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1. Introduction

Fuzzy set theory was introduced by Lotfi A. Zadeh in 1965
[6]. Since then fuzzy mathematics has been applied in various
fields like decision making, pattern recognition, information
processing and various analysis methodologies. Fuzzy
numbers are one of the most used fuzzy tools in fuzzy
applications. They are used to quantify certain concepts like
close to five, nearly five, approximately five etc. Fuzzy
numbers are basically fuzzy sets satisfying the properties of
normality, convexity and piece-wise continuity. Lotfi A.
Zadeh introduced the concept of fuzzy numbersin 1975 [7, 8,
9]. Triangular fuzzy numbers, trapezoidal fuzzy numbers and
pentagonal fuzzy numbers are most popular forms of fuzzy
numbers used in various applications. In 1994 Bustine, H., and
Burillo, P., proposed the definition of intuitionistic fuzzy
numbers [2]. In was based on the definition of intuitionistic
fuzzy sets introduced by Atanassov in 1983[1]. Intuitionistic
fuzzy numbers are very useful in capturing imprecise data. The
triangular fuzzy numbers, trapezoidal fuzzy numbers have
been extended to respective intuitionistic fuzzy numbers.

In the year 2014 T. Pathinathan and K. Ponnivalavan
introduced pentagonal fuzzy number [4]. This number was
introduced mainly to capture the variations that occur in the
curve at different levels which triangular and trapezoidal fuzzy
numbers fail to do so. Ponnivalavan, K. and Pathinathan, T.
introduced intuitionistic pentagonal fuzzy numbers[5] in order
to accommodate the value of non-membership in case of
pentagonal fuzzy numbers. In 2012 R., Parvathi and C.
Malathi introduced Symmetric trapezoidal intuitionistic fuzzy
numbers [6]. In this paper we propose symmetric pentagonal
intuitionistic fuzzy numbers. The shape of the membership
functions of symmetric fuzzy numbers are simpler and more
regular, which lead to less complex calculations and more
natural interpretations. Therefore, introduction of SPIFNs can
help us for less complex calculations and more natural
interpretations.

In the second section, preliminary definitions are discussed.
We also propose representation of symmetric pentagonal fuzzy
numbers in this section. In the third section, we define
symmetric pentagonal intuitionistic fuzzy numbers with
geometric representation. We aso discuss some of the

properties of the number. Some of the algebraic operations are
discussed with a numerical example in the fourth section.

2. Preiminaries

2.1. Fuzzy Number [3]: A fuzzy number is a fuzzy set Aon
the real line R, whose membership function M satisfies the
A

following conditions:
1. Normality i.e. there exists an element X, such that

m (%) =1
2. Piece-wise continuity i.e.
Ve >0,3d > Osuchthatm (x)—-m. (x,) <e
A A

whenever [x - x,| <d
3. convexity i.e.
m (I % +@1=1)x) =minfm (x),m (X)) vx, X, € Rand
A A A
| €[0]]

2.2. Intuitionistic fuzzy number [2] : An intuitionistic fuzzy

number is an intuitionistic fuzzy set A on the real line ‘R
satisfying the following condition in addition to that of three
conditions of fuzzy number:

1. Concavity for the non-membership functioni.e.
2. U (I +Q-1)%) <max(. (%) u. ()%, X, R
and | €[0]]

2.3. Pentagonal Fuzzy Number [4]: Pentagonal fuzzy

number is a fuzzy set denoted as Ap = (a1, &, as, &, 3) and
whose membership function is defined as[4]
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M for <x<
(—a) TR
M for < X<
(g—ay) 2SN
m. (x) = for x=a,
(B9 fora,<x<a,
(a4_aa)
(3 - %) fora, <x<
(as_a4) 2=
0 otherwise

2.4. Pentagonal Intuitionistic Fuzzy Number [5]
Pentagonal intuitionistic fuzzy number of a intuitionistic fuzzy

set A isdenoted as

Ap = (ailaz’as’amas;dl’a'z’alsialmals) and
whose membership and non-membership function are defined
as

0 for x<a,
(x-a)
—2= fora, <x<
(a,-a) v
(x-a,)
f <x<
(-a)
m_ (x)=41 for x=a,
% fora, <x<a,
4
((zis—i_a)()) fora, <x<a,
4
0 for x> ag
1 for x<a',
% fora,<x<al,
27 %
% fora,<x<a,
3 2
u.(x)=<0 for x=a',
% fora,<x<a’,
a,—a,
% fora’,<x<a
a,—a,
1 for x> a',

