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Stock Trading Model using Portfolio Optimization and
Forecasting Stock Price Movement

Kanghee Park - Hyunjung Shin

Dept. of Industrial Engineering Ajou University

The goal of stock investment is earning high rate or return with stability. To accomplish this goal, using a
portfolio that distributes stocks with high rate of return with less variability and a stock price prediction model
with high accuracy is required. In this paper, three methods are suggested to require these conditions. First of all,
in portfolio re-balance part, Max-Return and Min-Risk (MRMR) model is suggested to earn the largest rate of
return with stability. Secondly, Entering/Leaving Rule (E/L) is suggested to upgrade portfolio when particular
stock’s rate of return is low. Finally, to use outstanding stock price prediction model, a model based on
Semi-Supervised Learning (SSL) which was suggested in last research was applied. The suggested methods
were validated and applied on stocks which are listed in KOSPI200 from January 2007 to August 2008.
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(Markowitz Model)©] $1THMarkowitz, 1952). ©]% & ¢
So| vtz Y= 2dS 7uko 2 guks] 13w o] rkBrodie,
Daubechies, Mol, Giannone, and Loris, 2008; Markowitz, 1952;
Seidl, 2012; Steinbach, 2001). Narayan¥} Narayan(2010)< A5
7HA S WEol I EE FAA | nlA| = S E4st 2
EZYLE T5ts WS A, Salem ef al.(2011)2
S&P 500415+ R Nikkei 22545 5 77} =9 F7HA+E vhg
o7 FEEZQE A= WS AQFsl th(Narayan and
Narayan, 2010; Salem, Shaher, and Khasawneh, 2011). Bekhet}
Matar(2012)& &HIA} 2|48] WFol| W& LEE . AW
& A 9Fa} S th(Bekhet and Matar, 2012). & - A 259
Qe Wosis TEFLQ TAY Bt olg} $E 719

B ATE olFgn ATuAY 2 201395 AR Ados =T TH2010-0007804/2010-0028631/2013R1A1A3010440)2] Hu] A go =
FY NS ARSI, o] ALl S8 3 3HTH2010-0007804/2010-0028631/2013RIATA3010440).
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3 TEZTQ Y l:;: 7% %t Andersen, Dahl,

and Friberg, 2009; Brodie et al., 2008; Kong and Kim, 2012;
Salem et al., 2011).

i, F7He S0 ik R ERE TSt WA A7)
s =)o} gt} Jeantheau(2004)E Auto-Regressive Conditional
Heteroskedasticity(ARCH) B2 & Ag-3le] F7HE ol 5319aL
Amilon(2003)%} Liu ef al.(2009)2 &= -2 A17g <l Skewed-GED
DistributionS ©]-&-3}+ Generalized Auto-Regressive Conditional
Heteroskedasticity(GARCH) 2d-& 218351 F71E o S3l=
HFH-S- 7 A3 BHAmilon, 2003; Jeantheau, 2004). Tay and
Ca0(2001)= F8A1A1E Ho|E S Support Vector Machine(SVM)
o] =)l WS A 0kakl A Kanas(2003)-2 Artificial Neural
Network(ANN)E. 2 2 S&P500 A o] &-& A =3} ThKanas,
2003; Tay and Cao, 2001). B3+ Yang et al.(2001)2 ANN2- ©]
23 L3 =]~ (Commercial Bank Loan Risk) ¥
Y= 95t 27|74 HAI2ES A2k}, Bekiros and Georgoutsos
(2008)= Al A E Tt ol B vt NASDAQ

Ao o]l -G | XEA] ANN 2dl S o] §-3le] B43}
A THBekiros and Georgoutsos, 2008; Yang, Li, and Xu, 2001).

