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Knowledge fusion method and application in alternative sorting of dual
large-scale behavior agents under emergency environments

XU Xuan-hua, ZHOUJun-jieT
(School of Business, Central South University, Changsha 410083, China)

Abstract: Due to the complexity, risk and specificity of emergencies and the difference and limited knowledge structure
of agents, a new alternatives selection method using fusion agents’ knowledge level is proposed by introducing large
group wisdom into emergency decision-making (EDM). First, the public’s knowledge level is determined by preference
sequence vectors (PSV) and improved knowledge measurement formulas, and public are grouped by the divergence matrix
and controller, and the knowledge level between subgroups is standardized to form a support matrix for the ranking of
alternatives based on the public’s knowledge level. Second, the experts’ knowledge level and attributes are determined by
the multi-granularity binary linguistic sets (MG-2LS) and the gray relational analysis (GRA) model. The experts’ support
matrix for the alternatives ranking is formed by combining the experts’ evaluation information obtained by the aggregation
operator. Then, the public consensus threshold is introduced to form the consensus matrix which integrates the above-
mentioned two agents, and the ranking of schemes is realized. Finally, the validity and rationality of the proposed method
are verified by the case of Covid-19 and comparative analysis.
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PHASEAE NS H b, X TR & 1, T BTG 7 5
T = {te(p))i = 1,2,..., L} MIBH G RET" =
{mint.;(p)|i=1,2,...,L}.

step 4: #fi5€ TR m NI EVERCE. T H E L8 A
step 375 BIRIBLE v = R, (T, 1), HTF L FK m M)
FRASE o AR JE Ve n NI AR 5 IR 22 77 R #E
A REJRE, o K, i 5 e I 7 5. ALk, Je MR AR
W B g SR A

N
wi = (=) /3 -en. a4
n=1

step 5: IR T FKIFAEEE. e, X7 B BARTVEH
B 77 R A AR O,y 1B MERLE w i E. 455 3(8)

A (14) 152 e, X 77 S B E ZAEPPAE EE EK,, BT

EK,, = @2L-WA(Om) = [@5:1(0111 ® w'rT)]1><L7 (15)

HAEK,, i @2 (0 @ W) = (0y @ w*) & (09 @
wi) & ... D (o @wi) THHE. RIEH ZtHIE S EE
7, BT EK,, = [(s471, 097 ) 1L

step 6: MRAE L FKITAL 0, 1 8 IR K TRLEE, 1
5L FAT T RIEYE LR ARACE Lo bR, B

M
Lo =) [ 37 e, (16)

m=1
step 7: JE R RN 2E T REAR FIROKF 107 S
VAR ARMY) ST R B 45 4 step 6 (1 51K T Rl
KT ZHFWE. ARMY) = [Ryj] 1y, Riy AN
% a; HEFESS j AL TC 5 WU & K IRUKE, B

M

~ a (m)

Ry=Y L. (17)
m=1

25 ETWEFHMIRKFERNG RIERE
KIEAT R E RS AL W Imir - Fr2HE 75515
&N T 785 AR 22 e 1t 08, 159 30 3 T4
R R RAEIR R A 23 AR 2.4 9575 3
73 AR B A AR S B TR SR 7 AR AR
ke ARMD) HT ARMP) | 5] N 22 s A 50K 10 75 S 5
J7 3R B &, 38 i AL v 4545 B Rl A 0 3 AR R

KT 75 B FE ARM = Ry, w1, B
Ri; =6 R+ (1—0)-Ry;. (18)

JL R TR AE Ry AEEIR RS 7 SEHERL K
-, TCERABBOK, BEAAR X a; HEFE S5 5 A7 1O SCHF RE B .
R % 77 5 0 e AL Bk BB AR IR B K SRR KT
{1 I R 1S B ) 2 RV e JELRELAE) S 2 OB Y AM, 453 )
BT ST AR R

L L
max f = ZZCL‘Z]R”

i=1 j=1
L
inj =1, forall j;
i=1
L
AM) s.t.
(AM) s inj =1, forall;
j=1
x;; = 0,1, foralli,j.

