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Abstract. The softmax function is a well-known generalization of the logistic function. It has been extensively
applied in various probabilistic classification methods such as softmax regression, linear discriminant analysis,
naive Bayes classifiers, and artificial neural networks. Inspired by the advantages of the softmax function, we
have developed the softmax function-based single-valued neutrosophic aggregation operators. Then we have es-
tablished some essential properties of aggregation operators based on the softmax function with the neutrosophic
set. Additionally, we have defined a multi-attribute decision-making method based on the proposed aggregation
operators. Using the proposed MCDM method, we have developed a novel algorithm. This algorithm helps
to examine FD-risk assessment problems. Also, the proposed algorithm process is a reasonable strategy for
the decision-making problem. It is easy to recognize when choosing a neutrosophic set of information for a
practical decision problem. We used this proposed MADM method to exercise a realistic MADM problem
with neutrosophic information. Finally, we have considered one numerical illustration to show the validity and

reliability of the proposed methods.
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1. Introduction

An intuitionistic fuzzy set (Atanassov 1986) is an effectual generalization of the fuzzy set
(Zadeh 1965). But single-valued neutrosophic (SVN) set (Wang 2010) is a successful gener-
alization of the fuzzy set (Zadeh 1965). SVN set each element is expressed by a triplet of

membership degrees which are membership, indeterminacy, and falsity degrees. The Sum of
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the membership degrees value lies between 0 and 3. Day by day, SVNS has received more intent
from the researchers due to its structure formation. In the decision of some modern science,
real problems depend on multi-attribute decision making (MADM). Because MADM provide
the best choice option to select the alternatives with respect to the attributes. Expressing the
attribute’s value in the decision-making problem is a significantly important factor. Sometimes
in the decision-making problem, so many uncertainties and complexity occur. In this case, the
SVN set has a significant role in expressing this information. The possiblistic mean-variance
of the SVN set was developed by Garai et al. (2020a). Recently many researchers proposed
various strategies for their work considered by the SVN set, such as Jun (2013), Garai & Garg
(2022a), Sod (2018), Wei (2018), Ren (2017), Biswas (2016), Pramanik (2017), Garai & Garg
(2022b) and so on.

In an uncertain environment, some decision-making (DM) problems handle by the aggre-
gation operator. Using the different aggregation operators, many researchers recently have
on the DM problem under the SVN environment. For instance, Garg and Nancy (2018) de-
veloped some new hybrid aggregation operators using arithmetic and geometric aggregation
operators. They also solved one MADM problem in the SVN environment. Ji et al. (2016)
proposed the SVNS-Frank normalized Bonferroni mean (SVNFNPBM) operator to aggregate
all values. This SVNFNPBM operator applied to choose the third-party logistics example.
Some arithmetic operations of SVN numbers use frank norm operators as defined by Nancy
and Garg (2016). Also, it applied to MADM problems. Sodenkamp et al. (2018) present
an aggregation strategy for multi-attribute group decision making (MAGDM) problems under
an SVN environment. Liu et al. (2014) defined some aggregation operators by combining
Hamacher operations and generalized aggregation operators in the SVN environment. Re-
cently, Chen and Ye (2017) considered two operators: Dombi weighted geometric average and
Dombi weighted arithmetic average operators under an SVN environment.

Liu et al. (2019) developed a new single-valued neutrosophic Schweizer-sklar prioritized
weighted averaging (SVNSSPRWA) operator. After that, he studied some basic properties of
the proposed aggregation operators. It also gave the two decision-making models for showing
the effectiveness of these novel operators. Further, Lui et al. (2020) developed the novel
weighted single-valued neutrosophic power dual muirhead mean (WSVNPDMM) operator and
single-valued neutrosophic power dual muirhead mean (SVNPDMM) operator. Further, they
proposed a new technique for the MAGDM problem based on these aggregation operators.
Tan and Zang (2020) defined a new distance measure, similarity measure, and neutrosophic
entropy for straight SVN sets. Rong et al. (2020) defined several new operational laws of SVN
number depending on Archimedean copula and co-copula (ACC) and discussed their related

properties. They proposed some novel power aggregation operators (AOs) to merge SVN
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information, i.e., SVN copula power geometric (SVNCPG), weighted SVNCPA (WSVNCPA)
operator, etc. Also, he has proposed MADM problems with SVN information using these
operators.

Nowadays, many researchers are developing some operators in the SVN environment. Based
on the dombi t-norm and t-conorm, Chen and Ye (2017) developed the SVNDWGAA operator
to deal with the aggregation of SVN numbers in the MADM process. Li et al. (2016) improved
a generalized weighted geometric heronian mean (IGWGHM) operator. Also, Li et al. (2016)
proposed the improved weighted heronian mean (NNIGWHM) operator and improved gener-
alized weighted geometric heronian mean (NNIGWGHM) operator for neutrosophic numbers.
And these operators applied to MADM problems. Garai et al. (2020b) proposed the new
ranking of SVN-number and used it for the MADM problem. Recently, Wei and Wei (2018)
presented some SVN-dombi prioritized average (SVNDPA) operators and SVN-Dombi priori-
tized geometric (SVNDPG) operators. They utilized these operators to solve MADM problems
in SVNS environment.

The paper is structured as follows: In Section 2, some basic concepts and definitions related
to NS, and SVNS are discussed, and also presented score function and accuracy function
of SVNNs. In Section 3, SVNWA, SVNWG, GSSVNWA, and GSSVNWG are defined and
introduced as some basic properties and examples. Section 4 presented a MADM strategy
based on the proposed aggregation operators. In section 5, we solved a numerical model to
check the validity and applicability of the proposed method. Finally, this study’s conclusions

and future research direction are presented in Section 6.

1.1. Motivation

So, the above discussion says that many aggregation operators are extended with the differ-
ent single-valued neutrosophic information. Then some researchers are successfully applied to
many MADM problems and multi-attribute group decision making (MAGDM) problems un-
der SVNS environments. But in this weighted aggregation, operators have certain restrictions
because most of the aggregations are not applicable without SVNNs. Hence some operators
cannot be relevant in some real-life problems. The softmax function handles these types of
restrictions.

Previously, many researchers worked on MADM under a fuzzy environment using different
usual aggregation operators. Torres et al. (2014) applied the softmax function in decision-
making problems under an uncertain fuzzy set environment. He proposes a series of aggregation
operators based on the softmax function. Later, Yu (2016) extended the softmax function-
based aggregation operator in an intuitionistic fuzzy set environment. He developed the series

of aggregation operators and applied these to a MADM problem. When we ranked the different
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alternatives to real MADM problems under the SVN environment, some had difficulties raised
that time. We cannot organize the alternatives to the MADM problem using standard ranking
methods like a fuzzy number. Now, how can we rank the alternatives with single-valued
neutrosophic information? Also, how can we apply the softmax function-based aggregation
operator in MADM? What is the usefulness of the softmax function-based aggregation operator
in the MADM problem? When we studied some articles related to this research, a few questions
arose in our minds. Therefore from that place, we try to establish a best ranking method with
the help of a softmax function-based aggregation operator.

This paper has developed the softmax function-based single-valued neutrosophic aggrega-
tion operators. This aggregation operator is an extension of IF aggregation operators. We
have proposed a softmax SVN weighted average (SVNWA) operator; Softmax SVN weighted
geometric (SVNWG). In addition, we also developed some aggregation operators: generalized
softmax single-valued neutrosophic weighted average (GSSVNWA) operator and generalized
softmax SVN weighted geometric (GSSVNIFWG) operator. Some fundamental properties of
softmax-based aggregation operators are developed here. We have introduced a novel MADM
method using the proposed softmax-based aggregation operators. Finally, To check the im-

portance of the proposed MADM method numerically.

