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Abstract

This paper investigates the problem of multi-attribute group decision making (MAGDM) where
preference information is represented by a neutrosophic set (NS). It extends the concept of neutral
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set from static decision environments to nonlinear neutrosophic set in dynamic decision environ-
ments, and develops a corresponding projection model and aggregation algorithm. Firstly, we pro-
vide the definition and algorithm for nonlinear neutrosophic sets. Then, we project the nonlinear
neutral set onto a curve in three-dimensional space, describing differences in decision makers’ pref-
erences through the surface area between curves. This allows us to establish a projection model for
the space of nonlinear neutral sets. Finally, we develop a space curve aggregation algorithm based
on the plant growth simulation algorithm (PGSA). By identifying an optimal aggregation curve with
minimal sum of surface areas between all preference curves, we assemble the nonlinear neutral set
and combine it with TOPSIS algorithm to sort schemes in multi-attribute group decision making
problems. The experimental section demonstrates the effectiveness of our proposed method
through a specific case.
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Figure 1. Spatially optimal aggregation curve in three-dimensional space
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Figure 2. Projection diagram of intelligent set in three-dimensional space in nonlinear
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Figure 3. Schematic diagram of preference information difference
in nonlinear neutrosophic sets
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Figure 4. Single nonlinear neutrosophic preference curve
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Figure 5. Schematic diagram of optimal aggregation set in nonlinear neutrosophic set
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Figure 6. Differential idea of space curve
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Table 1. Preference matrix of e1

= 1 el BOmEFAERE

Ci tl:(0.28, 0.46, 0.28)
C: t1:(0.10,0.27, 0.61)
Cs t1:(0.65,0.18, 0.22)
Cs t1:(0.53,0.34, 0.15)
Ci tl:(0.24,0.45, 0.56)
C: t1:(0.16, 0.45, 0.26)
Cs t1:(0.48,0.09, 0.16)
Cs t1:(0.74,0.09, 0.11)

Az

t2: (0.27, 0.44, 0.27)
t2: (0.08, 0.28, 0.59)
t2: (0.62, 0.24, 0.27)
t2: (0.56, 0.33, 0.18)
t2: (0.19, 0.47, 0.52)
t2: (0.19, 0.46, 0.29)
t2: (0.48, 0.07, 0.20)
t2: (0.72, 0.05, 0.10)

t3: (0.30, 0.47, 0.31)
t3: (0.14, 0.24, 0.60)
t3: (0.68, 0.23, 0.22)
t3: (0.57, 0.30, 0.16)
t3: (0.19, 0.45, 0.57)
t3: (0.21, 0.42, 0.28)
t3: (0.4, 0.14, 0.20)
t3: (0.74, 0.10, 0.09)

t4: (0.34, 0.47, 0.33)
t4: (0.09, 0.23, 0.64)
t4: (0.65, 0.23, 0.27)
t4: (0.56, 0.33, 0.14)
t4: (0.24, 0.44, 0.57)
t4: (0.19, 0.46, 0.29)
t4: (0.48, 0.07, 0.21)
t4: (0.75, 0.06, 0.09)

t5: (0.33, 0.42, 0.28)
t5: (0.10, 0.25, 0.59)
t5: (0.67, 0.23, 0.23)
t5: (0.56, 0.29, 0.16)
t5: (0.23, 0.46, 0.57)
t5: (0.19, 0.45, 0.29)
t5: (0.46, 0.14, 0.17)
t5: (0.77, 0.06, 0.11)

Ci t1:(0.16, 0.33, 0.68)
C» t1:(0.26,0.24, 0.35)
Cs t1:(0.17,0.05, 0.86)
Cs t1:(0.45,0.14, 0.23)

Az

t2: (0.14, 0.38, 0.68)
t2: (0.29, 0.26, 0.34)
t2: (0.19, 0.07, 0.87)
t2: (0.46, 0.11, 0.22)

t3: (0.20, 0.36, 0.73)
t3: (0.27,0.21, 0.33)
t3: (0.23, 0.12, 0.87)
t3: (0.43, 0.08, 0.24)

t4: (0.16, 0.32, 0.70)
t4: (0.26, 0.21, 0.33)
t4: (0.2, 0.06, 0.86)
t4: (0.42, 0.09, 0.24)

t5: (0.18, 0.35, 0.70)
t5: (0.26, 0.24, 0.37)
t5: (0.20, 0.09, 0.84)
t5: (0.41, 0.13, 0.24)

