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Abstract

In this paper, we presenta systemthat combinesindependentfeaturedetectorprograms
with multimediadatabasetechnologyto provide a semanticrich index to multimediadata
itemson theWorld WideWeb.

First,weintroduceagrammaticalframework,calledfeaturegrammars,whichformsthe
indexing schema.Featuregrammarsareanextensionof context-freegrammarswith active
symbols(e.g. multimediafeaturedetectors)thatmayinvokefeaturedetectorprograms.The
Acoi systemreadsin thegrammar, compilesit andexecutesit againsta datasource,e.g. a
multimediaobject. The derived parsetree is usedas an index to this datasource. Its
structurecloselyresemblesthatof semi-structured(XML) documents.

Then,wepresentthearchitectureof ourimplementationontopof Monet,ourextensible
main memorydatabasesystem. In this implementation,featuregrammarsareusedasa
descriptionof theexecutionsequenceof theindexing program.We show how theresulting
parsetreecanbestoredefficiently in Monet. A SQL-like querylanguageenablesusersto
usethe featuregrammarasa schemafor queryformulationto retrieve both index values
andtheoriginaldatasources.

Throughoutthepaper, we illustratetheconceptswith a runningexampleof a grammar
usedfor indexing HTML pagesandmultimediaobjectson theWorld WideWeb.

Keywords: multimediadatabases,featuregrammars,multimediaindexing

1 Introduction

With theexplosive growth of theamountof linkedmultimediaobjects,i.e. thebuilding blocks
of the World Wide Web, the ‘lost in cyberspace’problemaggravates. Thereare numerous
approachesto alleviate theproblemstudiedin thecontext of digital libraries[AR97, WAS98].
Topics include navigation and query formulation facilities, and databasesupportfor both of
them.In thispaperwe focuson thedatabasesupportfor multimediaqueryfacilities.

Searchingfor objectson the web is mainly supportedby constructinga meta-index. Well
known meta-indexesarethesearchengines,e.g. AltaVista,widely usedto find specificHTML
pages.Theseindexesarebasedonkeywordsextractedfrom thepagedescription.Theequivalent
of a keyword for an imageor audioobject,however, is ill-defined. Dependingon the type of
userqueries,they rangefrom color histogramsor pixel values,to real world concepts,like
“this imageshows a desertlandscape”.Building an usefulmeta-index for multimediaobjects
dependsontheability to supportsuchamultitudeof views,from low level featuresto realworld
concepts,on thesameobject.

Supportingmultipleviewsis alsoneededto describethecapabilitiesof thedata.Multimedia
datacomesin adiversityof multimediatypes,formatsandsources;notall of themwill support
thesamesetof featuresandconcepts.
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Our vision is to develop a framework which supportsbuilding a searchfacility with the
samesimplicity asAltaVista,but is gearedtowardsmultimediadata.In this paperwe describe
thedesignandsystemarchitectureof thissystem.Its fundamentalframework usesadeclarative
specificationlanguage,calledfeature grammars. Usingsucha languageis important,becauseit
allows usto usethesameframework for severalpurposes.It providesa schemaandorientation
for an userissuingqueriesor browsing the multimediaindex database.Moreover, it provides
anabstractspecificationof thebehavior of theprogramresponsiblefor thephysicalindexing of
themultimediaobjects.

Featuregrammarsalsomeetthe requirementsfor building an usefulmeta-index. Because
they have theability to expressmultiple indexing views for onemultimediatype,thusenabling
differentviews dependingon its format or sourceon the web. Anothersalientfeatureof this
declarative languageis the seamlessintegrationof third-partyfeatureextractionmodulesinto
theagent,whichallows theneededsupportfor awide rangeof featuresandconcepts.

Therestof thispaperis organizedasfollows. Section2 outlinestheconceptof featuregram-
mars,which form the theoreticalfoundationof our system.The following section(Section3)
takesacloserlook at thesystemarchitectureandits realization.In Section4, theapplicationof
thesystemin thecontext of multimediasearchingon thewebis described.Weconcludewith a
review of relatedresearchandindicatetopicsfor futurework.

2 Feature grammars

Featuregrammarswereintroducedin [KNW98] andtheir foundationsareoutlinedin [SWK99].
Their introductionwas motivatedby the desireto provide a grammaticalframework for the
specificationand implementationof an autonomousmultimediaindexing agent,aswell asa
concisemodelfor queryresolution.

