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1 Introduction

The vagueness or uncertainty representation of imperfect knowledge becomes a crucial issue in
the areas of computer science and artificial intelligence. To deal with the uncertainty, the fuzzy
set proposed by Zadeh [1] allows the uncertainty of a set with a membership degree between 0
and 1. Then, Atanassov [2] introduced an intuitionistic Fuzzy set (IFS) as a generalization of
the Fuzzy set. The IFS represents the uncertainty with respect to both membership and non-
membership. However, it can only handle incomplete information but not the indeterminate
and inconsistent information which exists commonly in real situations. Therefore, Smaran-
dache [3] proposed a neutrosophic set. It can independently express truth-membership degree,
indeterminacy-membership degree, and false membership degree and deal with incomplete, in-
determinate,and inconsistent information. Also, several generalization of the set theories made
such as fuzzy multi-set theory [4, 5|, intuitionsitic fuzzy multi-set theory [6-10] and refined
neutrosophic set theory [11-20]. Many research treating imprecision and uncertainty have been
developed and studied. Since then, it is applied to various areas, such as decision making
problems [21-44].

Another generalization of above theories that is relevant for our work is single valued
neutrosophic refined (multi) set theory by introduced Ye [45] which contain a few differ-
ent values. A single valued neutrosophic multi set theory have truth-membership sequence
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(1l (w), g% (u), ... 4 (u)), indeterminacy-membership sequence (v} (u),v% (u),...v" (u)) and
falsity-membership sequence (w!y (v), w? (u),...w" (u)) of the element u € U

The paper is organized as follows: In section 2, introduces some concepts and basic opera-
tions are reviewed. In section 3, presents a new distance-based similarity measure for refined
neutrosophic sets and investigates their properties. In section 4, the similarity measures are
applied to medicine diagnosis. Finally, Conclusions and further research are contained

2 Preliminaries

Definition 1 [2] Let U be a universe. A neutrosophic sets A over U is defined by

A= A{=, (palp), valp), wa = v € U}

where, pig (u), v4 (u) and wy (u) are called truth-membership function, indeterminacy-membership
function and falsity- membership function, respectively. They are respectively defined by

pa U =)0, 1] v U =70, 17, wa: U —]70,17]

such that 07 < pa (u) +va (u) fwa (u) < 3F

Definition 2 [19] Let ¢/ be a universe. A single valued neutrosophic set (SVN-set) over U
is a neutrosophic set over U, but the truth-membership function, indeterminacy-membership
function and falsity- membership function are respectively defined by

pa:U— 10,1, va:U—1[0,1], wa:U —[0,]1]

Such that 0 < pia (u) +va (u) +wa (u) < 3

Definition 3 [32] Let U be a universe. A neutrosophic multiset set (Nms) A on U can be
defined as follows:

A=
< (py (), 1% () ity (w)) (vl (w) v (w) o 0h () (wy (w), wh (u), . wly (w))
—u €Ul
where,
pi () iy () iy (w) = U — [0, 1]
vl (W) vy (), .. v (u) - U — [0,1]
and
wh () w (u),...wh (u) : U —[0,1]
such that

0 < sup p'y (u) + sup v’y (u) + sup wy (u) <3
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is the truth-membership sequence, indeterminacy-membership sequence and falsity- member-
ship sequence of the element u respectively. Also, P is called the dimension (cardinality) of
NmsA denoted d(.A) We arrange the truth-membership sequence in decreasing order but the
corresponding indeterminacy-membership and falsity-membership sequence may not be in de-
creasing or increasing order.

The set of all Neutrosophic multisets on U is denoted by NMS (U).

