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Abstract
Abduction or retroduction, as introduced by C.S. Peirce in the double sense of searching for explanatory
instances and providing an explanation (i.e., involving the procedure of searching, and the function of
providing an explanans to the explanandum) is a kind of complement for usual argumentation. There is,
however, an inferential step from the explanandum to the (one or more) abductive explanans (that is, to the
facts that will explain it). Whether this inferential step can be captured by logical machinery depends upon a
number of assumptions, but in any case it suﬀers in principle from the triviality objection: any time a singular
contradictory explanans occurs, the system collapses and stops working. The traditional remedies for such
collapsing are the expensive (indeed, NP-complete) mechanisms of consistency maintenance, or complicated
theories of non-monotonic derivation that keep the system running at a higher cost. I intend to show that
the robust logics of formal inconsistency, a particular category of paraconsistent logics which permit the
internalization of the concepts of consistency and inconsistency inside the object language, provide simple
yet powerful techniques for automatic abduction. Moreover, the whole procedure is capable of automatization
by means of the tableau proof-procedures available for such logics. Some motivating examples are discussed
in detail.
Keywords: abduction, logics of formal (in)consistency, tableaux.

1

Abduction and Contradiction: How to Survive

The abduction problem was originally formulated by Charles S. Peirce (cf. [4]) as the process
of forming hypotheses with explanatory purposes (thus a kind of reversed explanation). In a
manuscript of 1901, Peirce deﬁned abduction as “accepting or creating a minor premise as a
hypothetical solution for a syllogism whose major premise is known and whose conclusion we
discover to be a fact”. It was then in the context of his reading of Aristotle that the concept
of abduction was conceived, but it is worth noting that the disjunctive act of “accepting or
creating . . .” something before using it as an explanation poses a second problem: how is
it possible to create abductive explanans? First, we have to recognize that characterizing
the concept of explanation is one of the greatest challenges in the philosophy of science;
this problem, I believe, is even harder in Logic and Mathematics, where explanations are
sometimes confused with proofs (this particular subtle point is discussed in [21]; a good
reference with updated bibliography is [23]).
Although I am not suggesting that “explaining” can be reduced to “deducing”, it is
certainly acceptable that the idea of explanation in deductive sciences includes the query
for missing hypotheses; it is in this context that the general abductive process can be
formulated as the process of generating new hypotheses within arbitrary deductive systems,
and afterwards using them in deductive terms. The former task became known in the
literature as creative abduction, in contrast to explicative abduction. The term “explicative”
is here understood under the following proviso: a missing link in a deduction certainly does
not exhaust the need for an explanation, but does constitute the ﬁrst necessary step towards
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explaining an anomalous (i.e., not yet deducible) fact. Two natural assumptions about
explanations that can be posed are the following: ﬁrst, there can be various explanations
for the same anomalous fact, and second, there can be explanations of various degrees for
the same anomalous fact. For example, looking for the ultimate scientiﬁc or philosophical
explanation on why the grass of your garden is wet is one thing, while discovering that the
sprinkler was left on all night long is another thing. Both explain the fact, but responding
to diﬀerent needs. The question is analogous to the one in automatic theorem proving:
ﬁnding any proof is one thing, while ﬁnding a philosophically-minded proof is another. In
the same manner as automatic theorem proving is satisﬁed with the ﬁrst level of proofs,
so automatic abduction will be satisﬁed with a ﬁrst level explanation. I will treat here the
question of automatic abduction when no “obvious” explanations are possible, that is, when
contradictions are involved.
Let  be a deductive relation; if Γ  α, the creative abductive step consists in ﬁnding
an appropriate ∆ so that Γ ∪ ∆  α. In this case, the discovered ∆ does the explicative
abductive step. Obviously, there must be some constraints, otherwise ∆ = {⊥} (for ⊥ the
bottom particle) would be a trivial solution for the abduction problem in most deduction
relations. Usually another constraint is that Γ  ¬α, for this would (classically) imply that
any explicative ∆ would be a trivial explanation. This restriction, however, will not be
necessary in our case, as the following developments and the examples will make clear.
From the point of view of general argumentation (and not only deduction), abduction
concerns the search for hypotheses or the search for explanatory instances that help reasoning. In this sense, it can be seen as a complement for argumentation, in the same manner
that in the philosophy of science the context of discovery is a complement for the context of
justiﬁcation. And moreover, keeping the analogy, the question of the logical possibility of
creative abduction lies on the same side of the famous question of the logical possibility of
scientiﬁc discovery.
A renewed interest on abduction acquired impetus due to the factual treatment of data
and the question of virtual causality in the information society. The enormous amount of
data stored in the world wide web and in complex systems, as well as the virtual relationship among such data, continuously demands new tools for automatic reasoning. These
tools should incorporate general logical methods which are at the same time machineunderstandable, and suﬃciently close to human semantics as to perform sensible automated
reasoning.
An example where abductive inference is highly relevant is the model-based diagnosis in
engineering and AI. Suppose that a complex system, as an aircraft, is being tested before a
transatlantic ﬂight. The electronic circuitry permits the testers to predict certain outputs
based on speciﬁc input tests; if the instruments show something distinct from the expected,
it is a task of model-based diagnosis to discover an explanation for the anomaly and use it
to separate the components responsible for the problem, instead of disassembling the whole
aircraft.
Another example occurs in the process of updating in the so-called datalog databases.
Suppose we have a logic programming composed of the following clauses, where desc(x, y)
means “x is a descendent of y”, parent(y, x) means “y is a parent of x” and β ← α means
that the database contents plus α produce (or answer) β:
desc(x, y) ← parent(y, x)
desc(x, y) ← parent(z, x), desc(z, y)
There is a subtle diﬀerence between inserting information in the database in an explicit
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versus an implicit manner: information of the form “y is a parent of x” is a basic fact,
and can be inserted explicitly, while information of the form “x is a descendent of y” is
either factual knowledge or is a consequence of the machine reasoning (as simple as it
can be). If one wishes to insert an implicit information, it is necessary to modify the
set of facts stored in the database in such a way that this information can be deduced:
this is an example of creative abduction and explicative abduction at the same time. For
instance, if we have stored desc(Zeus, U ranus) and parent(U ranus, Cronus), for implicitly inserting desc(Aphrodite, U ranus) there are two diﬀerent ways: we may either insert
parent(Zeus, Aphrodite) or alternatively insert desc(Aphrodite, Cronus). These two alternative additions are examples of abductive explanations for desc(Zeus, U ranus). In fact,
logic programming uses this abductive mechanism for answering queries, in the form: “Is
the fact desc(Aphrodite, U ranus) compatible with the program clauses and data?” or “Is
there any x such that desc(x, U ranus)?”; the whole procedure is creative as much as it can
be automatized. Therefore it is evident that a useful abductive mechanism for databases
should be based on ﬁrst-order logic, and not merely on propositional logic.
Moreover, abductive approaches are also used to integrate diﬀerent ontologies and database
schemes, or for integrating distinct data sources under the same ontology, as for example
[13], where an abductive-based application for database integration is developed. Suppose that, while a query is being processed by a user, another data source had inserted
desc(U ranus, Aphrodite) in our database, plus a constraint of the form: “For no x and y,
simultaneously desc(x, y) and desc(y, x)can be maintained in the database”.
If parent(Zeus, Aphrodite) had been inserted for one data source, the insertion of
desc(U ranus, Aphrodite) by the second data source would cause a collapse in view of the
constraint. What can be done? The alternative of deleting all data seems inconceivable, and
the one of having all queries be answered positively (since a database established on classical
logic grounds would deduce anything from a contradiction) is of course intolerable. Thus
a legitimate logic to ground this process would have to be a ﬁrst-order logic that sanctions
useful reasoning in the presence of contradictions. Proposals from this perspective have been
investigated in [7] and [5].
In this paper I argue that simple yet powerful techniques for automatic abduction can
be usefully implemented by means of tableau proof-procedures for certain logics of formal
inconsistency (LFIs). I concentrate the attention here on the propositional basis only,
commenting on the extensions to the ﬁrst-order case and brieﬂy discussing the technical
diﬃculties involved. Although a wide-scoped study of tableau and abduction was oﬀered
by [12] in 1997, the quite natural idea of using the backward mechanism of tableaux for
gaining automatic explanations occurred earlier: [20] in 1992 already proposed a fully detailed treatment for the question of “completing” a database in a way as to deduce (in
classical propositional logic) a previously undeducible formula. In the same year a tableau
proof system for the paraconsistent system C1 was proposed in [17], and several examples
of using such tableau systems for automatic solving dilemmatic situations was extensively
discussed. Even though neither of these references mentions explicitly the concept of abduction, these papers undoubtedly proposed ways to solve the abductive problem, respectively
for classical propositional logic and for the propositional paraconsistent logic C1 . In [16]
tableau systems for LFIs were proposed, and this logical formalism was used as a method
to build database repairs in [7]. Such methods are based upon many-valued semantics, or
upon non-truth-functional bivalued semantics 1 .
1

