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Abstract

In this paper we presenta systemthat combinesindependenfeaturedetectorprograms
with multimediadatabasgechnologyto provide a semantiaich index to multimediadata
itemson the World Wide Weh

First,weintroduceagrammaticaframework, calledfeaturegrammarswhichformsthe
indexing schemaFeaturggrammarsareanextensionof contet-freegrammarswith active
symbols(e.g. multimediafeaturedetectorsjhatmayinvoke featuredetectomprograms.The
Acoi systemreadsin the grammay compilesit andexecutedt againsta datasourcege.g. a
multimediaobject. The derived parsetreeis usedas an index to this datasource. Its
structurecloselyresembleshatof semi-structuregXML) documents.

Then,we presenthearchitecturef ourimplementatiorontop of Monet,our extensible
main memorydatabasesystem. In this implementation featuregrammarsare usedasa
descriptionof the executionsequencef theindexing program.We shav how theresulting
parsetree canbe storedefficiently in Monet. A SQL-like querylanguagesnableaisersto
usethe featuregrammarasa schemaor queryformulationto retrieve both index values
andtheoriginal datasources.

Throughouthe paper we illustratethe conceptswith a runningexampleof agrammar
usedfor indexing HTML pagesandmultimediaobjectson the World Wide Weh
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1 Introduction

With the explosive growth of the amountof linked multimediaobjects,i.e. the building blocks
of the World Wide Web, the ‘lost in cyberspaceproblemaggraates. There are numerous
approacheto alleviate the problemstudiedin the contet of digital libraries[AR97, WAS98].
Topicsinclude navigation and query formulation facilities, and databasesupportfor both of
them.In this papemwe focuson the databassupportfor multimediaqueryfacilities.

Searchingor objectson the web is mainly supportedby constructinga meta-inds. Well
known meta-indeesarethe searchenginesg.g. AltaVista, widely usedto find specificHTML
pages.Thesendexesarebasednkeywordsextractedirom thepagedescription.Theequialent
of a keyword for animageor audioobject,however, is ill-defined. Dependingon the type of
userqueries,they rangefrom color histogramsor pixel values,to real world conceptslike
“this imageshaws a desertiandscape”.Building an usefulmeta-ind& for multimediaobjects
depend®ntheability to supportsucha multitudeof views, from low level featurego realworld
conceptspnthe sameobject.

Supportingmultiple viewsis alsoneededo describehecapabilitiesof thedata.Multimedia
datacomesn adiversity of multimediatypes,formatsandsourcesnotall of themwill support
thesamesetof featuresandconcepts.



Our vision is to develop a framevork which supportsbuilding a searchfacility with the
samesimplicity asAltaVista, but is gearedowardsmultimediadata. In this paperwe describe
thedesignandsystemarchitectureof this system Its fundamentaframevork usesa declaratve
specificatiolanguagecalledfeatue grammas. Usingsuchalanguages important,becausét
allows usto usethe sameframeawvork for severalpurposesit providesa schemandorientation
for an userissuingqueriesor browsing the multimediaindex databaseMoreover, it provides
anabstracspecificatiorof the behaior of the programresponsibldor the physicalindexing of
themultimediaobjects.

Featuregrammarsalsomeetthe requirementdgor building an usefulmeta-ind&. Because
they have the ability to expressmultiple indexing views for onemultimediatype, thusenabling
differentviews dependingon its format or sourceon the weh Anothersalientfeatureof this
declaratie languages the seamlessntegration of third-party featureextraction modulesinto
theagentwhich allows the neededsupportfor a wide rangeof featuresandconcepts.

Therestof this papetis organizedasfollows. Section2 outlinestheconcepof featuregram-
mars,which form the theoreticalfoundationof our system. The following section(Section3)
takesa closerlook atthe systemarchitectureandits realization.In Section4, the applicationof
the systemin the context of multimediasearchingonthewebis describedWe concludewith a
review of relatedresearclandindicatetopicsfor futurework.

2 Featuregrammars

Featureggrammarsvereintroducedn [KNW98] andtheirfoundationsareoutlinedin [SWK99].
Their introductionwas motivated by the desireto provide a grammaticalframenork for the
specificationand implementationof an autonomousnultimediaindexing agent,aswell asa
concisemodelfor queryresolution.

