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Group consensus decision-making method for trust networks considering
quantum interference

HU Ying-jie, ZHU Jian-jun’
(College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: A trust network group consensus decision-making method considering the interference effect of multi-source
reference path information is proposed to address the complex issue of expert opinion correction and moderator
compensation costs in the trust network group decision-making environment. Firstly, in response to the unwillingness of
non-consensus experts to adjust their opinions during the process of opinion revision, a non-consensus expert
adjustment willingness recognition model is established, considering the relative out-degree centrality and confidence
level. Secondly, considering the willingness of non-consensus experts to accept the opinions of trusted experts and the
opinions of moderators, a feedback mechanism considering quantum interference in a probabilistic linguistic
environment is established by combining multi-source reference path information in the form of a wave function to
investigate the interference effect in the brain of non-consensus experts who are willing to adjust. Based on this, a
minimum opinion adjustment cost consensus model is established by further considering the constraints of minimizing
moderator compensation costs and improving individual consensus. Then, using a trust penalty mechanism to reduce
the impact of non-consensus experts who are unwilling to adjust their opinions on group consensus reaching, while
considering the minimization of trust adjustment costs and group consensus reaching constraints, a minimum trust
adjustment cost consensus model is developed. Finally, the proposed method is applied to emergency decision-making
for unexpected events, verifying its feasibility.

Keywords: trust network; group consensus; adjustment of willingness; quantum interference; trust punishment;
adjustment cost
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77 SEHAT VRN, 38 Ik AN W AZ I B R OA R AR L R,
T4 H e I o S 0. 25 R B e S SR A (R AR 23 X 28 56
FR, LTI ZE I ) RBP4 2 TN 4 B A
PR 7] .

ERIR RIS USRS NN e S e
B2, ok 2 W 2 (0 L RS AT I 4%) ) WL R 15t
IR 521 i Ak 2 25 38 Wt 90 (0 8 . SCHR [STARE 7
SR IF 5% B 1) — S AR AL BE RO IR 5 5 1)
T LA L R W NS 2 RE  Ss AL, 5 R
R G AT IE DA & B A L AR ST [6] 44
BT BEMLE T LU A SR 45 5 WA S 25 SRR 1 IR A5t
MU SCHR[5-6] 8RB BAS AT K E W sgm. &1
Wb, SCHR (7] 3 T 2% B8 & SABAT BE A AN PR AL SR AL
i), o L R D) 15 AT 5% FR T ik R A7 %L 2
R 1) L P 20 A AT 0 R I R PR, SRk [8] 38— 2B
M GRALRUEE | ) W O 1 — 0P R P DL R % SR )
(ST 25 0 28 3 /N4 J SR 21 i & 5% A) RS AT 00 R, # 2
TEFEERAMADELZE W, LIRHERAZEEHRA
JRIBRE: 1) R IR IR % 5O HA — B0 WL
B R, SCHR [9] B2 H A H FEE O P i 0K %1 R
L 51 1) R R R, (R AR VA S () TR A AR A 2 )
b7 L A B A - O R TR R 7 B T R R I R, B
B RN R B I B W E L. 2) b
JEAE IR L RO BAT N, SEBR AR X B 2 T
ATVPASI, B B S AR 2 T B LR
2% 50, 2 m R, SRR R R
. BhAh, fE N S Sl A v, Vi & e B
— 58 BT R L8 7, o AR AT 2.

o T IR R AR ARSI 5K, S I 2ok
BSEE B, & H T 2 RESHEENS
TG 2 2% W58 Il R P S o5, E AT R B 20 gt
RESRAR AT SR L5 R 434, SR 1T 48 SRR 01 S e A
ATINKD RN AT M AN B 2 1 R 52 4 . F 9 36
KB )RR I & T, AR B R L — AR
K6 38 A FH TG 12 RN, el b R R ) & T
FEILBAR HTE DL EE AR AR RN RO AN A 5L, A%
AR SRR B8 4215 B 32 AT & 2 78 K Hh oA LAl A
ey g, LhS IS 1 R AE N BA SRR AS 3k 1 7= A
TV R R T NAEASH 8 8P S IR AS R IR k4T
DNUSL R O g 2 T AR R B
Tt o 22 R M B SR ), STHR [12] 5 FEAN R B 42 vk
FL A BRI R, St 7 —Fh 7 DU 7 2%
XF 7 AT HE A T, SCER [14] 4 E E

ATV FREE N (&1 DU 307 00 26, o4 LR it v
2 HE DU R R 3R 1) AL SCHR [15] B 1 25 8 & DL Hir
P 265, 3 K L e B AR L UL R, 0 i B KR T
P RN 85 N BRI 1 BT R FE Fr i, 32E
T 58 & AL, IR A 2 R R B
FFAB AT 48 IR 58 T B A LA Ao A2 10 2 L 15t
B B, JE T, AR S S I (5 AR I 28 LR LI R
PR, 32 H DS AT T KT e 2 B WA 25 2 WA S
2 SRR ) T AR A R LR AT LA.

