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Abstract: Single Valued Neutrosophic Numbers in numerous forms are useful tool for dealing
with indeterminate and inconsistent information encountered in real world. At times more emphasis
have to be given to the indeterminate information and in such case these concepts may not be
sufficient to deal with it. To overcome this, in this paper we have proposed the definition of
Gaussian Double Refined Indeterminate Neutrosophic Number (GDRINN).Also we developed a
ranking method based onthe @ — cut and is applied to the decision making algorithm. The method
is exhibited with a hypothetical case study.
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1. Introduction

Fuzzy numbers are widely used to quantity the associated uncertainty in several real life problems.
From the introduction of Fuzzy set theory by Zadeh in 1965, many developments have been done
by different researchers on fuzzy set theory. Different types of fuzzy numbers also have been
introduced by different researchers. Out of different fuzzy numbers, Gaussian fuzzy number is very
important in different real life problems.

Dutta and Ali [3] used Gaussian fuzzy number to represent epistemic type uncertainty, fused
with triangular fuzzy numbers and carried out risk assessment under fuzzy environment. Garg and
Singh [5] suggested the numerical solution for fuzzy system of equations by using the Gaussian
membership function to the fuzzy numbers considering in its parametric form. Sen et.al [21]
proposed a new similarity measure of Gaussian fuzzy numbers based on on the exponent distance
about mean, standard deviation and height of the Gaussian fuzzy numbers. Bharatraj, J [1] defined
IVIFSs using Gaussian membership functions (GMFs), and new measures of the distance, the

overlap, and the angle between two sets and used it to determine the similarities between test
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subjects in genetic brain profiling. Ranjan kumar et.al. [20] exhibited a novel method for finding the

neutrosophic shortest path problem (NSSPP) considering Gaussian valued Neutrosophic number.

Multi-attribute decision making (MADM) which is an important part of decision science is
to find an optimal alternative, which are characterized in terms of multiple attributes, from
alternative sets. In many practical problems, the decision makers may be not able to evaluate
exactly the values of the MADM problems due to uncertain and asymmetric information between
decision makers and hence the values of the MADM problems are not measured by accurate
numbers. Though we can use some sets such as; a fuzzy set, intuitionistic set and neutrosophic set
to represent an uncertainty of values of the MADM problems ,in recent years neutrosophic sets
(NSs) have become a subject of great interest for researchers [15],[16],[17],[18],[19] and have been
widely applied to multi-criteria group decision-making (MCGDM) problems. Mondal and
Pramanik[8-10] applied neutrosophic sets in multi criteria decision making for diverse concepts.

Peng et al. [14] introduced the concept of multi-valued neutrosophic power aggregation
operators and applied to multi-criteria group decision-making problems. Further as an advancement
Karaaslan [6] introduced Gaussian single-valued neutrosophic number and used it to solve
multicriteria decision making problem. In order to provide more emphasis for the indeterminacy,
we have introduced the definition of Gaussian Double Refined Indeterminate Neutrosophic number

and applied it to solve the multicriteria decision making problem.

2.Preliminaries

2.1 Gaussian Fuzzy Number: A fuzzy number is said to be a Gaussian Fuzzy Number Gpy (1, o)
whose membership function is given by

g(x) = exp (—%(x; =

2
)),—00<X<00

where u denotes the mean and o denotes the standard deviation of the distribution.

2.2 a — cut of Gaussian Fuzzy Number:If the Gaussian membership function is given by

g(x) =exp (—%(x;“f) , thenthe @ — cut is given by Apy, = [,u — o —2loga ,u +
o\ —2 loga]

2.3 Gaussian Single Valued Neutrosophic Number:[6] A single Valued Neutrosophic number is
said to be Gaussian Single Valued Neutrosophic Number Ggyyy ((/Jt ,0r), (ui , 07) (us ,af))

whose truth membership function, indeterminacy membership function and falsity membership
function are defined as
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0 () = exp (—%(xt - “)) ,

v =1 o (3 2)).

where ., u; , uy denotes the mean of the truth membership, indeterminacy membership and falsity
membership distribution functions , o.,0;,0¢ denotes the standard deviation of the truth

membership, indeterminacy membership and falsity membership distribution functions.

