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Abstract: This paper aims to develop a MAGDM model using single-valued neutrosophic credibility
matrix (SVNCM) energy in a SVNCM scenario. To do it, first, SVNCM energy and its score function
are presented as a conceptual extension of existing single-valued neutrosophic matrix (SVNM)
energy. Then, a MAGDM model is developed in terms of SVNCM energy and its score function in
a SVNCM scenario and also its decision algorithm is provided to solve MAGDM problems with
SVNCMs. Finally, the developed MAGDM model is applied in the school site selection problem as
an actual example, then the comparative investigation of the decision results in the SVNM and
SVNCM scenarios indicates the superiority of the developed model over existing MAGDM model.
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1. Introduction

Matrix energy (ME) is one of important mathematical tools in the representation and processing
of collective data, it is usually used in group decision making (GDM) applications. Bravo et al. [1]
introduced ME as a generalization of graph energy and provided the upper and lower bounds of ME.
Donbosco et al. [2] introduced rough neutrosophic ME as a generalization of ME and established its
MAGDM method for handling multiple attribute group decision making (MAGDM) problems with
rough neutrosophic matrix information, and then applied it to the optimal choice of building sites.
After that, Li and Ye [3] proposed intuitionistic fuzzy matrix (IFM) energy and its MAGDM model
for the best selection of hospital sites in a complete IFM scenario. Yong et al. [4] further presented the
linguistic neutrosophic ME and its MAGDM model to solve the MAGDM problems in the scenario
of full linguistic neutrosophic matrices. Jeni Seles Martina and Deepa [5] gave the concepts of multi-
valued neutrosophic ME and neutrosophic hesitant ME and used them for MAGDM problems.
However, the aforementioned neutrosophic ME lacks the credibility measures of true, false, and
uncertain membership values in inconsistent and uncertain scenarios so that it is difficult to guarantee
its decision credibility level in uncertain and ambiguous MAGDM environments.

In general, neutrosophic sets (NSs) [6] are not only the extended form of fuzzy sets (FSs) [7] and
intuitionistic FSs [8], but also independently depict inconsistent, uncertain, and incomplete
information though the true, false, and uncertain membership values, which FSs and intuitionistic
FSs cannot do. Although existing fuzzy, intuitionistic fuzzy, and neutrosophic decision making
methods and applications [9-20] have contained a lot of studies in existing literature, but they do not
consider the credibility measures of various evaluation values in uncertain and ambiguous setting.
To guarantee the credibility degrees of fuzzy values in uncertain and ambiguous environments, Ye
et al. [21] first proposed fuzzy credibility values and their aggregation operators to perform the
multiple attribute decision making (MADM) application in the selection of slope design schemes.
Then, Ye et al. [22] further introduced intuitionistic fuzzy credibility sets and their similarity
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measures and applied them to the performance assessment of industrial robots. Ye et al. [23] also
proposed single-valued neutrosophic credibility sets/values (SVNCSs/SVNCVs) to ensure the
credibility degrees of true, false and uncertain membership values, and then developed their
trigonometric aggregation operators and their MADM application in the selection of slope design
schemes, but the MADM model [23] cannot tackle MAGDM problems in the scenario of full single-
valued neutrosophic credibility matrices (SVNCMs). In this case, the existing MADM model [23]
implies its obvious insufficiency and research gap in full SVNCM setting. Therefore, it is necessary
to develop a MAGDM model using the SVNCM energy and score function in a SVNCM scenario to
fill the research gap.

In general, this study mainly contains the following original contributions:

e SVNCM energy is defined as a generalization of neutrosophic ME.

e A score function for the SVNCM energy is presented to rank the SVNCM energy.

¢ A MAGDM model using the SVNCM energy and score function is developed to solve
MAGDM problems in the full SVNCM scenario.

¢ The developed MAGDM model is applied in the actual example on the selection of primary
school sites in Shaoxing, China.

The rest of the paper includes the following content. Section 2 introduces some concepts of
SVNCSs, SVNCVs, and single-valued neutrosophic matrix (SVNM) energy as the preliminaries of
this study. Section 3 proposes SVNCM energy and the score function and ranking rules of SVNCM
energy. In Section 4, we develop a MAGDM model based on the SVNCM energy and score function.
A MAGDM example on the selection of primary school sites and a comparative investigation are
provided in Section 5. Section 6 remarks conclusions and future work.

2. Preliminaries

2.1 Some Concepts of SVNCSs and SVNCVs

Wang et al. [8] introduced the SVNS Ns = {<y, Vr(y), Vu(y), Vr(y)> | y € Y} in a universe set Y,
where V1(y), Vu(y), Ve(y) € [0, 1] for y € Y are the true, uncertain, and false membership values. Then,
each element <y, V1(y), Vu(y), Vi(y)> in Ns can be simply denoted by the single-valued neutrosophic
value (SVNV) ns = <Vr, Vu, Ve

To measure the credibility level of SVNV, Ye et al. [23] proposed a SVNCS in Y, which is
represented by

Ne ={<y’(VT (y)’CT (y))'(VU (y)’Cu (y))'(VF (y)ch (Y))>| YEY}, (1)

where (V1(y), C1(y)), (Vu(y), Cu(y)) and (Vr(y), Cr(y)) are the true, false and uncertain fuzzy credibility
values, then their true, false and uncertain membership values and their corresponding credibility
values are Vi(y), Vu(y), Vr(y) € [0, 1] and Cr(y), Cu(y), Cr(y) € [0, 1], respectively, such that 0 <
Vr(y) + Vu(y) + Vi(y) <3 and 0 < Cr(y) + Cu(y) + Cr(y) < 3 for y € Y. For ease of expression, any element
<y, (V1(y), Cr(y)), (Vu(y), Cu(y)), (Ve(y), Cr(y))> in Nc can be expressed as a simplified form of the
SVNCV ne=<(V1, Cr), (Vu, Cu), (V¥, Cr)>.

It is worth noting that when one does not consider the credibility values in the SVNCV ., nc
becomes SVNV. Therefore, the credibility values contained in the SVNCV nc can guarantee the
credibility degree of SVNV.

For any two SVNCVs nci = <(V11, Cr), (Vur, Cun), (Vr, Cr1)> and ne2 = <(Vrz, Cr2), (Vwz, Cw2), (Vi2,

Cr2)>, their operation laws are presented as follows:

(1) Ng S Ne, <:>VT1 SVTz’CTl < CTZ'VU1 ZVuz’Cu1 2 CUZ’VFl ZVFZ'CFI 2 CF2 3
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(2) Ny =Nep < Noy SNeyyNey SNy
@) N, YNg, :<( vV, Gy vGy, ) (Vu1 /\VUZ’CUIACUZ)’(VFl AVFZ’CFIACF2)>;
(4) NN, = <(VT1 AV;,, Cry ACTZ)'(VU1 VW2, Gy v CUZ)’(VFl VVe,,Chy VCF2)> ;
®G c1) <(VF1, Ce1).(1-Vy1,1-Cyy) (Vi CT1)> (Complement of nc1);

(6) N,

<(VT1+VT2 VT T2’CT1+CT2 CTICTZ)’>'
(VU1VU2’CUlCI2) (VFlVF27CFlCF2)

