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Abstract

This paper addresses decision-making problems characterized by attribute values expressed as in-
terval-valued Pythagorean fuzzy numbers (IVPFNs) and completely unknown weight information.
We propose a novel interval-valued Pythagorean fuzzy multi-attribute decision-making (MADM)
methodology based on the Sugeno-Weber Softmax operator. Firstly, arithmetic operations for IVPFNs
are defined utilizing the Sugeno-Weber t-norm and t-conorm. Secondly, to account for priority rela-
tionships among attributes, four Pythagorean fuzzy Sugeno-Weber Softmax averaging and geomet-
ric aggregation operators are introduced. Fundamental properties of these operators, including
idempotency, boundedness, and monotonicity, are rigorously investigated. To resolve the unknown
weight issue, an objective weight determination method for attributes is developed using the Py-
thagorean fuzzy Preference Selection Index approach. Furthermore, an enhanced Pythagorean fuzzy
WASPAS (Weighted Aggregated Sum Product Assessment) method, integrated with the proposed
Sugeno-Weber Softmax operators, is presented to determine the ranking of alternatives. The effec-
tiveness and rationality of the proposed methodology are validated through an empirical case study.
Comparative analysis and parameter sensitivity analysis further demonstrate its superior robust-
ness and performance over existing methods.
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Table 1. Pythagorean fuzzy decision matrix

1 EERERIHTHIR R AE M

C, C, C, C, Cs
G ([0.3,0.4], ([0.4,0.5], ([0.9, 0.95], ([0.5, 0.65], ([0.8,0.9],
! [0.7,0.8]) [0.6,0.7]) [0.1, 0.15]) [0.5, 0.60]) [0.2, 0.35])
G ([0.2,0.3], ([0.8,0.9], ([0.4,0.5], ([0.5, 0.65], ([0.5, 0.65],
2 [0.8, 0.85]) [0.2,0.35]) [0.6,0.7]) [0.5, 0.60]) [0.5, 0.60])
G ([0.4,0.5], ([0.5, 0.65], ([0.5, 0.65], ([0.4,0.5], ([0.8,0.9],
: [0.6,0.7]) [0.5, 0.60]) [0.5, 0.60]) [0.6, 0.7]) [0.2, 0.35])
G ([0.3,0.4], ([0.65, 0.8], ([0.4,0.5], ([0.8,0.9], ([0.5, 0.65],
4 [0.7,0.8]) [0.4,0.50]) [0.6,0.7]) [0.2,0.35]) [0.5, 0.60])
G ([0.4,0.5], ([0.5, 0.65], ([0.8,0.9], ([0.4,0.5], ([0.4,0.5],
s [0.6,0.7]) [0.5, 0.60]) [0.2, 0.35]) [0.6, 0.7]) [0.6,0.7])

PR 1 JEE 2 A3) B E T — A IR SRARFE A2 2 R .

Table 2. Normalized pythagorean fuzzy decision matrix

2. VAR EEA SR AT R SR AE RS

Cl CZ C3 C4 C5
G ([0.7,0.8], ([0.4, 0.5], ([0.9, 0.95], ([0.5, 0.65], ([0.8, 0.9],
! [0.3, 0.4]) [0.6, 0.7]) [0.1, 0.15]) [0.5, 0.60]) [0.2, 0.35])
G ([0.8, 0.85], ([0.8, 0.9], ([0.4, 0.5], ([0.5, 0.65], ([0.5, 0.65],
2 [0.2, 0.3]) [0.2, 0.35]) [0.6, 0.7]) [0.5, 0.60]) [0.5, 0.60])
G ([0.6,0.7], ([0.5, 0.65], ([0.5, 0.65], ([0.4, 0.5], ([0.8, 0.9],
3 [0.4, 0.5]) [0.5, 0.60]) [0.5, 0.60]) [0.6, 0.7]) [0.2, 0.35])
G ([0.7,0.8], ([0.65, 0.8], ([0.4, 0.5], ([0.8, 0.9], ([0.5, 0.65],
‘ [0.3, 0.4]) [0.4, 0.50]) [0.6, 0.7]) [0.2, 0.35]) [0.5, 0.60])
G ([0.6,0.7], ([0.5, 0.65], ([0.8, 0.9], ([0.4, 0.5], ([0.4, 0.5],
5 [0.4, 0.5]) [0.5, 0.60]) [0.2, 0.35]) [0.6, 0.7]) [0.6, 0.7])

\

YR 2. R RIERE . Eid A (14)~(16)TH SR T B A
@,=00424, @,=01641, ©,=03729, @,=0.1867, w,=0.2339.
PR 3. Jl i 8 A (L7) W E AT SR K IR (R = 2,& = 2):
x; =([0.7514,0.8322],[0.3767,0.4197]) , *«, =([0.5714,0.6836],[0.5141,0.5785]) ,

NI

K, =([0.5788,0. 7038] [0.4793,0.5582]) . “x, =([0.5841,0.7057],[0.4980,0.5661]) ,

=([0.6220,0.7314],[0.4608,0.5421]) .
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JIEZE

N
S8
I

I 2 3(18) B 5 3 77 S AU ﬂ(x 2,6=2):
x, =([0.7006,0.7882],[0.3698,0.4659]) , °, =([0.5376,0.6491],[0.3218,0.6011]) ,
]):

=([0.5825,0.6876],[0.4525,0.5722]) .

