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Abstract- Fuzzy numbers and their fuzzy operations are the basis of fuzzy number theory. Fuzzy arithmetic is a system of
fuzzy operations on fuzzy numbers. The operations in the set of fuzzy numbers are developed by the Zadeh extension
principle. In this paper, the a-cut of octagonal fuzzy number is defined and rudimentary operations are carried out using
interim arithmetic of a-cut and embellished by numerical examples.
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1. INTRODUCTION

In 1965, Lotfi Aliaskar Zadeh published his innovating
paper “Fuzzy Set” in the journal of Information and
Control [1]. Since then, Lotfi Aliaskar Zadeh was
consider as the founder and father of fuzzy set theory and
fuzzy logic. Fuzzy set has been infiltrating into almost all
branches of pure and applied mathematics that are
set-theory-based. This has resulted in a vast number of
real applications crossing over a broad realm of domains
and disciplines.

Over the years, many of the existing approaches
dealing with imprecision and uncertainty are based on the
theory of fuzzy sets [1] and possibility theory [2]. Fuzzy
is a new mathematical tool introduced in 1965 to handle
data and information having non-statistical uncertainties.
Fuzzy was particularly intended to mathematically
represent uncertainty and vagueness. Fuzzy numbers and
their fuzzy operations are foundations of fuzzy number
theory. Fuzzy numbers are initially employed by Lotfi
Aliaskar Zadeh [2]. Fuzzy arithmetic is built on two
properties of fuzzy numbers that is each fuzzy set and
also each fuzzy numbers can be totally manipulated by its
a-cut and «a-cut of each fuzzy number are closed
intervals of real numbers for all « € [0,1]. There are two
methods for expanding fuzzy arithmetic. First method is
interim arithmetic and the other method manipulates the
extension principle by which operations on real number
are extended to operations on fuzzy numbers. In this
paper, some operations were done using fuzzy numbers.
We also define some of the basic arithmetic operations of
octagonal fuzzy number using arithmetic interim of
a-cut and is embellished by numerical examples.

2. PRELIMINARIES

In this section, we give the preliminaries that are required
for this study.

Definition 2.1. [1] A fuzzy set A is defined by A =
{Oc, ua(x)):x € A, uy(x) € [0,1]3. Here x is crisp set A
and p,(x) is membership function in the interval [0,1].

Definition 2.2. [3] The fuzzy number A is a fuzzy set
whose membership function must satisfy the following
conditions.

() A fuzzy set A of the universe of discourse X is
convex

(i) A fuzzy set A of the universe of discourse X is a
normal fuzzy set if x; € X exists

(iii) p,(x) is piecewise continuous

Definition 2.3. [4] A fuzzy number A = (a, b, c), where
a<b<c, is triangular fuzzy number and its
membership function is given by

X—a
E,fora <x<b
Ua(x) = E,forb <x<c
0,x>c
Definition 2.4 [5] A fuzzy number A = (a,b,c,d),

where a < b < ¢ < d, is trapezoidal fuzzy number and
its membership function is given by
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(0 forx <a

|x_a fora<x<bh
Ua(x) —41,forb$x£c

|%,forc£x$d

0,x>d

Definition 2.5. An a-cut of fuzzy set A is classical set
defined as “[A] = {x € X|us(x) = a}

Definition 2.6. A fuzzy set A is a convex fuzzy set iff
each of its a-cut *A is a convex set.

3. OCTAGONAL FUZZY NUMBER

A fuzzy number A, = (a,b,c,d, e f,g,h), where
a<b<c<d<e<f<g<h,iscalled an octagonal
fuzzy number and its membership function is given by
(where 0 < k < 1)

0,forx<a

k(x_a),for a<x<b
b—a - T

k,forb<x<c

X—C
k+ (1=K (=) for c<x<d
1l,ford<x<e

k+(1—k)<;_

k,for f<x<g

k(h—x) <x<h
h=g Jfor g<x<

0,for x>h

pa(x) =
)for es<x<f

3.1. Rudimentary operations on octagonal fuzzy number
3.1.1. Addition of two octagonal fuzzy number

Let A=(ab,cdef,gh) and B =
(a1, by,cq,dq, €1, f1,91,0) be two octagonal fuzzy

numbers, then A+ B =[(a+ay),(b+by), (c+
), (d +dy), (e +e), (f + f1), (g + 91), (R + hy)]

Example 3.1.1. :

Let A=(123568911) and B=
(1,3,4,5,6,7,8,10) then A + B = [2,5,7,10,12,15,17,21]

