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Abstract

In this paper, we introduce a new form of fuzzy number named
as Icosikaitetragonal fuzzy number with its membership function. It
includes some basic arithmetic operations like addition, subtraction,
multiplication and scalar multiplication by means of a-cut with nu-
merical illustrations.
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1 Introduction

Fuzzy numbers have been developed and utilized in various fields. Fuzzy
set theory permits the moderate evaluation of the membership of elements
in a set which is reported in the interval [0, 1]. This can be used in a broad
range of domains where information is imprecise and incomplete. In our
real life we are travelling with many uncertain situations. That decisions
of human judgement are frequently vague due to our regular ways of using
crisp values are inadequate. In the same manner using fuzzy numbers such
as triangular, trapezoidal are not suitable for all cases where the uncer-
tainties occur in twenty four different points. In this paper new operations
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of Icosikaitetragonal fuzzy numbers have been introduced with its basie
membership functions. We have carried out basie arithmetle operations o
lcosiknitetragonal fuzzy number using a-cut with numerieal examples,

2  Preliminaries

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

Definition 2.1, (1, 2] A fuzzy set A is defined by A = {(z,p4(z)) : = €
A pa(e) € [0,1]). Here x is crisp set A and p(z) is membership function
in the interval [0, 1).

Definition 2.2. A fuzzy number A is a convex normalized fuzzy set on the
real line R such that
o there exists at least one zg € R with pp(xp) =1

o ja(x) is pieccwise continuous

Definition 2.8. The support of a fuzzy set A defined on X is a crisp set
defined as support(A) = {z € X : pa(z) > 0}

Definition 2.4. An a-cut of fuzzy set A is crisp set defined as *[A] = {z €
X | paz) 2 a}

Definition 2.5. A fuzzy set A is a convez fuzzy set iff each of its a-cut
A 1is a convez set,

Definition 2.6. [3] A fuzzy number A = (a,b,c), where a < b < ¢, is
triangular fuzzy number and its membership function is given by

£28 fora<ax <b

b-a’?
pa@)={ =% forb<z<c
0, T>c

Definition 2.7. [4] A fuzzy number A = (a,b,¢,d), wherea < b< c < d,
is trapezoidal fuzzy number and its membership function is given by

§ 0, forz<a
= foralz<b
1, forb<z<ec
=, forc<z<d

L 0, =z>d

pa(x) = 4
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3 Icosikaitetragonal fuzzy number

In this section, a new form of fuzzy number named Icosikaitetragonal fuzzy
number is introduced which can be more useful in solving many decisions
making problems. A fuzzy number A;ckr = (ay,ay,..
Icosikaitetragonal fuzzy number, where ay, a, ..

which is given below (0 < kj < ks <ks <ks<ks<1)

pa(z) =

0, for z < a,
z-0)
ky(Z22), for ay <z <oy

ki, fora, <z <a,4
kl+( "kl)(z—a ) fOTa3<:z:<a4

a,—a,
ky, foray<z<ag
ky+ (ks — kp)(5=5), foras <z <ag
ks, forag<z<ay
ky + (kg — k3)(Z=L), fora; <z <ag

0—0
ks, forag<z <ag
k4+(k5—k4)(ai’:"'§—), for ag <z < gy
ks’foralosxfan
ks +(1— ks)(ﬁ), forayy <z <ap
1, forap,<z<ay;
k5+(1-k5)(ﬁ), foraz<z<ay
kg, forald <z <ays
kg + (ks — k4)(ﬁ): for a5 ST < agp
ky, forajg<z<ay
a2i=), forap <z <a
ks, for ajg <z <ay
by + (ks — k) (252), for aro < o < ey
ko, for agg <z <ay
), foray <z <ay

ky + (kg — k)

ky + (ko — kl)(a”—az,
ky, for aga <z <ay
—Z), for ags <z < ay

0fora:>a24

ky (s

Gp4 023
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3.1 Arithmetic operations on Icosikaitetragonal fuzzy
number

3.1.1 Addition

If A= (a;,ag,-..,094) and B = (by, b2,...,b24) then A+B = (a;+bj,a,+
b2’---’a24 +b24)‘

Example 3.1.1:

Let A=(1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16,17, 18, 19, 20,21, 22,23
,24)and B = (1,3,5,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41,43,45,47) then A+ B = (2,5,8,11, 14,17, 20,23, 26, 29, 32, 35, 38,41, 44,
47,50, 53, 56, 59, 62, 65, 68, 71).