In many cases, however, the same logic can be at the same time characterized by truth-functional many-valued semantics
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The question of abduction thus involves two independent, but complementary problems:
1) ﬁnding a method to automatically perform abduction (and, if possible, to automatically
generate abductive data), and 2) doing this within a robust reasoning environment, in a
such a way as to keep running and providing reasonable output even in the presence of the
possible contradictions that this search would engender. Any contradictions found in the
process of producing a lucid output are traditionally seen as a condemnation of the whole
process: contradictions (regarded traditionally, at least) entail triviality, and triviality is but
the opposite of lucidness; the abductive experience thus can sometimes appear to be lethal.
I want to argue that this is ﬁrst of all a mistaken view, and second, that very simple and
natural logical models can be designed for surviving abduction, by means of deﬁning them
in terms of refutation procedures based on LFIs.

2

Abduction and Induction Versus Deduction

Philosophers after Renaissance already maintained that deduction plays a too modest role
in the development of knowledge: Francis Bacon (1561-1626) is known to have criticized
Aristotelian logic as useless for the discovery of laws. Bacon called for a new method for
developing philosophy; he wrote that philosophers should, instead of staying attached to
deductive syllogism to study nature, proceed through (today called inductive) reasoning
from facts to laws. In a certain sense, his theory could be seen as a precursor to abduction,
if we take into account that there is a diﬀerence between multiple-events induction (in the
sense of producing a law, starting from a series of events, which by its turn will provide
predictions of future events) and single-event abduction, which goes from an event to its
explanation (which may be another event, or a law).
This distinction seems to be coherent to the use Peirce made of the concepts of deduction,
induction and abduction; although he has reﬁned and revised his account on such concepts
through times (even changing terminology), Peirce neatly put deduction on the one side,
and induction and abduction on the other (see for example [11]). There are many uses and
abuses of the term “abduction” in all areas of knowledge, to a point that for example [12]
proposes a careful ‘taxonomy for abduction” . I will consider here the process of abduction as
resulting in a sentence, whether particular or existentially quantiﬁed (representing a single
event) or universally quantiﬁed (representing a law). Even if in this respect we may be
departing from Peirce, we will be in line with recent usage, as in e.g. [12]): according to this
conception, induction does not diﬀer from abduction on what it produces (an explanatory
event or a law), but from where it departs (a single event or a multiple event).
It is well accepted that abduction does not go in the forward direction of deduction. It
is not diﬃcult to accept, either, that abduction cannot coincide with any backward form of
classical deduction, but it does not follow that another form of backward deduction would
not work. In this sense, the LFIs are good candidates: they are infraclassical logics (in
the sense that they do not prove anything that classical logic would not), are resistive to
contradictions, but nonetheless can encode the whole of classical reasoning. Backwards proof
procedures for LFIs indeed constitute a suitable approach for abduction, and I intend to
show how this approach can be programmed and treated in a natural basis departing from
a very simple formalism.
It is typical that cognitive and epistemological situations can enter into a situation of
and by non-truth-functional bivalued semantics; a thorough investigation on this interesting interplay between bivalence and
truth-functionality is discussed in [19], where two-signed tableaux are also provided.
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(presumably temporary) contradictory state as the well-known case of scientiﬁc theories
facing anomalies, as recognized by L. Magnani in [3]. Of course, in a situation where we
have serious theories competing around a contradiction, there is little sense in rejecting one of
them a priori just to save the Principle of Explosion or the Principle of Pseudo-Scotus (which
states that logical deduction is contradiction-explosive in the sense that from a contradiction
everything is derivable); it seems to be out of question that it is more convenient to tame
the logic, than to sacriﬁce a precious (and possibly correct) theory.
This is not only the case for sophisticated cosmological theories: a single digit in a database
can of course be extremely valuable, and it is already widely recognized that no automated
reasoning is possible without a way to control logical explosion. What is not clear is whether
the act of guessing involved in the discovery context of abduction, and furthermore under
such conditions, can be the subject of logic. Although it seems that Peirce maintained the
negative, the present paper intends to show that in many interesting cases the process of
guessing can be solved semi-automatically by means of a careful manipulation of the concept
of consistency, viewed as a primitive notion independent from the concept of contradiction,
as granted by LFIs. This way we can obtain a reasonably eﬃcient and conceptually simple method for discovering new logical hypotheses that will serve as explanans for a given
explanandum).

