Applicability of Fuzzy Logic in
Clustering

Abstract: Fugzy logic is used to make decisions betier that suir the real world
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problem more perfectly. In traditional logic, decision are based on exact irue
or false values, which is sometimes inadeguare, and lacks the flexibility in
decision making, whereas, fuzey logic provides a better approach in problem
solving by evaluating many alternatives through simple If-Then statements,
which resembles human reasoning greatly in handling of imperfect
information. In this paper, we present the meaning of fuzzy logic, its
applications and different aspects of fuzzy logic. Finally, utility and
applicability of fuzzy logic in clustering has been proposed that mav help in
mining of data in data warehousing.
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1. Introduction and can be processed by computers using simple rule-

The concept of Fuzzy Logic was conceived by
Lotfi Zadeh, a professor at the University of California
at Berkley. In 1965, Zadeh presented “Fuzzy Sets” which
described the mathematics of fuzzy set theory, and by
extension fuzzy logic. A paradigm is a set of rules and
regulations which defines boundaries and can
accommodate the ambiguities of real-world problems
to generate precise solutions from certain or
approximate information within these boundaries. Fuzzy
logic is a superset of conventional Boolean logic that
has been extended to handle the concept of partial truth-
false values between “completely true” and “completely
false”. It is the logic underlying modes of reasoning
which are approximate rather than exact, thus resembles
human reasoning and decision making. Fuzzy logic has
proven to be an excellent choice for many control
system applications since it mimics human control logic.

2.  Overview of Fuzzy Logic

Fuzzy Logic, a subtopic of reasoning {1] and an
extension of fuzzy set theory is basically a multi-valued
logic [1] that allows a continuous range of intermediate
truth values in the interval [0, 1] rather than the
conventional strict binary evaluations like True/False,
Yes/No, Black/White, ete [2]. Unlike classical logic
(Boolean/crisp set theory), which requires a deep
understanding and complete information of a system,
exact equations, and precise numeric values, fuzzy logic
incorporates an alternative way of thinking, which
allows describing and modeling complex systemns using
a higher level of abstraction originating from our
knowledge and experience in simple English-like rules.
It provides a way of processing the data, representing
subjective or vague human ideas such as “An attractive
person” or “Pretty cold” to be formulated mathematically

based (IF-AND-THEN) approach. Fuzzy logic fills an
important gap in engineering design (system design)
methods left vacant by purely mathematical approaches
(e.g. linear control design), and purely logic-based
approaches (e.g. expert systems) {3]. It provides a
simple way to arrive at a definite, highly adaptive and a
better conclusion based upon vague, ambiguous,
imprecise, noisy, or missing input information {4] with
wide range of variations. The process of deriving an
output from an input in fuzzy logic, is called “inference,”
is not a calculation; rather, we convert real-world inputs
to fuzzy values, identify the applicable rules and derive
a “weighted average i. e. degree of participation called
possibility,” and translate this information back to a real-
world (“crisp,” the complement of fuzzy) value. In
technological terms, the process of deriving outputs
from a series of input values with fuzzy logic involves
“fuzzification,” followed by inference, followed by
“defuzzification.” The input variables are “Fuzzy” or
“linguistic” [23],{24] i.e. instead of using numbers we
can think the certain variables in terms of objects or
words and can phrase them as noun e.g. “temperature”,
“flow”, “pressure” etc.

The essential characteristics of fuzzy logic may
be as follows:

e In fuzzy logic, exact reasoning is viewed as a
limiting case of approximate reasoning.
In fuzzy logic everything is a matter of degree.
® The boundaries of fuzzy sets are not rigid but
fuzzy.
Any logical system can be fuzzified.
In fuzzy logic, knowledge is interpreted as a
collection of elastic or, equivalently, fuzzy
constraint on a collection of variables.
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in the designing of membership functions, we
ommonly used parameterized functions that can be
efined by small number of parameters. The membership
anction may be simple, based on single criteria/single
arameter, for example: “Age” (called one-dimensional
aembership functions); or may be more complex, based
\n two or more criteria/more than one parameter, for
xample: “Age” & “Height” (called two-dimensional
nembership functions). Using parameterized functions
.annot only reduce the system design time, it can also
acilitate the automated tuning of the system because
he desired changes in the membership function (€2,
yidening vs. narrowing a membership function) can be
lirectly related to corresponding changes in the related
sarameters [6]. The parameterized membership
functions most commonly used are the triangular and
crapezoid in shape but may be trapezoid, bell, and
sxponential too [4], Numbers of parameters in triangular
membership functions are three i.e. center, min and max
values (Fig. 4), trapezoid membership functions has
four parameters (Fig. 2). To know how the membership
functions of fuzzy logic are more useful than the
membership functions of traditional Boolean logic, we
can do it by comparing them with the help of following
example: in the below Fig. 7, there are three crisp/
classical sets- Child, Young and Elder. The boundary
for the set Young is set between 20 & 30, i.e. Age(x) =
{20, 30] states that age can be 20, 21 ...29 or 30. Any
other age: 19, 31 can not be included in set [20, 30].
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Fig. 7. Non-Fuzzy Sets for different age groups
e.g. Young [20, 301.

But it doesn’t mean that the person of the age 19
or 31is not Young, so here the fuzzy logic offers an
ag;pgaling alternative. It generalizes this binary
distinction between possible vs. impossible to a matter
3’5 degree (not a crisp boundary: 20-30 only) defined by

- membership functions, as shown below in Fig. 8.
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Fig. 8. Fuzzy Set for different age groups/si
young [20, 30] using degree of membership in

Degree of Membership Defined by M
Function of a Fuzzy Set:

Assigning a fuzzy set to a linguist
constrains the value of the variable, just o
does. The difference between the two, how
the notion of possible versus impossibie
matter of degree called possibility [6]. Wh,
sets (using traditional logic) just set a rig|
for the degree of membership of each valu
in each set: if a variable is member, set it to |
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0 (but between possible and impossible values, which

may be undesirable in some situations); in cas:

of fuzzy

sets, we take the fuzzy variables: these may be the

member of other Fuzzy sets also. For example: there
are three sets for a given temperature: Low, Medium
and High. In case of membership for the traditional sets
(Fig. 9 below):- Low: only member variables of this Set

are set to a degree 1 (from 0 to 10, on X-axis)

and the

degree of other variables (from the set Medium and set
High) is set to 0. Likewise for the set- Medium: the
degree of variables from 10 to 20 is set to
variables from High and Low are set to a degree 0 for

this set, For the set- High: only the variables from 20 10
to 0

30 are set to | and all other variables are sct
this set as shown by the Fig. 9 below:
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