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Fig. 1 Social network relationship diagram
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Fifleite. & 20 (&K D={d,, d», -+, dy} 1
JRHREA, N9 INEIR C={c), ¢p v, co} XFELND
AT RAATIAN, BT R X BRS¢ FIIPEIE Hk, ZBIBRRLRKZMMFIERRBRE (W&
B PLTS, HX R FITFMEN S={s=F% 2,  2), WEZr il K m s R ftEdE Sd% .

®1 ERdJ HRRIEH

N % , 8§37 —‘ﬁ& y S4= ﬁ% , S5 E”;Fr'“ﬁ’ﬁ% }o FH:J:%H]EFE%” 5
AR EZ d, FIVEHE BHERE (W3R 1) .

Table 1 Decision matrix for expert d,

Eiztun X X X3 Xy Xs
{5,(0.372), 5,(0.483), {5,(0.454), 5,(0.278), £5,(0.154), 5,(0.452), {5,(0.425), ,(0.127),
“ 5,(0.145)} 55(0.268)} {5:(0.325), 5,(0.675)} 5,(0.125), 54(0.269)} 5,(0.108), 55(0.340)}
(5,(0.273), 5,(0.421), {51(0.321), 5,(0.247), {51(0.225), 5,(0.372),
6 {5,(0.721), 5,(0.279)} (006} 5 {0.351), 50181} {55(0.543), 5,(0.457)} (0403}
{54(0.255), 5,(0.386), {5,(0.108), 5,(0.253), {5,(0.357), 55(0.272),
“ 5(0359)} 51(0-509), 5,(0.496); 5(0322), 5(0.317)} 540371)} 5:(0.625), 5(0375)}
{5,(0.351), 5,(0.255), (5,(0.492), 5,(0.245), . (5(0.292), 5,(0.375),
e (0390} (0563} {5,(0.672), 5,(0.328)} {54(1.000)} 0333}
{5,(0.301), 5,(0.325), {5,(0.137), 5,(0.259), {5(0.327), 5,(0.406), }
“ 5,(0.374)} 5,(0.372), 55(0.232)} {5:(0.457), 5,(0.343)} 5,(0.267)} {5:(0.554), 5,(0-446)}
{5,(0.242), 5,(0.376), {5,(0.418), 55(0.225), {5:(0.262), 5,(0.343), , {54(0.456), 5,(0.208),
Co 5:(0.382)} 5,(0.357)} 5,(0.395)} {54(0.754), 55(0.246)} 55(0.336)}
{5,(0.172), 5,(0.251), (5,(0.275), 5,(0.473), {5,(0.173), 5,(0.257), {5,(0.238), 5,(0.427),
T 55(0.403), 5,(0.174)} 55(0.252)} 5,(0.342), 55(0.228)} 55(0.335)} 5:(0.238), 5,(0.762)}
, {51(0.217), 55(0.256), {5:(0.361), 5,(0.514), {5:(0.378), 5,(0.264),
e {54(0.463), 55(0.537)} 5(0.401), 5(0.126)} 50.125)} {51(0.475), 5,(0.525)} 54(0.358)}
{5,(0.263), 55(0.335), {5:(0.257), 5,(0.354), (5,(0.118), 55(0.346), (5,(0.201), 55(0.345),
© 5,(0.282), 55(0.120)} (5:(0.637), 5(0.363)} 5,(0.389)} 55(0.536)} 5,(0.128), 55(0.326)}
x2 EFRAGEEXRRE
Table 2 Degree of trust relationship between experts
?% dl dZ ‘13 d4 d5 d6 d7 d8 d9 dl() dl 1 dl 2 d13 dM dl 5 d16 dl 7 dl 8 dl 9 dZO
d, 4 1 s 2 4 5 4 5 2 3 5 5 4 0 0 3 3 3 5
d, 3 4 3 s 5 4 3 3 4 3 3 4 4 3 2 2 5 1 4
d 2 4 3 3 3 4 4 4 5 4 5 4 2 2 4 4 3 2 4
d, 4 3 1 2 3 3 5 5 5 4 4 5 3 3 5 5 4 3 5
d 1 3 3 2 4 3 s 4 2 5 s 4 4 3 1 5 4 2 4
d 0 2 0 5 4 3 4 s 1 4 2 5 1 0 5 5 4 2 s
d 1 1 4 4 3 5 303 3 4 2 4 4 4 5 1 2 1 4
d 2 4 2 3 1 4 1 4 4 0 3 5 2 3 1 0 4 4 5
d 1 0 1 3 1 4 3 4 4 3 3 4 4 0 1 4 3 0 4
de 4 2 3 1 4 3 3 3 4 4 1 s 3 2 5 3 4 2 5
diy 4 3 4 4 2 4 4 4 5 3 0 4 5 2 3 1 1 5 s
dy, 2 3 2 3 3 4 5 5 5 3 3 4 4 3 3 3 4 3 4
dy 3 4 s 4 3 2 0 3 3 3 4 2 4 1 s 2 1 1 s
dy 4 3 0 2 4 4 3 3 4 4 4 4 s 2 3 4 4 2 5
ds 3 4 3 3 2 s 4 1 3 2 5 5 3 2 4 0 5 3 s
de 4 2 4 0 3 5 3 4 5 2 5 3 4 2 4 4 5 3 4
d; 0 4 0 4 2 1 4 2 5 1 0 1 4 3 4 s 1 4 s
d¢ 3 3 3 4 s 4 3 1 1 3 5 2 5 5 0 3 5 14
dy 0 0 2 3 5 4 0 1 3 4 1 0 5 3 3 5 3 3 5
d 3 4 1 1 4 5 2 5 4 4 3 4 5 3 1 5 2 4 4
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Fig.3 Social networks of decision-making experts
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Fig.4 Decision-making experts clustering
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Fl ©,={0.0680, 0.0708, 0.1020, 0.1020, 0.0935, 0.1076,
0.1218, 0.0567, 0.1105, 0.0850, 0.0822} . 7EREIAJZ IH,
55 24 R BOBURE BE T3 AR AR 23 500 R g =
0.4631, 0;=0.5369. MHEA UL HXF 5 ik Ty
FTPAGZEAR, Sefd Bzt (16) 43I &4t HIN £ 5K
IR UG DL SR A A T R, T R A )22 T Y R SR
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Table 3 Large group decision Z% matrix

