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1. Three novel tuple 
measures and their rational 
properties, 

2. Framework of quantifying 
query answer inconsistency 
and their properties, 

3. Computational 
complexity analysis and 
experimental comparisons 
show that:  

-  is the best tuple  
inconsistency measure; 

-  is the best 

answer inconsistency 
measure. 

𝖨𝖬𝗉𝗂𝗆

𝖨𝖢𝖰𝖠𝖨𝖬
𝗌𝗁𝖺𝗉

· A database(DB) violates integrity rules - constraints 
· Denial constraint (DC) forbids co-occurrence patterns 
· Measuring inconsistency is useful for handling DC violations 

           How to define inconsistent measures?  
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Table 1: Different explainability and inconsistency measuring methods, classified into three types: those measuring tuple inconsistency (Tuple
Measure), those measuring explainability of query answers over consistent databases (QA Measure), and those measuring explainability
of query answers over inconsistent databases (ICQA Measure). Measures proposed in the literature are cited accordingly, while the new
ones proposed in Section 4 are referred to by name, including three tuple measures PIM,CIM,RIM and seventeen ICQA measures. The
corresponding complexities, analyzed in Section 7, are associated to the proposed measures, where “?” refers to the cases that remain open.
No complexity is discussed in Raddaoui, Straßer, and Jabbour (2024); here, we provide the complexity for their adaptation to databases. The
new measures and complexity results introduced in this paper are highlighted in bold.

i → k) is a tuple of variables, ωx captures all the variables
appearing in ωu1, . . . , ωuk, and ε(ωx) = C1 ↑ . . . ↑ Cl (l ↓ 1)
is a conjunction of conditions over ωx. Moreover, for any
1 → i ↔= j → k, the tuples ωui and ωuj do not share variables.

For the purpose of our study, we define below the con-
junctive queries that can be used to check database consis-
tency w.r.t. denial constraints.

Definition 2 (Conjunctive Query). A query q(ωy) is defined
by an expression of the form R1( ωu1)↑ · · ·↑Rk( ωuk)↑ε(ωx),
with the same conditions as in Definition 1, and where ωy is
a subvector of variables of ωx.
The result of q(ωy) evaluated over an instance I, is given by:

q(ωy)(I) ={ϑ(ωy) | ↗i ↘ [1, k], ϑ(ui) ↘ Ri, and

↗j ↘ [1, l], Cj(ϑ(ωx)) is true},

where ϑ are valuations of ωx over I.

The query q(ωy) is called a boolean query when ωy is empty.
Let us write q

ω for the boolean query associated with the
denial constraint ϖ in the obvious manner. It is then clear that
q
ω(I) = {}, or equivalently, evaluates to false, iff I |= ϖ.

To formally provide explanations to query answers, Bune-
man, Khanna, and Wang-Chiew (2001) have introduced
why-provenance models to trace the lineage of results.

Definition 3 (Why-provenance). The why-provenance of a
result tuple ans ↘ q(I), denoted by WhyP(I, q, ans), is the
set of minimal - w.r.t. set inclusion - subsets ϱ ≃ I such that
ans ↘ q(ϱ).

3.2 Basic Inconsistency Measures
We next recall two key concepts commonly employed in
reasoning with inconsistencies: minimal inconsistent sets
and minimal correction sets. Building on these notions,
we adopt the inconsistency measures studied in (Hunter and

Konieczny (2010); Mu (2015); Raddaoui, Straßer, and Jab-
bour (2024)) to quantify the involvement of tuples in viola-
tions of denial constraints.

Let us consider a database instance I and a set of denial
constraints ! such that ϖ ↘ !.
Definition 4 (MIS-single constraint). A subset I → ≃ I is a
minimal inconsistent set for I and ϖ if the following holds:
(1) I → ↔|= ϖ; and (2) ↗ I →→ ⇐ I →

, I →→ |= ϖ. (YG): give the
notion of MIS, also show that it’s a set of set

(BR): Obviously, Definition 4 can be generalized to apply
to a set of constraints as follows:
Definition 5 (MIS-constraint set). A subset I → ≃ I is a
minimal inconsistent set for I and ! if (BR): ⇒ϖ ↘ ! s.t. I →

is a minimal inconsistent set for I and ϖ.
The set of minimal inconsistent sets for I and ϖ (resp. !)

is denoted by MIS(I, ϖ) (resp. MIS(I,!)). (BR): A tuple
t ↘ I is called free w.r.t. a set of denials ! if it does not
belong to any minimal inconsistent subset, i.e., if t ↔↘ M for
every M ↘ MIS(I, ϖ). We write Free(I,!) for the set of
all free tuples in !.
Definition 6 (Minimal Correction Subset (MIC)). A cor-
rection is a pair of deletions IDel ≃ I and insertions
IIns ⇑ I = ⇓ such that (I \ IDel) ⇔ IIns |= !, and mini-
mality holds for IDel and IIns w.r.t. set-inclusion.

Recall that we use IM to denote an inconsistency measure.
Given a database instance I, IM(I) quantifies the overall
inconsistency of the database, while IM(t, I) measures the
inconsistency of a single tuple t within the database I.

For a tuple t, we define MIS(t, I) = {M | M ↘
MIS(I,!), t ↘ M} and MIC(t, I) = {M | M ↘
MIC(I,!), t ↘ M}, to restrict MIS and MIC to the sets
containing a tuple t. Based on these two notions, we adapt
the following KB tuple measures for databases, in Definition
7. Briefly, the first measure takes the value one if t violates

Table: Existing works of tuple measure, answer explaining method and our works of tuple measure and answer inconsistency

CONCLUSION 

TUPLE MEASURE PROPERTIES
Free tuple independence (FI), Positivity (PO), Centrality 
Conflict (CC), Data Monotonicity (DM)

ICQA MEASURE PROPERTIES
Blamelessness, Additivity, Monotonicity 

·  satisfies  Blamelessness for any  and . 

·  satisfies Additivity for any . 

·  satisfies Monotonicity if   satisfies Data  
Monotonicity.

𝖨𝖢𝖰𝖠𝖨𝖬
𝗓 𝗓 𝖨𝖬

𝖨𝖢𝖰𝖠𝖨𝖬
𝖯𝗋𝗈𝗏 𝖨𝖬

𝖨𝖢𝖰𝖠𝖨𝖬
𝖯𝗋𝗈𝗏 𝖨𝖬

😃

Definitions
- Tuple measure IM: the 
inconsistency contribution of 

 w.r.t. a constraint set  

- Answer measure ICQA: 
quantified inconsistency of a 
query answer by 
systematically aggregating 
the inconsistencies of its 
contributing tuples

t
∈I Δ

           How to quantify inconsistency of tuples and query answers? And which measures are better? 

😃

☹

Tuple Inconsistency Value Distributions

😃

😃

☹

Tuple Inconsistency Value Distributions
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t1: Age(Alice, 20)   t2:Age(Alice, 21)         q(x):-Age(x,21) 
t3: Age(Bob, 21)     t4:Age(Bob, 22)           q(I)={Alice, Bob} 
DC: no two different ages for one person 
Minimal inconsistent subset (MIS): {{t1,t2},{t3,t4}}

EXAMPLE
I{

Experimental evaluation on TPC-H dataset