1.2. Novelty

This paper extends the softmax function-based intuitionistic fuzzy (IF) aggregation op-
erators to softmax function-based SVN aggregation operators. Additionally, some softmax
function-based aggregation operators are developed here, which are the softmax SVN weighted
average (SVNWA) operator, Softmax SVN weighted geometric (SVNWG) operator, and gener-
alized softmax single-valued neutrosophic weighted average (GSSVNWA) operator and gener-
alized softmax SVN weighted geometric (GSSVNIFWG) operator. Then, we proposed the es-
sential properties of the proposed softmax-based aggregation operators. Further, this decision-
making technique is applied to real MADM problems.

The main contributions of the paper is that:

e We extend the SIFWA operator to SSVNWA operator.

e We extend the SIFWG operator to SSVNWG operator.

o We extend the GSIFWA operator to GSSVNWA operator.

e We extend the GSIFWG operator to GSSVNWG operator.

e We develop a MADM strategy based on the proposed operators.

e To check the validity of MADM strategy we solved one real MADM problem.
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2. Basic Preliminaries

Let X be a universe set. A nutrosophic (Smarandache 1998) sates E over X is defined
by E = {(x, (Tp(x), Iz(x), Fp(x))) : x € X}, where Ty(x), [5(x) and Fy(x) are called truth
membership function, indeterminacy-membership function and falsity membership functions

respectively. They are defined as
Tp: X —=]70,17[, Iz: X —=]70,17[, Fz: X —]70,1%]

such that 0~ < Tp(x)+1z(x)+Fp(x) < 3% Let X be a universe set (Wang 2010). A SVN-set
E over X is a neutroophic set, but the truth-membership function, indeterminacy-membership

function and falsity-membership function are respectively defined by
Tp: X = 1[0,1], Iz: X —[0,1], Fr: X = [0,1]

such that 0 < Tz (x) + Iz(x) + Fp(x) < 3. For convenience, a SVNN can be expressed to
be E = (Tp, 15, Fz), Ty € [0,1), 15 € [0,1],Fz € [0,1] and 0 < Ty + Iz + Fz < 3. Let
C = {{a, (To(x), I(x), Fa(@))) : x € X} and B = {(x, (T5(x), Ip(), Fy(x) : € X} be
two SVN-sets in X, then operations between them defined (Wang 2010) as follows:

Ta(x) < Tp(x), Ia(x) > I5(x), Ta(x) > Th(x) for all z € X.
C(Cforallz € X.

(v) CNE = Uz, min(Tg(x), T (), max(15(x), I5(x)), max(Fa(x), Fg(x))) : € X} for

Let E, El, FE5 be three SVN-sets in X. Then, the arithmetic (Wang 10) operations are
defined as follows:
(1) El +E2 = {<.le, TEl (x)+TE2 (x)—TEl (.CE)TE2 (J)), IEl (1‘)IE2 (l‘), FE1 (l‘)FEQ (.’L’)) S X}
for all z € X.
(i) BBy = {{x,Tp (2).Tp (x), I (z) + Ip () — I (2).0p (2), Fp (x) + Fg (z) -
Fg (2).Fg, (v) :x € X} forall z € X.
(iil) AE={(z,(1— (1 —-Tg)*, [z), (Fg(z))) 2 € X} for all z € X.
(iv) E* = {(z, (Tp(x)M1— (1 —Ig(z) 1 — (1 - Fg(z))) : 2 € X} for all z € X, Where
A > 0 is a parameter.

For any SVN set, the ranking method is very significant and many research results have been
received (Zhang et al. 2014, Wang et al. 2010). Zhang et al. 2014 given a method based on

score function and accuracy function. For any SVN-set A = (Ta,14,F4), the accuracy and
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score function defined as:

The score function of E is

and the accuracy function of E is
H(E)=Tg— Fp, H(E) € [-1,1] (2)

Zhang et al. 2014 gave an order relation between two SVN numbers, which is defined as follows:
Let C = (Tp,15,Fz) and E = (T, 15, Fj) be two SVNNG.
Now, if S(A) > S(B), then C = E. Again if S(C) = S(E), then
(i) If H(C) = H(C), th
(i) If H(C) > H(E), th

X
o

enC’ .
6’/Lé .

—

3. Softmax function based aggregation operators

This section has discussed the softmax function and its essential properties. Here we estab-

lished some rigorous methods related to the softmax function-based aggregation operator.

3.1. Softmax function

A softmax function is a generalization form of the logistic process in the area of mathematics.
It has been progressively applied to many research fields, for instance, machine learning (Jacobs
1991, Torres 2003) and decision making (Torres 14, Yu 16). The mathematical form of the
softmax function is represented as follows:

exp(V;/k)
> i1 exp(U;/k)

For the SVN-sets «;(j = 1,2,3,...,n), S; is the score value of SVN-number «;. Every 9; is

¢k(])19171927519n) :Qbi: 7l€>0 (3)

formulated by given the equation

18, j=2,3,...
19]‘ _ lel iy ) y Dy ey TV (4)
1 j=1

where k is the modulation parameter. Some properties of softmax function (Yu 2016) are
defined as follows:

() 0< ¢l <1.

(ii) Z?:l ¢ = 1.
Softmax function Torres 2014 has the non linear characteristic, monotonous and boundedness

properties.
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3.2. SVN-sets aggregation operators based on softmax function

In this section, we have extended the softmax function based on IF aggregation opera-
tors, such as softmax IF weighted average operator (SIFWA), softmax IF weighted geometric
(SIFWG) operator, generalized softmax IF weighted average (GSIFWA) operator, and gener-
alized softmax IF weighted geometric (GSIFWG) operator to softmax SVN weighted average
(SVNWA) operator; softmax SVN weighted geometric (SVNWG) operator, generalized soft-
max SVN weighted average (GSSVNWA) operator, and generalized softmax SVN weighted
geometric (GSSVNIFWG) operator, respectively.  Let a;(j = 1,2,...,n) be a collection of
SVNNs. Then softmaz single valued neutrosophic weighted average (SSVNWA) operator is a

function from o™ — «a such that

SSVNW A(ay, az, ..., an) = &1 (¢hay) = ($pa1) & (¢faz) & ... & (dfan)

1 ex B9 j = 27 37 (L) . .
where, ¢ = % V; = { 11_[ j . " , S; is the score function of the

SVN-number «;.

Theorem 3.1. Let o;(j = 1,2,...,n) be a collection of SVN-numbers, then aggregated value
of SVN-numbers using the SSVNWA operation is also a SVN-number. The SSVNWA operator

can be generated as:

n exp('ﬁ /k) n exp(a /k) n exp(a /k)
SSVNWA (a1, @2, ceyan) = | 1= [ (1= Ty) === T (1) === 0ir) T ()=o)
j=1 j=1 j=1
(5)

Proof. : We proof the above theorem 1 by using mathematical induction. For n = 1, we have:

1 1 1
SSVNWA(ay, 09, .om) = [ 1= [T =T), [T, [[F) | = (T, I, Fy).
7=1 J=1 7=1
: _ exp(d;/k) _
Since for n = 1, ST (55 1. Thus Eq. holds for n = 1. Assume that the Eq. 1|

holds for n = m,

m exp(19 /k) exp(19 /k) m exp(ﬂj/k)
ex (':9 ST Texp (95 /k) ex (19 /k) S=M exp(V, /k)
SSVNW Ao, gy i) = | 1 — H(l - 1T1j) RS H P H(FJ) j=1 P
j=1 7j=1
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Now we prove that the Eq. holds for n = m + 1.

