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1. ME A 1 w2E o8l 54 719 ke WA
< dSste Zolth
Hleol8 Althell Fr o o] g5k, IA shA|NE FH T Aol =W, s 5 3]AL
< Aslste on|E Fopd 5 Q= JAFAT 9] Frnte] 11 FAke] Frtel FEFS F= Aol
W Eo] 3 dAstAEA, 1% V&S Tt ofuz}, 1 FAtel Aol B2 ALY &
oSl Hgal 2242 w22 FI7HE S35 TS Frlol S & 4 Aok (Nam and Seong,

= A= gdsiRl Tk (Seong and Nam, 2019; Seong and Nam, 2018; Shynkevich et al.,
2017; Seong and Nam, 2018). ©]2|3F F7} o= 2016). e o] =& VY-S 3] A
o S o/l B4 71l #EE w2t v BT WA, 7| ATES TE oA A &



Mg - 2|8
F BTl 7uke | BEAo]l =2 /Y-S At o), Z5E o =rd AFA T A= A
E} (Shynkevich et al., 2016). 3}A| Tk AA7to)| w}= e At g Utk 3) FAH WE o|lES §
H, A4 A B #52 A wet 5284 3 Al FRke] el 7249 A S E A A S
1 bz, Fd40] ¥ AHEs 158 25 e AT ATE Fol 7y BAES At
A aelste] FUHE dEdhe Zlol Al of W 7]E AR § 2 %S HAE 4 9k
&= € 4 AT (Seong and Nam, 2018). =, AT Vo o 2k A A, B A
ddAol w2 JAE AP e AL T2 T BAEYTAAN T2 ALEHA F29] 3
g FAlo)th g o]0l AFA Y At T YHES
HdAo] B2 IAE AFHORE = WA el F Atk AL BHoFn T3] AF
& T2 A Fgo] BolAl o AeE o As S ETHE THAT)E Ao] ofd &
H A th (Bun et al., 2017). Wk 712 Aol A g o] 2& A3l HHAT= Hlo] oS
= A A5& AASI F7t A5l ALE-St NARRIT, o] o] JERVE 53 B4 3
B A7 E2A8HA Atk olg g Ao W A JAFA 5SS Tt PHES AAS Nam
55 W97 98, B =2elAe 7 45 A and Seong (2019)%] A& st F #iA, &
T HFo 2 AAEYTNA F2 AHEE = ATe T2 ARolA TAAC] =2 VHS A
F2h9] AE o2& Agste] Fes AASA oA 2= Ao 8% EAYS T g A
TH A& At #Edo] & IAE & z3H, AFAF LdagEse A7 AT
= Y-S AABL, ol AFA T WY 2 83 Zlo] ol A & of9A o]EHo
e WS AlQksit) 2 A8 Blo] B A A& ASIATh
ToE Bl FUF A58 sk W A A 2 =70 SRS o o] F9Eh 2%
A Aglet 714 ol Aok B =ZolAE A ANME 71E AT =8-S B M) 3%
A MY 2E g FoY BP0 R w25 £4 ME F2H9 FE o2& o] 83 F§ 2=
HE 2 vpto] FH, o] ao] WHOE HQ F7e] HFES dEshe AT EEE AA
S Tojuhe A8t o, TF-IDF Wi o= 7} o} 4o A e A A B3 A9 ol
FTAE FAL 71 g PHOEE B =7 5 ME B Aol B3 A2S UiY, AH
Me B4 3k F71E A5 o, B4 34} I $& AFE A A F3) AHE Zolnt
9] yrvto] o), AHH JALES] o TS
A A EkE WS AMES] s, o8 &
AE 2ol T 5 & 1A g5 WY o 2. 251 o2
Z sk AYS Ak
2 =5 A3 ted 2ok (1) #-EA 2.1 A 7|2 1aE F) o=
E2 7Y w2E ol§3ste] FUIE dEde
Ao A0 WolEl AL F)E A B2 Shynkevich et al. (2016)& & THA S 7}x]
of olo] BFAT. ) A Y= Al e e = HE TEE FUSA T A5She
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AA dow FAHAFo] TS Aolghs IS
SHATh AR A ZE 22 dF Jokar )
s #ddo] 4 &8 7+ dvke AH S
i=s

Seong and Nam (2018) Shynkevich et al.

