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The need of common-sense reasoning on top of
ontologies

Heart in
normal
postition

© default reasoning on top of ontologies?
« integrations of rules and ontologies: cq-programs
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Description Logic Knowledge Bases (DL-KBs)

Syntax and Semantics

Name Syntax Semantics
Top/Bottom T/L  ATJ)
Intersection cnb ctnp?
Union cubp ctup?
Negation -C AT\ 7

Value restriction  VR.C ~ {a € AT | Vb.(a,b) € R — b € CT}
Existential quant. 3R.C  {a € AT | 3b.(a,b) € RE NDb € CT}

Modeling: TBox & ABox
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Description Logic Knowledge Bases (DL-KBs)

Syntax and Semantics

Name Syntax Semantics
Top/Bottom T/L  ATJ)
Intersection cnb ctnp?
Union cubp ctup?
Negation -C AT\ 7

Value restriction  VR.C ~ {a € AT | Vb.(a,b) € R — b € CT}
Existential quant. 3R.C  {a € AT | 3b.(a,b) € RE NDb € CT}

Modeling: TBox & ABox

Translation to first-order logic

mx(A) = A(x)
T (C T D) = m(C) A (D) m(VR.C) = Vy.R(x,y) D m(C)
Tx(C U D) = m(C) V mx(D) m(IR.C) = Vy.R(x,y) A my(C)
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Default Theories over DL-KBs A = (L, D)
similar to [Baader and Hollunder, 1995]

Default rule
a(X) Bi(Y))
ar (X)) A A or(Xp) - 51(171): B (Vi) /: A Bt (Yig)s - Bun(Ym)
N(Z1) N Nyn(Zy)
v(2)
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Default Theories over DL-KBs A = (L, D)

similar to [Baader and Hollunder, 1995]

Default rule
a(X) Bi(Y;)
al()a)A"'Aak(X;c):ﬁl(?l)a"'w@l ( )/\ /\ﬁl‘,fi(?i,&'),'-'a/@m(?m)
N(Z1) A Avn(f)

7(2)
Semantics: based on the I'A operator

» Let S be a set of assertions, then I'a(S) is the smallest set that
» contains Cn(L)
» is deductively closed
» if a(X) € Ta(S) and =3,(Y)) ¢ S, then v(Z) € Ta(S)
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similar to [Baader and Hollunder, 1995]

Default rule
a(X) Bi(Y;)
al()a)A"'Aak(X;c):ﬁl(?l)a"'w@l ( )/\ /\ﬁl‘,fi(?i,&'),'-'a/@m(?m)
N(Z1) A Avn(f)

7(2)
Semantics: based on the I'A operator

» Let S be a set of assertions, then I'a(S) is the smallest set that
» contains Cn(L)
» is deductively closed
» if a(X) € Ta(S) and =3,(Y)) ¢ S, then v(Z) € Ta(S)

» Eis an extension of Aiff CA(E) = E
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Example

A = (L, D)

| Flier E —NonFlier, Penguin C Bird,
| Penguin C NonFlier, Bird(tweety)

b {Bird(X) . Flier(X) }

Flier(X)

W

E = Cn(L U {Flier(tweety)})
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Example

A’ = (L, D)

- Flier C —NonFlier, Penguin T Bird,
| Penguin C NonFlier, Penguin(tweety)

b {Bird(X) . Flier(X) }

Flier(X)
)
E' = Cn(L) O

Minh Dao-Tran, Thomas Eiter, Thomas Krennwallner Realizing Default Logic over Description Logic 6/17



Conjunctive Query Programs IEiter et al., 2008a]
» (union of) conjunctive queries:

q(X) = {X | AirCraft(X) vV (UFO(X) N ~Hoax(X))}
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Conjunctive Query Programs IEiter et al., 2008a]
» (union of) conjunctive queries:

q(X) = {X | AirCraft(X) vV (UFO(X) N ~Hoax(X))}

» cg-atom:

DLI[AirCraft & isBoeing; AirCraft(X) V (UFO(X), =Hoax(X))](X)
» cqg-rule:

flying_thing(X) < thing(X),
DL[AirCraft & isBoeing; AirCraft(X) V (UFO(X), ~Hoax(X))](X).
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Conjunctive Query Programs IEiter et al., 2008a]
» (union of) conjunctive queries:

q(X) = {X | AirCraft(X) vV (UFO(X) N ~Hoax(X))}

» cg-atom:

DLI[AirCraft & isBoeing; AirCraft(X) V (UFO(X), =Hoax(X))](X)

» cqg-rule:

flying_thing(X) < thing(X),
DL[AirCraft & isBoeing; AirCraft(X) V (UFO(X), ~Hoax(X))](X).