Kk, = ([0.5534,0.6788],[0.3674,0.5769]) , ", =([0.5558,0.6721],[0.3111,0.5887]) ,

AR5 W AR IR &I T RLEG M H, (9=05):
H,=0.7122, H,=05550, H,=05735, H,=05735, H,=05870.

AR 6 MRIEREA 2L TT RIVEREMEEAR I H, X 281577 ZE 8047 1% 7 HE 4145 3] 2% 146390 [ Pt A4 1 e 1)
HF NG, -G, -G, ~G, =G, -

5.2. RESH

AR PRI T RS HGAT IR, i SR A BN R HE R R, BET S PR T
EIARETE . B Jeoxf IX [AME B4 B TR Sugeno-Weber Softmax ST H IS EHATINE, H28
Ne[2,9] i, FETARSEHN MERENRERZEENEEMAF SR IS 3 Fx, AEERAT LUK F 23
N BT BB RE 5 DI BERE G 2 B0 AR KT oK,  (EGR BERNI R P R R AR AL, SIS RHTT A
AZ BN 5, HABERIIFEEN . IRk, X WASPAS J7 3% IIAURURT AR I 2 1 ~F- 1 2R B0 AT
Wik, U 9e[0.01]1, BT ARSI ERIRLERIME 1 Frs. WE LT, 4S89 AL
W, St HEFAEAMKENL, AHSZHETHHEMESERFNG -G >G,~G, -G, ,
G ~G,~G,~G,~G,, G>G,>G,>G,>G, MG >G,~G, >G, >G,, (HEEMIEFIIEG, , HhFH
R A AR 232 72 AN [ P 2 5 A 2 A R F B L e P

Table 3. Comprehensive measurement and ranking results of suppliers based on different parameter & values

* 3. ETTESH N ENHREEHNSENEMEFSE

N G, G, G, G, G, HF
2 0.7122 0.5550 0.5735 0.5735 0.5870 G, ~G;~G;~G, -G,
3 0.7142 0.5555 0.5742 0.5738 0.5883 G >Gs>G; -G, -G,
4 0.7160 0.5559 0.5747 0.5739 0.5895 G, -Gy »G; -G, -G,
5 0.7175 0.5563 0.5752 0.5741 0.5905 G >Gs -G >G, -G,
6 0.7188 0.5565 0.5755 0.5742 0.5914 G, ~G; ~G; -G, -G,
7 0.7200 0.5567 0.5759 0.5743 0.5922 G, ~G, ~G; -G, -G,
8 0.7210 0.5569 0.5762 0.5743 0.5928 G, -G >G; -G, -G,
9 0.7219 0.5571 0.5764 0.5744 0.5935 G, ~G;~G; -G, ~G,

5.3. ELE ST

NIRUEASCTHRITIE A 8, AT T 71k 5 3T X R B B R o AP35 (IVPFWA) 51
AR SR T 1 AN 35 T [X T BTk B B iR LT (IVPFWG) S 1 He ST kAT EL ARG, bt SN 22 4 R
I 4 ATRUREL, BT e AL P 5 25 IVPFWA 7 [9]. IVPFWA H-F[9]. IVPF-WSM J5
VAN IVPF-WSM J7 A3 SR AR HE P2 — 80, BB R R A R, mIRIEHI R G, . H2EHTHz
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Figure 1. Comprehensive evaluation of alternatives based on
different parameter ¢ values

1. 2T ESH I ENEEL RNEENE

Table 4. Decision results based on different methods

® 4. BT AEFERRRER

G, G, G, G, G, HF
IVPFWA .1-[9] 0.8089  0.5744 0.6077 0.6014 0.6423 G, ~G, ~G; -G, -G,
IVPFWG $7[9] 0.6811 0.5061 0.5449 0.5294 0.5416 G >G; >G> G, -G,
IVPF-WSM 75 7% 0.7348  0.5487 0.5723 0.5677 0.6039 G, ~G,; ~G; -G, -G,
IVPF-WPM 75 7% 0.6896  0.5613 0.5748 0.5793 0.5700 G, -Gy -G -G, -G,

FriR 7% 0.7122 0.5550 0.5735 0.5735 0.5870 G >Gs>G;~G, -G,

6. &it

ot & MEAE M X TAIE HE A SR S BT 25 HL 8 VA 58 2 R RN AR s el i, ANBF e st 7 — Pk
T Sugeno-Weber Softmax 5.7 WASPAS k. EEL LW F: 1) #T Sugeno-Weber #E X T X [EE
ERIR BRI B IS BRI, IR T SO AR BRI AE A E R B I IE I PE . 2) $E R DU X A R IA
AL Sugeno-Weber Softmax HIELT- 350 J LR 8 il S5 I8 i B8 U BHEGHIE T SISt . A 5t
PERERR PR SEVE ST o 3) WevtHE T X IAME Sk BRSO PSI 7 @ M2 A A E AR AL, ik 1 1% 48
TIPSR PRE . 4) B A FTIEs 7 SACERRL, 7 ol (0 IX A B0 R Bl WASPAS 777251
BT kT B . RS, @ PR R BIERAE T OTEM A R S AN, WO IR IZINEEX
FE St BT A T, S8 Arie— Pk sk 7R BA iR & e o i — B 0T SO R R Sugeno-Weber
P ARSI ST, 0, WE T MRSEE T, Choquet BT IR &R LLE— B THS Bt & 10 R iE .
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