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Abstract

Stock investment is a personal investment technique that has gathered tremendous interest since the
reduction in interest rates and tax exemption. However, it is risky especially for those who do not have
expert knowledge on stock volatility. Therefore, it is well understood that accurate stock trend
prediction can greatly help stock investment, giving birth to a volume of research work in the field.

In order to compare different research works and to optimize hyper—parameters for prediction models,
it is required to have an evaluation standard that can accurately assess performances of prediction
models. However, little research has been done in the area, and conventionally used methods have
been employed repeatedly without being rigorously validated. For this reason, we first analyze
performance evaluation of stock trend prediction with respect to performance metrics and data
composition, and propose a fair evaluation method based on prediction disparity ratio.
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20199 AASIAL 4= 220470, A7 1717F%0]
HoloHzl a8y #4 B =2 994 (high
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(overconfidence) 5°f 7|13t H|gE| 291 EX}7} o]
Folzithd Ap4lo] &A% BE 2F S % Qo
Bl 18BE 34 B9 Al e =9
A £9& A st= AHALHE  (rading
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A G &} Bldlold EAof 7Rk 221 A5 2
=7 3 Au|AE 2Ho|EH]A (robo-advisor)gt
I sk, 20179 -8 A4 FRE 7P & 2HojE
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¥ olth5). obd] & A4t =7 AR EARE, <
BAGY YHoE Hr} =2 £=9o] BAHET 1 5
L7 HA AF ZA0F AET o]f AAAFY
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Fo] Bt} 2 902 A7) 99 & F 7R 7Y
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ZZ FAE ol =2olA AR £371E (metrics)
3 glojg 4 (data composition)Z A3 H

= AL & 5 AUk BEE (accuracy), AEE
(recall), E°|%x (specificity), HE (precision), &
A& (negative predictive value, NPV), F-score
Y A& 52 Ueli= AEE ofvet =27} A
H $9% (return rate)d} AFZ H|-& (Sharpe ratio)
5ol AREEI Stk o714 AEE, Bolk, FUE, &
BAEEE e T4 (positive)Z, HFE 54
(negative)2 FoT 9] S47]%oltt o] F Fee
£ AY BE AFolA AGEH FEet AMgele A
T AUtk SHARE H2] AFtolA= AEEE ofy
OE F7IEE I AMgske Aol Atk 1=y
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Ref. | Year Metrics Data composition information
[1] 2019 | hit ratio, recall, specificity not presented
(3] 2014 | accuracy, precision presented (entire data)
(6] 2019 | F-score, sharpe ratio not presented
[7] 2016 | accuracy, return rate not presented
(8] 2018 accuracy, return per trade not presented
[9] 2018 | accuracy, profit rate not presented
[10] | 2010 | accuracy presented (entire data)
[11] | 2013 | accuracy presented (test)
[12] 2015 | accuracy, F-score presented (training, test)
[13] 2018 | accuracy presented (training, validation, test)
[14] | 2019 | accuracy, profit rate presented (training, test)
[15] 2010 | area under ROC not presented
[16] | 2010 | accuracy not presented
[17] 2011 accuracy, recall, specificity not presented
[18] | 2011 accuracy not presented
[19] | 2015 | accuracy not presented
[20] | 2015 | accuracy not presented
[21] | 2013 | accuracy not presented
[22] 2014 | accuracy not presented
[23] | 2013 | accuracy not presented
[24] | 2003 | accuracy not presented
[25] | 2013 | accuracy not presented
[26] 2014 accuracy, recall, specificity not presented
[27) | 2012 | accuracy, profit rate not presented
[28] | 2014 | accuracy not presented
[29] | 2000 | accuracy not presented
[30] 2016 | accuracy, recall, specificity, sharpe ratio not presented
[31] 2009 | accuracy not presented
[32] | 2011 accuracy not presented
[33] 2016 accuracy, recall, precision, F-sscore, joint prediction error not presented
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A dHol"Y 70%= < Hold®, 11 yuX
30%= A% tlolEE ARSIl o HF HolE W9
5oz FolEHE WEe s o R dolEE HE 9
vl FYsHA AAstelth. 18 27709 71eX®
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component analysis)& st A¥"E ARE EF
HEZ ARSIt EERE AsE 3o o
2 9%t BERVIEE AEEHEHYA (support

vector machine)& AHE-SFIT
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o= WPHES] ZASH v} SVM, neural network
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[ 115 BH 971508 FLihS AMEshe A
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H 2 24 &3

