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1 Introduction

Latge-scale s=atch shgines fot the WWW tettieve entite doc nments sffactively. Howevet, they can be considetsd impteciz=
becanz= they do hot exploitand he hes tettieve the s=mantic conte ntof Web doc nmentz. 3 och contehteannot yet be antomatically
exttactsd from genetal docoments. Manoally stroctoting Web docoments, =g, via matk-up lahgnages soch az XML, allows
mote preciz= infotmatioh o be tettieved using stting-matching and sttuctote- matching took, = g. Web tobots such 2 Hat et
WebSOL? and "J.Eb'l'_.:ug"_ Howevet, this apptoach is hot salable becanse fite- giavied infotmation iz only tettieved if the
documen t ate thinly sttuctoted and the quetist knows the stroctote=s, theit =xact names and fotms. WMote fexible and preciz=
khowledge te ptese ntation and t=ttieval cah be achisved with khowledge teptes=ntation langoages that suppott logic infet=hce.
Many "metadata’ langoages at= cottently bein g developsd to allow people to index Web infotination tesontees by khowledge
tep tee hntiohs (logical stateme i) and stote theim ih Web doc uments. Howevet, thess metidata lang nages ate insofficient to
satisfy sevetal tequitemehts hecestaty to allow precise, fecible witd scaluble infotmation tettieval.

A fitst t=quit=tnent fot that iz that the metadata language is sofficiently Sindnive wid covicise f'e be easy o wse by people
(aft=t 2 shott peticd of ttaining). Mozt cott=nt knowledge-otie nted metadata langoages at= boilt above XML, = g. RDF and
OML®. The choice of XML a5 an andetlying fotmat e nsores that standard XML tools will be uzable to exchange and pats=
thez= metadatn languages Howevet, since XML i vetbome, the metadata langnages boilt above XML at= alzo vetboss and ar=
difficult to uz= withoot specialized editots. Such sditots do noteliminats the ne=d for people fo uz= a lingoage fot t= pres=nting
khowledge (except in application-depe ndent editot= that only allow predefined “frames" to be fillad). Conzequently, 2 noted
by the anthets of Oniobroket” [ 1], with KML-bazed linguages infotmation haz to be wiitten in two vetzions, on= for machines
and ancthet for homans. Additionally, standatd XML tools ate of litthk int=r=st o manage thes= lan guages sincs specializ=d
editots, analyzets and infet=ne= engines ate t=quited. To tedoce infotmation tedundancy, Ontobtobet provid es a notation for
embedding atttibutevaloe paits inside an HTML hypetlink tag, Thes= tags may be nzed by the docoment's anthot to delimit
ah =l=ment to teprez=nt. Thus, sach eleme=nt may be implicitly t=fet=nced in the know ledge statement within the tag =nclosing
the =lem=nt When a final version of RDF & tecommend=d by the Word Wide Web Consottium®, a wrappet can be added to
Ointobtoket for antomatically genetating RDF definitions fiom Ontobtoket metadata, thos making them acc=zzible toa bioad=t
commmunity.

