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Fuzzy portfolio optimization model with investors’ psychological
characteristics

YANG Xing-yu', CHEN Jin-gui, LIU Wei-long, ZHANG Yong
(School of Management, Guangdong University of Technology, Guangzhou 510520, China)

Abstract: In real financial markets, investors are often affected by subjective psychological cognition when making
decision. We study the portfolio selection problem in fuzzy environment by considering the psychological characteristics
such as reference dependence, diminishing sensitivity and loss aversion that affect investment decisions. We assume that
the assets’ returns are trapezoidal fuzzy numbers, and transform the portfolio return into perceived value that reflects
investors’ psychological characteristics according to the value function in prospect theory. A fuzzy portfolio optimization
model considering the psychological characteristics is established with the objectives of maximizing the possibilistic mean
value and minimizing the lower possibilistic semi-variance of the perceived value. Furthermore, in order to solve the
proposed model effectively, we design a multiple population genetic algorithm. Finally, we conduct numerical analysis
to illustrate the effectiveness of the model and the algorithm. The results show that the multiple population genetic
algorithm designed solves the proposed model more effectively than the traditional genetic algorithm, and the fuzzy
portfolio optimization model considering the psychological characteristics improves investors’ satisfaction level, and
thus can provide decision support for actual investment activities.

Keywords: fuzzy portfolio; psychological characteristics; prospect theory; value function; perceived value; multiple
population genetic algorithm
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1 FHREIR A
1.1 R EIEIHS

EX 12 B ARy— A H, 45 58
HAAWTIEA:
a—x
L( 5 ),a—a<$<a;
() 1, a <x < b W
HA\T) = x—b
R( 5 ),b<x<b+/3;

0, otherwise.
Hrfran B2 0:L, R« [0,1] — [0, 1] A% A 4k
B, B2 L(0)=R(0)=1FL(1)=R(1) = 0, MFx
ANLR ARSI N A= (a,b, o, B), -
SIFE1EY A = (a1,br, a1, 81) M1 Ay = (as,
ba, o, B2) N2 AMERTEASIEL, ke N — ME R4,
;11 + 1212 = ((11 -+ ag,bl + bg,Oél + Qo, (1 + OZQ), (2)
WA, { (kax, kby, ko, kBy), k > 0; )
(kbl, kaq, —kpB, —kal), k <O.
EX207 B AR— B A, H R 8 R R A
(), € (0, 1] FREEA
(A ={z € R: pi(z) >~} ©)
IBRIEL A [ -7k A
1 S, 5 REOR 5 A D LR BRSO K, U L - 7K
BEA AKX, EH[A] =a(y),a()].

EXN3PT ¥ AJN— A LRIEBORI S, H -7k F
WERA] =[a(y),a(y)],v € (0,1). T X AR B
PEE(E

E(A) = [ ~(a() +a()dy. (5)

i AR O 72
SV(A) =2 [ (B(A) — ()b (©)
R4S B AR A, SO R P R

1i(), ¢ R— RA—ABREL & UM B, H ke

A = max i(x). 7
MB(y) () MA( ) @)

PR B AW A AB it k3 o 5 H BISL iIC N B =
$(A).
12 AI=ER

TESEPR R FEF, H T1H S O FIPER SO
PR 2R () 52, R S AR AN E A BT IR RAT
AT A PR EEVE ). D T B8 4 i A v 51 3 7E S B
P AR A (A FREE 44T 24, Kahneman S50 42 H T
AU SR, YRR E LR AN € TR T (S 2 A DL
N3O EREAE: 1) 2 BRAK A, B o 55 5 2 M4 T o
WHEKZIR R G IR /A7 F 1k Pt
T¥; 2) BB s, B 0] 7 B0 2 K, TR SR (1)

TRUBR BRI ; 3) H01 R RO, B SE 11 “ R S sl o
7RI o BIRR FE R TSR 2 B 7oy SR UK R .
MRS R 553 1 0o BRASEAIE, R FH 401 0 £ o B ik
TR R R R BN AN B :
(r—m)™, 7>
vin) = { —0(ry — )%, T < 1y ®)
Hor NS, ry AR F 45 € IS A 61 00 57
TSR AE AN X ] (r > ry) FA 4157 X ]
(r <rp) M BURIE IS IR FE, 0 < 61 02 < 1; 0 N IRIEH
IR ROEFEE, 0> 1.

