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ABSTRACT

Fuzzy sets have been introduced by Lotfi.A.Zadeh(1965)[16] and
Dieter Klaua(1965)[7]. Fuzzy set theory permits the gradual assessment of
the membership of elements in a set which is described in the interval [0, 1].
It can be used in a wide range of domains where information is incomplete
and imprecise. Interval arithmetic was first suggested by Dwyer[7] in
1951,by means of Zadeh’s extension principle[15,16], the usual Arithmetic
operations on real numbers can be extended to the ones defined on Fuzzy
numbers. D.Dubois and H.Prade[3] in 1978 has defined any of the fuzzy
numbers as a fuzzy subset of the real line[4,5,6,8]. A fuzzy number is a
quantity whose values are imprecise, rather than exact as is the case with
single-valued numbers. Among the various shapes of fuzzy numbers,
Triangular fuzzy number and Trapezoidal fuzzy number are the most
commonly used membership function(Dubois and
Prade[3],1980,Zimmermann[17], 1996) In this paper a new operation of
Decagonal fuzzy numbers has been introduced with its basic membership
function followed by the properties of its arithmetic operations of fuzzy
numbers[1,2,3,9,13]. In few cases Triangular or Trapezoidal is not applicable
to solve the problem if it has ten different points; hence we make use of this

new operation of Decagonal fuzzy number to solve in such cases.

Key words : Fuzzy number, Addition, Subtraction, Multiplication and division

149


http://www.ijiset.com/

IJISI71;
O IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015.

WWW.ijiset.com
ISSN 2348 — 7968

HEXAGONAL FUZZY NUMBERS
A fuzzy number A, is a hexagonal fuzzy number denoted by A,

(a1, a,, as, as4, as, ag) Where a;, a,, as, as, as, ag are real numbers and its

membership function p N (x) is given below.

[ 0 forx <a;
T
W@
<x <
2 a,@a, fora;<x<a,
T
WoW i@
<x <
2+2 a,@a, fora, <x<a,
p%(x) = < 1 foraz<x<ay
T
WO
<x <
1@2 2, @a, foras, <x<as
T
WA
<x <
2 a @a, foras <x <ag
\ 0 for x> ag

A N\

- - E

Figure 1 Graphical representation of a normal hexagonal fuzzy number for  x €[0, 1]
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Decagonal fuzzy number :
A fuzzy number A is a decagonal fuzzy number denoted by A,
(a1, az, a3, a4, s e, A7, Ag, dg, A10) WhEre ay, ay, as, as, as ae, A7, dg, dg, 10

are real numbers and its membership function p N X~ given below.

W K@

<x <
4 a,@a, U =X=a;
W4 @ e
2>X>as
4 4 a,@a,
W, W @R e
3>X> a4
2 4 a, @a,
R e
4>=X=>4as
4 4 a,@a,
M%D Xu= 1 ds <X <ag
T
W AT
<x <
1@4 3.7@8.6 dg =X =< ay
N e
7>X>4ag
4= 4 a;@a,
W N e
8§ =>X>4ag
24 a,@a,
T @ rg
i dg <X <aj
4 a,@a,
\ 0 Otherwise
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Fig — 2 Graphical representation of a normal decagonal fuzzy number for
x € [0, 1]

ALPHA CUT :
The classical set A, called alpha cut set is the set of elements whose
degree of membership is the set of elements whose degree of membership in

A = (ay, az, s, a4, 8s ag, a7, g, dg, a10) 1S NO less than o it is defined as,

~

A, = X2 X/u o xaz o
D, = (Pi(a), P, (o) for «a € [0,0.25)
Q1 (o), Q2 (o) for o € [0.25,0.5)

A

R; (o), R, (o) for o €[0.5,0.75)
S: (o), S, (o) for o e[0.75,1)

o Cut Operations
If the crisp interval by o cut operations interval A, shall be obtained
as follows for all o € [0, 1].

