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Compound Deep Reinforcement Learning to Acquire Trading Strategies

INFE REFLER 12 A e 2

Uik ARl FERL 0 R 2Rl 2 iRy Topi LAY

Abstract: AGSCTIE, VMG BRRICIREE U 7 ORURVEI (L7 B 2 AT 5, BRVER
AR, MO EED D ICHRPR 2 B L . RSEO BRI 2 AT 5 (BRI 22 8 S 5 KA
RIS BT, ATIIIEIEE = 2 — 900 Ry b —2 TR, BREEE O TSI
PET B, Eiz, DR (AAEED OHU GO BRI B 2 10 72 Pl 5T,

1 [F0&HIC

%1%, 3fbA# (RL: reinforcement learning) 123
F 2 Wl (reward) DFed D IZFIZEH (rate of return) %
BHL . FEROEFZNE (compound effect) % ik K
b5 2 T EHLHN 2 28 9 2 AR GR e B 2 3R L T
X 7z [IhFH: 13a, ad: 11b, Matsui 12, #AH: 11a], #EFIH
ib2AE (compound RL) Tl fFEROFGHE A —HiF
BRIz O CTHD 51 & EAHFREO N Z NS
LT ko T, ATENlME B B & e K D s kA H & [FAR D
Bellman XD cE L., RO EE 7 VT X
LB KGR 7 )V 3T X LICHRRT 5 2 &
ZABEE LT3,

Tx ik, cngcic, mkEH & @R R %
SRR & O B |k D SERHIC IR L T & 72 [HaH 13a,
A 11b, Matsui 09], 25 DR TIE., IREEL K &
U Tl & BB EDER 2= 2 W TR D | IR B % R
L322 &I &> TRIEPEIIEER AP RE S EH)
T3 MG TOHM SIS Z G TE5 X512 T
W5, FERTIETIE, TEIMIMER AL & 5 HR 2 i Jk
JEEBE%% (radial basis function) % FW TRIZERIL T
Teo LIPLDY6 . MURFEIEREE Fh O 72 SR BRI
. REBEHE IO T & IREIITIREBDSEMEIC 2D 2
BHRHLBoTLES EWSERH -7,

Y2 E (deep learning) (%, KHIBCHIMEAR = 2 —
J )« % v b —7 (artificial neural network) = GPU
DRMEBNZHNTEETZ2H0TH D, HEREHZD
SrEFCRHCERE 2 %2 BT 3, 2013 42, Mnih
5ICkoT, WHEPEZHOWEBIEEOTFETH S
HEEAL A (deep RL) [Mnih 13] 23R S Nz, #

* http:// & 5 Z 3 5 jp, TohgorohMatsui@tohgoroh.jp

JEsR s 7 L 3V X LD Deep Q-Network (&, 2~
Ea—%— -7 —2L0MH (W) Z2A, 7—540
BRzEHRME LT, BRAEIRZERENEEEESE
72822, AMAEDOEREZNZZENBTEDS LS
IZolz, TNZEIAVE 12— —FEIGHALZDN
AlphaGo [Silver 16] T® %, 2016 4 3 H. & Hic
v PRI NTE<DAPERHT 2, HATRD
MW7 aMHtED~ATHBZ A - L L EREKL T4
1 TR L 72 2 &i&. 1997 4EIC Deep Blue 285 = A
ODMRAEHECTH -7 —)— - AR 7B L7
& [Pandolfini 97] & & b I A LHIBERIZE D FE 127 2
RERHRF L7572, Deep Q-Network DK E 72§
WH, avEa—Y—+vIal—vavictkdFRx
BoBEEEZRNWS Z LIk > TABB EO#EE T
HIzz e, fTOMMiEREBEE R =2 —F N - v

PO =7 TERT LK > TEHHDIRBER =R R B C
EThB,

AT, RERIGAEE 2 R IR E U 7= R 3
IR B 2 % T %, AR R 3 .
DF LD ICHERRZBIM L. AR OEHZIR 2 KK AL
T ATEBANZ 2T 2 EAR LA H BT, AT
BIMERI B & B2 2 —F L - 2y FU—FTE
L. WEYEEZ O TR O E & & RO ol
L2175, ARG OfTEhfifaRE % & B & k%
B2 —IV 2y b= TRITIEIZEDT,
REEAE LBOIREETRT I ENTE, X DEMEZM
BMICHEHTE S XS5 Ik EPfFTE 3,

KX Tlk, £9, @RS & Ry I
DWTHIHT %, 2L T, WEmLEE 2 8@ IR
LA b B2 IR R T 5, /2, @Rl (HA
EIfE) DHE | HkIE DR I R R g iRl o & v 72
BlzR L., RBIcEEZERZBXRD,



2 #EHEmEFE
2.1 BARRZEE OFHE A

ik~ H (RL: reinforcement learning) (&, stfT854
ICHEED W CHEY) AT BB 2 22 E 2 A E (ma-
chine learning) DA TH 2, T— x v Mk, KXl
IZBWTIREE g St ZEINT 2 &, {7 az 2L THEITL.
%0)#:5%2: U T 7 23 TIRAE 5401 ICEBRT 2,
CNzOIRL A5, &5 (discounted profit)

o1+ Y2 + Prees + .

=Y e D
k=0

AT 2 XS BiTEHBEZEET S, 22T,y
Rk O E E D 5] < HFIFN T A — % — (discount
rate) £ T, T—Y ¥ MEy B TITHEWIEE @O
KW E B L. v 250 ITENIEE T WO RO L

PEELENWESIZR B,
HRIEER{L2E (compound RL) [#AH: 13a, #aF 11b,
Matsui 12, #A# 11a] . H# 1 O F D D I A
W Ry ZBLHIL ., B3 EFFEEEK (discounted

compound return)

(14 Rei1f)(1+ Repaf) (14 Reysf)”

= I}—%(l + R )7 2)
DOWIRHEZ I KL T 2 & 5 fr@Bilil 22855, 2
T\ Rypp 3Rt DM ORER E UTREZ ¢+ 1 123k
ZREH, fIFREH NS X — 2 — (bet fraction) %
E

HHERAIRE R, B EILS 2 LT, ko
Eéjn& AU XS ICHmNRIECRIENTES, T4b

. ATEBLHN T O T OIRRE s OAffifiE V7 (s) &ATENBL
EJ T DN TOIREE s ICEB T 217H) a DOAfiifiEl Q™ (s, a) 1F
RDKSIHEKIN2,

St = S]

V7 (s) =Exn [log ﬁ(l + Ry )7

k=0
Y- v log(1+ Ry i f)|se = S]
k=0
=) 7(s,a) ) Py (Rig +7V™(s) )
acA s'eS
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Q™ (s,a) =Ex llogH 14+ Riiki1f) 7
k=0

St = 8§, llt—ll‘|

[Z’Y log(1+ Resxr1f) |5t =s, at—a]

- Z ss’ ss’+'YV7r( )) (4)

s'eS

T T, (s, a) FATEBAN T O FCTRE s ’:}amfﬁ
B) a PHERS NS HER (TEREPWESR) | P;’ (FIRAE s 1

BWTITH a %ﬁa 7o & BICRDIRREDS o/ _73;576&45
(IREEEREER) | FIREE s ICBWTATE) a 217> T
ROIREDS s U;ota xicHons o 2AHEEE (F
WHIC 1 2 MR D D) DX log(1 + Rf) OHIRHEZ
F7, WAL EE T, TRTD s, a il T D