Definition 4 [11,19,38] Let A, B € NMS(U). Then,

(1) A is said to be Nm-subset of B is denoted by ACB if pi%y (u) < s (u)
vy (u) > g (u), wYy(u) >wg(u), Vueldandi=12,...P

(2) A is said to be neutrosophic equal of B is denoted by A = B if piy (u) = pj; (u)
vy (u) = vg () wy (u) =wy (u), Yueldandi=1,2,...P

(3) The complement of A denoted by A° and is defined by

A =
< (wy (w),wh (u) .. wh (u) (v (uw) 04 (u) .o vl (@) (i (u), i (), gy (w)
—uelU
(4) If 'y (u) = 0 and v% (u) = wy (u) =1for allu € Y and i = 1,2,... P then
A is called null ns-set and denoted by ®
(5) If 'y (u) =1 and v% (u) = wy (u) =0 for all w € Y and i = 1,2, ... P then

A is called universal ns-set and denoted by U
(6) The union of A and B is denoted by AUB = C and is defined by

C={
< (pe (u) s pig (u) - pig () (ve (w) g (u) . vg (w)) (we (u)  wg (u) .. wg (u)) =2 u
eU}

Where s — iy (1) Vgl (), v = vy (1) A vjs (), w0 = iy (u) A s (u)
Vueldandi=1,2,... P
(7) The intersection of A and B is denoted by ANB = D and is defined by
D =A{
< u(pp (u), 1p (), iy (u)) (vp (w), 05 (u) ... V] (u)) (wp (u),wh (), ... wp (u))
—u €U}
where iy = iy (u) V pis (u), v = vy (1) A vl (1), wh = wiy (u) A ws (u), Yu € U and
i=1,2,...P
(8) The addition of A and B is denoted by A+B = U, and is defined by
U =+
—< u (/”Lllxll (u) ?/"622/{1 (u) A /”Lzl (u)) (,Ugll (u) ?,Ul%{l (u) A ,Ulizjll (u)) (wi{l (u) ?wl%{l (u) A wliljll (u))
—uel

where pf, = iy (w)+ s (1) — iy () gl (1) vy, = v () vy (), g, = 'y (u) ey () Y € U
andt=1,2,... P
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(9) The multiplication of A and B is denoted by AXB = U, and is defined by

U = {
<u (,uzljz (u) ,,uzzjz (u),.. .,uZz (u)) (vzljz (u) ,UZZ (u),.. .UZZ (u)) (wé2 (u) >7~U2242 (u),.. .wzz (u))

—uecl

where ,u@z = ply (u) piig (), vf, = vy (w) + vg (u) — vy (v) vg (v) wy, = wy (u) + wi (u) —
wYy (v)wg(w)Vueld andi=1,2,... P

Here V, A,+,.,— denotes maximum, minimum, addition, multiplication, subtraction of
real numbers respectively.

Definition 5 [12] Let

A={
—<u(u}4(u),u?4(u),...pf’4(u)) (vj(u),vi(u),...vi(u)) (wh(u),wi(u),...wi(u))
—uecl

and

5=
<u (pg (w), i (u) s (u)) (vg (), 05 (), .. vg (w) (wy (u), wh (u), ... wh (u))
—uel

And be two NMSs, then the normalized hamming distance between A and B can be defined as
follows:

P 1/p
4, (AB) = {% D I () = pas () + Jua () = v ()P + e () = i ()| }

i=1
where A, B are two SVNSsp > 0, w; (i = 1,2, ..., p) are the weight of the element z; (i = 1,2, ..., p)

with w; > 0 and ) w; = 1.
i=1

In the next section, we will define a new Hybrid Distance-Based Similarity Measures for
Refined Neutrosophic Sets (RNSs)

3 Hybrid Distance-Based Similarity Measures for Refined
Neutrosophic Sets

Definition 6 For two refined neutrosophic sets A and B in a universe of discourse which are
denoted by

A=A

< (g (u) s iy ()il (W) (v (u) 0% (u) 0 (u) (Wl (w) wy (u) .ol (u))
—uelU
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and

B={

< (pgs () s i () s i () (v () 05 (1) 5o (w)) (wg (w) W (u) .. wh (u))
—uelU

i (w) pg (w) vy (7) v (u) wy (u) wi (u) € [0,1] for every ¢ = 1,2,... P. Let us consider the
weight wyi = 1,2,... P with w; > 0,i=1,2,... P and 3.7 w; = 1.
Then, we define the refined generalized neutrosophic weighted distance measure:

P 1/p
dp (AB) = {%Zwi [ ) = s ()| + [ ) = oy ()| + o () — s ()| | } Y

i=1

where P > 0.

