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ABSTRACT
As XML hasbecomea popularformat for informationexchange,
theefficientprocessingof broadcastXML dataonaconstrainedde-
vice (for example,a cell phoneor a PDA) becomesa critical task.
In this paperwe presenttheEXPeditesystem:a new modelof data
processing,which “migrates”thepower of thedata-sendingserver
to receiversfor efficient processing.It consistsof a generalencod-
ing schemefor servers,andstreamingqueryprocessingalgorithms
on encodedXML streamfor client devices. Preliminaryexperi-
mentsshow theimpressive performanceof theEXPeditesystem.

1. INTRODUCTION
XML hasbecomeapopularformatfor informationexchange.Con-
sider, for example,a broadcastingsystemwheretheserver broad-
castsinformation as an XML stream,and eachreceiver extracts
informationof interestfor further processing.Sincereceiversare
oftenconstraineddevices(for example,cell phonesor PDAs), pro-
cessingXML dataefficiently with limited computingability and
memorybecomesa coretechnicalchallenge.

As asampleapplication,about146organizationsrecentlyformeda
global forum calledTV-Anytime [2], with thevision of usingdig-
ital broadcastingasan opportunityto provide interactive TV ser-
vices. For example,supposethat you are interestedin the NFL
gamebetweentheEaglesandtheGiants.UsingthecurrentTV en-
vironment,you must look throughnumerouschannel-by-channel
programlistings to find out that it will be shown on channel5 at
9:30tonight.YoucanthensetyourVCR to recordit. Now imagine
your VCR asa personalprogramguidewhich takesasinput a per-
sonalizedquery, for exampletheNFL gamebetweentheEaglesand
the Giants. The VCR thentracksdown the programor programs
correspondingto your view preferenceand intelligently records
them. To enablethis personalTV portal,TV-Anytime proposesto
broadcastmeta-dataaboutprogramschedules,sothathomedevices
(e.g.VCRs)canmake content-basedretrieval of themeta-dataand
find out the time andchannelof programsthat a useris interested
in. Oneproposedsolutionis to useMPEG-7[1], anXML schema
specializedfor audio-visualapplications,as the format for meta-
data.

Another applicationis a publish-subscribesystem[16, 12, 10].
Sinceenderusers’interestsarevery diverse,often it is too expen-
sivefor theserverto evaluateindividualqueriesfor millions of sub-
scribers.It is morerealisticto sendout half-processedinformation

andthenlet usersdo a smallamountof post-processingaccording
theirspecificneed.For example,considerastockpublish-subscribe
system,whereeachusercouldbeinterestedin trackingthestockof
a distinctsetof companies.Theserver couldbroadcaststockinfor-
mationto a groupof userswho have similar interests(e.g. hi-tech
stocks),andlet eachuserfilter out specificinformationaccording
to his/herneed.

In both informationexchangeapplications,receiversmustbeable
to processbroadcastXML datausinganXML querylanguage(for
example,XPath [7]) in a streamingfashion,sincethe information
arrivescontinuously, andmay be either too large to fit in limited
storagespaceor needreal-timeresponse.LightweightXML query
processingin a streamingfashionon constraineddevicesbringsa
big technicalchallenge.

Beforewe discusshow to addressthis challenge,first let usreview
currentdataprocessingmodels.Traditionally, therehave beentwo
modelsfor dataprocessing:databasemanagementsystems,and
streamdataprocessing.A databasesystemhaspowerful computing
ability, largestoragespace,andvariousauxiliarydatastructures(for
example,indexes and materializedviews) to improve query pro-
cessingperformance.Ontheotherhand,streamprocessingis often
performedon constraineddevices with limited computingability
and spacewithout any auxiliary datastructures. There is there-
fore a big gapbetweenthe performanceof a databasesystemand
a streamprocessingsystem.A naturalquestionto askis if we can
combinethesetwo modelsandhave thebestof bothworlds. In this
paperwe presenttheEncodedXML Processingsystem,EXPedite,
for informationexchangeapplications,which bridgesthis gapby
distinguishingbetweentheabilitiesof thedata-sendingserver and
receivers,and“migrating” thepower of theserver to thereceivers
by includingtheinformationgatheredby theserver in theencoded
datato speedup receivers’ processing. It thus representsa new
modelof dataprocessingin aninformationexchangeenvironment.