3

Abducting with LFIs: A Safeguard

Defenses of the relevance of reasoning under contradiction for the beneﬁt of epistemology
have already been advanced: for example, Magnani argues (cf. [3] that:
As noted above, when we create or produce a new concept or belief that competes
with another one, we are compelled to maintain the derived inconsistency until the
possibility of rejecting one of the two becomes feasible. We cannot simply eliminate a
hypothesis and then substitute it with one inconsistent with it, because until the new
hypothesis comes in competition with the old one, there is no reason to eliminate the
old one. Other cognitive and epistemological situations present a sort of paraconsistent behavior: a typical kind of inconsistency maintenance is the well-known case of
scientiﬁc theories that face anomalies. As noted above, explanations are usually not
complete but only furnish partial accounts of the pertinent evidence: not everything
has to be explained.
He continues by exemplifying how Newtonian mechanics not only had to survive facing
the anomaly of the perihelion of Mercury until the theory of relativity came in, but it also
had to accept its own false prediction about the motion of Uranus.
This is an evidence, according to the same paper, of similarities between reasoning in the
presence of inconsistencies and reasoning with incomplete information. In order to overcome those contradictions. scientists sometimes adopt the practice of generating auxiliary
hypotheses. Such auxiliary hypotheses are not ad hoc logical tricks performed to avoid contradictions, but should, if possible, lead to the prediction of something new: the famous case
of the auxiliary hypothesis of the existence of an additional planet, later called Neptune, is
an example of a very successful case.
The logics of formal inconsistency (LFIs) are a wide class of paraconsistent logics which
permit the internalization of the concepts of consistency or inconsistency inside the object
language; the reader interested in a full treatment of LFIs including history, conceptual-
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ization, axiomatics and semantics should consult [6]. For the purpose of the arguments
developed here, it is suﬃcient to stress that such a treatment of consistency as a primitive
notion, and the resulting dissolution of the purported connections between consistency and
contradiction, is accomplished via the introduction of new operators to express the concepts
of consistency (and inconsistency) as a primitive notion, thus separating,in principle, the
notions of contradictoriness and of inconsistency.
The LFIs represent the majority of all extant paraconsistent logics, and express inconsistency as a purely linguistic notion, independent from any ontological presuppositions.
A relevant feature of LFIs is that the Principle of Explosion, which is an important tool
in mathematical reasoning (necessary for example in all forms of proof by absurd) is not
lost, but ﬁnely controlled. As a consequence of this careful control of explosiveness, most
LFIs based on classical logic faithfully reproduce all classical inferences by means of suitable
translations (despite being themselves only fragments of classical logic). From the semantical viewpoint the LFIs are sound and complete with respect to interpretations in valuation
semantics and with respect to the new possible-translations semantics (see [1]). This semantics and the proof machinery of these logics testify the robustness of paraconsistent
logics (and LFIs in particular): (i) they do not validate any non-classical reasoning ; (ii)
they do not prove any contradictory theorem, and (iii) they do retain full power of classical
reasoning, including forms of reduction ad absurdum.
As a by-product, LFIs permit to clarify certain misconceptions perpetrated by some
authors, concerning the confusion between the validity of the Principle of Pseudo-Scotus (or
Principle of Ex Contradictione Sequitur Quodlibet), which is responsible for the explosive
character of the consequence relation L in the presence of contradictions in a logic L, and
the Principle of Non-Contradiction. The ﬁrst principle states that, for every Γ and α:
Γ, α, ¬α L β, and
while the Principle (or Law) of Non-Contradiction states that L must have at least a noncontradictory theory Γ, that is, there must exist Γ such that for every α:
Γ L α or Γ L ¬α.
Obviously, contradictory theories exist even in realm of classical logic: just consider the
“improper” theory formed by all formulas, or even “proper” theories made up by pairs of
contradictory formulas.
An instructive example of a deduction featuring the Principle of Ex Contradictione Sequitur Quodlibet was oﬀered by Augustinus Niphus, a 16th century Italian logician. He
showed that anything follows from an impossible proposition (and thus that classical deduction is explosive), by proving that “Socrates is and Socrates is not” entails “Man is a
horse”; he then shows that anything follows from a false proposition by proving that “Man
is a horse; therefore you are at Rome” (cf. [9]). His arguments follow the same pattern in
both cases (where here L is classical logic):
1. α ∧ ¬α L α
2. α L α ∨ β
3. α ∧ ¬α L α ∨ β
4. α ∧ ¬α L ¬α
5. (α ∨ β) ∧ ¬α L β
therefore
6. α ∧ ¬α L β.
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As pointed by [10], a similar argument is found not only in John Duns Scotus (PseudoScotus), but in Ockham, Buridan, and Albert of Saxony, among others. Although credited
to John Duns Scotus (14th century), this principle is considered to be probably due to Peter
Abelard (early 12th century), reputed to be the ﬁrst medieval logician to develop an early
version of propositional logic.
Now, as several authors have pointed, it is not possible to retrieve this kind of argument
within the Aristotelian syllogistic: the closest Aristotelian law, as discussed by the famous
review of Aristotle by J. L
 ukasiewicz, is (at least in one of several formulations) the following:
“The same attribute cannot at the same time belong and not belong to the same subject
and in the same respect”.
To see that this coincides with the above Principle of Non-Contradiction and to understand
the roots of the confusion with the Ex Contradictione Sequitur Quodlibet just note that this
aged law simply says that one should not deduce contradictory statements, but not even
Aristotle can forbid anyone from considering contradictory hypotheses! The point is what
logic should do with hypotheses of this kind– it should be clear thus that the Principle of NonContradiction is normative, while the Principle of Ex Contradictione Sequitur Quodlibet is
operative.
Paraconsistent logics must necessarily refute the latter, while possibly respecting the ﬁrst.
Indeed, with the exception of a few paraconsistent dialectical logics that intend to formalize
some dialectical principles, and which permit to deduce contradictions, the vast majority of
paraconsistent logics, and by that matter all of LFIs, do not derive contradictions, but just
enable us to reason about them.
A closer attention to the medieval argument shows that the crucial step in the argument
of explosive triviality is:
(α ∨ β) ∧ ¬α L β;
This, however, has nothing to do with the Principle of Non-Contradiction, but with the
fact that, if we accept that the hypothesis α ∨ β and ¬α as simultaneously true, β has to
be true, since we presuppose that the hypothetical α and its negation cannot be simultaneously true. But nothing forbids us (not even the Principle of Non-Contradiction) to use
as hypothesis sentences α and ¬α that could be taken in some sense as being both true (or
at least both non-false) a priori. This may be the case if α and ¬α are being evaluated by
two observers that disagree due to lack of information, or on account of α and ¬α being
defectively deﬁned, or because we have been so lucky as to discover a real contradiction in
nature...
Reasoning in such terms is but habitual: that is what scientists (and lawyers, and judges)
do in many occasions. If we depart from the uncertain or inconclusive pair α and ¬α the
inference to β has to be blocked. Even so, the hypothesis could again entail β, had we any
further guarantee that one of them, say α, after all is certain and conclusive; in that case, we
would say that α is consistent (analogously for¬α) . This, as a notion of extra-logical nature,
requires a representation in the object language, and there is where the LFIs come in.
One of the primarily interesting subclasses of LFIs are the C-systems, characterized as
those LFIs where consistency can be expressed as a unary connective. This permits us to formally distinguish between consistency and non-contradiction, and to clearly recognize which
are the assumptions hidden within formal logic that force consistency and non-contradiction,
or also inconsistency and contradiction, to succumb into indistinguishable concepts. Not only
most of the logics produced by the Brazilian school fall within the deﬁnition of LFIs, but
the well-known Jaśkowski’s discussive logic D2 and even normal modal logics in general can
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be recast as dC-systems, a further subclass of C-systems in which the unary connective for
consistency may be explicitly deﬁned in terms of other connectives in the language.

