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I. INTRODUCTION

It is very easy to deal with single value function but when
the data is not available in such a pattern according to real
word problems then this becomes a challenge in decision
making of such issues. To deal with multivalve data issues,
in 1965 Zadeh introduced fuzzy theory. It gives simple
means to deal with such problems in which source of
information or the input data is in form of fuzzy numbers.
This can be applied to variety of field’s decision making,
control system, optimization problems. The fuzzy number
can be defined as fuzzy subset of real line by Dubosis, H.
Parde [1]. A fuzzy number is a quantity whose value is
precise rather than exact. Different types of fuzzy numbers
are described in literature such as triangular, trapezoidal,
pentagonal, hexagonal, etc. The membership can be applied
to variety of tasks and having wide applications. This Paper
is organized as follows: In Section 2 basic definitions of an
ICO fuzzy numbers and some operations on it. In Section 3
Alpha cuts of ICO fuzzy numbers are described. Anew
arithmetic operation on Alpha cut is defined in Section 4. In
next section, numerical example is given. Finally, Section 6,
conclusion is included.

II. PRELIMINARIES

Definition 2.1 Fuzzy set:

Let X # { }. A fuzzy set ‘A’ in X is characterized by its
membership function pA(x), in which image of each value
from domain mapped into the unit interval [0, 1]. The value
of pA(X) represents greatest membership of x € pA(x). The
general representation for a fuzzy set is

A = {x, pA(x); x belongs to X}
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HAX): A — [0, 1]

Definition 2.2 Fuzzy number: A fuzzy number "A" is a
convex normalized fuzzy set on the real number line, such
that: (i) There exit at least one x € R with the condition that
pA(X) =1, (ii)) pA(X) 1is piece- wise continuous.

Definition 2.3 Crisp set: A crisp is special case of fuzzy
set in which the membership function takes only two values
0and 1.

Definition 2.4 Icosagonal Fuzzy Number (ICQO): The
Icosagonal fuzzy number is denoted by A (ICO) and its
membership function is given below. For this we consider 20
real numbers, such that

a; < ax< a3 < au< as <ae <ay <ag <ag <aje< an< ap <apz <auis
<ars < aje< ar7 <ajg <ajg a<yo

Definition 2.5 o—cut: The a-cut of the fuzzy set A of

universe of discourse X is defined as A, = {x ¢ X: pA(x) >
a:acef0, 1]}
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1
< (xma) for a,Sxsa
(az-a1) II1. RANKING FUNCTION
1,1 (x-az) The ranking function R: F(r) —»R, which maps each fuzzy
R il S for a<x<a g un ) U722
3 9 (az—az) number to real line, where the natural order exists which is
defined by Yager 1986 i.e. Let
E_|_ 1 (x-a3) for a;sxga A = {ay, a, a3, a4 as, 2, a7, as, 49 410, 11, A12, 813, A14, 81 5, A16,
% 9(zy-ay) ai7, as, ag, az} and
B = {[by, by, b3, bs, bs, be, by, bs, by, big, bi1, biz, bi3, bis, by s,
§+ 1(xa) for a, < x<a bis, b7, bis, big, bag] are two Icosagonal fuzzy numbers then
9 9(as—ay) ! ’
R(A) =[{ar+ axtaz+ as +as+ ag+ a;+ag+ ag+ajp +
x 1, 1(z-as5) for a:$ X< a an + aptaiztaig +ais+aetanytagtagtan}/20]
Mw = 97 9(gg-ay)
S 1 (rag) R(B)=[{bi+by+bs+ bs +bs+ bs+ by+bg+ by+byg +
L G P b1+ bia+biz +bia +bis+bis +biz+big +bio +byg }/20]
+ 11 12 b3 T big 15 Tbig 17 T big +big +bao
ot S0 for  a;, < xga
Results on ranking -
6,106 for  a; Sx<a Also orders on F(R) are defined as:
9 9 (ag-ay)

A = Bifand only if R (A) = R (B)
7,1 (x—ag) A < Bifand only if R (A) < R (B)

Pl for 2 $XS3 A= BifandonlyifR (A)=R(B)

B 1 (x-ag)
e = for 3 S XS IV. ARITHMETIC OPERATIONS ON ICO FUZZY NUMBERS
9 9(myp—as)

If A = {ai, as, a3, a4 as, as, a7, as, a9 a0, a11, 12, A13, a14, A15,
aie, 417, a1s, a19, a2y and
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B = {by, by, b3, bs,bs ,bg, b7, bs, by ,big, bi1, biz ,bi3 ,bia,
bis, big, bi7, big ,bio ,boo} are two Icosagonal fuzzy numbers
then

Addition
A+B:(a1+b1,az+b2, as +bs, as+ bs ,a5 + b5, a6 + bg, a7 +
b7,ag+bg, a0 +by, aio +bio,an +biy, ant b, a3 +bis,
aist b, a;st bis a6 + bis , a17+ b1y , ag, + bis, ait big,
axt bao)

