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Semantically Guided ABox Evolution

¢ Minimal Instance Deletion
e Minimal Repair

e Minimal Instance Insertion



The Description Logic SHI
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The Description Logic SHI

Salami C Meat

PizzaSalami C Pizza ' dhasTopping.Salami

VegetarianPizza C Pizza I Vhaslngredient.—(Meat LI Fish) TBox 7

PizzaTopping C dhasTopping .Pizza

hasTopping C haslngredient RBox R

VegetarianPizza(pizzal)
ABox A

likes(claudia, pizzal)




Transformation into DL-Clauses

ENCCD
BCC
BC DUAdR.C

TBox T



Transformation into DL-Clauses

ENnCCED D (x) + E(x) A C(X).
BCC
BC DUdR.C

TBox T DL-Clauses ! (7)



Transformation into DL-Clauses

ENnCCED D (x) + E(x) A C(X).
BCC C(x) < B(x).
BC DUdR.C

TBox T DL-Clauses ! (7)



Transformation into DL-Clauses

ENCCD
BCC
BC DUAdR.C

TBox T

DL-Clauses ! (7)




Minimal Instance Deletion (

D(a).

E(a).

D (Xx) < E(x) A C(X). C(a).

C(x) < B(x). B(a).

JR.C(X) V D (X) < B (x). B ().
DL-Clauses ! (7) ABox A

Task: delete D(a)



Minimal Instance Deletion (1. Try)

-B{a)-

E(a).

D (Xx) < E(x) A C(X). C(a).

C(x) < B(x). B(a).

JR.C(X) V D (X) < B (x). B ().
DL-Clauses ! (7) ABox A

Task: delete D(a)



Minimal Instance Deletion (1. Try)

—Bay:

E(a).

D (Xx) < E(x) A C(X). C(a).

C(x) < B(x). B(a).
DL-Clauses ! (7) ABox A

Task: delete D(a)



Minimal Instance Deletion (2. Try)

-Ba):

—Eta)-

D (X) + E(x) A C(X) —C(a)-

C(x) < B(x) B{(a)-

JR.C(X) V D (X) < B (x) B ().
DL-Clauses ! (7) ABox A

Task: delete D(a)



Minimal Instance Deletion (2. Try)

-Bay-
—=(a)-
D (x) < E(x) AC(x). ey Not minimal!
C(x) < B (x). B{a)y
JR.C(x) V D (x) < B (x). B (b).
DL-Clauses ! (7) ABox A

Task: delete D(a)



Minimal Instance Deletion (

—B{a)-

—Eta)-

D (Xx) < E(x) A C(X). C(a).

C(x) < B(x). B (a).

JR.C(X) V D (X) < B (x). B ().
DL-Clauses ! (7) ABox A

Solution: delete minimal set of
assertions, such that
Task: delete D (a) D(a) is not entailed.



Minimal Instance Deletion (

—B{a)-

—Eta)-

D (Xx) < E(x) A C(X). C(a).

C(x) < B(x). B(a).

JR.C(X) V D (X) < B (x). B ().
DL-Clauses ! (7) ABox A

Minimal Deletions:
A" ={C(a), B(a), B(b)}
Task: delete D(a)



Minimal Instance Deletion (

-B{a)

E(a).

D(x) < E(x) AC(X) —C{a)-

C(x) < B(x) B{a)-

JR.C(X) V D (X) < B (x). B ().
DL-Clauses ! (7) ABox A

Minimal Deletions:
A" ={C(a), B(a), B(b)}
Task: delete D (a) A" = {FE(a), B(b)}



The K’ -Transformation

D(a).

E(a).

D (Xx) < E(x) A C(X). C(a).

C(x) < B(x). B(a).

JR.C(X) V D (X) < B (x). B ().
DL-Clauses ! (7) ABox A

S={D,E,C,B)
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The K’ -Transformation
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The K’ -Transformation

D(x) + E(x) NC(z).

