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Abstract:The fuzzy set and intuitionistic fuzzy set are two useful mathematical tool for dealing with impression
and uncertainty. However sometimes these theories may not suffice to model indeterminate and inconsistent informa-
tion encountered in real world. To overcome this insufficiency, neutrosophic set theory and single-valued neutrosophic
set (SVNS) theory which is useful in practical applications, were proposed. Many researchers have studied on single-
valued triangular neutrosophic numbers and single-valued trapezoidal neutrosophic numbers. In this paper, concepts
of Gaussian single-valued neutrosophic number (GSVNN), a-cut of a GSVNN and parametric form of a GSVNN
are defined, and based on a-cuts of GSVNNSs, arithmetic operations for GSVNNSs are defined. Also, some results
are obtained related to arithmetic operations of GSVNNSs. Furthermore, a decision making algorithm is developed by
using GSVNNs operations, and its an application in medical diagnosis is given.
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1 Introduction

The concept of fuzzy set was defined by Zadeh [38] in 1965. A fuzzy set A on a fixed set X is character-ized
by membership function denoted by 114 such that pi4: A — [0, 1]. In 1976, Sanchez [32] proposed a method to
solve basic fuzzy relational equations, and in [33] he gave a method for medical diagnosis based on
composition of fuzzy relations. In 2013, ,Celik and Yamak [11] applied the fuzzy soft set theory to Sanchezs
approach for medical diagnosis by using fuzzy arithmetic operations, and presented a hypothetical case study
to illustrate process of proposed method. Concept of Gaussian fuzzy number and its a—cuts were defined by
Dutta and Ali [13]. Garg and Singh [15] suggested the numerical solution for fuzzy system of equations by
using the Gaussian membership function to the fuzzy numbers considering in its parametric form. In 2017,
Dutta and Limboo [14] introduced a new concept called Bell-shaped fuzzy soft set, and gave some
applications of this set in medical diagnosis based on C, elik and Yamak’s work [11].

The concept of neutrosophic set, which is a generalization of fuzzy sets [38], intuitionistic fuzzy sets [1],
was introduced by Smarandache [34] to overcome problems including indeterminate and inconsistent in-
formation. A neutrosophic set is characterized by three functions called truth-membership function (7" (z)),
indeterminacy-membership function (/(z)) and falsity membership function (' (z)). These functions are real
standard or nonstandard subsets of |~0, 17[. In some areas such as engineering and real scientific fields, mod-
eling of some problems is difficult with real standard or nonstandard subsets of | ~0, 17[. To make a success of
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this difficulties, concepts of single-valued neutrosophic set (SVNS) and interval neutrosophic set (INS) were
in-troduced by Wang et al. in [35] and [36]. Recently, many researchers have studied on concept of single-
valued neutrosophic numbers, which are a special case of SVNS, and is very important tool for multi criteria
decision making problems. For example, Liu et al. [19] proposed some new aggregation operators and
presented some new operational laws for neutrosophic numbers (NNs) based on Hamacher operations and
studied their prop-erties. Then, they proposed the generalized neutrosophic number Hamacher weighted
averaging (GNNHWA) operator, generalized neutrosophic number Hamacher ordered weighted averaging
(GNNHOWA) operator, and generalized neutrosophic number Hamacher hybrid averaging (GNNHHA)
operator, and explored some properties of these operators and analyzed some special cases of them. Biswas et
al. [4] studied on trape-zoidal fuzzy neutrosophic numbers and its application in multi-attribute decision
making Deli and Subas,[16] defined single-valued triangular neutrosophic numbers (SVTrNN) and proposed
some new geometric operators for SVIrNNs. They also gave MCDM under SVTrN information based on
geometric operators of SVTrNN. In [17], Deli and Subas, defined a—cut of SVNNs to apply the single-valued
trapezoidal neutrosophic num-bers (SVITNNs) and SVTrNNs, then they used these new concepts to solve a
MCDM problem. Also, many researchers studied on applications in decision making and group decision
making of neutrosophic sets and their some extensions and subclasses, based on similarity measures [37, 23,
24, 25, 21, 27], TOPSIS method [26, 5, 7, 10, 39], grey relational analysis [2, 12], distance measure [8],
entropy [28], correlation coefficient [18] and special problem in real life [3, 6, 9, 30, 31, 20, 22].

