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ABSTRACT

This paper introduces Symmetric Octagonal Intuitionistic Fuzzy Number (SOIFN) and its arithmetic operations. The
arithmetic operations addition, subtraction, scalar multiplication and additive inverse are performed using (o, ) cuts. An
example illustrates the proposed arithmetic operations of Symmetric Octagonal Intuitionistic Fuzzy Numbers(SOIFN).
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1. INTRODUCTION

In real life, there are many situations, where it is impossible to get precise data for the cost parameters, due to complexity
and uncertainty of information. Therefore, it is desirable to apply fuzzy sets to eliminate the impreciseness and vagueness..

The concept of fuzzy set was introduced by Zadeh [15] in 1965 and it dealt with imprecision, vagueness in real life
situations. In 1970, Bellman & Zadeh [4] proposed the concept of decision making problems involving uncertainty and
imprecision. K.T. Attanasov [1], [2], [3] introduced Intuitionistic fuzzy sets and their applications to deal with vagueness.
W.L. Gau and D.J. Buehrer [7] discussed the concept of vague sets. Bustine and Burillo [5] insisted that vague sets are
intuitionistic fuzzy sets. Dhanalakshmi .V, Felbin .C Kennedy, [6] proposed the ranking algorithm for symmetric octagonal
fuzzy numbers. G. Menaka[8] and Rajarajeswari, G.Menaka [12] proposed a new approach for ranking of octagonal
intuitionistic fuzzy numbers. G. Sahaya sudha, K.R. Vijayalakshmi [13] presented a value and ambiguity based ranking of
a symmetric hexagonal intuitionistic fuzzy numbers in decision making. R. Parvathi, C. Malathi [10] listed the Arithmetic
Operations on Symmetric Trapezoidal Intuitionistic Fuzzy Numbers using (a, ) cuts. A. Sahaya Sudha and R.Gokilamani
[14] proposed an Arithmetic Operations on Hexadecagonal Fuzzy Numbers. K. Ponnivalavan and T. Pathinathan, [11]
defined Intuitionistic Pentagonal Fuzzy Numbers and the Arithmetic Operations on Intuitionistic Pentagonal Fuzzy numbers.
A. Mohammed Shapique [9] introduced the Heptagonal Fuzzy numbers and the Arithmetic Operations on Heptagonal Fuzzy
Numbers using a cut method.

In this paper, SOIFN have been introduced. Arithmetic operations of SOIFN have been proposed using (o, B) cuts. A
numerical example for each arithmetic operation is provided.

The rest of this paper organized as follows. In Section 2, definitions of fuzzy set, intuitionistic fuzzy set and OIFN are given.
Section 3, presents introduction of SOIFN. In Section 4, arithmetic operations of SOIFN based on (a, B) cuts are proposed.
A numerical example showing each arithmetic operation is illustrates in section5, followed by conclusion in section-6.
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2. DEFINITIONS

Definition 2.1: Fuzzy Set

G. Uthra’, K. Thangavelu? and B. Amutha*3 /

Let A be a classical set, p,(x) be a function from A to [0, 1]. A fuzzy set A with the membership function u,(x) is defined

asA = {x,us(x);x € Aand p,(x)

€ [0,1]}.

Definition 2.2: Intuitionistic Fuzzy Set
Let X be a given set. An Intuitionistic Fuzzy Set A in X is given by, where A={( x, pa(X),9,(x))|x € X} X— [0, 1], where
Ma(x) is the degree of membership of the element x in A and, 9,(x) is the degree of non membership of x in A and 0< pa(X)

+9,(x) <1.

Definition 2.3: Octagonal Intuitionistic Fuzzy Number (OIFN)
An OIFN is specified by A= [(a4, ay, as, ay, as, ag, a7, ag ); (a1, ay, as, Ay, as, Ag, ay, ag')]
where a,, a,, as, a4, as, ag, a;, ag, ay, ay, as, ag, ay, ag’ are real numbers and its membership and non-membership functions

are given below.