(2016)2] 22 GICS A OPoﬂ Adets =% 7
Aol =4 &< = 3l IAH S By

913, GICS /‘“Eié k_ug# ;de B Bk
o] =& IAE
‘ﬁ:‘_»} %4=3] GICS Ala okl 9= 7]

AA R F2 AFAE, t7]del #HE
27 U I 3 dAS Tk S A
T 1 BAE gA AEEA et ol2E
S dHg3str] 93l, Nam and Seong (2019)= &

A F4 AR BAgo] Fe Hlo] Fa3 Aol
ofUet Qs BV FaFE AA Beletat 2
B PYEE $4) LATAE, AKEL o

ol9] o3} HAE Fa, 11 2} AAV AAR
ToE B FHE A5 o FE8FS BT
Atk fo) Al 7HA AF7F BE A A EE vkE
AR 54 Akl #EE w2t vded #d

S 574 AR ohet HAe FohE
FHUE Zlolv), B AAE o/ YA B

g HeolHE
a7t A
e 2 uppo] i

(text preprocessing) Il
Fo)ol Fae nAE B
ANA 71 FHE AL 2A 371 GAE 7R
o W =

selection), W

SA o] Rold M2 Wk E
. o] BAY HolHE &7 wE R
AL BAD AW A2
st} 2 dolElolA

i

(feature extraction), <~ A8 (feature
E3 (feature representation)
(Hagenau et al., 2013; Nam and Seong, 2019;

Shynkevich et al., 2016)

M 32 BADS £A4% Wgsle U
2 WA FHolr, FrolA wolSw 1
23S 2231 Fgolth thkd Wl W
2% PO AFHT YA, |E FAE of
8% 77} ol AT BBIN 7V Bol AgH

= A& &o] FrY WY (Bag of words)©|th
(Groth and Muntermann, 2011; Hagenau et al.,
2013; Nam and Seong, 2019). ©o] Fm1] 1y
< BE ©olE FH4 A4S st BE dolE
AP oz thEo], AZEY NFE AlA olE

.\

HE £33t B =RoAE 7|& dT 58
o weh gol FujY 2L A8

Froe AWl A el wolse Frto] e
Aol IS m AR gom EAH FroA Y
& wjojt} Fr7le] wpskAo] W w), 15 A
o] So] gakego] 9= WSSo|t) gy o)
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2 WFES Adsh] Sl W Adds @ v 77k FAYE 139 002 FHH, 714
th &, Wlg AgE wo] FrY BoA Zho} S o R FUHE 5T dY i =9 &
W SR W oA Frhd dFS A= o] FrlEH 714 St WHEZR] SHAA B
AES Tohle Zlolth W e 7P & Fe W, 725 T T AFS WA &
o] ARgHE WS Flo] 3o eIt Ad BRE ARE Aotk wEbA FBE 714
(Shynkevich et al., 2016). 7Fo] =7} W A g Y Ee] EAd 54 HHE ERske
< 7hol Al £EE AHESt W FFE S g5, dxzoer AxE HE #Al
Btk BE wold] ZdEHE Hss Zon (Hagenau et al., 2013), K-*& ©]% (Groth and

2, #2E = O} 7= = N Eysl 9]”]

Al BEA Eod 9 E BHE 5 ok
7rel o] gkol 25 FFHol 3}{— kil
*01111 °]F ARgsfalop dth o= o=
(DT o] ERHT.
N2 = Z(OLEJ—;Ell) (1)
2 =xdAs 71E A7l 5l wet W
AE L2 Jho] 270 W& ARSI
Ay 323 A Ade ot 2A9E A
Z AP 9ol w2 Wees A A%
7b Y&t SAIRE, ghebe]l 54 wojr} A
= o, F7PE ol LEAY, FP7F wol wel
A O Wes 7FEAE Folof fth m=RE,
o= Zo] obd A EANA A UerTE
B 9ul 3= Waol] wiel, o] A& nkgst
ofof gt} om o5 WYty flsf 71E AT
A F2 AgEE Wg B P42 TF-IDF

