Theory of Approximation and Applications
Vol.12, No.1, (2018), 43-6/

New Generalized Interval Valued
Intuitionistic Fuzzy Numbers

E. Baloui Jamkhaneh ®* A. saeidifar”

aDepartment of Statistics, Qaemshahr Branch, Islamic Azad University,
Qaemshahr, Iran

b Department of Statistics, Arak Branch, Islamic Azad University, Arak, Iran

Received 12 March 2017; accepted 09 January 2018

Abstract

The aim of this paper is investigate the notion of a generalized interval valued
intuitionistic fuzzy number (GIVIFNpg), which extends the interval valued
intuitionistic fuzzy number. Firstly, the concept of GIVIF Nps is introduced.
Arithmetic operations and cut sets over GIVIF Npgs are investigated. Then,
the values and ambiguities of the membership degree and the non-membership
degree and the value index and ambiguity index for GIVIF Nps are defined.
Finally, we develop a value and ambiguity-based ranking method.
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1 Introduction

Later on introduce fuzzy sets theory in Zadeh (1965), the concept of
fuzzy numbers and its arithmetic operations were first investigated by
Chang and Zadeh (1972) and others. The notion of fuzzy numbers was
introduced by Dubois and Prade (1978) as a fuzzy subset of the real line.
Subsequently, Atanassov (1986) introduced concept intuitionistic fuzzy
sets (IFSs) as a generalization of fuzzy sets. IFS can be used to deal with
uncertainty by taking both degree of membership and degree of non-
membership. Burillo et al. (1994) proposed the definition of intuitionis-
tic fuzzy number. Mahapatra and Roy (2009) presented triangular intu-
itionistic fuzzy number and used it for reliability evaluation. Wang and
Zhang (2009) defined the trapezoidal intuitionistic fuzzy number (TrIFN)
and their operational laws. Also Mahapatra and Mahapatra (2010) de-
fined trapezoidal intuitionistic fuzzy number and arithmetic operations
of TrIFN based on («, [3)-cut method. Parvathi (2012) introduced sym-
metric trapezoidal intuitionistic fuzzy numbers (STrIFNs) and discussed
their desirable properties and arithmetic operations based on («, (§)-cut.
Atanassov and Gargov (1989) proposed the notion of the interval valued
intuitionistic fuzzy sets (IVIFSs) as combined IFS concept with interval
valued fuzzy sets concept, which is characterized by membership func-
tion and non-membership function whose values are interval rather than
exact numbers. They are very useful in the process of decision making
since in many real word decision problems the values membership func-
tion and non-membership function in an IFS are difficult to be expressed
as an exact numbers. Yuan and Li (2009) and Adak and Bhowmik (2011)
defined different types of cut sets on IVIFSs.

Based on IVIFS, Xu (2007) defined the notion of interval valued intu-
itionistic fuzzy number (IVIFN) and introduced some operations on I'V-
IFNs. Xu (2007) proposed score function and accuracy function to rank
IVIFNs. Ye (2009) also proposed a novel accuracy function to rank IV-
IFNs. Garg (2016) considered a new generalized improved score function
of IVIFSs and applications in expert systems.

The literature review shows, notions of IVIFNs is very useful in mod-
eling real life problems with imprecision or uncertainty and they have
been applied to many different fields. For example, some recent appli-
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cations of IVIFNs have been: multiple attribute group decision making
(MAGDM) using elimination and choice translation reality (ELECTRE)
method (Li et al. (2012); Veeramachaneni and Kandikonda, (2016)); ex-
tension of the TOPSIS method to solve multiple attribute group decision
making problems (Park et al. (2011), Sudha et al. (2015)); interval val-
ued intuitionistic fuzzy analytic hierarchy process (Abdullah and Najib,
(2016)); The selection of technology forecasting method (Intepe et al.
(2013)) and etc.