The SVTrNNs and SVTNNSs are useful tool indeterminate and inconsistent information. However, in some
cases obtained data may not be SVTrN or SVTN. Therefore, in this study, a new kind of SVNNs called
Gaussian single-valued neutrosophic numbers (GSVNNSs) is introduced. Also, a—cut, parametric form of
GSVNNS, and arithmetic operations of GSVNNs by using a—cuts of GSVNNSs are defined, and some results
are obtained related to a—cut of GSVNNs. Furthermore, based on C, elik and Yamak’s work in [11] and Dutta
and Limboo’s work in [14], a decision making method is proposed for medical diagnosis problem. Finally, a
hypothetical case study is given to illustrate processing of the proposed method.

2 Preliminaries

2.1 Single-valued neutrosophic sets

A neutrosophic set a on the universe of discourse X is defined as follows:
a= {(93, ar(z),a;(z),ap(x))) : x € X}

where a;, a;, ap: X —]70, 1T and 0 < ay(x) + a;(x) + ay(x) < 37 [34]. From philosophical point of view,
the neutrosophic set takes the value from real standard or non-standard subsets of |~0, 17[. In some real life
applications, modeling of problems by using real standard or nonstandard subsets of |~0, 17[ may not be easy
sometimes. Therefore concept of single valued neutrosophic set (SVN-set) was defined by Wang et al. [36] as
follow:

Let X # (), with a generic element in X denoted by z. A single-valued neutrosophic set (SVN.S) a is
characterized by three functions called truth- membership function a;(x), indeterminacy-membership function
a;(z) and falsity-membership function as(x) such that a;(x), a;(z), ar(z) € [0,1] forall x € X.
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If X is continuous, a SV N.S ¢ can be written as follows:

a= / (a¢(z), a;i(x),a¢(x)) Jx, forallz € X.
X
If X is crisp set, a SV N.S a can be written as follows:

EL:Z<at(x),ai(x),af(:p)>/x, forallz € X.

Here 0 < a4(z) 4+ a;(x) + as(z) < 3 forall x € X. For convenience, a SVNN is denoted by a@ = (a¢, a;, ay).

Definition 2.1. (Gaussian fuzzy number) A fuzzy number is said to be Gaussian fuzzy number GF N (u, o)
whose membership function is given as follows:

1l x—n

f(x) = exp(—5(

5(— )?), —00 < T < 00,

where 71 denotes the mean and o denotes standard deviations of the distribution.

Definition 2.2. «a-cut of Gaussian fuzzy number: Let membership function for Gaussian fuzzy number is
given as follows:

1l z—n

() = exp(—5 (=

Then, a-cut is given A, = [ﬁ —ov—2loga, i+ ov/—2log oz]

)%).

3 Gaussian SVN-number:

Definition 3.1. A SVN-number is said to be Gaussian SVN-number
GSVNN ((ﬁt, 1), (H;, 04), (g, 0 f)> whose truth-membership function, indeterminacy-membership function

and falsity-membership function are given as follows:

_E(My)’

o) oo (-2

pla) =1~ (exp(— (B Liy?),

olag) = 1= (expl—5 (L)

respectively. Here i, (11;, 115) denotes mean of truth-membership (indeterminacy-membership, falsity-membership)
value. oy (0;, o) denotes standard deviation of the distribution of truth-membership (indeterminacy-membership,
falsity-membership) value.

