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A New Method To Find Octagonal Fuzzy
Number (OFN)

P. Selvam* A.Rajkumar** and J.Sudha Easwari ***

Abstract : In this paper we define Octagonal Fuzzy Number and also arithmetic operations like addition,
subtraction, multiplication, division, inverseintegral, maximum, minimum, scalar multiplication and symmetric
image are defined with numerical examples. Thisis the alternate method to find octagonal fuzzy number with
trapezoidal shape.

Keywords : Fuzzy numbers, Triangle Fuzzy Number, Octagonal Fuzzy Number, Fuzzy Arithmetic Operations,
Alpha Cut.

1. INTRODUCTION

In 1965 fuzzy set theory wasintroduced by Lotfi.A.Zadehand it is used to assessthe graded membership
function described intheinterva [0,1]. But it isincompleteand imprecise. Interval arithmetic was developed by
Dwyer in1951. After that in 1978 D.Duboisand H.Pradedefined any of the fuzzy numbers asafuzzy subset of the
line. Afuzzy number isaquantity whosevaueispreciserather than exact asinthe casewithordinary snglevalued
numbers. Based on the membership function, fuzzy numbersare classified into triangular fuzzy number, trapezoidal
fuzzy number , interval value etc., fuzzy numbers are used to present real numbersin afuzzy environment for
analyzing fuzzinessand fuzzy data that have various application asinlinguistic, control, database syssem. The
concept of octagonal fuzzy numberswasintroducedin[1]. Inthis paper weintroduced an another method to find
octagonal fuzzy numbers for trapezoidal shape along with arithmetic operations like addition, subtraction,
multiplication, divigon, inverseintegra, maximum, minimum, scaar multiplication and symmetricimage with numerica
examples

2. PRELIMINARIESAND NOTATIONS
2.1. Definition: Fuzzy set

A fuzzy set ischaracterized by amembership function mapping the eementsof adomain, spaceor universe of
discourse X to theunit interval [0, 1].
Afuzzy set A inauniverseof discourse X isdefined asthefollowing set of pairs:
A = {(x pa(x¥)); xe X}.
Herep,: X — [0, 1] isamapping caled the degree of membership function of the fuzzy set A and p, (X) is
called the membership value of x ¢ X inthefuzzy set A. These membership gradesare often represented by real
numbersranging from[O0, 1].
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2.2 Definition : a-cut set [2][3]

Theo -cutset A, ismadeup of memberswhosemembershipisnot lessthana. A, ={xe X|u, (X) > a}
notethat o isarbitrary. Thisa. -cut setisacrisp set.

For al x, a € [0, 1] the upper a-cut of x isdenoted as x(c.) and isdefined as
{1 if x>a

=10 if x<a

and the lower a-cut of x isdenoted asx(a) and isdefined as

_xif x>«
"o if x<a
2.3. Definition(Fuzzy number)
A fuzzy set A defined on the set of real numbersR issaid to beafuzzy number if its membership function
A ——[0,1] hasthefollowing definitions

» Convexfuzzy set: Afuzzy set Aof X iscalled convex if “[A] isaconvex subset of X, v a € [0, 1]

* Normal fuzzy set: Afuzzy set A of theuniverseof discourse X iscaled anormal fuzzy set implying that
thereexistsat least onex e X suchthat p,(x) = 1.

* Alismembership function ispiecewise continuous.
» Aisdefined intherea number

2.4. Definition (Octagonal Fuzzy Numbers) [1]

A fuzzy number A is a normal octagonal fuzzy number denoted by (a,a,,3;,8,,3;,8,,a,,8;) Where
a,,8,,8;,8,,35,8,8,,8, arereal numbersand itsmembership function ., (X) isgivenby

X—&
k <x<a,
=
k a, <x<
K+ (1—K) ;‘_2 <x<a,
,—
LX) = 1 a, <x<a,
00 =
K+ (1K) ::‘aXS a, < x<
k a; <x<a,
a,— X
k a, <x<a,
B—a; ’
0 X<a,X>a,

Where O<k< 1
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Fig. 1. Graphical representation of a normal octagonal fuzzy number for k = 0.5.
3.NEW OCTAGONAL FUZZY NUMBERSOFN)
Definition 3.1

A fuzzy number A isaoctagona fuzzy number denotedby A = (a,,3,,3; &,,3;,3,,8,,3;) where
a,,8,,38, a,,8,3,,a,,3, arereal numbersand |tsmembersh|pfunct|on.

