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ABSTRACT

This article first lists reasons why - in the lomgm or when creating a new knowledge base (KB) for
general knowledge sharing purposes - collaboratibeiilding a well-organized KB does/can provide
more possibilities, with on the whole no more cogitan the mainstream approach where knowledge
creation and re-use involves searching, merging emgting (semi-)independent (relatively small)
ontologies or semi-formal documents. The artideslelements required to achieve this and desdtiiges
main one: a KB editing protocol that keeps the KE & automatically/manually detected inconsistesncie
while not forcing them to discuss or agree on teaiaigy and beliefs nor requiring a selection corteeit
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1. INTRODUCTION

Ontology repositories - and, more generally, teen&ntic Web - are most often envisaged as
composed of many small static (semi-)formal fileg)(, RDF or RDFa documents) more or less
independently developed, hence loosely intercoedeand with manymplicit redundancies
and inconsistencies between them (in this artfaleplicit” means “not represented in formal
or semi-formal way”). For example, this mainstreapproach is advocated by Shadbolt et al.
(2006) and Casanovas et al. (2007). The missingraahnections are difficult to recover
manually and automatically. As Section 2 shows, uthese missing semantic relations, this
mainstream $tatic file based approach” - as opposed to an approach baget (distributed

or not) “collaboratively-built well-organized larggnowledge base (cbwoKB)” - makes
knowledge re-use tasks complex to support and deaty or efficiently, especially in a
collaborative way. Most Semantic Web related redeavorks are intended to support such
tasks (ontology creation, retrieval, comparisod arerging). However, most often, they lead
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people to create new files - thus contributinghe problems of knowledge re-use - instead of
inserting their knowledge into one cbwoKB. SuchB ikay be on a single machine or may be
a global virtual cowoKB (gv-cbwoKB) distributed antarious correlated cbwoKBs on several
Web servers and/or people's machines of a peee¢o-metwork To avoid implicit
redundancies and inconsistencies within a gv-cbwotiBre should be direct/indirect cross-
references and knowledge assertion+query forwardétgyeen the cbwoKBs. This point is not
detailed in this article. Martin (2009) introducasprotocol to support this, based on having
each cbwoKB i) defining and advertising the kinds kmowledge objects it stores, ii)
committing to store all objects fulfilling this aeltised definition, and for other objects, iii)
pointing/redirecting to a relevant cowoKB. This fm@ol is not detailed in this article.

Except for WebKB-2 (www.webkb.org; Martin and Ebgag2008) - the tool implementing
the new techniques described in this article - theroontology/KB server has an ontology-based
protocol permitting and enforcing or encouragingpe to interconnect their knowledge into a
cbwoKB, while keeping iat-least-minimally-well-organized (this means that manually or
automatically detected partial redundancies or insistencies are prevented or made explicit
via relations of specialization, identity and/orrmction) and without forcing people to agree
on terminology nor beliefs (knowledge integratisriass-less) Indeed, i) achieving these two
requirements for scalable cooperative ontologyding is often but wrongly assumed to be
impossible or to involve centralization or domadstrictions, ii) it requires the users to see and
write (semi-)formal knowledge representations) ifidoes not permit to directly re-use already
existing ontologies, iv) it requires proposing andnaging a large general ontology (WebKB-2
does s0), and iv) it is useful for general remos but then only indirectly for applications. In
general repositories, as we shall see, choicegbetcontradictory beliefs need not and should
not be made. Thus, for each application perforrpimiplem-solving, its developers should make
selections and perform choices based on the regents of the application.

Other KB servers/editors (e.g., Ontolingua, OntoWémtosaurus, Freebase, CYC and
semantic wiki servers) have no such protocols gnet all/lsome users modify what other ones
have entered (this discourages information entedndeads to edit wars), or ii) require
all/lsome users to approve or not changes madeiKB) possibly via a workflow system (this
is bothersome for the evaluators, may force thermade arbitrary selections, and this is a
bottleneck in information sharing that often disages information providers). By avoiding
these two governance problems and leading to aavgénized KBs, such kinds of cbwoKB
protocol form a basis for a scalable knowledge isjaeven when multiple communities are
involved. Actually, unlike with other approaches,same cbwoKB can be used by many
communities with partially overlapping focus sintte KB is organized and can be filtered,
queried or browsed by each person according tonkeds or according to a community
viewpoint. Even if built by many communities arfual) cbwoKB is unlikely to be huge since
i) redundancies are reduced, and ii) “well orgadi knowledge” (as opposed to data) is
difficult to build. However, a cowoKB can permit tadex or relate the content of data-bases.
In any case, the bigger and the more organizeditiveKB, the more information are easier to
access and compare. Since building a cowoKB caty peruse resources of more classic (i.e.,
less organized) Semantic Web solutions or databalsgions, it can be incrementally built to
overcome the limitations of these solutions whesythbecome clear and annoying to their
users.

Section 3 presents the knowledge representationeimaded by the rules of the
collaborative “KB editing” protocol of WebKB-2. Sian 4 presents these rules and introduces
many ideas yet unpublished in a journal. For reditiabeasons, the model and rules are not
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presented in a fully formal way. Furthermore, agshwmost methodological rules, the
“completeness” criterion does not apply well tostheules.

