an XML schema
specializedfor audio-visualapplications,asthe format for meta-
data.

Another applicationis a publish-subscribesystem[16, 12, 10].
Sinceenderusers’interestsarevery diverse,oftenit is too expen-
sive for thesenerto evaluateindividual queriesor millions of sub-
scribers.lt is morerealisticto sendout half-processethformation
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andthenlet usersdo a smallamountof post-processingccording
theirspecificneed.For example considerstockpublish-subscribe
systemwhereeachusercouldbeinterestedn trackingthestockof
adistinctsetof companiesThesener couldbroadcasstockinfor-
mationto a groupof userswho have similar interestqe.g. hi-tech
stocks),andlet eachuserfilter out specificinformationaccording
to his/herneed.

In bothinformationexchangeapplicationsreceversmustbe able

to procesdroadcasXKML datausingan XML querylanguage(for
example,XPath[7]) in a streamingfashion,sincethe information

arrives continuously and may be eithertoo large to fit in limited

storagespaceor needreal-timeresponseLightweight XML query
processingn a streamingfashionon constrainedievicesbringsa

big technicalchallenge.

Beforewe discusshow to addresshis challengefirst let usreview
currentdataprocessingnodels.Traditionally therehave beentwo
modelsfor dataprocessing:databasenanagemensystems,and
streandataprocessingA databassystenmhaspowerful computing
ability, largestoragespaceandvariousauxiliary datastructures(for
example,indexes and materializedviews) to improve query pro-
cessingperformanceOntheotherhand streamprocessings often
performedon constraineddevices with limited computingability
and spacewithout ary auxiliary datastructures. Thereis there-
fore a big gapbetweenthe performanceof a databaseystemand
a streamprocessingystem.A naturalquestionto askis if we can
combinethesetwo modelsandhave thebestof bothworlds. In this
paperwe presenthe EncodedXML ProcessingystemEXPedite,
for information exchangeapplications which bridgesthis gap by
distinguishingbetweerthe abilities of the data-sendingener and
recevers,and“migrating” the power of the sener to the recevers
by includingtheinformationgatheredy the senerin the encoded
datato speedup recevers’ processing. It thus representsa new
modelof dataprocessingn aninformationexchangesrvironment.

In this paperwe proposeo leveragethe pover of thedata-sending
sener to preprocessXML dataand achieve a lightweight work-
load at the datarecevers. Mary recentpapers[17, 27, 13, 8, 3,
4, 6, 15, 26] shav thatin XML databasesjuery processingover
an interval-basedabeling schemehas a substantialperformance
improvement. In this paper we explore the labeling schemein
information-echangeapplications We have designecanencoding
schemefor the sener suchthatthe labelsfor XML nodescanbe
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Figurel: A sample XML data

computeceasilyfrom theencodedKML databy thedatarecevers,
and thereforethe query processings very efficient. By encod-
ing XML dataonthesener, EXPeditetakesadwantageof the pro-
cessingpower of the sener, bridgesthe gapbetweerdatabasand
datastreamingprocessingandenablesubstantiaperformancem-
provementon the constrainedlevices of datarecevers. Further
more,the queryprocessinglgorithmon XML labelsin EXPedite
hasimproved compleity overthealgorithmsin theliterature.

Themaincontritutionsandorganizationof the paperare:

1. TheEXPeditesystemnutilizesaninterval-basedabelingscheme
to enhancequery processingperformancefor information
exchangeapplications,which is traditionally usedin XML
databasesTo the bestof our knowvledge,this is thefirst pa-
perto proposeanencodingschemédor XML datain orderto
speedup queryprocessing.

2. A simple and effective XML encodingschemeran by the
sener is proposedn section?2 to facilitate subsequenpars-
ing andqueryprocessingn datarecevers.

3. An algorithmonencodedXML streamghattakesadwantage
of the labelingschemefor query processingon the datare-
ceiersis presentedn section3.2. The time compleity is
O(|QI|F), where|Q| and|F'| arethe sizeof the queryand
encodeddata, respectrely, which improvesthe compleity
D'?l|Q||F|, where D is the documentdepth, proposedn
theliterature[4].

