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F7F dESA "] AEHAFA A= F dAANA A5 L s dee F

4% 4 9t HEE BeR @ 3 WA BAR, 4% FugEd mg

Al A H 2E(test) dlolEel thal] daugse A&ste] dadgsel AS A
s& Ass7 Al de 38 AH=(metrics)7t a8ttt & =EdAE HF
s AT GANAMY He S H=E AR A 248 3T A=
2 ol HEd Wt dHrrieE du. ds HAS @A
AA ANAL " AR AlEdeld Howe F AR FEEn

1.1 A AL H+8

AADel @ o | #HH x7b AzHDe] EEo] wek Wass 2 wat
=, F7be AAG BAl@ Fobe o]Ee Aue B ueh BAFE A
g wath Fb % BAE nAHd wHon AedAw, Frhe Fv

(close) 52 49 AAE y)& FA-4st= Aot o|28H +£9& FHs =

Aol v[2].



<Al> FAe duwHel £ Rh(t)

LI D= Clod 1— )

B =EdAs AAYE REE y2& 78712 o B3 y= ke oA #
So Ya oW 5 g Ao AHgah vdel hAzte] £9L o=
Ae e 2.

<gel2> ha7re] 59
y(t+h)=glyt),yt—1),...y(t—Fk))
wuy A4 49 delge 3 2 §5 gB e Rod F, g

S e AL ddnE HHste HAoln. deAA Fe IF g= vEd
Hew e 5 A g5 ¥ A7 A2 (AR), & A1 ¥ (artificial
neural network) S°] Atk LHAA Fe FJEuHES dubxoz
RMSE(root mean squared error)ol 7]%F st AakgElth, RMSES Ao+ of

g <“gej3>3 #Art.

<A e3> RMSE

RMSE#}V(M—JM )%

7 Rtk Fohe
22 F837] AL AN THA AA%e] A AN AW Ak,

- =

AwAe FAe ofgsl 2rh

A=y, RMSEE HAsglste 3lo] 7145 A499 HAE 51



<Aoa> o= ANE B887] 9F Had 77

Buy cif g (t) >
o) = Sell cifg(t) <
Do nothing : if g (t

ast pe d5E F7F mEd web g, miEe] dig AR kv ol
AALD HZHe o5 A& dubdom udd ARE A (fixed horizon)l
ola] "7} HoAAR, <AHel4>eo] AY A AE&"H dAAES WP H
AbEE At A" ARE AN dudEe] des FHsky] g A

B o gEd A hd §o d3E mlasks Aotk AAE el

Aol F7re dFe AzHpl 98] ofelet 2ol dE F Atk
d=% 714 AA 7+
{Close(t),t=h+1,...,N} {Qose(t),t=1,...,N}

seb e el e, AN FelNe] dAZel d@ 45 Bre:



=2 d= daglEe RMSEZ} 713k 3 dolofdtt}y. & RMSEZF &

<7 95> RMSE

2

RMSE = \/%/;(Close(t) — Close(t))

2) A% & (Hit Rate Hp)
d 7] (predictor) 9] AEES T Aty A&getA dFHA=AE
stt), 0] ot S5 T HETS o FIF AADeA 00 ofd WHEs

Uetd Feke] ol

i
=
Qo

<el6> AFE (Hit Rate Hj)

HAaE ArA A 021 &3 091 =< (returns) S A LA 7= olF= o

ok W 091 AEH £ mFRTY okde Be 59 2HER AF

dlo
&



08 ¥t 5714 %38
Rt =0 R(t) > 0
Rt =0 R(t) < 0
Rt =0 R(t) = 0
Rt >0 R(t) = 0
Rt <0 R(t) = 0

olglg = ES AT E Ate £ A, Aol wEt F(positive) o] A
ot & (negative)®] Al F7F HF 9 = ved = vk dA9
T AAIE el Ag-, dA dolE e 20% HE7F 09 WEg Hlt oE
ol ¥l 7} “up fraction”d XZFE A = “down fraction”® E3HE Ao we} A
e Fougt 4FS mAA HE= Beolth 9 xF dFstE dHolHE
B AASH, “up fraction” 50%° w$ ZH7bI Y aHBRR ST 59

o] A =, h=1%0 4%, A4FE Hyol 0580 AdFS, d58Ho ve 2

<A 97> Hit Rate Hr¢ &

o N
. ‘{ (t)>?w3(t)]>vo}h+1 " J{R(t) <?A1\m(t); oh, Y, ‘
LGRS (&0 <d Y, |

of HFAE, £ RS F/t 45E 49 dgd 49O)E 74
el A% A%E FPFw Jov ot WP FANG AER Btk Hy,

B Hy & od Aol FAAENA §98 udN? FARES] F4 3



542 o9 (profi s FEdE Aeolth
W, BRSSO FE EREe] oS

EAAEe 494 BEel R WA

3) 9|9 (Net Profit)
d& dauglFo F542 Ay AR AA Aol H &3 o] Q) (profit)

