Future Computing and Informatics Journal

Volume 2

Issue 2 (2020) 2077, Volume 2, Issue 2 Article 6

2017

Pentagonal fuzzy number, its properties and application in fuzzy
equation

Sankar Mondal
Department of Mathematics, Midnapore College (Autonomous), Midnapore, West Midnapore 721101,
West Bengal, India, sankar.res07@gmail.com

Follow this and additional works at: https://digitalcommons.aaru.edu.jo/fcij

b Part of the Computer Engineering Commons

Recommended Citation

Mondal, Sankar (2017) "Pentagonal fuzzy number, its properties and application in fuzzy equation," Future
Computing and Informatics Journal:- Vol. 2: Iss. 2, Article 6.

Available at: https://digitalcommons.aaru.edu.jo/fcij/vol2/iss2/6

This Article is brought to you for free and open access by Arab Journals Platform. It has been accepted for
inclusion in Future Computing and Informatics Journal by an authorized editor. The journal is hosted on Digital
Commons, an Elsevier platform. For more information, please contact rakan@aaru.edu.jo, marah@aaru.edu.jo,
u.murad@aaru.edu.jo.


https://digitalcommons.aaru.edu.jo/fcij
https://digitalcommons.aaru.edu.jo/fcij/vol2
https://digitalcommons.aaru.edu.jo/fcij/vol2/iss2
https://digitalcommons.aaru.edu.jo/fcij/vol2/iss2/6
https://digitalcommons.aaru.edu.jo/fcij?utm_source=digitalcommons.aaru.edu.jo%2Ffcij%2Fvol2%2Fiss2%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=digitalcommons.aaru.edu.jo%2Ffcij%2Fvol2%2Fiss2%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.aaru.edu.jo/fcij/vol2/iss2/6?utm_source=digitalcommons.aaru.edu.jo%2Ffcij%2Fvol2%2Fiss2%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
https://www.elsevier.com/solutions/digital-commons
https://www.elsevier.com/solutions/digital-commons
mailto:rakan@aaru.edu.jo,%20marah@aaru.edu.jo,%20u.murad@aaru.edu.jo
mailto:rakan@aaru.edu.jo,%20marah@aaru.edu.jo,%20u.murad@aaru.edu.jo

Mondal: Pentagonal fuzzy number, its properties and application in fuzzy

Available online at www.sciencedirect.com

ScienceDirect

UNIVERSITY IN EGYPT

TACULTY OF
COMPUTERS AND INFORMATION TECHNOLOGY

Future Computing and Informatics Journal 2 (2017) 110—117

http://www.journals.elsevier.com/future-computing-and-informatics-journal/

Pentagonal fuzzy number, its properties and application in fuzzy equation

Sankar Prasad Mondal*, Manimohan Mandal

Department of Mathematics, Midnapore College (Autonomous), Midnapore, West Midnapore 721101, West Bengal, India

Received 1 July 2017; accepted 14 September 2017
Available online 20 October 2017

Abstract

The paper presents an adaptation of pentagonal fuzzy number. Different type of pentagonal fuzzy number is formed. The arithmetic operation
of a particular type of pentagonal fuzzy number is addressed here. The difference between two pentagonal valued functions is also addressed
here. Demonstration of pentagonal fuzzy solutions of fuzzy equation is carried out with the said numbers. Additionally, an illustrative example is
also taken with the useful graph and table for usefulness for attained to the proposed concept.
© 2017 Faculty of Computers and Information Technology, Future University in Egypt. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
1.1. Fuzzy sets and number

In 1965, Lotfi A. Zadeh [1], delivered new concept namely
Fuzzy Sets theory. The theory of unsharp amounts has been
applied with great success in many various fields. Chang and
Zadeh [2] introduced the concept of fuzzy numbers. Different
mathematicians have been studying the theory (one-dimension
or n-dimension fuzzy numbers, see for example Refs. [3,4]).
With the various improvement of theories and applications of
fuzzy sets theory the topic become a topic of great interest.

1.2. Pentagonal fuzzy number

Many researcher take pentagonal fuzzy number with
different types of membership function. In this subsection we
study on some published work which is associated with
pentagonal fuzzy number:

* Corresponding author.
E-mail address: sankar.res07 @gmail.com (S.P. Mondal).