1| x—a
= & <X<d
it
11 a,
4z <x<
373 as—az] mEEs
2 1 x—a,
4= <x<
373 a4—a3] HBEXSS
1 a, <x<
R (9 = 1 xa,
1-=|— ag < X<
ey
2 1| x—a
Z_= <x<
3 3a7—a6] HBEXSH
1l a;—x
= <x<
3|a,—a, B SXS5
0 X<a ,X>a,

H(x) ,

o R [ \ R(1)
I8

0.6 : T ;
Q.(r/ R \ Qu(®)
04 ; H ]

/ i : : : \‘j
(] : : ' : ] Pu(t)
o | POL L L L LN
0 /bbb N R
a az a a, as g a; ag X

Fig. 2. Graphical representation of a normal octagonal fuzzy numbersfor x € [0, 1].
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4. OPERATIONSOF OCTAGONAL FUZZY NUMBERS
Definition 4.1.

Let A =(8,8,,3;,38,,8,3,8;,8;) and By = (b,b,,b;,b,,b;,b,,b;,b,) be their corresponding
octagonal fuzzy numbersthen

1. Addition : Ag +Bg =(a,+ b, +b,,8,+by,a, +b,,a,+ by, ag + by, a, + b, ,a, + 1)
2. Subtraction: Ag — ﬂ:(a1_b8’az_b7'as_be’a4_b5’as_b4’ae_hwa7_bz'ae_b1)
(a*bAra*bAna* b Aag*by),(a,*b,Aa,* b Aa,*b,Aa,* D),
(a* by Aa* by Aag* by Aag* by),(a,* b, Aa,* byAag* by Aag* by),
(a,* b, va,* b va* b, va*h),(a* by va* b vVa* byvag*by),
(a,*b,va,*b,va,*b,va,*b),(a*bVva*bVva*bVa*b)

3. Multiplication: Ag* Boy =

ANANE NS 612/\6‘2/\ A2 [Ban8 )5\ &)
b b,

4 Divison: A__(y_ —|\& B B BJb b b o )16, "5 "0, "

RVERVACRVE--1 B Ri-AVA: AVACAVECA | R RVA- RVA- VA

b, b b b (b b b bJib b b b

Excluding thecaseb, =0orb,=00rb,=00rb,=00rb,=00rb,=00rb,=00rb;=0
5. inverseinterval: [A- 15— |( LA L] [ 1A L] (LAL][2y2) (2,2 ,ivi]
& )& &) (& &)(& &) (& &)(ad G

Excluding thecasea1=00ra2=00ra3=00ra =0ora,=0o0rag=00ra,=00ra;=0
6. Minimum: Ao ABo=[(a,Ab).(a,Ab,),(a;Aby),...(&, AD,) (3, Al
7. Maximum: Ao VBo =[(aVvh),(a,Vh,).(a,Vh),...(a&,VDb).(a;Vh)]
5 Scalr utipicaton: o A =[5 3% % 2108 020
9. Symmetricimage: (DA = (-3,-8,,—8,—8,—&,,—8;,—8,, &)
When previous sets Ags and Bg; is defined in the positive real number ¢z*, the operations of
multiplication, divison, and inverseinterva arewrittenas,

(3) Multiplication : Ag* Bom = (8 ). (8, b,),(a* by),....(a* b,).(&" b))
&

&2 | %% G

(#) Division: AOFN(’)B‘H‘[[bS]’[by]’[m ’ ’b4]’[b3 15 Q]]
(5) Inverselinterval : [Agg]™ = [iiiiiiii]
8 & 8 8 & 8 8 &

a,

b,

Example: 4.1

Let A5 =(3,6,9,12,15,18,21,24) and B =(2,7,12,17,22,27,32,37) be two octagonal fuzzy
numbersthen