3 RHISHT
3.1 REER

202243 H, BT EE A KD T H I Covid-19 X
AP, R DU IR 1 B 4 4 50, K Vb T 0 T
3 i) o T SR B R B AN TR AU 11 7 5] AE I
[ E S AHEH A= {a|l = 1,2,3,4} 77 R4 Hh,
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BHREARNEWT. ar: “XRIHm RS IX & X
VI KU [X, SEAT 43 DX 42, o v JRUIE [X R A 48 [X 5
HAA 234 UK IR, B 2 4 0% =8 2 ) v v XU [X A0
B XU X H AT 75 324 48 /NS P4 AR AZ R IE B I sie
W TAE IR O BPREE” | aq: “INHRTT NI 4%
AR, MNBR IS S B3 5 BAAff o o XU DX, 9 ST it B )
AT S2AT 14 K A FRBE B A 7 R 746, KRB & L)
T A AR T B B SIS B AR 7 9 R, RS P B ORTE E AR
B O . ag: “ 0] & T X 43 e B 9T BRI AT BT,
SR 7 B I 2t A ) 23 o v UK X B IXRIAR RS
X, % H i DX 3 A% B, AT = R R B R K
B B8 IR, HAAT AR S R | AR R 35 R 3 B
s B BB A S it e R 92 15 AR A, B A% D)7 9% SR
HUMBRA GO PRBT S . aq: “ 5810 R DX H
A7, B R IR AT 4 ORI, B e Bt 32 2 ) o
e RIS DX A AR I U X HH AT 75 42 1k 24 /NI N 1R A
PR AIEBA, D1 T Rp 4 10 2 T B e N R % 155 B
Ptk e BRI AL AT AR R B 51
32 HESE
3.2.1  JEEE T ARERAKE 7 RAERE

ARG R R G, 8 e WAL AS A & AR A
I TSR I A S b AR 0 P 45 5, e AR
PRI TR] L A 2545, SR 5, AN H 81 200 17 8 A5 Atk
AR T7 & (PP Ak, B & S e 1 £k 7 2 4 i Stk
A1, I RV BR B T7 R IEBIHE T B Ja , WSS 2P
A5 2 BTGRP A (FH P A SR8 7 RIWA T
HPE B, OB A HT 5 H T ARESHET), &
LA RUREAR N 501, A5 B 8 AR, Pk Hh S A i)
IFhAIRTT ZHEFEE.

step 1: R4 1 A5 ST R A PSVs, Wk
2R, Horr: Brr = [{43{2,3}{1}{2, 3} Bl py A N
J5 & az e lf, ap Mag 2. PSVsHH I LRIE S£1—
— XL, Fon 7T BRI REHEAL. 51 N PSV RefE A R

R1 AXEHRNGREF

public rankings

P1 as > az ~ ag > ai
P2 ay ~ az > a2 > a4
p3 asz > ai > a2 > aq
P4 aip > az > az ~ as
ps az > az > a1 ~ a4
Ps ap ~ az ~ az > G4
p7 as > ag > az > ai
ps ai ~ az > a2 ~ a4
Po ay ~ az ~ az ~ a4

®2 ARBREFIIEE

p1 b2 P3 P4 Ps Pe pr P8 Po
ar {4} {1,2}{2} {1} {3,4}{1,2,3} {4} {1,2}{1,2,3,4}
a2{2,3} {3} {3} {3,4} {2} {1,2,3}{3}{3,4}{1,2,3,4}
as {1} {1,2}{1} {2} {1} {1,2,3}{1}{1,2}{1,2,3,4}
a1 {2,3} {4} {4}{3,4}{3,4} {4} {2}{3,4}{1,2,3,4}
F LU 8 PR A A B b B AL RR.

step 2: 51 A X (8] Q Fldg K HE1IR K P BB A, B =X
(10) T AR FTRAK P L9, RSO SE A = 0.8, 13 3
MRKEELY = (199 = 1,2,...,9} = {052,
0.52,0.8,0.52,0.52,0.112,0.8,0.173,0}. 3 H:ps K
B {1,2,3} A1 {4} Bi ™4 X, gk (10) 558 L0 =
(In4 —In(3 x 3 x 3 x 1)/4) x (2/(32 + 12)) ~ 0.112.

