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CSLI - Stanford University
Stanford, CA, USA
Abstract The logic of confusion is a way to

This does not mean that we want to promote
confusion. The logics we present here can be
seen as a way to control it. On the other hand
one can say that classical logic encourages confusion because it provides no way to deal with
it.
The logic of confusion encompasses various
diﬀerent particular logics. One of them is the
discussive logic of Jaśkowski. The basic motivation of this logic is to handle discussion
groups of people with incompatible opinions.
Some logics of confusion that we will present
can be applied to quantum physics. According to quantum physics some objects may have
contradictory properties (cf. the wave/particle
duality), although since they do not manifest
in the same experiment, we cannot say that we
have a blatant contradiction.
To explain this phenomenon, Niels Bohr introduced the so-called “principle of complementarity”. In fact there is no “principle of
complementarity”. “Complementarity” is just
a word for some philosophical ideas, for an insight that Bohr was never able to formulate in
a clear way (see e.g. [2]). For Bohr, complementarity did not restrict to modern physics,
but also applied to biology or psychology and
was in fact a kind of general philosophical perspective. By contrast many working physicists
endorse the so-called Copenhague Interpretation in order to get rid of philosophical speculation. This leads them to a kind of antirealist postion. However the idea of people like
Heisenberg and Weizsäcker was rather that a
new logical language was necessary to describe
the reality of quantum objects (see e.g. [17],
Chapter X).
In the logic of confusion, the diﬀerent exper-

handle together incompatible “viewpoints”. These
viewpoints can be information data, physical experiments, sets of opinions or believes. Logics of confusion are obtained by generalizing Jaskowski-type
semantics and combining it with many-valued semantics.

Keywords: paraconsistent logic, discussive logic,
many-valued logic, quantum physics

1

Subjectivism,
and confusion

objectivism

When we have diﬀerent incompatible viewpoints regarding something, we may consider
that these viewpoints are in fact about different things (subjectivism) or that they are
about the same thing (objectivism) but that
there is only one which is right or true (classical objectivism), or that each one maybe true
(paraconsistent objectivism).
In this paper we will present a general way to
handle together incompatible viewpoints which
promotes objectivism via paraconsistent logic.
This general framework will be called logic of
confusion. The reason for the name is that
we want to put (fusion) together (con) diﬀerent viewpoints. The word “confusion” in English has a pejorative connotation. To have at
the same time incompatible viewpoints generally leads indeed to confusion, since it seems
that there is no way to control the situation,
because contradiction trivializes. Paraconsistent logic is a way to handle contradictions and
therefore can be used to develop a positive theory of confusion.
1

iments are simply considered as diﬀerent viewpoints that can coexist without trivialization.
The logic of confusion can be seen as the logic
of complementarity (On the relation between
paraconsistency and complementarity, see also
[15], and for more discussions about the connection between logic and physics, see [6]). But
the logic of confusion ﬁts well also with the
ideas of David Bohm. It is well-known that
Bohm presented a rival physical theory whose
main purpose was to support realism. However
Bohm’s realism was not classical, for example
he wrote:
“When we come to consider the ‘totality of all that is’, however, our primary concern is, as we have seen, not
with conditionned things but with the
unconditionned reality that is the ultimate ground of all. Here, the rules
enunciated by Aristotle break down,
in the sense that there is not even a
limited domain or set of conditions
under which they could apply”.([11],
p.60)
The logic of confusion can be seen also as
a logic of information. In artiﬁcial intelligence
one has to deal with packages of contradictory
information and also, most of the time, sets
of incomplete information. Here we present a
logic of confusion which is both paraconsistent
and paracomplete and that can be therefore
applied to such common situation. We built
this logic by combining the Jaskowski-type semantics underlying the logic of confusion with
many-valued semantics.
Some relations between these two types
of semantics have also been investigated by
W.Carnielli (see e.g. [13]), but in his approach
many-valued semantics appear at the external
level, as another way to describe Jaskowskitype semantics; here many-valued semantics
appear rather at the internal level and the two
types of semantics are mixed. The analysis of
Carnielli can also be applied to many-valued
logic of confusion, in this case many-valuedness
will appear at the two levels.

Another approach which has some connections with the one presented here and which
is based on a similar intuition is the one of
A.Buchsbaum and T.Pequeno (see e.g. [12]).
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Logic of confusion : general deﬁnition and general
results

