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Revision Problem

Belief revision: incorporating new information into knowledge base
consistently with minimal change.

* K = {Professor C Lecturer, Professor(sebastian) }
* K’ = {Professor C T, Lecturer C T, Professor(markus), —Lecturer(sebastian)}

How to add K’ to K so that the revision result (X o K') is still consistent?

0 : Pu(L) X Prn(L) — Prn(L) is a change operator, where L is the set of all
sentences in DL
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AGM Postulates [AGMS85]

(G1) KoK' = K.

(G2) If LUK is consistent, then Lo K' = KUK

(G3) If K is consistent then K o K’ is consistent.

(G4) If K1 =Ky and K1 = Ky then KoKy = Ky0K,.

(G5) (Ko K1)UK; = Ko (K1 UKy).

(G6) If (KoIC1)UK, is consistent, then Ko (K1 UKy) = (Ko k) UK,.

Faiq Miftakhul Falakh AGM Revision in Description Logics under Fixed-Domain Semantics Slide 30f13



AGM Postulates [AGMS85]

(G1) KoK' = K.

(G2) If LUK is consistent, then Lo K' = KUK

(G3) If K is consistent then K o K’ is consistent.

(G4) If K1 =Ky and K1 = Ky then KoKy = Ky0K,.

(G5) (Ko K1)UK; = Ko (K1 UKy).

(G6) If (KoIC1)UK, is consistent, then Ko (K1 UKy) = (Ko k) UK,.

Postulates < Operators —> Construction

Construction:
+ Syntax-based approach
+ Semantic-based approach/model-based approach
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Approaches for DL Revision (1/2)

Syntax-based approaches: modify or remove the axioms of the KB.

IC = {Professor C Lecturer, Professor(sebastian) }
K’ = {Professor C T, Lecturer C T, Professor(markus), —Lecturer(sebastian)}

e.g. Justification-based revision [HWKPO6]:

K o K" = {Professor C Lecturer, Professor C T, Lecturer C T, Professor(markus),
—Lecturer(sebastian)}

OR

K o K = {Professor(sebastian), Professor C T, Lecturer C T, Professor(markus),
—Lecturer(sebastian)}

Issues: considered only semi-revision [HWKPO06] and could not satisfy all AGM
postulates [QLBO6]
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Approaches for DL Revision (2/2)

Semantic-based approaches:

* investigate the models of the KB,

+ search for the most plausible set of models to be the revision result, and
+ generate a KB which corresponds to the produced model set.

IC = {Professor T Lecturer, Professor(sebastian)}
K" = {Professor C T, Lecturer C T, Professor(markus), —Lecturer(sebastian)}

[XT?
« Ty : A= {a}, Professor’ = {a}, Lecturer™ = {a}, sebastian™ = a,

Issues in standard semantics: infinitely many models and some models might
not be expressible [Liu+06]
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Fixed-Domain Semantics for DL [GRS16]

Given a non-empty finite set A C N called fixed domain, an interpretation
T = (A%, 1) is said to be A-fixed if AL = Aand al =aforalla € A.
* Restrict the models to have the domain that is fixed upfront.

+ Reasoner: Wolpertinger', allows satisfiability checking and model
enumeration.

How do we define (concrete) AGM revision operators in DL under fixed-
domain semantics?

Answer:
1) Model-based approach using distance between models.

2) Individual-based approach by axioms weakening.

Thttps://github.com/wolpertinger-reasoner
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Semantic Characterization (Adapted from
[KM91])

« Assignment =: Pg, (L) — P(Q x Q), maps K to <, where < is a total relation
over the set of all interpretations Q.
Idea: for each KB, assign an order to measure “how close” the interpretations to
the KB models.
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Semantic Characterization (Adapted from
[KM91])

« Assignment =: Pg, (L) — P(Q x Q), maps K to <, where < is a total relation
over the set of all interpretations Q.
Idea: for each KB, assign an order to measure “how close” the interpretations to
the KB models.

« faithfulness-conditions for =<:
(F1) fZ,7 = K, then Z <, Z' does not hold.
(F2) fZTEKandZ' [~ K, thenZ < 7'
(F3) If I = ,C/, then =K ==k
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Semantic Characterization (Adapted from
[KM91])

« Assignment =: Pg, (L) — P(Q x Q), maps K to <, where < is a total relation
over the set of all interpretations Q.
Idea: for each KB, assign an order to measure “how close” the interpretations to
the KB models.

« faithfulness-conditions for =<:

(F1) fZ,7 = K, then Z <, Z' does not hold.
(F2) fZTEKandZ' [~ K, thenZ < 7'
(F3) If K = ,C/, then j]c :jIC"

+ Xy isapreorder assignment if < is a preorder (reflexive and transitive).
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Semantic Characterization (Adapted from
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« Assignment =: Pg, (L) — P(Q x Q), maps K to <, where < is a total relation
over the set of all interpretations Q.
Idea: for each KB, assign an order to measure “how close” the interpretations to
the KB models.