Example 3.2. Let A = GSVNN<(0.4, 0.2),(0.6,0.3), (0.3, 0.1)> be Gaussian SVN-number. Then graph-

ics of truth-membership function, indeterminacy-membership function and falsity-membership function of
GSVNN A are depicted in Fig 1.
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Figure 1: GSVNN A

Definition 3.3. a-cut of Gaussian SVN-number: Truth-membership function, indeterminacy-membership
function and falsity-membership function for Gaussian SVN-number A are given as follows:

plar) = exp(—5 (1),
plas) =1 - exp(—5(“ ),
plag) =1~ exp(— (L1

2 O'f

respectively.
Then a-cuts of them are as follows:

Ay, = [ﬁt — (ovy/—2log @), Ti; + (01\/—2log Ofﬂv

Ai, = | = (0:/=21og(1 = @), Fis + 011/ ~2log(1 — ).
Ay, = [fig = (o4V/=21og(1 — @), 7i; + (o/~21og(1 — ).

respectively.

3.1 Arithmetic operations of Gaussian SVN-numbers

Lot A = GSVNN (4,1 00.)s (i, 04): (Tia,-0,) ) and B = GSVNN (g, 08,), (Tip,, 01, (5, 08,))
be two Gaussian SVN-numbers. Then their a-cuts (0 < « < 1) of these numbers are as follows:

Ata = [ﬁAt - (UAt V _210g O‘)’ﬁAt + (UAt V -2 log Oé)],
Ai, = [Fia, = (04,/=2108(T = Q). i, + (04,/~2og(1 - )]
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Ap, = [ﬁAf — (0a,/—2log(1 — oz)),EAf + (04, 4/ —2log(1 — oz))]

and
B, = [ﬁBt — (op,\/—2log ), i, + (0p,\/—2log a)],
By, = fig, — (05,/=2108(1 — ), i, + (o5,/~210g(1 — ),
By, = [ng — (0B, —2log(1 — @), fig, + (o5, —2log(1 — Oz))},
respectively.

Based on a-cuts of A and B, arithmetic operations between GSVNN A and GSVNN B are defined as
follows:

1. Addition:
A, + By, = [(ﬁAt +Hp,) — (04, + o)V —2loga, iy, + (04, +05,)V/—2log OZ]
Aro+ By, = [(ﬁAerﬁBf)—(UAﬂrUBf) —2log(1 — ), (pa, +pp,) +(0a, +op,)/—2log(1 —04)]

Truth-membership function, indeterminacy-membership function and falsity-membership function of
addition of GSVNNs A and B are as follows:

1 xt - (ﬁAt +ﬁBt))2)

atn)(x;) =1 —exp ( 1(7"1 (A4, +ﬁBi))2>7

oA, + 0B,
and ( )
1,2y — (Ha, + 1B
) =1—ex (—— ! ! 2),
pars)(er) R L, )
respectively.

2. Substraction:
Ata - Btoz = [(EAt - /_’LBt> - (UAt + O-Bt) V _210g a’ﬁAt - (O-At + UBt) \% _210g ai|
A, —Bi, = [(EAZ- —Hp,) — (04, +05,)\/—2log(l — @), (1a, — pp,) + (04, + 05,)\/—2log(1 — 04)],
Ag, =By, = (fia, ~Tin,) ~ (04, +05,)/=2108(T — ), (jua, —o,) + (0, +05,)/~2Tog(1 — ),

Truth-membership function, indeterminacy-membership function and falsity-membership function of
substraction of GSVNNs A and B are as follows:

1 @ — (g, _ﬁBt))2>7

Pra-p)(w) = exp ( — 5 oa + 05
t t

1 T — (ﬁA2 _ﬁBi))2>’

— i :1— (—
Pa-p) () exp ( — 5 ( i+
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3.2

and (7 )
1,2 =4, — HB
_p(xrf) =1—ex (—— ! ! 2),
Pa-B)(zy) p 2( oA, + 05, )
respectively.
. Multiplication:

Ay By, = [(Fia,~04V/ 2108 @) (s, ~ 75,/ ~2108 @), (g, +0a, /2108 @)-(fig, + 7,1/ ~2Tog 1)
Aiy B, = (A, — 04/ =2108(1 = ) - (fig, — 75,1/~210g(1 = ), (Fia, + 04,1/~21og(1 — 1)) -
(g, + 05,/ ~21og(1 — )
Ay, By, = [(,—Mf —oa,/~2log(1 — @) - (fip, — 05,+/—210g(L — ), (s, +04,+/—21og(1 — a))-
(i, + 75,/ =2 Tog(1 — )|

. Division: 3
Ar, _ [Ra,—(oca,vV—2loga) [ig,+(0a,vV/—2loga)
Bun | Fip,t(05,/—21080)" i, —(05,v/—2Toga) |’
A [ﬁA —(04,1/—2Tog(1- a)) T, —mog(l—a))]
Bi, op.+(oB, \/ 2log(1 i—(aBi\/—Qlog(l—

Afa _ [ﬁAf_(UAf\/—Qlog(l—Oé)) ﬁAf—f—(aAf —210g(1—a))]

ﬁBf+(o-Bf \/_2105(1—04)) ’ ﬁBf—(UBf \/—210g(1—a)) ’

Parametric Form of SVN-numbers

A SVN 7 in parametric form is a triple of pairs ((n,(),7:(z)), (n;(x), mi(2)), (n;(x), 7 (x))) of the functions

—1

n, (), my(x), n;(x),ni (), np(x) and my () for 0 < 2 < 1 which satisfies the following conditions.

1.

>
w2
<
Z
=
2
o
[¢]
=
Q
|
L
L
o)
=
[
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%
8
go]
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<
]
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o
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<
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(a) n,(x) is bounded and monotonic increasing left continuous function,
(b) n¢(x) is bounded and monotonic decreasing right continuous function,

)i

)i
(©) ny(x) <my(z)for0 <z < 1.
)i

)i

) <

(a) n,;(z) is bounded and monotonic decreasing left continuous function,
(b) m;(z) is bounded and monotonic increasing right continuous function,
( ni(x) for 0 <z < 1.

(c) n;(x

(@) n f(a:) is bounded and monotonic decreasing left continuous function,
(b) 7¢(x) is bounded and monotonic increasing right continuous function,

(¢) np(z) <my(r) for0 <z < 1.
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((my (), my(2)), (my; (), mi(x)), (mp(x), ms(x))), we may define addition and scalar multiplication as

(en) () = ey (), (en); () = cmi(x), (en) f(x) = ey (x).

Let A be a GSVNN as @4 (z;) = exp(—3(*55)?), palw;) = —exp(—3(*55)?) + 1 and pa(zy) =
— exp(—%(%)% + 1. Then, parametric form of GSVNN A can be transformed as

(e (@), me(2)), (ns(2), (), (s (2), Mg (2))) = ((ﬁt — o/ —2log ), i, + 0y\/ —2log a),
(7 — oi/—2log(1 — @), B; + 0/ —21og(1 — av)),
(7iy — opv/—2log(1 — @), iy + o5/—2log(1 — @)))

Example 3.4. Let us consider (0.5,0.2,0.8) = GSVNN((0.5,0.02), (0.2,0.05), (0.8,0.01)) to be a SVN-
number with Gaussian membership functions. Then, its parametric form is as follows:

