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1. Introduction
Fuzzy set theory is introduced by Zadeh in the &85 [1]. Later Tran and Duckstein

gave the comparison of fuzzy numbers using a fuigiance measure in the year 2002
[3]. Later Chen and Wang introduced the fuzzy diséaof trapezoidal fuzzy numbers in
the year 2008 [5]. In the year 2012, Nagoorganig®}e a new operation on triangular
fuzzy number for solving fuzzy linear programmingplglem. Optimization of fuzzy
production inventory model with repairable defeetiproducts under crisp or fuzzy
production quantity is given by Chen, Wang and @hianthe year 2005 [4]. Arithmetic
operations on generalized trapezoidal fuzzy nurmdret its applications is given by
Banerjee and Roy in the year 2012 [7]. In the ®&Hd4, Pardhasaradhi and Shankar gave
an idea on fuzzy distance measure [8]. In this pamme simple properties and theorem
based on fuzzy trident distance along with the hlprapezoidal fuzzy numbers are
given. This paper consists of five sections. Theiminaries in the first section, defining
trapezoidal, positive trapezoidal, negative trapgslofuzzy numbers in the second
section, fuzzy trident distance in the third settiproperties and theorem based on fuzzy
trident distance in the fourth section and finatlye results are discussed with suitable
numerical examples.

2. Preliminaries

The basic definitions are as follows:

Definition 1. The characteristic function/; of a crisp setA 0 X assigns a value

either 0 or 1 to each memberXn This function can be generalized to a functjar
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such that the value assigned to the element afinhersal setX fall within a specified
range i.e., t;: X - [O.]] The assigned value indicates the membership gratlee

element in the se;t. The function t/; is called the membership function and the set
A= {(x ,u;(x)); xO X}defined by ; (X) for eachx O X is called a fuzzy set [2].

Definition 2. A fuzzy setA, defined on the universal setlof, is said to be a fuzzy
number if its membership function has the followai@racteristics:

(i) Ais convexi.e., Uz (A% + (1= A)X, = min {,u;\ (X)), U5 (Xz)}
Ox,, %, 00,04 0fo].
(i) Ais normal i.e.,Cx 00 such thag/z (X) =1.
(iii) U5 (X)is piecewise continuous|[2].
3. Representation of generalized (trapezoidal) fuzzy number

In general, a generalized fuzzy numb&ris described at any fuzzy subset of the real line
R, whose membership functiqu. (X) satisfies the following conditions: [4]
A

. ’UA(X) is a continuous mapping from to [0,1]
. ,u/&(x)zo,—oosxsc

. ’UA(X) = L(X)is strictly increasing on [c,a]

. y;\(x):w,asxsb

. ’UA(X) = R(X) is strictly decreasing on [b,d]

e U (X)=0,d < x<oowhered <w<1land a, b, c and d real numbers.
A

We denote this type of generalized fuzzy numberé\a¢c,a,b,d;w) . When w=1, this
type of generalized fuzzy numb8r(c,a,b,d) . When L(x) and R(x) are straight line,
then;A is Trapezoidal Fuzzy Number and it is denoted by, (z,d).

3.1. Trapezoidal fuzzy number

A trapezoidal fuzzy number is defined As (a,a,,a,,a,),where all a,,a,,a;,a,are
real numbers and its membership function is givelou:
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r O for x<a
X —aq

fora; <x<a,
Az —

Ba =9 1 fora, <x <as
a4_x

foraz<x<a,
a, —az

0 forx>ay

3.2. Positive trapezoidal fuzzy number

A positive trapezoidal fuzzy number is denoted és:(ai,az,ag,a4)where all
a s>00i = 1234

Negative trapezoidal fuzzy number

A negative trapezoidal fuzzy number is denoted As(al,az,as,a4)where all

a s<0Ui = 1234.
4. Fuzzy trident distance

The distance between the two fuzzy numbers arelledde by using the new technique
called the fuzzy trident distance as follows:

Let A:(al,az,as,a4) and I:%:(bl,bz,b3,b4)then the fuzzy trident distance is given by

FdistarcAB)= (e, 0)"+(a,-5.)"+(a, b, +(a,b)] |

5. Properties on fuzzy trident distance
The following are the properties based on fuzajetnt distance:

Property 1. Let AB,C,D are trapezoidal fuzzy numbers. The fuzzy tridestatice of
A and B is given byFT,idiStart:e(A,Ié) and the fuzzy trident distance & and D is
given by FTridistance(é,If))then FTridistame(A,Ié)sFTridistame(é,b) if A<C and
B<D.

Property 2. If the trapezoidal fuzzy numbers are positive, ttrenfuzzy trident distance

Frr distarce(Aé) is positive.
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Property 3. If the trapezoidal fuzzy numbers are negative, thenfuzzy trident distance

Frr distarce(Aé) is positive.

6. Theorem on fuzzy trident distance
The theorem based on fuzzy trident distance islésAfs:

Theorem 1. The fuzzy trident distancéd=;, diS(A B) where ABare trapezoidal fuzzy
number then the following conditions hold:

(i) F, .dis(A B) = 0, for A,B>0,
(il)F, . dis(A B) = .. dis(B, A).
(iii ) F,, dis(A,B) =0 = A=B.
(iv)F,, dis(A,C) < F,, dis(A, B) + F,,dis(B,C),
whereA, B,C are trapezoid& fuzzynumbers
Proof. (i) To proveF, dis(A, é)ZO.

Let us consideb&:(ai,a2 a4 ,a4),é=(bl b, ,b;,b,) are trapezoidal fuzzy numbers.
The proof is obvious from the definition of fuzzident distance is given by

Thus for all values oﬁ&, B > 0, FTridis(A, Ié) =>0.
Hence the proof.