SSVNWA(a1, a2, ... 0tm, tmy1) = (dpa1) @ (dra2)... & (o cun) B (¢2n+104m+1)

i xp(95/¥) _oxpWmy1/k)
ST exp(94/k) m+1 T
< H Z T exP(ﬁ /k) + 1— (1 _ Tm+1)2-7:1 exp(9;/k)
exp(?;/k) _exp@mqr/k)
ST exp(U./k) m+1 x .
— 1— (1 —T. )Z]-:1 exp(;78) | [ 1 — (1 _ Tm+1)ZJ:1 exp(0; /k) ’
J

::13

Il
-

m—+1 exp(¥,;/k) m—+41 exp(¥;/k)
s exp(9/k) s exp (9 /k)
[T (@)=i=r oearm T (Fy) == oot
Jj=1 Jj=1
m+1 exp(9;/k) m+1 exp(¥;/k) m+1 exp(9;/k)
_ s exp(9/k) ST exp(9,/k) ST exp(9/k)
= (1= [T —my)==reeesm T ) == e T @)= e
j=1 j=1 j=1

Therefore, Eq. holds for n = m+1, hence the Eq. holds for all positive integer by

principle of mathematical induction. Hence, the proof of the theorem is completed.

Example 3.2. Leta; = (0.6,0.4,0.5),a2 = (0.7,0.3,0.5),a5 = (0.8,0.3,0.4) and ay =
(0.7,0.4,0.5) be the four SVN-numbers. Rank the four SVN-numbers using SSVNWA op-
erator.

Solution: Here we have used the SSVNWA operator to aggregate the four SVN-numbers.
At first, we calculated the score values of four SVN-numbers using Eq. (1).

S(a1) = 0.567, S(as) = 0.633, S(as) = 0.700, S(au) = 0.600

Y1 = 1,92 = 0.567,93 = 0.359,9, = 0.251.

To calculate exp(1);/k) we take k =1, then exp (1 /k) = 2.718, exp(V2/k) = 1.763, exp(V3/k) =
1.432,exp(¥4/k) = 1.285

and % = 0.378, % = 0.245, % = 0.199, % = 0.178
SSVNW A(ay, ag, a3, a4) = < (1 —(1-06)" x (1-0.7)"* x (1-0.8)"" x (1 - 0.7)0-”8> ,

0 4 0378 3)0 .245 (0'3)0.199 % (0‘4)0.178> ,

5)0 .245 (0.4)0.199 % (0.5)0.178> )

= (0.691,0.352,0.478)

( (0.
(050378 (0.

3.2.1. Properties of SSVINW A operator

Property 1: Idem-potency
If a1 = e = ... =y, = a(say), then SSVNW A(ay,as,...,ap) =

Proof. : Let aj = (15,1, F}),(j =1,2,3....,n) and o = (T, I, F).

Since all oj are equal based on Theorem (1), we get
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SSVNW A(a, a, ..., a) = (1 (1 T)E= b ()= %, (F)E?:1¢i) —(T,I,F) = a

. ] xp(V;/k n ]
Since, ¢ = %,k >0 and }5_, . =1.p

Property 2: Monotonicity
Let a;(j = 1,2,...,n) and B;(j = 1,2, ...,n) be any two sets of SVN-numbers. If o; < j3; for

any j,
then SSVNWA(OQ,O[Q, ...,Oln) < SSVNWA(Bl,,BQ, ...,ﬁn).

Proof. Based on the Theorem (1), we get

xp(Wa /k) exp(Wa /k) n exp(Wa /K)
SSVNWA (a1, a,...,00) = (1 — H;.lzl(l — Taj)Z?ZIEXp(19Qj/k) 7H;L:l(laj)Z}Qle"p(”%‘/’” , H(Faj)zyzlexf’(ﬂ%/’“)
j=1
and
exp(9g, /) exp(dg. /) n exp(9g. /k)
SSVNW A(By, B2, ., Bn) = <l—fﬂ;ﬂl—7h);‘””wﬁjm7HZJ(QJEFJWN%/M7 [T (Fs,) ==
j=1
Since all oij < (5 =1,2,...,n). Therefore,
T <Ts = (1-Tu)>(1-Tp)
exp(Va; /k) exp(9g. /)
ST exp(Dor, /k) T exp(9g. /k)
= (1_Taj) T=1 exp(Va; Z(l_Tﬁj) j=1 Bj
n exp(da; /k) n exp(ﬁ,e /k)
Z L ex (79,1 /k) CXP('L9 /k)
= Il(l—-zgj) =1 P II 1-Tp,)™ &
j:l :
exp(Va; /k) n exp(v.‘?ﬁj /k)
ST exp(9a /k) 20 exp(9g. /k)
= 1_H(1_Taj) 7 exp(Ja; < 1_H(1_Tﬂj) j=1 Bj
j=1 j=1
Further,
exp (Vo /F) exp(Vg, /k)

Iaj > I,Bj - (Iaj)Z?:1 exp(Pa; /F) > (Iﬁj)zjzlexp(ﬂﬁj/lﬁ

eXP(ﬂa /k) exp(ﬁﬂj /k)

n n
= H (Ia] ) J 1 exp(l?a /k) H IBJ ] 1 CXP(ﬁﬁj /k)
j=1 i=1

Similarly, we have also

n oxp (Vo /k) exp(Vg, /k)
H(Faj) 371 exp(Pa,; /k) > (Fﬁj) YTy exp(Pp, /F)

Hence the proof is complete.

Property 3: Boundedness
Let aj(j = 1,2,...,n) be any set of SVN-number. If = = min {a;} and ot = max {a;}, then
a” < SSVNWA(aq,as,...,an) < at.
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Proof. : Let ™ = max{aj,as,...,an} and o~ = min{ay, ag, ..., an}. According to properties
1 and 2, we have

SSVNW A(ay, a9, ...,an) > SSVNWA(a™,a™,...,a”) =a~ and

SSVNW Aoy, ag,...,a) < SSVNWA(a™,a™t,...,a™) =at

So, we have a~ < SSVNW A(ay, ag, ..., a) < a.

Hence the proof is complete.

Let aij(j = 1,2,...,n) be a collection of SVN-numbers. Then softmaz single valued neutro-

sophic weighted geometric (SSVNWG) operator is a function from o™ — « such that

SSVNWG(ar, ag, ..., an) = O ( iO‘j) =@ (a )¢k — (al)qﬁi ® <a2)¢i ®.® (an)¢2 (6)
/ ex [ j = 27 37 (L) . .
where ¢ = % v = { {I j 1 " and S; is the score function of the
SVN-number «;.

Theorem 3.3. Let «o;(j = 1,2,...,n), be a collection of SVNNSs, then aggregated value of
SVN-numbers using the SSVNWG operation is also a SVN-number and

n exp(9;/k)

SSVNWG (a1, a9, ....,ap) = ]h_[(Tj)23'1:1‘”‘?(’9;‘/’“)7

exp(d;/k) n exp(19 /k)

n
o H(l - Ij)zyzl Cxp(ﬁj/k) H YT cxp(ﬂ /k) (7)
j=1

Proof. : We proof the above Theorem 2 by using mathematical induction.
For n = 1, from the Eq. (@ we have

1 exp('ﬁj/k)
SSVNWG(Oél,OéQ,...,Oén) = H(]}.)Ejzlexp(ﬁj/k)’
j=1
1 exp(9;/k) 1 exp(9; /k)
~[L0- 1= = [ = ) T | = (1,1, )
j=1 j=1
Since, for n =1, % = 1. Thus Eq.(ﬂ) holds for n = 1. Assume that the Eq. (ﬂ)
j=1 J
holds for n = m,
m exp(ﬁ /k)
SSVNWG(ay, 0, ....am) = | [[(T S @70 i
7=1
exp(9;/k) exp(¥9;/k)

m m
_ H(l _ [j)zyl:l exp(9;/k) 11— H(l _ F},)ZTZ1 exp(9;/k)
Jj=1 J=1
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Now we have prove that the Eq. (@ hold forn =m + 1. Then

SSVNWG(a1,a2, ..., Oy mi1) = ( (a2)¢’i ® ... ® () @ (am +1)¢’"“

exp(ﬂj/k) m exp(ﬂj /k)

a1)% ®
- —_———
— H(Y}) Z;-nzl exp(9,/k) ’ 1— H(]- o Ij) zg.":l exp(9; /k) ’
J=1 .