In this paper, we proposeto leveragethepower of thedata-sending
server to preprocessXML dataand achieve a lightweight work-
load at the datareceivers. Many recentpapers[17, 27, 13, 8, 3,
4, 6, 15, 26] show that in XML databases,queryprocessingover
an interval-basedlabeling schemehasa substantialperformance
improvement. In this paper, we explore the labeling schemein
information-exchangeapplications.Wehavedesignedanencoding
schemefor the server suchthat the labelsfor XML nodescanbe
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computedeasilyfrom theencodedXML databy thedatareceivers,
and thereforethe query processingis very efficient. By encod-
ing XML dataon theserver, EXPeditetakesadvantageof thepro-
cessingpower of theserver, bridgesthegapbetweendatabaseand
datastreamingprocessing,andenablessubstantialperformanceim-
provementon the constraineddevices of datareceivers. Further-
more,thequeryprocessingalgorithmon XML labelsin EXPedite
hasimprovedcomplexity over thealgorithmsin theliterature.

Themaincontributionsandorganizationof thepaperare:

1. TheEXPeditesystemutilizesaninterval-basedlabelingscheme
to enhancequery processingperformancefor information
exchangeapplications,which is traditionally usedin XML
databases.To thebestof our knowledge,this is thefirst pa-
perto proposeanencodingschemefor XML datain orderto
speedup queryprocessing.

2. A simple and effective XML encodingschemeran by the
server is proposedin section2 to facilitatesubsequentpars-
ing andqueryprocessingon datareceivers.

3. An algorithmonencodedXML streamsthattakesadvantage
of the labelingschemefor queryprocessingon the datare-
ceivers is presentedin section3.2. The time complexity is����� ����� �	� 


, where
� ���

and
� �	�

arethesizeof thequeryand
encodeddata,respectively, which improves the complexity�� ��� � ����� �	�

, where
�

is the documentdepth,proposedin
theliterature[4].

4. Preliminaryempiricalstudyof EXPediteandseveral related
systemsin section4 shows thesubstantialperformanceben-
efit of our approach.

2. BINARY ENCODING OF XML DATA
TheEXPeditesystemis comprisedof anencoderonthedata-sending
server, aparserandaqueryprocessorondatareceivers.In thissec-
tion, we will presentthe EXPediteencoderwhich takesa regular
XML file andgeneratesan encodedXML file, and the EXPedite
parserwhich parsesanencodedXML data.

2.1 Encoding XML data
Thekey ideaof EXPediteis to allow datareceiversto benefitfrom
the information gatheredby the data senderto improve perfor-
mance.As observedin [17, 27,13,8, 3, 4, 6, 15,26], thequerypro-
cessingperformancein anXML databasecanbeimprovedconsid-
erablyby usingan interval-basedlabelingscheme.TheEXPedite

encoderover the data-sendingserver appliesan encodingscheme
suchthatthelabelsof XML nodescanbecomputedeasilyto enable
efficient queryprocessingon receivers.

In this paperwe do not distinguishbetweenattributesandelement
nodes,andrefer only to tagsin the restof thepaper1. We distin-
guishtwo typesof informationin XML data:structureinformation,
consistingof elementtagsandvalueinformation, consistingof text
nodes,andencodethemin differentways.

1. Structural information Thecodefor astarttag � is avector������������� ��!#"%$'&'�)(�&)*+�-,/.
.���0�1�

is setto 2 to denotethatthisis structuralinformation.A
dictionaryis built to mapeachdistincttagto auniqueinteger,
and

�
is an integer correspondingto the tag � ;

!3"%$'&
is the

bytesizeof theencodedsubtreeof � ; and
(�&�*4�),

denotesthe
numberof tagsonthepathfrom therootto tag � , inclusively.

2. Value information Thecodefor a valueis a vector
�5���0�1���

�6&378�1�-,9�#�-&;:4�<.
.���0�1�

is setto = to denotethat this is valueinformation;and�6&378�1�-,
denotesthelengthof thetext.

Sincetheencodingof a starttagrecordsthesizeof anXML node
(subtree),we canlocatethepositionof the matchingendtag, and
thereforedo not encodeendtags.