* A + By = (5,13,21,29,37,45,53,61)

¢ A — B =(-34,-26,-18,-10,-2,6,14,22)

OFN

» A" By = (6,42,108,204,330,486,672,888)



A New Method To Find Octagonal Fuzzy Number (OFN) 451

« A_. (/B = (0.0811,0.1875,0.3333,0.5455,0.8824,1.5,3.0,12.0)

* [A]™ =(0.0417,0.0476,0.0556,0.0667,0.0833,0.1111,0.1667,0.3333)
e A_.(NBgy = (2,6,9,12,15,18,21, 24)

. (V) By, = (3,7,12,17,22,27,32,37)

OFN OFN

e 3*A__. =(918,27,36,45,54,63,72)

OFN
o ~A=(-24,-21,-18,-15,-12,-9,-6,-3)
1

0.6[

0.4f

0.2

T

QC >

Fig. 3. Two OFN A and B.

Definition 4.2

A Octagonal fuzzy number QFN canaso bedefinedas OFN =R (t),Q,(u),R,(v),P,(1),Q,(u),R,(Vv),
here t €[0,0.3333],u €[0.3333,0.6666],v €[0.6666,1.0000] where

RO =312 "’1] R =z 2%
3la,-a, 3la,—a,

2 & _2_ lix—4&
Q|(U)—3+3as az] Qu(u) 3 3a aﬁ]
R(v)—§+3 aS] R(v)_l—— X= aS]

a,~a, 3la,— 3

P(t),Q,(u),R,(v) isbounded and continuousincreasing function over [0,0.3333], [0.3333,0.6666] and
[0.6666,1.0] respectively.

P(1),Q,(u),R,(v) isbounded and continuous decreasing function over [0,0.3333], [0.3333,0.6666] and
[0.6666,1.0] respectively.

Definition 4.3

The o — cut of thefuzzy set of the universe of discourse X isdefined as OFN = {x e X/ pg(x)> a} where
a<[0,]]
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[P(c),P,(2)] for o e[0.0000,0.3333)
N, = {[Q(@).Q,(w)] for «e[0.3333,0.6666)
[R,(0),R, ()] for o [0.6666,1.0000]

Definition 4.4

If P,(a) = and P, (o) = o, then o —cut operationsinterval OFN,, isobtained as
* [R(a).R ()] =[3a(a,— &) +a,30(a,—2;)+a]
Similarly we can obtain o. —cut operationinterval OFN,, for [Q (), Q,(a)] and [R,(a),R,(a)] &S
follows
* [Q(0),Q ()] =[3a(a;—a,) + 28, a;,30(8,— a;) + 2a,— & ]
* [Ri(a).R ()] =[3a(a,—a;) +38,— 23, ,3a(a,—a;) +38,— 2a; ]
Hence a.— cut of Octagonal fuzzy number
[Bo(a,— 8 )+a,,30(a,—ay) + &) for o e[0.0000,0.3333)
OFN, =1 [Ba(a,—a,)+28,—a,,30(a,—a, )+ 2a,—a;] for o <[0.3333,0.6666)
[Ba(a,—a;) +3a,—2a,,30(a,—a; ) +38,—2a,] for o €[0.6666,1.0000]
5. ANEW OPERATION FORADDITION, SUBTRACTION,MULTIPLICATION, DIVISION,

INVERSE, MAXIMUM, MINIMUM, SCALAR MULTIPLICATIONAND SYMMETRIC
IMAGE ON OCTAGONAL FUZZY NUMBER

5.1. Addition Of Two Octagonal Fuzzy Numbers
Definition 5.1.

Let Ay = (2,8,,85,8,,85,8,8,,8) and B = (b,b,,b,,b,,b;,b;,b, b)) be their corresponding

octagonal fuzzy numbersfor all a €[0,1]. Let usadd oo —cut “A and *B of Aoz and By using interval
arithmetic.