4

A Simple and Powerful Logic to Reason Under the Pressure of
Contradictions

One of the most natural paraconsistent logics in the ample class of LFI’s, if one considers
that attributes for a logic to be natural are simplicity and easiness in deﬁning it, is the
three-valued logic LFI1: it is simple because it has a functional three-valued semantics,
but it also has a non-truth-functional bivalued semantics (a dyadic semantics, as studied in
[19]); it is also natural, in the sense that it was rediscovered (and redeﬁned) several times,
by diﬀerent authors departing from totally distinct perspectives. As we shall see, LFI1 is
indeed very expressive, and has also been extended to a ﬁrst-order version, cf. [5].
In purely propositional terms, LFI1 was introduced in [5] as a semantical solution for
a problem concerning reasoning with contradictory databases. It coincides, nevertheless,
with other logical solutions for totally distinct logic problems since 1960 (see [18] for a
discussion). Not only LFI1, in diﬀerent formulations and interpreted diﬀerently, appeared
as a spontaneous solution in distinct historical moments, but it also plays a central role
in interpreting other paraconsistent logics: essentially, another alternative formulation of
LFI1 can be used to interpret and explain other more complex paraconsistent logics. Indeed,
despite the fact that the famed da Costa’s paraconsistent systems Cn cannot be characterized
by ﬁnite-valued semantics, it is possible to give a semantical interpretation for Cn as a
suitable combination of three-valued logics equivalent to LFI1 by means of the possibletranslations semantics. This was shown in [1] (cf. also [22]).
LFI1 is the logic deﬁned semantically by the following matrices, in the connectives ∧
(for conjunction), ∨ (for disjunction), → (for implication), ¬ (for weak negation) and ◦ (for
inconsistency), where 1 and 1 /2 are distinguished truth-values :
∧
1
1
/2
0

1
1
1
/2
0

1

/2
1
/2
1
/2
0

0
0
0
0

∨
1
1
/2
0

1
1
1
1

1

/2
1
1
/2
1
/2

0
1
1
/2
0

→
1
1
/2
0

1
1
1
1

1

/2
/2
1
/2
1
1

0
0
0
1

1
1
/2
0

¬
0
1
/2
1

•
0
1
0

As it is usual in many-valued logics, we say, for Γ ∪ {α} a collection of formulas in LFI1,
that α is a 3-valued consequence of Γ, denoted by Γ |=3 α, if for any three-valued valuation
v deﬁned by the above tables, if v(Γ) ∈ {1,1 /2 } then v(α) ∈ {1,1 /2 }.
def
A kind of ‘possibility connective ∇ can be deﬁned in LFI1 as: ∇α = ¬ • α → α with the
table:
∇
1
1
1
/2 1
0
0
LFI1 has some close connections with L
 ukasiewicz’s three-valued logic L3 : It is possible
to deﬁne within LFI1 the table →L for the implication of LFI1:
α →L β = ((∇(¬α)) ∨ β) ∧ ((∇β) ∨ (¬α)).
def

giving the matrix:
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→L
1
1
/2
0

1
1
1
1

1
1

/2
/2
1
1

0
0
1
/2
1

As the negation ¬L of L3 is the same as ¬, we can deﬁne the basic connectives of LFI1
 ukasiewicz’s L3 :
from →L and ¬L of L
α ∨ β = (α →L β) →L β;
def

∇α = (¬L α) →L α.
def

In this way, LFI1 and L3 deﬁne the same matrices in the same language, though they
are not equivalent, since LFI1 has only 1 as its distinguished truth-value; this fact has as
consequences, for example, that LFI1 (¬p → p) → p while L3 (¬p → p) → p.
Nonetheless, LFI1 and L
 ukasiewicz’s three-valued logic L3 are algebraizable by the same
equivalent algebraic semantics, namely, by means of three-valued MV-algebras; see [14].for
a careful discussion of this unexpected relationship between such logics.
In [18] and [2] it is also shown how LFI1 or its sister formulations extend several other
elementary paraconsistent logics in the literature; still another important reason why LFI1
is so natural is that it contains the most part of the classical schemas and rules that do not
interfere with paraconsistency. In other words, LFI1 is a maximal subsystem of classical
logic, in the sense that there is no other extension of LFI1 which would not explode in the
presence of contradictions.
For the sake of completeness, I also show here the hilbertian axiomatization for LFI1,
detailing some relevant subsystems and starting from a kind of basic logic (cf. [18]):
The logic mbC is deﬁned, over the signature containing connectives ∧, ∨, →, ¬ and ◦ by
the axioms below. While connectives ∧, ∨ and → keep their usual meaning, ¬ has a meaning
that is weaker than the classical as contradictory sentences do not cause deductive explosion;
the connective ◦ means “certain”, “conclusive”, or , as we prefer to call, “consistent” (cf.
[18]). The most important point to keep in mind with respect to the logics we are dealing
here is that if α and ¬α are contradictory sentences and α is consistent (i.e., ◦α holds) then
a contradiction deductively explodes.
Axiom schemas:
(Ax1) α → (β → α)
(Ax2) (α → β) → ((α → (β → γ)) → (α → γ))
(Ax3) α → (β → (α ∧ β))
(Ax4) (α ∧ β) → α
(Ax5) (α ∧ β) → β
(Ax6) α → (α ∨ β)
(Ax7) β → (α ∨ β)
(Ax8) (α → γ) → ((β → γ) → ((α ∨ β) → γ))
(Ax9) α ∨ (α → β)
(Ax10) α ∨ ¬α
(bc1) ◦α → (α → (¬α → β))
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Inference rule:
(MP)