Q7 (s,a) ZIAT 3 X 5 2ATHHIA ©w Z224EHT 5,

22 BRENXROREIL

BRI AT Tl REED S HIRET 2 EEDE
HRERTRELE/NT XA — % — (bet fraction) f 23 A
EINTED, BERIC K > TS TE 2EAFIEEDS
hE 2,

FLURE., ML OMERZAMBBE DL AITIE.,
%E*U*Uﬁ%@ﬁﬂﬁ‘fﬁ%%ﬁﬂﬁ@“%fﬁﬁlﬁh+%ﬁ¥1‘ﬁﬂ’3 z
KDz ENTES, Tz y —HiE [Kelly, Jr. 56]
VS, 774V ADGTF T, HELFEE KD D
757k & LT Vince MEE L 724 77 1 <)L f (optimal
f) [Vince 90a, Vince 90b] & FFEN 2 TR ST
B0, F T T4V fIFr ) —EE D DERAAGRR
DIFHEZE LT 2 2B R E RO B 2 8T
E7R\\WIZ &% Vince HH2YR® T3 [Vince 11],

Z ¢, R E T, RE{LFEO—DT
bH3F v 74 v AIE (online gradient method) ’S:FH
W, BEFEZREET 2 [ 13b, FRHE 16],

Y —2 Ry ZBIMIT 2 &, BEWE f 2ROES E
T3,

f(st,ar) —f(st,at) +nt HRtIitl—;(l(Stﬂt) ®
o
"= (ﬂ) ©

TT. 0<m <1 EREHEOEERNT A —% —
(learmng rate). 1o [3WI“AE 3 (initial learning rate).
kiZ0< ft-‘rl (St, llt) ERZRNDIEDEETH S,

PRSI Ry = 11k 2 s, HEWEDS f=17
& log(1+4 Riy1f) =log0 = —co &7 0, HIFIHEFIA
WROMGEZ KD B EPWTER N, 22T, Fv v



TAERE, Ry = —1 A2 WHBESEOTANE &
f<1&3%,

ZD—/T, MEmBOMMNES/NI W E E (FIZEFEH
Yoiziine &) 1k, HEREEZRKEILTH ZORME
T4 U0, SEZRZIELEEU] (FX) Tk, YLy
Y (leverage) % 2* 1 THIF AN 7RG O —E R 8 £
THEIT 22 ENTE S, EHEELAEFHICBOWTD,
COXSBIRWTIE, LALy P2 PTTHE 2175
TOHMEIZEL, £k, Fvoq vaRERZHOTLAN
Ly D% D P i KB ATRE BRI N 9 2 fod Ze i o
BRDZEVBTE D K 16],

23 #®WHEQFHE

ERD Q 2HTIX, Rl t TOIRKE s ITB W TATH)
ap ZWOD . ZORERE U THIM i 213 TIRE 5411 1T
B LLEE, DTORck>T QEZEEHT 3,

Q(st,at) «— Q(st, ar)

+a (1 7 max Qs ')~ Qo)) )

TZT, alZd QD PEHERZRITNIA—Y—TH 3,

A Q 2#ETIX, sy Tap ZHD, ZOFERELT
FIZEHR Ry 2 AT sy ICEBLAZEE, QHZRD &
SIHEHT B,

rlog (1+ Rey1f(st,ar)) 8)
Q(st,ar) «— Q(st,ar)

t+a (7 +ymax Qlst41,4') — Q(St,ﬂt)> ©)

BHE Q #HF, Q FEHDOWMM rq %2271 AFLE
HONE log (14 Rpp1f (st ar)) ICESHR, v 54
VABLEIC K B RELROREZMATZDDTH S,
Algorithm 112, #AH Q #HDO7 NIV R LZRT,

2.4 EG|HEOES

Al 72 & @ ORI E K EHT 2720, 20D
FEREEHE L THWS ERADIRIEIZIHED LTV,
e ZIE, BIHAERRELTVWB & EIT, Z O/l
PEGKEEZEHLU T ZIRETIE, RilizZ0E E
WA E L THWTWS &, REPOTHRERLZZZ &
DIBEVIRIETH 2720, EEIMTDILTO VIR TTT
FLAaTnEES < koTLES,

Z 2T, IREE S A ENT Ol & Hle U 72 A 2 il
ELUTIERLT 3 it k- T, REEHDEIKE
B 250 TOFE L TEHHAEZNHTE S LXSI1CT
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%, BRIICIE, BE1Y (moving average) & & U
BN 22 (moving standard deviation) o % Hi ]
k&L, MTDXSICU THME (relativization) 3
% [Matsui 09],

Uit — Hek

1
40},]( ( 0)

Xit =
TZT. vy FA BT 2 i FHOREBERK DA,
ek (FIREZ t DEGE k D7 — % 0 5K D 7B E V-1,
o (AU < BEIIRERAEZ KT,

INXTOWZETIE, &Mz N L 72 X &0
(RCP: relative closing price) & BB HE {72 % AHH ML
L 72 M B R R 22 (RMSD: relative moving stan-
dard deviation) ZIRBEZHK & L THW TS, A%
WNRE UG DHE., RCP AIED & F IXBIE O HAlG
DBEIRME D RE W, Thbb, #Hifisd LR LT
N3 EEEKL TS, RMSD 28IED & E IFBIAEDEE
RSB ENPEERZ LD RE O, T2bs, Ml
DEFPRELE>TNEIEEZRLTNS,

I—Yry FOFBIEE (buy) EHD (sell) © 2
HchHs, GRfMEZBALTHIREEZO YT - RY
Yav, SEEEMEZENTEOLTHIREZYa— -
Bovavins, =Yz i, EREERGEEIC
Ko TEHENIE HIGIC X o TIrEhZEIRL ., 4>
FA VAIEIC K > THE SN KELE fIc k> TH
YravDRESENHET S,

B, AWZETE. SRS ICBI T 2 IREAEIZ = —
v POITHIKELAVWEREL TS, ZEX
. EGIOBAICIE, T—Y v bS50 Hi%
EATD, KA IZEE L 0,

3 FBE®{LFE

HIERALAEE (deep RL) [Mnih 13, Silver 16] (%, 8
LB B 2 iifEiBY%L (value function) Q % = 2 —
J)V » % v +J—7 (artificial neural network) T L .
E % E (deep learning) ZHHWT Q ¥ HT3HD
TH53,

1 1. Deep Q-Network D =2 —F )L+ % v b
D —2%mRT, RE s B m RILDIREEHNZ L
x=(x1,X0,...,%y) TEREINZEE, ANNBIZEm+1
o=y FPHEZIN, X1 25 X, T TOREEE L
T8 a BANIE NS, HHEICIELI=y FH3—DR TR
B3N, REs ICB T 2178 a OffifiE Q(x,a) NS
ns,

Deep Q-Network @ % # 7 )L IY X 4% Algo-
rithm 2 127" 9, FERD Q¥ETIF 1 AT v 72L&
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Algorithm 1 A Q 24E 7 )L T X L

AF: BIGI3K y, ITE)fEE R
forall s, a do

Q(s, a) ZILREIZHIHNL

f(s,a) — fo

end for

loop (HFTEY — FIZHLTHDIEL)
s ZHIL

repeat (LY — FOKRT v 712U THEDIEL)

o, WIS R fo, PIIBEEE IR ETH 4

Q » SN BTEHHA (TENERESR) 1o T s TOITHE) a ZiER

78 a 2EFT L, FIREHE R & ROIREE s % B

Qs Qls,0) + (Iog(1-+ Rf(5,0) +7max Q(<' ') ~ Qs ) )

1oL f - f6a) A -

repeat
e %%f/ — fHnAf
until f/ >0
f(s,a) «— f,s ¢
until s 2SR EE 7 S IXHE VIR L 2K T
end loop

Algorithm 2 Deep Q—Network FETNITY XL

AF: HIGI3K y, IT Bl R
Q#KRITZ2—IN-ZvbTU— 7’8&'%?0&%]]%1’[:
fori =1to Ndo

Q S PNBTEHANICH > TLUIXS < DRTEIL., REEEANRZ MV X, 1TE) a, Wl r, ROKEDIREZ

DOEINET 2
MEELU 2 (X, a, 1, X))
forj=1to Mdo

i — Q(Xj,aj) + « (r]- +ymax Q(X;.,a’) - Q(X],a])>

end for
end for

ZHAE L7 M (=

SHNR 7 R L X

DEEPEI VYL 7Y I koT MEZID T

M) DT —r 2T QE2EIT =2 —F N Xy VI —2ZHHT 2

/, «".
/""ﬁ.