[[30((32+bz)—(ai+ b)) +(a+h), for o €[0.0000,0.3333)

3o((a7+b;) — (8+ 1)) + (8 + )]

B [[3a((ag+b3)—(a2+bz))+2(a2+bz)—(a3+b3,)
o {Bo(8s+by) — (8,4 b)) +2(a,+ by ) — (85 + 1y )]
[3a((a,+b,) —(a;+ b)) +3(a,+hb,) —2(a,+h,,)
[30c((as+bs)—(aa+b6))+3(ae+b6)—2(a5+bs)]

To verify this new operation with addition operation, we take the arithmetic example 4.1 Az =
(3,6,9,12,15,18,21,24) and B, =(2,7,12,17,22,27,32,37)

A ] for o €[0.3333,0.6666)

for o €[0.6666,1.0000]

For o €[0.0000,0.3333) “Agx = (9o +3,—9a +24)
For o €[0.3333,0.6666) “(A+B) g = (240 +5,—240. + 61)
For o €[0.6666,1.0000] “Bos = (1500 + 2,— 150+ 37)

Sincefor o, [0.0000,0.3333) , o € [0.3333,0.6666) and o, < [0.6666,1.0000] arithmetic intervals are
same (A + B) . = (24a +5,—24a 4 61) for al o €[0,]]

OFN
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0=00000 = “(A+B)=[561]
0=0.3333 = %(A+B)=[1353]
0=06666 = °(A-+B)=[2145]
0 =1.0000 = “(A-+B)=[29,37]

Hence “(A +B) = (5,13,21,29,37,45,53,61) hence all the points coincide with the addition of the two
octagonal fuzzy number.

1

when

A

==

EEALB

0.8

0.6

0.4

0.2

eﬂ >

70

Fig. 4. Addition of two OFN A and B.

Definition 5.2

Let Ay = (2,8,,85,8,,85,8,8,,8) and B = (b,b,,b,,b,,b;,b;,b, b)) be their corresponding

octagond fuzzy numbersfor &l a. €[0,1]. Let ussubtract o.— cut “Aand “B of Ao s and Bg usinginterval
arithmetic.

for a €[0.0000,0.3333)

[3a((a, +b8)—(a1+b7))+(a1—b8),]
3a((a, +b) — (8 + b)) + (8, — )]
[[&x((as +b,) —(a, + b)) +2(a, —b,) — (3, — hb,),
3a((as +b,)—(a, +1,)) +2(a; —b,) — (8, — bs)]
[[3oc((a4 + ;) — (a5 + b)) +3(a; — ) — 2(a, —by),
3a((as +b,) — (a5 +b,)) + 38 —b;) — 2(a; —b,)]

To verify this new operation with subtract operation, we take the arithmetic example 4.1
Ao =(3,6,9,12,15,18,21,24) and B, =(2,7,12,17,22,27,32,37)

A ()Bom =

] for a €[0.3333,0.6666)

] for o €[0.6666,1.0000]

For a.€[0.0000,0.3333) | “A__. = (9a+3—9a+24)
For o <[0.3333,0.6666) | “B__. = (15a+2—15a+37) | “(A—B)
For o e [0.6666,1.0000]

Sincefor o, €[0.0000,0.3333), « €[0.3333,0.6666) and o e [0.6666,1.0000] arithmetic intervals are

same “(A —B)— = (240 — 34, —24a.+ 22) foral « [0]]
when

— (240, — 34, — 240, + 22)

OFN

OFN
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o=00000 = “(A—B)=[-34,22]
0=03333 = “(A—B)=[-2614]
0=06666 = “(A—B)=[-186]

0 =1.0000 = “(A—B)=[-10—2]

Hence “(A —B) = (—34,—26,—18,—10,—2,6,14, 22) . Henceall the points coincide with the subtraction
of thetwo octagonal fuzzy number.

