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Classical approaches in database theory and consistent query answering provi-
de a standardized account of repairs based on minimality criteria [2]. Inspired
by recent work linking repairs to belief change [?2], we generalize the idea to a
framework built on the Abstract Worlds Semantics framework [8], which cap-
tures the semantics of AGM theory [1]. We define a family of belief change
operators based on [5]. This setting allows the operator to uniformly capture
distance-based, subset, and superset repairing. Moreover, this abstract formu-
lation admits an alternative reading in terms of Formal Concept Analysis [/],
bridging database repair and knowledge representation.

The General Setup

Definition 1. We say a language L, a set of structures S, and a relation = C S x L,
define alogic L = (L, S, |=). Alogic is always associated with the following functions:

n W:P(L)— P(S)such that W(I') = N Wy, where Wy, ={s € S|s =}
el

s T:P(S)— P(L)suchthat T(A)= N T, where Ty ={¢ € L|s E ¢}
seA
s (n=ToWand Cl =WoT.

The previous definition not only connects L and S to perceive them as a logic,
but it also develops a connection with the AWS framework.

Theorem 2. let L = (L, S, ). Then, (W, T) is an antitone Galois connection, i.e.:
A CW() iff CTA) VAeP(S),I'ePL) (1)

Also, the following properties are satisfied:

1. W and T are order reversing, and Cn and C' are Tarskian operators;

2. W) =W(Cn(I')) = CL(W(T") and T(A) = Cn(T(A)) = T(Cl(A));

3. Noting @ the closure of the union, W and T define isomorphisms between:
the lattice of theories: (K ={K CL|K =Cn(K)},C,N,®,Cn(0),L)
the lattice of closed sets: (C={ACS|A=CIl(A)},D,d,N,S,CLD))

This setup can also be understood under Formal Concept Analysis [7/], where
(S, L, =) is known as a formal context, and the pairs (A, K) where K = T(A)
and A = W(K) are formal concepts.

Credibility-limited S-Update Operators

We adapt credibility-limited (CL) update operators [5] based on the following:
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Model Repairing as a Belief Change Operator

To contextualize Theorem 4 with the notion of repairing, consider the following
framework taken from [2].

Definition 5. The distance between structures s and s’ is based on the symmetric
difference A(s, s'). Given structures s, ', s", we write s" <, s" iff A(s,s") C A(s, s”).

For a given set of formulas T', we say s' is a distance repair of (s,I') if s"is <
minimal in W(I'). Moreover, we say it is a subset repair (resp. superset repair) if s’ is
< .-minimal over the set of substructures (resp. superstructures) of s.

Given a CL S-update, we represent the set of repairs of a structure s w.r.t a
constraint I' of formulas as the result of considering {s} and W(I'") as parameters.
By considering extra postulates that fix the definition of C and <, of Theorem 4,
we can explicitly associate the operator to distance, subset or superset repairs.

SRo1) {s} os {s'} # 0 (total success);

SRo2) If ' <, s”, then {s} os {5, s"} = {s'} (minimality)

03) s’ C siff {s} os{s'} ={s'} (subset success);

o4) If " C & C s, then {s} os {s,s"} ={s'} (subset minimality)
)
)

n 0O O,
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Ro5) s C & iff {s} os{s'} = {5} (superset success);
SRoé) If s C 5" C §” then {s} os {5, s"} = {s'} (superset minimality)
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By combining any pair of these postulates with (So1)~(So7), we characterize a
unique CL S-update operator and axiomatically represent a distance, subset, or
superset repair, respectively.

Repairing inconsistencies over graphs

In a first-order relational setting for graphs, consider the following structure s
and set of constraints I'. Note that s & I' but this inconsistency can be dealt in
many ways by considering different approaches. In the context of Theorem 4,
the repairing of s with respect to I' is described as follows:

seS I' c L.

Vey.a(z,y) = a(y, x)

a b
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e Vaey.b(z,y) = Jw.a(y, w)
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Take B = W(I')

. . . (SRel)Cs =& (SRe3) Cs = {s' Cs} (SRo5)C, ={s' 2 s}
(a) having one structure s to repair connects with the local nature of update;
(b) given I" C L, we look for the minimal elements of W(I") w.r.t <j; - - N ~N A N\
(c) subset or superset structures can be seen as extra-logic constraints. T T
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Definition 3. We say os : P(S)xP(S) — P(S) is a credibility-limited (CL) S-update /j"ﬂ
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Distance repairs by (SRo2)

(Sod) If Aos B # () and B C C are finite sets, then A og C # ()

(So05) (Aos B)NC C Aogs (BNC)

(Sob) If se Sand ) £ {s} os B C C C B, then {s} os B ={s}osC
(So7) If s e Sand Y C P(S), then BQY({S} os B) C {s} os (UY)

Superset repairs by (SRo6)

Conclusions and Future Work

We introduced an abstract framework for database repairs, based on belief
change operators, that uniformly captures distance-based, subset, and super-
set repair, among others. Future directions include investigating the connection
with Formal Concept Analysis [3], and extending the framework with selection
functions to capture further repair notions and ontology repairs [4]. We also
alm to develop a unified approach to Consistent Query Answering that preser-
ves answers under constraints [6].

Postulates (So4) and (So6) capture the typical partial orders used in a repair con-
text. The representation theorem works with credible faithful assignments [5].

Theorem 4. Anoperatorogisa CLS-update iff thereis a credible faithful assignment,
l.e. a mapping s — (Cs, <;) where <, is a partial order over Cy, s € Cs C S, and s
is the unique minimum element in C\, such that {s} os B = min(B N C§, <), where

2 <; 2 iff{s}os{z,2'} ={z},and Cs={z € S|{s} os {2z} = {z}}.
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