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Abstract

This study addresses multi-attribute decision-making (MADM) problems where attribute weights
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are entirely unknown and requires consideration of both the uncertainty and reliability of evalua-
tion information. We propose a novel Neutrosophic Z-number-based WASPAS (Weighted Aggregated
Sum Product Assessment) method. Firstly, based on the Sugeno-Weber triangular norm, we define
Sugeno-Weber operational rules for Neutrosophic Z-numbers (NZNs) and introduce four new NZN-
weighted averaging and geometric aggregation operators using these operations, also discussing
their properties. Secondly, for scenarios with completely unknown attribute weights, we develop a
constant variation coefficient weighting model utilizing the NZN score function to determine attrib-
ute weights. To resolve alternative ranking, an improved WASPAS MADM method is presented, in-
tegrating the proposed NZN Sugeno-Weber aggregation operators. The practicality of the method is
validated through an empirical case study on green supplier evaluation, while its stability and ef-
fectiveness are demonstrated via sensitivity analysis and comparative studies.
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PR, BRI D IR AR A A, SEILA PR A i KA. DRIk, ZESRBR T
R SR I R, T BHUR AR A i i B B 2 Do N Oy B (A R G AR R K B 2 %, o
B R )R U R AR S B S BRI T B L FEAL BT S L (AR, ASHE 725 18 AN T X i e 2t fH
F(Q (i=12,--,5) )ik e . NP ELPENR, o EESENA R ZRER(L). A
IER(L, )y P R AR (L) MABIR R (L, ). R PER R AKX DY AN R R T A PPAE oS L K LA
Z ey, YRR LR 1o
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Table 1. Neutrosophic Z-number evaluation matrix

F 1. PE Z BOTNIER

L

L,

L,

L,

0 {(0.7,0.4), (0.5,0.4),
! (0.4,0.3)}

Q {(0.6,0.45), (0.4,0.3),
2 (0.5,0.2)}

0 {(0.65,0.4), (0.5,0.3),
’ (0.7,0.4)}

{(0.4,0.3), (0.3,0.4),

(0.7,0.3)}

{(0.5,0.45), (0.5,0.3),

(0.6,0.3)}

{(0.5,0.4), (0.5,0.3),

(0.7,0.4)}

{(0.8,0.2), (0.4,0.3),
(0.4,0.2)}

{(0.7,0.5), (0.6,0.3),
(0.3,0.2)}

{(0.6,0.4), (0.7,0.4),
(0.3,0.2)}

{(0.6,0.5), (0.7,0.4),
(0.3,0.2)}

{(0.5,0.4), (0.6,0.3),
(0.6,0.3)}

{(0.8,0.45), (0.7,0.35),
(0.5,0.2)}

Q {(0.6,0.3), (0.5,0.5), {(0.3,0.3), (0.5,0.5), {(0.7,0.3), (0.8,0.3), {(0.8,0.3), (0.6,0.3),
4 (0.5,0.2)} (0.8,0.4)} (0.3,0.2)} (0.7,0.3)}
0 {(0.5,0.4), (0.5,0.3), {(0.4,0.45), (0.7,0.4), {(0.6,0.4), (0.9,0.5), {(0.6,0.3), (0.6,0.3),
5 (0.4,0.2)} (0.7,0.3)} (0.6,0.4)} (0.4,0.2)}
BB L Ed ARQD) U EA— R Z BOFMAERE, Wk 2 fos.
Table 2. Normalized neutrosophic Z-number evaluation matrix
2. 3—UryhE Z BTN EER
L L, L, L,
0 {(0.7,0.4), (0.5,0.4), {(0.7,0.3), (0.7,0.6), {(0.8,0.2), (0.4,0.3), {(0.6,0.5), (0.7,0.4),
! (0.4,0.3)} (0.4,0.3)} (0.4,0.2)} (0.3,0.2)}
0 {(0.6,0.45), (0.4,0.3), {(0.6,0.3), (0.5,0.7), {(0.7,0.5), (0.6,0.3), {(0.5,0.4), (0.6,0.3),
2 (0.5,0.2)} (0.5,0.45)} (0.3,0.2)} (0.6,0.3)}
0 {(0.65,0.4), (0.5,0.3), {(0.7,0.4), (0.5,0.7), {(0.6,0.4), (0.7,0.4), {(0.8,0.45), (0.7,0.35),
3 (0.7,0.4)} (0.5,0.4)} 0.3,0.2)} (0.5,0.2)}
Q {(0.6,0.3), (0.5,0.5), {(0.8,0.4), (0.5,0.5), {(0.7,0.3), (0.8,0.3), {(0.8,0.3), (0.6,0.3),
4 (0.5,0.2)} (0.3,0.3)} (0.3,0.2)} (0.7,0.3)}
0 {(0.5,0.4), (0.5,0.3), {(0.7,0.3), (0.3,0.6), {(0.6,0.4), (0.9,0.5), {(0.6,0.3), (0.6,0.3),
s (0.4,0.2)} (0.4,0.45)} (0.6,0.4)} (0.4,0.2)}

B, 2: Wi B AL,

BB 2.1 W ARQ)TEIR AR Z BOPNFERE RIS 7 BOE R, a0 3 .