» cg-program: KB = (L, P) — based on answer set semantics
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Answer Set Semantics of cg-Programs

generalized [Gelfond and Lifschitz, 1991]

Pis a set of rules of forma < by,...,b,, not cy,...,not c,.
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Answer Set Semantics of cg-Programs

generalized [Gelfond and Lifschitz, 1991]
Pis a set of rules of forma < by,...,b,, not cy,...,not c,.
» Interpretation I C HBp

» [ is an answer set of P if I is the least model of the reduct P!

P! is constructed by
» removing rules r € P such thatc; €1

» removing all ¢; and honmonotonic cg-atoms from remaining rules
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Transformation () (inspired by [Eiter et al., 2008b])
D is a set of defaults of form
Bi(Y:)

04()?) : 51(?1), e 7@',1(2‘,1) AERIA ﬁi,éi(?i,é,-)7 e :/Bm(?m)
71(21 JACERIVA 'Yn(zn)

v(Z)
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04()?) : 51(?1), e 7@',1(2‘,1) AERIA ﬁi,éi(?i,é,-)7 e :/Bm(?m)
71(21 JACERIVA 'Yn(zn)

v(Z)

» Concluding rules R = {in(Z;) « in(Z) | | <i<n}

» A rule which simulates the T"'A operator
iny(Z) < DL; a(X)](X),
not DLP‘; _‘ﬁl,l(yl,l) VeV ﬂ61/1 (?17&)}(?1)’
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D is a set of defaults of form
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04()?) : 51(?1), e 7@',1(2‘,1) AERIA ﬁi,éi(?i,é,-)7 e :/Bm(?m)
71(21 JACERIVA 'Yn(zn)

v(Z)

» Concluding rules R = {in(Z;) « in(Z) | | <i<n}

» A rule which simulates the T"'A operator
iny(Z) < DL; a(X)](X),

not DLP‘; _‘ﬁl,l(yl,l) VeV ﬂ61/1 (?17&)}(?1)’

not DL[A7 _‘/BmJ (YmJ) \/ e \/ _‘/3m>£m(?m7£m)](?m)'

where A = (yf Win,,y/Uin-,, | § € D); v is 7; without —
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Transformation () - Bird Example

infiier(X) <« DLI[Flier W inpjer, Flierdin_pjier; Bird(X)](X),
not DL[Flier W inpjjp, Flierdin-plier; = Flier(X)](X).
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Transformation () - Bird Example

infiier(X) <« DLI[Flier W inpjer, Flierdin_pjier; Bird(X)](X),

not DL[Flier W ingjicr, FlierQin-gjier; ~Flier(X)](X).

Io = {inpjier(tweety)} ; Eq = Cn(L U {Flier(tweety)})
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Transformation () - Bird Example

infiier(X) <« DLI[Flier W inpjer, Flierdin_pjier; Bird(X)](X),
not DL[Flier W inpjjp, Flierdin-plier; = Flier(X)](X).

Io = {inpjier(tweety)} ; Eq = Cn(L U {Flier(tweety)})

Add in-piier(X) < broken_wing(X).
broken_wing(tweety).
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Transformation () - Bird Example

infiier(X) <« DLI[Flier W inpjer, Flierdin_pjier; Bird(X)](X),

not DL[Flier W ingjicr, FlierQin-gjier; ~Flier(X)](X).

Io = {inpjier(tweety)} ; Eq = Cn(L U {Flier(tweety)})

Add in-piier(X) < broken_wing(X).
broken_wing(tweety).

Then I = {broken_wing(tweety), in—pji.,(tweety) }; Eq = Cn(L)
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Transformation T

based on [Cholewinski and Truszczynski, 1994]

» Concludingrules R = {in,(Z) « in,(Z) | 1 <i<n}
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Transformation T

based on [Cholewinski and Truszczynski, 1994]
» Concludingrules R = {in,(Z) « in,(Z) | 1 <i<n}
» Rules that select justifications:

consg,(Y;) — not corsg, (Y;).
consg, (Y;) — not consg, (Y;).
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Transformation T

based on [Cholewinski and Truszczynski, 1994]

» Concludingrules R = {in,(Z) « in,(Z) | 1 <i<n}
» Rules that select justifications:
consg,(Y;) — not corsg, (Y;).

Yi
consg, (Y;) — not consg, (Y;).

» A rule which simulates the T"'A operator:

in,(Z) « DL[\; a(X)|(X), consg, (Y1), . . ., consg, (V).

where A\ = (y/ Win,,,v/Uin-, | § € D) ~7 is 7; without —
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Transformation T - cont.

