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MR (Patient) 7 27 7 1 7 EIETIG 2 8RNI T 5007
— ATHBIZEAYIalb—Yarysm—

KH 245

Takanobu Mizuta

BT H oz *

Sadayuki Horie

N2ZR=T A TRy b IATAY MRS
SPARX Asset Management Co., Ltd.

2 tRA AL B RS SRR ZE AT

Nomura Research Institute, Ltd.

fE LA AR CE MR AR L CRET 27 77 1 THREE, BEESEICRFEMICEAET 2MMECE I VTHRE
T 5780, REMMPEIZATL ZHEIERMiigE AL, THMIEEZZOMEIGEDTS (HHEIRKIZTS) LS TE
MRhd., LrULENS, EBOT 771 7HRENTGZRINZLUTOE D E D L0 h o TR\, SEFEDEIFD T
%, iR e b1 Ty 7 A (HREEHIMMI R & DR o KEL TR ZHETHMERELT VT v 7RI
MUTKES RRDIHEL BBV AT 2L 5725 A THRERPDRY, Wb\ “Afifs\ (Patient) 727 7 1 7H#&”
ﬁfﬂﬁ%@fu\é:é:%ﬁﬂaw: U7z, SHBZDEIBERENEZ D Z R TFHEINED, %i‘é%ﬁ/}‘ﬁw:%ﬁéba
TG EE 5 AHGEYRNCTZ200 85 PEEERHNTH S, Z I TAIIETE, BENT 7717
R OR B KL 7B EREEALZ ATHIFGET VEMSEL, Z0 &5 LREENDLWEERI IS 28
EEZHBEMRINCT 2002 m L7z, ZOME, BMENT 27« THREIZEFNCE I 5, dEliE S & ZAMmE
IZETU 72 IE 2 iR A & K& K Tl U CHIBAARLREIZR Y, TGRS SIERIZRD ZI R EDAICELLEEHZ
W, HESRAET S LICHFSELTWD Z 2RI Nk, HGMKROEBHPAE 25 L, BENRETTOE
P oIlRESTLHILAHLD, BIMBWT 277« TREDENIE, ZOXSHIEZHTWLWREES RSN
7=, AR TIEE 512, “AifiR< 2\ (Impatient) 727 7« THE” £ ETWVLL, 72T 1+ TEREROB % —E IR
B O E LS EZHBEL O L. TOMRE, AR ZRWBERMRD, AMRCRERVHALL, T/T7«
THREORIISD AL 5T, HEFK 1 ADZHVORIEMZI DI nhorz. DF 0, BBV EERIEZ S5 L
IZ&D, BmEMHMATHRZEBENEGS>DOTIRAZL, MMESMA S Z L ICk 0 RAMUZWVEKIZEEL P T 20 BEK
AP FRSEEB LR TR NM oz, TDI 2L, ARV IITIEAZIRIIC 3 L FSHIRD &\

5&01E, WEPFENETETHEIHED L WSAHEHDZLE2RLTVS.

1. ELC®IC

AR LI BRE T B 7 7 v FOBRETFRICIEAES
T, EEDD DBIARTE DWW EEN L Z NS ITRE T S
TOT 477 BEE, HRFEMKAGL L ORE (v Ty o
) LRI ABOND KD VT v 7 A% 284
LU ZRICEIGTIRET S Xy 7 BREVNDH S, &
B, 70714777 Y NOBREDFER Ay T 77 v R&D
DI & & FIRT 5 FEREASE [French 08, Bogle 14] 3% %
TE®, RIOREIZBWTFRRD RV T 7 > B 25e s
DGR HAR T EE S FEYEIC LY, Ry T Ty
Y NOBEBREDVEA LT, TIT477 7Y FOBRERS
13k > T3 [A.T.Kearney 16, i1l 17].

T 0T 4 7 EE G SRS AE T A AME (7 7
VR A ZIOVTIE) 1IZEEDWTHE 2475 7=, B2z A
U 7Rtk 2 FE R U, T OIS 3T 135 ik 25821 %
(TG EZRIIZTS) L), BREROEELKETH D
BEEAROMYLH Y Z2H->TWS WS EiRDH 5 (Bhiz
LEa—2 LT [Wurgler 10]). 207, 72751 THEMN
WO Ry YT 77V RHA S Z L, dinflikh @iz sk
SNTEAROHEY LB BEREDVIE S N, HRITES>THEL
{IEWwE WS ERT 5H % [Fraser-Jenkins 16].

UL ULanss, EBOT 77« THESTE 2 RNZT S
NESIDX, LN S5WT 7T 1 THEDFET XIS )

& SE: KH #45, mizutata@gmail.com
http://www.mizutatakanobu.com/
MHORRATA NI RIZHL £7
http://www.mizutatakanobu.com/20171014x.pdf
x1 Ny YT 77V NI EENT 2 7-00REETLRN D,
TOTAT 77V RICHRT 7V FEBAT 2HERNVAHT 5 F
BRI DI NZ L DNF L A ETH S [French 08,Bogle 14,/2H 16].

RINPZR B DR EED P> T VRN, £z, NvyTT7 VR
FRHEZIF LA LTDLRVWOEEZETGIEEZ PO TS
LIEVWET, EE, N 5WRy YT Ty v R LT
LR Z 2 5 DD R L3 22 5> T [Goodman
16].

Frz, TVT47HEL V- THEIEIETHS. TEDHE
FEAH [Cremers 16] 1, HWBIRE MDA VT v 7 Arb5K
ELTMEL 7B ETHMERE LA YTy 2 AZTH U TKRESL
W BRME BV AT R 5725 A THRERNDRY, Wb
W5 ‘AW (Patient) 7 7 7« 7HRE” BFIEE2HTW5
ZEERESMPIZUE. BWMBNT 77« TRETIE, FIZEHE
s cRWHHZREE L, ZOMIZELREDT 7V
KA v BOVITiE & 5 EiRs 23Tt S 5 72 DI H8aE I S 5 1
MNZH R 221 U7 57220, ZHUCHiF R S ey, Bk < 7
\ (Impatient) 727 7« 7#EIE, #HU2E%2 L TULE VIR
ZHELUTUES [Cremers 16].

ZORIEDEIZED, S, BB BLWT 7T ¢ TREN
WY, BMENT 27T« TREMEZ 2 Z LA FRINE =D,
FEEHPDIRNMZE b S TG R E 5 AR ER%
N2 2DMESNIEET ETHERELGRNE 25, K, TH
BOBDIRNT T 4 TRED /DTS THRWT 774 THRE L
D77 VEAVIVE XD ERECHIETETVSDT, FEM
Dlglpofz UTH, Wilhazh®T % [Albagli 15, Cremers
15] WS EiRE, REMNDRNT 7T« THRE TS % SR
{L L 72\ [Suominen 11] WS M ADERDH 5. Wi
HE, EOLIBRAI=ALTHRVEETHELHRILT D
DPED D> TV, [Pastor 16] 1&7 75« 7HREDRE
RIIFERIITAEKEFH L TE WEEEDNZ VL SRR
TWBZEERUED, ZHE EFHD A =X LIZKE LRI
EHZTWREEZLND.

FAEMFETIE LD L D7, YD &I IR ERMBEORER
PGl EE G2 5 \Wotz, 370 - v 7 OfHESE



MZEBOANRLEZONTHIEEZRNETH L. £z, HEI
BINFIZED BNy YT 77 ROEENWEIEFES o722
il ERWZD, TN ERY YT T 7 KX G ED
HinE EIMEL I T DIRNEETH S, THZH, YOX
SRBERNEDL SWIFAET 2002 ET 52 L HKES
TRV 2, MEEERHREINEIC LS £ X F B R AEHEIC
BboTWB 7o, FiEDH CIHEREROEREE DELIE
ABHERETERMOET I XN THS.

