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Two-stage portfolio prospect decision model considering additional
emotion

WANG Li-wen', WU He-cheng, WAN Li-yang
(School of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Aiming at covering the weaknesses of prospect models in investment sentiment and preference decision-
making, we propose the investment decision model with sentiment attribute based on the definition of investor sentiment
in perspective of preference got from the BW (Baker and Wurgler) theory. We firstly define a probability distribution
of emotional transition based on the influence of herd mentality and income tracking on investors. Then, we construct
a value function of the additional binary nonlinear parameters to sort the preference of the optional investment items.
Finally, the maximum information entropy under the income constraint is formalized as the objective function of the risk
aversion and the maximum mean rate of return under the entropy constraint is formalized as the objective function of the
risk appetite respectively according to the preference decision and the heterogeneous risk, acquiring the investment ratio
through iteratively calculate. The simulation results show that the two-stage decision model can better fit the local optimal
decision-making scheme chosen by irrational investors.The result of simulation and illustrative example show that: The
proportion of pessimistic investors will increase when returns fluctuate beyond the critical value; The initial proportion of
optimistic investors will change individual preference decisions to some extent; The risk seekers prefer to assign greater
investment weight on high-risk projects; The well-organized economic market is helpful for investors to make investment
decisions.

Keywords: prospect theory; profit and loss sensitivity; emotional transformation; entropy optimization; risk preference

0 51 § BUIR JR 2 VO RE R 5 B IBUR LUK, A7 Ml #5088 R i

TR O G My e s ), R R R e AR R T R e R R R R
KA GFHE FATIOE NS T 7 B 2, gy (R BT BB DS i 0. T 250 A 4
SR E R T HE KT E M. {2018 bk BUER BB AH N SR ARRE K PR, S TR

Wi B HA: 2019-04-29; 1&[E HEA: 2019-09-04.
HEEWmHE: HFEHRHEETH (16BGLO33).
HERE: BEIAL.

BEIFEE. E-mail: wilw0991@nuaa.edu.cn.



%38

IR S F R A 46 B I BT 2B A AT R kR R 725

PR BT R S ) R AT T KRB0 AT, H B 1
25 0 TR SR B A R R ORI Y R — IR
T 46 AT 7C I8 T AT O < R B, 1 S SCHR 52 52
H 4 MR BGE — I E X, Fe 4 Delong 251 Ay
P8 28T WL R g SAIE B R R R I 5
Bt MR A5 2, Bt T2 22 B AN 7] (10 A B Baker
SRR N BB 2 R AR BB IR B R A T
HanPlRE £ 58 3 1 26 1 9 I35 AR 5 s AR 1) 1Y
TR Z2. Barberis S5 Ay 5 BE 1 2 2 0 OB 2 )
{5 & fi 2. Baker 5511 78 HL IR b (] 7% BW 2 i) 73
B “Ass” A “AF S AL AR g SONIBLE
SR 1 S5 R Bt 5088 T (K A I AR b
BEANIIMRRE, A AT ) T A BB 1 2 0 SONIY
BRAT Ay X B A T SR A i ) i 25

LA B 1 4 0] S MR DR SR S A A AE AR R B T
fige. Stambaugh 5101 Ay 2445 5% 175 2 0 3 vy Bk 1Ty 50
T 37 7 BRI, R 2 A B A A AT . Alimow S8 A B
AL i) 3558 A7 2 0 4R A 24 = BRI S D WD S, 8 RS W
SEBHZ AR 2 MU I L A 1E ) Copula 57, K547 3
1T J 2 AR AR 2% 2R B AL B A D 15 4 A% e 5 405 1)) B
MR8, AL S BE A WA e R T 370 1) 56 36 15 48 A% e
JSE Y 55, P 5% R SR 2 R B SR AN AR
B4 T S R BT 17 28 = 2R SR RE 7. 5KAH
RS VOVE R S 1 A0 PR BB e IR % 1 4 mT e i
IR SE P WA I Y E

R BW BR80T 45 B3 15 26 10 S 0F e R K%
MG A BT 25 (R, RN 1 2B 0 1508
fiw 25 FOAE . 252 B A AN 2D SR A B 9 20
FREAT T 1518, o L Kahneman 50 (T 5L B0 A
SLR 3 B i - R 5 A2 B 22 B A2 AR, I
AT R BT, Klein S5 A8 F AT 5L ik
PRGBS 4B s 1 058 i S B R T 28R E 0 S AR
XTBURAIAEAL. Erner S5 F 52 £ A 400
e Rl b PR A 4. Dichtl S0 B8 E 1 AT S BB AE VT
i P58 i 7 T PR R 5 AR 3R Y 1Y
Z [ R SR ST R T SR AT N SR 98 75 SR s,
T R BT £ BT S A A SR AR AR B i R
B R SRS, 5 T — e N X T) N 5 B8
1150 i FRARMAL R A XU 7 6.

