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Portfolio Selection Based on Financial Time Series Prediction

SaTosHI INoSET! and ToMmova Suzukrf!

Markowitz’s portfolio selection estimates a future return by the mean value
of historical price movements, and estimates a risk by the standard deviation of
them. From the viewpoint of time-series prediction, this estimation of a future
return is considered as too simple to predict real financial markets, which are
so complex that simple predictions like moving-average model must be insuf-
ficient. For this reason, we prefer advanced prediction models to improve the
estimation accuracy of future returns. However, we have to redefine the risk
in the portfolio theory if we change how to estimate future returns; thereby,
our portfolio method regards the risk as the possibility of prediction errors. To
confirm the validity of our method through investment simulations with real
stock prices, we demonstrate that our method can realize higher profits and
lower risk than the previous portfolio theory.

t1 000000000000 0000
Department of Intelligent Systems Engineering, College of Engineering, Ibaraki University

Vol.2011-MPS-85 No.21
2011/9/16

1. 0 O0ad

0000000000000000Y00000000000000000000000
gooobobooodoooooboooooboooooooooooobooooooobobon
goooboobooooobooooooooooooooooooooooboboOoobon
gdooboobooooooooooooooboboooobooboOo0oooooDooboOoOooooDon
goooooboobooooboooboOooobooooooobooobooboOoDbOOoonn
00000000000000000000Y?0000000000000000000
otooooooooboooOooooOooboOoOoOoOOoOoOoOoOoOOOOoOoboOboOoOooon
gobooooooodooobooboooboobOoOooOo0obOoOoOoobo0 10o0oobo0oOooOoOonDon
ooooboboooooooooooboooOooboooOooOoboOo0oooooDooOobOoOoooOooDon
gooooboooobooooooooooooboobooooooboOoOoooboboOoooboooobooo

goboooooooboooooooooooboooobooobooooooboooooon
0000000000000 00000000000D0D00O0 (30)00D0DOO0OOO
gooooboooooooooooooobooboobobooooooobooooooboboOon
goooobooooooooooobooooooOooobOOoOoOoOoooooobooOooooDbon
0@40) 00000000000 0000000000000000000D00000o0o
00o0o00o0oo0o0ooo0o0ooo0ooU0ooo0O0o (p0)DbOoooUOooDLOooo
0000000000000 0o00o0oo0ooUooDO0oooOooO (60)0

2. 00OobOoOO0bOoooboo

00+¢00000000004(i=1,2---,N)000000 2() 000000000
000 r(t) 0
xi(t) —xi(t —1
(li(t_(l) ) 1)
o0oD0o0o000oooooo0o0t+100000000 *®e+100o0o0o00 PY
D000 (0o0 Y5, PP =1)000000 #(t+1)000000 62(t+1)0000
0ooooo

T3 (t) =

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

=

(t+1) E:PW<“t+1) (2)
£u+1y:§:aw{ﬁ“@+1yfﬂu+1ﬂ2 (3)
k=1

0000000000000 (3)00000000460000000000Y20
000000000 {4,}0000000000000 (000 YN, d;=1),00000
00000000 #(¢+1)000000 62(t+1)0000000000

L (E+ 1) §:¢nt+1 (4)

E:E:ddo”t+1 (5)

=1 j=1

000 645(t+1)00000000000O0O0O0ODOO

Upt+].

K
&U@+1y:§:R$ﬂﬁ“@+¢)fﬂ@+qﬂ[ﬁ“@+1y—@@+1) (6)
k=1
PP oooot+100000-"@¢+1)00 " (t+1)000000000
oopoooooooooo PPoPPor-Pe+1)000 fP+1)0000000
000000000000000000000000000000002000000 (2)
(3),(6)000000000000D0

fi(t + 1) = T_‘i(t)

IS iw ;
ﬁu+n:ﬁ§?

B %Ti:l[”(t_“)—ﬂ(ﬂf ®)
Gt +1) = 0 (0)

_;gém“MHQMW@@mm] ©)

Vol.2011-MPS-85 No.21
2011/9/16

000 700000000000 000O0DOU0ODO0OO0 WGB)LOOoooooooo

L (t+ 1) de (10)

Zdea” t) (11)

i=1 j=1
000000000 ¢+100000000000000000000000000000
0000000000D00000 #(t+1)00000000 6,(t+1)00000000
000 {4} 00000000000000000000000000000000000
000000000000 S, 00000

