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Abstract

This paper presents the Characteristics of convex fuzzy number mappings
defined over fuzzy number space through illustrative examples. Also we
framed some important results based on the characteristics of fuzzy number
mappings.
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1.Introduction

A fuzzy number is an ordinary number whose precise value is somewnhat
uncertain.Fuzzy numbers are used in Statistics,Computer Programming, Engineering
and Experimental Science. Any fuzzy number can be thought of as a function whose
domain is a specified set. In many respects, fuzzy numbers depict the physical world
more realistically than single valued numbers[2-5].A fuzzy number should be
normalized and convex, condition for normalized implies that maximum membership
value is 1. Generally a fuzzy number represents a real number interval whose
boundary is fuzzy and the fuzzy interval is represented by two end points.

3.Preliminaries
A Fuzzy number p is defined as p: R — [0,1] which is normal ,fuzzy convex,
upper semi-continuous with bounded support .
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Fig.1 Fuzzy number representation

Now is called a fuzzy number space.
Obviously, a Fuzzy set is a fuzzy number if and only if is a
closed and bounded interval for each ] and ,null set
Also, , ]
Moreover
A mapping is said to be a Fuzzy Number Mapping.
Also ( 1,
M E and ] and
Also itself a fuzzy number (fig.2)
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A Convex Fuzzy Number Mapping is defined as
tu+(1-t) ) where

3. Main Results
Here the results are based on the partitioning of the membership values of the fuzzy
number interval.
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R— Real Numbers u — Membership Grade

= Y

The membership functions of fuzzy number interval gives two parts, left part
values and right part values - left part membership values ‘from 0 to 1' which in
monotonically increasing (Fig.4) while the right part membership values ‘from 1 to 0'
which is monotonically decreasing (Fig.5).Since this type of fuzzy number interval
having maximum membership grade ‘1’ at the mid value of the interval, for proving
the results for whole interval, it is enough to prove for the left part.
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Fig. 4  Left part Fig. 5 Right part

Consider a triangular fuzzy number 4 = [a, c], take r =0

Clearly triangular fuzzy number is a triangular fuzzy number interval u = [a, c],
with median about b (as in fig.3)

Consider the left part [a, b] (figure .4)

Let Y ={uo(r), ui(r),...., u,(r)} be a possible partition of the membership values

of [a,b]. Clearly po(r) =0 and wu,(r) = 1.Similarly it is possible to partition the
membership values of right part [b, c]
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Thus for proving the results of membership values on the whole interval, it in
enough to prove one part (left or right).
The same is applicable for Gaussian and Trapezoidal fuzzy numbers.

Ilustration |

Consider a fuzzy function F(u) (x) = e*®-1 forall u € E , x € R Assume that this
convex fuzzy number function F maps a triangular fuzzy number interval [a, c]
where u(x) is the triangular membership function

X—a
H(X): o a <x <b
g:é b < x < ¢

Example: Consider a triangular fuzzy number interval [2, 6]

X—63
_ | X20° 63 < x < 67
ulx)= | 67-63
12X 67 <x <71
71-67

Let Y ={uy(r), uy(r), u2(r)} be a possible partition of the membership values of
left part [2,4]. Corresponding partition of membership values of [F(u)]" is given in
the table below:

x | p(x) orp(r) | F(w) (r)
2 0 0.38
3 0.5 0.61
4 1 1

5 0.5 0.61
6 0 0.38

Example: Consider a Gaussian fuzzy number interval [10,70] with
—(x-m)?

u(x) = e 202 |10 < x <70 where mean m= 40 and standard deviation

o= ’z (x-%)° =1/400

x | 1 (x) orp(r) | F(w) (r)
10 0.33 0.51
20 0.61 0.68
30 0.58 0.89
40 1 1

50 0.88 0.89
60 0.61 0.68
70 0.33 0.51
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Example: Consider a trapezoidal fuzzy number interval [40,80] with a partition
{40,45,50,55,60,65,70,75,80}

X240 40 <x <55
55— 40
u() =11 55 < x < 65

80— x , <x <80

80— 65
x | | (x) orpi(r) | F(w) (r)
40 0 0.37
45 0.33 051
50 0.67 0.72
55 1 1
60 1 1
65 1 1
70 0.67 0.72
75 0.33 051
80 0 0.37

From the above illustrations, it is found that F(u)(x) = e#®)-1  forallu € E ,
X € R is a fuzzy number membership function.

