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Abstract

This study addresses multi-attribute group decision-making problems with completely unknown
criterion weights in a single-valued neutrosophic set environment and proposes an improved Co-
CoSo multi-attribute group decision-making model based on novel aggregation operators. The main
contributions are as follows: First, fundamental operational rules for single-valued neutrosophic
sets are established using logarithmic functions, upon which a series of new aggregation operators
are constructed, and their mathematical properties are systematically investigated. Second, for de-
cision-making scenarios where attribute weights are entirely unknown, a Rényi entropy-based
weighting model is proposed using SVN set score functions. Building on these theoretical innova-
tions, an enhanced CoCoSo group decision-making framework is developed by integrating a multi-
attribute compromise solution strategy. To validate the model’s effectiveness, a case study on green
supplier selection is conducted, with sensitivity and comparative analyses confirming the robust-
ness and validity of the proposed method.
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FIFTERAE VPN AT B 53k 7 R AT B HEF B R, HARATE FHLE T 245 KB R 2l i 4t
YRR F R AR . ST IZ MMM, 2R R CE N T AR, 5z 8
PARSEIEAS « I AR 55 o7 B P A A5 S B R 58 ) [ 1]-[5] 0 22 J8 M B R 3R ) 0 A i 2 2 B M BRI . AR
e AR SR HE T =N B, FEH % OB B dn ] SRELA BER VR 5 2.

BT R SR AR 1) v A A MR R R SR RN BB ORI 1, YR F R LV E B B — B AR
BIPERRHAE T . A R EAS BT E 1L, Zadeh [6] T 1965 fE42 B30, it 5] AR JE B %
BB EL ) uRBRRY BAESLXIE0, NNIFRBE, NAOEAH S ARG ERAE 7
fyEsR. thj5, Atanassov [7]51 AR BR BRI 4 (M A E I 4 1 B D ST AR 212, wRAh T R4k
HE LU i 5 — 5P i o B0 220 IS SR P A AE (AR SR B AR B S MBI E BIE G, BERA T AT
5B MRIEREST. M5, Smarandache [8] 5B AL SR 4L 1 — O AT AL 29 5, M 22 AR IR A B H R g HE
AR, MG TR BRI, EE ANINAh ERIEE . BREE . e E L%
B, N TR B SR AE N P TR 24, Wang ZE[O]4 HE L R B AR K T AL AR AR, 3l Ik A A 4
SN0, LIX T E 240, i SRJE RE R SR8 RS AN e B R ZE S B A e PEAA RS I . 2
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X 1[8] BY NLEWRIK, yRBEY EI—AsuE, WeEyY LRy o ol iR E sk
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He T B ARAT 50 R L) Renyni RSBLIA B E HE DU O S B2 o I $R N T T B AR IR T ) CoCoSo J5 1 Hi
SE # I TT RMHEFT o

B R A2 S R VSR BT AR I R BB = {Bfi=1(2) }%*@%ﬁﬁi,

C={C,|i=1)n} N &t % &, HAE [ &N 9={9]j=1)n} H#H 2 $e[01].Y,9=1.

j=1Yi

E={El=1()L} K& XA, HMEMAEA r={q)l =1L} Lk re[01],Y] =1, L% E
(1=1,2,+, L) W77 % By (=12, m) eI C, (j=1.2,+n) FHITEHME I b B g, %A
PRSI R A H = () hy= (T,J' 5. Ff) (=120 ,m; j=1,2,,n) o [k, FrigsET afeeh e
CoCoSo % J& ¥ th i T IZ L BRI T

BB L BT RPMIER.

HFE, (1 =12, L) BEIGARIRE A FIE 1 o iE S B B th &6 77K B, (i =12, m) 7EHEN C,
(i :1,2,---,n)TE’Jm :.H:{f[‘ﬁ%ﬂ%ﬁij%ﬁﬂiﬁ%&

(2

Table 1. Language variables for evaluating alternative B, [14]
F 1 N &IES R B WIESTE[14]

BEELE LRIERIE
W UT(AG) (1.00, 0.00, 0.00)
e HEE I (VVG) (0.90, 0.10, 0.10)
EH I (VG) (0.80, 0.15, 0.20)
4f(G) (0.70, 0.25, 0.30)
— T (MG) (0.60, 0.35, 0.40)
4f(G) (0.50, 0.50, 0.50)
— (ML) (0.40, 0.65, 0.60)
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Z(L) (0.30, 0.75, 0.70)

e (VL) (0.20, 0.85, 0.80)
R 2Z(VVL) (0.10, 0.90, 0.90)
W Z(AL) (0.00, 1.00, 1.00)

BB 2. BEERAE.
AR G TS BRI, BT 2 FE S A R SR, M, = (T, 1, F) &

MR EE, WEKE (1=12,-, L) KIBEDN:

K +I'[T TIFJ
5 =)L (10)

ol

I’I:

Table 2. Language variables for evaluating expert weights [14]

% 2.

