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Abstract

Real stock market is complex and polymorphic. To express investor’s subjective uncertainty rea-
sonably, uncertain variable is used to describe the return and risk characteristic of asset. Fur-
thermore, based on prospect theory, the loss-averse utility function is employed to portray inves-
tor’s loss aversion. Additionally, a multi-period and multi-objective uncertain portfolio model un-
der loss aversion is proposed, in which the liquidity risk and diversification degree are also in-
troduced. The uncertain portfolio model is transformed into a certain portfolio model based on
uncertainty theory. Since the portfolio model is a complex nonlinear programming problem for
which the traditional optimization methods may fail to obtain the optimal solution. To solve the
portfolio model, an improved particle swarm optimization (IPSO) is also proposed. In IPSO, a
self-adaptive stochastic ranking approach is employed, which is able to balance the abilities of ex-
ploration and exploitation as well as to balance the objective function value and the constraint vi-
olation function value for the PSO algorithm. A numerical experiment is presented to examine the
effectiveness of IPSO algorithm and the portfolio model. The results show that IPSO is effective to
solve the proposed model and the proposed portfolio model can express investor’s preference by
adjusting the objective weights.
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Figure 1. Schematic diagram of multi-period investment
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for s=1 to § do
if ((P*(s))=0 then
if f(P*(s))> f(pbest_feasible(s)) then
pbest_feasible(s) < P (s)

end
end
if £(P*(s))>0 then
u <« U(0,1)
if <P, and f(pbest_infeasible(s)) < S(P*(s)) then

pbest_infeasible(s) < P*(s)
end
if u>P

>, and ((pbest_infeasible(s)) > £(P*(s)) then
pbest_infeasible(s) < P*(s)
end
end
u < U(0,1)
if u<F,,, (k) then
pbest(s) <— pbest_infeasible(s)
else
pbest(s) < pbest_feasible(s)
end
end

Figure 2. Updating personal best
2. MAREEH

Jeasible < ¢
infeasible < ¢
for s=1 to § do
if /(pbest(s))=0 then
Jeasible < feasible\U {s}
else
infeasible < infeasible\ {s}
end
end
u < U(0,1)
if u<P,, (k) then

infea
u <« U(0,1)
if u<P

y then

Z 4 argmax, i care f (pbest(s))
else

z <—argmin L(pbest(s))

< infeasible
end
else
Z4-argmax  cogpe J/(pbest(s))
end
gbest < pbest(z)

Figure 3. Updating global best
3. £hE

5.3. MEHREMGEEH
FERL RS, R Rl i R R 2R A B A A A AR A 4 ) W0 A K B Ik PR sk B2 RS
viTH(s)=w-vf (s)+¢, 1, ( pbest’, (s) - pf; (s)) +C,-T, ~(gbesti'ft - P (s)) (26)
pik,rl(s): pil(,t(s)+vil(,t+l(3) (27)
Forbre, flle, 2SI, wORMHIERLE,  r #r, J9[0,1] X 16] A 355 5 43 A R BE AL«
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5.4. BikiRig

BB 1 I

WILEAFIEEAR S, MR KEV, , » BKIBITHRIT  » EIEFc file,, HMERE w, MERK
F P~ Pra 1P, o REIERE k=0

IR 2 FPEERIAG 1L

ﬁﬁLm%Bm%%$%%m&@%%%%,E&Sﬁﬁ%%@%&ﬁﬁﬂmwnW@ﬁoﬂﬁﬁﬁ
NEBEALHE R 7, BRI RARE A AR E . 3P, BE VLA BRI W4
Vo), VO(s)}-

IR 3 PP TR

MR A5 2 (26) A1 2 (27) B Fh B 11 T B AN

IR 4 B AMARAE AN 4 /R AE

FIH B &N BENHET 777, BN AE A4 R AR

RS Bk A

Lk=k+1. it <T,,» WEREGEER3; B0, (F1hia8, FE6H T8N 12 R ikiE.
6. EBISHhr

BB Vot AR A 3 WMV (T =3), TESVENIIYI# R4 100 FIE I MR TEP=, 57
FM AR TERT BEHLEHE 10 URSHEN AR . 5% Qin [11], BH™ Ml AAdEnah e
YINA AR, HeeWdnt & 5 WE B THEH . B i as MRS R, 0k 1 FEE 2 Fios.