( 0 ifx<a
k<x_a1> . < <
& —a ifa; <x<a,
k ifa, <x<az
X —daz ,
k+(1—k)( ) ifa;<x<a,
(x)= a4_a3
Ha 1 if a, <x<as
k+ (1 k)(%_x) fas<x<
2. —a if as < x < agq
k ifag <x<a,
k<a8—x) fa,<x<
P if a, <x < ag
1 ifa,' <x
k+(1—k) GTX ) i <x<ay
azr _ all lf a; =X=0a;
k if a;) <x <aj'
Ay — X . '
k(—,) ifay’<x<a,
94(x) = e ” 3
A 0 if a, < x < ag
k(x—a5> ) <yt
o —a if as < x < ag
k if ag’ <x <a,
k+(1—-k) X—ar ), '<x<ag
asl_a7l lf a; =X =dag
Where k =1/2
Th
\
3
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\
A\
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Figure-1: Diagrammatic Representation of OIFN
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3. SYMMETRIC OCTAGONAL INTUITIONISTIC FUZZY NUMBER (SOIFN)

ASOIFNisgivenby A, = [(a, —r—s—t,a,—r—s,a,—71,a, ay, ag+r, ag+r+s,ay+r+s+t);(a,—r —
s'—tha, —r' —s',a, -1, a, ay, ay’ +7r’,a; +r" +s',ay +r' +s"+t')] where a, —r—s—t,a,—r—s,a, —
r,a.,ay, ay +r,ay +r+s,ag+r+s+ta,—r' —s' —t,a'—-r' —-s,a'—r',a,ay,ay +7 0, +r" +s,a," +
r'+s"+t' are real numbers such that (a, —1r' —s'—t'<aq,—-r—-s—t<a,/ -1 —-s'<q -r—-s<aq' -1 <
a,—-r<aq <ay<aytr<ay +r' <ayt+r+s<a;+r' +s' <ay+r+s+t<ay +r' +s +t') and its
membership and non-membership functions are given below

x—(a—r—s—1t)

2 , a,—r—s—t<x<a —r-—s
1
> a,—r—s<x<a,—r
1 (x—(a,—1)
E.|_—( 2; ) a-r<x<aq
1 a, <x<ay
ao () =) 1 (@ +1 -9
—+T ag<x<ay +r
1
K agt+tr<x<ay+r+s
((au+r+s+t)—x)
, agtr+s<x<ay+r+s+t
2t
1 (af—1r"—s")—x
2_+(L Zt, ) , aL’—T"—S’—t’SXSClL’—T’—S’
1 ! ! ! ! !
> a —r—s<x<a, —r
1 a, —x
E(m) aL’—r’SxSaL
L L
19A0(x):< 0 aLstaU
1 x—ay .,
2 (@) Gu = XS au T
U U
1
> ay+r' <x<ay+r+s'
1 (x —(ay +7"+ s’))
§+( T , ay' +r'+s' <x<ay’ +r'+s+t
1N
N
N\
0.5

Figure-2: Diagrammatic representation of SOIFN

Wherea;,;, =a, —r—s—t,a,=a, —r—S,a,3=0a,—1,ay; =ay+1.ag=ay+r+s,agz=ay+r+s+
t,ap, =a,—r' —s'—thap=a,—1r'—s,az=a, -1, ay, =ag+r,ay =ayp+r' +s,ayp; =ay+r'+s'+t
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4. ARITHMETIC OPERATIONS ON SOIFN BY (a, p) CUTS

1. Addition:

IfA, =[(a,—1 —s;—t, a,—1—S,a,—1, a, ay, Ay +1,, ag +1r, +51, ag + 1, +51 +t1);

(a,—1{ —s1—ty, a,—1r —sy,a, —1, a, ayg, ay +1{,ay +1"+5s, a,/+r" +s;" +t,)]

