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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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2 Representing Knowledge

2l Emowledge Representation Languages v XML-based Metadatn Langunges

To teptem=nt knowlkedge within docoments, we advocate the oz= of knowledge tepres=ntation langoages ovet XML-bos=d
metadat Langoages To compate the albetn atives, Figote 2 shows how a simple s=nt=nce may be peptesented with Cl= in
WebEE, with KIF and with RDF. The z=ntehce= i&: “John beli=ves that Maty haz a conzin who has the zams age o= het''.

“FF 1&anguages "CiE" s

lomd "http://www.bar .com/topLlevslOntolog) ™ ffImport this ontology
A= < Fropscty; f/Declacs Age a5 & subtyps of Propsrty
Cousin(Par son,Parson) |Relation typs Cousing;
|Person: "Jokn™] c—({Balisver)«—|Dascr: |Person: "Hary "] - | (Chroj->lags: Y
(Cousini—> |[Farson]—> (Cheo -1 Y& ;
I 1:

“FR Ll&anguncs="EIF" >

loed "http://www. bar com/topLeareslontalaongy™: {/Import this antology
(Defins-0ntology Erampls (Slot-Constraint-Soger topless LOntoloop) |
(Defins-Class Ags (THI :Daf (Fropsrty 71

(Defins-Fslation Cousini?s Tpl :Def (And (Psrson 7s) (Person TRl
(Enists ((F] Personl)
(Ard (Mams 7j John) (Balisver 7 " (Exuists ((7m Personl (Pp Parsonl (Fa Agelld
(AR (Mams 7m Macy ) (Cheo m 7al
(Cousin Pm Tpl (Chrc 7p 7al

111 =/ FER=>

2!l =— RDF npotation; assumsd location: http:/ /wew. bar .com/ siampls ——>
“FOF amlns="http:/ www.wd. . ocg/ TR/ WD-rdi-schama s
amlns tb="http:/ fwww. bar com/ toplers LOntalogys™ =
“Class ID="Age "> <subllasz0f resource="t:Propsrty™/ =< /Classs
“PropsrtyTyps ID="Cousin” comnsnt="Fslsatilon typs Cousin” -
SrANGgE e SoUCCe="t:Parson” /-
adlomEln e Source="t: Parson™ /o« ‘PropsrtyTypses </FDOF>

“FDF amlns="http:/  www.wd.org/ TR/ VD-rdi- schema 5 amlns:i="http: //www .bar. oon /slsmpl 3"
amlns tb="http:/ /www. har .com/ topletrs lOntology ™ -
“t:Par son baglh="Statasment _0L "> <t Nams-Macy< /'t Tams -

chiChreran: Age ID="&sg "o n tAges </t iChras
carfousinsctiParsonsct :Chre resource="i:&age "/ > £ Consins
</t IPersons
cheocription aboutEsche" $5tatemant _01" t:Balisvere John™ /> </ ROF -

Figot=2: Compating k now led g= teptessntatich with KIF, OG= and RDE

The OF t= pres=ntation (top) s=ems simpletthan the othets. The z=manfic netwotk structors of 0= (2. conos psconnectsd by
relations) has thoee advantages: (i) it testticts the fotmulation of knowledge withoot com promising expressivity and this t=ndsto
eaze knowledge compatizon fiom a compuotational viewpoint; (i) it ehcoutages the p2=iz o explicit t=lations between conce pts

(2 oppossd, for instinees, to hingoages whets "slot’’ of frames ot objects can be uzed): (0ii) it prtmits abetiet viEvalization of
relations betwesn conce pts.