Subtraction

A-B=(a;-bi, ax-by, az-b3, as bs,as-Dbs,as-bs ar-
b7, ag - bg ,a9 - b9, aio - bio ,ail- b11, an- bz , a3, - b13, a4 -
b14, ais- bis ,ale - bie , a7 - b7 , aig, - b18, aig- b19, a20- bao )

Multiplication

let mp =( bi+ by + b3 +bs+ bs+ bg+b;+ bg+ by +big +
b1+ bz +bis + bis + bis +big + b1z +bis +big +bao )

then

A* B = (aimp /20, axm/20, azm, /20, asm, /20, asm, /20, aem,
/20, a7y /20, agmh /20, a9Ty /20, a7y /20, a1y /20, a7y /20,
a137p /20, a14Tp /20, a15Tp /20, a16Th /20, a7y /20, a18Th /20,
almb /20, axom, /20}

Division:

Let = (bl + by + bz +bs+ bs +bg+ by +bg+ byg+bio + byt
+ b1z +b13 + b1 + bis +big + bi7 + big + bio +bao)

then

A/B = (a120/7'[b, a220/1tb, 21920/117},, 31020/11:13, a1120/nb, 31220/11:13,
31320/7Ib, 31420/nb, a1520/1tb, 31620/1Ib, a1720/7rb, angO/nb,
31920/7Ib, azo 20/7'[1,)

V. THE & --CUT OF ICO FUZZY NUMBERS

The crisp set A is called alpha cut is defined as-
Ag={xeX: pAX)>a: ae [0, 1]}

//"_

[dife). do(e)]  for @e=[0.00,0.11]
[g(e), gy(e)] for we[0.11,0.22]
[f(o). ful@)]  for ee[0.22.0.33]

[g(e) .g(@)]  for ae[0.33,0.44]
[b(). hy(@)]  for o=[0.44,0.55]
i(@).if(@)]  for ae[0.55,0.66]
i(@). @]  for o=[0.66,0.77]

Hofo) ky(e)]  for ae[0.77.0.88]

() . Ly(a)] for o=[0.88,0.59]

N

VI. OPERATIONS ON VARIABLES

A- New oa-cut operation: A The distribution of
interval A, for all a € [0, 1] is obtained as follows:
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i - l&-a) 1 (azo—x)
Consider [ di(a), dy(a) ] = el T— S Caae 213
on simplification , we obtain

[ di(a),du(a)] = {ai1+9a(az-a1), azxp+ 9a (ax- aio)}
Consid _ 1+ 1 (x-09) 21 (x-agg)
onsider [eu(00), ew(0) ] = 9 9(a3-0) 9 9 (ag-0p)

on simplification , we obtain

[ efa),dy(a)] = {a;+(90a-1)(a3-a,), ais+ (2-90) (aze- ass)}

(x—a17)

2 1 (x—a3) 1
9 (a18—a17)

Consider [ f(a), fy(a)] = 3t s T—

3
and --
9

on simplification , we obtain

[ fi(a), fu(a)] = {@3+(9a-2) (as-as), a1s+(3-9a) (ass-a1)}

. 31—
Consider [ g(a), gu(a) ] = 5t 5%

d 4 1 (x—ai)
9  9(ar7—ae)

on simplification , we obtain

[ gi(a), gula)] = {as+(9a-3) (as-as) , a7+ (4-90) (a17- a1e)}

f+ 1 (x-as)
9 9(ag-as)

5 1 (x—a15)
9 9 (ar6-a15)

Consider [ h(a), hy(a)] =

on simplification’, we obtain

[ hifa), hu(a)] = {as+(9a-4) (as-as), ae+ (5-9) (ass- ass)}

Consider [i(a), ifo)] = §+ %(8:26))

6 1 (x-a
and 6 1 (-ay)
9 9(a5-oa)

onsimplification , we obtain

[ifa), ifa)] = {as+(9a-5) ar-ag), asst (6-9a) (as - au)}

6+ 1 (x—a7)
9 9(ag-ay)

7 1 (x—a13 )

Consider [j(a), jula)] = Ry m—

on simplification , we obtain

[ ila), jula)] = {a7+(90-6) (ag-a7) , asat (7-90) (a14-a13)}

8 01 (x-ag) 1 (x—uaqy )
AL _cAMmnal

Consider [ (a), l(a)] =

Y Y{ayp —ag) Yiayp—uyy)
on simplification , we obtain

[ o), lu{a)] = {as+(50- 8) (@ 3s), aw* (3-90) (312~ ana)}

Consider [ ko), ky(a)] = -+ -— and

on simplification , we obtain

[ kla), koo ] = {az+(%a-7) (as- az) , @zt (8-90) (313- a1a)}

All above are the distributions of interval A,, for the
domain Value [0, 1].
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B- New arithmetic operations on ICO fuzzy
using a-cut: The arithmetic
operations on a-cut of ICO fuzzy number is
given below: let

numbers

A = {ay, ay, a3, a4, as, as, a7, a3, A9, A10, 411, A12, 413, A14,
ais, aie, a17, 13, 419, 420}