From the above literature survey we see that linear mem-
bership function with symmetry is only taken most of the
cases. But what happen if we take non linear membership
function or asymmetry on both ends or generalized case or
their combinations? Obviously the results are different. This
article we propose to show all type of possibility.

1.3. Motivation

Fuzzy sets theory play an important role in uncertainty
modeling. Now the question is if we wish to take a fuzzy
number then how its geometrical representations are. What is
its membership functions? So if decision maker take a fuzzy
number which can be graphically looks like a pentagon then
how its membership function can be defined. From this point
of view we try to define different type of pentagonal fuzzy
number which can be a better choice of a decision maker in
different situation.
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Authors Information Types of membership

function

Main contribution

Application area

Panda and Pal [5] Linear membership function
of with symmetry
Linear membership function

Linear membership function

Anitha and Parvathi [6]
Helen and Uma [7]

Siji and Kumari [8] Linear membership and non
membership function
Linear membership function

Linear membership function

Raj and Karthik [9]
Dhanamand and
Parimaldevi [10]

Reverse order linear
membership function
Linear membership and non
membership function
Linear membership and non

Pathinathan and
Ponnivalavan [11]

Ponnivalavan and
Pathinathan [12]

Annie Christi and

Define arithmetic operation and a exponent
operation

Find expected crisp value

Find the parametric form of pentagonal
fuzzy number

Define all arithmetic operation Find the
ranking of Intuitionistic fuzzy number
Define all arithmetic operation

Find the ranking of pentagonal fuzzy
number using circumcenter of centroids and
an index of modality

Define arithmetic operation

Define arithmetic operation

Define arithmetic operation and ranking

Fuzzy matrix theory

Inventory control problem

Proof of all arithmetic operation using
parametric form concept

Find the ranking of pentagonal fuzzy
number

Application in network problem

Application in Neural network problem
Apply in multi objective multi item
inventory model

Define different type of reverse order fuzzy
number

Find score and accuracy function

Transportation problem

Kasthuri [13] membership function

1.4. Novelties

There is various articles where pentagonal fuzzy sets and
number are introduced and apply to different fields. But there
are so many scopes to work on that topic. We try to summarize
the work done on pentagonal fuzzy number as follows:

(i) Formation of different types of pentagonal fuzzy num-
ber in easier manner. i.e., Symmetric linear pentagonal
fuzzy number, asymmetric linear pentagonal fuzzy
number, symmetric non linear pentagonal fuzzy number,
asymmetric nonlinear pentagonal fuzzy number are
defined.

(i) The parametric form of the said above types of number
are defined.

(iii) Arithmetic operation of symmetric linear fuzzy numbers
is defined and how can we prove it is illustrated.

(iv) The number is considered with equation i.e., pentagonal
fuzzy equation are defined and solved.

1.5. Structure of the paper

The paper is organized as follows. In Section 2, the basic
concept on fuzzy number and fuzzy difference are discussed.
In Section 3, we give a brief description on how we can
choose a suitable membership function in different pentag-
onal form. In Section 4, we addressed some arithmetic
operation on Linear pentagonal fuzzy number with symmetry.
In Section 5, solution of fuzzy equation with pentagonal fuzzy
number with example is discussed. The conclusions are
written in Section 6.

https://digitalcommons.aaru.edu.jo/fcij/vol2/iss2/6

2. Preliminaries

Definition 2.1. Fuzzy Number: A fuzzy set A , defined on the
universal set of real number R, is said to be a fuzzy number if
its possess at least the following properties:

(i) A is convex.
(ii) A is normal i.e., 3xo €R such that pi(xo) = 1.
(iii) wu;(x) is piecewise continuous.
(iv) A, must be closed interval for every «[0, 1].
(v) The support of A, i.e., support (A) must be bounded.

