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Abstract

We presentViteX, an XPath processingsystemon XML
streamswith polynomial time complity. ViteX usesa
polynomial-spacelatastructureto encodean exponential
numberof patternmatchegin thequerysize)which arere-
quiredto procesgjueriescorrectlyduringa singlesequen-
tial scanof XML. ThenViteX computesquery solutions
by probingthedatastructurein alazy fashionwithout enu-
meratingpatternmatches.

1 Motivation

In mary emeging applicationssuchasstockmarket data,
sports tickers, electronic personalizednewspapers,and
traffic information, datais presentecasan XML stream.
StreamingXML queryevaluationhasthereforeattracteca
lot of interest.

Thereare several requirementgor query evaluationin
thesestreamingenvironments.First, only a singlesequen-
tial scanof the datais allowed. Secondit is desirableto
incrementallyproduceand distribute query resultsto end
usersbeforethe datais completelyreceved. Third, since
datastreamscan be large, a query processingalgorithm
mustscalewell in termsof processindgime andspace.

However, theserequirementpresentchallengesn an
XML ervironmentdue to several featuresof query lan-
guagedor XML (e.g. XPath) combinedwith the factthat
thedatais recursve:

e First,whendescendaraxistraversalis performedover
recursve XML data,asingleXML nodecanhave multiple
patternmatchego a subquery

ConsidemueryQ: //section[ author]//table] position] //

cell andthesampleXML datain figurel. Whenwe process
nodecell in line 8, we find thatthereare9 waysfor cell
to matchthe subquery//section//table/cell. Usingthe
line numberof the starttag as a subscriptto distinguish
XML nodeswith the sametag, the patternmatchescanbe
denotedas(section;, table;, cellg), wherei = 2, 3,4, j =
5,6,7.
e Differentpatternmatchedo a subqueryhave different
satishctionon querypredicates.Only a matchwhich sat-
isfies all predicateswill contribute to the query solution.
However, sincedatais scannedsequentially the satisfc-
tion of patternmatchesmay not be determinedvhenthe
subquerypatternmatchis found. We thereforeneedto
recordsubquerypatternmatcheso guarantedhat correct
solutionsarereturned.

1. <book>

2. <section>

3. <section>

4, <section>

5. <t abl e>

6. <t abl e>

7. <t abl e>

8. <cell> A </>
9. </t abl e>

10. </t abl e>

11. <position> B </ >
12. </t abl e>

13. </ section>

14. </ section>

15. <author> C </ >

16. </section>

17. </ book>

Figurel: SampleXML data

For example, when we processline 8, we are not
able to determinethe predicatesatisaction of its 9 sub-
query patternmatchesthereforewe needto recordthem.
Later on whenwe procesdine 9, we find out that table;
does not satisfy predicate [position], therefore pattern
matches(section;, tabler, cellg), wherei = 2,3,4, do
not qualify cell as a query solution and are removed.
The samehappensfor tableg. Finally we find out that
match (sections, tables, cells) satisfiesboth predicates,
andthereforequalifiescells asa querysolution.

Thesechallengesare not presentin a non-streaming
XML query evaluationalgorithm since predicatescan be
checledimmediatelyby randomlyaccessingKML nodes.
However, a streamingXML query evaluation algorithm
needsto record subquerypatternmatchesto ensurecor-
rectness.This could be donenaiely by explicitly storing
patternmatchesand enumeratinghemto testpredicates.
However, the numberof patternmatchescanbe exponen-
tial, andthereforegheapproacthasaworstcasecompleity
whichis exponentialin thequerysize.By conciselystoring
patternmatchesandpruningthe searchspacewithout enu-
meratingall patternmatches, ViteX (a“vite”* XPath pro-
cessingsystemachievestime andspacecompleity which
is polynomialin the worst casefor XPath[1] queriescon-
taining child axes, descendanéxes, wildcardsand predi-
cates(denotedas X P{/-//-*[1}) on XML streams.

