142
DECISION MAKING IN MAN-MACHINE SYSTEMS:
FUZZY CATEGORIES AND THE FUNCTIONAL
ASYMETRY OF THE BRAIN
Part I

D.I. Shapiro and V.S. Rotenberg

Institute of Automated Control Systems, Moscow, USSR
First Medical Imstitute, Moscow, USSR

1. The Problem of Decigiom Making in a Fuzzy Emviroament

The problem of decision making in a man-machine system that
operates in an uncertain and counteracting environment is des-

cribed as Eﬂ]i[f]
R ~ A v - S
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where S, = {9 ﬁi,%,i} is the set of situational data; ¢ denotes
‘dentifierss ¥ is the condition of the enviromment, ¥ € X; X is
the state of the system, ¥ € X; X is the subject's (or decision
maker's) state, ft&ff; i,i,iéxi F, and F; are the DM and the sys—
tem's active elements, respectively; U and Qi are the criteria
defined by the objectives of F, and'Fi, respectively; L, and Ly
are the constraints of Fj and Fi as determined by their resources,
time limits, and ethical standards;(ﬂi ta the set of relations
between F, and F; (specifically, binary relations); U is the set
of strategies for Fo, ue€ U; Vi is the set of stratégies for Fi,
Vi€ Vi; and qj is the set of evaluations.

The state of the environment, system, or DM can be defined
in quantitative (X) and/or gualitative form Qg).

The criteria and constraints may take the form of texts in
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a natural language or they may depend on the qualitative parame-
ters X. The evaluatiem procedure relies on the quality scales qd
that are essentially either a membership function (M(x)) that
describes the extent of the deviation of an attribute or a set
of fuzzy points.

The effort to solve a particular application problem brought
about by human-computer interaction can take advantage of several
general principles. Thus, we can describe relevant data by both
guantitative and qualitative parameters. We can incorporate into
the system's operation man-specific qualitative assessments and
selection procedures. We should also draw on the experience of an
expert (DM, designer, or user) when developing and operating the
system,

The designer (researcher) should identify such uncertainties
and formalige them. Using a computer program, the DM (user) will
select a final solution, Decision making in a fuzzy environment

relies on a membership surface

Re,/“ [Re] =77 [yj, cecy Ym.]

where RZ is the decision (R€U); yj is the evaluation with respect
to the scale‘qj of the parametef x9 (ye T).

Decision making in the context of fuzziness and counteraction
relies on fuzzy integral games: PfI. = {r' fi[x,Y,U,Vi] ,Q,L}
n
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The decision is determimed by the conditionss
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where w, = max Wy provides the best compliance with the criterion
Qe

A major problem in developing a system that generates ra-
tional advice is to identify, make a formal description of and
apply fuzzy categories inherent in the definition of a problem
and in evaluation and selection procedures. Each of the above
steps must include the effects of the ™unique expert's" (DM's)

particular features.

2. Incorperating the 'Unique' Expert's Specific Features

Expert procedures make it possible to establish an isomor-
phism or homomorphism that maps a set of real-world objects with
particular properties (or specifically related to one another)
onto/into a formal system. Knowledge acquisition comprises several
step-by-step phasess planning, implementation, and analysis. Plan-
ning consists of determining the experts' specific features and
designing required experiments. This may involve two problems:

- a study of the object's properties (the room is ‘small/
/large');

- a study of the environment conditions (the room is 'stuffy/
Jcoolt).

The implementation phase is associated directly with an
action dictated by the program or with a response to the gques-
tions presented. The experts' opinions are examined via a dedi-
cated computer program, which helps formulate, generalize, and
formalize the opinions. State-of-the-art comput er applications
tend to employ both shared computers with private terminals and
PCs to implement particular man-machine procedures. The procedures

allow the DM's experience, his peculiar features and interests to
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be utiligzed most effectively. To this end, the software employed
should incorporate the experience the DM has gained operating

in normal or particular off-normal conditions. Thus, the area of
possible approaches to knowledge acquisition becomes somewhat
restricted, The presence of a 'unique' expert is an important
factor in the above class of man-machine decision making systems
(MMDMS) that operate under uncertainty and counteraction.

