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ABSTRACT

In this paper, we define the Hamming distance measure and normalized Hamming distance measure of Intuitionistic
Fuzzy Sets of Second Type and Intuitionistic Fuzzy Sets of Third Type. Also the comparison is made between the
measures.
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1. INTRODUCTION

After inspired from K.T. Atanassov Intuitionistic Fuzzy Set™™, the present authors defined IFSTTMH which is an
extension of IFS. Many researchers studied the application of IFS and their extension in real life situations, like pattern
recognition, medical diagnosis, career determination, electoral system and market prediction by using distance
measures ®**%1_In this research article, we define the Hamming distance and normalized Hamming distance measures
of IFSST and IFSTT, and also the comparison is made with the existing measure on IFS. The rest of the paper is
designed as follows: Insection2, we give the definitions of IFS and their extensions. In section3, we define the distance
measures of IFSST and IFSTT with suitable example. The paper concludes in section4.

2. PRELIMINARIES
In this section, we give some definitions of IFS and their extensions.

Definition 2.1: [1] Let X be a non-empty set. An Intuitionistic Fuzzy Set (IFS) A in X is defined as an object of the
form

A = {(x, (), va(0)): x € X3,
where p, (x): X - [0,1] and v, (x): X — [0,1] denote the degree of membership and non-membership functions of A
respectively, and

0 < puu(x) +v4(x) <1, foreachx € X.

Definition 2.2: [1] The degree of non-determinacy (uncertainty) of an element x € X in the IFS A is defined by
ma(x) =1 — pa(x) —va(x)

Definition 2.3: [7] LetX be a non-empty set. An Intuitionistic Fuzzy Sets of Second Type (IFSST) A in X is defined as
an object of the form

A= {(x, pa (), v (0)): x € X3},
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where p,(x): X — [0,1] and v4(x): X — [0,1] denote the degree of membership and non-membership functions of
A respectively, and
0 < p3(x) +vi(x) <1, foreachx € X.

Definition 2.4: [7] The degree of non-determinacy (uncertainty) of an elementx € Xin the IFSST A is defined by
T () = 1= 12 (0) —v2(x) .

Definition 2.5: [8-14] Let X be the non-empty set. An Intuitionistic Fuzzy Sets of Third Type (IFSTT) A in X is
defined as an object of the form

A = {0, pa(x0), v (x)): x € X},
where p, (x): X - [0,1] and v,(x): X — [0,1] denote the membership and non- membership functions of A4,
respectively, and

0 < u3(x) +vji(x) <1, foreachx € X.

Definition 2.6: [11] The degree of non-determinacy (uncertainty) of an elementx € X in the IFSTT A is defined by
m,(0) = Y1= 1) - vi(@) .

Definition 2.7: [15] Let A,B,C be the IFSs in X, then the distance measure d between A and B is a mapping
d: X x X — [0,1] satisfying the following axioms:

(@ 0<d(4,B) <1 (boundedness)

(b) d(A,B) = d(B,A)(symmetric)

() d(A,B) =0ifandonlyifA=B

(d) d(4,C) +d(C,B) = d(4,B) (triangle inequality)

(e) ifASBcC,thend(4,C)=d(A,B)andd(4,C) = d(B,C).

Definition 2.8: [15] Let
A= {x pa(x), valx)):ix; EXLVi= 1.2,....,m,
and
B = {{x;, ug(x),vg(x))):x; € X}, Vi= 1,2,....,n,
be two IFSs in X. Then the distance measures between A and B is defined by:

The Hamming Distance:

1 n
dy(A,B) = EZU#A(?Q) = pup ()| + lva(x) —vp(x)| + |ma(x;) — mp (X))

i=1

The normalized Hamming Distance:

1 n
dn-n(4,B) = %Z(WA(’Q) = pup(x)| + [va(x) —vp (x| + |ma(x;) — mp(x)])
i=1

Example: Let X = {1,2,3,4,5,6,7}. Let 4 = {(1,0.7,0.3), (2,0.2,0.8), (4,0.6,0.4), (5,0.5,0.5), (6,1,0)}, and
B = {(1,0.2,0.8), (4,0.6,0.4), (5,0.8,0.2), (7,1,0)} be two IFSs in X.