Baloui Jamkhaneh and Nadarajah (2015) extended IFSs with the in-
troduction of the concept of new generalized intuitionistic fuzzy sets
(GIFSp) and introduced some operators over GIFSp. Shabani and
Baloui Jamkhaneh (2014) introduced generalized intuitionistic fuzzy num-
bers (GIFNg) base on GIFSg. Baloui Jamkhaneh (2016) study the
concepts of values and ambiguities of the degree of membership and the
degree of non-membership for GI F'Np. Baloui Jamkhaneh (2015) consid-
ered new generalized interval value intuitionistic fuzzy sets (GIVIF Sg)
and introduced some operators over GIV I F'Sg. The aim of this paper is
to introduction the generalized interval valued intuitionistic fuzzy num-
ber (GIVIF Ng) based on generalization of the IVIFS related to Baloui
Jamkhaneh (2015) and to drive their specifications. The derived specifica-
tions include: i) (aq, ae)-cut, ii) (51, B2)-cut, iii) (E),%)—Cut, iv) values of
the membership degree and the non-membership degree, v) ambiguities
of the membership degree and the non-membership degree, vi) the value
index, vii) the ambiguity index, viii) ranking function of GIVIF Np.

In order to achieve this, the remainder of this paper is organized as
follows: In Section 2, we briefly introduce IF'S and its generalizes. In Sec-
tion 3 define new generalized interval valued intuitionistic fuzzy sets and
arithmetic operations. In Section 4 introduce cut sets on GIVIF Ng. In
Section 5 define values and ambiguities of the membership degree and
the non-membership degree, the value index, ambiguity index and value
and ambiguity-based ranking method for GIVIF Ngs are defined. The
paper is concluded in Section 6.
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2 Preliminaries

We some basic definitions of IFSs and IVIFSs are introduced to facilitate
the discussion.

Definition 2.1 (Atanassov,1986) An IFS A in X is defined as an object
of the form A = {{(z,pa(x),va(x)):x € X} where the functions pa :
X — [0,1] and va: X — [0,1] denotes the degree of membership and
non-membership functions of A, respectively and 0 < pa (z)+va (z) <1
for each x € X.

Definition 2.2 (Atanassov and Gargov, 1989) Let X be a non-empty
set. Interval valued intuitionistic fuzzy sets (IVIFS) A in X, is de-
fined as an object of the form A = {{x, M4 (z),Na(x)) | v € X} where
the functions Ma(xz) : X — [1] and Na(z) : X — [I], denote the
degree of membership and degree of non-membership of A respectively,
where M () = [Mar (z), May (z)], Na(x) = [Nar (), Nay (z)], 0 <
May () + Nap (z) < 1 for each v € X.

Definition 2.3 (Baloui Jamkhaneh and Nadarajah (2015)) Let X be a
non-empty set. Generalized intuitionistic fuzzy sets (GIFSp) A in X, is
defined as an object of the form A = {{(x,pa (z),va(x)) : x € X} where
the functions pa : X — [0,1] and va : X — [0,1], denote the degree of
membership and degree of non-membership functions of A respectively,
and 0 < pa(z)’ +va(z)’ < 1 for each x € X and § = n or in =
1,2,....N.

Definition 2.4 Let [I] be the set of all closed subintervals of the interval
0,1] and Ma(x) = [Mag (x), May ()] € [I] and Na(x) = [Nag (x),
Nav (x)] € [I] then Ny (z) < My () if and only if Nag, () < M 4, ()
and Nay (z) < M 4 ().

Definition 2.5 (Baloui Jamkhaneh(2015)) Let X be a non-empty set.
Generalized interval valued intuitionistic fuzzy sets (GIVIFSgs) A in
X, is defined as an object of the form A = {{x, M (x),Na(z)) | x € X}
where the functions My (z) : X — [I] and Na(x) : X — [I], denote the
degree of membership and degree of non-membership of A respectively,

46



[Nag (), Nay ()], where

and My (z) = [Mar, (z), Mav (7)], Na(x) = 1

0 < May (%) + Nay (2)° < 1, for each z € X and 6 = n or =, n =
1,2,...,N. The collection of all GIVIFSg(9) is denoted by GIVIFSg(6,

3 New Generalized Interval Valued Intuitionistic Fuzzy Num-
bers

In this section, GIVIF Ng and their operations are defined as follows.