TN ERNERIES L E[14]

AR ERE RS
WA 4% (EE) (0.90, 0.10, 0.10)
e A (VVE) (0.80.0.25.0.20)
e G (VE) (0.70, 0.35.0.30)
FF&4A%(E) (0.60, 0.45.0.40)
AKFFE 2 (LE) (0.50, 0.65, 0.60)
EHAERK(VLQ) (0.40.0.75.0.70)

SR 3 HE R
i ISVNSWA Bl 5 5 5K I DA 45 S 30 T 45 B REAA PP A5 HERE H = (hij )mxn

h; = ISVNSWA (hi,hj -, hi )

ijr iy v Hj

EA EA N a
=|1-|1+log,| Y 9,37 || |1+log,| Y 43" | 1+log | Y 93"
1=1 1=1 1=1
B 4 e B IERUE.
R AL B REHE R AERE H = (hy) IR F = (1)
g 2Tl oRy (12)
1 3
B 4.2 EAARAI)ITSAMAREF = (1, ) 1 Renyi Jif:
l m
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B 4.3 8 AT (14) T AE N A E .

9 = l—Ej
=3 (14)
;@—ﬁ)
ﬁ%5=mﬁﬁewmﬁﬁmﬁ@ﬁ=ﬁﬁ
h =(T, 1. F: ), jeC
hj=1 (Tt ) N (15)

(h) =(F.1-1,.Ty). jeC,

i i
Forb C, I G, 45 Fem A28 A0 T AL e AR
S 6: SR Q RUIAUBINE G, ARW T

Q= |SVNSWA(Hi1,Hi2,-~~,ﬁm)=

) ) ] N . N (16)
1-|1+log, [ 9,3 || |1+logy| Y 43" || .|1+logy| Y 43" :
j=1 j=1 j=1

G, - |5VNSWG(Ei1,Ei2,---,Ein):

n eall'} B n lij - . LE - (17)
1+log,| 93" || 1-|1+logy| D 9,3 || 1-|1+log,| Y 9,3 .
j:l j:1 n

SR WL LLR =AY SRR kT % By (1 =1,2,--, m) A B 2

N} — SF (Qi)+SF (GI) , (18)

© Y (SF(Q)+SF(G))
e Q) ()
' min{SF(Q)} min{SF(Gi)}’

- gsE(QJi+(1—g)§F(GJ
i gmax{SF (Q')}u +(1—g)max{SF (Gi )}

I<i<n I<i<n i

(19)

c€[01], (20)

BB 8: WiE /LTI B, (1=1,2,---,m) MEZRG VPR IFmRE HALSE S FIHI 2~ 3R HhE T7 R iR 2%
CRE VAN E I B P RS 3RS % 7 R HEF -

R, = (NNAN? )% +%(x} +R7+R7) (1)

5. KB4

DNISAEA SO T I AT BRI AT P, AR SO I T 0-A AS R IX R 4 36 1A B2 B e T P
Wil Ao A FE AR N SV B RE ) A B T R0 & A I AR AR R bR AE, SEHIXON S AT USRS
PGS X A S DA N 2AE R ), E MR T2 X N SV B RE J0 4R ot @ O . 28id =ik
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B RS AU L R IR, e R Sk ae 71(Cr) I S TE R J1(Co). TRy Sk RE 71(Ca) Ak
B 5 RER I CHVE RPN FRARIT R PFAL , K0S 12 XA ToAS B KR 8 38 AR B R B RE b AT PR, L
TR KB AR AR X R R, T R E L e 7 i o b 2 3k AR N SV B RE 01T A 19

5.1 RIEXLMEIRE

BB L LTHE (1=12,, L) RAEIINFRE AL 145 O 830877 SR A5 5 A T4 3.
Table 3. Expert assessment matrix
= 3. TRIHIERE
C1 C Cs Cs
B:1 VVG, MG, MG ML, VVG, VVG VG, VG, MG VVG, VG, VVG
B2 VG, G, G VG, MG, G G, G, MG MG, VG, MG
Bs VG, G, VG GG, MG, MG MG, VG, VG G, G, MG
B4 G, VG, G VG, G, MG G, GG G, VG, VG
Bs VG, MG, VG G, MG, MG G, VG, MG M, MG, G,
BB 2. HHEARQO)HEERE, (1=12, L) FRE LRI 4,
Table 4. Expert weight outcome
T4 ERNEER
EXR E1 = Es
HEARE EE VE VVE
I 0.3373 0.3407 0.3407

BB 3 Wi AR(L)T R ISVNSWA H1( 3 = 2)E45FTA & 5 VAL S5 2 1T 1 2 BF A PPl 46 [

WA 5.