As the Hamming distance and Euclidean distance, which are two typical distance measures,
are usually used in practical applications when P = 1,2 we can obtain the refined neutro-
sophic weighted Hamming distance and the refined neutrosophic weighted Euclidean distance,
respectively, as follows:

= %ZMHA& (ui) = pig (wi) | + [0l (wi) = v (wi) | + |wly (ws) — wiz (us)] (2)

L 1/p
- {%Z% “#fzt (ui) — s (Uz)|2 + vl (u) — v (uz)|2 + |wiy (u) — wi (ul)ﬂ } .3
i=1

Therefore, equations (2) and (3) are the special cases of equation (1). Then, for the distance
measure, we have the following proposition.

Proposition 7 The distance measured, (A, B) for p > 0 satisfies the following properties:

(H1) 0<d,(A,B) <

(H2) d, (A,B) =0 zf and only if A=D8;

(H3) dp (A, B) =dp (B, A);

(H4) If € B C C, A3 is are fined neutrosophicin U, then d,(A,B) < d,(AC)andd,(B,C) <
dp(A,C)

Proof: It is easy to see that d, (A, B) satisfies the properties (H1) — (H3) Therefore, we
only prove (H4). Let A C B C C, then

pia () < prg (u) < prg (u) vy () = v (1) = g (u) ,wiy (u) = wi (u) = g (w), Yus €U
and i = 1,2,... P we obtain following relations:
i P i Py i P i i
|t (i) — pig ()| < il (i) — pg (ua) |75 [ (i) — g (wa) | < |y (ws) — pag (ws)]
i i P i i Py i P i i P
|0l (ui) = v (wi)|" < vl (i) = v (w) |5 o (i) — v (ws) | < [l (ws) — vg (ui)|

|y () — wiy (ug) | < wly () — wh ()| 5 |w () —wh ()] < Jwly (us) — wh (us)|”
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Hence,
i i P i i P i i P
‘,UA (ui) — g (Ui)\ + ‘U.A (ui) —vp (Ui)\ + ‘wA (ui) — wy (Ui)\
P

7

< iy () = i () |” + |0l () — ol (ug) |7+ |y () — wls ()]
|1t (i) — il ()| + |0y (i) — v ()| ” 4wl () — wl (ui)|”
< ol (i) = g ()" + ol () = g ()| + ey () = s ()]
dx(A,C) > dy(A, B) and dy(A,C) > dx(B,C) for A > 0. O

Example 8: Assume that we have the following three refined neutrosophic weighted Hamming
distance and the refined neutrosophic weighted Euclidean distance, in a universe of discourse
ueU: let w; =0.2,wy =04, w3 =04.

= (u, (0.8,0.5,0.6), (0.3,0.1,0.5), (0.2,0.3,0.4))
= (u, (0.5,0.7,0.6), (0.23,0.3,0.4), (0.1,0.3,0.2))

- %sz — s )] + [ () = ofy ()| [ () — e )|
1 [ e (pdy (ua) = pug ()| + v}y (un) = g ()] + Jwy (ur) = wy (ua)])
=3 | Tw (112 (u2) = pi (u2)] + [V (u2) = v (u2)| + [w} (u2) — w (u2)|)

+ws (| (us) — i (us)| + |0 (us) — v (us)| + |w (us) — wis (us)])

1
= 5[02(/0.8— 0.5] +]0.3 - 0.2] +[0.2 — 0.1])

+0.4(]0.5 — 0.7] + 0.1 — 0.3 + 0.3 — 0.3])
+0.4(]0.6 — 0.6] + 0.5 — 0.4] + |0.4 — 0.2])]

[(0.2(0.3+0.140.1)) + (0.4 (0.2 + 0.2)) + (0.4 (0.1 + 0.2))]
d(A,B) = 0,127

le

. 1/2
B) - {% ;winua (us) = g () |* + [0y (i) — vis (u)|* + |y () — ws <ui>\zl}

o (Jik o) — b Ce)? + o ) — o o)+t () — o (7))
=3t (I () = ()4 o () — 0 () P () — e )
:

Fws (| (us) — pis (us)]” + |5 (us) — v (us)[* + W’y (uz) — wi (uz)|”)]

502 (|08~ 0.5 +]03 - 02 +10.2 - 0.1%) 12

= +04(|05 07| +10.1 — 03| +10.3 — 03|)
+0.4(]0.6 — 0.6 + [0.5 — 0.4)* + 0.4 — 0.2*)]

ds (A, B) = 0,157

—_

1/2
{(0,2(0,09 + 0,01 +0,01)) + (0,4 (0,04 + 0,04)) + (0,4 (0,01 + 0,04))}}

wl
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Definition 9 Let

A=
<u (g (w) s 15 (u) o plfy () (vl () 0% () vy () (wig (w) wl (u) ol (u)
—u €Ul

and
51
< u (g (u) s pig () s g () (vp (w) 05 (w) s v () (wg (w)  wg (u), - wg (u))
—u €Ul

be two refined neutrosophic sets. Then, hybrid similarity measure between refined neutrosophic
sets A and B denoted

Hybd (A, B) = ¢ <% Zwi [ g (i) = paig (i) | + |Vl (i) + v (i) | + |wly (u) — wi (WH)

P 1/2
1 i i 2 i i 2 i i 2
+(1-9) <§ D ||ty () = s )|+ ol () + 0y () [y (1) = s ()] })
i=1
for i = 1,2,...,P. Note that similarity and distance (dissimilarity) measures are comple-

mentary: when the first increases, the second decreases. Normalized distance measure and
similarity measure below are dual concepts. Thus,

(A B) =1— Hybd (A, B)

and vice versa. The properties of distance measures below are complementary to those of
similarity measures.

Remark: Then, to compare hybrid similarity measures, the positive ideal refined neutrosophic
solution and negative ideal refined neutrosophic solution are defined as;

N < max (pYy (u), g (w), ... 5 (w)) + min (vl (w), 0% (u), ... 0% (w)) +min (wh (u), w? (v), ... w5 (v)) >

Pi =

o = <min(,u}4 (w), p2 (u) ... pfy (w)) + max (v} (u), 0% (u),... 0% (u)) +max(w}4(u),wi(u),...wi(u))>

respectively, for e =1,2,... n.

Proposition 10 The similarity measure 6, (A, B) for p > 0 satisfies the following properties;
(HD1) 0 <4, (A,B) < 1;

(HD2) 6, (A, B) =1 if and only if A = B;

(HD3) 6, (A,B) =0, (B, A);

(HD4) If C B CC,C is a refined neutrosophic in U, then §, (A,C) <6, (A,B) and

dp (A,C) < 6, (B, C)
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Assume that there are two refined neutrosophic
A={
<w(ply (w), 12 (u) iy (w) (v (w) v (u) . oh (w) (wlh (w), w? (u) .. wh (u)
—u €Ul
and
B={
< u (g () s pig (W) gz (w)) (v (w) v () s vg (w)) (wp (u) wg (u) .. wi (u)
—u €Ul

in a universe of distance Vu; € U. Thus, according to the relationship between the distance and
the similarity measure, we can obtain the following refined neutrosophic similarity measure:

(A, B) =1— Hybd (A, B)

P
- (so (% > i [[pely () — s ()] + [y (o) + s ()] + |y (us) — wy <uz’>H> +
=1

i 1/2
) (% S [ () = s () ol ) + vl ()| e ) — v (wﬂ) ) @
i=1

Obviously, we can easily prove that 0; (A,B) satisfied the properties (HD1) — (HD4) in propo-
sition 10 by the relationship between the distance and the similarity measure and the proof of
proposition 7, which is omitted here.

Furthermore, we can also propose another refined neutrosophic similarity measure:
— Hybd (A, B)

%2 (A B) = 1+Hybd(A B)

. ( 3 [ 0) = iy )|+ ol () + s )+ () — <uz->r]) n

- P . . 2 . . 2 . . 2 1/2
(1=9) (3 3 Dt o) = s 07 e ) + 0 )+ e () = w )]
= = (5)
o (2 [ ) s )+ o )+ o )|+ s (o) =y )] ) +
14+ =1 1/2
(1= 00 (32 [l o) = s 6 I () 0 € e () = w (]

Then, the similarity measure d; (A, B) also satisfied the properties (HD1) — (HD4) in Propo-
sition 2.

