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Abstract: In this paper, we generalized an arithmetic operation of 4th multiple polygonal fuzzy numbers with
its membership function. We proposed a generalized technique for basic fundamental arithmetic operations of
4th multiple polygonal fuzzy numbers by using arithmetic interval of alpha- cut.
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I.  Introduction

In 1965, L. A. Zadeh[4] was the first person whose developed the concepts of fuzzy set with
membership function in this work, fuzzy sets gives out natural way of dealing with control system and decision
making system in our real life. The membership function of the fuzzy set uniquely described the set. Many
researchers and authors had been done work on the basic fundamental arithmetic operations by using arithmetic
interval of a- cut for fuzzy numbers such as Trapezoidal fuzzy number[5], Octagonal fuzzy number[8],
Dodecagonal fuzzy number[6], Hexadecagonal fuzzy number[1], and Icosagonal fuzzy number[9] ,
Icosatetragonal fuzzy number[3] and Icosikaioctagonal fuzzy number[10]. These fuzzy numbers were
introduced to clear the vagueness. D. Kumar and J. Singh[11] proposed a measure of central tendency approach
to obtain optimal solution for pentagonal intuitionistic fuzzy and compare other traditional methods. V. Raju
and P. M. Prauatha Vathana[7] developed a method for solving fuzzy critical path in which activity duration
times represented in the form of the Icosagonal fuzzy number. In the fuzzy project network, this fuzzy network
problem converted into the crisp network problem using the ranking function and obtained critical path form the
initial point to terminal point. B. Amutha and G. Uthra[2] proposed a method to solve Intuitionistic fuzzy
assignment problem in which cost values are in form of Symmetric octagonal fuzzy number. This fuzzy problem
converted into crisp assignment problem by using ranking function and obtained an optimal solution by
Hungarian method. In this paper, we extended this work as generalized form for 4th multiple polygonal fuzzy
numbers and its membership function. The basic fundamental arithmetic operations are introduced by using
arithmetic interval of a- cut for this type of fuzzy numbers.

Il. Preliminaries
2.1 Fuzzy Set: Let X be real number set then fuzzy set P of X with membership function pp(x) : X = [0, 1]
in P define as P= {(x, up (x))/ x€ X},

2.2 Fuzzy Number: The fuzzy set P is called fuzzy number if its membership function pp(x) is satisfied
following conditions:

The set P is normal if there exists x, € Xsuch that up(x,) = 1.

up(x) is piecewise continuous.

P is convex

pp{(Axy + (1 — Dz} = min{ pup(xy), pp(x2) hxy,x, € X & A€ [0,1].

The support of P is bounded in X where S(P) = {x € X /up(x) > 0}.

VVVVYV

2.3 Alpha — Cut: The a-cut of fuzzy set P

[Ple = {x € X /1y () = od.
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1. Generalized 4th multiple polygonal fuzzy number

3.1 Membership function:

0 for O<p,
kl(i) for p, <x< p,
pz - pl
k, for p,<x=<p,;
K, + (k, —k, )(=Z—Ps_ f <x<
1+ (K, 1)( — ) or p;=X=p,
4 3
K, for p,<x=<p,
kn72 for p2n74 S X S p2n73
X —
Koy + (Koy — Ky, )(——Pens for  Puns < X< Py
p2n72 - p2n73
Kn-1 for  pon, < X< Pyy
kn—l + (1_ kn—l)(X_—pZM) for p2n—l =X= p2n
p2n - p2n71
Hp(X) =41 for Pon = X= Popg
kn—l + (1_ kn—l)( p2n+2 —x ) for p2n+1 =X= p2n+2
2n+2 p2n+1
knfl for p2n+2 S X S p2n+3
— X
kn—2 + (kn—l - kn—z)( p2n+4 ) for p2n+3 =X= p2n+4
2n+4 p2n+3
kn72 for p2n+4 =X= p2n+5
k2 for p4n—4 =X= p4n—3
— X
Ky + (ky — k) (—Pan2 =Xy fOr P s < X< Pans
4an-2 p4n—3
kl for p4n—2 =X= p4n—1
p4n — X
k,(——*—) for Pint < X< Py,
' p4n - p4n—l e N
0 for a,, <x
Where OS klf sz ........ S kn»2§ kn-ls 1
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3.2 The graphically representation:

