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Multi-stage emergency decision-making method with emotion updating
mechanism of decision-makers
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(1. School of Management Science and Engineering, Anhui University of Technology, Ma’anshan 243032, China;
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Abstract: Aiming at the situation that the dynamic adjustment of reference points under the impact of decision makers’
emotions may lead to different decision-making results, a multi-stage emergency decision-making method with emotion
updating mechanism of decision-makers is proposed. Firstly, the multi-stage emergency decision-making problem under
emergencies is described, and the relevant decision-making information is described in the form of intuitionistic fuzzy
numbers. And a setting method of dynamic reference points under the impact of decision makers’ emotions is given, and
the cumulative prospect theory is used to calculate the scenario value of each evolutionary stage of emergencies, thereby
an emotion updating mechanism is developed. Then, the scenario weights of each stage are calculated, and the prospect
values of alternatives at each stage are calculated according to the expected values, input costs and start-up time values
of the alternatives. Furthermore, by giving a calculation method of the weight of each stage, the overall values of the
alternatives are calculated and the ranking of the alternatives is given. Finally, the effectiveness of the proposed method
is verified by a numerical example and comparison with other methods.

Keywords: emotion updating mechanism; multi-stage emergency decision-making; cumulative prospect theory;
intuitionistic fuzzy number; dynamic reference points; emergencies
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0> S(vify1) = - = S(vy),
Horbiof,) FoR T, Br BUh HRAE SR g AL B0 SO A, 25
< LUS(vf,) = 0459 > f+ LM S(v, )) 0. #H
fhfﬂ vl FTA LI R FAFE TN s(,, 50, € S*
R Py RANKHTT 5 A e LT, BJIE)%*E’JT*‘R
s(gy KRR, H7 s(,) = sLW P ) = Py BT,
B Q) IR T, BBl 5t s ) FRLE ) N

g g—1
i + i
W%ZPhﬁfW(Zﬁhﬂv
j=1 j=1
9= 17 27 tre f
Trh(g): k (15)

Wf(g;muﬂ (E:Bm>

Jj=g+1
g=f+1,f+2,... k.
Hr W) W= () ¥R R 5, v B (3) 7
EHKANA=1,2,....m,i=1,2,...,n
34 AREEMEREIRNE

BT R H B S E A SORCE, &5 07
S BEN BARN G Bl (B AME, TR 7 S AR % M B
i S A
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AR QD) 15), THE TR A, E T B B
WAk RN EEV, . A
k
EV, =D vl i) (16)
g=1
6 B o AR B TE] (R BE 3 (5), TR T R AL 1
BENFAR c1p, RS B 8] eop, FHS T T; B R H B S S

{dih = D(ewn, ), )

déh = D(C2h,é§)~
IRIGTHE Ay B exp M cop 7E T B BB T SUAEL B
ci (dilh)av Cin < C_’iv
Uip = . _.
—X(d},)P, e = CYL

Vo), = ' _ (18)
=X(di,)?, con = Ci.

Yoy, = CiMllco, > CLIF, RN E X T &
Ap IBENA 15, TR B8] cop, 75 T; B B O 2R
IR, [ RS

TR AT R A E T, BT UM O V), oA

OV}, = 1 EV}, + 020§, + p305),. (19)

Forr: 1 oo Mg 73 975 58 Ap 72T B BRI 1 22 1
SOME S SNAANE AN S Bl I TR 8 1 P SEAL
W0 < 1,002,903 < L1+ 92+ 93 = L,h =
1,2,...,m,2=1,2,...,n.
35 BMBNEMHIREEIIRNE

B I TR) RS , SRR A B B B A5 R AN
SR AT MTAL. R, T, B BORIAUE K T 15 B Be
B, BT Uk, S I TR AS B L g 2, BRI

i+1
g:wwl, Li=1,2,....n. (20)
H:w AT, BRE ¢ > 1R —Fr BT —r
B N B B SR RRAE. AT, B B E R A A B
KT 1A, 5 L R A A T 15

> w' _wl(ll__;n). Q1)
=1

RIFE TS BAEH LY v =14AR
=1
CHAFw! = (1 —&)/(1 — &), FEILER b, 44
R Qo)A EEwi (i =2,3,...,n) KEHE.
WA TR TS A SR A BT S E Vo, B