Proof: It is easy to see that d; (A, B) satisfies the properties(HD1) — (HD3). Therefore,we
only property have to prove (HD4)
As we obtain 6, (A, B) < 0, (A, C) and 0, (B,C) dp (A, C) for p > 0 from the property
(H4) in proposition 1, there are 1 — 6, (A, B) > 1—-6,(A,C), 1-6,(B,C) >1—0,(A,C).
1+6,(A,B)<1+6,(A,C)and 146, (B,C) <1+6, .A C) Then, there are the following
inequalities:
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Then, there are 6, (A,C) < 6, (A, B) and 0, (A,C) < 0, (B,C). Hence, the property (HD4) is
satisfied. a

Example 11: Assume that we have the following two refined neutrosophic hybrid similarity
measure in a universe of discourse u € U; let w; = 0.2, wy = 0.3, w3 = 0.5

A= (u,(0.5,0.5,0.3), (0.8,0.1,0.2), (0.2, 0.8,0.9))
B = (u,(0.5,0.1,0.6), (0.2,0.3,0.9), (0.6,0.3,0.2))

P
. > wi [l (i) = pis (wi)] + [0l (wi) + vz (i) | + |wly (i) — wi (uﬁH) +

Hybd (A, B) = <<P 3

P . .
(=00 (3 3 [Ju () = s )
|

wi (| (ur) = pgs ()| + |vly (w1) = v (ua)] + wly (w1) = wg (ur)]
@ 5| w2 (|12 (u2) — pj (u2) | + v (u2) — 05 (u2) | + |w2 (u2) — wi (uz
Fws (|15 (us) — p (uz)| + | (us) — v (us)| + |wih (uz) — wi (us s
= Loor (Jarly (un) = s () [+ [oly (1) = ol ()| + [l (1) = w ()|
+(1 =) +wo (’,LLQA (ug) — ,u% (u2)’2 + ’vi (ug) — v% (UQ)’2 + ’wi (ug) — w% (u2)’2)

0.2(/0.5 — 0.5 + 0.8 — 0.2] + (0.2 — 0.6])
0.3 [ 1] +0.3(0.5—0.1]+]0.1—0.3] +]0.8 — 0.3])
0.5 (0.3 — 0.6 4 [0.2 — 0.9] + |0.9 — 0.2])
_ 1/2
= 110.2 (|0.5—0.5|2+ 0.8~ 0.2 + |O.2—O.6|2)
+0.79 403 (|0.5—o.1|2+ 0.1 — 0.3 + 0.8 — 0.3
+0.5(]0.3 = 0.6)* + 0.2 — 0.9]> + 0.9 — 0.2*)]

=0.3 (% [(0,2(0,6+0,4))+(0,3(0,4+0,2+0,5))+(0,5(O,3+0,7+0,7))]>

1 1/2
+ 0.7 <[§ {(0,2(0,36+ 0,16)) 4+ (0,3 (0,16 + 0,04 + 0,25)) + (0,5 (0,09 4+ 0,49 + 0, 49))}] )