B AN — AR, B R EC g (). 1BV
Sy ASE N E R o () 5 AR BRIV = o(A), BK
Feoh AR B 8. R 4, A E VS
Je& i R N
il + %), @ > 0
pp(z) = 1 ©)
v MA(Tb—(—g 2),x<0.
2 RIS

2.1 [E)EfEA

FE SEBR B e b i 3 b #0983 000 BEA SN A4
2RO PR SRAT N, AR SO 928 FE 4% % 2 2 R
T 3o ok AN 45 2R RO 50 BRARFAIE IR B 2L A AL
e el AR B AR A — E AR B IBR A n AT 77
BB T2 R B 4 Rl 3 (R RSOR AN E 1, RIS Dy T
6 T 12 SRR AR, R 50 B 7 RO UAC 2 A 66 T Bk 2, R
7 = (@i, by, o, i), RN F NN i A B U
AIREAL TSR XA [a; — ay,b; + 6] b, B AT
REAL T A% DB [a;, by b ORI BT R Oy H Al ot
FR), 76 55 77 U e B A TG e B 4, 5 S i
PR B B P S HRE SN G W A T TR
B, E RN AL TS,

o9 FFPBE R R AE LA

20 WG T H G, 20 = (29,29, ..., 20);

@y YRR 5 Bt 7 ) 45 B LA

x: WRENREHAEG, © = (21,22, ..., 20);

tT SENBE A 5 o 2

t SEH B INAS 5 B

C: BRI A FNE )AL 5 %

Ry: BEGAH A e 15 a5

Vit Ry Xt R EREINE, Ve =v(Ry).

15 52 B ) 15 B 0 R o, SN B 7 RS B R 8
BT G . e Az = max{z; — 29,0} Al
Az; = max{x? — z;,0} 5 7 KN B ML H 5
77 R, DU 7 1) Sk~ IS, 3BT A SRR ) R R
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C=> (tTAz] +t Ax}). (10)
1=1

TIBRAZ 53 e i, P 0R AL S v U 2

i=1

( Zn: zia; — C, Zn: xib; — C, Zn: T, zn: l’zﬁz) .
i=1 i=1 i=1 i=1
n)

n n
iEaN = inai—C,bN = Zl‘lbl — C,OéN =
i=1 i=1
n

Z x;04, BN = Z a3, W % 41 A TR w1 v I 2 AT
i1 i=1
RIRN

Ry = (an,bn, an, By). (12)

(R, #5554 A SR R s A
an + by . BN —an

E(Ry) = —— c (13)
P LH B SRR I RS
. bn — 2 2
SV(RN):(N2(1N O‘Ng’BN) +O‘1—g. (14)

2.2 ERREH

L4 RN RS AR — IR DL B &
SRS 1) B AL 28 5 R R XU B /N A B A, B A
KA E(Ry) At /MESV(Ry). ST, 78 SE B 3%
AR R H W PRSRAT AR S Z IS LA
P e S5O0 B DR 2R P B2 . DA T O U b 2 4 A
I, I 4 i T 3 v R 4 BT S, R FE A SRS R AR
L DR R A 45 % 3 2 HEARCHO  e e 3s l R 453 2 IR
W 0 TR AL, B 4 AL SRS (R IR 28 Ry B AL
AR5 B O BRAFAE () BN B Viy . 75 5% FE 3%
Fr O FRRAE A AT T, SR A Vi B0 7T RE1E 4
8 E(Vy) FIa] Gt R 205 2 SV (V) JE B #H 0
BBt LA SRS I B LT B (V) 8Ok, 3% 0 4
% B SRS PO AR R B R SV (Vi ) K, B 1
Vv TR T AT e MR B (Vi) IR O, B Vy AEXT
T E(V) Bl 22 48K, I I 35 98 25 100 36 7 2
K. BRIk, 2 7 RUAT BB i 45 BT 5 0] 4% BT 4 G SR B 1
WL K E (V) S RALFT SV (Vi) S MEFE Ak
L H AR, E(Vy) FSV(Vy) [ B Ak 3% 30T i 5 X3
AL (9) T .
23 ARFH

52/ N B8 SRR [R] F PR A, 43 9% 2 e G A B
(1% 7 o SR A P, WO A6 B R SR 2 TR, B

> sign(x;) < K, (15)