F(u)(x) =1, x € R (exactlyone x € R other than trapezoidal Fuzzy numbers)
Obviously, F(u) is convex

F(u)is piecewise continuous
Clearly F(u)(x) = e*™)~1 maps fuzzy numbers to fuzzy numbers

Result : F: E — E defined by F(u)(X) = e*#™~1 x € R .V u € E is a bijection,

Proof
F()() = er)=1
Foru,A€ Eandx € R ,F(u)(x) = F(1)(x)
= ekl = pA)-1 o y(x) = A(x), for all x

Then F is one —one (Injective)

For every A € E, there exists a u € E such that F(u)(x) =A(X) ,x €R
Then clearly F ison to (subjective)

Thus F is a bijection.

Ilustration I1.
Consider a fuzzy function on E defined by



428 K.P. Deepa and Dr. S. Chenthur Pandian

u(x) — n@), a <x <b
F(u)(x) = 11 x =b
u(c) — ), b <x <c

Where u(x) is a triangular fuzzy number [a, c].
Let [a, c] =[812, 824] ,b=818

X | wx) | F (&)
812 0 0
814 [ 0.333 | 0.333
816 | 0.667 | 0.667
818 | 1 1
820 | 0.667 | 0.667
822 [ 0.333 | 0.333
824 0 0

Clearly this is a fuzzy number mapping which maps all triangular fuzzy numbers
to itself.

Assume that E has only triangular fuzzy numbers. Then this fuzzy function F is
an identity Fuzzy number mapping on E.

Define the same function for Gaussian fuzzy numbers and Trapezoidal fuzzy
numbers.
This mapping for Gaussian fuzzy numbers is illustrated by the following table

X | uX) | FWK)
0

480 | 0.37

481 | 0.78 0.41
482 | 1 1
483 | 0.78 0.41
485 | 0.37 0

From the table it is easy to verify that F is a fuzzy number mapping on E ,which
maps Gaussian fuzzy numbers to fuzzy numbers(need not be Gaussian).

The mapping F for Trapezoidal fuzzy numbers is illustrated by the following
table
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X | ) [ F() ()
100] © 0
15 [033]| 033
200 1 1
250 | 1 1
30| 1 1
350 [0.33 | 0.33
400 0 0

Here F maps trapezoidal fuzzy numbers to itself .

Result: Let F: E— E be a convex fuzzy number mapping defined as
u(x) — n@), a <x <b

F(p)(x) =11 x =b
u(c) — u(), b <x <c

where u = [ a, c] be the fuzzy number interval about mean ‘b’. Then F is a bijection.

Proof.
For a < x <b
F(w(x) =F(2) (x), for u, AEE

u(x) —u(@) = A(x) -1@)

Case 1 : pis a triangular fuzzy number or trapezoidal fuzzy number.
Here w(a) =A(a) =0 Thus u(x) =A(X)
F is then one- one

Case 2: pis a Gaussian fuzzy number.
—(a-b)? —(a-b)?

) —e 2 =AX) —e 2

Thus p(x) = A(x) and hence F is one — one.
Similarly F is one-one for for b < x <c
Thus F is an injective fuzzy number mapping.
u(x) — n@), a <x <b

Itis obvious that F(u)(x) =41 X =Db
ue) —u@, b <x <c
IS a surjective ( onto) fuzzy number mapping and hence F is a bijection.

From the above explanations and illustrations, it is possible to generate following
concepts
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F is an inventible fuzzy number mapping.

The inverse function of a bijective function is also bijective. Thus F~lis also a
bijection.

F is an endomorphic function on E

F is a permutation ( a bijective function from a set to itself) on E.
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