gxstusss =3 A 39, A 1%
Journal of the Korean School Mathematics Society
Volume 3, Number 1, 211-217, May. 2000

A Didactic Comparision between basic concept of
the theory of Crisp Set and the theory of Fuzzy Set

Ghil, Byung Moon”

1. Crisp Set and its limitation

"Fuzzy” according to the dictionary
means "vague” or ‘"indistinct”. For
example, if there is a group selection for
those who are good at golf, the term
"good” according to each individual has a
vague meaning and cannot be decided by
simply "yes” or "no”".

Also, when we are asked to bring "a
few things”, this connotation is vague too.
In our everyday life, we come in contact
with many such vague expressions such
as "young”, "good”, "quick”, "hot”, "many”,
“close to” etc. Though the expressions
contain vague nature but we use them as
if they are without errors in our everyday
life,

We call these expressions with vague
nature, the "fuzzy concept”. In contrast,
there is a term which has a distinct
meaning such as " a is a student of ~~
school”. We call this "crisp set”, a theory
first proposed by Georg Cantor. We will
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begin this paper from this kind of
classification.
1.1 Crisp Set

What is a set? This is a very difficult
guestion to answer. In this paper, we shall
not go into any complicated axiomatic
approach to set theory, but shall content
ourselves to accept the following.

"Set is any collection into a whole of
definite, distinguishable objects, called
‘element’, of our intuition or thought.”
This intuitive definition of a set was first
given by Georg Cantor(1845-1918), who
originated the theory of sets in 1895. For
example, "a collection of natural numbers”
and "a group of a company employees”
are sets.

With this kind of definition, we can
define ’finite set’, ’'infinite set’, 'empty
set” etc, and can define general set
operation. A reference to this example is,
if what is being mentioned in this paper is
different then, it cannot be a reference any
more.

According to Cantor, the crisp set
theory concerns with what is belonging or
not belonging to a set. When we say that
it belongs to a set, then all the elements



212

of a set are treated to have the same
meaning. For example, when we consider
apples in a box, the definition according to
crisp set rules that there is no
consideration on whether the apples are
big or small, delicious or not, rotten or
good, red or green apples There is
no consideration to the nature of the
object but it only considers whether it is
in the box or not.

1.2 The basic structure of existing
beings and the barrier of crisp set.

Every existing Dbeings consist of
"Internal Character” (internal, invisible,
faculty aspect) and “External Form”

(external, visible, shape, element aspect).
For example in mankind, internal character
is the mind while the external form is the
body. In animal, there are the invisible
instinctive mind and the external body. In
plants, life and the various invisible
internal characteristics are the internal
whereas the material part made up of the
cells is the external. For molecules, atoms
and particles the physicochemical character
is the internal and the invisible matter and
structure are their external. For human
intellect, the system of intellect is not
independent but exist connected to the
elements of the internal character and
external form through a harmonious
"Give and Take"” relationship. As a result,
thought and reasoning is possible. Internal
Character and External Form together are
called the Dual Characteristics. All existing
beings consist of dual characters and exist
in harmony through the Give and Take
action within itself and amongst one
another through this relationship. Internal
Character is the subject, casual and
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vertical while the External Form is the
object, resultant and horizontal. All
objects of the existing world consist of
internal element(casual, subjective, invisi-
ble) and external elements(resultant, object,
visible).

When we observe that all existing
beings have this special characteristics. It
might be true that all mathematical objects
too have subjective elements of an internal
aspect and we must attract it to the
mathematical realm gradually. Then, this
will add a higher dimension to the
mathematical realm, of course, in science
we cannot but to feel that natural
phenomena and closeness are necessity
factors. Even though the definition of the
theory of sets by Cantor has great
contribution in the world of science but,
from the argument of the Dual
Characteristics, it only considers the
objective and subordinated parts of all the
mathematical things. According to the
theory of crisp sets, it is only the external
aspect and therefore, cannot be sufficient.
This is the limitation of the theory of
crisp sets.

1.3 The effect of the logic of crisp
set

Logic is the study of laws and forms of
things. Formal logic, started by Aristotle,
dealt with universal laws and forms of
thinking, which is variously different in
content. The basic laws of valid thinking,

in traditional formal logic, are four
principles, as follows ;

- The principle of identity :

Which is expressed in the form "A is

A"
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- The principle of contradiction :
Which is expressed in the form “A is
not non-A”,
- The principle of excluded middle :
Which is expressed in the form "A is
either B or not B”. This means that in the
assertion "B and not B” there is no third
assertion in the middle.
- The principle of sufficient reason :
"All thinking has a reason -Leibniz-."
And there is no thinking without a reason.
When applied to phenomena, we get the

proposition, "every phenomenon has a
cause”. We get the law of cause and
effect.

The pattern of the crisp set theory in
the "world of crisp” composed basic logic
of the crisp set theory. Mathematical
object is requested to answer in only two
ways, either "yes” or "no”. According to
"the principle of excluded middle”, the
logic which only has the "true or false”
term has controlled the overall area of
science. So, the unnatural tendency which
ignore the middle elements, has developed
in the culture and history of humankind.

But realistically, in the world of human
thought and logic, if sufficient middle
elements were not considered then the
non-remuneration would be beyond the
possibility of numbering. Let’s see two
examples:

@ (In the case of election)

The choice of selection is approved
(All) or opposed(Nothing).
But in reality : there is a possibility
of approval (52%) and opposed (48%).
@ (The administration of manpower)
According to the theory of crisp set
“ 1 person + 1 person = 2 persons”, but
this is only based upon form calculation
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and do not consider the actual situation.