D& RFEHLIIBITEI 0 - 7 0EERAZED
ANZALR, EHETELEEETVARWVIRK, B XORKR
DEALDMIP R E L2 HRTIDICTSNAEFHELLT, T
V¥ a— & BT E DORILEED HUMGES 5, fhay
alb—varvdibhsd HEL&vIalb—vavid, HzE B
BhEE DB DB ANG- 2 B BN, TaY K, &
PIRMFE UG EOREED FIEXH 2 RENKO N L
T, REBFEREZHFTWVWS =2,

SRTIHIZEALTOHAY Ial—Yavid, =—Yz v b
R=AREFLVO—HETHAIALHGETVEZHA VT TbNh
%3, NLHSEF NI, REOBERTHLT—Vzr b
&, BEQREIFRTH BMEIEA =X L SRS N,
V¥ a—& ECREMIERTTSEEY I al—YarT s, A
THGETVEZHAWEZY I 2 —Ya v TlE, INETITRNY
WERODAEDEZ DHER F o 72 < L WK ORI % i
TE55 R, TOMP st cE s, ZNPATHEY
al—YaVIEDEBATHS. ZNS5DBEAIINETD
BRI R R FETHDN T ELTHEII RV DTHE L L
T, Nature & Science IZ A LHIGE T VI HF2FE 5 0%
MR XN T WS [Farmer 09, Battiston 16]. % L CA L%
EFNEANVEZY I aL—Ya VIR, SRl oRE -
FEEDFMZEB ™ L0, NTARLEEKOREEA =X
LDFREIZEBRL 72D U7z,

UL URDS, BEEBODRWAMIBNTY 7T 1« THRED,
FEENDRWICH DL S THBIK IS EE2 5 X d5 %
BIZTE2DONE IR, TOLIBREENS SIZENEZ &
WG E RN TV DN ES %, ALHGYIal—
varvEMo THEMULMHEIRRZW S, F£FE, 20X
RAMEBNT 27T 1 THREORME KM L -2 —Y ¥ M€
FILENZZ LB\,

% ZCAMSETI, FEIEWISE [Cremers 16] 23218 U 72 200
N (Patient) 3 & OZ&fi5# < 22\ (Impatient) 72 7 1 7
BORK#MERMLUAZD—V Y V2EALLEATTHEET LA
L, REENDRVEAMEWT 27 7 « 7 HERL ik
IR B XSG EIRINZT Z200E S %, Bt 2w
T I T 4 TRERN BMBRNT 7T 1 TRERHE X /-5
&, BABEWVLED LD EFH iR

2. AIFBETI

FEFEWSE [Cremers 16] 2MENE U 7z Z 58\ (Patient) & &
OA5# < 72\ (Impatient) 72 7 « 7 #E ORi#0E KBLL 72

x2 BIZIE, [H10 09, F15¢ 12a] R EAFEL .

x3 BNzl ¥a—2 LT, MR 03, LeBaron 06, Chen 12, flli#
12b, /KH 14, Mizuta 16, Todd 16, fli# 17a, F1R 17b] 23 5.

x4 ANLHHETIVOREAHOBN - HEOHmAOEHNE [KH
14, Mizuta 16, fIIR 17a] BFEL. 72, HEGEHREGIFRORKS
Bk, BAREGBIFRZ )V —FIEATHGE TV L2058 % “JPX
7 —% V7' _—s8="(http://www.jpx.co.jp/corporate /research-
study/working-paper/) £ UTEZ L AKRLTW5.

x5 ALHHETVERWC Ry V77 7 v RHMlifs~N G2 258 %
dam U 72557 5 H 5 [@iff 11, Braun-Munzinger 16].

AIHBEFZEMRSER
SIG-FIN-019

T-VzYbEETIMET S, ORI RETE DHPINIC
BT, EFVETEIRII YTV THEILFEETD
5. ETNVEEOEABZIIARO NER “E TNVEDO A
B AT THMIL .

21 IT—YxIVh

EI—VzVMNEN TS, gD, ¥HoT—-—Y v b
N/2 3R 1 HR%E, BBBOT—Yz v b N2 idFryva
Co ZBEELTWS. Co3z—Vx vy Mz ESTEMTH 3.
IHREE L TCWE T =Yy MIFEIZ 1 ROFE EXE, #RR
ERALTOWDRVWI =Yy MIFIZ 1 ROEWE R HT.
ZD, 2K EORAE, 0 (71 F ADOMEEKRE) X
FAELZ.

Zhuz &y, -y MIEY, EUGKZ T 2 P0ES
NITEXD—TEICEE S, FO10, HEROGTEHOERNEE
SCARE DTN E HTONFEROMIRN LT, &£
BB DD NFEEDIFEE L W e H BB W E S S
TS, UF, ==Yz v OB & O UlitEDPE
FHEEHHT 5.

2.1.1 Patient T—> TV k

FAEMSE [Cremers 16] DM2IE L 7z, At (Patient) 7
75 4 THRE DR & KM U 7z Patient T—Y x> M2 EFIL
9%, 77574 7HFETIE, NRPERTLZETEVZ
BB L, TOMIZEUBMEDT 7 v & A 2 XUl & 15
k& H33effE 3 2 72 D IZIRAS AN LS 2 BRI IR X 22 1 uidre &
BRWA, TN A 5N 5 DA Patient T— > b TH5B.

Patient T—Y x> M Np RFHET 5. WZlt, =—Yx
Vb j DORESCAMKE PYI I,

P} = Pyexp(do” £ m(p’ +1)). (1)

IIT, dBEUmIEERTHY, o 1 j T LIt BER
ZHATHIEMRDEILE, pf 13 ) TR EREH T
50001 FTO—HIHETHS. £ IFEVWEXD L &I —,
FDEXDL X + %L D,

B (B ¢ — 1) OHBliRE P cikize 3, A
DARIFIZATE (7 7 > XAV ROVAIKE Pp) % F6I2 SR
PHi DD, £V v MET 7 VR AV XV Py %
MOBWPEEERATWS. dol &, TOWELEZT 7 VX
AV Rk E Py DD Pp Iti T 2 HEERLTWS, &
T2, 77V RAVENVEERIIHE 7 7 v XA v XAk 5
TRZNMEETEB S & U, +aEWlilgTES S &9 516
MAHBH L VWbh, ZOTDRMKEDZ Le2UEY—T Y
(Margin of Safety) & & & [Graham 03]. m(p/ + 1) I3%%
RV VDHET 7V EA Y RIS BT H B,

TSR P9 IXEEO TG P s & o 72 AKEE T,
I—Vx v bOEIEBED X D175 TH i 7 & DX
TENZELAY2\. ZD728, HEEOBIZHT A, Bfe k2
HGMiFEIZ 725 EFTRE LR WOREND R LD L WOk
BMER->TW3.

2.1.2 Impatient T—>Y x> b

FEREZE [Cremers 16] A32IE U 7z 804 < 72\ (Impatient)
77T 1 7 HRE DR % KU 7z Impatient T—Y ¥ b %
EFIULT S, 7O T 1 THRETE, FIEHKERT L ETRY
WEERBEE L, ZOMIZELBZRED T 7 v XA Y ZOVfilE
& TG iRE ATl 3 2 72 D IS AL § B IR 2 22 1T
W5 72nhs, Uit 2 507\ Impatient T—Y x> b
&, BYRmEELTULEVALEEZELTLUES [Cremers 16].



Impatient T— = ¥ MME Nimp HWIFEET 5. @EROE
XAk DPEIE, Patient T— = ¥ bEFRIZEA (1) THRET
5. 72720, WFAlt, ==Yz v b in, BRRXEHEELTWS
L E iz, |y PL,

P = Pyexp(—m()’ + 1)), (2)

ERE 756, RERHT S 6. 22T, P ETTK
AL TWEHRAE AL ZZ{iiE (ff) chd. HEY2FET
L7zggld, ==Yz b j B HET D7 7 V& A Y 2Ok
Py exp(do?) %l PT 53 EE 572 53K (1) O@H DFEX
it TOIEL 2T\, TNFETIREXZ B I 8.
2.1.3 FU=ANI—YzV

TIZHANIT—=V Y ME Nr RFEET S, TD DB
D Nt /2 KDNER D, &b OLEBWERY THS. HRD ©
WiZlt, =T—Y x> b j OEXAME PHI I,

Pt

t,7 t
Pyl = Pl o (3)

T ZHNT =Y x v ME TRl & F Uik TR T 5.
ZOk®, FRY Z—idlog(PLI/PY) Lis. IERED DEA,
TR & — log(PLY /PY) BS#ED Y X — log(Pt/P=)
KT BT B0, R (2)MWRkDSNEG.