W-2lo]t} (Nam and Seong, 2019; Seong and

Nam, 2018). wWehA], £ =FoA e 7]& AT

5o wet W4 PO Z TF-IDFE AHE-3H)
23 J|A =5 dHE

zoA 54 WHE FE8kaL Lol st

Muntermann, 2011) Z} <1F A% (Vui et al.,
2013) 5©] AT} Groth and Muntermann (2011)&

ZIASE daEgEoR T2 o]-&-3 9

7] B HE A ST ARES dF Al
A, AEZE WE ml, o] B o=, 9 K-
A ol T T WHEES vl ol
AEZE WE milo] 7} &
/\]3]'011’4'

1=] [e]
T@IE

o

=

7]

=
3T

A ;7_]—./_: ol-—ya__
olal A3t (overfitting) S HA|sH= 1}
HEo] gFsA v vk 53 *1:‘%‘5 Hl g
HAle] e R shtEE v 7 sk
o] AAFE T (Aiolli and Donini, 2015). Tk 74
S5 "‘]*“5 HE malo] gk 74A] EA4E 7HA
= < Z A9+ o= RS
5317 A8, B2 AdS AHgste] thakgt
3 Yo Wt 15 Adehe Ul
o] tF A TF& vkt tlolH
7]'7<]L FoA FE ALREHE H, 725
F7F dESAgME AREETY (Nam and Seong,
2019; Shynkevich et al., 2016).
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04] SFA T} Seong and Nam (2018)9 4=
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T4 Aol #HoE e AL o
5 AT =T Rua and Nunes (2009)& <A
T2 A A T2 0] Fxt Aol Hal A
3l o] ZEZZQ Aol ojEA utgEA|
o thal A TE Morck et al. (2000)= 52
o] Tx3} Fio] AL BgAdo] & X B
A7l a&Adol v ANA o FEsHA Ve
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b AN gERle] 4] Ae
Fol 9] 4 A%
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(Cho and Mooney, 2015; Loh, 2013).

Z4 AAo) 2o 2AUITE AL B
| A B8-S ASse 21 ok, o3
AR FE A= FaFTHE Zol AT
1T} Seong and Nam (2018)2 St 2] A %o
A GICS 9] A, Aok, 545 B E S 2H
skl e 39 FAtel s 2 w2t 2
A ol o2 Al dEFs Foe As
A
[e}

ol
|\

o
=]

x

JA18FA T Nam and Seong (2019)= $H= 2
oA GICSe| &A, Ak, S48 AE A
W QY BA VELAE FAst, ©<es

3
re Fgol Anha 9P FE Aol ofd, 2

o> 2 o o

O

N

m
e
N

& ZRNAE 4L 2 4 A= WA AL
FA) g wAZL Utk AS BT olsh 2
& ATEE T} AZoH T4 AR 2315
s ol Fastts A AN T

T2 Ao 729 2% wfFol o2 &}
1o (Bun et al., 2017). e} 7]& AT A
73As 7o g e GICSY k-Fi 3
A3 22 AE As 7IHe R Ae MR
T} (Aghabozorgi and Teh, 2014; Nam and Seong,
2019; Seong and Nam, 2018). 3tA|%F GICS= T

&3] AR 02 SAE ART AU B 27}

Mo

MEorr o2 W
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%o f8abl 15e FH5E Aol e,
=4 714o] £EOR 0B BRHIE Zlolnz,
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& FEeA R Bol Atk £, B

g kB T 2M2 A wol2E st
A % 8h7] Wizl -y B o] At o] Foi]
A &< F Ao (Bun et al., 2017).