step 3: HE S 4 44 A AR TA] 1) 23 BSCRE R, TG 2R fHL
3R 3). G5 R WK 35 15 R, H: 2175

4
THILEMHNAB, BT)=> 6(BP, B{")=2+0+

042 = 4, B4 W] py 5 py (T4 (ESE 1%, LA 4, 0
SR BE R, JCRAE N 0 KRR ERRIAEILN. 454
2 3R 2.3 3,15 Bl ps Al pr A5, W ZE DisPM
AT TAT, AT AMRER. BT pa 5 ps AFFEAE
oy B H 35 py 8 pr A TE LR 2 B A A I A
KA BAER ST Cp = {C,C?,...,C%) =
{p1, 07,00}, {P2, P3, 06, P8}, {Pa}, {P5}} AN
R PSV U1 3 28 3 51| .

=3 step3Fstep4HILER

DisPM cr Consensus PSV L) L@

0 3 3 4 0 2 0 2 0
3 0 0 0 2 0 4 0 0 cW [{4}, {3}, {1}, {2}]"

1.32 0.333
3 0 0 2 2 0 4 0 0
4 0 2 0 4 0 5 0 0 c® [{2}, {3}, {1}, {4}]"

1.61 0.405
0 2 2 4 0 0 2 2 0
2 0 0 0 0 0 3 0 0 c® {1}, {3,4}, {2}, {3,4}]"

0.52 0.131
0 4 4 5 2 3 0 3 0
2 0 0 0 2 0 3 0 0 cW 1{3,4}, {2}, {1}, {3,4}]"

0.52 0.131
0 0 0 0 0 0 0 0 0
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step4: 454 step 2 Fl step 3 TH 5L 2 A F2H N
R, FF AR X (12) AR AL, IR 3 s, Sistep 2
SRAFI 2 AKX L, H 20 (10) 7 5 7 4 35 R
PSV F AT AMIE T4 A AR SR K

step 5: TE R ARM D). LA Ry A, 70 Al R0t
ar HEEESE 170 7 U0 A Ak T BEAR R IR K B
FR, R (13) H TR Ry = L© ~0.131, )5
K8 M.

322 FBRETERMPUKFRITT RAER

BT 247 SR AL 5K R B FiR 22 R
PRARZE 5, R B R LG — W, G f
R TT RN L. L KL R e TR
PP AR AE, A B EEE C = {cu|n = 1,2,..., 4} H
Hey NEAR G F, oo NYEARBE, c3 NPTIEER, ca
N, T RPN E B i B0l s iy 5
BEALAE B, FA5 B AN e i 77 ik A Rk

step I: BT LRI MIRMEAET 7% 7, 5l A
S = {Ss, S5, S7, So } 112 Ki & PLTs, & ZAR #5115 7K
PRI B4R 14E BIE B AE R ) —on 4B SR
IEXTFTA 7 5 N AN Ja VR I B B VA, Nk 4 BT,

F4 ERREMNEHRER

a asz as ayq
c1 (s5,-0.10) (s5,0.40) (s5,0.30) (s§, —0.50)
co (s5,0.30) (s5,—0.10) (s5,0.40)  (s5,0.05)

“ ez (s5,0.40) (s3,—0.50) (s}, —0.40) (s, —0.10)
cs (s5,—0.50) (s3,—0.15) (s5,0.20) (s3,0.65)
c1 (s5,0.19)  (s%,0.38) (s%,—0.06) (s%,—0.02)
e (s5,0.35)  (sf,0.41)  (s5,0.06) (s;, —0.01)

o cs (s1,—0.42) (s7,—0.41) (si,—0.50) (s],—0.45)
ca  (s7,0.20)  (s%,0.25) (sg,—0.40) (s%,0.21)

step 2: M2 (4) brAEAL R AR 15 2, 3R 5 Fis.
x5 MELERHNERRRER

al as as aq

c1 (s3,-0.20) (s2,—0.20) (s3,—0.40) (s2,0)

ca (s2,-0.40) (s3,—0.20) (s3,—0.20) (s9,0.10)
€1

cs (s2,-0.20) (s7,0) (s2,0.20) (s5, —0.20)

4 (59,0) (s9,—0.30) (s5,0.40)  (s3,0.30)