WER D OB t, T—Y x> b j OFEUMN PLIZ,

pid = ptotm, (4)

ZIT, tm! 1 T ERLZARKE R NTE 1 S
tMmax £ CO —FEELET, tmmax FERTHS. FHELHD
L&, PHY X = log(PH /P BNMEDY X— O (¥
) —log(P /P! b —Bd BT 5728, K (3) HiRD
L5,
BEOERITISOMIEAH 2 HHT 2720107 7 =T —
VIV IPRBRETHEIBMENTWS . D, A
ETNVTERDIRY Y TINRT I ANT =Yy bEEA
L.
214 /ARXI—Yzvh
JAARAT—=Y v M Ny IRFEL, BFlt, =—Yz Vb
J DAL P,

Py? = P'exp(no'’). (5)

ZIZTIRER, oM Ikt B0 TR SERE NN
TRERSAILETH S, AR TIEE IR REOIS AT
DODNTVWBBRAZWMOFES., ThFETIZEREZZ -V N
1 72 & AR SRS E D iR A (AR D FEE A £ D RAL L AR
WZ AL HKETEDT, /JARAZ—Vx Y bEEALK.
nH, FEBOSEMEBIIBVWTEID LS %, HENE S 24t
WM 2GS INENL S FHET 5.
2.1.5 RNy TI77VRODEFIEICDOWT

AWZETIE, Ny TT—Yry MIEALRY. HROEY
Mlizz X o (1 v Fv 7 A) LRAUINGEZESND XS
L UT Y I AT AR R UHME R CEETHRET 5
Ny v 777 Nk, REMRINDDBERL Ty 7 A0

x6 BRI IR 1 D58 0 & Y

*7 B2, [Chen 12]. ARFEOfIEk “EFILOZYUMHE" S,

8 ZLDORELTVWBIEXDR B 6 TREDHNOLPT . filx
X, [Ri 15a, Kurosaki 15b] 233 L\ .
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[ 1: Patient T— x> b O Np = 0,10,500 D & £ D
MMM Pt DR R,

AANNBEINZ ERE USSR S 2 77\, AR Tl &
HEIZHEELTWRWRTHY, Xy TT—V Vv E2ET
WMes e, BEEZ2—UfTbanwT—Yz vy hehd, ZDk
b, Ny T 77 ROAPEMT 2GEITIMO LR 2N &
WIZHEREPBETH L. £72, Impatient T— =¥ bWV
& EO Patient T—Y =¥ MU Np AT HZ LK, 772
F A THENS NNV T T 7V RABERBE - TVWAI LR E
FMELTWR IR TE 5. &oT, 31MiTIX, 7274
TEENS Yy ¥ TT7 7Y RANEERB > TWBEE, lilkE
BRED LS BEDEFARTVELENZ 5,

2.2 fHEREA D=L

WiZlt DT RTOT—Y x> b OFEMERRE XD
b, HEHFE A (call auction) [HGEE 15, TSE 15] THUG| % B
NS EHYHIIE Pt 2 RET S, Tabb, BWEXIEEWE
X5, FEOEXITZVEXDSIEHFIZOEAELETVE, 7t
HOFEXMEARE U722 2 5% Pt 235, lEFEAR
T, EHAIZ L EXZ LICHiE 2 RS20 TR, 7
DEHVWOEXZEZEXEDTEE, HIREDRANZ o725
—{ECHE 2B 5. BRI TFE - e D22
ZAtiIZ I E 5. fiG (FE) dhifik, 520 F (HWF) 22
DAk & D < Fe 0 720 (B EH W) JEXXE BB LT/
WZHRTH 5.

3. YIal—ravER

KRN T A=K, Nr = 100, Ny = 1000,Cy = Py =
10000, d = 0.05,m = 0.02, tmmax = 100,7 = 0.5 £ L7z, %
728 vIalb—vavidt=t.=10000 £TiTo7z. AETI
BIUOINSDNRT A =ROFELHEIZDWVTIIARTEOA % “E
FONDZYMW? THALZ. £72, KETFIVIIMEOE T VICH
RNNT A=ZPD7L, BEEPADIZS VOV TH 5.

3.1 Patient T—J 1Y MDY EETZHE

ZZTIE, Nmp =04 L, Np = 0,10, 20, 50,100, 200, 500
IZRUT, oMo E2EBEREEOEELIZLT, K
a2 BT 5, ZhETLEEREZLHE LT 100 [T, %
DFMEEERAND (72720, K1 OAIED S 1 EORITO



AIHBEFZEMRSER
SIG-FIN-019

# 1: Patient T— Y x ¥ b ORI L OGN R L KL —Y o v MEEN O RHIRE S L O REEE.

Patient ® i 1R B 72 D A& RS AR AR 1 fkd 7= e EHEE HBEAT

HE RN | VAKX F2I=H) Patient Patient JAX  F2=H) Patient Patient

0 109.59% -0.03 0.31 — — 5,000 1,344 — —

10 3.11% -0.04 0.04 3.15 32 5,000 1,551 88.08 881

20 2.04% -0.05 -0.07 2.66 53 5,000 1,674 77.04 1,541
50 1.59% -0.07 -0.23 1.90 95 5,000 1,744 58.29 2914
100 1.47% -0.10 -0.37 1.35 135 5,000 1,772 44.20 4,420
200 1.35% -0.12 -0.51 0.86 172 5,000 1,805 30.35 6,069
500 1.24% -0.14 -0.66 0.42 208 5,000 1,840 16.26 8,131

# 2: Patient T—Y = > b (P) 8 & U Impatient T—Y = > (ImP) OAFEZ & OHGIES RN & & — Y = v MEEH O 5%

HiEB XU EHE.
I i 1 fRd 7= D B iELS 58 SAEARAE ) 1 fhd 7= 0 e EEE FeEBEAG
P ImP | FERIRM: P ImP P ImP P+ImP P ImP P ImP  P+ImP
100 100 8.65% 0.49 0.35 49 35 84 17.45 28.34 1,745 2,834 4,579
120 80 2.20% 0.64 0.56 77 45 122 23.13 36.30 2,776 2,904 5,680
140 60 1.67% 0.71 0.62 99 37 136 25.47 37.09 3,565 2,225 5,791
160 40 1.42% 0.77 0.67 124 27 150 27.57 38.22 4,411 1,529 5,939
180 20 1.35% 0.82 0.71 148 14 162 29.09 39.79 5,235 796 6,031
200 0 1.35% 0.86 — 172 — 172 30.35 — 6,069 — 6,069
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Stochastic Volatility Model for Transaction data
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Abstract:

A financial market is a diversified dynamical system with many constraints, and price movements

are modeled in terms of the micro properties of each transactions and the macro properties of

dynamical systems. These two properties must be bridged by the multiplicity. The model forcuses

on the size of tick and the number of transactions with the price movement compared with the

previous transctions and explains stochastic nature of short-term volatilities and persistently stable

long-term volatilities as a results of unique behaviour of heterogeneous market participants.
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Abstract: A credit scoring model is a useful tool for Small and Medium-sized Enterprises (SMEs)

lending. In this study, we investigated methods to improve the accuracy of the scoring model using

machine learning. As a result, we have shown that Gradient Boosting Decision Tree (GBDT) can obtain

the highest accuracy. We found out that GBDT shows better performance than other methods especially

when we use more than 10000 learning data. In addition, we demonstrated that ensemble learning can

further improve accuracy. According to our simplified estimation, it was suggested that the ensemble

learning can reduce the default rate by 16% compared with the conventional method.
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IV INEREEATEY, A1 EEH D, F
7oy FEAMTH LTHBT L TR TOREEN TGS
TEDHDIT TRV DKRBEAEALTND,

2.2. BWFEFE

KM TIREEZAT > 7o B 73 FIEIIA T O 3 5
Th o,

+ Gradient Boosting Decision Tree (GBDT)

+ Random Forest (RF)

* Neural Network (NN)

F7o, R F~v—27 & LT Logistic Regression |2 X %
ETMER LA DY T 72,

T—2F, 6:3:1 OFEETrL—=0 70 A
VFr—varyfl, TANAT—ZIcpEl L, bL
—=V THT = 2IXFEEICERA L, N Ty
AT —X3BBR 07 A —Z bR Lz, 7
A MHT = ZIIMERE D FM D S W 2,

TR FIEIZIE A =R T A — 2 3T
T 5, RN T A= FIT—FEy MZEoT
B D020 T A =2 ORI EIT O LERD D,
RTA=BZRBOFEL LTI L D00 FERH
LN TWD AN, AHFZE Tl Bayesian Optimization [4]
BEAH L,

I EEPRMERITRICT 74V LT E D
MERT T T T RHBET — 2 & LTEEEITo T,

T W 7V 1T Stacked Generalization %
77, Stacked Generalization Ci3# 72 2 #tk28 € 5
NEZBIZLTT U TAT5FRETH D, FH
AT 5T —4 % n-fold IZ0EI L, #HEE T
B2 X 5T, out-of-fold 7 —#Zxt9 2 THIfE % H
W42, 2oL CHLNETHENELZ 1 BEDOH &
LT . RDORBDOFEE L LTANT 5, AL TIL,
VIR T MR CEE 1T o72, 2 BHE DM
DIl % eI IR I T & LTz,
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Layer 1 Layer 2
GBDT GBDT
RF RF
Averaging
NN NN
LR LR

