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With the low interest rate coming, investors start to buy stocks to get more rewards.
However, the stock market varied rapidly, seldom investors can get excess returns when trade
in the proper time. This research combines Markov decision process and genetic algorithms to
propose a new analytical framework and to develop the decision support system for making
the stock trading strategies. This paper uses the prediction characteristics and real-time
analysis capabilities of the Markov decision process to do timing decision. Besides, when
investors have no sufficient money and stocks, the architecture of this research can complete
the transaction by credit transactions. By the experiments, it can confirm that the model of
this research can get higher reward.

Keywords: Markov decision process, genetic algorithms, the stock investment, timing,
optimization.



2k )
% > f?jfzﬁ

AR EF R ERB S SO FEREIRT I PRS2
Moo e e AR e e P E B E C RER G S0 AF R AAE

BERFTABAZMAY < 5 Mg EH N5 TARL - BRAZT BT 275D > §
5 r-z%’”"f* TR IRPERPELRT F ’Z'gﬁi}z’u—i&’ FT-Q%,\@’\ pad It rx ey
ﬁ\m’*\é‘b REF TASEURIETALHF EPoL L PRRANER I M
L RE-BPP T AR IR e RN ROR T ARSI THRT ML

%

*”5@%‘%ﬁﬁ%ﬁfﬁm%?§P~wﬁ€£m&a:ﬁu 52*”ﬁ£$m£
PHem AT 0 R A E R ”"ﬂz PR RS2 R whEY A F —*—2}%‘; chikh o L E
BA- BEBRAFSI ST *Emﬁf%ﬁm*u FEk L5 %%ﬁ%m%ﬁ

L~ Ffird F0ci ~ o 7 MardE x't‘;x. R PREY SR G IVPES .
ﬁf P FEHAIL S LR o

RS Iﬂﬁi + % Markowitz 734 21 I (R 48 7 2 &
ol p BH&?F HEBPF R SRR T RE ff{%rﬁ , ; . ?\%Fg%,
BORRRF AT I BRI F R RS - B EER Ade BAEY
[rAR = I

LFTERPHOEHF R ’**?%Aﬁ*?%%wwéﬁ’ﬁﬂm%#A1?
EE A RASINFL L o A IFERARET TG o8 AR T E S
FE- AT REAGEA LT L wHim»mé g (Karaetal. 2011) ~ if &% & 72 (Kim et
al. 2007) ~ i & 2.4 (Esfahanipour et al. 2011) ~ #-# « si(Fasanghari et al. 2010) ~ /4 i A(Li
etal. 1999) % -

RIS i i é@W"k’ﬁdL

1

ﬁ.\.

§

)

Bl R AR 2R A2 AR 5 D Jfﬂr.r} 54 9 5,; P'- ﬁw,\;w
Rk 2 ApBE B AR R 2 F FE Y BF LR a%xaii%mf%ﬁﬁg‘p IR €

WA P EBIE o ¥ - i R A ﬁunpzzﬁsz? FRE - Jpd BpEFY
SRR IR S IR w*aﬁéa’ﬂ%wﬂ+%vmmwﬂm
2mn’ﬂiﬁﬁ@&&%ﬁ%ﬂ+ﬁuﬁaa%ﬂ%°

d il % 5 % (Genetic Algorithm, GA)'E ¢ & A AJE ~ F R E SRR L7 4
BE s BN LT E KR F gt 2 (HuangZOlZ)’;ﬁsi FHFE 2R
ZRFLS HLR 0 s R4 ﬂ“ﬂL@wwﬁ%¢a%ﬁﬁﬁ?w%%’i
AF I RIR T hh B ER AT LY o

A7 % RE AR L BE I Y AR E S LIRS ST
Agad o e BRE TR - B EG B RS 3 T GER AT -
ARG R A 1T BT X 4AE FIERIDEL - Y %R LT L (Gelman 2009) - ]
B AT REET AR EAE A OHE R 2 BT R FT ek R L

- %% Hv =

b F{p



GRS BERFTAHRE BRI TRFER DR G D
FoRrEER o AGERANET A AR ERS S GFE 2 0 B K e
—LL\%TQI,% gmﬁgr‘ﬁ%ﬁa\$ﬁu |j§§ﬁxi& gpﬁmop ﬁ@ﬁw%;ﬁ%ﬂ;#j
o IR &,%g%mw&m%ﬁymm1@é$;ﬁm%%5~J?**ﬁﬁ&
BAp et B s AR A o TR LIRS £ B EAGTIR(TR) % § 7R

