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Making Sense of Internal Logic: Theory and a Case
Study

Ichiro Tsuda and Motohiko Hatakeyama
Applied Mathematics and Complex Systems Research Group,
Department of Mathematics, Graduate School of Science,
Hokkaido University,
Sapporo, 060 Japan

Abstract

Motivated by the interfaciology proposed by Otto Rossler, we have attempted to construct
a framework of internal logic of the mind and brain. We propose a functional equation as
an abstract form representing mental processes. We consider a method by which such in-
ternal logic can be interpreted and understood by an (external) observer. For this purpose,
We propose a theory for cognitive experiments. Applying this theory to simple deductive
inference processes exhibited by animal subjects in an expefimental setting, with the as-
sumption that syllogism is expressed as a composite mapping corresponding to the product
operation of two implications A — B and B — C, an interpretation of the neural activity
associated with the behavior in these experiments is obtained. This theory is consistent

with the internal description hypothesized by Rob Rosen.



1 Introduction

In this paper we are concerned with the question of how an external observer can understand
the internal logic of a subject. In order to study this question, we wish to develop a general
theory that can be used to construct and implement an interface between the observer and

subject that can allow for such an understanding {1].

As a first step in this search for an interface between the observer and the subject in
coguitive experiments, we assume the presence of neuronal correlates of cognition, especially

| with regard to the correlation between neural activity and its implication at the behavioral
level, with the hope that a certain type of cognitive experiment on humans or animals
leads us to identify such an interface. We have constructed a theory of a supposed internal
process of inference. In this theory, the discrimination based on some equivalence class
is introduced. By using this concept, the correspondence between the space of attributes
of external stimuli and neuronal activity is derived and interpreted as the interface in
question [2]. Im this paper, we briefly outline this theory, which is consistent with the
internal description hypothesized by Rob Rosen [3] in his relational biclogy.

In our model of the experiments, the environment is expressed in terms of some dyna.xmcal
variable or variables. Here we denote these by X;. Let us consider two extremc cascs for
internal dynamics of the brain (Fig. 1). In one case these dynamics consist of a copy of
the external world. In this case, the internal dynamics are identical to the environmental
dynamics, X.. Thus the dynarrﬁcs of the brain constituting the description are of fired-point
nature. The other extreme case is that in which the internal dynamics describe the external
world in the form of a constant function. This représents a rigid description, independent
of any dynamics of the environment. The former extreme here is the completely adaptive
case, and the latter is the autistic case. Clearly actual brain dyna.fnics must be somewhere
between these two extremes. Such an intermediate dynamics could be chaotic at the
description level. We propose a functional equation for the description, which we believe
may represent a meta-dynamics of mental processes.

-Fig. 1- .



2 A theory for cognitive experiments

In order to formulate an effective interface, we have searched a sufficiently simple yet
meamn_gfulvcognitive experiment. As one candidate for such an experiment, we considered
the type recently carried out by Sakagami and Niki [4] and Sakagami and Tsutsui [5].

They performed a set of experiments investigating multidimensional visual discrimination
tasks with monkeys. In these experiments, they recorded the prefrontal cell activity while
monkeys performed a go/no go attention task. The subjects were trained to make a go
or no go response, depending on, for instance, the color, the direction of motion, or the
shape of compound visual stimuli, namely moving patterns of different colors and shapes.
Moreox}er, the subjects had to “understand” the meaning of the color of the fixation spot
that is presented at the center of the screen at each trial. That is, for each trial, the
subject is presented a pattern. Each pattern is in general characterized by the attributes
of motion, color and shape, but for a given trial only one of these is “important”. The
important attribute is indicated by the color of the fixation spot. For instance, if this color
is purple, then thc important attribute is color (we call this situation the color condition),
if it is blue this attribute is motion (the motion condition), and if it is red this attribute is
shape (the shape condition). The subject is then required to act in some way, according to
the state of the important attribute, namely the kind of condition. The basic formulation
of the experiment can be understood from the following. At the beginning of a trial,
the fixation spot is presented. With the important attribute thereby fixed, the subject is
presented with a pattern. For each attribute, certain states correspond to the go response,
and certain attributes correspond to no go response. For example, red means go and right-
directed motion means no go. Thus if a red, right-moving pattern is presented, the correct
response is go in the color condition but no go in the motion condition.

We formulated this experiment as a case study. Let us denote a set of conditions by
X = x., %y, T,, Where z, represents the color condition, z,, the motion condition and z,
the shape condition. Let us denote a set of target stimuli by Y = 'Yc X Yy X Y,, where Y,

is the set of color attributes of the target stimuli, Y,, the set of motion attributes, and Y,



the set of shape attributes. Finally. a set of responses is denoted by Z = {z,.2,,}. where
Zg is a go response and z,, a N0 go response.

