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1. Fifth World Congress on the Square of Opposition

1.1. The Square: A Central Object for Thought

The square of opposition is a very famous theme coming from Aristotelian logic dealing
with the notions of opposition, negation, quantification and proposition. It has been
continuously studied by people interested in logic, philosophy and Aristotle during two
thousand years. Even Frege, one of the main founders of modern mathematical logic, used it.

The Hexagon of Opposition of Robert Blanché was a major step in the development
of the theory of opposition.

Some people have proposed to replace the square by a triangle, on the other hand the
square has been generalized into more complex geometrical objects: hexagons, octagons
and even polyhedra and multi-dimensional objects.

1.2. Aim of the Congress

This will be the 5th world congress organized about the square of opposition after very
successful previous editions in Montreux, Switzerland, in 2007; Corté, Corsica, in 2010;
Beirut, Lebanon, in 2012; and Vatican, in 2014. This is an interdisciplinary event gathering
logicians, philosophers, mathematicians, semioticians, theologians, cognitivists, artists and
computer scientists.


http://www.square-of-opposition.org/

s ==
The Square of Opposition is a Simple Structure with many Applications.

The meeting will end by a final round square table where subalterned people will
express their various contrarieties, subcontrarieties and contradictions.

1.3. Scientific Committee

JEAN-PIERRE DESCLES, Department of Mathematics and Informatics, University Paris-
Sorbonne, France.

RENE GUITART, Department of Mathematics, University of Paris 7, France.

LARRY HORN, Department of Linguistics, Yale, USA.

DALE JACQUETTE, Department of Philosophy, University of Bern, Switzerland.

RUSTY JONES, Department of Philosophy, Harvard University, USA.

DoMINIQUE LUZEAUX, Direction générale de l'armement (DGA), Ministry of Defence,
Paris, France.

TERENCE PARSONS, Department of Philosophy, University of California, Los Angeles,
USA.

HENRI PRADE, Institut de Recherche en Informatique de Toulouse (IRIT), Centre
National de la Recherche Scientifique (CNRS), France.

STEPHEN READ, School of Philosophical and Anthropological Studies, University of
Saint Andrews, Scotland.

HANS SMESSAERT, Department of Linguistics, Catholic University of Leuven, Belgium.
PETER SCHRODER-HEISTER, Department of Informatics, University of Tiibingen,
Germany.

JAN WOLENSKI, Department of Philosophy, Jagiellonian University, Poland.

1.4. Organizing Committee

JEAN-YVES BEZIAU, Federal University of Rio de Janeiro, Brazilian Academy of
Philosophy and Brazilian Research Council.

MANUEL CORREIA MAcHUCA, Department of Philosophy, Pontifical Catholic University,
Chile.

ANDRES BOBENRIETH, Department of Philosophy, University of Valparaiso, Chile.


http://link.springer.com/journal/11787/2/1/page/1
http://lalic.paris-sorbonne.fr/PAGESPERSO/Descles
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http://www.st-andrews.ac.uk/~slr/read.html
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http://www.uni-tuebingen.de/en/faculties/faculty-of-science/departments/computer-science/lehrstuehle/logik-und-sprachtheorie/personen/prof-dr-peter-schroeder-heister.html
http://en.wikipedia.org/wiki/Jan_Wolenski
http://www.jyb-logic.org/
http://filosofia.uc.cl/Academicos/correia-machuca-manuel

JuaN REDMOND, Department of Philosophy, University of Valparaiso, Chile.

JosE MIGUEL RAMIREZ ALIAGA, Archeologist, Former Administrator of the Rapa Nui
National Park.

SHAHID RAHMAN, Department of Philosophy, University of Lille 3, France.

OLIVER KuTz, Research Centre for Knowledge and Data (KRDB), Free University of
Bozen-Bolzano, Italy.

ToMoYA SATO, Department of Philosophy, University of California, San Diego, USA.
CATHERINE CHANTILLY, Brazilian Academy of Philosophy, Rio de Janeiro, Brazil.

JEAN SALLANTIN, Laboratoire d’'Informatique, de Robotique et de Microélectronique de
Montpellier (LIRMM), Centre National de la Recherche Scientifique (CNRS),
Montpellier, France.

BRUNO WOLTZENLOGEL PALEO, College of Engineering and Computer Science, The
Australian National University, Canberra.

ARTHUR BucHSBAUM (Handbook Production), Department of Informatics and Statistics,
Federal University of Santa Catarina, Brazil.
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https://br.pinterest.com/catchantilly
http://www.lirmm.fr/~js
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2. Tutorials

Logical Oppositions: Methodologies and Applications
Jean-Yves Beziau
Department of Philosophy, University of Brazil, Rio de Janeiro
jyb@ufrj.br

The square of opposition arose from a particular situation: Aristotle’s theory of
categorical propositions. It can be generalized to many situations and its improved version,
the hexagon of opposition, has even more applications. In this talk we will discuss different
methodologies for the construction of figures of opposition in many different situations.

The first methodology is the construction of hexagons preserving a dichotomy and
developing squares and hexagons on the basis of a dichotomy together with a
subalternation. The dichotomy symbol/arbitrary sign can be preserved and with the help of
the subalternation icon/symbol we naturally generate a square and a hexagon. The
dichotomy difference/identity can also be preserved and with the help of the
subalternation opposition/difference we can develop a square and a hexagon.

Non Meaning Non Analogy

/7 UK\ U
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e Y
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In the case of the second methodology, we start with a triangle, the result of breaking a
dichotomy. The dichotomy save/spend can be broken into a trichotomy adding invest; the
dichotomy music/noise can be broken into a trichotomy adding silence. The dual triangles
of subcontrariety are then naturally built using contradictory axes to get hexagons.



E

(0]
// Non Music
Y

Silence

Not Save

A

E

I
Not Spend\\

6]

Not Invest

= Waste?
Y

Save

There is a third methodology where squares are constructed by double dichotomies and
hexagons are then formed over them. See the two examples below:

Analytic or A posteriori
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A fourth methodology consists in generating a hexagon from an already existing one
producing a mix of the two. For example, we can consider the hexagon of colors and
develop a psychic hexagon based on these colors:
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Bibliography
J.-Y. Beziau, “The Power of the Hexagon”, Logica Universalis, 6 (2012), pp. 1-43.

J.-Y. Beziau, “Opposition and order”, in J.-Y. Beziau and S. Geogiorgiakis (editors), New
dimensions of the square of opposition, Philosophia, Munich, 2016.

J.-Y. Beziau, “Disentangling Contradiction from Contrariety via Incompatibility”, Logica
Universalis, 10 (2016), pp. 157-170.
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The idea of Logic in Apuleius, Boethius and other ancient commentators
of Aristotle
Manuel Correia Machuca
Instituto de Filosofia, Pontificia Universidad Catdlica de Chile
mcorreia@uc.cl

The school will review the idea of logic that ancient commentators of Aristotle held. Two
argumentative lines can be distinguished. One takes logic to be a deductive technic. The
other takes logic to be a deductive technic together with and inventive or discovery art. I
argue that the ancient commentators assume these two argumentative lines without a clear
or explicit merge, which produces two developments in medieval a modern tradition.

We describe these two lines. In the first, logic is identified to syllogistic. In the second,
logic is also concerned to the art of finding universal premises to define o deduce
universally. We argue that Boethius recognizes these two lines of development without
merging or synthetize them - but keep them distinguished.

We see signs of merging them in Peter of Spain, Rudolf Agricola and especially in the
young Leibniz. According, we will show how in Leibniz’s De arte combinatoria these two
lines have been unified in one ample theory of logic.


mailto:mcorreia@uc.cl

Introduction to Logical Geometry
Hans Smessaert

Department of Linguistics, Katholieke Universiteit Leuven, Belgium
Hans.Smessaert@kuleuven.be

Lorenz Demey
Center for Logic and Analytic Philosophy, Katholieke Universiteit Leuven, Belgium
Lorenz.Demey@kuleuven.be

The central aim of Logical Geometry (LG) is to develop an interdisciplinary framework
for the study of logical diagrams in the analysis of logical, linguistic and conceptual systems.
Throughout history a variety of authors have constructed logical diagrams for analysing
logical, linguistic and conceptual systems such as syllogistics, propositional logic, modal
logic, generalised quantifiers, aspectual adverbs, colour concepts and metalogical concepts.
Furthermore, on a more abstract level, several authors have studied logical and geometrical
properties of various types of logical diagrams, such as the difference between Aristotelian
and duality relations, the notion of Boolean closure and the relation between Aristotelian
and Hasse diagrams. The first part of this tutorial will present an overview of the various
applications in logic, philosophy, linguistics and artificial intelligence for which logical
diagrams have been constructed in LG. In the second part of the tutorial, we discuss a
number of abstract-logical topics related to logical diagrams, whereas in the third part, we
focus on some more visual-geometric topics. In each of the three parts we will pay
particular attention to the interdisciplinary variety of formal, empirical and historical
perspectives adopted in LG.

As far as the logical applications of LG are concerned, we discuss the systems of modal
logic (in particular, S5) and Public Announcement Logic. Among the linguistic applications
we will briefly present the LG analysis of the subjective quantifiers many and few, gradable
adjectives and definite descriptions. On a more conceptual level, LG has been applied to
knowledge representation and Al, and to the perceptual field of colour theory. Underlying
the analysis of this wide and interdisciplinary range of topics is the Boolean algebraic
technique of bitstrings, which will be introduced at the end of the first part.