Table 1. Uncertain return

#= 1 THEWREER

t=1 t=2 t=3
i ZEARAD
b, b, b,

600000 0.005 0.051 0.184 -0.163 -0.025 0.286 -0.139 0.012 0.152
600010 -0.078 0.048 0.618 —0.246 -0.072 0.166 -0.166 0.016 0.234
600015 -0.067 0.021 0.373 -0.130 -0.062 0.051 -0.123 -0.033 0.132
600016 -0.018 0.089 0.237 -0.154 0.023 0.128 -0.066 0.012 0.203
600028 -0.104 0.063 0.106 -0.198 -0.059 0.233 —0.005 0.063 0.137
600030 -0.225 0.010 0.446 -0.124 0.089 0.309 -0.103 0.001 0.233
600031 -0.115 -0.037 0.277 -0.220 0.053 0.697 -0.192 0.085 0.170
600036 —0.090 0.019 0.166 -0.128 0.004 0.310 -0.145 -0.015 0.197
600050 —0.166 -0.041 0.105 -0.132 —0.042 0.119 —0.056 —0.010 0.087
600104 -0.189 0.014 0.386 -0.163 0.033 0.459 -0.121 0.136 0.347
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Table 2. Uncertain illiquidity index
= 2. NHEIERTMIER

t=1 t=2 t=3
=AY
a, b, c, al, b, c, a), b, c,
600000 0.001 0.002 0.005 0.002 0.002 0.003 0.001 0.002 0.004
600010 0.007 0.011 0.014 0.006 0.009 0.017 0.007 0.008 0.022
600015 0.004 0.005 0.006 0.005 0.005 0.008 0.005 0.006 0.008
600016 0.002 0.002 0.003 0.002 0.002 0.003 0.001 0.002 0.003
600028 0.002 0.003 0.004 0.003 0.004 0.004 0.003 0.004 0.006
600030 0.001 0.002 0.002 0.001 0.002 0.002 0.002 0.002 0.002
600031 0.006 0.010 0.019 0.006 0.007 0.014 0.005 0.006 0.016
600036 0.001 0.002 0.002 0.001 0.002 0.002 0.001 0.002 0.003
600050 0.002 0.002 0.003 0.003 0.003 0.004 0.003 0.003 0.005
600104 0.005 0.007 0.014 0.005 0.006 0.013 0.005 0.006 0.014

RBTE R B - i e %y, =0.03, ZZ 5 PFc, =001, MEZER Y, =1, -EW,_,), Z&tEW=E
KW = 750000, e KiERATAE =01, %R LR U =03RI RIRIL =0. Sl FREEIEIZH
%HN: $=30, Vmax=1000, T, =60s, ¢, =c,=2, w=04, Ppx=045, Pp1=0, P, =05.

AT R ESE B ILE Intel Core2 CPU. 4G RAM iHE LI R, FJH Matlab R2010a #f SR ARAS H
6.1. BUHROR FREZAUHRE

N T KGR T RERE I TERE, B Ok R RSV (1PSO) 5 A3 A W Aok T R SR AT LU G . Kenndy
S (29142 H B bR AERL FHE SR (SPSO) AT Liu Z5E[30]42 t i A 25 & 405 34 FN 22 SR sh AT i) 1k 1 A Bk
(ALMV-PSO). 74k, N T IRIES Rifae v, MR I FILES Mz T 7 HE b . fEF R
BATHIE] R, BT Rk FRESRE 2 M ST IZ 4T 10 YR, FLRmsxt B P28 B AME A B H AR E, W% 3 i,

Table 3. Result comparison for algorithm

=3 HIRARIER

E & ez SPSO ALMV-PSO IPSO
Mean 0.0832 0.0828 0.0827

{0.33,0.33,0.33}
Best 0.0865 0.0854 0.0846
Mean 0.0828 0.0829 0.0814

{0.30, 0.30, 0.40}
Best 0.0865 0.0855 0.0832
Mean 0.0838 0.0823 0.0809

{0.30, 0.40, 0.30}
Best 0.0862 0.0837 0.0824
Mean 0.0833 0.0828 0.0826

{0.40, 0.30, 0.30}
Best 0.086 0.0856 0.0851
Mean 0.0788 0.0786 0.0787

{0.25, 0.25, 0.50}
Best 0.0808 0.0808 0.0794
Mean 0.0760 0.0768 0.0747

{0.25, 0.50, 0.25}
Best 0.0790 0.0790 0.0772
Mean 0.0816 0.0828 0.0815

{0.50, 0.25, 0.25}
Best 0.0910 0.0865 0.0843
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%l

M3 HTLLEH, B 7 HARE 3{0.25, 0.25, 0.5}, otk Bk 1 HESRVE I REAS RIS 47 (P2 H
PREAN A . ARG R TSR, HEN RN iR A PR E . — RIS R R
PAAERTRAT AR AAT R HE P R A R RE R ENRAUT R BE T, I REARIE FAME RE R
BEAT BB . TIXP)E DY REAE S0 PR (R I SEI RS, (6 A5 Ak AL R B 325 RE 408 72 AR [R] AR I T 9 R,
AL R RRE L, U O R TR R R A ORI 2 R 2 12 H AR R AR,

