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Abstract
This extended abstract summarizes our KR’26 paper [1], where we explore the use of answer set programming

(ASP) and its extension with quantifiers, ASP(Q), for inconsistency-tolerant querying of prioritized data. We

consider the variants of three well-known semantics (AR, brave and IAR) that use three notions of optimal repairs

(Pareto-, globally- and completion-optimal), and for which query answering is in the first or second level of the

polynomial hierarchy for a large class of logical theories. Notably, this paper presents the first implementation of

globally-optimal repair-based semantics, as well as the first implementation of the grounded semantics, which is

a tractable under-approximation of all these optimal repair-based semantics. Our experimental evaluation sheds

light on the feasibility of computing answers under globally-optimal repair semantics and the impact of adopting

different semantics, approximations, and encodings.

Keywords
Inconsistency-tolerant query answering, Optimal repairs, Prioritized data, Answer set programming, ASP(Q)

1. Introduction

Repair-based semantics are a prominent means of obtaining meaningful answers to queries posed

over some data which is inconsistent w.r.t. some logical theory, both in the relational database and

ontology-mediated query answering setting (cf. [2, 3] for brief overviews). In this context, a repair is a

subset-maximal subset of the data consistent with the logical theory. The most well-known repair-based

semantics, called AR in the KR community, requires that the query holds in every repair, while the less

cautious brave semantics requires that it holds in some repair, and the more cautious IAR semantics that

it holds in the intersection of all repairs [4, 5, 6]. Several notions of preferred repairs have been proposed

to take into account some preference information and consider only a subset of all the possible repairs

to evaluate the queries (cf. [7] for a survey). In particular, Staworko, Chomicki, and Marcinkowski [8]

introduced three kinds of optimal repairs based on a priority relation between conflicting facts, which

have attracted a lot of interest in the last decade with extensive complexity analyses [9, 10, 11, 12], two

implementations [13, 14], and a framework for specifying and computing priority relations [14].

However, only two of these three kinds of repairs have actually been implemented in the existing

systems, namely the Pareto- and completion-optimal repairs. This is due to the higher complexity of

reasoning with the third kind of repairs, called globally-optimal. Indeed, for a large class of database

constraint and ontology languages, the data complexity of query answering under the variants of AR,

IAR and brave that use Pareto- or completion-optimal repairs is in the first level of the polynomial

hierarchy, while it is in the second level for the globally-optimal repair-based variants.

We address this gap by developing ASP(Q)-based encodings for all three types of optimal repair

semantics, including the first implementation of globally-optimal repairs. Indeed, answer set pro-

gramming (ASP) with disjunctive rules can be used to model problems up to the second level of the

polynomial hierarchy, meaning that semantics based on globally-optimal repairs could theoretically

be implemented in ASP. However, this requires advanced techniques, such as saturation [15], which
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complicate modeling “beyond the capabilities of the common ASP laymen” [16]. Moreover, efficiency-

wise it has been shown that in many cases of practical interest alternative formalisms are preferred

to disjunctive ASP [17]. Among alternative formalisms, answer set programming with quantifiers

(ASP(Q)) uses quantifiers over answer sets of ASP programs and provides a natural and compact way

of modeling problems in the entire polynomial hierarchy [18]. Compared to the previous ASP-based

implementation [14], we also improve the system performance by using tractable approximations in a

similar way as [13]. Moreover, we explore the use of another tractable approximation of the optimal

repair-based semantics, called the grounded semantics [11], which has never been implemented so far.

Our experimental evaluation shows that using globally-optimal repairs is considerably more challenging

than for Pareto- or completion-optimal repairs, while at the same time demonstrating the utility of

different optimizations, in particular, the surprising effectiveness of the grounded semantics.