3.1.2. Subtraction of two octagonal fuzzy number

Let A= (ab,cdef,gh) and B =
(aq,b1,¢q,dq,€1, f1,91,h1) be two octagonal fuzzy
numbers, then A—B=[(a—a;),(b—b)), (c—
1), (d —dy), (e —e1), (f = f1), (g — 1), (h — hy)]

Example 3.1.2.:

Let A=(137911,121314) and B=
(0,1,2,3,4,7,8,10) then A — B = [1,2,5,6,7,5,5,4]

3.1.3. Multiplication of two octagonal fuzzy number

Let A= (ab,cdef,gh) and B =
(ay,b1,¢q,dq, €1, f1,91,h1) be two octagonal fuzzy
numbers, then A* B =[(a*a;),(b *xb;), (c*c1),(d *
dq), (e x e1),(f * f1), (g * g1), (h * hy)]

Example 3.1.3.:

Let A=(01234567) and B=
(1,2,3,4,5,6,7,8) then A * B = [0,2,6,12,20,30,42,56]

4. ALPHA CUT

Definition 4.1. For a € [0,1], the a-cut of an octagonal
fuzzy number A = (a, b,c,d, e, f, g, h) is defined as

lf a+ (—)(b a), h= Q-9

OT‘O.’ E
oct

|C+( )(d e f - ( )(f e)
kforae kl

4.1. Operations of octagonal fuzzy number using a-cut

The a -cut of octagonal fuzzy number A =
(a: b; c, d’ e;f;g; h) and B = (alﬁ bl! Cll dllellfl’gl' hl)
forall @ € [0,1] when k = 1/2 is given by

for a€]0,0.5]
[c+ @2a—-1)(d—rc),
\f - @a—1D)(f -e)]

{[a +2a(b—a),h—2a(h— g)],
oct

for a €[0.51]

[as + 2a(by — a1), hy — 2a(hy — g1)],
for «a€[0,0.5]

[ci+ Ra—-1D(d1—¢1)fi—(Qa—-1)

(fi—e)], for a€[0.51]

a —
BOCt -
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4.1.1. Addition of two octagonal fuzzy number

Let A= (ab,cdef,gh) ad B=
(aq,b1,¢q,dq, €4, f1,91,h1) be two octagonal fuzzy
numbers. Let us add the a-cut of *[A,c:]+%[Boc:] Of A
and B using interim arithmetic.

[a+2a(b—a),h—2a(h— g)]
+[a; + 2a(by — ay),

hy = 2a(hy — g1)],

for a€[0,0.5]
*[Apce]+[Boce]l = { [c + (2a = 1)(d —©),
f—Qa-1)(f-e)]

+[c; + Ca—1)(dy — 1),
fi—Qa—-1)(fi—e)l

for a€[0.51]

Example 4.1.1.:

Let A=(123568911) and B=
(1,3,4,5,6,7,8,10). For a €[0,0.5], we ha *[A,.] =
[1+2a(2-1),11-2a(11-9)] = [1 + 2a,11 — 4a]
and [Boee]l = [1+ 2a(3 —1),10 — 2a(10 - 8)] =
[14+4a,10 —4a]. Therefore, *[Ayce]+%[Boct] = [2 +
6,21 — 8a] Moreover, when a=0
MApet]+%[Boce]l = [2,21] and  when a =05 ,
[Agce] +*[Boce] = [5,17]

For a €[0.51], we have *[A,.]=[3+
Qa—-1)28-Qa—1)2]=[1+4a,10—4a]  and
%[Boee]l = [4+ 2a — 11,7 — 2a—1)1] = [3 +
2a,8 — 2a] Therefore,  *[Aoct]+*[Boce]l = [4 +
6a,18 — 6a] Moreover, when a=05 |,
[Aoce]+*[Boce]l =[7,15] and  when a=1
“[Aoce]+%[Boce] = [10,12] . Here  *[Ape]+%[Boct] =
[2,5,7,10,12,15,17,21].

4.1.2. Subtraction of two octagonal fuzzy number

Let A= (a,b,c,d,e f,gh) and B =
(aq,b1,¢q,dq, €4, f1,91,h1) be two octagonal fuzzy
numbers. Let us subtract the a-cut of *[A,c:]—%[Boct]
of A and B using interim arithmetic.