Foo

AR AT AT VR L LR R S
T AR - A fe R R R o I LT AR R b g B AR
OFRFRTHEPF R - BREFOE TR R FL AR B T A
XA GE R Y pRRIER P RHZ BIE RfROI A 5 o AFMa g g R P -
B BREA o
%%%%mﬂﬁiﬁrﬁﬁﬁﬁﬁﬁ’ﬁ*’*%%%’ifwﬂﬁ%{?@%&
B ¢ o Yiwenetal (2000)%:8 7 fi% 82 > & P IMPEBEATE Rl R E T F ok
& {7 3g ] - Korczak et al. (2002) 5 & Hoitrdq Jf;,;gi? FlFEE o AP ﬁx i ek ity 1R
g BT BRI RS D Sk & § § 2 o Allenetal. (1999) 5 5 45 R ¥
f: 500 ch & AR fI* B EIFE P RTE DR R SRR T R RETE
FpoRes o A GE p YL YRS IR oo Chienetal. (2010):# B35 1% 7
A &g MR R RR] ANl BUR B 2 i ey SO B GBI 5
AES I B GFEE 2 s B RRnEARE S 35 L ek 2 B 2P - Jiang et al
(2002)F1 * i @iw B HILE D AT AFES o P F G AN S EE TR
EnEHf % BB LR B 5 - Kimoto et al. (1990) 2+ ke it #7470 (it » B ) p
BEYSFIRRPRE G2 oRE Ap AT P RERE S T E IR R GEEFY S o Huang
etal. (2008) = 7 FERI A k L AEAH dpdF e o B E R Biw k22 L £ 4% (support
vector machines; SVM)#& ! — 4878 &g RIHA] > 5L * B iwy /za‘%ﬁ’»ﬁxr RS
3 foA-p R S 2 g T SYM A 12 0 5 5 B apad (5B~ GARCH % 41

o Jang et al. (1993) 12 & p i it #g4Y 5 4 §& (Dual Adaptive-Structure Neural Networks)
9% LR TR &2 - B IERIED K T@ﬁ BH AU EAILT L ) ko

S I G E N a ] s R N T fé,l.mﬂ vl HP PE BB RGO TR BT
S EE LN WATRE T RN e S @¢%bmamﬂ%%ﬁ?ﬁ T N
AT IrEAES I HE N KGR TS e r R BB ET AR HE T A 1T E R
PRARF T T4 o 4 R (2008) 122 2 - B £V BEE NF U Z PR HE S
FEFERT AR PR 2P B ER S PR R 2
BORBA D BRSNS LB BIFE 2o § AR A% & i - Ohetal. (2006)#%
ﬂ-ﬁ%ﬁﬁﬂ?wgﬁgé’%*%%%ﬁ%““*@b’ﬂﬁ%ﬂﬁﬁ%iﬁﬁﬁ
RFLEPBGL RBRED HL RS TR ST LED S @IHER AR - Chun
et al. (2006)#{1———7} Freril BF B R HORE B A 0 P L P BT kit i



Bodlic o $% 0 8 @ H 2 AR o Chengetal. (2010) 5 5 & FEFHRILE 5 o
- kRe ﬁﬂrw’ﬂéégﬁﬁﬁﬁéﬁ\Cm%~%Tiﬁ@ﬁﬂm,ucmm
SHCRE P00 3 0 {17 RST APty R0 0] > Botd @ % 3 05w 5 % 7 dri 1 .0)
MHBIRRIEFER ZORLE T o

FhmLAp LS ERE X ERTRE A UHRNT £ 5 F  BEHEE b
Bt RORFTEE AT ERE TRl El o KPS mé’ﬁﬁmﬁf > Shoaf et al. (1998)
A0 R Markowitz 42 7 2 & KA B30T - BARABS B BFE R T RERT £ 6l
% % % 2 R - Soleimani (2009) & 7 Af2 Markowitz szt s O e £ B i 1 R AT
B SR N FE et N HER Y - BT RS E T T EARE D
SF Y % o Chenetal. (2011)4% o — &R 55558 f @7 & 2 ’ﬂ’rﬁ‘—’ SR A A Ik
Foo R HI T RS PR AR o

f2 BRI RTRARRIS B2 G ED RN BRTILAR B
fe# P {0z = G > Oritoetal. (2001) 1% B @i § 2 A 4 R F o bbb 1 Kz
o R AR nd A T 2 R g ekl i B E SRR e g - Chang etal. (2009),ui§
AR RT AR KT A5 HA Pk G BT 5 AR AT
= \ , IF"IQ%;g_Lm;f | o