4. Preliminaryempiricalstudyof EXPediteandseveral related
systemsn sectiond shaws the substantiaperformancéen-
efit of ourapproach.

2. BINARY ENCODING OF XML DATA
TheEXPeditesystenis comprisef anencodepnthedata-sending
sener, aparserandaqueryprocessobn datarecevers.In this sec-
tion, we will presenthe EXPediteencodemwhich takesa regular
XML file andgeneratesn encodedXML file, andthe EXPedite
parsemwhich parsesanencodedXML data.

2.1 Encoding XML data

Thekey ideaof EXPediteis to allow datareceversto benefitfrom
the information gatheredby the data senderto improve perfor
mance Asobseredin [17,27,13,8, 3,4, 6, 15, 26], thequerypro-
cessingoerformancén anXML databaseanbeimproved consid-
erablyby usinganintenal-basedabelingscheme.The EXPedite

encoderover the data-sendingener appliesan encodingscheme
suchthatthelabelsof XML nodescanbecomputeckasilyto enable
efficient queryprocessingn recevers.

In this paperwe do not distinguishbetweenattributesandelement
nodes,andreferonly to tagsin therestof the paper. We distin-
guishtwo typesof informationin XML data:structueinformation
consistingof elementagsandvalueinformation consistingof text
nodesandencodehemin differentways.

1. Structural information Thecodefor astarttagT is avector
< flag,t, size,depth >.
flag is setto 0 to denotethatthisis structurainformation. A
dictionaryis built to mapeachdistincttagto auniqueinteger,
andt is aninteger correspondingo thetag T'; size is the
bytesizeof theencodedsubtreeof T'; anddepth denoteghe
numberof tagsonthepathfromtheroottotagT, inclusively.

2. Valueinformation The codefor avalueis avector< flag,
length, text >.
flag is setto 1 to denotethatthis is valueinformation;and
length denoteghelengthof thetext.

Sincethe encodingof a starttagrecordsthe sizeof anXML node
(subtree)we canlocatethe position of the matchingendtag, and
thereforedo notencodeendtags.

Example2.1: Asanexample let uslook athow to encodghesam-
ple XML datain figure 1, wherewe usesubscriptgo distinguish
betweemodeswith the sametag. Supposeéhatwe maptagbooks
tointeger1, book to 2, title to 3, etc. Thefirst nodetaggedoy title
(titleo) is encodedasavector< 0, 3,15, 3 >, andthevalue“Data
ontheWeb" is encodedas< 1, 15, “DataontheWeb” >. [

Thealgorithmfor theEXPediteencodeis presenteéh algorithm1.

TheencodedML file will besentto datareceversalongwith the

dictionary of tag-to-intger mappingasthe headerof the encoded
XML data.

Noticethatwe computethelengthof elemennodesandvaluesand
recordthemin the encodeddata. This informationwill beusedin
subsequentrocessingo achieve substantiaberformancepeedup,
aswill bediscussedn section2.2and 3.2. Recordingthe length
informationentailsanon-streamingncodingprocedureHowever,
aswe illustratedin the introduction, we distinguishbetweenthe
role andthe power of the data-sendingener andthoseof thedata
recevers. Thedata-sendingener haspowerful computatiorabili-
tiesandoftenis thedatagenerato(for example,in TV-arytime ap-
plication),sotheencodingoperatiordoesnotneedto beperformed
in a streamingfashion. On the otherhand,asa dataconsumera
datarecever hasconstraintcomputationability andis infeasible
to buffer hugedatabeforeprocessingstreamingprocessingnfor-
mationis necessaryNext we will discusshow to parseandquery
encodedXML dataonthereceversin a streamingashion.

2.2 Parsingencoded XML data

To parseencodedXML data,the EXPediteparserstartsfrom the
beginning of the encodedXML streamand retrieves the header
containingthe mappingbetweertagsandintegers. It theniterates

1The encodingschemecan be easily extendedto differentiateat-
tributesandelemeninodes.