Collaborative evaluation of knowledge representatis an extension of collaborative KB
editing since, for precision and re-use purposejuations should themselves be knowledge
representations. The collaboration scheme of WeBK84quickly introduced in Point 7 of the
collaborative “KB editing” protocol.

WebKB-2 has been applied to the collaborative regmtation of many domains by students
(for learning purposes), researchers (for knowledigaring and evaluation purposes) and,
currently, experts in biodiversity. Section 5 prisean example of application for (e-)learning.

Section 6 concludes and reminds that the presdmedledge sharing approaches are
complementary.

2. APPROACHESBASED ON FILESVERSUS CBWOKB
SERVERS

With files, information retrieval (IR) often leads a list of possibly relevant files pieces of
information (objects, e.g., a formal term or a informal sentence) waer¢ leads to an exact
answer in one ontology (a cbwoKB or one formal; fitee problem is that without a cbwoKB,
there are more than one file). Such an answer neaw Iportion of the cbwoKB, e.g., a
part/subtask/specialization hierarchy (with assediaargumentation structures) if the query is
of the kind “what are the resources/tools/metharisia ...”. Such semantically structured
answers allow a user to find and compare all reievabjects instead of getting a long
redundant list of objects/files where original/psecones are hidden among/behind objects that
are more general, mainstream or from big orgamimati This is also why IR quality decreases
when the size and number of the files increasesnduwhen the number of objects increases
in one ontology.

The more objects two files contain, the more diffit is to link these files via semantic
relations and hence to semantically compare, ozgarand evaluate them. Instead,
similarity/distance (statistical) measures havbedaised. In a cbowoKB, when needed, semantic
queries can be used to filter objects or generags, faccording to arbitrary complex
combinations of criteria, e.g., about the creatdrthe objects. (Some of these criteria may be
used for the internal organization of the cbowoKR the resulting “views” or “contexts” are
language/content dependent choices and, unlikei{getependently created static files, lead
the users to strongly relate objects of differdatwg). Ontology libraries, from early ones such
as the Ontolingua library to imagined ones suctrhe Lattice of Theories” (Sowa, 2005), are
often organized into “minimal and internally consig theories” to maximize their re-use.
However, this also leads to few relations betwebjeais of different ontologies, as well as
implicit redundancies or inconsistencies betweemthand hence more difficulties to compare,
merge or relate them. On the other hand, as ackudget by Sowa, if the objects are organized
into a cbwoKB, such (lattices of) theories can beagated via queries.

With formal files as inputs and outputs, knowledgeuse or integration leads to the
creation of even more files and requires peoplediect, compare, relate, merge, adapt and
combine (parts of) files. Except for simple apgiicas where fully automatic tools can deliver
good-enough results, these are complex tasks #vatto be done by trained people who know
the domain. Most works in collaborative knowleddgearing or “ontology evolution in
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collaborative environments” are about (semi-)autienprocedures for integrating ontologies
(Euzenat et al, 2009) and for rejecting or intégogathanges made in other ontologies, e.g.,
(Casanovas et al, 2007; Noy and Tudorache, 200BnaPat al, 2008). In a cbwoKB, no
adaptation or integration has to be done for eaelse: the most important relations from an
object have to be entered by its creators and ¢harbe complemented by any user. Indeed, it
is often the case that only the object creatorsakidnat their objects really mean or have
information required for relating them to othereatig.

The normalization/editing rules of a cbwoKB shouaidximize the use of principled multi-
inheritance hierarchies (for example, hierarchiés epecialization/mereological/spatial/...
relations) where each object has a “right placgharestricted sense that different users would
search or insert a same object at the same pladg.akB server with a large cbwoKB can
permit a knowledge provider to simply/directly adde new object “at its right place” and
guide her to provide precise and re-usable objbetscomplement the already stored objects.
This “unique/right place”, i.e., the absence opligit redundancies, is a minimal requirement
for knowledge insertion and retrieval to be done iscalable way in the hierarchies and hence
in the semantic network of which they are the backds (Dromey, 2006).

3. LANGUAGE MODEL FOR THE KB EDITING PROTOCOL

The cbwoKB editing protocol used in WebKB-2 is imded to keep the cbwoKB “at-least-
minimally-well-organized” in the sense given in the&roduction. It is not tied to any particular
knowledge representation language (KRL) or infeeemechanism (hence, this is not the point
of this article and no comparison is made on suebhanisms). This protocol only requires that
conflicts between knowledge representations - partial redundancies or inconsistencies
between terms or statementare detected by some inference mechanism oebple (hence,
the protocol also works with informal pieces of Whedge as long as they can be inter-related
by semantic relations). This does not imply tha KR language should be restricted. The
more conflicts are detected, the more the KB ig keganized and hence exploitable.