A rF 4f2 % 5 o Lazoetal. (2000)5F & #fA¢ o e e e i 0w B ok g
fef el A% G SRREREAFTREFPIOEE L BB FE I HRFT RS
AR E A AT o +<'%7§*§*e‘ PP &R o FREFF(2008) L * w fF 4TS L TR 0 rE G
¥ e o ey BT R BN B SR EERIEA 21T 2 g e

@ﬁﬁ¢$ﬁ ?$ﬁ“07@$ﬁﬂ&%ﬁ?%§£$’%iﬁﬁﬁﬁ%%ﬂg’
Ra &b §ondp ik nfddg 2 Bocx 2 % 5 oRafaely etal. (2006)#% ) — & 5§ #c B
PBRFEERFAENR TR RO 2o RGP EF R F RS -

EHRFPETERE G o S AMQR007)E FBRE 2R AR RTARE B
T SR ED R FRA N R BT h b v TR I g 3 E e
B R B M T o e B S o

BT U FAIER EF FTARESHAT G F D ’é-"“'%(2009)‘<—*-€4i2w;1
- BATR I MRS N FEN - BERER BT EARSHT K R
;FIE Lﬁ’lﬁ%j}éﬁﬁgﬁﬁ*mffﬁ’ﬂ,zxa‘.rrlW\ngo

BT gty —BAAE L ARG T ABRAF T AR 2
T e FEFA ORI IALATH A L FAAI MBI B3 T —BRGAT
EAN Y —BREEF ahie p R BT A48 AR LEY o TR
BIPE B 7 IR % 0 4P B AR 8 B 4oiF 5 3% (Xie et al. 2004) - DNA 5 71 (Cheung 2004) -

d 3BT A EAEY AAITRE TG LE Tk FIP BANE Y A0 M
FEtodpd 247 N R TR 20T A RERFTARTFE &
c»z% > Ghezzietal (2003)#% * & 7 £ 4z = - BRE B ERIFHE > G REHR E
B CEURE TR S S s LR S S U E RS RO E RS )
BT 0 i - BATEURE BHCA P H(2002) 717 5 4 LR 2 -

=l qra



B 75 P :ﬁmi?ﬁ'w%ﬁﬁvdéﬁ&é@nw@ﬁ%?iﬂ%ﬁ@ﬁéf%ﬁ%%ﬁ%ﬁ"
Fenp e RN OT ARE K o 14 7(2002)i8 * 57 L AR E 2 DG
TRl A R 6 B - B 03 B B AR > FP A F £ (2004) 2 5 7 & &
FRBBEEADRFT LS K o HLE(2003) 1 5 7 2 AL s 1 & 22— Bk
RABERSNERY Fa g PR ERE TASPFPHEDET K o d FLFRRE
FEESBF L S BFREFEA D ER TR ERILT L0k o

\\\ﬁr

LR

AELEEET A AR GRS BFEE Y- BRERT I AR A
%@1%ﬁﬁiﬂ?A*ﬁ&&%ﬁﬁﬁﬁﬁﬁ%@ﬁ?ﬁﬂwiﬂﬁ’&%wiﬂﬁ
TP ERE P EHAE NG R K2 SRR PR LR B
f Gl BRRARBDEIETTREBTERS o)t T @R E P
BB BT O o AERATR Y D PRI AFTT F o 8 AUEY BEART
(Sliding Window) s £ 38 7 { &7 38 F AL * 4 o