We choosecontext-free grammarsasthebasisof thespecification.On theonehand,they
provideconcisedescriptionsof alargeclassof objects;ontheotherhand,onecaneasilyderivea
parserfrom theirstructure.Furthermore,context-freegrammarshaveanotherdesirableproperty
if we associatetheir structurewith concepttrees:we canregardthehierarchiesof symbolsin
the parsetreeassemanticcategoriesand,therefore,usethemasa knowledgebaseto resolve
queries.

Beforedescribingthe specialpropertiesof a featuregrammar, we will have a look at its
formal definition. A featuregrammar

�
is a quintuple
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asetof specialvariablescalleddetectors(whichwill bedescribedin thefollowing
paragraphs),
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aretheproductionrules.Figure1 shows a samplefeaturegrammarwith thefollowing
instantiations:�
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This simplefeaturegrammarshortlydescribesthestructureof HTML pagesasusedin the
World Wide Web. This examplegrammarwill be used,in this andfollowing sectionsof the
paper, to describehow we make useof context-freegrammarsandextendedthem.

Themostprominentextensionof featuregrammarsto context-freegrammarsaregrammar
ruleswhoseleft-handsidesymbolsareprograms,calleddetectors. Theseprogramsinterrupt
theparsingprocessby readingfrom thesameinput streamastheparser. They alsowrite their
outputbackonto this input stream,which thenagainis consumedby theparserandevaluated
againsttheright handsideof thedetectorrule. In theexample(seeFigure1), theoutputof the
webheaderdetectormustreturna tokenthatmatchescontenttype.
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%atom str url, contenttype, title, section,word, alt;

%detector webheader(url);
%detector page type

select true
from webobject
where contenttype= ”text/html”;

%detector webpage(url);

%start webobject;

web object U url web headerweb body?;
url U “http://([ˆ :/]*)(:[0-9]*)?/?(.*)”;
web header U contenttype;
web body U page typeweb page;
web page U title? anchor*;
anchor U webobjectsurround?;
surround U section?beforealt? after;
before U word*;
after U word*;

Figure1: Featuregrammarfor asimpleindexing agent

In [SWK99] we provedthatextendinga context-freegrammarwith thesekind of detectors
doesnot changethebasicpropertiesof a context-freegrammar, soa featuregrammaris still a
context-free grammar. Which meansthatusinga compiler-compiler this featuregrammarcan
betranslatedinto anexecutableparser.This parseractsasanagentwhich startsa conventional
parsingprocessof anobjectuntil a detectoroccursin a grammarrule. Whena detectorrule is
evaluatedthecorrespondingprogramis executed.

Detectorprogramsproducethemeta-index informationneededfor two mainretrieval cate-
gories:content-basedandconcept-basedretrieval [AGJ97, OS95].Content-basedretrieval aims
at retrieving multimediaobjectsby values,socalledfeatures,which aredirectly derived from
theraw objectdata.Concept-basedretrieval aimsat usingreal-world conceptsfor retrieval. To
achieve this goalobjectsareannotatedwith theconcepts.In thebestcasetheconceptscanbe
completelyderived from the low level featuresusinga declarative rule. In othercaseshuman
interventionmaybeneededto annotatetheobjectsmanually.

To fit thedifferentneedsof theseretrieval techniquesthefollowing detectortypesareavail-
able:

black-box detectors are written in a programminglanguage,which gives the developerthe
meansto accessthe datasourcein any way he or shefinds appropriateandto compute
the desiredfeaturesor even askan userto provide someinformation; an exampleof a
black-boxdetectoris thewebheaderdetector;

white-box detectors arepart of the featuregrammarspecificationandconsistof querieson
the(partially) built parsetree,thesequeriesderive new informationfrom known feature
valuesor conceptsandthereforedescribemeta-concepts;theexamplegrammarcontains
thewhite-boxdetectorpage type.

