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Abstract

CATS is a JFact-based ABox abduction solver that implements three classical complete approaches: Reiter’s
minimal hitting set algorithm and its more recent variants HS-Tree and RC-Tree. In addition, it provides fast but
incomplete methods, namely QuickXplain and MergeXplain, as well as hybrid variants in which the complete
algorithms are “boosted” using MergeXplain. This hybrid strategy is theoretically motivated and is expected to
provide significant performance advantages for specific classes of inputs, as suggested by earlier preliminary
results. In this work, we report on the recently implemented optimizations and on the first empirical evaluation
conducted on three real-world ontologies that enables to compare all eight implemented algorithms. Among
other insights, it shows a decisive advantage of the hybrid methods over all three baselines on all classes of inputs.
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1. Introduction

ABox abduction [1] addresses the task of explaining observations that are not entailed by a given
ontology by identifying missing or hypothetical ABox assertions whose addition would render the
observation derivable. Formally, an ABox abduction problem is given as a tuple (%, 0, Abd), where
K is a description logic (DL) knowledge base, O is a finite set of observed ABox assertions, and Abd
is a designated set of abducible assertions. An explanation is a subset & C Abd such that # v & k 0,
typically subject to additional requirements, including consistency of # u &, relevance (& ¥ 0), and
minimality with respect to set inclusion. It is well established that ABox abduction can be reduced to
the computation of minimal hitting sets of collections of conflict sets derived from models of # u —0",
yielding a logic-agnostic formulation that relies solely on black-box reasoning (provided the access to
the relevant part of the model).

From a practical perspective, ABox abduction plays a central role in a wide range of applications,
including ontology debugging [3] and repair [4], medical diagnosis [5, 6, 7], system and fault diagnosis
[8], and explanation generation for knowledge-based and machine-learning systems [9]. Such applica-
tions require methods that are both complete — capable of enumerating all minimal explanations — and
sufficiently efficient to operate on real-world ontologies, thus motivating the development of scalable
abductive reasoning techniques.

2. CATS ABox Abduction Solver

CATS [10] is a fully modular Java-based solver for DL ABox abduction. It uniformly integrates multiple
abductive reasoning algorithms under a shared interface and delegates consistency checking and model
extraction to an external DL reasoner (JFact). This design ensures independence from the concrete DL
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and enables support for expressive ontologies up to OWL 2/SZOFQ, while also allowing direct and
fair empirical comparison of different algorithms.

Three complete baseline algorithms based on hitting-set computation are implemented: Minimal
Hitting Set (MHS) [11], Hitting Set Tree (HST) [12], and RC-Tree (RCT) [13]. All three enumerate
minimal explanations by constructing variants of an HS-tree whose nodes represent partial hitting
sets labelled by conflict sets obtained from models. MHS follows a classical breadth-first construction.
HST improves enumeration efficiency by generating all candidate subsets while ensuring that each
combination of abducibles is constructed at most once. RCT further reduces redundancy by dynamically
preventing the creation of equivalent branches using exclusion sets. Despite these improvements, all
baseline algorithms remain limited by the intrinsic computational complexity of complete minimal
hitting-set enumeration.

In addition, two incomplete divide-and-conquer algorithms are implemented: QuickXplain (QXP)
[14] and MergeXplain (MXP) [15]. These methods are designed to rapidly identify one or more minimal
explanations but do not guarantee completeness and may fail to enumerate all solutions.

The primary contribution of the solver lies in its hybrid algorithms - MHS-MXP [16], HST-MXP,
and RCT-MXP - which combine complete hitting-set search with the look-ahead capabilities of MXP.
The hybrids replace classical consistency checks in the search tree with MXP calls that can directly
extend partial candidate explanations and identify branches that cannot lead to valid solutions. This
design is motivated by the observation that baseline algorithms often expend significant effort exploring
unproductive regions of the search space, while MXP can provide early global insight. All hybrid
variants are shown to retain soundness and completeness while substantially accelerating explanation
discovery in practice.

3. Optimizations
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Figure 1: (a) Impact of optimizations; (b) Evaluation results. At each time point, the curves show the average
number of desired explanations found up to that time across all runs included in the corresponding evaluation.

A number of optimizations were incorporated” to improve the practical performance of both baseline
and hybrid algorithms, with particular emphasis on reducing the cost of reasoning calls and limiting
unnecessary exploration of the search space. The previous version of CATS [10] already incorporated
several implementation-level optimizations, most notably model caching and memory-efficient HS-tree
management. Extracted models are cached and reused for node labelling, reducing the number of
expensive reasoning calls. HS-tree-based algorithms, specifically MHS(-MXP) and HST(-MXP), employ

2The CATS source code is publicly available at https://github.com/Comenius- Abduction-Team/CATS-Abduction-Solver. All
optimizations described in this section are included in release 2.1.2.


https://github.com/Comenius-Abduction-Team/CATS-Abduction-Solver

memory-efficient tree management by storing only unprocessed nodes instead of the complete search
tree, significantly reducing memory consumption.