B, =[(b, — 1, — S, —ty, b, — 15, — 3, by — 13, by, by, by + 15, by + 1, +5,, by +1,+ 5, +t,);

(b, — 1y —sy—ty, by —1y—53, b, —15, by, by, b, +15,by’ + 15" +5,, by’ + 1" +5," + t,")] are two SOIFNs then
C, = A, + B, iaalso a SOIFNs and is given by C, =(((a, + b)) —(r +s+1t), (a,+ b)) —(r+5s), (ap +b,)—r1,a, +
by,ay +by,(ay +by) +r,(agy+by)+(r+s),(ay+by) +(+s+t));((a, +b, Y +s" +t'),(a, +b,)— (' +
s, (a,  +b."Y—71",a, + b, ay + by, (ay' +by")+7',(ay' + by )+ (" +5"), (ay' + by )+ (" +s5" +t)))

Wherer, + 1, =7,5;+s, =s,t;+t, =t, 6+t =t,s;' +s, =5, +n/ =71

Proof: The membership and non-membership function of IFS C, = A, + B, can be obtained by (o, ) cuts with the
transformation z = x+y. a-cut for membership function of 4, is ((aL -1 =S —ty) +2aty,2ar, —1r, +(a, — 1), 1y —
2ary + (ay + 1), (ay + 1, +5; + 1) — Zatl) for every o € [0,1]. Thatisx € ((a, — 1, —s; — t1) + 2aty , 2ar;, — 1, +
(a, —1m),1 —2ar; + (ay +1y),(ay + 11 + 51 + ;) — 2at,) . a-cut for membership function of B, is ((b, — 1, — s, —
t,) + 2at, , 2ar, — 1, + (b, —13), r, — 2ary, + (by +13), (by + 1, + 5, + t,) — 2at,) forevery o € [0,1]. Thatisy €
(b, =1y, — sy — ty) + 2at,,2ar, — 1, + (b, — 1p), 1, — 2ar, + (by + 1), (by + 15, + 5, + t5) — 2at,). SOz = (X+y)
€(a,+b)—(r+s+t)+ 2at,rQRa—1)+[(a, + b)) —r],7v(1 = 2a) + [(ay + by) + ], [(ay + by) +

(r+s+t)] — 2at).

Wherer, + 1, =7,5,+s, =5s,t; +t, =t

Therefore the membership function of C, = A, + B, is given by

z—[(a,+b)—(r+s+1)]

- . (a+b)—(+s+t)<z<(a,+b)—(r+s)
1
. (a,+b)—(r+s)<z<(a,+b)-7
1 (z—(a,+b)—7r
E_I_( (( LZr L) ) (ap+b)—r<z<a,+b
B 1 aL+bLSZSClu+bU
Kol =Y 1 (e b+ =)
5+ 2r ay+bhy <z<(ay +hy)+r
1
1 (ay +by)+r<z<(ay +by)+r+s
ay +by)+r+s+t)—z
(((ay +by) = ) ), (ay +by)+r+s<z<(ay +by)+r+s+t

For non-membership function B-cut for A} is ((¢; — 28t,") + (a,' — 7' — s,"), a, —2B(a, — (a,' — 1)), ay +

28((ay" + 1) —ay),2Bt; —t{ + (ay' + 11" + 5,")) for every p€[0,1]. Thatis x € ((tl’ 2Bt +(a) -1 —

si)a, —2B(a, — (a = 1)), ay +28((ay" + 1) —ay),2Bt; —t{ + (ay' + 7' + sl’)) B-cut for non membership
function of B, is ((t; — 2Bt,) + (b, — 1" —s5,"), b, — Zﬂ(bL - (b, — rz’)), by + 2,8((bU' +r)— bu), 2Bt, —t; +
(by '+ 7, +5,")) for every p€[0,1]. Thatisy€ ((t; — 28t,") + (b,' — 7o' —s,7), b 2B(b, — (b, —1,7)), by +
Zﬂ((bu’ +r")— bU), 2Bt; —t; + (bU "+, + sz’)). soz=(x+y)€@=-2B)t'(a, +b,") — (" +5s"),(a, + b)) —
2B((ay + by) — (aj, +b,") = 1), (ay + by) + 2B((ay + by") + 7' = (ay + by), 2B — Vt' + ((ay + by") + (' +57)))
Wheret; +t; =t',s; +s,=s" 11 +1r, =r.

