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Abstract

There are many investors in the stock market, and more and more people get interested in
the stock investment. In order to avoid risks and make profit in the stock investment, we have
to determine several aspects using various information. That is, we have to select profitable
stocks and determine appropriate buying/selling prices and holding period. This paper proposes
a data mining tool for the investors’ decision support. The data mining tool makes stock
investors apply machine learning techniques and generate stock price prediction model. Also it
helps determine buying/selling prices and holding period. It supports individual investor's own
decision making using past data. Using the proposed tool, users can manage stock data,
generate their own stock price prediction models, and establish trading policy via investment
simulation. Users can select technical indicators which they think affect future stock price. Then
they can generate stock price prediction models using the indicators and test the models. They
also perform investment simulation using proper models to find appropriate trading policy
consisting of buying/selling prices and holding period. Using the proposed data mining tool,
stock investors can expect more profit with the help of stock price prediction model and trading
policy validated on past data, instead of with an emotional decision.

B keyword : | Decision Support | Data Mining | Stock Price Prediction Model | Neural Networks | Decision Tree |

« B o ShMOfstm Wi | XD Y
Hews : #111207-003 AlAterzel 20124 019 062
HEUR} 2011 129 07 WHXMA} - Y-S, e-mail = sdkim@hansung.ac.kr



FXIL oArAY XIHE et HlolE{olold =7 473

o
&2
rlo
oX
T
]
ek
oo
_O‘L
2
I
Y
=
ox
e Mo
2
o
ok
i
=
e

).,—|—‘
SUAPS
1%

J %‘
g
g8
=
1%}
o

1% W
QL
rir

N
it
)
Sh
1%

(technical analysis)¥} 7}
ol otk 71e4 242 #2419 7HA4 8l
o3 AtE e vk 71eA A%
2 FE FH] AEE o] &3 &
FAE fel Attt ool Hla)
AFAZE o] &5 EA 02 FJALY] 7
& AT 55 FMgte AewA Y]
2 Aok a8, Ik ARl FAARES
= G338t nkgk o]
= %*HQAMW AlEste=
AgE Bz 2444 dd o3 FAE5 fa
2h el JRE BAsta Jre) 2o o

)

el

=2

(
)

o wlo

Mo o Ho
=
_o|£

>

1
(o

oo o
)

o

kI 1% oo & o

o

N

}_

(

3]

ﬁ,
[
= 1%

4 F
>
M wd

=
E
=

N
N ny
Mr

r-1n: 2

2odt gy do
—_
X

E
£ L

r&'ﬂ )

ut F
A= sk g=loly ZldFEAAEel HlE o
= @A Fohe ddolth = B ]l FAAES
71 FARYE @] FAE 2 skl gl ol
= oA vidvde] =7 Hlol8E o]gste] 7]
%% 2 H(technical indicators)E AAFSIL o] & o] &
g 71ed FHe FIT 5 e B=rE Adse] &
gk )Rl FARAbE ol A3 Ve £4E sl Hol
Elol] 710ke A Aeks Saf F4 FAE E 5 Q)
E== Astaat vy oy 7 28 ol 4
R e i e e e ) A e i e R

(trading policy) §lo] F4juluj& ot A= 59
S A7} mlg- ot whEbA A vin A
< A3 FA vlelE el i3] FA; AlEH S
& YRR 3= /TR Alwetast 59

B =R e 7} A 9aks Foa ddEe
st Ve ARE ANl ol VAT 7Y

(machine learning technique)oll 4-8-3l] 7o & &

d(stock price prediction model)S AAdta, AAE
T8 48 F U WA S FHIES o=

A T4 TN ol
Hutold =75 ARt
Algsta 04 71%A %H% FABER AR Al

g
sgle W) 74 FARe o AAS Agdstze 4

o oy EXWEO] et 2 01

B i b

= ARE FE3E dolgnlod(data mmmg)ol s

ofr
ol
£

4 = 4
R/

2

g o AN
N
inj
o
)
it
M

1_“

o2t

k)

2

o

=]

_

=]