X P AR AR W AR 5K, F B BE
T8 T PR L AE Ve SR 2 g Sz U170 SR & 5 (A
S AT D% Zo0 AR R & O TR AT A 1) BRAEAE
T B, SOk (18] M A T B 1 E 5K LR )
EEAEAT N, 7 DL E A E (045 A 7 T R 58 0 G gk
A7 5 B SCHR (197 R SCHIR [207 23 51388 3 AH 5] (045 4 7%
§i . AR & S EE AL A R A0 IEE
TEAT AT IR B, IR B 70 FE Z DAMEAE T 7 X
X G BEAT N AT B, IR RS AT FE T A
(1) A 1] R, AT B8 22 5 BIOAS 6 1) AR 7= A, DT %
T P 2 0 L T, AR SR Rl iR M
AT HE AR AAE Y DL AR W0 I 3 R R M AR

o5 LR, AR — R R E T I E M
ZEBEAR LR PSR 7, EE TR R 1) X T 7 2
o WA ARIL IR % 5%, T2 FE A H R o R 2
T F FE 1 R S RO Y, S IR 1 EH O
o 20 i SR R TR SR BR A 2) T R 1
BMAESOR G R W@ % B E T T iR/ E WL
BRRA I T BIL T BT R T RS
W 2 AR R LR A K (T RUORE; 3) XF
TR R AR L R, @ H R AT
B/ IMEAT RS RAR SRS Y 0 — 5 BRI B 3 4
JSAR, $i v W R 2
1 FERR
11 BERFERNEEREEE

X1 %S = {s,la=0,1,...,27} NiE
B ARG LE, W Z1E 5 A5 4E (probabilistic linguistic
term sets, PLTS) & XN

L(P) = { (sarp )]0 =0,1,.... 27,
27
0<p@ <L, Y p < 1}. (1)
a=0

Hod: 0 (80, p') H s, NIEE ARG, p@ HIEF
27

KB 5o X RIHERE. )R> p < 1, R0
a=0
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WEXNF: FEETTIOREERSERELIR LR T & 4009

TR H, SCRR [21] % F 47 FR AEAL, bRAEAL 5 O HE R
5 5 A iE 4E (normalized probabilistic linguistic term
sets, NPLTS) A L(P) = {(54,p'*)|a =0,1,...,27},

2T
Jerprp(®) = ple) /37 ple) AT i, A G
a=0

NPLTS % Ii.
EX2P0 WL(P) = {(smpga))

a=0,1,...,

27
2,0 < p™ < 1LY P = 1} = 1L, HEA

a=0
NPLTS, | L, (P) 5 Lo (P) HIEE B85 fE 2 m A

27
1 @ «
d(Ly(P), Lo(P)) = 5 D™ = p”. @
a=0

1.2 HEMESH

AL 2 PSR T & SRR AR K R 0 AL
RT3 SRR RFAE AR MR BB R R E. 1R
FREE T, B KBIMEAEHBET = (TDyj)nxn, 52
TD;jiz; = 180, 1 RN FKIAAFAEEAER R, 0KR
B FKIAAFEAZAE R R, L KA G 8 R AU
AR B EMEEMF T EL RN T 58
AFAEA G R AMEAERFA SEAE RGBS RS
FEEE. FE T 0, Lin 55208 X ) 0-1 (5 AR K R R
F X (8] [0, 1] HIAE R SE 4, BLERAE % S0 5 AR AR
JE. FETASAE R R A 2 P 2% (RTAR 1S AR P 2%) 1)
2 N TR SR, W R AR

K
Z TD,;

TD; i=1,i#j

’LUj: I J = I K . (3)
S, Y Y 1w,
j=1 j=11i=1,i#j

Hrp:TD; KR HAL L H X & K e, KIE(EMH, TD,; €
[0, 1].
1.3 EFHERIEL

52 MM RAG AL, & T MR B0 Re 18 IR 4
fif R NAE AN 8 B JEIRAS R I s 347 A0, N
15 S RAS 22 DL R B8 00 T X AE Rl m A+ L7l 93 0 24
28, 31 LLS A AR BN FRES, #E 7 A 13
N, BT, He 2512V & M3 20 5 DU $7 [ 2%
FHEE G, ¥ BB U s O 72 b DLRAE P 55 38 X6 A [+
LHFAER TR TR, 3 — P 77 SR AT HE T
Bl WA = {A, Ay, A NEETEEE =
{er, €0, ... ex } NIRRT ZE, MG FETT R A; IR
EP(A)G=1,2,...,m)MFERN

K 2
P(Al) = X‘ Z¢Ek¢Ai\Ek .

k=1

4)