2. Background

Prioritized KBs and optimal repairs. A knowledge base (KB) 𝒦 = (𝒟, 𝒯 ) consists of a dataset

𝒟 and a logical theory 𝒯 (an ontology or a set of constraints). A conflict of 𝒦 is a minimal subset

𝒞 ⊆ 𝒟 such that (𝒞, 𝒯 ) is inconsistent, and a repair is a maximal subset ℛ ⊆ 𝒟 such that (ℛ, 𝒯 ) is

consistent. A priority relation ≻ for 𝒦 is an acyclic binary relation over 𝒟 such that 𝛼 ≻ 𝛽 implies

{𝛼, 𝛽} is included in some conflict. It is total if for every pair 𝛼 ̸= 𝛽 such that {𝛼, 𝛽} is included in a

conflict, either 𝛼 ≻ 𝛽 or 𝛽 ≻ 𝛼. A completion of ≻ is a total priority relation ≻′ ⊇ ≻. A prioritized
KB 𝒦≻ is a KB 𝒦 with a priority relation ≻ for 𝒦. A repair ℛ admits a Pareto improvement ℛ′

if

(ℛ′, 𝒯 ) is consistent and there exists 𝛽 ∈ ℛ′ ∖ ℛ such that 𝛽 ≻ 𝛼 for every 𝛼 ∈ ℛ ∖ ℛ′
. It admits

a global improvement ℛ′
if (ℛ′, 𝒯 ) is consistent, ℛ′ ̸= ℛ, and for every 𝛼 ∈ ℛ ∖ ℛ′

, there exists

𝛽 ∈ ℛ′ ∖ ℛ with 𝛽 ≻ 𝛼. A repair ℛ is Pareto-optimal (resp. globally-optimal) if it does not admit a

Pareto (resp. global) improvement. It is completion-optimal if it is a globally-optimal repair of 𝒦≻′ , for

some completion ≻′
of ≻. We denote by SRep(𝒦), PRep(𝒦≻), GRep(𝒦≻) and CRep(𝒦≻) the sets of

(standard) repairs and Pareto-, globally- and completion-optimal repairs, respectively. It is known that

CRep(𝒦≻) ⊆ GRep(𝒦≻) ⊆ PRep(𝒦≻) ⊆ SRep(𝒦).

X-brave, X-AR and X-IAR semantics. Fix 𝑋 ∈ {𝑆, 𝑃,𝐺,𝐶} and consider a prioritized KB 𝒦≻ with

𝒦 = (𝒟, 𝒯 ), query 𝑞(𝑥⃗), and tuple of constants 𝑎⃗. Then 𝑎⃗ is an answer to 𝑞(𝑥⃗) over 𝒦≻ under X-brave
semantics if (ℛ, 𝒯 ) |= 𝑞(⃗𝑎) for some ℛ ∈ XRep(𝒦≻); under X-AR semantics, if (ℛ, 𝒯 ) |= 𝑞(⃗𝑎) for

every ℛ ∈ XRep(𝒦≻); under X-IAR semantics, if (ℬ, 𝒯 ) |= 𝑞(⃗𝑎) where ℬ =
⋂︀

ℛ∈XRep(𝒦≻)ℛ. In FOL

fragments for which KB consistency checking and query entailment are in PTime w.r.t. data complexity

(e.g., DL-Lite or denial constraints), the data complexity of query entailment under these semantics is

in NP (X-brave) and coNP (X-AR/X-IAR) for 𝑋 ∈ {𝑃,𝐶}, but in Σ𝑝
2 (G-brave) and Π𝑝

2 (G-AR/G-IAR)

when globally-optimal repairs are used [8, 11].

Grounded semantics. The grounded semantics for prioritized KBs comes from the area of abstract

argumentation. For prioritized KB 𝒦≻ with 𝒦 = (𝒟, 𝒯 ), the attack relation⇝⊆ (2𝒟 ∖ {∅}) × 𝒟 is

defined by: ℬ ⇝ 𝛼 iff ℬ ∪ {𝛼} is a conflict and for every 𝛽 ∈ ℬ, 𝛼 ̸≻ 𝛽. The characteristic function

Γ : 2𝒟 ↦→ 2𝒟 is defined by Γ(ℬ) = {𝛼 | ℰ ⇝ 𝛼 ⇒ ∃ℱ ⊆ ℬ, 𝛽 ∈ ℰ s.t. ℱ ⇝ 𝛽}. The grounded repair
of 𝒦≻ is the inclusion-minimal 𝒢 ⊆ 𝒟 such that (𝒢, 𝒯 ) is consistent and 𝒢 = Γ(𝒢), or equivalently, the

least fixpoint of Γ. A tuple 𝑎⃗ is an answer to 𝑞(𝑥⃗) over 𝒦≻ under grounded semantics if (𝒢, 𝒯 ) |= 𝑞(⃗𝑎).
It is known that answers that hold under the grounded semantics hold under X-IAR for 𝑋 ∈ {𝑃,𝐺,𝐶}
and that in FOL fragments for which the size of conflicts is bounded independently from the data, and

for which KB consistency and query entailment are in PTime w.r.t. data complexity, grounded query

entailment is in PTime w.r.t. data complexity [11].