Upt+1

s, = Il (12)

op
ooo0oooooooo {4} 00000000 7, < 00000000000 OO0ODOO
o0oooooooooooo

3. DO0O0OO0OoOOobOOoOooo

00o0o00o0ooooo0oo (moooo0oo0 /E+1)0000O00O00ODOO0O0O0
goooooooooooooboooooooooooobooboooooooDobooooooDon
gooooooooobooooobooboooooboooooooooDooboboOooooDoon
gooooooooooobooooooooooboobobooooooDoboooooDbOoboOoo
00000000 7(t+1)0000 6,(¢t+1)00000000000O0O0O0O0OOOOO
goboooobbooooooboooooboooooooboooooobooooobobooooo

gooooboooooboooooobo1l1bdooboooooobooooooooon
goboooboooooooooon

T—-1

F(t+1) =3 Bari(t—a)+ Br (13)

a=0
00000 (r)oooO0oUooOoUoo0oOoUoO0oUg Be (e=0,1,---, 7)) 000OOO
00 L00000000 {rt),rEt—-1),---,mt—-L+1)} 0000000000000
dddddo0oobooooobooboddoo 1000000 obooboooooooa
000000000o0oU0o0U00O0oU00LO0U00OUO0OUDO (13) 000D B 00

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

goOoOooOo pp00D0OD0OOD (O (7)DODOODODODOD
ggobobooobbooobbooobbbooobbboobDbboobobboobo
000 (13) 00000000 {rn(t—a)|0<a<T-1}0 700000000000
0000000000 (% 0000000000000 0000000DU e0O0OnOO
oooooooOOoOO0o00000o0oOooooooogog p,00bobooooooooog
gboobobobobobobobobobobobobobobbobooobobobobooo
gboooboooboobooooboboobooobooboobobooboooboobobo
0000000000000000000000000000%Y 0000
gobooooooooooboOoobooboo FODOOO
1
<(7~—f)2>r

E= (14)

((r=(r)?)
000 r000000000007f00000000000000000 ()O0000000
000000000000000000000000000 0000000000000
0000000000000000 E00DOO 4000000000000
00000000000000000000000000000000000000%9
0000000000000000000 «00000000000000000000 e
00000000 ¢ 0000000000¢ =100[%000000000000000
00000000000000000000000000000000000 80000
00000000000000000000000000000000000000000
ooooooo

000000000 000000000000 D0000D000 ¢0000000 10
0000000D000000000 (0)0000000000000000000000
00000000000 2000000000007 010000000000 z:(t) 0
0 (1)0000 »(¢)000000000000000 10000000000 5002000
040700000500 (0000000 1250000000)000000 (L = 1250)
000000000000000000 ¢000000000000 500000000
(125000) 00000
0100000000000000000000000000000000000 min{n}
000000000 0000000000 ¢0000000000000000000
00000000000000000000000000000 n(e*) < n(10%) 000

Vol.2011-MPS-85 No.21

2011/9/16
Lﬂ \
1.02R0 |
W2 seemrao
A | \Fmms
\
I \ |
AR ST
\ ST TR D

\

min{€)}

0.99 o
10 10 € 10

SEEEER € [9%

VTEER € [%)]

01 D00000O000o0O0o0o0o0oD pO0O0ODO 0000 e=10°000000000000000000
go0o00oO0ooOoooooooa §:1‘11(DD)DDDD

FRIFH —F

01 000000000000 (20000)00000 {§,}0000000000 T=5(100),7T =10(20
0),T=20(1000)000000000 000000, 0000000000000000000000
000000000

oooooo oooo ooooo
T=5 T=10 T=20|T=5 T=10 T=20| T=5 T=10 T =20
13 1.103 1.048 1.026 1.001 1.003 1.009 1.001 1.003 1.006
o¢ 0.008 0.005 0.003 0.007 0.007 0.007 0.005 0.006 0.007
max {&; } 1.130 1.059 1.034 1.011 1.018 1.003 1.018 1.022 1.036
min {&;} 1.078 1.033 1.018 0.974 0.975 0.982 0.979 0.975 0.994

£(€) < ¢£(10°)0000000000000000 (=10 0000000000000
00000000000000000000000000000000000000000
00O

01000000000000 (0)0000020000700000000000000

(© 2011 Information Processing Society of Japan



gpooooooobogo

IPSJ SIG Technical Report
0000000000000 000 10000000000000000000000
0000000000000 0000000000000000000000000D0n®
00000000 F<l1OOoooooboobooboooooooobobobobooobooo
gboobobooboboobooobooboooboobobobboob10booOobOoon
gboobooobooboboboobooboboobooboobobobobooboo
goboooobooooooooooooobo rooooooobooboboOoooOoOoDo
T=50000000000000D00T=20000000000000000O00O00ODO
or7roooooooooooo

4. DO00OO0OOOOOODbOOO

00000000000000000000D000000000000 (7)0(9)000
0000000000000000000000 (2),3),(6)000000000

0 (20000000000 #(t+1)00000000000000000000000
0000000000000000000000000000 (7)00000000000
000000000000000000000000 (7)000000000000000
00000 #(t+1)0000000