o|% S@st7] 93 TS W olze] AA
ETgo A F2 ARSET (Bun et al, 2016;
Laloux et al., 2000). 7-2+9] 4 o] 44 A
T FHol| EAs= A AZE AASA A
I3t 4o ATE FAL 5 A T ol 2ol
. ole 53] HolH 7 B2 XA F= A
Ht} (Bun et al., 2017). Kim and Jeong (2005)
F29 FE o] 8g T4 Al A&she

= AABIRoH, vl F2] AR F7he] &
o AT PEe 729 dE olEs T, A
ZARke] a3e} 7249 A E A AsFA A
T3 E4E ste e AASAT Garcla
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Stock prices Data Labeling ‘
Random Matrix
Theory
# Features of relevant firm 1
- N::;’:selae r‘t/l:rifs TF-IDF #| Features of relevant firm 2

Online news
articles M
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> Bag-of-words %—' Chi-square %-—b

" Features of relevant firm n
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Model
Training

News articles Features of the target
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Evaluation

(Figure 1) Proposed Approach



o] 4 & = U] 3§ w2E EFT B =RodAe Z27 FoA &A AEd 2
AEE, F§ w2t v 9% Fosr] F S 71g Sl BT AFE APt 4
< dlojEfolt}. o] HolH & 7]& ATollA ol Zrol|l 71l #HAZo] L w2E FEIeE W
AHEE dlo]E o]t} (Nam and Seong, 2019; Seong HogE: HEo ALY o]8o] X3}H FAE
and Nam, 2018). ¥72= H°oJEle] @42 T/ AR 71Eo 2 ARSIt R ARl AHER
A, 58, A 5), AFE, 2o, A4 AL, W 719l ok R = <Table 1>7 T}
gol 9
AZAL s5ar] Sla €4 dolee & 32 29| 3 0|2 (Random Matrix
25 ERY vt vk w28 BRI VIE Theory)2} &5}
o =y 0] x]= &gfo = =217 o9
o, ¥dd F7Pt S0 12 £3¥si9en, _ )
. . BRZ 7HA AL sk Zlo] okl A HlolH
B8 27 W 002 T35 317 _ )
i ° 2 AT BPe TS fRdl, An As
Sk A AE 940l EaL 16490 BT ) _
yHL A Z irical) @A) A, 2 A
_ = — _ 2+ 73 94 (empirical) S Al ) ffa
wEZbA] 164 o] Fof] Y2 7228k Fool] U2 7 e = Al ) 0
e o ctetalol s vlathn saee 17O SAY AAR 3¢ Aol =
= o ou= Y= Lbral oo - = —
EZFLE AU AEES AR we
T} (Nam and Seong, 2019).
(Table 1) Up & Down label of the companies
compan data art up | down compan data art up | down
pany point b label | label pany point P label | label
OCIL 1947 | material | 1080 | 867 Lock&Lock 652 | material | 381 271
Huchems Fine Chemical 175 | material | 94 81 Korea Petrochemical Ind. 190 | material 95 95
Kukdo Chemical 85 material | 45 40 SamKwang Glass 176 | material 80 96
Hyundai-Steel 3741 | material | 1858 | 1883 Young Poong 970 | material | 441 529
NamHae Chemical 179 | material | 104 75 Hanwha Chemical 2088 | material | 1116 | 972
Hansol Chemical 110 | material | 71 39 Poongsan 1112 | material | 593 519
Foosung 295 | material | 142 153 Lotte chemical 2992 | material | 1515 | 1477
SKC 1184 | material | 658 526 DongKuk Steel Mill 2079 | material | 1081 998
SKChemical 1276 | material | 653 623 Taekwang Ind. 327 | material | 150 177
SeAh Steel 374 | material | 207 167 SeAh Besteel 362 | material | 200 162
KISWIRE 166 | material | 92 74 POSCO 1022 | material | 509 513
KiscoHolding 762 | material | 387 375 Kolon Ind. 972 | material | 481 491
Korea Zinc 619 | material | 378 241 LG Chem 6717 | material | 3592 | 3125
Ssangyong Cement Industrial | 390 | material | 258 132 Lotte find Chemical Co. 178 | material | 108 70
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Z ABAGFE Fal= Aol 231 (Bun et al.,