A8 e 74
(2009 ~ 2018)

SHE/2FH0| | Sk HI0lH: 70%, Z5 GI0/E: 30%
B =g A3 HoIH & dF, 5tg'9l Hig S =8

KOSPI200, &&7EA}, o=, L2H|A, 7|2

APZY B2t delh 51t el stochastic
%K, stochastic %D, slow stochastic %D,
£3 momentum, ROC, williams” %R, A/D
(2774) oscillator, disparity5, disparity10, OSCP, CClI,
RSI, ROV, EMA, MACD, MFI, MAO, VROC,
MAs of {AI7t, &7t A5t7t, stst7h

FEE 24
(principal component analysis)
2 EFER

m
0
rx
MUE
E

e
SRI2| min-max normalization (-1 ~ 1)
=57 SVM (kernel = RBF)

M Accuracy M Recall Specificity Precision MNPV

0.80

074 071
0.68 0.68
0.64 X
07 0.63| s 0.6: P 0.62| = 0.6:
0.6 - .54
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7t 7 & Qe PES Bolgth I™M x5 A4
o] ghe Lehic,

g s es Foled WEES] W&ol 50
5091 A%, a3 A5 SR dEH HEo]
5050 W([2E 3.(0)), Bg=, AdE, 5ol 4
Uz SAdErs =dst 7+ 7RIt a8 ‘AR
¥ s or o&E Blgo] 50ti50014 Holdas
A& 50w Apo|7} & "ozt 123 A
Lot SAAIEEY Aole AFEH ol Afolk
o A FHAY 2ok

e s og FolEE WEES| HlEo] 60t
4091 B, Y5 s eR AEH HlEo] 6040
< (28 3.(g))), A L7t 2L, Eol=e}
5= 2o A EE HEo] 40H602
i (2™ 3.0), Adest 29527 2L, Bol=
o FELr} 2t oS Blgol § o7t A Ue
WFow Wb, AdE Eolo] 2fole} FUE=o}t
+3AEES] Aole HE Hojdd.



708 sH=2REIXE}5=2X] 20 Vol. 20 No. 10

0.9
0g
0.7
06

05

0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2

10
0.9
038
0.7
0.6
05
04
0.3
0.2

10
0.9
0.8
0.7
0.6
05
04
0.3
0.2

10
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

—Accuracy —B-Recall ——Specificity Precision ——NPV — Accuracy -B-Recall —aSpecificity Precision —~NPV
1.0
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0.80 076 072 068 064 0.60 056 052 048 044 040 090 086 082 078 074 070 066 062 058 054 050 046
(a) 20| HI: 50CH50, 05 HIS: 70:30 (PDR=0.4) () OIS HIS: 60CH40, HISE HIZ: 70:30
y ifici Precision —e—NPV Y Precision —e—NPV
1.0
0.9
0.8
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04
0.3
0.2
0.90 0.86 0.82 0.78 0.74 0.70 0.66 0.62 0.58 0.54 0.50 0.46 0.42 0.38 0.34 0.30 100 0.96 0.92 0.88 0.24 0.80 0.76 0.72 0.68 0.64 0.60 0.56 0.52 0.48 0.44 0.40
(b) EOI=E HiZ: 50CHS0, MSE HIZ: 60:40 (PDR=0.2) (o) 2OIZE HIB: 60CH4O, OISE HIS: 60:40
A acy {1l Precision —#—NPV v Precision —+—NPV
1.0 ~
0.9
0.8
0.7
0.6
05
0.4
03
0.2
1.00 0.96 0.92 0.88 0.84 0.80 0.76 0.72 0.68 0.64 0.60 0.56 0.52 0.48 0.44 0.40 0.90 0.86 0.82 0.78 0.74 0.70 0.66 0.62 0.58 0.54 0.50 0.46 0.42 0.38 0.34 0.30
(c) 2ZI0I=E HIE: 500450, O|=E HIE: 50:50 (PDR=0) (h) 20I=E HIS: 60CH40, OISE HIE: 50:50
A v & Precision  —+=NPV v Precision ——NPV
~— 1.0
0.9
0.8
0.7
0.6
05
04
0.3
0.2
0.90 0.86 0.82 0.78 0.74 0.70 0.66 0.62 0.58 0.54 0.50 0.46 0.42 0.38 0.34 0.30 080 076 072 068 064 0.60 056 052 048 0.44 040 036 032 0.28 0.24