The model for the protocolsi.e., their view on a KB (whichever KR languagectually
uses) - is a set abjectswhich are eithetermsor statementsEvery object has at least one
associated source (creator, believer, interpretenmce file or language) represented by a formal
term. Aformal termis a unique identifier for anything that can beugh of, i.e., either a
source, a statement or a category. It has a umpaming which may be made partially/totally
explicit by its creator viaefinitionswith necessarand/or sufficient conditions. Andentifier
may be an URI or, if it is not a creator identifieray include the identifier of its creator (thss i
the classic solution to avoid lexical conflictsleén terms from various sources). An informal
term is one name of one or several objects. Tweatbjmay share one or several names but
cannot share identifiers. gtatemenis a sentence that is either formal, semi-fornnahfmrmal.

It is informal if it cannot be translated into agio formula, for example because it does not
have a formal grammar with an interpretation in edogics. Otherwise, it is formal if it only
uses formal terms, and semi-formal if it uses somfiermal terms. A statement is either a
category definitioror abelief A belief must have a source that is its creatok that believes in
it and/or that has represented (and hence inteqret statement from some other source.
Finally, acategoryis either atype of objects or anndividual (object). A type (a “class” in
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OWL) is either a relation type or a concept tyg individual is an instance of a first-order
type.

Giving a definition is equivalent to using a spézaion/identity relation, except that the
system can exploit the definition to better plaoe term in the specialization hierarchy. Every
belief is also automatically inserted in the spleasion hierarchy and its place may be refined
by its creator if this does not introduce an indstesicy in the KB. In order to have a unique
specialization/generalization hierarchy and heneeable to compare any pair of formal or
informal objects (i.e., know if one generalizesspecializes the other), this hierarchy must
actually use several kinds of specialization refati (all of which being subtypes of an
“extended-specialization” relation type): i) theassic “subtype” and “instance” relations
between formal terms, ii) the classic “logical-detion-of” between formal statements (which,
when formal terms have definitions, permits to ghte or check subtype/instance relations
between these terms), and iii) an “informal-gerizaéibn” from a formal or informal object to
an informal one.

The KR model of WebKB;2ts associated notations and its inference meéstmamust now
be introduced for illustration purposes. Althouglagh-based, this model is equivalent to the
model of KIF (Knowledge Interchange Format; httpdic.stanford.edu/kif/dpans.html), i.e., it
permits to use 1st order logic with collectionggsésts, ...) and contexts (meta-statements that
restrict statements). WebKB-2 allows the use oEswnotations: RDF/XML (an XML format
for knowledge using the RDF model), the KIF staddawstation and other ones which are here
collectively called KRLX. These KRLX languages wesggecially designed to ease knowledge
sharing: they are expressive, intuitive and noroagj, i.e., they guide users to represent things
in ways that are automatically comparable. Onéhefrt is a formal controlled English named
FE. It will be used for the examples along with Klfese languages can be used for creating
assertion/query commands and these commands caanbeéo the WebKB-2 server via the
HTTP/CGI protocol, from an application or from a -2 Web form. Other communication
interfaces are being implemented: one based on S@#d one based on OKBC (Open
Knowledge Base Connectivity; http://www.ai.sri.commkbc) to query (or be queried by)
frame-based tools or servers, e.g., Loom, SRItl&dKB-Editor.

Here are examples of terms in KRLXn#"bird” and”bird” refer to the English informal
word “bird” while wn#tbird is a formal term referring to one of the WordNetegmries for
“pird”. Here are examples of statements in FEl#u2#"birds fly” is an informal statement
from u2 that is represented by uil#t any ulttbird is pmitagent of a pmtiflight = is a formal
statement and definition by ul ofil#bird as something that necessarily flyul# every
ulibird is agent of a flight = is a semi-formal statement and belief of ul tleatery
ul#bird flies”. In KIF, these last two statementaould respectively be

(creator ul ’ (defrelation ulttbird (?b) :=> (exists ((?f pmtflight)) (pmttagent 7b ?£))))
and (believer ul ’ (forall ((?b ulf#bird)) (exists ((?f flight)) (agent ?b 7f)))).

When the creator of an object is not explicitly cfied, WebKB-2 exploits its “default
creator” related rules and variables to find thisator during the parsing. Similarly, unless
already explicitly specified by the creator, WebRBises the “parsing date” for the creation
date of a new object. The creator of a belief$® @ncouraged to add contextualizing relations
on it (at least temporal and spatial relations rbesspecified).

RDF/XML - the W3C recommended linearization of RBFand OWL - the W3C
recommended language ontology - are currently adiqularly well suited for the cbwokKB
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editing protocol or, more generally, for the remmation or interconnection of expressive
statements from different users in a same KB.

« They offer no standard way to associate a beli@regtor or interpreter to every object
in an RDF/XML file. Since 2003, RDF/XML has raglD keyword, thus no way to
represent contexts and hence believers or bellf4l. name-space prefixes (e.g.,
ul:bird), Dublin Core relations and statement reificati@nndt permit to do this. This
is likely a temporary only constraint since many Ri2lated languages or systems
extend RDF in this direction: Notation3 (N3), SesaMirtuoso, ...