6.2. I BEE AR

R BT B H A E {0.33, 0.33, 0.33}, FHIEGH AR HERA R RL(23), T LIS BB ¥
2 I SR, Bk 4 i

Table 4. Multi-period investment strategy (unit: million yuan)
=4 ZHARTHAASRIGR(BI: BATT)

s X0 AX,, X' X1 AX,, X X, AX,, X', X'
600000 0.000 0.112 0.112 0.120 —0.025 0.096 0.097 —0.001 0.097 0.098
600010 0.000 0.050 0.050 0.058 —0.046 0.012 0.011 0.000 0.012 0.012
600015 0.000 0.068 0.068 0.074 —-0.019 0.055 0.052 0.000 0.053 0.052
600016 0.000 0.197 0.197 0.217 —-0.119 0.098 0.098 0.000 0.099 0.103
600028 0.000 0.052 0.052 0.053 —0.001 0.052 0.051 0.049 0.100 0.106
600030 0.000 0.086 0.086 0.091 0.010 0.101 0.110 —-0.012 0.098 0.101
600031 0.000 0.032 0.032 0.033 0.053 0.086 0.099 0.000 0.099 0.103
600036 0.000 0.089 0.089 0.091 0.005 0.096 0.100 0.001 0.099 0.100
600050 0.000 0.000 0.000 0.000 0.047 0.047 0.046 0.013 0.059 0.060
600104 0.000 0.055 0.055 0.058 0.034 0.093 0.101 —0.002 0.098 0.111

TR % 1.000 —0.749 0.251 0.259 0.057 0.315 0.325 —0.047 0.278 0.286

M ATTLLE H, B 1WA 8 4 & 7 7 9{0.112, 0.050, 0.068, 0.197, 0.052, 0.086, 0.032,
0.089, 0.000, 0.055, —0.749}, & id %S5, 55 1 HIRH 5 %™ 73 9{0.112, 0.050, 0.068, 0.197, 0.052,
0.086, 0.032, 0.089, 0.000, 0.055, 0.251}, H&HIHENE N 1.055 B G, HRIEE 4 192 WG HN, 1£
53 MR A NS H AT E 2y 1.091 H /i Tt.

N T RLIAN R B AR A HAMER R, B 3 A BARRCE, AR (23) 1 HAN A B AR
BCE PRI AA HAME, 13 5 Fis.

Table 5. Objective values with different objective weights
5. TEIEMANETREFHSHBIME

YD LR RGO B R IR EA A
{0.25,0.25, 0.50} 2.889 x 10° 1.213 x 10* -0.849
{0.25, 0.50, 0.25} 2.904 x 10° 8.124 x 10° -1.613
{0.50, 0.25, 0.25} 3.039 x 10° 1.240 x 10* -1.758
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e

R 5 ATLVEH, AR ERRES SEZERAHAA HinE. 35S E M A S rmsh ik )
R, DUIAT 0 Sh i XU i B ARACE (B, {0.25, 0.5, 0.25}). 7£{0.25, 0.5, 0.25}) H AR E T, &
B RGN T HAD BB R A, X5 SE BRI BER e 2 — 8.

7. 85RiE

AR POGTHIIT T 2 W12 H AR E S AL Gk # . a5 & A0 e BIg AT AT 5t 8ie, #
T AN EI F S A AR PR RS R LA 2 BV 2 AT E SR A AR, D T sk
TR H I 2 VR, AR RGN T Il 2 Az il 20 S i (I T 5008 U I AT RE . A A e 2 g,
e ANl E B A AR AL O i E TR SR Sk R . 34k, RIS INAL Tehebycheff ALK: 2 H A
WA SO R B, SRR A RATAE. 22D, £ AN k5N B &
RIALA, $2 T et R R SR SR I 2 12 F AR R SR

IRAETFCE R TTR: 1) Sk AR TSR RS ORI 2 W 2 BARSCR AL G . T 5kaeus (A
I S48 AT AN AT AT Ak O HE e 5% 3R DA S SR U BORROT R BE 0, TR R 7 VAR R VRRE; 2) #ik
PG 2 12 HARANH E BB AL AR REAGAR R B 8 X 508 HARIZE 57, WOIEAT S B3 L BRARFALE
i SR B 212 FARIE B -

AHTFAEATE B IS N 15 BAGHURPCERN . sh RS A H & 2 B 2 A 2 5
MEHR, RENE VIR BB H R AR 2 02 AAr A G AT R, JHem 7R RAEEE S
R RS B (R I . SR, ASWE TSR € MRIRAIA R, TRt Feseft 7 im: @
BB T IEEBTAE N AR B, BB B IR BT A R, AT RE SRR B A SR
I IEYE; @ DB RE TR MR, BoA B IS MRS e ont 415 SR IS, AT RE 2 M B 24
BRI AE SE R PSR T IR
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