Example 2.1: As anexample,let uslook athow to encodethesam-
ple XML datain figure 1, wherewe usesubscriptsto distinguish
betweennodeswith thesametag. Supposethatwe maptag > ?@?BA !
to integer = , > ?@?BA to C ,

��"D�-�6&
to E , etc.Thefirst nodetaggedby

�-"F�)�0&
(
�-"F�-�6&;G

) is encodedasa vector
� 2 � E � =3H � E .

, andthevalue“Data
on theWeb” is encodedas

� = � =;H � “Data on theWeb”
.

.

Thealgorithmfor theEXPediteencoderis presentedin algorithm1.
TheencodedXML file will besentto datareceiversalongwith the
dictionaryof tag-to-integer mappingasthe headerof the encoded
XML data.

Noticethatwecomputethelengthof elementnodesandvaluesand
recordthemin theencodeddata.This informationwill beusedin
subsequentprocessingto achieve substantialperformancespeedup,
aswill be discussedin section2.2 and 3.2. Recordingthe length
informationentailsanon-streamingencodingprocedure.However,
as we illustratedin the introduction,we distinguishbetweenthe
role andthepower of thedata-sendingserver andthoseof thedata
receivers.Thedata-sendingserver haspowerful computationabili-
tiesandoftenis thedatagenerator(for example,in TV-anytimeap-
plication),sotheencodingoperationdoesnotneedto beperformed
in a streamingfashion. On the otherhand,asa dataconsumer, a
datareceiver hasconstraintcomputationability and is infeasible
to buffer hugedatabeforeprocessing,streamingprocessinginfor-
mationis necessary. Next we will discusshow to parseandquery
encodedXML dataon thereceiversin a streamingfashion.

2.2 Parsing encoded XML data
To parseencodedXML data,the EXPediteparserstartsfrom the
beginning of the encodedXML streamand retrieves the header
containingthemappingbetweentagsandintegers. It theniterates

1The encodingschemecanbe easilyextendedto differentiateat-
tributesandelementnodes.



Algorithm 1 Algorithm for EXPediteEncoder
1: functionI Encode
2: input: anXML file J
3: output: anencodedXML file K
4: A stack L to recordthestartpositionof eachtag M in K
5: A hashtableN to mapa tag O to aninteger M
6: P;Q�R1MDS = 1
7: T)UWV V3XZY3[ = 0 \ recordthecurrentpositionof K^]
8: while !eof(J ) do
9: if SAX event= a starttag _Oa` then

10: M = Ncb�O<d
11: write(K , _feBghM-g-eBghP;Q�R1MDSi` ) \ actual [�jFk;Q will be calculatedat

endtag]
12: push(L , T�U�V#V#XZY3[ )
13: P;Q�R1MDS^lml
14: T)U�V#V3XZY3[ = T)UWV V3XZY3[ + sizeof(codefor tag)
15: end if
16: if SAX event= anendtag _onpOa` then
17: [qMDr;V#MDXZY3[ = pop(L ) \ locatethepositionof corresponding_Oa`

in K^]
18: [qj6k@Q = T)UWV V3XZY3[ - [qMDr;V#MDXZY3[ +1
19: seek([�MDr@V#MDXZY#[ )
20: write(K , [�jFk;Q ) \ fill [�jFk;Q in thecodefor _/Os`<]
21: seek(endof K )
22: P;Q�R1MDSutmt
23: end if
24: if SAX event= characterdata v then
25: write(K , _xw3ghy�Qqz+{;MDS�Y3|+bFvZd-g)vc` )
26: T)U�V#V3XZY3[ = T)UWV V3XZY3[ + sizeof(codefor value)
27: end if
28: end while
29: return K

over the restof the file. If the first integer in the remainderof the
encodeddatais 2 , theparserrecognizesthat it is a tagandretrieve
thevector

�5���0�1���-� ��!3"%$'&'�)(�&)*+�-,}.
. Otherwiseit is avalueandthe

vector
�~���0�1�����0&;7��1�-,9���-&;:4��.

is retrieved. The parserproceeds
in this way until theendof theencodedstream.

When parsingencodedXML stream,we can computethe inter-
val basedlabelsof theXML nodes,

��! �-���;� �-&;78(��)(�&)*+�-,m.
, easily

sincethe currentposition is the
!#�����@�

and
&378(a��! ���W�;����!#"%$'&

.
Following [17, 27, 13, 8, 3, 4, 6, 15, 26] structuralrelationships
betweennodescanbeefficiently determinedfrom thelabels:

1.
7��

is an ancestorof
79�

if andonly if
7��3� ! �-���;����79��� !#�����@�

and
7 � � &378(	.c7 C � &378( .