7R
% A X -

1 Deep Q-Network

Q fEZHEH L T #ET 525, Deep Q-Network TlF, 1
AT v 7T EDYRETDT. M AT v 770N H%
£ & TITS. Deep Q-Network ZEEL T Q 225

PNBITEHHRANCHE ST M 257y 7L EfTEI L, IREE
st ZRTIREBEBANR T v xg, 178 ar, W rp g, XOIR
B8 sp 1 DIRBEEHNRD L X ORLZIEET 2, INE
U7z (x¢, ag, i1, Xps1) DEEADPS, SV L YT
Dy ZickoT MEZIRD g, IWOH L MED
T=ZDENEFNUH L, UTORICXoTx & ay &
Deep Q-Network NAN L7z & EDHEFE L WiJIE g
ZRDD,

qt <— Q(Xt,llt)
+u (T’t+1 + 7y max Q(x¢y1,a") — Q(Xt/“t)> (11)
oD MEDF—2 %7 —2 & LT Deep Q-

Network ZHH 9%, Zn%xE N FE#EEDIEKT,

Deep Q-Network ®F v &4 - ¥ 7V v 7%, Kd



A\
STAL N

X, — (RS
2

X, — ()

x, — (R

x —( ¥

,n gg

a —)

2 #if|H Deep Q-Network

FETRES MM E 7% 2 8%H (overfitting) N\ DX
Lo TIN5, TRTDORTy 7 TEHEETIC, Fv¥
LSERSNTAT v T7OATHEETH I LICLH T,
REDRVANBEIZ7 ¢ v FLAENWKSIZARSTND,
T, 7 ¥y 7IVEE (ensamble learning) OV F
> 7' (bagging) 2 E XK E L THWSENZDERU
A TH B,

4 BHERER(LZEE
41 HEHETFILTYXL

BEHTEE A%~ #H (compound deep RL) (&,
[l 2B 2 EARICIRIR L e b D TH 2, K212,
Deep Q-Network z #HIRLICHLR U 72 F)% Deep Q-
Network D=2 —J)V - 2w b U =2 %13 T, HHHH
Deep Q-Network Tix, fTHiffifi Q IZA T, H&HL
RfzHNT 5,

#HA B Deep Q-Network O *#H 7 )L T Y X L%,
Deep Q-Network %3 7 )L 3°U R L % # A HLI 355
L7zbDTh2, #HHE Deep Q-Network DE 7 )L
Y X L% Algorithm 3 12777,

R EE, RER DL BB T 2 8 r D
BHODICHIER R 2320 B0 r 2270
AREEE O log(1 + Rf) ICESMMR 2bDTH 2,
EHRRIE R E D . ARk, R AEICBT 2
W r b D ICHILEE R 2ZTHLS . EAHIE Deep
Q-Network T, (x¢, ar, Ryyq,x01) ZIEEL, 2T h
55 vF L Py 7T ko5 T Deep Q-Network
ZHEHT 2720 DHMT— & 2EKT 2, TDEE, x
& ap % Deep Q-Network NA L7z EZDHEEL W
HIfE g (2. AT DXSICkD B,

r «—log(1+ Riy1f) (12)

gobooooboooo
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qr — Q(x¢, ar)
+a (r + 'yrr}ze/ax Qxir1,a") — Qxt, at)> (13)

BB A E T, REHE f PEAINTVS,
BRI RERLEE TlE, =2 =9V - 2w FU—2D
MBI EWER f 2, fTEiifE Q & &bl
T%, x¢ & ap ZHHE Deep Q-Network NATI L 7=
DEZDEELUWHIE fi (X, UTDOXSICKD B,

Ry
X¢, at) + 14
fo —fxeear) 7 + Ry f(xt,ar) (14)
k
70
= 15
G (WM) (15)
2T 0 < < 1 BREHKOFEES X — 5 —

(learning rate). 7o (331 E ¥ (initial learning rate).
DFEDBR LR, M ZS5 YL -7V v Tody
TNVEL kE fr >0 ER2RNDIEOEETHS,

42 RE

KWL T WEYE 1 75 Y — D Deeplearningdj
(DL4)) iz, BHRRLEE D' Y 2 — L2 /ER L TH
Hiktr Z & T, #FH Deep Q-Network @ 7’11 75
L,

K HB 1T 2 SRS T, REBEROME % i#
EDIitE T — ¥ 2P oRD 5N B 7D, EREDKFEL
STTEIZIRDZ ZEMWTE S, 22T, LIS DT
LT <Xt,ut,Rt+1,Xt+1> ZIEL, ZThoT7 05 L
PV I EFIRODIC, BEIREES V&L - Y
Y7V I Ko TERL, 5275 2 &ick>T
<Xt, at, Rt+1, Xt+1> %IR%Téo

ZZC. DIAJIZUTD 5 DDEY 2 — )V ZBEMIL 7,

1. SV L - FYvy
2. Q fEHEE

3. fTERER

4. FILSHRGEHE

5. B Q At HE

£9. ) SvFL TV TiIckoT, &M
26 M AEOEG|RA%Z:E NG 2, BRLET—%
<X],LIJ,R],X],> @%m%nﬂlﬂbf\ (2) f?ij (E‘I\ifc
F5E0) ZEic, FEPO2—-F ) 2y b T7—=21C
REEZ K x; LAT8) %2 AJIL T Q fil & ek f 2 HfEE
L. @) HEEL QEIZHEDNT, e-7'U—F ¢ —iER
ZRNTITE) a; 2, (4) a; WMo 72 & EDFEEH R,
R, (5) QHEAEEE Y 2 — NV ZHNTRDIRETD
frEpflifEZ #EE L. 2 (12)-(15) ZHWT Q fH & &L
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Algorithm 3 #ifl|% Deep Q-Network %% 7