7 n ®n <(VT1VT2’CT1CT2) (Vu1+vu2_Vu1Vu2’Cu1Cu2_Cu1Cu2),>.
C c2 ™ (VFl +VF2 _VF1VF2’CF1 + C|:2 _CFlCFZ)
1-(1-V,,) 1-(1-C,,) ),
(8) é’nm— ( ( Tl) ( Tl) ) ,é’>0;

(Vi G51). (Va Cay)

T1 : 1_Vu1§’1_ 1_CU1§’
T A e e DA

(1—(1—VF1) ,1—(1—CF1)4)

2.1 Matrix Energy

Set M(dj1) for dii € R (all real numbers) (j, [=1, 2, ..., b) as a b x b matrix, which is represented as

dll dlz b dlb
M= T @)
dor dez -+ duo

Then, ME of M(dj) is introduced below [1]:

b 1 b
) =161 == 6, 3)
=" b4
where ¢ (j=1, 2, ..., b) are the eigenvalues of M(dj).
4)
Set the SVNM M(nsi) (j, I =1, 2, ..., b) as a b x b matrix [5]:
Nsi1 Nsi2 -+ Nsi
n n cee n
M (nSJ|) . S21 5:22 : S:Zb ) (5)
Nsp1  Nsb2  -++  Nsbp

where nsji is the SVNV nsji = <V, Vui, V> (j, 1 =1, 2, ..., b) that consists of the true, uncertain, and
false membership values Vi, Vui, Vi € [0, 1]. Then, the SVNM M(nsjr) can be divided into the true
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matrix M(V7j), the uncertain matrix M(Vuj), and the false matrix M(Vri), which is also represented as
the following SVNM form:

M (nsi) = (M (Vi ), M (Vi ), M (Ve ))

Vi Vi oo+ Vi | Mo Vuz -+ Vuw | |[Ver Ve - Vew
[ |Vt Vi o Vi | |Vua Vuz -+ Vum | |Vea Vez - Ve |- (6)
Ve Vmz -+ Vo | [Vur Ve -+ Vo | [ Ve Vw2 -+ Ve

In terms of the concepts of true, uncertain and false ME, the energy of the SVNM M(nsji) is

>, )

where prj, puj, and i (=1, 2, ..., b) are the eigenvalues corresponding to the three matrices M(V),

introduced below [5]:

E(M (nsi)) = (E[M (Vri1)], E[M (Vui1 )], E[M (V1)]) = <Z|ﬂn — pwr |'Z|#Uj — umul, Z|ﬂﬂ' — UmF

M(Vup), and M(Vri) and pmr, pmu, and pvr are the average values corresponding to the eigenvalues

i, puj, and g (=1, 2, ..., b). Then, there are the following equations [5]:

b b

(1) 2 em —pwr) =D (Vi = pawr ) =0;
=t =1

(2) Z(ﬂUj—,UMU)=Z(VUjj—,uMU)=O;
=t =1

@) 2 (ur —pwe) =3 (Ve — uwe) =0;
=1 j=1

b b
(4) Z(/ﬁj — pawrr)? :ZVTJZj +2 Z ViV —bufir ;
=1

1<j<I<b

b
(o — pwu )? :Zvuzﬂ +2 Z VuVui — by ;

=1
Eb:
=1 = 1<j<I<b
Eb:
=1

b
(/qu _:uMF)Z ZZVFZH +2 Z V|:j|V|:|j —b,w%u: .

=1 1<j<I<b

(6)

The lower and upper bounds of the true, uncertain, and false MEs and the true, uncertain, and

false credibility MEs are implied below [5]:

A 2

Z|,UT] —,uMT| -2 Z uri — pwr ||y — vt [+ b(B =DM (Vi) — pemr o <E[M (V)]
=

j=

1<j<l<b

2
< b{[zb]un —,LtMTU -2 Z |,uTj —,uMT”,uT. _,UMT|
j=1 1

<j<I<b
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1<j<I<b

b 2
J s - #Mul] =23 [ — oo san = s+ B0 =DM (Vo) ~ pwo | < E[M (V)]
J:l

<

(=2

: ;
[ Zlﬂw —ﬂMulJ ~2 3 |uui — o [0 — g |J

1<j<I<b

\/[zb],uﬂ ,UMF|] -2 Z |,qu ,uMF”,uF. ,LtMF|+b(b l)|M(VFJ|) ,uMF|2/b§E[M(VFj|)]

j=1 1< j<I<b

2
{(ZVIH ﬂMF|j =2 % |um — poe || - uw@

I<j<I<b

To compare SVNM energy magnitudes, the ranking values are given by a SVNME score function

H {E[M (n S,k)]} 2E[M (Vg ) ]+ E[M (Vi) |- E[M (V) ]. (®)

In view of the score values of Eq. (8), the ranking rules between E[M(nsz)] and E[M(nsu)] are

[5]:

presented below:
(@) If HIE[M(nsw)]} > H{E[M(nszk)] }, then E[M(nsw)] > E[M(nsx)];
(b) If H{E[M(nsp)]} < H{E[M(nsp)]}, then E[M(nsj1)] < E[M(nsp)];
(c) If H{E[M(nsp)]} = H{E[M(nsp)]}, then E[M(nsj1)] = E[M(nsp)].

3. SVNCM Energy

This section presents the concepts of SVNCM and SVNCM energy based on the energy of the
true, false, and uncertain fuzzy credibility matrices in the setting of SVNCMs.
Definition 1. Set the SVNCM M(ncp) (j, I=1, 2, ..., b) as a b x b matrix:

Nci1 Nciz -+ Ncw
Nc21 Nc22 -+ Nca

M (neji) = ) . P )
Ncor Ncb2z -+ Ncob

where ncji is the SVNCV ncji = <(Vrj, Crit), (Vui, Cupr), (Veir, Crt)> (j, 1=1, 2, ..., b) that consists of the true,
uncertain, and false membership values Vi, Vuy, Ve € [0, 1] and the true, uncertain, and false
credibility values Crj, Cuj, Crii € [0, 1]. Then, the SVNCM M(nsji) can be divided into the true matrix
M(Vmi), the uncertain matrix M(Vuj), and the false matrix M(Vri) and the true credibility matrix
M(Crji), the uncertain credibility matrix M(Cuj), and the false credibility matrix M(Crj), which is also
represented as the following SVNCM form:
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M (ncit) = (M (Vrir), M (C1) ), (M (Vuin), M (Cui) ), (M (Vi ), M (Cra) )

'Vrii Vriz -+ Vi | [Cra Criz -+ Crn

Viaa Vi - Vi | |Cra Crzz -+ Cra
| Ve V2 -+ Voo | [Crr Croz +++ Crop
"Vuir Vuiz -+ Vuw | [Cun Cuiz -+ Cum |

B Vuar Vuz -+ Vuan | |Cuzr Cuz -+ Cuw . (10)

| Vur  Vuez =+ Vuep | | Cur Cubz +-+ Cunp |
'Ver Vez o+ Vew |[Crt Criz -+ Cen |

Vea Ve - Ve | [Craz Cr2z <+ Cea
| Veor V2 =+ Ve | [Crr Croz o+ Crop |

Definition 2. Let the SVNCM M(ncp) (j, I =1, 2, ..., b) be a bxb matrix, which can be expressed as M(ncj)
= (M(Vm1), M(Cmp)), (M(Vui), M(Cup)), (M(VEn), M(Crp))), including the true, uncertain and false
matrices M(Vri), M(Vui) and M(Vri) and the true, uncertain and false credibility matrices M(Cry),
M(Cuji) and M(Crjt). Then ME of M(ncji) can be represented below:

(E[M (VT,-k )] E[M (CTjk )})
£ (e )]={ (E[M (V) E[M ()]
(E[M (Ve )] E[M(Cey )})

b b b
’Z j’ Z‘NTj_ﬂMT"Z‘ij_pMT‘J’ (D
= j=1 j=1

M=

18 1
Hry == D | D Py == 2 P
b b=

=1 -
b 1 b b 1 b b b

= Zluuj_BZ/’lUj !Z pUj_BZpUj I Z‘luuj_luMU"Z‘pUj_pMUU7
j=1 j=1 j=1 i=1 j=1 j=1

b

1 b
H; _BJZ_;,,UFJ' 'Z

-

1
2N

i1

b b
J Z;‘/UFJ' — Hye ‘ ' Z;‘ij ~ Pwvr ‘J
j= j=

where urj, puj, and gy (j=1, 2, ..., b) are the eigenvalues corresponding to the three matrices M(V1),

1 b
Pr _B;pﬁ

]

M(Vui), M(Vrp); prj, pujand prj (j=1, 2, ..., b) are the eigenvalues corresponding to the three credibility
matrices M(Cri), M(Cujr), M(Crjt); pvr, pmu, and pmr are the average values corresponding to the
eigenvalues urj, uuj, and w5 (j =1, 2, ..., b) and pwmr, pvu and pwmr are the average values corresponding
to the eigenvalues prj, pujand pri (j=1, 2, ..., b).

Especially when one does not consider the credibility values in the SVNCM M(ncji), E[M(ncj)] is
reduced to the SVNM energy of Eq. (3).

In terms of similar properties corresponding to SVNM [5], the SVNCM M(nci) (, 1 =1, 2, ..., b)

also contains the following equations:
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JZ;(MTJ puwr) = Z(Vm pmr)=0;
@ zbl:(ﬂUi—ﬂMU)ZZ(VUij—ﬂMU)=0;
(3) Zb:(/m — puwr) = Z(\/Fu pve) =0;
(4) Z(ﬂn fawir ) —ZVTu+2 > VeV — bl ;

=1 1<j<l<b

6) Z(,UUJ ,LlMU) _ZVUH +2 Z VU]|VU|j b:uMU ’

I<j<lI<b
(6) Z(,LLFJ )’ —ZVF”+2 Z VeVej — buise ;
j=1 j=1 1< j<I<b
b
(7) 2 (pn —pwr)= Z(cm pur)=0;
j=1 j=1
b
8) X (pu—pw)= Z(cu“ pwu)=0;
j=1

b

9) D (pr —pur)= Z(CFJJ pue)=0;
j=1

(10) Z(ij _pMT)z :Zc%ﬂ +2 z CTJ'|C-|-|J' —bpl%/IT ;

i=t j=1 1<j<I<b

(11) Z(PUJ pwu)’ _ZCUH +2 Z CuiiCuij —bpfiu ;
u=l 1<j<l<b

(12)Z(PF1 —pMF)2=Zc%n +2 Y ChCoy —bpie .
j=1 j=1 1<j<l<b

Furthermore, the lower and upper bounds of the true, uncertain, and false MEs are introduced

below:

\/[Zb]#n‘ —#MT|J =2 3" |y g |t = | +B O DM (V) — g | < EIM (V)]

=1 1<j<I<b

. ;
<\/b[ |,UTj_,MMT|J -2 Z |,uTj —,uMT||,uT| _,UMT|]

1< j<l<b

2
\/( |,MUJ ,UMU|] —22 |,ou ,uMU||,uU| ,uMu|+b(b 1)|M(\/UJ|) /lMu|2/bSE[|V|(VUj|)]
i=1

I<j<l<b

2
<\/b{ D | —,LlMU|] -2 Zb|,uu1 —,umu”,uu. — My |]
I<j<I<
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=1 1<j<l<b

\/[Zb]/m —umdj ~2 " [uri — powe | |peer — powe |+ B0 ~D)[M Vi) — e | < E[M (V)]

(=2

: ;
<J ( ZI#H ﬂMFIj ~2 % |umi — pve || - ,UMF|J

I<j<I<b

\/( |pTJ pMT|] —22 |ij ,0MT||p-|-| pMT|+b(b 1)|M(CT]|) pMT|2/bSE[M(CTj|)]
j=1

I<j<I<b

2
\/b{ > o - pMTIj -2 Z,b|pn pur || pn - pMT|J
j<«l<

7

IN

2
J[ lpu - pmu|] =23 |pu = pw o = pwu | +bB-1)M (Cun) — puu| " < EIM (Cun)]
j=1

I<j<lI<b

IN

I<j<I<b

: ;
\/b[ lew pmulJ -2 |pui = pwul|pu - pmu@

i=1 1<j<l<b

A 2
\/(2|ij ,0MF|] -2 Z |ij pMF||p|:| pMF|+b(b 1)|M(CFJ|) pMF|2/b§E[M(CFj|)]

2
HZIPH pMFIJ -2 |pr - pue||pn - pMF|]

I<j<l<b

To compare two SVNCM energy magnitudes, we present the score function of the SVNCM
energy E(M(nci)) (j, 1=1,2, .., b;i=1,2):

z {E (M (nCiik ))} ZE[ ( Tijk )J E [M (CTiJ'k )]J” E [M (Vunk )J E [M (CUiJk )]_ E [M (VFiik )J E [M (CFijk )J -(12)

In view of the score values of Eq. (12), the ranking rules between E(M(nciji)) and E(M(nczjt)) are
presented below:
(a) If Z{E[M(ncp)]} > Z{E[M(nc2i)]}, then E[M(ncii)] > E[M(nczit)];
(b) If Z{E[M(ncjn)]} < Z{E[M(nc2i)]}, then E[M(ncii)] < E[M(nczii)];
(c) If Z{E[M(ncijp)]} = Z{E[M(nc2i)]}, then E[M(nciji)] = E[M(nczi)].
Example 1. Assume that there are two SVNCMs:
<(0.6,0.7),(0.3,0.7),(0.2,0.7) > <(0.5,0.6),(0.5,0.8),(0.3,0.6) > <(0.7,0.6),(0.1,0.5),(0.3,0.9) > |
M (ng,;) =| <(0.8,0.7),(0.2,0.8),(0.1,0.8) > <(0.8,0.8),(0.2,0.8),(0.4,0.6) > <(0.3,0.8),(0.2,0.6),(0.1,0.6) >
<(0.7,0.9),(0.1,0.9),(0.3,0.8) > <(0.7,0.5),(0.2,0.6),(0.1,0.9) > <(0.8,0.5),(0.3,0.6),(0.5,0.8) > |

~

<(0.5,0.6),(0.2,0.8),(0.3,0.8) > <(0.6,0.7),(0.6,0.8),(0.2,0.8) > <(0.6,0.6),(0.1,0.7),(0.2,0.8) > |
M (n,;) =| <(0.7,0.7),(0.2,0.7),(0.2,0.9) > <(0.7,0.7),(0.1,0.8),(0.3,0.7) > <(0.2,0.7),(0.4,0.7),(0.3,0.7) > |"
<(06,0.8),(0.1,0.7),(0.1,0.8) > <(0.6,0.6),(0.1,0.6),(0.1,0.7) > <(0.7,0.6),(0.2,0.8),(0.4,0.5) > |

Then, their SVNCM energy and ranking order are given by the following results:
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Using Eq. (11), there are E[M(nci)] = <(2.4559, 2.7161), (0.8413, 2.8041), (0.8193, 3.1193)> and
E[M(nc)] = (2.1708, 2.7372), (0.9355, 2.8000), (0.6916, 3.1601)>.