2.
7 �

is theparentof
7 �

if andonly if
7 �

is anancestorof
7 �

and
7��3� (�&)*+�-,�� = ��79��� (�&�*4�),

.

Thereare several advantagesto parsingencodedXML dataover
parsingregularXML data.

1. Integerprocessingis very efficient.

2. Thelabelsfor XML nodescanbeobtainedeasily, which en-
ablesefficient queryprocessing.

3. The
!#"h$B&

informationcanfunctionasastreamindex for XML
data(SIX) asdiscussedin [12], andthereforebeusedto skip
subtreeswhosecontentareirrelevantto our interest.

4. By includingthe
�6&37��1�),

of eachtext valuebeforethevalue,
we retrieve valueinformationlazily.

In the next section,we will discussin detail how the EXPedite
queryprocessorbenefitsfrom theencodedinformationandachieves
goodperformance.

3. QUERY PROCESSING OVER ENCODED
XML STREAMS

ThissectionpresentstheEXPeditequeryprocessor. Webegin with
somepreliminarieson XPath queries,andthenpresentthe query
processingalgorithmsin detail.

3.1 Preliminaries: XPath queries
In this paperwe focus on a subsetof XPath queries,which con-
tain child axis “/”, descendantaxis “//” andnametests.This type
of queryis commonlyusedasa building block for morecomplex
XPath and other XML query languages.A query can be repre-
sentedasa linear path,thereforeis namedaspath query. For ex-
ample,query/books/book//section//titleis shown in figure2(b). In
this representation,a nodeis createdfor eachtag and the return
tagis indicatedby a box. For theincomingedgeof a node,a single
line representsachild axis,anddoublelinesrepresentadescendant
axis.

To processa path query efficiently on an encodedXML stream,
we first encodethe queryasfollows: From the headerof the en-
codedXML stream,wegetthedictionarythatmapsanXML tagto
an integer. Thenwe replaceevery tag in the XPathquerywith its
correspondinginteger, andkeepthevaluepredicateasit is. For ex-
ample,a query �;> ?@?BA ! �@>p?�?�A+� �-"F�)�0&�� �-&;:4� �%
 �

“Data on theWeb”�
is encodedas ��=;��CB�@E � �)&3:+� �%
 �

“Data on theWeb”� .

3.2 A query processing algorithm
The EXPeditequeryprocessortakesan encodedXML stream

�
,

whereeachstructuralnode
7

is encodedas
��� ��!3"%$'&'�)(�&)*+�-,�.

(we ignore
�������

sinceonly structuralinformation is considered),
andan encodedXPathquery

�
asinput, andoutputsthe encoded

fragmentin
�

thatmatches
�

.

Thequeryprocessingalgorithm � �1�), ��� &3�@�
is presentedin algo-

rithm 2. Thebasicideaof thealgorithmis thefollowing: we build
a stackfor eachnodein thequerytree.Thestacksalsoform a tree
correspondingto the querytree. The stacksstorethe information
of XML nodeswhich aresolutionsto the subqueryfrom the root
to thecorrespondingquerynodeof thecurrentstack.Thereforethe
nodesin thestackcorrespondingto thereturnnodein thequeryare
thequerysolutions.

A nodeis poppedout of stackif it is out-of-region. We noticethat
each(encoded)XML nodehasa region betweenits start tag and
endtag.If thebytewearecurrentlyprocessingis within theregion
of a node, the nodeis called an “active node”, otherwiseit is a
“stale node”. Sincea stalenodecan no longer contribute to the
querypatternmatch,thestacksstoreonly theactive nodes.

The queryprocessingover XML streamusingthe stackproceeds
as follows: When we processa node

7
in an XML stream

�
, if

it matchesstack ��� (i.e. its tag matchesa node
�

in
�

, line 10)
and is a “qualified” node(line 13), we pushit onto � � . A node7

matching � � is qualified if either its depthmatchesthe axis of
the root stack,or thereis someXML node � in the parentstack
�+�#�3���-� �h���F� suchthat � and

7
satisfytheaxis(child or descendant)

relationshipspecifiedfor
�

and
*�����&;7�� � � 


in
�

. As we advance
the XML streamto meet

7
, we pop out stalenodesfrom stacks

accordingto the position of
7

(lines 11-12). If
7

’s tag matches
thereturnstack(line 14) andis qualified,it is outputaspartof the
queryresult.Let usfirst look at anexample.