_

o Py
i

o ol
ol

ju]
ol
2
32
i

o
)
i
=
oo
_0|L
i)
it
BN
e
i)
oX,
%0
Ir
ox,
31:12
r ‘“

=
o,
—l

o
=
©
of, F
rlo
=
o,
o
lo
M
> T
o
off
%

_|>i
ot
ga
o
2
jincd
lo
K
2

A N 2Eg ?%s}%tﬂ rﬂolau}el A
olEislold e A4 |
FolAE T4 Fappol )
FA A9 AL A eleirteld &
AL AU AR B2 7

T,

ol
-

2o i o ot do &
o

e [N E
O
=2
é
T o o
o
=
&
mlo
Zi
_o'L
R
o
_EL
c o
2,
° >
rir

B
%
[e]
2 o
my
e o,
mo rir

ofo
40 4N o
M 1> oo

o

3
o

g a9d o #ejste] AREAE E4A 0148 & 9l
L2 3} Aletehs BT o] gdte], BAlAlE AaR
A5 71Ed AxE Akl Frtd S mES gt
i A2 F

glom, chepet vl g e B2} A5
E

FAR gl Bz A AT vhv

7} AaEolgrom,
) elole) el B9 A} B oo
A7 k. [l AAEY 58 o8 %7l-r7}



I
\I
N
ro
Hl
T
r=
[
o
ﬂ
r-||:|

x| '12 Vol. 12 No. 2

5 Tk #Hs] AHERE Asta AHEA [I. clo|ejotol'd =32 X2} 7|5
oA wg/mh = Al S AA S Al AlQka st

2] 2 [5]el 4% support vector machine} 42} & H=olA] Algtele dlolEnteld e 7)EH
a18]F(genetic algorithm)S o] &3l= EFo]d Al A4 & F9& A& F ' T TEHS FH35)
glS Flotalgin) w3k [6lo] A thekat o1 g A5y I AA AR A8 = gl A w4

& A JAEA X] 9 ol tlal st H 716 s Aedorn 54 Bt A S A

TradeStatlon[7]0]E}—— = 7)ed BAS Sl Attt V1A BATS H83to] Tt S-S AlEs)
ATEYO]Z Wo 23X} SoA] ALET glow 71wzl @] 4 FAAE 913 AbAA A ol &
uHuHoﬂEy].;q 235l 9= A|~Elolt} o]# gk Al &4 7 Utk ol & ffel SAAULRAAN Agshs v

S0 slolo] ALEE]oE HIEE HAE ARSH o dujde] =7} diolBE dejste] WE F49] 71E4
7FekalA] ekh e ol sjol ERAEL o]e w AXE ALtelol g, 7AIER: SS9 Sh/Hl~E/

TFEo] AAhs AIS Bl JAMEAS g 5= v A% dolel A AES O 28 T4 AlE
8t} dlol g Fate) [17 11 Algkshs dolgnto]

Aora wlolEnfolyd e ARk sjel EapAEol L7 = FEE BoE

Aaluke] Erbe]x RUlS mag ukSo] 2RO A WE F218] 71aA £4S e = 571 ElolHE
3 4= glon AAd g A4 WE A, B 7|7 o3l o] 7HA 71=H AR s Aok ftt. o]
& Ak dl loA® Al A A Aas £ Sfell mjdvide] =74 dlofel S o] g-ato] s 4
ol g3tE R Jhel BEXAr} oabARS AnH o w o] 7t dlolHE AAsta o8 dedth L 7t
et & F Y APt Agkete B1E 2 dlojel= AN A s = ZE T8 571
A 7HA 4 922 7T 3, 7 dlol e B oJHE XL o] 2R 7} T HolHE FE5}
Fo|t} njdujale] 7} glo]HE o] &a) ZE F7} o 7 F52 93 diolE & Aol FEUZ o]
dlo]E] 2 QAL o] 2 dlo|eluo] 23} ste] F3HA EE #Ejahs F71 dlolgwle] =g 753t [11 1]
o7 pe)gitt B4 FrtdE wd A4 wEo|th o] “170] sk F-io] F7t dlojE ¥ & 6H
7h Sl Y F ¢ Yok AdEE vEH A% T F7kelS BElE whe7] S8l bS] 4
= Azt 7ASES 98 dolg A4, 7As g 7leH ARE AR 7 doleuo liETEi
A Ae & @tk Ay WHor: AAY At 71eA ARE ARtste] F7bd S Bl 5o
(neural networks)[8-10]12} A Ee](decision trees)[11] Jast dolg et £ AlEHo|AS S8t vloHE A
S o] g3 4 QT BT} A, Fap Al B o] stk e dlolelel disiA ZAS s 7S H8
A EEOITh AT Sk Kol sl ey ste] F7hel S mEg AT [0 1]9] 27l &g
(back-testing)& St AA@ vl A e Fedap  OH= TR FAS wE RS AR wElH 2
= Ae A3 23 “37o] Fdals A B ol BEAE Frld=