- RDF and OWL - like almost all description logicsde not permit their users to
distinguish definitions from universal quantificats. More precisely, they do not offer
a universal quantifier. N3 does (Turtle, the RDBtrieted subset of N3, does not). The
distinction is important since, as noted in the uwentation of KIF
(http://logic.stanford.edu/kif/dpans.html#5.3), miversally quantified statement (belief)
may be false while a definition cannot. A definitimay be said to be “neither true nor
false” or “always true by definition”. A user ulperfectly entitled to definelficat as a
subtype ofwnfichair; there is no inconsistency as long as the waysat is further

defined or used respect the constraints assocvaitbdwniichair. A definition may be
changed by its creator but then the meaning ofi#fmed term is changed rather than
corrected. This distinction is important for a ct@editing protocol since it leads to
different conflict resolution strategies: “term nlng” and “loss-less correction” (Point
5 and Point 6 of the next section).

» Many natural language sentences are difficult foresent in RDF/XML+OWL or
N3+OWL, since they do not yet have various kindsiaifmerical quantifiers, contexts,
collections, modalities, ... (FE has concise syitasugar for the different kinds).
However, at least N3 might soon be extended.

» Like most formal languages, RDF/XML and N3 do netept - or have a special syntax
for - the use of informal objects instead of formhjects. KRLX does and this permits
WebKB-2 to create one specialization/generalizakimmarchy categorizing all objects.
More precisely, this is an “extended specializdtieneralization” hierarchy since in
WebKB-2 the classic “generalization” relation beéme formal objects (logical
implication) has been extended to apply to inforoigkcts too.

For its cbwoKB editing protocol, WebKB-2 detectpartial) redundancies or
inconsistencies between objebtgs detecting exclusion and extended specializat&ations
between (parts of) these objects. A statementahisxtended specializatioof a statement X
(i.e., Y includes the information of X and herather contradicts it or makes it redundaift
X structurally matches a part of Y and if eachtaf terms in this part of Y is identical or an
extended specialization of its counterpart ternXinFor example, WebKB-2 can detect that
u2f#f Tweety can be agent of a flight with duration at least 2.5 hour = (which means “u2
believes that Tweety can fly for at least 2.5 htjuis an extended specialization (and an
“extended instantiation”) of bothul# every bird can be agent of a flight and
ul#t 2 bird can be agent of a flight ~. In KIF, the
first of these two statements can be written:

(believer ul ’(modality possible ’ (forall ((?b bird)) (exists ((?f flight)) (agent ?b

7))
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These last two statements can be found to be edespecializations of (and redundant
with) respectivelyu2tt 75% of bird can be agent of a flight =~ and u2# at least 1 bird can
be agent of a flight ~. Similarly, this last graph can be found to belasive with u3# no
bird can be agent of a flight ~.

WebKB-2 uses the same graph-matching technique cédculating partial or total
extended-specialization relations between formfalfmal statements, and therefore also
“actual or potential conflicts”Other inference mechanisms could be usestead or in
addition for detecting more specialization relation$his matching takes into account
numerical quantifiers and measures, not just extisteand universal quantifiers. Apart for
this, it is similar to the classic graph matchingyr fa specialization (or conversely, a
generalization which is a logical deduction) betwgesitive conjunctive existential formulas
(with or without an associated positive contex,,ia meta-statement that does not restrict its
truth domain). This classic graph matching is soand complete with respect to first-order
logic and can be computed with polynomial complexitthe query graph (X in the above
description) has no cycle (Chein and Mugnier, 19%part from this restricted case, graph
matching for detecting an extended specializatisnnot always sound and complete.
However, this operation works with language of aagnplexity (it is not restricted to OWL or
FOL) and the results of searches for extended almations of a query graph are always
“relevant”.

4. COLLABORATIVE KB EDITING PROTOCOL

The rules of the protocol are intended for eacleciijo be connected to at least another object
via relations of specialization/generalization,ntiy and/or argumentation. These rules also
permit a loss-less information integration sinceythdo not force to make knowledge
selections. They apply to the addition, modificatior removal of an object in the KB, e.g.,
through a graphical interface or via the parsin@afew command in a new input file. This
does not serialize objects in the KB and waititigtiie whole input file is parsed would not
permit to detect morpartial redundancies or inconsistencies betweenothjects.

The independence of the protocol with respect ta. &R clear in its high-level algorithms
which are given below in Java (and, for clarity pses, in an object-oriented way) and then
discussed via a list of informal rules. These dthors present some checks on a user's
attempt to remove or add a statement and the mggdystem decision: rejecting the action
(“return false”) or accepting it, with possibly serautomatic repair step before accepting it.
Only statement removal and adding are considerethénalgorithms since i) updating is
considered as removing followed by adding, ii)dieg or re-using an object is always
accepted (privacy control is not dealt with in thigicle), and iii) term removal or adding
must be made via the removal or addition of a staté (see the second informal rule below).