α, α → β
β

The logic mCi is obtained from mbC by the addition of the following axiom schemas:
(ci) ¬◦α n→ (α ∧ ¬α)
(n ≥ 0)
(cc)n ◦ ¬ ◦ α
The logic Cie is obtained from mCi plus the following axiom schemas:
(cf ) ¬¬α → α
(ce) α → ¬¬α
Finally, the logic LFI1 is axiomatized by adding to Cie the following axiom schemas:
(cj1) •(α ∧ β) ↔ ((•α ∧ β) ∨ (•β ∧ α));
(cj2) •(α ∨ β) ↔ ((•α ∧ ¬β) ∨ (•β ∧ ¬α));
(cj3) •(α → β) ↔ (α ∧ •β).
where the inconsistency connective •, meaning “uncertain”, “inconclusive”, etc., is deﬁned
as •α =def ¬◦α. Because of axioms (cf) and (ce), we can replace irrestrictedly ¬•α by ◦α,
though it is simpler to state semantic conditions and tableau rules in terms of •.
For Γ∪{α} a collection of formulas in LFI1, Γ LF I1 α denotes the fact that α is obtained
from Γ by means of the above axioms.
Making explicit the subsystems mbC, mCi and Cie of LFI1 has a purpose: instead of
employing LFI1, one could employ any of those subsystems to deal with abductive reasoning,
as in the discussion below. LFI1 has been chosen because of its extra features: it is maximal,
and it is characterizable by a three-valued semantics, besides a two-valued one, while the
above mentioned subsystems are not characterizable by ﬁnite-valued semantics (see [18]).
Following such motivations, here is a short description of other syntax and semantic features of LFI1, concentrating in the propositional level (the ﬁrst-order case is discussed in
Section 6). Besides the three-valued semantics described above, LFI1 can be also characterized by a two-valued semantics in the special dyadic format: these are two-valued (non
necessarily truth-functional) semantics described by “and-or” clauses that generalize the
subformula property (cf. detailed treatment in [19]).
A dyadic valuation for LFI1 is a function b from the formulas of LFI1 into {T, F } deﬁned
as follows:
1) b(¬α) = T ⇒ b(α) = F or b(•α) = T ;
2) b(¬α) = F ⇒ b(α) = T and b(•α) = F ;
3) b(•α) = T ⇒ b(α) = T ;
4) b(••α) = T ⇒ b(•α) = F ;
5) b(•¬α) = T ⇒ b(•α) = T ;
6) b(•¬α) = F ⇒ b(¬α) = F or b(α) = F ;
7) b(α ∧ β) = T ⇒ b(α) = T and b(β) = T ;
8) b(α ∧ β) = F ⇒ b(α) = F or b(β) = F ;
9) b(α ∨ β) = T ⇒ b(α) = T or b(β) = T ;
10) b(α ∨ β) = F ⇒ b(α) = F and b(β) = F ;
11) b(α ⇒ β) = T ⇒ b(α) = F or b(β) = T ;
12) b(α ⇒ β) = F ⇒ b(α) = T and b(β) = F ;
13) b(•(α ∧ β)) = T ⇒
b(α) = T and b(•β) = T or b(β) = T and b(•α) = T ;
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b(•(α ∧ β)) = F ⇒
b(α) = F or b(β) = F or b(α) = T and b(•α) = F, b(β) = T, b(•β) = F ;
15) b(•(α ∨ β)) = T ⇒
b(α) = F and b(•β) = T or b(β) = F and b(•α) = T or b(•α) = T and
b(•β) = T ;
16) b(•(α ∨ β)) = F ⇒
b(α) = F and b(β) = F or b(α) = T and b(•α) = F or b(β) = T, b(•β) = F ;
17) b(•(α ⇒ β)) = T ⇒ b(α) = T and b(•β) = T ;
18) b(•(α → β)) = F ⇒ b(α) = F or b(•β) = F . 2
We say, for Γ ∪ {α} a collection of formulas in LFI1, that α is a dyadic consequence of Γ,
denoted by Γ |=2 α, if for any dyadic valuation b deﬁned by the above clauses, if b(Γ) = T
then v(α) = T .
More detailed presentations of LFI1 (but using slightly diﬀerent, non-gentzenian bivaluations) can be found in the mentioned papers [5] and [7].
For the sake of abductive procedures, it is convenient to formulate the proof machinery of
LFI1 in terms of tableaux. Deﬁnitions of tableau proof systems abound in the literature; I
just ask the reader to recall some relevant points in the usual deﬁnitions for tableaux that
will be also used here: (1) A signed formula of LFI1 is an expression of the form T (α) or
F (α), where α is a formula of LFI1; (2) Tableaux are ﬁnitely generated trees, and a branch
is said to be closed (indicated by ∗) if it contains contradictory formulas (in our case, signed
formulas of the form T (α) and F (α)). Otherwise the branch is said to be open (indicated by
); (3) Tableau rules are branching (indicated by “ | ”, as in rule (R.1) below) or consecutive
(indicated by “, ”, as in rule (R.4) below).
An important advantage of dyadic valuations is that tableau systems for logics characterized by these valuations can be almost immediately deﬁned, as shown below.
Based on the dyadic valuations for LFI1, consider tableau rules as follows: Translate
b(β) = T as a signed formula T (β), and b(β) = F as a signed formula F (β). As a consequence, the conditional clauses of dyadic valuations induce tableau rules in such a way that
tableau completeness is automatically obtained (see [19]).
A tableau system for LFI1 is given below, based on the corresponding dyadic semantics:
14)

(R.1)

T (¬α)
F (α) | T (•α)

(R.4)

T (••α)
F (•α)

(R.2)

(R.5)

F (¬α)
T (α), F (•α)

T (•¬α)
T (•α)

(R.6)

(R.7)

T (α ∧ β)
T (α), T (β)

(R.8)

(R..9)

T (α ∨ β)
T (α) | T (β)

(R.10)

(R.11)