((0.5 —0.02/=2In(a), 0.5 + 0.024/—2In(a)), (0.2 — 0.05y/=2In(1 — @), 0.2 4 0.05y/=2In(1 — )),
(0.8 — 0.01y/=2In(I — a), 0.8 + 0.01%))
Proposition 3.5. Addition of two GSVNNs is a GSVNN. Namely;
(A+ B)(x) = (MA(JCt) + up(@e) — (04, + 0,)v/ —2In(a), pa(ze) + pp(w) + (04, + UBt)\/Tn(O‘D’
(A+B)(z:) = (uA(xi)ﬂLuB(fci)—(aAﬁaBi) —2In(1 - a),uA(fvz-)JruB(fci)Jr(aAﬁUBi)\/M)
(A+B)(xf) = (MA(xf)JruB(xf)—(UAﬂrUBf) —2In(1 - 04),MA($f)+uB($f)+(0Af+UBf)\/Tl—oé))

Proof. The proof is obvious from definition. O]

Let us consider GSVNNs A = GSVNN((0.3,0.5), (0.4,0.2),(0.7,0.1)) and B = GSVNN((0.6,0.2),
(0.5,0.1),(0.4,0.3)). Their graphics are shown in Figs (2) and (3)
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Figure 2: GSVNN A

Figure 3: GSVNN B
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Truth-membership, indeterminacy-membership and falsity-membership function of GSVNN A + B and
A — B are as follows:

1 —0.9
90(A+B)(9Ut) = exp ( - 5( 0.7 )2)7
x—0.9
s (Ti) =1 —exp ( — = ( 03 )2>7

1
2
12— 1.1>2>
2 )

@a+B)(Ty) =1 —exp ( -553
and -
©a-p)(z¢) = exp ( _ 5( o )2)7
-p)y(r;) =1—exp ( _ %(x 8'?()).1)2»
@a—p)(rs) =1—exp ( _ %(x 8‘23)2)'

Then, figures of GSVNNs A+ Band A — Bare as in Figs (4) and (5).

Figure 4: GSVNN A + B

4 Application of Gaussian SVN-numbers in Medical Diagnosis

Let us consider the decision-making problem adapted from [11].

4.1 Method and Algorithm

Let P = {p1,p2, ..., pp} be a set of patients, S = {s1, So, ..., 55} be set of symptoms and D = {d;,ds, ..., ds}
be a set of diseases. Patients p;(i = 1,2, ...,p) are evaluated by experts by using Table 1 for each symptom
s;(j =1,2,...,s), and patient-symptom (FS) matrix is given as follows:

Faruk Karaaslan. Gaussian single-valued neutrosophic numbers and its application in multi-attribute
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Figure 5: GSVNN A-B
mir Mig Mis
Ma1 Moo Mo
PS = ’
Mp1 Mp2 Meps
Here m;; = <mtij, M M fi].) denotes SVN-value of patient p; related to symptom s;.

Table 1: SVN-numbers for linguistic terms
Linguistic terms Linguistic values of SVN-numbers

Absolutely low(AL) (0.05,0.95,0.95)
Low(L) (0.20,0.75, 0.80)
Fairly low(FL) (0.35,0.60, 0.65)
Medium(M) (0.50,0.50, 0.50)
Fairly high(FH) (0.65,0.40, 0.35)
High(H) (0.80,0.25,0.20)
Absolutely high(AH) (0.95,0.10,0.05)

Symptoms s;(i = 1,2, ..., s) are evaluated with Gaussian SVN-numbers for each disease dj(j = 1

and symptoms-disease (S D) matrix is given as follows:

nip Ni2 Nid

N1 Moo Naq
SD =

Ns1 MNs2 Nsd

Here 71, = GSV NN ((ny,,,01), (i, 04), (n,,, o)) denotes Gaussian SVN-value of symptom s; related
to disease dy, (k = 1,2, ...,d).
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Decision matrix (P D) is defined by using composition of matrices P.S and SD as follows:

i1 q12 - qid myy Mmaz -+ Mig niy Nig -+ Nig

G21 422 -+ Qad mo1 Moz -+ Mag No1 MNag -+ MNaqg
PD = ] . = o

Qp1 4s2 ' Qpd Mpr Mypz - Mg Ng1 Ng2 +++ MNgd

Here ;. (1 = 1,2,...,p; k = 1,2, ...,d) is calculated by
((ataﬂi? af>GSVNN<(ntjk7 Ut)a (nijk7 Ui)? (nfjk7 Uf)>)<x) =

((ung,, — wop/—2In(a), wyng,, + uop/ —2In(a)),
(uini,, — wioi/=2In(1 — a), wing, + u;o/—=2In(1 — a)),
(ugng, —uropy/—2In(l — ), upny, +usopy/—2In(1 — a))).