Algorithm 2 Algorithm for EXPediteQueryProcessor
1: function

  I PathQuery
2: input: anencodedXML streamK
3: input: anencodedXPathquery ¡
4: output: fragmentsof K matching¡
5: Build a stack L � for eachencodedtag M in ¡
6: T)U�V#V3XZY3[ = 0 \ Recordthecurrentpositionin K^]
7: while !eof(K ) do
8: readnext nodez�¢£_¤z9¥ M-g%z�¥ [qjFk;Q@gDz�¥ P;Q�R1MDS¦` in K , T)U�V#V3XZY#[ ++
9: M = z�¥ M

10: if M matchesa tagin ¡ then
11: popStack(L4� , T�U�V#V#XZY3[ )
12: popStack(L � �3���-� �%���F� ), T)U�V#V3XZY3[ )
13: if ( isRoot(t)and(descendant-axis(M , R�r@V3Qqz+M-b�M%d ) or n.depth==1))

or (( !empty(L � �3���-� �h���F� ) and(descendant-axis(M , R�r@V#Qpz+M-b�M%d ) or (
child-axis(M , R�r;V3Qpz4M-b0M%d ) andz9¥ P;Q�R1MDS == top(L �#�3���-� �h���F� ). P;Q�R1MDS
+ 1))) \ Checkif z is qualifiedto push.] then

14: if isReturn(M ) then
15: outputsubtreeof z
16: else
17: push(LW� , _oT)U�V#V3XZY#[ , T)UWV V3XZY3[�l¤z�¥ [qjFk;Q , z�¥ P@QhR1MDS§` )
18: end if
19: end if
20: end if
21: end while
22:
23: procedure popStack\ Remove stalenodesin a stack]
24: input: a stack L
25: input: aninteger R
26: while !empty(L ) andtop(L ).end _§R do
27: pop(L )
28: end while

Example 3.1: Considerapathquery
� �

= /books/book//section//title
on theXML datain figure1. To beconcise,we re-draw theXML
datain figure 2(a),excludingvalueinformation. Thequery

� �
is

representedasa twig in figure 2(b). For clarity, ratherthanusing
encodednodeswe usefull tagnames.We alsousesubscriptedtag
namesto representnodesin theXML streamandon thestack.

First,webuild astackfor eachtagin
� �

. Thenwereadtheencoded
XML streamsequentially. Since >p?�?�A ! � hasdepth = andmatches
the root stack �8¨%©�©pª « , it is pushedto the stack. For node >p?�?�A �
which matchesstack ��¨D©�© ª , sincethetop element> ?@?BA !B� in stack
�8¨D©q©pª « is the parentof >p?�?�A � , which satisfiesthe child-axis“/” in� �

(line 13), > ?@?BA � is qualified to be pushedonto stack �8¨%©�©pª .
Next, thoughnode

��"F�)�6& G
matchesthestack � �6¬��6 � , sinceits parent
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Figure 2: Example of path query processing

stack� « ��® �0¬ © � is empty, it is notqualifiedto bepushed.Thecurrent
stateof the stacksis now shown in figure 2(c). Then we push!3&3¯p�-" ? 7�� to stack� « �h® �6¬ © � . Whenweprocess

�-"F�)�6&'�
, wenoticethat

its parentstack � « ��® �6¬ © � is not emptyand
��"D�-�6&

is connectedwith!3&3¯p�-" ? 7 by descendant-axis“//” in
� �

, so it is a qualified node.
Sincestack � �6¬��6 � correspondsto thequeryreturnnode,thesubtree
of

�-"F�)�0& �
is output. The snapshotof the stacksat this point are

shown in figure2(d). Similarly,
��"D�-�6&@�

is alsoa qualifiednodeand
is output,asshown in thesnapshotof thestacksin figure 2(e).

3.3 Analysis
Theorem 3.2: Algorithm � �1�), ��� &;�@�

is correct.

The proof is basedon inductionover the querypathstartingfrom
theroot node.It is omittedherefor reasonsof space.