Algorithm 1 Algorithm for EXPediteEncoder

. function Encode
. input: anXML file X
: output: anencodedXML file F
. A stackS torecordthestartpositionof eachtagt in F'
: A hashtableVf to mapatagT to anintegert
D depth=1
. currPos = 0 {recordthecurrentpositionof F'}
: while leof(X) do
if SAX event=astarttag< 7' > then
t=M(T)
write(F', < 0,t,0,depth >) {actualsize will be calculatedat
endtag}
12: push@, currPos)
13: depth + +

[l
RoQXNDURWNE

14. currPos = curr Pos + sizeof(coddor tag)

15: endif

16: if SAX event=anendtag< /T > then

17: startPos = pop(S) {locatethepositionof corresponding< T' >
in F'}

18: size = curr Pos-startPos+1

19: seekétartPos)

20: write(F,size) {fill size inthecodefor < T" >}

21: seek(enaf F)

22: depth — —

23: endif

24: if SAX event= charactedataC then

25: write(F, < 1,lengthof(C),C >)

26: curr Pos = curr Pos + sizeof(coddor value)
27: endif

28: end while

29: return F

over therestof thefile. If thefirst integerin the remainderof the

encodediatais 0, the parserecognizeshatit is atagandretrieve

thevector< flag, t, size, depth >. Otherwisdt is avalueandthe

vector< flag,length,text > is retrieved. The parserproceeds
in thisway until the endof theencodedstream.

When parsingencodedXML stream,we can computethe inter
val basedabelsof the XML nodesg start, end, depth >, easily
sincethe currentpositionis the start andend = start + size.
Following [17, 27, 13, 8, 3, 4, 6, 15, 26] structuralrelationships
betweemodescanbe efficiently determinedrom thelabels:

1. ny is anancestoof ny if andonly if ni.start < ns.start
andni.end > n2.end.

2. m1 is the parentof ns if andonly if n, is anancestoof n,
andn;i.depth + 1 = na.depth.

Thereare several advantagesto parsingencodedXML dataover
parsingregular XML data.

1. Integerprocessings very efficient.

2. Thelabelsfor XML nodescanbeobtainedeasily whichen-
ablesefficient queryprocessing.

3. Thesize informationcanfunctionasastreanindex for XML
data(SIX) asdiscussedh [12], andthereforebeusedto skip
subtreesvhosecontentareirrelevantto our interest.

4. By includingthelength of eachtext valuebeforethevalue,
we retrieve valueinformationlazily.

In the next section,we will discussin detail hov the EXPedite
queryprocessobenefitfrom theencodednformationandachie/es
goodperformance.

3. QUERY PROCESSING OVER ENCODED

XML STREAMS
This sectionpresentshe EXPeditequeryprocessarWe begin with
somepreliminarieson XPath queries,andthen presentthe query
processinglgorithmsin detail.

3.1 Preliminaries. XPath queries

In this paperwe focuson a subsetof XPath queries,which con-
tain child axis“/", descendanaxis“//” andnametests. This type
of queryis commonlyusedasa building block for more comple
XPath and other XML query languages.A query can be repre-
sentedasa linear path, thereforeis namedaspath query. For ex-
ample,query/books/book//section//titls shawn in figure 2(b). In
this representationa nodeis createdfor eachtag andthe return
tagis indicatedby a box. For theincomingedgeof anode,asingle
line representa child axis,anddoublelinesrepresena descendant
axis.

To processa path query efficiently on an encodedXML stream,
we first encodethe query asfollows: From the headerof the en-
codedXML streamwe getthedictionarythatmapsan XML tagto
aninteger Thenwe replaceevery tagin the XPath querywith its
correspondingnteger, andkeepthevaluepredicateasit is. For ex-

ample,a query /books [book [title[text() = “Dataonthe Web’]

is encodedas/1/2/3[text() = “DataontheWeb].

3.2 A query processing algorithm

The EXPeditequery processotakesan encodedXML streamF’,
whereeachstructuralnoden is encodedas < t, size,depth >
(we ignore flag sinceonly structuralinformationis considered),
andan encodedXPath query @ asinput, andoutputsthe encoded
fragmentin F' thatmatched).