For the sake of shortness, ({t, t;, ty)GSV N N((n,,,0¢), (N, 0i), (ng,,., 0r))) (z) will be denoted by ((a, @), (b, b),
(¢, ©)-
For obtained parametric forms of Gaussian SVN-numbers, score functions are defined as follows:

4—(a—b—c)+(@—-b—7o @1

S‘]ik =

If max Sy, = 9, for1 <t <k, then it is said that patient p; suffers from disease d;. In case max.S,,,
occurs for more than one value, for 1 < ¢ < k, then symptoms can be reassessed.

Algorithm 1
Input: The matrix PS (patient-symptom) obtained according to opinion of expert (decision maker)
Output: Diagnosis of disease

algorithmic
1. Construct matrix PS according to opinions of experts by using Table 1.
2. Construct matrix S'D by using GSVNNS.
3. Calculate decision matrix PD.

4. Compute score values of elements of decision matrix PD.

5. Find ¢ for which max S, = S5, for1 <t <k

Faruk Karaaslan. Gaussian single-valued neutrosophic numbers and its application in multi-attribute
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5 Hypothetical case study

In this section, a hypothetical case study is given to illustrate processing of the proposed method.

There are three patients py, po, p3, p4 and ps who it is considered that they suffer from d; =viral fever,
ds =tuberculosis, d3 =typhoid, ds =throat disease or d5 =malaria. In these diseases, common symptoms are
s; =temperature, sy =cough, s3 =throat pain, s, =headache, s5 =body pain.
Step 1: In the results of observation made by an expert, suppose that matrix P.S is as follows:

S5
0.80,0.25,0.20

0.80,0.25,0.20

S1 52 S3 S4
m ((0.95,0.10,0.05) (0.65,0.40,0.35) (0.20,0.75,0.80) (0.20,0.75,0.80)
po | (0.35,0.60,0.65) (0.65,0.40,0.35) (0.50,0.50,0.50) (0.80,0.25,0.20)
PS = ps| (0.65,0.40,0.35) (0.50,0.50,0.50) (0.80,0.25,0.20) (0.20,0.75,0.80)
pa| (0.20,0.75,0.80) (0.80,0.25,0.20) (0.95,0.10,0.05) (0.35,0.60,0.65)
ps \ (0.80,0.25,0.20) (0.35,0.65,0.65) (0.05,0.10,0.95) (0.80,0.25,0.20)
Step 2: Suppose that matrix SD is as follows:
dy dsy ds dy ds
((.30,.10), ((.25,.03), ((.25,.15), ((.60,.03), ((.71,.04),
S1 (.50,.01), (.70,.02), (.25,.015), (.40, .18), (.52,.05),
(.20,.03)) (.50,.01)) (.50,.02)) (.20,.1)) (.45,.02))
((.65,.12), ((.25,.03), ((.60,.10), ((.60,.09), ((.60,.05),
So (.48,.02), (.32,.02), (.64,.06), (.80,.001), (.30,.05),
(.25,.04)) (.60,.01)) (.18,.018)) (.40, .13)) (.20,.02))
((.40,.1), ((.50,.06), ((.45,.12), ((.45,.10), ((.88,.02),
SD = s3 (.23,.08), (.35,.02), (.40, .15), (.90, .015), (.60, .07),
(.50,.01)) (.32,.03)) (.56,.03)) (.50, .18)) (.40, .02)
((.90,.35), ((.25,.01), ((.60,.22), ((.65,.14), ((.90,.06),
Sy (.43,.05), (.12,.09), (.30, .19), (.23,.012), (.30, .20),
(.80,.07)) (.44,.04)) (.13,.022)) (.41, .20)) (.65,.01))
((.50,.09), ((.33,.02), ((.75,.03), ((.48,.12), ((.28,.02),
ss | (.32,.021), (.70,.08), (.50, .11), (.43,.02), (.63,.20),
(.44,.06)) (.60, .07)) (.25,.02)) (.41,.04)) (.50, .08))