Concerning the abstract-logical properties of logical diagrams, LG first of all adopts an
information-theoretic approach to corroborate the claim that the Aristotelian relations are
hybrid between opposition relations and implication relations. A second crucial claim in LG
concerns the logical independence of Aristotelian and duality relations, which relates to
differences in logic-sensitivity between the two sets of relations. From the point of view of
interdisciplinarity, the study of these abstract-logical topics integrates concepts from
Boolean algebra, combinatorics, group theory and the philosophy of information.

As for the visual-geometric properties of logical diagrams, LG characterises the
differences between Aristotelian and Hasse diagrams for Boolean algebras (in particular, B3
and B4) in terms of different vertex-first projections, both for 2D (hexagon) and for 3D
(rhombic dodecahedron) visualisations. Furthermore, the difference between perspective
and parallel projections leads to the 2D distinction between hexagons and nested triangles


mailto:Hans.Smessaert@kuleuven.be
mailto:Lorenz.Demey@kuleuven.be

in the visualisation of B3, and to the 3D distinction between the rhombic dodecahedron and
nested tetrahedra in the visualisation of B4. Other crucial geometric concepts studied in LG
are those of distance, central symmetry and (the complementarities between) subdiagrams.
With respect to interdisciplinarity, the LG analysis of these visual-geometric topics not only
employs concepts from Boolean algebra and combinatorics, but also from diagram design.
More in particular, logical diagrams are argued to differ in terms of informational versus
computational equivalence, and in terms of their adherence to - or violation of - such
design principles as congruence and apprehension.

Bibliography

L. Demey, “Structures of Oppositions in Public Announcement Logic”, in ].-Y. Béziau and
D.Jacquette (editors), Around and Beyond the Square of Opposition, Springer/Birkhauser,
2012, pp- 313-339.
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Inference, Lecture Notes in Artificial Intelligence, 8578 (2014), Springer, pp. 213-227.

L. Demey and H. Smessaert, “Duality in Logic and Language”, in ]. Fieser and B. Dowden
(editors), Internet Encyclopedia of Philosophy, University of Tennessee, 2016.

L. Demey and H. Smessaert, “Metalogical Decorations of Logical Diagrams”, Logica
Universalis, 10 (2016), pp. 233-292.

L. Demey and H. Smessaert, “The Interaction between Logic and Geometry in Aristotelian
Diagrams”, in M. Jamnik, Y. Uesaka and S.E. Schwartz (editors), Diagrammatic
Representation and Inference, Lecture Notes in Artificial Intelligence, 9781 (2016), Springer,
pp. 67-82.

K. Roelandt, Most or the Art of Compositionality: Dutch de/het meeste at the Syntax-
Semantics Interface, LOT Publications, Utrecht, 2016.

H. Smessaert, “The Classical Aristotelian Hexagon versus the Modern Duality Hexagon”,
Logica Universalis, 6 (2012), pp. 171-199.

H. Smessaert and L. Demey, “Logical Geometries and Information in the Square of
Opposition”, Journal of Logic, Language and Information, 23 (2014), pp. 527-565.

H. Smessaert and L. Demey, “Logical and Geometrical Complementarities between
Aristotelian Diagrams”, in T. Dwyer, H. Purchase and A. Delaney (editors), Diagrammatic
Representation and Inference, Lecture Notes in Artificial Intelligence, 8578 (2014), Springer,
pp. 246-260.

H. Smessaert and L. Demey, “Béziau's Contributions to the Logical Geometry of Modalities
and Quantifiers”, in A. Koslow and A. Buchsbaum (editors), The Road to Universal Logic,
Springer, 2015, pp. 475-493.
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3. Talks of Invited Speakers

Hexagon of Painting
Catherine Chantilly
Brazilian Academy of Philosophy
catchantilly@gmail.com

There are many different kinds of paintings. They are generally classified according to
some schools (Italian renaissance painting, Chinese painting, impressionism, surrealism,
etc.), types (portrait, landscape, still life, etc.) or styles (photorealism, icon, pointillism, etc.).
These classifications are sometimes rather artificial or/and confuse.

NON-FIGURATIVE
U=AorE

SYMBOLIC A/7 X\ E NON-REPRESENTATIONAL

REPRESENTATIONAL | ‘\\ //'O (IN)VISIBLE

Y=land O
FIGURATIVE

In this talk we will show how the hexagon of opposition can give us a more conceptual
and structural perspective regarding the classification of paintings, providing a better
understanding of what has been done and what can be done.

Bibliography
J.-Y. Beziau, “The Power of the Hexagon”, Logica Universalis, 6 (2012), pp. 1-43.

R. Blanché, Structures Intellectuelles - Essai sur l'organisation systématique des concepts,
Vrin, Paris, 1966.

A. Huxley, The doors of perception, Chatto & Vindus, London, 1954.
W. Kandinsky, Complete writings on art, Da Capo Press, New York, 1994.

J.-M. Klingenberg and Groupe p, Traité du signe visuel. Pour une rhétorique de l'image, Le
Seuil, Paris, 1992.

V. Van Gogh, The Letters, edited by Leo Jansen, Hans Luijten and Nienke Bakker, Van Gogh
Museum, http://vangoghletters.org.
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Reflections of the Convert’s Square
Paul Dekker
Institute for Logic, Language and Computation, Department of Philosophy

University of Amsterdam, The Netherlands
p.J.e.dekker@uva.nl

My talk takes as it starting point a converse square of opposition, which consists of the
converses {4,6,1,0} of the traditional Aristotelian combinators {a,e,i,0}. (The corresponding
converse determiners can be identified somewhat artificially as ONLY, NO(-LY), SOME(-LY),
and NOT ONLY.) Extensionally, of course, {4,€,i,0} constitutes a square with the familiar (but
converse) properties of the original square, and does not give us anything new. I will argue,
though, that the merge of the two squares into a prism of oppositions may help to
somewhat clarifying the standard system of syllogistic reasoning.

The logical merits of adopting a prism of opposition may be deemed merely stylistic, but
the widened perspective appears to be wholesome for the study of Generalized Quantifiers
in Natural Language, as I well argue in the second part of my talk. The mere
acknowledgement of the existence of more determiners than conservative (i.e., Aristotelian)
ones only, helps in observing regular patterns in the natural use of quantifiers, which have
hitherto remained undetected or without proper explanation. Some of the proposed and
disputed linguistic constraints on natural language show up as pragmatic constraints on the
use of certain types of determiners with rigidly identified logical properties.

While the results of the first two parts are more or less robust, the third part is more
speculative. Of course, Determiner_Subject_Verb constructions in a language like English
cannot just be converted, and it appears, as has been observed by Milsark, 1974, amo., that
there are differences, maybe not in the truth-conditions, but in the construal of propositions
according to the converse paradigm, rather than according to the traditional Aristotelian
paradigm. Such differences show up most ostensibly when we consider transitive verb
constructions which involve quantified direct objects. Such object positions typically need
not be properly extensional (or material, Anscombe, 1965, is an early source). It turns out,
or so [ will argue, that quantified phrases are at home in such non-extensional contexts
upon their converse construal, and can be left intentionally satisfied there. They are not at
home there upon their classical construal, however, and these may then need to be
intentionally accommodated.

The very subject of these investigations naturally lead me into considering the
ontological status of intentional objects, and if time permits I will end sketching a concept of
intentional reification without ontological commitment. Here, the concepts of reification
and non-commitment are truly in the spirit of Quine, while the intentional focus is, arguably,
intentionally, Quinean, too.

12
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Squaring the unknown: from the logical square to the semiotic nonagon
Cassiano Terra Rodrigues

Pontifical Catholic University, Sdo Paulo, Brazil
cassiano.terral@gmail.com

What else to say about the logical square of opposition? After more than 2000 years, the
square seems inexhaustible, and yet it seems that it's almost impossible to say something
about it that has not yet been said. And if Blanché’s words are true, that the square captures
very directly some very basic schemes of thought and rationality, this seems to be true.
Beggining with this question, the aim is to present how the square is viewed from two
perspectives: Greimas’ text semiotic and Peirce’s general semeiotic.

Greimas text semiotic is primarily a semiotic of meaning and signification of texts, but it
can be generalized to understand other phenomena of meaning. It is famous for its semiotic
square, which is a model for representing oppositions of meaning that reveal in fact a
inextricable mutual dependence between terms and concepts. Greimas’ square draws
heavily upon the traditional square of opposition, for it shows itself to be a model for
understanding the not evident logical form of reality itself (being more than just a semiotic
square, then).

In contrast to Greimas, Peirce had reasons to abandon the square. Placing himself into
the tradition steming from Boole and De Morgan, Peirce gives arguments to adopt a triadic
logic. Arguing for a reduction thesis - thought categories are reducible to three - he gives
reasons to abandon the square in order we are better skilled to discover something new.
Nonetheless, he still commits himself with a kind of logic that keeps ontological
commitments that seem to be not so distant from the Aristotelian stance. Peirce’s logic,
conceived as a general semiotic, has influenced several other triadic-based models, such as
a recent semiotic nonagon, which will be briefly presented.