Definition 3.1 In general, our generalized interval valued intuitionis-
tic fuzzy number A can be described as any GIVIFSp (X) of the real
line R whose membership function pa(x) = [, (v),f4 (z)] and non-
membership function va (x) = [va (x),T4 (x)] are defined as follows:

Sl

(:c—a)ﬁ r—a)p 3
(m) , a<z<bh ((H)“)d? a<z<b
1 1
JTE b<z<e _ s, b<zxr<ec
HA (IE) = 7(0%:1:) % ) ,uA(x) = (d—2)i % )
(dC”) ., c<x<d (d—c) , csw=<d
0, 0.W. 0, 0.
1 1
(b—x)+v(z—a1)\ s (b—z)+v(z—a1)\ s
(1 b—ay ) ) G1S$<b (1 b—a1 ) )
(2) vs, b<zx<c _ (2) Us,
ZA xT) = 1 , VA x) = 1
(lmdtdn))s e < < dy (le=aprtdizalys
1, o.w. 1,
wherea; <a<b<c<d<dand0<p<p<1,0<v<v<1 pu+

v <1.The GIVIFNgAisdenoted as A = (a1, a,b,c,d, dy, [Hv

Definition 3.2 A GIVIF Ng is said to be symmetric GIVIF Npg if b —
a=d—candb—a =d; —c.

Figure 1 shows membership and non-membership functions of A = (0.25,

1,2,3,4,4.75,[0.54,0.64], [0.26, 0.36], 0) with 6 = 2 respectively. Figure 3
shows membership and non-membership functions of A = (0.25,1,2, 3,4,
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4.75,[0.54, 0.64], [0.26, 0.36], §) with 6 = 1

(0.54z — 0.54)5 , 1<z <2
0.545 2<1<3
(@) = 1 )
(2.16 — 0.54z)° , 3<z<4
0, 0.W.
(0.642 —0.64)7, 1<z <2
) 0.643, 2<1<3
fia(z) = 1 )
(2.56 — 0.64z)%, 3<z<4
0, 0.W.
(1.1057143 — 0.42285712)5 , 0.25 <z < 2
0.265 2<1<3
HA(‘T> = 1 )
(0.4228571x — 1.0085714)7 , 3 <z < 4.75
17 o0.Ww.
(1.0914286 — 0.36571432)5 , 0.25 <z <2
i 0.367, 2< <3
va(z) = 1
(0.3657143z — 0.7371429)% , 3 <z < 4.75
1, o.w.

Fig. 1. Membership and non-membership functions
A =(0.25,1,2,3,4,4.75,[0.54,0.64], [0.26, 0.36])
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Fig. 2. Membership and non-membership functions

A =(0.25,1,2,3,4,4.75,[0.54,0.64], [0.26, 0.36])

of

Definition 3.3 Let A = (a},ay,by,c1,dy, dy, gy, fu], g, 1], 6) and B =

(ay, az, by, ca, da, dy, [, fia], [V2, V2], 0) be two GIVIF Nps, then,

A+ B=(d) +ah, a1 + ag, by + by, c1 + o, dy + dy, dy +
By By = By Bt B2 — i), [y, P115], ),

kA= (kay, kay, kby, key, kdy, kdy, [1— (1 —p)* 1 — (1= fi)")

7[21{:,55],5)7]{? = 273,...

kA= (kdllv kdy, ke, kb, kay, kalp [1 - (1 - H1)|k|7 1 - (1 - ﬁl)‘k‘]