AFFARI R BFEZRRBEGT LA A RPFEL S
KRBT RBFEZ TR BV A AR EREL SEHT EAE
L BE JUSERC IS N E I

FRRE DG AR R T LA 0 L pPE A PR ke
HFEL BRI NTET ¢ h Kbl 6 T BlFE 2 RENL B

PRBEEEATET L R BRI MPEIFE o SE N i T e
A EF RGO RE T IR FRBEDE I I T s §ARFE
ﬂ%’? MARP T G2 R AP TR o ZPE Rt

,N-
\&_

pld & ¥
{ b

e RN

4
“3

R R

~~-

% - i AR

BT R B OHoE

W1 A% f %



i F A M £ T ]S 50 E5 o
i@ﬂﬁﬂkwk » H i B
SR IE RSP P TR G BT £ AR 2k

v
S B
=i
Cl.l

=

_ ﬁﬁi\)—sm ‘f’ﬂ'_‘ﬁ@/ﬁ_ﬁ/;
2 {3 H7 T SR TF R

; Q@
N “mﬁ
5 ¥
*‘m}&

J
N \—4'/
‘__1_.;

c tz

B (

%
%iﬁfﬂ&éﬁé
*E@ﬁﬁ?"%ié°ﬁﬁi LA s T AR ARG T LRET P
BAFLFEEERBEGTEF AR BRI Aps T AERIKFARET
o e 29 R BRREE MRS REE ERBEE KLY L 2L R RE
R o

% & Y HokS X d87&1fr50?{&0.§g$’J’if—fﬁlﬁ%lfﬁﬁ”)’l’i”ﬁlﬁﬁ'O
DRHFELRFTRGRDTELNF > 5 - BORIRFTFT ESF A2 - FHRR

—@1@@«?OAazﬁﬁi—ﬁ&’iiﬁlﬁﬁ?1@1*$%”2wm?§¢
BoHRL N BLlEa G 2B 1 NAK ABPFAAR IR o B SR AB 1
i h 0B HE ARG T ENT £AF 0 doBl 2

Bl 2 % ¢ %55

BOFEE T ZBALEEE A ¢ 2ER ARERY > FRTE
Bl Ry RodkE kg7 BRI oL d e r & :
FINT-oBESoMPEEFC oV RNERZG REZ CFEZ CRFEEE
YRR - BRI MY o ER - BA - B TR L EATN BB - 05
SR YA AR E DT - AR M ¢ A AL T - BATE S
R R ERBII AL PRI REDP DAEWaTnIR AT NA L MR A
A AT AP A Fle 3 VA RAREB AL 3 O RGR TPRFPF R ATAT
EERSE LT MEMRAEY L2 m A2 '%‘Oﬁ%g A 2 AT
S TS ER A c AF YN ERHTLIR0 O BER REEHEY LIS B
He o

¢ R J3FERERA A S EERE DRI F - FER L~ #5907 Sharpe
dhtk o TRIFTHEMF DR TR GEDS ] 0 5 FRERET I RDT S G4
L 10%~30%7' B %= f BRI 8 F & FF a0t &) 4> 5%~10%2 & - Sharpe :}‘ﬁﬁ——q\a‘ﬁ
BRRE - H RGP ER oY VR ERPER G E Y B

Sharpe ratio= R=Ri

1)

o

R4

Re i h %%

o EEL
ARG RFEAREFILLAE- FELFF 5 088% < d 2|2 el



PEEAR o PG ET R EED AR 952 oo

—\ﬁﬁz T b AR

Bz om BV A ERATE D m«aii%*wi Pl el ki
TR 43 - BB e 57 AERYTAL DB NREE § 5 R A
B e X LR A S mxaii%‘wii -LL’«L?' EBHFMIE A PRBEPpRPFET
LR EART A A BN E f b AR RE R R Al B
SRS A= AR 1 e $¢mwﬁﬁw

Ad R (S Al g%iﬁﬁ,{]p}\ﬁiﬁ%‘]g R R EB MBFTL S M NP
%@ﬂ’&ﬁéﬁiﬁﬁ“%’—Eﬂ&ﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ" FACEAER
AR E T Rk

=

\

5&&(

Pofdasy 8% A\aﬁﬁg 8 < HF% - 4 J B
BEAKE ?‘ﬁr ol ERfE s 8B liswm 0Bk
REAREFT  FTAEVNRFFTENIHFFIREFE > LIBOAEZFT AN 2% 0 4

\ﬂ:ﬂ;