Step 3: Elements of decision matrix PD = PS o SD are obtained as follows:

For the sake of shortness, some annotations are adapted as follows:

( )
(0.95,0.10, 0.05)
( )
{ )

0.20,0.75, 0.80
(0.20, 0.250.80)
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r=+/—2In(a))and y = \/—2In(1 — a))

q1 = ((0.285 — 0.095z, 0.285 + 0.095z), (0.050 — 0.001y, 0.050

+0.001y), (0.010 - 0.002y,0.010 +0.002y) ) + ( (0423
—0.078,0.423 + 0.078), (0.192 — 0.008y, 0.192
0.008y), (0.088 — 0.014y, 0.088 + 0.014y)>

((0.08 —0.022,0.08 + 0.02z), (0.173 — 0.06y, 0.173
0.06y), (0.40 — 0.008y, 0.40 + 0.008y)>

((0.18 — 0.07z,0.18 + 0.07z), (0.323 — 0.038y, 0.323
0.038y), (0.64 — 0.056y, 0.64 + 0.056y))

((0.40 — 0072z, 0.40 + 0.072x), (0.080 — 0.005y, 0.080

+ o+ o+ o+ o+ o+

0.005y), (0.088 — 0.012y, 0.088 + 0.012y)>

((1.368 — 0.3352, 1.368 + 0.3352), (0.817 — 0.112y,

0.817 + 0.112y), (1.226 — 0.092y, 1.226 + 0.092y))

By similar way, we have g2 = ((0.814 — 0.078x,0.814 + 0.078z), (0.726 — 0.113y,0.726 + 0.113y), (0.963 —
0.074y, 0.963 + 0.074y)>
Gi3 = ((1.438 — 0.300x, 1.438 + 0.300z), (0.931 — 0.308y, 0.931 + 0.308y), (0.690 — 0.053y, 0.690 + 0.053y)>
G1a = ((1.564 — 0.2312,1.564 + 0.231z), (1.314 — 0.044y, 1.314 + 0.044y), (0.960 — 0.363y, 0.960 + 0.363y)>
15 =
(

(1.645 — 0.103z, 1.645 + 0.103z), (1.005 — 0.278y, 1.005 + 0.278y), (1.033 — 0.048y, 1.033 + 0.048y)>
o1 = ((1, 923 — 0.5292, 1.923 + 0.5292), (0.747 — 0.069y, 0.747 + 0.069y), (0.650 — 0, 056y, 0.650 + 0.056y)>
Goo = ((1.014 — 0.087x, 1.014 + 0.087z), (0.823 — 0.061y, 0.823 + 0.061y), (0.813 — 0.037y, 0.813 + 0.037y)>

Goa =

(

Qo3 = ((1.895 —0.3822,1.895 + 0.382z), (0.731 — 0.167y,0.731 + 0.167y), (0.707 — 0.040y, 0.707 + ().040y)>
((1.801 —0.3452,1.801 + 0.3452), (1.111 — 0.121y, 1.111 + 0.121y), (0.623 — 0.243y, 0.623 + ().243y)>
( ) ) )

Gos = ((2.065 — 0.124x, 2.065 + 0.124x), (0.870 — 0.155y, 0.870 -+ 0.155y), (0.718 — 0.036y, 0.718 + 0.036y )