2 = B = = Aoksls HloEnfo]y & FAE AT 7 sto] g v ol e
T P} 7%5S AWatal 3N =S ARE) T2} ATE AA G AR 2 A3HE BA]slol
o] FtdE e YAE I A Bl SalEs TS S F Y AT g AS FHAT S,
}4e AT e APeNE Agkste mrg T TR 222 AT Tkl et vy
Ao RR AS 5 e danE AXEa 5% g WHEIL o5 o]&dte] T4 FAA o] oAarEA
ol gkome] SAE A =S vHE R = 2 7



FA Exj7I0] ONZY XINS SU3t HlolEntolY £7 475

B 1. HE FA ZF= A% HoE2 EF

H 1
i 1 i clole] e
| s | z=ac, oig e FA B Alsxt
i A7 3L 7L B2t | g T4 M
: ezt L,
z2, |[ z=2 z=n | || olsBR 5,10, 20, 60, 120%7te| 71| BR
o o] & o o] E ooy I 7t HEE Ofxll 7H2achy| HEE
| PErESY) 5, 10, 20 Zto| 71ziAB 51 ofst
"""" """""""" E T ;'%gﬁﬁé G o e o
7EERE Hid|E A Typical price Yol 7HAHE H=E LiEtli= xR
u= RS 742 AR 2] AR 2e
MFI 2 9YISES Ssle RHHAE
) exiAE A2l T/ | KIE
Aol | | 1.2 27} lo|EiHiolA 7=
| Autk 7|l ALEATE 47 HolE g B & due
- aefste] [717 219} o] 7} o]y #e] sHS T
":_‘“ 33Tk “Stock data from KSE"¢] Z =2 ZAA
&olA AFshE A Fde] F7} vlolEHE 2k
a3 1, A EXIXIe| oAIAN X|HES st o|o]EjOto| ZU S AA3) 12]al “Create/Update” &S 28
e =val =28 & st Zoje] BE ol HS ol g3le] 7}
5 HolHE AN Atk o] Jde TE
. 7t HlojE 2| o A% 9 37} dolHE olgatd 7} 1%d Ax
1.1 7t H|O|E{H|o]2A s AlAtste] S5 HolE7t BAEM, AEE S5
M F2e] 74 BAS Al 771 dolHE o] Agol= MEE F5H9| dole7l A2 F7HHrh
ol-g3l el 717 71 A% g AlLtslof st 5 “TH AL BB A shte] TES AYshd 1 FE
2 Agfde] F71 vlolH = FAAP A AgE= 2 of tigt vlo|ElE YA shHolA Elgto 2y EnfE
= T F5Y £t HolHE Xt 7 F59 1| A S5 dolEl7F A=A E1E 4 9l
g F7HE d=3] SsiAE 74 E S5 dolH
w7k gesth Adske wrE @EFAddad B T
A Agere 74 Adee dole g olgstel 4 e o
20 YolB2 461 AR /&4 AX 1S 7 e
etel 7 F2E tolEE T2 4 RS 9k
FazAAN 20NN AT ANLe) F7} vlolE
v T 35, T& o5, AZL F7L 7k AL AR e
9 ARE xgeit] o| 25 E AAE= F7t tlolH | copeses |
Hlo]~o] 7 T dlolH= [ 1] 2ok

O 2, F7t ololy 22| stH



476

Z2EXSH3|=2X| '12 Vol. 12 No. 2

ro

77t HlO|E{H0]A QIE{H|O|A

%—F:Oﬂfﬂ AQteh= dlolgutold == F7} o]