V, = Zov;’lwi, h=1,2,...,m. (22)
i=1

HA Q) IEH/EMNS T EAL(h = 1,2,...,

{(d;m, e < C;

m) AR B R e, BV, 8K, 77 & Ay AR, EAS— 42
()2, 2 (22) W Vi, N B ASER E, WK A LR PR T
KT 7 L S TAERI V, FIV ), A

DA & XS RERE, £ p(Vik, > Vi, ) = 0.5,
MV, > Vi, A, BT Ay 75 p(Vi, > Vi) < 0.5,
MV, < Vi, An, BT Ay 50V, = Vi) = 0.5,
WV hy =V, An, 5 Ap, 507

2) 4 B8 9 T 2 X3 R R 4 RS ()
R H (), 4 SVa,) > S(Vi,), WV, > Vi,
A BT A 5 S(Vi,) < S(Vi,), MV, < Vi,
Ap, AT Ap 5 S(Viy) = S(Vi,), MM H(V),,) =
HWV ) NEV,, = Vi, (AL, 5 Aw, 50, M H(V )
> H(V, ) WAV, > Vi, (A, T A1), 24 HV,,)
< HVp,) WNEV, < Vi,(A, 5T A HAL, S
Ay, S, AT 25 G ST e L 2 AL 55 0O
4 HB5Hr

SR FH SCHR [23] 10 2 51 R0 B 08 A 28 AR S5 R 1 v
FH, 385 75 325008 P36 IE AR ST 7 3 AR M. i 2
THE T AR T A2 1) K 2 B 3 B0l i B i
FERI 20 8 Ty (e W 51wk k) A To (it 7K 51 44 3
B BN B, T B B S s{ MK st
IR sEORHEZK) 1 sECREREEAK), Ty B B 15 5t
AFE 2O RLAR BT ) s2(1/ 3 14K BT 4) s2(1/ 2101
A ) R 3 R R L A R 1); 2) B R = 4 v N R4
B T P 451 SR BSORN 7 S BN AR 1 X ) B A

o BRI, I AR T B B o 545 U2 3) #h A8
77 Z& R BN 18] B T B B RN 53405 T 50R i 7 437 2R %
R BAARIR 1R 2 R,
=1 RHLRKER

N3 WA =45
B B 17 5%

XM MR E ORI X8 xR BB A
st [3,5]  [0.946,0.000]  [10,15]  [0.950,0.000]
st [6,10] [0.811,0.081]  [20,30]  [0.800,0.100]

T1 sl [11,20] [0.541,0.216]  [40,60]  [0.500,0.300]
si [21,40] [0.000,0.486] [80,110]  [0.000,0.700]
s2 [13,15] [0.946,0.000]  [20,25]  [0.950,0.000]
s2 [16,20] [0.811,0.081]  [30,40]  [0.800,0.100]

T2 52 [21,30] [0.541,0.216]  [50,70]  [0.500,0.300]
s2 [31,50] [0.000,0.486] [90,120]  [0.000,0.700]

AR AR S80S SO R R P & S Eok
BHN:¢ = 5,em! = 0.5, ewa' = ewa? = (0.5,0.5),
(n1,m2) = (0.8,0.2), (@1, p2,¢3) = (0.7,0.2,0.1),0 =
0.5,& = 2,15 FMARFERE N 3 .