C R R

Horpy = 1/§: ‘ id)Ekqui\Ek

i=1 k=1

S P(A) = Tién, = P(Er)es TR kR #

% B, 10 LR I8, P(E) WM S B35 6 5, =
VP(A|Ey)e i RoR B4R By, B3R5 5 A, 118
RYRME, P(A; | Ex) NAHRLINEZE. 2% ST I 9 5%
FgAent, (4 il
P(4;) = x[P(E1)P(Ai| 1) + P(E2) P(A;| Ea)+
2v/P(E))P(A;|E,)P(Ey)P(A;|E,) cos 6]
(5)
Hr:0 = 0p, — 0p, RINEFRIAT E1 5 Ey (AL
i 2 {8, 2\/P(E1)P(A;|Ey)P(E2) P(A;|E) cos 0 %
TN SR AR I A AN [F) B AR B BT 7 A BRI T
26 € [0,7t/2) I, BUI 5 5% T3 %A% 52 B0 IE e AR AR
TER; 20 = m/20), BT RER IR PR A4 i 2
W0, SR BRI AR K AT RN 240 € ()2, 7o) I, 9 2%
T A% I A7 1 T AR .

2 ERETTWHEEMNERAILRRE

R

A SCHIE FUAE AT W9 28 B e SR 558 1) 3R Rl AR
e R, AR O T R R SR T SR I A AT R RE
T = (TDyj) ks rc, L K e, R m A T7 R AT
FREMEMERRANLE = {Lh Lk .. LE}. MR
T F R RE RS AR M4 € Ja, TR oK A i 22
e M 3 BORE AR JC V2l o SR T R i — B0 W, gk i
T BT BR AR B W o L LR, A H e 6 ik
. IX AR AR e SR ) 7 R R U SR 5K (A ()
fEAER AR AEHR T SR 0 8 DA S R e fE
eI FN Z YRS 5 BT 85 ROV A Bl
RV B Rl AR 1) s, R 0k, G0 ) A 0 AT TR R 3R
SORETEEES ) I P T S| DA E I A Al S S DA
B R AL DA AE TIHL AT B AT
2.1 FEEMHEROCEEYRMBEENTXRIEE

BREIRAER

TR S R Bl T 5 L B v R B A 3
VATCIEIE B, 3 T A A 5 TR SR 25 A =, B 2
s SR . DRt 7 2RO AR 3R % 5K, FF s i 2 5
FHAASA B W AR S B ILR . A XS]
SCHR [6] Fr) U I BE AU v, MR R T R
Y OO BEAR LR AT DU B2, IR 0 JE LR B KL iR
WAl JE 3R R 58, 75 B A — B W AT 18
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NS NTTPNEZA €0 i e drsa = iR E: 9=V e IN
LR BREBEA—HEN ML RERMNE, 25
VR A — U= DL S2 A OC [R 25 (R 52, 0 SCHR [9] 42
HHAE RE R rRC 1 48 B CODy, SR %1 ) 5% 2 L
BrEE, HREN

TOD, x NOD;,

D, = .
COD; max(TODy, x NODy,)

(6)
S T BEREFR e ELH

h=1,h#k
m
> Send

h=1,h#k
INE K ey, 58 F H E (node out-degree, NOD). COD;,

TR K ey, BIAH XS H FE A0 14 48 2L (comprehensive
relative out-degree centrality, COD), CODy, ik K, & %
e, 100 FE S AT A % 5, o6 A — B8 L B A B
JeE Bk o, B ST A BEAA LR Rk B e 2, iR AN T DL
EIE. 2T 0k, A 30@1E CODy, = 1 — COD,, feffir &k
FLARE FO HA —H0E WA R BEFEE, CODy B
K, AN R B RO
CODy, MAE AT W 2% #1 B2 xof FE 3L R L 5 i 48 I
AT 20 ), 45 AR B —, VR LR IR B KR
VR RO L s B AR O SR AR v, R LR SO
TEWLATHE 5HYR A B ZEREEENEE
O IR A —E 28R, TR [21 NN & 5K B 15 FE (self
-confidence degree, SCD},) A& i & & Z X H W & 11
B, EE R, T K IMA KRR B 56 T e
R E N H ORI RS E. ST XIEY B E S
HPEE B, 0 s 1R R A s 15 ), R R
FEXT SR ZL. TR 1, A7 B AR S AR R B 500 HoA — 3
BEOLER R, 5 HA B XK E RN EE
FEA 9. BT, AR SCM R SR AR Rt BE Ao PE R L
5 B FE AN 276 2 AR AR L X T 8 S,
Frid I B e IR R RN R A ) R R R K
WREESHE RILAN
&, = (CODy, + SCDy)/2. (7

HABZIBSHS REZ AR & < & NIFERM
EILIRL K ey, TR VR EE, 5 A IR . o, A SCR|
LS 5 15 B LT (hesitancy degree, HD) % ]
LR e HHURE BN EGEEWT:

SCDy, = 1 — HD(Lx(p)), ®)

K
HD(Li(p)) = (- p™* - log, ») / log,
k=1

¥ (trust out-degree, TOD). NOD;, =

2r+1°
©))