Using Eq. (12), since Z{E[M(nci)]} = 13.1444 > Z{E[M(ncz))]} = 12.3177, there is E[M(ncip)] >
E[M(ncj)].

4. MAGDM Model

This section establishes a MAGDM model based on the SVNCM energy and score function in
the setting of SVNCMs.

Considering a MADM problem, there are a group of alternatives and a group of attributes,
denoted respectively by Gs = {Gsi, Gsz, ..., Gss} and Cs = {Cs1, Csz, ..., Csp}. A group of decision
makers/experts, denoted as Es = {Esi, Es, ..., Es}, is invited to assess the satisfiability levels of each
alternative over the attributes and the weight vector of the decision makers/experts is specified as é&;
= <(bn, Oc1j), (Ouj, bcw)), (65, Gcrj)> (j=1,2, ..., 7).

In this MADM problem, the SVNCM energy can be used to build a MADM model in the
following steps:

Step 1: The decision makers/experts specify the SVNCV weights of the attributes by Acixk = <(Azj, Acti),
(Aug, Acux), (Aeik, Acr)> (j=1,2, ..., k=1,2, ..., b) for Amk, Acti, Aui, Acuj, Arik, Aceik € [0, 1], and then
they are constructed as the weight matrix of the attributes:

Csi Csz - Csp

Es: |Adcu  Aciz -+ Acw
M(Acik) =ES2 | Acar Aczz -+ JAcab |. (13)
Es: Act Acrz -0 Acw

Step 2: Decision makers/experts evaluate their satisfiability levels of each alternative Gsi over
attributes Csk by providing the SVNCVs ncijx = <(Vri, Crix), (Vui, Cuii), (Vri, Cri)> (i=1,2, ..., a;j=1,
2,...,1k=1,2,...,b), and then the i-th SVNCM for Gs: can be built below:

Nciir Ncizz ... Nciw
Nciz1  Ncizz ... Nciw

M (ncuk ) =| . ) .. (14)
Nciri  Ncirz ... Ncib

Step 3: In view of the influence of the decision makers/experts’ weights & on the i-th SVNCM for Gs;,
the weighted SVNCM can be obtained below:
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ME 6 Cljk):

(aT Vi chcnu) (9T1VTi12’ 9CT1CTi12 )
(9u1 +Vu|11 6 VUIll’ Hcm + CU|11 - 90u 1CUi11)’ (9u1 +Vuuz '9 Vu|12 ' 6cu1 + Cuuz ecu 1Cu|12

0 +VF|11 gFlvFill’ €CF1 + CFill - HCFlcFill) (HFI +VFi12 - 0F1VFi12 ! €CF1 + CF|12 9CF1CF|12

(gFZ +VFi21 eFZVF|21’ QCFZ +CF|21 GCFZCFlzl) 0F2 +VFi22 _HFZVFiZZYQCFZ +CFk22 CFZ F|22

9 U|r2 6 VU|r2'0CUr+CUir2 0CUr U|r2

(‘9 +VU|r1 9 VUlrl' QCUr + CUlrl _ecurCUirl)’
C (HFr +VFir2 _gFrVFirZ'QCFr +CF|r2 CFr F|r2

Firl)

(6 VTII'l’ HCTI'CTITI) <( Tir2? ecTrCan)
(

(HFr +VF|rl 0 VFlrl' QCFr + CF|r1 HCFr

(€U1 +VUi1b - HU lVUilb ’ 90U1 + CUI].b HCU 1CUI1b )

(6 VT|21’ QCTZCT|21) (QTZVTIZI’ HCTZCTIZ].)
(0U2 +VUi21 _QUZVUiM’eCUZ +CUi21 HCUZCUQI) (9U2 +VUi22 _HUZVUiZZ’e(ZUZ +CUi22 CUZ U|22
(gFl +VFilb - HFlVFilb ' HCFI + CFllb HCFICFIlb ) >

<

<(9T1VT1b Ocr:Crisy )

(6r Mrizn: OcroCrizy )

(Huz +Viizo = & Muizo 1 Ocu2 + Cuizp = Oeu2Cuize ) )

(62 +Veio — 0 Veizg: Ocr 2 + Crizy —Oer Cring)
: .(15)

(0 Vriess Ocr Criy )

(o +Vaies = OoVuiew+ Oeur +Cuies = O Cuinn )

(G +Vei, = O Veirs Ocrr + Crivy — O Criny )

Step 4: In view of the influence of the attribute weights Acik on the i-th SVNCM for Gs;, the weighted

SVNCM can be obtained below:
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MC j’C]k ®nCuk

/’{T VTlll’ ﬂ‘CTll Tlll) ﬂ’flz Ti12» ﬂ'CTlZCTﬂZ )

(/’{Ull +VU|11 lel Ulll’/lcull +CUi11 _/ICUMCUill)’ (AU U|12 ﬂ‘UlZ U|12’ﬂ'CU12 +CUi12 _ﬂCUlCUiZlZ)’
(/’{’Fll +VF|11 /1F1VF|11’ ﬂ'CFll + CFlll ﬂ’CFl:LCFlll) (ﬂ’F:LZ +VF|12 A’FIZVFHZ ! ﬂ’CFlZ + CFi12 - /ICF:LZCFilZ )

(A’TZI T|21’ﬂ’CT2 T|21) (ﬂ’T TIZZ’A’CTZZ T|22)
(
(

(AUZ]. ui21 AUZl U|21'ﬂ'CU21 U|21_ACU21CUi21)’ AUZZ +VUi22 ﬂ‘UZZ UIZZ‘ﬂ’CUZZ +CUi22 _ﬂ'CUZZCUiZZ)’
(A‘FZLl +VF|21 AF21VF|217 ﬂ’CFZl + CFI21 ﬂ’CFZ:lCFi21) AFZZ +VFi22 - /1F22VFi22 ' /1CF22 + CFi22 - ACFZZCFiZZ)

( T|r27 iCTrZCTirZ)V
(ﬂUrZ +VUir2 - ﬂUrZVUirZ ) /qvcwz + CUirZ - %UrZCUirz )v
(ﬁ'FrZ +VF|r2 /IFrZVFer'ACFrZ + CFirZ _ACFrZCFirZ)

(/‘tFr1 +Vein = A Neins Ace +Crin — /1CFr1CF|r1)

AV AcrCrins )

s Vi = AoV Acuss + Cuizs = AcuCuinn )

’1F1b +VFi1b - j’FleFilb ' j’CFlb + CFilb - iCFthFilb )