B = {b1, bz, b3, by, bs, bs, b7, bs, by, b1o, bi1, b1z, b1z, big,
bis, b1, b7, bis, bio, bao}

/alwu{az-aljd 3y 90 {3 3ys) for ag[0,011]
nf %0 1) (2 2), ae . (290) (- 2g) for we[0.11,022]
(00 2) (- 1), ap - (39 e an) for we[022,033]

1909130,
357 90-4) (a2,
w90 5) ().
906159,
190 1)),
90 ),

ap- (4-9a) (ar- ay) for we[033,044]

- (90 ) as)  [for we[044,055]

as-(690) (ar-ae)  for 02[035,066]
i (190 (-25)  for 0e[066,077]

ar (890)(ag-ap)  for oe[0.77,0.88]

a-(0%) (a-ay)  for ae[0.88,099]

/

botSalbrb), by -%u(bby)
by{0- 1) (bs-ba). - bus - (2:90) by by)
bsj( 90-2) (be-by). b - (3-9 )(bs- b)
by 90-3) (b ). bir- (490) (byr- by
Ds7{ 90-4) (bs-bs), b - (5-90 )bye- bys)
by 90-5) (br-b)., - bys - (6-90) (bis- o)
b1 90-6) (bs- ), buer (7-90) (bue- by
byt S0 T) (be- ), bz (8-90) (Bys-By)
byx( 90- 8) (byp-by). by (9-90) (byy-by))

for we[0,011]
for we[011,022

for we[022,033]

for we[033,044]
for ne[044,055]
for 0e[0.35,0.66]
for 0e[0.66,0.77]

for 0z[0.77,088]

for oe[0.88,099]

C- Numerical example:

Let Au=(2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17,
18, 19, 20, 21)
B.=(3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33,
35,37, 39, 41)

© 2025 [RAA All Rights Reserved

Aq + By
17,18, 19, 20, 21)
)

=(2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,

3,5,7,9,11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,

37, 39, 41)

A.+B., =(, 8,11,14,17, 20, 23, 26, 29, 32, 35, 38,

41, 44, 47, 50, 53, 56, 59, 62)

By new arithmetic operations on Icosagonal fuzzy number,

we have

{[5+27 . 62-27 d]
[53+27 a,53 + 27 a]
[5+27 a,47 + 27 a]
[5+27q,41+ 27 a]
[5+27a, 35+ 27 a]
[5+27q,29+27 a]
[5+27 @, 23+ 27 a]

[5+27 a,17 + 27 ]

|.\[5+279Wr,11+2?“]

for
for
for
for
for
for
for
for

for

a [0, 0.11]

a £[0.11, 0.22]
oe[0.22, 0.33]
o e [0.33, 0.44]
o = [0.44, 0.55]
ae[0.55, 0.66]
o [0.66. 0.77]

a2 [0.77, 0.88]

o e [0.88, 0.99]

When
a=0.00, Ay (+t) Bo = (562)
a=0.11, Aou (+) Bour = (8,59)
a=022, Apxn (+) Bonz = (11,53)
a=0.33, Ao (+) Bosz = (14,50)
a=044, Ao (+) Boas = (17,47)
a=0.55, Aogss (+) Boss = (20,44)
a=0.66, Agss (+) Boss = (23,41)
a=0.77, Aoz (+) Borm = (26, 38)
a=0.88, Agss (+) Bogs = (29, 35)
a=1.0 A (¥) Bi  =(32,56)
Hence

Ao (+) Boa= (5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35,
38,41, 44, 47, 50, 53, 56, 59, 62)

Hence all the points coincide with the sum of the two
Icosagonal fuzzy numbers. A similar process can be
followed for difference of Icosagonal fuzzy numbers. We
can say that the positive side of this result is if the data is
given in vague form then very near to optimal answer can be
calculated by using this method. The disadvantages as we
know the calculated value is approximate of actual value of
Icosagonal (ICO) fuzzy number therefore it gives a way to
research further with new idea. Overall the we can say as
many life problems or situations has vague data or we can
say about data value then by using this concept a vague or
ambiguous data can be converted into single-valued number
data which helps in solving many real life related complex
problems by giving a proper shape value to data.
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VII. CONCLUSION

In this paper, a new Icosagonal (ICO) fuzzy number is
introduced and used to study the arithmetic operations on

those fuzzy numbers.

We define a -cut of Icosagonal fuzzy

number and also discuss the effect of arithmetic operation on
Icosagonal fuzzy number. Also an example is given for
showing the effect of arithmetic operation on ICO number.
Alpha cut of ICO fuzzy numbers is also studied and related
operations are presented.
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