T (α ⇒ β)
F (α) | T (β)

(R.3)

T (•α)
T (α)

F (•¬α)
F (¬α) | F (α)

F (α ∧ β)
F (α) | F (β)

(R.12)

F (α ∨ β)
F (α), F (β)
F (α ⇒ β)
T (α), F (β)

2
To be completely precise, a dyadic semantics for LFI1 requires two additional clauses, referred to as (C1)–(C2) in [19];
in the present case, however, this is assured by the fact that we are assuming dyadic valuations to be total functions with
images in {T, F }.
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(R.13)

(R.15)

T (•(α ∧ β))
T (α), | T (β),
T (•β) | T (•α)

(R.14)

T (•(α ∨ β))
F (α), | F (β), | T (•α),
T (•β) | T (•α) | T (•β)

(R.17)

F (•(α ∧ β))
F (α) | F (β) | T (α), T (β),
| F (•α), F (•β)

F (•(α ∨ β))
F (α), | T (α), | T (β),
F (β) | F (•α) | F (•β)

(R.16)

T (•(α ⇒ β))
T (α), T (•β)

(R.18)

F (•(α ⇒ β))
F (α) | F (•β)

Another tableau system for LFI1 was presented in [16]; that one is based on a non-gentzenian semantics, and the tableau rules, though decidable, may have loops. The equivalence
between those distinct tableau systems for the same logic can be checked by means of the
notion of derived tableau rules introduced in [17].
For Γ∪{α} a collection of formulas in LFI1, Γ LF I1 α denotes the fact that α is obtained
from Γ via the above tableau rules (i.e., there exists a closed tableau for ΓT ∪ F (α)).
Example 4.1
(a) •α LF I1 ¬α
(b) α → β, α → ¬β LF I1 ¬α
(c) α → β, α → ¬β, ¬ • β LF I1 ¬α. Indeed:
a.
T (•α), F (¬α)
T (α), F (•α)
∗
b.

T (α → ¬β), T (α → β), F (¬α)
F (α)

T (¬β)

F (α)

T (β)

T (α)

T (α)

F (•α)

F (•α)

∗

∗

F (α)

T (β)

T (•β)

T (α)

F (β)



F (•α)

∗

∗
and the resulting tableau is open: the condition that β is certain or consistent is missing here.
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c.

T (α → ¬β), T (α → β), T (¬ • β), F (¬α)

F (α)

T (¬β)

F (α)

T (β)

T (α)

T (α)

F (α)

T (β)

F (•α)

F (•α)

T (α)

F (β)

F (•β)

T (• • β)

∗

∗

F (•α)

∗

∗

F (•β)

T (•β)

∗
∗
and the resulting tableau is now closed, using (R.1) and (R.4) to close the previously open
node. This is so because we have added the condition that β is certain or consistent,
represented by the formula ¬ • β (equivalent to ◦β).
The following result guarantees the soundness and completeness of T with respect to the
logic LFI1:
Theorem 4.2
Let Γ be a set of LFI1 formulas and α be a LFI1 formula. Then, Γ  α iﬀ Γ |=3 α iﬀ
Γ |=2 α iﬀ Γ LF I1 α.
Proof. By combining all the results about LFI1 in [18] and in [19].

5

LFI1 Tableaux as Abductive Procedures

As argued in the preceding section, an important LFI is the logic LFI1. A relevant feature
of LFI1 (and of several other LFIs), as we have seen, is that they can be deﬁned by means of
ﬂexible refutative (tableau type) proof procedures. Such backward proof procedures are very
convenient for formalizing abductive routines. This has been recognized in the literature for
the case of classical logic, as explained in Section 1. In our case, however, the intention is
convince the reader that tableaux for LFI1 are good candidates (in any case, much better
than tableaux based on classical logic) to compute abductions.
Part of my purpose is to provide some criticisms, identifying certain problems that could
be solved by using more adequate underlying logics in the context of abduction and, as far
as possible, to suggest directions for further work. I am especially concerned with abducting
in the presence of incomplete as well as overcomplete information. For this reason, through
convenient modiﬁcation of a general trend in the literature (see particularly [12]), the notion
of an abductive explanation is so deﬁned:
Definition 5.1
Let Γ, ∆ be ﬁnite sets of sentences and α be a sentence in the language of a given logic L.
Γ and α form an abductive problem and ∆ is an abductive explanation for the abductive
problem if:
1. (Abductive problem): The context Γ is not suﬃcient to entail α, that is, Γ L α;
2. (Abductive solution): The enriched context Γ plus ∆ is suﬃcient to entail α, that is,
Γ, ∆ L α;
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3. (Non-triviality of solution): The enriched context Γ plus ∆ is non-trivial, that is, there
exists γ such that Γ, ∆ L γ;
4. (Vocabulary restriction of solution): V ar(∆) ⊂ V ar(Γ) ∪ V ar(α).
5. (Minimality of solution): ∆ is minimal (in the sense, for example that it is composed of a
set with minimal cardinality and with formulas of minimal length, but there are several
ways to implement such minimality). Minimal ∆ are called good explanations.
While conditions (1) and (2) just deﬁne what is an abductive problem and what is a
solution, conditions (3) and (4) impose restrictions for a solution to be considered relevant:
condition (3) avoids, for instance, that ∆ be taken as the collection of all formulas, or as
a single bottom particle (which would entail any other formulas). For practical reasons, in
the direction of condition (5) it may also be required that the formulas in ∆ are restricted
to certain special types (usually atomic formulas, or conjunction of atomic formulas).
Since the compactness theorem holds for our logic (and indeed, for all LFIs), Γ and ∆
can always be taken as ﬁnite sets; moreover, since our logic is adjunctive (that is, a ﬁnite
collection of formulas deduces its conjunction and vice-versa), we may further reduce Γ and
∆ to single formulas.
Now, making use of the tableau system for LFI1, we can deﬁne an abduction mechanism
by means of the steps below.
We ﬁrst deﬁne the set-theoretical operation of crossing of sets: given ﬁnite sets
∆1 , ∆2 , . . . ∆n , their crossing is deﬁned as follows:
i) ⊕1≤i≤n ∆i = {X : X = {y1 , . . . , yn }, yi ∈ ∆i };
ii) cross(∆1 , ∆2 , . . . ∆n ) = {X : X ∈ ⊕1≤i≤n ∆i and for no X ∈ ⊕1≤i≤n ∆i , X ⊆ X}.
In other words, the elements in the crossing are the minimal elements in ⊕1≤i≤n ∆i with
respect to the partial ordering ⊆. For example, if ∆1 = {a, b} and ∆2 = {a, c, d} then
cross(∆1 , ∆2 ) = {{a}, {b, c}, {b, d}}.
Intuitively, if ∆i is the set of alternative explanations for the fact φi , for 1 ≥ n, then
cross(∆1 , ∆2 , . . . ∆n ) is the minimal set of alternative explanations for the conjunctive fact
φ1 ∧ . . . ∧ φ 1 .
Some immediate and useful properties of crossing are the following:
Theorem 5.2
Let ∆, Γ and Σ be any sets;
1. If ∆ ⊆ Σ then cross(∆, Σ) = ∆.
2. Crossing is a commutative operation, that is, cross(∆, Σ) = cross(Σ, ∆)
3. Crossing is an associative operation, that is:
cross(∆, cross(Σ, Γ)) = cross(cross(∆, Σ), Γ))
Proof. By usual set-theoretical methods.
LetT be a tableau with branches B1 , B2 , . . . , Bn . The closure of a branch B is the smallest
set cl(B) of signed formulas that, when added to the branch, would close it: cl(B) = {Q̄x :
Qx ∈ B}.
The closure of the tableau T is the crossing of all branch closures: cl(T ) = cross(cl(B1 , . . . ,
cl(Bn ).

