Journal of Korean Institute of Intelligent Systems, Vol. 22, No. 3, June 2012, pp. 386-393
http://dx.doi.org/10.5391/JKI1S.2012.22.3.386

F

ol

SEx 0|5 J|Ye B8

— 1 = —
S zEZEL U8 =Ho et 1H

An Investigation on
Dynamic Portfolio Selection Problems Utilizing
Stochastic Receding Horizon Approach

——— = o **
TE S AR F R A TE

Jooyoung Park*, Jinho Jeong, Kyungwook Park

‘Teistm B}ety|achE X ofH S st
"HEcfstm ZAE FY s

2 °f
Hol F§Fs woboll g vl Ade FEH Frlelw W TEEZL MAVIME, A4 TEZYL AHS Fdd=
HA A F(wealth)o] Wlel]l dg 52 54 B o7 Az (constraints) S BAH 2 ndd & e LHelrh &
A Frels HAst Vv IEEF L MAAVIME, 2t Fikels HAHs v|Wol v 33 EAA AHSIAE o8
A kA, HEd 2 58 55 1T W Ao XEZF S o] oA T sty Fag VEgale] & JteAdS THA
39tk oo B =RAAME o]fd nES nigo R thestd SDP VW B4 XEEEQ AAo] stedhs #Eeta,
ol& = FAAG Agst= MBI ATE FHste] A3 FAE BT v e AHXE AFAG

Abstract

Portfolio selection methods based on stochastic receding horizon approach, which were recently reported in the field of
financial engineering, can explicitly consider the dynamic characteristics of wealth evolution and various constraints in
the process of performing optimal portfolio selection. In view of the theoretical value, versatility, and effectiveness that
receding horizon approach has achieved in many engineering problems, dynamic portfolio selection methods based on
stochastic receding horizon optimization technique have the possibility of becoming an important breakthrough. This
paper observes through theoretical investigations that the SDP(semi-definite program)-based portfolio selection
procedure can be simplified, and has obtained meaningful performance on returns from simulation studies applying the
simplified version to Korean financial markets.
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2 (dynamic portfolio) -4 et XEZZQ
24 9 3A mbEolth. Merton[3]S HEE ALA]
Q. o] Z(continuous time portfolio theory)<
24 oldd w2 TE Zgo o2 shEu
Eu7E vfdse 3HE I o F B4
|22 F(wealth) ¢} o2& 22 AJeid
(state variables)®] &% W& TdsiA e
24 ©% H3}stgdv. Samuelson [4]S FA7Fe] &
€37} CARA(constant relative risk aversion)©] il
Ab 7F4 el 7)stE e 5 (geometric  Brownian
motion)S WMEE A5 o|x-&o] dAsIA HA9 T
2 FEZZ o= AHZH FTEZYYLE FXoE AILS
=39 Besnainou-Jordan-Portait[5] HARA
(hyperbolic absolute risk aversion) &-&3+Z2 7143}
= 4% A9 49 ETEEZL E3(closed form
solution)& AAI3FATE o]¢} e FF XEZEQ o
22 Y (wealth)o} HeHEFo &
g7 52 ASA A A X E
T3 Jokar 3 ¢ 9l o
o213 RYEL AEHEAIHS 7]H
2 FA oY ARaha)E(asset allocation)iA
A HLE JhsshAl d FAvE Wk
o 5tk
stE g £
AR5 H FAAL Z2 N0 FAAH)S
717 (investment horizon)Well Al 2 &
A, E&8oF sl A97 e o
EZFe HAAs A= T
(discrete time) XE%2] 2
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S
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A7INA p & ¢t HA F29 7]
= E[wi]=09]r E[wa]:E% o ==
(&, w=[ww, ] B PR NG e}
ne S(k) F 1< nMe F4d FAsh= =
AZyslal, AAF ko XEZZQLZYE 7
(wealth’E W(k) 2 ®718 Wk) o Aol wa
Wsles ooy e AH WA 2 (state equation) &2
xd49 & I8l