2017). o] #AE AsH] Al £ =FAE
AA EeollA T2 AMgshe 72 34 o]
25 AHgsith

Ce # 43 Ag o, M2 s 43
A PFolgta 7P E u, T2 P o2
MellA &gt CE 2 7o) Hxent ojuf C
E FAT F A& A EME 2= Zo] &
Aolt}, B =FoAMe dAZA Hie 45
HAa <4 A Rotational Invariant Estimator
(RIE) 215 A3 (Bun et al., 2016).

C = nXnwith eigenvalue ¢; > -+ > ¢, and vy, ..., v, (2)

M = nXn with eigenvalue ; > - > A, and uj, ... ,u,, (3)

- ——T
EM) = ?l=1 Siuu,

IC =Ml =Tr[(IC —EMI?] (5

EMM) = argmin(|IC — EM)II,) (6)
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S Y PES AYSS 1, B Thol 2ol
e 7 dolEo] GL ol Fi wofo]

o2 = dlolg o] A F A7}
Atk 54 3Akeh #4 IJALE 5 ALY
O~

2ol o] Ml & w B4 5ake] F7o
AGe F Tol5L 2

Asie, B AAES)
3

AA7E 74 AA W} 9] 10%E 3tef A9
£ 3}t (Nam and Seong, 2019; Seong and

Nam, 2018).

Fhol2dlo] W4 AgS g & B4 o] &9
EA w2 AR Yoe Ad 7heAE o 1,
EA dolEo] FEL F2ollA Ydes Ad 7}
FTAE € F7] s Wy 5 WHeEs

TF-IDF W& am and Seong,
2019). TF-IDF ¥ 58-S AXH 7|4 <5 %
He g Fho]l Ui Zroba] 717 S5& &4
o7 7] siAe & 2Hol DR, o
tlole o] 2 HAEe] 7tEAE 2] A
= 9 xAo] HQ3ltd (Shynkevich et al.,
2016). WeEbA B =FollAe 7]E AT 2ol
TF-IDFE F3¥ ®Fol Aedd HFe Mes
FallEth ®Fe MF7E kNATHE, k*TF-IDF
I 2 Zlojth

N

3.4 L= 7Y sk&(Multiple Kernel Learning)

247} g lojel ¢ 24g 714
toHolHE 9Y o 714 ¢ A (Gu et

o] yehd & At K= vl ALE 78 ¥
o, Ns= AP Ksof 7Fg Aol

K= Z§=0 nsKs s.t.ns =0 )]

= 7FAIRE AGES AT
THAIRE AEE 7 A AHREE Aol
M= gefet v BAE HeEstrled Ajdet
o} (Hsu et al., 2010). =3k 7F9-AleF 7188 A
P AGH AR AdE w/l W] He
of Wt L3S F Jorg B =RoxE 7}
SAIE AGS AFESFATE (Keerthi and Lin,
2003). 7FAIRE AEL T Zo] xdETh

2
K(Zi'zj) = e_y”Zi_Zj” s.t. o> 0 (9)

w7} M V= TREAIRE A d e Folth vl
w2} 7F$ A AN S4L A Walrlo) A
A ks e AL T3 (Hsu et al, 2010).
Ao] vESE 2] 918, 2 =R AE 7
7o) AZE HE #AilE AHEStY OB E A
Z(grid search)E X a3 o wj7] M4 HE
= C={275 273,.., 215}y = (2715,2°13, ..., 23}
o]t} (Hsu et al., 2010).