3.1.2 Subtraction

IfA = (01,02,...,024) and B = (bl,bz,. ..,624) then A-B= (al—bl,ag-
b2, veey Q24 —b24).

Example 3.1.2:

Let A= (1,3,5,7,9,11,13,15,17,19,21, 23, 25, 27, 29, 31, 33, 35,37, 39, 41,43,
45,47) and B = (1,2, 3,4,5,6,7,8,9,10,11,12, 13, 14, 15, 16, 17,18, 19, 20, 21,
22,23,24) then A— B=(0,1,2,...,24).

3.1.3 Multiplication

IfA= (01,02,...,024) and B = (b17b2)""b24) then Ax B = (al * b1,02*
by, .-y agq * byy).
Example 3.1.3:
Let A= (1,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15, 16,17, 18, 19, 20, 21, 22, 23,

24) and B = (1,3,5,7,9, 11,13,15,17,19, 21, 23, 25,27, 29, 31, 33, 35, 37, 39,
41,43,45,47) then A+ B = (1,6,15,...,1128).

3.1.4 Scalar Multiplication

If A= (ay,a9,.-.,02) andk21thenk*A:(k*al,k*aza---ak*024)-
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Example 3.1.4:
Let A=(1,2,3,...,24) and k =2 then 2+ A =(2,4,6,...,48).

4 Alpha Cut

Definition 4.1. For a € [0,1], the a-cut of an Icosikaitetragonal fuzzy
number A = (ay,0g,...,a24) is defined as

£ [a1 + (£)(a2 — a1), 024 - (;";)(024 — )], for a €[0,k]

[0s + (f;—?i“l')(% —a3),a3 — (:T:%)(Gzz —ag1)), for a€ [ky, ks
a5 + (f;—..-tzz')(as —as),a5 — (kg-:%)(azo —ay)), for a € [ky,ks]
(Ala =1 [or+ (E22)as —ar), 018 — (£ ) (@1s — @), for @ € ks, Ky
[ag + (2225) (10 — as), 016 — (22) (@rs — ass)], for @ € [k, ko)

5
(a1 + (‘;-._-—::)(012 —ay1),014 — (%EE:)(GM —ay3)), for a € [ks,ki]

4.1 Operations of Icosikaitetragonal fuzzy number us-
ing a-cut

The alpha cut of Icosikaitetragonal fuzzy number [A] = (ay, ay,.. ., agy) for
all a € [0,1] where ky = L, k= 2, kg = 3, ky = 5,ks = 2 is given below

( [01 3 (60{)(02 —a,),824 — (60)(024 — 0'23)]1 forae [01 1/6]

a3 + (6a — 1)(a4 — a3), 822 — (6 — 1)(azz — az1)), for o € [1/6,2/6]

Pl ] los + (6a = 2)(as —as), 020 — (6 — 2) @0 —ay)], for a € [2/6,3/6]
5 [ar + (60 — 3)(ag — ar), 818 = (6 — 3) (a1 — arr)], for & € [3/6,4/6]

[ag + (6& ke 4)(010 — ag),aw - (60 = 4)(015 e 015)]' far a € [4/6’ 5/6]

| [a11 + (6 — 5)(312 — 011), 014 — (6x = 5) (@14 — a13)], for a € [5/6,1]

and

i [by + (60)(by — b1), bag — (60x)(b2q — b23)], for a € [0,1/8]

[b3 + (6a — 1)(b4 —b3),by2 — (6 — 1)(622 —by)], forae€ [1/6, 2/6]
(B]. = [bs + (6 — 2)(bg — bs), b2 — (6 — 2)(by0 — b)], for a €[2/6,3/6]
= [by + (60 = 3)(b8 e b7),b18 = (60 e 3)(b18 v b17)]! for ac€ [3/6’4/6]
[bg + (6& — 4)(b10 = bg),ble = (6& - 4)(b13 s bls)], fO?‘ a € [4/6,5/6]
| [b11 + (6 — 5)(by2 — b11),b14 — (6 — 5)(b1a — bi3)], for a € [5/6,1]
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4.1.1 Addition

Let A = (ay,ay,...,09) and B = (by, by, . ., by4) be two Icosikaitetragonal
fuzzy numbers. Let us add the a-cuts of [4], and [B], of A and B using
interval arithmetic as defined below

[ [ay + (60)(a2 — a1), a24 — (6a)(azq — a23)]
+ [b1 + (60) (b2 — by), baa — (6x)(b2a — b23)],
. for a € [0,1/6]