)1 %= R) BV AN

AH: BIGIR oy, BALAER o, EHREEE
Q& frRET=a2—I)N Ry V-7 Z2ERICHHIL
fori =1to N do

Q »oEPNZTEHAICHE > TUIXS < DRUTEIL . IREEEKNRZ BV X, 178 a, FIEHE R, ROIREDIRELEANZ Fv

X DHlEINET 2

PEELZ (X, a, R, X)) DEGDPSSVF L - H o FY v It k>T MEZID T

forj—ltono

g — (mg1+RJ-+vmwQ( )—prwo
1L f00), 0 = e
repeat
s rnf’%f“?Af
until /' >0
fi=f
end for

tha]-%:]dl q; tfj%:tﬂjjtbf:Mﬂﬁl G=1,...
TS
end for

M) DIIiF—yE2AWCT QL fERTZa—I) 2y U=

Yield of JGB10Y
>

12 /L/\[\-V\,v\
1

~ A\l

2004 2005 2006 2007

3 RN 10 £ HAREMSMN & 40 DR Y

Yy — - NVF

HKOYE L WA g, f; 2K 2, R, DL4 O
20T, MADHIEF -2 252 T2 =91 - v
FO—2#ERT S, Tz NIEREDIRT,

5 SREAER

REFLOEMEZMER T 272012, BANIM 10 4£
D HARE M OHRIE | %2 N5 & L'C%%ﬁ%ﬁo 7=, HY5I
DR IX. 2004 £ 5 2007 4ED 4 FE & L, 3
2. NRYHoSMOHERE t40 DRV v ¥ v — - N
Y FERT, ZOWMICIEEF208 b D, FliiEzitHE
T 2720, mEDEEFRWZ 207 HENRE Lz, B
Ty & BBl R A O FLHUAR X, fEREEF L 14
e U7z,

# #) # Deep Q-Network & fit 2k @ Deep Q-
Network THW2 =2 —5—)L - Xy F T —=21%
g% 1D, 2=v FIX 20 & L7z, EADOYIAMIZ
Xavier 2 MW THERINICHE L. AN S difEJE
DIEMALEIE X 5~ 7 BI% (ReLU). & 5 HiJ)JE
NOTEEALBEBUEMIE R & (RN —k 7 roy) &
L7,

HALEE DITENEPIC T e = 02 D -7V —F 1 —
ERZ o, TEMiifEOFERIE a0 = 0.2, #H51HEZ
Yy=0&UL7%, SVFL - BTV TOY I NEIZ
M =100 &L, #DELEHKZ N = 10,000 & L7,
72, SRlo%EETIiE, HHA Deep Q-Network D
R f OREIITHT, f=1I1ICEEL %,

UKL 1R EiC, THbs, W OmELYE 100
ATy IO EGS LI, B L QZHNT
HIFE T 270, 2 DA FIIRERZRD, BOK
L 100 [Bl & &R PRI AR R D P 2 R 72, fiiR %
41T, D 100 [H O FE PR EE RO P X
#FH Deep Q-Network %% 2.12%. Deep Q-Network
252.08% ThHot, t MEIC K> TPHHDEEBREL
& A, ZDVIMEIZ 0.365. HREERAZIX 0371 TH D,
7D 95% FHEX MO T RAY0.0291, 1BRA30.0439 TH
22 E05, BRKAE 5% TEARZENDH 2 T & TR
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Predicting Stock Fluctuations using Soft Confidence-Weighted
Learning

EH L7 &L

Muhtar Fukudal!

U R R BB € S R R
! Faculty of Environmental and Information Studies, Nagoya Sangyo University

Abstract:

Stock price prediction is a long-time and challenging topic in financial forecasts.

Although stock markets are affected by many uncertain factors, numerous effectual approaches

have been proposed to predict financial market trends using machine learning algorithms, such as
Support Vector Machine (SVM) and Deep Belief Network (DBN). In this research, we propose
a new approach to predict short-term stock fluctuations using Soft Confidence-Weighted (SCW)

Learning. The proposed method not only predicts stock trends, but also gives a quantitative

measure for the stock fluctuations. We consider RoC time series of a related stock class as inputs,

fluctuate up and down of a target stock as outputs, to train the prediction model with SCW. Some

experimental results show that the approach is useful for practical purposes.
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Market Impact Analysis on Group Behavior by Artificial Market
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Abstract: Humans have a strong tendency to belong to a group, which is called group behavior. It is said
that group behavior may affect the financial market and make it inefficient. In this article, we study the
relationship between group behavior and market impact by building an muti-agent based artificial market
model. The results show that the maket become more inefficient with group behavior growing when

exceed some threshold.
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Impact of Market Maker to Efficiency of Stock Market
with Dark Pool - Artificial Market Approach
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Abstract: In this research, we analyzed impact on market efficiency of interaction between high frequency
trading (HFT) and dark pool to a stock market using artificial market simulation. We introduced a market
maker agent, a representative strategy of HFT, and changed its spread for order price. We also changed
each stylized trader agents’ percentage to use dark pool. The result showed that the smaller the spread of
the market maker is, the more efficient the stock market becomes. We discussed the mechanism that
percentage to use dark pool have a different impact to the efficiency of the market depending on the size

of the market maker’s spread.
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A New verification method of quant strategies alternative to back testing
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Abstract: This article introduces a new verification method of quant model strategies as an alternative to
back testing. New quant strategies will always suffer from a “chicken and egg” problem, finding initial
investors who are afraid of the phenomenon that the new strategy, with good looking back test results, will
sometimes fail in real investment; “betrayal of the back test”. This article proposes a concept of “forward
test” and “millennium test” as new tools to avoid the “betrayal of the back test” and to evaluate the
forecasting capability of the new quant model. It also discusses a real application of the forward test and
millennium test under the new quant strategy, displaying the strategy’s capability to forecast and generate

positive returns over time.
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- Is it possible to beyond “premium vs. anomaly” with the statistical method?
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Abstract: OLS (Ordinary Least Square) estimation of sample means and betas can lead to biased
estimates of alpha in the presence of certain patterns of heteroscedasticity. There has been discussing
on something to do with background of modern portfolio theory for forecasting risk premium and
dealing with anomaly. We demonstrate that those patterns occur in practice, and that a robust
estimation process eliminates the bias with some algorithms.

Key words: Alpha, Algorithms, Arbitrage Pricing Theory, Backtesting, Linear Factor Models
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B n EHOHFY X —2 L KDY AT~T 4 v
I 77 =220, elInHOEE GHEEA)

U — ik,
EFLVE[Z]=0 L E[e] =0 Th D, FRAEAY
K —NIBHEVEMERTH Y (E[ee’] =0), VAT
TH4 v Ty E—E MM (Ele,2]=0)Th D,
HMEV A~V eV AT T A I Ty I A=) H—
Y EDBMRIFRD L D IZFEIRTE B,
E[fl=p=ro+Br+a (2)
CIITCRIEKEOVATT 4T T I H—D
VR FUVITLERD  0iZ VA7 T7Y—Y Z—
Y ThDH, APTIZHIT D IEEDORHEIIHFREY & —
VEVRT T AR—T X OBMRN a = 0 D& XL
URTASH

RETNVT 7 EETHZERNETET oL
Ko TWBHRMMNS . = ZBERB—% s D
VAY 77 I =2 AR—=T ¥ b0 T v
J ATHERT HA~— h_X—% L 3N 5EHATIE
WCHEENEE L0 CTE 5,

2.3 F/h3EREE (OLS)

B/ ZFmR (OLS) 1&. FRZE/ AN [F]
—ThbHZEEREL TS, L LERICIE
Connor, Korajczyk, and Linton (CKL)23#&am L T\ %
D, FRAEY H— IR Ko TR 5,

Z DT DM & 1T BRI L) — oy Bz Tl L7z 2 A
FIvr Ty x—%7/ (HitEa L R—xv
FETV) EBRFE L TWVD,

