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Abstract

The paper argues for the use of general and intuitive knayeedpresentation languages (and simpler notationalntaria.g. subsets of
natural languages) for indexing the content of Web docusant representing knowledge within them. We believe thedgHanguages
have advantages over metadata languages based on theild&tdferk-up Language (XML). Indeed, the retrieval of pminformation is
better supported by languages designed to represent deroantent and support logical inference, and the readglwfi such a language
eases its exploitation, presentation and direct insewtitinin a document (thus also avoiding information duplica). We advocate the use
of Conceptual Graphs and simpler notational variants theece knowledge readability. To further ease the reptaen process, we
propose techniques allowing users to leave some knowlesigestundeclared. We also show how lexical, structural amiviedge-based
technigues may be combined to retrieve or generate knowlediyveb documents. To support and guide the knowledge nmgdafiproach,
we present a top-level ontology of 400 concept and relatypes. We have implemented these features in a Web-aceessddlnamed
WebKB (http://meganesia.int.gu.edu.au/"phmartin/ WBHKand show examples to illustrate them.

Keywords. Knowledge Modeling, Precision-oriented Information Retrieval, Wieolge-based Indexation and Annotation,
Data and Metadata Management, Ontology.
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1 Introduction

Document indexation techniques, such as those used in large-scale Web sesreb, sngport the retrieval of documents that
might contain some parts related to the query. Alternative approachdgematural language parsing techniques to extract a
precise semantic network from the content of documents. Such a netwolkgaatinference engine to give a precise answer
to a query. However, despite substantial progress, e.g. DR-LIKNC?, Web documents cannot in general be “understood”
using natural language processing techniques.

Precision-oriented information retrieval is performed by Web robots s1is Harvedt W3QS!, WebSQL° and WebLo§. Such

tools perform string-matching searches (e.g. with regular expressao structure-matching searches (e.g. on tags, link names

and link paths) in documents. These tools may compose the retriewethatfon to answer queries and generate documents.
However, for precise information to be retrieved in this way, the doents (or Web-accessible databases) must be rigorously
structured and this structure known to the users making the queries.

Thitp:/iwww.textwise.com/drlink.html
2http://www.cyc.com/applications.html#nl
Shttp://harvest.transarc.com/
4http://www.cs.technion.ac.il/"konop/w3gs.html
5http://www.cs.toronto.edu/ websql/
Shttp://www.cs.concordia.ca/ special/bibdb/weblomht



Many “metadata” languages are currently being developed to allow people to\ele information resources by knowlédgé
representations (logical statements) and subsequently store them in Waheatds. Most of these languages are built above
XML7, e.g. RDE and OML®.

The choice of XML as an underlying format ensures that standard XML todlses usable to exchange and parse these
metadata languages. However, like XML, metadata languages built aboveaisargerbose and therefore difficult to use
without specialized editors (this point will be illustrated in Figu®). Such editors do not eliminate the need for people to use
a language for representing knowledge (except in application-dependensdtiat simply allow predefined “frames” to be
filled). Consequently, as noted by the authors of Ontobr8Kai, with XML-based languages information has to be written
in two versions, one for machines and another for humans. Additigretimdard XML tools are of little help in managing
these languages since specialized editors, analyzers and inference engines exd.rdguieduce information redundancy,
Ontobroker provides a notation for embedding attribute-value paitsrwan HTML hyperlink tag. These tags may be used by
the document’s author to delimit an element. In this way, each element may hetijnpeferenced in the knowledge statement
within the tag enclosing the element. When a final version of RDF is reconedey the Word Wide Web Consortidfy

a wrapper can be added to Ontobroker for automatically generating RDF aefiftom Ontobroker metadata, thus making
them accessible to a broader community.

We favor the Ontobroker approach. However, we believe the Ontebroktadata language has the following drawbacks that
prevent it being used for precise knowledge modeling or rapid infaan@tdexing: (i) it is general but basic and hard to read
(it is a notation for embedding attribute-value pairs within HTMLplkylink tags), and (ii) the terms used in the knowledge
statements cannot be defined in the same document. Furthermore, theoRetohetadata language does not complement
HTML with better indexation features.

Our solution for easing the representation of knowledge is first dp@sea set of intuitive, complementary and combinable
languages or commandbat allow users to represent and index any Web-accessible information leviig of precision
they desire. More precisely, this implies an expressive formal moleluser should not be restricted by the language) and
various notations for it. Any formalism equivalent to full firster logic allowing the use of contexts, such as K|Rvould

be appropriate. For search or reasoning purposes, the users’ knowtatigaents may be translated into less expressive but
more efficient languages, e.g. Lobm For our knowledge annotation and exploitation tool, WebKB, weeheivosen the
Conceptual Graphs (CG$)formalism, first because it has a graphical notation and a linear notatiimgcbncise and easily
comprehensible, and second because we can reuse CG inference engines thagubqulaiption relations defined between
formal terms for calculating specialization relations between graphs — and dheteftween a query graph and facts in a
knowledge base. Hence, queries may also be made at various levels of granWarihave added operators to these CG
engines, e.g. a maximal join on given CGs, and complemented the CG linediondby other less expressive but more
readable linear notations using a formalized English, HTML structurdsratented text.