« faithfulness-conditions for =<:
(F1) fZ,7 = K, then Z <, Z' does not hold.
(F2) fZTEKandZ' [~ K, thenZ < 7'
(F3) If I = ,C/, then =K ==k

+ Xy isapreorder assignment if < is a preorder (reflexive and transitive).

* A change operator o is called compatible with some assignment =, if
[K o K'] = min([K'], =x).
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Semantic Characterization (Adapted from
[KM91])

« Assignment =: Pg, (L) — P(Q x Q), maps K to <, where < is a total relation
over the set of all interpretations Q.
Idea: for each KB, assign an order to measure “how close” the interpretations to
the KB models.

« faithfulness-conditions for =<:

(F1) fZ,7' = K, then Z <) Z’ does not hold.
(F2) fZ=KandZ' [~ K, thenZ <x 7.
(F3) If = IC/, then j]c :jIC"
+ < isapreorder assignment if <g is a preorder (reflexive and transitive).

* A change operator o is called compatible with some assignment =, if
[K o K'] = min([K'], <x).

In SROZQ under fixed-domain semantics, an operator o satisfies (G1)-(G6) if and
only if o is compatible with some faithful preorder assignment.
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Model-based Approach

* Idea: find the minimal models of K’ by calculating distance between models
(inspired by [Dal88])

+ Let Gr(Z) be the set of all ground facts (incl. individual equality) of 7
« dist(Z,T') = |(GHT) U GrIT") \ (GHT) N GrIT"))|
« dist([K]a, I') = mingc i), dist(Z, T')

Faiq Miftakhul Falakh AGM Revision in Description Logics under Fixed-Domain Semantics Slide 8of13



Model-based Approach

* Idea: find the minimal models of K’ by calculating distance between models
(inspired by [Dal88])

+ Let Gr(Z) be the set of all ground facts (incl. individual equality) of 7
o dist(Z,T") = 1(Gr(Z) UGr(Z) \ (Gr(Z) N Gr(Z")) |
+ dist([K]s,Z') = mingcxg, dist(Z,Z')

Model-based revision operator

We define Z; £ T if and only if dist([K]a, Z1) < dist([K]a, Z2) for all interpretations
7, and Z,. We define the model-based revision operator o, as follows:

[C op K']a = min([K']a, <)
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From models to KB

Let Z; be a A-interpretation, we define

(Z;) = ( [] Fu.({a} 1 {d}) )m( [ T] Hu.({d}FIC)) m( [ T] Hu.({d}rlﬂC))Tl

aeN;(K)\A,deA and a’i=d CeNc deA and deCti CeNc deA and d¢Cti
[1]] 3uddyn Hr.{e})) M ( [11] 3uddayn ﬂﬂr.{e}))where u is the universal role.
re€NR d,ecA and (d,e)crti reNR d,ecA and (d,e)¢rti
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From models to KB

Let Z; be a A-interpretation, we define

(Z;) = ( [] Fu.({a} 1 {d}) )m( [ T] Hu.({d}FIC)) m( [ T] Hu.({d}rlﬂC))Tl

aeN;(K)\A,deA and a’i=d CeNc deA and deCti CeNc deA and d¢Cti
[1]] 3uddyn Hr.{e})) M ( [11] 3uddayn ﬂﬂr.{e}))where u is the universal role.
re€NR d,ecA and (d,e)crti reNR d,ecA and (d,e)¢rti

Given a set of A-interpretations {Zy, ..., Z, }, we define
form({Zy,..., T,}) =T E || (t(Zy)

1<i<n
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From models to KB

Let Z; be a A-interpretation, we define

(L;) = ( [] Fu.({a} 1 {d}) )n( [ T] au.({d}m(:)) n( [ T] Hu.({d}l‘l—'C))l‘l

aeN;(K)\A,deA and a’i=d CeNc deA and deCti CeNc deA and d¢Cti
[1]] 3uddyn Elr.{e})) M < [11] 3uddayn —EIr.{e})),Where u is the universal role.
r€NR decA and (de)erti r€NR decA and (de)¢ri

Given a set of A-interpretations {Zy, ..., Z,}, we define
form({Zy,..., T,}) = TC || (*(Z)

1<i<n

Given {7y, ...,Z,}, we have [form(Zy, ..., Ty)|a = {Z1,...,Zn} holds.
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From models to KB

Let Z; be a A-interpretation, we define

() = ( [] Fu.({a} 1 {d}) )n( [ T] au.({d}m:)) n( [ T] Hu.({d}l‘l—'C))l‘l

aeN;(K)\A,deA and a’i=d CeNc deA and deCti CeNc deA and d¢Cti
( [1]] 3uddyn Hr.{e})) M ( [11] 3uddayn —EIr.{e})),where u is the universal role.
r€NR decA and (de)erti rENR decA and (de)¢rli

Given a set of A-interpretations {Zy, ..., Z,}, we define
fOVm({II,. . -/In}) =T E U (T(II))

1<i<n

Given {7y, ...,Z,}, we have [form(Zy, ..., Ty)|a = {Z1,...,Zn} holds.

