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Abstract

In the present communication we introduce the new measure of information
radius in intuitionistic fuzzy environment corresponding to Verma
information measure.
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1. Introduction

Fuzzy set theory was proposed by Zadeh, Lotfi A. [10] in 1965 as an extension of the
classical notion of a set (Zadeh, 1965). With the proposed methodology, Zadeh
introduced a mathematical method with which decision-making using fuzzy
descriptions of some information becomes possible. The basis of this theory is the
fuzzy set, which is a set that does not have clearly defined limits and can contain
elements only at some degree; in other words, elements can have a certain degree of
membership. Hence, suitable functions are used namely, membership functions that
determine the membership degree of each element in a fuzzy set. If we consider an
input variable x with a field of definition S, the fuzzy set A in S is defined as: If A be
the subset of universe of discourse i.e. X = {x, ... ... , X, } then, A is defined as,

A={xi/us(x;):i=12,.......,n}

Where u,(x;) is a membership function and having the following properties: (i) If
us(x;) =0, x; does not belong to A and there is no ambiguity. (ii) If us(x;) =1, x;
belong to A and there is no ambiguity. (iii) If u,(x;) = 0.5, there is maximum
ambiguity whether x; belong to A or not.
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Intuitionistic fuzzy sets are sets whose elements have membership grades and non-
membership grades. The intuitionistic fuzzy set generalizes fuzzy set, since the
indicator function of fuzzy set is a special case of the membership function and non-
membership function of intuitionistic fuzzy set.

It is an uncertainty based model proposed by Atanassov, K. T. [1, 2] in 1986, which
extends the notion of fuzzy sets by relaxing the constraint in fuzzy sets that the non-
membership value is one’s complement of the membership value of every element.
According to him, if F be a fixed set then an intuitionistic fuzzy set S in F is an object
having the form

S ={< x,us(x),vs(x) >/x € F}.

Where the function ug(x) and vs(x) define the degree of membership and degree of
non-membership of the element x € S to S c F respectively. The function us(x) and
vg(x) satisfy the following condition.

(Vx€eF)0 < us(x) +vs(x) <1).
Obviously, fuzzy set has the form {< x, us(x),1 — ug(x) >/x € F}.

A measure of fuzziness f(us(x),vs(x)) is an Intuitionistic fuzzy set should have
atleast the following conditions:

(€C;) Itshould be continuous in this range of
0 <pus(x) +vs(x;)) <1),(i=1,.... ,n).

(Cy) Itshould be zero when ug(x;) = 0 and vg(x;) = 0.

(C3) It should be not changed when any of ug(x;) is changed into v (x;).

(C,) It should be defined for all ug(x;) and vs(x;) (i =1, ... ... ,n) in the range of
O <ps(x;)) +vs(x) <1),(i=1,.... ,N).

(Cs) It should be maximum when pg(x;) = %and vs(x;) = % i=1,.... , ).

(Cs) It should be increasing function of ug(x;) when 0 < ug(x;) S% and
decreasing function of ug(x;) when %s Us(x;) <1 and other variable are
kept fixed. It should be decreasing function of vs(x;) when 0 < vg(x;) S%

and increasing function of vg(x;) when % < vg(x;) <1 and other variable are
kept fixed.

(C;) Itshould be concave function of ug(x;), when vg(x;) set as a constant.

If A and B are the two intuitionistic fuzzy sets. Then Shannon [6] measure of
information in intuitionistic fuzzy environment is given by

S(A) = Ziaiy Ge) In gy () + v, () Invy ()] (1.1)
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and by the use of Shennon information measure, the concept of information radius in
intuitionistic fuzzy environment is given by

R(AB)=S (‘%B) — 271[S(A) + S(B)] (1.2)

But, the concept of information radius was given by Kapur [5] in classical
environment. The above equation (1.2) is known as information radius in intuitionistic
fuzzy environment (Sibson [7]) or Jensen-Shannon directed divergence measure
(Burbea and Rao [4]) in intuitionistic fuzzy environment. In the next section, we shall
study the new information radius in intuitionistic fuzzy environment corresponding to
Verma [8, 9] information measure.