[as + (60 — 1)(as — a3), a22 — (6 — 1)(a22 — az1)]
ei [b3 + (6& ¥ 1)(b4 e b3)’ b22 . (6& e 1)(b22 —_ b21)],
for a €[1/6,2/6)

[a5 + (6 — 2)(as — as), a20 — (6 — 2)(a20 — a1g)]
+ [bs + (6a — 2)(bs — b5),[bz}o — (6 — 2)(b20 — b19)),
P for a € [2/6,3/6]
[A]o‘ 2y [B]a 3 < [a7 + (6a = 3)(a8 = a7), aig — (6& -— 3)(018 e 017)]
+ [b7 + (6 — 3)(bg — b7), byg — (6x — 3)(b1s — b17)],
for o € [3/6,4/6]
[ag + (6a — 4)(a10 — a9), a16 — (6 — 4)(a16 — a15)]
+ [bo + (6 — 4)(b1o — bo), b1 — (6 — 4)(b1s — b15))],
for a € [4/6,5/6]
[an + (601 — 5)(012 — 011), a14 — (6a — 5)(014 — a13)]
+ [b11 + (6 — 5)(b12 — b11), bra — (6 — 5)(by4 — by3)],
for e € [5/6,1]

\

Example 4.1.1: Let A= (1,2,3,...,24) and B =(1,3,5,...,47)

For & € [0,1/6], [A]a = [1+6a, 24— 6a] and [Bla = [ + 12, 47 — 124]
then [A]a + [Bla = [2+ 18,71 — 18a]. When a =0, [A]s + [B]a = [2,71]
and When a = 1/6, (4] + [B]a = [5, 68].

For o € [1/6,2/6], [A]o = [2+6a, 23—6a] and [B], = [3+12a,45—12q]
then [A]a+[Bla = [5+ 18,68 —18a]. When a = 1/6, [A]4 +[B] = [8, 65)
and When a = 2/6, [A]a + [Bla = [11,62].

For a € [2/6,3/6], [A]a = [3+6¢, 22—6a] and [B], = [5+12a,43—120]
then [A]a+[B]e = [8+18a,65—18a]. When o = 2/6, [A]o+[B]a = [14, 59]
and When a = 3/6, [A]a + [B]a = [17,56].

For o € [3/6,4/6], [Ala = [4+60, 21—6c] and [B], = [7+12¢,41—12q]
then [A]o+([B]a = [114+18a,62—18a]. When & = 3/6, [A]4+(B]. = [20, 53]
and When a = 4/6, [A]« + [Bla = [23, 50].

For & € [4/6,5/6], [Ala = [5+6a, 20—6c] and [Bls = [9+12¢, 39—12¢]
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then [A]a+[Bla = [14+18a,59—18c]. When a = 4/6, [A],+(B]a = [26,47]
and When o = 5/6, [4]s + [Bla = [29,44].

For o € [5/6,1], [Ala = [6+6a,19—6a] and [B], = [11+12,37—12q]
then [A]a+[Bla = [17+18a,56—18a]. When a = 5/6, [A]a+[B]a = [32,41]
and When a =1, [4]a + [Bla = [35, 38].

Hence, [A]a + [Ble =[2,5,8,11,...,71].

4.1.2 Subtraction

Let A = (ay,a9,...,094) and B = (b, by,. .., by4) be two Icosikaitetragonal
fuzzy numbers. Let us subtract the o-cuts of [A], and [B], of A and B
using interval arithmetic as defined below

{

a1 + (Ba)(az — a1), a4 — (6c)(az4 — a23)]
— [b1 + (6) (b2 — by), bag — (6ax)(bag — b23)),
fora€ [0,1/6]

[a3 + (6 — 1)(ag — ag), az2 — (6 — 1)(a22 — a21)]
— [b3 + (6 — 1)(bg — b3), bag — (6 — 1)(b22 — b2y)],
for c €[1/6,2/6]

[a5 +,(6a~ 2)(ag — as), a2 — (60: —2)(ag0 — alg)]
— [bs + (60 — 2)(bg — bs), b2p — (6cx — 2)(b20 — b19)),
for a € [2/6,3/6)