22 FEEFTINRNENBARERALIREE
B ot e R A L ) AR L TR oK, DA R L Tt
B 0 2 2% 3 R 32 ER AR O (BE R 2R G
SEE ) FIAME O (BAE T KEL B N). B F 0
KBS PEAHFAE, T X BB 2T A T XK=
I A A O AT AR 0 B S B e 2 (2 LA
2 B O R L 2 R B X B T R E L
(452 I, BN A (B AT & K. IBAh, 1
A 438 (R R SR O A ol AR A — AN P, HA R
BURWES TR IMRIFE B TFE B ARILRE, &
THE LR AL S, A & R T JE3ER
KIS RKIFAE R O A O, A7 E
o2 T R W, IR A B S A SR
FESE PRk S R b, R AT B — e I A A &
MV BE 7, % RS ) AT R LR B, L2 i
H 5 AT, 856 B A T XL B W& H— 145
G AW AL E R B R S5, BTt A LREH IR
(AT L X T 52 2 WA 3 2 L DA s 2% & .
B AF L 2 AT 452 52 0 AR (R M o i A s SR
(2314 & ZK A B G AT R R (er, 5 e #HELAGAT) FK
N5E K & (strong relation, SR), H [ {E 1T (e BT €1, &
AMEE er) HA KB R WAmZEA R EBEK e N
FRON I B 55 9% & (satisfied weak relation, SWR), Xf T
MAE AT AR A FEAE N T R WLE 582,
BT 1, AR SCOK SRk [23] H 015 4E ¢ & 40 i 21X ]
[0,1], 25 HABAE T X T e 32 2 WA F s,
e FAAETR K R LRI 2 2 WA
L} = {L;;(P)|TDy;, > 0,TDy;, > 0,
k,l=1,2,...,K}.
5 e AR BT R RN LRI 2 5 WA
L;"® = {L,;(P)|TDy; > 0, TDy;, = 0,d(Ly ;(P),
Li;(P)) < ek, l=1,2,...,K}. (11
e FMB L K52 5 WA
La=LFJLIWR. (12)
X ':F'ITDkz 2%%:5% €k Xﬁ‘?%\ €] E’] {% 41 1E,
d(Ly,i(P), L;(P)) £~ AEFHL K e, MEKe T
77 % A; WIREZEAE 5 VPA5 (1 1R PR 25 B
TEAG AT M 28 T R, B0 2 R IR S % 11215
BBAEL F 52 & WA 3 B ) RS, % &
P22 PR AR I = BRE, T & R IR AR S SR 4
77 T EAG 235 55, FLRe s AR th Ad e N AE AN o 51
xFJERE TR FAT R ARG NE FHELEN £
KIFZE A5 DTS, E 1R

(10)
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PER S EEETFTTIOREEREIEARLRERE T L 4011

TBAE A2

AR

1 ETETTENSEREEESE
BARILRE K ey KT TR A NS HENRR

N

Ly (P) ={5a(PL(52))[sa € 5,

2T
Pii(sa) 2 0.3 P i(sa) =1},
a=1
HRAR PR 1 A5 2 RS s, MR P () B A
Pkr,z'(sa) =

¢IP(T) - Pi(salT) + P(M) - Pi(sa| M)+

2v/P(T) - Py(54|T) - P(M) - Pi(54|M) - cos 0y ;].
(13)

Hop AT R 2B WAL T, Vil # = 0Lid
M.

TR — PR L K e, KT TR AKX
T L

Lys(P) = SLii(P)ED(1 = 6)Li ((P),  (14)
Hr o RIS SR, T 5K ey WG 2 WL IR B FE
FERR; R 2, 575 7 WL AR B FE R oK

25 B RNR, A SOB BT & T3 8 WA &
EAE AR L FA— 0 W 22 k5, it
MRS A FRIE S % (5 BT 4 DA R
SR L. BhAh, JE AR L A B R R AT E B
2GR P, E) I 5 R B R SR R L B
VA3 S AT — 8 P AME2 BOAR, 7E ORE 5 0 TR % J SR
PEEIRTHR N, VA 2 0 8 A B2 S AT (9 TR R AR R ]
BER/IN. 2T 3, 0 I 2 A B R — B0 UL A3
RS R T T I /N B W AR SR
RETIMI:
min Y Y exd(Lii, Lii)- (15)

erEEw 1=1

A
sm1—7£§:du%“Lm)>y¢%eE@. (16)

i—1
Lii= 6Ly i(P) @(1 —0)Ly, ;(P), ex € Ew.
(17)

L o(P) = {0 (P i(52))

Sq €S,

P{(s4) 2 0, ip,;i(sa) =1},
- (18)
Plg,i(sa) =
P[P(T) - Pi(sa|T) + P(M) - Pi(sal| M)+
2\/P(T) - Pi(54|T) - P(M) - P;(sa| M) cos 0 ).