X 1 Stacked Generalization DFERK

2.3. FHlAE

TA ST —ZICFETER LIZRAaT ) v TE2T
NV LT DL TGS R OFEMIL CAP iR
& AR(Accuracy Ratio)fl % i F1 5" % [5], CAP hifpi
BRECHEE T 7 4 v MHER O _EAT x RO 2RI H D
LEIG XN %, HECHEEE T 7 40 RO EW
AL x D95 BEEIZT 7 v b LI N, oS
N/NZ7ay hLZbDTHD, 22T, NIZEHM
WER LT — % Okt NylZifh7r — 2% oh o7
74 b LIz B oRETH D, CAP MO F % X
2 IZRT, B OL) 23 iRl el ch s, £
TLVOBMANNEL WG EX COERERZ, T
HIATFERICIEM L TWIUT A DKL 9 R a#i<,

Nx/Ng

A
1

B

C
: N
0 |
X 2 CAP fi#

ZZ T, CAP g2 B ol ch b & Lz e =,
(B & CTHENTZEBSOEF) / (AL CTHEN
= ERAy DIEIFE) DA ARETH D,
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BFETHEELEREREEZR 1R, Z2h b0k
SR AT oY 7RI B T R
THD,

£ 1 BETVOMEE

Fik AR

Validation Test
GBDT 0.621 0.619
Random forest 0.535 0.539
Neural network 0.528 0.530
Logistic regression 0.545 0.523

flud>Fik & i LT, GBDT 233 L < @V G L
o TEY, TAMT—=HXIZX LT AR fEA 0.619
72 o7, ZiZx LT Random Forest & Neural
Network (ZREfF F{5ETH 5 Logistic Regression & b~
TIFEAEREICENHRWER 22572, GBDT
IXZOMOFEE I LT 0.1 FE EE->Tnb 7z
D, EHA2T VT ETVORBEIE LTZT v
UALIZEZEZDBND,

—HREN IR T — F B DT E R )
E9°%, HiZ Boosting <> Neural Network (%753 72k
EEBDEDICKREOT = RUBELRDL L%
W, SN 9 L WD REDOT —X 258
AL T — 28RV EITIIBEN TR,
B piERICR BN H B, £ 2T, FHIMHE
AT 57— 2EBEEICED LD B % KT THh
ERARLIZS, FET—X K2 THEE - THELT
STERERNE 3 TH D,
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RS N L—=C 7 AT — ¥ O, M AR
ETHD, WTHOFELEET — XN HEZ 51F
ERENELIRD, T—2ENDRnEEL SN
ab. U T GBDT ORERE, FFZT — X Fn
1 FEEBXT=H7=0 oMo FiEE DOZENILR -
TW5b, = FTHEET — &N D54 I12i%, GBDT
& Random Forest 13 F ¥ KEEIZZEN 72\, GBDT
DR ZTET T2 0120E, —ELU LT —Z R
P LEZ BND,

Stacked Generalization % H\\\7=7 >4 7 1224
DOfEREE 2 1TRT,

£ 2 TUoHUrITNVFEBOBR

Tk AR i
Validation Test

GBDT 0.621 0.619

VAV R, 0.638 0.630

T Y TV O GBDT Bk & g L CT
A NT—=ZIZBIT D AR fEA 0011 @<, T o¥v
TR OFHIMENR IR S 7z, Stacked Generalization
T BECC R IR ORI ERNA /=T A —F (T
RoTBY, ZHON)Z—arRNEZLND,
SEFERERLTZOIEIHSETHLEO—HITH AT
D EBIEEEGODL I ENTELEENRD D,

PERDTETH S Logistic Regression & 7 2
TNVEEICEE LD L THLNIREDIREE
BY 5720, TRENO CAP HifzX 4, K 51
R

g e

X 038
#
S

0.4
¥k
_(::i“
Y 0.2
*
r\ 0 L L L L |
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ERXDRABMEREE
—>Stacked generalization ----LR

K 4 7TrHrTAsEBEE LR O CAP i
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ERRORMPELILE
—Stacked generalization ----LR

X 5 7r¥9r7AEE L LR O CAP KR (k5
x)

RUZT 7 4 BRI EAL 10% DIE AN ZE & #tie
Licr—A%EEZEZDE, FfN 0.1 O & XD CAP Hf
BOMEDMENET 7 /b D 5 A% % HiHe
TE & RTEE 725, Logistic Regression 12 & ¥
AaT Y U TRTIOVERE LT GA, Bl 0.1 @
L X OFEOEIL 0393 DT, &F 7 4/ MM
DHH 393%FFHH LT LT D, WITE ZITFE
DD 61.7%DENTOVWTIEERICT 74/ LT
LESZ&ilid, —HT, 7o I8 a21T
oo TRAaAT VU TETIVEMELZEAICE. £
TNV IEEDIBLD 48%EHHTE D7D T
T AN PREELSIMMZ D ZENTRETH D, B
T2 L, T 7N RB O NERTFIET
& % Logistic Regression &V &, 1 16%7 7 4 /L b
L MABND,

4. FEH

AW TIE, ENOHF/IEEEFLE LIZEA
DHFT —H2# 10 THEZHER LT MmEEIc ks
BRAaTY v 7T VOWMEE{TI2> T, GBDT,
Random Forest, Neural Network @ 3 f}H D Tk % H
WTHEZI LIz Z A, GBDT b - & HE0n
BEZEOND Z RS0 -7, GBDT IIHEkETE
T® % Logistic Regression & [t-~<% & AR EA 0.1
B, BHAaT Y V2T VORBEICEB W THD
THED R FETHA Z L RENT,

EEIERT 5T — 2 E B EOBIfRICOWT
bR ARIZE A, FET 2RV RVGEICIE
GBDT & Random Forest [X[FIFEE DR TZN, 28
T =21 L EDOSEIC GBDT DE 9 AR E <
BENRBLS DI ENbhole, 2O END,
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EKBICT Yo TAEBEO—>DH L LT,
Stacked Generalization % i\ T, DM EE €5
NET Tzl 24, BIKO GBDT L0 b
ARETE HIZ0.01 BREEWISE 21567,

AW TIE, IEAREOERA TV 7ET IV
MEIZIBWT, GBDT 2 E 0B FEHET V527
YT Nd B Z LT L 5T, Logistic Regression (2
FORBEINERDET VL L T, K&K
ExrmETExbZ LE R L, BHNRRETIL,
¥ 16%7 7 /v M EIRET 20 R0 H D Z &R
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HiEF
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The impact of North Korea risk on the Japan equity market
: what do Al based risk models tell us?

wEi
Noboru Nishiyama

Dragons’ Desk Ltd. / THERGRIRT: (SFFREPIROR )

Abstract: We analyze Japan equity portfolios for their risk exposures to North Korea
geopolitical destabilization effects over the past few months, by using an implementation of
the EM algorithm integrated with a GARCH process. The model identifies which latent
factors in the Japan equity market relate to North Korea and predicts their risk impact for

the near future.

Key words: EM algorithm, GARCH process, machine learning, decision making.

1. [ZCHIZ

B Y A 7 OEBIRET WVLIZTEEER O
EEZFE FFIZ7 7 Fvx—T %) IZE>TEER
T—D—DOThD, FFCHEFHY A7 TR T
D720 7 7 7 X =T BT Uiz Z &R0,
HDHNF, BB L7ZE LTHOHEANIRO D ZERE
HTHDEEROERNGEERH D, FO E, REA
BRI L LTV Z 28 R A b & (M)
LUV T AT 0 GRRME) OWFDONT AR
EBETLEREEZ LTV 5,

AEOFHETIE. EM 743U X AR E D Al )72
MIEC 7 A — B AT 5D, 22 TO AL 72 &1k
D3 ODFEE T, OEBEREDTLODFE TV
Y Xh, QAR A Ty FRLDT 7 7 X —&
R, OBBHREICHED /258 - HHBoTHl

EM algorithm & L7z AIX—AD U A7 ET )L
DORFEITRD 3 I H B,

(WEBREDIZOOFEET VI XA
HEE I SRR ESIT T B e i CT—E O AR
DY 4y RT—HNEFH IS5, EM algorithm
L, TORNTH LW T 7 7 % — % Bl
RINCIRET 5,