T oA AFe TEEZY L B FUldF fﬂ?} A=

& o3 2& dAI7E SiTk AA, *E% £ 733k

TE 7He FAHE ol AsjAE 7]%@

ntsi 9= Bdd| 79keith &, F5 7 U}%“é% 7ot
A, O] oAb, F5 7He] FEARS 24 8) sl A] Tk
&5 G Hed, ol F Joll %
Holtk o]y WSl s &9 HgAS
=R, FEZE L RdEL F A 39, &
(Rebalance) 2} @18 ©] =(Upgrade) 2
Kim and Ryoo, 2007). £EZQ Z|¥AAE & 2
229 AF-FAEA slo] HEo] WA F5
E3ld FEZY Y A4S T 35387 93 7%
93"1 Y 5 HollA FAHIES ApllEehe &

O

£ g

I
n F7+E ]—0}7] Hg}‘ﬂ FTEY HA F7| AF2E]
SEFT. o= vl Fefgo] AAY FARE Aol 7}
AL B2 = Aol a8y F71E vEd & 284
= T 9A oz BAsE oy 85 Bi3siA 95

C 24 Wmdas dites £ 4 0, 3, 8 499 5

L

7t Ee FEARE AN A HolHENE, &
OE 942l o F84AAREY & - 14
o &gt ZAHETI He Fo] E‘:} g
2003; Park and Shin, 2013). 7]& 15L& g2
7} 748 s A 2 SR, £, 71‘:}"?} a8 UEHZ F
Z5 2o BASHAY AFstete Ao WHE
7k

olg|gt SHAMES FH3] fal # =FoA e v Al
7HA W ES ARkt AR, TEEE L R gdd
2 ZANME FA T 7 BAS A7 = rtE =
2d 0 oty /d-& EetHA 19 Ao o g Hf 3}
S Wb WS A|Qksi), A9ke 2 dl S Max-Return and
Min-Risk(MRMR)¢]2} W3t S4), LEZL L Zd7
Hdagele SHAME FE0] Az FTES iE%ﬂ Q
A A7) 2L o] FEH FAET} 7HE e A2 S TS
IANTIE S Adeth & =FdAE o|& Entering/
Leaving Rule(E/L)°]2} St} AlA|, 7)o &2 4 2 = Park and
Shin(2013)©] A<} Semi-Supervised Learning(SSL) Z-dol] 7]
HFS} o] Z1dl S 8-8-3FCK(Park and Shin, 2013). ©] o S&E
< O AR Y A B8 2 dedad s
EYIE {33}y —7[57]--2— o &3t}

U}JAHZ Utéﬂr —r7}¢ﬂ;°ﬂ E%% SSL %} .
A 3T B = A ARbshe HES Asth XE
279 FWe 2~ HPHE © 2 X Max-Return and Min-RiskS A
Hek EE%H.?. Hdaglo]= WHES Entering and Leaving
Rule2 A3t} 18]a1 SSL7|E F7}e) S 2l g A i),

A 478 1% A3 g AFE BoAEoh AR 22007
195E 2008 §$92) KOSPI200°] AAE FEEZ 24 2
AU v oR A 5FL AROR B =ES v
gk

2 e

2.1 vl $) 2 Bl (Markowitz Model)

Plmslz ZEZDQ RYL RE FA7)8 F4 449
22a, #9% 238 M FAGE ARdte olBoE

NEERS BiErg, T4 F509 3A A5 ARt
ol 24 EASHE o] 0|t o] o £.& QT 5215 Aok 3}
o 4ol AR she FHo| FAlsiate] QHFA Q) TEET
LE A AL 71E N3-S dth(Markowitz, 1952). T}
A= RS goFebd AP ALl F5 | FAHE H4
Shohe A BAPSE Bohn, a7HE A4 7|l EE
248 of st BE AE THe e 5ds FEZE Q] FA
atar, I =7 glvke Al 7HA 9 AlkE S 71 WA @A
¥ 2 d(Nonlinear Programming Model)o]t}. Zdlol] ALE-F=
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A 347} eA| A7 (Decreasing Marginal Return)< EO]L o]
2141 8(Quadratic Programming) o2 3| E F-3Hci(Hillier
and Hillier, 2008).