IraVrizns A 2Crizs )

Az +Viz = A zsVuizs s Acu 2w + Cuizs = Acu2Cuizs )
At 2 +Veiz = AeapVeizns Ak 20 + Crizo — Acg 20Crizo )

(ATr Tirl? /1CTr1 Tlrl)

(ﬂUrl Uirl ﬂUrlNUirl’ ACUrl + c:Uirl - ACUrlcuirl)
(
(
(

AAA

. (16)
(Vi ActesCriw )

(oo + Vo = AoV Ao + Cuies = AcunCuins ),
(e + Ve = AV Ak + Crins = AceCrino)

Step 5: Based on the above weighted SVNCMs, we obtain the collective SVNCMs M(ncix) =
<(M(Vriir), M(Criit), (M(Vuin)), M(Cui), (M(VEii), M(Cri)> (j, 1=1, 2, ..., 1;i=1, 2, ..., a) by calculating
the true, false and uncertain squire matrices and the true, false and uncertain credibility squire

matrices:

M ( lel) (ﬂ'nk lek) [ (eijlek )i|
/lranill ﬁ'TlZVTi12 o ﬂ’l'leTilb ‘9T 1VTi11 0T 2VTi 21 77 eTrVTirl
_ j121\/Ti21 ATZZVTiZZ o ZTZbVTiZb 9 ‘9T1VTi12 gT ZVTiZZ t gTrVTirZ ! (17)

ﬂ'rr1VTir1 /lrrszirz ﬂTrbVTirb eTlvTilb 9T2VTi2b ‘9TrVTirb
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T
M (VUijI ) = Mc (/’ink +VUijk - /’inkVUijk )X [M E (GUi +VUijk - QUjVUijk )}

ﬂun +VUill - ﬂunvum 2U12 +VUi12 _ﬂUleUilz ﬂUlb +VUilb _;iU1bVUilb
_ ﬂ‘UZl +VUi21 - 2021VUi21 ﬂuzz +VUi22 - ﬂ‘UZZVUiZZ ﬂuzb +VUi2b _AUZbVUiZb , (18)

ﬂum +VUirl - ﬂUrlvuirl ZUrZ +VUir2 - ZUrz\/Uir ﬂum +VUirb - Z‘UrbVUirb
‘9u1 +Vum - ‘9u 1VUi11 eu 2 +VUi21 - ‘9u 2VUi21 o ‘9Ur +VUir1 - ‘9UrVUir1
% 0U1 +VUi12 - HUlVUilz euz +VUi22 - eu 2VUi22 o HUr +VUir2 - GUrVUirZ
9u1 +VUi1b - Hllvuilb 0u2 +VUi2b - ‘9| 2VUi2b 0Ur +VUirb - 0UrVUirb

M (VFijI ) = Mc (ﬂij +VFijk _ﬂ’ijVFijk )x [M E (‘9Fj +VFijk _eFjVFijk ):|T

/1F11 +VFi11 - /1F11VFi11 A’Flz +VFi12 - /1F12VFi12 /1F1b +VFi1h —Weyp NFilb
_ ﬂ’FZl +VFi21 - ﬂ’F 21VFi21 ﬂ’F 22 +VFi22 - A’FZZVFiZZ /IFZb +VFi2b —Wepp NFiZb ! (19)
A tVein = AenVein - Ae2 tVe = AeaVee 0 Aew T Vein — AenVein
HFl +VFi11 - HFlvFill HFZ +VFi21 - ‘9F ZVFi21 e ‘9Fr +VFir1 - eFrVFirl
y 9|=1 +V|=i12 - 9F1VFi1z er +VFi22 _HFZVFiZZ eFr +VFir2 _gFrVFirZ
Ocs Ve = O Ve Oro + Ve =0oNeiay - O + Ve =0 Ve,

T
M (CTijI ) =M. (ﬂ“TjkCTijk)X[M E (eTjCTijk )]

ﬂ'TllcTill ﬂ'rlzcmz ﬂ’leCTilb ‘9T1CTi11 0T2CTi21 eTrCTirl
_ /1T21CTi21 //{’TZZCTiZZ //{’TZbCTiZb N 0T1CTi12 eTchizz HTrCTirz ! (20)

ﬂTrlCTirl ﬂ'TrZCTirZ ﬂTrbCTirb eTlCTilb 9T 2CTi2b eTrCTirb
T
M (Cuijl ) = Mc (ﬂuj'k + CUijk - ﬂUjkCUijk ) X [M E (guj' + CUijk - eujcuijk )]

ﬂ’lll + Cum _ﬂuncum /1U12 + CUilZ - ﬂuucuuz ﬂUlb + CUilb _ﬂ‘UleUilb
_ AUZl +CUi21 _ﬂU21CUi21 ﬂuzz + CUi22 _/iuzzcumz ﬂuzb +CUi2b _ﬂUZbCUiZb , (21)

ﬂum + CUirl - ﬂUrlcuirl ﬂUrZ + CUirZ _/L.Jrzcuurz AUrb + CUirb _ﬂUrbCUirb
0u1 + CUill - eu lCUill Hu P CUi21 - '9u ZCUi21 o HUr + CUir1 - QUrCUirl
% 0u1 + CUilZ - 9U1CUi12 Hu 2t CUi22 - gu 2CUi22 o HUr + CUirZ - QUrCUirZ
9u1 + CUilb - eu 1CUi1b Hu 2t CUiZb - eu ZCUiZb o 9Ur + CUirb - 9UrCUirb
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M (CFijI ) = Mc (ﬂ’ij + CFijk _ﬂ’ijCFijk )X[M E (gFj +CFijk - eFjCFijk )]T

Ay +Chip —4:4,C A, +Cripy —A4:1,C Ay +C A-,C

Fl1 Fill F11“Fk1l F12 Fil2 F12~Fi2 F1b Filb — 7“F1b“Filb
. 22
_ ﬂle + CFiZl - /1F21CFk21 lez + CFiZZ - }“FzzCFizz ﬂ’FZb + CFiZb - ﬂ’FZbCFiZb 22)
A +Crin = AenCrin Aro ¥ Cria = 4eCrirs - ey + Criy = AenCrin
Ors +Crity =0 Criy Orp +Cring =0:,Criny -+ O +Criy =60, Cpypy
% eFl + CFilZ - eFlcFilz HFZ + CFi22 - ‘9F2CFi22 ‘9Fr + CFirZ - eFrCFirZ
O1+Criy =OriCriny Oy +Crizy =OrCrizy + Or +Crip, =0 Criy

Step 6: The respective SVNCV matrix energy values for each alternative can be obtained by Eq. (11).
Step 7: The SVNCM energy score values of for each alternative Gsi (i=1, 2, ..., a) are calculated by Eq.
(12).

Step 8: According to the score values, all alternatives are ranked in descending order and the
alternative with the largest value is the best.

5. MAGDM Application in Primary School Site Selection

5.1 Actual Example of Primary School Site Selection

In recent years, Shaoxing's level of economic development has risen in China, and as the city's
framework has been further expanded, the city's population has dispersed to multiple centers. It is
necessary to build a new primary school in a suitable position of Shaoxing City in China. In this
section, the feasibility and validity of the MAGDM model in a SVNCM environment are verified
through an actual example of primary school site selection in Shaoxing.