S BEF & Qeotel Qi G ¢ AP ) Y 3 g3 2

P,= Y] (Cose(t)— Close(t—h)) - sign (Close (t) — Close (t —h))

3w 7+A close(tth)E 259 744

e
>
£
e
~
5
&
<
T
(o]
g
T
[N
£}
@)
2
rir
e
M
0

close(t)olgtal o F3th. =, @59 F2471A°] 10,0009l s v
o] 7}A = 10,0000l 2t ol &3t Aoltt o] dE&7e I AAEE 9n 7t gl
ARk, GOl A&7kl A A Hlus i dS57e s #tE F
A ol B Fe Av d5719 dese FAsts Fold A5717F @
d=71¢ drty EAE S48 AlF<Ql Theil A5 (coefficient), Teeoll €]
3 WA, dse BrrstaAst=s dS57 o8 4" 74 e RMSES
e d 3719 RMSE Atolel oz Aodd. Theil Agds AR A



(information coefficient) &< ‘t-test’'#2til% &2t}

<A 29> Tc¢ (Theil Coefficient of inequality of T¢ )

;2\'] (Close (t) — Close (t))?
S RMSHy X
EY, \/F;L(Close(t)—aoge(t_h))2

2719t v o =7]¢] RMSEE H ndla], Tc

VAN
ox
lo
©
V
2
o
ol
g
N
2
™
2

>191 A% FAZ AZ77F g ST wla) Aol 4 e AS 9

ek, gbde] Te < 191 A9 2 dS7e g d571¢ v dsol H

5) e—%7} dl=7] (e—increase predictor)

AAe daat we d309 2o AR Fhe 59, & folg 43
st Blo] e-F7F dF7]olth o dF7= w9 7FA close(t+th)E @& 7F
Aol W 4o Fol 59 o2 UF close(n ez 2@ A% e 5o

ol goldh i mi Aotk welA o dEVE FEA FAU ofF 23 o

<A 210> e-increase

N

H
© HRHDFOY )

of Bl A, e-Z7k AFe) HEEE ved AA Ak G

=
Folg Bl A9 HEol du. oW dF7]9 AFTES o dFVIee] &
o

N



<ge11> HR, 37t A&7 H58E i

Olv

=

<Agel11>el ofal, Fo dF7et e—S7F dF7e AFTES Hludd, H

17 e =37F =719l vis) dsol £4 £u

rr

AN
r (0]
o
o
N
e 2
R
2
e
N

o HR, >1%1 4% 1 dAF7+= e—<57F 571l vld

6) 9+ 9 9 =7] (Naive Predictior of Returns)
Theil Al Aol <AYI>+= e d=7|9ke naE 53 Fod 4
Nl Ase WAAT ve £9 d379 AYE FAST. dE 5o o

e 959 S (R,(1) (N3 @A t-h o|F &g oo

[o%
I

19
N\

-
19
?:U

()2 AFshs Aelth @ $9) 5719 RMSESH Foi2 o) d57]e
RMSE ¥ 8 343 422 #90@ Auoln 1 4ot okes o

1o

ol

¢

<A 9]12> Tr (Theil Coefficient of inequality for returns T, )

J S ((t)— Rh (1))

7= RMSE, t=TH1
" RMSE.y N
\/t_Xh} 1(Rh(t) —Rh(t—h))

<gol12>0 QA Fo R o =7 d=7]¢] RMSEZ H] s}

o) e Eoel wa gl £4 @

B
Y
ol
1

W, T 19 4%, Fold dZe @
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7) Buy-and-hold
Buy-and-holdel 4]



stock)ell tha ofefel o] el Hrt

<7 ¢]15> Buy-and-Hold®| °]<](Profit) P,

Py= Closd N)— Clos« 1),

=, ede wek viEde el F7ke AolE odem FIH. P of
g <gel16>3 #Zol <719 ol (P,)¥ buy-and-hold®] ©]<](Py)3t H &

= geoHr,

<A2l16> < o]} buy-and-hold® << £, vl

P,
P = 7,

<ge16> olal, 42719 $0]9)(P,)3 Buy-and-holdsl P& Wwshd P

< 191 A, =719 = o9& “Buy-and-Hold”e] 2|3 o] nHla vt

A Al E# el A(trading simulation) HH S A At Hdis FAS
A FdE Az=ds 8 A #2S 722 & odF dugger FdIE
Wolt, Adar A2 ofg <He17>3 Z 3]
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<AO17> A I+