(d) 2folE% HIE: 50TH50, OI=& HIE: 40:60 (PDR=0.2)

(i) 2o|=E HI2: 60CH40, OISE HIE: 40:60

A acy i isi —+=NPV —Accuracy -m-Recall —a—Specificity Precision —e—NPV
10
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080 076 072 068 0.64 060 056 052 048 044 0.40 070 066 062 058 054 050 046 042 038 034

(e) oIS E HIE: 50050, OISE H|E: 30:70 (PDR=0.4)

(i) 2ol HIg: 60CH40, OIZE H|E: 30:70

33 3. ‘Y& G2 HOoISH HIE, oS HIZ0 M2

Sxzte wat



Fh LY oS RHo IFSH Y

olr

Tt ay 709

B -k R
7oz dolg 5 WHe ulge] 50th500]H A%
S ow d&g vgo] 500509 A%, thAl 1K)
2745t0] =5 Zopirks Zojh. o]@A] Thl 7
24gol BF 22 W7t 2471 7] F9ol AY
I g A9e T 4 ok wop g0 oj3E
g9 47t Sk ARee e 547EsRc
Pkl S QA AE0R W T S WEE
o] Lolut Boje} FUEL A4 4 glo] F47E
7ol o] AAA ek o]FA 3 Sl F4
W T 24gko] s 4 Qlow, mebd Tl A
o Z4go] BE LORA M B A9E Bt A
o] 71 ool Stolsf-mletule] 2| Biet &
% 9k,

TEiu Tl B 4 ko] W SR |
o]2% uEo] vlgo] G0Tl40% T ol ol4Aq]

9 92 2 gk ol 15 dold WelA o
2 #o]2e WEg} sy on ol W At
27 9rod Tl 7He] 2ge] B 2L o9l
A97h e 4 ek 22 Juigich, JejEE o] 4
Qo= T S4gko] B 59U F9H 2L 3
oj-sjzulel HAsie] BEe A4sl] ojgch, we
A stols-setleo] 242 B3 HH| o2 nde
7] e A5 doled] FAulee] How |
ol=g WE 50% JElm Spyow ol u
50%z F4o] = Aol felstct. el W5 |
AE wolEY] T A 50%, T S0%z B
£ RS AR & 4 ek o] Aoz s
AASE HelSo] A7) Hlolg] W the HejSo] 7}
A7) 5k oW HEE AT P 4 A, ol AL
AR YolEE F55] AR 2 ZA} 57 gk
o} S o] A WE WESo] yhEoldl Fof 4
Hug AA7 HA g WEEe Rk 9%e ¢
.

P

==

3.2 GAZE MAOf et IF

7t B A5 gt AR daES /e
B 1 dareEEe A4S0 fste] F71 HelEE 7HA
i FF dF e Bret] 1 AdE AASH

N
o

}

d
i

in)

=

ot ojufl, A9 Ao digt FE= A AlZ=oloF
sk, o] JHol= 43S dolEe HAE HojH
“d53 s W o] Fgule e ZEofof fitk [
A 3leA = & 3%l dlolee] /o] g2tA| &
< Bdofg: ¥ = e AgE, Ade 5 22
7o) EEAY] g, 1 7E Bil AH%E A
oA, e A7 23t vlash] fsiAE dlold
T30l st AE7F dasith ELt, SLe Hlold +
d& AMESt] AFATE EEJT, & AFAE A
olof ofwl 7]Eo] Ut o] F7F B A5 Lare
9 5= u= G Blng & dE Aol

g ofd dlole #4& ARgste] 7 AE
e Ao] Byt 7]l 2 5 U271 o] HoflA
stom-uj2tu|E 9] 22e}E /84 50H509] HlolE
a3 o8] F/d& ARgske Aol Basithal 549
Ch. webA] stoju-ulztulE o] 223k 25 ARFE
50t509] Hl&2 EIAE dojE 9] o ARSShe
o] A5 ©do] 452 2438] e o 31 Ao
ot 9lE &0 50t1509] HolH /< 7ML stolH
-uRHEE FEHSElY dE 2dS wElaL, o] B
2o] A5 ool it F2=, AFE, 5ol 59
SHUE0] A= BT FEolUeH, 50H5022
g3t HIAE Hlolgo it SPHEE A2 vlssitt
A 7Sk I HAE HolE el 440 60t40
o] vl&Z ARES] 5 B A2 ASshd [
F 3JolAAE 60th400.2 F4E HlolE o tet £7
#Eol 7H = Qs W97 505022 74 Ho]
Elof ek 4%t Weleh et Aoz o5
ol Holxl SHZ2I =EE Aot & ="
A3} HEo| g 2318] YERA] 3ttt metbA
F7F AT C15 A7l ANA S e A AR
d dgolEe] gHlE2 AAEooF st 1 vl
50ti50L.2 Shk= Zlo] 71 #dsit.