ASP(Q). We assume basic familiarity with answer set programming (ASP), cf. [19, 20, 21]. An ASP(Q)

program has the form□1𝑃1 · · ·□𝑛𝑃𝑛 : 𝐶 , where 𝐶 is a stratified ASP program with constraints, each 𝑃𝑖



Table 1
Main ASP building blocks.

Program Role

ΠReach Computes the set ℱ of relevant (reachable) facts (depends on kind of repair considered)
ΠSubRep Guesses a subsetℛ ⊆ ℱ that does not contain any conflict
ΠRep Guesses a maximal subsetℛ ⊆ ℱ that does not contain any conflict
ΠSomeCause Enforces thatℛ contains some cause
ΠNoCause Enforces thatℛ does not contain any cause
ΠGImp Guesses a global improvement ofℛ
ΠPOpt Enforces thatℛ is a Pareto-optimal repair
ΠCOpt Enforces thatℛ is a completion-optimal repair

is an ASP program, and each□𝑖 ∈ {∃𝑠𝑡, ∀𝑠𝑡} is a quantifier, which intuitively quantifies over the answer

sets of 𝑃𝑖. ASP(Q) captures the full polynomial hierarchy [18]. In particular, programs of the form

∃𝑠𝑡𝑃1 ∀𝑠𝑡𝑃2 :𝐶 and ∀𝑠𝑡𝑃1 ∃𝑠𝑡𝑃2 :𝐶 allow one to model Σ𝑝
2- and Π𝑝

2-complete problems, respectively. In

a nutshell, ∃𝑠𝑡𝑃1 ∀𝑠𝑡𝑃2 :𝐶 is coherent if there exists an answer set of 𝑃1 such that if one fixes the values

of the literals relevant to 𝑃1, every answer set of 𝑃2 that satisfies these values is coherent with 𝐶 .

3. Encoding Semantics in ASP(Q)

Using ASP and ASP(Q), we compute the answers that hold under the considered optimal repair-

based semantics from their causes (i.e., minimal subsets 𝒞 ⊆ 𝒟 such that (𝒞, 𝒯 ) is consistent and

(𝒞, 𝒯 ) |= 𝑞(⃗𝑎)), the conflicts and the priority relation, following the approach of [14]. All the encodings

are built from some building block programs whose goals are summarized in Table 1.

Localization. To avoid considering the whole dataset in the encodings, we localize them to relevant

facts (program ΠReach ), defined from the query causes using some notions of reachability w.r.t. the

conflicts and priority relation. We define two such notions of reachability. The first one was already

used to localize SAT or ASP encodings [13, 14], and we use the second one for globally-optimal repairs.

G-brave and G-AR. We show that 𝑞(⃗𝑎) holds under G-brave semantics iff Π𝐺
brave is coherent, and

under G-AR semantics iff Π𝐺
AR is incoherent, where Π𝐺

brave and Π𝐺
AR are the following ASP(Q) programs.

Π𝐺
brave = ∃𝑠𝑡(ΠReach ∪ΠRep ∪ΠSomeCause) ∀𝑠𝑡ΠGImp : 𝐶

Π𝐺
AR = ∃𝑠𝑡(ΠReach ∪ΠRep ∪ΠNoCause) ∀𝑠𝑡ΠGImp : 𝐶

with 𝐶 = {:- not fail}, where fail does not appear in any other rule. Intuitively, an answer

set of ΠReach ∪ ΠRep ∪ ΠSomeCause corresponds to some ℛ ∈ SRep(𝒦) with (ℛ, 𝒯 ) |= 𝑞(⃗𝑎). The

second program of Π𝐺
brave , ΠGImp , is then used to search for a global improvement of ℛ. Since 𝐶

contains only the constraint : - not fail and fail does not appear in the head of any rule, 𝐶 is always

incoherent thus Π𝐺
brave is coherent iff the universal quantification is trivially satisfied, i.e., ℛ has no

global improvement. The program for G-AR, Π𝐺
AR , is the same as Π𝐺

brave except that ΠSomeCause is

replaced by ΠNoCause , which ensures that the repair ℛ built by ΠReach ∪ΠRep does not contain any

cause for 𝑞(⃗𝑎).