Therefore the non-membership function of C," = 4," + B, is given by
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1, ((ap+b)—("+s) -z

, (ap+b)—(@"+s'+tY<z<(a,/+b)— (" +5")

2t
1
Ev (aL’+bL’)_(7J+S’)SZS(aL’+bL’)—T"
1 (a, +b)—z
2 "+h -1 <z< b
2<(aL+bL)_((a2+bL’)—T') (a'+tb)-r=z<a +b
Veyi(2) =5 0 a,+b, <z<ay+by
1( z— (ay + by) ) b <g< b
2 \((ay" + by") +1") = (ay + by) ay +by =z< (ay +by)+r
1
PR (ap' +by)Y+r' <z<(ay+ b)Y+ (@ +5")
1 x—[(ay + by )+ (' +s'
E + <( [( U lzft? ( )])>' (aU’+bU’)+(T’+S’) <z< (aU’+bU’)+(r'+s’+t’)

2. Subtraction

IfA, =[(a,—1r —s1—t, a0 —1 —S, a,—1,q, Ay, Ay +1, ag+1r, +5, ag+nr, +5;+t);(a, — 1 —s1 — t5,
a, —r{ —sy,a,—1, a, ag, ay +r,ay +r'+s ay+r+s; " +t;)]B, =[(b, =1, — 5, —ty, by — 1, —

So, by =15, b, by, by +15,by + 15+ 55, by + 1, + 5, +t,);(b) — 15 — S5 —ty, b, — 13 — S5, b.13, by, by, b, +13,by' +
'+, by’ + 1, +5s," +t,)] are two SOIFNs then C, = A, — B, ia also a SOIFNs and is given by

Co=(((ap —by) —(r+s+t),(a,—by,) — (T+5):(aL —by) —r,a, —by,ay — by, (ay —b,) +1,(ay — b, +
(r+s),(ay —b) + (r+s+t)); ((a, —by) = (" +s"+t'),(a, —by)— " +5'),(a,/ —by") —7",a, — by, ay —
by, (ay' = b)Y +7",(ay' = b, )+ (" +5"), (ay' = b))+ (" +s" +t)))

Wherer, + 1, =7, +s, =s,t;+t, =t t, +t,' =t sy ' +s,' =5+ =1".

Proof: The membership and non-membership function of IFS C, = A, — B, can be obtained by (a, ) cuts with the
transformation z = x - y. a-cut for membership function of 4, is [(a, — 1, —s; — t;) + 2aty ,2ar, — 1y + (a, —11),11 —
2ary + (ay + 1), (ay + 11 + 51 + t;) — 2at,] for every 0. € [0,1]. Thatis x € [(a, — 11 — 51 — t;) + 2at,, 2ar;, — 1, +
(a, — 1), —2ar, + (ay + 1), (ay + 11 + 51 + t;) — 2aty]. a-cut for membership function of B, is [(b, — 1, — s, —
t,) + 2at, , 2ar, —r, + (b, —13) , 15 — 2ar, + (by +13), (by + 1, + 5, + t;) — 2at,] forevery a € [0,1]. Thatisy€
[(b, — 1, —s; — ty) + 2at,,2ar, — 1, + (b, — 1), 1, — 2ar, + (by +13),(by + 15 + 5, +t;,) — 2at,]. Soz=(x-y) €
[(a, —by)—(r+s+t)+ 2at,rQRa—1)+(a, —by) —7r,r(1 —2a) +(ay — b)) +r,(ay — b))+ (r+s+t)—
2at) Wherer, + 1, =1,5, + 5, =5,t; + t, = t.