Consider Py (x) = a,
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W@

(i) a@ = °
" M@
a, @al =4q

X—a; =4 (az—al)
X=4a(a,—a;)+a;
(lE) P1 (OL) =4 (3.2 - al) +a;

Similarly from P, (X) = o,

W am@T

9 4 2@, ~“
T
mr
a'10 @ag
dip — X = 4o (10 — ao)
X = 4o (a10 — ag) —aig
X = - 4o (a0 — ag) + a1o
(lE) P2 (OL) = -4 (a]_o - ag) + aqo
This implies
[P1(a), P2 (a)] = [4a(a,—a;)+ag, -4 a(an—ag) + a]
Consider Q; (X) = a,
(i.e)
¥ ¥ "o
a T
W o i
4 a,@a, - ¢ @4
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1 40@!
= 40
a,@a,
(x-a2) = (4a-1) (a3 —ay)
(X'ag) = 4 o (3.3) -4 q (3.2) —az ta

= 4o(@—az)—asg+a

X = 40((3.3-3.2)-3.3"‘3.2"‘32
X = 40((8.3-3.2)-8.3"‘23.2
X = 40((&3—&2)—23.2—3.3
Q1 ()= 4o (a3—az) +2a;—as
Similarly from
Q:(¥)= «
W B
(i.€) 2 @4 a, @ay - ¢
¥. i K
@) o @9
@ a, @a, N OL@Z 4
-(X—ag) = (4o - 2) (a9 — as)
- X + ag = (4o0-2) (as —as)
- X = 4(1(3.9)—4(1(3.8)—239+238—ag
- X = 40((3.9—3.8)—2ag+ag
X = -40((ag—a8)+23.9—ag
(i.e) Q2 (o) = -4 o (ag — ag) + 2a9 — ag
This implies

[Q:1 (o), Q2 ()] [4 o (a3 — a2)-a3 + 28, -4a (A —ag)+2a9 —
ag]
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Consider R (X) = o
¥ K. it
(i.e) 5T 4 2, @a, =a
a T
W o
4 a,@° - “@
R @¥ 4
a, @a, 2
B, 7
a, @a,
(X - a3) = (4o - 2) (a4 — @3)
(X - 3.3) = 4 @ (8.4) —4q (3.3) - 23.4 + 2&3
X = 4q, (a4 — ag) - 23.4 + 233 + aj
X = do, (a4 - ag) —2a4 + 383
X = 4a, (a4 - a3) + 3a3 — 2a4.
(i.e) Ry (o) = 4o (a4 —a3) + 3a3 — 2a,
Similarly from,
R, (X) = o
N N i
(i.€) 4 @4 a;@a, “
a 1
i R %
@4 a;@a, “ @4
@ a, @a, - @4 4
“w 5
‘m@m@: 4o @3
@ 2, @, @
-(x-a7) = (4o - 3) (ag — a7)
- (X - 3.7) = 4q, (3.8) -4 (3.7) - 33.8 + 3&7
-X+ay = 4o, (38—37)—338"'337
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-X = 4o, (ag—a7)—388+3a7—a7
X = - 4o (ag —a7) + 3ag — 2ay
X = - 4o (3.8 - a7) —2a; + 333
(|€) R2 (OL) = - 4o (3.8 - a7) - 23.7 + 338
This implies
[Rl, (OL), R2 (OL)] = [40( (3.4 - ag) + 3&3 - 23.4,
- 4o (3.8 - a7) —-2a; + Bag]
Consider,
Sl (X) = o
% )
(i.e) 4t 2. @a, =0
R
4 a,@a, “ @4
e R
a; @a, - ¢ @4 4
i a
2, @a, = 4o @3
X—ay = (40( - 3) (&5 - a4)
X—ay = 4q, (3.5) -4q (a4) - 3&5 + 33.4
X—ay = do, (a5 - a4) —3as5 + 3a4
X = 4o, (a5 - a4) - 33.5 + 33.4 + ay
X = 4a, (a5 - a4) - 33.5 + 43.4
(Ie) S (OL) = 4 o (3.5 - 3.4) + 4a, — 3as
Similarly from,
S (X) =
. I B
(i.e) 1@4 2@’ o
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@éllﬁ‘a7 @a, =0 @1
@‘T%ﬁa‘i@: o @14
-(x-as) = (4o - 4) (a7 — a)
-(X—as) = (40)(a7) - 4o (as) —4a7 + 4ae
-X + 3 = 4a (a7 — ag) — 4a; + 4ag
-X = 40 (a;—ap)—4a; +4as—as
- X = 4o (a7 —ag) — 4a; + 3a;
X = - 4o (a7 —ag) + 4a7 — 3a,
(i.e) S, (o) = - 4o (a7 —ag) + 4a; — 3a,
This implies
[Si (), Sz ()] = [4a (a5 — a4) + 424 — 3as,
- 4o (a7 —ag) + 4a; — 3ag]
Hence