1 T T

0.8

0.6 o

0.4 o

0.2+ o

G .. 1 |
-40 -30 -20

Fig. 5. Subtraction of two OFN A and B.
Definition 5.3

Let Ay = (2,8,,8,,8,,8;,8,,8,,8) and B = (b,b,,b;,b,,b;,b,,b;,,k) be their corresponding
octagona fuzzy numbersfor al « €[0] . Let usmultiply oo — cut *A and “B of A_-. and B_-; usinginterva

aithmetic. o o
[[3‘*(6‘2 —a)+a,3u(a —a) 3 ] for o €[0.0000,0.3333)
[Ba(b, —y) +1y, 3a(b, —by;) +by]
A (B = [[30‘(83 T ) 20,78, %03, ~ &)+ 28, — &) J for o €[0.3333,0.6666)
[3a(b, —b,) + 2b, — by, 3au(b; —b,) + 2b, — )]

[3o.(a, —a;) + 38, —2a,, 3o(a; — ) + 38 — 2a]*
[3au(b, —by) + 30, — 20, 3au(l, — b ) + 30, — 2]

To verify this new operation with multiplication operation , we take the arithmetic example 4.1
Ao = (3,6,9,12,15,18,21,24) and B, = (2,7,12,17,22,27,32,37)

] for o €[0.6666,1.0000]

For o €[0.0000, 0.3333) “Agx = (B + 3 —90.+ 24)

For o €[0.3333,0.6666) | “Bg = (15a.+ 2,—150 4 37) “(A*B)gx =
For o e[0.6666,1.0000]

1350.% + 630, + 6,
13502 — 6930 + 888

Sincefor a €[0.0000,0.3333), a [0.3333,0.6666) and o €[0.6666,1.0000] arithmeticintervalsare
same “(A*B)o = (1350 4- 630 + 6,1350.” — 6930 +888) foral o €[0]]
when
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a=0.0000 = “(A*B)=[6,888]
a=03333 = “(A*B)=[42,672]
a=06666 = “(A*B)=[108,486]
a=10000 = “*(A*B)=[204,330]
Hence *(A * B) = (6,42,108, 204, 330, 486, 672, 888) . Hencedl the points coincidewith the multiplicetion

of thetwo octagonal fuzzy number.
1

T

0.8

0.6

0.4,

0.2]r

0 H | | 1 1 | I Il I
0 100 200 300 400 500 600 700 800 900

Fig. 6. Multiplication of two OFN A and B.

Definition 5.4

Let Ay = (2,8,,8,,8,,8;,8,,8,,8) and B = (b,b,,b;,b,,b;,b,,b,,k,) be their corresponding

octagona fuzzy numbersfor all o €[0]. Letusdivison a.— cut *A and*B of A and By usinginterval
arithmetic.

for o €[0.0000,0.3333)

lsoc(az—al)m 3@, —3,) +a
Bou(b, —by) +,  3a(b, —b)+b
Ao (DB = le’“(as —8,) 28,78, 3u(8 —a,) 28, _aﬂ for o €[0.3333,0.6666)
3ou(b; —b;) +2b, —b;  3a(b, —hb,) +2b, b,
3o.(a, —a;) +3a, — 28, 3o(a; —a,) +3a; — 28
Bou(b, —b;) +30; — 20, 3au(b, —by) 430, — 2D,
To verify this new operation with division operation , we take the arithmetic example 4.1
Ao = (3,6,9,12,15,18,21,24) and B, = (2,7,12,17,22,27,32,37)

for o €[0.6666,1.0000]

90+3 —9a+24
—1500+ 37" 1500+ 2

OFN

For 0. €[0.0000,0.3333) | “Ag s = (9a+3—9a+ 24) ”
For 0. €[0.3333,0.6666) | “Bgs = (150 +2,—150 +37) “B__. -
For o €[0.6666,1.0000]

Sincefor o €[0.0000,0.3333), a €[0.3333,0.6666) and o €[0.6666,1.0000] arithmeticintervalsare

A 90+3 —90+24
same — 2 = : for all 1
B | 150437 15042 | Ol <Ol

OFN
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when

0=00000 = “(A/B)=[0.08116,12.0]
0=0.3333 = “(A/B)=[0.1875,3.000]
0=06666 = “(A/B)=[0.3333,1.500]
0 =1.0000 = “(A/B)=[0.5455,0.8824]

Hence *(A /B) = (0.0811,0.1875,0.3333,0.5455,0.8824,1.5,3.0,12.0) . Hence all the points coincide
with thedivison of thetwo octagona fuzzy number.