IS5 BRAG A BB R SRAIT 52 R 22 AR BILAE 9 A4 X
W5 i ot 5 B A B (RS, R = 55 B B A 2 AR X (0 i
BT 9. kT i R AT A 4R BT 45 U5 T AT 7T
AN R AR SR E AR R AT T R i A 25 S 5 (Lt
—B e BT A BT AR AR AR SR I A, i

PR LA AT oA R O S At B R A AR 7 LAtk bk
AT R,

A SCHR A [ £ FE A% Ge i e B T ok
k. Tversky 27 7E JR B IG Behitk A T BN Al e
W, G NTS B M, R IRV e 47 44 JE 43 2 M 28 33
A7PU 43 X 38K 4. Schmidt 251 8)#E F A 45 52 AUEE
BIER T LI 1 295 s B A € 1. Stoud!) 4
WAL 32k 5% o 00 LA i) 3 A AU B T R R B B AT e
BRI G, 48 LA, vy A S5 20-220 ey s 1y oot i S e o
TSI B AN N 5 A SR 9T AL, L AT S R SR 5 ks
AN 45 25 BBURK IR 2 g9 N BIME R b, RN R 1 2
Xof B s ], (RN RS R B 2Rk % 3 HUE
V0, [ ik = B AR,

S5 G TR, A UK 18 26 A% S DR 3K A N 40 A B
TR R A B A AR RHGERIA A
Arrow!3 o UK (i 47 111 43, 75 38 BN 17 48 45 9% A
UF. W 18 0% 3 A (i 4 JEAT 90 28, ) 3 5 AL H B
BRI LR A 15 B B A IR T .

1 ZHFTRERER
1.1 EAFA

P AL TS A ST AR I AR A S
FNFIWT I H A 5 B B A, T I E 5 B
Hey. 752 00 H il D s v, 4558 AR HE 4% % H AR
S8 R S5 B LA, 5 R 9t R G B O AR

BRI P AAAEn N OATHRZE By, Bo, . . .,
BwﬁﬁﬁﬁL:hbww%“J%%Qﬁﬁﬁﬁ

MR A, HIR0 < pj < L) (pj) = L1E

Jj=1
WAL, WUH B 2 45 R i, A3 B m DRSS
TR A = (dij)mxn BRI A B
W), Y (W) = 1.

k=1

1.2 BIRELEMERR

AT SRR A A, $ 8 U o 0@ R AR R R 1. 7
JEFPE N 1T, K 22 508 8 3 1 T W WA s i 2 L A%
A6 R T T T, 7 T I 2 LT 2 3R B0 S R A6 1), %oF
357 2 bl xof i 2 2 o UK.

AR A% 0 AT e B e, 43 08 3 4 i R e fiK 3
SN OIS, R AR ITE G = 1,2,...,n)
(1 3 SR AN B R T AN DR 2R 0 H 3 3 IR A A
B RN W SR A bR R AV AR R IORR i A A B e i
w17 BB TR, BT S AN ER R N

V= 9(dij)W (p;). (1)
j=1

W = (W, W, ...



726 # % 5

xR %36 %

N T AEAL ST SR SRR B AN RS AR B ok
T RS 25 R & T SE B R o3, (E BR BT R

{wad>m
9(d) = @
“A(=d)?, d <0,

S HE B BN A B T 35 05 5 i B 40 2
a,B € (0,1), =373 mARER A 7 oR 7 1B A i
A AR A 27 X PR U ¢ R, A Ak
R, P % 3 ) T XU (s 4. \ 3 7 453 2 Rk 3R 4,
HEE R 2 E R B R, 9K T 1R,
T S A1 % (A AU S R A WAL i T A B R

AT S FR R IO AR R 02 180 8 38 AR A 7 WO 2 5%
st BEAT AW, 49 H B P SR EAE, AR TR IR N

W+(p) = P -,
W(p) = 7 + (15_ p)]7 )
W (p) = P

[+ (1 —p))5
Forpo W (p) AR 55 G “ L3 I 1 R SRR R
W= (p) JERAT A9 7 B (1) R SRS L. ASL R o 0 S ol
e ARSI H R T 1) 3 WA, BESE TR A,
52 [ B ouf 45 fut KU 28 ¥ 1) 52, Kahneman 281 A
TR TR 2245 T /DR R R s AR, T Al
RME 2 A IR A . R 2 o 50 110 KRG 785 P FH S 40k
TNy 1S, KR4 Kahneman (15256, v = 0.61,8 = 0.69
NESEMUN IR SONLY/ el
1.3 BUHRTRIEIRER

o R 20220 A i S FEAS AR R L Atk R sk
FR IS5 AR TR SRR R DA g JER B0 o) 45 % 40 o UK
22 1) S BE Bk 2 6 BR A, 5 B3 — 0 58 3. l0dE e 1Y
U A E )

{gAdand > 0;

9(Ad) = )
—0(—Ad)?, Ad < 0.

H:Ad = d — do,dy > 0, NEARINE S5 . B8
EFNG 43 ) 22 7 TR S 35 WL Bl AR A0 2K () SRR AR B2
SRR A U, MO BUE R 1, € > 1 %
BE N4 2% L i s R M E BRI 1,0 > 1. s B
55 G TR 1RV A ], S gt ke 5 2 0 JXIG: 14D v £
JEAHRERE FAEER. a8 > OFMN T, R
i a. B = 18#&Has B > 1EBUE. as B > 1,
NIRF R R o B o= 1, BB i T R
50 < an B< LN AT St R SR SR AR
HLRGA AT 357 2 I BURK DR 2R g N BN BR B0k (B I
KRG HBUR R B FRIETE R, AR SORAE 1 3t 1] 7
BEATHE— AT