[ [4a. (a, —a;) +ag, - do(az — ag) + age] for a € [0, 0.25)
[4a. (a3 —ap) + 28, — a3, - 4a (a9 — ag) + 289 — ag|

for a€[0.25, 0.5)
A, = < [4o (as — a3) + 3a3 — 234, - 4o (ag — a7) + 3ag — 2a7]

for o € [0.5, 0.75)
[4a (a5 —a,) + 4a4 — 3as, -4a (a7 — ag) + 4a7 — 3ag]

for a € [0.75, 1]

Operations of decagonal fuzzy numbers : [1, 2, 3, 4]
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Following are the three operations that can be performed on decagonal

fuzzy numbers. Suppose

Let A, = (a1, @z, a3, a4, as e, a7, A, A9, A10)
and By, = (by, by, bs, by, bs be, by, bg, bg, b1o)
Addition :
A, (#)Bp = (ar+by, a2+ by, as+ bz, a4+ by, as + bs, ag + b, a7 +

b,

ag + bg, ag + by, a10 + byp).

Subtraction :
A, (B, = (@1 - by, a2- b2, az- b3, as- by, a5~ bs, ag - be, a7 -
b7,

ag - bg, a9 - by, a10 - b1o).

Multiplication :

AL (*)(BD = (a1 * by, a2 * by, az* bz, as* by, as > bs, ag * bg, a7 * by,
ag * bg, 8g * bg, @10 * b1o).
Division :
A,+B, = (a1 + by, ar+ by, az+ b3, a5+ by, as+ bs, ag + bg, a7+ by,
ag + bg, a9 + g, a19 + b1o).
Example : 1
Let A, = (3.3,3.6,3.9,4.2,45,4.8,5.1,5.4,5.7,6.0)
and cBD = (4.8,5.1,54,5.7,6.0,6.3,6.6,6.9, 7.2, 7.5)

158


http://www.ijiset.com/

Pon\

kﬁ'llby IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015.
T Www.ijiset.com
ISSN 2348 — 7968
Then
A, (H)B, = (8.1,8.7,9.3,9.9,10.5,11.1, 11.7, 12.3, 12.9, 13.5)
1.2 4
1 4
0.8 -
06 -
0.4 -
0.2 -
0 T ‘ T ‘ ‘ T ‘ T ———
9 895 10 10.5 11 11.5 12 12.5 13 13.5
Figure -1

A New Operation for addition, subtraction, Multiplication and division

on Decagonal fuzzy number.

o cut of a normal decagonal fuzzy number. The a cut of a normal
decagonal fuzzy number A, = (as, a,, as, a4, as as, a7, ag, dg, d10) given by
the definition

(ley)W=1foralla € [0, 1] is
[ [4a. (3 —a1) + a1, - 4o (a0 — @9) + aro] for a [0, 0.25)

[4o(as — ax)+2a, — as, - 4 oag — ag) + 2a9 — ag] for a.e[0.25,
0.5) {

A, = | [4o(as — a3)*+3a; — 2ay, - 4a(as — a7)+3as — 2a;] for ae[0.5,

\
[4o(as — a4)+ 4a, — 3as, - 4o(a; — ag) + 4a; — 3ag] for a.e[0.75,
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Addition of two decagonal fuzzy numbers :

Let A,

and B,

= (a1, az, as, a4, as as, a7, ag, ag, a10)

(bll b21 b31 b41 b5 b61 b71 b81 b91 blO) be tWO

decagonal fuzzy numbers for all a € [0, 1].

Let us add the alpha cuts A, and B, of A, and B, using interval

arithmetic.