G31 = ((1, 420 — 0.347x, 1.429 + 0.3472), (0.900 — 0.077y, 0.900 + 0.077y), (1.023 — 0,101y, 1.023 + 0.1o1y))
G2 = ((1.002 —0.1012,1.002 + 0.101z), (0.793 — 0.111y,0.793 + 0.111y), (1.011 — 0.061y, 1.011 + 0.061y)>
G33 = ((1.543 — 0.3122,1.543 + 0.312z), (0.870 — 0.244y, 0.870 + 0.244y), (0.531 — 0.044y, 0.531 + 0.044y)>
G31 = ((1.564 — 0.269z, 1.564 + 0.269z), (1.065 — 0.090y, 1.065 + 0.090y), (0.780 — 0.304y, 0.780 + 0.304y)>
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G35 = <(1.870 — 0.095z, 1.870 + 0.095z), (0.891 — 0.263y, 0.891 + 0.263y), (0.958 — 0.045y, 0.958 + 0.045y))

a1 = ((1.375 — 0.352z, 1.375 + 0.352z), (1.016 — 0.066y, 1.016 + 0.066y), (1.107 — 0, 126y, 1.107 + 0.126y))

= ((o 879 — 0.095z, 0.879 + 0.095z), (1.237 — 0.136y, 1.237 + 0.136y), (1.302 — 0.094y, 1.302 + 0.094y))
13 = ((1 318 — 0.307z, 1.318 + 0.307z), (0.943 — 0.238y, 0.943 + 0.238y), (0.749 — 0.051y, 0.749 + 0.051y))
Gaa = ((1 423 — 0.264x, 1.423 + 0.264z), (0.986 — 0.156y, 0.986 + 0.156y), (0.798 — 0.271y,0.798 + 0.271y))
15 = ((1 829 — 0.092z, 1.829 + 0.092z), (1.178 — 0.327y, 1.178 + 0.327y), (1.243 — 0.092y, 1.243 + 0.092y))

Gs1 = ((1.308 — 0.425z,1.308 + 0.425z), (0.648 — 0.041y, 0.648 + 0.041y), (1.190 — 0.104y, 1.190 + 0.104y))

G52 = ((0.579 —0.050z, 0.579 + 0.050z), (0.623 — 0.063y, 0.623 + 0.063y), (1.362 — 0.101y, 1.362 + 0.101y))
Gs3 = <(1.063 —0.3432,1.063 + 0.343z), (0.719 — 0.133y, 0.719 + 0.133y), (0.975 — 0.065y, 0.975 + 0.065y))
Gou = ((1.329 —0.197,1.329 + 0.197z), (0.875 — 0.055y, 0.875 + 0.055y), (1.185 — 0.348y, 1.185 + 0.348y))
355 = <(1.589 — 0.103z, 0.509 + 0.103z), (0.618 — 0.152y, 0.618 + 0.152y), (1.130 — 0.102y, 1.130 + 0.102y))

Step 4: By using Eq. (4.1), scores of elements of decision matrix D are obtained as follows:

dy dy ds dy ds

pr (0442 0375 0.606 0.430 0.536

p2| 0.842 0.459 0.819 0.689 0.826
SM = ps| 0499 0.399 0.714 0.573 0.674
pse| 0417 0.113 0.542 0.546 0.470

ps \ 0.490 0.198 0.456 0.423 0.617

Step 5: According to score matrix SM, 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.

6 Conclusion

In this paper, some new concepts and operations was defined such as GSVNNs, a—cuts of GSVNNSs, paramet-
ric forms of GSVNNSs and arithmetic operations of GSVNNs. Also, based on operations between parametric
forms of GSVNNSs and composition of matrices, a decision making method was proposed and presented an
application in medical diagnosis based on hypothetical data. In future, Cauchy single-valued neutrosophic
numbers may be defined and its properties can be investigated. Also, this study can be extended for other
distributions in mathematical statistics. Furthermore, decision making methods can be developed for proposed
new SVNNS.
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