= 3

O{N b
tlo >

22 2P = 7N EAE
Learning, SSL)

8¢ (Graph-based Semi-Supervised

Y E 7N FRA = S (Graph based semi-supervised learn-

ing, SSL)o A& :LFJ]JE FHE FALEE o]&ato gol&
o] Y= H°oJH Y #ol& ]~, ,}E}(Shln, Hill, Lisewski, and
Park, 2010; Shin, Lisewski, and Lichtarge, 2007; Zhou, Bousquet,

e
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Lal, Weston, and Schélkopf, 2004). <Figure 1> SSL2] 7]& &

gL HojF} SSL - AA dlolE n(n = 1+u)7i FollA |

A8 #olEe] e HolH{(X,, Yy), -, (X, Y)) urf

glo]&o] Bl A2 & tlolE & ARE-giT HlolH Y glol&

2 goj o] 9 1 EE 1R AREE(y,E (-1, 1),1

=1, 1) 28R A 002 A Y, {0}, u=1+
-,l+u)

HolHES 12z 2 R AT s
A =EF Aboldl AA7F A E T i B9 E AL
o]9] A9 AAR T = FALET}L S7HEGE AR =], s
o 2 (2)0ll o3l ABHET & S0, i =9} =B FALE
7} %E}% 2 )l wheh wygtel AAA Ha, i =9} js 9
FTARE} %E}tﬁ wigko] 2ot Al "t o714 o2& BARS
ofm| gt}

[e]

s 73
]O]—O
W

L=

Ir kr
ru[ﬂ
oﬂt. FH

o if i~j (2

otherwise

K-Nearest Neighbor(KNN) == 474 v LHOHH«] FE=
A2l g &8 ol FE AR E Tk, —x* <r). SSL &
1FS 4 (3)Y Olﬂgx*?}—?% FOZH golEo] gle
259 gk oS3t 5 Z33cKBelkin, Matveeva, and
Niyogi, 2003; Belkin and Niyogi, 2004; Zhou, Bousquet, Lal,

Weston, and Scholkopf, 2004).

Minf(f—y)T(f—y)JrufTLf (3)
0:17]}\1 y‘— E_L%}\-gijﬂ y:(yl7 Tty Yo 07 Tt O)Ti }g;g
EJB:] %a%)((q]é%)\—)% f:(fp ) f17 f1+1v Tt fn:1+u)T

#HEh L& Graph Laplacian Matrix ©]™ D = diag(d,
D-W=& Aeojdth 4 (3)9 F 7HA sHxa g;%‘——‘%(loss
function)= (a), 1 F-%(smoothness function)= (b)2haL 319, (a
Z9y fe golEo] @ REXE =B & EJ FyshHls
gloF star, (b) AE 7 =219} Y2 A2 v

4
£ Al BEAYIE g AEAT. 4 (0)9) THebE uE
oleig T 44 270l 4ol WAL GBS 2AHE G5

seplE A AR o8 AeHk 4 ()l Haske
£ x20e BEAI)E g Fa7) 90 v o Theel
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e S Ue FAFAE A g0 1 WE
o] oFY A FEEZ TA LEZE Q(Portfolio) 9} <l =
o] Aggt TS Edo] et B =X e oS
o] F7] fl5te] tha) Al 7HA] WS Aljketh A, TEE
2L U SHAA AT 7]9HS Fo] AAE =
Az 2l SAE F537] A3l S TFsIHA 1
o} Al Y £UES 4S F J= Max-Return and
Min-Risk( MRMR) E.2-& |3t} E4), ZEZ 2|2 g

o|E ZH A ol o] F& TES A At FolEo] 2
TES ITINA, TEZYL FHTES 870 #YT
4= )+ Entering/Leaving Rule-S A 9Fstc). Al A, —T—ﬂoﬂé 2
9 2o M= T} 8 SSLY I oS 2 ES 0] 831
Buy and Sell StrategyS A =3+c}. <Figure 2>+ -?’] A2 3t

e¥ab7l Lhepale,

U 2 Aol de & A2 ol 25| AlQFshe Max-Return
and Min-Risk(MRMR) =2, Entering/Leaving Rule, SSL7]4F
Buy and Sell Strategy ©l| tste 7+efs] A7) gt