[[4oc (a2 —ay) +ay, - 4o (a0 — Ag) + ag0] +
[4a (b, — by) + by, - 4o (byo — bg) + byg] for a € [0, 0.25)
[4a(as — ay) + 23, — a3, - 4o (ag — @g) + 2a9 —ag] +
[40. (b — by) + 20, — b, - 4ct (g — bg) +2bs — be]
for a € [0.25, 0.5)

< [40(, (a4 - ag) + 33.3 — 234 , - 4o (ag - a7) + 338 - 237] +

[4a (bg — b3) + 3b3 — 2by, - 4o (bg — b7) + 3bg — 2b/]

for o € [0.5, 0.75)
[4a (a5 —ay) + 4a4 — 3as, - 4o (a7 — ag) + 4a7 — 3ag]
+ [4a (bs — by) + 4b, — 3bs, - 4o (b7 — bg) + 4b; — 3bg]
\ for o e [0.75, 1]

Addition Operation :

1. A, =
Bo =

[4a (@2 —a1) + a1, - 4o (@10 — Ag) + As0]

[4o (b, — by) + by, - 4o (b — bg) + byo]
a;=3.3, a, =3.6, a3=3.9, a, =4.2, a5 =4.5
ag =4.8, a;=5.1, ag=5.4, ag=5.7, a;p=6.0
b, =48, b,=5.1, b3=54, by=5.7, bs=6.0
bg=6.3, b;=6.6, bg=6.9, bg=7.2, byp=75
[4o (3.6 -3.3) +3.3,-4 a (6.0-5.7) + 6.0]

160


http://www.ijiset.com/

N
( (I]ISIC'I'ﬁ.‘ . ) . R
k' : j IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015.
T Www.ijiset.com
ISSN 2348 — 7968

= [400 (0.3) + 3.3, -4a (0.3) +6.0]

A, = [1L.2a+3.3, -1.2 a +6.0]

B, = [400 (5.1-4.8)+4.8, -4a (7.5-7.2) + 7.5]
= [4a (0.3)+4.8, - 4a (0.3) + 7.5]

Bo = [1.2a + 4.8, - 1.20+ 6.0]

For a € [0, 0.25)

A, = [1.20+ 3.3, - 1.2a. + 6.0]

B, = [1.200+ 4.8, - 1.20. + 7.5]

Ay +By= [240+8.1, -24q+135]

2. Aa = [40( (3.3 - az) + 2&2, -dsg, - 4 (ag - ag) +23.9 - ag]
Ba = [40( (b3 - bz) + 2b2 - b3 - 4o (bg - bg) + 2bg - bg]
A, = [4a(3.9-36)+2(3.6)-39,

- 40 (5.7 -5.4) + 2 (5.7) - 5.4]
= [40(0.3) +7.2-3.9, - 40 (0.3) + 11.4 — 5.4]
= [120+33 -12a+6.0]

B, = [4o(5.4 -5.1)+2 (5.1) - 5.4, - 4o(7.2 - 6.9)+2 (7.2) - 6.9]
= [4a. (0.3) + 4.8, - 40 (0.3) + 7.5]

B, = [L2a+48, -1.2a+7.5]

For o € [0.25, 0.5)

A, = [L.2a+3.3, -1.2 0 +6.0]

B, = [1L.2a+48,-12a+7.5]

A, +B, = [240+8.1,-24a+13.5]

3. A, = [40( (3.4 - ag) + 3a3; — 2a4, - 4o (ag - a7) + 3ag - 2&7]

Ba = [40(, (b4 - b3) + 3b3 - 2b4, - 4o (bg — b7) + 3b8 - 2b7]
161
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A, = [4a (4.2-3.9) +3(3.9) -2 (4.2),

- 40, (5.4 - 5.1) + 3 (5.4) - 2(5.1)].
= [4a (0.3) +3(3.9) -2 (4.2), - 40, (0.3) + 3 (5.4) - 2 (5.1)]
A, = 120+33-12a+6.0]
B, = [40(6.0-5.7)+3(5.4)-2(5.7),
- 40, (6.9 - 6.6) + 3 (6.9) - 2 (6.6)]
= [4a(0.3)+3(5.4)-2(5.7), - 40, (0.3) + 3 (6.9) - 2 (6.6)]

B, = [l2a+48, -120+75]
For a e [0.5,0.75)

A, = [l20+33-12a+6.0]
B, = [l2a+48-120+75]

A, +By = [240+8.1,-24a+13.5]

4, Aon = [40(, (3.5 - a4) + 4a, — 33.5, -4 (3.7 - 3.6) + 4a; - 3a6]
Bq = [40( (b5 - b4) + 4b4 - 3b5, -4q (b7 - b6) + 4b7 - 3b6]
A, = [4a(45-42)+4(42)—3(45),