(19)
~ K o~
Lei=@D M- L, ex € E. (20)

k=1
N _Z iy € S FE N
L= "0 =w @)
Lk,i; er € Enw UEXPCH
EXPCH = E\EXPCH = E\(Ew | Exw). (22)
d(ik’Z(P),Lk,Z(P)) < €k, €k S EW (23)
0<0y; <m, e € Ew. (24)
HbR e omin Y erd(Li, Li) BRFTH R
ex€EEw

R R L I AR LR SR R B B A B /M, B 25
R85 /N RAR, (BUE & KRB BT A ¢, = 1,0k
I min Y cpd(Ly, Ly) = min > d(Lg, Ly). £

er€EEw er€EEw

R (16) Fon A 3 0 % 57E 2 0L B S5 i L iR A B
SR b AW (17) £ B WG kARt
RN R E N, A E T B RN E . 24
(18) A1 (19) N % fE & T MER HAL 10525 52 WL A il dst
AL 230 (20) ARFR L B FRIE L A 21 F
2y NEE RPN T Z AR EHE L. A&
WERMIERERE N UL LT AENILHERE
WL, Horp: EXPCH 3R 7 G 75 1 8% 52 WL i R & R 4R,
Eyw X BB AR IR AEIR T RE, By BN
B B S WL R R T R AR 23) e TR
YR L AE IR R R E W IVE e RN
FBAB K. L9 (24) N PLRAL & 0, ; 1 HUA Y6 [,
O i BN K e, KT TR A MG A ZEE. 9K
U P (sa) T L g #RHHE 05 103 O FIE 3, DA
IR EHR A0 ;.

TR M1 AR LR PRI A, B AR AT AT IR
FLAELIH (16) 5 (24) AP SR BIAE BL R, 0 7€ 4715 B
A, FLfe A AR vT 3 i Gurobi 10.0 11545 3. 2 P,
RS M1 TG, B 0] 4% R 5 5% e 756 LB A KF
e N HTREIE B A B R R X e WLk AT 1 2.
23 EFEEEEINSRNMEEERERALIRER

B O AN B B o D0 R R 3R IR 5K, SR [17-20]
I PR AR IR B R AR R i b, DAREAIK



4012 # % 5

xR ¥39%

HAEICPUR R . 5 8 WL B SR AL, il e Ath
B GO0 FHEAT A5 AR, TRIRE 75 20 Hofth & K AT
B2 R M2, SR B {5 AT P 2 DR SRS R AT FUAS AT
A0 FARIE AR, 3 B 5 R E B A S —
PRI B T35 A 7 3 R B2V, 9 R 25 18 B A5 AR 16 1
A RRAR 1) R, W] RE A7 E {5 AR 1L BEAG 5 A1 0%, $8m 1
PR AN A DR, AR SO AR R A5 A
VAR A REAT DAL DU 7T RE R AIG HE A

X B T 7 A BRSO Y A B, BRI
EAE B A e/, BB AR AR B AL B RRAS. e, B
VAL B 28 ST IR A DAy T L R A 5 15 A 1 2
AR R SEOR. E 0 AN B R L ) AR SRR R RS i
fEARAET, Ui 2 0 R 4w i A SRR, 2 — 2B ik
LR DU B 25 DB, T b, A SR — Fh 5 1
FEATEAG AT B e/ ME AR HE AR L RS TR M2:

K
min Y Y c.(TD. — TD.i). (25)

er€BbEnw z=1,2#k

K m
1 PN
k=1 1i=1
K
Lc,i = >\]€Lk,i7 1€ M. (27)
k=1
K K
= Y LY Y
z=1,z7#k z=1 k=1,k#z
er € E. (28)
_ TD., ex € EXPEH| ) Ew;
T5.. - ks €k UEw
(1 = 1x)TDk, ex € Exw;
e, € F\ey. (29)
0< e < 1, er € ENW~ (30)
O0< <1, e €F. 31

K
HFRBR#min > Y c.(TD., — TDo) A
er € Enw z:l,z;ﬁk

Hopth % S0 AN TR A i L R R & KA T (ST 18
1 R B/ IMBE AT VR AR, B8 B A AT R B 1)
PLiAR e, = 1. 403 (26) KRG AT & 1 5 BEAR I 3%
PR LR R E, R A E B IR I 20 SR 46 4
W (27) ~ (29) 73 B R ARG ATIE T Ja I BE R SR 245 = L
LB DL ASAT RS TR,y A SRR B = L1
EILR L R BRI T R LR (30) A1 (31) 4 Al 3R
TR SR By, AN, PR Y B

B M2 AR 2 PE R RIAE AL, AR nT AT IR
T AELI I (26) AL Z6AF T, 1580 M2 4 58 A7 AE S A
fift, FLE AR AR [ RE P 38 i Gurobi 10.0 5175 3. 751,