Even with such languages usable with any text editor, representing &dge/imay still be considered too tedious by the user
if all the terms used in the knowledge statements must be declared andzedjaim WebKB,the user may choose not to
declare all the terms s/he useghe use of semi-formal statements is at the expense of knowledgeipnesigl accessibility
but allows rapid expression and incremental refinement of knowledge. Whendmed by a special command (“no decl”),
WebKB accepts CGs that include undeclared terms. We show below how thisdisipn may partially be compensated by
exploiting a natural language ontology and constraints in the apipiicahtology.

Top-level ontologieprovide constraints and building blocks for knowledge represemtafior instance, the Knowledge Sharing
Effort public library'3 provides many precise ontologies. WebKB proposes a more termigalbgoriented ontology to ease
rapid and simple knowledge representation. It includes 400 concept andmdigies, and was created by merging other top-
level ontologies used in knowledge acquisition, knowledge repregamtand cooperation-oriented hypertext tools. For the
sake of brevity, we do not detail this ontology in this paper but/jgl® some of its components and uses. It is accessible and
browsable at the WebKB site, and more details on its construction magube in [2] and [3].

The lexical, structural and knowledge-based approachesarglementaryor information retrieval and exploitation. In
WebKB, these approaches arembinedin the following way: lexical and structural query commands workingVaeb-

7http:/www.w3.0rg/XML/
8http://www.w3.0rg/RDF/
http://wave.eecs.wsu.edu/CKRMI/OML.html

10http://www.aifb.uni-karlsruhe.de/WBS/broker/

T http:/iwww.w3.org/

12 http://logic.stanford.edu/kif/kif.html

13 http://www.isi.edu/isd/LOOM/LOOM-HOME. html

14 http://concept.cs.uah.edu/CG/Standard.html

15 http://www-ksl.stanford.edu/knowledge-sharing/



shell-like script language. An important feature is that all these commanay beembedded within documentBhis pérmits
command scripts and eases document generation. For instance, a WebKB query damstaipt may be associated with an
HTML hyperlink, thus enabling the generation of context-dependentrdeats when the link is activated.

Finally, a genuine sharing of knowledge impliesteared repositoryvirtual repository if it is composed of distributed systems)
where procedures control the integration of knowledge from the warigsers. We have not yet implemented this shared
repository in WebKB but the expected procedures and work in progressoged at the WebKB site.

We first present architectural choices for tools like WebKB, then detalhitguage featureand introduce thentologyit
proposes.

2 Architecture

Our survey of Web-based tools for Knowledge Acquisition (KA)pimfiation Retrieval (IR) and Cooperation reveals that these
tools face similar design issues that lead to the implementation of atsobthe same basic elements. Figure 1 shows these
basic elements.
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Figure 1: Generalized architecture elements of Web-based IR/KA/Groupwatesrssy,

Some architectural choices have to be made for KA/IR/Cooperation Web-tmadedand thus also for WebKB which is aimed
to support these three tasks). More precisely, these tools mayétyate distributed systems, (2) search and exploit the content
of distributed information sources (plain files or databases), or (8)valkers to store and exploit information in a repository.

In the first case, tools such as AlephWabHermes”, Infomastel® and TSIMMIS? unify heterogeneous distributed infor-
mation systems and use a “mediator” that translates user queries intastibsgfor the different systems and then integrates
sub-answers. The mediator exploits “wrappers” and content descripgifongormation sources to perform the conversion
between languages or protocols (cf. Figure 1). The information souross econform to a predefined structure to allow a
wrapper to extract structured information.

In the second case, structured information, metadata or knowledge stataanesearched in different Web-accessible files
or databases, and possibly translated into the same language. A search mitipted Bnd directed by a user query (as in

WebSQL or WebLog), or done for collecting and caching data in order to effigierspond to queries later (as in Ontobroker).

Thus, the search engine and the storage system can be integrated, as imsedai@tagement system.

16 http://www.pangea.org/alephweb.aleph/paper.html
17 http://www.cs.umd.edu/projects/hermes/

18 http://infomaster.stanford.edu/infomaster-info.html
19 http://www-db.stanford.edu/tsimmis/tsimmis.html



between information from different users automatically created. Integratistributed systems may be seen as creating a
virtual repository, and each distributed system may itself be a repgsi® for example in AlephWeb.

According to these distinctions, WebKB has three components:
e atext/knowledgsearch engin¢hat cangeneratenew knowledge and documents by assembling operators;

o text/knowledgeayuery interfacesvritten in HTML and Javascript (knowledge editors are also proposeldiping users
build knowledge assertions or queries); and

e ontologies stored in Web-accessible documents.

At present, the WebKB processor can search information or knowledge ireassible documents but does not support the
construction and access of a knowledge repository by multiple useispiidtessor is a C/C++ program that is Web-accessible
via the Common Gateway Interface (C&l)It exploits two CG workbenches, CoGFPoand Peirc# that are both memory
bound. To handle a large repository, the WebKB processor needs tddreder to exploit a deductive database. The usable
document/knowledge assertion/query/management languages will not dhangd operate on the repository in addition to
Web documents. The ontologies currently exploited by WebKB, plusdhéral language ontology WordN&i{(90,000 concept
types connected to 120,000 words) will initialize the repository.

The WebKB processor will remain Web-accessible by a CGl interface. In thisitimpccessible both from simple form-based
interfaces (such as the WebKB user interfaces — easily adaptable by users fqattieinlar needs) or by other programs.
More program-oriented interfaces, such as Céftlwa OKBC?® may be added in the future. OKBC would enable knowledge
exchange with other knowledge representation systems (KRSs), e.gn do®ntolingua, and enable the repository to be
graphically browsed and edited by the Generic Knowledge Base Edifeinally, wrappers for languages such as RDF or KIF
might also be added as standards and interfaces to them emerge.