QAW A T N2 LD T 7 7 Z—FIR
EDT 7 7 X =72 BN O T AR R
W, MOFETIET 7o A A XLD T R
v g T 2GS T 7 72— s R AR
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IR AN H S, EM 73 Y AATIET
FUHAVENDI O AT VAT — 2R
PESHTICHE S OO, EARICIIBET 77 ¥
—REEEZHSNCT BN, T s X —ERET
DN A Ty MRS B,
Q) EEREICH 728 - oo T
77 v R X =Y v TERRO S - 5 EAT
IO HREFH &= Tb, LTV AT Y Z—
VIR T s ANERET S, HAWIKRDBLT
= al B AT I UARATLHEDIZ, ED
X2V NRTG U AT EONEBERBRET S,

A TlE, @BEE s AMoOILEfED = 2 — 2 (2B
H U 72 MBS R E IR Bk % B AR R —
F7FVADY AT 27 AR—=T v [ZHER LTHOHT
T 5,

HABEAR— b7+ U A1E, WAk LS5O B AKEEK
oo N—2 b LCRE{LA— N7+ VAL LTH
T 5,

SHTIZIE GARCH 2t 2 % %4 L7 EM 7L =2
U X LEHHT S, TF 0T AR S OBE Y
77X —DHHLOENNIEFEREY 27 LBEL T
DOMNEFAL, tRAER—F 71V A5 25 0HE
MOHAITREEDY AT A X7 N ETHRIT 5,

B A R M, FRAICOTTH 2 &R T
XTH, FANCERE (7rr7¥—) ERETDH L
MTERNED VAT EZHET DL EITHL,



EEOBEERICBIT A HEANY 27 DX S 7
AR N RAZ RS TE 2 EENRET MVEIZIE
AINBBEIR DD, ZORIWZHT 5 —2>DEX
B2,

AT, AL E H 50> UOFE LW
MW~V F 777 X—T7 VEMALT, BEIRE
L7cA XV MR DO U RV EOHER ZHERT D 2 &
TETILVOMBFR Y A7 ~O@EHAREN 2D,

MEHEEOFEMIIH R T 203, KiEbA— b7+
VAZ 2 RE—VHET D, — 23ty 227 o
X9 e RN D A 7 USRI ST 5 2 & B EE
L7eBR—= b7 VA, BIO— 20 B FH) U A
TIHIRIC RS LR WR— R 7+ U A Th 5,

JesfftEd U X 7 f5FE & L C#E[E (South Korea)kz
AT v 7 AR REBERRE L LT B AR O EBIE0H
DORIHG— % 25T 5,

ACFIBED MIBRR 22 A R R AEL TN DB EHE
2 b BBERD A OHEICKEILR— 7+ U 4
EREELC-EHROY 27 BOEBEHEET D,

HEEICHT- > T, T TIERAELIEA M TH

HZEMBA VYU TNDT—EEFEHATHEOD,

ETMC K DHEE & EM S HATH £ TOR M TEEZR
THEBELT, 20 THMT LT Y M7
N DAL E FATS D ke Lo TV,

2. WEFHIU R LI

2.1 HEBEFEE) R DR

20171 H, 47+ 7 L~—IX (Burasia Group)
X 2017 FICTFHINDIH-BENY A7 L LT
Geopolitical Recession(MIBI#HIHIB) & DX A LT
WD 10 @ %2 HF Tz, (1]

(1) 7579 % K[E (INDEPENDENT AMERIKA) — h
F T RIEMNIR D “America first” DT,
FLTHEDOAKTH D “make America great
again” N RKE D T T NY 2 — %A TH, TH
23K[E 0 Independent [Z[A17> 5 JREN ) & 72 B,

W E O S (CHINA OVERREACTS) —2017
FOKICHE SN 2EARARRESZO Y —
A —DHENOEENSEFIEREEBEELZ51,
g98{k9 % A /L4 (AWEAKER MERKEL) —
ZOZEPBINEROBIRIIY A7 % &8 5 Al
REMERH B,

WH 72 L (NO REFORM) —JEiE[E & HritE o
MBI D U ==y FORMD HHEESK
EREERVRILE 2D, FRIFEREZEN LD
BE~OPFLHLVEERSEZIK T SE 5,

77 /Juay—LHJE (TECHNOLOGY AND THE

)

€)

4)

)
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MIDDLE EAST) — " B CIIMEHl 23 7fe L TV
5HDD, BAFORMICBUFIXFEHRE LT
XTV5,
H L ERAT BB R 2 B 42 72 5 (CENTRAL
BANKS GET POLITICAL) — Z Z#+4ETHI®O
THEEEZ T2, KE, BRINE, ZEOH
RIITNHEIZEHEND,
RUA R 25t ) @)L — (THE WHITE
HOUSE VS SILICON VALLEY) —K#itEE%T
X F 7 TRERERL W22 741
=TINDIT V—F—7=5H LR T &,
kb2 (TURKEY) — /U KA v KEEHDHER
DIELRITKTT HHEICRB TR, RO 55T
LTCWDH, RFEEDE SR ORI A T
A7 ¢ o — U B BT 5,
JbEAfE (NORTH KOREA) —2017 4R i3 dbEAfEIC
Lo TRERELRD, LLEIZL N &
TR,
(10)E§7 7 U 5 (SOUTH AFRICA) —ZIBHE & xf 7
THRNCEDEIEH Y AT RNEE D, BIED
REEIIHITHRFE ~DOEE R L 10D,

- -
— —

(6)

(7

®)

)

NGO ENDIE, HBFENY 2T OEEL—
2L, ERNOBIRIRI A G 2 5 Hls &8 b 72 % 4+
M7 BN %, ALEABED EPRIRI & XA BOE AN
L TWD L DITITAZRNA, EEIS I I A L%
FERRZEE IR L, BEBR% % 3 o fR U O BOs R
MEREFELSETNDZ&I1FY A7 L LT T
x5,

ITHEEERE (Try Rvx—Tv) OXIG
RE LTS DD, RIZHHFREE, R HIEB
FHY R ORAEEFRTEELT, BEEHL
TWB 77 2 FIZBW T B O3 GR & i &
L2 ENHRERDDNRA v MR D,

22 HEEFEH) R EREER

B A 701X, 7 a— ViR 5 g E

24t CRO (Chief Risk Officer: : i U A 7 &5iF
FH) Lo THREEMY A7 IZBIT 22~ —V 7
U A 7 (Emerging risk)(D—-> & L CTHY Fnviiu T
W5, 2]

T~v—V 7 U A7 (Emerging risk) & 1%, EHET
WRARE SN CWe7 7 7 ¥ — (BER) (ZHBIAZE
RBETHZLIZEVEC I EEERY X7 2167

KREER SN~ — 7 Y X7 (Emerging
risk) & THI9 % 72 I BRI 22 5 TRAL TV 2
EIEIRLRNWL DD, BRI FIEEED, EEE
AUV AZEBRTaAO—#nE LT, &%k



HETE=F—LTWDHLIND,

Market Risks (v —7% > F U X 2) HEOBHEID
CRO BNx~— 7 U A (Emerging risk) & L T
WL TWDHDIFRDEBY TH D, ([2]p30)

OFFBRENEY 227« Za—rrD— & i
MRESBLLIEFERELT, LWV~ —F v b A
ML ARFEA LIz — A TR, &b EiEEic

FEATHREE oo~ —F v b A—h—, HEfhiE L
L COZKEE S ST ATEN DI TER,

NE~—r >y bAALZIZE o TEOVHIEN S,
TREMEIC K & RTE L7720 Ce < (XTSI
Thd) BHETHBCLHTULED

()&BFIY 27« Za—s e pfai% GFC (Global
Financial Crisis) LAR:, 27 v — 3L & K EF Ju4R
ITOBKRT 7 v ar EOMBENRERLTETND
&5, Hit L E B R R E AR, 7f<
EOaF] & #HE) LT LT 2HEE LT IR LK
L T&E =,

(i)w7 v (B U A7 FegEASE, Bk
fliRED T, T 7L Y RT7 | BEEBOBRO 72
HIPKE, BN, BAREHEO~ 7 mRiF DR %
T4 T LT T b

(VBRI Y 27 T _RTCOREERSER S K
L7223, B2 U X7 3 88hin L T 5, ZiUds

ik OO T I BEE S 5 BRI Y 2 7 DT B

vayT, U7 IAF, TSI
FEATND,

B9 % Bk

3. MY R EAOETFTILE

3.1 #HEMIRILFI7OR—FETIL

MBI A7 OBERELTEZLND T 77X
—IXFICE T AL DO TH D, BEORERD LTI
FRNCHFET 2 Z & idte o LW,

DT DEND HIAEEE FrE U RS E 2 HE
ETDHOTIERL, 777 X —LRBIGRE & E5IEEE
DY H—2 EWPHESE L CRICHETE 5
APT BLDMEFHI 7 7 7 X —ET VAT 5, 3]

R :return, F : risk factors, [ : sesitivity
=hE AR

(H3-1) FRO~ALTF T 77 X4 —FT LD X — KB
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H0i)

2,7 o2
ﬂ ﬂ o)y + Py B3

X : variance — covarzance(ﬁjﬁil .

