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Abstract

This paper forwards a new concept of fuzzy numbers with membership function in a
reverse direction called Rearward membership function. Extending the idea of Rearward fuzzy
numbers to Mutated fuzzy numbers, in particular, triangular rearward fuzzy numbers to
mutated triangular fuzzy numbers and trapezoidal rearward fuzzy numbers to mutated
trapezoidal fuzzy numbers with their graphical representations. It also explains the addition
and scalar multiplication of Rearward and Mutated Fuzzy Numbers.

1. Introduction

Lotfi. A. Zadeh was first introduced the concept of fuzzy sets. This set
theory intended to develop an idea for mathematical uncertainty and
vagueness for dealing with more problems regarding this. Fuzzy numbers are
an extension to real numbers (real intervals) with membership function.
Triangular and Trapezoidal fuzzy numbers are the most commonly used
fuzzy numbers. Fuzzy numbers are convex normalized fuzzy sets. This paper
introduces a new concept of reverse membership function called rearward
membership function. This concept is mainly deals with rearward triangular
and rearward trapezoidal fuzzy numbers. Again extend the concept of
Rearward membership function together with Membership function gives a

new fuzzy number called Mutated fuzzy number.
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2. Preliminaries

Definition 2.1 (Fuzzy Sets). Fuzzy sets are uncertain sets whose
elements have degrees of membership between 0 and 1. A fuzzy set is defined

in terms of a membership function.

Definition 2.2 (Fuzzy Numbers). A fuzzy number is a normalized convex

fuzzy set on the real line, which is upper semi continuous.

Definition 2.3 (Triangular Fuzzy Numbers). A fuzzy number is a
triangular fuzzy number denoted by (a, b, ¢), @, b, c € R if its membership

function is

0, for x < a
z—a’ fora <x<b
hae) - 18- @
my for b<x <c
0, for x > ¢

Definition 2.4 (Trapezoidal Fuzzy Numbers). A fuzzy number is a
trapezoidal fuzzy number denoted by (a, b, ¢, d), a, b, c,de R if its

membership function

0, for x < a
Y72 fora<x<b
b-a

na(x) =41, for b<x <c
d—x, forc<x <d
d-c
0, for x > d

3. Main Results

Definition 3.1 (Fuzzy sets with Rearward membership function). Fuzzy

Sets whose elements have degrees of membership function p e [-1, 0] are

called fuzzy sets with Rearward membership function. That is, a Rearward

membership function of a fuzzy set A is a function py : R — [-1, 0] The
absolute value of p, will be taken for deciding the belongingness of the

elements to A.
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Definition 3.2 (Rearward Fuzzy Numbers-RFN). A Rearward Fuzzy
Number A is a fuzzy set with Rearward membership function
ua : R — [-1, 0] having the following properties:

e Ais a convex fuzzy set
e Aisnormalized in the sense that | py(x) | =1, for at least one x € A

® L4 is plecewise continuous

Figure 3.1. Membership function and rearward membership function.

Definition 3.3 (Triangular Rearward Fuzzy Numbers -Triangular RFN).

A Rearward fuzzy number A = (a b c) is said to be Triangular Rearward

Fuzzy Number(Triangular RFN) if its rearward membership function is

0, for x < a
z:a, fora <x<b
hatw)-{0-a
, forb<x<c¢
c-b
0, for x > ¢

Figure 3.2. Graphical Representation of Triangular RFN.

Definition 3.4 (Trapezoidal Rearward Fuzzy Numbers-Trapezoidal
RFN). A Rearward Fuzzy Number A =(a b ¢ d) is said to be Trapezoidal

Rearward Fuzzy Number if its rearward membership function is
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0, for x < a
Y~ fora<x<bh
b-a

nalx)—11, for b<x <c
d—x’ forc<x <d
d-c
0, for x > d

Figure 3.3. Graphical Representation of Trapezoidal RFN.

Remarks. In Triangular Rearward Fuzzy Numbers py is first

monotonically decreasing from zero to -1 and then monotonically increasing

to zero; In trapezoidal rearward fuzzy numbers p, is first monotonically
decreasing from zero to -1 and then constantly moving horizontally in -1 up to
certain distance and then monotonically increasing to zero.