We consider a set of functions Ω from the set
of formulas F into {⊥, }. Such functions are
called viewpoints. By a confusion we mean any
set of viewpoints. We say that a formula a is
valid in a confusion Υ, when there is υ ∈ Υ
such that υ(a) = . And we say that a formula is valid when it is valid in all confusions.
Moreover we deﬁne a consequence relation in
the following way: T ℘Ω a iﬀ whenever T is
valid in a confusion so is a. By a logic of confusion we mean any consequence relation deﬁned
from a set of viewpoints as above.
A logic, i.e. a consequence relation, is said
to be Tarskian iﬀ it is reﬂexive, monotonic and
transitive. We can then state the following result:
THEOREM 1 Any logic of confusion is
Tarskian.
To any confusion Υ we can associate a consequence relation deﬁned in the following way:
T Υ a iﬀ whenever υ(T ) = , we have
υ(a) = . In particular we have the consequence relation Ω associated to the set of all
viewpoints, the global confusion Ω. We call
this, the logic of global confusion. Given a logic
of confusion we can therefore always associate
its logic of global confusion. We have the following result:
THEOREM 2 A logic of confusion L2 is included in a logic of confusion L1, when the logic
of global confusion of L2 is included in the logic
of global confusion of L1.
THEOREM 3 Any logic of confusion is included in its logic of global confusion:
If T ℘Ω a then T Ω a

Given a logic we can consider its thetical
logic, i.e. the set of formulas a such that ∅  a,
and we deﬁne straightforwadly its thetical logic
of global confusion. We have then:
THEOREM 4 Given any logic of confusion, its
thetical logic is identical to its thetical logic of
global confusion:
∅ ℘Ω a iﬀ ∅ Ω a
A binary connective  is said to be conjunctive when for any viewpoint υ we have
υ(a  b) =  iﬀ υ(a) =  and υ(b) = .
A conjunctive connective  is said to be nonadjunctive when there are formulas a and b
such that: {a, b}  a  b. We can now state
the following result:
THEOREM 5 Any conjunctive connective in a
logic of confusion is non-adjunctive.
A conjunctive logic is a logic with a conjunctive connective. From THEOREM 3 and THEOREM 5 we have then the following
COROLLARY Any conjunctive logic of confusion is strictly included in its logic of global
confusion.
In the deﬁnition of a logic of confusion viewpoints are bivaluations, i.e. functions which
take values in a set of two elements. That
does not mean that the semantics of a logic
of confusion is a bivalent truth-functional semantics. We can take viewpoints which are bivaluations but which are not homomorphisms,
like in the case of the bivalent semantics for da
Costa’s paraconsistent C1 or Suszko’s semantics for Lukasiewcz logic L3 . We can consider
viewpoints which are homomorphisms taking
values in a set of any cardinaly divided in two
sets: designated values and non-designated values, like in standard many-valued logics. Then
we deﬁne υ(a) = ⊥ iﬀ υ(a) is a non-designated
value and υ(a) =  iﬀ υ(a) is a designated
value. We can also use these deﬁnitions when
we have viewpoints which are not homomorphisms but functions taking values in a set of
any cardinaly divided in two sets of designated
values and non-designated values, as suggested
in [9].

Let us now examine several examples of logics of confusion.
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Classical logic of confusion

We consider the set of classical bivaluations,
that is to say the set of functions from F
into {0, 1} deﬁned by the usual bivalent truthtables. The classical logic of confusion is constructed by taking all these bivaluations as
viewpoints identifying 0 with ⊥ and 1 with .
That means that its logic of global confusion is
classical logic.
Due to the results of the preceding section
we know that all theses of classical logic are
valid in the classical logic of confusion and as
classical logic is a conjunctive logic, we know
also that the classical logic of confusion is
strictly included in classical logic. The question is to know exactly what classical statements are preserved in it.
In the classical logic of confusion all viewpoints are consistent: we cannot have contradictions within a given viewpoint. However a
confusion can be inconsistent in the sense that
it contains viewpoints that are contradictory
and nonetheless this confusion can be non trivial in the sense that not everything is valid in
it. To see this it is enough to consider a confusion with two bivaluations, one in which p
is true and the other one in which p is false
(consequently ¬p is true in it), and such that
in both q is false, this shows that: {p, ¬p}  q.
We have thus:
THEOREM 6 The classical logic of confusion
is paraconsistent.
Moreover the classical logic of confusion
is strictly paraconsistent in the sense that
{a, ¬a}  ¬b does not either hold in general,
as it can easily be seen.
Due to general results presented in [3], we
know that contraposition and reductio ad absurdum do not hold in the classical logic of confusion. However we have the following positive
result:

THEOREM 7 The classical logic of confusion
is self-extensional.
The classical logic of confusion is in fact
nothing else than Jaśkowski logic, or better:
it is a new way to look at it (On this logic
see e.g. [14], [18]). It is supported by the
idea that a confusion can be considered as a
discussion group whose members are rational
agents who behave classically. But viewpoints
can also be considered as rational agents who
behaved non-classically or packages of incomplete and/or inconsistent information, etc.
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Lukasiewicz logic of confusion