pax) f

ks

k>
k1

0 i
pi P2P3 Pan-2 Pn- P4n-1 Pan

e Addition: P+Q = (p1+01, P2t0zyeeevevnennnnnns » Pant0an)

e Subtraction: P-Q = (P1-01, P2-U2secvvvvvvvnvnnnnnn » Pan-Uan)

o Multiplication: P*Q = (P10, Pa02sevevevverern vnnnn. , Panlan)
3.4 Alpha cut:

For a € [0, 1], then a- cut of 4™ multiple polygonal fuzzy numbers P = (py, py, Ps....... , Pan) (n € N) is defined
as

o o
[p, "’k_(pz - P Pun _k_(p4n = Pans)] fora [0,k ]
1 1
a—k a—k
[ps+ (k "k )P, = Ps)s Pana— (n)(pztn—z = Pan_s)] fora e[k, k,]
2 ™M 27 ™M
[P], =<
n 2 a-— kn 2
[p2n 3 + (k )( p2n 2 p2n—3)’ p2n+4 (k )(p2n+4 p2n+3)] fOfOl € [kn—zl kn—l]
a-— kn—l a-— kn—l
[p2n—1 + (T)(pZn - p2n—1)l p2n+2 - (T)(pZnﬂ - p2n+1)] fora e [kn—lil]
TPy ~ Rna
For all a € [0,1] and /ere [k, kp, ks, oo ooy, k] = [2,2,2, =2, 1], m € N s given by
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1
[p.+na(p, - py), Pan —NA(Pap = Pans)] fora [0, H]
12
[ps + (N =1)(p, = Py), Pan_z = (@ =1)(P,_, = Pyns)] fora e [H ) H]
[Pl =
n-2 n-1
[Pons+(N@=N+2)(P, = Ponss)s  Panes = (M@ =N+2)(Py, 4 = Pania)] fora e [T ) T]
n-1
[p2n—1 + (n(l —-n +1)( P2y — pZn—l)l P2niz — (n(X —-n +1)( Pani2 — p2n+1)] fora e [T vl]

3.5 The a- cut for arithmetic operations of 4™ multiple polynomial fuzzy numbers:

If P =(py, P2, P3....... , Pan) @and Q = (s, 2, U3,-.-.... , Gan,) are two 4" multiple polynomial fuzzy numbers. Then
the arithmetic operations for the « cut of P, and Q,, of P and Q using interval arithmetic as define below-

e Addition:
[p, +na(p, = p). Py, —ne(py, — Py )]+

1
g, +nalg, —q,), 4, —n0(qs, — i) for a0, ;]

[ps +(ma —D(py = P3)s Papsr —(na—1)(py, 5 — i3]+

= o

]

H

3 [

[q; + (e —1)(qy —q3): Gypy — (=G4, 5 —q4,3)]: JOor @ €]

(Pros +(ad—n+2)(py, 5 = Prns)s Prns — M@=+ 2)(Pyys — Prps)]t
n—-2 n—1

(G203 + (n&t =1+ 2) (G202 — G2ns)s Gones — (& =1+ 2)(Gopes — G2na)] Jor a €| ]

(Prny + (a—n+ 0Py, = Poy )y Prnn — (@ =0+ 1)(py,5 — Popy )]+

n n

[G2na + (nr =1+ 1)(G2 — Grn)s Gone — (& =1+ D)(G200y — @20a)] Sfor e ["7_1,1]
e Subtraction:
[p,+na(p, — ), Ps, —na(Pyy, — Pans)]—
(4, + 106Gy = 4)): Qup ~10(G1, o)) for a0, -]
[p; +(na=D(p, = P3);, Payy —(n@=D(Py s = Pu3)]—

lg; +(na—1)gy —q5): Gy — (M2 =D(Gsp —44,5)] Jor ae [i:%]