m exp(¥;/k)
_ H(l _ FJ)ETZI exp (¥ /k)
j=1
m exp(9, /k) exp(9m41/k)
_ <H ._lexpw IR (Tmﬂ)zg’jﬁ xp(9;/k)
7j=1
m exp(ﬂ /k) exp(Vyp41/k) m exp(9,/k)
H ST exb (9, 7R) n (Im+l)z;?”;+11 exp(9;/k) _ H(Ij)zgf;lexp(ﬂj/k)
j=1 j=1
exp(9m41/k) m exp(¥ /k) exp(9m41/k)
X (L) 5550 O T () O (B ) 5550/
j=1
m exp(¥9,/k) exp(Iim41/k)
H zm exp(ﬁ DI (Fmﬂ)z;;ﬁl exp(ﬁj/m)
m+1 exp(9;/k) m+1 exp(9;/k)
— H ST exn(d; M1 H (1-1)) st exp(0;/k)
j=1 j=1
m+1 exp(9;/k)
1— H 1- Fj)zg';tl exp(9/k)
j=1

Therefore, FEq. (@ holds for n = m+1, hence the Eq. (@ holds for all positive integer by

principle of mathematical induction. Hence, the proof of the theorem is completed.

Example 3.4. Let a; = (0.6,0.4,0.5),a2 = (0.7,0.3,0.5),a3 = (0.8,0.3,0.4) and ay =
(0.7,0.4,0.5) be the four SVN-numbers. Rank the four SVN-numbers using SSVNW G oper-
ator.

Solution: In the following, we use the SSV NW G operator to aggregate these SVN-numbers.
At first we have calculated the score values of four SVNNs using Eq. (1)

S(a1) = 0.567, S(ag) = 0.633, S(as3) = 0.700, S(aq) = 0.600

then 91 = 1,95 = 0.567, 95 = 0.359, 9, = 0.251.

To calculate the exp(¥;/k) we take k = 1, then

exp(V1/k) = 2.718, exp(VY2/k) = 1.763, exp(¥3/k) = 1.432,
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exp(¥4/k) = 1.285 and
exp(d1/k) exp(¥a/k)  _
S5y exp(d;/k) 0.378, >j1 exp(V;/k) 0.245,

exp(¥s/k) 199 _cxpWa/k) 4178
S5y eap(d;/k) U o eap(9;/k) Y

SSVNWG(ay, a9, a3,04) = <(0_6)0-378 « (0'7)0.245 % (0.8)0'199 % (0'7)0.1787
1—(1-0.5)28x (1-0.5)" x (1-04)"" x (1 - 0.5)‘“78>

= (0.678,0.357,0.482) .

3.2.2. Properties of SSVNWG operator

Property 1: Idem-potency
If a1 = a9 = ... = o, = a(say), then
theSSVNWG(aq, ag, ...,an) = «

Proof. : Let oj = (T}, 1;, Fj),(j =1,2,3...,n) and a = (T, I, F).
Since all a; are equal, based on Theorem (2), we get
SSVNWG(a, a, ..., )

- ((T)Z?=1¢>?%, 1= (1= DX 1 - (1 - F)Zi= ¢i)

=(T,1,F) = a.
Since, ¢j = %, k> 0 and 2?21 gbi = 1. Hence the proof is completed.

Property 2: Monotonicity
Let aj(j = 1,2,...,n) and B;(j = 1,2,...,n) be any two sets of SVN-numbers. If a; < ; for
any j, then SSVNWG(ay,aq,...,an) < SSVNWG(B1, B2, ..., Bn)-

Proof. : Based on the Theorem (2), we get

(TO(]') 30 exp(Va; /F)
1

)

SSVNWG(CH, Ay ..ny Ozn) = <

n eap(Va /)
]:

exp(Va; /k) n exp(Va; /k) >

n
(1= JI — 1)) Z=r7 07 (1= T (1~ Tay) oo =777
Jj=1 j=1
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and
n cop(v, /k)
m
SSVNWA(BDB%?ﬁn = (H : b )7
Jj=1
N cop(9p, /) " ezp(ﬁﬁ /k)
I | (R NS | (R )
j=1 J=1

Since all oi; < Bi(j7 =1,2,...,n). Therefore,
eacp('&aj /k) 61P<195j /k)
n_exp(Va,; [k > exp(¥g./k)
To; <Tp = (Taj)zjfl Pes ) < (Tpy) =7

ewp(ﬁﬁ /k)

= H(Taj ) Z;-l:l ewp(ﬂaj /k) H 71 ezp('ﬂﬁ /k)
=1 i
Further,
Ia]-ZIﬁj = (1-[ ) (1—Iﬁ)
8Zp<19aj /k) ezp('ﬂﬁj/k)
= (1= 1Iy,) == /M < (1 - Ig,) 0= 8;
ezp(#a /k) ea:p(ﬂﬁj /k)

n n
H 71 exp( ﬂa /k) H 1 _ I _ ezp(ﬂﬁj/k)
j /3

expwa /k) EIPWBj /%)

n n
H 1— . 71 ezp(l?a /k) H 1 — IB _1 elp(ﬁﬁj/k)
J

Similarly, we have also

n cap(da /k) n ezp(ﬂg /k)
= 1—H(1—Faj) =1 J HI_F] 8
Jj=1 7=1

Hence the proof is completed.

Property 3: Boundedness
Let oj(j = 1,2,...,n) be any set of SVN-number. If = = min {a;} and ot = max {«;}, then
a” < SSVNWG(ay,a,....,a,) < at.

Proof. : Let a™ = max{ay, ag,...,an} and o~ = min{ay, ag, ..., apn }.
According to properties 1 and 2, we have

SSVNWG(ay,as,...,an) > SSVNWG(a™,a™,...,a”) =a~ and
SSVNWG (a1, as,....,an) < SSVNWG(at,at,...,a™) =at

So we have a~ < SSVNWG (a1, g, ...,a,) < a™.

Hence the proof is completed.
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Let aj(j = 1,2,...,n) be a collection of SVN-numbers. Then generalized softmaz single

valued neutrosophic weighted average (GSSVNWA) operator is a function o™ — « such that

>|=

1
GSSVNW A(ay, g, ..., an) = (@?:1%04;‘) Y = ( lo} @20 @ ... ® ¢Zaf‘b> (8)

Let oj(j = 1,2,...,n) be a collection of SVN-numbers. Then generalized softmax single

valued neutrosophic weighted geometric (GSSVNWG) operator is a function o™ — « such that

1 J 1 n
GSSVNWG(a1, 0, sam) = 5 (®;;1 (A¢j)¢k) = ((Aa1)¢i ® M\a2) ®...® (Aan)¢k)
9)

Theorem 3.5. Let a;(j = 1,2,...,n), be a collection of SVN-numbers, then aggregated value
of SVN-numbers using the GSSVNWA operation is also a SVNN, and

1 1

n cxp(9;/k) X n exp(9;/k) A
GSSVNW A(ay,ag,...ya) = < 1— H(1 _ zj\)Z;gl oxp (95 /k) R H (1 (- Ij)A> ST, cap(9,7F) 7

j=1
n cap(9;/k) B
1= (1T (1= = mh) Fr® > (10)

Proof. : We proof the above theorem 3 by using mathematical induction.