Efuljo

==]
T=

o

=

(2

20 FeF dlolE s AAshs SlEH o]~
% 317} Zol sk

Edit Help

Ipar:
I

et daabase
CiProject!StockDara\ 20090302200 @) Neural Nemwork ) Desicion tree

— I I
! I ! | sumulation

Serperiod Machine leaming technique
StartDate 200904 49 19 #5Y ~
‘Tratning\Test\Validation

End Dare HEEEY 12 30¢ +8% ~
seieet® ©) Training Test Validation

Set date Set feature, file name
Date 20124 19 119 89 ~ Feature set NN1F.oxt -
Flle nam¢ NN Training |

Generate

J% 3. 7t HlolE{HlolA QIE{mo]A 3HH

AEFlo] =5 o] &
TV A8l AR E =
Bl E(test) Blo]E]

gl #7615 e AR 9B

34
% A A9F 5 Qe Z, 713

=
BH=
= = T M

& A1 ke Waw 7144 AXEE AL
49 710 59 dolelS A5 13 o8

Z HAEL07 XA Hr) of7|A] HA
AR Sl 7 21

grek=tl, ol2 F7tellS ol A8ahd v F7bel

gk o=

A3t AR e A3 ghe AR FApol A

gohzu] HHT. Adgelut /44 ol T F5

of sl i H4 g A FREL Aslgi, o]

[e) v o AA T

52 dolB= ZIAISg ol H(noisy)o] d 5 3
s

of grhE S%L

T 7] el

2. F7M0IE 2 My

wRoA] Ak HlolEnteld Ert A A
e Agstel TS BUe AYFoRA KA
NS AR, o7IHE QTN AR

i)
ol
o

= oje) bl Ze] Bad /|EH ARES AL
s, 1%, HAEE 93 dole s 44am, 7)e:
% 712 Adstel Fh3 nae 44, BoR
CEEDESEE R PEERERE B
U 54 5 ek o8 B A8 @ IR F
Fhel% w4 Qe

2.1 JlgX X7 M

Q. 011_106_0_ ]’1;]_ Rvi ;}‘_—_
AHgAE vlee) Fobe] JgE vATha Peeke
’\7(—1 T2 XEeld 2= 11:E[ a]gl, L] ]%
7] A= %Q‘IJE AT 11:!4 zo| 7=
A AT X 3Ae FAE T
l A AL Ij. A
o - poe | D
File Database Edit Help
| T I I
Dat: | [ | simulation |
Gradient ry
s [J10Ma [ 208 ’2:;““\“’—1?‘—”5“‘ Feature Name
- » .
[T 60MA [] 120MA ] Al Today " Yesterday [ | 2 days befor Feaume save ‘
T 3 cays befolF] 4 days before - [ tosdseanre |
510 []s-20 5-60 5120
Grad Tum.Down SR
1020 | | 10-60 10120/ | 2060 | Today T Yesterday _ 2 days befor
2012¢ | 60-120 [ | Al 13 days befd_| 4 days before
Real valued indicator Grad Change
Today ] Vesterday Y 2 days beiox
S Relauve suengii n
1713 days befd | 4 days before
Money flow indes”| Fearing
. Price Up/Dowa
= — Todsy [ Yesterday )2 days before

a4, 718X X|® ME 51H

& v)AEA & 5 glon, Oﬁﬁ At d e
r own

i sk 7)EA X]E—% ﬁa—? Oh"— 7] 74] StES B
3] 7+ A Z7t v Frbe] wAE FEgS aejshs
7hel & RdS AAst L Bl AEsE HES Sl Al
of kg AL 5 gleh AMERPE Addd 7)E4 A
EES AL o]F thA] 2Este] oA 83 &
UEE sto] taksl 7|4 ARE A48l F7hd S
2aS BT F JRE Sk T dloE o]
QEHo] A R A= AEd 7]&d AR o] 83}
o A-g vlolgE At