Figure 2 shows the WebKB menu and the "Knowledge-based InformatioreiRetHandling Tool".

3 Languagefeatures

We now give some examples of the language features we propose andripemented in WebKB. More examples and the
grammar of these languages may be found at the WebKB site. The commands@®fahguages may be combined with
commands of simple Unix shell-like scripting language, e.qg. if,ggre and set.

3.1 Lexical and Structural Query Languages

Because WebKB proposes knowledge representation and query commands, aptlanggrage, we have not felt the need

to give it a lexical and structural query language as precise as those oédlawebSQL and WebLog. Instead, we have
implemented some Unix-like text processing commands for expipitieb-accessible documents or databases and generating
other documents, e.g. cat, grep, fgrep, diff, head, tail, awk, cd, pwd, deeamo. We added the hyperlink path exploring
command “accessibleDocFrom”. This command lists the documents directly @dinelcity accessible from given documents
within a maximal number of hyperlinks. For example, the followingnooand lists the HTML documents accessible from
http://www.foo.bar/foo.html (maximum 2 levels) and that inclule string “nowledge” in their HTML source code.

accessi bl eDocFrom - maxl evel 2 -HTM.only http://ww. foo. bar/foo.htm | grep now edge

2Ohttp://vww.w3.0rg/CGl/

21 hitp://seine.inapg.inra.fr/ollivier/Publis.html
22hitp:/lwww.cs.rmit.edu.au/"ged/publications.html
23 hitp://www.cogsci.princeton.edu/~wn/

24 http://ww.whatis.com:80/corba.htm

25 http://www.ai.sri.com/ okbc/

26 hitp://www.ai.sri.com/"gkb/



. Information retrieval/handling : Knowledge-hased Information Retrieval/Handling Tool
Enowledse—based [R/H tool

Classic [R/H tool (e g grep)

Query context
Document element indexation

Index DEs with knowledge
Setrelatons betwween DEs

Kinds of results document elements indexed by the knowledge representations ansvrering the query

Enowledge editors
C@ rexmal editor Constraints on the knowledge

CG graphic editor: WebKB-GE

Knowledge hrowsers Constraints onindexed elements

for hierarchical reladonshins
for concept types [sa hierarchy

for relation types [sa hierarchy

Quew | Possible cornrnands {see "control steoctrwes” at the end of this List for b to combine commmands)

Knowledge repositories
Top-level conceptirelation types
Exarnples of storage

in HTHL files
Enowledge/documentaton mix
Small base of images

Interviewr and its indexation
road accident ontology

KADSL ontology
Scripts: sorhtnl, whatls homnl

‘Clearl ;JSuhmittol r

Examples of gueries and scripis ‘ ——- Select one here or copy/paste one below —-- =

& lpad hpoimesanesia int. cu.edu. au/~phimartinWebK B/kb/E ADEL honl;
spec [Task]->{Subtask)-»[Task];
spec [KADS]L Model of Experdse];
spec [KADS1 Model of Expertise] | maxjoin;
spec Something needed for KADS knowledge engineering;

o nun scr.himl;

8 load _/KbiopLevelOntology hml; load whatls html Entiry;

o load _kb/interview[ndexaton. honl;
spec [Task]-=(Subtask)->[Task]; spec[V¥ehicle]; spec Something related to_road accident;

o load . /Kkb/images/clubMed/index hmnl;
spec [Coco tree]-={0n)-=[Beach);
spec [Jettyl«—({Near)<-[Coco_tree]-»{Cn)-=[Beach];

Figure 2: The WebKB tool menu and knowledge-based Information Ratfi¢gandling Tool. The example query shows how
a document containing CGs (indexing images) is loaded into the Webidassor and then how the command "spec” (which
looks for specializations of a CG) can be used to retrieve CGs andrthgds they index. According to the value selected in the
"kinds of results” option (cf. top right of the figure), the imagésit not the knowledge statements, will be presented. A similar
guery and its results is shown in the figures 6 and 8.



3.2 Knowledge Representation

3.21 Knowledge Representation Languagesvs XM L-based Metadata L anguages

XML is intended as a machine-readable rather than human-readable language beisaunsinly meant to be generated and
read by machines not people. XML-based metadata languages inherit this paabiligadnd most of them (e.g. RDF) do
not specify how to represent logical operators or quantifiers. As an alteensifebKB proposes to use expressive but intuitive
knowledge representation languages to represent (or index) infornmatiocuments and mix knowledge statements with other
textual elements (e.g. sentences, sections or references to images). To al|dhettkinowledge (or commands exploiting it)
must be enclosed whithin the HTML tagskKR>" and “</ KR>" or the strings “$(" and “)$". The knowledge representation lan-
guage used in each chunk must be specified at its beginning, €KR: I anguage=" CG' >". (Lexical/structural/procedural
commands may be used whichever language is specified). Thus, there is no segaraite knowledge from its documentation
nor duplicate it in an external knowledge base.

At present,WebKB only exploits the CG formalism. However, thd@itgtion of wrappers (e.g. KIF to CGs) or other inference
engines would allow WebKB to accept other knowledge representation langudgesompare the alternatives, Figure 3
shows how a simple sentence may currently be represented in WebKB, howidt flo® represented in KIF, and what its
RDF representation is. The sentence is: “John believes that Mary has a wiwsivas the same age as her”.