Fog o
0:¢ ¢
0,101 /111 1 GI
- A
2 /010 00 1|1 ] @ e 100 0/ 1/0]0
s AT ARE
Bl fdms2p
1% & 5 30> & 23
B~ ik A6% b £ FR
ERE 287K o
Fofsua
0:¢
1/0/12/1/0]1 /1 1 ;)
- Y v
= 1100/ 00|01 1] - 110 0 0/ 0/ 0]0]1
B2
% I MT AMPE
Fgssl 2d Wy2p FRusl %7 M58H
1w e 5580 & ¢ 0 15 5 60 4§ »
ik 3 A 10%: b & FE e % ik 3 A 12% b £
2 25 o 2 8HF L o
~ 08/ 0j]0}j]O 0O 00 =~ O]O0O]O]O]O0O|0O0 0 72
B

M3 s oL MFARE



L EE R E S F kR JEFRT SRS R
M LRI A RFE L e $ﬁﬂlﬁ§f#
¢”E’$@ﬁﬁﬁ%%?‘ﬁ9 fﬁﬁ—aéﬁﬁwaﬁkwﬁ’mﬁ&ﬁa
BB s R 4 B 00% 0 sy 90%rm,£’-' » % 100% K E o Glde b E 2 KR
m%?4W%le¢3@¥2ﬁlaunp3@0,A$7QQTH$ AT 6%T 4
F2HBREL - EY G R EI0FREERE CRITEMESF AF A 5 28R
205 B 2B B 2HRDE L0 %3@%2@1'&F5@0,
AT AT 10%E 2 ORI R o fe £ hE 2KDRSRE 8

E%%m%p)ﬁ?mﬁ%leﬁhT i}%ﬁv‘gﬁa‘_zg’a% I TR
5£#£%8*&Tmﬂmﬁﬁ%%m&£$ § 1120 5608 % 2 8%
) i ¥mﬁﬁkﬁiﬂﬁ$lg%,@$@%ﬁgﬁx
’b&f#’fr’%%ﬁ& % »EFRR- TAEKELERFTATE ';FIFTLEJI\&%W?‘P“
4’E%m%mﬁ$%”ﬂ’u£M%mﬁTpﬁ# s & SR T 60%:0
BRIATH L o bldeid - e b p oo % 8ERE % ML 1, L0 BER L
95000 ~ & £ #7130 & 5000 ~ » & | » AT A 12%) & 12000 ~ 0% N HLE 0 R &
B A SRR QI R F S NN 0 IR £ 4800 2§ PP 8 RILE S AP &
ARBHERT 7200 AT AR P Hen 12 NE > BEF ~ 205 0NE 2B §%
FEE

t‘ﬂﬂv
¢

F_&

\

-
P
oy

M

,“’% W= M F

!
\\
S

i
Wl

R SR SR
E R [ 5
Hﬁ? -

(\x
[yt
=
~ug
)“F
y e
(ke
)‘.

[ ﬁm
X

2 F %S

~E R f%iéﬁb’%ﬁjgﬁqpi R 775157‘#1" BI7H S o N X RS K
gl ';N'}” g ¥ J—Tﬁiﬁﬁiﬁ—ix VAR mpﬁﬁ&g‘pa 3 2 Tﬁi“é ’ i\:' r;ﬁ [ E 1\}?*
~§ﬁﬁ’ﬁw#%*”%aﬁwﬁ’%w£$Wﬁk%ﬁ%»%¢‘;ﬁ+§%&\
AT ST o

i

!

-~ FH KRS R BK

F TR TR R Y 5 RSTIR(TEY) T4 B 44,2009 # ) 2011 & 5 it - &

FHAFRELS ) LA H BT IRFT LG BT A 012 BERp ST
ﬁ’ujﬁﬁﬁ TR AR A RN

BB FE 2L B R SfS  $ofSE B F_58bits > A w ik E A L #Emz 50
FPFECERE 2T EN2%) 0 A b REREKI0 B o oF i A AT R ERY
3000 &% HEpER B E T 0 A F R A L REF 5 001 F &P F L2009 # 5
2011 & » F & mg 1% £.0.88% -
SR ERERR

hrde 19r7 0 4 12 2011 # 12 P ehdppv > AR P T X a kg AFTHEES

%ﬁ@ﬁﬁﬁ@ﬁﬁ%%ﬁﬂﬁﬁﬁﬁﬁﬁmﬁﬁTllhﬁw CBE R B 2011 #
1'1 %m%%ﬁ)ﬁﬁ*§%~;n%%ﬁﬁ$ﬁ;~? iﬁﬁthteaﬂﬂmzsﬁ
Pt EpY S R A ME oA 2011 & 73] 12 ¢ ArF Tndppe g £ A IR E
LF AR AR