Z—ﬂﬂ

(X3-2) HEt~LTFT7 7 7 X —ETNDY A7 KB

(X3-2) ITBWT, SiFb—F1Y 27 ELT

PaNi E S n 7{53_%#15\ DelI7 Vv AT<T 4
/7(#@@%))X7\%hu%@EL@@ (G
VAT T 4 w7 (R U R IS,

LXoT (b= RY) = (AT=T 47
VRAT) + (T AT<T 4 v 7 VRY) LHH
BRZ2BHZEMTED,

VAT T v (FREN) U 2 212H DR
Ty H—o0 (nIFFHT 77 X)) BE—
b7 4V AR (E, ¥, AZALVE) LEDX

IICBE L TV D0 %2R T 522 L TEMT L AR—
B7f)ﬁmk®%@ﬁ6&n<6w3@%§ﬁf
ALY %uﬁ’\%ﬂéo

FIZHBA LB R— 75 U At —o &
L C#E (South Korea)lk =Xt 7 v 7 2 (LLF, SK
AT v I R) BRBFEELE T D, LilE0 Y 22
PR L LC & LT HARK ORI O T ~—
2 %5,

BN ) A7 BT E LT, N—Z Offiic
HKBEOIVRT T 77 X —DHFINL h—F )L A7|Z
XNETBYV RS T 77 X —DRRANZFSOFHEL, ~T
XTI T— FHEAZAND ML RS E
DOHEENR B 5,

32 REAR—FT7+ ) A0

HGE B A = — A L LTl fb AR — 7
+ VA EMEe, SK A>T v 7 AT HN—F %7
SV NEED2HE (MY A7, KY R7) ORE
HAKREAR— b 7 4 U 4% 2017 4E 6 H RO S THE
3%,

RER—=F 7 U AL SK A T v 7 AT D
BISEREWR— 7+ U4 EURAZ) L SK A
Ty 7 AT DRUGE MRV (KU R 7)) R—
N7 U AERERT B EE{LE DT B,

B RALA ANE AL D EIR % 200 647, 8 5IE5HH
DRKRMAANLRE 1% & T 5,

WIZALFAREY 2 7 NEmnEb R — b7 U 4 &
ALRAfE U 2 7 IR ROEE R — b 7+ U A OREE
B#E+ 5, i

RAANERED) X, BRI AR— b7+ VA
1177 8K LT AR Y R R— k7 3 U A% 124
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WIZAR— N7+ VAU RT Emd b ERRIY 27
EEWIEFRIC 10 H T2, HIFOEENHIZL D,

(BYUAIR—=b74 VA4 : ¥ 227 TOP10)

Top 10 Style Risks

Style

TOPIX Machinery

TOPLX Electric Appliances

TOPDY Transportation Equipment
TOPTY Secs & Commodity Futures
TOPTX Banks

TOPDK Chemicals

TOPDA Glass & Ceramics Products
TOPTX Other Financing Business
TORLY Tron & Steel

TOPDK Nonfermoass Metals

KV A7 R—=b7 4 VA : ¥ 227 TOP10)

Top 10 Style Risks
Style

TOPIX Retail Trade
TOPIX Construction
TOPLY Services

TOPLX Foods

TOPIX Chemicals

TOPTY Wholesale Trade
TOPDE Textiles B Appanels
TOPIX Information & Communication
TOPIX Pharmaceutical
TOPDK Metal Products

WIZCR—=T7 VAV 27 @ L ERlEEH 2 U 2

T OEWVIEEIZ 10 [HHIT 5, U AT TIF57Di2iE,

I OEAOLRE RN T IS L 9
D& D,

(VAT HR—=F 7+ VA : 5 Y A2 TOP10)
Top 10 Riskiest Assets
Name

NTHN

Yamaichi Electronics

Mazda Motor

DMG MORIL

JTEKT

MNSK

Shindengen Electric Mfg
Kobe Steel

SUMCO

Mitsuba
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&Y 27 R— 7+ VA : W U A2 TOP10)

Top 10 Riskiest Assets
Name

Genky stores
Morinaga

Kusuri No Aoki

M3

Okamoto Industries
MEGMILK Snow Brand
Kewpie

AIN HOLDINGS
TSURUHA Holdings
Fuji Kyuko

4 HROEE

41 YR IT7HIR3—DEK
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HH~VTF 77 7 X —FEFT N TEHRH 2L %2R
Bl 7HT— Ry X 7Y 27T, b
— XU AT OFMEE (HdaiBiTal) & 18
TOHMNERD D,

HBUFE Y 27 &S TG BRI OB % E &I
LB XBIZHDO—DOFEAL L L THREH~ LT T
FIOHE—ETANBHATEDZ LR L,

(h=2nNVRT) = (VRT=T 47 URT)
+ (T ATT 4T VART) DVATT 4
o U RTESSEEBOR— 7 4 U A (JH,
M, AFAN) ISR TH S,
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VT AONR—HZ (BISE) ZFEILT, BARK
OALFAREY A7 DREZESKA VT v 7 AR
HR—EDORESIZLIVFAEE LI, F—F 7+ VA
ROV A7 HIRTEIEL72DI12F, 2AF A1, {#
BIEAHORA RO E & 2 FIET 2 ENEH T
LT N5,
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LIk 2 EHEOREILR— 7+ U AR LT,
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MERRE LT,

FEIAIZIE, ol GEa8) Z & W EE Tl
L&, FIRFCH LWV 3 v 7 BRRBAE LT & X
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ZE=a—J)Lxy FT—4 & GA ZALV= TOPIXEMA Al
“TOPIX trading AI” using Malti-layer Neural Networks and GA

AR HEX
Ryota Ishihara

RS AT AR &R
Investment Planning Department, JAPAN POST INSURANCE Co., Ltd.

Abstract: In This paper, we propose a construction method of an artificial intelligence for TOPIX trading.

We apply a Multi-layer Neural Networks as a prediction method, and optimize to maximize the

Information Ratio using GA. We also conduct a simulation using TOPIX market data from January 2014
to December 2016, showed the effectiveness of the proposed construction method from the information

ratio level.
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Time dependent analysis and prediction of financial networks using

supervised latent feature relational models
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Abstract:
of relational data, such as social networks and financial networks. These data can be expressed

In recent years, many researchers have taken keen interest in analyzing various kinds

as a graph or network where each vertex or node is an entity and each edge or link is a relation
between a pair of entities. Moreover, each link is often associated with continuous and/or discrete
relational attributes, such as in financial networks, the interest rate for a transaction and whether
the transaction is international or intranational. In this paper we focus on max-margin latent
feature relational models (called Med-LFRM) that are based on Indian buffet process (IBP) and
maximum entropy discrimination (MED). For the estimation of model parameters, the Bayesian
estimation is deemed equivalent to minimizing an objective function, which involves misclassifica-
tion errors. We focus on link prediction problem for the networks with continuous and discrete
relational attributes. We also focused on the time dependent analysis for the networks, and there-
fore, we estimated the model parameters considering the observations in the previous time interval.
We demonstrate, through experiments with inter-bank financial networks, the effectiveness of the

above model in terms of the link prediction performance.

IXC&HIC

W, fERy N = 0ERE Ry hT—T 5L
OB T—ZOuHENEINLTE D, ZhEoDT—
RISV C E TERARNRERS C LD
MEEZSOTWD. DX BRT—RIE, TVTA4T 4
/) —RT, TNEOMICIEET 28%Z2Y > 7 TE
TEIBRTITHEE L TERT R ENTES. M
BHIOY I EREMOY > 7 ETHTE) VT
X, TOXS BT —RDOIHICIT B IRARNZRE
D—DTH5 (1. COMELZEZADLE, BLYT 1
T4 Fi23V > U OF ORI R L oA R Ll
ZiTH 2L H 5 [2][3].

HERETIVICEDWIERL ETEERWEY VI F
HNCEEd AR REERT TS, AREICHBWTHE
HI2DiE, UV IRBEOMERSHETERT STHIC
&) — EBHERMEE D LIREL, Fhetticy s
A REEEEDY V7 RIEBBEFHT A2 X 5T

SRS | F RIS AT LA R

T 0657-0013 SRR A X /S HAR 1-1
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TIVTH S [3)[4].

