R-SOX: Runtime SemanticQuery Optimization over XML Streams

SongWang,Hong Su,Ming Li, MingzhuWei, Shousheryang,Drew Ditto
Elke A. RundensteineandMurali Mani
Departmenbf ComputerScienceWorcesteiPolytechnidnstitute
WorcesterMA 01609-2280USA
(songwangsuhongminglegsamanwgshoushepadittojrundengimmani)@cs.wpi.edu

1 Motivation

Using schemaknowledge to optimize query evaluation,
known as semanticquery optimization (SQO), hasgener
atedpromisingresultsin XML queryprocessing2, 3, 7].
In XML streamprocessingwe can usethe schemacon-
straintsto expeditethe traversalof the streamsandto min-
imize memory consumptionfor holding the intermediate
dataduringqueryevaluation.Theseareparticularlycritical
for streamapplicationswhich requirereal-timeresponses
andbothtypically operatein limited main memory How-
ever, asillustratedby the motivating scenariodelaw, these
prior techniqguesassumehatthe XML schemas staticand
is availableprior to the startof thequeryexecution[2, 3, 7].
As the scenaridbelon highlightsthis assumptions unreal-
istic andthusmay renderexisting techniquesionpractical.
CaseStudy 1: Assumethatin a news publishing(or dis-
semination)scenariothe nens sener retrieves nens from
a large numberof multiple sources suchas different re-
porter devices, different broadcastagencies,and govern-
ment sourcesand disseminatesuch heterogeneoumes-
sagesasan XML streamto subscribersSuchsourcesnay
disagreavith eachotheron someaspect®f theschemaTo
provide a uniform interfaceto the downstreanrecever, the
streamsenermaypre-de neanoutputXML schemaSuch
schemanustbe“coarse”enougtsothatall XML messages
in the streamdo conformto it. This universalschemais
likely to berathercoarseif thediversity of sourcess large,
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asit mustbe the lowestcommondenominatomf the fea-
turessharedacrossall sources. The schemawill contain
huge optional elementsand alternatve subtypesthus be-
cominglessamendabldor schemaasedptimization.

CaseStudy 2: In anonline auctionstream,auctionitems
canbe ratherdifferentover time. Maybeonly a few core
attributes like priceandexpirationdate,staythe same.Be-
yond theseattributes, different sellersof items canintro-
ducepropertiesto describetheir itemsat will. The stream
sener shouldbe ableto capturesuchschemare nements
andprovide a runtimeschemao the streamrecever inter-
leavedwith the datastream.For instancewhenoneperson
or compary who sellsPCshappengo submit200 laptops,
thestreamsenercanprovideare ned schemdo thestream
recever, which is valid only for the next 200 XML mes-
sagedrom thatseller

From the abore two casestudies,we obsere that we
needtheability to specifydynamicschemachangest run-
time andutilize thesere nementsto performnot just static
but runtime SQO.

Our R-SOX Solution. Our proposedsystem R-SX
(RuntimeSemanticqueryOptimizationover XML streams)
is the rst suchsystemdesignedo tacklethe above identi-
ed challenges.R-SOX efciently evaluatesXQuery ex-
pressionsover highly dynamicXML streams.The schema
canswitch from optionalto mandatorytypes,from poten-
tially deepstructuredo shallov ones,or from recursve to
non-recursie types.

In R-SOX, the dynamicschemachangesareembedded
within the XML streamvia punctuation. The streamre-
ceiver thenwill exploit semanticoptimization opportuni-
ties and provide the output streamin real-time using an
optimizedprocessingime andmemoryfootprint, by short-
cuttingcomputatiorwhenpossibleandreleasinguffer data
attheearliest.

State-of-the-Art.  YFilter [9] includesa type inference
techniqueusing schemaknowledgeto decidewhetherre-
sultsof a patternarerecursion-free However, it cannotbe
usedat run-time. XHints [1] extendsSIX by supporting
predicatesindonlineindex generatiorusingonly partially
bufferedstreams R-SOX insteadfocuseson usingembed-



dedscheménowledgeto speedup logical level patternre-
trieval. In practice thesetechniqguesrecomplimentaryand
could be combinedto achiese betterperformance .Our R-
SOX system,built with Raindrop[6, 4, 7, 5] asits query
enginekernel,now canspecifyruntimeschemae nements
and performa variety of runtime SQO sstratgjiesfor query
optimization.
Contritutionsof R-SOX include:

1. We designtechniquesthat adaptvely invoke multi-
mode operatorsfor ef cient processingof recursve
patternquerieson potentiallyrecursve dataguidedby
run-timeschema.

2. We applytheearly ltering techniqueslynamicallyto
avoid unnecessargomputation®n patternretrieval to
now bedrivenby runtimescheménowledge.

3. We put forward a novel technique called unblocking
dataoutput, which avoids unnecessargatabuffering
thusmaintaininga minimizedmemaoryfootprint.

4. For changesf the plan at run time, we designtech-
niquesfor safemigrationby adjustingthe transitions
in automatorandassociategblanexecutioncontrols.