DL-Clauses ! (7)

S={D,FE,C,B}




The K’ -Transformation

=3 D(x) « E(x)AC(X). D(z) + E(z) A C(z).
C(x) «+ B(x). NegC(x)V NegE(x) < NegD(x).
JR.C(X) V D (X) < B (x)

DL-Clauses ! (7) K*

S={D,FE,C,B}



The K’ -Transformation

D (x) « E(X) A C(X). D(x) + E(x) NC(x).
=P C(x) < B(X). NegC(x)V NegE(x) < NegD(x).
JR.C(X) V D (X) < B (x)
DL-Clauses ! (7) K*

S={D,FE,C,B}



The K’ -Transformation

D (x) « E(X) A C(X). D(x) + E(x) NC(x).
=3 C(x) + B(x). NegC(x) V NegE (x) < NegD(x).
JR.C(x) V D (x) + B (x). C(x) + B(x).
DL-Clauses ! (7) K*

S={D,FE,C,B}



The K’ -Transformation

D (x) « E(X) A C(X). D(x) + E(x) NC(x).
=P C(x) < B(X). NegC(x)V NegE(x) < NegD(x).
JR.C(x) V D (x) + B (x). C(x) + B(x).
NegB(x) < NegC(x).

DL-Clauses ! (7)
K

S={D,FE,C,B}



The K’ -Transformation

D (x) « E(X) A C(X). D(x) + E(x) NC(x).
C(x) «+ B(x). NegC(x)V NegE(x) < NegD(x).
=3 JR.C(X)V D(X) + B(X). C(z) «— B(z).
NegB(x) < NegC(x).

DL-Clauses ! (7)
K

S={D,FE,C,B}



The K’ -Transformation

D (x) « E(X) A C(X). D(x) + E(x) NC(x).
C(x) «+ B(x). NegC(x)V NegE(x) < NegD(x).
=3 JR.C(X)V D(X) + B(X). C(z) «— B(z).
NegB(x) < NegC(x).
DL-Clauses ! (7) JR.C(z) V D(z) « B(z).
K!

S={D,FE,C,B}



The K’ -Transformation

D (x) « E(X) A C(X). D(x) + E(x) NC(x).
C(x) «+ B(x). NegC(x)V NegE(x) < NegD(x).
=3 JR.C(X)V D(X) + B(X). C(z) «— B(z).
NegB(x) < NegC(x).
DL-Clauses ! (7) dR.C'(x) V D(x) < B(x).
dR.C'(x) V NegB(x) + NegD(x).

S =1{D,E,C, B} K



The K’ -Transformation

D (x) « E(X) A C(X). D(x) + E(x) NC(x).
C(x) «+ B(x). NegC(x)V NegE(x) < NegD(x).
JR.C(x) V D (x) + B (x). C(x) + B(x).
NegB(x) < NegC(x).
DL-Clauses ! (7) dR.C'(x) V D(x) < B(x).
dR.C'(x) V NegB(x) + NegD(x).

—» S={D.E,C, B} K



The K’ -Transformation

D (x) « E(X) A C(X). D(x) + E(x) NC(x).
C(x) «+ B(x). NegC(x)V NegE(x) < NegD(x).
JR.C(x) V D (x) + B (x). C(x) + B(x).
NegB(x) < NegC(x).
DL-Clauses ! (7) JR.C(z) V D(z) < B(x).

dR.C'(x) V NegB(x) + NegD(x).
1 < D(x) A NegD(x).
= S={D,E,C, B} 1 < E(x) A NegE(x).
1 < C(x) A NegC(x).
1 < B(x) A NegB(x).

K



The K’ -Transformation

D (x) « E(x) A C(X). D(x) + E(x) NC(z).
C(x) « B(x). NegC(x) V NegE (x) < NegD(x).
JR.C(x) vV D (x) + B (x). C(x) + B(x).
NegB(x) < NegC(x).
DL-Clauses ! (7) JR.C(z) V D(z) « B(z).

dR.C'(x) V NegB(x) + NegD(x).
1 < D(x) A NegD(x).
1 < E(xz) A NegE(x).
1 < C(x) A NegC(x).
1 < B(x) A NegB(x).