EEELAN

X

X

X3

Xy

Xs

&

G

C3

{5,(0.201), 5,(235),
55(0.204), 5,(0.161),
5(0.199)}

{5,(0.246), 5,(0.303),
5,(0.209), 5,(0.149),
54(0.093)}

{5,(0.210), 5,(0.235),
5,(0.166), 5,(0.216),
55(0.174)}

{5,(0.200), 5,(0.226),
55(0.239), 5,(0.222),
55(0.113)}

(5,(0.237), 5,(0.253),
55(0.152), 5,(0.206),
55(0.151)}

{5,(0.183), 55(0.224),
5,(0.191), 5,(0.246),
55(0.156)}

{5,(0.190), 5,(0.228),
$,(0.227), 5,(0.239),
55(0.116)}

{5,(0.172), 5,(0.195),
55(0.287), 5,(0.196),
55(0.149)}

{5,(0.169), 5,(0.212),
5,(0.267), 5,(0.159),
55(0.193)}

{5,(0.124), 5,(0.255),
55(0.180), 5,(0.222),
55(0.219)}

{5,(0.166), 5,(0.244),
5,(0.250), 5,(0.150),
54(0.190)}

{5,(0.180), 55(0.238),
5,(0.287), 5,(0.229),
$5(0.067)}

£5,(0.278), 5,(0.143),
5,(0.143), 5,(0.258),
55(0.178)}

£5,(0.164), 5,(0.145),
5(0.278), 5,(0.177),
55(0.235)}

£5,(0.202), 5,(0.219),
5,(0.139), 5,(0.149),
55(0.291)}
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EfELA