0000 (3)00000000000000062(t+1)00000000000 (3)0
noood rPre+1)-mE+1)0 oP(t+1)00000

&ﬂt+1y:§:Fﬁ>Per+nr (15)
k=1

0D00D000000o0o0o0oDooooooooonoP®ooo o®Pe+1)0000
0000000000000000000000000000000000000000
() =) (' <t)00000000

e

&?(t—l—l):% [ra(t — a) — Fa(t — a))? (16)

I
o

00000000000 62(t+1)000000000000000000000000 (3)
000 (8)000000000®¢+1)00 Mr+1)000000000000000
00000000000000000000000000000000000000000
000000 «®(¢t+1)00000000000000000000

Vol.2011-MPS-85 No.21
2011/9/16

0.5

BENF15 T A
0.65:0.35

& T 23|
026 0.74 TR T R

751, SESTR
T~0.45:0.55

0.151'3 l..7 21
Op

02 000000000000000000000000max{S,}0000000000000000000
max{S,} 00000000000 (dy:dp) 0000000

0000 (6)0000000000000
K

Gig(t+1) =Y PPoM(t+ 1) (t+1)
k=1
1

=7 Oma—w—au—mmu—w—@a—m (17)

~
=

00000000 (5)000000000000000000 62(t4+1)00000000
0000000000000 0000000000000000000000000000
0000000000000000000000000
0200000020000000000000000000000000 0000 (0)
00000 (0)00000000000 (5)0 62(t+1)00 6,5(t+1)0000000
00000000000000 (170000000000 (9)0000000000000
00000000 #(t+1)0000000000000000000000000 (=0
00)0000 (=0000)000000000000000000000000000

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

02 02000000000000000000000000000000C00000O0O0O000O0 AXODQOOOO
goobO0ooOo0O0O0O0oOoO0O0O0O0O0oooo

100000 000000 0000 00000
b 1.203 0.890 5.887 5.753
o 0.690 0.932 9.127 10.553
max {2} 4.591 16.026 259.751 517.006
min {2} 0.176 0.041 0.079 0.055
ooooo 42.3[%] 72.0[%)] 15.6[%)] 18.0[%)

O00UoOo (12)00oooUoUn S, 0000000UoUn (do:d)00OOO0OOO
gobodooboooooobooboooooooooo

5. J0OObOoOoooooo

300004000000000000000020000000007 0000000
gobobooooooooobodob2o000 40 8000000000000 ODOOOOO 50
0 (0000000 1250000000)00000000000O0O

ooo0O0O000o0 AOO0O0O0OOOA>1O000000CODODOOO0O0OOOODODOO
000000000dda<k 100000000000 0ooooooooooooooooOn

00000000 NOOOOOO {4} 0000000000000000S,0000
goboooobooooobooooobooooboooobooo0 N=200000000000
O00DOCOOCOODOOQOOOODOOOOCOOODOOOOD 20000000 2 CyO000
goooooobooobooobooooobooobouooooo

gobooob 20000 oDbOooooooooboOoooOooobbooOooboobboOooDo
gobooooboooooooooooooooooooooooobooo 2000000
ooooooooooooooo xOoOoOoOoOobObObOOoooooooboDbObObbooOoono
gboodboooodoobooboooobooooooobooooobooboooooDoo
O0000o0oUo0oooo  OUDO0O0O00O0000D max{A\}000O00O0OOOO
goobooboooooboooooooboooobobobOboOoooboOoOoO0ooooboboOoOooooboo
gobooooobooooobooooooooboooobobo0oOooOoOoobooOoobooOoo

6. J0OOoOOoooO

0000000000000000000000D0000 2 Cy000000O0ODOO
gooooooooooooooobooooooooooooooooocOoooooboobo

Vol.2011-MPS-85 No.21
2011/9/16

& |

1.01 1.02 1.03 1.04

1.02 1.02

1.01

“ ) . . S Lo
0.99 .ot 0.99 e . .
098 . 0.98 .
097 097
097 098 099 1 101 102 103 097 098 0.99 1 101
i i

03 00000000 {n}00000 {£,}00000() 0000000(b)0000,0(c)0000000
000000000000000 (a)-0.058, (b)0.428, (¢)0.432 0000

00 ¢ 0000000000000 0000DO0O0O0D0OOO0D {&y00o0DOoOO
00000000000 000 {044, 0000000O00O0O0O0O0ODOO0O0OO0O0O 7
ogooooooo goODooOoOoODODOOOODOOOOOOOOOO0O000 300 2000
00 {n}0 {&}00000000 ODOD0OUOO0OOO0OO0OOOOOOOUOOODOOUOOO
gobooooobooboooobooboooo