3. Gaussian Double Refined Indeterminate Neutrosophic Number(GDRINN):

In this section we have proposed the definition of GDRINN,a — cut of GDRINN and its arithmetic

operations using @ — cut

3.1 Definition: A GDRINN ﬁGN:((m,at), (e, 0i), (g 0ir ), (7, af)) whose truth membership

function, indeterminacy leaning towards truth membership function, indeterminacy leaning towards
falsity membership function and falsity membership function are given as follows.

b G = e (—5 (222) )
PCx) = exp (—%("Ui)>
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respectively.

Here [, e Wy, 1y denotes the mean of truth membership function, indeterminacy leaning
towards truth membership function, indeterminacy leaning towards falsity membership function and
falsity membership function value. o, gy, 0;f, oF denotes the standard deviation of distribution of

truth membership function,  indeterminacy leaning towards truth membership function,
indeterminacy leaning towards falsity membership function and falsity membership value.
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3.2 Graphical Representation of GDRINN:

The GDRINNeAy= ((0.3,0.3), (0.3, 0.2),(0.3,0.3), (0.3,0.2))is depicted in Fig 1.
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3.3a — cut of Gaussian Double Refined Indeterminate Neutrosophic Number:

The a — cut of GDRINN are as follows.
ﬁazvm = [,u_t — 0/ —2loga , iy + Ut\/—Zloga]
ﬁGNita = [m— oy —2loga Ui + 0/ —2log a]

ﬁGNifa = [W — aif\/—Z log(1—a), wyr + al-f\/—Z log(1 — a)]

ﬁGNfa = [W — o7/ —2log(1 — @), i + Uf\/—Z log(1 — a)]

3.4 Arithmetic Operations of Gaussian Double Refined Indeterminate Neutrosophic Number

based on @ — cut :
Let ﬁGN = <(ﬁﬁt’ aﬁt)’(‘aﬁit’ Uﬁit)'(ﬁﬁif' O-ﬁif)'(‘ljﬁf' aﬁf)) and

Bon = <(ﬁ§t' Uﬁt)' (ﬁi?u' 93, ’(ﬂﬁif'ofif)'(/j §f’6§f))

be two Gaussian Double Refined Indeterminate Neutrosophic Numbers. Then their a — cuts of these

are as follows:

Eur. Chem. Bull. 2023, 12(Special Issue 6), 4778 - 4806
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ﬁGNta = [ﬁﬁt — 04~ —2loga, fig, + 04+/—2log a]
AGN 1 = [ﬁﬁit —o4./—2loga, [z, + o5 —2log al

ﬁazvifa = [ﬁﬁif - O'ﬁif\/—z log(1 —a), Aa,+ aﬁif\/—Z log(1 — a)]

Aan o = [,zﬁf —o42log(1—a), fig + 04,/—2log(1— a)]

and

§GNta = [ﬁﬁt — 03,y —2loga, pz, + G?Bt,/—Zloga]
§GNita = [ﬁﬁit — 05, —2loga, jig, + 0z, —2log a]

Boniga = |fin, — 05, N—2l0gd—@),  fi5, + 05,\/~2log(1 — )|

§GNfa = [ﬁﬁf - Gﬁf\/—Z log(1—a), /Iﬁf + aﬁf\/—Z log(1 — a)]
Based ona — cuts, the arithmetic operations between Ay and B,y are defined as follows.
1. Addition:

ﬁGNta + §GIVtoz
= [(2g, + i5,) — (0.4, + 03,)Y—2loga, (ig +iz,)
+ (Uﬁt + aﬁt),/—z loga]

ﬁGNita + 2=3GNl't0(
= [(&a, + 5,) — (04, + o5, )W —-2loga, (iz,+i5,)
+ (O'ﬁit + agit),/—Z loga]