In the following algorithms and rules, the word éusis used as a synonym for “source”.

boolean statement. removal_by (User agent)

{ if (object.creator != agent) return false;
if (agent. created_statements. are_inconsistent_with(this)) return false;
if (agent. created_statements. are_redundant_with(this)) return false;
if (this.is_definition())
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{ if (KB. statements_without (this).are_inconsistent())

KB. clone_term in_statements_using(this. defined_term());}
else if (KB.statements_without(this).are_inconsistent()) this.clone_for_other_believers();
KB. remove (this, agent); return true;

}

boolean statement.adding by (User agent)
{ if (this.is_informal_statement() & !this.has_associated_argumentation_relation()) return
false;

if (agent. created_statements. are_inconsistent_with(this)) return false;

if (agent. created_statements. are_redundant_with(this)) return false;

if (this.is_definition())

{ if (this.is_definition_of_new_term() & KB.statements.are_inconsistent_with(this)) return
false;

if (this.is_new_definition_of_already_declared term() &&

KB. statements. are_inconsistent_with (this))

KB. clone_term_in_statement_inconsistent_with(this);

else if (KB. statements.are_partially_conflicting with(this)) return false; //implicitly

redundant/inconsistent

J

KB. add (this, agent) ; return true;

Here are the informal rules enforced by these &lyuos.

. Any user can add and use any objegtan object may only be modified or removed by its

creator.

. Adding, modifying or removing a terim done by adding, modifying or removing at least

one statement (generally, one relation) that usisstérm.A new term can only be added
by specializing another terrfe.g., via a definition), except for process typésch, for
convenience purposes, can also be added via swgsisuperprocess relations. In
WebKB-2, every new statement is also automaticalyegorized into the extended
specialization hierarchy. A new informal statementist also be connected via an
argumentation relation to an already stored statémi summary, all objects are
manually or automatically inserted in the extendpecialization hierarchy and/or the
subprocess hierarchy, and thus can be easily sshanid compared. However, it is clear
that if one user (say, u2) enters a term (say, bigtt) that is implicitly semantically close
to another user's term (say, ul#thing) but doesmariually relates them or manages to
give u2#object a definition that is not automaticatomparable to the definition of
ul#thing (i.e., there is no partial redundanciesvben the two definition) then the two
terms cannot be automatically related by the systadnthe implicit redundancy cannot be
rejected by the system. Here, the problem is tBatas not respected the following “best
practice” rule (which is part of WebKB-2 normaliizat rules): “always relate a term to all
existing terms in the KB via the most important @mmon relations: i) transitive
relations, especially (extended) specializationdgalization relations and mereological
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relations (to specify parts, containers, ...), iitlesion/correction relations (especially via
subtype partitions), iii) instance/type relatioris) basic relations from/to processes,
iv) contextualizing relations (spatial, temporabadhal, ...) and v) argumentation relations”

3. If adding, modifying or removing stiatement introduces anmplicit redundancy (detected
by the system) in the shared K@, if this introduces a detectadconsistency between
statements believed by the user having done this actigrthis action is rejected by the
system. Thus, in the case of an addition, the nmest refine his statement before trying to
add it again or he must first modify at least oriehis already entered statements. An
“implicit” redundancy is a redundancy between tuatesments without a relation between
them making the redundancy explicit. Such a mtats typically an equivalence relation
in the case of total redundancy and an extendedadjzation relation (e.g., an “example”
relation) in the case of partial redundancy. Assilfated in the previous section, the
detection of extended specializations between thjeads reveals an inconsistency or a
total/partial redundancy. It is often not necesgarglistinguish between these two cases to
reject the newly entered object. Extended “instdinths” (one example was given in the
previous section) are exceptions: they do not deaeainconsistency or a total/partial
redundancy that needs to be made explicit, sinaBngdan instantiation is giving an
example for a more general statement. It is importa reject an action introducing a
redundancy instead of silently ignoring it becatisis often permits the author of the
action to detect a mistake, a bad interpretatioa lack of precision (on his part or not). At
the very least, this reminds the users that theyulshcheck what has already been
represented on a subject before adding somethigi®subject.

4. If the addition of anew term ul#T by a user ulintroduces aninconsistency with
statements of other users, this action is rejected by the system. Indeed, such a conflict
reveals that ulhas directly or indirectly used d emisunderstood - at least one term from
another user in his definition of ul#T. Thddition by a user u2 of a definition to ul#T is
actually a belief of uZabout the meaning of ul#T. This belief shouldréjected if it is
found (logically) inconsistent with the definitish©f ul#T by ulekample in Point 6).

5. If the addition, modification or removal of a statentdefining an already existing term
ul#T by a user ulintroduces arinconsistency involving statements directly or indirectly
re-using ul#T and created or believed by other users (i.e., users different from ulQ1#T
is automatically cloned to solve this conflict and ensure that the originterpretation of
ul#T by these other users is still representededddsuch a conflict reveals that these
other users had a more general interpretation #T uhan ul had or now has. Assuming
that u2 is this other user or one of these othersyghe term cloning of ul#T consists in
creating u2#T with the same definitions as ul#Tepkdor one, and then replacing ul#T
by u2#T in the statements of u2. The difficultytaschose a relevant definition to remove
for the overall change of the KB to be minimal.the case of term removal by ul, term
cloning simply means changing the creator's idientif this term to the identifier of one
of the other users (if this generated term alrezxigts, some suffix can be added). In a
cbwoKB server, since statements point to the teirag use, changing an identifier does
not require changing the statements. In a globabiali cowoKB distributed on several
servers, identifier changes in one server neecdetoeplicated to other servers using this
identifier. Manual term cloning is also used in Wwhedge integrations that are not loss-less
(Djedidi and Aufaure, 2010).
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In a cbwoKB, it is not true that beliefs and tergfiditions “have to be updated sooner or
later”. To avoid this and to get precise knowledge,a cbwoKB every belief must be
contextualized in space and time, asiBft 75% of bird can be agent of a flight  in
place France and in period 2005 to 2006 (such contexts are not shown in the other
examples of this article). If needed, u3 can asdeci the term
udtt75%_of birds_fly__in_France_from_2005_to_2006 with this last belief. Due to the possibility
of contextualizing beliefs, it is rarely necessaty create formal terms such as
u2#iSydney_in_2010. Most common formal terms, e.gy3ffbird and wordnetl. 7T#bird never
need to be modified by their creators. They areigfizations of (or equal to) more general
formal terms, e.gynfibird (the fuzzy concept of bird shared by all versiohshe WordNet
ontologies; u3#bird refers to a more precise concept, otherwise uldvaot have created it).
What certainly evolves in time is the popularityaobelief or the popularity of the association
between an informal term and a concept. If needkd, changing popularity can be
represented by different statements contextualizéidhe and space.