7[Z‘lk‘alj‘1k‘]75)ak = _27 _37 e

A= (_d/17 _dla —Cy, _b17 —ay, _alla [Hlnﬁl]a [21751]76)7

A_B:(a’ll _d/27a’1 _d27b1 — C9,(Cq —1)27d1 —a27d/1 _aI2
ity = By, i+ iz — fiafiz], [Vave, 2115],6),

/ / ! !
A'B:(al-az,al~a2,b1~b2,cl-02,d1'dg,dl'dQ
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Aty B fis], Vg + vy — Vi1, 1 + Dy — Th1), ),

Ak (al 7a17b]f7 ]1€7dk d/k [,ulfalak]?[1_(1_21)]{71_(1_171)k]75>7k > 0.

4 Cut Sets on GIVIFNpg

Definition 4.1 A &- cut set (@ = (o1, a2)) of a GIVIFNgBA is a crisp
subset of R, which defined is as

=I
=

Ald, 0] = {{,p,(2) > a1, fia(z) > ) iz € X}, 0< oy < ps,0<

According to the definition of membership function of GIVIF Ng, it can
be shown that

Ald, 8] = [L1 (@), Ui (d)] = [max(L; (a1), Li(az)), min(U; (a1), Ui (az))],

b-awof - (b—aof
Ly(a1) =a+ TR Li(az) = a+ i
L deoef oo (d-oaf
Ui(a) =d P Ur(ag) = d M

Theorem 4.1 Let A[d, ] be - cut set of GIVIFNgA, then

i Ifas > (g) an, then A[&, 6] = [Lr(as), U1 (as)],

i, If as < ( ) a1, then Ald, 8] = [Ly(an), Uy ()]
i % al af (b—a)as (b—a)
Proof. ( ) If Qg =~ m o] = 3 2 m = a+ 7 Z a + m

=1
1
If oy > ('ﬂ')(S o1 = afg > Oﬁ = d (d—c)ay <d (d=c)ey = Ul(OéQ) <
© H © r©

Ui (a1)

Finally, we have

Ald, 6] = [max(Ly(a1), Li(az)), min(U; (on), Ur ()] = [Li(a2), Ur(as2)]

50



Proof (ii) is similar to (i).

Corollary 4.1 Let A[@,d] be a- cut set of GIVIFNgBA, if as = ay,
using Theorem 4.1-i1 result is

A[O_@ 5] = [Ll (al)’ Ql(al)]'

Corollary 4.2 Let A[a,d] be d- cut set of GIVIFNBA, if as = ﬂ%,
ag = H%, using Definition 4.1 result is A[@, 0] = [b, ¢].

Theorem 4.2 Let A[d,d] be - cut set of GIVIFNgA, then

1. [f]_ < (51 < 52 then A[C_f, (51] C A[&, 52],
1. [f (51 S 52 < 1 then A[&, 62] C A[O?, 51],

Proof. (i) Since for 1 < §, L;(a;) and L;(ay) are decreasing, also U, ()
and U, (ay) are increasing, proof (i) is clear.

(ii) Since for § < 1, Ly(a;) and Li(aw) are increasing, also U, () and
Ui (az) are decreasing, proof (ii) is clear.

Remark 4.1 Let 7 = (11,72) < 7 = (n,72) (This means that 7, <
vi,i =1,2). Then A[¥,0] C A[T,0].

Since L; () and L;(az) aspect to a; and s are increasing, also U, ()
and U () aspect to ay and ay are decreasing, proof is clear.

