
ViteX : a Streaming XPath Processing System

Yi Chen,SusanB. DavidsonandYifengZheng

Universityof Pennsylvania,tel:(215)573-2579fax: (215)898-0587
yicn@cis.upenn.edu,susan@cis.upenn.edu,yifeng@cis.upenn.edu

Abstract
We presentViteX, an XPath processingsystemon XML
streamswith polynomial time complexity. ViteX usesa
polynomial-spacedatastructureto encodean exponential
numberof patternmatches(in thequerysize)whicharere-
quiredto processqueriescorrectlyduringa singlesequen-
tial scanof XML. Then ViteX computesquery solutions
by probingthedatastructurein a lazy fashionwithoutenu-
meratingpatternmatches.

1 Motivation
In many emerging applicationssuchasstockmarket data,
sports tickers, electronic personalizednewspapers,and
traffic information, datais presentedas an XML stream.
StreamingXML queryevaluationhasthereforeattracteda
lot of interest.

Thereareseveral requirementsfor queryevaluationin
thesestreamingenvironments.First, only a singlesequen-
tial scanof the datais allowed. Second,it is desirableto
incrementallyproduceanddistribute query resultsto end
usersbeforethe datais completelyreceived. Third, since
datastreamscan be large, a query processingalgorithm
mustscalewell in termsof processingtime andspace.

However, theserequirementspresentchallengesin an
XML environment due to several featuresof query lan-
guagesfor XML (e.g. XPath)combinedwith the fact that
thedatais recursive:� First,whendescendantaxistraversalis performedover
recursiveXML data,asingleXML nodecanhavemultiple
patternmatchesto asubquery.

ConsiderqueryQ: //section[author]//table[position]//
cell andthesampleXML datain figure1. Whenweprocess
node ��� ��� in line � , we find that thereare � waysfor ��� �	�
to matchthe subquery
�

��������������
�
������ � ��
���� ��� . Using the
line numberof the start tag as a subscriptto distinguish
XML nodeswith thesametag,thepatternmatchescanbe
denotedas ��������������� ��!������ � ��"�!#��� ���%$'& , where�)(+*,!.-,!./ , 01(2 !435!�6 .� Differentpatternmatchesto a subqueryhave different
satisfactionon querypredicates.Only a matchwhich sat-
isfies all predicateswill contribute to the query solution.
However, sincedatais scannedsequentially, the satisfac-
tion of patternmatchesmay not be determinedwhen the
subquerypatternmatch is found. We thereforeneedto
recordsubquerypatternmatchesto guaranteethat correct
solutionsarereturned.

1.<book>
2. <section>
3. <section>
4. <section>
5. <table>
6. <table>
7. <table>
8. <cell> A </>
9. </table>
10. </table>
11. <position> B </>
12. </table>
13. </section>
14. </section>
15. <author> C </>
16. </section>
17.</book>

Figure1: SampleXML data

For example, when we processline � , we are not
able to determinethe predicatesatisfaction of its � sub-
querypatternmatches;thereforewe needto recordthem.
Later on whenwe processline � , we find out that ���'� � ��7
does not satisfy predicate 8 9:���.�;�������=< , therefore pattern
matches��������������� ��!����'� � ��7>!���� �	�%$�& , where �?(@*5!4-5!4/ , do
not qualify ��� �	� as a query solution and are removed.
The samehappensfor ����� � ��A . Finally we find out that
match ���������������=B
!����'� � ��C>!���� �	�%$�& satisfiesboth predicates,
andthereforequalifies ��� ���%$ asaquerysolution.

Thesechallengesare not presentin a non-streaming
XML queryevaluationalgorithm sincepredicatescan be
checked immediatelyby randomlyaccessingXML nodes.
However, a streamingXML query evaluation algorithm
needsto recordsubquerypatternmatchesto ensurecor-
rectness.This could be donenaively by explicitly storing
patternmatches,andenumeratingthemto testpredicates.
However, the numberof patternmatchescanbe exponen-
tial, andthereforetheapproachhasaworstcasecomplexity
whichis exponentialin thequerysize.By conciselystoring
patternmatchesandpruningthesearchspacewithout enu-
meratingall patternmatches,ViteX (a “vite” 1 XPathpro-
cessingsystem)achievestimeandspacecomplexity which
is polynomialin theworstcasefor XPath [1] queriescon-
taining child axes,descendantaxes,wildcardsandpredi-
cates(denotedasD+EGF;H�I H�H�I J�I K LNM ) onXML streams.