6. If adding, modifying or removing &elief introduces animplicit potential conflict

(partial/total inconsistency or redundancy) involving beliefs created by other creators, it

is regjected. However, a user may still represent his beliefy(91) — and thus “loss-less

correct” another user's belief that he does nie\ein (say, b2) — by connecting b1 to b2

via acorrective relation. E.g., here are two FE statements by u2, eacthafhwcorrects a

statement made earlier by ul:

u2#" ul# every bird is agent of a flight ~ has for corrective_restriction

u2# most healthy flying_bird are able to be agent of a flight = ~ and
u2#t’ ul# every bird can be agent of a flight = has for corrective_generalization
u2t 75% of bird canbe agent of a flight ~
In the second case, u2's belief generalizes uli&f laed corrects it since otherwise u2
would not have needed to add it. In the first cagés belief specializes ul's belief (except
for a quantifier which is generalized) and corrattén both cases, WebKB-2 detects the
conflict by simple graph-matching.
If instead of thebelief "every bird can be agent of a flight = (all birds can fly), ul
entered thelefinition “any bird can be agent of a flight ", i.e., if he gave adefinition

to the type named “bird”, there are two cases ifgdied by the rules of the two previous

points):

« ul originally created this typelftbird); then, u2's attempt to correct the definition is
rejected, or

» ul added a definition to another user's type,waélyird since this WordNet type has
no associated constraint preventing the addingicii & definition; then, i) the types
ul#tbird andu2fbird are automatically created as clones (and subtgflesm#bird,
ii) the definition of ul is automatically changettd any ul#bird is agent of a
flight ~, and iii) the belief of u2 is automatically clya into u2# 75% of u2#bird
can be agent of a flight ~.

In WebKB-2, users are encouraged to provide argtetien relations on corrective
relations, i.e., a meta-statement using argumejetzibn relations on the statement using the
corrective relation. However, to normalize the sldalkB, people are encouraged not to use an
objection relation but a “corrective relation waihgument relations on them”. Thus, not only
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are the objections stated but a correction is gawath may be agreed with by several persons,
including the author of the corrected statemento(whay then remove it). Even more
importantly, unlike objection relations, most catiee relations are transitive relations and
hence their use permits better organization of mentation structures, thus avoiding
redundancies and easing information retrieval. Ii$e of corrective relations makes explicit
the disagreement of one user with (his interpretadif) the belief of another user. There is no
inconsistency: an assertion A may be inconsistetfit @n assertion B but a belief that “A is a
correction of B” is technically consistent with alief in B. Thus, the shared KB can remain
consistent.

For problem-solving purposes, application-dependehntices between contradictory
beliefs often have to be made. To make them, aricapipn designer can exploit i) the
statements describing or evaluating the creatothenbeliefs, ii) the corrective/argumentation
and specialization relations between the beligfd, more generally, iii) their evaluations via
meta-statements (see Point 7). For example, aicapph designer may choose to select only
the most specialized or restricted beliefs of kremlgle providers having worked for more than
10 years in a certain domain. Thus, the approacthisfprotocol is unrelated to defeasible
logics and avoids the problems associated wittsdsgersion management” (furthermore, as
above explained, in a cbowoKB, formal objects dohmte to evolve in time).

This approach assumes that all beliefs can be drggainst and hence be “corrected”.
This is true only in a certain sense. Indeed, antmligfs, one can distinguish “observations”,
“interpretations” (“deductions” or “assumptionst) this approach, axioms are considered to
be definitions) and “preferences”; although allshéinds of beliefs can be false (their authors
can lie, make a mistake or assume a wrong factyt people would be reluctant to argue
against self-referencing beliefs suchu@g’u2 likes flowers” and u2#u2 is writing this
sentence”. The editing protocol of WebKB-2 relies on theuathnce of people to argue
against such beliefs that should not be arguedhagai