7212, ZOETOREITT ST OREBIEN D 5%
ZEBRERFIIZF — O 2T 52 LiZh b,
Z DT FER O BIEEIN DI A5 S R RN ALY
— L RDENET L DX TR,

TEREAN DFRZE P DB L, RSN Z & | IR
I b 5272 2 M2 D EBRIHE M I 2581213k
ENNEERD,

REJ = BOBREHED S H /X2 — 0 bigFbid
e/ ZRERE (OLS) 12 X DIEANE) & _R—= 2 53
AT ADHDL Y AT T LI T LEEM L 72 2 6%
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ZHiUTnb @ L RIRHHEE S A 7 A (CEB)) & FEE
N5, BEOEBNEHD Y X —1 DAL~y 5D <
B— BfoRT D ERIBHCZE DAL T AEMEETD
N NRHEE T 0 R ERT,

3. HENAT R

3.1 AMUEDOZRh R

Stroyny 1%, f&x/N "3 (OLS) HEEIZBIT DA —
RO, RREDREE D RY — U PIEARTY
ER—FIHEERAESEDLZ L ER LT,
NR—=L LRI ST VA7 Y X —2 b L—
RAZ7E2AERL, THUTLY TIVT 7 Ol - T2 HEE
EEEHTHZ LT,

KB, BT 77 X —FTNVICBIT DR/ R
& (OLS) DI —4ri OfUE & —B L
FHNIZ
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2015 & LCELEE AR LTV D, RESBicL AL
I MPN TG DY I 2l —Y g U Th D,

Z ISz YR ERR T, 1 B oA NEE 7
TALLTEDHEIIIAE LN Y ORYFER L 72
D, ~AFADOHNNEE L DGEIITAEB FRY O
BlRIERR E 72D,

LXoTEDOBNO EDORHERHDIZL b LT
M7 MR B D & ZFORHENEEEZITDH 2
EINPIND,

32  [HBEZFF- 2 AHGERZ] (CEIV)
H—DWEOT—41y MPOIERFSE L X—X
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Dfg/h "3 (OLS) HEZFEITT 5L, BIEMICH
ZEH o B EMICHEEENZE L %5 Corelated
Errors-In-Variables (CEIV) [#HBH % £f - 7= B HGR 7= |
DIFY DAL 5,

R—=HEWET DHODOMET DT N—T L
AL ZHEET 2MET — X2 DT NV—T12505H3
LEDRRHEE A T A (CEB) %S 2720 D%
SOWEFENBRSINTEEN, ZhboT7 7
—FIIENETND 7 — A TR ATRE 72 fE @A 0y &
20N TH D,

(X 2) TiE, MBEEF > AR EOH Z R LT
W5, BRI B CaRERICE D B (U R T) Lt
SRR X — (VX =) LD, T—2%T
7y b LCHIFEAR (OLS) Z51< HEX N T T A
Lo TWVND,

YA TVIT LOHEFEIZARIZI A7 &Y Z—
YD L= RE 7 BFET D & ORTZERA . FEll
7277 2D b — RA T7BRPBIE SN DGR L
o TS,

Spurious Positive Risk-Return Tradeoff due to CEIV Bias
0.08

|
|
|
o
PR
(e

st e b
: \ Slope = .3211

OLS Mean Return

g
IR 1

-0.06 | A . -
C

|

|

-0.08
-0.15

0.05 0 0.05 01 0.15

OLS Estimate of Beta

(4 2) THBIZF5 - = BHGRAE] DR Y OHf

o7 0.2

4. et EV )1 -3y
4.1 ITQRET —H

(K 3) X, KRFI7 ey hTHDH, 2 DD
47 (Scalel, Scale2) DHEEREF: & KE D1 i
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ATHY ., 2008 4 10 A 10 H S&P500 f544 /3@ %k T
RO FHEEZTREE L EIZHIEL TS, 7T 7
HAHRHE I3 BEILITHBOREEINE—T Lo
TWAHZ ENRBlEIND, ¥EREROT T 7 LER
THDLEGEB EAT 24 I 7I3EEREOE
—7 L= LT3,

PIEFRF EIL, BHABEAOEHRTHY, BRI
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STWNWEZ LMD, H—DON Ay —/Lin 3 5Dk
KI7 7 Z—=L ALy PIZF>TNDEDFEDY R
22— arEIRNH D,

INHDOZEMBU R FLIT AD OLS H#EE
B L DR OHEEMEIZIZY I 2 L— a3 VTR
L 7= [RIEHEE S A 7 2 (CEB) MFEAET 5 Alfethn
EmW ST E 5,

42 WY U a—a v

T, BROAL T 2AEERET S HETS S
DIEAH I, FO—2D%E LTiL, OLS (/b
FelmIToHT) ORI VI WLS (A& /s — 3 M|
JHoT) ZFHT 5 HETH D,

(X1 3) @ Scalel i% Connor, Korajczyk, and Linton

(CKL) DHRA e T /VICEIR DT — 4 % H
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SR EET VX, 3 EOBEAE T 77 X —IT 2
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HELTWD,

7T 7 D LI OIER R R DR 20 IR
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AV INHDLZENDID,
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L TR ET VOREEIT> TN D,

VU DU HE R DRI E) & Z Tz TR E
=y oD avyZ7bnH T )<l —%
FHET S K VIR T D AR A R LT D,

B

Alvin L. Stroyny, Ph.D. & Timothy C. Wilding, Ph.D 73
e & DT RIZOVWTIERILAF L TN/ Z LI
& L7=\, & 7= David Androsoni 23 AFE OVERIZ &
7R — LT N2 Z EITEEHT 2,

P

[1] MfEREZ, A~— b_X—% —HRERORE Him—,
TS FRRRIE R B FE 5 23 [RIFkRESEE}, 2016 4F 2
H 16 H

[2] http://www.bloomberg.com/news/articles/2015-02-27/bri
dgewater-is-said-to-start-artificial-intelligence-team

[3] Stroyny., Wilding., Why Robust Alpha (and Beta)?,
discussion paper, unpublished,  (2016)



A3 =3y MERBRRICHADHR 7 —

S1G-FIN-016-10

NYIE FEELIERES

ENECE
L BEV SRR S P S

Abstract: AFfii, BEFLEOH A7 — K3 IPO (fﬁﬁﬁﬁkﬁ/\ﬁﬁ)
AT D, WERLDBEOND R r— N2 ET 728

LA WY R RN R 3
2 H
%. 2001 4EH 6
2L, 2EROBERZLHENRKTH Y,

1. [ZC&®IZ

ARE, BEFLEMLOBEROHEA~ AT
LEEFOLHD T A — R IPO Hi[? Yahoo! Japan
Finance #E=#8~4K (LLF, [Yahoo! #87~#k) ) 7—
ZEHWTHERL, ZOREZRLEON A 7r— R
@@Wﬁé 5xé%@%@ﬁ¢é.

IPO (28 B WIS R OJRIK & UCiEdb A7
—b%mmmu%a TR LTS, LavL, FEEE
@ IPO, FFIZBEDT v 7 « EAT 4 7 A TD
IPO (2B WT, HEFRIIEICH LIALZITo T E
FELIIMOBEZOTREFRCBERAEZDH Z &1
TERWEDIFERA A r— RBEZIZ< WEE XD
N5 (AR, 2008; [, 2013).

AfEo BB, 'Yahoo! ¥R (28T 5, B¥ERE
D IPORTOEZIALZ NS Z & THREFLEO D
A — REREL, EEZLEO I A7 — R
WARRIZEZ DHEBELRIET S22 THD. IPO K
KITHTH2HEEFLHT, THFA A= T DF
5% FH\W T IYahoo! #87Rik) OFE Z AL GEHIIT
% MAT, Fuls& 72 5% E51%, Yahoo! #8774k
DEZIALNEERIITHDZ L L, BRKT —#I1Z
BENDBREILOERESEZFHAL, Xy NU—2
MRS D Z & CTHRIET D.