K op K' = {form(min([K']a, <)}
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From models to KB

Let Z; be a A-interpretation, we define

() = ( [] Fu.({a} 1 {d}) )n( [ T] au.({d}m:)) n( [ T] Hu.({d}l‘l—'C))l‘l

aeN;(K)\A,deA and a’i=d CeNc deA and deCti CeNc deA and d¢Cti
( [1]] 3uddyn Hr.{e})) M ( [11] 3uddayn —EIr.{e})),where u is the universal role.
r€NR decA and (de)erti rENR decA and (de)¢rli

Given a set of A-interpretations {Zy, ..., Z,}, we define
fOVm({II,. . -/In}) =T E U (T(II))

1<i<n

Given {7y, ...,Z,}, we have [form(Zy, ..., Ty)|a = {Z1,...,Zn} holds.

K op K' = {form(min([K']a, <)}

The model-based change operator o, satisfies the postulates (G1)-(G6).
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Individual-based Approach

+ Syntax-based revision

+ Idea: when inconsistent, axioms are weakened, i.e. modified by adding some exceptions
from the domain elements

* Preprocessing: transform KB K to RBox-free KB transx (K)
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Individual-based Approach

+ Syntax-based revision

+ Idea: when inconsistent, axioms are weakened, i.e. modified by adding some exceptions
from the domain elements

* Preprocessing: transform KB K to RBox-free KB transx (K)

Weakened knowledge base

Given some exceptional individuals A’ C A with A’ = {4y, ...,a, }. Consider an axiom ¢ € K:
(M Ife=CLCD,thenc2 =cCn —{m}n..n—{a,} C D.

(2) If o = C(a;), then 0= = T(a;) ifa; € A’ and 0=2" = C(a;) otherwise.

(3) If ¢ = r(a,b), then 02" = u(a,b) ifa € A’, and ¢~ = r(a, b) otherwise.

The weakened knowledge base K=" of K w.r.t. A is K% = {¢=2" | 0 € K}
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Individual-based Revision

Exceptional individual set

A set of exceptional individuals w.r.t. K and K’ is a set Exc C A such that K~ U K’ is
consistent. We use £(KC, K') to denote the set of all sets of exceptional individuals

w.r.t. £ and K.
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Individual-based Revision

Exceptional individual set

A set of exceptional individuals w.r.t. K and K’ is a set Exc C A such that K~ U K’ is
consistent. We use £(KC, K') to denote the set of all sets of exceptional individuals

w.r.t. £ and K.

Individual-based Revision

transy () TEKK) y K/ if K/ is consistent,

7T ! __
Kok’ = { K’ otherwise,

where 7 : P(P(A)) — P(A) is a selection function retrieving subset-minimal elements,
i.e. m(X) € X and thereisno Y € X such that Y C m(X).
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Individual-based Revision

Exceptional individual set

A set of exceptional individuals w.r.t. K and K’ is a set Exc C A such that K~ U K’ is
consistent. We use £(KC, K') to denote the set of all sets of exceptional individuals
w.r.t. K and K'.

Individual-based Revision

transy () TEKK) y K/ if K/ is consistent,

7T ! __
Kok’ = { K’ otherwise,

where 7 : P(P(A)) — P(A) is a selection function retrieving subset-minimal elements,
i.e. m(X) € X and thereisno Y € X such that Y C m(X).

Proposition
The individual-based change operator o7 satisfies postulates (G1)-(G3), (G5), and (G6).
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Example

KC = {Professor T Lecturer, Professor(sebastian) }

K’ = {Professor C T, Lecturer C T, Professor(markus), —Lecturer(sebastian)}
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Example

KC = {Professor T Lecturer, Professor(sebastian) }

K’ = {Professor C T, Lecturer C T, Professor(markus), —Lecturer(sebastian)}

Model-based revision:

K op K'={T C (Ju.({markus} M Professor)) M (Ju.({sebastian} M Professor)) N
(Ju.({markus} M Lecturer)) N (Ju.({sebastian} 1 —Lecturer))}
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Example

KC = {Professor T Lecturer, Professor(sebastian) }

K’ = {Professor C T, Lecturer C T, Professor(markus), —Lecturer(sebastian)}

Model-based revision:

K op K'={T C (Ju.({markus} M Professor)) M (Ju.({sebastian} M Professor)) N
(Ju.({markus} M Lecturer)) N (Ju.({sebastian} 1 —Lecturer))}

Individual-based revision:

IC o} K" = {Professor M —~{sebastian} T Lecturer, T (sebastian), Professor C T,
Lecturer C T, Professor(markus), —Lecturer(sebastian) }
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Conclusions

+ Semantic characterization of AGM revision operator in DL under fixed-domain
semantics

+ Concrete revision approaches for DL under fixed-domain semantics
- Model-based approach
- Individual-based approach by axioms weakening
Future work:
* new axiom construction for model-based revision to be more human-readable

« efficientimplementation and evaluation
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