2 BB R
HEVE IR 55 P B SR R SR S0 LA 4 e

BE R A SR [ S SR I AR 5 B KU AR 4>
R ERARAL R EL, SR AR I IR R
2.1 FE1ME: BRI MBI B RIFIREK

5 S HT SRR (4% 0 3 LR BN “ P a7 IR R
1330350 H HT S AE, LLAE N PSRRI #5585
FFAENE 26 AE BN I, AT K A7 A 2 AL B8 %)
LT IEHAE R OR. #8553 AECIN, N > 0. #EA
NIRRT AT 4, SRR NB G N,
AR R A NN_, N, + N_ = N. #HHK A%
FIHMER TP, S E G 10 SRS AR 2 R R A
e Frgg NN AR A SR 00 2 [ 506 00 284 2 745 ) g

trans, _ = g(l +tan J(U)); ®)
MNAERLAY [y SR WAL 5 AR PR MR Ry
trans_, = g(l + tan J(=U)). (6)
/\E;:‘
el —eV z
tanJ(U) = m, U:(IX‘i‘bE

1T S R AR & IR T R i A e 4
B ERAE BRI AN 2 5 WU 4R 2 A7 AE
(B R 22, 1E 40 Leroy™ JT &, dF B2V 1R 5235 £ AN
T4 R T gy b A P T I AR L HE e 0 5 U B2 AR L
WM T, PR 1 55 R ) 56 4 BRI T RO O I, AL 2
XA S A 0 7 1k 22— LR A AT 9 R R 34T
MR DA% T Lux 5220 1) 2 4K
WAL 5 T 52 55 A B 35 FE R AR LR AT 12 5
Delong F A AHALIML L, AN B R 1 58 55 1 46 7 A
T NPT F AR S & TG R
TR A S B, X 22 5 A EL AR Y A ) A
JEVEAERU P AT 21 7 UESE, MR R MR RN
trans"?! = k- exp(U) (trans™" = k - exp(~U)),

Horbe kO BB G MR, U NG 48 e B A0 K
ST B AR W 2R O3 AT A AE 2257 S (BN A2
Herm CERIBER VL /T Sigmoid B8 BL/EL & K
fibida % 7 R A R4 5, SR I V) Sigmoid B £ 142
eIt s 7 A5 T AT AR ORAF SR 20 Al 5 B Y
[ IR, R4\ (— o0, +oo) BT 2 4a (0, 1), it 4L
B8, I 73 A1 S RE S BE A A S SR,

TE LU A8 RN i 550G B R 200



%38

IR F: EEMRFEGR Y IR E AT =k F AR 727

EES A0 I RE S VRO R i0b AR
2% Shiller? 75 1992 4F f¥y W8 5. 31 A A 57 5 W, 1987
TR A5 S T B B LR M T X R R 2k
{10 % PRI 32 JF A A5 % 5 155 4 (0 s, T AR S B
5, IR 7 WL k223 7 S Bk, I R R
P 142 B ). B4, Andreassen [ 0y H 22 S
B, TE A FLAR R TR R, B T T A
FEAT 55 AR BN AG A H [B1 U5 Fo30m) ) 46 1], AEL G SR
TR 22 A5 J2 RO AT A AT D % A SRy B A0 HE 1
HUNE i3 VO VESP =B EF 3PS A RE g A il oy
AL U e 8, FA A A B AR 1) = S s

PEU HRIE T a 7R 2 B0 58 3 G A
BHEF (i € N) W ZNE; b RoR I A8 10 0] 1 4
AR BN X = (N — N_)/N B2 HH
BHEMNEE, ZHREEFRUASEN, X > 0,2
X < 0;z = vo Tl H IR RS, v A RS
IS %0, o AIE RN E; kb R0 I g
FIBIER (B € (0,1)); z/k R FETEH BAHR 28 AW A
FE VA E A _E I H P R R 2% 108K
ANFEFEE B = (r by = 7.25 %, 'naspaq =
11.8%, e = 11.5%),2/k € (0,1). % N5
7 N 22 R E A S 200 1 4 B N B AN MR TR 32 381 AR
O BRANTTH Y i I, trans € (0,1). 54 b
R, 1) B 017 8 11 45 % A 7 e SR AR R, 4% B
FEE X AT E A RO RN

& Ad™, Ad > 0;
J(Ad) = @
{—&%—A@ﬁ Ad < 0.
Hrr e NIRRBUR RS & = & + &p BUIETNE
tAWW SRURE, SR E G IE K T REES
K, Eo NHEBH & € (0,1). F e AN I
HPSGH B8 AR B AR, A0 {2 BB BRORE SR A B B B S
5 EAE N AR R UK R B e N p, B

p=x(l —trans;_) + (1 — z)trans_.

PRBURREO* = 00 + 016,00 € (0,1) AR
RAURE. F B LA FE M BRI B 25 o B AR e
HAKRBUR R I IC e, B

e = xtransy _ + (1 —x)(1 — trans_).

Horfgyy 0, ABE A BRI HBREE ¢ =
Ny /NSRS RE R AR S p + e = 1LED
04 2o R P 2 8] A7 AE T AN IR 2R, $05E 3 0 4l Y —
i T HUR 2 O 5 R p, e €
(0, 1), 27 JE K045 2 £ YT 5% 2 3 B P9 2 30, p(E )
AT B 3 T 1, 45 B8 8 U (A %) ) SRR A

Vt%%0<p<e<wfﬁﬁﬁﬁﬁ%mﬁﬁf

HE&%&@.
H1 2 (5) M1 (6) S U By F ik 2, #EAA
CINGE V5|
1
p(x,k):x(l—k)—l—k(l—m), (®)

1

o i MUK AR HL

1), ©
U@Jﬁ:a@x—n+bg. (10)

W1 CHEZEEEc (0,1),B¥p(x, k)5
e(x, k) FIBUEAEO ~ 1TEH .
W 2 U(z,k) € (—o0, +00), AN