of i

M)

4. 37t 2 0I5 M50 FIIE MOt

2 49 22014 57} o 2o g 2]
UERZ] ffsiA e, AL, Bole, AdE, 54
AZErt B AHgElolof Skl Sigict.
M9 ol& HdZ Bl wf o] Al 7HA| 9] SHE



710 3I=E2EIXsH5[=2X| '20 Vol. 20 No. 10

ofgA o&3fioF st=71? Al 7MY SAE BT
aEste] T e Hwd o, ¢ =] ol S4H%
o] HF thE R SAYEY =AY @A gdrid
ol mdlo] LUgA] wtsly] HA] bt I¥td
H|2E s17] flsf bl 719 S330E she] 9o =
RSk PHES AT = U Aotk dE
F-score’} AL JUEE FsPE+ (harmomc
mean) 2.2 MRt AT o] oAl 7] S47ke] Bt
< o8 + AUk

Model1 Model2 Model3

HMate 0.680 0.680 0.690
=S 0.680 0.730 0.840
0|2 0.680 0.630 0.540
Huz 0.680 0.664 0.646
SHSE 0.680 0.700 0.771
vy 0.680 0.681 0.695
EcrRchn 0.680 0.679 0.682
7\5tm = 0.680 0.680 0.690

(3 312 Al o] oA 7HA] F78%kt Al 7HA] B
g (Gremd, XM, 7IoFEdE HoETh
Model & 2E SH3FE0] 22 FAFE 7P olF
Q1 Aol 3P A SAHGEL FUsiH o]
2d3} Model2Z ¥|1e| B ModelZ= Model 13}
B Y=g 7HA 2 SAHUE Atelole Aol
7} 243k}, o] & ndEo] YHgreS H|wshH A9
22 32 7T 28U Mode/29] @& Eolk,
91 FEret FEGEE 1HY Aolo= E st
A9 22 & 7HRIthe A2 BHgEe] S 1Y
Aolg & WPt XFE UEhdth. Mode/1zt
Model3Z ¥\ W3HH ModelF= Model 12T+ =7}
1.5% =2 2 533 119] Xol= A3s] Aot
Jole EF5t Model39] BAHES EF
Model IR TE =t} I8y ol % Model3S Modell
Ho} A5shA] g& ZAolH, 9A] BdgZ 7 2
d9] £ &S A= A2 FHdste A& B
o 2PER ] FPor Hd9] 452 AdE
HEY 4= glow Ao g%k 1Y Aol A s
Uelll= A #E F716t] AREShe Zlo] 4T Aol
th o714 EF383k 219 Aol= AAET] o= F

_Il}l'

g2 =9 HolS QJulsie o]
£ o AY ZHgEL

2 oA 243t 19 Aole] AEE ey
T U7 Tk 384 B4 HiE ol F/gH]
&, & AT P golEd WHEY HlE&Z
50015008 srEthd 5 a SR JSH HlE
of =¥g 79 Aolg usd & At (1
3.(@)-(@IolA & 4= Qi=o] 5T} Yo R glolE
H 9EE9] vlgo] 53U 499 B2 5T oF
& o2 &5 H|go] 5050004 Hold4E HEE
3} ol =9 Aot AT, YU SHAZE 7
o= APE&} Folk Aolit A AAY Arh=
Zolth. & 51 S o8 &3 vleR SA%k 1t
o] E+9 ALE UEhd & lom A=l 1B
9o o3 452 vehd % 9ot o] el A8
& 9= AEYQ oF E+4d HlE (prediction
disparity ratio; PDR)= A2Jotd cth33} 2t

| NPP— NNP|
—Np 1)