Definition 3.5 (Mutated Fuzzy Numbers-MFN). A Mutated Fuzzy
Number A is a fuzzy set having two subclasses A; and Ay with the first
subclass A; is a fuzzy number and the second subclass A, is a rearward
fuzzy number.

Definition 3.6 (Mutated Triangular Fuzzy Numbers). A Mutated
Triangular Fuzzy Number is a Mutated Fuzzy Number A =(a bc d e)
having subclasses A4; = [a, b, c] and Ay = [c, d, e] with

0, for x < a
z—a’ fora <x<b
Hg, () - c:g
, forb<x<e
c-b
0, for x =¢

and

Advances and Applications in Mathematical Sciences, Volume 21, Issue 10, August 2022



SOME ARITHMETIC OPERATIONS ON REARWARD ... 6021

0, for x = ¢

%, for c<x <d
haye) - 1€~ d

——, ford<x<e

e—d

0, for x > e

Figure 3.4. Graphical Representation Mutated Triangular Fuzzy Numbers.

Remarks. Here p,4 is first monotonically increasing from zero to 1 and
then monotonically decreasing to -1, again increasing to zero.
Definition 3.7 (Mutated Trapezoidal fuzzy numbers). A Mutated

Trapezoidal Fuzzy Number is a Mutated Fuzzy Number having
A=(abcdef g)subclasses A =]a, b, ¢, d] and with Ay =[d, e, f, g]

0, for x < a
Y79 fora<x<bh
b-a

Ha, (x) =11, for b<x <c
d—x, for c<x <d
d-c
0, for x =d
0, for x < a
x—d’ ford<x<e
d-e

g, (x) —4-1, fore<x<f
Y78 for f<x<
P f g
0, for x > g

Advances and Applications in Mathematical Sciences, Volume 21, Issue 10, August 2022



6022 K. P. DEEPA

Figure 3.5. Graphical Representation Mutated Trapezoidal Fuzzy Numbers.

Remarks. Here p 4 is first monotonically increasing from zero to 1 after

a horizontal movement in 1, then monotonically decreasing to -1, again after

a horizontal movement in -1 increasing monotonically to zero.

3.8 Addition and Scalar Multiplication of Triangular Rearward
fuzzy numbers

Addition

Let A =(a, ag, ag) and B = (b, by, b3) are two Triangular Rearward

fuzzy Numbers. Then we can define the addition

A+ B =(q +b, ag + by, ag + b3) and its rearward membership function

rayp(x) = min (na(x), pp(x))
Then pa,play +b) = Min (pa(a), np(d)) =0
rasplag +bg) = Min (na(az), npbe)) = -1
ra+plag +b3) = Min (na(ag), np(b3)) =0

Thus A+ B will also a Triangular Rearward fuzzy Number whose
membership function can be defined as
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0, for x <a; + b
x—(a1+bl) : fora1+blﬁx3a2+b2
(x) - (@ T )~ (a5 + by)
HA+B x—(a3+b3) for ao + by < x < aa + b
(a3+b3)—(a2+b2)’ 2 2 = = U3 3
0, for x > ag + by

Numerical Example

Let A=(123) and B=(456) are two Triangular Rearward fuzzy

Numbers with py (1) = pa(8) =0 and py(2)=-1 and py(4) =pa(6)=0
and py(5) = -1

Then A+B=(579)

_ x—(g+b) _B5-5 _
HaB®) = G~ (ay + B) 57
3 x—(a; +b) _T1-5
haB) = G B (e vy 57 L
B x — (ag + bg) _9-7
“’A+B(7) h (Cl3 + b3)3(023+ b2) - 7-9 =-1
 x—(az3+by) 9-9
ha-() = (ag +b3)§(a23+ by) 9-T 0
Figure 3.6.

