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Management of non-cooperative behavior in consensus-based large group
emergency decision-making in social network environment

XU Xuan-hua®, ZHANG Qian-hui
(School of Business, Central South University, Changsha 410083, China)

Abstract: In view of the possible non-cooperative behavior in large group emergency decision-making, considering
the social network relationship of decision-making experts, a consensus-based method for managing non-cooperative
behavior in large group emergency decision-making is proposed. Firstly, the Louvain clustering method based on
modularity in social network is introduced to cluster decision experts to reduce the complexity of large group emergency
decision-making. Secondly, two kinds of non-cooperative behaviors are defined, the identification and detection model
of non-cooperative behaviors is established. Then, the concepts of trust risk coefficient, preference risk coefficient and
comprehensive risk coefficient are defined. These risk coefficients are used to manage the aggregation of non-cooperative
behaviors in different degrees, so that a decision-making scheme with high consensus level can be obtained. Finally, the
feasibility and effectiveness of the method proposed in this paper are verified by the case of the 4.25 Tibet earthquake.
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R, REYR VR FE I 20 km. 52 1M 5 Hb = 1R 52 i, 3 (] 7 g,
HYE X HEE X e HE T4 H 17817 48, K4 5.9
HH R, RIREE 20km. B KA G, HIR X &R
TR BUAT B, B A RN AR B A, TR R Bt RE B
ST H L, 4 X T B A0S I AR | R
AR A A R VB S G T I i R
X —2k, &F RN HAPURRCK, IFRAL T H 1642
L R I N 2R R, 2 i B e T 3N &k
ES

xy: AL SR N2V IR R X, T il o< X A
Pt O, 3T 4R Tk XN BT B R B, R VE B
SR RO 2%, RS R E, IR SRR
ST T L R AT HAE, fr Sk /INBA S A AL
5GP E R TAE.

wo: HEABRIT H1 BA 5 5% 7 B 2/ 43 B — e 2k
N X 0T e 2 1) 9¢ BB AT Rl (A, i )R X
Bew B0 Bk IE B, RSN KGR 7, A A
W6 /INZELOF IR AR R ) O AT 4012, £ S /N BA S It
BRUE BJG, #—EE R TAE.
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rg: RIE KR ECE H e BT R BRI E
P X, 0 32405 R EHEAT R I A D52 KB AR e ¥ [F]
i, AR ECE B S R i IR SR SRR,
LRGN B RO AT SR 2.

BEXFRA B 3 AN T7 S8, KR N SR 3R X
“RRA R T IR AR TR 9 E
W7 ZHI 3AN B A, 55 Ah, 2 U B E 3 A B )

WERNW = {0.2,0.35,0.45}.
32 FESE

step 1: IRIF PRI L A if B At 22 285G .

PR IR LAIX 1] B 5 A58 5 T 2000 7 Rtk AT
105, 8 70 T FAmUFAE BRI 3R 1 foos. [FI, R AL 2
W 28 43 T g ARG R P 3 T A 2 P 2 5 R ], 1] 3
JoR.

®1 ERRFEE

EX

AR

7 FI 2t

ek TR

WIE Sy i

BTz

13

15

([0.3,0.3],[0.4,0.7])

((0.1,0.2],10.2,0.3])

((0.4,0.51,[0.3,0.5])

(10.6,0.6],[0.3,0.3])

([0.4,0.5],[0.4,0.5])

([0.3,0.3],[0.2,0.2])

(10.4,0.51,[0.2,0.4])

(10.2,0.6],[0.3,0.4])

(10.1,0.21,10.6, 0.71)

([0.2,0.3],[0.3,0.4])

([0.4,0.61,[0.3,0.4])

(10.3,0.51,[0.2, 0.4])

2

4

14

16

([0.3,0.4],10.5,0.5])

([0.5,0.6],[0.2,0.3])

(10.4,0.41,10.5,0.51)

(10.5,0.71,[0.1,0.2))

(10.2,0.3]1,10.5,0.6])

([0.4,0.4],10.3,0.5])

(10.5,0.61,[0.3,0.3])

(10.4,0.5],[0.3,0.4])

([0.2,0.4],[0.5,0.5])

([0.4,0.5],[0.3,0.4])

(10.2,0.31,[0.6,0.6])

(10.5,0.61,[0.3,0.3])

([0.6,0.6],[0.2,0.3])

(10.2,0.41,[0.1,0.2])

([0.4,0.51,[0.3,0.4])

([0.6,0.71,10.2,0.3])

([0.6,0.71,10.1,0.2])

(10.2,0.31,[0.3,0.4])

(10.5,0.71,[0.1,0.2])

([0.5,0.6],[0.3,0.3])

([0.2,0.3],[0.3,0.4])

(10.2,0.31,[0.1,0.2])

(10.4,0.61,10.2,0.31)

([0.5,0.6],[0.3,0.4])

([0.7,0.8],10.1,0.2])

(10.5,0.61,[0.2,0.3])