2. Our Results

2.1 INFORMATION RADIUS CONNECTED WITH VERMA [8, 9] i..
HYBRID BURG [3] INFORMATION MEASURE

Verma [8, 9] i.e. hybrid Burg [3] intuitionistic fuzzy information measure, if avoiding
the constant term, is

Va(A) = T [In (14 ap, (x)) + In(1 + avy(e)| = Bk ingg, () + v
a>0 (2.1.1)

Now, if A and B are the two intuitionistic fuzzy sets and V,(4) and V,(B) are their
intuitionistic fuzzy entropies, then the probabilistic intuitionistic fuzzy information
radius R(A, B) is defined as

R(4,B) =V (7) = 27 [Va(A) + Va(B)] (212)
Using (2.1.1), equation (2.1.2) gives the following result

R(4,B) = i [m (1 + a,ug(xi)> +1In (1 + av¥(xi)>] — 2t i [in (1 + an, () +
i=1 i=1

ln(l + avA(xl-)) + ln(l + a,uB(xi)) + ln(l + avB(xi))]

n

— Z [ln [,l.A-i-TB(xl') +In VA%B(xi)]

=1

n
#2703 I pa () + I va (1) +1n 15 () + I v ()]
=1

7
=2-1 Z luﬂ(xi)ln <1 + au&(n)) + vassln (1 + avﬂ(xl.)ﬂ
i=1 2 2 2 2
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n .
—2-1 z pa+s In (1 + a,uA(xl-)) + vasp ln(l + avA(xi))]l
2 2
i=1"
n
1 Z pa+s (x;)In (1 + a,uﬂ(xi)> + va+sln (1 + aVﬂ(xi)>l
n

2 2 2 2
=1 "

+2”

271 z _[J.ALB In(1+ aup(x;)) + vars In(1 + avg (xl-))]
L 2 2

i=1
n
- [ﬂﬂ(xi)ln pasn (x;) + vass (x)Invars (x;) + pass In pass (x;) + vass(x;) In Vﬂ(xz)]
=1 2 2 2 2 2 2 2 2
n
#2700 Lassln g, ) + vass o) In vy ()
2 2
i=1

+ wass Inpp (x;) + vass(x) Invg (x;)
2 2

- 1+ au,(x) 1+ av,(x)
a Xi av (x;
=—2'1z pasnGe)in | AT ) 4y pln | AT
2
i=1

1+ apa+s(x;) 2 1+ ava+s(x;)
2 2
n
X; VYV X;
+271 Z ua+s(x;) In MA( ) + va+sIn a0)
= pa+n (x;) 7\ vass(x)
=1 2 2
n
1 1+ apy(x) 1+ avg(x;)
—2 ua+s(x;) In| ————— vasgln | ————
182 1+ apas(x;) 7\ 1+ avaes(x)
1= 2 2
n
up(x;) vp(x;
+271 Z pas(x) In[ 2= | + vas In p(x)
=105 pa+s (x;) 7\ vass(x)
- 2 2

Ofcourse, without loss of generality, we can reduce the first two terms

N (x) (x)

X: vailx;

=21 z pars(x)In| 1 + a. Hali + vass(x)In| 1 + a. kil
b= 2 pa+s (x;) 2
= 2

va+s(x;)
2

c (x) (x)
X vailx;
+2‘1z pa+s (x;) In LR +van(x;) In | ——
2 2
i=1

Ha+s (Xi) Vﬁ(xi)
2 2
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- (x) (x)
X; vp(x;

—2-12 s (xIn | 1+ a. L8 +vasCe)ln| 1+ a. 22
el pa+s(x;) 2
- 2

vars (x;)
2

- _ g (i) . v (x)
+2 Zl=1 [MA%B(xl) In (Hﬂ(%‘)) + VA%B(xl) In (“ﬂ(xi)>].
2

2

Thus, we achieve the result R(4,B) = %Da (A, A%B) + %Da (B,A%B).

Where, Da(A, B) = — Z?=1 [.uB(xi) In (1 + a. M) + VB(xi) In (1 ta VA(X[))]

Mg(xz) vp(x;)

+ 2 [y 0 n (M199) 4 v, ) 1n (222)] (21.3)

HUp (xi) VB (xi)

is the intuitionistic fuzzy directed divergence corresponding to Verma [8, 9]
information measure.