2001 4E7)> 5 2010 4E % T IPO 123 654 %
THREE LR R, POMOEWRERNBKTH D
FE, 2EROBEZLENEATHY, ORI
WERNBNZ EE2RA L. Ngoakix, 7 A7
— ROBENRHEEETH D LB 2 B TWZ IPO i
WZBWT, A ¥ —%y MERROE Z AR R
LEEFLHEEBREFOR Yy NU—27 5L, &
BROEDO N A7 — RBYIHIE RO —~RTH D Z

* RS BTSRRI
T 662-8501 e W 7o = 7 b 4 sl — W] 1-155
E-mail: tsukioka@kwansei.ac.jp

1%, IPOE¥mDA 2 —F v MERETRIROEBZIALNS VT 7 HGHIC
2010 4= F T IPO 123 654 1L W CTHRGE L 7= R, ROREZNMA TH D
OPIHIIN ISR A EH 2
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B DN RICIE 25
Wz, A4 &2 —x v MERETRRIZEB T

EX (BaE) OBRIERICERZ Y TS, Xy PV —JHEETH

o ES
LEFERL.

EERLIEZEITHS.
AROWERIZIULTO LB TH5H. 2 HiTIE,
lYahoo! H/R’# | DT —%, T—HZNEDFR > hU

— 7 OFEEE L OREZLEORIEIZ OV CIIT

L. HI3HEITIE, KATHIEE L E 2 — LR &

RETD. BAFHTIE, T—F—AZOVTHHA

T 5. HEHITIE, FEIEEREZRT. B 6 HiTIE,

KRR OMBIEEIT S .

2. #BEIRERERY FT—5

2.1, #/TERERERY FT—0

l'Yahoo! #8/”# | 7 — #1121, BRMERS, EXA
HIE, & ID, RIEITOBREE S, A1 Mk
TOaxv v REER TS . [Yahoo! #7547
—HOREO1 oL LT, BEMFBITLHOOAL Y R
DETHNTND.

AFETIE, ALy REOEXALZHANTE Y b
U— 7 BEET L. 7T 7ERmICBNT, *y hY
— ZITHA (node) &, THR ETHADOMZ D7 <
(edge) THERK &AL D (Newman, 2003, 2010). = Z T
X, BREETER, BREHOERY 20 s LTH
W5, EREMOBEN Y TEZIAHLDIES LiRET
DEFMFEFITL D EFEZIALBOBRIE 2 HKITFET 5.

B D IPOEED FHFTOA L v RiFHE W TX
MLy NU—2 77 72K 11077, K11X
—HOEFEEN AL Y RICBIT 5%y hU—27 0t
IMIWA Z EERL TS,

AFETHE, Xy NUT—7 0 EHWD Z & THIL
W7 e fad 2R ET 27200 SR MEERIET 5.
Hochberg etal. (2007) Z & (ZHOMERREEICIE, REK



L (degree) , drEEHLLME (closeness) F5 J UNE
HR7 bV (eigenvector) Z WS, £ K
BEIC E D EPLEOERIIUTO LB TH
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q=1
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2T p i ERE . q I XthoBRRE . a IXERE p I
B L TV D0 ERLTWS, DF0 ., kT
DRI BRRE DRIT o T BEEIAHR L Z T TZIREOHD
B ETRLTVDS, 2L OEZRALBIORIEEZ%
7B REE OB DRI R,

TR LM LD SR MEDOERIZLL T LEEBY
Thb,

C(p) = @

1
Yo=14pq

T A OTES E TORMA R L TWD, ITHE
ORI K D s, o FRE £ CoEEED
ARt COREND, Xy FU—Z OHLITALE L, i
DOEFEE & ORBENE VRS 1E Earid . orkiE
<725,

EAX7 hVHIEIC X B SR DO ERIZLL T
DEBYTHD,

1 n
Cop) =7 apaCe@ ®
q=1

TS PR THIE L7z s BAL 5%

DOFEFEH % P OEEF (central investor) & EFET H.

X 1IZRTDHHOLEREFIE, EoFOMEETHIE
LTH” ser” &7 mki” ThD.

X1 xy hT—2 75 70H|
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2.2. RERDEDAE

ARETIE, IPO REMD AL v R HREE L 7= %
v MU =228 D B ONED BAL 5%ICE Fi4vD
HORERE W Ar— RFoREETD. PLREF
DEEZ OB LOR Uy REORE O ZIE
THDOIL, THFAMIA = T FEEHWNTHES
DEZIALEZBRR, HRELIIPLICHEL, B
EAZETDH. TFA A =0 710k EZIA
B DOAYFEITEOFEMIE, Tsukiokaetal. (2015) %2R
STz, sEEFEEL (bullishness index) 1%, Antweiler
and Frank (2004) (ZfEWEL T D (4) N TEEAET 5.

. . 1+the number of bullish messages;
bullishness index; = Ln( s g ‘),

4

1+the number of bearish messages;

L R E K O R KFE 2 (bullishness index  central
investor) ai, qj't‘%g%ﬂ@%% Jl\y?‘@ 5 ‘Bgﬁlfii 7=1x
PRI L EESIARBICESEEHE TS, AL
v REROBRZFEE (bullishness indeX thread) 13, A L
v ROEFEXIALD D LIRREZITHRICHEL-E
TIABEE W CEE T . bullishness index 7377
A THIVUIEERLHEITRATHY, v FATH
NIFREZLEIIFHKRTHS.

Bl 21X, 1 OB THW R LREZTH S ser”
E7 mki” IR HEEIALIIT LMD, ZOFEEX
IAB DT FERERITIRGE S IALEN 0 1, FHREX
ABEN LIETHS. LoT, ZOREOTLIEE
%@j&g%l[}fifﬁ) % bullishness indeX central investor 13-
0.693 TH Y, TLEERDOKEFR LHITIHKNTHD.
T, Ay FefE LT, mREXALRELN 3
fF, PREZRALEN 6 MHTHY, ALy REED
BEFZLFLTH 5 bullishness index threas 1£-0.560 T &
D, ALy FEEOBEEFZLHE LK TH L.

3. RITHARELMEEZDERTE
BERPMMOTEROITEE /21T 0 = I FOHE
BHRNPOEBEZTHZLIFE< MO TVS.
Banerjee (1992) I&, #fei e B ERLEICKWNT, &
BRVBIATT HDREZDITRNARM L, £ DOHZROEK
ARG R ZAT O 12D A — R34 T %
Z L ABGERIIICR LTV 5. Shiller and Pound (1989)
%, BEROREEERREN D 2 IENLEELS
JFTCWD Z BRI TH LI LTS, Kuran
and Sunstein (1999) 1%, AD1E/&NEFS ATREZR EHIC
FoTHEMELN DG REED I X7 — |
(availability cascade) Zf5#i L TV 5. & 51T, Welch
(1992) i%, IPO IZBWTHEEZ DO BEF O
BEADREY 2D 2 LT, ZTOKKOBEAZ Rk



HEWSHEDI A — RET2OIZ, B’ITHEOIT
RN BRATAS O F% E 23 8 WA IS SR O LK T dy
HEERML TS, T, BEZIIHEORMNIE
WMEEL L CTHHATT DREROWRIEITIBIET 5D
T, WA= RBR5&ERIENDZ EERFELTY
5.