PDR =
o}714 NPP (the number of positive predictions)
= F71E AS 0 d&st 314, NNP (the number
of negative predictions)= F715 S22 &3
34 183l NP (the number of predictions)= &
&9 Sl5E ofngitt. ghef PDRO] 10]2H4 dl&2
‘Lé ko 2qt o] FolH S 9nlstal, ek PDRO]
ojlgtd dj&o] & HP"JOE FYSHA olFoFZS
—4 |8t} of7]A 583 A2 PDRo] 2E9] A& &
+3 A=E YeEEd L AA 24do] Hlolg W9
W5 o2 HolEH WHY 74} Sy o R FolEH
HEE9] 747t FYsor gtk Aol o] x40l
97] ¢koH PDRO] o& B39 ALE Ao et
WA 3t} sty olE S0 A5 2E Holgd
dloEl7} i AAAHA Y5 0R d5H Hold
T3S AR, 4 (Dol RS EFEeE A4t
5}7] wjiolct.
PDRE ‘522 glolEd HE Y 7iget e
2 gol&d 9H 9| g7t Ak 2710] TEETE,

]l



F7t A% 05 pYo

=

ol
ro

A
(=}

olr

Zor gy 711

AEET Eolo] Zpo|o} 2 7hS 7, Hdre}
&= Aoli= NHET Eo|xo AjolHtt 2z
Av Zou = HErot 3 9] 45 Hds]
o F&stct. (19 3.(a)-(e)°] EAE PDRE ATE
9, PDRo] @&} Bol9] AJole}t 22 AL & 5
Qo HuUwe} SXd&w o] 2ol PDRELE M4
A1, e AAET NS SR A
& &= Qirt. ol& Hdo] od H&R 3T s
2 9&31=R9) wet PDR2 BRI ZA T, PDRI
ZFETS AL Bisky] ghon, o] B wjEd
PDRo] o 2do] guit #3%e d&5S $Pok=

ARE 1) Aol Bt A ®E AT
Frolug od £33k 7+
22 4 ik, WiHo]l PDRS
gk 24e] Apolof] it Fr AT JHE AL

o sitt. 22 PDRE 7HIths A
% BAgst7] wzoll, od of
°1h XéE 1<>H Z—}t PDR& ﬂﬂt}tﬂ

SIch eI o sholsl sfefolels H4sig W, o
9] W] PORE KA o 0 5 71 e 4t
ES 7ME oE 2ES At 1 o2 59 o

£ v A8l Slolw-stelulEE Aol solu-vie}

Sl Aee 4 9k

- EIAE HOIES 25 OOEE 78T i 4ao=
20ISH HE(] Jhhet ‘S1ZOR OIS E HE(o)
Heg A wEL

o8 280 458 Lo [EH 1 2o 52 of

%: 2es 1E"°H1f

o] /g5 B7F B9 42 PDRES o8t A&

Eolx, AL, SANSEE LT 1o A%

THAEA, ZPSHA Agente 2 e yehd 4

Atk Zoltt. wpeha] stolu-uletu|e| o] 2=5}e} of

2 AFZAFele] vlug 245, 18 44 +3T
i

0, mlm gﬂo

19 AAR shsE 2do] BolF= PDRI}F oAl 7t
A ZAY] TAE AHEES SHR [# 4]+ 7 54

o thsf stolH-mEv|EE 2Est] 7P =2 AT
E B2 ¥ (Highest acc), 7V§ =2 Jgzeto] 2}
o7} 5% oWl BEE F 7MY W2 PDRE 42 4
% (Lowest PDR within top 5% acc), 7V& =2 3
SHeote] Zpol7t 5% ol Yk F 7MY =2 PDR
S UL AR (Highest PDR within top 5% acc),
PDRo] 0.1 oJ5}Ql A 5ol 7H &2 Ag=E &2
7 (Highest acc. with PDR of 0.1)°] tjsle] A&+
= (accuracy), MEL (recall), E°]% (specificity),
AYE (precision), 345 E (NPV)E 25ttt
Ho|A Bl 34 ] 71A] A$+= stolm-ziet]
& vH7he RHE o] & 1Y F EE5] A7
270 9A A=E o] 7l & REERE dojR=
Axolct. stoju-niEH|E= RdS YEll= 40
Al AMgEl= TetE R gkl 9] ghol weh 2Ee]
e & ASr So| dEfAlL) & 79| A= FAY
2 593t s HlolEet AF HolHE ARMgSto] o
A= Y 749 SVM dl& ZRdRHE 9 Ailo|w, YU
419 md7lE] g {4t F2 ol -mjetr|E 9
Folch

M2 AgeE A
PDRO] 0.14Et} ZloH o]
A k2 PDRE ZAJof A7) ¢
3] KEPCO9 3% PDRO] 047 9d o Firo] et
L7} AojAH o] AL AL Eolo] o7t AHA
hdo] 3Zo =" m-o] AYgd Ad&5S ok 22 &
5 Stk wEbd AEEE= 7P A Yo Rt AR
= _\}_!T‘:izl_olﬂ— foi3 /\ Oh:].