B M2 TG, M I ] SR B SR AL, R AN B 8
I AER L SOR A SRS AR, R T K E
K A AL,

25 E PR, W7 IR BT S AR 2 R IL R
P ITIE R AP BRI W T

step 1: RIS AEAE TR L B, 45 &
HB)FRIEL FALH.

step 2: HHE SCHR [6] IR AE IR B R T &, I
FTH(6) ~ (9 W SR LRI SR

step 3: £ 0T T R TR = L ) AR SRR 5 T K
(10) ~ (12) B € f5 A X AT #3238 WA T, ki A1)
EFHERHER A5 IHHESEEINT s, I
2. BT A K (14) AR M E JE 3R B 500
T % T7 R A 22 6. fie /N 5 WA B RUAS L SAH N
()3 y=g/n

step 4: 0 AN B 1R = L 1) A IR B 5 R R AR
M2 T 58 A5 AT 15 T R 30 LA St /N RS AT T 8
A HHETY M2 A fi, T3k — 20 ) B 207 SR HE T AR
73000, SR R HHL A, R AN T B = L R SRR B K
1B ORI AR, R T R IR AR,
3 HEST
3.1 HAES

I N R 0 O R, 2021 4 SR AR A 22 A
G H AP S BRI IE, & R EEE TR K 13212
TG, R 06 A & RSl 5 R R ST SR, B KR
FE AR JE R 2R i I = 4 k. PA2021 427 25 H &
26 HAEWTL A 1L B R — i R S M 2 6 5 6 X
CRHAE” N, IR A SRR IR BN, ST 2R, Uik HH 3
AN TT SRR, N {Ar, Ao, As). AqgiE
IE 2%, TE T RS A R 52 5 ) [X A B AR AT
B B 4 e Tt A ek A L IR S S R R B ) A
Fot S8 PR T I T WA S B % 31 ] 5 1) 3 HE T
H 45 N IR SHLEN/INH 5757 B A DX ) i L R T
TAE. Ag: DAL X B4, 52 & XU il 17 110 199 4% £k
B, AR TN — BTTREE, ST RREA
BLHN, IR0 K 5 R A A BB, BHAH IGER 116 = S
B AR B E R 5 ST N [ B
B, e & XS B 2 5K 1) XU IR, 28 B AR O s
B H A Ml 2H B 30 N B B S WL BN /N 4 A7 57 A X
BRI REALAEL TAE. Ag: 4 B& A4S A 177 W 0
Ji AR BEAN A S BHAH ST 1 VP A J5 1) v s 3R
SR AN 23U 7% (1) SR, XoF = e A ) e RSk R
FR) JER D), [ B o (] 2 SR04 T e A ok B [l 7 £ 2
Al BBt s ), 25k — VI E L B S R
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PERE FEETFTTIORERABFERLRER T A 4013

T BOFEENE B EUE N 2R 35 N HI N Sl /N £
TR X IR AL R BC A, BLEE 5 A7 AH 5B 280
W R UM ZTE 5 AR EE N 3A B2 Rt
AT PEAL, BE T 0 3%k B AL R B 2 R Hodr, S ik &
KB ST R U 2 B T R A
[~ 0.4 0.5 0.6 0.5]
0.6 — 0.6 0.8 0.5
T=10207 — 06 0
0.2 0.3 03 — 02
050608 0 — |

step 1: M4 & KA AEALHRE T, 454 X (3), T
BEEFNE

wy = 0.168, wy = 0.225, w3 = 0.247,

wy = 0.225, ws = 0.135.
step 2: MR 5 07 % F0F 34N 2 7 S8 B PEAG A,
g5G 3k [6] TR AE LR KA EXPCH = {4,5}; %
KesMes KT IANTTRMILAECD N
CD,; = 0.7789, CDy 5 = 0.7690,
CD, 3 = 0.7879, CD5; = 0.8005,
CDs2 = 0.7730, CD5 3 = 0.783 4.

BB AR REALT = {(4,1), (4,2),
(4,3),(5,1),(5,2),(5,3)}. BLi, 75 B E 5K ey Fl es
(T 5 S0 4T 1R 8 DA B AR

FEF IR L Fo R WA AR R, 456 50
(7 AI13€, = 0.56, &5 = 0.44. fB5E € = 0.45, £ 5
es BRI, T 5K ey MR THEE.

step 3: % - S A B = L BRI IR T KK es, BUE
HREEKFes = 0.2, BT EEHFET A, L K es
HE XK e e IMEMERR, WHEZHEN. 5% Kes
s BB ARG R, LI TR EHIW L K es 5E FK ey K
T &7 RV BRI B S 5 KO0 R, BARGN T

D% =0.28 > e5,

D%’ =02=e¢s,

D3} =024 > es.

PR, AR oK o3 KT % T7 REVE L.
25 b AL R ey ML R T2 R WA

T =
{{(50,0.1820), (51,0.163 5), (52,0.218 0),
(s3,0.1820), (s4,0.2545)}, {(s0,0),
(51,0.2455), (s2,0.2000), (s3,0.1910),
(54,0.3635)}, {(s0,0), (s1,0),

(52,0.2545), (s3,0.4455), (s4,0.3000)} }.