ﬁGNifa + §szifa
- [(ﬁﬁif + ﬁﬁif) a (aﬁif + 0§if> V—2log(1—a), (‘aﬁif + ﬁﬁif)

+ (O'ﬁif + Gﬁzf) \/—2 log(1 — a)]

c"761\/]:0[ + 2=3GNfa
- [(ﬁﬁf + ﬁﬁf) - (aﬁf + Gﬁf) V=2log(1-a), (ﬁﬁf + ﬁﬁf)
+ (Uﬁf + Uﬁf) V—2log(1 — a)]

4811
Eur. Chem. Bull. 2023, 12(Special Issue 6), 4778 - 4806



Decision making using Gaussian Double Refined Indeterminate Neutrosophic Number

Section A-Research paper

Truth membership function, indeterminacy leaning towards truth membership function,
indeterminacy leaning towards falsity membership function and falsity membership function of

addition of Gaussian Double Refined Indeterminate Neutrosophic NumbersﬁGN and §GNare as

follows.

2
1/)(0461\]+BGN) (xt) =exp (— - <$§;73t)> >

2
. — 1 xit_(ﬁﬁit-i-ﬁiit)
V(o +Bew) (Kie) = exp| =3 | — = =5
Ait Bit

lf ﬂ:ﬂ f+#Blf>
l/)(cﬁzc,\,mgc,\,)(xlf) 1- exp< P

Aif " Bir

2

and

2
xf ucﬂf+#3f)>

ag +0.
Af "By

1'b(v‘lc1\1+73c;N) (xf) 1— exp (

respectively.

2. Subtraction :

c’éTGNta - §GNta
= [(az, —f5,) — (04, + o5 )V —2loga, (iz, —fiz,)
+ (O'ﬁt + aﬁt),/—z loga]

c/ClGNita: - BGNita
= (24, - #5,) = (04, + o5,V —2loga, (a4, — F5,)
+ (O’ﬁit + Jﬁit)‘/_z log a:]

ﬁGNifa - §GNifa:

- [(ﬁﬁif - ’lz?if) - (Uﬁif + o—ﬁif) V=2log(1-a), (ﬁﬁlf - ﬁBlf)
+ (aﬁif + aﬁif) \/—2 log(1 — a)]

- [(ﬁﬁf - ﬁﬁf) - (aﬁf + Gﬁf) V=2log(1-a), (ﬁﬁf B ﬁﬁf)
+ (O'ﬁf + 07=3f) \/—2 log(1 — a)]
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Truth membership function, indeterminacy leaning towards truth membership function,
indeterminacy leaning towards falsity membership function and falsity membership function of

subtraction of Gaussian Double Refined Indeterminate Neutrosophic Numbers ﬁczv and §GNare
as follows.

X (H’ = _ﬁ= ) 2
Vion-80s) 50 =2 <_ % (cf;) )
M= ~Tiz ) 2
llj(o‘lGN BGN)(th) exp (—-( o c'i't Bt ) )

Ha~Fs, )
¥ (Aan- BGN)(xlf) 1= eXP( +fa§ f )

2

Gd‘hf if

and

2

Iicﬂf #Bf>>

O'dqf+ G'Bf

V(Agn- BGN)(xf) 1- exp(
3.Multiplication:

ANy " BoNyg

= [(ﬁﬁt - aﬁtw/—ZIOga) : (ﬂﬁt - aﬁtw/—ZIOga), (ﬂﬁt + aﬁtw/—ZIOga)
'(ﬁft + U%tw/—Zloga)]

ﬁGNita ' §GNita
= [(ﬁﬁzt — 07,2 log a:) . (ﬁ,fit - aﬁitw/—z log a) , (ﬁﬁit + 05,42 log a)
-(,IIEt + aﬁit,/—Zloga)]
CEGNifa .§6Nifa

[( Ay~ Ody J—2log(1 — a))
( 5~ 05 f\/ 2log(1 — a)) ( Ay + aﬁif\/—Zlog(l — a))
( @f 0%, J—2log(1— a))]
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ﬁGNfa '§6Nfa
= [(ﬁﬁf - aﬁf\/—Z log(1 — a))
: (ﬁﬁf - aﬁf\/—Z log(1 — a)) , (ﬁﬁf + Gﬁf\/—Z log(1 — a))
' (ﬂsz + o5,/ —2log(1 - a))]