14vite” is Frenchfor “fast”.
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Figure2: Architectureof the ViteX system

2 Featuresof theViteX System
ViteX systemhasseveralsalientfeatures:

1. ViteX achieves polynomial time complity in both
data and query size for evaluating X P{/.//-[}
guerieson streamingdata.

2. ThequeryprocessoifwigM canbe constructedrom
an XPath queryin time which is linearin the size of
thequery

3. TwigM usesa compactdatastructureto encodepat-
tern matchesconciselyratherthan storing them ex-
plicitly, and therefore requiresa small amount of
memory For example,experimentshave shovn that
the memoryrequirementof ViteX when processing
guerieson a 75 MB Proteindatasef2] is stableat
1MB.

4. TwigM computesjuerysolutionsby probingthecom-
pactdatastructurein a lazy fashionwithout comput-
ing patternmatchesthereforeit is very efficient.

5. ViteX not only has good theoreticaltime comple-
ity but alsoworks efficiently in practiceon a variety
of queriesand datasets. For example, experiments
with ViteX have shovn that the XPath query //Pro-
teinEntry| reference]/@id executingon a 75MB Pro-
tein Datase{2] only requiress.02secondgincluding
4.43seconddor SAX parsing).

3 System Design

The ViteX systems composeaf four modules:an XPath
parseraTwigM builder, anXML SAX parselandaTwigM

machinewhichis thequeryprocessqrasshavnin figure2.
The XPath parsertakes an XPath query @ asinput and
generates tree representatiomf the query The TwigM

builder constructsa TwigM machineaccordingo theinput
querytree. The SAX parsettakesan XML streamandout-
putsa sequencef SAX events.As SAX eventsstreamin,

TwigM changests stateaccordingto the currentstateand
theinput event, andcomputesa setof XML fragmentsas
solutionsto Q).

3.1 TwigM Builder

TwigM can be built from the input queryin linear time.
A machinenodeis constructedor eachquery node,and
they areorganizedin a treestructurecorrespondindo the
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Figure3: An example

query For example,the TwigM machinefor query//sec-
tion[author]//tabl€] position]//cell is presentedn figure 3.
We createa machinenodefor eachtagandwildcardin the
guery We connectthe machinenodesby the edgeto de-
notetherelationshipof nodes A single-linedenotes child
axis(‘/"), andadouble-linedenotesadescendardaxis('//’).
Eachmachinenodehasa stackassociatedvith it to record
its state,which is initialized to be empty The transition
functionsof TwigM computethe statusof the stacksac-
cordingto currentstatusandtheinput SAX event.

3.2 TwigM machine

Thekey of TwigM is to usethestackof eachmachinenode
u to storethe XML nodeghataresolutionsof thesubquery
from theroot of TwigM to u. A stacknodeis atriplet: the
level of the correspondingKML node,information about
thematch status of its childrenin thequerytree,andcandi-
date querysolutions.On a startElementiug, level) event,
if tag matchesthe nameof machinenode u, and level
satisfiesthe axis denotedby «’'s incoming edge,we push
the current XML nodeinformationto «’'s stack. On an
endElementg,level) event, if tag matcheghe nameof
u, andlevel equalsthe level of the top nodein ’s stack,
we popthestack.Simultaneouslywe booklkeepthematch-
ing informationandcandidatesolutionsassociateavith the
poppednodeto thenodesin «'s parent.By keepingtrack-
ing of matchinginformationin arecursve fashion,anode
matchingtheroot of TwigM ensureghatthe candidateso-
lutionsassociateavith it areindeedquerysolutions.

Recallthat thereis potentially an exponentialnumber
of patternmatchesfor an XML node which needto be
recordedto evaluatequeriescorrectly during a single se-
guentialscanof XML. If wewereto enumeratall matches,
the compleity will be O(| D|'?!), where|D| is the XML
datasizeand|Q)| is thequerysize.By encodinghepattern
matchesn a compactway andprobingpatternmatchego
computequerysolutionsin alazyfashion,TwigM achieves
acompleity of O(|D||Q|(|Q| + B)), whereB is the size
of candidatesolutions.
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