For n = 1, we have:

1 exp(d,;/k) % 1 exp(d;/k) %
GSSVNW A(ar, as, ..,an) = < L-JJa-1H===0 ) 1 {1-]] (1 (- Ij)*) S0 )

j=1

! _ewpy/k)  \ 2
1= (1T (1= (1= 7)) B >
j:

1

<T17 I17 F1>
; _ exp(¥;/k)  _
S'anﬁ, fOTn = 1, Wé(ﬁ]/k) =1.
Thus Eq.(@ holds for n = 1, we assume that the Eq. (@ holds for n = m,

1
cap(9;/k)

1
EETCOVONAN i s\

j=1

—

GSSVNWA(a1, g, ...,m,) = <(1—

j=1

m cop(9;/k) B
1= (=TT (1= = ) 7 >

=1
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Now, we prove that the Eq. (@) holds for n =m + 1.

GSSVNWA(a1, 2, .o, iy 1) = ((Ppa) @ ¢has & ... ® ¢prany,) @ ¢ ag, )

1
cap(9; /) . g1/l
— < 1— (1 T)\) Ll eJ_P(ﬁ /k) + 1— (1 _ T',i\]‘_t,_l)zj 1 exp(9;/k)
J
1
m exp(d;/k) A ez;pﬁmﬂ/k)
1= H(l _ TjA)z‘;ﬂ:l e (9;/F) x[1-1- Tri\v,+1)2j;1 cap(9;/k)
m f‘rp(ﬁ /k)
a ezp(19 /k)
1-|1- (1f(1f1j) R
i=1
ewp(’t’m+1/k)
A T ex
11— (1f(1f1m+1) )2 »(o; /k>

(- (-l ) )

s

I
A

EI:DW _exp(Imy1/k)

(1 — <1 — (1 _ (1 _ Fm+1)>\) ST eap(v; /k)
ml 0370

j=1

1
m—+1 exp(d;/k) A
ST
)
1—||(1—1— )—P :

m+l __exp@/k) X
m+1
1-(1-1] (1 —(1- Fj)*) SFLL emp(95/k) >

j=1
Therefore, Eq. (@ holds for n = m+1, hence the Eq. (@ holds for all positive integer by

principle of mathematical induction. Hence the proof of the theorem is completed.

Example 3.6. Let a; = (0.6,0.4,0.5),c0 = (0.7,0.3,0.5), 3 = (0.8,0.3,0.4) and oy =
(0.7,0.4,0.5) be the four SVN-numbers. Rank the four SVN-numbers using the GSSVNWA
operator.

Solution: In the following, we use the GSSVNWA operator to aggregate these SVN-
numbers. At first we calculate the score values of four SVN-numbers using Eq. (1).
S(aq) = 0.567,S(ae) = 0.633,S(a3) = 0.700, S(aq) = 0.600 then ¥4 = 1,99 = 0.567,93 =
0.359, 94 = 0.251. To calculate exp();/k) we take &k =1, then

exp(V1/k) = 2.718, exp(V2/k) = 1.763, exp(V¥3/k) = 1.432, exp(¥4/k) = 1.285
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and
exp(V1/k)  _ qng  cxp(V2/k)

Sijep(0/k) TSI eap(d;/k)
exp(Vs/k) 0199 exp(V4/k)
Z?:l exp(V;/k) 7 Z?:l exp(V;/k)

Taking\ = 1 GSSVNWA reduces to SSVNWA and we get

= 0.245,

=0.178

GSSVNW A(ay, s, az, ag) = (0.691,0.352,0.478) .

Taking A = 2 we obtain

GSSVNW Ao, az,03,04) = ( (1= (1= 06" x (1- 072" x (1= 08" x (1= 0.03)""™)
1= (1= (1= (1-0.6))" 7 x (1 (1-03)2)"" x
(1-(1-03>)"" x (1-(1- 0.4)2)0‘178)% |
1= (1= (1= (=05 x (1= (1-0.5)%)"* x

(1 —(1- 0‘4)2)0.199 o (1 —a- 0.5)2)0.178)% )

= (0.694,0.401,0.477)

Taking A = 3, we obtain

GSSVNW Aoz e0) = (1 (1= 06" 5 (1= D (1= 097" x (1= 1))
1= (1= (1= (1= 0.6)) "7 x (1= (1= 03)%) " x
(1—(1-03)%)"" x (1-(1- 0.4)3)0.1%;)% |
1= (1= (1= (1= 05)) " x (1= (1= 05)%) " x

(1—(1- 0‘4)3)0.199 (1 (1- 0.5)3)0.178>% )

= (0.697,0.392,0.476)

Similarly we can also checked for A = 4,5, .... and so on

3.2.3. Properties of GSSV NW A operator

Property 1: Idem-potency If oy = ay = ... =

GSSVNWAO(a1,ag,...,ap) =«

Proof. Let o = (1},1;,F;),(j =1,2,3...,n) and o = (T, I, F).

Since all oj are equal, based on Theorem (3), we get

a (say), then the

Garai et al., Softmax function based neutrosophic aggregation operators and application in
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SSVNWG(a,a,...,a) = < (1 — (1= TMxi= ¢£>i,1 - (1 — (1 1 _I),\)Z};l ¢~;;>§,
(1o (1- - )= X
( (1-a-rp) ) >
= (T.I,F)=a

. i exp(9;/k) |
S’L’I’LCE, qu = W, k >0 and Z?:1 QS] =1.
Hence the proof is completed.

Property 2: Monotonicity
Let aj(j = 1,2,...,n) and B;(j = 1,2,...,n) be any two SVN-numbers. If o; < ; for any j,
then
GSSVNW A(a1, a9, ...,an) < GSSVNW A(B1, B2, ..., Bn)-

Proof. : Based on the Theorem (3), we get

n cap(da/k) | X
GSSVNW A(ay, g,y ..yap) = < 1-— H(l - To’é\j)zyzlew(ﬂ%/’“) ,
j=1
1
n exp(ﬁaj/k:) By
j=1
1
n cap(da, /k) \ X
1-[1-1] (1 —(1- Faj)k> O
j=1
and
" cars /K)\ X
GSSVNW A(B1, B2y .y Bn) = < 1— H(l _ Té\j)zg'l:le?cp(ﬂﬁj/k) ’
=1
1
n T
= (=TT (- 0= 1) )T )
j=1
1
cap(vg k) \ X

n
1= (1 =TT (1= (1= ) Y) == ™ >
j=1
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Since all a; < B;(j =1,2,...,n).
Therefore for T, a; < ng we have

A
5

Further for

Iaj Zlﬁj =

= - (1= (1= (1= 1)) T

e;rp(ﬁﬂ . /k)
J=1 ea;p('l?ﬁj /k)

n cap(dg, /k)

n
1 — H(l _ Tci\]-) PO erp(ﬁa 7k) <|1- H(l _ Tﬁ/\j)z};l exp(dg, /)

A A A
S T/Bj = (1 7T()¢j) > (1 *Tﬂj)
emp(ﬁaj /k) ewp(ﬁﬂj/k,)
= (1= T0)T=T0 > (1 1) ) F e
j =
= H(1 _ Téj)zyzl cwp(Vo /R~ H (1— TA
j=1 j=1
cxp(Pay /k)
=
Jj=1
1
= 1— H(1 _ T(;\j)zyzl cap(Da /K)
j=1
(1-1,) < (1-13)
A
(1-1,)" < (1- 1)

exp(Jay /k)

cop(Day /)

cap(Pa /k)

; ﬁ <1 o (1 7Iaj))\)m

n cep(Da /k)

Jj=1

Similarly, we can also show that

>

cxp(Va; /k)

1 (1T (- (- R T

j=

1

Hence the proof is completed.

Property 3: Boundedness

Let o(j =1,2,...,

then o~ < GSSVNW A(aq, ag, ...,ap) < a.