1 g | T T T
': \ _— g
e
o B
0.8/ 4 LLLIY):
"g
LA ]
]
L !
0.6p .
" s
L
[ )
.
| ]
04 . _
L]
*
0.2 _
‘.
[
[ ]
0 ] L4, ] ] ] | ]
0 5 10 15 20 25 30 35 40

Fig. 7. Division of two OFN A and B.
Definition 5.5

Let A = (a,8,,a,,8,,8,8,,3,,3) thecorresponding octagonal fuzzy numbersfor all o €[0,]] . Let
usinverse o — cut *A of Ag interval arithmetic.

1 , 1 for o €[0.0000,0.3333)
3o(a, —8) +8 3u(a,—a)+a
Al = L : 1 for o €[0.3333,0.6666)
3ou(8s — &) +28; —a, 3o(a;—a,) +28, —a
1 1

, for o €[0.6666,1.0000]
308 —8) +38; — 28, 3oua, —a;) + 33, — 29,

To verify this new operation with inverse operation , we take the arithmetic example 4.1
Ao = (3,6,9,12,15,18,21,24)

‘(1 1
For o [0.0000,0.3333) [am]_Qa 3 QAo L)1 1
For o €[0.3333,0.6666) — OFN a, a,] |9 +24"9u+3
For o [0.6666,1.0000] 1 Wheren=1,2,3,4and m=8,7,6,5
a,] —9%+24

Sincefor o €[0.0000,0.3333), o [0.3333,0.6666) and o < [0.6666,1.0000] arithmetic intervalsare

same “[Ag] ' = EEa L L ]forall [0.1]
OFN a’'a ] (—9x+24"9a+3 =B
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when

(11

0=00000 = |—,=|=[0.0417,0.3333]
& q
(1 1

0=03333 = |—,—|=[0.0476,0.1667]
a;, q,
(1 1

o0=06666 = |—,—|=[0.0556,0.1111]
& a4
‘(1 1

0 =10000 = |—,—|=[0.0667,0.0833
a a,

Hence “[A__.]"* = (0.0417,0.0476,0.0556,0.0667,0.0833,0.1111,0.1667,0.3333) . Henceall the points

OFN
coincide withtheinverse of aoctagona fuzzy number.

1 T T T T T T

0.8f

0.6

0.4

0.2

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Fig. 8. Inverseinterval of OFN A.

Definition 5.6

Let Aoy = (a1,8,,8;,8,,8,85,8;,8;) and Bgg = (by,b,, by, by, b, b5, b;, 1) be their corresponding

octagond fuzzy numbersfor al o €[0,1] . Let usminimum o.— cut °A and*B of Ags and Bo; usnginterval
arithmetic.

for o €[0.0000,0.3333)

(3a(a2—a1)+a1)A(3a(bz—bl)+bl),]

(30.(87 — &) +a5) A (3o, —1) + 1)

_ [(3a(ag—a2)+2az—as)A(Sa(b3—b2)+2bz—b3),] or

(30(8 —ay) + 28, — ;) A (3a(by —b,) + 20, —by),
[(3a(a4—as)+3as—234)/\(3a(b4—b3)+3bg,—2b4)] for
(3o(8; — &) +38; —2a5) A (3ou(by — ;) + 30, — 21

To verify this new operation with minimum operation , we take the arithmetic example 4.1
Ao =(3,6,9,12,15,18,21,24) and B, =(2,7,12,17,22,27,32,37)