We choosecontet-free grammarsasthe basisof the specification.On the onehand,they
provide concisedescription®f alarge classof objects;ontheotherhand,onecaneasilyderive a
parseffrom their structure Furthermorecontet-freegrammarsave anothemesirablgroperty
if we associateheir structurewith concepttrees: we canregardthe hierarchiesof symbolsin
the parsetree assemanticcatgyoriesand, therefore,usethemasa knowledgebaseto resohe
queries.

Before describingthe specialpropertiesof a featuregrammay we will have a look at its
formal definition. A featuregrammarG is a quintupleG = (V, D, T, S, P), whereV arethe
variables,D asetof specialvariablescalleddetectorgwhichwill bedescribedn thefollowing
paragraphs)I” theterminalsymbols,S € (V U D) is thestartsymbolandP C (VUD) x (VU
D U T) aretheproductionrules. Figure1 shavs a samplefeaturegrammarwith the following
instantiations:

V= {web_object, web_body, anchor, surround, before, after}

D = {web_header, page_type, web_page}

T = {url, content_type, title, section, word, alt }

S = {web_object}

P = {web_object — url web_header web_body?, web_header — ...}

This simplefeaturegrammarshortly describeghe structureof HTML pagesasusedin the
World Wide Weh This examplegrammarwill be used,in this andfollowing sectionsof the
paperto describenov we make useof contet-free grammarsandextendedthem.

The mostprominentextensionof featuregrammardo contet-free grammarsaregrammar
ruleswhoseleft-handside symbolsare programs called detectos. Theseprogramsinterrupt
the parsingprocesdy readingfrom the sameinput streamasthe parser They alsowrite their
outputbackonto this input stream which thenagainis consumedy the parserandevaluated
againstheright handsideof the detectorrule. In the example(seeFigurel), the outputof the
weh headerdetectormustreturnatokenthatmatchesontenttype



%atom strurl, contenttype title, sectionword, alt;

%detector wehheader(url);
%detector page_type
select true

from wehobject
wher e contenttype= "text/html”;

%detector wehpage(url);

Y%start wehobiject;

wehobject — url wehheademwehbody?;
url = “http://([" /TF)C[0-91%)2/?2(.*)";
wehheader — contenttype;

wehbody — pagetypewehpage;
wehpage — title? anchor*;

andor — wehobjectsurround?;
surround —  section?before alt? after;
before —  word*;

after —  word*;

Figurel: Featuregrammairfor a simpleindexing agent

In [SWK99] we proved thatextendinga context-free grammaiwith thesekind of detectors
doesnot changethe basicpropertiesof a context-free grammay so a featuregrammaris still a
contet-free grammar Which meanshatusinga compilercompilerthis featuregrammarcan
betranslatednto an executableparser.This parseractsasan agentwhich startsa corventional
parsingprocesof an objectuntil a detectoroccursin agrammarule. Whena detectorrule is
evaluatecthe correspondingprogramis executed.

Detectorprogramsproducethe meta-ind& informationneededor two mainretrieval cate-
gories:content-basedndconcept-baserktrieval [AGJ97 OS95]. Content-basectktrieval aims
at retrieving multimediaobjectsby values,so calledfeatureswhich aredirectly derived from
theraw objectdata. Concept-baserktrieval aimsat usingreal-world conceptdor retrieval. To
achieve this goal objectsare annotatedvith the concepts.In the bestcasethe conceptsanbe
completelyderived from the low level featuresusinga declaratve rule. In othercaseshuman
interventionmay be neededo annotatehe objectsmanually

To fit thedifferentneedsf theseretrieval techniqueshefollowing detectortypesareavail-
able:

black-box detectors are written in a programminglanguage which givesthe developerthe
meansto accesshe datasourcein arny way he or shefinds appropriateandto compute
the desiredfeaturesor even askan userto provide someinformation; an exampleof a
black-boxdetectoris theweh headerdetector;

white-box detectors are part of the featuregrammarspecificationand consistof querieson
the (partially) built parsetree,thesequeriesderive new informationfrom known feature
valuesor conceptsandthereforedescribemeta-conceptshe examplegrammarcontains
thewhite-boxdetectompage_type

An additionaltype of detectorgakesovertherole of lexical analyzersn theparsingprocess,
they arecalledatomdetectorsin this caseregularexpressionsareusedto describevalid token
valuesfor the specificatom (e.g. the url rule in Figure1). If the atomis too comple to be
describedby a regular expression(like images,MIDI files etc.) a black-boxdetectorcanbe
usedto validatethevalue.