An additionaltypeof detectorstakesovertheroleof lexical analyzersin theparsingprocess,
they arecalledatomdetectors.In this caseregularexpressionsareusedto describevalid token
valuesfor the specificatom(e.g. the VXWOY rule in Figure1). If the atomis too complex to be
describedby a regular expression(like images,MIDI files etc.) a black-boxdetectorcanbe
usedto validatethevalue.
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Theuseof featuregrammarsenablesus to describethe relationsbetweenmultiple feature
values,conceptsandtheoriginal multimediadatasources.However asidentifiedin the intro-
duction,the featuregrammardoesnot only needto supporta wide rangeof featurevaluesand
concepts,but needsalsotheability to describethesupportof thesefeaturesandconceptsby a
datasource.

Context-freegrammarsalreadyprovideapartialsolutionto thisproblem.They allow several
alternative right handsidesto describeonenon-terminal,however, only oneof thesealternatives
canbe true. In thecaseof featuregrammarsthis is not thecase.Eachalternative describesa
different,but valid,view onthemultimediaobject.Alternativescanbeusedin featuregrammars
not only to describedifferent logical views (a low level featurevalueview anda higherlevel
conceptview of thesameobject),but alsodifferentviewsdependingondatasourceor format(a
GIF view or aJPEGfeatureview). Soalternativesin context-freegrammarsareexclusive,while
they areinclusive in featuregrammars.In bothcasestheextendednotation,in thisspecificform
alsocalledregular right part grammars [LaL77], canbeusedto groupsomeof thesealternatives
into onerule. This is illustratedin theweb page rule in theexamplegrammar.

A parsingprocesson basisof featuregrammarscontainingthesekind of alternative rules
will resultin a parsetree,which closelyresemblesthegraphsusedto describesemi-structured
data[FLM98]. Onecharacteristicof semi-structureddatais thatinformationmaybeincomplete.
The alternatives in a featuregrammarcanleadto this informationincompleteness:e.g. some
webpagesdon’t containa title. Anothercharacteristicis that they have an inherentstructure,
i.e. thestructurecanbederivedfrom thedataitself. In thecaseof featuregrammarsthestructure
is not derived from the data,but is prescribedby the grammaticalrules. But the resemblance
of the parsetreesto semi-structureddatais large enoughto allow us to apply a plethoraof
techniquesto browse,visualizeandstorethem(e.g., see[GW99], [xFr99]).

Building and maintaininga databaseof parsetreesfor indexing purposesis not a static
process.The structureof the meta-index with featurevaluesandconceptswill be subjectto
change,asresearcherswill discover alternative or new methodsto index a multimediaobject.
Soanimportantaspectof maintainingasemanticindex is to haveameansto graduallyextendit
whennew featuresor conceptsareto beintegratedinto theindex tree.Thefactthatwework with
context-freegrammarsasopposedto context-sensitive grammarsenablesus to provide simple
extensibility. Wesimply addnew symbolsto therulesof agrammarto enrichits semantics.

To summarize,we emphasizethefundamentalrole detectorsplay in our theory. On theone
hand,avarietyof black-boxdetectorscanbeusedto link semanticrepresentationsof thesource
objectsinto thehierarchicalstructuredindex. On theotherhandwhite-boxdetectorsquerythe
sameindex andinsertqueryresults,meta-concepts,into theindex.

In the terminologyof databasesthis meansthatdetectorsmediatebetweenobjectsoutside
thedatabaseandtheindex database.Again, this impliesthatthey allow usto describeandstore
views of dataitemsin a database.However, this power comesat a cost.As [CaM98] point out,
thereis always a trade-off betweensimplicity andexpressive power of translation/mediation
schemata.We believe that the efforts of writing specializeddetectorsandtheir benefitskeep
a goodbalance.Although featuregrammarsarea generalframework, goodimplementations
call for designguidelines;like easilyparsablegrammars(e.g. [GH67]) or safeandrestricted
grammars[SWK99] to avoid backtrackingin theparser.

3 System architecture

The previous sectionintroducedfeaturegrammarsasa meansflexible enoughfor describing
suchdiversetasksasspecifyingthebehavior of anindexing programandaidingauserin query-
ing adatabase.In thissection,wediscusstheimpactof thisflexibility onthedesignof theactual
implementation.

4



Featuregrammarsform the coretechnologyof the Acoi platform1 whosemain goal is to
build and maintainan extensibleindex to multimediaobjectson the world wide web. The
architecturallayoutis sketchedin Figure2. Its designaimsatsupportingthecompletelife cycle
of an indexing programstartingfrom the compilationof a featuregrammarto endorsingand
compilinga user’s interactive andtraditionalquerieson themultimediaindex database.In the
restof this sectionwe describethecorecomponentsin moredetail.