For 0. €[0.0000,0.3333) | “A s = (9a+3—9+ 24)

For 0.€[0.3333,0.6666) | “Bgs = (1500 +2,—15a +37) | min®(A,B) =
For o €[0.6666,1.0000]

min®(AgBsy)

o €[0.3333,0.6666)

o €[0.6666,1.0000]

(9a.+ 3) A (150 + 2),
(—9a + 24) vV (— 150+ 37)
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Sincefor o €[0.0000,0.3333), a €[0.3333,0.6666) and o €[0.6666,1.0000] arithmeticintervalsare
same min“(A, B) = ((9a. + 3) A (150, + 2), (—9a + 24) VV (— 150 +- 37)) forall « €[0/]]
when

@=00000 = min"(A,B)=[224]
a=03333 = min“(AB)=[62]
a=06666 = min”(A,B)=[9,18]
@=10000 = min“(A,B)=[1215]

Hence min“(A,B) = (2,6,9,12,15,18, 21, 24) henceall the points coincidewith the minimum of thetwo
octagonal fuzzy number.
1

T

A
L_____):]
B B E)\[in(AB)

0.8

0.6

0.4

0.2

40

Fig. 9. Minimum of two OFN A and B.

Definition 5.7

Let A =(a,8,,8;,8,,8,8;,3,,8) and By = (b,b,,b,b,,b;,b;,b,,k) be their corresponding

octagond fuzzy numbersfor al & €[0,]] . Letusmaximum o.— cut *A and *B of A and B usingintervel
arithmetic.

[(3a(a2 —a)+a)V (3, —b)+b), for o €[0.0000,0.3333)

(3@, —ay) + ) v (3a(b, —)) +1y)
max (A, B) — [(3oc(a3—a2)+2a2—a3)V(3oc(b3—b2)+2bz—bg),

(30(ag — ;) +2a, —a5) V (3au(by —by) +2b, —by),
(30, —a,) +3a, — 2a,) V (3au(b, — b,) + 3b, — 2b,)

(3au(as — 8;) +3a; —2a;) V (3ou(b, —by) +-3b; — 20,)
To verify this new operation with maximum operation , we take the arithmetic example 4.1
Ao = (3,6,9,12,15,18,21,24) and B =(2,7,12,17,22,27,32,37)

For o €[0.0000,0.3333) | “Ao; = (9o + 3,—9a + 24)

For o €[0.3333,0.6666) | “Bo = (150 +2,—150. +37) | Max"“(A,B) =
For o €[0.6666,1.0000]

] for o €[0.3333,0.6666)

] for o €[0.6666,1.0000]

(9o +3) V (15a + 2),
(—9a + 24) v (— 150 + 37)
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Sincefor o €[0.0000,0.3333), a €[0.3333,0.6666) and o €[0.6666,1.0000] arithmeticintervalsare

same max *(A,B) = ((9a. +3) VV (15a + 2), (—9a. + 24) V (—150. + 37)) foral « €[0/]]
when

@=00000 = max"(A,B)=[337]
0=03333 = max"(A,B)=[7,32]
a=06666 = max"(A,B)=[12,27]
0=1.0000 = max"(A,B)=[17,22]

Hence max *(A, B) = (3,7,12,17, 22, 27,32, 37) henceall the points coincidewith the maximum of thetwo
octagonal fuzzy number.

1

Qe . T T I
\.0 ’o’ — A
.0 0‘. B
0.8+ % ==e)Max(A.B)
.0
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*
*
.O
0.6 ., -
*
*
*
*
.0
0.4 ., .
*
*
*
*
.0
0.2 [ .‘ —
*
*
*
*
*
0 | I | | L =
0 5 10 15 20 25 30 35 40
Fig. 10. Maximum of two OFN A and B.
Definition 5.8

Let A = (a,9,,3;,3,,85,3,,8,,3;) thecorresponding octagona fuzzy numbersfor al « €[0]]. Let
usscalar multiplication o— cut “A of A interval arithmetic.