1“Vite” is Frenchfor “f ast”.
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Figure2: Architectureof the ViteX system

2 Features of the ViteX System
ViteX systemhasseveralsalientfeatures:

1. ViteX achieves polynomial time complexity in both
data and query size for evaluating D¬EGF�H�I H�H�I J�I K L	M
queriesonstreamingdata.

2. ThequeryprocessorTwigM canbeconstructedfrom
an XPath queryin time which is linear in the sizeof
thequery.

3. TwigM usesa compactdatastructureto encodepat-
tern matchesconciselyrather than storing them ex-
plicitly, and therefore requiresa small amount of
memory. For example,experimentshave shown that
the memory requirementof ViteX when processing
querieson a 75 MB Proteindataset[2] is stableat
1MB.

4. TwigM computesquerysolutionsby probingthecom-
pactdatastructurein a lazy fashionwithout comput-
ing patternmatches,thereforeit is veryefficient.

5. ViteX not only has good theoreticaltime complex-
ity but alsoworks efficiently in practiceon a variety
of queriesand datasets. For example, experiments
with ViteX have shown that the XPath query //Pro-
teinEntry[reference]/@id executingon a 75MB Pro-
tein Dataset[2] only requires6.02seconds(including
4.43secondsfor SAX parsing).

3 System Design
The ViteX systemis composedof four modules:anXPath
parser, aTwigM builder, anXML SAX parserandaTwigM
machinewhichis thequeryprocessor, asshown in figure2.
The XPath parsertakes an XPath query ­ as input and
generatesa tree representationof the query. The TwigM
builderconstructsaTwigM machineaccordingto theinput
querytree.TheSAX parsertakesanXML streamandout-
putsa sequenceof SAX events.As SAX eventsstreamin,
TwigM changesits stateaccordingto thecurrentstateand
the input event,andcomputesa setof XML fragmentsas
solutionsto ­ .

3.1 TwigM Builder

TwigM can be built from the input query in linear time.
A machinenodeis constructedfor eachquerynode,and
they areorganizedin a treestructurecorrespondingto the
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Figure3: An example

query. For example,the TwigM machinefor query//sec-
tion[author]//table[position]//cell is presentedin figure 3.
We createa machinenodefor eachtagandwildcardin the
query. We connectthe machinenodesby the edgeto de-
notetherelationshipof nodes.A single-linedenotesachild
axis(‘/’), andadouble-linedenotesadescendantaxis(‘//’).
Eachmachinenodehasa stackassociatedwith it to record
its state,which is initialized to be empty. The transition
functionsof TwigM computethe statusof the stacksac-
cordingto currentstatusandtheinputSAX event.

3.2 TwigM machine

Thekey of TwigM is to usethestackof eachmachinenodeÌ to storetheXML nodesthataresolutionsof thesubquery
from theroot of TwigM to Ì . A stacknodeis a triplet: the
level of the correspondingXML node,informationabout
thematch status of its childrenin thequerytree,andcandi-
date querysolutions.On a startElement(���#Í ,

� �4ÎÏ� � ) event,
if ���#Í matchesthe nameof machinenode Ì , and

� �4ÎÏ� �
satisfiesthe axis denotedby Ì ’s incomingedge,we push
the currentXML node information to Ì ’s stack. On an
endElement(���#Í ,

� �.ÎÏ� � ) event, if ���#Í matchesthe nameofÌ , and
� �4ÎÏ� � equalsthe level of the top nodein Ì ’s stack,

wepopthestack.Simultaneously, webookkeepthematch-
ing informationandcandidatesolutionsassociatedwith the
poppednodeto thenodesin Ì ’s parent.By keepingtrack-
ing of matchinginformationin a recursive fashion,a node
matchingtheroot of TwigM ensuresthatthecandidateso-
lutionsassociatedwith it areindeedquerysolutions.

Recall that thereis potentially an exponentialnumber
of patternmatchesfor an XML node which needto be
recordedto evaluatequeriescorrectlyduring a singlese-
quentialscanof XML. If weweretoenumerateall matches,
the complexity will be ÐG�4Ñ�Ò1ÑrÓ ÔÕÓ & , where Ñ�Ò1Ñ is the XML
datasizeand Ñ�­GÑ is thequerysize.By encodingthepattern
matchesin a compactway andprobingpatternmatchesto
computequerysolutionsin alazyfashion,TwigM achieves
a complexity of ÐÖ��Ñ�Ò1Ñ]Ñ�­×Ñr�4Ñy­GÑ�ØÚÙ &.& , where Ù is thesize
of candidatesolutions.
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