MIL script

MIL script

Monet

Feature

Detection

Engine

Feature

Query

Engine

XSL processor

Detector Z

Input

Detector X

Feature

grammar

Detector Y

XML parse tree

XSL insert templates

XML parse trees

Output templatesXSL processor

Answer

Answer

Query

Figure2: Systemarchitecture

As featuregrammarsareusedthroughoutthesystem,thefirst stepis to designa grammar
which suitsour needs. This designstepclosely resemblesthe one for lex andyaccapplica-
tions [LMB92], but it is more intricate as detectorstake over two roles: the ‘lex-like’ part
specifiesthe atoms(i.e., lexical units), whereasthe ‘yacc-like’ part correspondsto the restof
the rules. As the lay-out of both partsimpactson the behavior of the featureengines,careis
neededto make surethat parsingcango aheadefficiently. Somedesignguidelinesaregiven
in [SWK99].

Thecompiler-compilercombinesthe featuregrammarandthedetectorcodeinto a parser,
theso-calledFeatureDetectorEngine(FDE).Whenthegrammarcontainsblack-boxdetectors,
their externalimplementationis linkedinto thecode.As describedin Section2 thesedetectors
modify the token stream(the input) of the parser, so their output shouldresolve againstthe
grammarrules. If the compiler encountersa white-box or atom detector, the corresponding

1TheAcoi (AmsterdamCatalogueOf Images)project[CWI99a]is fundedthroughtheDutchTelematicsInstitutes
project“Digital MediaWarehouses”[CWI99c].
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codeis generatedandlinkedinto theparser.
TheFDE cannow be usedto index datasources.A small walk-throughof theFDE, gen-

eratedfor the examplein Figure 1, illustratesthe start of sucha process.The token stream
is initialized with a string containingthe url of the web objectwe want to index, e.g. http:

//www.cwi.nl/˜acoi/ .
In thefeaturegrammarthewebobjectruleis taggedasbeingthestartof theparsingprocess.

If the parserwantsto resolve this rule it hasto apply the non-terminalsand terminalsat its
right-handside,so it startsresolvingtheurl rule. Becauseurl is an atomdetectorthe regular
expressionis usedto validatethefirst tokenin thestream,our initial string. Becausethis token
is valid it is removed from thestream,labeledasanurl, andput in theparsetreetheparseris
constructing.Theparserthenproceedsto thewebheaderrule and,asit is alsoa detector, calls
theprogramprovidedby thedeveloper. ThisprogramsendsaHTTPHEADrequestto theserver
identifiedby theurl andfilters out the informationneeded,thecontenttypeof theobject. The
detectorputsthis information,labeledascontenttype, asa token into the stream.The parser
thenvalidatesthecontentsof thestreamagainsttheright-handsideof thewebheaderruleand,
on success,proceeds.This processcontinuesuntil thestartrule is consideredvalid, becauseits
right-handsideis valid or, in caseof alternatives,oneof its right-handsidesis valid. At this
momenttheparserwill have completedtheconstructionof theparsetree. This treewill have
thestartsymbolasroot, asdisplayedin Figure3, andits nodesandleafscontainthe features
andconceptscomputedin theparsingprocess.

web headerurl

web object

pagetype
true

web page

web body

title
Acoi

contenttype

anchor

text/html

http://www.cwi.nl/˜ acoi/

Figure3: ParseTree

Becausethedatatheparsetreecontainscanberegardedassemi-structured,it is only natu-
ral to usetheeXtensibleMarkupLanguage(XML) documents[W3C98] represent,export and
exchangedatabetweenthedifferentcomponentsof thesystem.For example,theFDE outputs
a XML documentwhich containsall index values;by usingeXtensibleStylesheetLanguage
Transformations(XSLT) templates[W3C99] this documentcan be readily translatedinto a
Monet InterpreterLanguage(MIL) script. This script containsalgebraiccommandsto insert
theparsetreeinto ourstate-of-the-artdatabasemanagementsystem,Monet[BK99].