Table 5. Group assessment matrix

5. BHAITEERM

B1
B2
Bs
Ba

Bs

Ci
(0.8816, 0.1183, 0.1184)
(0.7577, 0.1822, 0.2423)
(0.7845, 0.1610, 0.2155)
(0.7560, 0.1837, 0.2440)

(0.7805, 0.1625, 0.2195)

Cz
(0.8937, 0.1063, 0.1063)
(0.7503, 0.1854, 0.2497)
(0.6774,0.2701, 0.3226)
(0.7498, 0.1856, 0.2502)

(0.6476, 0.2985, 0.3524)

Cs
(0.7790, 0.1635, 0.2210)
(0.6774,0.2701, 0.3226)
(0.7793, 0.1633, 0.2207)
(0.7000, 0.2500, 0.3000)

(0.7479, 0.1872, 0.2521)

Cs
(0.8943, 0.1052, 0.1057)
(0.7383, 0.1911, 0.2617)
(0.6774,0.2701, 0.3226)
(0.7836, 0.1617, 0.2164)

(0.6480, 0.2981, 0.3520)

BB 4 B AXA2)~14)HHEHEN IE, LS5 p=2, HHEERILEE.
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Table 6. Criteria weight computation outcome
6. ENNEHELER

Ci C2 Cs Ca

B1 0.8816 0.8937 0.7982 0.8945

B2 0.7777 0.7717 0.6949 0.7619

Bs 0.8027 0.6949 0.7984 0.6949

B4 0.7761 0.7713 0.7167 0.8018

Bs 0.7995 0.6656 0.7695 0.6659
Renyi /i 2.1842 2.0699 2.0520 2.0817
&N 0.2699 0.2438 0.2397 0.2465

HB,S: FUONATH R A MEE S, WA — il PR

B, 6: HIL A (L6) M7 THHE BRI EE Q FUINAUFAIIEE G, , SRR

Q =(0.8861,0.1132,0.1139) , Q, =(0.7385,0.1953,0.2615), Q, =(0.7526,0.1842,0.2474) ,

Q, =(0.7554,0.1835,0.2446) , Q, =(0.7345,0.1966,0.2655), G, =(0.8591,0.1239,0.1409),

G, =(0.7297,0.2088,0.2703) , G, =(0.7252,0.2204,0.2748) , G, =(0.7461,0.1966,0.2539) ,

G, =(0.7001,0.2425,0.2999)

BT BT A (18)~(21) (¢ =0.5) Wi &k 7 & B, FIAINT EEMEAFF, HESRWMETHIR.

Table 7. CoCoSo approach computation outcomes
F 7. CoCoSo FEITHEER

N HeFy N2 HeFy N HeFy N, HFy
B1 0.2246 1 2.3724 1 1.1055 1 2.0724 1
B2 0.2085 4 2.0472 4 0.9538 4 1.8109 4
Bs 0.2102 3 2.0549 3 0.9577 3 1.8193 3
B4 0.2104 2 2.0880 2 0.9728 2 1.8437 2
Bs 0.2081 5 2.0000 5 0.9322 5 1.7761 5

HB]8: WAL EB (=12, m) KL IEAE v i€ 47 B, - B, ~B, =B, =B, HIB
i DX A 20 36 AR R SV ER AR A

52. RGESH

AT RN PR SR T VE T S S AT DR T 3 BT R R I B M A AR e

(1) Frde ISVNSWA EH1 ISVNSWG EFH I SH I 70#r. MK 8 il LRI M S5 3 =2 1 &1k Ty
ZMHET N B, - B, =B, =B, =B, , 4Z¥ I>2W &k EMHF N B, - B, - B, =B, - B, JFE&aTRE,
Y IZ S HON % 1% 77 R IHE P REUERAR, Ay ik BA Bam i feoe v .
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Table 8. Decision results based on diverse values of parameter 3
#= 8 ETAESH SHIHEER

B1 B2 B3 Ba Bs HeR
2 2.0724 1.8109 1.8193 1.8437 1.7761 B, = B, - B, ~ B, ~ B,
3 2.0622 1.8170 1.8159 1.8412 1.7811 B, ~B,>~B,>B, B
4 2.0556 1.8203 1.8142 1.8403 1.7837 B, ~B,>~B,>B, B
5 2.0512 1.8223 1.8131 1.8398 1.7853 B, ~B,>~B,>~B, ~B,
6 2.0482 1.8236 1.8124 1.8396 1.7865 B, ~B,>~B,>B, ~B,
7 2.0459 1.8246 1.8119 1.8393 1.7873 B, - B, - B, ~ B, » B,
8 2.0441 1.8252 1.8114 1.8391 1.7879 B, ~ B, = B, - B, » B,