<KR | anguage="CG' >

I oad "http://ww. bar.conltopLevel Ontol ogy"; /11 mport this ontol ogy
Age < Property; /I Decl are Age as a subtype of Property
Cousi n( Person, Person) {Rel ation type Cousin};

[ Person: "John"] <-(Believer)<-[Descr: [Person:"Mary"]- { (Chrc)->[Age: *a];
(Cousi n)->[ Person] ->(Chrc)->[*a];

P
</ KR>
<KR | anguage="KI F" >
| oad "http://ww.bar.conltoplLevel Ont ol ogy"; [/l nmport this ontol ogy

(Define-Ontol ogy Exanpl e (Sl ot-Constraint-Sugar topLevel Ontol ogy))
(Define-Cass Age (?X) :Def (Property ?X))
(Define-Rel ation Cousin(?s ?p) :Def (And (Person ?s) (Person ?p)))
(Exists ((?j Person))
(And (Nane ?j John) (Believer ?j '(Exists ((?m Person) (?p Person) (?a Age))
(And (Name ?m Mary) (Chrc ?m ?a)
(Cousin ?m ?p) (Chrc ?p ?a)
))
))) </ KRrR>

<I-- RDF notation (with allowed abbreviations); this file is named "exanple" -->
<RDF xm ns:rdf ="http://ww. w3. or g/ TR/ WD r df - synt ax#"
xm ns:t="http://ww. bar.com topLevel Ont ol ogy" >
<C ass | D="Age" ><subd assO resource="t #Property"/></C ass>
<PropertyType | D="Cousi n"><conmment >Rel ati on type Chrc (Characteristic)</coment>
<range resource="t#Person"/>
<donmi n resource="t #Person"/></ PropertyType> </ RDF>

<RDF xm ns="http://ww. wW3. or g/ TR/ WD- r df - synt ax#" xm ns: x="http://ww. bar. com exanpl e"
xm ns:t="http://ww. bar.conltopLevel Ontol ogy">
<Descri pti on about Each="#St at ement _01"> <t #Bel i ever >John</t #Bel i ever > </ Descri pti on>

<t #Per son bagl D=" St at emrent _01" ><t #Nanme>Mar y</ t #Nane>

<x#Chr c><x#Age | D="age" ></ x#Age></ x#Chr c>

<x#Cousi n><t #Per son><x#Chr c resour ce="#age"/ ></t #Cousi n>
</ t #Per son> </ RDF>

Figure 3: Comparing knowledge representation with KIF, CGs and RDF.

The CG representation (top) seems simpler than the others. The senawiicknstructure of CGs (i.e. concepts connected by
relations) has three advantages: (i) it restricts the formulation ofledne without compromising expressivity and this tends to
ease knowledge comparison from a computational viewpoint; (ii) it erages the users to express relations between concepts
(as opposed, for instances, to languages where "slots” of frames or objedts aard); (iii) it permits a better visualization of
relations between concepts.



3.2.2 LessExpressive but Morelntuitive Notations
Even if CGs seem relatively intuitive, they are not readable by everyomestricted cases, simpler notations may be preferable.

For instance, Figure 4 shows notations that are accepted by WebKB as equvatentollowing CG:
TC for KADS1_conceptual _nodel (x) are //note: TC neans "Typical Conditions"

[ KADS_concept ual _nodel : *x] -
{ (Part)->[ Mbdel _of probl em sol vi ng_expertise];

(Part)->[ Model _of _comuni cati on_experti se];

(Part)->[ Model _of _cooperation_expertise];

(I'nput) <-[ Knowl edge_desi gn] - >( Qut put ) - >[ Knowl edge_base_systeni;
}

/* Structured text (":" ends the name of a "typical" relation,
"=>" of a "necessary" relation, "<=" of a sufficient relation) */
KADS1 conceptual nodel .
Part: Model of problem solving experti se,
Model of communication experti se,
Model of cooperation expertise.
I nput of : Know edge design (Qutput: Know edge base systen).

/* Text structured with HTML tags (and same conventions for relations) */
<dl ><dt >KADS1 concept ual nodel
<dd>Part: <ul ><li>Model of problem solving expertise
<l i >Mbdel of communi cation expertise
<l i >Model of cooperation expertise
</ ul >
<dd>l nput of: Know edge design (CQutput: Know edge base systen)
</dl >

/* Formalized english */
Typically, a KADS1 conceptual model has for part a nodel of problem solving expertise,
a nodel of communication expertise and a nodel of cooperation expertise.
Typi cal ly, know edge design has for input a KADS1 conceptual nobdel and for output a
know edge base system

Figure 4: Complementary notations for simple knowledge statements.

3.2.3 Allowing Undeclared Termsin K nowledge Statements
The user may not want to take the time to declare and order many of the thiensss when representing knowledge. This may
for example be the case when a user indexes sentences from various dodomamtate knowledge organisation purposes.