Therefore the membership function of C, = A, — B, is given by

z—[(a, —by) — (r+s+1t)]

2t : (a,—by)—(+s+t)<z<(a,—by)—(+5s)

1
= (a,—by)—(r+s)<z<(a,—by)—r

1 (z—((a,—by)—71))

§+ L2r u (a, —by)—r<z<aqa,_ b
1 aL—bL <z< aU_bU

Z —3
Hey (2) 1+((au_bL)+r)_Z) ay—by<z<(ay —b)+r
2 2r v ven e '

1
5 (ay—b)+r<z<(ay—b)+(r+5s)

agy—b)+(r+s+t))—=z

((u L) (Zt )) ) (ag—b)+r+s<z<(ay—b)+r+s+t

For non-membership function B-cut for A4, is ((t{ —28t,)+ (a)'—1' =51, a, —2B(a, — (a,' — 7)), ay +
Zﬂ((aul + T'll) - au), Zﬁt:{ - t:{ + (aU’ + r1’ + Sll)) fOI’ every B€[0,1]. That IS X €((t{ - Zﬁtll) + (aL’ - 7"1’ - 51,), aL -
2B(ay — (a,' —nm"),ay + 28((ay' + 1) — ay), 2Bt; — t; + (ay’ + 1" +5,7)).  B-cut for non membership function of
B,' is ((ty —2Bt,") + (b — 15" =537, b, = 2B(b, — (b,' = 13)), by + 2B((by’ +15") = by), 2Bt5 — t5 + (by '+ 15’ +
s,")) for every B€[0,1]. That is y €((t; —2Bt,) + (b, — 1" —s,"), b, — 2B(b, — (b,' = 7127)), by + 28((by" + 1)) —
by), 2Bty —ty + (by' + 1, +5,)). Soz=(x—y)€ [(1-28)t"+ (a; —by") — (' +s"),(ay — b)) — 2B((a, — by) —
(ap—by") = 7”). (ay —by) +2B((ay — b, ) + 71" = (ay — by), 2B —Dt' + ((a{, =b )+ (" + 5’))]

Where t," +t," =t',s;" +s,' =s', 1" +1,/ =7
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Therefore the non-membership function of ¢, = A," — B, is given by

1 a,—by)—(@"+s'))—z
—+((L v)~ ¢ ) , (ap=by)—(@"+s'+t)<z<(a)—by)— (" +5")

2t'
1
E' (az - bU,) - (T, +S’) <z< (aL, _ bU,) —
1 (aL_bL)—Z
_ I_b N < < —b
2<(aL_bL)_((a2_bU’)—‘r’) (ap—by)—r'<z<a, —b
19(70/(2)=< 0 aL—bnggaU_bU
] 2= (ay = by) L
2 ((ab—bL’)_l_rr)_(aU_bU) aU U—Z— (aU L) r
E ’ (ab - bL’) + T’ S VA S (aU’ —_ bL’) + (TJ + S/)
1 ((z=(@y=b)+0"+5
_+<( = ZLt? ( ))) (ay —b Y+ +s)<z<(ay'—b )+ (@' +s" +t)

3. Scalar Multiplication

Letk€Rif A4, =[(aq,—r—s—t,a,—r—s,a,—71,a,, ay, ag+1r,ag+r+s,ay+r+s+t);
(a,—1'—s' =t a,—1" —s,a, =71, a,, ay, ay +7',ay' +1r' +5', ay' + 7"+ 5"+ t')] isa SOIFN then
C, = kA, is also a SOIFN and is given by