(1)) T (1—(1—rﬁj>A)W

ES
X

=1

1

n exp(dg./k) A

H 1 _ T)\ 2T CIP("&[{ /k)

Jj=1

ewp(ﬁfsj/k)
exp(dg . /k)
1

cwp(9g. /k) X

ﬁ(lf 17]5) )W
=1 7

1
by " cap(vg. /k)
IL (- -0 T
J
i=1
1
n ezp(ﬁgj /k) A
A\ 72, e=p(vg, /8
_H<1—(1—F53)) ’

i=1

n) be any set of SVNN. If &~ = min {«;} and o™ = max {«;},

Proof. : Let a™ = max{ay, ag, ...,an} and = = min{ay, a9, ..., @, }. According to properties

1 and 2, we have

GSSVNW A(ar, as, ..., an) > GSSVNWA(a~, o, ...

,a”) =a  and

Garai et al., Softmax function based neutrosophic aggregation operators and application in
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GSSVNW A(ay,az, ...,an) < GSSVNWA(at,at,...,at) =aT
So, we have a~ < GSSVNW A(ay, as, ...,ap) < at.

Hence the proof is completed.

Theorem 3.7. Let o;(j =1,2,...,n), be a collection of SVN-numbers. The aggregated value
of SVN-numbers using the GSSVNWG operator is also a SVN-number and

>|=

1
n exp(d,;/k) A
A §:" ezp(9;/k)
o=y )
j=1 j=1

1
cap(9,/k) *
H F)\ Z”—1 e‘Lp(‘L() /k) > (11)

Proof. : We proof the above Theorem 4 by using mathematical induction.

n cap(9;/k)
GSSVNWG(aq, gy ...;a) = ( H 1— (1-T ) 71”1’“9.7’/’“))

For n = 1, we have:

! _ w3/ * L e R
GSSVNWG(ahC%z,..-,Oén) = < H( /\) Z] 1 exp(9;/k) H 1 — [)\ _q exp(9;/k) ,
j=1 Jj=1
1 i/ A
1- H( F’\) et > = (T, I1, F1)
j=1
; — 1 capW/k)
Since, forn =1, ST enn(d; /) = 1.

Thus Eq.(11) holds for —n = 1. Assume that the Eq. holds for n = m,

>
>

cxp(9;/k)
A)‘zgﬂzliempwj 7R

|
_

I
—_

m exp(V;/k)
GSSVNWG(ar,as, ..., am) = < (1— 1-T )A)Zﬂ””” 37
Jj=1 J
1

m ea;p('&j/k:) A
_ H(l _ F-)‘) ST eap(9;/K)
j .
=1
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Now, we prove that the Eq. (12) holds for n = m + 1.

m1

1
GSSVNWG(a1,az, ...y Oy Q1) = )\041 (Ac )d)k ® . ® (Aam) ™ @ (A1) )
1
m (‘Tp(ﬁj/k) A
1 _ 1 B ) T exp(9,/K) >
]:1
1
exp(9,m41/k) by
m—+1
(1 (1 (1- mH)A) D wwj/w) )
1 1
m cxp(d;/k) A exp(Vm41/k) x
1-JJa-p)===@m ) (1 — (=D ) P ewpwj/k))

—

Jj=

1

1
e‘Lp('\9 /k) exp(Vp41/k) by
ex m+1 Tk
1_1)\ i p(o /k) 1— (1 _I")Y\L-'rl)ZJZI (95 /k) ,
Jj=1
1
by 1
exp(9;/k) exp(Vymy1/k) X
ﬁ mAT oo
FA byua p(9;/k) + 1= (1 _F +1)Zj:1 p(9;/k)
j:1
1 1
cap(9;/k) * cxp(Imq1/k) \ X
M\ ST exp (9 /k) A s cap9, /k)
— |1 ] Q= Ff) o=t X (1= (1= Fpyq) == =
Jj=1

m+1 ey \ 3
= <1— 1— H (1_ (1_T])>\) ST eap(9;/k) ’
j=1
1
mA1 _ e/ \ 2
1— H (1 _ IA) "';1 cap(d;/k)

s

j=1

1
m+1 exp(9;/k) A
M S capo,/k)
1- JJa-FH== j
Jj=1

Therefore, Eq. holds for n = m+1, hence the Eq. holds for all positive integer by

principle of mathematical induction. Hence the proof of the theorem is completed.

Example 3.8. Let a; = (0.6,0.4,0.5),c0 = (0.7,0.3,0.5), 3 = (0.8,0.3,0.4) and oy =
(0.7,0.4,0.5) be the four SVN-numbers. Rank the four SVN-numbers using GSSVNWG oper-
ator.

Solution : In the following, we use the GSSVNWG operator to aggregate these SVN-numbers.
At first, we calculate the score values of four SVN-numbers using Eq. (1).

S(a1) = 0.567, S(az) = 0.633, S(a3) = 0.700, S(aq) = 0.600, then

¥ = 1,99 = 0.567,93 = 0.359, Y4 = 0.251.

To calculate exp(V;/k) we take k =1, then
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exp(V1/k) = 2.718, exp(V2/k) = 1.763, exp(V¥3/k) = 1.432, exp(¥4/k) = 1.285

and

exp(V1/k) 0.378 exp(V2/k) 0.245
Z?:l exp(V;/k) 7 Z?:l exp(V;/k)

exp(¥s3/k) 0.199 exp(Wa/k) 0.178
Z;l':l exp(V;/k) , Z?:l exp(9;/k) 7

Taking A = 1, GSSVNWG reduces to SSVNWG and we get GSSVNWG(aq, a2, ag, ay) =
(0.678,0.357,0.482) .
Again for A = 2, we obtain

GSSVNWG(ar, ag, a3, 04) = <1 - (1 — (1= (1-06)2)""" x (1-(1-0.7)%)"*

x(1—(1- 0.8)2)0'199 x (1—(1— 0.7)2)0'"8)% :

(1-( )T (1= (03)1) " % (1-(0.3)2)" x (1 - (0.4)%)™™ :
(1- ¢ ) (1= (0.5)2) " x (1- (04" x (1 - (0.5)2)0'”8)%
—  (0.671,0.464,0.482).

Taking A = 3, we obtain

GSSVNWG(ar, as, s, 0q) = (1 — (1= (1= (106" x (1- (1 - 0.1)) "
X (1—(1- 0.8)3)0'199 x (1—(1- 0.7)3)0'178)% :
(1- ¢ )75 (1= (0.3)%) " % (1= (0.3)%) "1 x (1 = (0.4)%)*"™ !
(1-( ) (1= (0.5)%) % x (1- (043" x (1 (05)%)" ”S)%

= (0.662,0.480,0.484) .

Similarly, we can also show that for A = 4,5, ... and so on.

3.2.4. Properties of GSSVNWG operator

Property 1: Idem-potency
If a1 = g = ... =y, = a(say), then GSSVNWG(aq, az, ..., ap) = .

Proof. Let o = (1},1;, F;),(j =1,2,3....n) and o = (T, I, F).

Since all o are equal, based on Theorem (4), we get

Garai et al., Softmax function based neutrosophic aggregation operators and application in
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>

. 1
ndT\ A n )
GSSVNWG(a,a,....0) = <1— (1 - (1— (1—T)A>ZJ ' k) ,(1 —qa _IA)ZJ-:M%)

L
(1 (- FA)Z?zla%) X >
= (T'I,F) =«
Since, gi)j = %, k>0 and 27:1 qﬁi = 1. Hence the proof is completed.
ya

2. Monotonicity:
Let a;(j = 1,2,...,n) and 3;(j = 1,2,...,n) be any two sets of SVN-numbers. If o; < f3; for
any j, then GSSVNWG (a1, ag,...,an) < GSSVNWG(B1, B2, -y Bn)-

Proof. : Based on the Theorem (4), we get

GSSVNWG(ar, a2, o) = (1= (1-]] (1 — (- Taj)’\) S0 |
j=1
1
n exp(Va /k) A
1 H<1 . IA ) nf1 ezp('ﬂaj/k) ,
j=1
n ezp(ﬂa /k) %
H (1- F/\ 4,1%;7(0& 7F) )
7=1
and
n cars /K) \ X
GSSVNWG (B, B2, -y Bn) = (1 —{t-TI (1 —(1- Tﬁj)k) TN
j=1