Theorem 3.3: Thecomplexity of algorithm � �1�), ��� &;�@�
is
����� ����� �	� 


,
where

� �	�
and

� ���
is thesizeof theXML streamandquery, respec-

tively.

Theorem 3.4: Thestoragerequirementfor � �1�), ��� &3�@�
is bounded

by
����� ��� � 


, where
� ���

is thesizeof thequery, and
�

is maximum
numberof repeatedtagsin a root-to-leafpathin thetreerepresen-
tationof theXML stream.

Algorithm 2 is inspiredby the � �1�-, � �-��¯ A algorithmof [4]. How-
ever thereareseveral importantoptimizations.

First, we only pushqualifiednodesandhave fewer computations
(line 13). Eachpushednodemustbeof a solutionto thesubquery
from thequeryrootto thequerynodecorrespondsthecurrentstack.
On the otherhand,the � �1�-, � �-��¯ A algorithmin [4] pushesevery
nodeaslong asits namematchesa stack(forexample,the

�-"F�-�6& G
in

theabove example),andthereforerequiresunnecessarypushesand
pops.

Second,sinceonly qualifiednodesarepushedin � �1�), ��� &3�@�
al-

gorithm, a nodequalifiesto be pushedonto the return stackis a
query solution. In algorithm � ���-, � �-��¯ A , when a nodematches
the returnstack,it needsto checknodesin all the stacksto deter-
mine whetheror not thereexist a patternmatchto “qualify” cur-
rentnodefor a valid queryanswer, whichrequirestime complexity����� �	��� ���;° �� ��� 


.

Third, our stackstructuresaresimpler. Sincewe areableto out-
putquerysolutionwithoutenumeratingpatternmatches,wedonot
needto maintaina pointerfrom a nodein onestackto a nodein its
parentstack,asin [4].

4. EXPERIMENTAL EVALUATION
We have implementedEXPeditein C++. TheXML parserusedis
theXercesSAX2 parser. In this section,we presentsomeprelimi-
naryperformancestudyof this implementation.

4.1 Experiment setup
All experimentswereconductedona PentiumIII 1.5GHzmachine
with 512MB memory, runningthe Redhat9 distribution of GNU/
Linux(kernel2.4.20-8).

We compareEXPeditewith several systemswhich supportXPath
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queryprocessing:Path/TwigStack [4]: thestart-of-artXML query
processingusinglabelingschemes,XMLTK [12]: a streamingpath
query processorusing DFAs and XSQ [22]: a streamingXPath
queryprocessorusingtransducers.Of theabove,XMLTK supports
the sameXPath subsetas EXPedite,while Path/TwigStack and
XSQ additionally supportXPath fragmentscontainingpredicates
andaremorepowerful. Thereleaseversionsof otherXML query
streamingprocessorssuchasXSM [19], YFilter [9] andXTrie [5]
arenot availableat thetime being.

We conductedexperimentson two datasets.The first datasetis a
realdatasetfrom theInternationalProteinSequenceDatabase[11].
TheDTD of theproteindatais a treecontaining66 tags.Thetext
valuesin this datasetarelarge(e.g. a proteinsequence).Thesec-
onddatasetis a syntheticdatasetgeneratedby IBM’ s XML Gener-
ator [14]. The input DTD is theBook DTD from theXQuery use
cases[25], whichis cyclic andcontains12tags.Thegenerateddata
valuesaresmall. We applythedefault settingsof XML Generator
for all the parametersexcept that NumberLevels is set to 20 and
MaxRepeatsis setto 9.

4.2 Performance of XML encoding
Figure3(a)shows theperformanceof aSAX2 parser, theEXPedite
encoderandthe EXPediteparseron two datasets.As we cansee,
the encodingtime is aroundtwice the SAX parsingtime. Note
that the encodingtime is comprisedof parsingand encoding,so
the parsingtime is a lower boundfor the encodingtime. We also
seethat parsingencodeddatacostsfar lessthan SAX parsingof
XML data.Wecanseethatthecomputepowerrequiredfor parsing
encodedXML datais very small, hencesuitablefor constrained
devices.

Figure3(b) shows that the time for parsingXML, encodingXML
andparsingencodedXML dataincreaseslinearly with the XML
file size.Wecanseethatthecostof parsingencodeddataincreases
by very little.