7. To support more knowledge filtering or decision mgkpossibilities and lead the users to
be careful and precise in their contributions, avakB server should propose “default
measures” deriving a global evaluation of eachestant/creator from i) users' individual
evaluations of these objects, and ii) global ewidna of these users. These measures
should not be hard-coded but explicitly represerftedl hence be executable) to let each
user adapt them - i.e., combine their basic funstioaccording to his goals or preferences.
Indeed, only the user knows the criteria (e.ggioélity, popularity, acceptance, ..., number
of arguments without objections on them) and wéighschemes that suit him. Then, since
the results of these evaluations are also statemiraty can be exploited by queries on the
objects and/or their creators. Furthermore, bdfoogvsing or querying the cbwoKB, a user
should be given the opportunity to set “filters mrtain objects not to be displayed (or be
displayed only in small fonts)”. These filters msst conditions on statements about these
objects or on the creators of these objects. Thewatomatically executed queries over the
results of queries. In WebKB-2, filtering is basada search for extended specialization, as
for conceptual querying. Filters are useful whes uker is overwhelmed by information in
an insufficiently organized part of the KB. The Kd&rver Co4 (Euzenat, 1996) also had
protocols based on peer-reviewing for finding coss@l knowledge; the result was a
hierarchy of KBs, the uppermost ones containingntiost consensual knowledge while the
lowermost ones were the private KBs of contributiisgrs. Establishing “how consensual a
belief is” is more flexible in a cbwoKB: i) eacharscan design his own global measure for
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what it means to be consensual, and ii) KBs of enssal knowledge need not be
generated. In any case, the reliability/populadfyuser contributions is collaboratively
assessed; this is much more difficult with traditib“static formal file based” approaches.

The approach described by the previous pointsasemental andvorks on semi-formal
KBs.Indeed, the users can set corrective or specializatlations between objects even when
the system does not detect an inconsistency ondahey. As noted, a new informal statement
must be connected via an argumentation relatiam, (a. corrective relation) or an extended
specialization relation to an already stored statégmor this relation to be correct, this new
statement should generally not be composed of aeseb-statements. However, allowing the
storing of (small) paragraphs within a statemerdgesathe incremental transformation of
informal knowledge into (semi-)formal knowledge ailbws doing so only when needed. This
is necessary for the general acceptance of th@agipr The techniques described in this article
work do not seem particularly difficult for informian technology amateurs, since the
minimum they require is for the users to set thevatmentioned relations from/to each term or
statement. Hence, these techniques could be usssimantic wikis to avoid their governance
problems cited in the introduction and other proidecaused by their lack of structure. More
generally, the presented approach removes or redbedile-based approach problems listed in
the previous section, without creating new problefts use would allow merging of (the
information discussed or provided by the memberns mény communities with similar
interests, e.g., the numerous different communitieking on the Semantic Web.

5. EXAMPLESOF APPLICATIONSIN TEACHING

WebKB-2 has been used for integrating many ontel@Jartin, 2003, 2009) and representing
many domains. In particular, it has been used dprasenting and inter-connecting the most
important concepts of four different courses thgave: “Workflow Management”, “Systems
Analysis & Design”, “Introduction to Multimedia” ah“Client-Server Architecture”. Nearly
each sentence of each slide for these coursesdeasrbpresented into a semantic network of
tasks, data structures, properties, definitiors, Eigure 1 shows an extract of a Web file that
was an input file for WebKB-2 and that mixed fornaaid informal elements; the formal ones
are in the FL notation and represent importanesiants (here, relations between important
concepts) from a book in Workflow Management. Fgg@rshows an example of results to a
query. Each FL statement in these figures follogvgbneric schema:
CONCEPT1 RELATION1: CONCEPT2 CONCEPT3,
RELATION2: CONCEPT4 (sourceForRel2) ...;

Such a statement should be read: “@®NCEPT1may have for RELATIONI one or many
CONCEPT2, and may have fORELATION1 one or manycoNcEPT3, and may have foRELATION2 one or
many CONCEPT4 (relation which can be found aburceForRel2), ...". The sources of those
relations in the book and the persons who crediedet representations (e.g., pm and the
student s162557) are indicated. When the creatarefation is not indicated, | (the user “pm”)
was the creator.

The students of these courses have recognisectthéaiat the semantic network provided
them in relating and comparing information otheeviattered in many different slides and
other lecture materials (an analysis of their eatidun of this teaching approach is given by
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Martin (2009)). However, having to learn the FL at@n was perceived as a problem,
especially by the students who were evaluated ein tiontributions to the semantic network.

An intuitive table-based knowledge entering/displayerface for FL should reduce this

problem. Compared to an informal “learning journa€valuating the students on their

contributions to the semantic network permitteduimbetter evaluation of whether or not they
understood the nature of the important concepts thed relationships. To enter these
contributions, i.e., to collaboratively completee thnitial “course formal summary (semantic

network)” that | designed for them, the studentsdusVebKB-2. For the students, the KB

editing protocols were not a problem but enteringamingful knowledge representations
proved to be very difficult. This highlighted theagssity for a very strong and very advanced
semantic checking. Due to its knowledge normaliratprocedures, WebKB-2 enforces

stronger semantic checks than RDF+OWL inferencenesgbut this still proved to be very

insufficient.
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#| Workflow Management (semantic classi