!
VVUH‘l):(1+7‘f)VV(k)-f—Z(ui—rf-i-w,-(k))ui(k) (2)
i=1
A7 A w (k) = A kw5 k) ol A &
Hg yEha, = 99 AEde B olAE
(risk free rate of interest)& 27| go}, 1e]a1, (2)4] 9
Al 2] (state equation) U3} e A 7HH

o} 2= ol
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ne
)
rl

Tg: = T T
@ v BAA @F g ol Eol gH wi
Aol we A Festel IFS F= TR AE
Aladom gdd 5 gk

q
x(k+1):Ax(k)+Bu(k)+J;[C;x(k)JrD]u(k)]w](k) (3)
(47114, wk),j=1,-- ¢ did  HAHEFE
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(W] =0, Hluy(
[ o}

Bw/(k)]=0 for =1 %
w](k)w()] 1< 2

& &

® AH A (29 ¥ g5 4 @9 2ol ‘B¢
& FxHrisk free investment)ZHE doJA= F7
“9]3 FA(risky investment)Z5-E fojx= F79] 3§

10

2 g3¥E 4 9tk

Wk+1) = (1+7;) W(k)+§l] —rptw, (k)u, (k)
et 4)
:(1+7'f)(W(k) le (k) + Z(1+/ti+w1.(lc))ui(k)

i=1 i=1

FIEY 7S =olHA FAdEY HEAHE UE
T AT FA A F R ol o] FEA 7
49 (risk adjusted expected return)& =th3}3==
FAFE FExEHE Fd y (k) o wef TEZLE
Tk Weks & & AuH8I9

Maximize Z (E[W(E)]— X\ Var[W(k)]) (5)

k=1

subject to

Wk+1) = (1+r,) W(k) +Z =1y +w; (k)u; (k) (6)
A7)l Al L tE 5‘47‘4§} —rxﬂoﬂfﬂt, AA nle F

2 FE T UMY 5T T8 AA(risk free bond)
°ﬂ Fasle] 1A EE 83 F(risk  adjusted
wealth)®] Hojsts thech 919 EAe Afxzioz
Al2=®l EE5A (system dynamics) ¥# 2724 (6)°]
F7rete], v 22 2ES A F& Ao
aH A8
- FA Fode] g =
=

() Plu, (k) < U]L 0.95 (7)

- Y& 7 (Value-at-Risk)oll o3+ 3F=:

() P[W(Ek) = sW(0)] = 0.95 8
- Short selling®l ©3F A ok

() w;(k) =0 9)
ol el A Awd TA TEZYQ AAZTAY ME T

stz 18l "Lﬁhfﬁ Bl= #FEA F3ols 719
(stochastic receding horizon approach)& &-&3kt}. o]
7 AR 71Ee ZddZA 9] (model predictive
control, MPC) ¢ #ofo] F= /\HLE]‘“ 7€ o)tk
[10]. o] 7]¥He E# L. A|2~Ee] mEs
o dAg 3o vy =9 s 01]%331 o] & ujgr
o2 QA g &3 quig} v‘f— & £ =& T3
= A4S v ArEgein wrEE s AgES ARgsttt
= Holt}, olgst o U]rﬁ} B o= adete
A 6)-6)5 Fxz & o = W A gaio
& F dAE vtEHom {83 5”3}

(

e,
Frol% ARk Aol
H

%
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o
" ol
)
>
i
e
g

- uN(Z|k)7Z:077N_1'9_ Z/\E‘]]O],Z'—S‘_Q,] ?:}E‘_:]'oﬂ EH?J:
N2k S hEh,

Z0E ehd,

ol E/WE mtEw, e g SH Y

=3

z,(0lk) = z(k) and ulv(0|k) =u(k). (10)
q7]el A = FET HAHE TAV EE 9
T5 7] 918te] Primbs[8l= 948 uylilk) 7F 34 o
e ge HUE E98 F 92 PYsark
up(ilk) = ulilk) + K(ilk) (2 y(ilk) — 2z y(ilk)). (11)
ol 7oA, & B2 bar 71T 7|HHS 9w s