2 R-SOX System

The architectureof the R-SOX systemis describedn Fig-
urel. Theinput XML streamsareannotatedy the stream
senderwith RSk (Runtime Schemalnformation). The
StreamLoader extractstheseRSls from the input stream,
andthe ShemaKnowled@ Manager maintaingheruntime
schem&nowledgeover time accordingo the RSIs.
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Figure 1. R-SOX System Architecture

The userXQueryis parsedandtranslatednto a stream
executionplan by the QueryPlan Geneator. The Runtime
Query Plan Adaptor collectsruntime schemaknowledge,
performsonlinesemantiqueryoptimizationandincremen-
tal query plan migration. The output schemais inferred
by the runtime query plan adaptorbasedon the updated
schema. This output schemais propa@tedto the Stream
Annotator which will annotatethe queryresultgenerated
by the Raindiop QueryEnginewith outputRSiIs.

3 Runtime SchemaManagement

Designingthe Runtime SchemaModel. We now brie y
describethe dynamicschemapunctuationmodelwe have

designedo interleave schemachangemetadatanto XML
data streams,called runtime schemainformation (RSI).
RSlsindicateschemahangespplicablefor all subsequent
XML elementsn thestreamuntil whentheschemachange
expiresor is overwrittenby a laterRSI. RSIsaresentalong
with otherXML messagem the streamaspunctuations.

RSI = Scope,T ar get,Action

Scope ;=  ScopeT ype,ScopelLeng th ,ScopeLenT ype
ScopeT ype = xpath

ScopelLeng th = integ erjinf

ScopelLenT ype TIMEJCOUNT

T ar get = TargetT ype,Tar getP osT ype,T ar getC ar d
T ar getT ype = xpath

T ar getP osT ype = xpath jnul |

TargetCard = j + j?i(min; max )jnul |

Action = +j R

Figure 2. Grammar of the RSI

RSI containsinformation for schemaknowledge con-
structionandupdating.Thegrammarof the RSl is sketched
in Figure2. Thefollowing exampleRSIsarede ned over

theschemaof elementtype news basecn thegrammar
S1: <!ELEMENT news (source?, (paragraph|comment))>
RSI1:((/news,inf, TIME), (/nens/comment,), - )

S2: <!ELEMENT news (source?, paragraph)>
RSI2:((/news,200,COUNT),(/news/catgory, /news/pamagraph,* ), + )

S3: <!ELEMENT news (source?, paragraph, category *)>

RSI 1 on currentschemaS1 denotesthe changethat the
streamwill nothave ary comment elemenfor futurenews
nodes. The runtime schemaafter arrival of RSI 1 will be
S2. RSI 2 saysthatcategory will appearafterthe node
type paragraph for the subsequen200 news nodes.The
runtimeschemas changedorrespondinglyo S3.

Building the Runtime Schema. Similar to otherprojects,
we modelthe runtimeschemeaasa directedorderedgraph.
R-SOX maintainsthe currentschemagraphincrementally
by synchronizingt with newly arriving RSIs.

By the exampleabove, RSI S2indicatesthatthe change
onnews will beexpiresafter200news nodes At thattime,
we needto roll backthe change.However, we cannotsim-
ply roll backto the previous versionof the schemagraph
becausemtherRSIsmay alreadyhave beeninstalledin the
meantime on the schemagraphatfter this RSI. If we were
to blindly applythedeltachangen reverse like addingthe
category nodebackto news, it is possiblethatthe news
nodemay not exist ary more. R-SOX offers the schema
managementtasecbn schemaversionwith reversabledelta
changesugmentedyy changedependencies.

4 Runtime Query Optimization Strategies

We now highlight someof the semanticquery optimiza-
tion(SQO)sstratgyies usedby our run time optimizer We
now apply query optimization stratgjies wheneer the
schemachanges.Thusthe systemhasto performplan mi-
grationafterthe queryoptimization.

Run-time Plan Migration Strategy. Whenthe schema
changesa new queryplanwill be generatedy optimizer
In traditionalstreamsystemsit is safeto drainoutall exist-
ing tuplesin the middle operatorsf operatorsarestateless.
However, this is not the casefor XML streams.The buffer



in the middle operatorsn the planmay containpartial ele-
ments.Sowe couldbe corruptingtheresultsif migrationis
notdonecarefully

The algebraplan changecan also negatively effect the
automaton. Sincethe query plan is changedthe patterns
to retrieve by automatormay have to be changedaswell.
For this, we identify safemomentsfor migrationandthen
remove appropriatetransitionsfrom statesand adjustthe
automatorstackif needed.