00000000 g, 0OUO0OU0O n000000D0D000{&G0000000 {N}0
ooooooooooooooo b0 40000000000000000O0O00O
0000000000000 0000000000Rn=20000 ,C,=1000000
gooboooooboobobooooboooo —ooooboo

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

03 00000O0O0DDOOOD {&i00D0D0O000000000 »;, 000000 nOO0O0O0OODODDOOOO
1000 (000000000 0) 00000000 oo0ooooooooooo

pooooo oooo goooo
n =10 n=2 n =10 n=2 n =10 n=2
13 1.026 1.028 0.996 0.999 0.992 0.995
o¢ 0.002 - 0.007 - 0.005 -
max {&; } 1.029 - 1.010 - 0.998 -
min {&; } 1.022 — 0.987 - 0.984 -

04 000DO0000ODOOOODODOOODODOD {\}0000000000000 n; 000000 nODO
00000000 200000000000000000000O0

gooooo oooo goooo
n =10 n=2 n =10 n=2 n =10 n=2
A 1.675 0.590 14.069 6.618 15.921 4.952
3% 1.050 10.976 9.604
max {\; } 6.350 - 54.164 - 35.535 -
min {\;} 0.350 - 1.544 - 2.408 -
ooooo 26.7[%) 0.0[%] 0.0[%]

0l1003oooooooooooobooooooobooboooooooobooooboo
0000000000000000000 é01000000000000000000
gobooooooooboooboobooob40000000n=1000000000000
0000000 2000000000000000000000000000000 A0
00000o00oo0o0oUooo% Do0obo00ooo0ooooooooooooooo
goboooobooooobooooooooooooo nooboooboooboboOooDo
000o0o0oo0oUoooU0ooooU {00000 {¢y0000ooOoooooooo
n=2000000000000000000 20000000000000000000
00 {n}00000000000O00O0OOOODO

00000000000000000000000000000R=100 A00000
goooboobooooooooboooooboooboobo0obooooooboobooooooboo
ooboodooobooooooooboooooooObboOoOobOOOobOoOooDbbOOobbOOooDOoO
obooooooooboocooooooboobooooOo0oobOoO0ooOoLoOboOobooboOooo
gooboooobooooboooobooooobooooooobOo0oOoDOoOoboOoOoobboOonooo

Vol.2011-MPS-85 No.21
2011/9/16

7.0 0O O

gooooobooooooooooooooooobooooooooboooboooooooDon
oooooboobooooooodoboooooobooooooobooooooooboOoooooon
gooobooboooooboobooooooboobobo0ooooooobooooooon
uoboooobooboooobooooOoooboboobobboobooobbOooboOoooDooo
goooboboooooooobooooobobooboOobooooooobobooOobOoOoooobooon
uobooooboboooboocooooooooOobbooobOboOooboooobooo

gobooboooooooboooOoooooOooobOoOobOOOO00obOobooOobocOoOoooOooDon
gdooooooooooooboboooOooobooOoOoooobooOoboOooOobOOOoObOn
oooobobooooooooobooooobobooooboOoOoooooOobooOoboOoOoooOooDon
gbooobooooboooooboooooooboooooooOooOoOoboboobOOoOoDOOonn
150 (000 2% 000000ooUoo

00000000000000000000 (B)(No.22700227) 00000000000
ooo

o o 0O 0O

1) H. M. Markowitz: Portfolio Selection, Journal of Finance, Vol.7, No.1, pp.77-91
(1952).

2) 000,000,0000:00000,00000000000 0O,000000
000 (2008)0

3) W. F. Sharpe: Capital asset prices: A theory of market equilibrium under condi-
tions of risk, Journal of Finance, Vol.19, No.3, pp.425—442 (1964).

4) J. D. Farmer and J. J. Sidorowich: Predicting chaotic time series, Phys. Rev. Lett.,
Vol.59, pp.845-848 (1987).

5) D. M. Allen: Mean Square Error of Prediction as a Criterion for Selecting Vari-
ables, Technometrics, Vol.13, No. 3, pp. 469-475 (1971).

6) T. Suzuki, Y. Ueoka, and H. Sato: Estimating Structure of Multivariate Systems
with Genetic Algorithms for Nonlinear Prediction,Phys. Rev. E, Vol.80, 066208
(2009).

7y boo0ooo0o0oooUuoooOoooUOoon
http://www.panrolling.com/pansoft /data/ (O O O 2011.7.30).

8) 0UU0DLDO0OUD:0000O0DULOLO0DLO0LUDOOD (OO 90),0000
0,0000000 (2007).

(© 2011 Information Processing Society of Japan