[Pl -[0L. =

[Py, +(Ma—n+2)(Py 5 = Pay3)s Prges —(RA—=1+2)(Dy,4 — Py )]—
n—-2 n-1

(92,5 +(na—n+2)(q1,2 —Grp3)s Qanes —(ME—1+2)(qy,00 —G1003)] Jor a €] . ]

[D1s + (M =1+ D(Py, — Prny)s Prpey —(RE =14 D) Py — Drp)]—

n—1
(72,0 + (M@ —n+1)(Gy, —G101)s Gorpy —(M@—N+1D)(G27 —Ga,1)]  SJor ae [T: 1]
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e  Multiplication:

[Pl *[C]. =

[P +na(py — p1), Py — NPy — Papy)]*
(01 +10@ ~ ), din ~10(Gin— Gir1)] for a0, )

[ps +(ma—D(ps—P3): Puns— (M@ —D(Payy — Pans)]*

]

=k

[gs + (10 —1)@s — 43). daps — (M@ ~D(Gupr —qurs)]  for @€ [%,

[Pyps + (MO —1+2)(Py, s — Prns)s Poges — (M= 1+2)(Pys — Pyps)]*
n—2 n—1

[QJn—S +(HQ{_ n+ 2)(‘?2:‘:—2 s ): Drnva _(HQ'—?I—I- 2)(‘?2;‘&4 a3 )] fO?‘ e [ n ] n ]

[Py + (MO =1+ D)(Pry — Prpt)s Ponsz — (B =1+ 1Py — Pyt )F

n—1
(g2 + (O =R+ DGy, —Ga2p1): Grpez — (MO =1+ 1)(G2p01 — G2u)]  SOr @€ [751]

4.1 Membersh

V. Case-I for n=1 then m=4 (Trapezoidal Fuzzy Number):
P4 = (p1’ P2, Ps» p4)-

ip Function

0 if x <p;

X —P1 ,

S ifp1<x<p

P2 — D1 ! ?

e, (x) {1 if p2 < x < p3

—-x

L ifps < x <py

P4 —P3

\ 0 if x = p,

4.2 The graphically representation:

B ()
4

4.3 Arithmet

e Addi
e Subt

ic operations If P, = (p1, P2, P3, Ps) and Q4 = (41, G2, U3, G4), then

tion Ps+Qs = (p1+01, P2tz P3tds, Patds)
raction  P4-Qs = (P1-Q1, P2-02, P3-U3, Pa-Ga)

e Multiplication P,*Q4 = (P11, P20z, PsUs, Padla)

4.4 Alpha cut: For a € [0,1]
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[P.]. = [p1 + a(pz — p1), Pa + a(ps — p3)] .
4.5 The a- cut for arithmetic operations:
Forall a € [0,1], If P4 = (p1, P2, P3, Pa) and Q4 = (4s, G, 3, G4), then

e Addition [Ps] « + [Qsala = [p1 + a(pz — P1), Ps + a(ps —p3)] + [qs + a(qz —q1), qs +

a(q4—q3)
e Subtraction [Pg]a- [Qsla= [p1 + a(p; = p1), Pa +a(ps —p3)] — [q1 + a(qz —q1), Qs +
a(q4—q3)
e Multiplication [Ps]a* [Qs]« = [p1 + a(P2 — P1), Pa + a(ps — p3)] * [q1 + a(qz — q1), qs +
a(q4—q3)
V. Case-11 for n=2, then m=8 (Octagonal fuzzy number):

Ps :(pl’ P2: P3s Pas Pss Pey Py ps)-

5.1 Membership function:

0] for O< p,
X—P;
k,(———) for p, <x<p
' P, — P; ' :
k, for p, < X< p;
K, + (1—k,) (=P for p, <
1 (1 ps—Xszt
4 M3
#PB(X): 1 for p, < x<p;
K, + @L—k)(Pe =Xy for ps < x < p,
Pes — Ps
Ky for p, <x<p,
Pg — X
K,(——) for p,<x<p
' Ps — P~ ! °
0 for pg<x