(10.5,0.51,[0.3,0.4])

({0.3,0.4],[0.3,0.5])

([0.5,0.7],10.3,0.3])

(10.4,0.51,[0.3,0.4])

(10.4,0.6],[0.3,0.4])

([0.5,0.6],[0.4,0.4])

([0.5,0.5],[0.5,0.5])

(10.5,0.71,[0.2,0.2])

(10.6,0.6], [0.3,0.4])

([0.5,0.5]1,[0.4,0.5])

x3

15

([0.8,0.91,[0.1,0.17)

([0.3,0.31,[0.2,0.2])

([0.6,0.6],10.1,0.3])

([0.5,0.5],[0.4,0.5])

(10.8,0.81,[0.1,0.2])

([0.2,0.31,[0.2,0.3])

([0.5,0.5],[0.5,0.5])

([0.5,0.6],[0.2,0.3])

(10.7,0.81,[0.2,0.2])

([0.1,0.2],[0.2,0.2])

(10.7,0.71,[0.1,0.2])

([0.6,0.6],[0.3,0.3])

14

16

(10.7,0.81,10.1,0.2])

(10.7,0.81,[0.1,0.2])

(10.8,0.81,[0.1,0.2])

(10.5,0.71,[0.1,0.3])

([0.6,0.81,[0.1,0.17)

({0.7,0.8],10.1,0.1])

(10.5,0.61,[0.2,0.3])

([0.5,0.61,[0.2,0.3])

([0.5,0.7],[0.1,0.2])

([0.5,0.7],10.3,0.3]) ([0.7,0.8],0.1,0.2]) ([0.6,0.9],[0.1,0.1])

3 ERUSKEEXRFR

step 2: KHAFIAZRE.

I L 2 X 26 55 T B (1) Louvain 77 7%, % K
TR L ST K, TR R SN RENE Bk
27,

step 3: RFFAAR HR SR FL I B

FIF3) (14). (15) 3R H & RAE M LK K
TR BRI A6 3L HK S W36 3 BT .

FH 2 3 AT S0, B R L RSP N T RE, R, 75 2

XF HARACF AR (R IR B AT I 2 2

step 4: AW IF 1B USRS 1RAT J9 )& 2L

1 T 2R 4 C3 R O LRk /N TR R LR K
R P AN SR AR I L IRE O, 45 R WL @ DU B R
B AN SRR N I 508 I B A R LR Y R AL
DA, AR L B R B AW A R AR S
TEREEE. PRI AE SRR R 4 TR (v = 0.5).

Hi R 4 AT A1, JEAR C° B — IRAR B 1EAT N, R &
Co B ™ HEIEAIEIT N, B @) A Q0) 1HE R4k
C3 IR AT I R EL 00" = 0.49, 5 LA if W5 R 5
o} = 0.33; a0 @) A (19) ~ QD) 5 H R L CO 1
O R B B0C" = 0.78, AT R¥iol =
0.71. FHI 3K (24) 15 21 15 > & 5 18 7 ) 19 28 S M -,
TR = (13) Sk H BT AR A 27, 28 )5 R =X (14) #1
(15) 13 B 5 AR S BEAR LI, 775 3L UK an sk
5.



5 Xk R

BEERRENRENER

Tl 5L

([0.30,0.32],[0.02,0.03]) ([0.30,0.40],[0.01, 0.017) ([0.20, 0.32],[0.02, 0.03])
([0.57,0.61],[0.00,0.01]) ([0.46,0.59],[0.00, 0.017) ([0.49, 0.53], [0.00, 0.00])

([0.66,0.69], [0.00, 0.00]) ([0.63,0.69], [0.00, 0.02]) ([0.61,0.67], [0.00, 0.00])

(10.46,0.571,[0.00, 0.007) ([0.37, 0.441, [0.00, 0.01]) ([0.39, 0.511, [0.00, 0.017)
(10.51,0.59], [0.00, 0.00]) ([0.44, 0.57], [0.00, 0.00]) ([0.49, 0.64], [0.00, 0.00])

([0.61,0.67],[0.00,0.00]) ([0.44,0.59],0.00, 0.00]) ([0.51,0.64], [0.00, 0.00])

(10.13,0.231, [0.00, 0.017) ([0.20, 0.23], [0.00, 0.01]) ([0.23,0.29], [0.01, 0.02])
(10.26,0.351,[0.00, 0.017) ([0.17, 0.261, [0.01, 0.02]) ([0.23,0.32], [0.00, 0.00])

([0.23,0.29],[0.00, 0.00]) ([0.17,0.29], [0.00, 0.00]) ([0.10, 0.20], [0.01,0.01])

([0.48,0.551,[0.01,0.02]) ([0.38,0.53], [0.01, 0.02]) ([0.35,0.51], [0.00, 0.01])
(10.49,0.561, [0.00, 0.017) ([0.46, 0.551, [0.01,0.01]) ([0.46,0.511, [0.01, 0.02])