442 # % 5 Xk K #35%
R2 BRNBAR N ifE A SO g A&k T R IR P B
% ax BARA RS D Ffem' = 05N D) (@), I T2 BB
=7 f =2 2 > N —h At T
pT——— N TSN T P ON = L LT
N T T Iz S0 LT = [0.265,0.000], L) = [0.421,
. [0.900,0.100] [0.800,0.200] 1 1
LOANRIRST 2 B AL 0.000], C§ = [0.608,0.392], C; = [0.520,0.480].
T2 i % 2) 309 ~ A1) AR T BB i R a sk 4
75 A AETLL, IR, AR AR A AR 1 48 R (G (12) ~ (14))
As 2ii£fﬁll\u;iiir [0.750, 0.250] [0.692, 0.286] RN Ty B B 28 em? = 0.635.
=) N 25T n N ,
R 3) K LA L E em? AR (7) M (8), AT 15 T
DB S SN L2 = [0.169,0.000], L2 = [0.280,
N — aniﬁﬁv L3 [0 7629 0.000], L2 = [0.280
A WEAMEE [0.250,0.750] [0.285,0.704 0.000], C2 = [0.453,0.547], C2 = [0.411, 0.589)].
INGE tes 4) [0 B8 2), AT T By BURS A Q3R 5 .
BLT %R As JyRERl, 5) EEUJ1 A UJQ- WA HEF AT 15 S (v)) > S(vi) >
Ay BN ELFHL [0.100,0.900] [0.200, 0.800] 0> S(vd) > S(vd),S(w?) > S} > 0> S(v3) >
FIBE % AR S(v3). H315) T3 &M B s A E R 6 .
x3 EMERBERERERE
P! P?
[0.200, 0.700] [0.170,0.750] [0.150,0.770] [0.120,0.780]] [[0.155,0.745] [0.175,0.745] [0.200,0.720] [0.150,0.750]
[0.220, 0.690] [0.180,0.750] [0.170,0.760] [0.140,0.770]| |[0.250,0.720] [0.150,0.780] [0.175,0.755] [0.100, 0.870]
[0.250, 0.680] [0.200,0.720] [0.190,0.750] [0.150,0.760]| |[0.200,0.720] [0.150,0.750] [0.200,0.760] [0.185,0.795]
[0.260, 0.650] [0.230,0.700] [0.210,0.740] [0.170,0.750]] [[0.250,0.645] [0.245,0.715] [0.200,0.760] [0.150,0.730]

6) R (16) ~ (19), AT 1577 S1E Ty A1 T B B ORI

B N2 7 F1 K 8 iR,

) TURBIER o, 3 :

7) 3 Q0) A1) AT Ty 5 T, B B 43 1 - v 2 -~
v , : . st 0.049,0.000] [0.139,0.000] [0.067,0.000]
HAwt = 1/3,w* = 2/3. i th 30 (22) /I 5 %1% T7 & sl [0.069,0.209] [0.207,0.250] [0.098, 0.827]
An AT RNETV (b = 1,2,3,4), V1 = [0.254, sl [0.176,0.467] [0.194,0.658] [0.179,0.500]

sk (0.526,0.000] [0.728,0.000] [0.576,0.000]

0.245],Vy = [0.328,0.224], V3 = [0.360,0.225], V4 =
[0.495, 0.156]. 7E LAl b, R T 7 2) 15 28] &

TTRMRBIITF R Ay = Ay = Ay = A -7 3% T BB 5 i 2, v?2
T s [0.028,0.000] [0.046,0.000] [0.031,0.000]
2
- 1 2 . 52 [0.025,0.209] [0.081,0.250] [0.037,0.217]
Kb b, ARG T OV, MIA 8 OV, 41 7T EA 52 [0.062,0.467] [0.342,0.518] [0.126,0.477]
13 30 % £ 18 T7 52 53 BiAE Ty A0 T B Berb B 1 e, B AE 53 [0.526, 0.000] [0.728,0.000] [0.526,0.000]
=6 EMEMERNE
7"}113‘ ﬂij
[0.327,0.505] [0.272,0.519] [0.257,0.582] [0.370,0.506]] [[0.374,0.472] [0.239,0.559] [0.322,0.534] [0.329,0.585]
[0.360,0.496] [0.283,0.539] [0.147,0.725] [0.587,0.275]| [[0.299,0.642] [0.372,0.553] [0.265,0.594] [0.377,0.514]
[0.375,0.483] [0.291,0.546] [0.267,0.594] [0.409,0.473]| [[0.432,0.537] [0.320,0.612] [0.280,0.610] [0.415,0.523]
[0.404,0.475] [0.295,0.555] [0.273,0.613] [0.447,0.454]| |[0.372,0.446] [0.266,0.521] [0.319,0.604] [0.415,0.523]