2.5. Symmetric Pentagonal Fuzzy Number

Symmetric pentagonal fuzzy number is denoted as
m_ =(a,n,n,m,m) and whose membership function is
Ap

defined as

0 forx<a-m

Xx—(a-m
¥ fora—-m<x<a-n

m-n
Xx—(a—-n
# fora—n<x<a
m_ (x)=41 forx=a
e (a+n)—x
72 ~ foras<x<a+n
a+m)—Xx
% fora+n<x<a+m
m-n
0 forx>a+m
Y
W-=1
W-=0.5
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3. Symmetric Pentagonal Intuitionistic Fuzzy
Number

Symmetric pentagonal intuitionistic fuzzy number is a

intuitionistic fuzzy set A =

(a,a,,8,,8,,a54d,,d,,d,,a,,d:) membership and
non-membership functions defined as:

X—(a—-m
# fora—-m<x<a-n
m-n
x-(a-n) fora—n<x<a
n
1 forx=a
m_ (X) =
Fer (a+n-x fora<x<a+n
a+m)-—x
% fora+n<x<a+m
m-n
0 otherwise
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a—-n')—x \ .

% fora-m<x<a-n
m'—n

a-—Xx .
. fora—n'<x<a

n

0 forx=a

u. (x)=
X—a
' . fora<x<a+n'

n

Xx—(a+n' , ,

# fora+n'<x<a+m
m'—n

1 otherwise

3.1. Geometrical Representation of SPIFN

W=7 (
R /|
A /|
A /o
W.=0.5| | \ / i
| N \/ |
VAN /1\!
| v\ AR :
i [ 1N /oo E
| b N/ b |
S8 S VSR W
a [ m r r m
a-m' a+m’
m m
a-m a-n = asn a+m
an ' atn
3.2. Propertiesof SPIFN
Property 1
If a SPIFN is of the form
A =[a,n,n,mma,n',n',m,m’] such  that

m-n=m-n'thenn<n'and m<m'

for xe[a—m,a]
m. OQ*‘M

<lasm_. (xX)+u . (x)<1
A A

X—(a-m a-n)-x

= ( )+( .). <1 D
m-n m'-n

m—nS

m-n
=>m-n<m-n
=n<n
also from(2)
m—nSl
m-n'
=>m-n<m-n'
=>ms<m

1

Property 2

The membership function of Csp1 = Aspi + Bspi isgiven by

The condition to transform SPIFN

A =[a,n,nmman’,n',m,m:n<n'andm<n]to

a SPFN Asp =(a,n,n,m,m:n<m)is that
n=n'and m=m'andU _ (X)=1-m_ (X)

| |
Property 3
SPIFN

The condition to transform

As =[a,n,nmma,n,n',nm,m:n<nandm<m]to a
rea number @ isthat n=n'=0and m=m'=0
3.3. Arithmetic operations on SPIFN

1. Addition:
Let As =[a,n;,n,m,m;a,n';,n';,,m;,m, Jand

Bs =[b,n,,n,,m,,m,;b,n’,,n",,m, ,m,]be two
SPIFN

Ce = Aspi + B isdso SPIFN. It isgiven by

Csi = [atb, ny+ny, np+ny, mp+my, my+my a+b, n’1+n’, n’+n’,
m’;+m’; m’;+m’; |

Proof:

The Membership and non-membership function of

Cs = Asi + Bsri can be established by
(a,b)-cut method. a -cut for membership function of

Asriis[army(a -1) - a n, & m+(an),(arny) - a ng my(1-
a )+a n+a for ala in [0,1]. a -cut for membership

function of Bspi

is[btmy(a -1) - a ny, a ny+(b-ny),(b+ny) - & n, my(1-a )+
a ny+a fordla in[0,1]

Let u € [army(a -1) - & n, a m+(any),(&n) - a ng
my(1-a )+a n;+a] and

ve [b+m2(a '1) -anm a n2+(b+n2),(a.+n2) -an mz(l-a
)+a ny+b] then

w=urv] [(@rb)-(mi+my)+ @ {(my+my)-(n+ny)}, @
(n+ny)+H{ (a+b)-(n+ny)},

{(atb)+(n+np)} - @ (np+ny),(a+b)+(my+my) - @ {( my+my)-

(netny)}]
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w—[(a+b)—(m, +m,)]
(m1 + mz) _(nl + nz)
W_[(a+ b) - (nl + nz)]

i(@+b)—(m+m,)<x<(a+b)y—(n,+n,)