13
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4. Talks of Contributing Speakers

Is there a formula to express the disparatae medieval sentences?
A positive answer
Juan Manuel Campos Benitez
Facultad de Filosofia, Benemérita Universidad Autonoma de Puebla, México
mjuan.campos@correo.buap.mx

The square of opposition consists of four sentences which show several relationships
among them. The sentences can be universal or particular, affirmative or negative
sentences. Universal sentences cannot be simultaneously true but can be simultaneously
false; particular sentences can be true at the same time but cannot be simultaneously false.
When universals are true, their particular sentences are also true but not conversely.
Universal affirmative and particular negative sentences cannot be simultaneously true nor
simultaneously false; the same holds for universal negative and particular affirmative
sentences.

The sentences holding these relationships are known as contrary, sub contrary,
subaltern and contradictory sentences. We may as well express them in the following way:
sentences in the same horizontal line are contraries or sub contraries; sentences in vertical
lines are subalterns being the lower sentence sub alternate to the upper; sentences placed
in a diagonal line are contradictories. There are formulas which express these relationships.

The medieval octagons of opposition are constructed by resorting to an additional
operator (which can be a modal operator, a quantification of the predicate or quantifying a
genitive relation such as x belongs to y) which makes things more complicate. We have
more complex situations since the same relationships hold for two operators. Let me put an
example. In this pair of sentences “Every man necessarily argues” and “Some man possibly
argues” the second is sub alternate of the first sentence regarding both quantification and
modality but in this pair “Every man necessarily argues” and “Every man possibly argues”
sub alternation is to be taken only regarding the modal operator. Contrary sentences and
sub contrary sentences are to be considered also regarding either both quantification and
modality or only one of them. Contrary and sub contrary sentences of the medieval octagon
are also to be found in diagonal lines.

The medieval octagon can be depicted as a group of sentences, each one having a
Subject-Predicate form. The subject is always quantified, the predicate is explicitly
quantified (the first octagon), or is “modally” quantified (the second octagon combining
modality and quantification), or may have a genitive quantified relation as a subject and an
implicitly quantified predicate (the third octagon with sentences like, for instance, “Of every
man every donkey runs” where the subject is “of every man every donkey” and “runs” is the
predicate). Now, [ will set this easy notation for each sentence combining the traditional
letters from the square of opposition (A, E, I and O) in order to express the sentences of the
octagon:
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We have formulas to express the relationships:

e Contraries: ~(AA & AE), in the upper horizontal line ~(Al & AE), ~(AA & AO) in
diagonal lines.

e Sub contraries: (II v I0) in the lower horizontal line, (IA v 10), (II v IE) in diagonal
lines

e Subalterns: (AA>AI, AA>IA, AA>IT); (AE>AO, AE>IE, AE>II) in the vertical lines

e Contradictories: ~(AA < >10), ~(II < >AE); ~(Al < >IE), ~(IA < >A0) diagonal lines
forming one outer square and one inner square.

Now, the inner square of contradictories is this:

Al

IA

but there is no relationship for the sentences forming the square itself, besides
contradictories, i.e.:

Al AO

IA IE

(Al and IA) are neither subalterns nor contraries nor subcontraries nor contradictories
to each other; the same hold for (AI-AO, AI-IA, IA-IE, AO-IE). The “relationship” of these
sentences were called disparatae by the medieval logicians.

My aim in this talk is to propose a formula to express the disparatae relationship.

Possibility, Contingency and the Hexagon of Modalities
Jean-Yves Beziau
Department of Philosophy, University of Brazil, Rio de Janeiro
jyb@ufrij.br

During many centuries there was a confusion between two modal concepts: possibility
and contingency. The situation was clarified in the mid XXth century by the hexagon of
opposition, developed by Robert Blanché, making a clear distinction between something
which is not impossible and something which is not impossible but not necessary.
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Modern logic has focused on two modalities symbolically represented by ¢ and [, having
some invariant features in the many systems of modal logic. “[1” can easily be interpreted as
necessity. “0” is usually interpreted as possibility; however this interpretation is not so
obvious from a philosophical perspective.

We will discuss this question from the point of view of the hexagon of opposition and
explain how this hexagon interestingly puts forward the notion of contingency generally
neglected by modern logicians.

And we will criticize the way possibility is characterized in contemporary modal logic
through the diamond operator, located in the I-vertex. We will explain that it does not
match with the usual notion of possibility and that this notion is better described by the Y-
vertex of the hexagon of opposition. Association des Sociétés de Philosophie de Langue
Francaise
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Reciprocity in Infinite Dimensional Oppositional Hyper Cubes
Frode Bjgrdal
Programa de Pds-Graduagdo em Filosofia
Universidade Federal do Rio Grande do Norte, Brasil
IFIKK, Universitetet i Oslo, Norge
frode.bjordal@filosofi.uio.no

[1] generalizes the Aristotelian notions in the Square of Opposition and builds a Cube of
Opposition for some modalities while also pointing out that we may build hyper cubes of
opposition of any finite cardinality for appropriate modalities. We here present infinite
dimensional hyper cubes of opposition useful e.g. to capture reciprocal attitudes such as
common knowledge.
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Square of Opposition, presuppositions and two kinds of negation
Marie Duzi
Department of Computer Science
VSB — Technical University of Ostrava, Czech Republic
marie.duzi@gmail.com

In this paper I am going to show that the classical Square of Opposition is systematically
ambiguous. The ambiguity stems from two kinds of factors. First, sentences come with
different topic-focus articulation, and while articulating the topic of a sentence activates a
presupposition, articulating the focus frequently yields merely an entailment. Thus, for
instance, there are two readings of the sentence “Every S is P”. Either the topic of the
sentence is the subject term ‘S’. Then the sentence presupposes that there be some Ss and
merely entails that there be some Ps. Or, the sentence is about Ps, claiming that the set of Ps
includes all Ss. On this reading the sentence presupposes that there be some Ps and merely
entails that there be some Ss. In what follows I will assume that the subject term ‘S’ is the
topic of the sentences in the Square, because this seems to be their intended reading.

The logical difference between a presupposition and mere entailment is this:
Q is a presupposition of R iff (R |=Q) and (non-R |= Q).

Thus, if the proposition Q is not true at a given world w and time ¢, then neither R nor
non-R is true. Hence, R has no truth-value at such a (w, t)-pair at which its presupposition is
not true.

On the other hand:
Q is merely entailed by R iff (R |= Q) and neither (non-R |= Q) nor (non-R |= non-Q).
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Hence if R is not true we cannot deduce anything about the truth-value, or lack thereof,
of Q.

Thus I follow Frege and Strawson in treating survival under negation as the most
important test for presupposition. If the presupposition of a sentence is not true, the
sentence can be neither true nor false, because presupposition is entailed by the positive as
well as negated form of a given sentence.

The other factor of ambiguity is this. There are two kinds of negation, namely
Strawsonian narrow-scope and Russellian wide-scope negation. While the former is
presupposition-preserving, the latter is presupposition-denying. The Strawsonian narrow-
scope negated form of the sentence “Every S is P” is “Some S is not P”. The Russellian wide-
scope negated form is “It is not true that every S is P”. Thus, in the former case the property
of not being a P is ascribed to some objects S. On the other hand, in the Russellian case the
property of not being true is ascribed to the whole proposition that every S is P. I am going
to prove that these two readings are not equivalent, because they denote different
propositions (truth-conditions individuated up to logical equivalence). While the
Strawsonian reading comes with the existential presupposition, the Russellian reading
without. Yet I will also prove that in both cases the classical Square is valid, because the
classical entailment relation is truth-preserving but not falsity or truth-value gap
preserving.

To capture these issues, a logic of partial functions is needed. My background theory is
Transparent Intensional Logic (TIL). TIL is an expressive logic apt for the analysis of
sentences with presuppositions, because in TIL we work with partial functions, in
particular with propositions with truth-value gaps. Moreover, procedural semantics of TIL
makes it possible to define a general analytic schema of sentences associated with
presuppositions, which is in particular useful in case of existential presuppositions
triggered by general terms.
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Hexagons of Opposition for Statistical Modalities
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Diagram 1: Para-Consistent Hexagon of Statistical Modalities

In this article, we use the language of hexagons of opposition to analyze important logical
properties of the Generalized Full Bayesian Significance Test (GFBST), as defined in [3, 5].
Furthermore, we use hexagons of para-consistent or hybrid-type opposition to analyze the
interaction of statistical modal operators of different types, see [6]. For example, in the
hexagon displayed at Diagram 1, the standard or “empty” symbols represent the
possibilistic modal operators of acceptance and non-rejection of a statistical hypothesis,
while “crossed” symbols represent probabilistic versions of the same operators. Orthodox
Bayesian probabilistic truth-values are computed directly from the posterior probability
measure in a statistical model, while possibilistic truth-values are computed via the
probability-possibility transformation defined in [2, 8].

The hybrid nature of Diagram 1 includes para-consistent (marked with *) relations of
implication (—), contradiction (==), contrariety (--) and sub-contrariety (....), that may fail
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in paradoxical cases (ex. zero-measure hypotheses and Lindley’s paradox). Finally, using
the same logical setting, we analyze the philosophical importance of Blanché’s Y and U
vertices, represented by operators of para-non-contingency (V) and para-contingency (A) of
a statistical hypothesis H in the context set by the Objective Cognitive Constructivism
epistemological framework, see [1, 7, 9].
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Subalternation is an opposition
Luis Estrada-Gonzalez and José David Garcia-Cruz
Institute of Philosophical Research, National Autonomous University of México
loisayaxsegrob@gmail.com, sjemata@hotmail.com

Béziau [1] has argued that subalternation is not an opposition. His main logical
contentions are that that X and Y are opposed means that X and Y are “strongly different”
and that no member of the pair of a subalternation can be considered as a negation of the
other.