A2 AT E 7Ed AREL AA A Fhreal
value) 83 o)A Zh(binary value) Fr8O8 5%
o) A g FEe AREZE 0BT ME



clolEfotold =7 477

3

=

S

£

o

=

|

T
=

o

FA| Exfxie] QM X

n &y W T j—
PETEENE 2 \
~ B A MM.H < % ok 0 No T
im@aﬁig% P T E ol T o E T K o T
W BT P ART W mE kT T Aar=
EEE LR sl SwERET LRt
oM 7= I = P8 @ = e 2 A g SR I o
LR B T & Eﬁaﬂaﬁxﬂo@aﬂﬂms%fﬂ
RO L : IACHIRE, ﬂﬂﬂ@?ﬁ%m ,ﬂmﬂ%m_ﬂ
ﬁ%ﬂ%%azk i RLERL HT EWLﬂ%a.ﬁmMz:;Ezaﬂg
o< al s 2 iy TO L
7&ﬁ&ﬂ1i@ﬂ \\mmm L_.__ _/‘Iﬂ‘ulgl‘mlO#E‘MLq‘l&lrv‘mE‘_o_lfu‘ma
powd D=y I I W o TE T E n XS = ¥ %
AT A e ; I I e TR S
N TR U 3 i R R - I
ol WP o o = M 3 p gt R mo= mH Ny
G+ T o oo X ? 3z ol E]EEO il m_ =0 Tol ]J-o;lmﬂ R ﬂl.m;o
g ﬂwE]oﬂﬂHHTﬂl g i 5 |z 5 =0 quﬁ&ﬂm,_ﬂwmahﬁmom[ﬂoﬂo
,mm% i %Wﬂ.ﬂaﬁr DR oo HT,l oo u T o R 4 wﬁ A
%%EfT,m%% e <! _ﬂﬂ%ﬂ@@ﬂyogﬂﬁg oy
%.%L@a_%A Ol B o %%E%ﬂ@;iﬂﬁﬂﬂ%e_
ﬂmATﬁwmﬂ‘lEEE 5 mmwm! | O#EMOXWHMBHMU,W%7OE‘WL§M
ﬂ.z%mo%%&wr e ¢ L oy Emﬂ&%_suﬁﬂm_%@ﬂﬂﬁ
Ho oy o B HELEL ey g R 5
R OWp o Ll i EE N R R ~ X T T e L B o o
| o o = 2 g - . zTﬂ/FﬂEv Wq.w_ mﬂe‘_tmﬂmﬁc&o
N Tl S - A SN
R I S -
do i B M X R AR Wl o
oR >~ ~—
~ o~ KX = =~
o N~ (- B ~w N oo B OB O O T oo %o
S®m LT g %%%aﬂﬁﬂmwﬁ MET T PR T P I
— o o , = oy o %) ~x ~ X = —~ = oF A_I o AT
Knmﬂmlfer Mqruo%%m,u?%ﬂ _ﬂu_a%%%%ﬂ%%@wﬁﬂlﬂr
Erlia e 3 aywmﬁ_?jHqiﬁm%awziE;ﬁﬁﬂmm
T e o9 Ho o XN at B = 5" o @ P A ﬁoeh o
G E o E fow B & b T %%wo@mwioaawowmA
%qﬂﬂldyp oK ok 4 N %aﬂ_gﬁwqﬂoE‘_uoﬁoﬂﬂﬂﬁAEﬂﬂXeE
f G —_ % — ) —_ T juing
: o SERCUREEE - o)) > s LS T 2R o
5 L © o = ~ X zo B WP = w T OE He
muV%Ewa g ® R ) J%%/Tﬂ%xF&V#édn%u%m,ﬂ]mo@?
— _,_Vu _ = 1 K m =2 % i Lf o o) N bo O#E [s) o ) .S hl g X =
B A A .cﬂﬂ:m_a%ﬁ@wﬁﬂ@w%wmyﬁ%wg%ﬂ =
S B - ol gom%o_ T T B oﬂeﬂﬁolﬂydﬂé%z
Al Gl T 8 g A o W A =% i Lo Am
W N T mo o M o8 = W o] I do © o N NI T g oy N o H
oﬁgoﬂulw_.ﬂumﬂﬂui_. mu.m.ma%aﬁ%q%%%ﬂ&miﬂgemwﬂwmlwmmoﬂwoxuﬁ
w e BT M T N mopwgan%@}%zﬂﬂwdﬂiﬂﬁ = g Bl
= = = 4, © e of N R = o T M
. op R ol N o 5 — — © e T B ooy o T ) o gl
o = o =W 4o = o b Bl o B~ ) w| oo o A0 o o e AR
o gAY __oﬁmm%%%yx%@_%%iqMa%%qgiw B
%ﬂwﬂaﬁmﬂae W%mmoi@hdr.ﬁﬂ@wﬁoﬂ%%@@hﬂ%%w%%
?._Wﬂﬂii%ﬂﬂm W_Wmmﬂﬂ%Wm%iﬂmﬂwmmzmﬂlmmcﬂ#eﬁﬁﬁaﬁﬂzﬁﬁoa_.
i = % ~ T ~ MU . LA AR
fgmﬂﬂowﬂmmx zzﬂﬁﬂﬂﬂmzwgaﬂmo%% Mwoﬂu.g_@A?
S < o = o WO xS He % yli‘.ml 1@ s | s o=
T T W A do 0™ o o A — 55 % o) B =K o2 B = D
0_/;001_ [ o o ZOEOgOM
BT B ode W BT o= o e &
( X B R AR N