22 Less Expressive but More Intultive Motatlons
Even it 0T smeim t=lafively intoifive, they ate not teadable by =vetyone. Ih testticed covss, simplet hotations may b= prefeted.
Fot instance, Figote 3 shows notitions that at= acczpied by WebKE a5 equivalent to the following CG:
TC for FADS conceptual modslii]l acs fimote: TC means "Typilcal Conditions”
lFADS_concesptual_model: fu] -
| (Part)->lModsl_of problam_solwving sipsrbiss] ;
(Part) ->|Modsl _of_commmnication_sapsrtiss] ;
(Part)—r|Modsl _of_coopsrsat ion_sxpsrtiss];
{ Input | =— |Enow ledgs_dasign] - (Output | -> [Enow Ledgs_bass_ =y stem] ;



f structuresd text (7@ 7 &nds the nems of a "typlcal” relation,
"mx" of & "mecsssary” relation, "o=" of & sufficisnt relation)
FADSL_ronceptusl_modal.
Part : HModal _of _problam_solving sipsrtiss,
HModsl_of _communication_sapsrtiss,
Modsl_of _coopasration_sipsrtiss.
Imput of: Fnowlsdgs_design (output: Fnowlsdgs_bess_ sy stami .

S Taxnt structursd with HIML tags (and mames comrantions for relations) !

el xade > FADSL _concesptual_mocdsl
ol Fart: culercolisModsl of problam_solving_sipsrtiss
11 sModsl_of_comminicat ion_sipsrtiss
“lizModsl_of_ coopsration_supsctiss
- ul .
o> Input of : Fnowlasdgse design (Output : Enowladgs_bass_siystami
~ d ]_ "

f*% Formalized snglish *
Typically, & FADSL conceptual _modsl has for pacrt & modsel _of_ problem_solving_sipsrtiss,
a modsl_of communication_sapsrtises and a modsl_of coopsration_sapsrtisa.
Typically, & kEnowlsdgs dssign has for input & FADS L concsptual_modsl and has for output &
Imowladge_bazs_=ystem.

Figot= 3: Complementaty notitions fot simple khowledg= sthtements.

3 Allowing Undeclared Terms in Knowledge Statements

The uz=t may not want to take the time tod sclate and otdet mostof the tetims s'he nz=s when tepres=nting know led ge. This may,
fot example, be the caze when a p2et indexes == ni= hoes from vations doc oments fot ptivate khowledge otganization pot poses.

To petimit this, and =ill allow the syst=m o prifotm some minimal s=mantic checks and kheew ledge otganization, we proposs
the cazoal oe=t teptes=nt khowlsdge with hasic declated t=lation types and leave ond sclated the tetims 1s=d o5 cohcept types.
Thiz method has the follow ing tationale=s.

# If knowledge stabements ate made from concepts linked by basic t=htions, L= if the complexity is manif=st within
cohoes pt ty pes tathet than in t=lation type=, only a limited 2=t of t=lation types at= necessaty fot an application. WebKE
alteady proposes a top-level ontology of 200 basic relation typss"® [3] [9] collecting common thematic, mathsmatical,
gpatial, =mpotal, thetotical and atgome ntative telations ty pes.

* WebKE can uze telation sighatotes to give soitable types to the ondeclated tetms uzed as cono=pt types. Fot instance, in
the top-level ontology ptoposed by WebKE, the telation types Dipeer, Qurguer, A gens, Methad, SubProcess and Purpose
ate all defined to have a conce ptof type Process as the fitgt atgoment Hence, in the ptevioos example, WebKE can infet
that Kriowdedge clesigi muost be a sabty pe of Process.