S ={D,E,C,B} K



The K’ -Transformation

D (Xx) < E(x) A C(X). D(x)! E(Xx)" C(x).
C(x) < B(x). NegC(x) # NegE(x) ! NegD(x).
JR.C(x) V D (x) < B (x). Cx)! B(x).

NegB(x)! NegC(x).
DL-Clauses ! (7) SRC(X)#D(x)! B(x).
$R.C(x) # NegB(x)! NegD(x).

/N

S={D,E,C,B} ABOXE




Using /' for Minimal Deletion

D(x) + E(x) A C(x).

NegC(x) V NegE(x) + NegD(x).
C(x) + B(x).

NegB(x) + NegC(x).

dR.C'(x) V D(z) + B(x).
JR.C(x) V NegB(z) < NegD(x).
1 <+ D(x) A NegD(x).

1 < E(x) N NegE(x).

1 + C(x) AN NegC(x).

1 + B(x) A NegB(x).

ABoxD (a).

ABOXE (a).

ABoxC (a).

ABOXB (a).

ABoxB (b).

Task: delete D(a)



Using /' for Minimal Deletion

D(x) + E(x) A C(x).

NegC(x) V NegE(x) + NegD(x).
C(x) + B(x).

NegB(x) + NegC(x).

dR.C'(x) V D(z) + B(x).
JR.C(x) V NegB(z) < NegD(x).
1 <+ D(x) A NegD(x).

1 < E(x) N NegE(x).

1 + C(x) AN NegC(x).

1 + B(x) A NegB(x).

ABoxD (a).
ABOXE (a).
ABoxC (a).
ABOXB (a).
ABoxB (b).
NegD(a).

Task: delete D(a)

Add NegD(a) to K'




Using /' for Minimal Deletion

D(x) + E(x) A C(x).

NegC(z) V NegE(x) < NegD(x). NegD(a)
C(x) + B(x).

NegB(x) + NegC(x).

JdR.C(x) V D(x) + B(x).
JR.C(x) V NegB(z) < NegD(x).
1 <+ D(x) A NegD(x).

1 < E(x) N NegE(x).

1 + C(x) AN NegC(x).

1 + B(x) A NegB(x).

ABoxD (a).

ABOXE (a).

ABoxC (a).

ABOXxB (a).

ABoXxB (b).

NegD(a).



Using /' for Minimal Deletion

D(x) + E(x) AN C(x).
=» NegC(x) vV NegE(x) < NegD(x). NegD(a)
C(z) <+ B(x).
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JR.C(x) V NegB(z) < NegD(x).
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1 <+ C(x) AN NegC(x).
1 < B(x) AN NegB(x).
ABoxD (a).
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ABoOXC (a).
ABoOXxB (a).
ABoxB (b).
NegD(a).



Using /' for Minimal Deletion

D(x) + E(x) AN C(x).
=» NegC(x) vV NegE(x) < NegD(x). NegD(a)
C(z) <+ B(x).
NegB(x) + NegC(x). Neg( \NegE(a)
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Using /' for Minimal Deletion

D(x) + E(x) AN C(x).
NegC(x) vV NegE(x) < NegD(x). NegD(a)
C(z) <+ B(x).
=» NegB(x) < NegC(x). Neg( \NegE (0
JdR.C(x) V D(x) + B(x). | -
JR.C(x) V NegB(z) < NegD(x).
1 <+ D(x) A NegD(x).
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Using /' for Minimal Deletion

D(x) + E(x) AN C(x).
NegC(x) vV NegE(x) < NegD(x). NegD(a)
C(z) <+ B(x).
=» NegB(x) < NegC(x). Neg( \NegE (0
JdR.C(x) V D(x) + B(x). -
JR.C(x) V NegB(z) < NegD(x).
1 <+ D(x) A NegD(x).
1 < E(x) N NegE(x).
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Using /' for Minimal Deletion

D(x) + E(x) AN C(x).