1 (s5,0.25)  (s2,0.17) (s3,—0.08) (s3,0.44)

ca  (59,0.47)  (s9,0.22)  (s3,0.08)  (s2,0.33)
€11

cs  (59,0.44) (s),-0.22) (s2,-0.34) (s, —0.27)

ca (s5,-0.40) (s5,0.34) (s2,0.47)  (s9,0.28)

step3: HisE B HbRAE. T = {mint,;(p)]i = 1,

2,..., LYy NB%, Lhe ey AP T = {(s3,-0.2)},
T‘l1 = {(837 _0'2)7 (ng _0'2)7 (527 _0'4)7 (ng O)} EEK
(9), 7521

4

S = iz Tl(AmiiJffAm“ ~ 0.71.
o [T () = T3] + EAmax
Horpie = 0.8,|TH(1) — T} = 0,]TH2) — T}| = 5,
|TH(3) — T} = 0.8, |T}(4) — T} = 3.2, itk Apin =0,
Amax =5.

step 4: i € % & K LI EPEALE. Bley M1, HH
step 3,733 912 & 0.63, S13 &~ 0.64, S14 ~ 0.79, W ! =
{lln = 1,2,...,4} = {0.71,0.63,0.64,0.79}, H =

4
A4 A8 wl = (1= o}) /7 (1 vh) ~0.236, wh ~
n=1
0.303, wi ~0.288, w} ~0.173, W 6 FT 7K.

#F 6 AId GRDIFERFBEERMHANBEMENE
w c1 [ c3 Cq
ey 0.236 0.303 0.288 0.173
es 0.260 0.243 0.223 0.274
e11 0.260 0.268 0.205 0.267

step5: PR RIFEE. S5 5 KSR 6, B
(15), A EKy = Oar.wa(01) = [ (01 @ w))|1xr, =
[(s3,—0.28), (s%,—0.29), (s5, —0.23), (s9, —0.49)], 0

FKITAE2FR.
#z7T BERHRAAIIERY

al as as aq
er  (s3,—0.28) (s2,-0.29) (s5,—0.23) (s}, —0.49)
e (s2,0.49)  (s5,—0.17)  (s3,0.41)  (s3,—0.11)
e (s2,0.33) (52,0.12) (sg,0.10)  (s9,—0.39)
7
6- ||al aZ r‘al (14
w Of
& g4}
wo3r
'}Q 2F
1.
0 L L
el eZ e} 64 eS e() 67 eX e‘) eIO ell
LHK
&2 EREHRFHE

step 6: i € T XM FIRAKCF. T 5K M2 0B
PLTSs, S = {Ss, S5, 57, 59},1Exji%’*ﬁ}§_l:ﬁ<]%ﬂiﬂ
KPR LY = {0.2,0.4,0.6,0.8} M5 ZF 4. Lhey
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B, G5 AR AT E, LL = 0.4, 3 (16) brifEfL, LV =
9
LM}:MTzOWTﬁﬁﬁﬁﬂM::mWZ
m=1
0.154,0.077,0.115, 0.038, 0.077, 0.154, 0.115,0.038,
0.038,0.115}.
step 7: TERLARME) | LA Ry 191, RIS ay HEZE S
20 o T W O AR SRR, 45 5 3K 7 Ml step 6, HH =X
(17),18%| Rio =LV + LA+ LG 4 [0 L1 ~(.423,
R 8 LM AT 7.
=8 ETEMAMIRAS RATsEHMIER

ARMP) 1 2 3 4

ARM®) | 2 3 4

0.154 0.423 0.192 0.308
0.231 0.154 0.154 0.462
0.308 0.231 0.308 0.154
0.308 0.192 0.346 0.154

323 ETXETAFRMEKGRERE

GINB N SR B 0, AR g — Mk, A S0 f
FEO=0.5. EE RS, I (18) R Fh & X EAT N F K
LR A ARM, 1136 9 .