Definition 2.2. Generalized Hukuhara difference: [14] The
generalized Hukuhara difference of two fuzzy numbers
a,bERx is defined as follows

a=b+k
b=a+ (- 1k

In terms of «-cut set we have

a@Esz:k@{

[a Ggyb] = [min{r|(a), ()}, max{r (), rz(a)}]

where, ri(a) = aj(a) — ba(a), r2(a) = az(a) — by (a)
Let e = a®@pub
The conditions for which the existence of a® ,ub exists if

ei(@) = ai(a) — by(a), e2(a) =

ax(e) — by () ,(8) =, (8) — b,(8) and €(8) =

a,(8) —b,(B) with, e;(«),e,(6) are increasing and
ex(a), €, (B) are decreasing function for all &, 3]0, 1] and
e1(a) < ex(a), 3(8) < €} ().
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Remark 2.1. Throughout we assume that

a@gHbEéR]—'.

the paper,

3. Pentagonal fuzzy number and its variation

In this section we develop different type of pentagonal
fuzzy number in different viewpoint.

Definition 3.1. Pentagonal fuzzy number: A pentagonal
fuzzy number A = (aj,as,as,as,as) should satisfy the
following condition

(1) u(x) is a continuous function in the interval [0,1]

2)u A(x) is strictly increasing and continuous function on
[a1,az] and [ay, a3]

(3) w;(x) is strictly decreasing and continuous function on
[613,a4} and [04,615]

Definition 3.2. Equality of two Pentagonal fuzzy number:
Two pentagonal fuzzy number A = (ay,a, a3, a4,as) and B =
(b1,by, b3, b4, bs) are equal if

ay =by,a, = by,a3 = b3, a4 = by, as = bs

Now we try to define some new types of pentagonal fuzzy
number in their different form.

3.1. Linear pentagonal fuzzy number with symmetry

Definition 3.3. Linear pentagonal fuzzy number with
symmetry (LPFNS): A linear pentagonal fuzzy number is
written as Azg = (a1, as,a3,a4,as;r) whose membership
function is written as

xX—a
Lifay<x<a
a; — ag
xX—a
I1—(1-r) 2 if ay <x<as
as —a
l ifx=a3
"‘ALS(X)_ da— x
1—(1-7) 4 ifas <x<ay
as — as
as — x
= if ag <x<as
as — dg
0 if x>as

Definition 3.4. a-cut or parametric form of LPFNS: «-cut
or parametric form of LPFNS is represented by the formulas

A, = {XEX|“ALS<X) > o}

Published by Arab Journals Platform, 2017

Ai(a) =a —1—%(@ —ay) fora€|0,r]

—a
Ay (a) =ar + 1 _r(a3 —ay) fora€lr, 1]
l—«

A(a) =ay — r(a4—a3)f0ra6[r,1]

1-—

Ar(a) = as —%(a5 —ay) for a0, 7]

where A7 (a), Ay (@), is increasing function with respect to «
and Asg(a),Ar(a), is decreasing function with respect to «.

Key point 3.1. The basic concept of the above number is the
left picked point and right picked point are same (See Fig. 1
the picked point is r).

3.2. Linear pentagonal fuzzy number with asymmetry

Definition 3.5. Linear pentagonal fuzzy number with
asymmetry: A linear pentagonal fuzzy number is written as
Apas = (a1,a2,a3,a4,as;r,s) whose membership function is
written as

X—ap .
r if e <x<a
a, —a;
xX—a
1-(1-r) 2 ifa,<x<a
as —a
1l ifx=a3
Py () = -
1—(1-y) ifas <x<ay
as — das
as —x
5 ifa, <x<as
as — dy
0if x>as
Note:

(1) If r = s the asymmetry pentagonal fuzzy number becomes
symmetry pentagonal fuzzy number.

(2) For asymmetry pentagonal fuzzy number may be r <s or
r>s

Definition 3.6. a-cut or parametric form of LPFNS: «a-cut
or parametric form of LPFNS is represented by the formulas

A, = {xEXWALS(x) >a}
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Fig. 1. Linear pentagonal fuzzy number with symmetry.

Ai(a) =a —4—%(612 —ay) fora€|0,r]

a
Ay () =ay + I _r(a3_02) fora€lr,1]
-«

A(a) =ay4 — (ag — a3) for a€ s, 1]

1—s

Ag(a) =as —%(as —ay) for a€[0,s]

where A1z (a), Ay (a), is increasing function with respect to «
and Ag(a),Ar(a), is decreasing function with respect to «.

