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Abstract

In recent years, large-scale group decision-making problems based on social network analysis have
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received widespread attention. However, with the development of the digital economy, the scenarios
of large-scale group decision-making continue to expand, and the decision-making problems them-
selves exhibit a high degree of complexity and uncertainty. In this context, the composition of deci-
sion-making groups has undergone significant changes, and the heterogeneity of decision-makers has
become increasingly prominent. This leads decision-makers to have different consensus goals when
facing different decision-making scenarios. Nevertheless, existing research rarely explores multi-
level optimization objectives from the perspective of decision-maker heterogeneity. Therefore, this
paper focuses on a bi-level objective consensus optimization method based on a local search algo-
rithm. First, we use a novel community detection method—the local search algorithm—to mine the
local information of decision-makers and identify community structures. A multi-layer network
model is then constructed to clearly characterize the dynamic interactions among decision-makers.
Second, to address the gap in this area, a bi-level objective optimization model is developed to achieve
minimum cost and maximum satisfaction. A case application and sensitivity analysis of the model
are also conducted. The results demonstrate that the proposed method yields superior outcomes
and provides certain theoretical guidance. Finally, future research directions are discussed.
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Table 2. Weights for experts and the community
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SC, dy 0.06 sC, d, 0.04 sC, ds 0.03 SC, dy 0.04
w, d, 0.07 w, d, 0.04 w, dy, 0.04 w, d, 0.42

0.26 ds 004 024 d, 003 025 d 003 025 ds 0.03

d,, 0.05 dy 0.04 d, 0.04 d, 0.02
dg 0.05 d, 0.03 d, 0.03 d,, 0.03
d, 0.04 d 0.06 dy, 0.46 d,, 0.04
d, 0.04 d, 0.50 d, 0.04 d, 0.01
d,e 0.48 dy 0.03 dy 0.04 d, 0.03
dy, 0.06 d, 0.04 dy 0.02 d, 0.04
d,, 0.05 d, 0.03 d, 0.04 d,, 0.03
d, 0.04 d, 0.04 ds 0.03 d,, 0.03
d 0.05 dye 0.03 d 0.03 ds 0.02

d,s 0.01 d,, 0.04

Table 3. Initial and final opinions
=3 VIRERMREER

X TR o of #HIX X K of X B of 0
sc, dy 5.0 5.1 sC, d, 75 7.3 sc, de 9.1 9.0
0, dg 47 49 o, dy, 7 7.1 0, ds 9.0 8.8
5.5 ds 6.9 6.7 7.4 d, 7.4 7.4 9.0 dys 8.5 8.6

ds, 5.4 5.5 d 6.9 6.8 d, 9.0 9.2
de 45 4.4 d, 7.4 7.6 d,, 8.9 9.0
Oy 6.9 6.9 A 7.2 7.2 dq 9.1 9.5
ds 5.1 5.2 dye 6.4 6.8 e 8.8 8.9
0y 48 5.4 d 7.2 7.4 ds 8.9 9.1
d, 5.6 5.4 d, 7.0 6.9 dg 9.3 9.2
dy 43 43 d, 6.9 6.8 dys 8.9 8.9
d, 6.4 6.6 dy, 75 7.6 ds 8.6 8.7
d; 42 42 dyg 7.6 75 e 9.1 9.2
ds 7.4 7.4

X ER o o
G, dy, 5.0 5.1
0, d,, 5.7 6.2
5.4 ds 48 5.7

d, 5.1 5.1
dy, 5.0 5.4
d,, 5.4 5.3
dg 5.1 5.2
d;, 5.8 5.6

s
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d, 5.6 5.4
d, 5.3 5.4
d, 5.4 5.6
ds 5.2 5.3
d,, 5.8 5.6