®9 WEITHEMHIILIRER

a 0.131 0.405 0.131 0.464 ay
as 0.000 0.131 0.869 0.131 as
as 0.869 0.131 0.000 0.000 as
ay 0.000 0.333 0.262 0.667 as

ARM 1 2 3 4
a 0.15 0.43 0.16 0.36
as 0.12 0.15 0.51 0.30
as 0.59 0.18 0.15 0.08
ay 0.15 0.24 0.31 0.44

FIFH 28 3.2.2 15 52 Hh 1) 7 SR IE AR AM ) 7 B
FHEFE, 55 as = a1 - ag > ag, a3 ARET R, 45
F 8 AL MR, T LR IR St as B BEIE B — 52 1) %
45 R, RS B A AVBUR B SCREBE, T B 42 i
TR 1) ag 55 T2 AR AR AN 28 15 24
4 UBRMEFRIRT B

A B LSGDM H, B S A DL 377 1H: 1) J&
PEAUE AN RTHE T e L 5XE; 2) T RNE D
FURTEE T 0 € JE MEAUE; 3) B A AL E R
VG L B e AUCEL.L G T 38 3 5 THT FLYE U = A4
G A I T VERIE FE R B D AT 86 P
fiby £ B (R BRAIE, 2% B BT 7R ) A B E. St Ab, Jd i
PG W AT HAOR 58 IE AR 2 1 R A 28
4.1 BEEMSH

X 8 AR LA B E 6 HEAT U 23 AT, BAE 5 6 )
TR B A R DA R 7 RHEA I R2 . R 10 7] L, 6
HUAE XS 7 e 4 a5 R AFAERZ . AH, TGk 0 anfef A%
1, T AR BRI T BEREYI N a3 Flay. X & H
T2 AL T ag F aq BIFEAL 2 T6 7 WU, B

IR RS 2 1 55 5577 S HAGE.
F10 TEEEN THARHEFER

é ranking of alternatives
=0 as > ai > a4 > az
6 €(0,0.2981) az > a1 > a4 = az
6=0.3 ag > ai > az > a4
§€(0.3,1) az = a1 > az > aq
d=1 as > ai > az > aq

42 AXREEREER

7ELSGDM 1, f5t 2% H I RI 6T i #% 3% 07 R gk 4T
PEAL I 3% B 85 A R0CH. 348 SR FE S v 1R 7 Rk AT 58
Jiti. Hou 21341 1| FH PSV F1 73 U5 PR A o i 24 5 ZE HE
PN AL > Ay > Az > Ay ~ Ay, R ITHE 71545 204E
FFEERNAL > Ay > Ag > Ay > Ay, GERFEAR—FL
Hou F504 5 T~ f /b J7 2 8] (1) 43 A 1 5 45 3, T
WA 2 RSB AR HR K EE b BT 7 2
T B KA AR 1 R0 IR KT AT 7 58 S it A R
SRR L. jLAh, TN T AR STH A A1 B 2% 8 P it 7
R R, 70 AR S AR Z 0 T 079, &%
P T 155 T O R 22 iR 4 R

T3 1 B E MR FNR KPR

{ A DL
L, =
K/max = (1/2) x KG, L) < \.
HARFEE2.377.

7520 AT A AR TR K, A 55 AR AL A AR
BIHE P = AR IR, R A AR ST, N 7R BL BT VEAE
AR AR LR T Rk %, A8 AM 15 45
B EMLRIR A AT SRIEHE, IR 11 .

F 11 ARBEEFHENLEER

J5i ARM®) 75 HE T

0 ik 8 ZE M TR

asz > a1 > az > aq

0.136 0.446 0.136 0.418
0.000 0.136 0.864 0.136

1 as > a1 > az > aq
0.864 0.136 0.000  0.000

0.000 0.282 0.272  0.718

0.334 0.405 0.159 0.464
0.028  0.291 0.869  0.175

2 az > a1 > az > aq
0.869  0.334  0.028 0

0 0.333  0.437  0.667

0.141 0.359 0.141 0.500
0.000 0.141 0.859 0.141

3 asz > a1 > az > aq
0.859 0.141 0.000  0.000

0.000 0359 0.283  0.641
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J5 153 ARKNR K (L, < 0.5) [ 2B H R,
Ul pe~ ps~ po IR H, H AR AL