(ii) To prover, dis(A,B)=F, dis(B,A)

Let us considerA = (a.a,,a5,a,), B= (b,,b,,b;,b,) are trapezoidal fuzzy numbers.

Fmdis(A,é):{é[(al—bl)%(az —b,)*+(a,-by) +(a, —b4)3]%}

=H%[(b1 —a,) ? +(b,-a,) : +(b;-a,) : +(b,-a,) 3]% }

=F, . dis(B,A).

ThusF, ,dis( A B)=F,, dis(B,A)
Hence the proof.

(iii ) To proveF, . dis(A,B)=0 - A=B

Let us consider;&:(ai,a2 8, ,a4),é:(bl b, b, ,b,) are trapezoidal fuzzy numbers.
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F. . distance(A,B)=0
1
{5[(31 _bl) ° +(a2 _bz ) ° +(a3 _b3)3 +(a4 _b4)3:|}é }

= (a _b1)3 +a, _b2)3 +(a, _b3)3 +a, _b4)3=0

= (a,7b,) : =0,(a,-b,) ’ =0,(a; ;) : =0,(a,~b,) °=0
< a,—-b=0,a,-b,=0,a,-b,=0,a,-b,=0.

< a,=b ,a,=b,,a,=b;,a,=b,.

=0

<~

~ A=B
Thus F,,dis(A,B)=0~ A=B
Hence the proof.
(iv) To proveF,, dis(AC)<F,, dis(AB)+F,, dis(B,C).

Let us consider A=(a1,a2,a3,a4),é:(bl,b2,b3,b4),é=(c1,c2,c3,c4)are trapezoidal
fuzzy numbers.

Fri diStame(Aé):H%[(ai _Cl) ° +(az —C, ) ° +(613 —C; ) : +(a4 —Cy4 ) : ]% }

IA
Wik

[(@,-b,+b,-c,)* +(a, -b, +b, ~c,)*+
_(a?, —b;+b, _03)3 +(a,~b, +b,-c,) ’ -

IA
Wl

_(ai _b1)3 +(b1 _01)3 +(a2 _b2)3 +(b2 _02)3 + %
_(8.3 _b3)3 +(b3 _03)3 +(a4 _b4)3 +(b4 _C4)3

ES {_ (ai_b1)3+(az —b2)3+(613 _b3)3+(a4 _b4)3]%}

+ {% (bl _01)3 +(b2 _C2)3 +(b3 _03)3 +(b4 _(:4)3]}é }

<F..dis(AB)+F,. dis(B,C).

ThusF, . dis(AC)<F, . dis(AB)+F, . dis(B,C).
Hence the proof.

Example 1. Consider the following example:
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Let A= (02040608),B= (03050.709)andC= (0.1,020304)

(i)Toprove ., dis(A B) = 0.
Solution:

F,dis(A B) = H% [(0.2 - 03)°*+(04-05) +(06-07) +(08- 0.9)3]%}

%(—0.1587)‘ =0.05291= 0.
Hence proved.

(i )To prove F,  dis(A, B) = . dis(B, A)
Solution:
LH.S:

F.,dis(A B) = Hé [( 02-03) +(04-05)° +(06-07)’ +(08- 0.9)3]%}

= % (—0.1587)‘ = 0.0529L ..ot eee et eee e eees 0
RH.S

F,, dis(B,A) :Hi_l%[( 03-02)°+(05-04)+(0.7-06)° +(0.9-08)° ]% }

Z0.0529 L. eee et rer et eee et %)

1
~(0.158
53015879

From equations (1) and (2)
LH.S=R.H.S.

ThusF, , dis(A,B)=F,, dis(B,A).

Hence proved.

(ii) Toprove F,dis(AB) =0 = A=B.
Solutior:

Let us conside;\: (O.2,0.4,0.6,0.8),I§: (0.204,06,08)be two trapezoidal fuzzy

numbers. IfA:I:%then,
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F,,dis(AB)= {%[(0.2— 02)° +(04-04)+(06-06)" +(08-08)? | * }
=0.

ThusA=B=F., dis(A,B)=0.

Conversely, ifF; diS(A, I:%)ZOthen,

F..dis(AB)=0

%[(0.2— 02)°+(04-04)°+(06-06)°+(0.8- 0.8)3]y } =0

=

= (02-02)* +(04-04)° +(06-06)° +(08-08)’ =0

= (02-02)*=0,(04-04)’ =0,(06-06)’ =0,(08-08)* =0
= 02= 0204= 0406= 0608=08.

= A=B.

ThusF,, dis(A B)=0=>A=B.

Hence proved.

(iv) To prover,, dis(A C) < F,,dis(A B) + F,,dis(B,C).

Solution
L.H.S:
P | _ 3 _ 3 _ 3 _ 313
F,,dis(A,C) = :—3(0.2 0.1)° +(04-02) +(06- 03 + (08- 04)
= 1005 = 245%2 015472 e 3)
3 3
R.H.S
F., dis(A B)+F,,dis(B,C)

= +

{%[(0.2— 03)°+(04-05)°+(06-0.7)°+ (08- 0.9)3]% }

H%[(o.s— 0.1)°+(05-02)°+(0.7-0.3)*+ (09-04) 3]% }

=0.0529%0.2024
2025534 ..ottt eeee ettt eee et eee et eer e @)
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From equations (3) and (4)
LH.S< RH.S.

ThusF,, dis(AC)<F,, dis(A B)+F,. dis(B,C).
Hence proved.

7. Conclusion

The main aim of this paper is to introduce new prips and the theorem based on fuzzy
trident distance. The advantage of this paperrngple and easy to apply and to solve
transportation problems.
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