Ek[xwﬂ .2 ane gEe
Rk K(Z‘k)(wv(dk)_ fv(l‘k'))
I NFZ Y ?:]é!ﬂ%o u(ilk) o oz FA L,
' = ay0k)=z(k)el AR
upy(Olk) =u(k) =u(0lk) o)  AHeA Aok a2,
(7)-(8)°l] ArE FgEF ﬂ ¢k % 71 (probabilistic
constraints) Primbs[8]e ol&] =% HFS w=w
S 2 olxd e AFxH Clz(k),N) o2 &
A 4 9l

eI oy @] (o G| @y GlR)] | ey Glk
O e e e
l=1,-,L.

Ty (il u y (ilk)
(e, H,H =0, i=x*E}€[:p],
&=u—Ek[u])
o] goll Al Ar ¥l e} o] T2 XTEZQ HAES 9
A A

& 9w, (k) =uy(0lk) S T3

(& =49, V(zlk

25 9o A FojE s 7 ols HA3 £AE 15
=, FuEd Bl o& fsted & FHY &A1
gk
Maximize
N—1 ‘k
AWy 1) = (S 66|
ERCOIEN /{@v(ﬂm}f @y Gilk)| "o L k) )
up (k)| luy@) ] k)| uyGlk)
+ 0T (V1K) = e DNk Bz (N k) — 2 LNV k)b o (Vk))
(13)
subject to
l
Wk+1) = (1+1,) W) + 3 (11, — 7y +w, (k))u, (k)
i=1
(14)
(&, g wet 752 (12) Fue Az
Clz(k),N)7F F7HE = A)
(13)e] EA et (14)9 AFzAS 2te 43 &
A= SDP(semi-definite program) 7]H¥} @AW e

Aoz B FRA ARE B Y 4 o8l
SDPE: =4g47t Mol hd dgdsolm Aokz

I = §
7ol Mg agydHR 52 (linear matrix inequality, LMI)¢l

A¢E Justt. A8 PE RS 59 (15) FH 9
F52e guleiH, o7eA g, & Wl 4, =
FTHERZ FAE qHPHola =7 FiEE o] ¢
o] wk3kA (positive semidefinite) ¥ S €] v g+c}:

zgt x A+ +x,4, = 0 (15)