Key point 3.2. The basic concept of the above number is the
left picked point and right picked point are not same (See
Fig. 2 the left picked point is r but right picked point is s).

3.3. Non linear pentagonal fuzzy number with symmetry

Definition 3.7. Non Linear pentagonal fuzzy number with
symmetry: A linear pentagonal fuzzy number is written as
Ans = (a1, a2, a3, a4, as; r)(m_nz;mhm) whose  membership
function is written as

ny
xX—a .
r( 1> ifa<x<a,

a, —a

-0 (222 ez

l ifx=a;

_ m
1—(1—;’)<a4 x> ifas<x<ay

as — dads

as—x\™"
r<5 ) if ay < x < as

as — dy

#ANS(X) =

0if x>as

https://digitalcommons.aaru.edu.jo/fcij/vol2/iss2/6

Fig. 2. Linear pentagonal fuzzy number with asymmetry.

Definition 3.8. a-cut or parametric form of LPFNS: «-cut
or parametric form of LPFNS is represented by the formulas

Ay = {x€X|,uA~LS(x) >a}

n

Ap(a)=a + (%) (@ — ay) for a €0, 7]

Ay () =ar+ (1 — f)nz(q@ —a,) fora€lr,1]

An(e) = ay — (1 - r>m (as — a3) for a€1r, 1]

Ar(a)=as — (%)mz (as — ay) for a €0, r]

where Ay (a), Az (), is increasing function with respect to «
and Ayg(a),Aigr(e), is decreasing function with respect to «

N
[ A
TE--=---F . - -
1 I
[ I
1 [
1 I
] 1 N
7z
0 a; a, as as Qs X

Non Linear pentagonal fuzzy number with symmetry.

Key point 3.3. The basic concept of the above number is the
left picked point and right picked point are same but the
boundary of the fuzzy area should not be linear always. It can
be non linear also. That is the membership function can define
as a non linear function. So we can give the non linearity on



Mondal: Pentagonal fuzzy number, its properties and application in fuzzy

114 S.P. Mondal, M. Mandal / Future Computing and Informatics Journal 2 (2017) 110—117

the membership function (See Fig. 2 the left picked point is r
but right picked point is s).

3.4. Non linear pentagonal fuzzy number with
asymmetry

Definition 3.9. Non Linear pentagonal fuzzy number with
asymmetry: A linear pentagonal fuzzy number is written as
Anas = (a1, ay,a3,a4,as; r, S)(n],nzzml,mg) whose membership
function is written as

n
X—da
r( ‘) ifa) <x<a

a —a

l—(l—r)(x_a2> ifa, <x<aj
asz —ap
l ifx=a;
I‘LANAS(X): m
1—(1—s)(a4_x) ifas<x<ay
as — ds
_ my
s(“5 x> if a, < x < as
as — dy
0ifx>a5
Note: (1) If ny =ny =m; =mp =1 then non linear

pentagonal fuzzy number becomes linear pentagonal fuzzy
number.

Definition 3.10. «a-cut or parametric form of LPFNS: «-cut
or parametric form of LPFNS is represented by the formulas

A, = {xEX|,uA~LS(x) >}

o4

An(@)=ar+ (7)) (@~ a) for ac(0.]

-
1l—«a
1—r

An(a) =ar + ( )nz(@ — &) for a€r, 1]

l—«
1—ys

Ang(0)) = ay — ( )m (as — a3) for a5, 1]

Ar(a) =as — (%)mz (as — ay) for a €10, )

where Aj;(a), Aoz () is increasing function with respect to «
and Azg(a), Aig(e) is decreasing function with respect to «.

Published by Arab Journals Platform, 2017

Y a; Qa; as ay as X

Non Linear pentagonal fuzzy number with asymmetry.

Key point 3.4. The previous concept is apply here only the
basic concept of the number is the left picked point and right
picked point are not same.