In this work, we will give two arguments for the oppositional character of subalternation.
The first argument is an argument from parity and symmetry, in the lines of Moretti’s [4]
and Schang’s [5] defenses of subalternation and the work of Humberstone [2], although the
acceptance of subalternation in our proposal is smoother. The basic idea is that an
opposition between A and B is an impossibility of certain combinations of semantic values
for A and B. Subalternation is precisely that: B is subaltern of A if and only if it is impossible
that A is designated and B is antidesignated (but it is possible that B is designated and A is
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antidesignated). A and B would be strongly different in the sense that the designatedness of
A implies the designatedness of B, but not the other way around. This would address
Béziau'’s first point.

For the second one we appeal to an abstract notion of negation, namely the idea that any
conditional “if A then B” is a negation of A relative to B, as it has been defined in abstract
algebra (cf. for example pseudo-complements and relative pseudo-complements in Heyting
algebras) and as has been insisted on from Abelian logic [3]. Thus, even if the [(O) corner of
a square of oppositions is not a negation of the A(E) corner, it implies one: the logical
negation of A(E) relative to I(0O).
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Awareness and Creativity by Evolutive EPM
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The Elementary Pragmatic Model (EPM) was developed in the 1970s following Gregory
Bateson's constructivist participant observer concept in the “second order cybernetics”, to
arrive to what was called “new cybernetics”. Later it was applied to develop interactive
psychotherapy strategies, online counseling and E-therapy. Since the beginning of the new
millennium its application area has been extended to other disciplines and even to
engineering problems like user modeling, constraint requirements elicitation, software
creativity and adaptive system design and development. Classic EPM associated Boolean
Algebra Bz = @({1, 2, 3}) can be represented LTR (Left-To-Right) by cube C3 with its
bitstring decoration in R3. C3 can be thought as an extension of basic Aristoteles’s “Square of
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Oppositions”, including Jacoby-Sesmat-Blanché Hexagon o3. Quite recently, EPM intrinsic
Self-Reflexive Functional Logical Closure contributed to find an original solution to the
dreadful IDB (information double-bind) problem in classic information and algorithmic
theory. The IDB problem is just at the inner core of human knowledge extraction by ex-
perimentation in current science. EPM is even a high didactic versatile tool and new
application areas are envisaged continuously.

In turn, starting by classic EPM approach through evolutive hypercube geometric algebra,
this new awareness has allowed to enlarge our panorama for neurocognitive system
behavior understanding, and to develop information conservation and regeneration
systems in a numeric self-reflexive/reflective evolutive reference framework. In this talk we
propose a notation that goes beyond a format distinction and constructed with the purpose
to facilitate inferences either on a diagrammatic representation, or a lexical one. The latter
particularly allows operations on complex propositions within hypercube with more than
three dimensions, mentally difficult to imagine. EPM extension as “Evolutive Elementary
Pragmatic Model” (E2PM) represents a contribute to current modeling and simulation,
offering an example of new forms of evolutive behavior by inter- and trans-disciplinarity
modeling (e.g. strategic foresight, uncertainty management, embracing the unknown, etc.)
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The traditional Square of Opposition expresses the essential properties of monadic first
order quantifiers V and 3 taking into account the categorical propositions. This notion of
opposition admits an algebraic counterpart when the quantifiers are considered as modal
operators acting on a Boolean algebra. In this way, the Square of Opposition represents
relations between certain terms of the language of Boolean algebras. The algebraic
structure of these relations is shown in the following scheme, sometimes called the Modal

Square of Opposition:

contraries
ﬁo—\p —|<>I)
subalterns contradictories subalterns
Qp J <>—|p
subcontraries

The modal version of the square is very useful since it allows us to translate the notion of
opposition into other logical systems. Indeed, by changing the underlying Boolean structure
by a different structure, we obtain new interpretations of the square. For example, using a
modal extension of orthomodular quantum logic [1, 2], a version of the square related to
quantum logic was established in [4]. This particular notion of opposition describes
properties of non-contextual quantum systems. In the last years several approaches based
on category theory have been used to describe quantum systems. In the topos approach to
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quantum mechanics [6, 7], the quantum analogue of classical phase space is captured by a
presheaf called spectral presheaf. Thus, properties about a quantum system are encoded in
an algebra of sub-objects of the spectral presheaf. This algebra naturally endows an
intuitionistic structure to the properties about the quantum system. In the present work, by
considering a modal extension of this intuitionistic structure introduced in [3], we present a
new version of the square of opposition. The notion of opposition, in this variant of the
square, describes properties about deductive systems related to the intuitionistic approach
to quantum systems.
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The Hypercube of Dynamic Opposition
José David Garcia-Cruz
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sjemata@hotmail.com

The goal of this talk is to present an opposition structure between formulas of
Propositional Dynamic Logic (PDL henceforth). This structure is called Hypercube of
Opposition of Programs and his main function is to show the varieties of resulting
opposition operations by joining two extensions of PDL, in specific this structure shows 120
theorems with four exceptions, the called disparatae. The aforementioned formulas
highlight because they are not susceptible to meet any of the four traditional opposition
operations, i.e. contradiction, contrariety, subcontrariety, and subalternation.
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The novelty of our approach lies in the following features: 1) the language of the PDL
extension admits two kinds of negations one of atomic programs and other for formulas,
2) there is a predominance of subcontrariety opposition in the structure, and 3) is possible
to generate derivate negations both, for negation of programs and for negation of formulas
based on the combination of a modal operator and the aforementioned negations. The latter
issue has been studied for example in [1, 2, 3, 4, 5]. In this case the novelty lies in studying
the same phenomenon but with the negation of programs.
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We begin with the dynamic version of the modal square of opposition as shown in Fig. 1,
in this sense both the square and PDL are the base of our analysis. The Hypercube is
presented on an extension of PDL that we call Propositional Dynamic Logic with dynamic
modalities and negation of atomic programs (PDL for short), that has as sublogics PDL
with negation of atomic programs (PDL " an shown in [4]) and PDL of dynamic modalities
(PDL, as it presented in [6]). In this sense we extend the square in two different ways, by
one side towards a cube of opposition of atomic programs as shown in Fig. 2; and by the
other side to a cube of dynamic modalities as shown in Fig. 3. Each cube belongs to a
different fragment of PDL, and, because of that, to present the union of the opposition
structures indirectly we analyze the union of the aforementioned logics.
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As we know usual Boolean connectives capture only truth-value relationships between
sentences. For example, material implication expresses a piece of information that its
antecedent is false or its consequent is true. However, in natural languages we establish
additional relationships (e.g. causal, temporal, analytical etc.), so we would like to have, for
example, an implication, a conjunction, etc., that express the following ideas:

e acausal relationship:
o IfA, then it causes B.
o Aand it caused B.

e atemporal relationship:
o IfA, then next B.
o A and nextB.

e an analytical relationship:
o IfA, then analytically B.
o A and analitycally B.

Relating logics (in short: RL) are new kind of relevant logics, where phenomenon of
relevance is defined on the level of new, non-Boolean connectives. By such connectives,
called relating connectives, we can describe a mechanism of relating formulas and in this
way cover formally the problem of relationships of sentences. Moreover, in model of RL
some intensional relationship is cached by a binary relation determined on the set of
formulas of the language of RL. With such simple and yet flexible tool we are able to
introduce new solutions for many important philosophical problems.

A main scientific issue we aim to present in the paper is an axiomatization of the smallest
RL. The logic we call RF. Moreover, we would like to introduce a new modal notion strict

27


mailto:jarmuzek@umk.pl
mailto:matklon@doktorant.umk.pl

relating implication, which is an improvement of usual strict implication. Due to the new
notion we omit some paradoxes that appear in the context of strict implication, at the same
time preserving good properties of strict implication. And last but not least we would like to
introduce a square of oppositions that expresses some logical relationships between
relating connectives on the ground of RF.
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Modal Syllogistic de re:

Semantics, Tableaus, Estimations and Square of Oppositions
Tomasz Jarmuzek and Andrzej Pietruszczak
Department of Logic, Nicolaus Copernicus Univeristy, Torun, Poland
jarmuzek@umk.pl, pietrusz@umk.pl

Modal syllogistic de re deals with modal categorial propositions which are interpreted as
de re. We have twelve kinds of propositions: a) four classical categorial propositions
(without modalities), b) eight modal propositions such as:

Sa P Every S is necessarily P.
Si’P Some S is possibly P.

As we know, some logicians (Aristotle, Jan hLukasiewicz and others) formulated
foundations for different systems of modal categorial syllogistic. On the other hand, we start
our research from semantic aspects of modal categorial propositions.

In our approach, we do not use possible worlds' semantics. An initial model of modal
categorial propositions language is any quadruple M = (D, f, f, f°), where D is a set and f |, f,

are functions defined on the set of terms into the powersest of D, such that
f (X) < f(X) = £°(X), for any term X.

The models enable us to give a reasonable interpretation. For example, for all terms X, Y
we put:
(a) M |= Xa'Y iff f(X) < f'(Y)
(b) M |= Xi%Y iff f(X) N f(X) 2@
and similarly for other categorial propositions.