>

eap(0g, /b)

(1 _ I)\) i= 1eoP(Vg, /k)

.:]:

7j=1

> =

exp(g, /k)

n
H 1 _ FB 'r.L: ea:p(ﬁﬁj/k) )
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Since all a; < B;(j = 1,2, ...,n). Therefore,

Toj < Ty = (1-Ta) = (1-Ty),
= (1-To,)" = (1-T5)",

/\ A
= (1-(0-1)Y) < (1-0-15)")
exp(Pa ; /k) GIP(ﬂgj/k)
N (1 A) ST ean(va; /0 (1 - Tg,)A> ST eantis, 76
— j
n ezp(ﬂaj /k) n ezp(ﬂﬂj /k)
= H (1 N (1 _ Taj))\> 27:1 exp(Va; /k) H (1 . 1 . Tﬁ ) )Z/.: eajp(ﬂﬁji/k)
j=1 j=1
1
A

e;cp(ﬁaj /k)

n
= 1= (1= (1 - (- 7)) S

Jj=1
n cars /B \ X
A\ ST ean(og 7R
< 1-[1-TI(1-(-1))" )
j=1
Further,
A A A A
ezp(ﬂaj /k) emp('ﬂﬁj /k)
A\ ST (e, 7R A\ =7 ewn(95, /R
= (1—1%_) j=1 bl 3(1—1&,) TP
n cap(Pa; /k) n exp(9g. /k)
_ A\ ST emp(ta; /B A\ ST w9, 78
R (Al | (e
J=1 j=1

51P<19o¢j /k) ewp(ﬂﬂj/k)

n eapl(ay/k) . eentop
= (1 — H (1 — ]éj) YT_q eap(Va; /k) >|1- H (1 . Igj) =7 ezp(ﬁﬁj/k)

Jj=1 j=1
1 1
n exp(da; /k) X n eacp(ﬁﬁj /k) by
_ _ A S (e /R _ ISR = crwio)
= (TR s (T ()T
J=1 j=1
Similarly, we can also show that
B 1
n ezp(ﬁa /k) X ezp(ﬁﬁ /k) ~
Zioy ewp(Pa; /R) (90,79 A ST een(o5 0
VG T ()T
j=1 i

Hence the proof is completed.

Property 3: Boundedness
Let aj(j = 1,2,...,n) be any set of SVN-numbers. If = = min{e;} and o™ = max {«a;},
then o~ < GSSVNWG(a1,as, ..., ) < at.
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Proof. : Let ™ = max{a1, a9, ...,an} and a~ = min{aq, ag, ..., an}.
According to the Property 1 and 2, we have
GSSVNWG(ay,ag,...,an) > GSSVNWG(a™,a™,...,a”) =a~
and GSSVNWG(ay, g, ...,an) < GSSVNWG(at,at,...,aT) =at
So, we have a~ < GSSVNWG(aq,az, ..., ) < at.

Hence the proof is completed. -

4. MADM under SVN environment based on proposed operators

The main goal of a MADM strategy is to find the one or more alternative which satisfies the
objective of decision maker from a set of possible alternatives w.r.t significant attributes. Using
the proposed aggregation operators a MADM strategy under SVIN environment is considered.

A MADM strategy is presented here ton show the application of proposed approach.

4.1. Decision making approach based on proposed operators

Let ¥ = {¢1,v2,...,0m}and C = {C1,Cy,...,C,} be the possible set of alternatives and
attributes respectively. Let W = {wq, wa, ..., wy, } be the weight vector of attributes C; (j = 1,
2,3,...,1n), where w; > 0 and Z;-lzl w; = 1. Now, we have described the steps of proposed
MADM strategy by following algorithm.

Algorithm:

Step 1: Formulate the decision matrix

For MADM with SVN-number information, the rating values of the alternative v;(i =
1,2,...,m) on the basis of attribute C;(j = 1,2,...,n)can be expressed in SVN-number as
a;j where (i=1,2,3,...,m;j=1,2,3,...,n).

The decision matrix is represented as follows:

o) Cy - O,
Y1 [ a1 a2 - aip
1/}2 a1 a2 e ag

[ Aij]mxn = . " (12)
wm am1 am2 - Amn

is called an decision making matrix.
Step 2: Compute the score matrix and ¥;; value matrix
Using Eq. (1) and Eq. (2), We calculate the score value of each alternative for different at-

tribute and represent as matrix form as:
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Co

512

522

Sm2

Cy
12
Voo

Cy
(01 S11
(5 521

[ Sij]mxn — :
Um Sm1
and calculate ¥;; value using Eq. (3), represent as follows:

Ch
Y1 [ dn
Yo | V2

[Pislmxn = :

¢m "gml

Step 3: Compute weighted matrix

We calculate weight of each alterntive for each attribute by the Eq.

form as:
1
U1 [ o
ij ¢2 (Zsil
[ k]mxn: . .
U \ O
7—1

ij exp(¥i;/k) o Hizl Sia

Where, gbkj = 427:11”8901)](1972_]_ 7Ry Vii = { 1

Step 4: Aggregate the all attributes

§m2

&)
o
o

e

i=2,3,...,n
j=1

Sin

S2n

(13)

(14)

(3) and represent in matrix

Ch

ol
2n
% (15)

o™

,S; is the score function of the

Using aggregation operators we aggragate the all attribute values for respective alternative

and results are shown in table form as:

TABLE 1. The aggregated SVNNs and score values of aggregated SVNNs

Alternatives Aggregated SVNNs

Score values

V1 ar
o a
¢m am,

Si
Sy

Sm
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Step 5: Ranking the alternatives

Based on the score value (From Table 1) of alternative, we arranged the ranking odrer of
alternatives using Eq. (1) and Eq. (2).

Step 6: End the algorithm.

5. Numerical illustration

Every year worldwide, many peoples are affected by various natural disasters. These disas-
ters are Hurricanes and Tropical Storms, Drought, Wildfires, Floods, Earthquakes, Tornadoes,
severe storms, etc. The most common thoughtful nature disaster is the Flood disaster. Flood
disaster problems can handle by MADM strategy according to the given information Yu (2016).
In Flood disaster control and mitigation, risk decision and evaluation are significant steps. Ac-
cording to our knowledge (Ya 2012), we have composed four essential attributes to evaluate
the risk of Flood disaster, which are:

i) Disaster-inducing factors (C1),

ii) Hazard-formative environment (Cs),

iii) Characters of hazard affected body (C3), and

iv) Social disaster bearing capacity (Cy).

Apparently, these evaluation attribute are complicated and difficult to characterize quantita-
tively. We can handle this type of difficulties considering the attributes information by SVN
set.

Let us assume that 1, 99, 13, and ¥4 are the four maritime cities in India. Our aim is to find
the best city according to the four attributes. We expressed the appraisement informations
of four cities according to the four attributes in terms of SVN-set. Now, we will solved this
decision making problem using the proposed operators.

Step 1: Formulate the decision matrix

The appraisement informations of four cities consider by SVN-number according to the four

attributes. Re-presentation of the decision matrix shown in Eq. (16 as given by:

C Cy Cs Cy
¢y [ (0.6,0.4,0.3) (0.7,0.3,0.4) (0.8,0.4,0.6) (0.6,0.2,0.4)
Al — ¥y | (0.3,0.1,0.4) (0.5,0.2,0.2) (0.8,0.3,0.4) (0.6,0.3,0.5) (16)
¥s | (0.6,0.3,0.5) (0.7,0.3,0.5) (0.8,0.3,0.5) (0.4,0.3,0.2)
¥ \ (0.7,0.3,0.3)  (0.3,0.4,0.3) (0.7,0.4,0.5) (0.8,0.3,0.4)

Step 2: Compute the score matrix and ¥;; value matrix
Using Eq. (1), We calculate the score value of each alternative for different attribute and

represent as matrix form as:
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Ci Cy (O3 Oy
Y1 [ 0.63 0.67 0.60 0.67

[ Sl = o | 0.60 0.70 0.70 0.60 (17
v3 | 0.60 0.63 0.67 0.63

¥4\ 0.70 0.53 0.60 0.70

and calculate ¥;; value using Eq. (4), represent as follows:

Ci Cy Cs3 Oy

Y1 [ 1 0.63 0.42 0.28
1 0.60 0.42 0.29
[V]axa = & (18)
w3 1 0.60 0.38 0.25
b\ 1 070 037 0.22

Step 3: Compute qﬁzj matrix (Let parameter k = 1)
We calculate the values of ¢}’ for each alternative with respects to each attributes by the Eq.