Using the definition 2.8, we get the hamming distance between A and B is
dy(A,B) =3

and the normalized hamming distance is
d,_y(A,B) = 0.428571

3. DISTANCEMEASUREOFIFSSTANDIFSTT

In this section, we define the Hamming and normalized Hamming distance measures of IFSST and IFSTT with
suitable example. Also, the comparison is made between the measures.

Definition 3.1: Let A, B, C be the IFSSTs in X, then the distance measure d between A and B is a mapping d: X X X —
[0,1] satisfying the following axioms:
(@ 0 <d(4,B) <1 (boundedness)
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(b) d(A,B) = d(B,A)(symmetric)

(c) d(A,B) =0ifandonlyifA=B

(d) d(A,C)+d(C,B) = d(A,B) (triangle inequality)

(e) ifFAcSBcC,thend(A4,C) = d(A,B)and d(4,C) = d(B, ().

Definition 3.2: Let
A= {(x;, pa(x), va(x)):x; €X}LVi= 1.2,....,n,
and
B = {(x;, ug(x), vg(x)):x; € X}, Vi= 1,2,....,n,
be two IFSSTs in X. Then the distance measures between A and B is defined by:

The Hamming Distance:

1 n
du(4,B) =5 Z(l.uA(xi) = up(x)? + [va(xp) = vp(x)? + [ma(x;) = 75 (x)[?)

The normalized Hamming Distance:

1 n
dn-n(4,B) = m Z(l.uA(xi) — g ()% + |va(x) —vp(x)I? + |ma(x;) — mp(x)|?)
i=1

Example: Let X = {1,2,3,4,5,6,7}. Let A = {(1,0.7,0.3), (2,0.2,0.8), (4,0.6,0.4), (5,0.5,0.5),(6,1,0)}, and
B = {(1,0.2,0.8), (4,0.6,0.4), (5,0.8,0.2), (7,1,0)} be two IFSSTs in X.

Using the definition 3.2, we get the hamming distance between A and B is
dy(A,B) = 1.12991

and the normalized hamming distance is
d,_;(A,B) = 0.161416

Definition 3.3: Let A,B,C be the IFSTTs in X, then the distance measure d between A and B is a mapping
d: X x X — [0,1] satisfying the following axioms:

(@ 0 <d(4,B) <1 (boundedness)

(b) d(A,B) = d(B,A)(symmetric)

(c) d(A,B) =0ifandonlyifA=B

(d) d(A,C)+d(C,B) = d(A,B) (triangle inequality)

(e) ifFAcSBcC,thend(A4,C) = d(A,B)and d(4,C) = d(B, ().

Definition 3.4: Let
A= {(x;, 1a(x), va(x)):x; €X}LVi= 1.2,....,n,
and
B = {(x;, ug(x), vg(x)):x; € X}, Vi= 1,2,....,n,
be two IFSTTs in X. Then the distance measures between A and B is defined by:

The Hamming Distance:

1 n
du(4,B) =7 Z(l.uA(xi) = up(x) [ + [valx) = vp(x) P + [ma(x;) = 15 (x)1°)

The normalized Hamming Distance:

1 n
dn-n(A,B) = — Z(l#A(xi) = up(x)[? + va(x) = vp(x) P + [ma(x) = 5 (x) )
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Example: Let A = {(1,0.7,0.3), (2,0.2,0.8), (4,0.6,0.4), (5,0.5,0.5), (6,1,0)}, and B = {(1,0.2,0.8), (4,0.6,0.4),
50802 7 1,0 betwo IFSTTs in X.

Using the definition 3.4, we get the hamming distance between A and B is
dy (A, B) = 0.843573

and the normalized hamming distance is
d,_y(A,B) = 0.12051

The following table gives the comparison between the distance measures among IFS and their extensions.

Measures IFS IFSST IFSTT
Hamming Distance 3 1.12991 | 0.843573

Normalized Hamming Distance | 0.428571 | 0.161416 | 0.12051

4. CONCLUSION

In this paper, we have defined the Hamming and normalized Hamming distance measures of IFSST and IFSTT and the
comparison is made with the suitable example. It is concluded from the table that the normalized hamming distance
measure of IFSTT gives the shortest value among all the measures. It is open to check the application of these measures
in real life situations.
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