Where 0<k;<1

5.2 The graphically representation:

pa(x)

05

0
P P2 Ps Pa Ps Ps Ps Ps

5.3 Arithmetic Operations: If Pg = (p1, P2, P3, P4, Ps, Ps, P7, Ps) and Qg = (01, 02, U3, G4, Gs, Us, 07, Js), then
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e Addition Pg+Qg = (P1+01, P2+02, P3*+03, Pata, Ps+0s, Pstds, Pr+07, Ps+0s)
e Subtraction  Pg-Qg = (P1-01, P2-02, P3-03, Pa-Ga, P5-Us, Pe-Cs, P7-07, Ps-Us)
e Multiplication Pg*Qg = (p101, P22, P3U3, Pas, PsUs, Peds: P707, Psls)

5.4 Alpha cut Forall « € [0,1] and 0<k;< 1 and k;=0.5

[p1+£(pz_p1)a P _kg(ps_pﬂ] for ae[oikl]
1 1

[PS]a = k
1 a—k;
[p; +( )(p4 P3) Pe _(W)(pe - Ps)] for a e[k,,1]
1 1
5.5 The a- cut for arithmetic operations: Forall a € [0,1] and 0<k;< 1

If P8 = (plv p2! p3, p4! p51 p6| p71 p8) and Q8 = (qu qu q3! q4l q5! qGI q7! q8)! then

e Addition:
(04 (04
[p1+k_(p2_p1)i ps_k_(ps_p7)]
1 1
(04 (04
+[q, +k_(q2 —0,), U _k_(qa -q,)] for a€[0,k,]
[Ps]a +[Qa]a = ' '

- ps)]

a—-k, L
+ - D), -
[ps (1_kl )Py —P3), P 1-k,

Lo+ (20 -0 -5 G0 foracl,

1-K,

e Subtraction:

[p1+g(p2 - pl)l Ps _g(ps - p7)]

kl kl
—[q1+kﬁ(q2—q1>, qg—kﬁ(qg—q»] for & e[0,k,]
[PB]a _[QB]a = ' a—k '
[p3+( )(p4 Ps)s pe—(l_—kl)(pe—ps)]

a—-k, a—-k,
10+ (500 8-S -0 forecli

e Multiplication:

a a
[p1+k_(p2_p1)a ps _k_(pa_p7)]
1 1

[04 [04
*[q1+k_(q2_q1)v Os _k_(qs_q7)] for a €[0,k,]
1 1

[F:]. *[Qsl. =

K, a -k,
[pa +( )(p4 ps)a Ps _(1—k1 )(pa - ps)]

a—-k, a -k,
00, (500 oracl

Aoy +(
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We introduced 4™ multiple polygonal fuzzy number in Table no 1 as below-

Table nol (4™ multiple polygonal fuzzy numbers)

S.No. | Type of fuzzy number m=4n,n € N Name of polygonal fuzzy numbers

1 n=1 m=4 Trapezoidal fuzzy numbert™

2 n=2 m=8 Octagonal fuzzy number™

3 n=3 m=12 Dodecagonal fuzzy number™

4 n=4 m=16 Hexadecagonal fuzzy number!™

5 n=5 m=20 Icosagonal fuzzy number™™

6 n=6 m =24 Icosikaitetragonal fuzzy number™®

7 n=7 m=28 Icosikaioctagonal fuzzy number™

8 n=8 m =32 Triacontakaidigonal fuzzy number
Forne N m=4n 4™ multiple polygonal fuzzy number ( purposed)

VI. Conclusion

The aim of this paper is to present generalized in 4™ multiple polygon fuzzy numbers with arithmetic

operation for the help of alpha cut technique. We also used graphical representation for proposed fuzzy number.
This proposed technique is used for solving different type of fuzzy optimization problems in which 4™ multiple
polygonal fuzzy numbers are used. The complexity in solving this type of problems has reduced to easy
computation.
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