Lh L, BIEREORMOI T ZTET %291,
FEALDTFHECBO TR AEREREICK>TET
WIREIRT B0 ENH 5. TOR, 2 < DEE 5
T— R X BFERZ RS 208 H Y, ZHUC kDK
ERAANIIHOTLES. £T T, Miller 51>
FRELEFE (Indian Buffet Process: IBP) [5] IO\
172/ IRTG A M) IRAL AN, 7—2h56H
TSR DOBER D IO T HEE T 5 T L 218 %
U7z 3. THOMBERBBARET IV (Latent Feature
Relational Model: LFRM) T®%. LT LFRM %
FEESE, RATY b E¥—ih] (Maximum Entropy
Discrimination: MED) [6][7] DFSHAICHEDE, U
I TRIOREZRS v > IHEKG EDBRBERZ E#E
F/MET B2 ik bV I FillZz TS €TV Zhu
KXo TIRES N 8. TR —Y VIR KL ER
BEHRTT )V (Max-Margin Latent Feature Relational
Model: MedLFRM) T®H%. TOETIVIE, ThTh
MNTICHFE SN T EIZ/ VISTA M) w IRA kL
=Y VRN LEEREG LIEETIVTH B, TODET



WIZBOTIE, XA ZHEEDFHED H B i=/IME
TBHTEEFEMIAED, ZRICK>TEIS )Lz H
WB T EMNAREL 2D, iz, VT R—=IVIc&D
MOEENARL, XOFRMEETNVEFHET R LN
TES. V7 b=y rORNUICET 2, FEEX,
BHEO SR RIBEIC K> TR T W TES.

MedLFRM A%, LFRM KD &V > 7 FHlOFSEHLE
NTWBT EMHISNTNS [8]. L LANS, Zh
BEFHED A TERIE NEMRBEMEIC DOV THRAR
TNBDTHD, HEiiE & BESEOBEREEDRE
FTBHHEHFICOVTIEMFT I NTWRWY. £z, v b
T — 27 ORI OV T E M ENTWERN. &
TR O JUCEH LU GHEZITS. BEICBELT
X, AiRFXEOT =2 5% U85 A— 2 & Y
KEDINT A—ZDOYHPRRBICERE L THFET BT L
IS &Ko THRIREEZEZB L, VY7 TRIOREOR
ExX%.

ARDEEZ, LFRM *® MedLFRM Tl Ek R
HMMRE E N Tz BGRE M2 Hik e & BERUE RS
LIzEDTHBERET . TNIEBOER R Y +
T— 7 UTFMISHIG T 5720 TH 5. TNzl
F 2T, 2009 fE 5 2012 tEORMN DIRITRITORG|
EELdicr—2ty hERWTY v 7 FRIREC
L CEMZ T Tz,

AREORERIZLITO LS 1ck%. 25 TCld, LFRM,
MED, MedLFRM, %% & OBHEOTEEHENT . B
3 E I, MedLFRM IC & % Hififn « BRI AT
E Ry b= ORERIIFRHTIC OV TR, Z D%
TIRBT B85 A—=Z2OHEE FTIEIC DOV TERD,
fefE - BEREIREEEZ R LTz > 7 IO REGS R
ZHABTRL, 5B THRBXUSHOMECD
W3S,

2 BEEZE
2.1 ERBESEERETIV

IERMMBEZRE TV (LFRM) & Miller 512 &> T
REINTZETINVCTHD 3. TOETVE, % /—F
MW AEDEZ & ZIFTERHEAN T MV 2R D ERGEL, ©
NHORMOI T HENINICHEE S % &, v b
T—IBD) v ERINZ LEEHEET 5 ET IV
THB. LEEE/ — ROFOEBERME /— RO
VI 5 EN5BRESE, ZLTENSOELE
AWTEHETNS.

Iy RIT—THND/—FRZ NEL, NxN D
{EEREITRIZ Y £ 9%, COW;, /—FRik/—Fj
DNV Y I DHET YR Y, =+1 8L, V7
MEELGEWERR Y, = -1 £33, Yidmaicid
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BRIENTELT, BB I hEREHIOD
7 OHEE TR TELZET IV EEET L ENENE
ZoTWwa. £, /—FRi&/—FjORDY T
BT 2 BRENE X,;; € RP BB N TV 258
£5H%.

B — ROFEOBIFRMOBE K L5358, &/ —
Rid MEEBTERA Y MV e RE O L HET T
LW TES. CTTTZ7% Nx KO [HBEREITYI&
TBL, Z=ui; - pyn &%B. Z 1 F/—FRiD
EETFRIAR T IV EERL, /— R i BDEBER k%
FoL&E, Zp=1%870, 25 THVERIE Z; =0
B, Fle, Wh K x K OFEBEERMTHE L,
Wi 1&, /— R i DBTERI k 2855, /— R j DG
TEH K ZFD L&, ZO_DD/— KDY 70
ERICHEZBZ2EARTHDETS. UKD, U
VIR TDOLSICEREINS.

p(Yij = 11Xij, Zi, Z;) = ®(u+n' X+ 2] WZ;) (1)

CCT, DR ITEASFEEBTHS. ZLTC, pidlc
JEICH B2 52 5 KIS T ZMETH D, o 1dBI%
BYOEBIHERNRY NIV TH D, s 7%
"a7zoic, > PEERE IBP) 5] Z Z OHFiin
mMELTHWD., TUCK-T, Z ZHEET % LRI
I, BERME K S HEETZ T ENTES. Wik, &%
BT B THN. U TR N(0,02) ZRET 5.
IBP Z 0N 1 & 75 2 IR AH T3 OFRi 7040 LA
EY B, THUTKDERINZITINE, BEREZ V<
DFF> TV LTEEMD BT EDMEZ LS. 1T
PO DY > 7)) Y TIELUTO XS Icitbha. 1
FHD / — FITHIST 517D 5 B, Poisson(3) DT
ORI %E1ETSD. TTT, BRERNAIS—IST A—
Z2THB. X, i ZHHD ./ — FIHnd 2171CET %
D5 B, BUCMOITT 1 ko TWAEDIE, Z
D1EHED>TVBEITOEICLLHI LI T 1 &5 5.
%7z, Poisson(B/i) DEIZF O ZHLL 11T 5.
CNZAERED /) — FORIZF# DR T & TRTER
MATHIDHERT 2155, T OBFLIHATRETH %
e, BRENBITOIEFRICITHEI NGO

2.2 BAIYbOE—HR

ALY b —#hl (MED) [6][7] &, FHai0i%z
HWTHMWBIETH 5 IEANRIEMN YT FoE—
s/ MERTEZ iR T LI X O e 5 Fik
THhb.

ISEZRLY {41, -1} ZHS & 5 G ffin BikE%s
EZB. X AR MLe L, F(X;n) =1"X,
Znll K> TNNTA—2LEIN/ERIERET 5. £
Tz, L ZIEDRIIRT A—=2E L, v IBELENE



he(z) = max(0,£ — z) EEHKT . n OFHNMZ
po(n), BREDMZ p(n) LT 5L, H—0Dn ZHTET
BIEHD SVM L1382 0, MED & po(n) Z VT,
TOIEANEIES M > b v E©—m/ bRz 7 <
TlickD, pn) BFETZEDTHS.

%1)1 KL(p(n)|lpo(n)) + CR(p(n)) (2)

ZTT, CRIEDEETHS. KL(p(n)||po(n)) i& KL
BAN—Y VA, THEbBHMZY hrE—TdhD,
R(p() = 3, he (VB [F (X5 ) 1 & > VT
H5.

ISEERY OTHEELLFTOX 1275,

Y = signk, () [F(X;n)] (3)

2.3 Y—IVVERKLBEREERETIV

=V VIRKNEBEREBIRE TV (MedLFRM) (X
Zhu i &> TREESNET NV TH S 8. TOETIV
¥, MED ICBUT 2534 F %2 LFRM I B %Y~
IREELTERT D LICKD, K0&hRMICY v
IRNERMTETEZETIVTHS.

LFRM & [FIkRIC, fEEBIERIITE Z &, JedEE
BT W, BRENE X, W5A5N5 &, @B
UIFDESIcik%.

F(Zi, 25 X5, Won) = ZW Z] +0" X35
=Te(WZ, Z) +n' Xy (4)

n EBRIBIEIC NS 2 REMEEARY MV THB. T
TT, 0={W,n} BFTRTOITA—ZLL, © LH
B0 po(O©) IEHERER LT 5. THIEITS Fedicid,
BHEEBORHEIEZR O R ELH B, K0
SRR BRI p(Z,0) ISR B ITEE & LTIL
TS ICEETS.

f(Xij) = Epz,0)[f(Zi, Zj; Xij, ©)] (5)

LI 5T, IVEZEY O Vi, = signf(X,;)
E%%. ITENENTY Y OMOEEEL, BV
VKBS 22 B L FARRICEET B L, e IHEK
ELLFDXSICES.