(3) and represent in matrix form as:

i Gy O3 C
1 [ 036 0.25 0.20 0.18
Yo | 0.34 0.24 0.21 0.18
s | 0.37 0.25 0.20 0.18
P \ 0.37 0.27 0.20 0.17

[laxa =

Step 4: Aggregate the all attribute values of alternatives

Based on the SSV NW A operator, the aggregated SVN-numbers and score values of Eq. (17)
are shown in Table 2 (Parameter k = 1 fixed).

From Table 2, we find the riskiest city is 5.

Based on the SSV NW G operator, the aggregated SVN-numbers and corresponding score val-
ues of Eq. are shown in Table 3(Parameter k£ = 1 fixed),

From Table 3, we find the riskiest city is 5.

Based on the GSSV NW A operator, the aggregated SVN-numbers and corresponding score
values of Eq. are shown in Table 4(Parameter A = 2, 5,10 and Parameter k = 1 fixed).
From Table 4, we find the riskiest city is 14 for A = 2 and 9 for A = 5, 10.

Based on the GSSV NWG operator, the aggregated SVN-numbers and corresponding score
values of Eq. are shown in Table 5(Parameter A = 2,5,10 and Parameter k£ = 1 fixed).
From Table 5, we find the riskiest city is ¢ for A = 2,5, 10.

Step 5: Ranking order of alternatives

Garai et al., Softmax function based neutrosophic aggregation operators and application in
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#

TABLE 2. The aggregated SVN-numbers and score values based on SSVNWA

operator

Alternatives Aggregated SVNNs Score values
(0 (0.622,0.332,0.398) 0.631
(5 (0.546,0.194,0.362) 0.663
Y3 (0.651,0.300,0.424) 0.642
(N (0.652,0.339,0.345) 0.656

TABLE 3. The aggregated SVNNs and score values based on SSVNWG oper-

ator

Alternatives Aggregated SVNNs Score values
Y1 (0.633,0.340,0.414) 0.636
o (0.489,0.204, 0.368) 0.669
3 (0.614, 0.300, 0.456) 0.619
(o (0.568,0.351,0.365) 0.617

TABLE 4. The aggregated SVNNs and score values based on GSSVNWA op-

erator

value of A Alternatives Aggregated SVNNs

Score values

Y1
Y2
A=2 Y3
Y4

Y1
Y2
A=5 Y3
Y4

L
Vo
A=10 3
LN

(0.679, 0.327, 0.388)
(0.572,0.189, 0.353)
(0.659,0.300, 0.414)
(0.665,0.245, 0.343)

(0.689, 0.316, 0.372)
(0.632,0.178, 0.330)
(0.680,0.300, 0.378)
(0.692,0.337, 0.336)

0.710,0.294, 0.353
0.691,0.163,0.295
0.708,0.300, 0.320

{
{
{
(0.715,0.330, 0.326

= = I =

0.655
0.677
0.648
0.692

0.667
0.708
0.643
0.673

0.688
0.744
0.696
0.686
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TABLE 5. The aggregated SVNNs and score values based on GSSVNWG op-

erator

value of A Alternatives Aggregated SVNNs Score values

P (0.656,0.347,0.424)  0.628
o (0.464,0.221,0.382)  0.620
A=2 s (0.598,0.300,0.465)  0.611
by (0.536,0.353,0.370)  0.604

U (0.638,0.364,0.463)  0.603
o (0.413,0.253, 0.408) 0.584
A=5 Y3 (0.548, 0.300, 0.481) 0.589

W4 (0.451,0.361, 0.395) 0.565

U (0.623,0.378,0.513)  0.577
o (0.369,0.273, 0.433) 0.554
A =10 P3 (0.492, 0.300, 0.490) 0.567
V4 (0.385,0.373, 0.430) 0.527

According to the decreasing score value of alternatives v;(i = 1,2, 3,4) and based on the Table

2, Table 3, Table 4 and Table 5, the ranking order of alternatives is presented in Table 6.

TABLE 6. Ranking order of alternatives and riskiest city for various operators

Proposed operators Ranking order of alternatives riskiest city

SSVNW A L T (L5
SSVNWG o = 1 = Py - Py (0
GSSVNWA, \=2 Yy = Py = Y1 - 3 (&
A=5 L U e ! (0
A=10 R e P I U] (0
GSSVNWG, A =2 1 = o = 1hg =y Un
A=5 1 = aPg = aha =y ()

A =10 1 = by = by = 1y (]

Step 6: The procedure of proposed algorithm end here.

In the the numerical example we analysed FD-risk assessment problem. It easy to recognize
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that the neutrosophic set of information is expressed by SVN-number. Here we have been ex-
amined in details for the FD-risk assessment problem. Also the process of proposed strategies
are reasonable for this problem. From the numerical example, we can say that it is comfortable
to use the strategy to cope with the other risk assessment problems. Therefore the proposed

decision making strategy has a deep practical value.

6. Comparative Analysis

A comparative study was constructed with other existing methods to show the validity of
the proposed ranking method. The proposed method is compared to the other techniques such
as Wei and Wei (2018), Nancy and Garg (2016), and Rong et al. (2020) SVN environments.
In Table-7, we have presented a comparative analysis. By Wei and Wei (2018) method, the
best alternative is ¢ and the worst one is 1. According to the Nancy and Garg (2016)
method, the best alternative is 13, and the worst one is 1. Again by the Rong et al. (2020)
method, the best alternative is 14, and the worst one is 1)3. By our proposed method, the best
alternative is 1o and the worst one is ¢;. From Table-7, it is clear that our proposed method

gives better results than the other existing method.

TABLE 7. Comparative studies with other existence method

Proposed operators Ranking order of alternatives Best Alternatives

Wei and Wei (2018) o =Py = P3 = Py (0
Nancy and Garg (2016) 3 = 1 =y = 1y V3
Rong et al. (2020) Yy = 1 = ha - s Uy
Our Method WYy = Py = P = Y3 (>

7. Conclusions

In recent years, aggregation operators have become a popular research topic in decision-
making problems. This paper presents some new aggregation operators for solving a real
MADM problem under an SVN environment. Additionally, some different aggregation oper-
ators are developed, which are the softmax SVN weighted average (SVNWA) operator, soft-
max SVN weighted geometric (SVNWG) operator, generalized softmax SVN weighted average
(GSSVNWA) operator, and generalized softmax SVN weighted geometric (GSSVNIFWG) op-
erator. Then, we have presented some essential properties of these operators. Moreover, using
the proposed operators, we have been built a MADM strategy under an SVN environment.
Finally, we have illustrated one numerical example to express the usefulness and effectiveness

of the proposed MADM technique. Also, we have presented a comparative analysis with other

Garai et al., Softmax function based neutrosophic aggregation operators and application in
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existing methods.

In the future, we will extend the proposed operators in interval neutrosophic set Wang 2005,
neutrosophic cubic set (Ali 2016), and refined neutrosophic set (Smarandache 2013) environ-
ments. Also, we will try to apply the proposed operators to different realistic decision-making

problems.
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