:"]”Lru _1&'7§Fﬁ]ﬂ_§_gux ,%%’\ #3:4 N r'/?“ﬁ#ﬁgii r'/? 'L#Flgi’ 4 3B
FF R AREE AT E AR E TR E PR RNE A SR
BE o8I gk - 3 AR P EEPFELREKR -

4o 3977 0 £ 34,2009 & 12 B P endp ey o o P T X R 3\" ) L E A
ﬂgurﬁ m%?fa‘\uxf*m el Jiﬂfg;ﬁm?z_g.-a%&% )\%4 N r/?“ﬁ#ﬂﬁil r-/%*l ,L,}LF]
B 2L 32BN RPFEARET > A T X E DR HRATE 0 T 05 E n
A EREMAHE B {vE > 2 3B 0 RS EAREG o

ok 2975w 0 £ 282010 & 12 B P adRpe g > AR P TR E kg B b E AN
£
f

12011 & 1 " ~12 * § %t

2011 & 17 ~12 %
4R v 5 1 2 31 41 |50 6 * T yadp o
top 50 296 | -6.23 | 127 | 411 | -1.04 | -4.8 -0.62
< Fipk 192 | -596 | 0.97 | 3.73 | -0.21 | -3.74 -0.54
P87 024 | 615 | 119 | 43 | 035 | -1.36 -0.23
TR 552 | 421 | -512 | -831 | 464 | -431 -1.96
77 8’ 9% |10* [11% |12°% T Ea3E Y 5
top 50 -0.88 | -9.04 | -5.87 | 504 | -7.94 | 3.08 -1.62
¥k -0.09 | -10.44| -6.66 | 501 | -9.01 | 2.43 -3.17
P87 -4.38 | -12.33 | -9.53 | 6.69 |-10.79| 2.23 -4.68
TS 394 | -958 | 1479 | -1.73 | 8.39 | 4.55 3.39

£22010 & 19 ~12 % @ %t i
2010 & 1 % ~12 ¥

;-g;ﬁjm::;: 1% 21 3 4 51 67" i»y_;;ggﬁmgg:
top 50 -5.78 | 299 | 477 | 148 | -8.22 | -1.68 -2.07
 Fipk -6.68 | -2.67 6.5 106 | -7.87 | -0.6 -1.62
P8 -7.76 | -054 | 4.2 09 | -7.21 | 2.09 -1.68
T E % -241 | 597 | -206 | 3.94 | -7.56 | 5.18 -0.56

70 [ 8r [9r [10 [11* [ 12 T podp e
top 50 6.09 | -1.98 | 7.96 0.8 13 8.1 3.71
N EIE S 588 | -1.86 | 816 | 059 | 1.03 | 7.16 3.49
[kl 816 | -231 | 705 | 1.24 | -0.18 | 4.73 3.11
F o5 1046 | 361 | 216 | 433 | 5.79 | 3.46 4.96

£ 32000 & 19 ~12 7 @ 5t i
2009 & 1 % ~12 7

4 18 21 37 47 5 1 6 2 T yadp i
top 50 -7.85 | 795 | 11.75 | 1428 | 12.85 | -6.28 5.45
LS -7147 | 7.27 | 1434 | 15.01 | 14.98 | -6.65 6.24
Fr¥7 -9.89 | 473 | 18.79 | 1399 | 1093 | -7.6 5.15
TR 2.9 1.03 | -7.56 | -5.61 | -4.31 | -3.96 -2.92

7 8’ 91 0% |11 | 12 L 3o4R v
top 50 9.1 -2.37 | 10.01 | -2.44 | 265 | 7.11 4.01
N ETE S 10.03 | -3.55 | 10.01 | -225 | 3.29 | 7.99 4.25
Fr¥7 547 | -3.76 | 8.06 | 232 | 2.83 58 3.45
B RS -10.63 | 141 | -539 | 294 | 132 | 855 -0.29