Table 2. Preference matrix of ez

2. e Y mEFRERE

Ci  t:(0.17, 0.28,0.06)
C: t:(0.29,0.48,0.12)
C: t:(0.19,0.47,0.17)
Cs t3(0.31,0.50,0.18)

A1

1:(0.15, 0.22, 0.56)
11:(0.29, 0.48, 0.12)
1:(0.19, 0.47, 0.17)
t3:(0.31, 0.50, 0.18)

ta: (0.18, 0.27, 0.61)
t1: (0.29, 0.48, 0.12)
t: (0.19, 0.47, 0.17)
ta: (0.31, 0.50, 0.18)

ta: (0.17, 0.24, 0.54)
t1: (0.29, 0.48, 0.12)
t: (0.19, 0.47, 0.17)
ta: (0.31, 0.50, 0.18)

ts: (0.18, 0.26, 0.55)
t1: (0.29, 0.48, 0.12)
t2: (0.19, 0.47, 0.17)
ta: (0.31, 0.50, 0.18)
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R
Ci t:(0.33,0.29,0.44) t::(0.33,0.29,0.44) ti:(0.33,0.29,0.44) ti: (0.33,0.29,0.44) ti: (0.33,0.29, 0.44)
C: t:(0.37,0.31,043) :(0.37,0.31,043) tx:(0.37,0.31,0.43) tx(0.37,0.31,0.43) tz (0.37,0.31,0.43)
SRR (0.35,0.34,0.45) t3:(0.35, 0.34, 0.45) ta: (0.35, 0.34, 0.45) ts: (0.35, 0.34,0.45) ta: (0.35, 0.34, 0.45)
Cs t(0.36,0.32,0.44) 1:(0.36,0.32,0.44) tu (0.36,0.32,0.44) ta: (0.36,0.32,0.44) ts: (0.36,0.32, 0.44)
Ci t:(0.33,0.29,0.44) t::(0.33,0.29,0.44) 1::(0.33,0.29,0.44) ti: (0.33,0.29,0.44) t1: (0.33, 0.29, 0.44)
N C: t:(0.37,0.31,043) ©:(0.37,0.31,0.43) tx:(0.37,0.31,0.43) tx(0.37,0.31,0.43) tz: (0.37,0.31,0.43)

Cs
Cs

ts: (0.35, 0.34, 0.45)
ta: (0.36, 0.32, 0.44)

t3:(0.35, 0.34, 0.45)
1:(0.36, 0.32, 0.44)

ts: (0.35, 0.34, 0.45)
t: (0.36, 0.32, 0.44)

ts: (0.35, 0.34, 0.45)
t: (0.36, 0.32, 0.44)

ts: (0.35, 0.34, 0.45)
t: (0.36, 0.32, 0.44)

Table 3. Preference matrix of es

7 3. es Y ImEFAERE

Ci
C2
Cs
Ca

A1

t1: (0.22, 0.21, 0.63)
t,: (0.23, 0.19, 0.66)
ts: (0.28, 0.17, 0.66)
ta: (0.24, 0.15, 0.67)

t:: (0.22, 0.21, 0.63)
t2: (0.23, 0.19, 0.66)
ta: (0.28, 0.17, 0.66)
ta: (0.24, 0.15, 0.67)

t1: (0.22, 0.21, 0.63)
t,: (0.23, 0.19, 0.66)
ts: (0.28, 0.17, 0.66)
ta: (0.24, 0.15, 0.67)

t1: (0.22, 0.21, 0.63)
t,: (0.23, 0.19, 0.66)
ts: (0.28, 0.17, 0.66)
ta: (0.24, 0.15, 0.67)

t:: (0.22, 0.21, 0.63)
t2: (0.23, 0.19, 0.66)
ta: (0.28, 0.17, 0.66)
ta: (0.24, 0.15, 0.67)