Table 3. The score function matrix of the normalized neutrosophic Z-number evaluation matrix

5 3. VIR Z BT IERER 1S5 R AR

L L, L L,
Q 0.6640 0.5872 0.6608 0.6613
Q, 0.6831 0.5774 0.6994 0.6359
Q, 0.6328 0.6077 0.6459 0.6791
Q, 0.6317 0.6686 0.6488 0.6385
Qs 0.6635 0.6382 0.5579 0.6523
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B 2.2:

BB 2.3 WA

B 2.4:

BB 25 WA

B3 it

S 4, T

AR FRIE L (j=12,n) (I(EO, 41T

®, =0.6550,8, = 0.6158,0, = 0.6426,8, = 0.6534 .

R4 IHHEEL, (j=12-,n)HHZED, WF:

D, =0.0223,D, =0.0376, D, = 0.0519, D, = 0.0178 .

AR HFURIE L, (j=12,+n) S REZ, W T

Z,=0.0340,Z, = 0.0610,Z, =0.0808,Z, =0.0272 .

RAS)HHBIE L, (j=12,,n) ZENALE 9, I

9 =0.1673,9, =0.3007,9, =0.3979,9, =0.1341 .

N(17) (o =2 )R BIE T RAEEN R B IR -
p, ={(0.7293,0.3086),(0.5574,0.4122),(0.3859,0.2451)} »

( j
={(0.6290,0.4213),(0.5336,0.4037),(0.4268,0.2812)} »
={(0.6681,0.4068),(0.6019,0.4548),(0.4434,0.2874)} ,
={(0.7301,0.3310),(0.6243,0.3881),(0.3768,0.2418)} ,

{ }

={(0.6159,0.3576),(0.5828,0.4621),(0.4748,0.3480)) -

~3(18) (= 2 )T AR 23 T7 SRAEHE N T BRI L -

’

, ={(0.7245,0.2972),(0.5574,0.4279),(0.3871,0.2478)}
, ={(0.6243,0.4141),(0.5393,0.4377),(0.4398,0.2939) } ,
)}

)
, ={(0.6634,0.4065),(0.6119,0.4797),(0.4642,0.2978
)

)
, ={(0.7245,0.3288),(0.6445,0.3981),(0.3977,0.2445)} ,
)

o, =1{(0.6113,0.3551),(0.6500,0.4764),(0.4844,0.3593)} «

BB 5. i ARQ) U HEEANRIET ZWHE Z MEAEMEE, , HEERWE 4 R, WEWR
FILL BN HEF A Q, - Q » Q = Q= Qs o

Table 4. Neutrosophic Z-number comprehensive measures

T4 PEZBEAENE

o(p) Her 0(a;) Hey E (x=05) Her
Q 0.6483 3 0.6435 3 0.6459 3
Q, 0.6565 1 0.6479 1 0.6522 1
Q 0.6422 4 0.6342 4 0.6382 4
Q, 0.6499 2 0.6443 2 0.6471 2
Qs 0.6224 5 0.6090 5 0.6157 5
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5.2. REBESHT

AR TR AR Z Bk SR TT i K S B AT W RE T 2 A TR T ik i B R A RS E M

1) KT2Hp Matr. ATER NZNSWWA 57 R NZNSWWG 57 AR SE o H, ST
RRFFTTFR B SEUME T 2 OB R 27 A AP 45 R a3k 5 PR WRPATEBLL o i
A4k, SRR HE PRI Q, - Q, = Q - Q, = Qg » BEHAFTR ik RaE .