Definition 4.2 A B— cut set (B = (p1,052)) of a GIVIFNgBA is a crisp
of R, which defined is as
AB,0] = {{,za(z) < Bia(z) < Bo) iz € X}, vF < B < 1,07 < By <1

According to the definition of non-membership function of GIVIF Np it
can be shown that

A[B, 8] = [La(B), Us(B)] = [max(Ly(B1), La(B2)), min(Uy(B1), Ua(Ba))],
b(1 - B°) + a1(B’ —v) b(1 = 55°) + a1(B’ — )

La(o) = 1—v + La(B) = 1—v )
o 2 0 0 ) —
Uy(py) = LA DOCE) ) A2 P) DA 0]
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Theorem 4.3 Let A[B, d] be B- cut set of GIVIFNgRA, then

66 b—aiv a Ve H =
. [f _} > (b—al)(lf—g) (b— al)(l thenA[ﬁ,(S] = [LZ(BZ):UQ(BZH;
b—aiv a v
il ]f _ﬁ < (b,al)(lf,l,) = al)(l thenA[ﬁ,é] = [Ly(51), Uy (B1)]-
N BY B3 b—aiv b—aiv (a1=b)B+(b—a1v)

Proof;. (i) 7ﬁ — 1% 2 aly ~— ety = = -
(atlfb)ﬁ12 V(b aiv) S 0
= Ly(1) — La(52) <b0 = maX(Lz(ﬁl) Ly(f2)) sz(ﬁz)

: —a1v —av _ _
Since =500 ~ Tranim) = o d1>< 5 " a)i ) then

B ] c—div c—dip (di—c)B+(c—div)  (d1—¢c)Bi+(c—di7)
%Z - %17 Z (cfdl)(llfy) - (cfdl)llffx) = . 117g = - 12717 1 Z

Uy(Br) — Us(Bo) = 0= min(Uy(51), Us(B2)) = Uz(a).

Proof is complete.
Proof (ii) is similar to (i).

Corollary 4.3 Let A[B, ] be B- cut set of GIVIFNgA, if By = fBi,
using Definition 4.2 result is A[B,0] = [L2(B2), Uz(B2)].

Corollary 4.4 Let A[3,8] be B- cut set of GIVIFNgA, if By = 5,
B, = vs, using Definition 4.2 result is A[B, ] = [b, c].

Theorem 4.4 Let A[B, d] be B- cut set of GIVIFNgRA, then

i. If 1< 68 < &, then A[B,d5) C A[B, 6],
ii. If 0, < 0y < 1 then A[B, 1] C A[B, 8).

Proof. (i) Since for 1 < §, Ly(31) and Ly(B:) are increasing, also U, ()
and Uy(B3,) are decreasing, proof (i) is clear.

(ii) Since for 6 < 1, Ly(B1) and Ly(3;) are decreasing, also Uy(3;) and
UQ(/BQ) are increasing, proof (ii) is clear.

Remark 4.2 Let £ = (£1,&) < 7 = (1, m2) (This means that & < n;,
i=1,2). Then A[£,0] C A[n,J].
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Since Ly (1) and L1(3;) aspect to B, and 3, are decreasing, also U, (5;)
and U;(fs) aspect to 1 and (B are increasing, proof is clear.

Corollary 4.5 Let A = (a1,a,b,¢,d, dy, [y, ], [v1,71],6) and
B = (a1,a,b,¢,d,dy, [p,, fia], [V5, 2], 6) be two GIVIF Ngs, then

i If [p, ] < p,, 2] then Ald, 6] C Bld, 4],
ii. If 12, 7] < vy, 7] then A[B, 6] C BB, 6].

Definition 4.3 Let oy, 5; € [0,1] be fized numbers such that 0 < a; <
P, 0< ap <fis,vs < B <105 < B <1,0<ad+ B <1
0< Oéi_—i‘ B <1, d=(,03), = (b1, ).

A (@, B)- cut set generated by a GIVIFNgA is defined by:

AL, 5.0) = {(r, () > a0, fialw) > @0, v4(2) < fr,va(2) < ) 1w € X

A[@’,E,é] 1s defined as the crisp set of elements x which belong to A at
least to the degree ay or ap and which does not belong to A at most to
the degree By or [o. Therefore the (&, 5) -cut of a GIVIF Ng is given by

Ald, B,6) = {x,x € [La(@), Ux(@)] N [La(B), U2(B)] } = [L(d, B), U(d, B)].