) 1
i (1= ) =

. 1
Jim (1= ) =0
1
_ s D - -
UTE ( oo,+oo)J$,*,ﬁﬁJ\<l 1 e—2U> € (0,1).

aﬂ@kemJLﬂﬁﬁﬁk@—T{;ﬁ)ewwL

2(1—k) € (0, 1— k), Fibla(1— m+k@_11%35)
G(%MWM%ME( 1). [ 2R, B s #E 5 mT A
(TI?ﬁ"4> (—1,0). M 2R 2, k € (0,1) I,
(1+€w»1) 0), A (k — 1) € (=1,0),
WJ%i(k -z € (k-1 0) Fibh(k — Da + 1 +
(1 +e2U 1)

ﬁiLﬁﬁ@@%ﬁ%ﬁLﬁfﬁ?%ﬁ:

1) BEAREUR R BB E AAAE— DB S AT, R
BN B B I 4 3 AR M R AR e AR AR AT )
W, 555 8 AR B 5 R IRARE B e LR, IX RS
FEE] CHERRMEN BT, R TEE B A FHHTIE
iy Rz —.

2) B SHEKM SR E 00 > 0,77 &8k
B0 BB R B B = SRR E . B3Rk =X (7) mT 4,
& 5 0" 1£ (0, 4-o00) HUE B K, bR 250 ith 28 1 52 10 20 il
P(A) XF Ad AR BBURK. B LR, 260, 6
(0, 1) B, B 5% 38 00 4 2 AR A S RBURR; ¢ 0% = 1
I, B 55 0 28 AR ORFF R AL 2 60y 00 > LI,
P Bt 040 i A BUBR E R, 0F > & > 0RRA
A X 407 BB P K T e AL 7 LR B

3) &1+ 01 € (0, 1) I, i) S AH A AL B0 -4

MR E bR B E 2% TR IR, 1]

W) = —2
W(p) = (1 =Pl (11)
W= (p) P

T



728 # % 5

xR %36 %

BT E A TE RS TR N
Vi = EZme (Ady;). (12)

&%%ﬁﬁﬁﬁmeﬁﬁ&VFﬁﬂ%ﬁﬁ
B BRI 48 1) RS 52 1 2 T A 4 RS D X

R T AN AR BRI B, 300 60, 75 A/ B A 0] TR R 45 it
TR R .
22 F2ME:IBESRENENHRE

BB BRI R H WL Vi - Vo - ... =V,

BETHREHED ﬁﬂmmilkﬁﬂ%u@Aﬁﬁﬁ
AT R, IR U 75 5 55 2 B BT % R T H (45 AN 3t
AR E . B R SR R 252 Popkov®! #5824 A
B FLA A AR B 38 (B T 22 VR 3R, 15 LI e T G b 3R
I RUR: (9 AN B 7 2. [ B Popkov %o 45 118 Ak e 5t 1
T 32— DL T 1) 4 R S I U & R R 2,
B W N BRI RN — R LA fe KAk 9 H AR,
B NS R NFHE” |, I DL 50 M 2 AR A 5 KA/
i B KA, AR SR 0234 ) 3y Ty 72 B R
RCRASHR AR IR R 25 AT 1E ] 47, S B B4 g AN
48 1F ] [AIUSC 2 385 0, T 49 P B A T LG R s A
B PR, B B ISR X FFE TR A AR
BEALAE Y55 rp 1038 . 2T B3R SCHR, 45 & XU i
PN VAV N Eith
WRBFERREMATHEO < M < n),FAH
NT. 2RI AR B i st 2 5, K A 4y S
AN BE, o Mt B BISCES o JEBH S R I L, o =
Ri/Rr. rg AWIH (i = 1,2,..., M) 7t B AU 2%

%w”_szIM%M%éw LT[R NN
—Ez%nbz—12 M. (13)
Iﬁﬁﬁﬁ&“ﬁttfﬁﬂﬁm( = 1,2,..., M), iRyE e
AT B EAEE YR 3 T*ﬁ?% W Kﬁﬁﬁ
S
Z =Y @R, (14)
i=1 t=1
M
Hoh R, BB AL BIOEE, R =) ki,
FOUM BT H s R
P, = QD;RK (15)
Tt H i S B e
S
Entropy = — Y P, -InP,. (16)

t=1
P BT R PAURSE 1 i 2 AR A B AR SRR 7T 73 9 KU
i 205 5 5 IR AR TR RS i e 450 % 5 0T i s I

{1 i e 2 WA, DX A e U B A ) AR E
YSe 2, BT R SRR R AR AR A B UG v 22 57 2 )
F Ak H b ek 2L

1) R AR KA - XS AR B 3

s
max entropy = — Z P, -1n P

t=1

s
st. 7= Zgoth =c, cNHEHL (17)

t=1
FEF AR LIRT, DR S Ay H A pR Hse
JRAERADAN 5E PR ORI (I, BB IR SR AT T EF

FaE ﬁﬁﬂﬁ&ﬂﬁ%‘ﬁ’lﬁmzﬂm. BT
entropy = — Z-Pt ‘In Py =

InT — = Z o Reln(pr Ry ), (18)

IRYE LI R % #rﬁ%ﬁﬁﬁ Henrfade

S

max entropy = — Z orRiln(piRy).
t=1

s
s.t. Zapth =c, N

t=1

M
i=1

SRAZ AL H A bR 0 55 KA B AT 45 31 e KA 4
H A5 eR T S LA

2) WAL 2 Foe KA - PRV e 4 4% B8 2 AR AT 5, IAUR:
A e 2 B 1) UAC e e K A, A 780 ke IR (1 L 7%
FE. B AR B AE AT E LT, LR & 22
E R, BAARR N

s
JEM,T) = Zgoth.
=1

S
s.t. — ZP ‘InP > w, wAEHHw > 0;

t=1

M
> o=l (20)

HorhAEE ﬁ%%ﬁ%#kﬁ%%ﬁﬁ?ﬁ&A@T
FH DL, xR H AT iAoy
S M
max Z Z DTt -

t=1 i=1
S

s.t. Z[gothln(goth)] < wi, wi N

t=1

M
S k=1 1)
i=1

max 7(Kq, ...