BB B B0 T SR 0] ) 25 W AR
TR W R AR 1 IR IR 4 S AR AR 2
LS, SR — SR A P DA R IR B K S %
B P W M R om T

M = {{(s0,0.25), (s1,0.1), (s2,0.3),
(83,0.15), (84,0.2) }, {(s0,0.1),
(s1,0.2), (s2,0.25), (s3,0.2),
(54,0.25)}, {(s0,0.05), (s1,0.15),
(52,0.2), (83,0.4),(54,0.2) }}.

R (13) ~ (15), 106 = 0.5, P = 0.3, Al 3L 5
e5 KT % T7 SR AAL A 22 DA B R W R B B AR 05 1 =
07,050 =0",055 = 17.6",min TC, = 0.312 8, 3 AJ
1595 77 S S it =

Ls(P) =

{{(50,0.1116), (s51,0.1620), (s2,0.2338),
(s3,0.0816), (54,0.4110)},{(50,0.0188),
(51,0.1118), (s2,0.4180), (s3,0.3010),
(54,0.1504)}, {(50,0.1598), (s1,0.0295),
(52,0.366 1), (s3,0.3198), (54,0.1247)} }.

R Ls (P) RIIE T 5 5 e ML EE 1S 32
o, BIR B 5 (3R E CDs > v > CDs. Rk, fR 4R A5
B (15) HEAT = LR B2 2.

step 4: XF T AR B = L A HE IR B KK ey, 8T
FoAth 5 00 HAB AT 18 41 AR AR A BE PSR A2 R )
FEME. ST R ARASATFR BN 0 B T, R FF B AT A

R 16) W1, L Key NGB R B =
0.388 6, Fx/IME AL W BE AR min TC,y = 0.772 4,
FEARILR TR R, 1E— 0 TR DL SRR

Mg =
{{(50,0.2109), (51,0.097 8), (52,0.3256),
(s3,0.167 1), (s4,0.1986)}, {(50,0.0630),
(51,0.2236), (52,0.2442), (s3,0.178 6),
(54,0.2906)}, {(50,0.0236), (51,0.0947),
(52,0.2190), (s3,0.4156), (54,0.2470)} }.
AR T P AR B M, T 5% 7 R A

E(A;) =0.5112,

E(Ay) = 0.6025,

E(A3) = 0.6919.
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xR ¥39%

i B AT RAFF N As - Ay - Ay BRI
BT RN Ay, ULATEIZ NG LT, BURFB T TR 2 44
Jo B B T A J T, SR HCRH S ) I R B 43 e, AN ] —
TV i X R s i 485 . 10, 3k — 20 A A
BREEKT e ZHBBIETME PS5 R
S [ B 3 3 6 b 2 A e B AR SC 5 VR IR AT AT PE AR
FRPE.

3.2 BEMSHR
321 FBHREREKF KBRS T

AR By b R R R RN R R L
IR L F R AR S T, B e B SIS 5
€ € (0.44,0.56], thisf L 5K ey AR EE, B K e SRR
W MR RE SIS EN, AT R TH#EZEN
T &BEEA S EE KT e AT A4,

I LKes GL K er e RMBEERR, K
Tx e e WR WA E Kes TR MHEE K es 5
LK es BB R, L K s (BAEL FKes, M &
Fes MEME L K es, Wb FARYE A F B A5 K Pk —
W HIMON & K g % T7 SRR B2 E DL, Horp, B 5
es 5L K ey KT IR A MBEBME DY = 02 x
1.4 = 0.28, M, T3 D%° = 0.2 x 1 = 0.2, D%’ =
0.2 x 1.2 = 0.24. e € (0,0.2] I, BLH DY’ > e,
DY > e DY’ > e WA ERZ L K ey KT %
HEMBEI. FH, Ye € (0.2,0.24] I, & K es 1l 152
ZEFes RT IR A MEN. Me € (0.24,0.28] K,
LTRes WX T Res RT TR A A BN, 4
e € (0.28,032) I}, E K es M2 KL FKes KT HE
Ay Ag R A3 7 L. PR, A TR A S BLAE KT XA
20 22 75 L AR R 3 T 5 e U L AR RS
TR IL A AR,

322 SEBBIEFEME P RBURES T

PLE € (0.44,0.56],e = 0.2 N, lRELP =
{0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9}, 4 # H 5
B J 25 T7 RHET R, g5 R LR 1R P
K, RFIEFEA TR T2 ENT MK, &
B L MRS IR 1 W] BLE Y, Bl
E S H IR IE BN R P AR, /N WA R R A
min TC, AR BEANK, FEAE[0.29, 0.32] 8] 3 5],
T 5 /M3 AT 8 2 B AR min TCq 284 M B2 AH XK, 3
BLE[0.7, 1.2] Z (813 2. TEMEER P AR, 54T 1 %
JRAECR. 2P = 0.70F, AR L HIE il e e, v] R B
1B H ALk — 25 0k R S, T R K ey 1IB B
W R, HARE R T BRI Al A iR, % 1
H R BN AR B AR, M P = 0.4/, BRI