2 71qe) 74 o W

i
o

(Aiolli and Donini, 2015; Jain et al., 2012). 1=
FoA, el A HIE L7 EasyMKL

dZ HolE 7} Ge = {(xs,i+1'Yi+1): oy (X5, Y1)}
ojH, y; € {~1(down),+1 (up)}eta 7}4 3t



Mg - =o|E
FE= Heg V)= EH HolEHAA ALgsl= ALESEE Aol k-H 73 E4oly AE 52
A8 Pdolgtal 73} o], EasyMKL+« T 9 EA 3ALY] w2E AMSSE ARG O £
<3 2 2 AFRE HAFTE Aolth metA B =F
M= 3A 374 vl gid-S 7T A AR
ey m1n(1 =Y Y (Z3-0nsKs)Vy + AllylI? (10) = 9 Ao Fatte 2 FILE o &d= A
o] (Hagenau et al., 2013), & WA= AE 9 7

s.t. T={y eRY| Z vi=1, Z v =1}

yi=-1

A e(0D)e FAFS LA A% A3t
o 7] <o)t} whek A = ook, A sl A
shA] efom, Ade AXE HE #AlF 2o
(Aiolli and Donini, 2015). THeF A = 10]2}H,
A9 3= M FTbolA TAH F 7
Q1 Fiol FAlo Ao FE gheltt (Aiolli
and Donini, 2015). &, A= &9 dlo]g] EAo
w2t F 2 6] gho] eiXith. HA o A& 3] 9
A, 98] {0.1,0.2,...,0.9}2] Mo A 1E=

_'

o] o
A=

SA) n-1707F = Al o7l
A=, 2 Ade] HA o] i) ¥

2% g7 133 Zlo1M (Shynkevich et al,
2016), Al RIAE kB 73 BA4E 3t U
#AE" IJAY F2aE A4 aEstE Aotk
(Seong and Nam, 2018).

3.5 TI| g

&3

z_u Z7} HlolE =

2-2l= 20149 1€ 5E 201619 12€971A]
dzke] w2 dlolE e} 3
ARgEEATE A WY
71ZY, AF 713, A5 7]
MEE A= SATh
HSTE ;d—_‘fl_ AZ N0 =
£ I8t AAE T Zon, 4
3‘37]. x]sgs].q. A3 o] 111/].
\‘41611/‘1 o Zo] Upeletal oS =dl, &
g 5 TPt AYsta, SYA 53
FP?Jr_]_ 3™, Downol2tal o S35},
&3 & FN, S84 d53 A& TNl

o T} ol <Table 259} o] UERE % it}
%8 A3t
e e 35 = <Table 2> A Accuracy & — 0 __
H l]_-:_g'__q] /\-] _2'_;%]_3]_:]—,_1]_ —3]_35 B]—‘—,‘_‘— 1?‘3_'_?/] ) TP+FP+FN+TN
o7} =
g 0|29 Ba AR AR Ho] oy woag - oo/ EH
(Table 2) Confusion Matrix
Prediction
Up Down
Up TP FN
Actual
Down FP TN
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4. A1}

™A, Shynkevich et al. (2016)7} A A8+ GICS
ol A Sectorg TAHR FHEOE FRlet 22
A (Sector)d] 25 I 1H3sIH FIHE 4
=3k 23 Hagenau et al. (2013)9] Individual
level, & 54 3] F2Tto 2 FIHE oS53
1S B Etd, A7}t AZ A5HPLS 4 5
ULk o= 71E AT A} dGstA ©es

A 3| Atell HEH Frnko] ol B H 3
AL F2E EFEE dSEske Ao n|v) A

= AL oA & ¥ FHei, o] A
Shynkevich et al. (2016)2} d#H AA|E HAF
o, & AFllA AHE-g HlolE 7} 71E dTES
frAbettE S gAE T SRR o] F Hlalof
Ae BARSE FoH3 AfolE HoAFA] X
st7] wWiiel, dag]Ee] B vie) 1 4
o] Zpol7t AA| it

Seong and Nam (2018)2] K-means clustering}
Shynkevich et al. (2016)2] SectorE B]nl3}dA, 3