%38

P BT WU M 4 A [ M AP0 A0 B AT 22 5 k. BB
(17) AR ARYC 2 A LA A, TG T A B o pl &
e FURS 2 AT 2k F) XS 88 2. PR B3 (20) 7R T R 4
HERAF N IB R AR e KA, 38 578 KU B SR e B3
£ RS i

3 RESHEHISH

WELKSHa = 02,0 = 0.18,v = 0.1,y =
0.61,6 = 0.69, v = 1.21, 8 = 1.0205,
3.1 WEEEXR R EERNFN

SR A5 W 3 (0 46 7 EL S O 4 e SR 1 2
B 1R, b LRT D, U 5 B 7E 20 % LA N B, 4%
PEE K AT SRS FE, 16 48 3 sl 3 /N Wk 2R Y% 3
20% ~ 50 %, M1 2k SR FE RO, MR S A
BERERAR. IS 2 2R BRI 50 % i, B R 4 il
BNTREE, FEAR A FE MR 2R 2K T SR W 6.

0.8

0.6

trans

0.4}

0.2f

0

0 IIO 2IO 3I0 4I0 SIO 60
0/ %

1 RWREENIIE S RFRRAIFNG
32 IMBRFEGIS R

B A KT 100 S5 F B9 3R 85 b, T s 50
MBUHTTE (S1 ~ Sso), NHIERESANITH BT
Bk o= 0.2, 8 F MR MR E 2 mBPIDS(1.4, 0.89,
1,0.05). HIRW fi 70 B %A 2 WM P, A4t 101 H Al
ST I I PSR, DA 8 SR I B8 146 o B 2 %F
TH IR, Mo = 0.8, BT S E1d N Vi (S-),
B = 0.1, 0 Vo (S-), AT FARXS 1 44 27 BEAT
ELER. Vi(S-) 5 Va(S-) BEUE AR, il &5 5L H0AH [F],
N Sug = Sso = Sig = Sao = Sso. (HILEE KB EE
I E GG RO LCSS AR SR, BTG SR o AR A 2
Jt, IR 5 2 AN R 2

BI2LL Sig fEx = 0.4 T 5E V(S19,0.4) 1N
S ¥4 Sisv Sso~ Sio~ Sso EARIFIAG KM G LI
B SE 5 20 b B2 0] W, 7 B Bl 2 35 K 2 1R TR
AR EN). AR I 15 T S1g B Sus 5 Sa0, To 18 x U A,
HATRAEA KT V(S19,0.4). MM 5 Si9 T 0082
AT (1) S0 A1 Sso, R EF 9 S19 = Sao = Sso, 41w {E
B S AR AE W R A AR F). die = 0.6, V(S40,0.6) >
V(S19,0.4), Sso > Sigsx = 0.8, V(S50,0.8) >
V(S19,0.4), S50 = Sho. I o BUE A [F) i 4 7] BEAF

E R S A 4 69 I BT 4L A AT kR A 729
E 57 5
max x
o 3 ;/./.X./h/'/./././ll
=
<
i e —*
§ [ ,,*w*r——r*——*——*”*”*/*/
§ *,*::‘:4:;@;:‘::#’4} Ig::
S e V(S19.0.4) | &5

0 02 04 06 08 1.0 1.3
X

2 SRR BE VA SRR R AR

33 MMUWRRRH

H A 27 IF PP %6 5 Sas~ S0~ So BEATH BT, TN
8N 0.419, 0.332. 0.249, H = (A5 K HEAT. T
HEE W1 3BT Nt~ ton ts. TR NWIEAE ¢, HIR
e lml 60 % ik i, o = (0.3,0.3,0.2), wy = 0.2, ¢ =
0.2. X LIH A N AR AR AL R 7, 258 25 1k
B SRR 1R,

®1 FRNERFRLRRER

investment ratio
type —————————————— max? max entropy
S4S SSO 819

investorap 0.659 0.146 0.195 0.373 —
investoray  0.477 0261 0261 — 0.199

1 0 UK i 2 5 58 2 (investor o p ) 45 JRUIS: 10 38
55 (investoray) 7EA FR AL H br T B 55 YLk,
SR (i - 28 T2 0 20 3R 38 SRANASCP 502 e KAk, X
I6x L Ji o 30k T AE e KO e M N R e Ui . Al
El RIS A3 7, e XSS P45 5 3 TR 45 T I v
JRE )30 B g P 4 5 L 43
34 EERERTATHERBERNEIT

TE LA 55 K BB W5 2 D H A ok 200 A8 1 A
Bh 5 BB ERN RGH TR 0 bR i 2
— (G RNIRERE RGNE 7, R 2R R RS
TRAEL TG T B 3 AR A A A5 1Y T B S R A7
SO L P 4K R B, A5 B AR AR LA o R it 2k
HEEEENSY G ERNNNE I SN S o N 2
IS, 24w it 0.355 IR ALK AN FiA7 A2 B W 28