The statement of a decision-making preblem contains a situa-
tion description, criteria, and constraints written as a text in
a natural (formal natural) language [1]. Linguistic terms serve
as elements of the scales used to evaluate objects or their indi-
vidual attributes, They are an 'objective' source of the uncertain
and a formal representation of the qualitative uncertainties in-
volved makes it possible to employ them in an MMDMS. However,
analysis and formal description of such uncertainties in human
(the DM's) evaluation and selection ('subjective' sources) are
even more important for this kind of MMDMS. Account should also
be taken of problem~related, professional, and situational aspects
of fuzzy categories.

A unique DM as a component of a man-machine system, in effect,
calls for special arrangements to exploit his capabilities. The
concept of integrating the DM's specific features into an MMDMS
intended for an uncertain and counteracting environment implies
two major goals. The first is that we should, on the one hand,
investigate the effects of the DM's psychophysiological charac-
teristics on his actions (these may include will, needs, emotions,
way of thinking, and functioning of physiologlcal systems) and,
on the other, make use of the DM as an expert to formalize both

objective and subjective fuzzy categories, a feature essential
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for our class of problems. The former categories comprise quali-
tative situational data, criteria, and constraints written as a
text in a natural language. The latter stems frem the mental pro-
cesses involved in the formal description of fuzzy categories and
in evaluation and selection procedures. In fact, an 'objective'
fuzzy category is not fuzzy per se but only in a human perspective.
Thus, we can only consider a factor to be subjective when it has
nothing to do with the semantics of the situation description.
The second goal is to examine and utilize the neurophysical pro-
cesges that reflect the DM's state.

Our class of problems takes advantage of changes in the sym-

pathetic nervous system (SNS) to account for the DM's state [2].

3, The Effect of Hemispheric Asymmetry on Decision Making

Processes

It is generally recognized that the consideration of distinc-
tions between the cerebral hemispheres in perceiving and processing
any kind of information offers the greatest potential when dis-
cussing the effect of hemispheric asymmetry on a particular psychic
function.

The authors have advanced the hypothesis[j;q]that the left
and the right hemisphere arrange the contextual relations between
the images of objects or phenomena and their respective symbols
in different ways. Verbal logical thinking characteristic of
the left hemisphere (LH) examines the entire range of such actual
and possible relations to select those individual and most pro-
nounced relations that help link the cause and the affect, pre-

sent the external world as an ordered entity and reduce it to an
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unambiguous model. The LH thought process fully complies with the
rules of formal logic and is controlled by well-defined algoritms.
By contrast, the thought process supported by the right he-
misphere can instantly grasp all such rich relations, comprehend-
ing also relations mutually exclusive in formal logic, and arrange
a polysemantic context that represents the ent ire complex and
contradictory external world, We can designate it as ‘image'
thinking as polysemantic relations appear to be most appropriate
to form an integral image and connect it to other images of this
kind, We should emphasize that the main determining relations
cannot be selected just by grasping a large number of relations.
The selection process involves a preliminary analysis and match-
ing to a previously comstructed model and modeling is a LH func-
tion. However, we cannot rule out the possibility that the right
hemisphere (RH) has ready references for the above selection pro-
cedure and they are the result of an earlier analysis by the IH.
It is apparent that the declared differences are largely sl-
milar to those between the iconic (pattern) and the symbolic
(texts) system of representation. The only distinction is that
we emphasize the arrangement of contextual relations rather than
the consecutiveness, or simultaneity of the synthesis [l/] .
Research provides increasingly abundant evidence that the
ability to arrange a polysemantic context is a specific immanent
function of the right human hemisphere and need not be further
amplified by the brain stem reticular formation. In healthy sub-
jects tested under normal conditions the left hemisphere is
always more active than the right as revaaled‘by the frequency and

the amplitude of the alpha rhythm or the alpha index ,
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The intensity and uniqueness of day-dream images ghow a positive
correlation with the alpha index. Vivid mental visualisation or
an intensely emotional experience does not decrease EEG synchro-
nization for persons who have well-developed image thinkinéggln
meditation, which corresponds to the RH patterm of thinking,
alpha waves have a high amplitude and become generalized. When
a person with a high creative potential succeeds in solving a
problem that calls for imaginative and creative handling, his
alpha rhythm is very distinct, especially in the right hemisphere,
Today, the primary role of BH image thinking in creative work
is indisputable, The more unconventional the problem solving
proceas, the higher the role of the right hemisphere. When t he
1H pattern of data processing dominates a subject who goes through
a Raven matrix test, we observe a higher articulation activity
that tends to enhance the activity of the left hemisphere and
we also register clear vegetative and somatic signs of a mental
stress. This is commonly the case with persons whose speech pro-
cessor fails to be lateralized completely and whose non-verbal
capabilities are reduced because the responsibilities for various
functions are not localized to a particular hemisphere. If, on
the other hand, the RH pattern is used to cope with an intel-
lectual problem, no signs of a mental strain or additional verbal
activity are observed.