X

X

X3

Xy

Xs

Cy

Cs

Ce

<}

Cy

o

9

£5,(0.232), 5,(0.191),
5,(0.183), 5,(0.254),
54(0.140)}

{5,(0.162), 5,(0.183),
$,(0.288), 5,(0.261),
55(0.105)}

{5,(0.205), 5,(0.193),
55(0.211), 5,(0.167),
55(0.224)}

{5,(0.165), 5,(0.174),
55(0.130), 5,(0.259),
55(0.271)}

£5,(0.154), 5,(0.224),
5,(0.142), 5,(0.290),
55(0.191)}

{5,(0.158), 5,(0.164),
5,(0.110), 5,(0.206),
55(0.362)}

£5,(0.167), 5,(0.213),
55(0.298), 5,(0.204),
55(0.118)}

{5:(0.264), 5,(0.152),
5,(0.141), 5,(0.331),
55(0.113)}

{5,(0.188), 5,(0.220),
5,(0.245), 5,(0.187),
55(0.160)}

{5,(0.127), 55(0.160),
55(0.222), 5,(0.341),
55(0.149)}

{5,(0.188), 5,(0.134),
5,(0.284), 5,(0.189),
55(0.206)}

{5,(0.280), 5(0.147),
5,(0.191), 5,(0.248),
$(0.134)}

{5,(0.159), 5,(0.182),
5,(0.192), 5,(0.256),
55(0.210)}

{5,(0.174), 5,(0.179),
$(0.212), 5,(0.246),
55(0.189)}

{5,(0.224), 5,(0.170),
55(0.170), 5,(0.245),
55(0.191)}

{5,(0.206), 5,(0.183),
$,(0.229), 5,(0.218),
55(0.165)}

{5,(0.170), 5,(0.191),
5,(0.255), 5,(0.253),
55(0.131)}

{5,(0.153), 5,(0.196),
5,(0.197), 5,(0.306),
55(0.149)}

{5,(0.253), 55(0.168),
5,(0.261), 5,(0.205),
54(0.114)}

{5,(0.125), 5,(0.253),
,(0.302), 5,(0.208),
s5(0.111)}

£5,(0.239), 5,(0.209),
55(0.177), 5,(0.297),
5(0.189)}

{5,(0.125), 5,(0.217),
55(0.226), 5,(0.240),
55(0.193)}

{5,(0.220), 5,(0.132),
55(0.211), 5,(0.265),
54(0.172)}

{5,(0.059), 55(0.093),

55(0.362), 5,(0.292),
55(0.193)}

{5,(0.157), 5,(0.216),
55(0.114), 5,(0.381),
55(0.132)}

£5,(0.164), 5,(0.192),
$,(0.238), 5,(0.246),
55(0.159)

{5,(0.114), 5,(0.212),
55(0.218), 5,(0.280),
55(0.176)}

£5,(0.193), 5,(0.249),
$(0.126), 5,(0.274),
55(0.157)}

£5,(0.171), 5,(0.238),
55(0.256), 5,(0.126),
55(0.210)}

£5,(0.156), 5,(0.221),
5(0.212), 5,(0.245),
55(0.166)}

322 #HERETE

54 BRI R, iE (5) ~ (8) 434lit
BHAE G G, AR RREHA G, 1R ARAL
AN, 5351
W;=1{0.0412, 0.1127, 0.1852, 0.1560, 0.1490, 0.2366,
0.0106, 0.0302, 0.0785},
W;=1{0.3261, 0.1486, 0.1080, 0.1304, 0.0773, 0.1291,
0.0270, 0.0303, 0.0235} ,
We={0.4344, 0.2477, 0.0187, 0.1278, 0.0136, 0.0454,
0.0447, 0.0330, 0.0347} .,
323 FERZ

ghity iR, FIF PROMETHEE 11 53,
A (9) ~ (13) 43 5IH8E 4 R e
¢ (x,) . MAMEY (x, ) ARl (x,), 255K 4.

R4 FExRHE. FNETEREN

Table 4 Comparison of outflows. inflows and net flows
for the alternative x;

LR NI =1 7 x| X, X3 X, X5
G ¢"(x) 02756 03110 0.6436 05037 0.7070
P97 (x) 06653  0.6299 03564 0.4963  0.2930
¢(x,) -0.3897 03189 0.2873 0.0074 0.4140
6" (x) 04244 03108 05215 05569 0.6805
G, ¢ (x) 05697 06892 04785 04372 0.3195
¢(x) -0.1453 -03785 0.0430 0.1197 03610
¢ (x) 04850 02001 04406 0.6978 0.6718
G, ¢ (x) 05150 07999 05547 02975 0.3282
¢(x,) —0.0300 -0.5997 -0.1141 04003 0.3437

HIZ2 4 A1, XM G, PURFIRHET 715 B ES
Fe B AR P R/NBET T HEIY . HEP I ZE R x5 -x, =
Xy =y =xp5 XTAEH G, INBERIEA TS B 4RSS, gt
TAE BRI THE , HEFF R RN x5 -x -3, -x, -
Xy, BVREER 5 a3 B THE T, xs MR R
2o FXTRBHA G E BT, TR R R A
PR T BHET G RN x> x5 =%, =x3=x,, BLBT LT
Zhx, (WFRS) o ke, HFARAENHT S
RERIPIAHE P2 R AP 22 5, B & B
5y, L RmiE BRI EL T Xz 8 —eE s, L7
PRIl R B AR i, I X e A PSR 2 S A T AR
Mo Bk, EAMgIRE T, FERBHARR LR
b ST E5F 3 5 S TN TR Wi E7aE 1 Eret i RPN )2
Mt A
R5 FRABEHTRHFER