AFETIL, IPO IZHBWTHATT DEEZOE
ERTHEGFRA EHEMICHET D52 &N TERVE
®, [Yahoo! ¥R’ OT — X INLEEFLEO A
A — REWESTH. 72721, [Yahoo! #RH) ND
BEREMOBENRVIIMO THETHDL LB HND
73, Milleretal. (2011) 3 & TF Kramer etal. (2014) 1%
"Yahoo! #§7~#i) & [F U < Bfad o EHR 72 = 2
a=—valsRRens A —xy bV —T %
NWAT 4 TIZBWT, DEOEENAELD Z & 2R
LT3,
EFEOWFE S TYahoo! #E7Ri ) 2B WTH, #
ERLIEIIMOBER DI BE 525520
b, 2FV, Xy FT—T7OHLIVEEEFRD
LDHIX, Z2OEUBIORy N —7 2KORES
DRI E LB 2D B2 5%, F72, Tsukiokaet
al. (2015) 1%, EFLEN E WIS R A2 5] & i
ST —RTHDHZEERLTND., BEOHEEZ
BROIE T oo 2 PO E R OBREF O PN S
BOBERTHLEBEZOND. LoT, LLNTOGH
1R 2 2RETS.

A1 %y T —27 OHFLNIWDEREZF OB
T hU =7 BROBEEZ LI L 7T ADOMRIZH
5.

2y N —27 OHFLIIW B BEZ O LT
VNG ZR E 7T 2ZOBRICH D

4, T—HRIZDWLT

AFEl%, Tsukioka et al. (2015) THUE L 7= 2001 4
N5 2010 A £ T2 B L7-4{2E @ [Yahoo! 87”4k )
TR BTN EITY. Fio, MET—X, ¥
i — % 3 T OMEZEFHICE L <ix FTH# NEEDS-
Financial QUEST (A& AT 4 7T ~—»7 T 1 v 7k
2t I EET5. IPOBBLIOT v 7 - BT
S4B LTE, Th—F—X =7 ] O
V=7 %A FBXO [eol] @ iR EENSRET
5. KRBT & 7, ERREAE T
7654 £LT, KM ONTRIGTH HEZIALID
AEHE, 129676 1 TH B.

63

5. SRR

F1E, K1 ZBREELTEERERL TS, K
b, IR OER LAY MVHILED
ZENOFOERREEIZHE S 72 bullishness index
central investor DARENI B BN T T RITHEEIN TV S.
ZORERIL, PLEREZENBRATHNE, Mok
FHBKRUIRD I EERLTEY, Wil l Z2XFFL
TWb. 2170, BREN 122 T eWnize, i
DEEFROREZ LR L TV D DT TIER<,

MR E LTS EEZBND.
x®1 PDEBRERDLDELEEEROBRERDE

Dependent variable: Bullishness index iread

BU”iShneSS indeX central investor

degree 0.423 ***
(14.378)
closeness 0.417 ***
(13.761)
eigenvector 0.347 ***
(11.204)
Market 0.000 0.001 0.002
condition (0.116) (0.495) (1.105)
-0.064***  -0.065**  -0.077 ***
Ln (assets)
(3.459) (3.404) (3.890)
Debt 0.102 0.122 0.058
to assets (0.970) (1.141) (0.536)
0.051 0.100 *** 0.069 **
Ln (age+1)
(1.618) (3.150) (2.168)
Intercept 0.297 0.098 0.372**
(1.512) (0.505) (1.941)
Adj. R? 0.276 0.244 0.184
N 654 654 654
#21%, G2 ZRHEELTEEREZRL TS, K

ForpoE, P OER LOEEFE T MVHILMED
ZZE O FOEREEEIZHE S 72 bullishness index
central investor 0)'17?1%(63:75%&@: 70? A &:%TE’ é ﬂ(b A 6 .
ZORERIE, FLEBEENRKQTHDHITE, HIHIIL
WRNELRD I EERLTEY, Kii2 Z#XFFL
TWb. £72, av bue—LEHTH D Market
Condition DIRENAEICT 7 AHE SN TED,

TS BAFCTh 21 EWHIGR RN @ N2 L 2R L
TW5.



x2 HLERERDEEMHREER

Dependent variable: Initial return
Bullishness index central investor

degree 15.370***
(3.546)
closeness 13.837**
(2.732)
eigenvector 13.311**
(2.935)
Market 1.464 *** 1.489 *** 1.529 *+*
condition (5.213) (5.310) (5.434)
Price 0.875 0.901 0.851
revision (1.407) (1.437) (1.350)
-16.531*** -16.599** -17.007 ***
Ln (assets)
(5.521) (5.498) (5.580)
Debt -21.780 -21.282 -23.343
to assets (1.183) (1.154) (1.271)
Ln (age+1) -11.042 ** -9.244 * -10.427 **
(2.220) (1.897) (2.104)
Intercept 215.336*** 208.964 *** 218.092 ***
(8.110) (7.781) (8.080)
Adj. R? 0.263 0.260 0.260
N 654 654 654
6. HBbHUYIC
AKfeid, [Yahoo! #87=#l) DFZIALEFHAZ AW

TEBEE T Y BT =27 OFLIN D HODREF & R
EL, TLEEFEZRAETHHREZ LD A
— FOAER L OEEZLBLO I A — RPN
WRICH 2 DHBERIELTZ. B A7 — KB IPOIZ
BIF2EmWOHINERO—~KTH L &+ 54EMHL H
S72D, ZIVETIPO BIZHEFZ MO BEFZ OIT
FCERABRTEIRVWEDICHI A —RiFk Y
2L, AT — RBFET H & LT HMRAED K
ThiHEBEZLNTE . AfOERIL, [Yahoo!
AR BT S IPO BIOEZIALZAWS Z & T,
INHOREERL, EROHEOI R — R
WMHINGR R OB OA BERBEREZH O LIz &I
H5D.

RREEDFER, POREROEERLEE AL Y R
EROBEZLEINI T T AOBMERNH 5 = L &%
RL7z. &b, PLEEZOREZOE & HIHIN

64

WROMNILT T ABMRN B 572, 2 b OFERIT,
HFOBREROBREROHEPMOBEZRICH L L, =
DOFEFZLELD I Alr— RIZ K> TIPOIZEIT 5@
WIS N B - SN TnD 2 L 2RI LT
W5,

R
AHFFEIL. ISPS BMifFEr 26885065 MBI &= 1) 7= b
D TT,
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Forecast System for the BoJ's Monetary Policy Change by Distributed Representation
of Documents and Deep Belief Network
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Abstract: The author utilized text-mining and deep-learning technics to forecast a monetary policy
change by the BoJ. More specifically, the classifier of the BoJ's documents was developed, which picks
up the document containing any trait of previously-experienced precursor for monetary policy change.
Such classifier was constructed by obtaining distributed representation of documents via Doc2Vec and
feeding them into Deep Belief Network with economic time-series data. The back-test for the period from
Jan 2014 to Jan 2016 showed a fair performance of the classifier to send precursory signals against two

cases of additional monetary easing.
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Comparison among multilingual financial words using the word2vec and clustering
with news resources for automatic creation of financial dictionaries

Enda Liu', Tomoki Ito!, and Kiyoshi Izumi

School of Engineering, The University of Tokyo

Abstract: Vector representation of words such as word2vec is an efficient method used in text mining.