P- and C- brave and AR. For 𝑋 ∈ {𝑃,𝐶}, we use the following plain ASP programs, which verify

whether there exists an optimal repair that either contains some cause or does not contain any cause.

Π𝑋
brave = ΠReach ∪ΠSubRep ∪ΠXOpt ∪ΠSomeCause

Π𝑋
AR = ΠReach ∪ΠSubRep ∪ΠXOpt ∪ΠNoCause



X-IAR. We compute

⋂︀
ℛ∈XRep(𝒦≻)ℛ by checking for each fact whether it holds under X-AR (since a

fact holds under X-AR iff it is in every optimal repair). It is then possible to use this set to evaluate the

queries under the X-IAR semantics.

Simplified encoding for binary conflicts. When all conflicts have size 2, we can simplify the

programs that compute the reachable facts, the repair, and enforce Pareto-optimality.

Tractable under-approximations of P-IAR. We use a preprocessing step that identifies a subset

of the answers that hold under P-IAR (hence under all the considered semantics). We consider two

tractable such under-approximations: the grounded semantics and the trivially P-IAR answers [22, 13],

which have some cause such that none of its fact is attacked (w.r.t.⇝, i.e., is in Γ(∅)). In practice, we

compute the grounded repair 𝒢 or the set of trivially P-IAR facts Γ(∅), then use it to filter the answers

that have some cause included in it.

4. Experimental Evaluation

Setup. Following [14], we translated into ASP programs a subset of the ORBITS benchmark [13]

which provides several conflict sets, priority relations, and potential answers associated with their

causes built from the CQAPri benchmark [23], a synthetic benchmark adapted from LUBM
∃
20 [24] to

evaluate inconsistency-tolerant query answering over DL-Lite KBs. To experiment also with non-binary

conflicts, [14] added a constraint that yields conflicts of size 10 and built some priority relations for this

case using preference rules. As ASP(Q) solver we used casper [25], and as ASP solver, clingo [26].

Tractable approximations. One of our main findings is the surprising effectiveness of the grounded

semantics as an approximation of the optimal repair-based semantics. Indeed, a large proportion of

the potential answers turned out to hold under grounded semantics, and we were able to compute the

grounded repair within reasonable time (except for some larger datasets for which we encountered

memory issues). Moreover, even in the cases where we were not able to compute the grounded repair,

we were able to compute the trivially P-IAR facts very efficiently, and over all the cases we considered,

the proportion of facts that belong to the grounded repair but which are not trivially P-IAR varies from

1%-2% on the datasets with a low proportion of facts in conflicts to 15%-31% (depending on the priority

relation) on the dataset with the highest proportion of facts in conflicts. Finally, the grounded repair

covers a large fraction of the intersection of optimal repairs. Given the cost of checking whether each

non-grounded fact holds under X-(I)AR, this suggests the interest of using grounded rather than X-IAR.

Impact of localization and simplified encodings. Unsurprisingly, localization is crucial for feasi-

bility, even on the smallest datasets. Regarding the impact of the encodings tailored to the case where

the conflicts are binary, we found that the simplification is generally helpful when X=P, mostly neutral

when X=C, and when X=G, we observe a more diverse outcome, with a performance improvement in a

majority of cases, but also a significant number of cases where it is the opposite.

Semantics comparison in terms of runtimes. Using globally-optimal repairs proved significantly

more difficult in practice than using Pareto- or even completion-optimal repairs, in line with the worst-

case complexity, and the difference becomes more pronounced as the proportion of facts involved in

some conflicts increases. This suggests that even if we aim to compute G-AR and G-brave answers,

a better strategy is to first test whether the candidate answer holds under P-AR semantics and P-

brave semantics (which are the fastest optimal repair semantics) and only call the G-AR and G-brave

procedures if the status remains unresolved.
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