4 (5.1-48)+4(5.1) -3 (4.8)]
= [40.(0.3) + 4 (4.2) -3 (4.5), - 40 (0.3) + 4 (5.1) - 3 (4.8)]
A, = 12a+33-12a+6.0
B, = [40(6.0-5.7)+4(5.7)-3(6.0)]
- 40, (6.6 — 6.3) + 4 (6.6) — 3 (6.3)]
= [40(0.3)+4(5.7) -3 (6.0), - 40 (0.3) + 4 (6.6) — 3 (6.3)]

B, = [L2a+48,-1.2a+7.5]
For o € [0.75, 1]

A, = [1L.2a+3.3,-1.2a+6.0]
B, = [L2a+48,-1.2a+7.5]
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To verify this new addition operation with ordinary addition operation :

A, = (3.3,3.6,3.9,4.2,45,48,5.1,5.4,5.7,6.0)

B, = (4.8,5.1,5.4,5.7,6.0,6.3,6.6, 6.9, 7.2, 7.5)
For a € [0, 0.25)

A, = [1.2a+3.3, -1.2a+6.0]

B, = [L2a+4.8, -1.2a+7.5]
For o € [0.25, 0.5)

A, = [12a+3.3, -1.2a+6.0]

B, = [l2a+48, -1.2a+7.5]

A, +B, = [24a+8.1,-24a+13.5]
Fora € [0.5,0.75)

A, = [1.20+3.3,-1.2a+6.0]

B, = [l2a+48,-12a+75]

A, +B, = [24a+81,-24a+13.5]
For a € [0.75, 1]

A, = [l2a+33,-12a+6.0]
B, =  [l20+48,-120a+75]
A, +B, = [24a+8.1,-240+135]

As for a € [0, 0.25), a € [0.25, 0.5)
a € [0.5,0.75), o e][0.75 1]

Arithmetic intervals are same.

A, +B, = [24a+81-24a+135]forae]l0,1]
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When a =0,
— Ag + By = [2.4(0)+8.1,-24(0) +13.5]
A, + By = [8.1,135]
a = 0.25,
= Aoz +Boxs =  [24(0.25)+8.1, -2.4(0.25)+ 13.5]
Aoz + Bos = [8.7,12.9]
a =0.5,
—Ags+Bos =  [24(05)+8.1,-2.4(05)+13.5]
Aos + Bos = [9.3,12.3]
a =0.75,
— Ao +Boss = [2.4(0.75) +8.1, - 2.4 (0.75) + 13.5]
Aors +Bos = [9.9, 11.7]
a=1,
= A; +B; = [2.4 (1) +8.1,-2.4 (1) + 13.5]
A, + B, = [10.5 11.1]
Hence A, +B, = [8.1,8.7,9.3,9.9,10.5,11.1, 11.7, 12.3, 12.9, 13.5]

Hence all the points coincides with the sum of the two decagonal
fuzzy number.

Therefore addition of two « - cuts lies within the interval.

Subtraction of two decagonal fuzzy numbers :
Let A, = (a1, az, a3, &4, 85 A, a7, s, A, A10)
and %D - (bli b21 b31 b41 b5 b61 b71 b81 b91 blO) be two

decagonal fuzzy numbers for all a € [0, 1].
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Let us subtract the alpha cuts A, and B,, of A, and B, using interval

arithmetic.
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[ [4o (2, —ay) + @y, - 4o (a0 — @g) + a10] -
[4a (b, — by) + by, - 4o (byg — bg) + byo] for o € [0, 0.25)
[4a(as —ap) + 28, —as, - 4o (ag — ag) + 2a9 — ag] -
[4a (bs — by) + 2b, — b, - 4o (bg — bg) +2bg — byg]
for a € [0.25, 0.5)

< [4o (as — a3) + 3a3 — 234, - 4o (ag — a7) + 3ag — 2a7] -
[4a (bg — b3) + 3b3 — 2by, - 4o (bg — b;) + 3bg — 2b/]

for o € [0.5, 0.75)
[4a (a5 —a,) + 4a4 — 3as, - 4o, (a7 — ag) + 4a; — 3ag] —
[4a (bs — by) + 4bs— 3bs, - 4o (b7 — bg) + 4 by — 3bg]
\ for o € [0.75, 1]