» Constraints that check the compliance of our guess with the result
fail — DLI\; =81 (Yi1) V- -V =6ig (Yig)|(Yi), consg,(Y:), not fail.

fail — not DL[X; =31 (Yi1) V- -V =80, (Yis)](Y:), comsg,(Y;), not fail.
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Transformation T - Bird Example

consplier(X) <« not consgjier(X).

Consplier(X) < not consgier(X).
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Transformation T - Bird Example

consplier(X) <« not consgjier(X).
mFlier(X) <~ not COI’lSFlier(X).

inpiier(X) <« DLI[Flier W inpjer; Bird(X)|(X), consgiier(X).
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Transformation T - Bird Example

consplier(X) <« not consgjier(X).
consplier(X) «— not consgier(X).
inpiier(X) <« DLI[Flier W inpjer; Bird(X)|(X), consgiier(X).

fail — not fail, consgjier(X),
DL[Flier & ingjier, FlierQin_pjior; —Flier(X)](X).
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Transformation T - Bird Example

consplier(X) <« not consgjier(X).
mFlier(X) <  Not consgiier (X)
inpiier(X) <« DLI[Flier W inpjer; Bird(X)|(X), consgiier(X).

fail — not fail, consgjier(X),
DL[Flier & ingjier, FlierQin_pjior; —Flier(X)](X).

fail «— not fail, consgj.r(X),
not DL[Flier W inpjir, Flierdin-piier; —Flier(X)](X).
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Transformation T - Bird Example

consplier(X) <« not consgjier(X).
mFlier(X) <  Not consgiier (X)
inpiier(X) <« DLI[Flier W inpjer; Bird(X)|(X), consgiier(X).

fail — not fail, consgjier(X),
DL[Flier & ingjier, FlierQin_pjior; —Flier(X)](X).

fail «— not fail, consgj.r(X),
not DL[Flier W inpjir, Flierdin-piier; —Flier(X)](X).

It = {inpjier(tweety), consgjie(tweety) }
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Transformation T - Bird Example

ConsFlier(X) —
consplier(X)
INFier (X) —

fail —

fail —

not consgjier(X).
not consgjier(X).
DLI[Flier & inpjier; Bird(X)|(X), consgiier(X).

not fail, consgiier(X),
DL[Flier & ingjier, FlierQin_pjior; —Flier(X)](X).

not fail, consgiier(X),
not DL[Flier & ingijer, Flierdin-pji.; —Flier(X)](X).

Iy = {inpiier(tweety), conspier(tweety) } ; Eq = Cn(L U {Flier(tweety)})
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Transformation T - Bird Example

ConsFlier(X) —
consplier(X)
INFier (X) —

fail —

fail —

not consgjier(X).
not consgjier(X).
DLI[Flier & inpjier; Bird(X)|(X), consgiier(X).

not fail, consgiier(X),
DL[Flier & ingjier, FlierQin_pjior; —Flier(X)](X).

not fail, consgiier(X),
not DL[Flier & ingijer, Flierdin-pji.; —Flier(X)](X).

Iy = {ingjier(tweety), consgio-(tweety)} ; Eq = Cn(L U {Flier(tweety)})

L = LU {Penguin(tweety)}
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Transformation T - Bird Example

ConsFlier(X) —
consplier(X)
INFier (X) —

fail —

fail —

not consgjier(X).
not consgjier(X).
DLI[Flier & inpjier; Bird(X)|(X), consgiier(X).

not fail, consgiier(X),
DL[Flier & ingjier, FlierQin_pjior; —Flier(X)](X).

not fail, consgiier(X),
not DL[Flier & ingijer, Flierdin-pji.; —Flier(X)](X).

Iy = {inpje (tweety), conspie (tweety) } ; Eq = Cn(L U {Flier(tweety)})

L = LU {Penguin(tweety)} , then Iy = {consge,(tweety)}; Eq = Cn(L)
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Comparison

evaluation time / secs

1 2 3 4 5 6 7 8 9 10 11
Number of individuals
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Conclusion & Future Work

» Conclusions:
» Consider default theories over DL-KBs A = (L, D)

» Adapt Reiter’s Default Logic using I"'A operator
» Two new transformations to cqg-programs (2 and )

» () and Y perform better than an old transformation in [Eiter et al.,
2008b]
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Conclusion & Future Work

» Conclusions:
» Consider default theories over DL-KBs A = (L, D)

» Adapt Reiter’s Default Logic using I"'A operator
» Two new transformations to cqg-programs (2 and )

» () and Y perform better than an old transformation in [Eiter et al.,
2008b]

» Future work:
» Investigate special default theories (normal/semi-normal defaults)

» Implement caching for cq-programs

» Interface to different DL-reasoners, eg., Pellet, KAON2
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