4. Arithmetic operation on Linear pentagonal fuzzy
number with symmetry i.e., A;s = (a1, az,as3,a4,as;r)

(1) Multiplication by crisp number

If k is a positive crisp number then kALS = (kay, kay,
kaz, kay, kas;r) and k is a negative crisp number then
kArs = (kas, kag, kas, kay, kay;r).

Proof: We can proof by interval arithmetic on the para-
metric method

Ay = [Ara(@), A ()] = [A1L(a), Asr (@) ; Asr (@), Arr (@0)]

We can make the above four component
Aip(a), Az (o), Asr(e), Arr() into[two interval as

Ata() = [AiL(@), Ao ()] = |a1 +§ (a2 — 1), a2 + =5
(az — 02)}

and  Asy(a) = [Asr(a), Ar(a)] = {a‘* - %

(as — a3), as — (as — a4)}

Note 4.1: The concept on parametric form of a normal
fuzzy number is that it behave like a interval number for fixed
value of the parameter. For the pentagonal fuzzy number we
have to take two interval together.

Case 1: When k>0

Now if we multiply by positive crisp number then
kA (@) = [kA L (a), kAo ()] and kA, (a)
= [kAe(@), kA (@)

So the resultant interval is



Future Computing and Informatics Journal, Vol. 2 [2017], Iss. 2, Art. 6

S.P. Mondal, M. Mandal / Future Computing and Informatics Journal 2 (2017) 110—117 115

kA, = [kA14 (@), kAzy (o))
= [kAlL(a);kAZL(a);kA2R(a)7kA1R(a)]
So kA, = [ka] —i—%(kaz—ka]),kaz—i-ll%”r‘(k% —kay);
ka4 — 1177‘; (ka4 — ka3), ka5 — % (kas — ka4) .
That means kA, is the a-cut of kA;g= (kay, kaa,
kas, kay, kas; r).

Case 2: When k<0

Now if we multiply by positive crisp number then

kA () = [kAy (o), kA . (e)] and kA, (o)
= [kAr(at), kAog ()]
So the resultant interval is kA, = [kAz. (o), kA1,(a)] =
[kAir (a), kKAsg(a); kKAop(er), kA1 (a)].
So kA, = [ka5 — & (kas — kay), kay — =2 (kas — ka3);
ka, + 11%‘;‘ (kaz — kay), kay + % (kay — kay) | .

That means kA, is the a-cut of

kA~L5 = (k(ls, kCl47 ka3, kaz, kal 3 r).
If k is a  negative
kArs = (kas,kay, kas, kay, kay;r).

crisp  number  then

(2) Addition of two pentagonal fuzzy numbers:

_ Consider two pentagonal fuzzy numbers
Ars = (a1,a2,a3,a4,as;r1) and  Brs = (b1, b2, b3,b4,bs;12)
then the addition of the two numbers is given by

CLS = (al +b1,(12 +b2,a3 +b3,a4 +b4,a5 +b5,}")
where r = min{ry,r,}.
(3) Subtraction of two pentagonal fuzzy numbers:

Consider two pentagonal fuzzy numbers ALS = (a1, az, a3,
aq, ds; rl) and B;s = (bl,bz, b3, by, bs; 1’2) then the addition of
the two numbers is given by

Dys = (ay — bs,a, — by,a3 — bs,as, — by,as — by;r)
where r = min{ry, r,}.

5. Solution of fuzzy equation with pentagonal fuzzy
number

Consider the linear equation with linear pentagonal sym-
metric fuzzy number as

arsx +brs = Crs

Note 5.1: The above equation is a linear pentagonal sym-
metric fuzzy equation since the coefficients and parameters are
all linear pentagonal symmetric fuzzy number. If any one of the

https://digitalcommons.aaru.edu.jo/fcij/vol2/iss2/6

parameter are linear pentagonal symmetric fuzzy number then it
is also known as linear pentagonal symmetric fuzzy equation.
Solution: Taking a-cut of the equation we get
laiL(a), ax(@); am (@), air(@)]. [xie (@), xor(@); xor (@), x15 ()]
+ [biz(@), bar(a); bar(e), big(a)]
= [ciz(a), ca(@); car(a), cir(@)]