ProcessingRecursive Types. Recursie typeswill make
thedescendemnpatternretrieval (“==") in XPathmorecom-
plex andthusresourcantensve. For ainput streamhaving
recursve schemaRSIscanbe usedby the streamsener to
indicatethe existenceof recursionfor datafragmentsor in-
dicatethe depthof therecursiorlevel. For instancejf RSIs
indicatethe datafragmentis recursve, we will applyrecur
sive modealgebraoperatorsn the queryplanthatmaintain
andassociatdD informationwith eachelement.We must
performID basedtomparisorin the downstreanjoin oper
atorto obtaincorrectresults.If RSlsindicatethe datafrag-
mentis notrecursve, non-recursie modealgebraoperators
which do not needto performID comparisorin the down-
streamjoin operatorssre invoked at runtime. Thusboth
the memoryand computationcost can be saved whenwe
useRSlIsto indicatethe recursioninformationaboutthese
elementd8].

Early Filtering. Dynamic SQOin R-SOX utilizes early
detectionof failed predicateslIf within a bindingof $v, re-
sultsof p mustall occurbeforeary of p , we sayaresult
of p isanendingmarkof p . We cantestthe predicates
of p earlierassoonaswe seeanoccurrenceof p , with-
out waiting for the endtag of $v. This failure testwill in-
voke skippingthe evaluationof all the otherXPathswithin
this binding. R-SOX supportsddynamicSQOrulesutilizing
ordering,occurrencepr exclusive constraintdan the XML
schemaWhile in our earlierwork [7] we supportedstatic
optimization, we now have enhancedhesetechniquego
be triggeredby RSlsat runtime. Let's considerthe exam-
ple shawvn in Query1, which asksfor the paragraph and
comment informationunderthe news elementwith state
name‘MA”.

Query 1: for $p in /news_stream/news

where $p/state = TMA"

return  $p/paragraph, $p/comment

Supposéhattheruntimeschemdor the current$p binding
hasbeenre ned by RSIsfrom Schemé5, to Ss:
S4: <IELEMENT news (source, nation?, state?,

(paragraph | comment | category) *)>
S5: <IELEMENT news (source, (nation | state),

paragraph *, comment*, category *)>
Both the exclusive and ordering constraintscan be used
to achieve the early Itering optimization in Query 1.
The ordering constraint indicates that $p=paragraph,
$p=commentand$p=categry arecandidateendingmarks
for the XPath $p=state. The exclusive constraintbetween

the nation and state provides anotherpossible ending
markfor the $p=state.

Unblocking Data Output. In the queryexecution,opera-
tors needto wait for the completenessf the whole bound
patternbeforepassingdataup to the outputbecausesome
predicatesmay not yet be satis ed or the extracted pat-
ternsneedto be outputaccordingto a speci ed sequence.
The plan rewriting algorithm of R-SOX can avoid such
dataholdingby earlydetectionof successfupredicatesand
switchingthe outputmodeof relatedoperators.This opti-
mizationis calledunblodking data outputWe performthis
optimizationby: (a) checkingpredicategarlierand(b) en-
suringthe elementsatisfythe outputsequence.
Considerthe example shovn in Query 1 that outputs
the paragr aph andcomment lists for eachnews element
while the predicateon state hasbeensatis ed. Assume
we checkthe predicateearly and the runtime schemafor
the currentbinding news is re ned by RSlsfrom S, to
Ss. Under S;, we needto hold at leastthe comment
list becausehe output sequenceequiresthe paragraph
list to be returnedbeforethe comment list. The re ned
schemaSs provides order constraintbetweenparagr aph
andcomment. Now we neednot hold ary paragraph or
comment oncethe predicatas satis ed.
Sometimegataholding cannotbe avoided because¢he
available constraintinformation is not sufcient. For in-
stanceconsidetheschemas re ned from S, to Sg:

S6: <!ELEMENT news (source,

(paragraph
In this casewe do not have enoughschemanformationto
remove the dataholdingof comments. However category
could now sene as the ending mark of the paragraph.
Thereforewhenwe seethe rst category, all theextracted
comments canbe output.

(nation
| comment) *, (category

| state),
| comment) *)>

5 Demonstration Focus

The prototypeof R-SOX hasbeenimplementedisingJava
with the Raindropasits corequeryengine[5]. We usean
online auctionmonitoring as one of the exampleapplica-
tionsin our demonstrationStepsshavn include:

Plan Visualization Tool. R-SOX parseshe XQuery and
generategautomaton-algebrstreamplans. Our visual tool
allows viewersto exploretheplans.

Runtime SchemaManagement.Figure3 depictsanincre-
mentallymaintainedschemagraph.Theleft shavstheRSIs
recevedandtheright representthe currentschemaknowl-

edgefor oneparticularauctiondatainput. The highlighted
nodeis to bedeletedaccordingo the new RSI.

Runtime Plan Migration. With updatedschemaknowl-
edge,our queryplanre nementwill updatethe queryplan
incrementally using R-SOX's runtime SQO techniques.
Figure4 depictsasonerepresentate examplethe adapted
executionplan shaving runtime computationshortcutsby



Figure 3. Runtime Schema Graph in R-SOX

Figure 4. Runtime Query Plan in R-SOX

applyingthe early ltering technique. We will alsoshav
how andwhento migratethe plansafely

PerformanceMonitoring . Wewill demonstratéhe perfor
mancebene ts of different SQO stratgies using metrics,
suchasexecutiontime andbuffer requirements.
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