To permit this, and still allow the system to perform some minimalaetic checks and knowledge organisation, we propose
the casual user represent knowledge with basic declared relation types andreaetared the terms used as concept types.
This method has the following rationales:

¢ If knowledge statements are made from concepts linked by basic relatiensf the complexity is manifest within
concept types rather than in relation types, only a limited set of relatipgstgre necessary for an application. WebKB
already proposes a top-level ontology of 200 basic relation &/} [3] collecting common thematic, mathematical,
spatial, temporal, rhetorical and argumentative relations types.

e WebKB can use relation signatures to give suitable types to the undedamegiused as concept types. For instance, in
the top-level ontology proposed by WebKB, the relation tylpgmt, Output, Agent, Method, SubProcessl Purpose
are all defined to have a concept of typ®cessas the first argument. Hence, in the previous example, WebKB can infer
thatKnowledgedesignmust be a subtype &frocess

¢ We have merged the natural language ontology WortéiN&20,000 words linked to 90,000 concept types) into our top-
level ontology (cf. [2] [3]). When the WebKB shared repository is lempented and initialized with these ontologies,
it will be possible for WebKB to semi-automatically relate the undeclassths used as concept types to precise
concept types in the repository, thanks to links between words and coypest &nd to constraints imposed by the

27 http://meganesia.int.gu.edu.au/ phmartin/WebK BatllevelOntology. html
28 hitp://www.cogsci.princeton.edu/~wn/



[Cat]->(On)->[ Tabl e] . In WordNet, the wordtathas 5 meanings (feline, gossiper, X-ray, beat and vomit) and the
word table, 5 meanings (array, furniture, tableland, food and postpone). In th&KB/@mtology, the relation typ©n
connects a concept of tyfpatialentityto another concept of the same type. Thus, WebKB can infer that “beat” and
“vomit” are not the intended meanings f@at, and “array” and “postpone” are not the intended meaningSé&ire

To further identify the intended meanings, WebKB could prompt thieiohg questions to the user: “do&sat refer to
feline, gossiper, X-ray or something else?” and “d®ablerefer to furniture, tableland, food or something else?”.

e Knowledge statements are more readily comparable if they follow the samentions. The convention of using basic
relations is thus important. (The alternative convention — usingpitiie concepts and complex relations — would be
much harder to follow). Consider for example the sentence “Mary is 20 ydditsFollowing our conventions it is better
to use the concept typkge e.g. [ Person: "Mary"]->(Chrc) - >[ Age: @0],
rather than the relation typkge e.g. [ Person: " Mary"]->(Age)->[ I nteger: 20],
unless this relation type has been predefined by a &%er:

relation Age (x,y) is [Age]l- { (Chrc)->[Living_entity:*x];
(Measure)->[Integer:*y];
}

By default, WebKB enforces the use of declared terms in the CG linear notatigpermits undeclared terms (for types and
instances) in the other (simpler) notations (cf. Figure 4). The comdsatec!” and “no decl” overide this default mode and
an exclamation mark before a term explicitly tells the system that thewersdeliberately left undeclared. Quoted sentences
may also be used: they are understood by WebKB as individual conceptsedfgscription”.

Another facility of the WebKB parser is that, like HTML browsers, in@es HTML tags (except definition list tags) in
knowledge statements. However, when these statements are displayedoimseetip a query, they are displayed using the
exact form given by the user, including HTML tags. Thus, the user maybowrHTML or XML features with knowledge
statements, e.g. s/he may put some types in italics or make them the ebypertext links.

3.3 Indexing any Document Element using K nowledge

3.3.1 General Cases

We call a Document Element (DE) any textual/HTML data, e.g. a sentence, a sectefarence to an image or to an entire
document. This definition excludes binary data but includes textualledge statements. WebKB allows users to index any
DE of a Web-accessible document (or later of our repository) by knowlstdgements, or connect DEs by relations. Figure 5
shows an example of each case.

$(1 ndexati on
(Context: Language: CG
Ontol ogy: http://ww. bar. conm topLevel Ontol ogy. htni ;
Repr _aut hor: phmartin; Creation_date: Mn Sep 14 02:32:21 1998;
I ndexed_doc: http://ww. bar. conl exanple.htm; )
(DE: {2nd occurence} the red damaged vehicle )
(Repr: [Color: red]<-(Color)<-[Vehicle]->(Attr)->[ Danaged] )
) $

$( DEconnecti on
(Context: Language: CG
Ont ol ogy: http://ww. bar. com t opLevel Ont ol ogy. htm ;
Repr _author: phmartin; Creation_date: Mn Sep 14 02:53:36 1998;)
(DE: {Docunent: http://ww.bar.conlexanple.htnl} )
(Rel ation: Summary)
(DE: {Docunent: http//ww.bar.com exanple. htm} {section title: Abstract})
) $

Figure 5: A language for knowledge indexing or connecting any Web-atteskicument element.

29This solution implies that the inference engine expandsetation type definition when comparing graphs. Few CG ezgyzan perform type expansion.



XML mechanisms may be used by the WebKB users. However, XML does not béﬂpm annotate others’ documents since
DEs cannot be referenced if they have not been explicitly delimited bydberdents’ authors. Therefore, the WebKB facility
of referring to a DE by specifying its content and its occurrence numbeéstiilbe useful.

3.3.2 A SimpleExample
The above indexation notations allow the statements and the indexetboD# in different documents. Thus, any user may

index any element of a document on the Web. Figure 2 presents a generadatkmnf knowledge-based queries and shows
how a document containing knowledge must be loaded in the WebKB prodesfece being queried.