-

ol vepdh

R
o] 2

s

E

7Ie ke Aleste] o

L
L

3}

9

=

e 2



478 3st=ZHX53=2X| '12 Vol. 12 No. 2

g - WLY (F=Sol X ] ol [ =X=]
File Database Edit Help File Database Edit Help
it ) I S T p—— D J sccio e fr [rrimng/Tesept_ Simlation
“Training Test % 2zt i [
Traming Data Test data file c set
[ Setpretax ——
i LIEZ Bk Buving discount ratio Expected profit ratio Loss cut
05 o 254 254 -
DT Rulle result iFhenelse rle
- HB{72H
st set J *) Ome day 3 days @ 5 days 10days ()20 days start Simulation
Result of simulation
RmpT RuoT omesiilGe  Bngdse  Dumgpnce saldme  Selpice  Pom Ponizao (2 |
ifhenelse rle Testresult file 00270 20100210 s o 0 |
P - |ows20 20100211 123500 20100212 128440 39520
set 025050 20100211 115000 20100215 110600 36800 |
o7se30 20100211 37400 20100217 38596 38806
009540 20100211 220000 20100212 228800 35200 I
000700 20100211 16150 o 0 i
053000 20100211 13801 o 0
00000 20100211 279000 20100216 290160 33480 I
2| AXME | %I-_*/ " EE °|€ =|.I:H a2 eE= 5t 5}
j-|:|6 EO—E SS/HAES -|—I_|‘g|_ ::!7 x AEE{O L= °._|'2|_

of %1;‘4 o2 9% &Y 4 gtk 015— w"%ﬁ “H s
91 &-(buying discount rate: BDR), 7]t} o]¢] A&E
(expected profit ratio: EPR), £ %&(loss cut ratio:
LCR), ®-57]7Hholding period: HP) 5& 2 & &tA A
gsllof 311 o]F 4714 84E g o= ettt

FA AlEH oA 752 A dlolee] s ujujA]
o] 4717 845 thksiAl WEtAlA od A7E o
SAE etstal 1 A#E 7 AL AR sk v

¥ 5=% e Yeen 74 %

A7F A%
7+ 37 ‘ﬂolae £3) el o}h Zolu o] &
=3

F4 B A2 v o) B s oA
o

it

}
}// for

/i
Y/

if (53 >=

Invest_Simulation( e Z%k)

o FA] 71%) {
buying_price = closing_price * BDR;
if (buying_price >= open_price of next day) {
bought_price = open_price of next day;
profit_price = bought_price * EPR;
loss_price = bought_price * LCR;
for (day=next_day; day<=next_day+HP; day++) {
if (profit_price <= day’s highest_price) {
sold_price = profit_price;
sold = TRUE; break;
} else if (loss_price >= day’s lowest_price) {
sold_price = loss_price;
sold = TRUE; break;

if (sold == FALSE)
sold_price = day’s closing_price;

} // Invest_Simulation

profit = sold_price - bought_price;
profit_ratio = (sold_price - bought_price) / bought_price;
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