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Introduction: MotivationIntroduction: Motivation

Inductive InferenceInductive Inference on SeWeb knowledge bases  on SeWeb knowledge bases 
through ML techniquesthrough ML techniques

explicit knowledge models: new concepts explicit knowledge models: new concepts 
● [ISWC04, Lehmann&Hitzler@ILP07] [DL-FOIL@ILP08] [ISWC04, Lehmann&Hitzler@ILP07] [DL-FOIL@ILP08] 
implicit knowledge models: neural networks, kernel implicit knowledge models: neural networks, kernel 
machines, probabilistic models machines, probabilistic models 

● DL-kNN, DL-Kernels [ESWC2008; ISWC2008]DL-kNN, DL-Kernels [ESWC2008; ISWC2008]

FocusFocus: Inductive methods for classification: Inductive methods for classification
often more often more efficientefficient and noise-tolerant than standard  and noise-tolerant than standard 
logical methodslogical methods
enable enable approximationapproximation
better exploitation of the (inherently incomplete or better exploitation of the (inherently incomplete or 
incoherent) available knowledge in Kbs incoherent) available knowledge in Kbs 

More More stabilitystability wrt previously proposed methods wrt previously proposed methods
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Introduction: ApplicationsIntroduction: Applications

Inductive Inference Inductive Inference instance-checkinginstance-checking  
exploited forexploited for
approximate retrieval, subsumption, approximate retrieval, subsumption, 
matchmaking, ...matchmaking, ...
alternative methods for ontology alternative methods for ontology populationpopulation

used for completing KBsused for completing KBs
● with induced assertionswith induced assertions
● or, also or, also 

with probabilistic assertions with probabilistic assertions 
enabling further sophisticate approaches to dealing with enabling further sophisticate approaches to dealing with 
uncertainty in KBsuncertainty in KBs
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Learning ProblemLearning Problem

Given:Given:
a target concept a target concept QQ
A set of pre-classified individuals: examplesA set of pre-classified individuals: examples

A knowledge base A knowledge base KK  as background knowledge  as background knowledge

Train a model Train a model hhQQ ( (hypothesishypothesis))

then use the learned model then use the learned model hhQQ

to classify other individuals:to classify other individuals:

Given Given hhQQ((xxqq)) and a query individual  and a query individual xxqq

Output an estimate for Output an estimate for hhQQ((xxqq))  
and the likelihood of this assertionand the likelihood of this assertion
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Examples and HypothesesExamples and Hypotheses

a a limitedlimited number of individuals  number of individuals 
for which the intended classification is knownfor which the intended classification is known

eeqq = < = <xxqq, , hhQQ((xxqq) >) >

hhQQ: the function to be approximated: the function to be approximated
in our case a combination of in our case a combination of hypersphereshyperspheres
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The Inductive Model: RCE NetworksThe Inductive Model: RCE Networks
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Training the RCE network: basic algorithmTraining the RCE network: basic algorithm
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RCE Model RCE Model ConstructionConstruction
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RCE RCE FinalFinal Model Model

Prototypes (examples)Prototypes (examples)



ESWC 2009ESWC 2009 1111ReduCE    Fanizzi, d'Amato, EspositoReduCE    Fanizzi, d'Amato, Esposito

Measuring SimilarityMeasuring Similarity

Derived from pseudo-distance [ESWC2008]Derived from pseudo-distance [ESWC2008]
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((VanillaVanilla) ) ClassificationClassification Procedure Procedure
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ExtensionsExtensions

generalizing the decision-making step:generalizing the decision-making step:

likelihood:likelihood:
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Experiments: OntologiesExperiments: Ontologies

For each ontologyFor each ontology
Satisfiable Satisfiable random query conceptsrandom query concepts ( (100100) generated ) generated 
by composition (conjunction / disjunction) of NC by composition (conjunction / disjunction) of NC 
primitive and defined conceptsprimitive and defined concepts

● NC randomly varying between 2 and 8NC randomly varying between 2 and 8
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ExperimentsExperiments

Evaluation: for all query concepts and Evaluation: for all query concepts and 
individuals: individuals: 

comparison of inductive to deductive responses comparison of inductive to deductive responses 
● returned by a standard reasoner (Pellet 2)returned by a standard reasoner (Pellet 2)

IndicesIndices
matchmatch rate:  rate: identical classificationidentical classification
omissionomission error rate:  error rate: 0 vs. ±10 vs. ±1
commissioncommission error rate:  error rate: +1 vs. -1 or -1 vs. +1+1 vs. -1 or -1 vs. +1
inductioninduction rate:  rate: ±1 vs. 0±1 vs. 0

Cross Validation: Cross Validation: 
● individuals divided into individuals divided into trainingtraining and  and testtest sets sets
● rates averaged according to the rates averaged according to the 632+ bootstrap632+ bootstrap  

procedureprocedure
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OutcomesOutcomes

credulouscredulous
method more stable than previous ones method more stable than previous ones 
(KNN, Kernel Machines) (KNN, Kernel Machines) 
[ESWC2008][ISWC2008][ESWC2008][ISWC2008]
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Outcomes / 2Outcomes / 2

more cautiousmore cautious
stable resultsstable results
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Outcomes / 3Outcomes / 3

good performancegood performance
if individuals abound: choice of parametres if individuals abound: choice of parametres 
via preliminary cross-validationvia preliminary cross-validation
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Conclusions & OutlookConclusions & Outlook

Similarity-based Similarity-based 
parametrizedparametrized method  method 
for approximate for approximate 
classification in DLsclassification in DLs
Experiments: Experiments: 
competitive wrt previous competitive wrt previous 
methodsmethods

● High match rateHigh match rate
● Low induction rateLow induction rate
● Some omission errorsSome omission errors
● Very limited commission Very limited commission 

errorserrors
Low variance wrt to Low variance wrt to 
past inductive methodspast inductive methods

ImprovementsImprovements
efficient data structuresefficient data structures
pre-determination of pre-determination of 
parametersparameters
Pre-computation of Pre-computation of 
prototypical ex'sprototypical ex's

● Clustering medoidsClustering medoids

ExtensionsExtensions
ANNs, RBFNsANNs, RBFNs
force binary response force binary response 
(tweak (tweak ))

● Expected to increase Expected to increase 
inductioninduction

Use probability Use probability 
rankingranking
addition to assertionsaddition to assertions
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Questions ?Questions ?

For offline contacts:For offline contacts:
Nicola Nicola FanizziFanizzi fanizzi@di.uniba.itfanizzi@di.uniba.it
Claudia Claudia d'Amatod'Amato claudia.damato@di.uniba.itclaudia.damato@di.uniba.it
Floriana Floriana EspositoEsposito esposito@di.uniba.itesposito@di.uniba.it

Other methods / systemsOther methods / systems
http://lacam.di.uniba.it:8000/~nico/research/ontologymining.html

The EndThe End