WebKB also allowshe author of a documetd index an image by a knowledge statement directly stored in the “alt”diettoe
HTML “img” tag used to specify the image. We use this special case of inadexttipresent a simple illustration of WebKB'’s
features. This example, shown in Figure 6, is a good synthesis Inat way representative of the general use of WebKB —
it is not representative because it mixes the indexed source data (iteigs a collection of images), their indexation, and a
customized interface to query them, in a single document. Figure 7 shpeus of this document that illustrates the indexation.
The result of the query shown in Figure 6 is displayed in Figure 8.

e }{m'e-ga nesia.-dint.gu.sdu. ;9.‘-1.1_;*' phmgr—tii}?"-ﬁfeb EE/ kE fdima

e | http

Query the photos from the Club Med site 4]
scho "=b>Most djettiss are straight ...=sb>"; =
spec [Jettv]-—>(attr)—>[Straight];
scho “"<brbut some are not.</b>";
spec [Jetty]-—F(attr)—>[Curved]; T
=3 i=
Concepts Relations
Clear]| - Subrmnit|
Living_entity — | Relation_from_entity_only  — |
Mot living_entity — |
Reladon_from process_ only — I
Process =1 I Query examples
. Spatlal relatdon — I Siraight jetdes and curved jettdd
Atrribute = | I

Panorama of the photo base
W arm areas

Islands and beaches

mnvu.
I

==

Figure 6: Images, indexations and a customized query interface wittdma documentthe example query shows how the
command “spec” can be used to retrieve images indexed by CGs. See ths ie§idfure 8)
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<h3><a name="WarmEBegicon">Warm arsas<fa=></h3>
<h4>TI=slands and beaches</h4>

<pz<KR language='"ITG">
<img sro="http: /f/ meganesia.int.gu.edu.aun/~phmartin/WebEE /kb /images /ol uk
alt="[Eocat] —
{ (Near)—>=[Island];
{On) —=[2=a] ;
{(On) =<—[Ferson] ;
P
<img sro=""http: ///meganesia.int.gu.=du.au/~phmartin/WekbEKE /kb /imageses/cluk
alt=" [Curved] <— {(Attr)=<—-[Jetty] —=({Near) —>=[Island] ">
<img sro="http: /f/meganesia.int.gu.=du.su/~phmartin/WebEKE /kk /images/ oluly
alt="[Straight] <—{Attr)<—-[Jetty] —=(HNear) —>=[Island] ">
<img sro="http: /f/ meganesia.int.gu.edu.aun/~phmartin/WebEE /kb . /images /ol uk
alt="[8traight]<—-{attr)=<—-[Jettv] —=(HNeari—>=[I=sland] "=

<p><img sro="http: /f/meganesia.int.gu.edu. au/~phmartin/WMebEE, /kk /images=s /o
alt="[Hous=s]—->={Cn) —>[Island] "=
<img sro=""http: /f/ meganesia.int.gu.=sdu. aun/~phmartin,/WebEKE/kb /images /ol ulks
alt="[Coco_tre=s] —=(0n) —>=[EBeach] ">
<img sro="http: /f/meganesia.int.gu.=du. su/~phmartin/WekbEKE /kk /images /ol uly
alt="[Coco_trese] —={C0n) —=[Beach] ">
<img sro=""http: /// meganesia.int.gu.=du.au/~phmartin/WekbEKE /kb /imagess/cluk
alt="[Coco_tre=] —
1 {on)—=[Beach] —={HNear)—=[Jettv:*jJ] —=({ottr) —>=[Straight]:;
(Hear)—=[*3]:;
} ||>

LI

| </KR>
1 | 1l 1 =

1l

Figure 7: The HTML source of the indexation of the images showrigare 6.
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but some are not.
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Figure 8: The document generated in response to the query in Figure 6.



3.4 Knowledge Query Commands

WebKB has commands for displaying specializations or generalizations ofcegbar relation type or an entire CG in a
knowledge base. At present, queries for CG specializations only retrienected CGs: the processor cannot retrieve paths
between concepts specified in a query. If a retrieved CG indexes a document eiemeanytbe presented instead of the CG
(Figure 8 gives an example). In both cases, hypertext links are generategctothe source of each answer presented in its
original document — a copy of this original document will be presentetMepKB in order to instruct the Web browser to
display and highlight the selected answer in its source document. Whaw$dk an example of such an interaction, assuming
that http://www.bar.com/example.html is the file where the inderan Figure 5 has been stored, aBdmethings the most
general concept type.

> | oad http://ww. bar.com exanpl e. ht m
> spec [ Sonet hi ng] ->(Col or)->[ Col or: red]
[Color: red]<-(Color)<-[Vehicle]->(Attr)->[ Damaged];
Source
> use Repr //display represented DEs
> spec [ Sonet hi ng] ->(Col or)->[ Col or: red]

the red damaged vehicle
Source

Queries for specializations give the user some freedom in the way s/teserp queries: searches may be done at a general level

and subsequently refined according to the results. However, the exact Maypesanust be known. To improve this situation,

WebKB allows the user to give only a substring of a type in a queryiiChe prefixed this substring by the character %.

WebKB generates the actual request(s) by replacing the substring by thalpauiomatically declared types that include

that substring. Replacements that violate the constraints imposedtipmedignatures or individual types are discarded. Then,

each remaining request is displayed and executed. For exampks; [ % hi ng] will trigger the generation and execution of
spec [ Sonet hi ng] .