FAS AR S AR, BB TC = 1.086 5, R, % T i &
M5, 7EAS K HUR HALH] 1 50T, 4 2 @ Bt p
e 225 B WAE N B LI 225 k. BeAk, 3R
1 A] LA W, BB B ER P IR, 7 RHE T IR 4
TREF— 30 B 7 RN As, W7 R HE 45 30 M
2R PGB IEAGUR, B ASCHE 7V 2 A X AR e
).

*1 AESEZREMEEEER PEN
XHEEE R A K2 73 SRR B9 RN

P minTC, minTCy n TC T7 AT

0.1 03151 07804 03902 1.0955 A3 > Ay > A;
02 03137 07790 03895 1.0927 Az > Ay = A,
03 03128 07772 03886 1.0900 As > Ay > A
04 03120 07745 03873 1.0865 As > Ay > A;
05 03046 09142 04571 12188 A3z > Ay = A
0.6 02932 1.1368 0.5684 14300 A3 > Ay = A;
0.8 02946 1.1793 05897 14937 A3 = Ay = A,
09 02957 1.1042 05521 13999 A3 > Ay > A

3.3 AR

HESCHR [6] T8 97712 1, SCHR [11] B 48 HL MR
RGBS 712 5 TR [18] HL#2 B AR5 AT B2 1 1%
ARG AL TR 2, AR B R B T
PRI 5 SR [3] R BB AR AR5 R B AR ik
FHEE AL N ITE 3, B AR ST i & AR B 4
NG HMERIS IR FEATAE T 7 AL A 774, 5
WS AR (P = 0.4) AT LA BT, 25 F L3 2.

2 FREFEMGBRITEL SR

Jrik SERN  SHEBINELY  TCy TC
Jiik1 T™O —2H — 1.5133
Jiik2 T+ M ZMARLE 09000 1.2149
JivE3 T+ M BTTW 0.7762  1.0882
Jiik4 T+ M LR 07810 1.0959
Ak T+ M o e 0.7745  1.0865

5 HA AR, A SO RA LT

1) NS T R ol A R AT U 6 BRAS A B2 R, A
SCHE AR B R R B A B LS S
FoAth 77 VR A B, AR STV B S B A B /DN, DT
R RERF S RE T L XA BRI, R LG 1T
MR RE, eI R R AB AR R A, 5 S P B 0%
P R L AT A K&

2) MNZ75 i MRV e FL AR 2577 A S AR A TR
A B R, 5 1R 2 RS T A L R, [
R LEELERENNEZ SR, A ZSEER
() F 3 SONE; 7 VR 2 ATV A R Al 2 MR 3R R B &5
BAT L P32 3 WA B R 2 2 DL 2k Bt 15 5L, R
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WEAF FEZTTEOEERBFREREART &
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2 ML R T VE A B P SR B AR AR BN I 5 T, X T e e
LM 5, HoNFRES A B 2 AN a8 A S0, %F
TP IR AR ] R FE A IR — %, X 54
SUE 2R 12 (1R P TR U D R A M A 304 B 2 A
5 119, DRG] P 22 N 26 00 T2 R Wk SR SRR AN
SERFAT N, R TC ik 2 R 2 2% (5 BAE R T
KR TP 8808 T3 ARG e T M B 515
SR A AN R = L AR R Kk TS
AT T T B A2 R A I A 1)L, 5 L A R AR Bl AR S
k.

4 & ®

SO FAG AT 28 IR L 5K B e B DA S oy
VA A ) L T — MR R E T T ELE
) 28 T A TR e 58 7 v, R I 98 e R Y R S )
REEGUE T BT EE s iR B AT AT . AR R & UL
JUAME AL

1) BEAL 75 ARG H FE A O AR HOR B 15 2 Y
VA R IR B, 2 8 T R R B A R R
1 R R, 5 S Bk SR R R O

2) TR R B N E T RE ML SR
FERF R SR L SR B, 32 5 e T
A5 BAEGBADEAT T F o 52 B WA A =
W7 8R4, e 58 T AEIR B KAESE AR
&R P AR AT N RRAE;

3) S AG AT VR B A AR L BEAIG T iR
AME AR, B v T B R R (R B Ok G TR AN S
VAR = LI AR IR L S AT I B S AT AR .

BE A, 25 R B A S R A AN I i LA SRR
B SR BB AR TR DT, AR K n] 45 T e v 4 2 L
RN I E AT ), 33— 20 %) e A B AR A&
1) FIS AT J0Rh [F] B A7 7 5 SR A AR (S AT A8 T A 3R R
JEE $72 v M ) .
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