NegC(x) vV NegE(x) < NegD(x). NegD(a)

C(z) <+ B(x).

NegB(x) + NegC(x). Neg( \NegE(a)

dR.C'(x) V D(z) + B(x). -
=» JR.C(z) V NegB(x) + NegD(x).

1 <+ D(x) A NegD(x).

1 < E(x) N NegE(x).

1 <+ C(x) AN NegC(x).

1 < B(x) AN NegB(x).

ABoxD (a).

ABOXE (a).

ABoOXC (a).

ABoOXxB (a).

ABoxB (b).

NegD(a).

NegB(a)



Using /' for Minimal Deletion

D(x) + E(x) AN C(x).
NegC(z) VvV NegE(x) <+ NegD(x). NegD(a

C(z) «— B(x). / \

NegB(z) + NegC(x).

NegC(a) NegE(a)
AR.C(z) V D(x) + B(x).
=» JR.C(z) V NegB(x) + NegD(x). / \
NegB(a) | R. C(a) NegB(a

1 <+ D(x) A NegD(x).
1 < E(x) N NegE(x).
1 <+ C(x) AN NegC(x).
1 < B(x) AN NegB(x).
ABOXD (a).

ABOXE (a).

ABoOXC (a).

ABOXB (a).

ABoXxB (b).

NegD(a).



Using /' for Minimal Deletion

D(x) + E(x) AN C(x).
NegC(z) VvV NegE(x) <+ NegD(x). NegD(a

C(z) « B(x). / \

NegB(x) <+ NegC(x). Neqo(a) ()
JdR.C(x) V D(x) < B(x).

=» JR.C(x) vV NegB(x) < NegD(x). / \
1 < D(z) A NegD(x). NegB(a) | R.C(a) NegB(a
1 «+ E(xz) AN NegE(x). ‘
1 < C(z) AN NegC(x). R(a,a.1)
1 < B(z) AN NegB(x).
ABoOXxD (a).
ABOXE (a).
ABOXC (a).
ABOXB (a).
ABOXB (b).
NegD(a).

C(a.l)



Using /' for Minimal Deletion

NegD(a
NegC(a) NegE(a)
NegB(a) I R.C'(a) NegB(a
4 \
R(a,a.1)

Cl(a.l)



Using /' for Minimal Deletion

NegD(a
NegC(a) NegE(a)
NegB(a) l R.C(a) NegB(a
4 \
R(a,a.1)
C(a.1)

B1 = {NegD(a), NegC(a), NegB(a) }



Using /' for Minimal Deletion

NegD(a
/ \
NegC(a) NegE(a)
LN

NegB(a) | R.C(a) NegB(a

\

R(a,a.1)
C(a.1)
A

B1 = {NegD(a), NegC(a), NegB(a) }



Using /' for Minimal Deletion

NegD(a
/ \
NegC(a) NegE(a)
LN

NegB(a) | R.C(a) NegB(a

\

R(a,a.1)
C(a.1)
A

B1 = {NegD(a), NegC(a), NegB(a) }
Bs = {NegD(a), NegE(a),dR.C(a), R(a,a.1),C(a.1)}



Using /' for Minimal Deletion

NegD(a
NegC(a) NegE(a)
NegB(a) l R.C(a) NegB(a
\ 4
R(a,a.1)
C(a.1)

B1 = {NegD(a), NegC(a), NegB(a) }
Bs = {NegD(a), NegE(a),dR.C(a), R(a,a.1),C(a.1)}



Using /' for Minimal Deletion

NegD(a
NegC(a) NegE(a)
NegB(a) l R.C(a) NegB(a
\ 4
R(a,a.1)
C(a.1)

