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Abstract

This study addresses multi-attribute decision-making problems where attribute weights are un-
known and attribute values are expressed as Pythagorean Triangular fuzzy linguistic numbers. Fo-
cusing on aggregation operators for Pythagorean Triangular fuzzy linguistic sets, and leveraging
the advantages of the Sugeno-Weber norms in information aggregation, we propose an improved
COPRAS (COmplex PRoportional ASsessment) decision-making method based on novel Pythago-
rean Triangular fuzzy linguistic Sugeno-Weber aggregation operators. Firstly, the Sugeno-Weber
operational laws for Pythagorean Triangular fuzzy linguistic sets are defined, and several new ag-
gregation operators are proposed, along with a discussion of their properties. Secondly, a weight
determination model based on maximum deviation is established to ascertain attribute weights.
Finally, an improved COPRAS method is constructed utilizing the proposed operators, and its effec-
tiveness, practicability, and feasibility are validated through a case study. The proposed Pythago-
rean Triangular fuzzy linguistic set Sugeno-Weber aggregation operators enrich the theory of ag-
gregation operators.
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Table 1. Pythagorean triangular fuzzy linguistic number evaluation matrix

F L EASRE = RSB S RITMNER
C1 C2 Cs Cs
[5,.5,.5,].(0.7,0.5)) ([5.5,5,].(0.6,05 [s,.8,,5,],(0.5,0.5

( ) :1,(0.8,04))
([5,15:.5:],(0.7,0.5)) ([31,53,34 ,(0.7,0.5))
)

(
) ([5,,55,5:].(0.65,0.5)) ([5,15,5.],(0.8,0.3

$,,54:5],(0.75,0.5

)

)

[5,.5,.5,],(0.6,0.5)) ([5,.5,5:].(0.8,0.35))
) )

{ { { (0.7508))
s ([55:5.,5:],(0.8,0.5) ([5.5:5,],(0.85,0.3 ([5.5.5:],(0.75,05)) ([5.5:5,],(0.75,0.4))
{ { { (0.7505))

$,,5,,5,],(0.75,0.5)) ([5.5:5:],(0.8,0.3)) [5,.5,,5,],(0.8,0.5))
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IR L € & AL E - T A 20 (18)~(19) i i J& MM AL N @, = 0.3038 , @, =0.2462, @, =0.2633,
@, =0.1867 .

SRR 2: R AERRA, i 8 X (Q20)~ (U)W %L T RAERYEC, (=12,---,n) FIILEAFAE(E,
AT SRS AR R R e, T LA R 4 7 R0 Q) A

Q" =([1.5671,3.0000,4.4500],(0.6572,0.4820)) » Q; =([1.8133,3.0000,4.8304],(0.7141,0.4549)) »

Q; =([2.0000,3.2633,5.3804],(0.7253,0.4652)) » Q; =([1.6075,3.5671,5.5671],(0.7924,0.4362)) »

Q; =([1.8708,3.3804,5.3229],(0.7764,0.4549)) -

BB 3 i R(22) TH AT 5 KA VP A

R =0.5999, R,=009739, R,=1.0987, R,=15668, R,=1.3953-
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52. RGESH

AT RS TR T HE R B 0T = A SO 5 20 COPRAS YRS v i J 1 2 B0 AT o W e i 437
AR TE M G R R e M. £1 %) PYTIFLSWWA ST SN O [AIE SR A9 4 158 77 S AR TP
(AP 5 304 2 AU 1 TR Wk 2 IS 1 AT, BEE SN MIZHTH R, IR &L 77 R AR T
ERE 239K, (EA2 %377 SR M HE P B R AR AT, PRBL B 38 77 R0 % 2 SUS ER R B A
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Figure 1. Relative evaluation values of alternatives based on different parameter N
values

1. ETAESHN EHEFES RHEXNTE(E

Table 2. Relative evaluation values and ranking results of alternatives based on different parameter & values
2. ETAESEN EN&ES RIENTEEFHFER

N H, H, H, H, H, He
1 0.5899 0.9649 1.0883 1.5582 1.3887 H,>H,>H,>H,>H,
2 0.5999 0.9739 1.0987 1.5668 1.3953 H,>H,>H,>H,>H,
3 0.6060 0.9803 1.1055 15731 1.4003 H,>H,>H,>H,>H,
4 0.6101 0.9852 1.1103 1.5780 1.4044 H,>H,>H,>H,>H,
5 0.6132 0.9892 1.1140 1.5820 1.4077 H,>H,>H,>H,>H,
6 0.6155 0.9924 1.1169 1.5852 1.4105 H,>H,>H,>H,>H,
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7 0.6173 0.9950 1.1193 1.5880 1.4129 H,>H,>~H,>~H,~H,

8 0.6188 0.9973 1.1213 1.5903 1.4149 H,>H,>~H,>~H,~H,

9 0.6200 0.9993 1.1229 1.5923 1.4167 H,~H;~H;>=H,~H,
5.3. tEB AT

NIAIEA ST HR 7 1A G R, AT BT Y SR B A AU, ) FH SCHR[15]Hh 5 T Bk aF b 7 — £
BRI 7 Hamacher IIACE 38 57 SRAFA SCII LS in) L, SRAS 4515 7 RHEF S A SC—8, %1% 77 E1IHE
FFNH, =H, = H, =~ H, = H, » FIASCTIREE T Sugeno-Weber £ 57 7125t COPRAS k375 1% H
R

6. &t

AR B A E AR PPN E BN BRI BRI = OIS S B 2 B RS i, PR T I
T Sugeno-Weber £ H FHIXGHE COPRAS Jiik. EETA/ESZWINT: & IKE LT & T 5k b i
= AU TE S H01) Sugeno-Weber 38 SN AR OB YA A T FETRTEI, SR T Bk B = A
WITE = Sugeno-Weber JIAF- 3 F1 LTS8 AR Bl 0 LR, SRR T B 2 R R i e 1Y, d
T f KA T T SR VPN R e B ZE R SR BRI o B, i T 5 S E i KA A 2
Mg T () COPRAS HRERHESE . 25 b, ASCHEH I SEIE B i = A BOMIE 5 S RE T B ZE R R
FRIR K it COPRAS J7v2:, Aok Ja A EE A 1 L4 15 BN B IA SRR — M BOHIE & B &2 28 3k
] AR T — MR AR S % .
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