4. Division:
ﬁGNta . ﬁﬁt - O-ﬁt\/ —2 loga _ﬁt + O-ﬁt [—2 loga]
Bontg fiz, + og—2loga [z — oz [—2log a
Avicg _ | Rdy — Oa—2loga iz, + aﬂlt,/—zmga]
EGNita H@ + 0'73 \/—Zloga' ﬁ@it —O'§ ,/—210g0(

AGNifq Az, — aﬁif\/—z log(1—a) fiz, + aﬁif\/—Z log(1—a)
ifa ﬁﬁif + aﬁif\/—z log(1 — a) ﬁif — a§if\/—2 log(1 — a)

ﬁGNfa_ ﬁﬁf—aﬁf\/—Zlog(l—a) ﬁﬁf + Jﬁf\/—Zlog(l—a)

@szfa Az, — Jﬁf\/—z log(1 — a) 'ﬁ§f + J@f\/—z log(1 — a)

4. Decision making using Gaussian Double Refined Indeterminate Neutrosophic
Number

We have considered the decision making problem adapted from [4] and we have extended the
algorithm of Karaaslan [6] with proposed definition and by applying the newly defined score
function using @ — cut .

Let us denote the set of Patients by P = {p;, p,, ps, ...p, } ,Set of symptoms byS=
{s1, 55,53, ... g yand set of diseases by D = {d,, d,, ds, ... d4}.

Table:1 Double Refined Indeterminate Neutrosophic number for Linguistic terms

Linguistic terms Linguistic values for DRINN
Absolutely Low (0.05,0.10,0.95,0.95)
Low (0.20,0.25,0.75,0.80)
Fairly Low (0.35,0.40,0.60,0.65)
Medium (0.50,0.50,0.50,0.50)
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Fairly High (0.65,0.60,0.40,0.35)
High (0.80,0.75,0.25,0.20)
Absolutely High (0.95,0.95,0.10,0.05)

Patients p; (i=1, 2, ..., p) are evaluated by experts using Table 1 for each symptoms; j =1, 2, ...,
s), and patient-symptom (PS) matrix is given as follows:

P11 P12z - Pis
ps=( Pz P2 o P
ppl sz pps

Dij = <th’ Pit;j» Pif pfi].) denotes the DRINN value of patient p;related to symptom s;. Next the
Symptoms s; (j =1, 2, ..., s) are evaluated by Gaussian Double Refined Indeterminate Neutrosphic

numbers for each disease dj(k = 1,2, ...d) and the symptom- disease (SD) matrix is given as
follows:

di1 G112 - Y1a
Sp = CI?1 q?z qfd
ds1 ds2 v Qsa

qjx = GDRINN <(ﬁ‘hjk’ O-qtjk) , (ﬁqit]_k, "qitjk> , (ﬁqifjk, quf,-k) , (ﬁquk, aquk)) denotes the
Gaussian DRINN of symptom s; related to disease dy .

Decision matrix of Patient-Disease (PD ) is obtained by the composition of patient-symptom (PS)
and symptom- disease (SD) as follows

1 Tz o Tid P11 Pz - Pis qi1 Gz - %ia
PD = T21 Tz -+ T2d _[ P21 P22 - Pas \ o[ 921 Q22 -+ 92a

w1 Tp2 Tpd Pp1 DPp2 .. DPps s1 49s2 ... (sa
Where

Tik = <ptij'pitij'pifij'pfij) GDRINN <(ﬂQtjk'GQtjk)’ (‘aqitjk’ GQitjk) ’ (‘lzqifjk’o-qifjk) ’ (ﬂijk'Jijk)>
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(ptij.u_t - ptijat\/Toga »PtijﬁTt + ptijatm)'
= (Pitl-jll_w_ Pitijait\/TOga ) Pitijm + pitijo-it\/Toga)’
(Pifijﬂ—zf — Dig, i\ —2108(1 — @), pis Ty + Pif,;0ipy/ —21log(1 = 05))’
(pfijﬂ — pfijaf\/—Z log(1—a), ps,fiy + pfijaf\/—Z log(1 — a))