Buy :ifggtg > 1
T = Sell cifg(t) < —1
Do nothing :if g(t) =0

Ad A Wy, wEd e Ee s A ABdeld Py
GA AN AAD FEET A 4P ndFoRN O S BE

& AAE + Ao A Mg A= AdAE Edstel A3 E

1) A A o] (Total Profit)
A o] 9] (total profit)> AZMAZF 2A#AAHQA =43 AHARE 7FA 2 4

ol¥l g57Iztel Mgl AdE Fl THE TFle T

2) 99 Hi o]9 (Average Profit per Day)

AA o]l =AHAH Z=Ho s Ay 93 A HiF o] JeS A

A dse Brbet=d AHEE

A dadse &AM dHE A3 olgE At

ol

O AZE ofef2 Al
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ofr
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4) (99 Aol 9+ AHE) Fraction Profitable Trades
AlEEol A Ao HUE 7Es U7 @ ANk, AA AGdA det &

5) A#d 4 (Number of Trades)
ANEGol o] aluE= Bt A" Ad S¢r7r ZAud, A 7 7wk
AzgogREe F25 oo EA 2 oul= voksitt, agmz A

s v Testy. oo A A S §d v EHojor & davt
ATt

F7b ASA2Fe Ao B7F B olsk 2ol AAL Fua A Al
e
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2. F7HA AL g A5 2 Hs FI A

<A A F1>

RS - 1. O hy T —

- A S
dqew gg9

&
20,
i)

U]
rlo
£
(m
o
[
il
ol
Jo
o
rr
-
)
N
o
i
td
—r
il
>
e
s
k
N
N
10,
ox,
olr
[0

=]
T
AN O o AR :
21 S o] Ao A= ‘multi-task learning

of
)
o
i)
kl
-z
r
e
&

e =
ﬁi;{fﬂ—zjgjj(]?;ronto Stock Exchange)el A el A3S 3] 35709 I
poe b A ARk, 89 Eeke] s AR (19869 2919949 1)
4 Eoh(19899 29-19949 19)9] BlAE ARl ALHAG AT 4
‘?94 SEe B3 T MYPARE d5ee A HE HAEE C.ﬂ];o Jf
ﬂif}é}i‘ Aol A7|A stHe TFHoR oSt cﬂ—;;];eziﬂ:}i
v Wgow By @4 [(x)2 o
i H;Lac:r/\ft()j _754\13]1 Y7k Aolth, ‘multi-task learning’)]
. St HR5 FEATIE Ao] ofdel Al Heg IR
= Aol o] AFdAE T8 dlolEH e H AH/d (non-stationarity) ¥ 4

A AADe 4R nYs
|99 45 weddn dFd FAFFAA 45 BAAGo

D AANBARFT FA
&, TAFA & ¢

2) Aol 2uy A%
o},

5
m
rlo
o
2
o2
=)
il
Mo
>
o
kel
N
2
o
on
2L
i)
offl
o
M
1
ol
rlr
sl
o
iz}
ol
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NAE detny H ™k 7] x2S A E g
(output) & 7|¥te & 3o AP EE(trading module)el H A 3= 3 3A
2/Mel & AAGFZE A3 e g2 e dEvHE &

< s AAVIAM 47HA dEE 25 Fr(all sharing), A

ndt

% T(st hidden layer), 3% ¥ F(output layer), &34 &S (not
sharing) S <ndtth, A @9o 2= ‘Hlek(beta) ol gt &

skl Ao A e FAR S, ‘duk(alpha)#olets FAE AHE
3la] 918 %A (risk analysis)e L& 3F9th. “TSE300 A 4’9} o] <

£ Z&3 ‘buy-and-hold’el F 7}A wWXvtaE wwd Axe] oad, 7zt
A7 4.4%9F 8.3% HERE ‘buy-and-hold’e Adseo] B 53ttt o A=
BowmidA A AFE AEdeld T og ds HUbE Bl
9 Ad A ostdl, FEAQ denEe eFE & A9t b A
ol £ o2 Yeyth ‘buy-and-hold E+&= “TSE300 A 5'<F widel 9
5l A E v S u, Hauo dAraEt 4% 4% =2 A3E LEY
o A stk E e Ffek FA AAl BA W, v Al A wgel] o g

HE ALES oz Agdsw, 5 Jfe Wl X vl (benchmark) |aLsle] As
HI7LE I3t 91874 290S A5 H7F Wl ngsdde Fov st
ANEZ dAgdyy, &2 A FdEWNS 731 A" d5S FHrketeE v
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<AHdl 42>

AT [Blel A+ o3 A FA AL (multi neural network)e] & dup &

(back propagation)S AF&3ta] AgHFS FaAsta FgFgo 7] EA<

At gk, A A (preprocessing) @t A 2] (postprocessing) 2H7d ol A1 7]
% 4] (technical analysis)®] A Al2=¥l A5 3t F&TFS vx= A9 o
= A3t o] AFdE HFHozE S&P 500 indexel] W3 A=

l?‘
FastE A =S AtaA .