To verify this new Subtraction operation with ordinary subtraction

operation :
A, = (3.3,3.6,3.9,4.2,45,48,5.1,5.4,5.7, 6.0)
B, = (4.8,5.1,5.4,5.7,6.0,6.3,6.6,6.9, 7.2, 7.5)
For a € [0, 0.25)
Ag = [40 (a2 —a1) + @1, - 4 o (210 — @9) + 1]
B, = [4o (b, — by) + by, -4a (byo —bg) + byg]
A, = [4a(3.6-33)+3.3, -40 (6.1-5.7)+6.0]
A, = [4a (0.3) +3.3,-1.2 a.- 6.0]
A, = [1.20.+ 3.3, - 4a. (0.3) + 6.0]
B, = [4a(51-4.8)+48, -40 (7.5-7.2)+7.5]
B, = [4a (0.3) + 4.8, - 4o (0.3)+ 7.5]
B, = [L20+48, -1.20+75]

For a € [0, 0.25)
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A, =
B, =
As-By, =
For o € [0.25, 0.5)
A, =
B. =
A, -B, =
For a. € [0.5, 0.75)

For a € [0.75, 1]

A, =
B =
A,-B, =

As For a € [0, 0.25)

o € [0.75, 1]
Same
Therefore A, - B,

WWW.ijiset.com

[1.2 0 +3.3,-12a+6.0]
[1.20+48,-120+75]
[- 1.5, - 1.5]

[1.2 0 +3.3,-1.2a+6.0]
[L2a+4.8,-1.2a+7.5]
[-1.5,-1.5]

[L.2a+3.3,-1.2a+6.0]
[L2a+48,-1.2a+7.5]
[- 1.5, - 1.5]

[1.2 0 +3.3,-12a+6.0]
[1.20+48,-120+75]
[- 1.5, - 1.5]

, a € [0.25,0.5), o €[0.5,0.75)

arithmetic intervals are

when a =0, Ay - By = [-15,-1.5]
when oo =0.25, Apxs —Bgsxs = [-1.5,-15]
when o =0.75, Ag7s—Bo7s = [-15,-1.5]
when o = 1, A;-B; = [-1.5,-15]

[2.4 0.+ 8.1, - 2.4 o+ 13.5] for a e [0, 1]

ISSN 2348 — 7968

Hence A, -B,=[-15-15-15-15-15,-15,-15,-15,-15, -

1.5]
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Hence all the points coincides with the difference of the two
decagonal fuzzy number.

Therefore subtraction of two o - cuts lies within the intervals.

Multiplication of two decagonal fuzzy number :
Let A, = (a1, az, as, a4, s as, a7, as, dg, a10)
and B, = (b1, by, bs, by, bs be, by, bg, bg, biy) be two
decagonal fuzzy numbers for all a € [0, 1].
Let us multiply the alpha cuts A, and B, of A, and B, using
interval arithmetic.
[ [4a (a2 —a1) + a1, - 4o (@0 — @9) + a10] *
[4a (b, — by) + by, - 4o (byg — bg) + byo] for a e [0, 0.25)
[4o(as —ap) + 28, — a3, - 4o (ag — ag) + 289 — ag] *
[4a (bs — by) + 2b, — b, - 4o (bg — bg) +2bg — byg]
for a € [0.25, 0.5)
A, * B, =< [4o (as — a3) + 3a3 — 234, - 4o (ag —a7) + 3ag —2a7] *
[4a (bg — b3) + 3b3 — 2by, - 4o (bg — b;) + 3bg — 2b/]
for o € [0.5, 0.75)
[4a (a5 —a,) + 4a, — 3as, - 4o (a7 — ag) + 427 — 3a6] *
[4a (bs — by) + 4bs — 3bs, - 4o (b7 — bg) + 4b; — 3bg]
\ for a € [0.75, 1]

To verify the new multiplication operation with ordinary multiplication

operation :
A, = (3.3,3.6,3.9,4.2,45,48,5.1,5.4,5.7,6.0)
B, = (4.8,5.1,5.4,5.7,6.0,6.3,6.6,6.9, 7.2, 7.5)
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For a € [0, 0.25)
A, = [40 (a2 —a1) + @1, - 4 o (210 — @9) + 1]
B, = [4a (b, — by) + by, -4a (big —bg) + byg]
A, = [40(3.6-33)+33, -4a (6.1—5.7)+6.0]
A, = [4a(0.3)+33,-4a(03)+6.0]
A, = [L2a+33,-120+60]
B, = [4a(5.1-48)+48, -4a (7.5—72)+7.5]
B, = [4a(0.3)+4.8, - 40 (0.3)+7.5]
B, = [L2a+48,-12a+75]
For a € [0, 0.25)
A, = [L2a+33-120+6.0]
B. = [1L20+4.8,-1.2a+7.5]
A,*B, = [l440+1584, 1.44 g +45]