For the above Gaussian DRINN the score function is defined as

S‘I‘ik = [4 + (pt”/l_t - ptl‘jo-tv —2 loga + pitijm - pitijo-it\/ -2 loga - plfljm
— Dif,;0ip\ —21log(1 — @) = pf, iy — P07y —2log(1 — a))
+ (pt,']:u_t + ptijo-t\/ -2 loga + pitl‘jm + pitl‘jo-it\/ -2 loga - plfljl'l_lf

+ Digy,0ipn—2108(1 = @) = py iy + Py, op/—2log(1—a))| /8

If max {S,, } =S, for 1 <t<k, then it is said that patient p; suffers from disease d.. In case max
Sy, occurs for more than one value, for 1 <t <k, then symptoms can be re-examined.

Algorithm:

The patient-symptom matrix obtained according to opinion of expert is considered as the input,
analysis is performed and the disease for each patient is diagnosed and given as output.

Stepl: Construct Patient Symptom matrix PS according to opinions of experts by using Table 1.
Step 2: Construct Symptom -Disease matrix SD by using GDRINNSs.

Step 3.Calculate decision matrix PD as the composition of Patient Symptom matrix PS and
Symptom -Disease matrix SD .

Step 4. Compute score values of each elements of decision matrix PD.
Step 5. Find t for which max {S, } =S, for1 <t<k
Numerical IHlustration:

We have considered the hypothetical case study in Double Refined Indeterminate Neutrosophic
Number to illustrate the proposed method.

Let us assume that there are five patients p; ,p,,ps,ps and ps who is considered to be
suffering from viral fever (d,), tuberculosis (d,), typhoid (d3), throat disease (d,) or malaria (ds).
In these diseases, common symptoms are temperature (s;), cough (s,), throat pain (s3),

headache (s,), body pain (sg).

Step 1: As per the Opinion and observation made by an expert, suppose that matrix PS is as
follows:
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S1 S2
ps /40.95,0.95,0.10,0.05)
D2 / {0.35,0.40,0.60,0.65)
P S=p3]| (0.65,0.60,0.40,0.35)
P4\ (0.20,0.25,0.75,0.80)
Ps \(0.80,0.75,0.25,0.20)

S3

(0.65,0.60,0.40,0.35)
(0.65,0.60,0.40,0.35)
(0.50,0.50,0.50,0.50)
(0.80,0.75,0.25,0.20)
(0.35,0.40,0.60,0.65)

S4 S5

{(0.20,0.25,0.75,0.80)
(0.50,0.50,0.50,0.50)
(0.80,0.75,0.25,0.20)
(0.95,0.95,0.10,0.05)
{(0.05,0.10,0.95,0.95)

Step 2: Suppose that the matrix SD is as follows:

Section A-Research paper

(0.20,0.25,0.75,0.80)
(0.80,0.75,0.25,0.20)
(0.20,0.25,0.75,0.80)
(0.35,0.40,0.60,0.65)
(0.80,0.75,0.25,0.20)