(2) Renyi BEUSAL 924 B 43T N 1 AT BUR IS 280 B AR AR, %38 75 R WP A = 0,
B, ~B,~B,~B,~B,, B, ~B, ~B, ~B, ~B, flB, =B, ~B, ~B, =B, . [Atk, % g Xt prit %3k
HEFEON R, ] T A EAE RSO AR R E BN, RSRE AEREAT SR IN BB IR 2 N S A T SRR RN
FRE 2177 A N B RS R

2.50

2.00 [

1.50

1.00

0.50

000 —7——
2 3 4 5 6 7 8
2 3 4 5 6 7 8

EB1| 2.0724 2.0710 2.0695 2.0678 2.0666 2.1872 2.0695
EB2| 1.8109 1.8107 1.8109 1.8128 1.8226 1.7471 1.7903
@B3| 1.8193 1.8183 1.8166 1.8128 1.7985 1.9909 1.8407
EB4| 1.8437 1.8426 1.8416 1.8410 1.8421 1.9012 1.8352
EB5| 1.7761 1.7764 1.7766 1.7769 1.7761 1.7365 1.7758

EBI1 EB2 oB3 mB4 mBS5

Figure 1. Decision results based on diverse parameter /3

1. BETAEISH fHRELER

(3) CoCoSo Wikl [y B R ¢ b, M 2 W LLR I Y S8 ¢ B, &3k ZIHF A
B, =B, B, B, = B, , WHZSHUIZSHR&ETT RIOHEF RSB, FHRERA R
.
5.3. tE® 4T

SHAIE AR SC TR 7 VR I A BRE AR BRI, 5 TR 7 5 SR (241 R0 [22] (0 7 VR RE AT FL oA o T
SCIR PR R R R AR, &K (0 A L T AR R A B AR ST HER A EE 9 BT
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2.5000

2.0000

1.5000

1.0000

0.5000

0.0000 I—iiiiiiiii
01 02 03 04 05 06 07 08 09 I
MBI 2.1165 2.1049 2.0937 2.0829 2.0724 2.0623 2.0525 2.0429 2.0337 2.0247
®B2 1.8520 1.8412 1.8308 1.8207 1.8109 1.8015 17923 1.7834 1.7748 1.7664
¥B3 1.8542 1.8450 1.8361 1.8276 1.8193 1.8113 1.8035 1.7960 1.7887 1.7816
HB4 18855 18745 1.8639 1.8536 1.8437 1.8341 18247 1.8157 1.8069 1.7984
uB5 1.8074 1.7992 1.7912 1.7835 1.7761 1.7689 17619 1.7552 1.7486 1.7423

=Bl E=B2 E=4B3 E=4B4 =aB5 — & (B])

Figure 2. Decision results based on diverse parameter ¢
2. BETAREISH ¢ HIRRER

Table 9. CoCoSo approach calculation results
#* 9. CoCoSo F AT HEER

ik HEFPEE R
AR TT IR B, ~B, ~B, ~B, ~B,
SCHR[2416¥) WASPAS T B, B, >B,>~B, >B,
SCHR[22] 1) SVNWA 5T B, ~B,>B, ~B,>B,
SCHER[22]H) SVNWG 5T B, ~B, >B, >B, - B,

MRFE AR T i B € CoCoSo HEUR KT 1245 SCHR[22] AN 551 A LT 551745
BRI 5 SRR (2413 T WASPAS J5i5 3 BB AR £ B, o RV A FIT5 A 2 1 4 L ik
Asea— 8, (A RILIEI 2, XU PR 5 0 & B S A R

6. it

AT TS v A A5 2 58 A R AN 0 2 S MR GRS I R, B2t B o p R R SR U P (¥ CoCoSo
FECHERIR . P, I ) A TS R I B P R HOE VRN, 4 DR LR U T R R SR
HHCAME: HR, S X R AU 58 A AR M VSRR, AR 450 SR AU Rl A 4R Renyi AL
B TSI T HTH S 71 CoCoSo BEVLSRMESL . @I A 3L TAE B S RS PPN 21T SR
T, GG REUEHHT 53 EEW FORAE 7B A 2t . AR R . A SCRIHET SARBLE: (1) T
T 0B B B R AE G T (2) 4R ARG Renyi SEG AL E R E R, (3) MR Bl
HE4E CoCoSo Wik Jridi, AHEH ARG B R A HR IR R 1 REREE TR s, Aok
(RIBIE 7C T %5 B B T B v B AR R BRI R S VAR B, [T 5 R PR 538 6 % 1 L RIA Bt A DASR T Bk 5 11
R LA B A
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