On thedatabaseside,we needto convert theparsetreessothat they fit a certainrelational
databaseschema.To maptheparsetreeinto databasetablestherearetwo fundamentalchoices
to make: we may either storeit in a node-basedor in an edge-basedmanner. If we opt for
thenode-basedschema,we couldusejust a singlerelationto storethestructureof the treeor
distribute it over multiple relations. In the first case,the databaseschemais very simple: we
definearelationparent child to recordall parent-childOID pairsthatoccurin theparsetree,
andusetheOIDsasforeignkeys to storeall otherattributesin dedicatedrelations.However, the
pricefor thesimpleschemais to bepaidat querytime. Eitherwe needto do expensive pointer
chasingon a singlelarge tableor, asanalternative, asmany self-joinsasour searchdepth. In
termsof efficiency, bothalternativesarenot very promising.

If wedistributethetreeovermultiplerelations,wehavetheopportunityto encodeadditional
informationin therelationnames.As featuregrammarsinducetypes(namelytheleft-handside
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%atom int width,height,depth,color, id;

%detector image type
select true
from webobject
where contenttype= ”image/gif”;

%detector web image(url);
%detector icon(url);
%detector banner

select true
from web image
where (width / height) Z 0.33
and (width / height) [ 3;

webbody U image typeweb image;
web image U widthheightdepthhistogram;
histogram U color*;
web image U icon \ banner;
icon U id;

Figure4: Imageextensionof thefeaturegrammar

of the correspondingrules) on the parsetreenodes,we canstoreall nodesof a certaintype
in onerelationwithout having to recordtheir type explicitly. This keepsrelationssmall and,
importantly, allows us to make useof the set-orientedoperatorsof the relationalalgebraat
querytime and,therefore,avoidstheneedto chaseindividual pointers.However, to keeptrack
of which relationsbelongto our tree,we needto recordtheir namesin a meta-tablewe call a
dataguide[GW97].

But wecanstill dobetter. If westoreedgesinsteadof nodes,wecanexpectto keeprelations
evensmaller, morecompactandsemanticallyunique.We benefitfrom thefact thatedgetypes
areuniquelydeterminedby thestringconcatenationof typesof thetwo nodesthey connect.This
edge-basedapproachfits nicely into thebinarymodeladheredto in Monet. Relationshipsbe-
tweennon-terminalsymbolsarestoredin $ FA7 ;
' 8 2]+6K.4 � 0=9^K_J`4�+6KC4aE pairs,while relationshipsbe-
tweennon-terminalandterminalsymbolswill leadto thestorageof $ FH7 ;@' 8 2b+6K.4 � 0=9,KLJ`4dc 7 J > '&E
pairs.

When the meta-index databasehasbeenconstructedandfilled with parsetrees,the user
caninteractively queryit by usingtheFeatureQueryEngine(FQE).Thequerylanguagehasa
SQL flavour, which reducesthelearningcurve andopensthesystemfor integrationwith other
applications.TheFQEusesthefeaturegrammarto expandwildcardsin pathexpressions,which
areusedto reasonaboutthehierarchy, andto translatethequeryinto a queryexecutionplan,
whichconsistsof binaryrelationalalgebracommandsin MIL.

4 WWW Multimedia Indexing

In the previous sectionsof this paperindexing multimediaobjectson theWorld Wide Web is
usedasa runningexample.In thissectionwe will describeourapproachin somemoredetail.

CurrentlywetraversetheInternetin arobot-like fashionto gatherindex valuesfor (multime-
dia)objectsof interest.An extendedversionof thefeaturegrammarshown in Figure1 is usedto
describethenetwork that is formedby theWorld Wide Webandis traversedby thewebrobot.
This featuregrammardescribeson onehandthetechnicalinformationneededby therobotand
the featurevaluesusedto index HTML pages.And on theotherhandtheexecutionsequence
of the robot,which main part is basicallytheparseror FDE. TheHTML pagesareparsedby
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oneof thedetectors,i.e. webpage, whichalsoevaluatesthehyperlink-structureinsidethepage.
The robot usesthis informationto find morecandidateobjectsto continuehis traversalof the
World Wide Web.

Theparsetreedatabase,constructedon basisof this featuregrammarandits FDE, enables
theuserto querythe index on keywordsto retrieve webpages.This databasefunctionsin the
sameway astheindexesusedby theclassicalsearchengines.Additional detectorscanalready
enhancethis index with more featurevalues,e.g. the languageof the pagedeterminedby a
languageclassifier.