Figure 3(c) shows that the encodedXML datais usually smaller
thantheoriginal XML file, a sideeffect of EXPeditewhich is very
beneficialin thedataexchangescenario.

4.3 Query processing time
Next we comparethe performanceof XPath queryprocessingon
regular XML datawith the EXPeditequeryprocessoron encoded
XML data.Thequerieswe testedarelistedin figure4.

In thissection,weexcludetheparsingtimefrom theexecutiontime
in orderto comparethequeryprocessingperformance.As shown
in section4.2, the performancedifferencebetweenEXPediteand
otherXML streamingprocessingsystemswould bemoredramatic
if we reportedtheoverall time for parsingandqueryprocessing.

Figure5 reportsthequeryexecutiontime of differentXML query
processingsystemsfor the Book andProteindatasetsover differ-
ent queries.As we cansee,processingencodedXPathquerieson
encodedXML datais much fasterthan regular XML query pro-
cessing.The performanceof EXPediteis alsovery stable:It per-
forms well on recursive andnon-recursive data,aswell assimple
andcomplex queries.

4.4 Scalability of query processing time
We duplicatedthe Book datasetbetween2 and6 timesto get ex-
perimentaldatasetsto test the scalability of query processingon
differentsystems.Figure6 reportsthe queryprocessingtime for
increasingsizesof XML dataon

� �
and

� �
respectively. As we

cansee,asthe file sizeincreases,the executiontime of EXPedite
increasesmuchmoreslowly thanotherapproaches.
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Figure 6: Query Execution Time as File Size Increases

5. RELATED WORK
Relatedwork includesXML queryprocessingin adatabasesystem,
streamingXML queryprocessingandXML compressor.

Therehasbeena greatdeal of recentwork on XML query pro-
cessing. One classof XML query processingis basedon the

�
! ���W�;� �-&37�(��)�6&|{�&@� .

label schemeof XML data[17, 27, 13, 8, 3,
4, 6, 15,26], whentheXML datais storedin a relationaldatabase.
In this paperwe designedanXML encodingschemesuchthattra-
ditionalqueryprocessingtechniquesbasedonthis labelingscheme
for XML databasescan be usedon XML datain an information
exchangeapplications.

Anotherclassof XML queryprocessingis performedin a stream-
ing fashion.XMLTK [12] is a streamingpathqueryprocessorus-
ing a DFA (DeterministicFinite Automaton)constructedlazily.
XSQ [22] processXPath querieson streamingXML data using
a hierarchicalpushdown transducer(HPDT). Anothertransducer-
basedapproach,theXML streamingmachineXSM, is presentedin
[19] to answerXQuerieswithout descendantaxes. [21] presents
SPEX, a streamedevaluationof regularpathexpressionswith qual-
ifiers andbackwardnavigation(XPath-like) againstXML streams.
Yfilter [9] and XTrie [5] discusshow to filter a large numberof
XML queriesefficiently in a publish-subscribesystem.

Therearemany works on XML Binary format proposedin W3C
WorkshoponBinaryInterchangeof XML InformationItemSets[23],
and XML datacompression,including XMill [18], XGrind [24]
andXPress[20], wherethegoal is to save parsingtime andtrans-
missionbandwidth.EXPeditefocuseson speedup queryprocess-
ing, andcanhave compressionappliedto theencodeddatato fur-
therreducesizeif necessary.

6. CONCLUSIONS
This paperpresentsthe EXPeditesystem:a novel model of data
processingin aninformationexchangeenvironment.We proposed
asimpleandgeneralencodingschemeof XML datafor data-sending
servers, andpresentedalgorithmsfor datareceivers to efficiently
processpathqueriesover broadcastedencodedXML streams.The
proposedquery processingalgorithm basedon an XML labeling
schemeimprovestheknown complexity in theliterature. Experi-
mentsshow thesubstantialperformancebenefitsof processingen-
codeddatausingEXPeditecomparedto regularXML streampro-
cessing.

CurrentlytheEXPediteencodersupportsXML elementsandchar-
acterdata,andthequeryprocessorsupportsXPathqueriescontain-
ing child axisanddescendantaxis. In thefuturewe will extendthe
encoderto fully supportXML 1.0 andextendthequeryprocessor
to handleall theaxesin theXPathlanguage.
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