=1

Horp K AR #F 0 RIFRA 577 I i oKL
N1 S R T, R A B
A BE LLBIAEAE B 5 e w,. A, A RS S S 1S
T, $5 5% PR SR i 2 Gl N A LR
0<z <u,i=12,...,n (16)
A, B P R A R TR 2R

» ai=1 (17)
=1

2.4 JEBPEKIER

R H S AR U R 5 R PR
S0 AR, DUBCRMAE Viy BT BEMEME B (V) B
KALATAT BEIE R 25 22 SV(Viy ) fe/ME N H s, LG
(15) ~ (17) ALIH S5 A, BT AN R 5 & 4% 08 3 0 B
(RIES e e ke Eit R
max {E(VN),—SV(VN)};
s.t. Zmi =1,
P i (18)
Z sign(z;) < K,

i=1

0<.’L’Z <Ui, i:1,2,...,n.
N T S MR AT SR AR H AR LA Py, R
Linl*1 52 HY O AIBCEER A3 A6 75 7, #5 Fe e Ak v dn

N BRI
max \;

E(Vy)— E-

A
EY-E wh,

SV™ — SV

,—(KN) Z (1-w)A,
SV™ —-Sv

Py n (19)

in = 17

i=1

Z SIgn(xZ) < K7

i=1

0<z; <y, 1 =1,2,...,n.

H:EtME- 358 E(Vy) BI1E. S AR, SV
FSV™ 5 SV (Vi) BIE T AR w A1 — w4y
BN E(Vy) FISV(Vy) B9 B bR AL E, w € [0,1]. £
w 7E X ] [0, 1] P4 38 [ HUAE, 53 50l SR A A T Py, v 45 2]
B Py A AT
3 REHEERT

2T EH S MBI —ADNE W
LR R, H oA B SR 520 o, Tev sk
BT B R BT A, A8 FH A% G 02 (A E 2R MR SR YRR BV
PO A2 B 7 A1 e T 55 AR A=K H 4 R F At
fife. R Be EIE R AL T AN RN 2 /R A, 7R R
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i A Tr) R ) A0 ABA 4 S de A A T T B A ORI
MR3h, VF 2 25 300 FL R T SRR BRI 4% B 41 & AR
RA710.12-13.291 PR b, AR S J T4 R ARV PR IR o A% RV
WA () SR A 5. 183 4% B2 0% (genetic algorithm,
GA) J& —FpdE T “3& A A7 J5 () BE WL = S5,
7z N T SR AR TR AL AL 10 B, SR T, £ Gt 1 a8 A B
TEAFAE “ B2 IR, BRI 2 BN S S de e A, R A
B Py BYRE R, R I AR BRI AT O, 2 2 AP
PAAS[A] 1) 77 2k A7 T8 Ak I A W 58 #1045 8, 1
TF—™ 2 M5 4% 59 (multiple population genetic
algorithm, MPGA).

3.1 #E«

WA HEECE N Q, AP BRIy . % T4
MIff e = (21,29, ..., 2,), B HEIR N LE R ITTE
KGO e = (a1, 00, .., 00), FH ey € (0,1) F
[Al. Xﬂﬁﬂﬂ‘]?"]ﬁ%#iﬁﬁﬁg?%fi

I)Xﬁ??ﬁﬁé’ﬂﬂi%ﬁin:l,%ﬁﬁ LIPS N

i=1

s o7 =X
C;

T; = ,1=1,2,...,n. (20)
crtea+...+cy

2) X FREMAHFAD  sign(;) <K IEE T
i=1
bR 4, BYY
p1(x) = max { Z sign(z;) — K, 0}. 21
i=1

F5 a0 i SR FEEA A, W py (22) = 0; T, py (22) > 0.
3) XTI FLIHRFA 0 < 2y < wy, FIETE T BREL,
H

po(x) = max{x; — u;,0}. (22)

A I R LI REEAT, W pa () = 0; 55 U, po () > 0.