X

it

o7t AZ 7HASH Y Individual level 2Th
= 553 ¢ F At ol 73 S A=
N3RS o}, T Aol & IJAE H A3}
A 22 Zdod, o5y GdEFs vE =
At AL u)sh. ol 7]E K-HH TF
Bajo] 2] AAoA Az ZFshA £t
= A& 9rsta, ol &9 Alse A A
A &3 5 wio|th F, o9 T2 FA9 A%
o} AN AA EnE ueA g, @ed] F
2] A A ] B S AgEhs WA 2
# ﬁﬂr—%— 9 & &a‘t} 2 =FdAE ol& dld
X

BAzo g, B AN ANE Bl 7]
AFEo] AN 3

ol 71&9 WHEH o 3%4 K
HolH, BA A 9_;%

E F7 d= o
A7171 BE Z*oﬂ

fo

=)

ol

N

©

it

I

‘0,

Y
N o 2

N
ox 9
S
o
lo ro
N
a2
]o-{ﬂ
>-L?‘~
-%“jz
(ol o
N
% o
(il
Iommlo
oo

(Table 3) Experimental results

Reference Method Accuracy
Hagenau et al. (2013) Individual level 0.6245
Shynkevich et al. (2016) Sector 0.6299
Seong and Nam (2018) K-means clustering 0.6276
The proposed approach Random Matrix Theory 0.6586
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deg - =olE
= = 2 AFoAE 729 dE o] &L 0|83t
F7ke] A Al FE o JE& AAsL, A%
Hol8 Al 2A4 Altho] =48t A, Avre] a5 AAsH Z&3 4o AFE &
2RIl A E = HE Fo] F3] wot Rtk I AR AFE 7IReE Yy A4S Al
A3 ek TIFelA 7 tlEA Q] Zlo] £A4E st AEH IAE 23 T BAEE IJAEY
tlolgolth. ZAtd Ho|E|9] o] FFsHA, g A Eske —11‘7} & WHES AN
BRG] JuE A5 o g 23 F|Ash, o] stk 1 A, 2 =2olA AT e 24
£ A9 Aol S&stH= Aol FHlsiAaL MQ1e] 3] vt 7}11 F7HE dSdhes
AT} 09 Z2 RS F71 A S0l = T 2, Z2 A BE w25 /AL F7HE 9
UEbd T sk 2, K-®He w3 24 #-d" s
71Ee] F7F A5 F71e] FAE S8l mlE 2l o] & o] &3 FUHE dlSdhs AR €5
£ oS3tk Zlo] thF-EolAut. kAN FA4d g AIE BAFAT o= #EH IJAE A
Al 71ee] A A, Tt FE = sHA 2= Zlo] Fa3E Tl 3 W ATIAAF
A AMEE BRI 7229 FaFo] AxHH, o, AAIZE o] 7|E AFERY Y A%
o] JUFAT 7IEE AFHOE dFdtEHe < YERA S ofm| gtk
AN Zz="lo] A st ot 53], Aot & 2 AT s AAE o 2o A
o] AHo| ko] W2 wl, 2 Jile] BE F2E A, & A= T4 AAe] o2 o2 JHA=
oL F7bell FFE HAE FERks AEF o 23 EAS &43t ol d3AT &y
2 zholfjo] o] &st= AL YRl or Il =9 d"EyeE Agste ATE AT
sttt olof] JIFAE 7IER F2E o83 Ut ol @ BE dYHS 8t Agsh=
5L st e A FE3] e g Zlo] ofye}, o] 0% 1 AAE ok g
ol# gk F71 AZF] WLt AZIHol & o= S Yt F WA, B A7 724 Al
e 727 e O w25 o83 A 7199 oA #Ego] & 7|9S A e A
F7He dSste Aotk shAIRE HZ AT-ollA o] 8% EAYS B & W F=xsATh
W72, sl 54 3JAL 2vto] 11 3 2 AT AFF AL o 2o A
ARS] F7boll FEFS F= Aol okl 1 FAL A, & ATolA AR FAe] dY o] &2
oF o] H& A 2 B3 FUt| I T2 Aol A AEgk ZaATE e AR
FS ZF F Adoe= S YT (Nam and Seong, Hglom, 7 &9E YZgr) o= TEZ
2019; Seong and Nam, 2018; Shynkevich et al., 2E TFAske AFAT dagEs 7IAE o
2016). =, #HAo] £ 3AE HgsA e o3 BAE FIIE o] 8T F Atk F WA,
AL F2oE o] &3 Tt dF HHelA FaT B ATl ARG WO R FIHE o S5te
ot} shA|RE ofF] o] R tigk ATt W2, 53] Aol AR 2 A A &
FE3517] Wz B =FodAe o] dF 555 & 7V A 2 St 1E Aol o] A
AA £ YHES B3 Bttt £ #a o]& FUt Sl R o E =]
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Abstract