B LA

0.42 .
boundary :
0.38} |
=2 |
M I
0.34+ :
|
[
0.30 . . S
0.05 0.15 0.25 0.35

w

3 FEEBRRERANERNENXR



730 # % 5

xR %36 %

FS b BB BRI AR A M AR I S ) A 2R
H O F 1, BAE 1952 4 MarkowitzP8! (] IF 73 & %
PR A 32 B AT N 3D B A H R — AR R
i, B RS 2 1T B9 BB A e KA ” 5 IR RS 2R
RS WA B B /ML FE AL A R R A, B
728 AR R =Nl g B o ST W R S SR SR 1 N 1
AN, TRV 22 3 (Yu 550391 2= g AR 25101 ) M A [H]
FABEVRAIE 1 A5 S22 XU [ T A7, 24 XU HE 4
T A BN T W AR B, A2 Rl B A
g5 LB A — e WA B IXURS BN 2 A A AR A
W s 295 T SR K AE BB, BN AN 8 3RS T AR 1IF
Fa W as. E I 5 VAN A %o B O 3 20 AT, $ Ak
(o ZE W R AN 1) U 2 PR 828 A0 5 R R AN e 1
R A STl P W€ A S N GRS S N i
Z ][R08 ZR I ZRANFAE.
3.5 BRIGES

SEIGSEL s 6 s BRI E, FE S i@ i)
K CE i X S50 I 75 110 45 5, S G & B 9 N XL
Wit Z8as by v k- x HWCE FIBURYE > 323
M AT, 56— S8k o 1R )8 B 2 iU i
mBUE R p. e MBS E =S8 as by v EHUEAS
Bl 1 23 U I 4 e A MR I BB 2 3. AR B 1 Tl
ARSLOAEE 3.1 a1 BARBIUE B, 76 A 5%
. E 24 i), AR AR A O A AT I NS

B CHIU = aX +b2,a,b,v, k, 2/k € (0,1),

k
mx = YNy o L1 MU
s el —e U
HUAE T N (—1,2). Xl tan J(U) = m,mu
1+tan J(U) = %w,kﬂ > 0, trans, _{EU €

1+e
(—1,2) B BRI, 1+tan J(—U) = H%,kﬂ >
0,#ftrans_ | fEU € (—1,2) i s i, L oL bt
J5t, ZHON T 28 ¥ A8 W2 1) R 3R SRR AP 23 T e 5
2P EVEREAT, B U AR IRAE AR SRS 1 4 A
AR 4 PR AR i AL, 2 SR AR B 4L 47396 2 transe [0, 1], JUJ 7]
KNS B BUE AN R AR K BUE R LA

lim trans;_ =
U—-1

k 2 k

5 T = 1o € (0,01192),

. k
[1]1Ln2 trans+_ = m S (0,0982 0)
A2,
Ulg]r_lltmns,Jr =
k 2 k

5 T = 1o € (0,0.8808),

k
—— € (0,0.0180).
et €0 )

U B BR AR BT 15 1) % 20 Mk 6 {8 35 75 T 47 350, TR UL,
SHLEIR N 78 Bl A 22 SO 15 26 A RE 2R () BU(E =
Xx. 0
3.6 SRIRBEEHILLE

AT K Bl HE SE R [ e SRR AR S R,
r = 0.8Fz = 0.2/ HRFL RIATHE, K0
R, vt fa gt R L i R R T2
S BN R AT UL B3R 2 T, B AN T E AR
AN AR RS 8 58 R T AT SR 2 R R A — T
H,z = 0.8 AT S Al Vo ZR T2 AL AT 50E Vi,
Ma = 0.10 HRTFAE Vs B LS AL/, AR R
AL, X TR A AR R R 1 2 TR L i T ) T
JART e TR T AR U 4 B ) AT S A, e I R
{1 I BB B8 R R 5 A S A7 26 TR % 1) 438 % 3 U 1)
X ARG T T A AT, 3R 3ARIE A AR R A5
BRI A WP, Hh B R A LR &R 5. 8
T b, 2 R Y () i S A BT R A G % 45 11
AT S, H LG AR WL 45 4% G 5 0 T S S . x4
I s, XU i 8 25 JR G R 356 T3 ) T S5 16 ) i
SRR

lim trans_; =
U—2

®2 BATEATRELRER

TiH \4 1% Va HIAHEF

Si1.5MFE — 00119 0.0446 —0.012
So FBEHIT —0.016 0.0369 —0.0184
Sa. FVREER —0.0256 0.0281 — 0.0258
Vi>Vo>V3
Sy FEfAE —0.0213 0.0367 — 0.0230
Ss. RAMIT —0.0210 0.0156 — 0.0262

Se. HEIZ/KIE — 0.0362 0.0136 — 0.0374

*3 RAEESHRELRER

z = 0.8 z = 0.1

TiH w1y

w2 w2 w3 w3

S1.BNFA 00266 02746 02432 02003  0.1554
So fHEHAT 02308 02006 0.1958 02172 0.3223
S3. FR&ER 04590 01553 01357  0.1275  0.0477
SaHEA 01271 02565 02231 02154 03139
Ss. FAARIT 02154 00748 0.1150 0.1494  0.1333
Se. HEIZKYE  0.0823 0.0381 0.0874 0.0902  0.0273

