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Uncertainty

Probabilistic/Possibilistic DLs:

® probability/possibility distributions on possible worlds

Oxford

ALCN with possibilistic axioms

P-SHOIN D)
Prob-ALC

Bayesian Dl:-Lite and EC
(Ceylan and Penaloza 2014; dAmato, Fanizzi, and Lukasiewicz 2008)

, December 9th, 2014

Fuzzy Description Logics

JtestResult.Positive C JhasDisease.Flu
... with probability 0.5.

(Hollunder 1995)
(Lukasiewicz 2008)
(Lutz and Schroder 2010)
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Degrees of Truth

(L ® & =0)
complete lattice T T ®: L x L — L for conjunction
disjunction
implication
negation
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(Belnap 1977; Maier, Ma, and Hitzler 2013)
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(Headache M Psychosomatic)®(x) = HeadacheZ (x) ® Psychosomatic (x)
(—Flu)Z(x) = oFIuZ(x) U —

(VhasSymptom.Psychosomatic)l(x) =

inf_hasSymptomZ (x, y) = PsychosomaticZ (y)
yeAT

(stefan:Headache i p) (IhasDisease.Flu C JhasSymptom.Headache > p)
(3hasDisease.Flu)Z(x) = (3hasSymptom.Headache)® (x) > p

[{...} L (TCL>1), (a:C>p), <c;ozp>?]
A
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JhasSymptom.Fever: 0.8 (Hajek 2005)
R hasS\/m\ptom. Fever: 0.79
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(Bulldog C VhasChild.Bulldog > 0.5)
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Zadeh semantics

(L o =0) (Zadeh 1965)
[0,1] I I min(x, y)
max(x, y)

max(1 — x, y) Kleene-Dienes-implication

L—1—x involutive negation
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(L& =06) (Zadeh 1965)
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max (X, y)

max(1 — x, y) Kleene-Dienes-implication

L——1—x involutive negation

® crisp inclusion (C C D): CT(x) < D¥(x)
® problem with Kleene-Dienes-implication: (C = C > 0.5)

® tableaux algorithms for fxp-SHZN: FIiRE, fuzzyDL
(Stoilos et al. 2006; Straccia 2001)

(x:(€nD)y=p) ~ (x:C=p), (x:D=>p)
(x:3rC < p), (X y):r>p)y  ~ (y:C<p)
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Triangular Norms
(L o =0) (Hajek 2001)

[0,1] J T t-norm

t-conorm: 1 — ((1 = x) ® (1 —y))
residuum: (x®y) < ziff y < (x = 2)
residual negation: x = 0

t-norm:
® associative, commutative, monotone, unit 1, (continuous)
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Triangular Norms

(L® & =0) (Hajek 2001)
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residuum: (x®y) < ziff y < (x = 2)
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® associative, commutative, monotone, unit 1, (continuous)
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(Hajek 2001)
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Undecidable Consistency

tableaux algorithm (fuzzyDL): (Bobillo and Straccia 2008)

(x:(CND)y>p) ~ (x:C=vy.c), (x:D=vy.p), p<Vy.c @ Vy.D
(:AC=p), (xy)ir=q) ~ (:C=vy.c) GBV.c<p
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Undecidable Consistency
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not sound:
® GCls can generate infinitely many values
® blocking condition only on constraints
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Undecidable Consistency

tableaux algorithm (fuzzyDL):

(Bobillo and Straccia 2008)

(x:(CnD)=zp) ~ (x:C=Vyc) (X:D=Vaip), P< Viic @ Vi
x:3rC=p), ((xy)ir=aq ~ (y:C=Vc) 9OV,.c <P

not sound:
® GCls can generate infinitely many values
® blocking condition only on constraints

simple fuzzy DLs are undecidable
® {-ALC with crisp ontologies
® [-ALC with crisp GCls

any of the following is bad:
® t-norms starting with £
® assertions (a:A < p) with b # >
® involutive negation 1 — x

Oxford, December 9th, 2014 Fuzzy Description Logics
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Trivial Consistency

fuzzy SROZQ is decidable (Borgwardt, Distel, and Penaloza 2012)
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Trivial Consistency

fuzzy SROIQ is decidable (Borgwardt, Distel, and Penaloza 2012)
® t-norms not starting with £
® only >-assertions
® only residual negation ©x = x = 0

Godel negation is crisp:

ox_ [1 ifx=0
" 10 otherwise

{{CC D>0.7), {(ab):r >0.3), (trans(r) > 0.9), ...} is consistent

iff
{CLC D, (ab):r, trans(r), ...} is (classically) consistent
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finitely-valued model property = decidable ?
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Godel T-norm

finitely-valued model property = decidable ?

fuzzy ALC over G:
1 ifx<y

® Godel residuum: x = y = { .
y otherwise

® no finitely-valued model property

(a:A=0.5) (VFAC A> 1)
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Godel T-norm

finitely-valued model property = decidable ?