<(03,0.1). < (0250.03), <(0.250.15}, < (0.6,0.03), < (0.71,0.04),
(0.25,0.05),  (0.35,0.01), (0.125,0.0075), (0.2,0.09), (0.26,0.025),
(0.25,0.05),  (0.35,0.01), (0.125,0.0075),  (0.2,0.09),  (0.26,0.025),
(0.2,0.03) >  (050.01)>  (0.5,0.2) > (0.2,01) >  (0.45,0.02) >
< (0.65,0.12), < (0.25,0.03), < (0.60.1), < (0.6,0.09), < (0.6,0.05),
(0.24,0.01),  (0.16,0.01),  (0.32,0.03),  (0.4,0.0005), (0.15,0.025),
(0.24,0.01),  (0.16,0.01),  (0.32,0.03),  (0.4,0.0005), (0.15,0.025),
(0.25,0.04) >  (0.6,0.01) > (0.18,0.018) > (0.4,0.13)>  (0.2,0.02)
< (0.4,0.1), < (050.06), < (0.450.12), < (0.450.1), < (0.88,0.02),
sp =| (0115004), (0.1750.01),  (020075),  (0450.0075),  (03,035),
(0.115,0.04), (0.175,0.01),  (0.2,0.075),  (0.45,0.0075),  (0.3,0.35),
(0.50.01) > (0.32,0.03) > (0.56,0.03) >  (0.50.18) >  (0.4,0.02) >
< (0.9,035), < (0.250.01), <(0.60.22), <(0.650.14), < (0.9,0.06),
(0.215,0.025), (0.06,0.045),  (0.15,0.095), (0.115,0.006),  (0.15,0.1),
(0.215,0.025),  (0.06,0.045)  (0.15,0.095), (0.115,0.006),  (0.15,0.1),
(0.8,0.07) >  (0.44,0.04) > (0.13,0.022) > (0.14,0.2) > (0.65,0.01) >
< (0.5,0.09), < (0.33,0.02), < (0.750.03), < (0.480.12), < (0.28,0.02),
(0.16,0.0105),  (0.35,0.04),  (0.25,0.055),  (0.215,0.01),  (0.315,0.1),
(0.16,0.0105),  (0.35,0.04),  (0.25,0.055),  (0.215,0.01),  (0.315,0.1),
(0.44,0.06) > (0.6,0.07) >  (0.250.02) > (0.41,0.04) > (0.5,0.08) >

(0.80,0.75,0.25,0.20)
(0.95,0.95,0.10,0.05)
{(0.80,0.75,0.25,0.20) |
(0.20,0.25,0.75,0.80)
(0.20,0.25,0.75,0.80)

Step 3: The decision matrix PD =P s> SD is obtained .

For ease , we denote \/—2loga = ¢; and/—2log(1—a) = c,
.y = (0.285 — 0.095¢, ,0.285 + 0.095¢,), (0.238 — 0.048 ¢, ,0.238 + 0.048 ¢,),
(0.025 — 0.005¢,,0.025 + 0.005¢,),(0.01 — 0.002¢,,0.01 + 0.002 c,)
+(0.423 — 0.078 ¢;,0.423 + 0.078¢,), (0.144 — 0.006 ¢;,0.144 + 0.006 c,),
(0.096 — 0.004c,, 0.096 + 0.004 c,),(0.088 — 0.014 ¢,,0.088 + 0.014 c,)
+ (0.08 — 0.02¢;,0.08 + 0.02¢,),(0.029 — 0.01¢,,0.029 + 0.01¢,),

(0.086 —0.03¢,,0.086 +0.03c,), (0.4 — 0.008c,,0.4 + 0.008c,)
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+ (0.18 — 0.07¢;,0.18 + 0.07¢;),(0.054 — 0.006 ¢;,0.054 + 0.006 c;),
(0.161 —0.019¢,,0.161 + 0.019¢,), (0.64 —0.056¢;, 0.64 + 0.056c2‘)
+ (0.4 — 0.072¢,,0.4 + 0.072¢;), (0.12 — 0.008¢;,0.12 + 0.008¢,),
(0.04 — 0.003¢;,,0.04 + 0.003c,),(0.088 — 0.012¢,,0.088 + 0.012c,)

1= ((1.368 —0.335¢;,1.368 + 0.335¢;),(0.585 — 0.078 ¢;, 0.585 + 0.078 ¢;),
(0.408 — 0.061c,,0.408 + 0.061c,),(1.226 — 0.092 c,, 1.226 + 0.092 c,))

Similarly the other elements are also calculated and we have

r1,= ((0.815 —0.079 ¢;,0.815 + 0.079 ¢;),(0.751 — 0.06 ¢;, 0.751 + 0.06 ¢;),
(0.363 — 0.057c;,0.363 + 0.057c,),(0.963 — 0.075c,, 0.963 + 0.075c;))