Thequeryprocessingilgorithm PathQuery is presentedn algo-
rithm 2. The basicideaof thealgorithmis thefollowing: we build
astackfor eachnodein the querytree. The stacksalsoform atree
correspondingdo the querytree. The stacksstorethe information
of XML nodeswhich aresolutionsto the subqueryfrom the root
to thecorrespondingjuerynodeof thecurrentstack. Thereforethe
nodesin thestackcorrespondingo thereturnnodein thequeryare
thequerysolutions.

A nodeis poppedout of stackif it is out-of-region. We noticethat
each(encoded)XML nodehasa region betweenits starttag and
endtag. If thebytewe arecurrentlyprocessings within theregion
of a node,the nodeis called an “active node”, otherwiseit is a
“stale node”. Sincea stalenodecanno longer contritute to the
querypatternmatch the stacksstoreonly the active nodes.

The query processingover XML streamusingthe stackproceeds
asfollows: Whenwe processa noden in an XML streamF', if
it matchesstack S; (i.e. its tag matchesa nodet in @, line 10)
andis a “qualified” node(line 13), we pushit onto S;. A node
n matchingsS; is qualifiedif eitherits depthmatcheshe axis of
the root stack,or thereis someXML nodem in the parentstack
Sparent(+) SUChthatm andn satisfytheaxis (child or descendant)
relationshipspecifiedfor t andparent(t) in Q. As we adwance
the XML streamto meetn, we pop out stalenodesfrom stacks
accordingto the position of n (lines 11-12). If n's tag matches
thereturnstack(line 14) andis qualified, it is outputaspartof the
queryresult. Let usfirst look atanexample.



Algorithm 2 Algorithm for EXPediteQueryProcessor

1: function PathQuery

2: input: anencodedXML streamF

3: input: anencodedXPathquery@

4: output: fragmentsof F' matchingQ

5: Build astacksS; for eachencodedagt in Q
6

7

8

9

. currPos = 0 {Recordthe currentpositionin F'}
. while !eof(F) do
: readnext noden :< n.t,n.size,n.depth > in F, curr Pos++

o t=nt
10: if t matchesatagin @ then
11: popStack§:, curr Pos)
12: popStackyqrent(t))s curr Pos)
13: if (isRoot(t)and(descendant-axis(parent(t)) or n.depth==1)

or (('empty(Sparent(t)) @and(descendant-axig(parent(t)) or (
child-axis¢, parent(t)) andn.depth ==t0p(Spqrent(t))-depth
+ 1))) {Checkif n is qualifiedto push} then

14. if isReturnf) then

15: outputsubtreeof n,

16: else

17: push@:, < curr Pos, curr Pos + n.size, n.depth >)
18: end if

19: end if

20: endif

21: end while

22:

23: procedure popStackRemae stalenodesin a stack
24: input: astackS

25: input: anintegerp

26: while lempty(S) andtop(S).end< p do

27:  pop(S)

28: end while

Example 3.1: Consideapathquery@; =/books/book//section//title
onthe XML datain figure 1. To be concise we re-drav the XML
datain figure 2(a), excludingvalueinformation. ThequeryQ: is
representedsatwig in figure 2(b). For clarity, ratherthanusing
encodechodeswe usefull tagnames.We alsousesubscriptedag
nameso represenhodesin the XML streamandon the stack.

First,webuild astackfor eachtagin Q1. Thenwereadtheencoded
XML streamsequentially Sincebooks: hasdepthl andmatches
the root stack Spooks, it iSs pushedto the stack. For nodebook
which matchesstackSyook, Sincethetop elementooks; in stack
Shooks 1S the parentof booki, which satisfieghe child-axis“/” in
Q1 (line 13), book; is qualifiedto be pushedonto stack Spook-

books
‘ books | | book
book; books  book section title
‘ books (c) Stacks when meet titje
title,  Section book
‘ section
title, ~ Section II books | | book ||section| | title,
books  book section title
. (d) Stacks when meet title
title, f|gu‘re1
namg section
books book, || section| | title,
books  book  section title
(a) XML () Q (e) Stacks when meet tige