fuzzy ALC over G:
1 ifx<y

® Godel residuum: x = y = { .
y otherwise

® no finitely-valued model property

(a:A=0.5) (VFAC A> 1) FTCTA>T)

Alxo) =05 (X, Xig1) > AlXig1) (X, Xig1) < A(xp)
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Godel T-norm

finitely-valued model property = decidable ?

fuzzy ALC over G:
1 ifx<y

® Godel residuum: x = y = { .
y otherwise

® no finitely-valued model property
(a:A=0.5) (VLAC A>1) @rTCA>1)
A(x) =05 r(xi, Xip1) > AlXigr) (X X)) < AKG)

05= A(Xo) > A(X1) > A(Xz) > ...
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Godel T-norm

finitely-valued model property = decidable ?

fuzzy ALC over G:
1 ifx<y

® Godel residuum: x = y = { .
y otherwise

® no finitely-valued model property
(a:A=0.5) (VFAC A>1) 3ArTCA>1)
Alxo) =05 r(xi, Xip1) > Alxip1)  r(xi, Xip1) < A(X)
0.5 =A(xg) > A(x1) > A(xg) > ...

® too weak for undecidability
® ExpTIME-complete (Borgwardt, Distel, and Penaloza 2014)
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Triangular Norms

undecidable
fuzzy DLs

residual negation
JELC

involutive negation
&Le JALC
M,t 1, starts with t

assertions

starts with t
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Finite Chains

(L e =0)
finite chain T T t-norm
t-conorm
residuum

residual negation

tg: x®@y=max(0,x+y—1)

o gl= CIN ol glh
e—e—0—0—0—eo

crispification:
® cut concepts Asp, cutroles r>p
® recursive translation into crisp ontology
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Finite Chains

(L& =0)
finite chain T T t-norm

Te t-conorm

|
%' residuum
%l residual negation
, |
ET tg: x®y =max(0,x+y—1)
1
il
Oe

crispification:
® cut concepts Asp, cutroles r>p
® recursive translation into crisp ontology
® exponential blow-up (except for Zadeh semantics)
® implemented for fxp-SROZQ and G,-SROZQ in Delorean
(Bobillo, Delgado, et al. 2012)
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(L® & =0)
finite lattice I I t-norm
t-conorm
residuum

residual negation
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Finite Lattices

(L® & =0)
finite lattice T T t-norm
t-conorm
residuum

residual negation

® fuzzy SHOZ is PSpace/ExpTime-complete

(Borgwardt 2014; Borgwardt and Penaloza 2013b)
® automata for satisfiability (tree model property)
® pre-completion for ABox reasoning
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Finite Lattices

Oxford,

(L® & =0)
finite lattice T T t-norm
t-conorm
residuum

residual negation

fuzzy SHOT is PSpace/ExpTime-complete
(Borgwardt 2014; Borgwardt and Penaloza 2013b)

automata for satisfiability (tree model property)
pre-completion for ABox reasoning
choice of operators is irrelevant
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Fuzzy Ontologies

® hand-crafting fuzzy ontologies (FuzzyWine)

— Protegé plug-in using OWL annotations
— support for fuzzy reasoners
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Fuzzy Ontologies

® hand-crafting fuzzy ontologies (FuzzyWine)

— Protegé plug-in using OWL annotations (Bobillo and Straccia 2011)
— support for fuzzy reasoners

® |earning fuzzy axioms

— improve learning algorithms by fuzzy information (Lisi and Straccia 2014)
— distance, user ranking

® using fuzzy degrees consistently:

— derive from other data
- use few truth values
- use order axioms: (stefan:3hasDisease.Flu > rafael:3hasDisease.Flu)
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Conclusions

1.

use Zadeh/Godel/finite-valued fuzzy DLs
— FiRE, fuzzyDL, Delorean, LiFR
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Conclusions

1. use Zadeh/Godel/finite-valued fuzzy DLs
— FiRE, fuzzyDL, Delorean, LiFR
2. if possible, absorb GCls
— fuzzyDL (Bobillo and Straccia 2014)
— unknown complexity
3. use less expressive DLs
— subsumption in fuzzy &L is
® polynomial for G (Mailis, Stoilos, Simou, et al. 2012)
® co-NP-hard if ® contains (Borgwardt and Penaloza 2013a)
— subsumption in fuzzy FLq is
® CO-NP-/PSPACE-/EXPTIME-complete for G
(Borgwardt, Leyva Galano, and Penaloza 2014)
— CQ answering in fuzzy DL-Lite under Zadeh or finite-valued semantics
(Mailis, Penaloza, and Turhan 2014; Mailis, Stoilos, and Stamou 2010;
Pan et al. 2008; Straccia 2006)

Thank you
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