However, to enablecontent-and concept-basedretrieval for other multimediatypes,the
grammarhasto befurtherextended.This extensionconsistsof detectors,andtheir correspond-
ing rules,which interpretandcomputeusefulfeaturesandconceptsof the sourcemultimedia
objects.

In Figure4 theextensionof thegrammarfor imagesis shown. Theweb image detectorre-
turnssomesimpleimagefeatureslikewidthandheightandacolorhistogram. Colorhistograms
areusedin many content-basedretrieval techniquesto determinethesimilarity of animageto a
given image.Thesecondweb image describesalternative views on thesameimage.The icon
detectorcreatesa thumbnailusedto representtheimagein aqueryanswer(the id identifiesthe
thumbnailin a directorystructure).Thebannerrule shows theuseof a white-boxdetectorto
determinea meta-concept:it annotatesan imageasa banneron the basisof its aspectratio.
This secondweb image rule shows the useof conjunctive alternatives: for an imagean icon
representationcanbecreated,but at thesametime it is alsoabanner.

Queriescannow combinethe index informationof two or moremultimediaobjectslinked
on the World Wide Web. Figure 5 shows a simple querywhich combineskeywords from a
HTML pageandthebannerconceptfor an image. Thequerysearchesfor non-bannerimages
embeddedin awebpagecontainingthekeyword “soccer”.

select i.url, i.*.icon
from anchor a, web objecti
and a.surround.*.word = “soccer”
and a.webobject= i
and i.web body.webimage
and not i.web body.webimage.banner;

Figure5: Exampleof aquery

The samekind of grammarextensionsaredevelopedfor othermultimediatypes,like au-
dio and video. Detectorsare constructedby partnersin other subprojectsof the Dutch na-
tional projects: “Digital Media Warehouses”[CWI99c] and“AdvancedMultimedia Indexing
andSearching”[CWI99b].

5 Related Research

Theproblemweaddressis closelyrelatedto informationintegration(e.g., see[RS97,PGMU96,
GKD97, CaMHe 94]). However, thereis a crucial difference. Normally mediatorsprovide a
fixed setof predicates.In our case,the mediatorprovidesjust a collectionof semi-structured
parsetreeswhoseschemais givenby a featuregrammar.

Thus,on theonehandwe canconsiderfeaturegrammarsa variantof a structuringschema
of theparsetreesvery muchlike a priori approximatedataguides[GW99]. This characteristic
makesthemusefulfor outlining/visualizing theinformationstoredin a featuredatabase.Onthe
otherhandwecandraw benefitfrom theirgrammaticalstructureandusearecognizerto provide
anexecutionmechanismfor indexing actualexternalobjects.
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So our conceptunitestwo previously distinct worlds: the schemaexportedby a mediator
andthestructuralcapabilitydescriptionof thesource.

6 Conclusions and Future Work

We have describedan architecturefor indexing multimediaobjectson the World Wide Web.
The featuregrammarswhich play a fundamentalrole in this architectureprovide a uniform
framework for theontologyaswell astheexecutionof themultimediaindex agent.Furthermore,
they allow seamlessintegrationof third-partyplug-inmodulesinto theindexing program,called
detectors. This, togetherwith their semi-structuredcapabilities,gives featuregrammarsthe
requiredflexibility for constructingandmaintaininganusefulmeta-index for multimediaobjects
on theInternet.

Theideaspresentedareimplementedin theAcoi project.Thecurrentstatusof theprojectis
thatacompiler-compiler, aqueryprocessor, aswell assomeothertools,havebeenimplemented.
A featuregrammarfor indexing multimediadatatogetherwith its detectorsis designedand
implemented.This systemis operationalandhasbeenindexing large amountsof web pages,
images,andMIDI files.

Futureresearchwill focuson how to ‘roll forward’ theparsingprocessto incorporatenew
detectorsandnew rulesandthusalsonew index valuesinto anexisting index. This functionality
callsfor techniquesto invalidateor revalidateolderindex values.

Another focus is probabilisticquerying. Many multimediadetectorsnot only return the
featurevalue, but also a probability value. This probability value can be usedto assessthe
qualityof thequeryanswerandasa basisfor rankingexpressions.
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