Table 4. Costs and final recommendations for community adjustments

Fz 4 HXIEENRAFRELEL

G, G, G, G, BE
o 3.93 4.12 4.04 4.15 12.25
o 5.21 5.30 5.15 5.26 5.23

A SR S AN IEAE T A SO R AT M, RS A AR S o R A R A R 5 o) AR AL T S B
fERTTH.
6. MEE AT SBRE D
6.1. XtELSr4m

(1) 5 Louvain ik g

1) ERBAT R R A LS Louvain BIE I 4 FE HLAEL, Hdt Louvain 5315 444 O (nlogn),
T J BB R BE I 24 A e R ATTAT R0 O (n), T AR BB 45 R SVEAE AL BB P 4R I B BB 1
. [RIRTTE 8 SIS FIE R R EEM SR, 7T DS H R R BOETE 8 A B SEM 25
A 7 AL Louvain BIER, B WA BRI, 8BRS 84040, X1 HA 317,080 /M1 A
11,049,866 251411 DBLP (¥7-+5 H M HIEDIH )M, il R HEFHRE 45 s, 1fi Louvain HE 2
256 s. JF Hi#id Fl-score &, 7 NMEIALX ML FH 5 NREERAEZE ST Louvain Bk,

2) HIRAE I S Zachary 75 18R SR 45, Louvain R8I0 EIPUANKEIX, 1 fo 3648 28 gl 21
PIANHEDX, X EISEARRT . I HJR 4 28 B Re A ROR I 28 B35 AR 14 X R A e SR X H (i 3k T A%
O EFXI), XA Louvain HABA

(2) HH eI

N T RMA SRR A RNE . etttk DL S AR (R DX, A SO 5 B AR 3k 4T 1 % b
BT, BACVEALCR A T B/ RA SRR, A A 30(19), K E B WA, 28R 2 TR

min F= Zi":lvv.g”’“pc. o, — o]

o oc‘

n

Qk i
wgro :M el (19)
s.t. Q,
0, e[l,u],i el
¢, €[lb,ub],iel

P n group ~f ;
oc= w0 iel
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Table 5. Comparison of the consistency of our model with that of alternative models

F 5 RMHRESERBREN B BLER

Gl GZ GS GA lé"fﬁ

. G 3.93 4,12 4.04 4.15 12.25
SRURLO LT ,

0; 5.21 5.30 5.15 5.26 5.23

. C 3.90 4.15 4.04 4.20 13.05
st ,

0; 5.30 541 5.24 5.35 5.14

15 g T IRATSE AR R AN B AR R A SRR R R LEARE R . R S TR Y, B T 1Y
BRRUAG HE Fk EIR R R LR of )7E 5.2 e s, TERATR R b, ZEAE 5.1 Zh.
BN, PR (1 B A (R ¢ ) PR FF— B 3k 1 RIS MR AR AL A . BRI, FATHIRERAS
SO AT EARKR A, I BT AR A7) TS AR R BRI KBRS, N TR
Fr iR X - s ja, BATRH KBRS I 7RI, IKIESE 1 iR K
DU -

6.2. RS

(1) AFFARBER AR 5

FEFUE B RE A, BATE Se st SR BUE T R 734, AR AU e LR A R i . {E
TRFFHANZECA R RIRHR T, K e MEBUETEEE N 87%2 99%, JFLA 3% NkEEEIZ T . 53| HFLR
ZRULR TR 6. Bl ion, BRIE, BEICRBMEN SR, LR SCBUAR B w5 S2AS I AR ()
FyfRFg BTh, FLAE B R A S A BE S RV S . SR, R R AR Y A = P RSO (B R) B R i 2 )
BART SRAHE, R SR BEE R 87% LG, S A G F 2 bR, T e R R 4
KRNZHNZE, X—@HAER 2 PE2 T BEREI.