5= ((1.438 —0.3¢;,1.438 + 0.3¢;),(0.587 —0.109 ¢;, 0.587 +0.109 ¢;), (0.467 —
0.154c,,0.467 + 0.154c,),(0.69 — 0.062 c,, 0.69 + 0.062 c,))

= ((1.564 —0.232¢;,1.564 +0.232¢;),(0.733 —0.098 ¢;, 0.733 + 0.098 ¢,),
(0.658 — 0.023c;,0.658 + 0.023c;),(0.96 — 0.363¢,, 0.96 + 0.363 c;))

r15= ((1.645 —0.103 ¢; , 1.645 +0.103 ¢;),(0.686 — 0.227 ¢;, 0.686 +0.227 c;),
(0.503 — 0.376 ¢;,0.503 + 0.376 ¢,),(1.033 — 0.048¢,, 1.033 + 0.048c,))

7= ((1.923 = 0.529 ¢;,1.923 +0.529 ¢;),(0.615 — 0.075¢;, 0.615 + 0.075 ¢;),
(0.374 — 0.061 c;,0.374 + 0.061c,),(0.6 — 0.056c,, 0.6 + 0.056 c;))

r55= ((1.015 — 0.088 ¢;,1.015 + 0.088 ¢;),(0.702 — 0.087 ¢;, 0.702 + 0.087 cy),
(0412 — 0.03c,,0.412 + 0.03¢,),(0.813 — 0.038¢,, 0.813 + 0.038¢,))

r,3= ((1.896 — 0.383 ¢;,1.896 + 0.383 ¢;),(0.693 —0.182¢;, 0.693 +0.182¢;),
(0.366 — 0.085 c;,0.366 + 0.085 c,),(0.710 — 0.156 c,, 0.710 + 0.156 ¢;))

r24= ((1.801 — 0.346 ¢;,1.801 + 0.346 ¢;), (0.835 — 0.055 ¢;, 0.835 +0.055 c;),
(0.556 — 0.061c;,0.556 + 0.061c,),(0.623 — 0.243¢,, 0.623 + 0.243 ¢;))

r,5= ((2.065 — 0.124 ¢;,2.065 + 0.124 ¢;),(0.700 — 0.370 ¢;, 0.700 +0.370 ¢;),
(0.500 — 0.235 c;,0.500 + 0.235c,),(0.718 — 0.036 c,, 0.718 + 0.036 c;))

7= ((1.42 — 0.347 ¢;,1.42 + 0347 ¢;),(0.53 — 0.079 ¢;, 0.53 +0.079 ¢;),
(0.45 — 0.057 ¢, ,0.45 + 0.057 ¢;),(1.023 — 0.101¢,, 1.023 + 0.101c;))

rs5= ((1.002 — 0.101 ¢;,1.002 + 0.101 ¢;),(0.699 —0.06 c;, 0.699 + 0.06 c;),
(0.397 — 0.056 ¢;,0.397 + 0.056 ¢,),(1.011 — 0.061c,, 1.011 + 0.061 c;))
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T33= ((1.543 — 0.312¢;,1.543 + 0.312¢;),(0.611 —0.141 ¢, 0.611 +0.141¢,),
(0.436 — 0.122¢,,0.436 + 0.122¢,),(0.531 — 0.107 ¢, 0.531 + 0.107 cz))

rs4= ((1.564 — 0.269 ¢;,1.564 + 0.269 c;),(0.848 —0.070 ¢c;, 0.848 + 0.070 ¢c,),
(0.533 — 0.046 c;,0.533 + 0.046 c,),(0.780 — 0.304c,, 0.780 + 0.304c;))

rs5= ((1.870 — 0.095 ¢;,1.870 + 0.095 ¢;),(0.700 — 0.391 ¢; ,0.700 + 0.391¢,),
(0.446 — 0.211c,,0.446 + 0.211c,),(0.958 — 0.045c,, 0.958 + 0.045 c;))