TP =2 AEEY 5% ol Y= F TP B
PDR& €2 ASE HH A@EY 5ol Hol7t
MobisE A5t 0.03Et 2o Mobis?] 75

(o] =
TEt

o
S

Fl[‘ oM,




712 3s=23EIXSE5|=2X] 20 Vol. 20 No. 10

Hu

B 4. Tyst B¥O| 542t Y PDR HlD

KOSPI200

Accuracy Recall Specificity Precision NPV PDR

Highest acc. 0.569 0.493 0.644 0.581 0.560 0.151

Lowest PDR within top 5% acc. 0.562 0.563 0.561 0.562 0.562 0.003
Highest PDR within top 5% acc. 0.542 0.221 0.863 0.617 0.526 0.642
Highest acc. within PDR of 0.1 0.562 0.563 0.561 0.562 0.562 0.003

Samsung Electronics

Accuracy Recall Specificity Precision NPV PDR

Highest acc. 0.615 0.545 0.686 0.634 0.601 0.142

Lowest PDR within top 5% acc. 0.592 0.579 0.606 0.595 0.590 0.028
Highest PDR within top 5% acc. 0.611 0.302 0.920 0.790 0.568 0.618
Highest acc. within PDR of 0.1 0.609 0.566 0.652 0.620 0.601 0.086

Industry bank

Accuracy Recall Specificity Precision NPV PDR

Highest acc. 0.563 0.467 0.658 0.578 0.553 0.191

Lowest PDR within top 5% acc. 0.538 0.533 0.542 0.538 0.537 0.009
Highest PDR within top 5% acc. 0.549 0.241 0.856 0.626 0.530 0.614
Highest acc. within PDR of 0.1 0.549 0.508 0.589 0.553 0.545 0.082

KEPCO

Accuracy Recall Specificity Precision NPV PDR

Highest acc. 0.554 0.315 0.794 0.604 0.537 0.479

Lowest PDR within top 5% acc. 0.528 0.521 0.535 0.528 0.528 0.014
Highest PDR within top 5% acc. 0.549 0.248 0.850 0.622 0.530 0.602
Highest acc. within PDR of 0.1 0.543 0.507 0.579 0.547 0.540 0.072

is

Accuracy Recall Specificity Precision NPV PDR

Highest acc. 0.551 0.478 0.624 0.560 0.545 0.146

Lowest PDR within top 5% acc. 0.544 0.497 0.591 0.549 0.540 0.094
Highest PDR within top 5% acc. 0.541 0.218 0.865 0.617 0.525 0.646
Highest acc. within PDR of 0.1 0.544 0.497 0.591 0.549 0.540 0.094

T 0.10] =7 Yot #3 F3l A& st YA A
o 1 FYrHT B 3.1% Rk
7 2 A=Y 5% oli HE F M =2
PDRS @2 795 AMEY 1 FgrHch H
2.1% W& o Agk PDRE BF 0.60] dof dl&
neg degros R8dsitt. 7P W& PDRE 7}
Ae 79} vlwehy, ere BSS5HA, oiEe] ¢
3 SHANAE go] & & Athe AL HojEh
upReko 2 PDRO| 0.1E T 22 39 A& 5 Q=
F119] AS% (highest acc. with PDR of 0.)& &
@ 7 0.0672] PDRS 7HA 43k 29 o]zt =2
A ko, o] W] B FIrE IS & Y= 1
g ET} 1.59% "ol AoR EAEA 7
=2 HrE AL uj PDRL 0.229 A vlwsld
Hot 4% & Bdojzta & 4= ik mERA A%
2H9] 45 B7F ¢ ol H=9] PDR (& 419
Aol 0.1) ol & &= Sl H1Y] Hees B

o mES @@16}% Aol 743 epgsiel @ 4 9
7 g

7129 AH8-E A,

A5l 2AeiA d52] dee B7IsH] A
= =S Wol AR, g
o 2= o5 e Aldiz vehd & 7] i
of A& , SIS E A areEo]
of it ERE F7F AF o5 AFolA AREE HA
E tlojgjet 435 HlolHE #AAE W, 5= gl
£ dlolHe} s es FolEd HolH e veZ &
Al g 22 stold-miehuE o) 2 A3lel o At
o 4T AAY SHAA & a5t
A Stou-uEtn|el o] xjHsiel AR &