Ci
Cz
Cs
Ca

Az

ts: (0.25, 0.19, 0.65)
t1: (0.20, 0.77, 0.38)
t>: (0.19, 0.78, 0.34)
ta: (0.21, 0.79, 0.36)

ts: (0.25, 0.19, 0.65)
t1: (0.20, 0.77, 0.38)
t: (0.19, 0.78, 0.34)
ts: (0.21, 0.79, 0.36)

ts: (0.25, 0.19, 0.65)
t1: (0.20, 0.77, 0.38)
t>: (0.19, 0.78, 0.34)
ta: (0.21, 0.79, 0.36)

ts: (0.25,0.19, 0.65)
t1: (0.20, 0.77, 0.38)
t>: (0.19, 0.78, 0.34)
ta: (0.21, 0.79, 0.36)

ts: (0.25, 0.19, 0.65)
t1: (0.20, 0.77, 0.38)
t: (0.19, 0.78, 0.34)
ts: (0.21, 0.79, 0.36)

Ci
C2
Cs
Cs

As

t: (0.21, 0.77, 0.38)
ts: (0.24, 0.82, 0.38)
t1: (0.37, 0.4, 0.25)
t>: (0.40, 0.49, 0.19)

t: (0.21, 0.77, 0.38)
ts: (0.24, 0.82, 0.38)
ti: (0.37, 0.44, 0.25)
t>: (0.40, 0.49, 0.19)

t: (0.21, 0.77, 0.38)
ts: (0.24, 0.82, 0.38)
t1: (0.37, 0.4, 0.25)
t>: (0.40, 0.49, 0.19)

t: (0.21, 0.77, 0.38)
ts: (0.24, 0.82, 0.38)
t1: (0.37, 0.4, 0.25)
t>: (0.40, 0.49, 0.19)

t: (0.21, 0.77, 0.38)
ts: (0.24, 0.82, 0.38)
ti: (0.37, 0.44, 0.25)
t2: (0.40, 0.49, 0.19)

Table 4. Preference matrix of es

4. ea Y mEFRERE

C1
C2
Cs
Cs
Ci
Cz
Cs

A1

t1: (0.38, 0.19, 0.61)
t,: (0.36, 0.20, 0.61)
ta: (0.36, 0.22, 0.62)
ta: (0.34, 0.18, 0.61)
ts: (0.36, 0.24, 0.55)
t1: (0.41, 0.61, 0.20)
t,: (0.37, 0.58, 0.17)
ta: (0.39, 0.63, 0.21)

t1: (0.38, 0.19, 0.61)
t,: (0.36, 0.20, 0.61)
ta: (0.36, 0.22, 0.62)
ta: (0.34, 0.18, 0.61)
ts: (0.36, 0.24, 0.55)
t1: (0.41, 0.61, 0.20)
t,: (0.37, 0.58, 0.17)
ta: (0.39, 0.63, 0.21)

t1: (0.38, 0.19, 0.61)
t2: (0.36, 0.20, 0.61)
ta: (0.36, 0.22, 0.62)
ta: (0.34, 0.18, 0.61)
ts: (0.36, 0.24, 0.55)
t:: (0.41, 0.61, 0.20)
t: (0.37, 0.58, 0.17)
ta: (0.39, 0.63, 0.21)

t1: (0.38, 0.19, 0.61)
t»: (0.36, 0.20, 0.61)
ta: (0.36, 0.22, 0.62)
ta: (0.34, 0.18, 0.61)
ts: (0.36, 0.24, 0.55)
t:: (0.41, 0.61, 0.20)
t: (0.37, 0.58, 0.17)
ta: (0.39, 0.63, 0.21)

t1: (0.38, 0.19, 0.61)
t2: (0.36, 0.20, 0.61)
ta: (0.36, 0.22, 0.62)
ta: (0.34, 0.18, 0.61)
ts: (0.36, 0.24, 0.55)
t:: (0.41, 0.61, 0.20)
t: (0.37, 0.58, 0.17)
ta: (0.39, 0.63, 0.21)