For a. € [0.25, 0.5)

A, = [1.20+3.3,-1.2a+6.0]

B. = [L2o+4.8,-1.2a+7.5]

A,*B, = [l44a+15.84,1.44 g + 45]
For a. € [0.5, 0.75)

A, = [1.20+3.3,-1.2a+6.0]

= = [1L20+4.8,-1.2a+7.5]

A,*B, = [1.44 o + 15.84, 1.44 o + 45]
For a € [0.75, 1]

A, = [L.2a+3.3,-1.2a+6.0]

B = [1L20+4.8,-1.2a+7.5]

A, * B, = [1.44 o + 15.84, 1.44 o + 45]
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As For a € [0, 0.25), a € [0.25,0.5), o €[0.5, 0.75)
and o € [0.75, 1] arithmetic intervals are same
Therefore A, * B, = [1.44 o + 15.84, 1.44 o + 45] for o € [0, 1]

wheno =0=
Ao * B [1.44 (0) + 15.84, 1.44 (0) + 45]
Ac*By =  [15.84,45]

when o = 0.25 >

Aoz * Boos = [1.44 (0.25) + 15.84, 1.44 (0.25) + 45]
Agos * Boos = [18.36, 41.04]

when o =05 =
Ags *Bos = [1.44 (0.5) + 15.84, 1.44 (0.5) + 45]
Aos *Bos = [21.06, 37.26]

when a =0.75 =
Aoz *Bors = [1.44 (0.75) + 15.84, 1.44 (0.75) + 45]
Aoz *Bors = [23.94, 33.66]

whenoa=1=
A; *B; = [1.44 (1) + 15.84, 1.44 (1) + 45]
A; *B; = [27, 30.43]

Hence A, * B, =[15.84, 18.36, 21.06, 23.94, 27, 30.43, 33.66, 37.26,

41.04, 45]

Hence all the points coincides with the multiply of two decagonal
fuzzy number.

Therefore multiplication of two . - cuts lies within the intervals.
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Symmetric image :

If A, = (as, 2z, as, a4, as ag, a7, as, a9, a10) IS the decagonal fuzzy
number then - A, = (- aj, - A9, - 8, - A7, - &6, - as, - A4, - 83, - A2, - A1)

which in the symmetric image of A is also an decagonal fuzzy number.

Example :
If A,=(33,3.6,39,4.2,45,48,5.1,54,5.7,6.0)
Then
-A,=(-6.0,-5.7,-54,-51,-48,-45,-4.2,- 3.9, -3.6, -3.3)

which is again an decagonal fuzzy number.

Dividing of two decagonal fuzzy number :

Let A, = (a1, az, s, a4, as ag, a7, ag, dg, a10)

and B, = (b1, by, bz, by, bs be, bs, bg, bg, byp) be two
decagonal fuzzy numbers for all a € [0, 1].

Let us divided the alpha cuts A, and B,, of & and B, using interval

arithmetic.
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[ [4a (a2 — 1) + @y, - 4a. (@10 — Ag) + Az0] +

[4a (b, —by) + by, - 4o (byg — bg) + byg] for a e [0, 0.25)
[4o(az —a,) + 2a, — as, - 4o (ag — ag) + 2a9 — ag] +
[4ou (b3 —b2) + 2by — b3, - 4o (bg — bg) +2bg — bg]

for o € [0.25, 0.5)
[4a. (a; —a3) + 3a3 — 2a,4 , - 4o (ag — a7) + 3ag — 2a7] +
[4a (by — b3) + 3b3 — 2by, - 4o (bg — b7) + 3bg — 2by]

for a € [0.5, 0.75)
[4o (a5 — as) + 4a4 — 3as, - 4o (a7 — ag) + 4a; — 3ag] +
[4a (bs — bg) + 4bs — 3bs, - 4o (b7 — bg) + 4b7 — 3bg]

for o € [0.75, 1]