Along this same line, a docoment's aothot shoo d be allow esd to let some biowledge skiniirs be viable to the teadet. This
i an obvions teqoit=m=nt wh=h an especially intoifive notation can be osed, =g, when gaphics can be made with avisoal
lingoage™ of s=niehces can b= wiiten ozing a ‘conttolled langoage ", — a sobe=t of hatotal langoage which =liminabes
sontc=s of ambigoity. Thiz visnalization t=atote is ako handy with any nottioh when the docoment ptovides sxplanations
aboot the khow ledge statementz i stot=s. Tn thiz way, tot example, 2 khowledge bag= and it m=zociated doco mentation can
b= int=giated within th= fame docome=nt and both xo=s==d o=ing clesic smaches (stiing-matching, navigation tiom the tabl=
of cont=nt, =k.1 o= well = khowlsdge=-bamd ==aich==. Thoogh the Oniobick=t metadata langnage was de=signad to =doc=
infotmation tedundancy, stteme=nt= canhot b=shown since they at= within HTML tg=. Foth=tmot=, like RDE, the Onicbioke=t
metadats lahgoage iz ezm=ntially a notation fot stttibote-valoe paits Soch a te pressntation iz genetal bot basic and hatd o t=ad.
Finally, since the indexation of dec nme=nt =l=m=ntz ap= made via HTML tags, only the docoment's apthotcan index any of it
patts. Cthet at= limited toonly thoms =l=m=nts that ate acoessible viaTRLs.
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A metad ata langoage shoold abo bezofficiently precise wd gevte il o allow u2e 1= to t= prese nt any Web- acom=ible infotmation
at the desited level of ptecizion. This impli=s that the metadata hingoage iz bas=d oh ah sxpres=ive fotmal mod=] and that it has
a hotation allowing the ne=t toexploit the sxptessivity of the fotmal model. Any fotmalizm squivalent to fitst-otdet logic and
petmitting the nz= of contexts iz an apptoptiste candidate, = g KIF'" and Cohce ptoal Giaphs O 2] It i impottant not
o testtict nz=t= but, fot efficiznecy teamon s az=atch sngine may ighote some f=atotes in khowlesdge strt=ments. Fot example. a
r-bawed meatch engine may ighote tefetences to sets within OO and =till exhibit adequate precion (the C0s with tefete noes
o mets abe alzo pettisved). The onobtoket metadata lah goage and RDF ap= gen=tal but not preciz= in the z=hz= that they at=
otishted towatds the t= pres= niation of =ntit= doc oime ni=] hotatbittaty patts of them) and do not ptoposs comve ntiohs to tep tese nt
log ie-based featutes, & g quanfifietz and o petatots. This limits the capacity of the state m= ni= to be shated.

In zummaty, the tht=e fitst tequite ments for precise, fedble cid scalkible infotmation tettieval implies (1) z=vetal smy to o=
hotatio hs zom= into ftive, scome Ptu:m and E:.Pteu:he. ahd {ii) the= Pceuil:!i“ﬂe: o in==tt thein nh_','whete in a Web docnme=nt.
We have zatisfied thess tequitementsby boilding aWeb-accessible tool (251 z=rvet' V) named WebEE" [3][4] which intetpret=
“chunks"” of khowledge statements in Web docoments. Each chonk, ie. each gtoop of stabements, mozt be delimited by two
:Puri:ﬂ HTML matk= {"<IE:=" and "< /IE>"") ot the ﬂtihg: "R and "%, Thes= chonks at= vizible onless the docome=nt's
anthot hides them with HTML commenttags. The khowledge t=ptes=ntation laingoage ns=d in each chonk most be specifisd
at its beginning, =g "<KF language="CG":". At pres=nt WebKE can infetpret the lineat notation of COl= plos less
=xptessive botsimplet lineat notations we have imvented: a fotmalised Englizh, a frame-like 20 lineat notation and stoctotes
that t=lat= docnim=hnt =l=im=ni= |:|_'.' g=mmantic t=litiohs (soime= of thes= sttoctn t== come= fioim HTRML)Y Thees :il'nl:!het hiotatiohs
at= ttansated into O This fotmalizm has been chomen fitzst becanse it has a graphical notafion and a lineat notation, both
cohc = and easily comprehenzsible, and zscondly becanz= we can teoze two 05 inbstence engines (ol TTo [3] and Peite= [6])
that exploit subsumplion telations defined betwesn fotmal tetims fot cale nhiting specialization t= hitions between graphs — and
thet=fote betweesn a quety and facts in a khowledge baze. Hence, stabements and queties may be made at diffetent levels of
gtanuhtity. In the fotote, othet hobtiohs may be acoephed and othet fotimalisimes =xploited.