Agggarse] 2 3 5 5LO. o] = = -
= xﬁzé;a (4] ggj}ji}w@ A glEA e dRe el Alefxe 2 S8
T3k ol ANt FA (13)-(14)2] Zo]2 93] 7] R _
k2 TR P So] 9w SPPE FE BAe Tr(HPG)) + Tr(HPG)) + bl f(l_) <B, (32)
s3 gol 4wE 4 Ak TEEZele M BA g = | uli)
Gr@e Nrdon Agurd A 8F D AT qoan ool wea s
Aol ARE g3 Qong A 2 JEwiso] B A710] A, (26)41 9] EATHG HRo] AbRE & o'
9 B gusk Fed dds @ 5 gk Adsn 747k Qefe] EA (13)e] AHgE o3 ¢ o HAw )
e 2715 915k Fo 0% F7bEle AA Y™ A}
u(i) = uylilk) (16) (n+m)x(n+m)o] HNE2 Aoj® Azfo|r} 12,
z(i) = zp(ilk) a17) o] EAe ZelARz Ao HAH (i),
— . i=0,--- ,N—1%F AH 04 W o] 2
z(i)= Bz ()], i=0,- N-1% AH 04 Jgol Sevt 72
30) = o) -5 U oE AAs AN Aese A ARG,
20 = BT = Bl60-F )
1) = x(2)x(i =F i) — _ T = .
o em el s PO-EO @O FOTL Q0 R e g A WA A ol w
s Ao, o z)%z(z) £ 0es wEs dok SEEA Frols HAS vk 4 LEEZEL AF
;E;jll))fAWHBu(i), @1) %‘3%011 %—%i—e SG) s Pli) 7t A% @ 9% u, x 9
- ) ) A (22) w® AZA 3(cross term)ol] o]EFE HEE AT
M BROIXA = BRO)+ n gt Adzyy Fuen. ode azs g
ZI(C,-+DjK(i))2(i)(Cj+DjK(i))T+ o] W4 A& Add ugl, oY FEH F1Ho
= _ B = 71HE okt wreko g A 7| A 3w FQ o
]_‘;w} (i) + Du(@) (G (i) + Du@)” B RIS P 4 SIE ol wep ¥ el
- _ L 23X NYEXZZIO AR H ¢
ApEF [[lolAs AFPPRZ2AS o] L3 Fol= - oo {‘*E?’]J— 47 A 5)-(6)9] o1& 93l
NsstEs ool fld M A% 8% OIS wesh sy FaelE AMe BAL FuEd (8]
Ui) = K(i) 50). ©3) -"4;]% Z (13)-(14)eA A=~ F§S 7jwtoz Ao
AR e WFEg A S6) 9 PI) & AHESA @ FRE wesd
S 156) 2 ges @It oHe B I BTF FA A
5(@)=Ek([A(%) ol m oy L ATE BES D A Ge] dEd §4 2EE
u(i)] u(d) © AR EAY EAFRE AUESE TS F
ro=all ol ) m G AR e e
oHA A FTEZZO HAA T _(R)o =
& wgEALd, o BAE ANW (9 (02 EAE Aol Aoz O A
271 FTEZHO AL 93 FtolE HA3 o s ocx}ft el A aEss FAEE 13)
goz pre SDPL“Oxii Ehﬁigl‘r;}(o]o - ;j}ﬂ‘fzﬂt ;"’ﬂﬂ*oi”ogjt 7% 8 @ (weight matrices)< T3 2
v == - Al A =, T < =538 = i g3
e o R e L S Aeiene o ane - o o ===
g=121 A5ol FalA 712102 ; HL ol
N1 [—/(. = , M=0 :[ } =1,d= 5
Maimize 37 77|29 7)) — 7 (Bs) + (26) 0 ool 0. 2=2 G
i=0 u7(1) (&, o] Ao A= o= w9 wel =272 7 0
, 6"z (N) = (& P(N)) — T+ (&' S(N) Jue], o JALL ouF ’
S,ul?JeCt to B ol#]e #AZKE (26)-GBDE FAE SDP 7|2 o]
z(i+1) = Az (i) + Bu(i), (27) B oE=foA ndgsts 54 TEZS A A9 4
2(i+1) ok ok oo TS F e tas 5 _ .
(AX()+BUG)T XG) * * g o} ;‘r%i @ dEsd gele A = 5 AE
(cz()+DuG)” 0 z()*| =0 for =1L (28) e
(Ce(@)+Du@@)” 0 0 1 Maximize ) (2(i) =A() + (M) = AX(N) (34)
7 2(1) * >0 subject toli0
(Cr(0)+Dul0) 71|~ (29) S(i41) = 43() + Bai
N PR T, (85)
(3 2
U@ ) A 7
g . >0 for i=1.N—1, (30 (AXG)+BUG)T D) * * '
[[xz;_(z))ngz))]] Eél) g ) (C?(i)+DU(Z T x()* >0 for i=1.N—-1, (36)
i)u’ (i . (Cz(@)+Du@)” 0 01
s [gil|=o SN
=0 for i=1.N-1. - >0,
|[2G) vT)] =) ' (31 (Cx(0)+Du(0) "1 37)
sle] SDP ®Alol®, Waol wel 52 (12) Feje s
e At el A o A s e Y e
: 4 5 9k A 56) 9 Pli) & 5ARA gtk ok (7))

sl Cla(k). )& Telshs 45os teel 439

389



Journal of Korean Institute of Intelligent Systems, Vol. 22, No. 3, June 2012

A el F7HHQ AtEAR AE ook 9 uol
welE gue Fojxuw Cl(k),ME AT F54
(320914 S(i) sk Pli) & A&kt Z1A# @ 9
TEA A8 £E A4 A8sE FUE T oA
5& AL THsEh ol @ deste F5ol #EH
TRtolE Y Vvt B4 LEZS AHITAE HE
g Wgor AFATILA & W {8 FwAe] @
Aoz ZlgHtt,