Hybd (A, B) = 0.4935
5 (A, B) = 1 — Hybd (A, B)
5 (A, B) = 0.5065

4 Medical Diagnosis Using the Hybrid Similarity Measure

We consider a medical diagnosis problem from practical point of view for illustration of the
proposed approach. Medical diagnosis comprises of uncertainties and increased volume of in-
formation available to physicians from new medical technologies. The process of classifying
different set of symptoms under a single name of a disease is a very difficult task. In some
practical situations, there exists possibility of each element within a lower and an upper ap-
proximation of refined neutrosophic sets. It can deal with the medical diagnosis involving more
indeterminacy. Actually this approach is more flexible and easy to use. The proposed similarity
measure among the patients versus symptoms and symptoms versus diseases will provide the
proper medical diagnosis. The main feature of this proposed approach is that it considers truth
membership, indeterminate and false membership of each element between two approximations
of refined neutrosophic sets by taking one time inspection for diagnosis.
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Now, an example of a medical diagnosis is presented. Let P = {Erol, Harun, Deniz} be
a set of patients, D = {Viral Fever, Tuberculosis, Throat} disease be a set of diseases and
S={Throat pain, headache, body pain}be a set of symptoms. Our solution is to examine the
patient at different time intervals (three times a day), which in turn give arise to different truth
membership, indeterminate and false membership function for each patient in Table 1-Table 8.
Let w; = 0.2,wy = 0.5,ws = 0.3. Let the samples be taken at three different timings in a day
(in 07:00, 15:00 and 23:00)

Table 1: Q (The Relation Between Patient and Symptoms)

Q Throat pain Headache Body Pain
((0.1,0.3,0.6), (0.3,0.8,0.3)(0.3, 0.3, 0.4)) ((0.1,0.5,0.6), (0.3,0.5,0.8)(0.9, 0.3,0.7)) ((0.7,0.2,0.1), (0.5,0.6,0.3)(0.2, 0.3,0.4))
Erol ((0.8,0.2,0.9), (0.7,0.4,0.4)(0.2, 0.7, 0.5)) ((0.5,0.5,0.5), (0.6,0.3,0.5)(0.4, 0.3,0.5)) ((0.5,0.5,0.3), (0.3,0.4,0.5)(0.3, 0.2, 0.2))
((0.9,0.5,0.6), (0.3,0.3,0.5)(0.2, 0.3, 0.4)) ((0.6,0.7,0.8), (0.5,0.3,0.5)(0.5, 0.4, 0.1)) ((0.1,0.3,0.1), (0.6,0.9,0.3)(0.2, 0.4, 0.4))
((0.6,0.5,0.5), (0.5,0.4,0.5)(0.4, 0.3, 0.4)) ((0.1,0.5,0.6), (0.6,0.7,0.5)(0.3, 0.3,0.4)) ((0.8,0.6,0.6), (0.5,0.6,0.4)(0.4, 0.3,0.5))
Harun ((0.3,0.5,0.6), (0.6,0.9, 0.4)(0.5, 0.3, 0.9)) ((0.3,0.3,0.6), (0.6,0.7,0.5)(0.3, 0.3, 0.9)) ((0.5,0.2,0.3), (0.9,0.6,0.5)(0.9, 0.3,0.4))
((0.8,0.7,0.1), (0.8,0.7,0.5)(0.3, 0.7, 0.4)) ((0.8,0.5,0.6), (0.5,0.8,0.5)(0.8, 0.5,0.4)) ((0.8,0.5,0.7), (0.6,0.5,0.4)(0.5, 0.3,0.4))
((0.8,0.6,0.6), (0.6,0.6,0.6)(0.6, 0.7, 0.5)) ((0.1,0.5,0.6), (0.9,0.6, 0.8)(0.9, 0.5,0.7)) ((0.4, 0.5,0.6), (0.7,0.6,0.6)(0.7, 0.8,0.6))
Deniz ((0.1,0.3,0.6), (0.8,0.8,0.7)(0.8, 0.5, 0.9)) ((0.7,0.4,0.2), (0.9,0.8,0.8)(0.6, 0.8,0.5)) ((0.5,0.2,0.3), (0.8,0.9,0.7)(0.9, 0.5, 0.5))
((0.8,0.5,0.6), (0.6,0.7,0.9)(0.6, 0.9, 0.5)) ((0.9,0.5,0.7), (0.6,0.8,0.7)(0.5, 0.8,0.6)) ((0.7,0.2,0.1), (0.8,0.6,0.9)(0.5, 0.9, 0.9))

Table 2: R (The Relation Among Symptoms and Diseases)

