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In the doctoral dissertation, I propose some models of an emergence of logic.

What is logic? Here I regard logic as “a kind of calculator by which we can apply an experience in
real life to the other situations”. In other words, logic is defined as formalized relations themselves
extracted from causal, order, or inclusive relations between things of real world by discarding
concrete property of the things.

Logic is often formalized from Aristotelian age to present day, and formal logic is a modern form
of formalized logic. Formal logic maintains the appearance of mathematics-like form. In fact, it is
sometimes called mathematical logic or symbolic logic, and forms a component of foundation of
mathematics. In genéral, the system of formal logic is composed by an axiomatic method, that is,
logical connectives composing formal logic are given thetically. What is axiom? More precisely,
where does the validity of setting of an axiom come from? The study of modern formal logic is not
intended to answer these questions, but intended to observe the property of each axiomatic system.

A. Szabo, who is a mathematics historian, apalyzed mathematical terms, for example, axiom,
postulate and so on. Szabo advocated that “mathematics was just a branch of dialectic” in ancient
Greece, which was an incunabular period of logic and mathematics. According to this assertion, we
can consider that axioms in arbitrary axiomatic systems are mere minimal conventions for
discussants. Therefore, an emergence of logical axioms can be treated by an analysis of dialogues.

In Section 2 and 3 of the paper, I compose models of an emergence of logical axiom instead of
axiomatic methods. In classical propositional logic which is the simplest formal logic, there are four
logical connectives: negation, conjunction, disjunction and implication. As it is known well,
conjunction and disjunction can be translated into formulas composed only of negation and
implication. Therefore, classical propositional logic can be composed only of negation and
implication. In whole of the paper, we represent classical propositional logic composed only of
implication as a directed graph. Two nodes and an arrow (directed edge) represent two objects and a
non-commutative rélation between two objects. Of course a source node of an arrow corresponds to
an antecedent, and a target node corresponds to a consequent.

The model proposed in Section 2 (called Dialogie Model (1)) is based on a multi-agent model.
The model consists of observable objects, and agents which have knowledge about causal relations
among the objects. And then, I define dialogical interaction among the agents. The knowledge of an
agent is represented as a directed graph. The directed graph of each agent is transformed by multiple
dialogical interactions. We define the union of directed graphs of all agents as the directed graph of
the set of agents, and observe the property of the directed graph. In addition, I compose also variant
models (called Dialogue Model (II)) that do not premise the common view of objects among agents,

and check up the results.
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In Dialogue Model (1) and (II), the initial knowledge of each agent is given and arbitrary one in
which there are no constraints. Each agent changes its own knowledge in manner of not obtaining
new knowledge but losing invalid knowledge. In Section 3, autonomous change of knowledge of an
agent on the basis of its knowledge itself is treated (called Monologue Model). In addition,
dialogical interaction among agents which act by Monologue Model is considered (called Dialogue
Model (I1I)). The result of Dialogue Model (1) is compared to the result of Dialogue Model (I1).

In Section 4, multi-agent model itself is considered. This method is adopted in Dialogue Model (I),
(1) and (II). In a normal multi-agent model, the behavior of a system is explained from the
behaviors of agents and interactions among agents. Agents are autonomous ones and independent of
a,system. However, while this method is adopted, the behavior of a system must be attributed the
behaviors of agents, in other words, independent agents which are external tc; the system are
implicitly introduced. Responding to this situation, instead of external agents, we define a part of 2
system as an agent and introduce interaction between a system and an agent (called Internal Agent
Model). In Internal Agent Model, an agent which is independent of a system is a part of a system.
Therefore, there is no reference to outside of the system and complete autonomous transformation of
a system can be considered. A random initial directed graph is transformed into.a directed graph
which represents formal logic adequately.

In Internal Agent Model, an agent has a guiding principle of transformation of its knowledge, as it
were, subjective purpose. When we regard an agent as a mere object in a system, the difference
between an agent and other objects is existence or nonexistence of purpose. That is, Internal Agent
Model is a model of an emergence of logic on the premise of purpose. In Section 5, I compose a
basic and potential model of an emergence of an object which has a purpose (i.e. an agent) on the
premise of transformations of objects and relations among.objects.

In Section 5, I treat the transformation of a directed graph, which is “expansion” or “contraction”
of objects or relations émong objects (called Mediation of Object-Relation Model). In general, an
object and a relation among objects in a formal system are represented as a “point” and a “line”, thus
the interior of each component is ignored in principle. For example in classical propositional logic,
the premise that there is an atomic formula which cannot be divided corresponds to the
representation of an object by a point. I treat a model of formal logic without the premise of atomic
formula by way of consideration of expansion and contraction of logical components. Let us return
to the definition of logic described previously, that is, when we consider an experience in real life, is
there an atom? This is a motivation for Mediation of Object-Relation Model. In addition, deduction
and induction which are classified logical inferences are also represented as expansion and

contraction. This is the second motivation. Additionally, according to the classification of inferences



¥ £#: No.3

by C. S. Peirce, 1 treat three types of inferences, that is, deduction, induction, and the 3rd inference,
abduction. And then, I give shape to the correspondence between the three types of inferences and
the expansion and contraction of components. From the viewpoint of the expansion and contraction,
it is reasonable that abduction is added to classification of inferences.

In fact, the scheme of dialogical interaction of Dialogue Model (I), (II), and (II) can be
interpreted in connection with three types of inferences of Peirce. Alternatively, different view of
objects among agents can be represented as an object which can expand and contract (called soft
object), introduced in Section 5. Moreover, a generated directed graph by Internal Agent Model in
Section 4 is regarded as formal logic whose logical units are soft objects and relations which can
expand and contract (called soft arrow). Soft object is a weakened directed graph kin to complete
subgraph. This corresponds to a weakened notion kin to equivalence relation in Mathematics.
Equivalence relatioﬁ is.a fundamental notion in mathematics and a condition in order to treat a set as
one unit. Thus in section 6, I discuss and summarize the models and notions proposed in the paper in
association with existi;lg logical or mathematical notions.

This is a summary of the paper. This study is one of the very few applications of the method of

complex systems to formal logic.
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