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In abduction, we are given a KB as background knowledge, in combination
with a set of facts (the observation) that cannot be deduced from the back-
ground knowledge. We are then looking for the missing piece in the background
knowledge (the hypothesis) that is needed to make the observation logically en-
tailed [12]. This form of reasoning has many applications: 1) it can be used to
explain why something cannot be deduced [6,7], to supplement services explain-
ing positive entailments such as justifications [22,4,15] and proofs [1,2], 2) it can
be used for diagnosis tasks, giving the hypothesis as possible explanation for an
unexpected observation [19], and 3) it can be used in KB repair to give hints on
how to fix missing entailments [23].

There is a variety of research on abduction with description logics. Based on
the shape of the hypothesis, one distinguishes between concept abduction [5],
TBox abduction [10,23], ABox abduction [8,7,21,20,6,11,9,14,16] and KB abduc-
tion [18,12]. We focus on a variant called signature-based ABox abduction defined
as follows, where by flat ABoz, we refer to an ABox that does not use complex
concepts.

Definition 1. Let £ be a DL, and denote for an ABox A by sig(A) the concept
and role names in A, and by size(A) its size. An L abduction problem is then
given by a triple A = (K, P, X)) with K an L KB of background knowledge, ¢
an L ABozx called the observation, and X C Nc UNRg a signature of abducibles;
and asks whether there exists a hypothesis for 2, i.e. an L ABox H satisfying

Al. KUHEL, A2, KUHE®, and AS8. sig(H) C X.

If we require H additionally to be flat, we speak of a flat abduction problem.
A size-restricted (flat) £ abduction problem is a tuple 2 = (K,®, X n) s.t.
A = (K,9,%) is a (flat) L abduction problem and n is a number encoded in
binary. A hypothesis for A is then an £ ABox H which is a hypothesis for U’
and additionally satisfies size(H) < n.

As a simplified application example from the geology domain, assume we
have observed that in an area near a canal, holes appeared in the street as a
result of subsidence due to an unstable ground. A possible explanation could
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involve the presence of a formation of so-called evaporite below the street, which
dissolves when in contact with water [13]. Our background knowledge consists of
a geology ontology together with data about the area. Among others, it contains
the following abbreviated axioms:

1. EvaFor M 3bord.(Wat M —3lin.WatPro) C Jaff.Dis
2. EvaFor M Jaff.Dis C Vabov.Unst
3. (Wat U Str) MEvaFo C L 4. Wat(can) 5. Str(str),

which state that 1. an Evaporite Formation which borders to a Waterway with-
out Water-Proof lining will be affected by Dissolution; 2. all ground above
an evaporite formation affected by dissolution is Unstable; 3. waterways and
Streets are not evaporite formations; 4. can is a waterway; 5. str is a street.
Our observation would be that the street is unstable: { Unst(str) }, and we are
looking for a hypothesis that uses sufficiently precise vocabulary, and only refers
to aspects we have incomplete knowledge about and that can later be verified
by a team of geologists: X' = {EvaFor, abov, bord, lin,...}. A hypothesis for the
resulting abduction problem would then be

H ={ EvaFor(e), abov(e, str), bord(e, can), Vlin.L(can) }

stating that there is an evaporite formation e below the street that borders with
the canal, and that the canal has no lining. Note that this hypothesis uses a
fresh individual name e, as well as a complex concept Vlin._L. The aim of X' is to
restrict to hypotheses that have explanatory character. In the present example,
we would for instance also exclude aff and Dis from X, as the dissolution alone
would be a too shallow explanation.

Works on signature-based ABox abduction often restrict hypotheses to flat
ABoxes with a given set of individuals [7,21,9]—which means that statements
in a hypothesis can be picked from a finite set—or they restrict to rewritable
DLs [11,6]. As with DLs, we usually have the open-world semantics, in which
not all individuals are known, and DLs offer much more expressivity, abduction
admitting both fresh individuals and complex concepts in the result is well-
motivated. Techniques for practical signature-based ABox and KB abduction
with complex concepts are presented in [18,8], for a stricter variant where so-
lutions are required to cover all possible solutions, and may use operators from
a more expressive DL, however without a theoretical analysis of the problem in
terms of complexity. We fill this gap by answering two questions: 1) what is the
complexity of deciding whether a solution to the abduction problem exists, and
2) what is the size of the smallest hypothesis in the worst case. Our results are:

1. Both flat and non-flat ABox abduction for ££ always admit polynomially
sized hypotheses, whose existence can be decided in polynomial time.

2. Flat ABox abduction is closely related to the query-emptiness problem [3],
and one obtains similar complexity bounds. Here, the size of a hypothesis
may become exponential already for £L£,, it is exponentially bounded for
ALCZ, and a bound is not computable in general for ALCF. Deciding the
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flat ABox abduction problem is ExpPTIME-complete for £L£, , CONEXPTIME-
complete for ALC and ALCZ, and undecidable for ALCF.

3. For ££ , admitting complex concepts is only interesting if we additionally
forbid fresh individuals in the hypothesis. Then, they can become double
exponential in size, while their existence can still be decided in EXPTIME.

4. The most challenging problem turned out to be the case of general ABox
abduction in more expressive DLs. For ALC, we found a tight bound on the
size of hypotheses which is triple exponential in the input. For deciding their
existence, we showed an N2ExPTIMENY upper bound.

5. Finally, the size-bounded abduction problem is NP-complete for £L£, it is
NEXPTIME ' -complete for the flat variant in ALC, and in 2EXPTIME for
ALCOT.

This is an extended abstract of a paper accepted at IJCAI 2021 [17].
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