Now we construct a logic of confusion taking
the set of viewpoints to be Lukasiewicz threevalued valuations. That is to say that viewpoints are deﬁned as follows: υ(a) =  iﬀ
λ(a) = 1 and υ(a) = ⊥ iﬀ λ(a) = 0 or 12 ,
where λ is a three-valued function taking values in Lukasiewicz set of values {0, 12 , 1}, where
only 1 is considered as designated. L3 is therefore the logic of global confusion of Lukasiewicz
logic of confusion.
Due to the results of section 2, we know that
Lukasiewicz logic of confusion is strictly included in the classical logic of confusion, since
L3 is strictly included in classical logic. In particular this logic is a paraconsistent logic.
THEOREM 8 Lukasiewicz logic of confusion is
self-extensional.
It has some further interesting features from
the perspective of paraconsistent logic. Neither
the strong law of contradiction {a, ¬a}  b nor
the weak law of contradiction  ¬(a∧¬a) hold.
The strong law does not hold for the same reason as in the classical logic of confusion and
the weak law does not hold because it does not
hold in L3 .
In the case of the classical logic of confusion,
and other paraconsistent logics like LP and J3 ,
the strong law does not hold but the weak law
holds. In L3 we have an opposite situation

since the strong law holds (L3 is not paraconsistent). In both cases there are no intuitive
support for the validation of one law and the
rejection of the other one. These results are in
fact even counter-intuitive whether one interprets the third value as designated (case of LP
and J3 ) or non-designated (case of L3 ).
Another logic in which both laws of contradiction do not hold is the paraconsistent logic
C1 of da Costa. However this logic is not selfextensional. Lukasiewicz logic of confusion can
be seen as a possible solution to the so-called
da Costa problem: ﬁnding a logic in which both
laws of contradictions do not hold and which
is as strong as possible (on other possible solutions to this problem see [1]).
Another interesting feature of Lukasiewicz
logic of confusion is that it is paracomplete in
the sense that the law of excluded middle does
not hold. This is due to the fact that this
law does not hold in L3 . This is interesting
for possible applications. For example if we
consider that a viewpoint is a physical experiment, this experiment may give no information
at all about a given statement, the third-value
of Lukasiewicz is in this case used for this lack
of information.
The idea to use three-valued logic in physics
can be traced back to the work of Paulette
Février in the 1930s (see e.g. [16]). It seems
to us that combining three-valued logic with
Jaskowski-type semantics can lead to interesting results in the ﬁeld of quantum physics.
However maybe Lukasiewicz logic of confusion
is not the best solution, due to the fact that it
presents some drawbacks at the level of implication.
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Implication and confusion

We say that a binary connective  is antideductive when
if T  a  b then T ∪ {a}  b
THEOREM 9 In a logic of confusion an implication which is not anti-deductive cannot obey
the two forms of modus ponens:
{a, a → b}  b

if  a and  a → b, then  b
An implication → is said to be standard
when for any viewpoint υ, υ(a → b) = ⊥ iﬀ
υ(a) =  and υ(b) = ⊥.
THEOREM 10 In a conjunctive logic of confusion a standard implication is not antideductive.
In Lukasiewicz logic of confusion the implication is not standard, but still it is not antideductive. This follows from the more particular result below.
THEOREM 11 If in a logic of confusion we
have  a → (b → a ∧ b) where ∧ is conjunctive
then this implication is not anti-deductive.
One may want to improve the situation and
to ﬁnd a logic of confusion which is similar to
Lukasiewicz logic, i.e. based on the same kind
of three-valuations, but in which the implication is anti-deductive. The idea would be to
change the truth-table for implication. Unfortunately no such a change can solve the problem under reasonable conditions. Let us show
this.
If we have an anti-deductive implication in
a logic of confusion, then we must have: {p} 
q → (p ∧ q) since {p, q}  p ∧ q. We must
therefore have a confusion Υ such that there is
a viewpoint υ ∈ Υ with υ(p) =  and such that
for every viewpoint w ∈ Υ, w(q → (p ∧ q)) =
⊥. If we have viewpoints similar to those of
Lukasiewicz logic of confusion, i.e. which are
based on functions taking values in a set of
three-elements {0, 12 , 1} with only the value 1
as designated, then a → a cannot be a thesis:
suppose υ(p) = , then υ(p ∧ q) = υ(q); since
υ(q → (p ∧ q)) = ⊥, the implication should be
deﬁned in a way such that it is possible for two
formulas a and b to have a viewpoint υ, such
that υ(a) = υ(b) and υ(a → b) = ⊥, in this
case we will also have υ(a → a) = ⊥.
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Conclusion

The technique of logic of confusion permits to
develop nice paraconsistent and paracomplete

logics which may have some interesting applications. However lots of investigations still
have to be done. For example an open problem
is to know if it is possible to construct – using two, three or more values, truth-functional
or non truth funtional semantics – a logic of
confusion in which none of the law of contradiction hold, nor the law of excluded middle
and which is conjunctive, self-extensional and
anti-deductive.
To solve this problem and some other similar ones, we will use Universal Logic, a general
theory of logics which provides useful tools for
the working logician lost in the contemporary
jungle of logics (see [4], [5], [10]).
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