Scalar Multiplication

Let A = (a, b, ¢) be a Triangular Rearward fuzzy Number and a is a non-

zero scalar

Advances and Applications in Mathematical Sciences, Volume 21, Issue 10, August 2022



6024 K. P. DEEPA
Now oA = (aa, ab, ac) with membership function pg4(x) = pg(x).

Thus oA = (aa, ab, ac) will also a Triangular Rearward fuzzy Number

whose membership function can be defined as

0, for x < aa
X —oa
wa=ob’ for oa < x < ab
oa — o
Mo.A(x)_ X — ac
———— for ab<x < ac
oc — ob
0, for x > ac

Numerical Example

Let A = (1 2 3) Triangular Rearward fuzzy Number with

pal)=pa(3)=0 and py(2)=-1 and py(4)=pu(6)=0 and
ny(5) = -1 and take o = 2

Then oA =(246) with p,4(2)= % =0, pga(4) = H =-1 and
6-6
Hoa(6) = 6-a- "
Figure 3.7.

3.9 Addition and Scalar Multiplication of Trapezoidal Rearward

fuzzy numbers
Addition
Let A =(q, a9, a3, ay) and B = (b, by, b3, by) are two Trapezoidal

Rearward fuzzy Numbers. Then

A+ B=(q +b, a9 +by, ag + b, ay +by) and its rearward membership
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function as
na.p(x) = Min (ug(x), pp(x))

Then py. play +b) = Min(na(ar), up(l)) = 0
naBlag +bg) = Min (na(ag), np(dp)) = -1

na.plag +bg) = Min (ug(as), np(bs)) = 0
narplag +byg) = Min (ug(ay), up(by)) =0

Thus A+ B will also a Trapezoidal Rearward fuzzy Number whose
membership function can be defined as

0, for x <ap +b;
x—(a +by)
(6111 +b)—(ag +by)’

x = (ay +by)

(ay +b4)—(az +b3)’
0, for x > a4 + by

for g +b; <x < ag+by

pag(x) = for ag + by < x < ag + by

for as +b3 SxSa4+b4

Scalar Multiplication

Let A = (aq, ag, as, a4) be a Trapezoidal Rearward fuzzy Number. and a

is a non-zero scalar.
Now aA = (aa, ab, ac, ad) with membership function pgy(x) = pg(x).

Then oA = (aa, ab, ac, ad) will also a Trapezoidal Rearward fuzzy

Number whose membership function can be defined as

0, for x < aa
XZA o ga < x < ab
aa — ab

Baalx) =1-1, for ab < x < ac
m, for ac < x < ad
ac — od
0, for x > ad

Numerical Example

Addition

Let A=(1234)and B=(6789) are two Triangular Rearward fuzzy
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Numbers with py(1) = pa(3) =0 and py(2) = -1
ha(4) = 14(6) = 0 and pa(5) = -1

Then A+ B=(791113)

a0 = ) g =75 =
)= A 2
Ha+p(9) = (ay y—ck;);)ai E—a?z bs) - fl_—lSIJ =1
aenlth) = G S T
na.p(18) = —— @y +b) _13-13 _

(a4 +b4)—(a3 +bg) a 13 -11 a

Figure 3.8.

Scalar Multiplication

Let A=(12345) be a Trapezoidal Rearward fuzzy Number. and

o = 3 is a non-zero scalar

Then oA = (3 6 8 10) is a Trapezoidal Rearward fuzzy Number.
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Figure 3.9.

3.10 Addition and Scalar Multiplication of Triangular and
Trapezoidal Mutated fuzzy numbers

Since the Mutated Triangular (and Trapezoidal) fuzzy number gives two
separation Triangular (and Trapezoidal) fuzzy number and Rearward
Triangular (and Trapezoidal) fuzzy number, they are closed under addition
and non-zero scalar multiplication.

4. Conclusion

A new concept of degrees of membership function of fuzzy numbers-
Rearward membership function-has been defined and extended this idea to
Rearward fuzzy numbers and then Mutated fuzzy numbers, in particular,
Triangular rearward fuzzy numbers, Mutated triangular fuzzy numbers,
Trapezoidal rearward fuzzy numbers and Mutated trapezoidal fuzzy numbers
with their graphical representations. Addition and scalar multiplication of
Triangular-Trapezoidal Rearward and Mutated fuzzy numbers are explained

with numerical examples.
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