The useof featuregrammarsenablesusto describethe relationsbetweenmultiple feature
values,conceptsandthe original multimediadatasources.However asidentifiedin the intro-
duction,the featuregrammardoesnot only needto supporta wide rangeof featurevaluesand
conceptshut needsalsothe ability to describethe supportof thesefeaturesandconceptsy a
datasource.

Contet-freegrammaralreadyprovide apartialsolutionto this problem. They allow several
alternatve right handsidesto describeonenon-terminalhowever, only oneof thesealternatves
canbetrue. In the caseof featuregrammarghis is not the case. Eachalternatve describes
different,but valid, view onthemultimediaobject. Alternatvescanbeusedn featuregrammars
not only to describedifferentlogical views (a low level featurevalueview anda higherlevel
conceptview of thesameobject),but alsodifferentviews dependingyn datasourceor format(a
GIF view or aJPEGfeatureview). Soalternatvesin context-freegrammarsareexclusive, while
they areinclusie in featuregrammarsin bothcasesheextendednotation,in this specificform
alsocalledregular right partgrammas [LaL77], canbeusedio groupsomeof thesealternatves
into onerule. Thisis illustratedin theweh page rule in the examplegrammar

A parsingprocesson basisof featuregrammarscontainingthesekind of alternatve rules
will resultin a parsetree,which closelyresembleshe graphsusedto describesemi-structugd
data[FLM98]. Onecharacteristiof semi-structuredatais thatinformationmaybeincomplete.
The alternatvesin a featuregrammarcanleadto this informationincompletenesse.g. some
wehpagesdon't containatitle. Anothercharacteristigs thatthey have aninherentstructure,
i.e. thestructurecanbederivedfrom thedataitself. In thecaseof featuregrammarghestructure
is not derived from the data,but is prescribecby the grammaticakules. But the resemblance
of the parsetreesto semi-structuredlatais large enoughto allow us to apply a plethoraof
techniquedo browse,visualizeandstorethem(e.g., see[GW99], [xFr99)).

Building and maintaininga databaseof parsetreesfor indexing purposess not a static
process. The structureof the meta-inde with featurevaluesand conceptswill be subjectto
changeasresearcherwiill discoser alternatve or new methodsto index a multimediaobject.
Soanimportantaspecbf maintaininga semantiandex is to have ameando graduallyextendit
whennew featureor conceptareto beintegratedinto theindex tree. Thefactthatwework with
contet-free grammarsasopposedo contet-sensitve grammarsnablesusto provide simple
extensibility We simply addnew symboilsto therulesof agrammarto enrichits semantics.

To summarizeye emphasizehe fundamentatole detectorglay in our theory Ontheone
hand,avarietyof black-boxdetectorsanbeusedto link semantiaepresentationsf thesource
objectsinto the hierarchicalstructuredndex. Onthe otherhandwhite-boxdetectorsjuerythe
sameindex andinsertqueryresults,meta-conceptsnto theindex.

In the terminologyof databasethis meansthat detectoranediatebetweenobjectsoutside
thedatabas@ndtheindex databaseAgain, thisimpliesthatthey allow usto describeandstore
views of dataitemsin a databaseHowever, this pover comesat a cost. As [CaM9§ pointout,
thereis always a trade-of betweensimplicity and expressie power of translation/mediation
schemata.We believe that the efforts of writing specializeddetectorsandtheir benefitskeep
a goodbalance. Although featuregrammarsare a generalframewnork, goodimplementations
call for designguidelines;like easily parsablegrammarge.g. [GH67]) or safeandrestricted
grammargSWK99] to avoid backtrackingn the parser

3 System architecture

The previous sectionintroducedfeaturegrammarsas a meansflexible enoughfor describing
suchdiversetasksasspecifyingthe behaior of anindexing programandaidingauserin query-
ing adatabaseln this sectionwe discusgheimpactof this flexibility onthedesignof theactual
implementation.