# W have metged the natutal langoage onology WerdMet'” (120,000 words linked 1o 90,000 cohos pt fy pes) into oot top-
lvel onfelogy (cf. [2] [9]). When the WebKE zhated t=positoty iz implemented and initialized with thes= ontologies,
it will be pomzible for WebKE fo semi-antomatically telate the ondeclated tetimz zed a5 concept fypez fo precize
cohospt ty pes in the tepositoty, thanks to links between wotds and concept types and to congtaint impeosed by the
tzlation sighatotes. Considet for example, the following OF whets the tetmz Cur and Tkl have not been dechited:
[Cat] —=(on)-> [Table] . In WotdMet, the wotd cur has 5 meanings ifzline, goszipst, X-tay, beat and vemit) and the
wotd fable, 5 meanings (attay, futnitote, tableland, food and postpone). In the WebKE ontology, the telation type On
cohhects 2 concept of type Spu bl evinry to ancthet concept of the ;ame type. Thox WebKE can intet that "beat’ and
“vomit" ate not the intended meanings for Cur, and “attay” and “posipone’” at= not the intended meanings for rbke.
To futthet idenfify the intended meanings, WebKE could ptompt the follbwing questionz fo the net: "doss Cur tefet to
tzline, gomsipet, K-tay ot momething elz="" and “does Tuble tefet fo fotnitore, fableland, food of mmething =l=="".

* Knowledge shitements at= mote teadily compatable if they follow the zame comenfions. The comenfion of zing basic
tzlations iz thus impottant. (The opposite convention — wsing ptimithve cohcept= and complex t=lations — woold be
much hatdet to follow). Conzidet fot example the sentence “Maty is 20 yeatz old'’. Following oot cohventions i i beti=t
o nz= the l:n:lhm_[:ﬂ: i:,'l:!e.—ﬁgr. =g |Persaon: "Mary "] —>(Choc) —- Lags: B20],
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tathetthan the telation typs Age. =g, [ Parson: "Mary"]->(Agel->|Intsger: 20],
nhlezs thiz t=latioh type has besh ptedefined by 2 nget: '
ralation Age (x.v) is  LAgsl- | (Chrc)-» |Livimg_sntity: 'a];
(Messurs | ->|Intsger: *v] ;
|

E_',' defanlt, WebKE =nfotc=s declat=d f=tim= in ths 05 lin=at notation bot Pletl:ni‘ﬂ nhdec lat=d t=tin= in th= othe=t l;sirnP|e1:]
hotations (cf. FIgute 311, Th= commands "d=cl’ and "ho decl’ ovetid= thiz defanlt med= and an =xclamation matk befot= a
type explicitly tells the system that the type was delibetately keft ond eclated. Cluoted s=nt=nces may also be omed: they ate
uhdet=tood by WebKE az individoal concepts of type "Desctiption’”.

Anoth=t tacility of the WebKE patset is that like HTML btowsets, #t ighotes HTML tgs (smcept definifion list tags) in
knowlsdge stit=tm=nts. Howevet, when these stab=im=nts at= displaysd in t=spohz= to a quety, they ate display=d using the
ewat fottm given by the us=t, incloding HTWML tags. Thos, the oz=t may combine HTMWL ot XML featotes with knowled g
stiements, = g s'he may pot some types in iblics ot make them the sontce of hy peitext links.

4 Indexing any Document Element using Knowledge

d.1 General Cases
We call a Docoment Eleme=nt (DE) any textnal/ HTML data, = . a==ni=nc=, a z=ctich, a t=f=t=ho= to an imag= ot % an =ntit=

decome=nt This d=finitioh == lod== binaty data bot inclodes E=xtnal khowl=dge gatements. WebKE allows nz=i= o inde=x any
DE ot 2 Web-acc=mible docoment (ot lat=t of oot tepositoty ) by khowled g= stateme nts, ot connect DE= by telations. Figor= 4

shows an example of sach coaz=.