For the interpretation, we introduce a tableau system that corresponds to the given
interpretation of modal propositions. We show the squares of opposition they form - we
write squares, since those figures usually are other sorts of polygons. We should remember
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that in the case of modal categorial propositions there are more than only one possible
square, since our language consists of twelve kinds of propositions.

The last part of our paper consists of a presentation of two kinds of estimations we
present. The first estimation allows to predict a maximal cardinality of countermodel for a
given argument, while the second estimation is syntactic - thanks to it we can predict
maximal length of branches that terminate a tableau proof.
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Aristotle's other squares
Manuel Correia Machuca
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The idea of this talk is to show that Aristotle works on other logical diagrams in his
logical writings. One is in De Interpretatione 10, the other is in De Interpretatione 13. Both
squares are also referred to in Aristotle's Prior Analytics 1,3 and 1,46, so the aim is to
compare these treatises and produce an idea of the logical doctrines behind. These
diagrams are related to Aristotle's logic of modal oppositions and semantic relationships
between indefinite and privative propositions. I take the opinions of the first commentators
to discuss and project the transmission line of these both issues.

A characterisation of some Béziau-like counterparts
of quasi-regular modal logics
Krystyna Mruczek-Nasieniewska and Marek Nasieniewski
Department of Logic, Nicolaus Copernicus University, Torun, Poland
mruczek@uni.torun.pl, mnasien@uni.torun.pl

In the context of modal logics one standardly considers two modal operators: possibility
(0) and necessity (o) (see for example [4]). If the classical negation is present these
operators can be treated as inter-definable. However, negative modalities (¢—) and (o) are
also considered in the literature (see for example [7, p. 497], [3, p- 300], [2] and [1]). Both of
them can be treated as negations that are opposite to respective positive modal operators.
Its meanings rely on a modal logic in which respective translations are applied.

In [1] a logic Z has been defined on the basis of the modal logic S5. Z is proposed as a
solution of so called Jaskowski’s problem (see also [8]). The only negation considered in the
language of Z is ‘it is not necessary’. Following a suggestion given there we can consider
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other modal logics instead of S5 obtaining in this way Béziau logics where again the only
negative operators are modal ones. The initial correspondence result between standard
modal logic S5 and its counterpart, Béziau logic Z has been generalised for the case of
normal logics leading in particular to soundness-completeness results (see [9, 10]). It has
been shown, that there is a general way to go from completeness results for normal modal
logics to completeness results for respective Béziau logics. In [11, 12] some partial
completeness results for non-normal case are given, in particular in [12] a completeness
theorem for the case of the counterpart of a quasi-regular (see [14]) logic is proposed. In
[13], more general correspondence result was proposed for regular logics (for syntax and
semantics for standard regular logics see [6, 5, 14]), where both modal negations (‘it
necessary that not’ and ‘it is not necessary’) have been used.

A question arises to which extent, similar, more general results can be obtained for
quasi-regular logics. Thus, in the present paper we consider correspondence between
quasi-regular modal logics and respective Béziau-like logics.

Bibliography

[1] J.-Y. Béziau, “The paraconsistent logic Z. A possible solution to Jaskowski’'s problem”,
Logic and Logical Philosophy, 15 (2006), pp. 99-111.

[2] K. Dosen, “Negative modal operators in intuitionistic logic”, Publications de L’Institut
Mathématique, Nouvelle série, 35(49) (1984), pp. 3-14.

[3] K. Godel, “An interpretation of the intuitionistic propositional calculus”, 1933, in
S. Feferman, Collected Works, vol. I: Publications 1929-1936, Oxford University Press,
Clarendon Press, 1986, pp. 300-303.

[4] B.F. Chellas, Modal Logic: An Introduction, Cambridge University Press, 1980.

[5] S.A. Kripke, “Semantical analysis of modal logic II. Non-normal modal propositional
calculi”, in ].W. Addison, A. Tarski and L. Henkin (editors), The Theory of Models: Proceedings
of the 1963 International Symposium, North-Holland, 1965.

[6] E.J. Lemmon, “New fundations for Lewis modal systems”, The Journal of Symbolic Logic,
22(2) (1957), pp. 176-18e6.

[7] L.C. Irving and L.C. Harald, Symbolic Logic, Dover Publications, New York, 1959.

[8] S. Jaskowski, “Rachunek zdan dla systeméw dedukcyjnych sprzecznych”, Studia
Societatis Scientiarum Torunensis, sectio A, vol. 1, no. 5 (1948), pp. 57-77. In English:
“Propositional Calculus for Contradictory Deductive Systems”, Studia Logica, 24 (1969), pp.
143-157. Also in English: “A Propositional Calculus for Inconsistent Deductive Systems”,
Logic and Logical Philosophy, 7 (1999), pp- 35-56.

[9] ]J. Marcos, “Nearly every normal modal logic is paranormal”, Logique et Analyse,
48(189-192) (2005), pp. 279-300.

[10] K. Mruczek-Nasieniewska and M. Nasieniewski, “Syntactical and Semantical
Characterization of a class of Paraconsistent Logics”, Bulletin of the Section of Logic, 34(4)
(2005), pp. 229-248.

30



[11] K. Mruczek-Nasieniewska and M. Nasieniewski, “Paraconsitent logics obtained by ].-Y.
Béziau’s method by means of some non-normal modal logics”, Bulletin of the Section of Logic,
37(3-4) (2008), pp- 185-196.

[12] K. Mruczek-Nasieniewska and M. Nasieniewski, “Béziau’s logics obtained by means of
quasi-regular logics”, Bulletin of the Section of Logic, 38(3-4) (2009), pp. 189-203.

[13] K. Mruczek-Nasieniewska and M. Nasieniewski, “A characterisation of some Beziau-like
logics”, submitted to 5th World Congress and School on Universal Logic.

[14] K. Segerberg, An Essay in Classical Modal Logic, Filosofiska Studier, Uppsala Universitet,
Uppsala, 1971.

Caramuel’s Theory of Opposition
Wolfgang Lenzen

Department of Philosophy, University of Osnabrueck, Germany
lenzen@uos.de

In 1654 [1], the Spanish philosopher and theologian Juan Caramuel y Lobkowitz
published his Theologia rationalis, which contains many interesting observations and
innovations relevant for the Square of Opposition.

First, in addition to the usual theory of opposition of propositions, Caramuel also
investigates the opposition of terms, (e.g., ‘Human’, ‘Brute’, ‘Not brute’, ‘Not human’).

Second, besides the traditional opposition of the categorical forms (‘Every S is P’; ‘No S is
P’; ‘Some S is P’; ‘Some S is'nt P’), Caramuel takes into account the opposition of modal
propositions (e.g.,, ‘Necessarily q’, ‘Impossibly q’, ‘Possibly q’, ‘Possibly not-q’), and of
exclusive propositions (e.g., ‘Only S are P’; ‘Only S are not-P’; ‘Not only S are not-P’; ‘Not only
Sare P).

Third, according to [2], Caramuel’s most important logical innovation consists in the
development of a so-called ‘oblique logic’ which deals with quantified relational
propositions (e.g., ‘Every S loves every P, ‘No S loves no P'...). This gives rise to another
interesting expansion of the traditional square of opposition.

Fourth, Caramuel develops a theory of ‘Transsubstantiation’ and ‘Transfiguration” which
turns out to be a powerful extension of the traditional theory of conversion. Within this
theory Caramuel considers propositions whose predicate-part explicitly contains
quantifiers like ‘every’, ‘some’ or ‘no’ (e.g., ‘Every S is every P, ‘No S is every P’...). As was
shown in [3], however, Caramuel failed to develop a general semantics for these
propositions. Therefore, contra the judgment of [4] and [5], Caramuel may not be
accredited with having invented the theory of the ‘Quantification of the Predicate’.
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Logic and Rhetoric — about the Role of Chiasmus
in Shakespeare’s Tragedy Hamlet, Prince of Denmark
Valeri Lichev
Institute for the Study of Societies and Knowledge
Bulgarian Academy of Sciences
mvlichev 61@yahoo.com

In the 50s and 60s of the 20th century representatives of structural linguistics were
trying to implement in the area of humanities methods and concepts borrowed from exact
science. Alguirdas J. Greimas [1,2] reckons that every text has an unchangeable structure
which could be represented by the so called semiotic square (Carré sémiotique), introduced
by him.

The decay of the structuralism does not mean that literary texts could not be explored by
exact methods. Shakespeare's tragedy Hamlet [3] could be pointed out as an example. It
contains many hidden or explicit paradoxes. Some of them have to be analyzed by the
means of three-valued logic of action.

In this proposal, I would like to point out the meaning of rhetoric figure chiasmus (from
the form of Greek letter “x”). It depicts the relations between four interconnected parts of
sentence according scheme ab/ ba, so that the first one is coordinated to the fourth, and the
second - to the third.

Shakespeare uses chiasmus at the very beginning of his play. Hamlet makes Horatio and
Marcellus swear: “Never make known what you have seen tonight.” They answer:

Horatio: Marcellus:
In faith, Nor I,

my Lord,
not L. in faith.
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In Shakespeare’s play [3] chiasmus is related not only to the performative act of
swearing. Polonius considers it as a “foolish figure”. He says to the Queen: “Madam, I swear I
use no art at all. That he (Hamlet) is mad, 'tis true: 'tis true 'tis pity. And pity 'tis 'tis true.”