Predicting stock movements based on financial news
with systematic group identification

Seong NohYoon* + Nam Kihwan**

Because stock price forecasting is an important issue both academically and practically, research in
stock price prediction has been actively conducted. The stock price forecasting research is classified into
using structured data and using unstructured data. With structured data such as historical stock price and
financial statements, past studies usually used technical analysis approach and fundamental analysis. In the
big data era, the amount of information has rapidly increased, and the artificial intelligence methodology
that can find meaning by quantifying string information, which is an unstructured data that takes up a large
amount of information, has developed rapidly. With these developments, many attempts with unstructured
data are being made to predict stock prices through online news by applying text mining to stock price
forecasts.

The stock price prediction methodology adopted in many papers is to forecast stock prices with the
news of the target companies to be forecasted. However, according to previous research, not only news
of a target company affects its stock price, but news of companies that are related to the company can
also affect the stock price. However, finding a highly relevant company is not easy because of the
market-wide impact and random signs. Thus, existing studies have found highly relevant companies based
primarily on pre-determined international industry classification standards. However, according to recent
research, global industry classification standard has different homogeneity within the sectors, and it leads
to a limitation that forecasting stock prices by taking them all together without considering only relevant
companies can adversely affect predictive performance.

To overcome the limitation, we first used random matrix theory with text mining for stock prediction.
Wherever the dimension of data is large, the classical limit theorems are no longer suitable, because the

statistical efficiency will be reduced. Therefore, a simple correlation analysis in the financial market does
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not mean the true correlation. To solve the issue, we adopt random matrix theory, which is mainly used
in econophysics, to remove market-wide effects and random signals and find a true correlation between
companies. With the true correlation, we perform cluster analysis to find relevant companies.

Also, based on the clustering analysis, we used multiple kernel learning algorithm, which is an
ensemble of support vector machine to incorporate the effects of the target firm and its relevant firms
simultaneously. Each kernel was assigned to predict stock prices with features of financial news of the
target firm and its relevant firms.

The results of this study are as follows. The results of this paper are as follows. (1) Following the
existing research flow, we confirmed that it is an effective way to forecast stock prices using news from
relevant companies. (2) When looking for a relevant company, looking for it in the wrong way can lower
Al prediction performance. (3) The proposed approach with random matrix theory shows better performance
than previous studies if cluster analysis is performed based on the true correlation by removing market-wide
effects and random signals.

The contribution of this study is as follows. First, this study shows that random matrix theory, which
is used mainly in economic physics, can be combined with artificial intelligence to produce good
methodologies. This suggests that it is important not only to develop Al algorithms but also to adopt
physics theory. This extends the existing research that presented the methodology by integrating artificial
intelligence with complex system theory through transfer entropy. Second, this study stressed that finding
the right companies in the stock market is an important issue. This suggests that it is not only important
to study artificial intelligence algorithms, but how to theoretically adjust the input values. Third, we
confirmed that firms classified as Global Industrial Classification Standard (GICS) might have low
relevance and suggested it is necessary to theoretically define the relevance rather than simply finding it
in the GICS.

Key Words : Online News, Stock prediction, Random matrix theory, hierarchical clustering
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