Corollary 4.6 Let A[a, B, d] be a (@, B)— cut set generated by a GIVIFNgA,
the using Theorem 4.1 and Theorem 4.3 result is:

—\ 6 8 3 —
Case I. ]f oy > <Z> o1 and % _ By > b—aiv _ b—szly then

-7 = (b—a1)(1—v)  (b—a1)(1-D)
we have
1
El(OQ) g > (/7 % b(l—ﬁg)—l—m(ﬁg—u)—a@_y))5
7. 5 ’ 1-v b—a
L(Oéyﬁ) = - ) o1 s s s % )
L2(ﬁ2>7 062 < (]-:“‘V X ( _62)+all(7,€2a—V)—a( —1/))
and
1
U(as), as > (ﬁ " c(1—53>+d1(5g-u)_d(1_,,)) ;
3. G ’ — \1l-7 c—d
U(aa 5) = -

J L c(1-83 S_p)—d(1-p) \ ®



In special case a1 = a, dy = d

=

5 % (11— 8D))
[La(82), Ta(B)], a2 < (55 x (1= 53))

=

ST

Case II. If oy < (5) oy and 5%5 _ B > _baw __b-ap

we have

1-v b—a

L), o< (i x Motiioso-an)

1
- Li(ov), o > (” X b(lﬂg)“l(’gg”)“(l”)) ’
L(a,p) =

|

b—a

and

=
—

X

Ul(al) (03] > C(l_ﬂg)""dl(ﬂg—ﬁ)—d(l—f/))5

c—d

—_

X

(72(52), a1 <

-
-
AN

U@, p) = ( .
<

« 0(1—53)+d1(62—5)—d(1—ﬂ)> :
o c—d

In special case a1 = a, di = d

|-

=

A 5. - L L x (1- )
[L2(B2), Ua(Ba)],  an < (ﬁ x (1 — ﬁg))

1

(b—a1)(1-y)  (b—a1)(1-7)

2\ @ s s i
Case ITIL. If oy > (5) oy and B B by bar

1-v (b—a1)(1—v)  (b—a1)(1-7)

we have

1

Li(as), s> (£ x b(l—ﬂf)+a1<ﬁf—u)—a(1—u>)5

L(a@,B) = (
(

b—a

I

L2<51)7 (&%) < £ X

1— b—a

I

1
b(l—ﬁf)+a1(ﬁf—u>—a<1—u>) 5
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and

1
Ur(az), a2 (u « OB+ (B~ v))é
— ’ — —v c—d
U(a,B) = T o .
Q2(51)7 g < (MU % c(151)+d1((:51d11)d(11/)>
In special case ay = a, dy = d
_ _ ) 1
A7 5.5 = | D102 Tafea)], a2 > (i x (1=8D)"
[Lo(81), Ua(B)], a2 < (525 x (1= B))°
1
Case IV. [ 2’ dLL_ B boary bmwr 4
ase IV. If as < ) and 75— 775 < ooy T Graicy) e
we have
1
Li(o), o > (“ x b=B)+a1 (B —v)—a (1_”))5
- ) —v b—a
L(&, 5) = 1~y S % ,
L(B1), a1 < (1: b(1-5] )+a1261a—v) (1—v)>
and
1
U, ar> (ﬂ “ C(l—ﬁf)+d1(6f—v)—d(1—v)> ’
U(O_Za B) = e o 1.
C 1 —V —V 3
Us(B1), a1 < (1uy (1-89)+d iﬁld v)—d(1 ))
In special case ay = a, dy = d
1
Al 54 = | Lalen: Dl an = (75 x (1= 4D)"
Lo(B), (8], o < (25 x (1= BD)°
Example 4.1 Let A = (0.5,1,2,3,4,4.5,[0.49,0.64], [0.25,0.36],2) be a