Featuregrammargform the core technologyof the Acoi platformt whosemain goalis to
build and maintainan extensibleindex to multimediaobjectson the world wide weh The
architecturalayoutis sketchedn Figure2. Its designaimsat supportinghecompletdife cycle
of anindexing programstartingfrom the compilationof a featuregrammarto endorsingand
compiling a users interactive andtraditionalquerieson the multimediaindex databaseln the
restof this sectionwe describethe corecomponentsn moredetail.

¢ Input
Feature

Detection
Engine

Y

Detector X

Detector Y

Detector Z

XML parse tree

Feature ___| [

XSL processor )‘* XSL insert templates
grammar

MIL script

Monet

Y

MIL script y Answer

Feature

Query
Engine

Y

Queryﬁ

XML parse trees

XSL processor Output templates

Answer

Figure2: Systemarchitecture

As featuregrammarsare usedthroughoutthe system the first stepis to designa grammar
which suits our needs. This designstepclosely resembleghe 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), whereaghe ‘yacc-like’ part correspondso the restof
therules. As the lay-out of both partsimpactson the behaior of the featureenginescareis
neededo malke surethat parsingcango aheadefficiently. Somedesignguidelinesare given
in [SWK99].

The compilercompilercombinesthe featuregrammarandthe detectorcodeinto a parser
the so-calledreatureDetectorEngine(FDE). Whenthe grammarcontainsblack-boxdetectors,
their externalimplementatioris linkedinto the code. As describedn Section2 thesedetectors
modify the token stream(the input) of the parser so their output shouldresolhe againstthe
grammarrules. If the compiler encountersa white-box or atom detectoy the corresponding

1TheAcoi (AmsterdanCataloguedf Images)project{CWI99a]is fundedthroughthe Dutch Telematicdnstitutes
project“Digital MediaWarehouses[CWI99c].



codeis generateé@ndlinkedinto the parser

The FDE cannow be usedto index datasources.A small walk-throughof the FDE, 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 wantto index, e.g. http:
[iwww.cwi.nl/~acoi/

In thefeaturegrammarheweh objectrule is taggedasbeingthestartof the parsingprocess.
If the parserwantsto resole this rule it hasto apply the non-terminalsand terminalsat its
right-handside, soit startsresolvingthe url rule. Becauseurl is an atomdetectorthe regular
expressions usedto validatethefirst tokenin the stream ourinitial string. Becausehis token
is valid it is removed from the stream Jabeledasanurl, andputin the parsetreethe parseris
constructing.The parserthenproceeddo thewehheaderrule and,asit is alsoa detectorcalls
the programprovidedby the developer This programsendsa HT TP HEADrequesto thesener
identifiedby the url andfilters out the informationneededthe contenttype of the object. The
detectorputsthis information,labeledas contenttype asa tokeninto the stream. The parser
thenvalidateshe contentf the streamagainstheright-handsideof theweh headerrule and,
on successproceedsThis processcontinuesuntil the startrule is consideredralid, becauséts
right-handsideis valid or, in caseof alternatves, one of its right-handsidesis valid. At this
momentthe parserwill have completedthe constructionof the parsetree. This treewill have
the startsymbolasroot, asdisplayedin Figure 3, andits nodesandleafs containthe features
andconceptsomputedn the parsingprocess.

weh object
— T
url weh_header weh body

http://mwwewi.nl/~ acoi/ |

contenttype pagetype weh.page

text/html true /\

title  anchor
Acoi

Figure3: ParseTree

Becauséahe datathe parsetreecontainscanbe regardedassemi-structuredt is only natu-
ral to usethe eXtensibleMarkup Language(XML) documentgW3C9§ representexport and
exchangedatabetweenthe differentcomponent®f the system.For example,the FDE outputs
a XML documentwhich containsall index values;by using eXtensibleStylesheet.anguage
TransformationgXSLT) templates]W3C99 this documentcan be readily translatedinto a
Monet InterpreterLanguage(MIL) script. This script containsalgebraiccommanddo insert
the parsetreeinto our state-of-the-artlatabasenanagemergystemMonet[BK99].