( [k(a,—r—=s—=1t),k(a, —r—=15),k(a, —71),ka,, kay, k(ay +7),k(ay +r+5), k(ay +r+s+1t);
c = i k(ap —7r"'—s"—t),k(a, — 7" —s"),k(a, —7"), kay, kay, k(ay +7"),k(ay" +7"+s),k(ay +7" +s"+t)]; k>0
o [-k(ay +r+s+t),—k(ay +7r+5s),—k(ay +71),—kay, —ka,, —k(ay — 1), —k(ay —r—5s),—k(ay —r—s —1t);
—k(ay +r' +s" +t"),—k(ay +1r' +5s"),—k(a,' +1"),—kay,—ka,, —k(ay — 1), —k(ay,' — 7" —s"),—k(ay,' ="' —s"—t)]; k<0
Proof:
Case-(i): k>0

The membership and non-membership function of IFS C, = kA, can be obtained by (a, B) cuts with the transformation z =
kx. a - cut for membership function of 4, is [(a, — 7 —s —t) + 2at,2ar —r+ (a, — 1) ,vr —2ar + (ay + 1), (ay +r +
s+1t) — 2at] for every o € [0,1]. Thatis x € [(a, —r—s—1t) + 2at,2ar —r+ (a, —7),r — 2ar + (ay + 1), (ay +
r+s+t)—2at]. Soz=kx¢€[k(a,—1r—s—1t)+2akt,2kar —kr +k(a, —7),rk — 2kar + k(ay + 1), k(ay +
r+s+t)—2kat]Wherer, + 1, =7, +5, =5, t; +t, = t.

Therefore the membership function of C, = kA, is given by

z—k(a,—r—s-—1)

—p— g — <7< —r =
okt , k(aj—r—s—t)y<z<k(a,—r—5)
1
> k(a—r—s)<z<k(a,—1)
1 (z—k(a,—1))
e —r)<z<
+ kr k(a,—71)<z < ka,
_ 1 ka, <z < kay
Hey(2) = 1, (kay+1)-2) fa < 7 < ka4
2 2kr a <z <k@y +1)
1
5 k(ay+r)<z<k(ay+7r+s)
(k(ag +r+s+1t)—2)
Skt , k(ay+r+s)<z<k(ay+r+s+t)
\

For non-membership function B-cut for 4, is ((t' — 28t") + (aj — 1’ —s"), a, — 2B(a, — (a; — 7)), ay + 2B((ay’ +
) —ay),2pt —t' + (ay '+ 1" + ")) for every B€[0,1]. Thatisx € ((¢' —2B¢t") + (aj — ' —s"),a, — 2B(a, —

(a;, — r’)), ay + 2,8(((1,,’ +7r) — aU), 2Bt —t' + (ay + 7' +5"). Soz=kx€ (k(t' —2B8t") + k(a, — 1" — '), ka;, —
2kB(a, — (ap — 1), kay + 2kp((ay’ + 1) —ay), k(2B — Dt' + k(ay + 7' +57)
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Therefore the non membership function of C, = kA, is given by

1+k(aL’_r,_S,)_Z k ’ ’ i< z<k ’ ' r
> T : (@ =1 =s'—t)<sz<k(a -1 -5)
1
5 k(a, —r'—s)Y<z<k(a,—71")
1( ko, — ) K(a,—r)y<z<k
= - - a,—r)Y<z<ka
2\k(a, —(a, —1") g t
1960(2)24 0 kaLSZSkaU
1( z —kay > ka <7<kia +7
2 \k((ay' +7") —ay) a <z <k +17)
1
5 k(ay+r)<z<k(ay+7r +5s')
1 (Z - (aU, + 7", + S’)) ! ! ! ! ! ! !
-+ ke , k(ay'+7r'"+s)Y<z<k(ay+r"+s" +t)

Case-(ii): k<0

The membership and non-membership function of IFS C, = —kA, can be obtained by (o, B) cuts with the transformation
z = -kx. a-cut for membership function of 4, is [(a, — 7 — s — t) + 2at ,2ar —r + (a, — 1) ,r — 2ar + (ay + 1), (ay +
r+s+t) — 2at]for every a € [0,1]. Thatisx€ ((a, —r—s—t) + 2at,2ar—r+ (a,—71),r —2ar + (ay +

r),(ay +r+s+t)—2at). Soz=-kx€ (—k(a,—r—s—t)— 2kat,—kQar —r) —k(a, —7r),—k(r — 2ar) —
k(ay +7),—k(ay + 7+ s+ t) + 2kat).