By analyzing the city framework and population distribution in Shaoxing, the decision
department provides four potential locations as a set of alternatives Gs = {Gs1, Gs2, Gss, Gss}. In the
assessment issue of the alternatives, the four main requirements/attributes of the school site can be
considered by construction cost (Cs1), regional population (Csz), transport facilities (Css) and regional
environment (Css). For this siting decision problem, a group of three experts Es = {Esi, Esz, Ess} is
invited to evaluate the best alternative among them, and then the three experts' SVNCV weights are
specified as 6c1=((0.8, 0.7), (0.1, 0.8), (0.2, 0.7)), 62=((0.7,0.6), (0.2, 0.7), (0.3, 0.7)), and & =((0.6,0.8),
(0.2,0.6), (0.1, 0.9)).

The MAGDM model based on the SVNCM energy proposed in the above section can be applied
to the site selection problem of this school in the following steps:

Step 1: The three experts specify the SVNCV weights of the attributes by Acjk = (A1, ActiK), (Aujk, Acuik),
(A, Acriv)y (j=1,2,3; k=1, 2,3, 4) for Amk, Actik, Aujk, Acujk, Ak, Acrjx € [0, 1], and then they are constructed

as the weight matrix of the attributes:
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((0.8,0.8),(0.1,0.7),(0.3,0.8)) ((0.6,0.9),(0.2,0.8),(0.1,0.7))
M (Ag) =| ((0.7,0.7),(0.2,0.6),(0.1,0.7)) ((0.6,0.8),(0.2,0.7),(0.2,0.6))
((0.8,0.7),(0.3,0.7),(0.2,0.6)) ((0.7,0.9),(0.2,0.7),(0.2,0.7)) |

((0.8,0.6),(0.4,0.9),(0.3,0.8)) ((0.7,0.7),(0.1,0.7),(0.2,0.6))
((0.6,0.7),(0.1,0.8),(0.1,0.9)) ((0.9,0.6),(0.1,0.8),(0.2,0.9))
((0.9,0.9),(0.2,06),(0.3,0.8)) ((0.8,0.8),(0.2,0.7),(0.1,0.8))

Step 2: Decision makers/experts evaluate their satisfiability levels of each alternative Gsi over

attributes Csk by providing the SVNCVs ncijx = <(Vrik, Crix), (Vuix, Cuijx), (Vrix, Crig)> (i, k=1,2, 3, 4; j =
1, 2, 3), and then SVNCMs for Gsi for i =1, 2, 3, 4 can be built below:

((0.7,0.8),(0.2,0.7),(0.1,0.8)) ((0.6,0.7),(0.1,0.8),(0.3,0.7))
M (e, ) ={((0.6,0.7),(0.1,0.8),(0.2,0.6)) ((0.7,0.9),(0.2,0.7),(0.3,0.8))
((0.8,0.8),(0.4,0.7),(0.2,0.7)) ((0.8,0.7),(0.3,0.7),(0.2,0.8))

(
((0.8,0.8),(0.1,0.8),(0.3,0.8)) ((0.9,0.8),(0.3,0.7),(0.2,0. »
((0.7,0.8),(0.2,0.7),(0.3,0.7)) ((0.8,0.7),(0.1,0.7), 0206»
((0.8,0.7),(0.3,0.7),(0.2,0.8)) ((0.6,0.8),(0.2,0.8),(0.1,0.9))
((0.7,0.7),(0.2,0.7),(0.3,0.6)) ((0.7,0.8),(0.2,0.7),(0.3,0.7))
M (e, )= ((0.8,0.6),(0.3,0.6),(0.2,0.7)) ((0.9,0.7),(0.3,0.7),(0.2,0.8))
((0.7,0.8),(0.2,0.7),(0.3,0.8)) ((0.8,0.7),(0.1,0.8),(0.2,0.9))
((0.8,0.9),(0.2,0.8),(0.3,0.7)) ((0.6,0.7),(0.1,0.7),(0.3,0.6))
((0.9,0.7),(0.4,0.6),(0.3,0.7)) ((0.8,0.7),(0.1,0.8),(0.1,0.9)) |,
((0.8,0.6),(0.1,0.7),(0.2,0.8)) ((0.7,0.8),(0.2,0.8),(0.3,0.7))
((0.7,0.8),(0.2,0.6),(0.1,0.7)) ((0.9,0.8),(0.2,0.7),(0.3,0.6))
M (ncay ) =] ((0.6,0.9),(0.2,0.7),(0.3,0.8)) ((0.8,0.8),(0.2,0.7),(0.1,0.9))
((0.8,0.7),(0.1,0.8),(0.2,0.7)) ((0.7,0.9),(0.1,0.8),(0.3,0.8))
((0.7,0.8),(0.2,0.7),(0.3,0.7)) ((0.6,0.8),(0.2,0.8),(0.3,0.8))
((0.9,0.8),(0.2,0.6),(0.1,0.8)) ((0.8,0.9),(0.1,0.9),(0.3,0.7)) |,
((0.8,0.7),(0.1,0.7),(0.2,0.7)) ((0.7,0.8),(0.3,0.7),(0.1,0.8))
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((0.9,0.7),(0.2,0.7),(0.1,0.8)) ((0.8,0.8),(0.2,0.8),(0.2,0.7))
M (ne.; ) =1((0.7,0.8),(0.3,0.7),(0.2,0.9)) ((0.8,0.8),(0.3,0.7),(0.1,0.8))
((0.8,0.9),(0.1,0.8),(0.1,0.8)) ((0.9,0.7),(0.1,0.8),(0.3,0.7
((0.7,08),(0.,07),(0.3.0.7)) {(0.6,08).(0-2,0.8).(
((0.9,0.7),(0.2,0.8),(0.1,0.8)) ((0.8,0.7),(0.4,0.8),(0.2,0.7
((0.7,0.8),(0.2,0.9),(0.2,0.9)) ((0.7,0.8),(0.3,0.7),(0.1,0.9))

Step 3: In view of the influence of the decision makers/experts’ weights é&; on the four SVNCMs for
Gsifori=1, 2, 3, 4, the weighted SVNCMs using Eq. (15) can be obtained below:

)
0.7,0.8),(0.1,0.7),(0.3,0.7 0.6,0.8),(0.2,0.8), O.3,0.6)>
)

((0.56,0.56),(0.28,0.94),(0.28,0.94)) ((0.48,0.49),(0.19,0.96),(0.44,0.91))
M (6 ®ng,; ) =|((0.42,0.42),(0.28,0.94),(0.44,0.88)) ((0.49,0.54),(0.36,0.91),(0.51,0.94))
((0.48,0.64),(0.52,0.88),(0.28,0.97)) ((0.48,0.56),(0.44,0.88),(0.28,0.98))
((0.64,0.56),(0.19,0.96),(0.44,0.94)) ((0.72,0.56),(0.37,0.94),(0.36,0.88))
((0.49,0.48),(0.36,0.91),(0.51,0.91))  {(0.56,0.42),(0.28,0.91),(0.44,0.88)) |,
((0.48,0.56),(0.44,0.88),(0.28,0.98)) ((0.36,0.64),(0.36,0.92),(0.19,0.99))
((0.56,0.49),(0.28,0.94),(0.44,0.88))  ((0.56,0.56),(0.28,0.94),(0.44,0.91))
e (0 ®nc,; )= ((0.56,0.36),(0.44,0.88),(0.44,0.91)) ((0.63,0.42),(0.44,0.91),(0.44,0.94))
((0.42,0.64),(0.36,0.88),(0.37,0.98)) ((0.48,0.56),(0.28,0.92),(0.28,0.99))
(o 64,0.63),(0.28,0.96),(0.44,0.91)) ((0.48,0.49),(0.19,0.94),(0.44,0.88))
((0.63,0.42),(0.52,0.88),(0.51,0.91)) {(0.56,0.42),(0.28,0.94),(0.37,0.97)) |,
((0.48,0.48),(0.28,0.88),(0.28,0.98)) ((0.42,0.64),(0.36,0.92),(0.37,0.97))