Onthedatabaseide,we needto corvert the parsetreesso thatthey fit a certainrelational
databasschemaTo mapthe parsetreeinto databaseablestherearetwo fundamentathoices
to make: we may eitherstoreit in a node-basedr in an edge-basednanner If we opt for
the node-basedchemaywe could usejust a singlerelationto storethe structureof the tree or
distribute it over multiple relations. In the first case the databaseschemas very simple: we
definearelationparent _child torecordall parent-childOID pairsthatoccurin theparsetree,
andusetheOlDs asforeignkeysto storeall otherattributesin dedicatedelations.However, the
pricefor the simpleschemds to be paid at querytime. Eitherwe needto do expensve pointer
chasingon a singlelarge table or, asan alternatve, asmary self-joinsasour searchdepth. In
termsof efficiengy, bothalternatvesarenotvery promising.

If wedistributethetreeover multiple relations we have the opportunityto encodeadditional
informationin therelationnames As featuregrammarsnducetypes(namelytheleft-handside



%atom int width, height,depth,color, id;

%detector image_type
select true
from wehobject
wher e contenttype= "image/qgif”;

%detector wehimage(url);
%detector icon(url);
%detector banner

select true

from wehimage
where (width/ height)< 0.33
and (width/ height)> 3;

wehbody — image_typewehimage;
wehimage —  widthheightdepthhistagram;
histagram —  color*;

wehimage — icon| banner;

icon - id;

Figure4: Imageextensionof the featuregrammar

of the correspondingules) on the parsetree nodes,we can storeall nodesof a certaintype
in onerelationwithout having to recordtheir type explicitly. This keepsrelationssmall and,
importantly allows us to make use of the set-orientedoperatorsof the relationalalgebraat
querytime and,therefore avoids the needto chasendividual pointers.However, to keeptrack
of which relationsbelongto our tree,we needto recordtheir namesn a meta-tableve call a
dataguide[GW97].

But we canstill dobetter If we storeedgesnsteadof nodeswe canexpectto keeprelations
evensmaller morecompactandsemanticallyunique. We benefitfrom the factthatedgetypes
areuniquelydeterminedy thestringconcatenationf typesof thetwo nodeghey connect.This
edge-basedpproactits nicely into the binary modeladheredo in Monet. Relationshipse-
tweennon-terminasymbolsarestoredin {parent oid, child oid} pairs,while relationshipde-
tweennon-terminalandterminalsymbolswill leadto the storageof { parent oid, child value}
pairs.

Whenthe meta-ind& databasénasbeenconstructedandfilled with parsetrees,the user
caninteractvely queryit by usingthe FeatureQueryEngine(FQE). The querylanguagehasa
SQL flavour, which reduceghe learningcurve and opensthe systemfor integrationwith other
applications TheFQEuseghefeaturegrammarto expandwildcardsin pathexpressionswhich
areusedto reasonaboutthe hierarchy andto translatethe queryinto a queryexecutionplan,
which consistf binaryrelationalalgebracommandsn MIL.

4 WWW Multimedia Indexing

In the previous sectionsof this paperindexing multimediaobjectson the World Wide Web is
usedasarunningexample.In this sectionwe will describeourapproachin somemoredetail.
Currentlywe traversethelnternetin arobot-like fashionto gatherindex valuesfor (multime-
dia) objectsof interest.An extendedversionof thefeaturegrammaishovn in Figurelis usedio
describethe network thatis formedby the World Wide Web andis traversedby thewebrobot.
This featuregrammardescribe®n onehandthe technicalinformationneededy the robotand
the featurevaluesusedto index HTML pages.And on the otherhandthe executionsequence
of the robot, which main partis basicallythe parseror FDE. The HTML pagesare parsedby



oneof thedetectorsi.e. weh page, which alsoevaluateshe hyperlink-structurénsidethe page.
Therobotusesthis informationto find more candidateobjectsto continuehis traversalof the
World Wide Weh

The parsetreedatabasegonstructedn basisof this featuregrammarandits FDE, enables
the userto querythe index on keywordsto retrieve web pages.This databasdunctionsin the
sameway astheindexesusedby the classicakearchengines. Additional detectorcanalready
enhancethis index with more featurevalues,e.g. the languageof the pagedeterminedby a
languageclassifier

However, to enablecontent-and concept-basedetrieval for other multimediatypes,the
grammarhasto befurtherextended.This extensionconsistf detectorsandtheir correspond-
ing rules,which interpretand computeusefulfeaturesand conceptsof the sourcemultimedia
objects.