3.0 ZEZFQ F¥HA A WEE  Max-Return and
Min-Risk Model(MRMR)

Plaslz BUe o) 2aE 35
23ael 25 AN &L 42
2zt Aol 249 408

A B =50 A] A|2ts}= Max-Return and Min-Ris
2do vp39x Bd o oA E tha 2ol st 2 E
2 TATE Y FEAS HAs AE SAl,

Portfolio Rebalance
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TNEEE HA7|HY
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Subjectto Y u; X w;, = K

i=1

N
Zwi:
i=1
v W,

/7 Portfolio Upgrade
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Figure 2. Structure of proposed three methods: Max-Return and Min-Risk model (MRMR), Entering/Leaving rule (E/L), Buy and Sell

Strategy based on semi-supervised learning
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Az GA] vtZ = ZHdo] HA4 75 E oA
& 7IAE 71819t vha g2 RdoME TEZE]Q WA
ﬂ*ﬂtﬁ?%‘%ﬂ() ol o] Aok Foj% o}, MRMR
= WEEE HA7HFIEk) 20S F7H o]
wre %%4 FEAgo] S BA-C] S
Az ot} NEFE ] Hav])
ol 52 R MAA A KOSPI 5248 Hlaste] 93 gk
Ao g Aejgitt o] ghe ZAA G ool Wl g oz
A 27890 MRMR 228 SEZEQ llH z
£7Hs 24sle g FEZE S Jadel= =H
glth. o "ol A= o] F& Heta}y] §l3) XE
£ dadglo|=3sl= W<l Entering/Leaving RuleS Al

X
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O e rlo Jfd o O > ont fir
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32 XEZ T Q Yad o= "' E : Entering/Leaving Rule(E/L)

MRMR 2dl& ZEZ2]Q £ 50| 3l2tet 49 FEZT
L PHEA S TR ST 2t e RES
L& TSk tFE e $50l stHE Bolle
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Figure 3. Changes of stocks which composite portfolio based on
Entering/Leaving rule

EZF S dadgo|=rt Basitt B doMe XE a] ¢ 9
Tago]=9] HHH 2] Entering/Leaving Rule(E/L)< A| St

E/L& T3 2tk MRMR 2] 7] FEZF S ﬁ“é%
52 AAFYE] ¢S THOE AT 2L ELS
A 3.1 A (5)9) NEEE HAaT o E kK)o FJskA &
EZES LeavingA 71tk 181 AR FE F 1 225 714
A7 e FE5E AdEdto FEEQ FATH £

AT FAEEE Al 2249 24 2)F ol§3te] At o

710 A EEZ2] Q9| Enteringdte 52 A 5,:9}§~—Q kol
Faglo] delgitt. &, A2 ddste T8 HAFES
& 7|l g 24034 AAIGle] Ak e et
HuFat, Entering S5 #HAFIEL FAIEE 78 W) ‘Q
&2 3kg n X B2, vkt EnteringE=-2] A4 E 0] 24
(5)9] &7t 2 E (K)ol PN A T FALE7} 7};}
Se S FEE-S At o & o] BLS =485 U
3} <Figure 3>3} 21},

AAEE JES set sty REZE L FAARS S,
Zhi A oJetd, TEZE L S0 FAEE F LG chemd] 5°
g0 /MEEE HAV|QFIERY WS AE o] TH

=]
7

P

LeavingA 21t} 28] 3L LG chem 3} 71 FALE 7} B 5
Hyosungs LEZ2] 2 S,9] +4F50] A Z EnteringAl 7]
o] & & k3l U2 <Figure 4> 2t}

Definition

u ¢ A FEY ARG E

S : AAEFEIE

Sp : MRMR RS 743 F51
s; o A AEEE

SR EEEEESEERE
s 15,9 7P AAFSEA] @ (dissimilar) S5
v AAFEIFY NEES

el

Procedure
For i=1:N
if u; <k;
Sp=Sp\ \{s;}
sd =max7 dissimilarity(si, :L‘)
dissimilarity= 2] (2)E ©]&
S=S, Us/
end
end