Knowledge query commands may be combined with the script language taggeoemplex documents, perform consistency
tests on the knowledge base, or solve problems procedurally. The WeidKBrovides many examples of queries and scripts.
For example, one script solves the Sisyphus-I room allocation @n@Bl The reader is invited to test these examples

Here is an example of a script showing that the procedural language freaddsome special operators to our query language,
such as the modal operators “few” and “most”, since they are easily definatthe loger.

spec [ Sonething] | nbArguments | set nbCGs;

spec [Cat] | nbArgunments | set nbCGsAbout Cat;

set nbCGsdiv2 ‘expr $nbCGs / 2‘;

i f ($nbCGsAbout Cat > $nbCGsdi v2)

{ echo "Mdst CGs of the base are about cats"; }

3.5 Knowledge Generation Commands

The only type of knowledge generation commands in WebKB are commandpithaGs. Various kinds of joins may

be defined but WebKB only proposes joins which, given a set of CGs, creme &G specializing each of the source CGs.
Thoughthe resultis inserted in the CG base, it may not represent agythétfor the user, but provides a device for accelerating
knowledge representation. For instance, in WebKB, CGs related to a typdenegilected and automatically merged via a
command such as this ongpec [ TypeX] | maxj oi n. The result may then serve as a basis for the user to create a type
definition for TypeX.

The following is a concrete example for the maximal join command.
> maxjoin [Cat]->(On)->[Mat] [Cat: Tonj->(Near)->[Tabl e]
[Cat: Tom - { (On)->[Mat];
(Near) ->[ Tabl e] ;
}

30hitp://meganesia.int.gu.edu.au/ phmartin/WebK Bffshus1.html
31http://meganesia.int.gu.edu.au/phmartin/WebKB/f this server is down, http://www.int.gu.edu.au/ phmaktiebK B/



We have seen how knowledge statements may be embedded in documents and hatead®gtions such as structured text
or formalized English may ease the process of merging knowledge anctitsn@mtation.

Itis also interesting to embed knowledge-based and string-based commsidésdocuments so that parts of these documents
are automatically generated by collecting information or knowledge stosed/bkre. Alternatively, within HTML documents,
Javascript may be used for associating a query to an hypertext link insswely that the query is sent to the WebKB query
processor when the link is activated (then, as for any other query, the Webd@ssor generates an HTML document that
includes the results; if the query has been sent from a Web-browsedgitiisnent is automatically displayed). In the hypertext
literature this technique is known agnamic linkingand the generated document is calledyaamic documenrdr avirtual
documenf4]. This idea has many applications, e.g. adapting the content of a dotwman individual user. Metadata
languages do not currently include knowledge queries and therefore dapyort dynamic linking.

Scripts may also be used for generating entire documents, e.g. for repasiults of tests on knowledge. In this case, constant
strings may be generated using “print” commands.

4 A Top-Level Ontology

The top-level ontology proposed by WebKB was designed to guide and aateetBe creation of application ontologies
and the building of knowledge statements. This ontology gatherst&@fifucommon basic relation types (e.g. thematic,
mathematical, spatial, temporal, rhetoric and argumentative relation tgpestlassifies them in a subsumption hierarchy
according to their meaning and the kinds of concepts they connect. Fighmg she upper levels of this hierarchy displayed
with the WebKB hierarchy browser. As an example, rhetorical relation typ@edmm the Generalized Upper Mod&hlnd the
argumentation relation types come from the cooperation oriented hypsyttem AAA[5]. These relations specialize the type
BinaryRelfrom_a_descriptionsince they connect descriptions. A synthesis of the most useful abretdietween descriptions
is proposed in the menu of the WebKB interface for connecting document dieineoaonceptual relations.

The ontology also structures about 200 general concept types needed fiynidienes of the basic relation types, for setting
minimal constraints on terminological knowledge, and for representingesuseful knowledge acquisition notions such as
KADS?? elements and generic task models. Figure 10 shows the upper levels afribept types hierarchy. These levels
provide a synthesis of classic elementary distinctions that allowmopeganise the top-level ontology (and the ontologies that
specialize it) into partitions (i.e. in exclusitfesets of types)Situation(an aspect of a real or imaginary worldEntity (things
involved in a situation)Procesgsituation considered as changing by the user who represeng&t#e(situation considered as
static),Temporal entityfa point or extent in spaceBpatial entity(a point or extent in time) lhformation entity(partition of the
distinctionsDescription/ Description containef Property/ Property measufe We have not included the distinctioAbstract
thing / Concrete thingand Collection/ Elemental thingn the upper levels in order to keep them easy to visualize (it is also
difficult to classify natural language concepts according to these distimg}tiHowever, the typ€ollectionand sub-partitions

for these types have been included, and it seems that the usual subtidistirof abstract things have been represented via
other distinctions (e.g. what we call temporal entities and informatititieare often considered as abstract entities).

These ontological distinctions may appear obvious but we have ofted tiwat even when these distinctions are clearly stated
and used, users make semantic errors when they represent knowledge. e€émsigkample, two concept types named
Representatiomnd Observation They could refer to a state, a process, the result of this process (whidth €ther be a
description or the thing(s) described) or a document used for sttriagesult. The creator of such types would probably not
make the exact category explicit if s’lhe was not induced into that by arogytsuch as ours. The relation signatures and the
exclusive links between our top-level types allow a system like Weld&ot some semantic checks when types are used or
specialized by their creators or other users. For examp@h#ervatiorrefers to a state, the user will not be allowed to use the
relation typeAgent(e.g. instead of the relation typ&onsequencer Successqgrto connect a concept of ty@bservatiorto
another concept. For the same reasons, our top-level distinctions heakatblogy they structure more reusable.