We believe that the LH data processing pattern requires
higher cerebral activity just because it attempts to arrange
the information available and bring out the few relevant links
in a multitude of irrelevant relations. The RH pattern gives the

humsn mind a great deal more leeway in handling information and
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thus involves smaller energy costs. This fact in no way implies
that RH thinking is merely a passive contemplation of the external
world. The mind is active in whatever it does, although jits acti-
vity may take different forms. Our culture assumes that an activity
should always have a purpose, a known goal to be accomplished.
However, some oriental societies also allow for activity unfettered
by the limitations of prediction and goals. Such activity charac-
teristic of natural 'here and now' behavionr is believed to be

the most creative., This cerebral activity invelves no statistical
prediction and sets no caugse—and-effect relations; it requires no
extra stimulation by the stem reticular formation. The right he-
misphere is responsible for prediction that extends beyond the
actual statistics and thus comes close %o an experience brought
about by insight or clairvoyance. Its mechanism is yet to be iden-
tified. RH prediction may be kaleidoscopic in nature: many ver-
sions of the future are simultanecusly presented but thelr pro-
babilities are very close. As a result, an event unlikely from

the perspective of past experience has the same weight as a product
of reasoning.

We will now look at the DM's impact on the formalization of
fuzgy categories and at selectiomn procedures, based on the under—
standing ef the processes related to hemispheric asymmetry.

Needs can control behavior if they are associated with con-
scious and unconscious images of desired objects and the actions
required to satisfy them. The unconscious images are handled by
the right hemisphere and are such because of their complexity
and ambiguity prohibitively high for @traightforward thought or

because of their antagonism to the conscious.
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The left hemisphere provides the rationale for man's moti-
vations and actions, The LH tends to order informatiom by making
it simpler and ignoring relations that are mot indispensable for
the main task. Analysis and the awareness of purposeé imply predic-—
tion of the results, which is the responsibility of the ILH.

The DM's mind seeks to apprehend the situation and make a
proper decision, The process of thinking can be partitioned into
five phases.

The first one is related to delays of spentaneous impulse
responces (IH) to make an appraisal of the task at hand which
may rely on either one-by-one elimination (ILH) or general appre-
hension (RH) followed by distinguishing and correlating the essen-
tial components.

The second phase seeks to arrive at a general mendal policy
that comprises the choice of an appropriate course of action (1)
and the formation of a general pattern of thinking. The latter
can be either integral intuitive insight (RH) or detailed analysis
(1IH).

The third phase deals with the selection of means and opera-
tions and is implemented in the left hemisphere.

The execution of the fourth phase (decision making or res-
ponse generation) may heavily rely on RH processes if %he prob-
lem calls for an imaginative approach.

The fifth phase, i.e. comparison of the results and the
source data, goes on in the left hemisphere.

Decision making involves such mental funct ions as:

1. Problem data generaligation, which is a conscious ILH pro-

cess as it includes data reduction. Actually, any generalization,
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i.e. an effort to derive more universal and abstract ideas, is
a function of the left hemisphere. However, it is the right that
appraises as a whole the results of IH generalization.

2. Perception, which depends on various sensory channels
(auditory, visual, etc.) and data carriers (printed or audio texts,
pictures, color shades, impulses, etc.). The RH is responsible
for perception of any entity that is at least partially continuous
but the IH, too, makes its contribution by classifying individual
elements and breaking down the sensation into its components.

3, Understanding the data perceived (printed and audio texts,
specifically, color shades and voice pitch). If understanding is
conscious awareness or at least sets cause-and-effect relations
then it belongs to the left hemisphere., However, picture colora-
tion, as a whole, cannot be brought to the front of the mind as
it is inherently continuous in some aspects. The right hemisphere
identifies the saturation, lightness, and hue of color and the
left verbalizes the resulting color evaluation (especially for

intermediate colors).

4, Formatiom of a text or conscious action is an LH respon-
sibility; a spontaneous response to a critical situation is gene-
rated in the RH.

5. The right hemisphere also supports an intuitive decision
to make a choice among equiprobable altermatives when the deci-

sion contains an unconscious element.