S Imdestat Lon
(Contant: Lapgqueags: O]
ontology: hEtp: fSwww  bar. com/topleyelont olooy  HEml ;
Fepr_suthor: phmactin; Creaticon_dats: Mon Ssp L4 020232021 199g;
Indenad_doc: http:/ /www.bar .com/stampls html; |
(DE: |Ind cccurancs| ths rad damsged vshicls )
(Bepr: |Color: L:d]"—I:CCilD.L'I"—I_'.'ih:i.i:].;]—'I:.;I.ttl.'l—'l_l:ldll'ldgid] i
(B
5 DEcannsc tlon
(Contant: Lapgquags: O]
ontology: htbp: //www . barc.com/topleyelontolooy cREml ;
Rapr_sithor: phmartin Creastion_dats: Mon Ssp L4 02053036 1998 )
(DE: [|Documsnt: http://www. bac comd swampls . html] )
(Relaticn: Summacy|
(DE: [Documesnt: BEEp ) /wew har. com/siempls html] [ ssction titls: Abstract] )
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Figor= 4: A langoage for knowledge inde=xing ot connecting any Web-acceszible doc nim=nt = l=m=nt.

HKML provides mote ways to Bolate and t=tetenos DEs than HTML. Since WebKE == phoits the capacities of Web- btowsets the
ML mechanisms may be oz=d by the WebKE na=ts. Howevet, XML do=s hot help ns=t= to annotate otheiz’ docoments since
DEzcannot be tetete nosd it they have hot be=n explicitly delimited by thedoccoments’ anthots. Thetetote, the WebKE facility
of t=t=tting to a DE by specitying its content and it occntte nos nombet will still b= oz=fol.

4.2 A Slmple Example

The above ind=catich hotatiohz allow the zhteiments ahd the ihdewsd DE= to b= in diff=t=nt decom=ht. Thuz any u==t may
index ahy =lement of 2 documentoh the Web Figote | ptesents a genstal intetface for khow ledge-based queties and shows
how a docom=ht containing khowledge mozt be loaded in the WebKE ptocezact befote being quetied.

A Thiks sob bon mpliss da dee inderenc s sngine sxponds dhe celocion cope definklon when compocg, grophe. Faar OO ergins @ parioom rips spargion



WeabKE al=c allows fie iailior of o dacimiens to ind=x an image by ak now l=d g= stat=me=nt dit=ctly stot=d in th= "alf’’ f=ld ot th=
HTML "img " tag u==d io specify the image. We uz= this specinl cazs of indexation to pres=nt 2 simple illogtation of WebEE s
fratutes This example, shown inFigot= 5, is 2 good synthesiz bat in no way teptes=ntative of the genetal ne= of WebKE —
it iz not e peme ntative b=cans= it mixes the index=d sonice data (in this caz=, a collection of image=), theit ind =xatich, and a
costomized intetface to quety them, in azingle document Figot= Gzhows a patt of this docoment that illnsttobes the indertion.
The te==ult of the quety shown in Figot= 5 iz displayed in Figot= 7.

Heot=ibe: | bv 1= - E TR TN T TR Y ] I I N I HI.I.-'I'- TELER LN ||I."?:|—|1:T:F.=.-'"|-:'::-.-" iru E

A
Query the prhowes Froon Lhe Clul BT el siile .
clia ! cheMozt cettdoz zEe stracclhes L =Sl
Foen | Jat—y | s(k=t x StreAaligEt ]
=k P oelelmlog . e WL o JorL LamtARDn Mg
coovza [l ] =ria Ll =D Thew ] I
=]
Lanmee]iks Rolatnms
C!]eau:| t '::l.—_'it|
Sivany wenldly = I Eolulon Zem wodoy aode — |
o= trng_ s Tr — | |
Rilatian_ram_proacees-_anly — I
T = | Chammy eeaap ler
e - I Sreaiehr [e 5 Al IR CRTT
ATTE LT i I =

Parmvaima of the phinta haxze
Wi ATTN ATCASN

Tolorwls sl Teecac] e

Figure 5: Images, know ledge ind=xations and acostomized quety int=tfacs contained within a zame docoment (e excagle
qeiery shows frow the comuenied " spec " which looks for speciilzmon s of a CG car be waed &o redrieve itege s itdexed By UG
The resudor cne slvowit s Figure 7).
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Figot= &: The HTML sonice of the ind=xatich of the images shown in Figni= 5.
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Figni="7: The decum=nt g=h=tated in tesponme to th= quety in Figot= 5.