Although chiasmus is “foolish figure”, Shakespeare uses it in order to show how the
hidden secret could be revealed by the help of language. The liar cannot hide his guilt all the
time. Shakespeare uses different kind of chiasmus in order to show how the murder could
be exposed.
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Square and Hexagon of Opposition of “A-Priori Knowledge” and “Empirical One”
(Eliminating an Impression of Logic Contradiction
between Leibniz’ and Godel’s Statements)
Vladimir Lobovikov

Department of Philosophy, Ural Federal University, Russia
vlobovikov@mail.ru

In 1686, in “Generales Inquisitiones de Analysi Notionum et Veritatum” (Lat.), G.W.
Leibniz had proclaimed (several times) the universal principle that every true proposition
is provable ([1], pp-371, 387,389]). This principle of Leibniz makes an impression of
contradiction with the incompleteness theorems of K. Godel. In spite of this impression
below | submit logically consistent combining Leibniz’ and Gddel’s statements in one
conceptual scheme of epistemology (both men are right but in different relations).

Let symbols Kq, Aq, Eq, Tq, Pq stand for epistemic modalities: “(person has) knowledge

», «

that q”; “(person has) a-priori knowledge that q”; “(person has) empirical knowledge that q”,
“it is true that q”, “it is provable that q”, respectively. The symbols &, v, <>, — have classical
logic meanings. The sign [ stands for the alethic necessity; q - a proposition. In 2015 [ had

submitted the following definitions of the compound epistemic modalities Aq and Eq.
DF-1: Aq <> (Kq & (/g & [(q <> Tq) & [I(q <> Pq))).
DF-2: Eq & (Kq & (—q v =[(g«<> Tq) v —[](gq<> Pq))).

If the definitions are accepted, then the logic connections among the epistemic
modalities Kq, Aq, Eq, —Aq, —Eq, —Kq are represented by the below square and hexagon of
opposition.
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Kq & (Lg & Kq & (=g v

& (g Tq)) & /\ v =g« Tq) v
& (g <> Pq)) v =g <> Pq))
—Kq v (g & —Kqg v (=g v
& (g Tq)) & v =l(ge Tg) v
& (g <> Pq)) Kq v =g <> Pq))

If the applicability domain of the mentioned principle of Leibniz is defined as (or reduced
to) the sphere of a-priori knowledge exclusively, then the logic contradiction is eliminated,
as in this case, in accordance with the incompleteness theorems of Gédel and the above
definitions DF-1, DF-2, the knowledge of arithmetic belongs to the sphere of empirical one.

Bibliography

[1] G.W. Leibniz, “Generales Inquisitiones de Analysi Notionum et Veritatum”, in Louis
Couturat (editor), Opuscules et Fragments Inédits de Leibniz: extraits de la Bibliotheque
royale de Hanovre, Alcan, Paris, 1903, pp. 356-399.

Extension in The Port Royal Logic
John N. Martin
Department of Philosophy, University of Cincinnati, USA
john.martin@uc.edu

Although the notion of extension is central to the definition of truth for categorical
propositions in the Logic of Arnauld and Nicole, its exact meaning is obscure, as noted by
Kneale and Kneale in their important history [2]. Commentators agree that a term’s
extension consist of its inferior ideas, but there is dispute about what inferior means here.
Some like [3] hold an intensional interpretation that an idea’s inferiors are all those ideas
defined in its terms, making the truth of a universal affirmative a matter of the conceptual
inclusion of the predicate by the subject. In this paper I argue for a referential
interpretation in term of signification: idea A is included in the extension of idea B iff all the
objects that A signifies B also signifies. I argue that the referential interpretation is required
by, and that the intensional interpretation is inconsistent with, various features of the
Logic’s metatheory including the truth-conditions of categorical propositions (as in [1]), the
Logic’s distinction between contingent and necessary truth, and its doctrine of false ideas.
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Oppositions in Pure versus Applied Logics
Raja Natarajan
Tata Institute of Fundamental Research, Mumbai, India
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An interesting perspective on the traditional opposition between pure and applied
sciences is provided by Pasteur's Quadrant. Pasteur's quadrant states the thesis that
scientific research tries to both push back the frontiers of knowledge, while at the same
time also tries to use the new understanding gained for improving human life. Pasteur's
quadrant may be viewed as an attempt to deconstruct the traditional opposition between
pure science versus applied science. We use the framework of the quadrant to examine the
opposition between pure and applied logic, using the insights gained in work on automated
proof-checking.
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The square of opposition: Four “colors” enough for the “map” of logic
Vasil Penchev
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Intrigue (a few questions): Why square? Why four? What is the common in the following
facts?

1) The square of opposition.

2) The “letters” of DNA.

3) The number of colors enough for any map.

4) The minimal number of points, which allows of them not be always well-ordered.

The number of entities in each of the above cases is four though the nature of each entity
seems to be quite different in each one.

Prehistory: The first three share (1-3) being great problems and thus generating
scientific traditions correspondingly in logic, genetics and mathematical topology. However,
the fourth one (4) is obvious: triangle has not diagonals, quadrangle is just what allows of
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its vertices not to be well-ordered in general just for its diagonals. Thus the limit of three as
well as its transcendence by four seems to be privileged philosophically, ontologically, and
even theologically: It is sufficient to mention Hegel’s triad, Peirce’s or Saussure’s sign,
Trinity in Christianity, or Carl Gustav Jung’s discussion about the transition from Three to
Four in the archetypes in “the collective unconscious” in our age.

Thesis: The base of all cited absolutely different problems and scientific traditions is
just (4). Thus, the square of opposition can be related to those problems and interpreted
both ontologically and differently in terms of the cited scientific areas and in a few others.

Arguments in favor of the thesis:

(1) Logic can be discussed as a formal doctrine about correct conclusion, which is
necessarily a well-ordering from premise(s) to conclusion(s). To be meaningful, that, to
which logic is applied, should not be initially well-ordered just for being able to be well-
ordered as a result of the application of logical tools. (2) Consequently the initial “map”, to
which logic is to be applied, should be “colored” at least by four different types of
propositions, e.g. those kinds in the square of opposition. They are generated by two
absolutely independent binary oppositions: “are - are not” and “all - some” thus resulting
exactly in the four types of the “square”. (3) Five or more types of propositions would be
redundant from the discussed viewpoint since they would necessary iff the set of four
entities would be always well-orderable, which is not true in general. (4) Logic can be
discussed as a special kind of encoding namely that by a single “word” thus representing a
well-ordered sequence of its elementary symbols, i.e. the letters in its alphabet. The absence
of well-ordering needs at least four letters to be relevantly encoded just as many (namely
four) as the “letters” in DNA or the minimal number of colors necessary for a geographical
map. (5) The alphabet of four letters is able to encode any set, which is neither well-ordered
nor even well-orderable in general, just to be well-ordered as a result eventually involving
the axiom of choice in the form of the well-ordering principle (theorem). It can encode the
absence of well-ordering as the gap between two bits, i.e. the independence of two
fundamental binary oppositions (such as both “are - are not” and “all - some” in the square
of opposition).

Luhmann's Analysis of Historical Meaning and the Square of Opposition
Friedrich von Petersdorff

Independent scholar, Germany
petersdorffl@gmail.com

Among the various aspects of human society analysed by Niklas Luhmann (1927-1998)
in his sociological systems theory are the approaches by which it would be appropriate to
“go beyond a naive relation to our own history”. Luhmann points out that, apart from
accessing the historical past by means of a methodological or an epistemological
perspective (i.e. “to ask under what conditions we can come to know it”), the respective
historical meaningfulness is to be considered as well. It is, accordingly, Luhmann’s intention
to “show how social systems constitute time, temporal horizons, and specific
interpretations of what is temporally relevant”. He argues that “historical events [...] are
viewed as ‘relevant’ or meaningful not because they are purely factual and not merely
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because of the sequence in which they happen to occur, but rather because they can be
understood as having been selected from an array of other possibilities”, i.e. being
conceptualised within the scope of specific temporal horizons. It follows, therefore, that is it
possible to distinguish and observe, apart from the factuality of past events, various ways
how present historians (or present societies) include or exclude specific past events when
referring to the past. Of special significance within such a view upon the historical past are
the various possibilities of how any respective earlier/later distinction is conceptualised
and actually instantiated, as e.g. modern historical research is “concerned with past
presents, not with the presence of the past” (thereby aiming at an objective analysis of a
specific past, clearly being distinguished from the present). In order to further analyse
Luhmann’s approach towards history I intend, in my paper, to rephrase Luhmann’s
distinction as an application of the square of opposition, namely by choosing the following
steps in such a re-wording of Luhmann’s concept:

1) Every past event is included within the present (i.e. unlimited presence of the past),

2) No past event is within the present (i.e. the various pasts characterized as past presents),
3) Some past event is included within the present,

4) Some past event is not included within the present.