HERTFME —0.026 00351 0.0331 —0.0219 —0.0208

20 LLBnT 0, AR FRPE SR AEAN R AL 2 1 25 AR
PR R SRR 22 AL I, TE A 28 TR T I AR B HR SR



%38

IR S F R A 46 B I BT 2B A AT R kR R 731

I 16 IR B 52 24 1 5 2 v 5, 3% 15 e ol 32 216
IG5 V6 AT 4. 01 SR AN % PG 4 R 2 45 3% 1k
SRS, JU) B0 5 45 ST T R R A IR
4 & ©

AR SCTE B R BT SE T R T IR N 4 4
YRS ) S 2 P A R A, R A 8 O A S R
e 5 S A PRV R A R TR, 7581 LA A 2 5 1 AT M A B
Y49 SR ) S B AR AR SR R B 5 0 B % 45 )
DL 4L

1) W05 B oL s B, % 351 L e A £
B HHE K,

2) SR AE B P I o LA — e AR
FEE - 4 35O A AR 1 T 5

3) (R IR £ 5 5 5 B o oA i v IR 4 350
4 5 K (4% VB, 76 B U IR A, R {47
%o R P, 2 3 B K

4) TR A R T4 708 1 R U g,
RGO RL I Tk i, 358 B 5 7 B PR 3]
USRI S AU 3, 20 R I A, RS T
VEELR A, AN A7 AE R (0 SR eI 2.

S E 3k (References)

[1] DelongJ B, Shleifer A, Summers L H. Noise trader risk in
financial markets[J]. Journal of Political Economy, 1990,
98(4): 703-738.

[2] Baker M, Stein J C. Market liquidity as a sentiment
indicator[J]. Journal of Financial Markets, 2004, 7(3):
271-299.

[3] Han B. Investor sentiment and option prices[J]. Review
of Financial Studies, 2008, 21(1): 387-414.

[4] Barberis N, Shleifer A, Vishny R. A model of investor
sentiment[J]. Journal of Financial Economics, 1998,
49(3): 307-343.

[5] Baker M, Wurgler J. Investor sentiment in the stock
market[J]. Journal of Economic Perspectives, 2007,
21(2): 129-151.

[6] Stambaugh R F, Yu J F, Yuan Y. The short of it:
Investor sentiment and anomalies[J]. Journal of Financial
Economics, 2012, 104(2): 288-302.

[71 Alimov A, Mikkelson W. Does favorable investor
sentiment lead to costly decisions to go public?[J]. Journal
of Corporate Finance, 2012, 18(3): 519-540.

[8] &M, ERK. 3T Copula B AR 258 ) $E ¥5 &
THLEAE G HT (1], Giit 5K, 2018(7): 171-174.
(Ling Z M, Wang J L. Investor sentiment contagion
analysis based on Copula model point detection[J].
Statistics and Decision, 2018(7): 171-174.)

91 RERA, Wi, B, & REFMH T AN K
B AR (s 2 FNHE ZE 280 1) 2 ) [T, %8 3224, 2016,
13(6): 906-912.

(10]

[11]

(12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(WulJJ, Yang N D, Feng C, et al. The effects of emotion
onrisk preference and framing effect under emergency[J].
Chinese Journal of Management, 2016, 13(6): 906-912.)
FAFAR, T st 1 FER A ). RIHE 2,
2018, 39(2): 125-134.

(Zhang X D, Yu J. Discussion on the first driving
factor for enterprises’ investment[J]. Science Research
Management, 2018, 39(2): 125-134.)

Kahneman D, Tversky A. Prospect theory: An analysis
of decision under risk[J]. Econometrica, 1979, 47(2):
263-292.

Klein M, Deissenroth M. When do households invest in
solar photovoltaics? An application of prospect theory[J].
Energy Policy, 2017, 109: 270-278.

Erner C, Klos A, Langer T. Can prospect theory be used
to predict an investor’s willingness to pay[J]. Journal of
Banking & Finance, 2013, 37(6): 1960-1973.

Dichtl H, Drobetz W. Portfolio insurance and prospect
theory investors: Popularity and optimal design of capital
protected financial products[J]. Journal of Banking &
Finance, 2011, 35(7): 1683-1697.

SLLE, sk P, X157, & T 02T s
P T 4R B R ST ¥k (0. 4 5 TR, 2018, 33(10):
1851-1860.

Mo G L, Zhang W G, Liu F, et al. Emergency
decision-making method for stock investment based on
forecast theory with four reference points[J]. Control and
Decision, 2018, 33(10): 1851-1860.)

TREES, AR, BUTHE. BT A7 5 ENe A9 PPP ITH 2
B PSRAT BT[], SR, 2018, 32(8): 129-133.
(Zhang H Q, Wang J C, Tao H L. Research the
decision-making behavior of investors based on prospect
theory in the PPP project[J]. Soft Science, 2018, 32(8):
129-133.)

Tversky A, Kahneman D. Advances in prospect theory:
Cumulative representation of uncertainty[J]. Journal of
Risk and Uncertainty, 1992, 5(4): 297-323.

Schmidt U, Starmer C, Sugden R. Third-generation
prospect theory[J]. Journal of Risk and Uncertainty, 2008,
36(3): 203-223.

Stott H P. Cumulative prospect theory’s functional
menagerie[J]. Journal of Risk and Uncertainty, 2006,
32(2): 101-130.

e A, 90 R . T SOk HI SRR Y B 0 AR B
BL 2 #E P 505 3 (0], F i) 5 PR 5K, 2019, 34(2):
317-324.