Figure 4. The definition of Entering/Leaving Rule

E/LY 93 nAHE FAZES uleto 2 MRMR 2Eo]
A2 dagol=sd 1o wE RS E <Figure 5> 2

o] w7l A B,
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S;: Stock

Stock Proportion

Si Ss Ss

Sl~

*SS

1 1 1

MRMR MRMR-E/L MRMR MRMR-E/L
(Rebalance) ~ (Upgrade)  (Rebalance) (Upgrade)

Time

Figure 5. Changes of stocks and ratio by MRMR-E/L

3.3 F7t4 =29 : SSL7) 4k Buy and Sell Strategy

Buy and Sell strategy & ©]-&-3}o] Edo|d2 17| $ldi- <=
F7Hd S 2do] dgsit) B AFoxe AIAG B4 A
£ SSL2- ©|-8-3}%] Buy and Sell Strategy S A] =3+c}, A| A&
A0 AEeSSLE =BV 77 5 HEARER A H
A 27 AR E FEA R FAIEE EAEDTHZhou ef
al.,, 2004). :=EE & g o] Eo] FolA =], AAE HolEH =
o]Fo7l 7-} X]E%% A&EYH Y S 7 BE o] £ Hol&

L

SSL& frAFE Wl EZ (W) o] whet 2 9] o
A%e F5sd. add AAE HolHe 13
(oscillatory noise)S 7FAI 3L Qlt}, d|SA 50l E& FALE
EY2E FAs] AsliAe ARt A3 S BESIHA
25 Zol& W o] Fasith webA Kim(2006) 2 Park et
al.2011)91 4 Akt A A|E Hlo|HE 7]%4 A ¥ (Technical
Indicators) & W3FA] 71 & HPH S o] &3},

71ed Afe FETAANA AT ARSI 7e
2 A 3Este] A AAE dlolE 7 afrstA za Sle &
S(oscillatory noise) 2 A| AL 1 Rl EAjst= 2 72, &
FA 2 72 HERAES ol F] Ue 98-S gtk 714
FHARSS U S AAE HolHRE o]FoA Ytk
o] A|AIE tlolEl= Al7tol| w2 ARAAE FAdstaL 2 (7)
3} o] HE

Xt:{X17 Xgs oty Xy oo Xt} @)

A7IM x5 AA AR & o A A3 9] HlolE &
ofulgith. X, 7} AlAIE vloEl’] 5434 SSLell 23 A&}
71ol= 2 7HA] FA o] EA S <Figure 6> A B 1)
2 AA rESE A ()2 o] 7t =Evtthe] 3 A A E
tloEl & Zka Q.

o & £ <Figure 6>°|4] POSCO

Ex AAE Heoly
X M1A-Motors 71 9] 31 KIA-Motors .= = f‘& Wiy

o] AIAIE

2748 % G0 WHS Ak o AolBE Ae  ofg) XM} gk BAIE, ol F k] SAKES T A
7] $1af 4] (6)«1 o g PR S o83kt
y=sign(X, —MA,(X,)). (6) Table 1. The Definition of Technical Indicators(Tis)
TIs Meaning
A1 HolEE Xigt & o #Hlo]&9] ofnle F7hek 54 p-moving  average
O]E-‘Tﬂ?‘ﬁg Hlwate F77F =& uf +1, o] FH T gke] = s, [MA (X,) = %(xt)—i-—pp ! MA, (X, )| (exponential
SH-12 4389 = =X UFZ]JEJ- o glo]&o] 3% 1ef smoothing)
Z 7|4k SSL-& <Figure > e 7R rgo g FHET x, —MA (X,) The change rate of x,
s, BIAS(X,) =~y )
N p(Xt) relative to MAp(Xt )
Thechange rate of
e _ MAp(XJ*MAp(XJ MA (X.) relati
...... 53| 0SC,  (X,)= MA (X .(X,) relative to
- “ ! MA, (X,)
Beconts o The relative rate of
ﬁb’n tﬂv ? ) 5 . ROC, (X,) X, X, change for ).(t be.tween
""""""" ) — X p consecutive time
-1 1 |7 1
Y wn points
X, — Min? (x ) ..
i p_ i=t—p—1
1 " S i v G M, ) Standardization of x,
St -1 3-Moving Average of
w 5 DP=MA, (K?) X g g
et A K
- | Rerre i (e =xy 40) The relative strength
Figure 6. SSL representation for time series prediction T ! fi—por (=%, 1) | index.