2.2 INFORMATION RADIUS CONNECTED WITH MODIFIED VERMA [8,
9] INFORMATION MEASURE

Modified Verma [8, 9] i.e. hybrid Shannon [6] intuitionistic fuzzy information
measure, if avoiding the constant term, is

Va(A) = T2y [In (1 + au, () + In(1 + v, ()| = T [i, () In g () +
va(x;) Inv, (xi)]|
a>0 (2.2.1)

Now, if A and B are the two intuitionistic fuzzy sets and V,(4) and V,(B) are their
intuitionistic fuzzy entropies, then the probabilistic intuitionistic fuzzy information
radius R(A, B) is defined as

R(4,B) = Vy (57) = 27 [Va(A) + Vo (B)] (222)

Using (2.2.1), equation (2.2.2) gives the following result

R(A,B) = Z lln <1 + a,uA+_B(xi)) +In (1 + avALB(xi)>l

— 271 Z[ln(l + auA(xi)) + ln(l + aVA(xi))

+ ln(lij-lauB (xi)) + ln(l + aVB(xi))]
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n
z [ums (x;) In ,LlA+B (x;) + va+s(x;) In VA+B a+8 (x;)

i=1 B
+271 Z[“A(xi)ln () +va(x) Invy (x)

+ uB(xLSln pg (x;) +vp(x)Invg (xi)]
=21 Z l/.tAw(xl)ln (1 + a‘uA+B(xl)> + va+s(x;)In <1 + aVAJrB(Xl))l
#Aﬂ(xi)ln(l + a.UA(xi)) + vass(x;) ln(l + aVA(xi))]

MALB(XL-)IH (1 + aum(%)) + va+(x;)In (1 + awﬂ(xi))l
2 2 2 2

,ug(xi)ln(l + aug (xl-)) + v¥(xi) ln(l + avB(xi))]

& () In prars () + v, (x) Invaes (x;)
2 2
+ G I pass () + v () I vass ()|
2 2
n
+27 ) iy g, ()
i=1

20 v () + 1y GedIn p (1) + v (eI v ()|

B 14+ apy(x;) 1+ avy(x;)

= -2 z [,lA+B(x )11’1 (1 n a‘l,lA+B(xl)> + v¥(xi)ln (m)]
1+ apg(x;) 1+ avp(x;)

= z “Aw(x Jin (1 + a‘LlA+B(XL)> + V#“’)ln (1 + aVA-i-B’(xi)>l

o T o Ry MR
n T L T L l=1 T L
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.uB(xi)
#AZ;B(XL')

,LlB (xi) In

Ofcourse, without loss of generality, we can reduce the first two terms
n

=21 pars(x)In| 1 + a.
2

. pa+s (x;)
=1 R

Xi i
MA( ) + vass(x)In| 1 + a. vaCe)
2

va+s(x;)
2

S

HA(xi) va(xy)
,ug(xi) + v4(x;) In

271 Z )1
¥ #a()In vass (x;)
2

X Vp\X;
20N st [ 14+ @225 ) 4+ neoin | 1+ 0. 2280
2 2

_ pa+s(x;) va+s(x;)
=1 | - -

~1ym _ _#p(x0) . vp (1)
+2 i=1 [#B(xz) In <#ﬂ(xi)> +vp(x;) In <#ﬂ(xi)>].
2

2

Thus, we achieve the result R(4,B) = %Da (A, A%B) + %Da (B,A%B).

_ HED) va(x;)
Where D,(A,B) = ) [,uB(xi) In (1 + a. u_B(xi)> + vp(x;) In (1 + a. V_B(xi))]
n . MA(xi)) ) VA(xi) ]
+¥r, [,uA (x) In (uB(xi) + v4(x;) In (VB(xi)) (2.2.3)

is the intuitionistic fuzzy directed divergence corresponding to modified Verma [8, 9]
information measure. Note that, (2.1.3) and (2.2.3) are the convex functions. Thus we
have the following properties: (i) D(4,B) = 0, (ii) D(A,B) = 0 iff pus(x;) = pup(x;)
or v4(x;) = vg(x;) Vi and (iii) D(A, B) is a convex function of u,(x;), ug (x;), v4(x;)
and vy (x;) Vi. Hence, intuitionistic fuzzy directed divergence D (A4, B) introduced in
(2.1.3) and(2.2.3) are the valid measure of divergence. Also, the measure R(4, B)
satisfies the following properties: (i) R(A,B) =0, (ii) R(A,B) =0 iff u,(x;) =
ug(x;) or vy(x;) = vg(x;) Vi and (iii) R(A4, B), being the sum of intuitionistic fuzzy
directed divergence is convex and (iv) R(A,B) is symmetric in the sense that
R(A,B) = R(B,A). Thus the intuitionistic fuzzy R-divergence R(4,B) is a valid
measure of divergence.

Conclusion

In the above discussion, we introduce the new measures of information radius and it
has great applications in bioinformatics and genome comparison, in protein surface
comparison, in the social sciences, in the quantitative study of history, fire
experiments and in machine learning.
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