(10.51,0.571,[0.01, 0.02]) ([0.53,0.59], [0.00, 0.01]) ([0.49, 0.59], [0.00, 0.007)

2504 ECRE

=2

TR AN# AR E il

oL 4 0.28 {e1, €2, ey, e1s}

c? 4 0.29 {e4, es, €11, e13}

o 3 0.19 {es, e, €12}

ot 3 0.17 {e10, €15, €16}

c® 2 0.07 {es, e}

([0.10,0.18],[0.15,0.24]) ([0.14,0.18],[0.02, 0.10]) ([0.18, 0.32],[0.06, 0.13])
([0.14,0.22],[0.04,0.10]) ([0.19, 0.26], [0.06, 0.13]) ([0.22,0.38], [0.05, 0.08])

(10.19,0.261, [0.04, 0.08]) ([0.14, 0.22], [0.06, 0.08]) ([0.18, 0.26], [0.03, 0.10])

®3 HIEHIRKF

cT(CcYy or(Cc?) CT(Cc®) CT(C*) CT(C®) GCT

®6 ICHK[17] 75 BRIRER

%35 %

c* ux uh  of CT(C*) GCT rank

c! 028 030 0 0.91
Cc? 029 032 0 0.91
c® 019 017 03 0.81 0.88
c* 017 019 0 0.94

5

C® 0.07 0.02 045 0.82

T3 = T = T1

0.87 0.85 0.79 0.88 0.67 0.81
Fd4 BECHRECHIESERE
oy 5 7(C*)
c? [0.10,0.29] [0.20,0.25] 0.375
c® [0.42,0.54] [0.30,0.50] 0.75
®5 IFTERIAKFE

cT(ct) cCT(Cc?) CT(Cc?®) CT(C*) CT(C®) GCT

0.91 0.92 0.83 0.93 0.90 0.90

HH 22 5 ] A, BEAR JLIRK KT 3R A, 45 1k
IEAR, #e step 5.

step 5: J7 RiLEFE.

Wi (D) REGEFEANTTREOENA) =
0.32, A(wy) = 0.46, A(z3) = 0.52. FRHEE L4
HEF RN, 153 B A TT AT N g = 2o = a1, Wz
AR TT %

33 FHEERSTE

N T U AR SC O B B RO A B AR S
55 SR [17] B 07 ¥R AT X6 L. B SOk [17] I AE B ARAT
R AE BRIV R B ARSI S b, 45 R 6 o,

H13% 6 AT 1, PO AN 5 35 K B A T3 S 34N s, AT
R T ASOTTER & B, A, ARG 1EAT AR AR
i U115 2R R i 28 AR KCOT A, K A S5
5 SR (171 5 AT 3 — D0 B, a5 R R 7 Py
Z

®7T MR

Tk ol WtfE GCT
AL FH XU R EC 5 0.90
SCHR[17] FE A E 0.88

SR b AR SOMUR T SR (171 897 8%, EZA BLR
3AMLH: ) A SCE S 2 W2 AT 3RS T K TH
AR AR, I I X 8] B A B R DL S 4 (1 AN
SE ME, I 45 (5 A RS A B8ORS, AR B3 T B
AR AT N R LR b 1 28, 7k EERA R
RNE; 2) AR ST IR AE A AR S AR AT N R D K i &
FERIE BB B BE AR SRR P IR R R S v, A AT
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2505

U/ R SIS [H), B8 A A I S R SR (1) B Rk K 3) A
i Louvain SR FEAK 1 U3k & 2 ME M L T 4t
HIARE w1 SRS 705, A IR T T oK 2 T8 [ A 1)
PR, E YT M2 T2 3 o, LB A MRS 5 K

FIRIAEE T, B B I X
4 & ®

AR SRR R AR S S e S B R R H I R
EAEAT N, WAL 2 X 2% 4 1T I AR FE R 3 T —
A1 P 288 PRI 25 T TR IR 1 DR A L ik 3R
RS AEAT NS BB, — 5 B R R TR
FEAR R SR T KB T A S B R M, T
X 28 73 #1 A % 2 T 1 BE (1Y) Louvain 56 28 5 V540 &
FAT R AEPRAR 7 RSB IR BE R [RI A 15 4 5%
EE N SR AR A IR A o SE RO, oy — T T, AR
& T PR RS, iR R AR SRR, K RS
VEAT 5 PR, SR I M Al DRI A A IS 56 AN [
PR A B2, 2 7 A 1R - 18 15 ik

AL FEARAFAE — 58 = BR 1, 40+ 22 W 2% 4y
M i IR AT RS T K M BK R, 40 A 45 SR (1) 7T 5
PEACH T L 5 1AV K 58 1 S8 B M. A SR IR B 9 0 3
— 35 2 LRI #E 2 WX 28 A i, R FRRERAT AT o
B, MAT NI B 5T AR G AR AT N, 0 v s i mT B
LA B WANE S AEAT N IR EAT 40 AT, AT B
U M B ORREAR B 2 sk AR ST A,
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