Therefore the membership function of C, = —kA, is given by

z—(k(ay+r+s+1))

Tkt , —k(ay+r+s+t)<z<-k(ay+r+s)
1
> —k(ay+r+s)<z< —k(ay+71)
1 z—(—k(ay+1)
— — <7< —
2+ er k(ay +1r) <z < —kay
_ 1 —kay <z < —ka,
:uCo (Z) - 1 (—k(aL _ T') _ Z) . ek
2 2kr @ <z<—k(a —r)
1
3 —k(a,—7r)<z<-k(a,—7~5)
—k(a,—r—s—t)—z
k T , —k(a,—r—s)<z<—-k(a,—r—s—t)

For non-membership function B-cut for A4, is(t’ — 28t") + (a, — ' —s"), a, —2B8(a, — (a; — ")), ay + 28((ay’ +
') — au), 2Bt —t' + (ay + r' +s") for every B€[0,1]. Thatis x €((t' —2Bt") + (a;, — 7' —s"), a, — Zﬁ(aL -
(a, — 1) ay +2B((ay +7') —ay),2pt' —t' + (aU’ +7r' + s’)) . S0z=-kx€ (—k(t' —2Bt") —k(a, — 1" —
s, —ka, + 2kB(a, — (a,' — 1)), —kay — 2kB((ay’ +7") — ay), —k(2pt' —t") — k(ay' + 7' +s7)

Therefore the non membership function of C, = —kA, is given by
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1 (k)(ay+r' +s)—z , L,
—+ Tkt , —k(ay+r'+s"+thY<z<—k(ay' +1r' +5")
1
> —k(ay +r'+s)<z< —k(ay +71")
1/ (Kay -z
- —k ! N < <—k
2<k((ab+r’)—au) (ay +17) <z < —kay
9¢, (2) =5 0 —kay < x < —ka;
1 z—(—k)q; ko < 7 < —kid! ,
2 \ka, — @, — ) wsr=kle
1
5 —k(a,—7r)Y<z<—k(a,—1"—5")
1 z—(—k)(a, —1r" -5’
E+<( ( )(ZkLt, D), —k(a, —7r' —s)<z<—k(a,—1" —5s' —t)

4. Additive Image

IfA,=[(a,—r—s—t,a—r—s,a,—r a,ay, ag+r,ay+r+s,ay+r+s+t),(aq—1r" —s'—t', a, —r' —
s'ha,—r1', a,, ay, ay +7r',ay +r' +s', ay +r' +s' 4+ t')] additive image of A, is also a SOIFN and is given by 4," =
(—(agy+r+s+t),—(ay+r+s),—(ay+7r),—ay,—a, —(a,—71),—(a,—r—5),—(a,—r—s—t)—(a,"+7r' +
s'+t),—(ay' +7r"+5), (—(ay +71), —ay,—a,, — (¢, —71"),—(a,/—7" =), —(a,) -1 —5"— 1)

Proof: The membership and non-membership function of IFS A;, = —A, can be obtained by (o, B) cuts with the
transformation z = -x. a-cut for membership function of 4, is [(a, —r —s —t) + 2at ,2ar —r + (a, — 1) , v — 2ar +
(ay +71),(ay +r+s+t) — 2at] forevery a € [0,1]. Thatis x€ ((a, —r —s —t) + 2at,2ar —r+ (a, —71),r —
2ar+ (ay +1r),(ay+r+s+t)—2at). Soz=-x€[—-(ay +r+s+t)+ 2at,rQRa—-1)—(ay +r),r(1 — 2a) —
(ap —7),(a, —7r—5—1t)— 2at].