5.1

Examples: the Advantages of Using LFI1-Tableaux

Consider, as an example from the folklore, a theory Γ containing the following sentences:
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Γ = {α → γ, β → γ} where α means “It rained last night”, β means “the sprinkler was
left on”, and γ means “the grass is wet”.
If we observe that the grass is wet, and we want to explain why this is so, “It rained last
night” is an explanation, but “the sprinkler was left on” is another competitive (though not
excludent) explanation. Tableaux permit to automatically compute “good explanations”,
that is, minimal non-trivial explanations, and this is the main task of abduction. After we
have such explanations we may employ some form of preference reasoning in order to discard
some explanations or to choose the best one among competitors.
For instance, the hypothetical explanation that the sprinkler was left on may be true, but
cancelled by the fact that the main water register was known to be oﬀ: in any case, some
choices may be necessary in order to implement a preference policy for ranking multiple
explanations – facts may have precedence over hypothetical explanations, and likelihood
may be used to classify explanations. Although this is an important part of the whole
question that will aﬀect the usefulness of the automatic explanations produced, it is not
part of the abduction problem as originally posed.
Nor, to make it as clear as possible, the question of non-monotonicity has anything to
do with the logic that is used to produce the abductive output: LFI1, the logic we are
using there, is plainly monotonic (as much as classical logic, used in [12]). Non-monotonic
reasoning, if necessary, will be used in further steps, and is irrelevant here.
We ﬁrst have to be sure that there exist solutions for the abductive problem under the
logic LFI1 satisfying the above conditions (1) to (5) (taking into consideration that Γ and
∆ are now reduced to single formulas, as previously discussed).
Theorem 5.3
Let α and β be sentences such that α LF I1 β (thus constituting an abductive problem).
Then there exists an abductive solution γ if and only if α LF I1 ¬β∧¬•β and ¬α, ¬•α LF I1
β.
Proof. The result can be established by inspecting all dyadic valuations in the (ﬁnite)
universe of all propositional variables involved. Alternatively, a constructive argument can
be obtained by adapting the proof of Theorem 5 in [20].
We call compatible an abduction problem under the above conditions. Theorem 5.3
shows that compatible abduction problems have at least one solution. Applying this to our
deﬁnition we have:
Example 5.4
A case where LFI1-tableaux and classical tableaux give the same result:
Let Γ = {α → γ, β → γ}; of course Γ LF I1 γ;
• Running an LFI1-tableau for T (Γ) ∪ {F (γ)} produces:
T (α → γ), T (β → γ), F (γ)
F (α)

T (γ)

F (β)

T (γ)



∗

∗
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• By collecting all formulas that (when appropriately signed) would close the open branches,
that is, by deﬁning sets Σi , for 1 ≤ i ≤ m, in such a way that α ∈ Σi iﬀ F (α) occurs in
the open branch, and ¬α ∈ Σi iﬀ T (α) in the open branch, we obtain in this case:
∆1 = {α} and ∆2 = {β}
• Clearly Γ ∪ ∆1 LF I1 γ and Γ ∪ ∆2 LF I1 γ, and thus ∆1 and ∆2 are solutions for the
abduction problem;
• Both are good explanations, and is now the user policy to chose between them. The
result in this case would be the same using classical tableaux or LFI1-tableaux.
Of course, when there are several open branches and several sets Σi occur, the crossing
cross(Σ1 , Σ2 , . . . Σn ) gives the minimal joint explanation.
Example 5.5
• Let Γ = {α → β, β → γ}; clearly Γ LF I1 γ.
• Running an LFI1-tableau for T (Γ) ∪ {F (γ)} produces:
T (α → β), T (β → γ), F (γ)
F (α)

T (β)

F (β)

T (γ)

F (β)

T (γ)



∗

∗

∗

• ∆1 = {α} and ∆2 = {β} are solutions for the abduction problem.
Example 5.6 (“Impossible” explanations explained.)
Suppose that we know that, if it rained last night, then the grass is wet; we know that the
grass is wet, but we also know (or have been informed, or have independent evidences for
it) that it did not rain. How to explain that the grass is wet?
Let the situation be represented as Γ = {α → β, ¬α}; here Γ LF I1 β, but no classical
tableau is able to ﬁnd an explanation, since the only possible candidate, α, has to be ruled out
by clause (3) of Deﬁnition 5.1, as it entails deductive triviality. However, LFI1-tableaux will
be able to provide a solution, based on their intrinsic construction: simply, in situations like
this, common sense suggests that raining may be held as an explanation, if the information
that it did not rain is uncertain or dubious.
• A LFI1-tableau for T (Γ) ∪ {F (β)} produces:
T (α → β), T (¬α), F (β)
F (α)

T (β)

F (α)

T (•α)