[A]a =5 [B]a = 4 [a7 + (60 = 3)(08 - a7)) aig — (6(1 - 3)(018 - (117)]
— [b7 + (6 — 3)(bg — b7), b1g — (6 — 3)(b1g — b17)),
for a €(3/6,4/6)
[ag + (6c — 4)(a10 — ag), a16 — (6 — 4)(ass — a15)]
— [bo + (6a — 4)(b10 — bg), big — (6cx — 4)(b16 — b13)),
for a € [4/6,5/6]
[a11 + (6 — 5)(ag2 — 611), @14 — (6 — 5)(a14 — a13)]
— [b11 + (6 — 5)(b1a — b1}, b1g — (6 — 5)(b14 — b13)],
for a € [5/6,1]

\

Example 4.1.2: Let A= (1,3,5,...,47) and B = (1,2,3,...,24)

For o € [0,1/6], [Ala = [1+ 120,47 — 120] and [B]a = [1 + 6a, 24 — 6a]
then [A]a — [Bla = [6c,23 — 6. When a =0, [4]a — [Bla = [0,23] and
When a = 1/6, [A]a — [Bla = [1,22].

For a € [1/6,2/6], [A]a = [3-+120, 45—120] and [B], = [2+6a,23—6a]
then [A]a — [Bla = [1 + 6,22 — 6a]. When & = 1/6, [A]a — [Bla = [2,21]
and When « = 2/6, [A]. — [Bla = [3,20].
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For o € [2/6,3/6), [A] = [5+12a,43—12a] and [B], = [3+6c,22—6q]
then [A]a — [Bla = [2 4+ 6a, 21 — 6a]. When a = 2/6, [A]a — [Bla = [4,19]
and When a = 3/6, [A], — [B]a = [5,18].

For a € [3/6,4/6], [A]a = [7+122,41—12a] and B], = [4+6c,21-60]
then [A]a — [Bla = [3+ 62,20 — 62]. When a = 3/6, [Ala — [Bla = [6,17]
and When a = 4/6, [A]o — [B]a = [7,16].

For a € [4/6,5/6], [A]a = [9+120,39—12¢] and [B]s = [5+6,20—6q]
then [A]a — [Bla = [4 + 6,19 — 6a]. When a = 4/6, [Ala = [Bla = [8,15)
and When a = 5/6, [A]a — [Bla = [9, 14].

For a € [5/6, 1), [Ala = [11+12a, 37—120] and [B], = [6+6c, 19— 6c]
then [Ala — [Ble = [6 + 62,18 — 6a]. When & = 5/6, [A]s — [Bla =
[10,13] and When @ = 1, [4]a = [Bla = [11,12]. Hence, [Ala — [Bla =
0,1,2,3,...,23]

4.1.3 Multiplication

Let A = (ay,ay,...,0y) and B = (by, by, ..., byy) be two Icosikaitetragonal
fuzzy numbers. Let us multiply the a-cuts of [A] and [Blq of A and B
using interval arithmetic as defined below

( [a1 + (6)(a2 — ay), a24 — (6) (az4 — a33)]
% (b + (60)(bp — b1), boa — (6)(b24 — b23)],
for a €[0,1/6]
[as + (6 — 1)(as — a3), az2 — (6 — 1) (a22 — a21)]
¥ [b3 + (6 — 1)(bg — b3), baz — (6 — 1)(b22 — ba1)),
for a €[1/6,2/6]
[05 53 (6& =5 2)(06 ™ 05)1 a0 — (60 - 2)(020 - 0'19)]
# [b5 + (6 — 2)(bg — bs), bao — (6 — 2) (b20 — byo)),
for a € [2/6,3/6]
[a7 + (6 — 3)(ag — a7), a1 — (6a — 3)(a18 — a17)]
# [b7 + (6 — 3)(bg — br), bis — (6 — 3)(b1s — b17)),
for a € [3/6,4/6]
[ag + (6 — 4)(a10 — a9),a16 — (6 — 4)(a16 — as)]
% [bo + (6 — 4)(b1o — bo), b1 — (6 — 4)(b1s — b1s)],
for a € [4/6,5/6]
[ag1 + (60 — 5)(a12 — @11), 614 — (6 — 5)(a14 — a13)]
# [byg + (6a — 5)(b12 — by1), brg — (6 — 5)(b1a — by3)l;
for a € [5/6,1]

(4], * (B, = ¢

\

Example 4.1.3: Let A= (1,2,3,...,24) and B = (1,3,5,... ,47)
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For a € [0,1/6], [A]a = [1 4 6a,24 - Ga] and [B], = (1 + 120,47 - 12|
then [Ala * [Ba = (7202 + 182 + 1,72a% — 570a + 1128]. When a = 0,
(Al * [Bla = [1,1128] and When a = 1/6, [Al * [BJa = [6, 1035].