FEZR 11, B 07 VR I HE P 25 3 58 4 — 80 M I,
T A Ax 2 T3 T AU 4 ik B —
(1 HEME AN 2. A, BEAT R 2 AR 3ATE T
YeSRAS B B4, FEAS SR B 24 H (1 T 4GRS A
FEAR )5 S HE T BT A i R TR O VA R R T A
AXAIHENFR H A T, T A B 2 2548 56 77 ZHE44 1)
. AH, B 773k O i) i, #4212 75 2 A A iR K SF
TR AR AN 2 B AR 43 4 45 R AE AR SR R Y
07 e HE R, i 753 iR,
43 EREBEMLLER

TEL AN E b, BTt 775 O AR5 & K fm it
5RO B, 45 & T RN R oo VR Ak e, 13
FERKBENTTFTF Nas > ar > ag > ag. £HELE
13 3L 506 7 RV S (an B 2 o), WIAR 9 5
1B IX 8] 28 & FO0 7 S8 10 7 CHEAE, FEARYE PSV A1
3 (10) M L FAKE HZ B T AL, o 2l &
ETHOTE, GEHZEIATFRENO7£2),18
SEAR KR KT 1% 3B H R 3R (J792:3), W e e eo,
RN TT RHTVIR N az > a1 > ag > ag, WK
12 Fi7R. 2R AN B K& B, 5 Z R S
BAE T R 8 A —BUIGAE T BT Hh 5 AR b 1
TR AR A HE.

®12 EFREEEANLE

Tk ARM(®) I He

0 I 8 A M T ow

as > a1 > a4 > az

0.251 0.704 0.453 0.296
0.131 0.511 0.215 0.358

1 asz > a1 > a4 > az
0.466 0.143 0.404 0.131

0.404 0346 0381 0.215

0.274 0.704 0.453 0.296
0.154 0.534 0.405 0.358

2 asz > a1 > a4 > az
0.489 0.274 0.404 0.131

0.427 0369 0405 0.251

0.234  0.703 0468  0.297

0.117 0532 0234 0.351
3 az > a1 > a4 > az
0.468 0.117 0414  0.117

0.414 0351 0351 0.234

55 Zhang SB[ 77 AR B, R B XRCE L K
ST R GE, REHEF Nar > as > as > as > aa.
AN, AN E R E FNE A —, S HEPSVILE LXK
X7 VAR, S 2 N ar > a5 > a3 > az > ay.
KA IR L SRR S R N ar > a5 >

as > ay > ag, RPN TT 58 LR — 20, H 1A
THR PSV I 5 1 FE I [H]. Zhang S50 5 T 5 UL AR
ALLEEANAS [RIRE L B 5 XA L, A BESRASATAE B 50K
PR R B ARIE TR B 45 A, 0 B th 7 ikt fe Ve 23
2 SR PR TR) FRRE B 7K1, 838 FH D77 T A L i A8
%.

5 & #®

KT R NI H A, BT HE % AhE
AR5 A A T M S R, TR A R VP
R AT T VPG, HEAR KA A B WAE BB K
VAT AR B R A TR, AR T 15 B3k
SIS ERUS (VNS LIPS £716 = I NS el 3.1
HE O AR IR B R Lo e BE N e sk T A, B
TR TR RSO EE R BTN E AT N Ak
RSP IR & 7 122, A B4R TR v R R RE A
PR B S SR BRI Va2 B 0, o BN A ARl
FIZTHE T RT3 7 1. B LA R B
AR 25 1 T2 AR, R XU EE AT S 2 A 1 S ik
AT R HE I, BT D SfE 42 S T e R S e R A
DNARBE T, A - 28 B0 IR (R B D SR 18 O
R, I, g RS2 3 2 i R4S T R AT A 7 9
A S e 5 R A 77 9 B, 38 87 FH Covid-19
G RO B K T R A R 7 e R BRI AR, Ol
XL AR I L 4347 2 B T4 £ VR 1 B R
RO, SR, BT 7 R 2 2 A E T AR L B 1%
L 5 5% 00 RS, R R T VAR E AR,
NN K FH S 523 1) 77 VA R AT IR A AT, = B M
YIRS 7 100 0 3 7 19 [RTBRT, /A FR DA 60 8 0 2 B o
S AN R Bh A A, HB R e R b 5
JFAS Bk B I AF SR G — b, Sk I BA %
TER R B R BNAS BT PR E T 1 RHEA B S pe 35 i)
A T — 2 R A R O P T S BR A 2
7= | TR 5 I, 3 T — B
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