5 Commands to Exploit Knowledge and Documents

51 Lexleal and Structural Cuery Commands

EB=canz WebKE pioposes khowledge teptes=ntation and quoety commands, ahd a sctipt lahgonage, we have not f=lt the heed
o give it a lexical and stroctotal quety langoage a5 precize a5 thoss of Harvest Web30L and Weblog, Instead, we have
implemented zome Uniz-likes text ptocessing commands fot exploiting Web-acoezzible docomenis ot databazes and g=hetating
othet docoiments, =g cat, giep, fgtep, diff. head, tail, awk, cd, pwd, we and echo. We added the hypetlink path exploting
command “acceszibleDecFiom' . This command lists the deco m=nts dit=ctly and ind itectly aco=mible fiom given docome=nts
within a maximal hombet of hypetlinks. Fot example, the following command lists the HTML deocoments acomssible from
hitp:/fwww foo bat'ftoo. hinl (maximom 2 leve k) and that inclode the stting “now ledge" in theit HTML socotes code.

acCcassiblaDocFrom —meutlarasl 2 -HTIMLonly http: /Swww  foo. bear dfoo. itml | grep nowlsdgs

52 Krowledge Cuery Comma s

WebKE haz commands fot displaying specializations ot gen=talizations of a concept ot telation type= ot an =ntite 07 in a
knowlsdge bas=. At pres=nt, queties for OO specializations only tettieve connectsd O0s: the piocssaot cahhot tettieve paths
betwmeh concepts specifisd in aquety. [f a tettieved OO indewes 2 decoment sl=ment, it may b= pressnted instead of the T05
iFignte 7 gives an exampl=). In both cames, hypettext links ate gehetated to teach the sontos of mach answet pres=nted in
it= otiginal docoment — a slightly mod ified copy of this otiginal decom=nt will actally b= pres=nted by WebKE ih odet to
insttoct the Web btows=t to display and highlight the s=lected anzwet in i sootos docome=nt. What follows is an sxample
of =och an intetaction, mssoming that http:/is wew bat.com/example himl is the fil= whete the indexation in Figot= 4 has been
sioted, and S fuvig is the most genetal concept type.

» lomd http://www.bar .com/ siampls. hbml

v SR lSn:-m;th:i_ngj—-iC-:h].-:u.'l—-l_C-:h].q:u.': rad]

IColor: red]--(Color)<—-|Vshicls]-»(Attr) —»| Damagsd] ;
Somrce
+ n=s Rapr f/dizplay repressnted OES

+ Spac |Somsthing]-»{Color |- |Color: red]
tha red damsged rshicls
SomToe

Qusties fot specializations give the us=t soime fisedoim in the way s’he expresses queties: s=atches may bedohe at a gen etal level

ahd subsequently t=fined accotding to the t=solts. Howevet, the exact haimes of ty pes muost be khown. To imptove this sitaation,

WebKEE allows the us=t fo give ohly a substting of 2 type ina quety OF if s'he prefived this snbstting by the chatactet %.

WebKE genetates the actoal tequestiz) by t=placing the mbstting by the mahoally/aviomatically declabed types that inclod=

that zubettin g. Feplacements that viclat= the con staints imposed by telation sighatotes ot individoal ty pes ate discatded. Then,

each temaining teqoest is displiyed and exzcoted. Fot example, =spac %thing] will figget the genstation ahd ex=cotion of
spac |Somsthing].

Knowledge quety commands may be combined with the sctipt languageto genetat= complex docoments, peifotim consist=ncy
=zt on the khowledge baze, ot zolve problems ptocedutally. The WebEE site provides many examples of queties and sctipts.
Fot sxamp e, one sctipt solves the Sisy phos-1 toom allecation problem ™. The t=adet is imvited to test thess I='.l..11'nj_:||l=u"h".