(Gao J W, Guo F J. Intuitionistic fuzzy stochastic
multi-criteria decision-making method based on modified
prospect theory[J]. Control and Decision, 2019, 34(2):
317-324.)

PR, AR, BT R A 5 3 AT SRR A
B 1 22 B M DR SR T A D). ) R, 2016, 31(1):
105-113.

(Jin L Q, Xu Y. Method for uncertain multi-attribute

decision making based on evidential reasoning



732

*

R %£36%

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

(33]

[34]

and third-generation prospect theory[J]. Control and
Decision, 2016, 31(1): 105-113.)

Ty f, $0F5 EE. TR0 i e ok i T S5 AR AN BR
H[J]. 15 B 54, 2011, 404): 501-506.

(Ma J, Sun X X. Modified value function in prospect
theory based on utility curve[J]. Information and Control,
2011, 40(4): 501-506.)

Arrow K J. Alternative approaches to the theory of choice
in risk-taking situations[J]. Econometrica, 1951, 19(4):
404-437.

Leroy S F. Efficient capital markets and martingales[J].
Journal of Economic Literature, 1989, 27(4): 1583-1621.
Lux T. Time variation of second moments from a noise
trader/infection model[J]. Journal of Economic Dynamics
and Control, 1997, 22(1): 1-38.

Lux T, Marchesi M. Scaling and criticality in a stochastic
multi-agent model of a financial market[J]. Nature, 1998,
397(6719): 498-500.

INA R, BN T 1 48 A G 1 N A AR T
AL [T]. R HEAR, 2011, 20(3): 327-334.

(Sun Y F, Yan X X. Stock market evolution with
adaptive multi-agents and sentiment contagion[J]. Journal
of Systems and Management, 2011, 20(3): 327-334.)
Shiller R J. Market volatility[M]. Cambridge: MIT-Press,
1992: 1-478.

Andreassen P B. On the social psychology of the
stock market: Aggregate attributional effects and the
regressiveness of prediction[J]. Journal of Personality and
Social Psychology, 1987, 53(3): 490-496.

wetgAt, St BT LSV L 54 N F BT
BT, oh R R 22, 2018, 26(7): 55-62.

(Yao L S, Wu N N. A study on herding behavior
of institution and individual investors based on LSV
model[J]. Chinese Journal of Management Science, 2018,
26(7): 55-62.)

Popkov A Y. Entropy model of the investment portfolio[J].
Control in Social Economic Systems, 2006, 67(9):
179-190.

A TR, -UE TR BB 2L XU ) — o (K B
J7i% ). BUER SRS IR, 2003, 33(6): 16-21.

(Li H, He D H. Entropy, a new measurement method for
investment portfolio risk[J]. Mathematics in Practice and
Theory, 2003, 33(6): 16-21.)

TKMS, Tk LE. BA LA 2 B BUSE -0 i 72 45
BB G K ). 8% 5EH, 2016, 25(2): 71-77.
(Zhang P, Zhang W G. Multi-period mean-absolute
deviation fuzzy portfolio selection model with entropy
constraints[J]. Operations Research and Management
Science, 2016, 25(2): 71-77.)

FEWGUR, XA 55, TP . — IR FR #5058 KU BE U7 vk

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(KR FIBIE T (7], A48 TAR%, 2004, 22(3): 88-91.

(Cui H B, Zhao X N, Zhang L B. On the application
of a method of measuring security investment risks[J].
Systems Engineering, 2004, 22(3): 88-91.)

W . S R e RAN AT R ()], R R B
SRELERR, 2007, 28(1): 44-47.

(Zeng J M. An experimental test on cumulative prospect
theory[J]. Journal of Jinan University: Natural Science
Edition, 2007, 28(1): 44-47.)

REERR, e OR. AR IESAR 2 A % AF T IR A&
R EE-RIE SRR (1], R4 TRER 5 LRk,
2006, 26(9): 1-9.

Xu X S, Hou C Q. A portfolio selection model

conditional on non-normal stable distributions:
Mean-scale parameter model[J]. Systems
Engineering— Theory and Practice, 2006, 26(9):
1-9.)

Shannon C E. A mathematical theory of
communication[J]. Bell System Technical Journal,

1948, 27(4): 623-656.

Markowitz H M. Portfolio selection[J]. Journal of
Finance, 1952, 7(1): 77-91.

Yu J, Chiou W P, Lee W, et al. Does entropy model
with return forecasting enhance portfolio performancel[J].
Computers and Industrial Engineering, 2017, 114:
175-182.

e, B E R E RS R D). B 5E
#2007, 16(5): 111-116.

(Li Y H, Li X S. Study on information entropy
as a solution to measure risk in financial market[J].
Operations Research and Management Science, 2007,
16(5): 111-116.)

Wroll #, 25 . B T 58 O B IE SR B 4L 5 4
YL S FIRIT AL (0], B (5 ER S5 IR, 2018, 48(4):
49-57.

(Chen Y H, Li X Y. Research on portfolio entropy
decision making and its application based on investor’s
psychological behavior[J]. Mathematics in Practice and
Theory, 2018, 48(4): 49-57.)

EEBN

FINSL (1990—), 2z, 1Ak, DS XU B 3 5 45 1 oo

HIB 58, E-mail: wlw0991 @nuaa.edu.cn;

FAEL(1963—), J, #d%, LA T, NHEELHE

S5 ARALFZWF, E-mail: hcwu@nuaa.edu.cn;

J3 A (1990—), 5, B, HPRO BRI 5 B AT A F

5%, E-mail: 396721653 @qq.com.

(Friethth: ABEE)