In this work, we investigate several additional optimization strategies aimed at further improving
the efficiency of explanation computation: (i) The number of consistency checks was reduced to a
minimum by identifying points where they are unnecessary. (ii) Models are preferentially selected
based on the size of the induced conflict set. Smaller conflict sets yield lower branching factors, resulting
in more compact HS-trees and faster convergence. (iii) An optimization that specifically targets a
known weakness [16] of MXP-based hybrid approaches in conflict-dense abducible spaces: Instead
of invoking MXP only once per node, the solver applies it iteratively to different partitions of the
remaining abducibles: first to positive assertions, then to negative assertions, and finally to the full set.
This staged strategy often enables earlier identification of explanations and improves robustness in
unfavourable search spaces.

We evaluated the impact of the newly introduced optimizations on individual algorithms using
selected inputs of varying difficulty constructed over the LUBM ontology [10]. Based on these experi-
ments, we determined for each algorithm which optimizations are effective and compatible with it. The
algorithms are then automatically executed in CATS with the optimizations that best suit them.

Optimization (i) proved crucial and significantly improved the efficiency of all HS-tree-based algo-
rithms. Optimization (ii) was not effective for HST(-MXP) and occasionally even led to performance
degradation. Although it was effective for RCT(-MXP), this algorithm uses model ordering, and the
optimization interferes with it, potentially causing premature termination before all explanations are
found. Until this issue is resolved, it is not suitable to use this optimization with RCT(-MXP); at present,
it is effective and compatible only with MHS(-MXP). Optimization (iii) was shown to be beneficial for
all hybrid algorithms.

Figure 1 (a) compares the performance of hybrid algorithms before and after enabling their respective
compatible optimizations on selected LUBM inputs of varying difficulty.

4. Evaluation

A principled methodology® was developed to construct realistic benchmarks for DL ABox abduction.
Three real-world ontologies were selected from the ORE 2015 Reasoner Competition corpus, chosen to
represent different sizes and expressivity levels (two &Z++ ontologies and one A LEH AN ontology).

Observations were derived from actual logical consequences of the ontologies, restricted to atomic
and negated atomic ABox assertions. To introduce abductive problems with guaranteed solutions,
the ontologies were modified by removing ABox justifications responsible for deriving the selected
consequences.

Using this methodology, diverse classes of inputs were generated, distinguished by the minimum
explanation size (1-5), the number of minimal explanations (ranging from less than 10 to more than
100 per input). Each input was paired with six sets of abducibles with different size (50, 100 and 200),
each size in two variants (random, and conflicting, the latter comprising of pairs of complementary
literals to emulate the conflict-dense abducible space mentioned above).

Figure 1(b) summarizes the overall performance across all generated inputs. We observe a clear
advantage of hybrid algorithms over baseline approaches. On average, MHS-MXP and RCT-MXP
compute significantly more explanations and discover them earlier than any baseline algorithm, with
MHS-MXP achieving the best overall performance. In contrast, HST-MXP consistently underperforms
due to its less compact search structure and frequent memory exhaustion.

Among baseline algorithms, MHS, HST, and RCT exhibit broadly similar behaviour, with RCT
achieving a modest but consistent advantage. As expected, the incomplete algorithms MXP and QXP
return fewer explanations and mainly serve as reference points.

The advantage of hybrid algorithms increases with explanation length and abducible set size. Al-
though conflict-dense abducible spaces reduce the relative margin, MHS-MXP and RCT-MXP remain

*A preliminary version of the methodology was reported at the previous DL Workshop [17].



dominant on average, representing a substantial improvement over earlier evaluations in unfavourable
configurations.

5. Conclusions

The results confirm that hybrid abduction algorithms effectively reconcile completeness with practical
efficiency in DL ABox abduction. By integrating MXP-based look-ahead into complete hitting-set
search, MHS-MXP and RCT-MXP substantially outperform classical baseline methods, particularly
for large abducible sets and long explanations. The modular solver and systematically constructed
benchmarks enable a comprehensive empirical comparison of general-purpose DL ABox abduction
techniques. From a practical perspective, MHS-MXP emerges as the default choice for scalable complete
abduction, with RCT-MXP providing a robust alternative when redundancy control is critical.
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