53 Krowledge Generatlon Comma s

The only ty p= of khowlsd g genetation commands in WebKE ate commands that join OFs. Vations Linds of joins may
b= defined but WebKE only ptoposss jpinz which, given az=t of T, cteate 2 new OO spcializing =ach of the sonces T,
Thoogh the t==n bt is inz=tbed in the 00 base, it may nottepres=nt anything tro=for th = ne=t, but prov de=sa devics fot acos l=tating
khowledge teptes=ntation. Fot instance, in WebKE, Tz telated o a type may be collectsd and avkomatically metged via a

comimand soch a5 this one: spec (Typsx] | maxjoin. The tesolt may then s=tve ax 2 basis fot the nz=t o ct=ate a typ=
definitich for Ty p=X.

The following i a conctete example fot the maximal join command.
» manjolin |Cat] - (0n - [Hat] LCat :Tom] —+ (Mear | —> | Tabla]
&t : Tom]= | (Onj=>|HaE ] ;
(Maar | = > | Tabls]

¥ e e g =do " phimo e b B kbvssvplus ] boml
M0 e e g = c o phumoe B RE L o i thils server i domm bepederee o g e so phuma in Wb KBS



6 A Scalable Cooperatively Built Knowledge Repository

Some z=ivets, callsd ohtolb gy sstvets, soppott shated khowlsdge tepositoties, =g the Ontolingna ontology ==t =t*! and
Ontemantuz™. Howevet. they ate not nzable for managing lags quan tities of khowledge and, apatt fotin Al-Tiadet [ 10T, they
do not allow the indewation and tettieval of patts of decome=nts Finally, snppott of coopetation betwesh the ns=ts iz =mentially
limited o consistency snfoto=ment, annotations and sttnctoted dialogoes as in APECKSH, Tod®™ and Tadzebao™. We ate
cott=htly ext=hding WebKE to handle a khow ledge t=positoty. As this implementation has jost begon, we do hotdetail this
extension®”. Howsvet, hete are the font points thtongh which we addtess scalability: (i) the implementation of the L now led ge-
bowed mystem tenses Shote™, a scalable muolti-oset peimisent object tepository and algotithmes allowing the sxploifition of
latg=-scale dynamic timonomies etficient]y**; (i) some visnalmation tech niques { mainly the handling of aliases for tetms and
the g=hetation of views) avoid lexical conflicts and =hable ns=ts to focos oh c=ttain kinds of khowledge: (i) some= ptofocals
allow n=ets to molve ==mantic con flicts via the ins=ttion of n2 w t=t s and telations in the common ontology and, inscme cazes,
in the khowledge of othet ns=t= (iv) som= comentions tot = pres=nting know ledge to imptove the antomatic compatison of
knowledge fioim d iffet=nt ns=i= and h=hce theitconsiste noy and ettieval.

7 Conclusion

Cotten tinfotmatioh tettisval tschniques ate not khowlsd ge-=nabled and h=hos cahnot g ive preciss answets to precise q nestions.
To eveteoime this ptoblem, acott=nt trend oh the Web iz to allow nz=tz fo anhotate doc omentz nsing metadata langoages O the
baiz of o= and tepres=ntatichal completen=zs, we have atgoed fot the ose of geheial and intoitive khow ledge te pres=hiation
langoages zoch as Chw tathet than the d itect oz of KML-based hingnages. To allow nzeix to t= prese nt khow led ge atthe level of
detail the y tequite, we have ptoposed simple notitiohs for testtictsd khowledge teptes=ntation cav=s and a tschhiqoe allow ing
nzets to leove know ledge tetie ohdeclated. Ot tool WebKE soppotis this apptoach and allows its ns=t= to combine lexical,
sttoctotal and khowledge-based techn ijoes fo =xphoit ot ge netate Web docoments It & cott=hily extended 4o handle a scalabl=
coopetatively boilt khow ledg= tepositoty .
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