Providing thereby, in a first step, a detailed description of Luhmann’s distinction, and
followed by its rephrasing in terms of the square of oppositions, I shall then conclude by
analysing implications of this operation, i.e. with regard to the possible limits hereof as well
with regard to further conclusions to be drawn (in respect of historical research as well as
of the temporal concepts as developed by Luhmann in his systems theory).
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In [6] we propose a total semantics. This semantics is based in the set of the transreal
numbers, RT. Transreal numbers were proposed initially in order to be applied to computer
science [1], however they are now being used in logic too [2, 6, 7]. Transreal numbers are
made up of the real numbers, together with three, definite, non-finite numbers: negative
infinity, —oo: = —1/0; positive infinity, co := 1/0, and nullity, ® := 0/0. Transreal arithmetic
is total, in the sense that the fundamental operations of addition, subtraction, multiplication
and division can be applied to any transreal numbers with the result being a transreal
number. In particular division by zero is allowed [3]. By virtue of the totality of transreal
arithmetic, R is chosen to model the total semantics. In Figure 1 the transreal line is shown.
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Figure 1. Tranreal line

The axis is scaled to allow all real numbers to be laid out in the figure. Negative infinity
lies to the left of the real line. Similarly, positive infinity lies to the right of the real line.
Nullity lies off the direction of the real line. In [6] we define R” as the set of truth values and
define, in an adequate way, the connectives negation, conjunction and disjunction. We
prove that negative infinity models the classical truth value False, positive infinity models
the classical truth value True, the set of real numbers models fuzzy values, zero models a
paraconsistent value which is equally False and True, and nullity models an indeterminate
value which is neither False nor True.

Here we propose a square which extends the square from the Belnap’s four-valued logic
[4]. In Belnap’s logic the truth values set is given as {F, T, §, y} where F is False, T is True, 6 is
False and True, and y is neither False nor True. That square was shown in [5], Figure 2.

T F

i fj
Figure 2. Four-valued square

Our transreal truth valued square of opposition is a square made from total semantics
of transreal numbers, Figure 3.
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Figure 3. Transreal truth valued square of opposition

This square is continuous at some points and discontinuous at other ones. Transreal
numbers —oo, 0, co and @, in this order, are the vertices. The side between the vertices 0 and
—oo is made of a semi-straight line which begins at 0 and goes indefinitely with all negative
real numbers toward to —oo. In same way the side between the vertices 0 and oo is made of
a semi-straight line which begins at 0 and goes indefinitely with all positive real numbers
toward to oo. The side between the vertices —oo and ® is made of a gap. In same way the
side between the vertices oo and @ is made of a gap. In this square the vertices are not the
only truth values, but the continuous part of the sides are also truth values. Note that —oo, 0,
oo and @ play the role of Belnap valuesF, §, T and y respectively, the side between 0 and
—oo plays the role of fuzzy value of falsehood and the side between 0 and oo plays the role of
fuzzy value of truthfulness.

In transreal truth valued square of opposition, the opposite values are the intersections
of the square with lines parallel to the diagonal between —oo and oo, Figure 4.

o
®

—x@, .. o0

Figure 4. Opposite values

In this way, symmetrical real numbers are opposites, —co and oo are opposites, 0 is
opposite to 0 and @ is opposite to ®. This is according to trasnreal negation defined in [6],
where —(x) = —x (transreal arithmetic gives —0 = 0 and —® = ®). Let us consider the
triangle - xOx whose hypotenuse is —xx. This triangle represents the “paraconsistent
negation”. The “paraconsistent triangle” could be increased, and in the limit, when
—x = —oo and x = o, we have the “classical triangle” —ocoQco. In this way, negation is a
logical operation that “diagonalizes” truth values. Every logic that has contradiction could
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be seen as an operation in a triangle, such that operation goes from the position x to the
antipodal position —x. Contradiction must be defined in a triangle whose origin is a
dialetheia - a true contradiction.
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Structural Theory of Information Systems as Meta-Theory of Logic:
Square of Opposition for Information
Marcin J. Schroeder
Akita International University, Akita Japan
mjs@aiu.ac.jp

Philosophy of logic is coming of age with the recognition of the lack of commonly
accepted answer to the question “What is a logic?”. [2] consider this lack of formal answer
“embarrassing”. The same sense of embarrassment or even scandal is present in other
maturing philosophies of fundamental concepts defining domains of research such as
“information”, “computation”, “complexity”. However, it is not the lack of definite answers
embarrassing, but the lack of recognition that there is no unique, ready answer to such
questions possible. In each case there are some examples of logics, instances of what is
considered information, standard model of computation in the form of a Turing machine
whose uniqueness is questioned, or experience of difficulties to deal with some complex
systems and the expectation that one formally defined concept can unify varieties of
examples. But the answer to the question “What is...?” can be given only in reference to
multiple constructions of theories based on competing definitions, not by a consensus of
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sages or contest of popularity. After all, in case of logic we can expect, in agreement with
Béziau’s anticipation [1] that many other forms of logic can be introduced in the future.

The present paper is a contribution to the discussion of the question “What is a logic?” in
terms of structures describing information systems and their mutual correspondences
originally outlined in earlier papers of the author [3, 4]. In this context Square of Opposition
acquires a new perspective. Of course, the concept of information used here is not the one,
unique, embraced by everyone (no such concept exists, nor is possible), but it is a result of
the individual choice of the author for the purpose of theoretical description unifying
majority of previously considered instances of information. In this approach, the existing
examples of logical systems (syllogistic, propositional logic, predicate logic) are special
instances of information systems defined by structures identified in formally defined
languages.

The key concept unifying these instances is Tarski's consequence operator Cn, i.e. a
transitive closure operator of finite character on the set of sentences with additional
conditions imposing consistence of the closure operator with particular structure of a
linguistic system involved in each case. For instance, one of the additional axioms imposed
on the consequence operator to describe propositional logic makes the subsets closed with
respect to the consequence closure operator (Cn-closed subsets) also closed with respect to
the rule of modus ponens. In the algebraic form this restricts the Cn-closed subsets to filters
in the Boolean algebra generated by logical operations.

The main problem of philosophy of logic (as well as philosophy of information) has been
always question about the meaning of meaning, i.e. semantics for logical or informational
systems, which in turn generates questions regarding validity of reasoning. Typical
approach is an escape from the question by involving a formal valuation (true - false) or by
the use of metalanguage to define when a sentential form is satisfied and then reducing the
question of meaning to models of theory in terms of the set theory.

In the present paper, meaning is a correspondence (homomorphism) between logical
systems (defined by closure operators of logical consequence) and information systems
constituting reality (also defined by closure operators, but of less restricted type). Using
this approach to semantics of information, we can identify Square of Opposition for
Information extending the range of information systems beyond that in earlier paper of the
author [4].
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Lateral Activation and Lateral Inhibition and Two Squares of Opposition
Andrew Schumann

University of Information Technology and Management, Rzeszow, Poland
Andrew.Schumann@gmail.com

It is known from neurobiology that there are two different synaptic effects: (i) excitatory
effect (depolarization) that increases the membrane potential to make neuron more
negative and to decrease the likelihood of an action potential and (ii) inhibitory effect
(hyperpolarization) that decreases the membrane potential to make neuron more positive
and to increase the likelihood of an action potential. So, lateral activation (LA) is the
structuring of a neural network so that neurons activate their neighbours to decrease their
own responses and lateral inhibition (LI) is the structuring of a neural network so that
neurons inhibit their neighbours in proportion to their own excitation. In other words, the
more neighbouring neurons stimulated, the less strongly a neuron responds and the fewer
neighbouring neurons stimulated, the more strongly a neuron responds. Thus, in the LI and
LA modes we prefer items in a different manner: in LI we compare a few items with their
possible (numerical) comparability to formulate explicit preference relations, while in LA
we compare many items and put forward general estimations without details and without
scoring functions. There are populations which behave as a distributed network, capable of
responding to a wide range of spatially represented stimuli, for example, colonies of ants or
fungi have such a behaviour. In their behaviours we can observe effects of neural networks
with LA and LI mechanisms. We have shown experimentally that effects of LA and LI are
detected in the plasmodium of Physarum polycephalum (please see
http://www.phychip.eu). Thus, in the plasmodium approximation of the neural response,
LA is represented by chemoattraction with splitting of plasmodium and LI is represented by
chemoattraction with fusion of plasmodia. Both are the two different ways of distribution
density of protoplasmic network, i.e., the two different ways of the plasmodium
concentration in its networking. Fusion and splitting are key motions in the plasmodium
propagation as well as LI and LA are key reactions of neural nets to stimuli. Notably, the
fusion and splitting of plasmodium can be interpreted syllogistically. The spatial deducing
according to fusion is formalized as a spatial version of Aristotelian syllogistic and the
spatial deducing according to splitting is formalized as a spatial version of performative
syllogistic defined in [1, 2]. In both syllogistic formalizations, all data points are denoted by
appropriate syllogistic letters as attractants. These attractants are scattered at different
places and the plasmodium tries to occupy them. A data point S is considered empty if and
only if an appropriate attractant denoted by S is not occupied by the plasmodium. We have
syllogistic strings of the form SP with the following interpretation: ‘S and P are comparable
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positively’, and with the following meaning: SP is true if and only if S and P are neighbours
and both S and P are not empty, otherwise SP is false. We have proven that the conventional
square of opposition is related to LA and the unconventional square of opposition proposed
in [1, 2] is related to LI In the second case pairs cannot be measurable by numbers, because
they are not mutually related by the quantitative ordering.
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Properties fair or: Realms of reality in Aristotle
Gianluigi Segalerba
University of Vienna, Austria
gianluigi.segalerba@univie.ac.at

In my contribution I shall deal with the different levels of existence of some entities
constituting Aristotle’s interpretation of reality. In my analysis I shall first take some
suggestions from Aristotle's defence of the principle of contradiction in Metaphysics
Gamma in order to show the value of the principle of contradition as the structural formula
of the reality and in order to show the relationships between principle of contradiction and
properties; then I shall take into consideration Aristotle's examination of universals in the
Posterior Analytics in order to survey the relationships between universals and the feature
of belonging from necessity, on the one side, and in order to link the positions of the
Posterior Analytics to both the essential properties and to the properties which derive from
the essence, on the other side. Thereafter I shall connect the characteristics of the
universals in the Posterior Analytics with the modal syllogisms with special consideration
for the necessary universals propositions and for the syllogism of necessity. The
relationships between subject and predicate of the universal propositions and the
consequences of these relationships for the particular propositions will be given particular
attention to.