Therefore the membership function of A, = —A, is given by

z—(—(ay+r+s+t)

2t ’ —(ap+r+s+t)<z<—(ay+r+s)
%' —(ag+r+s)<z<—(ay+71)
%-"W —(ay+1r)<z< —qy
—ay;<z<-—
Hao (2) = GG —1r)—z) s
27T 2y —a,<z<-—(a, —71)
%' —(a,—7r)<z<—(a,—71—5)
(—(aL—r;ts—t)—z), e s <75 (@ —r—s—D

For non-membership function B-cut for 4, is ((t' — 28t") + (aj — ' —s"), a, — 2B(a, — (a}, — 1)), ay + 28((ay +
) —ay), 2Bt —t' + (au "rr 4 s’)) for every f€[0,1]. Thatisx € ((t' —2Bt") + (aj — 7' —s"),a, — 2B(a, —
(ap =) ay +2B((ay +7') —ay),2pt' —t' + (ay + 7' +5')). Soz==x€ ((t' —2pt) —(ay +1' +5"), —ay—
2B((ay +71) —ay), —a, +2(a, — (a; —1), 2Bt = t) = (a, — 1" = 5")

Therefore the non membership function of A, = —A, is given by
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1 _[(a;] +r'+5") _Z] / ’ ’ ' ’ ’ ’
T+ 7 , —(ay+r'+s'+th<z=<—(ay +7r' +5s)
1
> —(ay +1r'+s)<z<—(ay +71")
1 —ay — 2 <z <
2\(ay +1) —ay (g +7) <2< —ay
19A0,(Z)= 0 —ay <x < —qy
1 Z_(_aL) < < ’ ’
2 \a, —(a, —1") aszs—(a-r)
1
5 —(ap—r)Y<z<—(ap—1"—=5")
1 7 — (= ar_,rl_sr
§+<( ( )(th’ ))> —(a,—-r'—s)<z<—(a, -1 -5 —t)

5. NUMERICAL EXAMPLE

Consider two SOIFNS A=[(7,9,11,13,15,17,19,21);(4,7,10,13,15,18,21,24)] and
B=[(8,10,12,14,16,18,20,22):(5,8,11,14,16,19,22,25)] then

(i) Addition

A+B = [(7+8, 9+10, 11+12, 13+14, 15+16, 17+18, 19+20, 21+22);(4+5 7+8, 10+11, 13+14, 15+16, 18+19, 21+22, 24+25)]
= [(15,19,23,27,31,35,39,43):(9,15,21,27,31,37,43,49)]

(ii) Subtraction
A-B=[(7-22,9-20,11-18,13-14,15-16,17-12,19-10,21-8);(4-25,7-22,10-19, 13- 14, 15- 16, 18 -11,
21-8,24-5)] =[(-15,-11,-7,-1,-1,5,9,13);(-21,-15,-9,-1,-1,7,13,19)]

(iii) Scalar Multiplication
Case-(i): Ifk>0. Letk=2
kA=[(14,18,22,26,30,34,38,42);(8,14,20,26,30,36,42,48)]

Case-(ii): Ifk < 0. Letk = -2
-KA = [(-42,-38,-34,-30,-26,-22,-18,-14);(-48,-42,-36,-30,-26,-20,-14,-8)]

(iv) Additive Image
- A=[(-21,-19,-17,-15,-13,-11.-9,-7);(-24,-21,-18,-15,-13,-10,-7,-4)]

6. CONCLUSION

In this paper we have introduced a new type of fuzzy number called SOIFN. The four arithmetic operations of SOIFN are
obtained using (a, ) cuts. The SOIFN are used to solve fuzzy optimization problems and industrial applications concerning
decision making in an uncertain environment.
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