R Viral Fever Tuberculosis Typhoid
Throat pain ((0.2,0.5,0.6), (0.3,0.1, 0.6)(0.2, 0.8, 0.4))| ((0.6,0.5,0.7), (0.2,0.1,0.5)(0.4, 0.3,0.4))| ((0.1,0.5,0.6), (0.3,0.1, 0.2)(0.5, 0.3, 0.7))
Headache ((0.4,0.5,0.6), (0.2,0.7,0.5)(0.7, 0.4, 0.1)) | ((0.7,0.2,0.1), (0.5,0.7,0.3)(0.3, 0.2, 0.4))| ((0.3,0.2,0.3),(0.3,0.1, 0.8)(0.9,0.3,0.4))
Body Pain {(0.9,0.5,0.7), (0.6,0.9,0.1)(0.5, 0.9, 0.4))| ((0.7,0.5,0.6), (0.3,0.1,0.5)(0.5, 0.3,0.9))| ((0.8,0.5,0.6), (0.3,0.1, 0.5)(0.2,0.3,0.4))

Table 3: The Hamming Weighted Distance Refined Neutrosophic Sets ) and R

Hamming weighted Viral Fever Tuberculosis Typhoid

Erol 0,231111 0,222222 0,323333

Harun 0,174444 0,222222 0,342222

Deniz 0,316667 0,211111 0,364444
Optimal—Erol(Tuberculosis);Harun(Viral Fever); Deniz(Tuberculosis)

Table 4: The Weighted Euclidean Distance Refined Neutrosophic Sets Q and R

Weighted Euclidean distance Viral Fever Tuberculosis Typhoid

Erol 0,010957 0,01599 0,027775

Harun 0,003131 0,006728 0,027159

Deniz 0,023368 0,008054 0,032489
Optimal—Erol(Viral Fever);Harun( Viral Fever); Deniz( Tuberculosis)
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Table 5: The Weighted Hybrid Distance Refined Neutrosophic Sets @ and R with ¢ = 0.43

Weighted hybrid Viral Fever Tuberculosis Typhoid
Erol 0,105623 0,133542 0,196243
Harun 0,10078 0,12956 0,206745
Deniz 0,190548 0,123797 0,221704

Optimal—Erol(Viral Fever);Harun( Viral Fever); Deniz( Tuberculosis)

Table 6: The Weighted Similarity Measure Hybrid Distance Refined Neutrosophic Sets () and

R with ¢ = 0.43.

Weighted similarity Measure hybrid Viral Fever Tuberculosis Typhoid
Erol 0,894377 0,866458 0,803757

Harun 0,89922 0,87044 0,793255

Deniz 0,809452 0,876203 0,778296

Optimal—Erol(Viral Fever);Harun( Viral Fever); Deniz( Tuberculosis)

Table 7: The Weighted Similarity Measure Hybrid Distance Refined Neutrosophic Sets () and

R with ¢ = 0.5

Weighted similarity Measure hybrid Viral Fever Tuberculosis Typhoid
Erol 0,878966 0,880894 0,824446

Harun 0,911212 0,885525 0,815309

Deniz 0,829983 0,890417 0,801533

Optimal—Erol(Tuberculosis);Harun( Viral Fever); Deniz( Tuberculosis)

Table 8: The Weighted Similarity Measure Hybrid Distance Refined Neutrosophic Sets () and

R with ¢f = 0.67

Weighted similarity Measure hybrid Viral Fever Tuberculosis Typhoid
Erol 0,84154 0,915953 0,874691

Harun 0,940335 0,922159 0,86887

Deniz 0,879843 0,924937 0,857965

Optimal—Erol(Tuberculosis);Harun( Viral Fever); Deniz( Tuberculosis)

5 Conclusion

In this paper, a new hybrid similarity measure and a weighted hybrid similarity measure for
refined neutrosophic sets are presented and some of its basic properties are discussed. The
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proposed hybrid similarity measure enriches the theories and techniques for measuring the
degree of hybrid similarity between refined neutrosophic sets. This measure greatly reduces
the influence of imprecise measures and provides an extremely intuitive quantification. The
effectiveness of the proposed hybrid similarity measure is demonstrated in a numerical example
with the help of measure of performance and measure of error (refer to Table 1-8). Moreover,
medical diagnosis problems have been exhibited through a hypothetical case study by using
this proposed hybrid similarity measure. The authors hope that the proposed concept can be
applied in solving realistic multi-criteria decision making problems.
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