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When is a galaxy not a galaxy?

Wikipedia says 107-1014 stars in a galaxy
What is a group of 9,999,999 stars? =

What are the boundaries of dwarf
and hobbit galaxies?

Is there a smallest galaxy?

Astronomical understanding is subject to
imperfection being based on:

Models employing definitions that are generally
imprecise, uncertain and ambiguous

Data that is inherently numerical and error
ridden
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Fuzzy semantics

s Fuzzy set and logic theory proposed by Zadeh in 1975

s Fuzzy ontology introduced by Straccia in 2006 with
fuzzy concepts and roles

- An instance does not fully belong or not to a given
fuzzy concept but has a membership degree of
between 0 and 1 of being an instance of that concept

- Membership functions:

A A ? A

oz

e.g. an astronomical object with ‘5 million stars is a
galaxy with a membership degree of 0.8
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Fuzzy support

- Description Logics (DLs) are a family of knowledge
representation formalisms characterized by logically
founded formal semantics and well-defined inference
services

= Ontology languages are based on DLs:

- OWL Lite is based on SHIF(D)
- OWL DL is based on SHOIN(D)
= OWL2 is based on SROIQ(D)

- Fuzzy ontologies (F-OWL) require fuzzy extensions to DLs:
- f-ALC, f-SHITF, f-SHOIN, f-SROIQ,

o Fuzzy reasoners built on these:

. FIRE, FuzzyDL, DelLorean
s Work with existing tools to handle fuzziness:

=«  FuzzyOwl|20ntology:
o 168 classes, 39 properties - 28 object, 11 datatype
= Populate it with axioms of a fuzzy ontology
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mjgl with 5 million stars is a

galaxy with degree 0.8

Instance of ConceptAssertion called ass1
Instance of Individual called ‘mjgl’
Instance of AtomicConcept called '‘Galaxy’
Instance of AtomicConcept called 'StellarCount’
Instance of NumericDegree called deg1l
Instance of ConjunctionConcept called conjl

Datatype property hasNumericValue between
degl and “0.8"

Datatype property hasNumericValue between
StellarCount and “5000000”

Object property isComFosedOfAbstractConcept
between conjl and Galaxy and between conjl
and StellarCount

Object property isComposedOfAbstractindividual
between assl and mjgl

Object property hasNumericDegree between assl and degl
Object property isComposedOfAbstractConcept between ass1 and conjl
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Intelligent mining

- Traditional data mining considers the analysis of (large
data(bases) in order to identify valid, useful, meaningful,
unknown, and unexpected relationships
= Input is a single table of feature vectors
= Relationships are not necessarily understandable, e.g. matrix of

numbers in trained neural network

- Information mining is the non-trivial process of identifying
valid, novel, potentially useful, and understandable
patterns in heterogeneous information sources
= Based on fuzzy systems that model human expert knowledge
- Distinction between precision (quantitative

methods) and meaning (qualitative models)

= Variety of knowledge representation systems:
=  Rule-based
= Fuzzy ontologies
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Fuzzy nous

- Fuzzy data mining is a wide field but
methodologies incorporating knowledge:

Work with a fuzzy ontology:

- Inferencing and consistency checking

Application of known fuzzy logic algorithms to

objects described by a non-fuzzy ontology:

» Fuzzy clustering, e.g. relational fuzzy C-means,
correlation cluster validity

o Fuzzy measure theory

Fuzzy semantic similarity measures

s Topological or information content based

- Fuzzy matching based on ontological similarity
rather than membership function
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Isn’t this just all uncertainty?

s Vagueness (possibility) vs. randomness (probability)
= What is a bright galaxy?
- Probabilistic ontologies:
- BayesOWL, OntoBayes, PR-OWL (UnBBayes)
s Reflects states of information:
= Possibility cannot describe total randomness
= Probability cannot express ignorance
s Fuzzy random variables combine
= objective uncertainty in form of observed/measured data

. s(lj,lbgective uncertainty in form lack of trustworthiness in
ata

s Knowledge systems based on FRVs?

- Toward a perception-based theory of probabilistic
reasoning with imprecise probabilities” — Zadeh, 2002
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