£7 EVL. 0 o5l MOV B E SR #=8 EVZ. 082,032 MOV it E L

WIES EV}, v, v} oV, IS EV viy vsy ovV3i

A; [0.285,0.185] [0.373,0.627] [0.340, 0.660] [0.309, 0.268] A; [0.239,0.137] [0.186, 0.814] [0.196, 0.804] [0.224, 0.234]
As [0.388,0.108] [0.578, 0.422] [0.445, 0.519] [0.437, 0.166] A, [0.260,0.169] [0.287, 0.713] [0.256, 0.724] [0.265, 0.261]
As [0.312,0.168] [0.624, 0.376] [0.473, 0.507] [0.406, 0.220] Aj [0.284,0.156] [0.489, 0.511] [0.322, 0.650] [0.335, 0.228]
Ay [0.332,0.160] [0.853,0.147] [0.649, 0.351] [0.537,0.170] Ay [0.285,0.116] [0.801,0.199] [0.552, 0.448] [0.472, 0.148]
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Tlme/QEPAzL - Ay = Az > Al,?‘fTﬂfl\ﬁﬂpAzx -
As = Ay = Ay AW BRI BRI 7 A 45 A7
5 72 7, AT E— 20 h IV S P 1) R BRE 43 AT 45 DA
BAE (iR 9 o, Horp (P, P2(7)) 7 = 1,2,...,6,
FETER 3FI/RE (P, P?) A _E 23 738 2P K 0.004
0.008 F10.012 S /> 25 K 0.004+ 0.008 F10.012 fr 1),
JER BRL 2 Ty B BB R R A 1) v A 28 35 52 i) T B B
R SR BTG 28 ME, IR OO T T M Berh iR SR A B
Z: {8 R B, FE R SR ER T R Fi 2 S8 R A
FALI Z B Btk shASTE AU 2 P, R\ ok &
15 28 O RE M T o5 B2 I A sl i 5 A

A2 1B,

N T 5 H AT AT L, 3T LR SRR A
S, 38 FH TR [23] 0 SR B S S R 3R 7 v AT AR 45
BRNAy = Ay = Az = Ay W WXANF T ALK
P B B HEF S R Ay = Ag = Ay = Ay WA
9 R I, 1E 2 A1 S B2 B N, AR SOV PR B2
GHET 45 B 5 SR 23] T A HE T 45 R A e 4
FRTE. 5t R SCHR (23] 7R B IR B R R FAF R 2
B BARFAIE, 1 25 RS 31 I R S A A A 35 BT S B0
TG 4 W R AR B S SR, X i — D0
UE T ARSI 3k

*9 FERBREENRBESN

PR BLRISR S HEF AR SCBR (23] T vERIHER 45 R

Ay = Az = Ay = Ay
Ay = Az = Ay = Ay
Ay = Az = Ay = Ay
Ay = Az = Ay = Ay
Ay = Az = Ay - Ay
Ay = Az = Ay - Ay

Ay = As = Ay - Ay
Ay = As = Ay - Ay
Ay - As > A = Ay
Ay - As > A = Ay
Ay = As > A = Ay
Ay - As > Ay = Ay

5 S T, W Bt 45 2 T, W B 45
(P'®, PPy Ay - As = Ay = A1 Ay Ay = AL - Ay
(P'®, PPy Ay - As = Ay = A1 Ay Az = AL - Ay
(P'®, PPy Ay As = Ay = A1 Ay = Ay = Az = Ay
(P'®, PPy Ay Ay = Ay = A1 Ay Ay = AL - Ay
(P'®, PPy Ay - Ay = Ay = A Ay Ay = Ay - A
(PYO, P2y Ay Ay = As = A1 Ay As = Ay = Ay
5 4 #®

AR T — R0 &SR I 4 LI 2
By B S R ST V. % 7 VR I B R R R AR AL
1) 2 By BOPE S BhASTERIANHA E PR, LN T RS H 15 2
J L HE 0 T R3S M S B sh A TR R, JF ] B R
Wz T & B Brh O SR AE B BRI . 2 T AR
FET D FEH T IREE G &L TSRS A
FR B B 7 1% 2) R SRR A A A A AR A, 2 ST
TSR WG 25 BERTHLA;3) 32 R AT SR, AR
LR AR N ST R TR ME . BN AR
) I R A8 Al b, 15 21 1 J7 SRAE & W BOR AT S AN
1B, FE T I8 5 B BOBLE R U B3 7 V5, I 18 3107
RHZRE IS YHEMIL S T,

AKHIWE ATk — 0 5 2 By BORHE DL SR v i g 47
Ghe, 25 IR G 4 S BT 32 TR A AL
HPR S 8] (15 28 BB 256 s, Bt ey B s 4 0
HrALH] ) 2 B BOS. SRR SR TV
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