∗

• ∆1 = {α}, ∆2 = {α, ¬ • α} are alternative explanations (as they would close the open
branches), and cross(Σ1 , Σ2 ) = {α} gives the minimal joint explanation.
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This explanation assumes that ¬α is uncertain or dubious, and therefore does not violate
Deﬁnition 5.1: just check that Γ, α LF I1 β but Γ, α LF I1 γ for γ distinct from β. It is
important to note that this situation is considered to be problematic for classical tableaux
(cf. [12], pp. 108 and 109).
Example 5.7 (Explanations that avoid hasty conclusions.)
We know that taking certain drugs has good consequences for the health, but also the same
drugs, under certain conditions, will produce undesirable eﬀects on the health: represent
this situation as α → β and α → ¬β. Under classical reasoning (using classical tableaux, or
any other classical inference mechanism) an immediate conclusion would be ¬α, that is, we
should not take this drug– but this is contrary to common sense, as the contradictory eﬀects
could be explained by inappropriate doses, or by diﬀerent health conditions in diﬀerent
people, and so on. Using LFI1-tableaux, however, this case turns out to be an interesting
abduction problem: α → β, α → ¬β  ¬α, as shown in item (b) of Example-4.1.
We are thus invited to look for an abductive explanation: this explanation, automatically
produced by the LFI1-tableau, is that the drug is to be banned only if the contradictory
eﬀects are undebatable, that is, if ¬ • β (or equivalently, ◦β) holds; item (c) of Example-4.1
then shows that ∆ = {¬ • β} is an explanation: the resulting LFI1-tableau for α → β, α →
¬β, ¬ • β  ¬α is closed.
Example 5.8 (Whodunit ?)
A diamond was stolen, and only Alice and Bob were present. Since there are no proofs
(but only evidences) against them, the police initially consider that they are not guilty, but
certainly one of them is guilty, that is, the evidence basis contains Γ = {¬α, ¬β, α ∨ β}
where α and β stand, respectively, for “Alice is guilty” and “Bob is guilty”. At this point,
Γ LF I1 α and Γ LF I1 β, so we have two abductive problems.
Now, by running LFI1-tableaux for T (Γ) ∪ {F (α)} and for T (Γ) ∪ {F (β)}, we easily
see that either ◦(¬α) (meaning that the initial supposition about Alice’s innocence was
indeed consistent) or ◦(¬β) (meaning, alternatively, that the initial supposition about Bob’s
innocence was indeed consistent) would decide the question: indeed,
{¬α, ¬β, α ∨ β, ◦(¬α} LF I1 β
and
{¬α, ¬β, α ∨ β, ◦(¬β} LF I1 α
This coincides with the common sense rule: defending the innocence of one of them
amounts to the culpability of the other,
These examples illustrate the fact that employing logics of formal inconsistency in the general problem of abduction has interesting consequences, automatically producing meaningful
explanations that would be imperceptible within the classical environment. As mentioned
in Section 4, LFI1 is not the only choice, and several other LFIs would play a similar role.

6

Abduction Procedures Involving Quantification

As discussed in Section 1, the extension to the ﬁrst-order case of the ideas about obtaining
abductive explanations by means of tableaux is not only quite natural, but expected in
real applications. Although there are some slight technical complications, from the tableauproof-theoretical standpoint all the grounding constructions are already at our disposal: the
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logic LFI1*, ﬁrst-order extension of the propositional LFI1, has been studied in details in [5]
and [7]. I brieﬂy recall the main ideas about LFI1* and show how the underlying tableau
procedure can be used in abductive problems. Let Σ be the signature of LFI1 enriched
with ∀ and ∃, (without functional symbols), and Var be a set of variables. The formulas
of LFI1* are deﬁned as in classical ﬁrst-order logic, with the addition of the extra symbol
◦ (to be read, as already explained, as “it is consistent that...”). Formulas are inductively
deﬁned starting from arbitrary k-ary predicate symbols R(x1 , ..., xk ) and equality x1 = x2 ,
considered to be atomic. In general, if α, β are formulas and x is a variable, then α ∨ β, ¬α,
∀xα, ∃xα and ◦α are formulas,
All the familiar syntactic notions of free and bound variables, closed formulas (sentences),
substitution, etc., are deﬁned as usual.
From the semantical side, sentences of LFI1* are interpreted using either truth-functional
three-valued valuations (cf. [5]) or alternatively by (non-truth-functional dyadic (bi-valued)
valuations.
From the syntactical side, what interests us here for the sake of abduction, a tableau
system for LFI1* is obtained by adding to the tableau rules of LFI1 the following rules for
the quantiﬁers:
(R.19)

T (∀x(Ax))
T (α(t))

(R.21)

T (¬∀xα(x))
T (∃x¬α(x)))

(R.23)

F (∀x(Ax))
T (α(s))

(R.25)

F (¬∀xα(x))
F (∃x¬α(x)))

(R.20)

T (∃xα(x))
T (α(s))

(R.22)

(R.24)

T (¬∃xα(x))
T (∀x¬α(x)))

F (∃xα(x))
T (α(t))

(R.26)

F (¬∃xα(x))
F (∀x¬α(x)))

(R.27)

T (•(∀xα(x)))
T (∃x • α(x)), T (∀x(α(x)))

(R.28)

T (•(α∃xα(x)))
T (∃x • α(x)), T (∀x¬(α(x)))

(R.29)

F (•(∀xα(x)))
F (∃x • α(x)), F (∀x(α(x)))

(R.30)

F (•(α∃xα(x)))
F (∃x • α(x)), F (∀x¬(α(x)))

where t is an arbitrary term and s is a new term with respect to ∀xα(x), i.e., it does not
appear in any branch containing ∀xα(x) (respectively for ∃xα(x)).
The method introduced here for obtaining automatic explanations can thus be extended to
ﬁrst-order theories; this involves some additional complications, because LFI1*-tableaux,
as much as their classical counterparts, are not adequate for showing ﬁnite satisﬁability.
However, LFI1*-tableaux can be modiﬁed to yield a procedure that will express ﬁnite
satisﬁability, by adapting the results of [24].

7

Conclusions, and Perspectives

A mechanism for performing automatic abduction based upon tableaux for logics of formal inconsistency has been presented; such logics are infraclassical logics that permit a ﬁne
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control of reasoning under contradiction in the presence of malformed or vague hypotheses,
while maintaining the full power of logic when the information is consistent. This is a major
feature of our systems, as much as proﬁting from conﬂicting or contradictory information
is a major problem in information systems, given that this information is too valuable to
be thrown away (actually, it may be specially rich in content). The mechanism presented
here is thus capable of satisfactorily solving an extensive class of abductive problems in
propositional reasoning; it can also be upgraded to encompass quantiﬁed reasoning as well.
This point has been illustrate with examples, and some related issues have been discussed.
The points raised here have much in common with belief revision, default reasoning, the
“closed world assumption” and “negation as failure” of logic programming, and databases
with evolutionary constraints, thus making our proposal valuable for applications. Abduction, however, can also be regarded, from a much more abstract standpoint, as a companion
for argumentation; from this perspective, any attempt to make abduction congenerous of
deduction is positive. My proposals go in this direction.
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