3t AXE HAside I 5P dielH ] vlee

28, JUE, Bl



Tt Y HE 22y

OH
rok

gt 8

olr

Zoray 713

BUH W, A WS I8 2H71E0E H
£ ¥ ohjet ARe, HUE, Bz, SASE Wi

TEsok ek SN o] mEE Tsle] oZe] 4
5 oI 494 gk olo] & kRoHE 7
A% 50 A5 AN 99 o1 2w ulg

dse

(PDR)O] 7Ihe & W& A o] 45 87
T AdE, Bol, AUk, FHSEE BT 2
doh= PDR¥ Aohertoz 45 e 4 g
o o] 4] A oS Aol de A=A
A9 d% Hdg wE S L, AT 2o FHsk
Bl Hlavt 7k AR ZdEn

2 =52 M AFE e SR dashe
o7l £FE thgoR sk glnt. ey F1e) A%
2 A 71A] o]AoE HEsl= oty Qouz o]y
B9l s 7 el A A7E AFT A"l
T} F3l B =oAL Ao ¥} s|Zow Aty
& oo AR F7F oS K] E ohE ds 3
7h 712 gl digt A= YL ool

‘l‘

1]
HO
re

|

[1] H. S. Sim, H. I. Kim, and J. J. Ahn, “Is deep
learning for image recognition applicable to
stock market prediction?,”  Complexity,
Vol.2019, pp.1-10, 2019.

[2] https://www.index.go.kr/main.do

[3] X. Zhang, Y. Hu, K. Xie, S. Wang, E. Ngai, and
M. Liu, “A causal feature selection algorithm
for stock prediction modeling,” Neurocomputing,
Vol.142, pp.48-59, 2014.

[4] https://en.wikipedia.org/wiki/Robo-advisor

[5] http://www.ratestbed kr/portal/main/main.do

[6] E. Hoseinzade and S. Haratizadeh, “CNNpred:
CNN-based stock market prediction using a
diverse set of variables,” Expert Systems with
Applications, Vol.129, pp.273-285, 2019.

[71 W. Chiang, D. ENke, T. Wu, and R. Wang, “An
adaptive stock index trading decision support
system,” Expert Systems with Applications,
Vol.59, pp.195-207, 2016.

8] J. Zhang, S. Cui, Y. Xu, Q. Li, and T. Li, “A
novel data-driven stock price trend prediction
system,” Expert Systems with Applications,
Vol.97, pp.60-69, 2018.

[9] Y. Chen and Y. Hao, “Integrating principle
component analysis and weighted support
vector machine for stock trading signals
prediction,” Neurocomputing, Vol.321,
pp.381-402, 2018.

[10] C. Tsai and Y. Hsiao, “Combining multiple
feature selection methods for stock prediction:
Union, intersection, and multi-intersection
approaches,” Decision Support Systems,
Vol.50, pp.258-269, 2010.

[11] Z. Hu, J. Zhu, and K. Tse, “Stocks market
prediction using support vector machine,” Int.
Conf. on Information Management, Innovation
Management and Industrial Engineering,
pp.115-118, 2013.

[12] J. Patel, S. Shah, P. Thakkar, and K. Kotecha,
“Predicting stock and stock price index
movement using trend deterministic data
preparation and machine learning
techniques,” Expert Systems with Applications,
Vol.42, pp.259-268, 2015.

[13] A. N. Kia, S. Haratizadeh, and S. B. Shouraki,
‘A hybrid supervised  semi-supervised
graph-based model to predict one-day ahead
movement of global stock markets and
commodity prices,” Expert Systems with
Applications, Vol.105, pp.159-173, 2018.

[14] W. Long, Z. Lu, and L. Cui, ‘Deep
learning-based feature engineering for stock
price movement prediction,” Knowledge-Based
Systems, Vol.164, pp.163-173, 2019.