In Figure4 the extensionof the grammarfor imagesis shavn. Thewehimage detectorre-
turnssomesimpleimagefeaturedik e width andheightanda color histagram Color histograms
areusedin mary content-basecketrieval techniquego determinethe similarity of animageto a
givenimage. The secondvehimage describesalternatve views on the sameimage. Theicon
detectorcreatesa thumbnailusedto representheimagein aqueryanswer(theid identifiesthe
thumbnailin a directory structure). The bannerrule shavs the useof a white-boxdetectorto
determinea meta-conceptit annotatesan imageas a banneron the basisof its aspectratio.
This secondwehimage rule shavs the useof conjunctve alternatves: for animagean icon
representatiocanbe createdput atthe sametimeit is alsoa banner

Queriescannow combinethe index informationof two or moremultimediaobjectslinked
on the World Wide Weh Figure 5 shavs a simple query which combineskeywords from a
HTML pageandthe bannerconceptfor animage. The querysearche$or non-bannermages
embeddedn awebpagecontainingthe keyword “soccer”.

select i.url, i.*.icon

from anchor a, wehobjecti

and a.surround.*.wod = “soccer”

and a.wehobject= i

and i.weh bodywehimage

and not i.weh bodywehimage.banner;

Figure5: Exampleof aquery

The samekind of grammarextensionsare developedfor othermultimediatypes,like au-
dio andvideo. Detectorsare constructedby partnersin other subprojectsof the Dutch na-
tional projects: “Digital Media Warehouses{CWI99c] and“AdvancedMultimedia Indexing
andSearching[CWI99h).

5 Related Research

Theproblemwe addresss closelyrelatedto informationintegration(e.g., seefRS97,PGMU96,
GKD97, CaMH"94]). However, thereis a crucial difference. Normally mediatorsprovide a
fixed setof predicates.In our case,the mediatorprovidesjust a collectionof semi-structured
parsetreeswhoseschemads givenby afeaturegrammar

Thus,on the onehandwe canconsiderfeaturegrammarsa variantof a structuringschema
of the parsetreesvery muchlike a priori appoximatedataguides|GW99]. This characteristic
makesthemusefulfor outlining/visualizirg theinformationstoredin afeaturedatabaseOnthe
otherhandwe candrav benefitfrom theirgrammaticaktructureandusearecognizeto provide
anexecutionmechanisnfor indexing actualexternalobjects.



So our conceptunitestwo previously distinct worlds: the schemaexportedby a mediator
andthestructuralcapabilitydescriptionof the source.

6 Conclusionsand Future Work

We have describedan architecturefor indexing multimediaobjectson the World Wide Weh
The featuregrammarswhich play a fundamentakole in this architectureprovide a uniform
framework for theontologyaswell astheexecutionof themultimediaindex agent.Furthermore,
they allow seamlesmtegrationof third-partyplug-inmodulesnto theindexing program called
detectors. This, togetherwith their semi-structuredcapabilities,gives featuregrammarsthe
requiredflexibility for constructingandmaintaininganusefulmeta-ind& for multimediaobjects
onthelnternet.

Theideaspresentedreimplementedn the Acoi project. The currentstatusof theprojectis
thatacompilercompiler aqueryprocessqraswell assomeothertools,have beenmplemented.
A featuregrammarfor indexing multimediadatatogetherwith its detectorsis designedand
implemented.This systemis operationaland hasbeenindexing large amountsof web pages,
imagesandMIDI files.

Futureresearchwill focuson how to ‘roll forward’ the parsingprocesdo incorporatenewn
detectorsaandnew rulesandthusalsonew index valuesinto anexistingindex. This functionality
callsfor techniquedo invalidateor revalidateolderindex values.

Anotherfocusis probabilisticquerying. Many multimediadetectorsnot only returnthe
featurevalue, but also a probability value. This probability value can be usedto assesshe
quality of the queryanswerandasa basisfor rankingexpressions.
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