[ shall concentrate my attention on Aristotle’ differentiation between entites being
individual (or: numerically one), on the one side, and entities being universal (or: not
numerically one), on the other side: Aristotle distinguishes in many passages of his works
(for instance, in Categories 5 and in Metaphysics Zeta 8 and 13) entities being a “this
something” or a “this such” from entities being a “such”. “These somethings / These suches”,
on the one side, and “Suches”, on the other side, constitute realms of reality which are not to
be confused with each other: These kinds of entites belong to realms of reality which are
mutually incompatible. Individual entities are instances of properties; universals are (or;
represent) properties which are instantiated by individual entities.

The field of the instances is always constituted by individuals, while the whole field of
existence is constituted by individuals and universals (or: by instances and by properties as
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potentialities for being-concretized in the instances). The way of existence of universals is
different from the way of existence of the instances; individuals and universals exists at
different levels, they live, so to speak, on different ontological types. I shall furthermore
defend the thesis that universals - at least the universals corresponding to biological
properties such as “being an animal” or “being a man”, do make part of Aristotle’s
ontological universe (i.e.: Aristotle is not a nominalist).

Moreover, in order to explain the consequences deriving from a confusion between
realms of reality, I shall take into consideration Aristotle’ lost work “De Ideis” with
particular attention to the Argument of the One Over Many and to the Third Man Arguments;
a few words will be dedicated to pointing out that Aristotle's universals accomplish a
completely different ontological duty from Plato's ideas: this part of my exposition will aim
at showing that, even if Plato's ideas and Aristotle's universals were completely identical in
their features, notwithstanding the difference as to the ontological duties of both entities
would make them completely different entities from each other. I shall finally defend
Aristotle’s interpretation of substance and Aristole’s conception of ontology against tropes
ontologies (for instance, against Keith Campbell’s interpretation of ontology), and I shall
describe Ernest Jonathan Lowe’s Four-Category-Ontology as - in my opinion - the most
convincing interpretation of Aristotle’s ontological aims.
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Aristotelian and Duality Relations with Proportional Quantifiers
Hans Smessaert

Department of Linguistics, Katholieke Universiteit Leuven, Belgium
Hans.Smessaert@arts.kuleuven.be

The Aristotelian relations of contradiction (CD), contrariety (C), subcontrariety (SC) and
subalternation (SA) have been argued to be conceptually independent of the duality
relations of internal negation (IN), external negation (EN) and dual negation (DN) [1, 2, 4].
For any fragment of 4 formulas (from a logical language L for a logical system S) which is
closed under negation - i.e. which consists of two pairs of contradictories -- the former set
of relations can be diagrammatically represented as a (possibly degenerate) ARISTOTELIAN
SQUARE, whereas the latter set gives rise to a (possibly degenerate) DUALITY SQUARE. Some
such fragments only constitute an Aristotelian square -- as is the case for the numerical
quantifiers in Figure 1 --, whereas others yield both an Aristotelian and a duality square
simultaneously -- as is the case for the quantifiers of Standard Predicate Logic in Figure 2.

(1 more than n (;) less than n @ VXPx (ICT> Vx—Px
SA4 2 SA4 DN S4 CD EN  S4| |DN
atleastn <« atmostn IxPx <L> Ix—Px

SC SC

The set of Aristotelian relations is fundamentally hybrid: (i) CD, C and SC are symmetric
and defined in terms of being true/false together, whereas SA is not symmetric and defined
in terms of truth propagation [5]; and (ii) CD is a functional relation, but C, SC and SA are
not. All duality relations, by contrast, are symmetric and functional. A further mismatch
concerns the fact that the single duality relation of IN seems to correspond to two
Aristotelian relations, viz. either C or SC. On a more abstract level, Aristotelian relations
have been shown to be highly logic-sensitive, whereas duality relations are insensitive to
the underlying logic [2, 5].

3) c » (C)) c =) - c
more than ¥ «——» less than % more than % (T) less than Y4 majority (T> minority
CD,
SAl X lSA DNI lSA CD EN SAl IDN DNI lSA CD EN SAl IDN
IN o A7 IN S
at least % (T) at most ¥ at least %4 (T) at most % — minority T» — majority

The central aim of the presentation is to chart which of the above logical relations hold
between quantificational formulas expressing the notion of proportionality. Two types of
expressions will be distinguished: (i) EXPLICIT PROPORTIONALS such as at least two thirds of the
A's are B or less than 20 percent of the A's are B, in which the proportion is explicitly referred
to in terms of fractions or percentages; and (ii) IMPLICIT PROPORTIONALS such as
a minority/majority of the A's are B, in which the actual proportion remains implicit. Explicit
proportionals will be argued to give rise to (at least) two constellations: (i) the square in
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Figure 3 corresponds to that in Figure 1 in being an Aristotelian square only, wheras (ii) the
square in Figure 4 corresponds to that in Figure 2 in being both an Aristotelian and a
duality square. Implicit proportionals, then, automatically yield ‘double’ squares, as in
Figure 5. The analysis is carried out within the framework of Logical Geometry
(www.logicalgeometry.org) and makes use of so-called bitstring representations, which are
compact combinatorial representations of the denotations of the various types of
proportional expressions that are based on (scalar) partitionings of logical space. Finally,
since these proportional expressions are generalised quantifiers, their monotonicity
properties will also be studied [3].
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Logical Rectangle
Xunwei Zhou

Institute of Information Technology, Beijing Union University, China
zhouxunwei@263.net

The unicellular main-auxiliary algebra for single set theorems with P and Q two fact
propositions is shown in Fig. 1.
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Fig. 1: The algebra Fig. 2: Logical rectangle

In Fig. 1, the 7 concrete vertices are the 7 unicellular propositions of mutually-inversistic
logic borrowed from Keynes’ 7 models. Here, P -1 Q means that P is a sufficient but not
necessary condition of Q. P =-1 Q means that P is a sufficient and necessary condition of Q.
P X-1Q means that P intercrosses Q. P <! Q, a multi-cellular proposition, meaning P is a
sufficient condition of Q or all P are Q, is denoted by the concrete vertices of the subgraph
with B at the top and 0 at the bottom, that is, vertices 9 and B; the common feature of which
is the absence of P N ~Q. P| N-1Q, a multi-cellular proposition, meaning some P are Q, is
denoted by the concrete vertices of the subgraph with 8 at the bottom and F at the top, that
is, vertices 9, B, D, E, F; the common feature of which is the presence of PN Q.

From Fig. 1, logical rectangle can be built, shown in Fig. 2.

In Fig. 2, Pc1Q is denoted by the left compartment, P -1 ~Q is denoted by the right
compartment, P| N-1Q is denoted by the left-middle compartments, P| N-1 ~Q is denoted by
the middle-right compartments. Fig. 2 has all the 6 opposition relations the square of
opposition has. For example, the subalternation of Pc-1 Q and P N-1 Q is denoted by Pc-1 Q
being contained in P| M-1 Q. The contradiction of Pc-1Q and P| N-1 ~Q is denoted by the
intersection of Pc-1 Q and P| N-1~Q being empty set, the union of P N-1Q and P| N-1~Q
being universal set. The contrariety of P —-1 Q and P <1 ~Q is denoted by the intersection of
P 1 ~Q being empty set, the union of P =1 ~Q not being universal set. The subcontrariety
of P| N-1 Q and P| N-1~Q is denoted by the union of P| M-1 Q and P| N-1 ~Q being universal
set, the intersection of P| N-1 Q and P| N-1 ~Q not being empty set. Fig. 2 also reveals some
information that the square of opposition does not have: the middle compartment is one
that Pc-1 Q and P -1 ~Q do not cover and that P| N-1 Q and P| N-1 ~Q overlap.

Existential Import and Generalized Quantifiers
Richard Zuber

Laboratoire de Linguistique Formelle, Centre National de la Recherche Scientifique
Richard.Zuber@linguist.univ-paris—-diderot. fr

In this talk we analyse the existential import carried by various generalized quantifiers
and various higher order functions like those denoted by EACH-OTHER or THE-SAME. It is
shown that, as in the case of the traditional square of opposition, the absence of the
existential import associated with such functions preserves some nice logical properties of
the square they form. For instance, the sentence Leo and Lea read the same book is true if
no book has been read by anybody (in other words Leo and Leo read zero books and thus
the “same books”. But in this case the sentence with the negated transitive verb is also true
because the books that Leo and Lea did not read also the same (namely all books). We do
not have this property if we suppose that Leo or Lea read at least one book.

Similarly, one can associate an existential import with exceptive quantifiers like Every
student except Leo or No teacher except ten. In the first case the reading with the
(generalized) existential import forces to recognize that there is one student more in
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addition to Leo and without existential import we have to suppose that only one student
(Leo) exists. For the second quantifiers, we have to suppose that there are eleven students
(with the existential import) or respectively ten (without the existential import).
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