ZEF) e AA59} 5

g doleiE ey A8H0 R wEds17t olthed Aok
uwebA, ZF A A E HlolHES 7R 80E S 34, HE
= Bheke 71e A ARE #gstal o] 25E 7 =5, POSCO
9} KIA-Motors7Fe] FAIE S A3t} U2 <Table 1> £
AT AAE HlolEE MBA7I=H AHES 7714 71E
A ARES AL Aotk AtE =27 7719 7164 AR

=4 ()& o] &ato] A M EY 27 A E

7& Zq X]Ji AL frAE s E 29t ;‘ﬁﬂz‘ o] Fof
AdelER, FEZY L 48 59 Hol&s dSsta
o] Zkell Tﬂ-iﬂ- Buy and Sell Strategy & A]=3gHc} C’ﬂzﬁ 7} “f
> (7o A ZAF A i ATkl < 0ol M EE A=
Sttt o] & =4 3}31H <Figure 7>3} 2] T HETH

a4

Stock Price(X,) ¢>},' < 7
v, 20

MA(X,)

Hold Hold

.
=

Hold

Hold
Buy Sell Buy Sell

Figure 7. Buy and Sell Strategy: trading rule using SSL predicted value

4.3

4.1 9]¢

B Ao M AHE-3 bl o] Bl 20071 1€93E] 20081 §2 7}
2] F 40370 2] 99 F7K(daily data point) 2 ©]F014 T} E
EZgQ 2o A3l vlo] & KOSPI2009] 4743 2007H
ARSIt <FE 1>of FA3|AE ] F2ETL A A Eo 3
o o5 107 A E FAF o] Utk Buy and Sell
Strategy = 3t7] 913 SSL-& 0] &3+ F7}el| S Rl of] A3l T
o] E]+= KOSP12009] A7 2007) 3JAS FEohsh Mt 712
T8 2249 A4 DOW, NASDAQ, NIKKEI, HSI, SSE,
TSEC, FTSE, DAX, CAC, BSE_SENSEX, IBOVESPA, AORD,
KOSPI, Exchange Rate(KRW-USD), WTI, CD(Certificate of
Deposit)©] o]-&3tth. oM} FEHFE 3t 2k
ST TEZYQY 7AHA gL T5 ¥ %"Xl’“
20670Th EEHFEE XEZT Q] A= 107 £
o] Fof Xtk

42 24 v Py

AN

= 2 dFoA Ak MRMR-E/L A3 E/LES
LA 1A &

B
o MRMR R4, B/LS &3 vz = wd

a5

So| 43 FARY 541

ups 92 Bd-S vt 20073 195E 20073 59704 €]
9671 2] & Ho]E & 8le5 B 75717 K(training and validation
period) 2.2 A3, 2007 6€FH 2008 §E7FA| <]
30770 49 dlolEle] gk AeS HIWSAtHLiu ef al,
2009).

FEZFQ Hx o AT THE <FE 1>9 107)
okl A Bk E AT U M ol B =& FES
27k g T4 Addste F 102 738t REEL R
dagels F7]e HZETIZF Yol 2048 Ao R HAs
AL E/LS 817] 918l E5 3] frAkee SSL ¢ae] &
A= | EZAE 0] -8-3}9] th(Park and Shin, 2013; Ryoo, 2007).
ELE A83HA &2 RdE2 99 5YUs 7|2 TEZE
S YHHXAE A3

7 & 4l SSL-S Rolling Forecast & A3}
of| =3} tHM, W, and K, 2000). Rolling Forecast B o] 2k 1 ]|
"1 A1 742 Ho]E & o]&3te] tH1 A S ol &3k, 12414