AFo EAHe e Ajxade] Kyl @45 ¥3etE Zlol ¢ Fudk o
olH ZE ¥ (data filtering)¥ HF-E 2 AFE9 Eto &) v FAd Ay

E UadeAE AU o dFdA= Al="e HolHE TFEstr] 9l
&l & <4 7]+ A i(technical indicator)E& AH&3F L, ol<le] gl A
TE #FAaA77] f18 F7FH <1 A #E(additional indicator) & A& ST <
2] Jhel A=’ Adstel dRstal 5dol W A Vel 24 HEEES
Tt

dol8 Aol Y (filtering) WH 2= ‘ADX-based' 2= ZHE ALE:
At 9% dSAE BHske] wigek vMiE'E FHelem, -

B
(rule-based)’®] &3 HAefe ol &dto] dAEE HAFS FASA.

> 0
i

FAAGANA A H4e BEe oF mdo] Anl we Fog A
AEAE e Aotk bAd o> E ofd Ee 2ol 4% 33

o7 ‘ARR'®} BETC'E A A&t

4
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A5 &4 (Performance Measures)

@ ARR o2
(Annual rate of return) ARR= 7 zzz:l 77
@ BETC oz
(Break-even-transaction cost) BETC= m =77

sni F AYAZ k1A AL

S '
srin AZPE ROl A il A FE m F A 35

[ 2-1 <AtElA+2>9 A5 H7

-

%]

AT [6]M = ‘ADX-based” W&ol I EHE A& A3 GF -7
(rule-based)®] SFAHFE 7HA 2 GAEZ AFdS FdstAh. 7=
ola) ADX'(18,18,15), ADX'(13,13,10), ADX?%(3,3,65)2 Al 7}FA ¢ ALS A&
Fdwg FAHANL, o F AT FL AAE UEd A ADX*3E360)E
ARRe| 124%% b} ev BETCE 0.14%9] 278922 ARR
o & ddidem Add FAEC] LA veud. M F2 dAE e
WA ADX: (3, 3, 65)% FFAHATS JAsIAT A2dS 67FAFH = Lol

dde AdsAnt. Aad As GrH Y, B FaAdE, C= NNAE, D

rr

‘MACD &< A= Et MACDTWES A3, npxlgo g Fe ‘YA A

B OFHEGS Astel 4@ Fasan. 4@As: AdM ARR

i)

2
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124% % Hla4 =2 4HE HelAAR 4320 B2 AHgsisz 7
T gy oz vokty, D= ARR©O| 15.99%, BETC+ 1.49% =2 #H 72
AdE YEH T D= ‘MACD HE’® o AAW, o]<o] HA &= AY F
th DeICE Bluaf e ARRO Adgh sfd®Ewt ofyet Az 3
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de TallA =2 oldES AFT 5 AT ZEA dANA F el 7]
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(12 stocks)

[ 2-2 <AHAIA3>9] Bs E7F 3]

(A9 A A= HrE BFEY

rlo
2
20
re
2
)
il
lo
&
oy
o
o
o
40
=)



A da AT doFE A & dHES == Flo] Az A
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A A A2 (Time Series Approach)
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ABSTRACT

A Case study of Performance Evaluation
of Stock Time Series Prediction based on
Machine Learning

Moon, Jung hee
Major in Computer Science Education
Graduate School of Education

Sungshin Women's University

It is difficult to predict the change of stock price series or the expected profit
because of non-stationarity. In general, to predict stock prices, there are
fundamental analysis which estimates inherent value of the company and technical
analysis which uses past price patterns. Lately, the studies on predicting stock
prices based on neural networks showed some promising results in more scientific
and efficient ways. Although predicting stock market using neural networks have
been consistently done, we still cannot be sure whether it can give satisfying
results to the investors in the real stock market

In addition, we present additional and various metrics for performance evaluation
considering more realistic considerations, using an integrated simulation tool
called “NNShell” |, introduce the concept of “integrated simulation” which
combines prediction result with trading strategy, and also propose additional
metrics to be incorporated with NNShell for the purpose of enhancement of that

tool.
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