To verify this new division operation with ordinary division operation :

A, =
B, =

(3.3,3.6,3.9,4.2,45,4.8,5.1,5.4,5.7, 6.0)
(4.8,5.1,5.4,5.7,6.0, 6.3, 6.6, 6.9, 7.2, 7.5)

For a € [0, 0.25)

For a € [0, 0.25)

[40 (a2 —a1) + @1, - 4 o (210 — @9) + 1]

[4o (b, — by) + by, -4a (byo —bg) + byg]
[4o (3.6 —3.3) + 3.3, -4a (6.0-5.7) + 6.0]
[4a (0.3) +3.3,-4 a (0.3) + 6.0]

[1.200 + 3.3, - 1.2a + 6.0]

[4o (5.1 4.8) + 4.8, - 4o (7.5~ 7.2) + 7.5]
[4a (0.3) + 4.8, - 4o (0.3)+ 7.5]

[1.2a + 4.8, - 1.20. + 7.5]
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A, =  [l2a+33,-12a+6.0]

= = [L2a+4.8,-1.2a+7.5]

120 +4.8° @120c+75

A, = [L2a+33,-12a+6.0]
B, =  [12a+48,-120a+75]
A =B — i i @mumwlﬁlﬁuﬁr

1200 +4.8" @120 +7.5

A, = [l20+33,-12a+6.0]
B,, = [l20+48-120a+75]
A . B — F "-I-IIEI'MIIITHII-HIHHI @&Fla“ﬂlm’llﬂ:ﬂ

120 +4.8" @1.20 +7.5

For o € [0.75, 1]

A, =  [l2a+33,-12a+6.0]
B, =  [l2a+48,-12a+75]

A, + B, =

As for a € [0, 0.25),
and o e [0.75, 1]

A, + B, =
When a=0

= Ao+Bo =

1.200+4.8' @120c+75

a € [0.25,0.5), o €[0.5,0.75)

arithmetic intervals are same

o.of
FJ-IIKI-N—NIIH"IH-HIH-HI @mumwfﬂnmuw

1200 +4.8" @1l.20 +7.5

]
1.2 0+48" @12 0 +75
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™ 3@ G
48'175

Ao -+ Bo - 06875, 0.8
When o= 0.25

4ﬁnﬂ|—a 2.9 @G}ﬁ r\nra (ol s
]"|'HH'IIIII‘I‘IHH'II'|‘I£II|IIH‘IH?HI HAIIMHH IlllllfﬂHH‘lk

1.2 0.25 +48" @1.2 0.25 +7.5

™ 3 Sl
51'7.2

= Apas +Boos =

A0.25 + 80.25 = [0705, 079]

When o= 0.5

: a a :
] :ruaulam';é{lnll;n?nl @ﬂmaum?nﬂrﬂlgmnﬁfﬁi(
1.2 05 +4.8" @1.2 0.5 +7.5

"3l Sl
54 6.9

= Aps +Bos =

Aos +Bos = [0.722, 0.782]
When a=0.75

e

(T‘ EFEFFD G
] ; CA
1.2 0.75 +48" @1.2 0.75 +7.5

F 4itp St
57" 6.6

= A +Bos=

A0_75 -+ BO.75 = [0736, 0772]

When a=1
a

[ a 1
1. 9...1 n_ N 1.7 1 al o)

. — ] “tHFH LTI @HHHIIIHgII|IIMIIMk
Ar+ B 12 1+48' @12 1 +75

i
60 ' 6.3
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Ai+B; =  [0.75,0.761]

Hence
A; +B;=10.6875, 0.705, 0.722, 0.736, 0.75, 0.761, 0.772, 0.782, 0.79, 0.8]
Hence all the points coincides with the divide of the two decagonal

fuzzy number. Therefore division of two a - cuts lies within the interval.

CONCLUSIONS

In this paper decagonal Fuzzy number has been newly introduced and
the alpha cut operations of arithmetic function principles using addition,
subtraction multiplication and division has been fully modified with some
conditions and has been explained with numerical examples. In a particular
case of the growth rate in bacteria which consists of ten points is difficult to
solve using trapezoidal or triangular fuzzy numbers, therefore decagonal
fuzzy numbers plays a vital role in solving the problem. It also helps us to
solve many optimization problems in future which has ten parameters as in

the above case.
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