Figure 2: Example of path query processing

stackSsection IS €mMpty it is notqualifiedto bepushed Thecurrent
stateof the stacksis now shawn in figure 2(c). Thenwe push
sectioni t0 StackSsection - Whenwe processitle;, we noticethat
its parentstack Ssection iS NOt emptyandtitle is connectedwith

section by descendant-axi§/” in @1, soit is a qualified node.
SincestackS;;:e correspondso thequeryreturnnode thesubtree
of title; is output. The snapshobf the stacksat this point are
shawn in figure 2(d). Similarly, titles is alsoa qualifiednodeand
is output,asshowvn in the snapshoof the stacksn figure 2(e). =

3.3 Analysis
Theorem 3.2: Algorithm PathQuery is correct. u

The proofis basedon inductionover the query pathstartingfrom
theroot node.lt is omittedherefor reasonof space.

Theorem 3.3: Thecompleity of algorithmPathQuery isO(|Q||F),

where|F'| and|Q)| is thesizeof the XML streamandquery respec-
tively. [

Theorem 3.4: Thestorageaequiremenfor PathQuery is bounded
by O(|Q|D), where|Q)| is thesizeof thequery andD is maximum
numberof repeatedagsin aroot-to-leafpathin thetreerepresen-
tationof the XML stream. n

Algorithm 2 is inspiredby the PathStack algorithmof [4]. How-
everthereareseveralimportantoptimizations.

First, we only pushqualified nodesand have fewer computations
(line 13). Eachpushechodemustbe of a solutionto the subquery
fromthequeryrootto thequerynodecorrespondghecurrentstack.
On the otherhand,the PathStack algorithmin [4] pushesvery
nodeaslong asits namematchesa stack(forexample thetitleo in
theabore example), andthereforerequiresunnecessargushesand

pops.

Secondsinceonly qualifiednodesarepushedn PathQuery al-
gorithm, a nodequalifiesto be pushedonto the return stackis a
query solution. In algorithm PathStack, whena nodematches
the returnstack,it needsto checknodesin all the stacksto deter
mine whetheror not thereexist a patternmatchto “qualify” cur
rentnodefor avalid queryanswerwhich requiresime compleity
O(|F||Q| * D'?).

Third, our stackstructuresare simpler Sincewe areableto out-
putquerysolutionwithoutenumeratingatternmatchesye do not
needto maintaina pointerfrom anodein onestackto anodein its
parentstack,asin [4].

4. EXPERIMENTAL EVALUATION

We have implementecEXPeditein C++. The XML parserusedis
the XercesSAX2 parser In this section,we presensomeprelimi-
nary performancestudyof thisimplementation.

4.1 Experiment setup

All experimentsvereconductedbnaPentiumlll 1.5GHzmachine
with 512MB memory runningthe Redhat9 distribution of GNU/
Linux(kernel2.4.20-8).

We compareEXPeditewith several systemsawvhich supportXPath
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queryprocessingPath/TwigStak [4]: the start-of-artXML query
processingisinglabelingschemesXMLTK [12]: a streamingpath
query processotusing DFAs and XSQ [22]: a streamingXPath
queryprocessousingtransducersOf theabove, XML TK supports
the sameXPath subsetas EXPedite, while Path/TwigStack and
XSQ additionally supportXPath fragmentscontainingpredicates
andaremore powerful. Thereleaseversionsof other XML query
streamingprocessorsuchasXSM [19], YFilter [9] andXTrie [5]
arenotavailableat thetime being.

We conductedexperimentson two datasets.The first dataseis a
realdatasefrom thelnternationaProteinSequenc®atabas¢l1].
The DTD of the proteindatais a treecontaining66 tags. The text
valuesin this datasefarelarge (e.g. a proteinsequence)The sec-
onddatasets a syntheticdatasegeneratedby IBM’ s XML Gener
ator[14]. Theinput DTD is the BookDTD from the XQuery use
caseg25], whichis cyclic andcontainsl2tags.Thegeneratedata
valuesaresmall. We applythe default settingsof XML Generator
for all the parametergxceptthat NumberLeelsis setto 20 and
MaxRepeatss setto 9.

Figure 3(b) shavs thatthe time for parsingXML, encodingXML
and parsingencodedXML dataincreasedinearly with the XML
file size.We canseethatthe costof parsingencodediataincreases
by very little.