;@+b)—(n,+n,)<x<(a+b)

n1+n2
X=a+b
m (w)= b
= [@+D)+ (N +MI=W o py < < (asb)+(n +n,)
n, +n,

[(@+b)+(m +m,)]-w
(ml + mz) - (nl + nz)
0 ;otherwise

s(@+b)+(n +n,) < x<(a+b)+(m +m,)

b -cut for non-membership functionof A is[(an’y)- b (m’;-n),ab n’, n b +a
S

b (m’i-n’y)+(a+m’;)] forall b in[0,1]. b -cut for membership functionof B is
S

[(b-n2)- b (M’,n°,), b-b n’5, b +b, b (mM’,-n’,)+(b+m’y)]for al b in[0,1]
Leuwl [@n)- b (m-n’),ab n'y, b +a b (m’n’)+@+m’y)]and
vI [(0n')- b (m’2n’y), b-b ', mb +b, b (m’n’,)+(b+m’,)] then

w=u+v' ] [(atb)-(n"1+n2)- b {(M’1+m’y)-(n"1+17)}, (atb)- b (n'+n7y), (atb)+ b (n°1+n’;), (atb)+(m’i+m’)+ b
{(m’1+m’3)- (n’1+n’,)}]

The membership function of Cs1 = Asi + Bspi isgiven by

[(@+b) = (MM =W o by — (i, 4+, ) < x < (@+ b) — (W, +1,)
(m'+m', ) —(n';+n',)
w ;(@a+b)—(n,+n',)<x<(a+b)
n,+n,
0 ;Xx=a+b
Yo M= e b
Ce ﬁ s(@+b)<x<(a+b)+(n'+n',)
n',+n',
W@+ b) £ (M1 oy by s (e, ) < x < (@t b) + ()
(m‘l"‘m'z ) - (n.1+n-2 )
1 :otherwise
2. Subtraction:

Aspi =[a, Ny, Ny, My Mg; @, N7, 0’3, M’y M’y

Asi =[a ny, N, My mg;a, N’y N’y M’y m’y] ~
a Asi=a [an,n, m mga, n'y, N’y mymy]

B =[b, np, ny, My, my; b, n°5, 075, M, m’; | =[aaan,an,am,am; aa an;,
ani;ami;,amy]
Cs'f' = AS}" _,BSP,' = [’a-b, ¥y, NyFp, My M, MM, & All these results for algebraic operations could be proved by
b, n*y0"5 0"y’ MM, MM, | directly applying arithmetic operation rules already defined
. . . for the pentagonal intuitionistic fuzzy numbers. We need to
;;1(;3 .COUld be proved in the same manner as in the case of substitute the values of the 5-tuples accordingly using the
ition. values of m, n, n” and m’.

3.3.1. Numerical Examples
We consider two SPIFNs
3. Scalar Multiplication: ~
As =1[.3,.15,.15,.2,.2; .3,.2,.2,.25,.25]

13|Page
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~ = [.7,.3,.3,.45,.45; 7,4,4,.6,.6]
Bs =[.4,.15,.15, 2.5,2.5; .4,.2,.2,.35,.35]

Asri + B =[.3,.15,.15,.2,.2; .3,.2,.2,.25,.25] + [.4,.15,.15,
2.5,2.5; .4,.2,.2,.35,.35]

N
----------------------- .
Iésm
;A\?I +~BSDI
0
As — B =[.3,.15,.15,.2,.2; .3,.2,.2,.25,.25]- [ .4,.15,.15, 2.5,2.5; .4,.2,.2,.35,.35]
=[-.1, .3,.3,.45,.45; -.1,.4,.4,.6,.6]
\ / fffffffffffffffffffffff o
Be
ASDI - és:ﬂ

-7 -6-5-4-3-.2-1 01 2 3 4 5 6 7 8

a Asi =2 A =2[.3,.15,.15,.2,.2; .3,.2,.2,.25,.25]

=[.6,.3,.3,4,4; .6,.4,.4,5,5]
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Conclusions

We have defined symmetric pentagonal intuitionistic fuzzy
numbers with proper geometric representation. We have
discussed some of the properties with proofs. We have also
proposed algebraic operations illustrating them with an
example.
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