However, few papers are focusing on the multilingual studies. In this paper we present the comparative

study on English and Japanese resources respectively, and then we try to investigate the possible

relationship between the two vector models in two languages. We first extract two word2vec models by
using news resources of ten years, and then we cluster them basing on their cosine similarity for both
Japanese and English respectively. Second, we extract the words related to finance and then derive two
dictionaries in two languages. Finally, we make a comparison between these two dictionaries and tempt to

Sentiment estimation of a cluster of one language based on similar clusters of other language.

1 Introduction

Financial text mining is a very important part of aspect
of the field of data mining and many studies have been
done recent years basing on the machine learning and
natural language processing. The prediction of stock price
basing on the text mining of stock message board is one of
the prevalent research topics, where a sentimental
dictionary could be derived so that it becomes easy to
identify the whether a word or a message contains positive
or negative influences to one or multiple stock prices.
However, most of the dictionaries are basing on the text
resources in only single language and thereby the
relationship of the positive-negative score of the words
between multiple languages are seldom studied.

On the other hand, the sentimental resources are not
balanced among languages. The amount and variety of the
sentimental dictionaries in English is considered to be
most since it is most commonly used, whereas other
languages including Japanese are less professional,
especially on some specific area, for instance, regarding to
financial market. It becomes a meaningful and promising
work to leverage English text resources and dictionaries in
order to derive other dictionaries in other languages, such
as in Japanese. Furthermore, a system might be developed
for automatic creation of financial dictionaries with multi-
lingual text resources basing on this.

In this paper, we make a comparison of the clustering
results of two groups of identical words in Japanese and
English, after implementing the word2vec [1] algorithm
on both English and Japanese financial text resources
respectively, attempting to excavate the relationship
between them, which might become key factors for
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constructing the automatic creation system.

2 Framework of multilingual word clustering

2.1 Preprocessing the text resources

The preprocessing of the data consists of four parts:
retrieving, cleaning, tagging and lemmatization of the
original text resources.

In this study, we choose a stock message during the
period of year 2010, from Stocktwits, a system that is able
to automatically collect English information about stock
on the Internet. Similarly, we retrieve Japanese financial
message board online. Both of the raw data we obtained
contain some unsolvable elements, such as special
characters, http and email address, typo, and facial
expression, and we therefore need to clean them into the
original form.

Tagging and lemmatization are then conducted on both
text resources, since we need to perform the vectorization
of words by means of the Word2vec [1] which requires us
to eliminate the possible morphologies in order to derive
a reliable model. Tagger, also known as Part-Of-Speech
tagger, assigning every element or token appeared in a
sentence a label such as noun, verb, adjective, etc. For
English text resources, we implement StandfordNLP [2]
tool as tagger as well as NLTK [3] as lemmatizer.
Lemmatizer is in charge of the transformation of plural
nouns, comparative adjectives, paste tense verb and
adverb to their base form. Similarly, we employ the
MeCab [4] for analyzing Japanese resources during
tokenization, tagging and lemmatizer. Furthermore, we
remove unnecessary and meaningless semantic elements
including determiner, such as “the”, punctuation marks,
conjunction, and foreign word in order to train more



accurate word2vec model. The same scheme will also be
adopted during the processing the Japanese version.

2.2 Deriving vector representation

Word2vec is a tool developed by Google based on deep
learning which provides an efficient implementation of the
continuous bag-of-words and skip-gram architectures for
computing vector representations of words [1]. In this
study, we use this training the word2vec model with the
preprocessed English and Japanese text resources
respectively, with the dimensionality k of 200, which is

considered to be reasonable figure during training.

2.3 Clustering for both languages

In this present stage of our experiments, we select 103
Japanese words that are not only commonly appeared in
the stock message board but also considered to be
important for prediction of stock price, as well as the 103
identical English words and phrases translated from the
Japanese version. Basing on the vector representation
generated from word2vec as discussed previously, we then
conduct clustering for both Japanese and English word list
using K-means with ten centroids (k=10). Here we use
cosine similarity as the distance function when training the
model, since the word2vec model is considered to have the
property when we have two groups of words, in which the
words have the similar relationship, and therefore the
angles of vectors of words matter much.

Before clustering, our 103 word dictionaries are not
normalized, consisted of various tense and plurals. Hence
we implement the tagging and lemmatizing again, similar
to the preprocessing section discussed previously, and
then we remove the useless elements.

During the clustering the English word lists, in case of
a word that is not included in our trained word2vec model,
we remove it directly. In addition, the English word list
also contains phrases which will never be involved in our
word2vec model since we train the model word by word
rather than by phrases. In case of this, a trick is adopted
here that we first retrieve the vector representation for
each word appeared in the phrases and then we use the
summation results of these vectors as the vector
representation for the whole phrase, although this method
is still worth discussing more, regarding to its rationality.

3 Experiments Results

The piece of clustering results for both Japanese and
English shows in the Table 1.
Table 1: Example of English words clustering
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Cluster Word Corresponding | Cluster
Name Japanese Word | name of the
Japanese
word
EN, Consumption THEER JPs
tax increase
EN; Tax increase B JPs
ENs Demand FE P
ENjg Growth Lo JP;
ENy Improvement W& JPs
ENo Contribution LN JPg
ENy | Establishment wEx JPio

After clustering with centroid k=10 for both English
and Japanese 103 common word lists, we assign each of
the clustered group of words a name. For English clusters,
we define the group name EN; where j is from 1 to 10,
whereas for the Japanese clusters, we have the group name
JP, where i is from 1 to 10. Next we compare their
relationship, the probability whether one group is
corresponding to another group. To be specific, Each
English cluster have corresponded Japanese words with
identical meanings, so we count the occurrence frequency
of the corresponding clusters of these Japanese words.
Table 2 demonstrates these relationships.

We could find that there should be some directly
relationship between this clusters. For example, for EN;
and ENs, the words belonging to them are all corresponds
to JPs and JP4, indicating that it is highly possible to
establish relations among those clusters.

Table 2:
Comparison of English clusters and Japanese clusters

Cluster The cluster name and its frequency of
Name [Total | occurrence of the corresponding
number of | Japanese word with identical English
words in it] | meaning:
cluster name [frequency of occurrence]
EN, [2] JPs[2]
EN,[12] JPs[4], JPwo[2], JP4[2], JPi[2], JP4[1],
JP;[1]
EN;[2] JPs[1], JP4[1]
EN,[1] JP4[1]
EN;[5] JP7[3], JP4[1], JP2[1]
ENg[7] JP7[2], JPs[2], JP4[1], JPo[1], JPg[1]
EN,[5] IP7[2], JPs[1], JP4[1], JP1o[1]
ENg[16] JPs[6], JPi[4], JP;[2], JP4[2], JPio[1],
JPs[1]
ENo[40] JP;[13], JPs[13], JPg[5], JPi[4], JP4[3],
JP1o[2], JPo[ 1]




| ENy[5] | IPe[2], JPa[2], JPs[1]

4 Future Works

The study discussed in this paper might be considered
as the prior study and an attempt for the automatic creation
system of financial dictionaries. In this experiment we
derive the preliminary results that through vector
representative model such as word2vec combining with
machine learning algorithms like k-means, it could be
concluded that there is a significant relationship between
English and Japanese financial text resources, which is
highly promising to obtain further expected results
contributing to our final goal.

Here we propose several potential improvements for the
future experiment:

1) Introduce the phrase2vector model that could offer
not only single word but also a phrase a vector
representation directly.

2) Alter the number of centroid for k=10, for instance, to
k=5,15,20,25

3) Implement other vector representation schemes
instead of only word2vec.

4) Establish mathematical similarity expressions in
order to excavate more latent relationships among
multilingual clusters.
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