Figure 3(c) shaws that the encodedXML datais usually smaller
thantheoriginal XML file, asideeffect of EXPeditewhichis very
beneficialin the dataexchangescenario.

4.3 Query processing time

Next we comparethe performanceof XPath query processingon
regular XML datawith the EXPeditequeryprocessoon encoded
XML data.Thequerieswve testedarelistedin figure4.

In thissectionwe excludetheparsingtime from theexecutiontime
in orderto comparethe queryprocessingerformance As shavn

in section4.2, the performancealifferencebetweenEXPediteand
otherXML streamingprocessingystemsvould be moredramatic
if we reportecthe overalltime for parsingandqueryprocessing.

Figure5 reportsthe queryexecutiontime of differentXML query
processingsystemsfor the Book and Proteindatasetover differ-
entqueries.As we cansee,processingencodedXPath querieson
encodedXML datais much fasterthanregular XML query pro-
cessing.The performanceof EXPediteis alsovery stable: It per
formswell on recursve andnon-recursie data,aswell assimple
andcomple queries.

4.4 Scalability of query processing time

We duplicatedthe Book datasebetween? and 6 timesto get ex-
perimentaldatasetgo testthe scalability of query processingon
differentsystems.Figure 6 reportsthe query processingime for
increasingsizesof XML dataon Q1 and@- respectiely. As we
cansee,asthefile sizeincreasesthe executiontime of EXPedite
increasesnuchmoreslowly thanotherapproaches.
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5. RELATED WORK

RelatedvorkincludesXML queryprocessingn adatabaseystem,
streamingXML queryprocessingnd XML compressor

Therehasbeena greatdeal of recentwork on XML query pro-
cessing. One classof XML query processings basedon the <
start,end, level > label schemeof XML data[17, 27, 13, 8, 3,
4,6,15,26], whenthe XML datais storedin arelationaldatabase.
In this paperwe designecan XML encodingschemesuchthattra-
ditional queryprocessindechniquedasednthislabelingscheme
for XML databasesanbe usedon XML datain aninformation
exchangeapplications.

Anotherclassof XML queryprocessings performedn a stream-
ing fashion. XMLTK [12] is a streamingpathquery processous-
ing a DFA (Deterministic Finite Automaton)constructedazily.
XSQ[22] processXPath querieson streamingXML datausing
a hierarchicalpushdevn transducefHPDT). Anothertransducer
basedapproachthe XML streamingmachineXSM is presentedn
[19] to answerXQuerieswithout descendanaxes. [21] presents
SPEX a streamedvaluationof regularpathexpressionsvith qual-
ifiers andbackward navigation (XPath-like) againstXML streams.
Yfilter [9] and XTrie [5] discusshow to filter a large numberof
XML queriesefficiently in a publish-subscribsystem.

Therearemary works on XML Binary format proposedn W3C
WorkshoponBinaryInterchangef XML Informationltem Setq23],
and XML datacompressionjncluding XMill [18], XGrind [24]
and XPress[20], wherethe goalis to save parsingtime andtrans-
missionbandwidth. EXPeditefocuseson speedup queryprocess-
ing, andcanhave compressiorappliedto the encodedlatato fur-
therreducesizeif necessary

6. CONCLUSIONS

This paperpresentghe EXPeditesystem: a novel model of data
processingn aninformationexchangeenvironment.We proposed
asimpleandgenerakncodingschemef XML datafor data-sending
seners, and presentedilgorithmsfor datareceversto efficiently
procesgathqueriesover broadcasteéncodedXML streamsThe
proposedquery processingalgorithm basedon an XML labeling
schemamprovesthe knovn compleity in theliterature. Experi-
mentsshav the substantiaperformanceenefitsof processingn-
codeddatausingEXPeditecomparedo regular XML streampro-
cessing.

Currentlythe EXPediteencodesupportsXML elementsandchar
acterdata,andthequeryprocessosupportsXPathqueriescontain-
ing child axisanddescendardxis. In the futurewe will extendthe
encodetto fully supportXML 1.0 andextendthe queryprocessor
to handleall theaxesin the XPathlanguage.
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