of el A ol sl Ads Ao el

9sked, MATLABS o] -&3fo] [8loll A arefsh OMI
oo =® ek Aks Fste] ®Bokrh 3a
S, =1IBM, S, =3M, 8= Altrla
S, =Boeing, 5, =AIG] oA 7}A] F&Ho| tiste] th
3oz wolgel JUg FRAS T T
]

rSL

o

A=10° & Alg3le] gdE TEZEQe gEHs %
Aale AE 98] SDP &4 (26)-B1)E &0 ¥ 1

lo

T oA g 2e dE etk
w=1[0.0916,0.1182,0.1462,0.0924, 0.1486] 7 (38)
0.09401, 0.01374, 0.01452,0.01237, 0.01838
0.01374, 0.05062, 0.01475, 0.02734, 0.02200
X'=10.01452,0.01475, 0.09017, 0.01029, 0.01286 (39)
0.01237, 0.02734, 0.01029, 0.09922, 0.02674
0.01838, 0.02200, 0.01286, 0.02674, 0.07318

2o TAE HRer sto], & =EdA #E A3
o] mEE w3ty SDP (34)-(37)E& MATLAB 7|yt
SDP solvers® Zol® Ay Hu&E3d [8]¢ w$ 717t

+ AoAHTHGEE 19 A HA Z o HA 3
Z). AXTAN = sedumit yalmlp[lS]a Z1Wko 2 3}
= W MATLAB LMI Control Toolbox[15]9] A}-&
S 27 adstded, 7oy BF v dE AT
stk olH e A= % oA 7l @ BA
of tigk AMA AFTES RoFE A & 4 9t

ofr

¥ 1. SDP slfe| H|w
Table 1. Comparison of SDP solutions

W2 SDP2] ZolE Esalo] F3 g

gy = 14.1016, gy, = 376.1655,
DR (8] |uppia = 417-7363,uppiny =— 71.5679,
Uy = 529.2700

Y

pul T‘/__:il'?_]_ SDP UmpMm = 14. 0865 Us\y = 376. 2391

(sedumi®} yalmip|uyyi, = 417-7886,up e, =— 71.5384,
[13] &8)  |uyg =529.3234
sk SDP [, = 149807, ugyy, = 381.4274,
(LMI Control = 423.5498 u —72.5249,
u
Toolbox [15] Altria Boei mg
%]__g_) U’AIG - 0366227
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&3 4 XEEZTL AA VI & FAAG 4
7HdS ARy f8te] B oA = 2007d 3€ 6
FE 20083 9€ 5U7tA Y F 149 6/M€E 3 Be
25 Mg Faid [12]04 AFE npel 2
717F & KOSPIA & Al &A1 (20073 3¢
62)9] kel 1402937 HFA14(20089 9¢ 54)9 #
Q1 1404.38°] 7 ¢] wls=E Wuk ofye}l, 11 ARo] 7]1ko]
A471(2007-03-065-E]  2007-07-23L7+A]), 3] 1.7
(2007-07-23%-H 2008-05-267+#]) L stheh7]
(2008-05-26%-H 2008—09—0577}74)% TAAE don
2 RFAAAHRE B do A Mo " £ 9
(e (1219 <29 1> ﬂﬂ
2 =dAE s FAAGAA ATtEde] & T
% 5/ FE(AAAA, SKAdF, =z, POSCO,
dAuixhezr FAE TEZELE 7|Wer A=E &
|3te AoZ JHAG o9} 22 Jpte HEO o
skl 2o A o E destd FE4 ?ﬂol% A 8}
e 28 TEZg o A4 duw=S MATLABOZ
A 29 49
Tote] FuAAE
‘%} ok FaE 9
9] 57H FTEo TolFExt A] g o] 1dzH2006d 349 6
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