GIVIFNg. Then for 0 < a3 < 0.7, 0 < as < 0.8, 0.5 < 1 < 1
06<p<1,0<a?+p2<1,i=1,2, we get following a- cut and B3-
cut set as
ol a2 a? - a2
L =1 L =1+—2.U —4-——L U =4——2
Ly(en) = +0 19 1(02) = Mg Un() 0.9’ U1le2) =45



If 0y > 114290, then Al 8] = [1+ R
2

}, otherwise A[d, ] =
14 00'6—4%9, — %}, for example ag = 0.5 and a1 = 0.3 then Ala,d] =
[1.3906, 3.6094).
Also

Ly(B1) = 2.5 — 282, Ly(Bz) = 2.8437 — 2.3437533,

Us(B1) = 2.5+ 282, Uy(fBs) = 2.1562 + 2.343732.

If 0.758% — 0.648% < 0.11 then A[B,0] = [2.8437 — 2.3437/2,2.1562 +
2.34372] otherwise A[f, 6] = [2.5—2082,2.5+ 282, for example B, = 0.6,
By = 0.7 then A[B,(S] = [1.78,3.22], therefore for ay = 0.3, ag = 0.5,
By =0.6, By = 0.7, we have A[@, B, 6] = [1.78,3.22].

5 Indices of a GIVIFNpg

Definition 5.1 Let A be a GIVIFNg. Then the values of the mem-
bership function A and the mon membership function A are defined as
follows:

Vi.6) = 5 [ (L) + Ule) f(e)da, () =5,

where L(a) = a + 7(17—;)&6; Ula) =d — (d=c)a® L= %5;

(L) +UB) (B8, £(8) = 2178

1
B 1—vs

VA8 =3 [

where L(8) = b(1_ga)1ta;(56_y)7 U(B) = c(1—ﬁ6)1tdyl(65_u); U= zwzrz_

Corollary 5.1 Let A be a GIVIF Ng, then using Definition 5.1

L, b= (d-0

1.4
Vu(4,8) = w3 (5 + 5 51

),
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b+c 1 1 7 e
V,(A,6)= — |z - — =
(4,9) (1—v)(1 —v3) [2 G+D0+2) i1 2
L mtd 1 Lr&ﬁ%l v
(1—)1—ws) |6+1)(+2) 2 6+1 2(6+1)
In this case V,(—A,0) = =V, (A,0) and V,(—A,0) = =V, (A,9)
Theorem 5.1 Let A= (a1,a,b,c,d, dy,[p, i, [v,7],0), then
i aps < Vu(4,0) =d dus,
ii. (1—vs)ay <V, (A,8) < (1—wvs)d.
Proof. (i)
1wt
VA 9)=3 [ (L(e) + U(@)f(a)da,
5 —Nab Y
:11/“ <a+(b a)a d—(d C>a>ada
pns Jo 2 K
1 /‘% 1
> —1/ 2aada = ap’s
pne J0

o7




Proof is complete. (ii)

V,(A,0) = j fjg (b(lfﬁ‘s)ltayl(ﬁéw) N c(l,ga)ltdylw%) )
(1—p)ds
= Loty (e (e )R )
(1 — B)dB
> ol 2l - B)dp
= (1 — ya)

! —3° a1 v c(1—3° 1 -y
)~ () )
(1 —pB)ds,
_ 1 /1 ((b—alu)—(b—a1)55+(c—dly)—(c—d1)55>
1—y% V% 1—v 1—v
(1 —B)ds,
< / 2a1(1 — B)dB = (1 — v3)d,.

1—vs
Proof is complete.

