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Dealing with uncertainty: Fuzzy (Description) Logics and
Fuzzy Ontologies



Why Fuzzy Logic?

• Real life is not black or white

• Classical (crisp) logic: true/ false

• Fuzzy Logic: [0, 1]. Ex. blond, tall, cheap

• For automatic reasoning about uncertain, vague, incomplete or imprecise
knowledge

• For near natural language expressions [2]

2/31



Fuzzy Logic and Fuzziness [10]

Fuzzy statements:

• involve context sensitive concepts with no exact definition, no binary
decision/membership function:
Ex. small, close, far, cheap, expensive, is about, similar to, warm, cold.
Ex. Find me a good hotel close to the conference venue
If a hotel is close to the leaning tower of Pisa, then it is a touristic hotel

• are true to some degree, taken from a truth space (usually [0, 1])
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Types of Logic

Language Ontological Commitment1 Epistemological Commitm.2

Propositional Logic Facts True/False/Unknown
First-order Logic Facts, objects, relations True/False/Unknown
Temporal Logic Facts, objects, relations, times True/False/Unknown
Probability Theory Facts Degree of belief (0..1)
Fuzzy Logic Degree of truth Degree of belief (0..1)

1What exists?-facts?, objects?, time? beliefs? What exists in the world
2What states of knowledge? What an agent believes about facts. [U. Straccia]
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Fuzzy Description Logics (DL)



Fuzzy Description Logics

Fuzzy Knowledge Base (FKB) or fuzzy ontology: a finite set of axioms that
comprises a fuzzy ABox A and a fuzzy TBox T [3].

Fuzzy ABox: a finite set of fuzzy (concept or role) assertions

Fuzzy TBox: a finite set of fuzzy General Concept Inclusions (GCIs), with a min.
fuzzy degree of subsumption.

Logical operators of conjunction, disjunction and complement are special cases
of the three fuzzy operators:

1. A possibilistic product is a t-norm: a
⊗

b, conjunction, ∧

2. A possibilistic sum is a t-conorm: a
⊕

b; disjunction, ∨

3. Fuzzy complement: ¬ c

A fuzzy KB K is consistent if there is a model of K that satisfies each axiom in
K.
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Fuzzy operators supported by fuzzyDL
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Fuzzy Description Logics Reasoners [6]
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FuzzyDL Architecture

fuzzyDL answers queries by
solving an MILP problem:
minimising a linear function wrt
a set of constraints (linear
inequations in which rational and
integer variables cannot occur);
MILP problems will be bounded
with rational variables ranging
over a subset of [0,1] and integer
variables ranging over {0,1}

2
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FuzzyDL reasoner syntax Example3

(define-primitive-concept Tall ∗top∗)

(instance fernando ∗top∗1.0)

(instance umberto Tall 0.9)

(related fernando umberto isFriendOf 0.8)

3∗top∗ denotes the universal concept (similar to OWL2 class Thing. Tall is a fuzzy concept,
isFriendOf a fuzzy relation. umberto and fernando are individuals) [4]
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Partitioning a domain with fuzzy membership functions
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Fuzzy Membership Functions (in fuzzyDL[4])

a) Trapezoidal function; b) Triangular; c) Left-shoulder; d) Crisp interval e)
Linear f) Right-shoulder
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FuzzyDL Reasoning Services
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Query languages: SPARQL Query Example:
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Fuzzy DL Query Syntax [4]
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Ex. Recommending wines to a food and occasion [5]
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Fuzzy DL Example: Wine ontology [4]
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Query languages: Triple patterns in SPARQL → fuzzyDL query:
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Practical tools for fuzzy logic and fuzzy ontologies:

• fuzzyDL reasoner4 A DL Reasoner supporting Fuzzy Logic and fuzzy Rough
Set5 reasoning.

• Scikit-fuzzy6[11]

4https://tinyurl.com/ya8l9y9h
5Useful for rule induction from incomplete datasets, a generalization of fuzzy membership
6https://github.com/scikit-fuzzy/scikit-fuzzy
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Research problems in Description Logics



Research challenges in (approximated) reasoning

• Scalability (subsumption algorithms [1]: classifying large graphs)

• Reasoning under inconsistency-tolerant semantics: inherently intractable
(even for very simple DLs [9] or for tractable DLs).

• Automatic ontology learning
• Can we provide near real time reasoning answers via

• KR learned with deep learning?
• Genetic algorithm approximations?

19/31



Research challenges in (approximated) reasoning

• Ontology evolution, merging, matching, unification of different
specializations (Ex. cross-taxon resource unification ontology for policy
consensus decision making [8] ).
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Research challenges in (approximated) reasoning

Neural-symbolic learning and reasoning (NeSy community)
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Description Logics in practice!



Description Logics icebreaker problem [Straccia]
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Description Logics icebreaker solution [Straccia]
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Ontology examples: Kinect movement and interaction ontology [7]
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Human Activity Recognition: Data and Object properties and classes [6]
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Fuzzy Human Activity Recognition [6]
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Fuzzy Human Activity Recognition [6]
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Let’s get started!

Learning to model fuzzy ontologies with fuzzyDL reasoner:

• FuzzyDL syntax:
http://www.umbertostraccia.it/cs/software/fuzzyDL/fuzzyDL.html

• FuzzyDL syntax and semantics cheeatsheet:
https://tinyurl.com/y8slmcck

• How to write ontologies in fuzzyDL:
http://www.umbertostraccia.it/cs/software/FuzzyOWL/index.html

→ Matchmaking ontology and query examples in fuzzyDL web)7
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