rs1= ((1.375 — 0.352¢;,1.375 + 0.352¢;),(0.478 — 0.0072 ¢; ,0.478 + 0.0072 c,),
(0.509 — 0.068 c;,0.509 + 0.068c,),(1.107 — 0.127 ¢,, 1.107 + 0.127 ¢;))

r42= ((0.879 — 0.095 ¢;,0.879 + 0.095c;),(0.486 — 0.049 c; ,0.486 + 0.049 c,),
(0.620 — 0.069 c;,0.620 + 0.069 c,),(1.302 — 0.094 c;, 1.302 + 0.094 c;))

ris= ((1.318 — 0.307 ¢;,1.318 + 0.307 ¢;),(0.584 —0.148 ¢, ,0.584 +0.148¢,),
(0.472 — 0.120 ¢;,0.472 + 0.120 c,),(0.749 — 0.196 c,, 0.749 + 0.196 c;))

rsa= ((1.352 — 0.246 ¢,,1.352 + 0.246 ¢;),(0.878 — 0.035 ¢, ,0.878 + 0.035 ;)
(0.525 — 0.081 c;,0.525 + 0.081c,),(0.860 — 0.277 c,, 0.860 + 0.277 c;))

rss= ((1.829 — 0.092¢;,1.829 + 0.092¢;),(0.602 — 0.423 ¢;,0.602 + 0.423 ¢;),
(0.589 — 0.195 c;,0.589 + 0.195c,), (1.243 — 0.092c,, 1.243 + 0.092c;))

rs1= ((1.308 — 0.425¢;,1.308 + 0.425¢;),(0.497 — 0.068 ¢, ,0.497 + 0.068 cy),
(0.490 — 0.071¢;,0.490 — 0.071¢,),(1.190 — 0.104 c,, 1.190 + 0.104c;))

rs2= ((0.579 — 0.05¢;,0.579 + 0.05¢,;),(0.478 — 0.057 ¢, ,0.478 + 0.057 c;),
(0.628 — 0.060 c;,0.628 + 0.060 c;), (1362 — 0.102¢,, 1.362 + 0.102 c;))

rs3= ((1.063 — 0.343 ¢;,1.063 + 0343 ¢;),(0.418 — 0.111 ¢, ,0.418 + 0.111¢,),
(0.639 — 0.156 ¢;,0.639 + 0.156 c,),(0.975 — 0.101¢,, 0.975 + 0.101c;))

res= ((1.329 — 0.197 ¢;,1.329 + 0.197 ¢;),(0.495 — 0.077 ¢, ,0.495 + 0.077 c,),
(0.908 — 0.040 c;,0.908 + 0.040 c,),(1.185 — 0.348 ¢,,1.185 + 0.348 ¢;))

rss= ((1.598 — 0.103 ¢;,1.598 + 0.103 ¢;),(0.477 — 0.164 ¢, ,0.477 + 0.164c,),
(0.714 — 0.454 c;,0.714 + 0.454 ¢;),(1.130 — 0.102 ¢, ,1.130 + 0.102 c;))

Step 4: The score value of each element of the decision matrix P D and the score matric is given by
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0.891 0.623 0.8783 0.8643 0.8868
Sy =10.6193 0.5733 0.7968 0.7748 0.7915

0.5593 0.3608 0.6703 0.7113 0.6498
0.5313 0.2668 0.4668 0.4328 0.5578

0.5798 0.56 0.717 0.6698 0.6988\‘

Step 5: From the score matrix Sy,;, we say that patient 1 suffer from typhoid, patient 2 suffer from
viral fever, patient 3 suffer from typhoid, patient 4 suffer from threat disease and patient 5 suffer
from malaria.

Conclusion: Double Refined Indeterminate Neutrosophic Numbers will provide us with a thorough
study of indeterminacy. With this outlook we have defined GDRINN and proposed an approach for
solving decision making problems with GDRINN. The illustrative example shows that the final
result produced by the method proposed in this paper is precise with the result produced in [6].
Future scope of this research work could be to investigate the application of GDRINN in various

optimization techniques.
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