[a+2a(b—a),h—2a(h—g)]
—[a; + 2a(b, — a,),
hy —2a(hy — g4)],

for a€[0,0.5]
[Aoct] =" [Boct] = { [c + (2a — 1)(d — ¢),
f—Qa-1(f —e)]
—[c1 + 2a = 1)(dy —c1),
fi— Qa—-1)(fi—e)]

for a € [0.51]

Example 4.1.2. :

Let A=(13,7911,12,13,14) and B =
(0,1,2,3,4,7,8,10). For a € [0,0.5], we have “[A,.] =
[1+2a(3—1),14 —2a(14—13)] = [1 + 4a,14 —
2a]  and  ¥[Bye] = [0+ 2a(1 —0),10 — 2a(10 —
8)] = [2a,10 — 4a] . Therefore, “[A,c:]—%[Boct] =
[1+2a,4+ 2a] Moreover, when a=0+6 |,
“[Aoee]=%[Boct] = [1,4] and  when a =05 |,
“[Aoce]=*[Boce] = [2,5].

For a€[0.51], we have “%[A,.]=1[7+
QRa-1)212-2a-1)1]=[5+4a,13—-2a] and
Boeel =2+ 2a—1)1,7- Ra—-1)3]=[1+
2a,10 — 6a] Therefore,  *[Ayce]—%[Boct] = [4 +
2a,3 + 4a Moreover, when a=05 |,
“[Aoct]=%[Boct] = [5,5] and  when a=1
a[Aoct]_a[Boct] = [6'7] . Here a[Aoct]_a[Boct]
[1,2,5,6,7,5,5,4].

4.1.3. Multiplication of two octagonal fuzzy number

Let A= (ab,cdef,gh) and B =
(a1, by, cq,dq, €1, f1,91,h1) be two octagonal fuzzy
numbers. Let us multiply the a-cut of *[A,c:] *® [Boctl
of A and B using interim arithmetic.

[a+2a(b—a),h—2a(h—g)]
*[ay + 2a(by; — ay),
hy = 2a(hy — g1)],
for a€[0,0.5]
a[Aoct] 4 [Boct] = [C +(2a-1d-0),
f—Qa-1)(f—-e)]
*[ep + Qa—1)(dy — 1),
fi— Qa—-1(f1—e)l
for a€[0.51]

Example 4.1.3. :

Let A=(01234567) and B=
(1,2,3,4,5,6,7,8). For a €[0,0.5], we have “[A,.] =
[0+ 2a(1—-0),7—2a(7—6)] = [2a,7 — 2a] and
*[Boetl =[1+2a(2-1)8—2a(8-7)]=[1+
2a,8 —2a] . Therefore, %[Aycc] ** [Boct] = [4a? +
2a,56 — 30a + 4a?] Moreover, when a=0 |,
“[Apct] ** [Boce] = [0,56] and  when a =05 ,
“[Aoce] ** [Boce] = [2,42].

For @« €[0.51], we have “[A,.]=1[2+
Qa-1)B-2)5-Ra—-1)(5-4)]=[1+2a,6—
2a¢] and  ¥[Bye] =[3+ Ra—-1)(4—-3),6 — (2a —
D(6-5]=[2+2a7—-2a] Therefore,
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Agce] ** [Boct] = [4a? + 6a + 2,4a? — 26a + 42]
Moreover, when a = 0.5, *[Ayc:] ** [Boct] = [6,30]
and when a =1, “[A,.]** [Boce] =[12,20]. Here
%[Apee] ¥ [Boce] = [0,2,6,12,20,30,42,56].

5. CONCLUSION

In this paper, the rudimentary operations are carried out
with arithmetic interim of a-cuts and are embellished by
numerical examples. Octagonal fuzzy number can be
applied to that problem which has eight points in
representation. In future it may be applied in optimization
technique problems.

REFERENCES

[1] Zadeh, L.A. (1965): Fuzzy sets, Information and
Control, 8(3), pp. 338-353.

[2] Zadeh, L.A. (1978): Fuzzy sets as a basis for a theory
of possibility, Fuzzy Sets and Systems , 1(1), pp.
3-28.

[3] Hass. Michel, H (2009): Apllied fuzzy arithmetic,
Springer international editor, ISBN
978-81-8489-300.

[4] Stephen, D.D. and Latha, K (2013): Some types of
types-2 triangular fuzzy matrices, International
njournal of pure and applied mathematics, 82(1), pp.
21-32.

[5] A. Bansal, Trapezoidal fuzzy numbers (a,b,c,d),
Arithmetic  behaviour international journal of
physical and mathematical sciences, ISSN:
2010-1791.

1323