9



PSR T AT TR o
A BRI r;"f‘l%lif{,%%’.\ \ )\:PEF a\“x . %
HF R AR 7 SR FTH k2T -

A ELE BT j\ J—Tf\ﬁfiﬁjl@/ﬁ—n/ fﬁ‘ﬂf‘?i\? ﬁ\ux ,F,L/#)\X;:t;g AR
R R K TRIE P ] TR 0 R B BT 48T IRT - Bk
PUE T A AR B TP Rk > A N R Rk hT 7 B PR A
P ABHT B RFE R RBETARE I HAS R F R R LR ER2
FAMREZAHT R M B AR TR T WA RTHLFERD 2 h 7 L i
% -

ai:‘@ E J@;‘%’é’i%#ﬁ?j TR U Mi

AFEREBE - p REE S ART U AR E b B Gl P 2R
3 %iFW@gim@g, FEMP ZHEE G TEEE S RRTH T

%Tﬁl/ﬁﬁ.‘@:ﬁﬁkliingﬁi oj\ﬁﬂiq,\lj \—\[,:\FI #ﬁﬁ,{]\?kﬁ";f)\?*ﬁ‘m’ ;\j\—‘iqu'-
_‘E;l} ‘\‘Zi_‘g$'?kﬁ;b‘?*ﬂl‘m Jﬂlif—‘w'l} Z-}E$JJL54' ;}}\P%g__“’ o /Eﬂ"{l,{ﬁ
@ifw’%/zj\j\ﬁ» ﬁ*’wﬁj ﬁ'lj-*%ﬁij—ﬂ\@i‘é'@—ﬂlb”é’lﬂ] DI L

\\?{y

SRS
1. ﬁﬁ$’%m’@?%?%%ﬁ@%@Féﬁ%%ﬂfﬁﬁipi’%ﬁ*gl”
1fBEEF TSR LGS -
2. HREFE RN BEAALE - RBERFEZ 2R > LB R KT
B LH
30 L E - RN97 B ATFIHE ZE A AR SRR A R F A
g L@z e
4. Beydss 97 BA UL EMA N QR E F TR ERTRE 2T 0 A 2
EFMNEEFT L o
5. W RA N6 BB FE L AH Y RV PHLRE TR AT ARE F
g AN Rl ) R SF A % ERFTAFLTHL®m Y o
6.1%4?’%%’@?% A REREF SRR PP K2 LA F
1IFEIREGEFTAFLTH LA o

7. BEH R0 ARETARETARE - 5T A HHICIL BT B2 LA g
MIsE L ST LY o
PR AR A G0 KT RGBS T AR 8

2RFREMF AT E
9. Allen, F, Karjalalnen, R., “Using genetic algorithms to and technical trading rules”,
Journal of Financial Economics 51, 1999, pp. 245-271.
10. Chang, T. J., Yang, S. C., and Chang, K. J., “Portfolio optimization problems in different
risk measures using genetic algorithm”, Expert Systems with Applications 36, 2009, pp.
10529-10537.

10



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Changchien, Y. W., Chen, Y. L., “Mining associative classification rules with stock
trading data — A GA-based method”, Knowledge-Based Systems 23,2010, pp. 605-614.
Chen, Y., Mabub, S. and Hirasawa, K., “Genetic relation algorithm with guided mutation
for the large-scale portfolio optimization”, Expert Systems with Applications 38, 2011,
pp. 3353-3363.

Cheng, C. H., Chen, T. L. and Wei, L. Y., “A hybrid model based on rough sets theory
and genetic algorithms for stock price forecasting”, Information Sciences 180, 2010, pp.
1610-1629.

Cheung, L.W.K. “Use of runs statistics for pattern recognition in genomic DNA
sequences”, Journal of Computational Biology, 2004, pp. 107-124.

Chun, Q., John, C. S. and Tang, “Foreign direct investment: A genetic algorithm
approach”, Socio-Economic Planning Sciences 40, 2006, pp. 143-155.

Esfahanipour, A., Mousavi, S., “A genetic programming model to generate risk-adjusted
technical trading rules in stock markets”, Expert Systems with Applications 38, 2011, pp.
8438-8445.

Fasanghari, M., Ali Montazer, G., “Design and implement of fuzzy expert system for
Tehran Stock Exchange portfolio recommendation”, Expert Systems with Applications
37, 2010, pp. 6138-6147.

Gelman, S., Wilfling, B., “Markov-switching in target stocks during takeover bids”,
Journal of Empirical Finance 16, 2009, pp. 745-758.

Ghezzi, L., Piccardi, C., “Stock valuation along a Markov chain”, Applied Mathematics
and Computation 141, 2003, pp. 385-393.

Gold, S. and Lebowitz, P., “Computerized Stock Screening Rules for Portfolio Selection”,
Financial Service Review, vol.8, 1999, pp. 61-70.