For a € [1/6,2/6), [A] = [2+60, 23— 6a] and [B], = [3+12a,45-12q]
then [Ala * [Bla = [720% + 420 + 6,722 — 5460 + 1035). When a = 1/6,
(Ala * [Bla = [15,946] and When a = 2/6, (Al * B, = [28,861].

For a € [2/6,3/6], [A]a = [3+6q, 22—6a] and [B], = [5+ 120,43~ 12q]
then [A]q * [Bla = (7202 + 66 + 15, 72a? — 5220 + 946]. When a = 2/6,
[Ala * [Bla = [45,780] and When a = 3/6, [A], * [B], = [66,703].

For a € [3/6,4/6], [A]a [4+6c, 21— 6a] and [B], = [7+12e,41~12q]
then [Aa * [Bla = [72a? + 90c + 28, 7202 — 498a + 861]. When o = 3/6,
(Ala * [Bla = [91,630] and When a = 4/6, [A]o * [B] = [120,561].

For o € [4/6,5/6), [A]a = [5+6a, 20— 6a] and [B|a = [9+122,39—-120]
then [Ala * [Bla = [72? + 114a + 45, 720% — 474a+ 780). When o = 4/6,
[Ala * [Bla = [153,496] and When a = 5/6, [A], * [B], = [190,435].

For o € [5/6,1], [A]a = [6+ 6,19 - 6a] and [B], = [11 + 60, 37 — 12¢]
then [A]a * [Bla = [720% + 138 + 66, 72a% — 450 + 703]. When a = 5/6,
(Al * [Bla = [231,378] and When a = 1, [4]q # [Ba = [276,325].

Hence, [A]o*[Ba = [1,6, 15,28, 45, 66,91, 120, 153, 190, 231, 276, 325, 378,
435, 496, 561, 630, 703, 780, 861, 946, 1035, 1128)].

4.1.4 Scalar Multiplication

Let A = (ay,ay,...,0a94) be an Icosikaitetragonal fuzzy number and k be
an positive integer. Let us find the scalar multiplication of a-cuts of A, of
A using interval arithmetic as defined below

{ kay + k(6a)(a2 — a1), kaza — k(6a)(a24 — a23)
for a €0,1/6]
kas + k(6a - 1)((14 — aa), kaas — k(Ga — 1)(022 — a21)
for o€ [1/6,2/6)
kas + k(6a — 2)(as — as), kazo — k(6 — 2)(a20 — a19)
g 3 for a € [2/6,3/6]
kx (Al = kar + k(6o — 3)(as — az), kag — k(6 — 3)(a18 — a17)
for a € [3/6,4/6]
kas + k(6a — 3)(a10 — ag), kais — k(6a — 4)(a16 — a1s)
for a € [4/6,5/6]
ka1 + k(6c — 5)(a12 — a11), kays — k(6 — 5)(a14 — a13)
for a € [5/6,1]

\
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Example 4.1.4: Let A= (1,2,3,...,24) and k=2,

For a € [0,1/6), [A]la = k[1 -+ 6,24 — 6a]. When a =0, [A], = (2,48
and When a = 1/6, (A}, = [4,46).

For a € [1/6,2/6), (A)a = k(2 + 6a,23 — 6a). When a = 1/6, [4], =
[6,44] and When a = 2/6, [A]s = [8,42].

For a € [2/6,3/6), [A]a = k[3 + 6,22 — 6a). When a = 2/6, [A], =
[10,40]) and When a = 3/6, [A]a = [12,38).

For a € [3/6,4/6), [Ala = k[4 4- 6,21 — 6a). When o = 3/6, [4],
(14, 36] and When a = 4/6, [A], = [16, 34].

For a € [4/6,5/6), [Ala = k(5 + 6a,20 — 6a). When o = 4/6, [4], =
[18,32] and When a = 5/6, [A], = (20, 30].

For a € [5/6,1], [A]a = k[6+6a,19—6a]. When a = 5/6, [A]a = [22,28)
and When a = 1, [4]a = [24, 26].

Hence, [A]q * [Bla = [2,4,6,...,48].

I

5 Conclusion

Icosikaitetragonal fuzzy number was introduced in this paper and also some
basic arithmetic operations were worked out such as addition, subtraction,
multiplication and scalar multiplication. Icosikaitetragonal fuzzy number
can be used to the problem which has twenty four points in representation.
In future it may be applied in many decision making problems as well as
in optimization techniques problems.
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