Table 5. Green supplier evaluation and prioritization results under varying parameter & values
#=5 ETAESH p ENREHREEESNEMHFSR

© Q Q, Q Q, Qs ey

1 0.6463 0.6522 0.6382 0.6472 0.6160 Q,>Q>Q >Qy - Qs
2 0.6459 0.6522 0.6382 0.6471 0.6157 Q,>Q>Q >Qy - Qs
3 0.6456 0.6522 0.6382 0.6471 0.6155 Q=Q,>-Q >Q;>-Qs
4 0.6455 0.6522 0.6382 0.6471 0.6153 Q,>Q,>Q >Qy-Q;
5 0.6453 0.6522 0.6382 0.6471 0.6151 Q,>Q,>Q >Qy-Q;
6 0.6452 0.6522 0.6382 0.6470 0.6150 Q,>Q>Q >Qy - Qs
7 0.6452 0.6522 0.6382 0.6470 0.6149 Q,>Q,>Q >Qy - Qs
8 0.6451 0.6522 0.6382 0.6470 0.6148 Q-Q-Q-Q;-Q,
9 0.6451 0.6522 0.6382 0.6470 0.6147 Q,>Q>Q >Qy - Qs

2) KTZ M otre ANTIEEL WASPAS Tk A RIS M (8, BHIPTHRH R Z $ WASPAS
FOTNEAR RIS EUE T SN ZR G AP AL A 1 o, WEIH AR BLEEE « B A AS W
WK, sx Bt N R I 4R S I BE 2 8 OK, ER AN S MO I gt it N R R A R AT R 2
Q= Qy = Q = Qy = Qg » VLWIFTHETTIERRE 1o W3R R IH AL I AN [7] 2 50 M I ASURT I EE AT AR M
JEAEBEAR AL R L B R ZR 5 1 i A (B S0 RS R 7

0.6600
0.6500
0.6400
0.6300
0.6200
0.6100
0.6000
0.5900

0.5800
0.1 02 03 04 05 0.6 0.7 0.8 0.9 1.0

mQl mQ2 mQ3 mQ4 mQ5

Figure 1. Comprehensive evaluation and ranking results of suppli-
ers based on different parameter x values
1. ETFTESH « ERENEESNEFHIFESER
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NIBAEA S AT 7 VA & BEPE AR R, K TR 72 S SRR R TR A Z BUMBCT I (NZNWA) 57
[9]. ZETHE Z FUMBULFI(NZNWG)H 791 % Z % Dombi A HI(NZNDWA)F-F[11]1 511 % Z
0 Aczel-Alsina JIACEI(NZNAAWA) H 7 [ L2137 X /3 AT o 5T A SO s SR AR R AT HE A E, &3k 11
SN HEF I 6 B, M7 6 W%, BTt ik B B S EUE J7 A 2 B8 e HE P A iz
5, AHRREDUE B0, YT TR TIEN A S, FLRRE TR AL A B IR T R AME
FAERMEENE, 15 P15 2 S A PR FORG i 1 B it

Table 6. Decision-making outcomes across various methodologies

% 6. FRIFFERNRELR

RPN R SR AL

[ Hep
Ql QZ Q3 Q4 QS
NZNWA 5-7[9] 0.6536 0.6612 0.6467 0.6530 0.6289 Q,>-Q ~Q>Qy-Q
NZNWG HF[9] 0.6393 0.6433 0.6297 0.6407 0.5978 Q,>-Q ~Q,>Qy-Q

NZNDWA #-1[11] 0.6805 0.6840 0.6713 0.6714 0.6660 Q>Q >Qy>Q5 Qs
NZNAAWA 5F[12] 0.6710 0.6760 0.6620 0.6649 0.6537 Q,>Q ~Q>Qy-Qs
BRI i 0.6459 0.6522 0.6382 0.6471 0.6157 Q>Q>Q,-Qy-Q;

6. &it

ASCEE XA AS BARE A e e S RN JBHAE B AR E R 5, R T —FhEE T
M Z 15 WASPAS HEZLI 2 @ M 71k . 156, T Sugeno-Weber — M T 8 Z $ugi iz
BN, R IUMIIBCR G E T EAR S U R), FERE TR A A SRR,
NE B AR THEREN TR, HR, 1 THET R Z 050 B B R R, AR T
JEPERCE SE AR EN G BAh, I R IR AT, M T O WASPAS YRR it g
BERIFT PN IGAIE T FriR s Z 2 WASPAS J SRS (138 FH % o« AR TR SRR T3S B, KA
REEAETIR  JE S Z BRI 5 VERNIRNRT ST, [R5
(SWARA. BWM. FUCOM %) A E A5 B o5 e AN E e BRI ERG R, IRIANERFES
PR ) [ B 2 e e 5 &5 SR R HE BRI

E&ImHE
BUE AT B DU )48 /o 55 2 A B 5 SR == i 78 0 H (Grant. 2024SZFZ002).
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