Now the problem is converted to some interval equation.
We have now follow the following strategy

min{[ai. (@), @y ()] [xic(a), xar ()]} + bir(a) = ciz(@)
max{[a.(a),ax(@)]-[xiz(e), %2 ()]} + bar(@) = car(a)
min{[axx(a),air(a)].[rr(a), x1r(@)]} + bar(a) = cor(@)

max{[ax(e), air(e)]. [x2r (@), Xir ()]} + bir(a) = cir(a)

If we consider a;,,; is positive interval valued intuitionistic
fuzzy number then using the concept of generalized charac-
terization theorem we can write

aip(a)xip(a) +bi(a) = ci(a)
ay(a)xar (o) + bar (o) = o (@)
axr(e)xar(@) + bag(a) = cor(a)

ar(a)xir(a) +big(e) = cir(e)
Whose solution can be written as

_ ci(e) — by ()
apr(@)

)CIL(OZ)

oor (a) = CZL(OZ) — sz(Ol)
(@) @

onlor) = CQR((X) — bzR((X)
2r(a) B o —

_cig(a) —big(a)
ne() = air(a)

Note 5.2: Clearly [xi.(«),x2(a);x2r(t), x1r(0)] is the
a-cut of the problems, but it is necessary to check whether the
all component of the solution is maintains the pentagonal
fuzzy rules or not.

The solution is strong solution if

dle(Ol) dXQL(Ol)

>0
da ' dua

i.e., xi(a),xpr (@), are increasing function with respect to .
and

d)CZR(C() dX]R((X)

<0
da ' da

i.e., xiz(a),xo (), are decreasing function with respect to .
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a€[0.6, 1], x2r(a), is decreasing for « €[0.6, 1] and xg(«) is
decreasing for a«€10,0.6]. Hence the solution is a strong
solution.

6. Conclusion

In this paper the concept on different type of pentagonal
fuzzy number is defined. The said number valued function is
extended to its generalized Hukuhara difference concept, where
it is applied to elucidate the pentagonal fuzzy solutions of the
equation. Arithmetic operations of a particular pentagonal fuzzy
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Table 1

Solution for different value of .

o xi(a) Xor (@) o Xor (@) xir(@)
0 6.5000 0 18.5000
0.1 7.1667 0.1 18.1667
0.2 7.8333 0.2 17.8333
0.3 8.5000 0.3 17.5000
0.4 9.1667 04 17.1667
0.5 9.8333 0.5 16.8333
0.6 10.5000 10.5000 0.6 16.5000 16.5000
0.7 11.0000 0.7 15.5000

0.8 11.5000 0.8 14.5000

0.9 12.0000 0.9 13.5000

1 12.5000 1 12.5000

Numerical example 5.1: Consider the pentagonal fuzzy
equation

ax—+brs = Cis

where ~
a=4,brs = (4,8,10,14,16;0.6) and ¢,5 = (30, 50, 60,
80,90; 0.6).
Solution: The a-cut of the solution is like
(JZLS)& = [XlL(a) sz( X2R le a)]
where, xip(a) =1 ( 6+ 82—"‘) X () = 5 (62 — 20a),
xor(a )—;{(26+40a nd x <74—4_%
i\
b <
N 2
g ~
o f - — xy(a@)
a 9 | — Xy (@)
5 1 — x2p(@)
& d — le(a)
o
\

O N & O O 2 R = E =N
o N B 00 ® O

Graph of solution.

Remarks 5.3. From the above graph and Table | we see that
xi.(@) is increasing for «€[0,0.6],x.(«), is increasing for

Published by Arab Journals Platform, 2017

number are also addressed. Further a numerical example is
illustrated with pentagonal fuzzy number with fuzzy equation.
Mainly the whole work reaches on the following conclusion:

e Demonstrating different type pentagonal fuzzy numbers
enabled to meet the imprecise parameters as well, which is
approvingly the advantageous for the decision makers to
analyze the result in a more precise manner.

e By different situation the decision maker can take different
type of pentagonal fuzzy number as per the problem
definition.

Thus in future we are interested to use these concepts to
find the solution of different problem with different type of
pentagonal fuzzy numbers and we can apply this in various
fields of engineering and sciences.
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