Anoth=t tequit=im=ht is that sier all the reraes ot the browiedge srafeniesins should Tuve Te be explicily decluncd oo orgoiized
Ey ecich sser. ITndeed, declating and ot ganizing tetims i a #=dions and oft=h complex wotk that dett=ts most os=ts, and piobably
ohe of the main temons why so few hypetixt systems have b==n khowlsdge-based (MacWeb [7] & an sxc=ption). This
t=q nitement iz a mtionale for s=mi-fotmal knowledge t=pres=ntation languages such as concept maps"”, a5 opposed fo logic-
bawed fotmalizms soch a5 KIE The nz= of s=mi-fotmal sthitements is at the expehz= of khowledge precisich and aco=s=ibility
kot allows tapid exptession and inct=im=htal t=finementot khow ledge. When fotewatned by a special command (“he decl'),
WebKE acospts s that inclode some ohdeclat=d tetmz We show below how the imptecision may pattially be compensted
by =xploiting ontologies. Ancthet infotmal t=atote scc=pted by WebKE ar= nobtions fot s=tz within Coz: WebKE ignotes
thetmn duting s=atches bot displays sach tettieved OO in the fotim it was enieted ithos, notatiohs fot s=t= may be s==n.

HTML and XML do notallow a nze=t to tefete=nce — and h=ne= index — any pattof a document that 2'he has hot ct=ated. An
bred emiont reolalon allovwing o docime 5ir elenten! Io be refe rred By irs conkenr or occurnefice bt docionens s requited. WebEE
provvides soch a hotation.

Simply teptes=nting khowlsdge within docoments iz insofficient, biowlkdge-Besed wited srig-bsed conmiiids ate also hec-
mxaty. [t i hahdy to be able to = theim witfus docimitesrs and — if dezited — have the tezolE antomatically ihz=tt=d in the
phie= of the commands. In the hypetbext litetatote, soch a techniqoe is known as dwie s kg, and the genetated docoment
i called a dwicnic docime nir ot a viriied docionens [T]. This deahas many applications, e g. adapting adocoment content o a
uz=t. A ptocedotal of declatative langoage is neces=aty fo combine the commands and the it tesolts. Web tobots (=g Hatvest,
WebSOL, Weblog) petfotm =ome docoment genetation in that way bot cott=nt metadat langoages only allow khowledge
t=p teme nfation. WebKE petmits the genetation of vittual decuments and combines l=xical, sttoc total and knowledge-based data
management by proposing (i) commands fot ssarching and joining T, (ii) Unix-like file manage ment commands wotking
oh Web-accemible docoments, (i) a simple Unix shell-like sctipt lingoage to combine commands Thes= commands may be
inz=tted in docoments. They may also be ditectly z=nt to WebKE by ptogtams= ot manoally from fotim-based intetfaces, e g. the
WebEE int=ttac=s. Fignt= | shows the WeabKE tool m=ho and the Fhowled g=-bazed Infotimation Rettieval/Handling Tool .

Thte four following sechions respecBvely dlustnide e gleas of e Tass four paragriphs. Thoogh this decoment-based apptoach
i handy, itz scalability is limited. Fot example, befote uzing knowledge quety commands, the WebKE uz=t most mithet dit=ctly
maett some khowledge o e loading commands (soch & “load URL’) to specity Web docoments that inclodes the khowledg=
o mxploit. To allow na=is to behefit from the khowledge of os=ts they do hot know, we ate cottently extending WebKE to
hand l= ¢t cooperamely bielr Enowledge repository. We add tes= this issoe in s=ction &.
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Figur= 1: The WebKE fool meno and knowledge-based Infotmation RettievalHandling Tool. The gl queery shows frow
ot dhocamtent conitaning O s (indexinig inniges ) ix Tocded 1nito the WebEE processor arid e Tiow' e conmnrnd "spec” Caduch
Joo ks for specialiwmions of a OO covt be wsed 5o netrieve O cnd the ixige s thev index Acconding fe the value selecred i the
“kirels of nesuldrs " oprion el fop right of e fgune | e ditage s, Bul o Ore binowfedge srereneenn, will be presesied. A sinalar
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