Holland, J. H., “Adaptation in Natural and Artificial Systems”, Ann Arbor: The
University of Michigan Press, 1975.

Huang, C.F., “A hybrid stock selection model using genetic algorithms and support
vector regression”, Applied Soft Computing 12, 2012, pp. 807-818.

Huang, S. C., Wu, T. K., “Integrating GA-based time-scale feature extractions with
SVMs for stock index forecasting”, Expert Systems with Applications 35, 2008, pp.
2080-2088.

Jang, G.S., Lai, F. and Parng, T.M., “Intelligent Stock Trading Decision Support System
Using Dual Adaptive-Structure Neural Networks”, Journal of Information Science and
Engineering, 1993, pp. 271-297.

Jiang, Rui and Szeto, K. Y., “Discovering investment strategies in portfolio management:
A genetic algorithm approach”, Proceedings of the 9th International Conference on
Neural Information Processing (ICONIP'02), Singapore, Vol.3, 2002, pp. 1206-1210.
Kara, Y., Boyacioglu, M.C. and Baykan, O.K., “Predicting direction of stock price index
movement using artificial neural networks and support vector machines: The sample of

11



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

the Istanbul Stock Exchange”, Expert Systems with Applications 38, 2011, pp.
5311-5319.

Kim, H.J., Shin, K.S., “A hybrid approach based on neural networks and genetic
algorithms for detecing temporal patterns in stock markets”, Applied Soft Computing 7,
2007, pp. 569-576.

Kimoto, T., Asakawa, K., Yoda, M. and Takeoka, M., “Stock Market Prediction System
with Modular Neural Networks”, In Proceeding of the 1990 IJCNN International Joint
Conference, vol. 1, 1990, pp. 1-6.

Korczak, J., Roger, P., “Stock timing using genetic algorithms”, Applied Stochastic
Models in Business and Industry 18, 2002, pp. 121-134.

Lazo, J. G, Vellasco, B. R., and Pacheco, A. C., “A Hybrid Genetic-Neural System for
Portfolio Selection and Management, Proceedings - Sixth International Conference on
Engineering Applications of Neural Networks”, Kingston Upon Thames, 2000, pp.
182-1809.

Li, J., Tsang, E.P.K., “Investment decision-making using FGP: a case study”, CEC
Proceedings of the Congress on Evolutionary Computation, Volume 2, 1999, pp. 14-21.
Oh, K. J,, Kim, T. Y., Min, S. H. and Lee, H. Y., “Portfolio algorithm based on portfolio
beta using genetic algorithm”, Expert Systems with Applications 30, 2006, pp. 522-534.
Orito, Y. and Yamazaki, G, “Index Fund Portfolio Selection by Using GA”, in
Proceedings of the Fourth International Conference on Computational Intelligence and
Multimedia Applications (ICCIMA), 2001, pp. 118-122.

Rafaely, B. and Bennell, J. A., “Optimisation of FTSE100 tracker funds: Acomparison of
genetic algorithms and quadratic programming”, ManagerialFinance, Vol.32, Issue6,
2006, pp. 477-492.

Shoaf, J. and Foster, J. A., “The Efficient Set GA for Stock Portfolio”, in Proceedings of
the 1998 IEEE International Conference on Evolutionary Computation (ICEC98), 1998,
pp. 354-359.

Soleimani, H., Golmakani, H. R. and Salimi, M. H., “Markowitz-based portfolio
selection with minimum transaction lots, cardinality constraints and regarding sector
capitalization using genetic algorithm”, Expert Systems with Applications 36, 2009, pp.
5058-5063.

Wang, J.Z., Wang, J.J., Zhang, Z.G., Guo, S.P., “Forecasting stock indices with back
propagation neural network™, Expert Systems with Applications 38, 2011, pp.

14346-14355.

Xie, H., Anreae, P., Zhang, M., Warren, P., “Learning models for english speech
recognition”, in: Proceedings of the 27th Conference on Australasian Computer Science,
2004, pp. 323-329.

Yang ,Y., Liu, G, Zhang, Z., “Stock market trend prediction based on neural networks,
multiresolution analysis and dynamical reconstruction”, Proceedings of the
IEEE/IAFE/INFORMS Conference on, Computational Intelligence for Financial

12



Engineering (CIFEr), 2000, pp. 155 — 156.

13