B1 = {NegD(a), NegC(a), NegB(a) }
Bs = {NegD(a), NegE(a),dR.C(a), R(a,a.1),C(a.1)}
Bs = {NegD(a), NegE(a), NegB(a) }




Using /' for Minimal Deletion

NegD(a
/ \

NegC(a) NegE(a)

LN
NegB(a) | R.C(a) NegB(a

\

R(a,a.1)
C(a.1)

B1 = {NegD(a), NegC(a), NegB(a) }

B, = {NegD(a), NegE(a), Ht-cHayFfaa-tctad) |
Bs = {NegD(a), NegE(a), NegB(a) }




Using /' for Minimal Deletion

NegD(a
/ \

NegC(a) NegE(a)

LN
NegB(a) | R.C(a) NegB(a

\

R(a,a.1)
C(a.1)

By = {NegD(a), NegC(a), NegB(a)}
By = {NegD(a), NegE(a)}
B3 = {NegD(a), NegE(a), NegB(a)}



Using /' for Minimal Deletion

NegD(a
/ \

NegC(a) NegE(a)

LN
NegB(a) | R.C(a) NegB(a

\

R(a,a.1)
C(a.1)

By = {NegD(a), NegC(a), NegB(a)}
By = {NegD(a), NegE(a)}
B3 = {NegD(a), NegE(a), NegB(a)}  Not minimal!



Using /' for Minimal Deletion

NegD(a
/ \

NegC(a) NegE(a)

LN
NegB(a) | R.C(a) NegB(a

\

R(a,a.1)
C(a.1)

By = {NegD(a), NegC(a), NegB(a)}
By = {NegD(a), NegE(a)}
Bor—={NegD{a-Negh{erNegB{ert Not minimal!



Using /' for Minimal Deletion

NegD(a
/ \

NegC(a) NegE(a)

LN
NegB(a) | R.C(a) NegB(a

\

R(a,a.1)
C(a.1)

By = {NegD(a), NegC(a), NegB(a)}
By = {NegD(a), NegE(a)}



Using /' for Minimal Deletion

By = {NegD(a), NegC(a), NegB(a)}
By = {NegD(a), NegE(a)}

D(a).

E(a).

D (Xx) < E(x) A C(X). C(a).

C(x) < B(x). B (a).

JR.C(X) V D (X) < B (x). B ().
DL-Clauses ! (7) ABox A

Minimal Deletions:
A" ={C(a), B(a), B(b)}
Task: delete D (a) A" = {FE(a), B(b)}



Using /' for Minimal Deletion

Theorem:

Every Neg(.4)-minimal model describes a minimal deletion.



Using [C* for Minimal Repair

D(a).
E(a).
C(a).
B(a).
B(b).

.L <~ C(z) N D(x)

DL-Clauses ! (7) ABox A



Using [C* for Minimal Repair

D(a).
E(a).
C(a).
B(a).
B(b).

}”alse «— C(x) N D(x)

DL-Clauses ! (7) ABox A

S={D,FE, C, B, false}



Using [C* for Minimal Repair

}”alse «— C(x) N D(x)

D(a).
E(a).
C(a).
B(a).
B(b).

DL-Clauses ! (7)

S={D,FE, C, B, false}

l

K

ABox A




Using [C* for Minimal Repair

D(a).
E(a).
C(a).
B(a).
B(b).

}”alse «— C(x) N D(x)

DL-Clauses ! (7) ABox A

S={D,FE, C, B, false}

l

KC' U {Negfalse



Using [C* for Minimal Repair

Theorem:

Every Neg(.4)-minimal model describes a minimal repair.



Experimental Results

VICODI ontology :
o ALCT ontology
o 223 TBox/RBox axioms, 53653 ABox assertions



Experimental Results

5 [ { {
a5k --- K' -transformation (atomic)

Al KC' -transformation (non-atomic)
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Future Work

e Extend Implementation

e Handle more expressive Description Logics