Definition 5.2 Let A be a GIVIF Ng. Then the ambiguity of the mem-
bership function A and the non-membership function A are defined as
follows:

Sl
DO
Q

Gu(4,0) = [ (Ula = L@))f(a)da, fla) =T,

:
Gu(4.5) = [, W - L) FBas, 55) = 2=,

Corollary 5.2 Let A be a GIVIF Ng, then

o8



il 3 (d— L_ c)a’ —a— (b— a)a5> 2ada,
s Jo p p
_ 1 2(d—c¢)+2(b—a)
—# <d_a_ 5+ 2 >
And
1
G(A.0)= [, (U(B) ~ L(B))/(B)d8,
~ 2(-b+e |1 1 B %_i_ué%leé_l/é#
=)=t |2 G+D0+2) T e 2 o2
2(—ay + dy) 1 v v ov°F

(1—v)(1—vh)

G+1(612) 2 541 204D|

It can be easily shown that G, (A, ) = G,(—A,0) and G,(A,§) = G,(—A,0).

Theorem 5.2 Let A = (ai,a,b,c,d,d, [, i, [v,7],05), then

i wi(c—b) < Gu(A, 5)§ (i (d — a),
i. (1—v3)(c—b)<G,(A,d) < (1—

Proof. (i)

va)(dy — aq).

:/u}s g (d—c)a? o (b—a)a5> fla)do,
o\ p 7
>/j§/0wS 2(c — blada = (¢ — b),

and
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(i)

2 L(e(1=p")+di(B°—v) b(1=p")4a:(B°—v)
Gu(4,0) = 1—y<1$)/w15< 1—v B 1—v )
e ) (e—d) ' (b—a)— (=)’
2 L ((c—dyv)—(c—dy)p B b—av)—(b—ay)p
(1—yé)/yé< 1—v 1—v )
(1-p)dp,

—vs)Jvs 1—v 1—v
o (i) (o) (b))
B 2 L (c—dv)—(c—dy)p B b—av)—(b—ay)pS
_(1_yé)/yé< 1—v 1—v )
(1—52)d6, 1
s“_m[é<d1 —a)(1 = B)d = (1= v¥)(dr — an).

Proof is complete.

Definition 5.3 Let A = (ai,a,b,c,d, dy, [p, fi], [v,7],5). A value index
and an ambiguity index for the A are defined as follows:

V.(A,6) +V,(4,06)
2

, G(A,0) = Gy(4,0) + Gu(A,5)

V(A,6) = :
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Procedure for ranking GIVIF Np.

Let A= (CLII, as, bl, C1, dl, dll, [Hl’ ﬂl], [yl, 171], 5)

and B = (ay, ag, by, ¢2, dy, dy, (11, fia], [V2, V2], 0) be two GV IIF Nps, then
a ranking function is as follows

R(A,8) = V(A,8) + G(A,6),

where
i. If R(A,6) > R(B,0), then A > B.
ii. If R(A,0) < R(B,J), then A < B.
iii. If R(A,0) = R(B,d), then A = B.

Example 5.1 Let A =(0.5,1,2,3,4,4.5,[0.49,0.64], [0.25,0.36],2), pa =
0.565, v4 = 0.305, and B = (0.75,1.25,2,3,3.75,4.25,[0.36, 0.49], [0.16, 0.25, 2]),
up = 0.425, vg = 0.205, then

V.(A,0) = 1.879, V,(A,d) = 0.9932, V(A,§) = 1.4361, V,(B,§) = 1.95,
V,(B,d) = 1.3276, V(B,6) = 1.6388, G,(A,0) = 1.503, G,(A,0) =
0.6327, G(A,§) = 1.0662, G,,(B,0) = 1.141, G, (B, ) = 0.8451, G(B,9) =
0.99305, R(A,d) = 2.5023, R(B,d) = 2.63185. Since R(A,J) < R(B,9),
therefore A < B.

6 Conclusions

We have introduced new generalized interval valued intuitionistic fuzzy
numbers. We studied (aq, az)-cut, (51, f2)-cut and (&, B)—cut of GIVIF Npg.
Then, the values and ambiguities of the membership degree and the
non-membership degree and the value index and ambiguity index for
GIVIFNpgs are defined. They are used to define ranking function of

GIVIFNp.
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