[15] ¥F43], A1d7%, “Semi-supervised learningS ©]
8% FlE” BRAYISIE sere =Y,
pp.110-116, 2010.

[16] e+, Z‘-"EJHH, ‘A HAE u]-o]bqu- AlA ] BA
& olgT Flols, BRI HEUR =B
4, pp.364-369, 2010.

17) 52 F38, “AoIES Bk 57 A3 o

83t ©7] KOSPIL 4, =)l =535 =7A], A



714 $2ZEIXSS=2X| 20 Vol. 20 No. 10

114, A6%, pp.1-7, 2011.

7]1]_9,]— ‘Q'JB}O'], ]X]Oﬂ “Z]/R] ‘——24‘_%_ O]%@l— /g/\]zl-
—?‘—W’{J ds” ASREAT, A7H, A4z,
pp.109-130, 2011.

[19] 3%, F7E, “SVM 7]9re] A5
7} A&, BEAED] HFPY AA ==A, A2
4, A3%, pp.167-172, 2015.

[20] Z. Lei and W. Lin, “Price trend prediction of
stock market using outlier data mining
algorithm,” IEEE Int. Conf. on Big Data and
Cloud Computing, pp.93-98, 2015.

[21] G. Dong, K. Fataliyev, and L. Wang, “One-step

HRE olgdt

and multi-step ahead stock prediction using
backpropagation neural networks,” Int. Conf.
on Information, Communication, and Signal
Processing, pp.1-5, 2013.

[22] F. Wang, Z. Zhao, X. Li, and H. Zhang, “Stock
volatility =~ prediction  using  multi-kernel
learning based extreme learning machine,” Int.
Joint Conf. on Neural Networks, pp.3078-3085,
2014.

[23] Y. Xu, Z. Li, and L. Luo, “A study on feature
selection for the trend prediction of stock
trading price,” Int. Conf. on Computational
and Information Sciences, pp.579-582, 2013.

[24] K. Kim, “Financial time series forecasting
using support vector machine,”
Neurocomputing, Vol.55, pp.307-319, 2003.

[25] Y. Lin, H. Guo, and J. Hu, “An SVM-based
approach for stock market trend prediction,”
Int. Joint Conf. on Neural Networks, 2013.

[26] A. K. Sirohi, P. K. Mahato, and V. Attar,
“Multiple kernel learning for stock price

IEEE Int. Conf. on

Advances in Engineering & Technology

Research. 2014.

[27] D. Kato and T. Nagao, “Stock prediction

direction prediction,”

using multiple time series of stock prices and
news articles,” IEEE Symposium on Computers
& Informatics, pp.11-16, 2012.

[28] Y. Luo, J. Hu, X. Wei, D. Fang, and H. Shao,
“Stock trends prediction based on hypergraph
modeling clustering algorithm,” IEEE Int. Conf.

on Progress in Informatics and Computing,
pp.27-31, 2014.
[29] K. Kim and 1. Han,

approach to feature discretization in artificial

“Genetic algorithms

neural networks for the prediction of stock
price index,” Expert Systems with Applications,
Vol.19, pp.125-132, 2000.

[30] A. Oztekin, R. Kizilaslan, S. Freund, and A.
Iseri, “A data analytic approach to forecasting
daily stock returns in an emerging market,”
European Journal of Operational Research,
Vol.253, pp.697-710, 2016.

[31] M. Lee, “Using support vector machine with
hybrid feature selection method to the stock
trend prediction,” Expert Systems with
Applications, Vol.36, pp.10896-10904, 2009.

[32] L. Ni, Z. Ni, and Y. Gao, “Stock trend
prediction based on fractal feature selection
and support vector machine,” Expert System
with Applications, Vol.38, pp.5569-5576, 2011.

[33] D. Kumar, S. S. Meghwani, and M. Thakur,
“Proximal support vector machine based
hybrid prediction models for trend forecasting

markets,”

in financial Journal of

Computational Science, Vol.17, pp.1-13, 2016.

X Xt AN

A A 4(Chungsoo Lim)
= 20099 59

State  University,

439
: North Carolina

Computer

e = Engineering(35HAD
n =2013d 10¥ ~ dA : I=u By
N 4 o]—"Y Xﬁ)(]-—l—o]u,]— H"I/\

TAROR + F7 B S, A A4, 71 71