Az

t2: (0.41, 0.65, 0.23)
ts: (0.39, 0.62, 0.18)
ti: (0.42, 0.34, 0.16)
t>: (0.46, 0.36, 0.13)

t2: (0.41, 0.65, 0.23)
ts: (0.39, 0.62, 0.18)
t1: (0.42, 0.34, 0.16)
t>: (0.46, 0.36, 0.13)

t: (0.41, 0.65, 0.23)
t5:(0.39, 0.62, 0.18)
ti: (0.42, 0.34, 0.16)
t2: (0.46, 0.36, 0.13)

t: (0.41, 0.65, 0.23)
ts: (0.39, 0.62, 0.18)
ti: (0.42, 0.34, 0.16)
t2: (0.46, 0.36, 0.13)

t: (0.41, 0.65, 0.23)
ts: (0.39, 0.62, 0.18)
ti: (0.42, 0.34, 0.16)
t2: (0.46, 0.36, 0.13)
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o C, C, C, |
(0.2074,0.2517,0.6054) {(0.3063,0.5351,0.1762) {(0.4348,0.2976,0.1718) {(0.6192,0.2541,0.1720)
0.1989,0.2148,0.5847)  (0.2926,0.4901,0.1799)  (0.4600,0.3600,0.1300) (0.6273,0.2526,0.2103)
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7. SCIERTEE

WA RS SYNS 57 [10]. SUNCNTWA 57 [11]LA &% SUNCNTWG [11]3ET HAR, % E—%
PR B R AT 7. TS S Ranr -

1) ALHZ: A=A-As

2)SVNS: A - A >~ A;

3) SINCNTWA: A, > A > A;

4) SINCNTWG: A, >~ A > A .

A SRR P DU BE G B e 5 R o

Table 5. Accuracy comparsion

5. EMRELLIR

di (d.47) C(d;.d) E(d;) R(d;.d)
PGSA 82.7795 166.6943 84.0071 3.7176
EL-SVNS 84.5682 158.5288 85.2588 3.5521
SVNCNTWA 2.967163 162.2254 86.2458 3.6628
SVNCNTWG 3.48762 161.5345 87.0126 3.5872

SIRASCVE AR 25 RS VSR o AR R 2 TRV RH AP B vy, I BB, 4 R S A
8. B&ERE
8.1. B&4

KA T DNSNS K HAELERAL, DUEH MAGDM [l @, A0 5 (1) 32 ZLoT sk an F

1) DNSNS {5 iff e 77 22 & M i Ik 1] 38 A0 RN A SR B8 AR A 1 2 os BN AT RE, AT 2E 1 SR AL 1 S
T i 755 2 08

2) AT IR A ALK AR L T SO I (5 S LS B =428 b, o] BEOULH A B 41 R 1B A
Ak, TR 3 G T AR AL R 5 S SR A ) O SR BRI . e Ah, AT e R MR AR T A A 2R BT e
BBl X IR RN, AR IR I U A5 8 2 TR PR 22 R

3) TEAMFH, FRATRA PGSA HIE KN H — 4L FTA i #i 26 H & 1) Euclidean FE 252 Fl /)
MG ML, FrRas R B FamEN, 5EERMIE ARG iR A1 TOPSIS #tk, A
B HE R A, EEVEPATIERE T, PGSA Sl AR AT 1 A A K I M, FRIE T Sk
PRI AR AC SR TR R E, AT E . 1 5 Al 4144 2 (NINS)AH LE 14 J&) 3 e L B B

8.2. RE

EARFEIT TS, FRATER R FHIEZ T TOPSIS (NR-TOPSIS) K #4044 48 TOPSIS, LPLIRE A AEL
Pl 5 S EGREE . ok, FRATET R LR n 4825 (8] B AR (n > 3) LA KR G5, DR
YLl K S 25 AR LR MM T ARG 5515 B0 22 J8 MR R VR 38 ) R

EHEWH

1) HEMH RS RI (2 &k E), TiHS: CE20235043.
2) VLIHE T2 fE 2022 SERHAHAE SH A H “OBE MR N R BB FE 5 51 FE 1) i et
F——CAER R R )7 (W H 5 11610312306).
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