A SR F 006 8 15 8 R

—O—iiEER
—B— NA F

16

14

4 1 1 1 1
87 90 93 96 99

R € (%)

Figure 2. Satisfaction and total cost at different consensus thresholds
B2 FEHARETHHEEES RARA
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Table 6. Effect of different consensus thresholds on the model
%z 6. FEHIRFMEXHRE RS20

€ SC, SC, SC, SC, ;'é\ {E
G 3.95 4.10 4.05 4.15 4.15

87% —
0, 5.21 5.30 5.15 5.26 421
G 3.95 4.10 4.05 4.08 7.05

90% —
0, 5.21 5.30 5.15 5.26 4.52
G 3.95 4.10 4.05 4.15 9.02

93% —
0, 521 5.30 5.15 5.26 4.95
G 3.93 4.12 4.04 4.15 12.25

96% —
0, 5.21 5.30 5.15 5.26 5.23
G 3.95 4.10 4.05 4.15 14.61

99% —
0, 5.21 5.30 5.15 5.26 5.61

MO Z T 54T, AEAFEFARBRME ST, &R BT AR 0 2 R R AE H e /IME K o (R8T
F 6 LLRIL, BEEILRBERANR S, & FRANSE LIRS 2N BEER.

(2) AN [ 2 B R0 S o0 B (1) 5 e

AFIH R RS o )20 T BRI E AR . AT, WE TR, F. &=
M) o ZHOKT-. Horr, JEGEHUE &K, ARZKSE AN G K (8 2800 43 5l i i 76 mh &5 7K 1) ik
fih B LGP K AT IIR S SRS, A0k EI=1, WK, J. &1 o ZHEOKFEEN4,3,6,3], [5,4,7,
4], [6,5, 8, 5] IR KH, EMHRFLIKET, REHEEMHSEIUEARF, F2ERRARREAR
TRFFFE; TR EMHS R, TEERIHEEBAHNEA, X—METNE 3 hiEWEH. 5
SEFEIEE, FEMFIFSERBRE AT, & FRARTEA R 2 SO0 ST I RS Jos WA B = 5k
TREF—80 AEA B R B P AEE RN R

9 . KE%%%PE&&H%?%&TE‘J%%?EXJ% 90
—O—KsH a
8.5 [ |=—B—H1%2H a .
—A— TS H a
8r 4
75+¢ .
x i J
b 7
4
E 651 ]
6 i
551 .
5 J
4.9
4-5 1 1 Il Il 1

87 90 93 96 99
SN € (%)

Figure 3. Comparison of satisfaction levels under different satisfaction utility parameters
E 3. TRIAEEHASH THHEEXTEL
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7. ZERERE
7.1, #ig

ARSI R AR PR 90 A P e = g pie e T S B 3 SO ME R R T 7T, i iR IR IR IA Bl
R AL I R it 7R S, A S B R R S SR A

B, BATEL R I RO AT RN, SRR A o B X PN e SRR E R XA
DCBUER, 51 NAE 250 A DL AL v B2 e 24 5 AL e EL AT 5 A DX A et 2 ST IS 5 8
BRI ETMR: EEASSER, D MU X E LR AN B AR, A S L ISR W
PREAR; TEVIBREE R, UK R R HAR, T e SON AR L 5 i &30 L
BOOREEI A B REN AR X R AR WA ARG, T O0Z RURI R, 85 SR 2 T 38 AR B R X
JRIRERERME: LRBEEERA AR, TR LEAMA R TR R R, Il
P 52 O 2 AR e 7 A JEAR, IR f e il S0 o M AN URR EE 7 A BRI 1 AR A
AR KRR R RS TSl ZE 5 5 AR 4 (K R G4 T3

72. RRE

FEASC AP FRATR 38 1 — A e/ A B R e B AR, L iad 3 1 3 A% SRV I XU R B AR
SRAFASL, SR BPR AR SC QLR gt v 17 08 X AR ARRATE T3 I s LA Bk«

(1) ASSTHER, KRR R SRR AT R M I A 12 R A R B, HOR AT i X 4% L AT
MSiE, MAEBLSEAETE P AEAE AR R A, BIAEAEAT [l R4S, BT DA R SRAT DAASE P82 R AT 10 1 45 1) SR 6
T3 W SR B T Sy A4 2R SRR AT SCHE TR A 1) I 2 PR R AR A phe S 1) At

(2) AR SCAE AR RIS e S 17 14 5 /I JAS 1) RIS 255 8 ) 2 T B 7 0 e R T AL, T AE IS 2
W IR 2t I e, DR R BT R N R 2R K B T S A A LR IS )
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