Then. a learned response to stimuli can be expréssed by a mapping f: X XY — Z.
It is reasonable to assume that this mapping can be described by the following renewal

mapping system:
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where f.: Y, — Z is a response to a color attribute in the color condition, fon : Yy — Z
a response to a motion attributé in the motion condition, and f,: Y, — Z a response to
a shape attribute in the shape condition. This is a kind of description at the cognitive
level. On the other hand, a physiological description is represented by a niapping of the
form F: X xY — neural aclivily. The mapping F represents the activity of neurons
or neuron assemblies resulting from stimuli in the case that the correct response is given.

We define a discrimination as a decomposition of a set A derived from the equivalence
relation induced by a mapping f : A — B for any sets A and B. Sakagami et al. found
several types of neurons which respond conditionally or unconditionally to a certain spe-
cific attribute of stimuli. Applying these results, it is possible to compare the theoretical
classification of the stimulus space X XY with the classification based on neuronal activity.

Let us now consider candidates for deductive inference which could occur during the
performance of a cognitive task. There could exist two elicited higher-order functions of
f (by the Curry method) , which we denote here as g and h. The map g is defined as
a renewal mapping system Y — Z depending on the conditions X, whereas the map h
is defined as a renewal mapping system X — Z depending on the stimuli Y. Since for
each trial in the above experimental setup an important attribute is first reoogmzed by the
subject, the existence of ¢ is more plau51ble than A.

- Two possible decompositions of g correspond to two kinds of attention, focal attention and

divided attention. Here, focal attention is attention to a particular attribute, and divided



attention is attention to all attributes. One decomposition can be expressed as a composite
mapping, Y — Y — Z. In other words, a particular attribute of fhe stimulus is first
selected, and then behavior is determined from this attribute. The second decomposition
can be expressed as another composite mapping, Y — Z — Z. In other words, the
processing of a stimulus to its behavioral implication is first carried out parallelly for each
attribute, and then a particular behavior is selected. The causality in the process of the
former decomposition is summarized as selection process == transformation process, and
that of the latter is summarized as transformation process =—> selection process. Thus, the
former decomposition represents the focal attention and the latter divided attention.
Taking into account the above considerations, we can determine the internal processes

that occur at the level of each type of neuron. The details will be published elsewhere. -

2 The internal description must be dynamic

Let us assume the environment to be dynamic and described by X,,.1 = F(X,), where n
is a discrete time step. In general, F’ can represent some nonlinear, chaotic dynamics. The
brain inevitably possesses a description of F', which is here denoted by h,. We assume
that this description changes to follow another dynamical systém F. Then we obtain the
functional equation

hpsioF=Foh, | (2)

The dynamics of this description are schematically depicted in Fig. 2.

~Fig. 2—

Let us consider the two special cases. In the case # = F, what is an invariant description?
This condition implies that the same dynamical system can be used to model both the

external world and its internal description. A trivial solution in this is
(X)) =X. (3)

Here, the description provides a copy of the external world. This is the first extreme case

discussed in the Introduction (see also Fig. l)



The second special case we consider is that in which the dynamics of the description has

a fixed point, that is, the case F(X) = X. Then we obtain
fin1 (Xns1) = hn(Xo). | (4)

This implies the presence of a fixed point of the description, irrespective of the external
world. This is the second extreme case discussed in the Introduction (see also Fig. 1).

The functional equation (2) for the internal description of the brain contains a great
variety of solutions. When F(X,) = X,, and F' = h, this functional equation takes on a
form similar to that of the functional map of Kataoka-Kaneko [6].

In this paper we have treated the case of a learned state only, and thus the present
theory does not provide d true dynamics of description. We are just at the starting point.
In order to treat such a dynamics in the brain more realistically, we have to treat the
learning process itself. In such a situation, the dynamics of the functional equation are
expected to provide useful information.
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Figure captions

Fig. 1 The extreme cases of brain dynamics are depicted. Ore extreme is the case in_
which thése dyﬁamics constitute a copy of the extcrnal world. Conventional neural network
studies are concerned with this case. The other extreme is the case of autism, in which the
brain dynamics are fixed, irrespective of the external world. The actual situation must be
somewhere between these two cases.

Fig. 2 The dynamics of the internal description are modeled by a functional transfor-
mation. A certain instability at the level of the description insures the development of the

level of internal description, depending on the external dynamics.
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