Using our top-level ontology, we have structured and complementedpber levels of the WordNet lexical database. The
90,000 WordNet concept types are subsumed by our top-level ontolalysnan be accessed from this top-level ontology via
a browser (cf. [2] and [3] for such a browser). The constraints inadlpelével ontology are convenient to check the use of the
WordNet types or even sometimes to understand what they refer to. Otiodogias could be structured and complemented in
the same way.

32http://wvww.darmstadt.gmd.de/publish/komet/gen-urwidi.html
33 hitp://www.swi.psy.uva.nl/projects/CommonKADS/homtenl
34Exclusive types may not have common subtypes.
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BinaryRel (Something Something) - - do #of ure ok dinaiy refadions AI

Atdbudve binaryRel (Something, Something) —- eg Chre, Addr, Role, Fossession
Component_binaryRel (Something, Something) —- eg. Sef efement, Subred, FAVsFart, Sublask

Spatial_binaryRel (Semething, Something)
Temporal binaryRel (Something, Something)
Logical binaryRel {(Descrpton, Something) -- &g Aad, O, [fF

COrdering binaryRel (Something, Something) —- fAe fuzzy ones (e g, Close fo, Cause) generilize the mathemalical ones

BinaryRel from a_temporal_entity (Temporal_entty, Something) -- eg. T_Affer, T Beiween

BinaryRel from a_spatial entty (Spatial entity, Something) -- eg On, Adove, 5 In, 5 Affer, 5 Interior

BinaryRel from_a_descrption (Descripion Something) —- eg. [aformadion seurce, Author, Argumentation binaryRel
BinaryRel from a_collecton {Collection, Somethingy -- eg. Average, Coxne, Subsed, [ntersects with

BinarvRel from a_situation (Situatden, Semething) -- fe. only from q séade oF aprocess

Descr (Sitwadon, Descripton) - - Jor describing o situndion
Descrin (Situadon, Description container) —-— for sforing o situaiion descripdion
Temporal_binaryRel from a_situadon (Situation, Something) —- eg. Daragion, T Suce, Terminaison

BinaryRel from_a_Process (Process, Something) -- eg O&ject, Agend. Task_szcc

Purpose (Process, Simation) - - aparpose of aprocess is (afse) a reason fo do this process
Recipient (Process, Goal _directed agent) -- &g Sereficiay

Experiencer {Process, Goal directed_agent)

Result {Process, Something)

Object (Process, Something) —- #Air case relarion is also usually called Patient or Theme
Inidaror {Process, WM _causal agent cause  causal agency)

Agent (Process, Goal directed_agent)

Instrument {Process, Entty)

Method {Process, Process)

subprocess (Process, Process)

Spatial binaryRel from a_process (Process, Spadal_entity) - - eg Sewrce, Deslinadion, Palk

Reladon_to_a_situation (Semnething, Siuation) -- {e. only fo qstafe or aprocess, e g Reladion fo a process
BinaryRel with mathematical pro Something, Something) -- eg Swmmedric with, Transitive with
Contextualizing_binaryRel (Something, Something) -- 2te relation contextualises ifs destinntion
éRelaﬁan_refe.ﬁng_to_a _process {Something, Something) -- wse concepds inslead of such reladions (eg Add)

|[ETm I | 5]
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Figure 9: Uppermost relation types of the WebKB top-level ontolagghown by the WebKB hierarchy browgsmpes at the
same level in a same box are exclusive but are not exclusive with typéeirboxes).

5 Conclusion

Currentinformation retrieval techniques are not knowledge-enabled amé khannot give precise answers to precise questions
(e.g. about the semantic content of documents). This is due to theuttiéfs involved with automated extraction of knowledge
from general documents. As an intermediate step to overcome this problamreat trend on the Web is to allow users to
annotate documents using metadata languages. On the basis of ease and atiprelextmpleteness, we have argued for the
use of a knowledge representation language such as Conceptual Graphshaathetdirect use of XML-based languages.
To allow users to represent and query knowledge at the level of detail #syedwe have proposed simple notations for
restricted knowledge representation cases and techniques allowing userget&resvledge terms undeclared. To support
this approach, we have presented a top-level ontology, and developeddtessible knowledge-based tools and Unix-like
tools for indexing, retrieving and generating information. At s knowledge has to be formulated and stored by users in
Web-accessible documents. To improve cooperation, we are extending Weld(i®port the building of a Web-accessible
knowledge repository by multiple users.
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Lescription —- descripdion of a situntion, eg. Description content, Descriplion medizm
LDescription_container —- eg. Fife, fmage. Holegram, Document_element

Property —-— adimensionof something, eg Mass, Length, Form, Celor, Speedness, Infelligence
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Collection -- agreap or siracture of absiract/concrete entities or situntions, e g Ordered Collection
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WIH_act humnan acdon  humean actwvity --— sometfing fhaf people do or cause fo hopren

Problemn solwing process —— & cogrifive aordvidy made &y an agen? for solving a probiem
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Figure 10: Uppermost concept types of the WebKB top-level onto{bgyes at the same level in a same box are exclusive;
types beginning by WN come from the WordNet ontology).
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