X AN Gt Ak, 2 o 2 A 29 R %A, TR
HONOTAT Ge k. FhE 1) W) 46 A0 72 AN W B AL A
FCGE AR, B AR R Q NP, BN EEEL T AT
1T YLk,
32 TFhEH

K AR EOY B PE- B EOTA G AR I 3 SR,
B A & RAE TR AR

F(c)=exp(f(z) — M - (p1(z) + p2(x))). (23)

Horr: f () G AE e X R ATAT fif o 11 H B iR 2K
B, M 785 KIS,

FH T A% G (8 A% SR AR S T R i e I e 1)
] 85, SR FH Zhang 2529V 3 tH 19 77 VX6 VAR R B3 T B
BRI S S PR ZFEME. 2 Fugs Fiaxs Fins 077

Tl AR AR )~ SAE S B R A S e IME AR HE 22
SRR R N

F'(c)=7F(c) +e=. (24)
Hor: 28 Ml e a5 08
Fmin >Fmax_Favg.

g
F‘max7 J ’
T= 25
Fmax Fmax_Favg ( )

g
) B
Enax - K min J

Rﬁj&yﬂwa>Em;E@
=1 Fom — Fag 29
Fom — Fo 80 OS5
3.3 iRIFERME

ST A 7 0 AT A B B 0 4 4 1
e t6 o BB AT P O g
F'(c))

ZF/(CJ)

W AR, R — PR RS B, Fe shRe i T Ik, BRI
MEFEFR BT R0 5 23 0T N (0 G AR A Ao A K.
3.4 XXNERE
FH 3N T 1R 28 SURE 3R P (q), R e AR AT 52
XAERAE. AP RE h BENLIE 32 D G Ak ¢y o, 7EIX
10, 1] FAERR—MEENLE k. £k > Pa(q), MIAXT G
ARPIAT 28 ARAE; 75 0], 58 G s ¢4 Ml e $HATAE X
PAE, A B2 A FT I G B Ak ) A e, BAR SR RE R
{ ¢, = ke + (1 — ke,

P, =

¢ ,7=12...,J 27

o (28)
¢y, = (1—k)ey + ke.

3.5 TRHRIRE
WRHE AN FIEE AR T ME2E P, (q) R e B4 ) 2
RIPUAT AR 4. TR e ik, £E X [A] [0, 1] AR
WA BENLE 0. B0 = P(q), WIASKT % G2 34
1778 S 4 75 U, B AL 3 02 G i A (1) — /N R 1A
ci(i=1,2,...,n) PATZ R BRAE, E— AN BT I 2 B
o, BRI A
, Jea+e? (<o
“= {Ci—QOQ, ¢>0.
Hrp CHXIE [—1, 1] ER—ANBENLEL. 258 A ) 2
o ANFEIXTA] [0, 1] b, DL FC IR DAy AH L B8 [XC [8] iy
RUE. PEBAR R S 2 A B AR IR IE A, fR B 3 R
[ERZONEIP/ SR
3.6 THRME
R T AR BEAS [R) A 8] A B A IR AN R FF P (1)
Z R, X PR P I R AR BT IT R R AR, B R

(29)
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W W EIT R AT, 70 T, BA7E AP )
BE AL IE HL T, G AR ST TR, M B g (¢ = 1,
2,...,Q — 1) gt ARIT B BRI g + 1,0
B Q i h G (URIT A% R M 1. IE L RS FR AR,
AN [FFP R E) ] AT B A He, A A T HE M R AR
LA
37 BAEERE

step 1: W B 2 P8t E HIE K S 80 Ml E
Q, PR T, 22 XM Po(q), B F MR P(q),q =
1,2,...,Q, LM T,,, TBEE J,,, R
T.

step2: ACHt = 1, FENLAE B Q M FhEE, BN FP
LS T AN PTAT G .

step 3: THEL A FIHE N BT A G (A4 ()& AR, I3
ik e A R 7 AT R A

step 4: AP HEEMT AT A X HERAVE RIS 4R £R
R AR I e AR AR R PR,

step 5: # t /T, NEEEL MIBAT IR ER A 75 1, 34
1T step 6.

step 6: # t =T, W5 (%A -4 H e A () S
XoF N A A5, 2t 4 1 < ¢, FFIR [A] 2 step 3.
4 SEHIS T

A A B S A 56 0E T B H SR 4% T 2H A AL A
RN 22 Mt SV I A AR
41 HERWEMSHIRE

M IR TR RS T BT ide 12 R S5, AR T AT
7E3t 2 6 4E (2016 4E 1 A ~ 2021 4 12 A) i A Y 25 31
P, HF H Zhang S 58 W 7 A 11 1 SRRSO
WA, 45 R 1w,

1 FiE 12 RAERFERIEM B s

5 =2y i g OB A Wi ad
1 HEP 600004 (0.8680,1.1340,0.1362,0.1249)
2 BRI 600008 (0.7418,1.3785,0.2492,0.384 3)
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