[c* (3o(d, —a) +a) Ac* (3u(a, —ag)+ag),]
c*(3a(a, —a,)+a)Vve* (3u(a;, —a;)+3;)
[c* (3ou(a; —a,) +2a, — ;) Ac* (3a(as —a,) + 28, — &),
c* (Bo(a; —a,) +2a, —a;) vV e* (3o(a — ;) + 28, — &)
[c* (3a(a, —ay) +3a; — 2a,) A c* (3a(8s — 8,) + 33 — 28),
c* (3o, —a,) + 33, — 2,) V * (3a(a, —a;) + 38, — 2a)
To verify this new operation with scalar multiplication operation , we take the arithmetic example 4.1
A =(3,6,9,12,15,18,21,24)

for o €[0.0000,0.3333)

C*A_ = ] for o €[0.3333,0.6666)

] for a €[0.6666,1.0000]

For o €[0.0000,0.3333)
For 0.[0.3333,0.6666) | “A_. —(90+3—9u+24) | Cc*“(A)= [
For o € [0.6666,1.0000]

c* (9o +3) Ac* (—9a + 24),
c*(%a+3)VvVe* (—9a+ 24)
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Sincefor o €[0.0000,0.3333), a €[0.3333,0.6666) and o €[0.6666,1.0000] arithmeticintervalsare
same sm*(A) = (c* (9o +3) A c* (—9a + 24),c* (9o + 3) V (—9a. + 24)) forall o e[0]andc=3
when

a=00000 = 3*"(A)=[9,72
0=0.3333 = 3*“(A)=[18,63]
a=06666 = 3*°(A)=[27,54]
a=10000 = 3*“(A)=[36,45]

Hence sm“(A) = (9,18, 27,36, 45,54, 63, 72) . Hence all the points coincide with the scalar multiplication
of theaoctagonal fuzzy number.
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" I | | ] ] l e
0
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Fig. 11. Scalar Multiplication of OFN A.
Definition 5.9

Let A = (a,8,,a;,8,,8,8,,3,,3) thecorresponding octagonal fuzzy numbersfor all o €[0,]] . Let
ussymmetricimage o.— cut *A of A_—. interval arithmetic.

OFN
[—(Ba(a, —ag) +3;),—(3a(a, —a,) +a)] for o €[0.0000,0.3333)
(DA =1 [-Colag —ay) + 28, —3;), —(3o(a; —a,) +2a,—3;)]  for a €[0.3333,0.6666)
[—(Ba(as —a;) +3a, — 2a.),—(3a(a, — a,) + 33, —2a,)] for o €[0.6666,1.0000]
To verify this new operation with symmetric image operation, we take the arithmetic example 4.1
Ao = (3,6,9,12,15,18,21,24)

For o €[0.0000,0.3333)
For o €[0.3333,0.6666) “Agx = (O + 3 —90.+ 24) () “(A)s; = (o — 24, -9 — 3)
For o €[0.6666,1.0000]

Sincefor o €[0.0000,0.3333), a €[0.3333,0.6666) and o €[0.6666,1.0000] arithmeticintervalsare
same (—)“(A) = (9o — 24,—9a.—3) fordl a €[0]]
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when
a=0.0000 = (-)*(A)=[-24,-3]
a=03333 = (-)“(A)=[-21-6]
a=06666 = (—)*(A)=[-18—-9]

oa=210000 = (-)*(A)=[-15-12]
Hence (—)“(A) =[—24,—21,—-18,—15,—12,—-9,—6,—3] . Henced| the pointscoincidewith the symmetric
image theaoctagona fuzzy number.
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Fig. 12. Symmetri Image of OFN A.

6. CONCLUSION

Inthis article, the another method has been introduced by the Octagonal Fuzzy Number with arithmetic
operations. Using these operations, we solved few examples. Octagonal Fuzzy Number can be applied to that

problemwhichhaseight pointsin representation. Infuture, it may be applied inmany operations research problems,
which haseight arithmetic and linguistic variables.
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