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e An approach for building consensus ontologies from
ontologies of a network of socially interacting agents

Summary

e Each agent has its own conceptualization of the world.

e Interactions between agents based on queries and their
assessments allow us to model the quality of resources.

e [he dynamic emergence of consensus mimics the evolution
of language.

e An algorithm for generating the consensus ontologies using
the authoritative agent’s conceptualization is presented.

e Consensus ontologies are evaluated by using heuristic
measures of similarity based on the component ontologies.
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Today's Talk

e Reaching Consensus and Introduction
e Challenges and Contributions

e Formal Definitions

— Problem Formulation
— Mapping Concepts

e Social Networks
e Algorithm, Experiments, and Results
e Conclusion
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e An ontology is a thesaurus [5], which answers the question
of “what there is” [4] in a domain.

Reaching Consensus

e Semantic agreement among heterogeneous ontologies is not
always possible.

e Various ontologies for the same domain exists. Which one
Is the best?

e \We address the problem of building consensus ontologies
from multiple heterogeneous ontologies belonging to a
number of agents interacting with each other.
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Sample ontology from the data set.

@ subClassOf o

subClassOf m subClassOf _*

Boy =@le/ -

subClagsOf

subClassOf

subClassOf

subClassOf subClassOf

subClagsOf
subClagsOf

subClagsOf

subClassOf

Professor

Figure 1: Example ontology for the domain “humans”.
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Motivation and Challenges

e Forming a consensus ontology is important because it
provides:

— A vocabulary to which agents can refer when

misunderstandings occur.
— A unified world view supported by the members, which
facilitates distributed knowledge management.

e Technical Challenges:

— Conceptual mapping: We need to be able to find
mappings between different ontologies.
>> We present a method of concept mapping based on
the conceptual structures in the ontologies.
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— Consensus generation: What is a good way to generate
the consensus ontology? How to resolve conflicting
statements?
>> Build the consensus ontology based on combining
the beliefs of experts in each domain where expertise is
gained by agents through social interactions.

— Consensus evaluation: How can we measure the goodness
of the final consensus?
>> We developed heuristic measures for evaluating the
consensus ontology based on three different perspectives.
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Related Work

e Majority based reinforcement formulation done by Stephens
and Huhns [6].

e Query transformation and semantic agreement detection
done by Aberer et. al. [2].

e Ontological mediator (oracle) based terminological
mismatch resolution done by Campbell and Shapiro [1].

e Noy [3] discussed techniques for finding correspondences
between ontologies.

e Building consensus ontology applied in service
composition [7].
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e An ontology is a 2-tuple < C, <¢> where C is the set of
concepts and <¢ is the “subClassOf" relation.

Problem Formulation

o (' <c Cy & (s asubconcept of (.

e A multiagent system (MAS) is a set of agents, A =
{A;... A}

e Each agent A; has an ontology O; = < C;, <¢,> and a
lexicon, L;, which defines the set of allowable terms.

e O"' denotes the intersection ontology and < defines a
consistent ordering with all of the given set of orderings.
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Heuristic Measures
e Lexical:

(1) SM(L;, Lj) := max (O,

(2) SM (L1, Lo) := 7721 .e, MaTL;ec,SM (Li, Ly)
(3) S:M(LC, L) = |T1| YL SM(Lc,Li) + SM(Li,Lc)
o
(
(

min(|Lil,|L;|) — ed(Lij))
min(|L;|,|L;l)

2
Conceptual:
4) AS(CZ, <C) = {Cj cC ’ C; <c Cj VvV O = C]}
TSl(L, O, Oj), if L € £j
TSQ(L,Oiaoj)7 it L g [’j

|£_1,L.| ZLe/Li TS(La Oiv Oj)

0,;€0 2

5) TS(L,0;,0;) = {

(6) TS(0;,0;) -
(7) TS(0,0) =

9~
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Heuristic Measures

e Information retrieval:

__ lelements(O) N elements(O¢)]
elements(O)

(9) recall(O,O¢) = ’elem@mj@;ﬂfﬁj{m(O")’

2xrecall(O rectsion(O
(10) FMeasure(O,0¢) = iecau((g) )—FxprCiSiOn((g))

precision(O, O¢) =

)
)
)
(11) Preczszon(@c) |()| D _0,cobrecision(O;)
) Recall
)
)

(14) O" =< N Ci, <n>

1=

ESAS 2006 Presentation 11/25



LR

Methods for Mapping Concepts

FCLexCLeLe,F(L)={CeC|(L,C)e F},
FYC)={LeLc]|(L,C)eF}.