Table 5 Results of the ranking of programmes for
different groups

REM DIE Siliac
G, Xs = X3 3= Xg = X = X
Gz X5 = X3 = Xg = X1 =Xy
G, Xy 3= Xs 3= Xy 3= X3 - Xy

3.3 M

R T U B A SO B A B SO, Bk O
ik [5]. SCHik [34] S SCik [35] AT X EE, 45 R Lk
6~7. MR, SCHR [5] 1075 At 25 M 25 BREE T o
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gy, B2 T R A2 N 26 DR R0 DR SR A S 5
SCHK [35] B E BRI 2 M 4520, 51 A Louvain 4k
DXk BRI At AT, AR RERAT Rl DR SR S D
R s ARSCIE TEISR L G b R A |, &%
ER LRSS PN LIS P S Franzib P
WA, ARG E S, SCHR [5] B TR AR 44
AT RE RE A X ZERR PR A IR, (Hik = L5
BRI % iy SOk [34] B0 D3R & AL ARSE
JER WA TR SCHR [35) Mtk MR RS
P (5 B AAMUEE A TR, ARERZ T, ASCE ek
TR G R T RCE AR A o
A AL KA RE R R L ZAE, FE0H IRk
L ZHY O 1 5 I A5 B RO 0 DR A5 b B 9 B
S RSV

H1Z& 7 AT, ASCS SO [35] B9 e i e 5 A
A—BE, ¥ x,, TS SCHK (5] F0[34] AOHERPSE R
FAAEZESE . XN O SCHR [5] AT T T R AR A SR 3 ]
R SCHR [34] A% 8 B RS 45 PR BT X KR (R e o
FIREI s AN 7375 B A 2 0 2% BR 5 08 £ it A R
FER A TRES RO R R, SR R & 3,
PETRE 1SR A R AR A A AT S

Fo6 ARBERRAEHILLSHT
Table 6 Comparative analysis of different group

decision-making methods

ik BEEEE BEAAM% BRI
ik [5] X X %
ik [34] Vi x v
Sk [35] v v v
KTk v v v

®7 BETFARAAZHHFER
Table 7 Ranking results based on different methods

7ok HOE R S5d)WIE S
ik [5] Xs 5= X4 =Xy &= X =X, s
SCHk [34] Xs 5= Xy &= X1 = X3 X, s
SCik [35] Xy > X5 = X| &= X3 X, X
ARICTTIS: Xy X5 5 X 5= X3 3= Xy X,
4 £5iE

AR SRR X b2 W 45 B8 £ il AL RS R AR D3
[, At 1 RG24 2 BT S AT A DR ATE

B, HE, B SMNE ST EE R SR
Mg, TR RS B AL, R TR SAE
LR . R, FIRAGEE E FE R E RN
HJ5, iz Fl PROMETHEE IT 52 XS KR 5 0 2%
JrEMILEE, IR Jm S 4 R HE 4 R g iR
THEA SR KA SR . 5 e AL,
AWFREA IR

1) ¥ PLTS iz 2 i L KR A& G0 5 )
i, AR TR FEAAER TN E B AT REAS
6 HE 110 [ Al

2) GIARE S WS HT, TR L ZMEEX
FXF Z @ P KA () @A 740 #r kR AR 53
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3) XF PROMETHEE 11 %f 7 3t HEY, Jfi
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L5 AL AT X RO R A

KA TR U T TG . — A AL 5k Ny
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Consensus Model for Probabilistic Linguistic Sets and

Its Application in Multi-Attribute Large-Scale Group (FrfEpit. =x4)

Research on Multi-Attribute Large Group Food Packaging Preference Based on

Probabilistic Language in Social Network Environment

ZHOU Huan"?, JI Hairu"?, CHEN Hongye"’, ZHONG Jun'

( 1. School of Economics and Management, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Hunan Province Packaging Economy Research Base, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In the large-scale group decision-making process in food packaging, the social network relationships
among decision-making experts have a significant influence on both the decision-making process and outcomes.
This study investigates food packaging decision-making method within social network environments and employs
probabilistic linguistic term sets to characterize uncertainties in expert evaluations. Secondly, the trust relationship
network is constructed based on the trust relationship among decision-making experts, with modularity applied
to partition expert communities. Expert weights and index weights are then calculated respectively. Finally, the
PROMETHEE II method is applied to the comprehensive sorting of the food packaging alternatives. Through
comparative analysis, the feasibility and rationality of the proposed probabilistic linguistic multi-attribute large-scale
group decision-making method under social network environment is verified, providing actionable directions for
optimizing food packaging solutions.

Keywords: social network analysis; probabilistic linguistic term set; cluster analysis; PROMETHEE II;

preferred food packaging
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