"Workflow Management" Concepts

Table of contents

1. Process 1.1 Process/method to mode] business processes
1.2. Modeled or performed process

2. Variable 2.1 Methodology-related variable;

3. Datastructure 3.1, Case deseription 3.2, Other structure

4 Agent 5. Tool 6. Domain

1. Process (kmov ledpe representations are in the courrier font;

"is#": prefix for objects in information sciences)

1s#workflow_management_related_process
supertype: pméprocess_playlng some_role (pm),
specialization: Ls#modeled or_performed process
1s#workflow_model ing_process,
agent: ls#workflow_related agent;
Jf common relations such as pméagent do not require prefixing

1.1. Process/methed to model business processes

1s#workflow_model ing_process
specialization: wim#workflow_management wFm#workflow_mg
km#knowledge acquisition wfmkbusiness g
wimtbusiness_process_engineering
wimtbusiness_process_redesign,
technique: wfm#Critical_Success Factor method (wfm);

wEm#workfl ow_management

synonym: wim#WFM ($bock/pd pm),

/¢pm found this synonym on page 4 of the book
object: wFm¥workflow | $hook/pd wfm),

fiwfm could be left Lmplicit here
toal: wfm#WFMS ($book/pE s162557),

J/the student 5162557 added this

part: wfm#workflow_modeling ($book/p5);

wim#wo rkflow_madel ing /1wrg": WordNet category
purpose; wrbcommunicating ($book/p3),
parameter: wfm#workflow_theory ($book/pl0),
abject: wfméworkflow ('intro' pm),
part: knowledge_management (pm)
business_process_enginesring (pm);

4] I
nEEBE) | U=

Query result - Mozilla

# spac is#workflow_modsling_process

wEm#warkflow_management_ WFM
supertype:  ls#workflow_nodeling process Ipm)
tool: vfm#WFHS { pr#WF_bookByAsl stAndHee/p6 s182557)
object: wifm#workflow (pr#WF_bookByAalstAndHes/pd pm)
part: vFfm#workfLow_modeling
part: wifm¥knowledge nanagement
part:  wifm#knowledge_acquisition
part: wim#knowledge_enrichment
part:  wifm#knowledge_distribution
part: wimtbusiness_process_engineering
part: wim#identification of_system_components
part: wim#resource identification
part:  wifm#applying_the_CSF_method
part: wim#workflov_analysis
part:  wfm#qualitative_analysis
part: wfm#reachability_analysis
part: wfm#structural_analysis
part: wfm#assessing the accuracy_of_a
part: wim#assessing dead tasks

[4] il

Figure 1. Extract from an input file including some
formal representations of representing statds
from a book in Workflow Management
(here referred to by the variable $book)
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Figure 2. Command to display thgecializations of a
type, followed by its first result:
wfm#workflow_management
(here, this type is displayed alovith

some of its related objects using
informal format looking like FL)
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6. CONCLUSION

This article first aimed to show that a cbowoKBashnically and sociallpossible. To that end,
the fourth (and main) section of this article preed a protocol permitting, enforcing or
encouraging people tincrementally interconnect their knowledge into a well-organized
(formal orsemi-formal KB without having to discuss and agree on termoigy or beliefs. As
noted, it seems that all other knowledge-basederatipn protocols that currently exists work
on the comparison or integration of whole KBs, otthe comparison and loss-less integration
of all their objects into a same KB. Other requieddments for a cbwoKB - and for which
WebKB-2 implements research results - were alsotioreed: expressive and normalizing
notations, methodological guidance, a large ger@radlogy, and an initial cbwoKB core for
the application domain of the intended cbwoKB. Alfg explored kinds of applications were
cited. One currently explored is the collaboratiepresentation and classification by Semantic
Web experts of “Semantic Web related techniquesbreMgenerally, the approach seems
interesting for collaboratively-built corporate menes or catalogues, e-learning, e-
government, e-science, e-research, etc. Hillis{R@@scribes a “Knowledge Web” to which
teachers and researchers could add “isolated idew@s"single explanations” at the right place,
and suggests that this Knowledge Web could andldHclude the mechanisms for credit
assignment, usage tracking and annotation thaték lacks” (pp. 4-5). Hillis did not give
hints on what such mechanisms could be. The cbwel€Bients described by this article can
be seen as a basis for such mechanisms.

A second aim of this article (mainly via Sectionv&s to show that - in the long term or
when creating aewKB for generalknowledge sharing purposes - using a cowoKB daas/c
provide more possibilities, witbn the wholeno more costs, than the mainstream approach
(Shadbolt et al, 2006; Bizer et al.,, 2010) wher@vkedge creation and re-use involves
searching, merging and creating (semi-)independeatively small) ontologies or semi-
formal documents. The problem - and related deb#emore social (which formalism and
methodology will people accept to learn and uska&i ttechnical. A cbwoKB is much more
likely to be adopted by a small communities of eesbers but could incrementally grow to a
larger and larger community. In any case, reseancthe two approaches are complementary:
i) technigues of knowledge extraction or mergingeethe creation of a cbwokB, and ii) the
results of applying these techniques with a cbwa&Binput would be better, and iii) these
results would be easier to retrieve, compare, coenlsind re-use if they were stored in a
cbwoKB.
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