(15) UC(CZ, <C) = {C] eC ’ C; <c Cj VvV C; = Cj}
(16) LCM(Ll,Ol,LQ,OQ) = CM(f(Ll),Ol,f(LQ),OQ)

_|FIWUC(Cr<ey) N Fy ((UC(C2,<c,))
|F N (UC(Cy,<¢,)) U Fy H(UC(Cy,<c,))l

(17) CM(C1,01,C2,0) :
(18) OUC(Cy, <) = {Cj cC|C;<c C;Vv 0= Cj}<<c

(19) OM(A<,, B<yy) = Y1) ai <a aip1 < m(a;) <p m(aiy)

_ OM(0UC(Cq,<¢,), OUC(C,<¢,))
(20) OCM (C1,01,Cs, O3) = min([0UC(Cr,<c )1, [0UC(Cy. <))
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Concept Mapping Algorithm

The threshold levels for concept mapping are set as 0.6,
0.3, and 0.5 for a1, a9, and ag correspondingly.

Given: Two lexical entries L1 and Lo belonging to ontologies O, and
Oy correspondingly, find out if their concepts do match with the
thresholds a1, an, and as.
if SM(Ll, Lg) = then

if OCM(Ll, (91, LQ, 02) = (9 then

m(Ll) = L2

else if OCM(Ll, 01, LQ, 02) P> a3 then

m(Ll) = L2
else

m(Ll) 7é L2
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e A social network is a set of agents which socially interact
with each other by using queries and answers.

Social Networks

e Models store information about the expertise of an agent,
the projected ability to produce correct answers, and their
sociability, the projected ability to produce correct referrals.

e Agents pose queries based on their interests and evaluate
others based on the answers they receive.

e Queries, answers, and interests are sets of
(term, expertiseV alue) tuples.
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Similarity. The similarity of () to F is found as follows:

QOE: Z’qu X €j
VnZ?zqu?

where n is the number of terms in the query, ¢; € @,
e; € E, and m(q;) = e;.
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Building Consensus Based on Domain Expertise

Given: A set of agents, A, sharing a set of ontologies, O, find the consensus ontology, O, represented by a
consistent set of statements such that it represents a consensus for the MAS.

Oc = m?:1 OAi
while new Lea fSetSize # LeafSetSize do
LeafSet = getLeaves(O)
LeafSetSize = |LeafSet|
for Csubj € LeafSet do
Aegpert = getDomainExzpert(O, Csubj)
expansionSet = getDomainConceptualization(O 4

for C

expert’ CSUbj)
obj € expansionSet do

Cé)bj = getBestMatchingConcept(O, Cobj)

if Cébj = () then

add(O ¢, Cyypj Oy i)
else

add(OC, Csubj’ CObj)
end
newLeafSet = getLeaves(O )
newLeafSetSize = |newLeafSet|

end
end
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Experiments and Results

® Agents ranging from 5 to 1000, having differing ontologies ranging
from 2 to 53.

e The expertise levels are initialized to the depth of the domain.

: \:I FMeasure
. ..... - Syntactic Similarity
: - Taxonomic Similarity

lvieasure vaiue

10 20 30 40 50 6000
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Evolution of Consensus

subClassOf

i Avg. Lexical Similarity =0.01587 . .
F/_Sit_’gl/_/mfp Avg. Taxonomic Similarity =0.15447 subClassOf ot .
bClassOf Avg. Precision =0.09224 stractThings
subLAass Avg. Recall =0.05214 T
Avg. FMeasure =0.06535 subClass
subClassOf
subClassOf
subClassOf ¢ NonLivingThings )— _subClassOf @
' Hospitals subClassOf

subClassOf
w MicroOrganisms subClassOf
subClassOf LivingThings

' subClassOf
subClassOf @

subClassOf

subClassOf

subClassOf

Mentally Challenged subClassOf i subClassOf .3
Disabled »{ People
subClassOf

subClassOf

subClassOf @
subClassOf

ESAS 2006 Presentation 18/25



Evolution of Consensus (2

subClassOf
subClassOf

subClassOf
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Avg. Precision =0.08796
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Evolution of Consensus (3)
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e \We studied the generation of consensus ontologies among
agents having differing ontologies in a multiagent system.

Conclusion

e \We developed heuristics measures for evaluating the
consensus ontology and methods for conceptual processing.

e Interactions between agents based on queries and their
assessments allow us to model the quality of resources.

e The dynamic emergence of consensus mimics the evolution
of language.

e An algorithm for generating the consensus ontologies using
the authoritative agent’s conceptualization is presented.
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e \We presented a method of concept mapping based on the
conceptual structures in the ontologies.

e We expect that this research will help us understand and
formalize the tradeoffs between approaches to building
consensus which can later determine inference mechanisms
that can be in place.
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e WWhat happens if individual agents’ ontologies are also
allowed to evolve?

Future Work

e Refinement of the final consensus ontology based on
some heuristics (i.e. coherence continuum: Smoothing
the consensus ontology when expert agent chosen for
hierarchically ordered domains alternate so that we choose
to retain the alternating agent’s recommendation.)

e \When choosing good domain experts, we can also check
the expertise of experts in the upper levels of the domain
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with some added decaying function effect. Assumes that
an expert agent chosen for a given concept term is likely to
be good in its subconcepts.
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Thank you!
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