The theory of crisp set only considers the

form calculation and does not take into

consideration such aspect as the capability,

unity, positive factors and human

relationship. In reality, when we consider

the unity of two persons and the many
invisible elements:

1 person + 1 person = efficiency above

that of two person’s

or 0 efficiency

or minus

efficiency is also possible

In this kind of thought, when the middie
consideration is removed, what is the
effect on our society? It is not easy to
summarized but if we attempt to, then
they are as follow: The effect of the
logic which based on two-value system is
at first we make the "culture of objective”
and make the “culture of immediate”,
exclusive, so aggressive.

2. Fuzzy Set

Prof. L.A. Zadeh of California University
first introduced the Theory of Fuzzy Set
in 1965. He had attempted that set’s
elements were determined by the contained
individual characteristics (internal character
elements).

Usually, we can express crisp set
A, subset of X as

characteristic function x4. ie
xa - X — {0,1}, defined by

x - xa(2) = { b

If x belongs to A, then assigned

follow using
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the value 1. When it is not, then it has a
value of 0. That is, 1 that matchs x is
the element of A. The element of A is
not the match of 0. The existence and
non existence of nature is 1 or 0 (true or
false). This is the argument according to
crisp set.

So making reference to the objects of
the world of existence, it cannot be
distinguished by “yes” or "no”, "1” or "0".
For example when saying "25 is close to
3" we must show to a compatible degree
(to the satisfaction of the nature)
according to the need of the situation and
circumstances.

Basic concept of fuzzy theory is extent
the value {0,1} to interval [0,1]. We can
express it using membership function
ma - X — [0, 1}

A fuzzy set is a class of objects with a
continuum of grades of membership. More
often than not, the class of objects
encountered in the real world do not have
precisely defined criteria of membership.
Yet, the fact remains that such imprecisely
defined “classes” play an important role in

human thinking, particularly in the
domains of pattern recognition,
communication of information and
abstraction.

Concerning  subjectivity among  the

characteristics of men which are superior
to those of machines, L.A. Zadeh
presented in 1965, the concept of fuzzy set
methods of mathematics as well as
science.

A fuzzy set A which defined on the
X be characterized by a
My : X — [0, 1],

entire set
"membership function”
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the wvalue of mua(x) at =x

representing the grade of membership of

with

x in A. We can denote sometimes a
A={(x, mas(x)) | x=X}

(Here, the first coordinate, the element x
and

fuzzy set

the second coordinate mean the
degree(grade) of x belongs to A).

These attempts attract the subjective
elements of mathematical objects to the
scientific field. So, partially overcoming the
limitation of two-value logic and adding
higher dimension on the view of the
mathematics.

How can Fuzzy Sets treats the inner
character of the elements as mathematical
objects? Let us see more examples:
Let’s look at the set (fuzzy set) composed
of "tall students”. In the Theory of Crisp

set, fundamentally the set cannot be
constructed. But, according to the
following method, fuzzy set can be
acquired.

Tall students ; A={(a, a)}.

(Here, a; student, a; degree of tall

hight 2<[0,1])

The disposition that the elements of the
given set can have, let’s think in close
proximity. Even though we use it in
everyday life, but it cannot be managed
by mathematical calculation. <The number
close to 2> + <The number close to
3>=<The number close to 5>.

The above method is common but the
problem is how can this be handled
mathematically. After the introduction of
fuzzy set, this problem can be solved.

It is possible by the same law of
calculation like the following method ;
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My 5(2) = z=\x/+y{m 2(2) A\ m ()},

Fuzzy has the meaning of vagueness,
and it has many aspects of uncertainty in
the real circumstances of science. The
definition of operations among those is
very interesting. On one hand, similar
calculation as well as by one meaning is
not defined and varieties can be seen.
Until the present, in the development of
calculation, the commonly used
concept of calculation is like the above
max-min law of calculation.

Fuzzy set began from this basic concept,
and developed into various calculation

most

definition of fuzzy measurement, fuzzy
integration, fuzzy derivatives, fuzzy
function, fuzzy numbers etc.. Fuzzy is

practically applied freely in the field of
control and information system and in the
fields of automatic translation, intelligent
robots, intelligent terminal, home
automation, nursing robots, social health
system, decision support system,
environmental evaluation, farm and
fishery products evaluation and etc, in
many fields achieving quality surpassing
that of human.

3. Conclusion

Human thought has no limit. Now
science is approaching the part that is
passing the utmost smallest portion. But

through the limited scientific access
mankind can be substantially helped to a
frightening degree through the
achievement during the past time.

Nevertheless, the huge area which can not
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be explained by scientific theory still
remains. Looking in a board sense this
world of existence consists of the physical
world (natural world) and the
world (spiritual world ; a world that can
be experienced through the feeling).
Invisible world clearly coexist with
physical world and its area is unlimited.
The Theory of fuzzy from the theory of
fuzzy set gives mathematics a wider realm
of access and if we are to summarize this
applicable theory, they are:

By the introduction of fuzzy set, we can
treat with causal and subjective part of
every existing beings in the mathematical
and science field partially. Ultimate goal of
science be giving best interpreted by
natural phenomena and has provided
humankind the direction to a comfortable
and happy environment. Man’s thought
and reasoning faculty, more than
representing it mathematically, can be
expanded through human natural science.
The ‘“principle of excluded middle”,
"principle of contradiction” are invalid
under the fuzzy logic. The culture of
conflict from this divalent(black-white
logic) theory entered upon a stage with
the theory of "Give and Take”, thus
Man’s thought can be expanded and we
hope this can develop into the result of
peace and understanding.

invisible
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