((0.56,0.56),(0.28,0.92),(0.28,0.91)) {(0.72,0.56),(0.28,0.94),(0.44,0.88))
e (6 ®ncyy ) = ((0.42,0.54),(0.36,0.91),(0.51,0.94))  ((0.56,0.48),(0.36,0.91),(0.37,0.97))
0 48,0.56),(0.28,0.92),(0.28,0.97)) ((0.42,0.72),(0.28,0.92),(0.37,0.98))
((0.56,0.56),(0.28,0.94),(0.44,0.91)) ((0.48,0.56),(0.28,0.96),(0.44,0.94))
0.63,0.48),(0.36,0.88),(0.37,0.94)) ((0.56,0.54),(0.28,0.97),(0.51,0.91)) |,
((0.48,0.56),(0.28,0.88),(0.28,0.97)) ((0.42,0.64),(0.44,0.88),(0.19,0.98))
((0.72,0.49),(0.28,0.94),(0.28,0.94)) ((0.64,0.56),(0.28,0.96),(0.36,0.91))
e (0 ®ncyy ) =| ((0.49,0.48),(0.44,0.91),(0.44,0.97)) ((0.56,0.48),(0.44,0.91),(0.37,0.94))
((0.48,0.72),(0.28,0.92),(0.19,0.98)) ((0.54,0.56),(0.28,0.92),(0.37,0.97))

(
((

(o 56,0.56),(0.19,0.94),(0.44,0.91)) ((0.48,0.56),(0.28,0.96),(0.44,0.88))
((0.63,0.42),(0.36,0.94),(0.37,0.94)) ((0.56,0.42),(0.52,0.94),(0.44,0.91)) |.
((0.42,0.64),(0.36,0.96),(0.28,0.99)) ((0.42,0.64),(0.44,0.88),(0.19,0.99))

Step 4: In terms of the influence of the attribute weights Acik on the four SVNCM:s for Gsi fori=1, 2,
3, 4, the weighted SVNCMs using Eq. (16) can be obtained below:
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((0.56,0.64),(0.28,0.91),(0.37,0.96)) ((0.36,0.63),(0.28,0.96),(0.37,0.91))
Me (g ®neyy ) =| ((0.42,0.49),(0.28,0.92),(0.28,0.88)) ((0.42,0.72),(0.36,0.91),(0.44,0.92))
((0.64,056),(0.58,0.91),(0.36,0.88)) {(0.56,0.63),(0.44,0.91),(0.36,0.94))
(0.
0.
0.

64,0.48),(0.46,0.98),(0.51,0.96)) ((0.63,0.56),(0.37,0.91),(0.36,0.84))
42,0.56),(0.28,0.94),(0.37,0.97)) {(0.72,0.42),(0.19,0.94),(0.36,0.96))
( (

)(
)(

(0.72,0.63),(0.44,0.88),(0.44,0.96)) ((0.48,0.64),(0.36,0.94),(0.19,0.98))
):(

(

(

((0.56,0.56),(0.28,0.91),(0.51,0.92)) ((0.42,0.72),(0.36,0.94),(0.37,0.91))
¢ (g ®nezy ) =| ((0.56,0.42),(0.44,0.84),(0.28,0.91)) ((0.54,056),(0.44,0.91),(0.36,0.92))

((0.56,0.56),(0.44,0.91),(0.44,0.92)) ({(0.56,0.63),(0.28,0.94),(0.36,0.97))

((0.64,054),(0.52,0.98),(0.51,0.94)) ((0.42,0.49),(0.19,0.91),(0.44,0.84))
((0.54,0.49),(0.46,0.92),(0.37,0.97)) ((0.72,0.42),(0.19,0.96),(0.28,0.99)) |,
((0.72,0.54),(0.28,0.88),(0.44,0.96)) ((0.56,0.64),(0.36,0.94),(0.37,0.94))

) )

((0.56,0.64),(0.28,0.88),(0.37,0.94)) ((0.54,0.72),(0.36,0.94),(0.37,0.88
Mo (Ao ® gy ) = | ((0.42,0.63),(0.36,0.88),(0.37,0.94))  ((0.48,0.64),(0.36,0.91),(0.28,0.96))
((0.64,0.49),(0.37,0.94),(0.36,0.88)) ((0.49,0.81),(0.28,0.94),(0.44,0.94))
((0.56,0.48), (0. 52,0.97),(0.51,0.94)) ((0.42,0.56),(0.28,0.94),(0.44,0.92))
((0.54,0.56),(0.28,0.92),(0.19,0.98)) ((0.72,0.54),(0.19,0.98),(0.44,0.97))
((0.72,0.63),(0.28,0.88),(0.44,0.94)) {(0.56,0.64),(0.44,0.91),(0.19,0.96))
((0.72,0.56),(0.28,0.91),(0.37,0.96)) {(0.48,0.72),(0.36,0.96),(0.28,0. 91)
¢ (g ®ncay ) =| ((0.49,056),(0.44,0.88),(0.28,0.97)) ((0.48,0.64),(0.44,0.91),(0.28,0.92))
((0.64,0.63),(0.37,0.94),(0.28,0.92)) ((0.63,0.63),(0.28,0.94),(0.44,0.91))
(o 56,0.48),(0.46,0.97),(0.51,0.94)) ((0.42,0.56),(0.28,0.94),(0.44,0.84))
((0.54,0.49),(0.28,0.96),(0.19,0.98)) ((0.72,0.42),(0.46,0.96),(0.36,0.97)) |.
((0.63,0.72),(0.36,0.96),(0.44,0.98)) ((0.56,0.64),(0.44,0.91),(0.19,0.98))
Step 5: Using Egs. (17)—(22), we obtain the collective SVNCMs M(ncik) = <(M(Vrir), M(Crit), (M(Vuin),

M(Cuip), (M(Vrir), M(Crin)> (j, I =1, 2, 3; i =1, 2, 3, 4), where M(Vmji), M(Cri), (M(Vuit), M(Cui), and
(M(VFii), M(Crit) are given as follows:

1.3496 1.0780 0.9756 1.1600 1.2166 0.9204 |
M (Vy,;)=[1.2240 1.9912 0.8640 |, M (V;,;)=|1.3072 1.3972 1.0560 |,
1.4336 1.1648 1.0944 1.3568 1.4336 1.0848 |
1.2176 1.1256 0.9408 1.3408 1.2096 1.0164]
M (V;y;)=[1.2288 1.1886 0.9648 |, M(V;,;)=|1.3080 1.2523 1.0236 |,
1.3832 1.3104 1.0938 1.4856 1.3769 1.1472]
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[0.3559 0.4484 0.6044 [0.3609 0.6052 0.4156 ]
M (Vyy; )=|0.2703 0.3620 0.4956 |, M (V,,;)=|0.4113 0.6796 0.4788,
|0.4628 0.5800 0.8184 10.3484 05632 0.4448 |
[0.4032 0.4960 0.4480 [0.3450 0.5928 0.4680]
M (Vys)=|0.3332 04132 0.3636| M (V,,;)=|0.4284 0.7272 0.5496|,
0.3836  0.4580 0.4540 10.3736  0.6444 0.5052 |
0.6204 0.7700 0.4184 0.8052 0.8101 0.5979
M (Vey;)=|0.5644 0.6947 0.3736|, M (V,,;,)=|05676 05739 0.4116,
0.5212 0.6500 0.3609 0.7084 0.7133 0.5237
0.6844 0.7387 0.4669 | [0.6224 0.6487 0.4003
M (Ve )=|0.5040 05870 0.3440|, M (V,,,)=|04212 0.4555 0.2784,
0.5716 0.6061 0.4229 | 105140 0.5324 0.3753
1.2495 1.0746 1.3896] [1.2579 0.9366 1.3344
M (Cy;)=|1.1760 1.0398 1.2992|, M (C,,;)=|1.0339 0.7686 1.0864 |,
13335 1.1466 1.4736 1.2810 0.9618 1.3800
1.3440 1.2240 1.5040] 1.2600 1.0512 1.4720
M (Cysy)=|1.3272 1.2078 1.4728|, M(C,,;)=|1.1424 09582 1.3440|,
1.4392 13014 1.6200 | 1.4231 1.1760 1.6768
(35732 3.4489 3.3452] (35352 3.3740 3.3652
M (Cyy;)=|3.5244 3.4037 3.3024|, M(C,,;)=|3.4306 3.2793 3.2692|,
34574 3.3397 3.2408 | 134674 3.3142 3.3048
(35074 3.4216 3.3552] (359012 3.4971 3.4788
M (Cys; )=|34706 3.3891 3.3188|, M(C,,;)=|35248 3.4337 3.4132|,
134492 33679 3.3048 35620 3.4686 3.4520
(33721 3.3130 3.5954 [3.2323 3.3628 3.5385
M (Cp,;)=|34210 3.3667 3.6562|, M(C.,;)=|3.3919 3.5359 3.7135|,
34474 33940 3.6858 3.3931 35344 3.7145
3.3500 3.4580 3.5876 3.3251 3.4346 3.5857
M (C,;;)=|35038 3.6187 3.7538|, M(C,,;)=|3.4944 3.6096 3.7735|.
3.3858 3.4962 3.6274 3.4471 35608 3.7247

Step 6: Using Eq. (11), the respective SVNCM energy values for all alternatives can be obtained
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below:

E[M(ncy)] = <(4.4771, 4.9817), (2.0120, 13.6191), (2.2225, 13.8893)>;

E[M(ncjr)] = <(4.8330, 4.5180), (1.9188, 13.4854), (2.5293, 13.9709)>;

E[M(ncsir)] = <(4.5915, 5.5376), (1.6398, 13.5913), (2.1478, 14.1255)>;

E[M(ncs)] = <(4.9048, 5.1673), (2.0910, 13.9646), (1.8518, 14.2063)>.
Step 7: Using Eq. (12), the SVNCM energy score values for each alternative Gs:i (i = 1, 2, 3, 4) is
calculated and given as follows:

Z{E[M(ncw)]} = 41.1393, Z{E[M(nc2it)]} = 34.2103, Z{E[M(ncsi)]} = 42.8003, and Z{E[M(ncsi)]} =
53.5819.
Step 8: According to the score values, the ranking order of the four alternatives is Gss > Gs3 > Gs1 > Gs2

and the best one is Gsa.

5.2 Comparative Investigation of the Decision Results Between SVNM and SVNCM Scenarios

Since the existing MAGDM model [5] introduced in the SVNM scenario cannot perform the
school site selection problem in the SVNCM scenario, we must ignore all the credibility values in
SVNCMs as a special case of the site selection problem. Thus, we can apply the existing MAGDM
model based on SVNM energy in the above site section problem to compare the proposed model with
the existing model in the SVNM and SVNCM scenarios.

Based on the MAGDM algorithm in [5], we can obtain the respective SVNM energy values for
all alternatives Gsi (i=1, 2, 3, 4):

E[M(mp)] = <4.4771, 2.0120, 2.2225>, E[M(n2i)] = <4.8330, 1.9188, 2.5293>, E[M(n3x)] = <4.5915,
1.6398, 2.1478>, and E[M(n4j)] = <4.9048, 2.0910, 1.8518>.

Using Eq. (8) [5], the SVNM energy score values for all alternative Gsi (i =1, 2, 3, 4) are calculated
and given as follows:

H{E[M(mix)]} = 8.7436, H{E[M(n2i)]} = 9.0555, H{E[M(n3jx)]} = 8.6750, and H{E[M(n4jx)]} = 9.4150.

According to the score values, the ranking order of the four alternatives is Gss+ > Gs2 > Gs1 > Gs3
and the best one is Gsa.

For the comparative convenience of the decision results in the SVNM and SVNCM scenarios, all
results are shown in Table 1.

Table 1. Decision results between SVNM and SVNCM scenarios

MAGDM model Ranking Best one Information environment
Proposed model Gsa > Gs3 > Gs1 > Gs2 Gss SVNCMs
Existing model [5] Gsa > Gs2> Gs1 > Gs3 Gs4 SVNMs

In terms of the decision results in Table 1, the ranking orders of the four alternatives between the
SVNM and SVNCM scenarios are different, then the best one Gs: is the same in the school site
selection problem. It is clear that the credibility measures with respect to true, false, and uncertain
evaluation values reveal their importance in the neutrosophic MAGDM problem because they can
affect the ranking order and decision credibility of the four alternatives. Furthermore, the proposed
model is the generalization of the existing model [5] and more general and creditable than the existing

model in neutrosophic MAGDM problems under uncertain and inconsistent environments.
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6. Conclusions

Regarding an extension of SVNM energy, this study presented SVNCM energy and its
properties. Then, a MAGDM model using the SVNCM energy was established in the SVNCM
scenario, which can solve MAGDM problems and fill a research gap of MAGDM in the SVNCM
scenario. Finally, the proposed MAGDM model was applied to the school site selection problem, then
the comparative investigation of the decision results in the SVNM and SVNCM scenarios indicated
that the proposed model was more general and creditable than the existing model in neutrosophic
MAGDM problems under uncertain and inconsistent environments. Furthermore, the credibility
measures with respect to true, false and uncertain evaluation values revealed their importance and
necessity in the neutrosophic MAGDM problem and affected the ranking of the alternatives, then the
decision credibility of the proposed model in the SVNCM scenario is significantly better than the
existing model in the SVNM scenario.

However, the proposed SVNCM energy and MAGDM model can be further applied in image
processing, clustering analysis, project risk evaluation, slope stability analysis/assessment, and so on
in engineering fields, which are future research directions.
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