S =8 W= A A RE t+ A AR S SH57)7He B ALE
?F/}. SSL 2ol HAFofof af= detrEl 2= ko p7t A
on, o]52 77t 4 (2)9] o= MGt 4 (3)9] loss-
smoothness tradeoffS 2| 7|3ttt A3 ol AME-H J}E‘rul B9 3k
SO (k ul €42, 3, 4, 5}x{0.01, 0.1, 0.3, 0.5, 0.7, 1, 10, 100} 3
919 #E T ASA st H# Y 2¢ o2 AAs5Th

2d7ke] 9 Wy ROIE /\}30}%111}(Barber
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Figure 8. The Definition of return on investment(ROI)
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TH $E7AE(HAE7 |7 £) ZEZE Q0] &3 £EE°]  Buy and Sell Strategy 9] HHol uw}
E/LY) 7]l BF F3ste] Waly)h giich ELS A83812]  (Barber et al., 2001).
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Figure 9. Changes of composing stocks during test-period using E/L

Table 2. Each models ROI in 16 sections during test-period

Period MRMR-E/L MRMR Markowitz-E/L Markowitz KOSPI

T1 2007.06.01~2007.06.27 5.86% 3.57% 2.51% 3.60% 4.27%
T2 2007.06.28~2007.07.26 11.30% 11.25% -5.35% 11.28% 12.11%
T3 2007.07.27~2007.08.24 -3.48% -4.33% -13.32% -4.35% -4.89%
T4 2007.08.27~2007.09.21 3.09% 7.85% -3.34% 7.85% 6.43%
T5 2007.09.27~2007.10.25 -0.56% -1.02% -3.27% -1.37% 1.59%
T6 2007.10.26~2007.11.22 2.20% -2.22% -5.10% -2.22% -11.29%
T7 2007.11.23~2007.12.21 -1.11% 7.59% -2.61% 7.59% 5.98%
T8 2007.12.24~2008.01.23 0.99% -9.53% -1.08% -9.30% -15.16%
T9 2008.01.24~2008.02.25 3.90% -14.08% -14.41% -14.08% 2.77%
T10 2008.02.26~2008.03.24 1.16% -3.75% -9.02% -3.68% -3.16%
T11 2008.03.25~2008.04.22 11.10% 8.34% 3.91% 8.34% 6.75%
T12 2008.04.23~2008.05.26 -8.83% 5.00% -15.28% 5.06% 0.00%
T13 2008.05.27~2008.06.24 -0.87% -1.98% -6.30% -1.96% -6.30%
T14 2008.06.25~2008.07.22 -13.60% -7.83% -10.24% -7.83% -9.09%
T15 2008.07.23~2008.08.20 3.27% 4.79% -3.68% 0.00% -3.21%
T16 2008.08.21~2008.08.29 -0.56% -1.32% -0.52% -2.76% -2.51%
ROI 13.72% 2.31% -87.12% -3.83% -11.31%

(£Std) (£6.27%) (£7.17%) (£5.72%) (*7.07%) (£7.36%)
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Figure 10. ROI comparison between models in 16 sections : MRMR-E/L model vs. Markowitz model
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<Appendix 1> List of KOSP1200
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i <4, VIS, el FASE, dUSd, ZEMARY, 723, FA2Y, daFAEgAT
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<Appendix 2> Comparing each models ROI in 16 sections during test-period while selecting 5 stocks

) | = v e = -
27 A xm LGt SK=2EF ] 22F ) A= A=}
ol sropojory |(FEUIIAY | (EFRENAT | (@A | PR
(=F) (S 1%r) +E219)) &+ 718} AzZJ+EFZRY) |+ F2EN)
24 MRMR-E/L MRMR Markowitz-E/L Markowitz KOSPI
ZAA 7|17k
(2007.06.01~2008.08.29) 15.38% 4.64% -15.31% 3.78% -11.31%
ZF‘”% (£10.03%) (£15.74%) (£8.86%) (£20.50%) (£7.36%)
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