Ri(p(Z,0) = > h(Vijf(Xi;)) (6)
(1,7)€T
TTT, po(Z) ZERII TN OFRI M LT 5 &, DL
& MedLFRM Z L TFOREZEREL T L L TEHRT
x5.

p(zrfgl)lEPKL(p(Z O)llpo(Z,0)) + CRe(p(Z,0)) (7)
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—fRANC, MBNZERZEAT S LICLD Y=Y VD
AT ST ST L, e 2k TZ 5%
EWVSTENHENTED, ThZ2ZMELIEMES. T
NZf75 7281, Teh HIC K> TIRES Nz IBP O
#1082 (Stick Breaking Prior: SBP) [9] ZH\%.
7 € (0,1) 2475 Z D |k EXNIET B/3F A== L L,
CONT A= r FBF0ERIC K> TERENS. C
CTC, M =11,Th = VpTj—1 = Hle v; THO, v &
a ZNAIN=INT A—2 &F B X— 251 Beta(a, 1)
oYY TV TENE LT B, HB m iIDWT,
kWD Zop &, M)V X —A 7377 Bernoulli(7y,)
WMoY TENBZEDET S, TOBBEERT,
HHER m A L, T—2 2y b ORIk R
I 2 MERIT TIN5,
MedLFRM IC¥513 %V > 7 OAERGEFEZ DL FITRT.
1. BERITS D 11THTH % Z, I LT,
(a) K7 2534 Poisson(B) ISR E M 733
£

(b) N—%57i Beta(a, 1) D5, &HkGri € {1,..., M}

I L TINT A—& v, iR

(c) BHTOBIESBP (v) D, BTk € {1,...,M}
WXL TI8T A—X 7 AR

(d) NIV RX—A 734 Bernoulli(my,) M5, %5
Zik € {211, ..., Zau } Z2IEIR

2. WHERBITIID n TTHTH S 2, ITH LT,
(a) TNETERINTORVEITH U TIER
7Y 2434 Poisson(B/n) 5, BHCEIRE Nz
T EDHBEITH LTI Z DRV BN hfEsR
DR M 72 #IR

b) "—%731 Beta(a, 1) D5, &Gri € {1,..., M}

¢) FElff D3BIESBP(v) 0B, BHOY K € {1, ..., M}

(
ISR L TRT A= & v; Z258IR
(
l

L TIRT A= 1), TR
(d) )V R —1 534 Bernoulli(my) M5, FK7
Z1k € {le, ceey lew} %Eﬂ_\]

3. B N(0,02) 5, BT W OFKS
7 R

4. IEMDH N(0,072) IS, BEHXRYT MLy DK
7772 TR

5. U U RHliB% @(ZW Z] + 0T Xi;) ZHWT,
B —FH(i,5) € TIERUTELRY; &
AERK
MENAB AT % T LI K o TR E N [EA DL
TIZRT.

p(g}g}@) KL(p(V, 27 6)||p0 (Vv Z’ 6)) + C'Rg(p(Z, 6))
(8)

TTT, po(v, Z,0) = po(v)p(Z|v)po(©)



3 REFE

HiE TRy hT—27 F =& L TD MedLFRM
IC& B 7 PRI DWWz, CDETIE,
FE TR S N-B@RERIC A, BSEEREESY
VIR EEINTORGEEREME LY > 7 FlliE
WKDWVWTIHRS., Fl2ZFD0X S ETET )IVERHWZRY
kT — 7 DRERIIHTIC OV T BB S.

3.1 MedLFRM |c & %EHHE - BEERRRE

EFERY N7 =T DR

I THRATVI=E TV [8] T BIHRIE IS o
HTREENTOVED, ETF—ZEy FTELELE
BRI MO HIC R E N TV 3 L ODEHET 5 C
EEHb. LIENST, ZOXI BT —2ty Mok
2V I FHllEZ S & &, BfREMEZ L
Ble G EEHE 8T B REN DS, LIEAST, X,
FINETX;; € RP LEBINTOED, X ZHEH
KBS NBIRIENE, X7, Z2diefads & hic R
tedseL, X5 ell Xl e RP Lol X SICHE
HUMRETS. C O, BN OB fRE O E
BT BV Gl RE N & MBI RETE T T
NCHEEKT S, KoT, @B TDOL 51275 %.

f(Zi, Zj5 X35 X35 Won©m”™)
= ZWZ] +n T X5+ X

= To(WZ] Zi)+ 0" X5+ 0" " X[ (9)

TTT, ©={Wn°n"} ZgXTDO/INFTA=ZLL,
S} &%ﬁﬁ M po(0) FHERZER LT 5. 2.3 Hi L [FIkk
IZ, TTHSEXDIRIEHRBIEZ p(Z,0) IcBEd
2 I ffﬁc‘: LTUTDXIICEET 5.

X?"

iy

F(Xi, ©)] (10)

L7ehi>C, IVEZEEY OTllEE Yw = signf(X{;, X7))
B, ITElENzY Y IOOEREL, b /
VKRR 22 WL FMICEER TS L, e UBEE
FLTFDESICES.

)= he(Visf

(i.)€T

Xij) = Bpz0)f(Zi, Zj; X3

W5

(X5, X5

Re(p(Z,0) 7)) (1)

3.2 MedLFRM IC&KB/INS A — 2 DIEE

KIZ MedLFRM IZ & %735 X—Z OHEEFIEIC DN
Tib\%. MedLFRM %2425 U7z Zhu DF [8] IChHE-
T=HEE JTER DL ISR S,
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YIWr %Al (truncated mean field approxima-
tion) [10] IC &> T, p(v,Z,0) RO K HICFET.

Hp Vk:"yk HP sz}zk‘

C T T, p(uklye) EN—25010 Beta(ygr, Yre) ME Y
TV TENTZED, p(Zi|va) & Bernoulli(vy)
YTV TENEDTHS. KIFYIKIL~LT
H5b. INSZHFAT, MedLFRM DRFEIZLLFD
FlEZRKET 2 LTSI ENTES.
1. p(©) OHEE
p(v, 2) BEZ BN L &,
KO TEHEL LN TES.

min KL(p(©)|lpo(©) +C 3~ &
p(©),€ (.)eT

p(v, Z,0) (12)

{77 Fel i 72 LUK O ]

V(i,j) €Z, s.t.:
>4 =&

TTT, Zy =E,[Z] Z) JIBHEREAN Y B LD
NEOEIFHETH D, ¢ = {&;} EV T hx—Y
VERETBIDDATy VERTHD. TT5
VY 2 DMHBRZE VS T LT, p(0) D
285 EMTES. p(O) IFLULTDOLIICE
FTENTES.

E wi; Yij (

(i,5)€T

T T
+n° X5 +n" ij}

p(©) o pol exp{ WZ”))

TCT, nznc &y 2@l TRIENT LT
HBEIBH. —MRUMH S N2 EHEERHFTOm
po(©) I XD, p(O) DiilfFEz13% & LLFD X
KT EMNTES.

p(©)

TTT, N(Apw,1),N(kq, 1) DENZFNOHARE

fild, A = Z(i,j)gzwijsz[szij’]v
Rd = Z(i,j)el’wijifij(‘xz]d + Xz]d) }:"—d_% }Xjﬁj
R D K 517 %.

maxszu |A||2 +|Ix[13)

(i,9)

s.t. :0< Wij < C,V(’L,j) el
C OWE, FHIRITEHMIC LT O X S IcEZ
ABTEMTE, TNZMITETINTA—ZA

Yi; (Te(E[W]Zi5) + En°] T X5 + E[p"] T X7)

(13)

= (HN(Akk'v 1)) <HN(Hd7 1))
kk’ d



R BEFERDZ T ENTES.

o
AHI&E(HAH%HWH%HC > &
3K, (i,7)€T

V(i,§) € I,s.t. 1 Yij(Tr(AZyy) + 7 (X5 + X[5) 2 £— &;
(14)

U, SVM (Support Vector Machine) 0
SEREOERE —H L TW5728, SVMLight
*® LIBSVM 7% E DRHF D& PERER Y )L 3—Ic Ko
T T ENTES.

- p(v, Z) DHEE

p(O) NEZBNB L, WHMBEELFOES I
5.

Juin, KL(p(v, Z)[lpo(v, Z)) + CRe(p(Z,©))

YIrTFAgRELIE D, LFORXMME5NS.

_ AT ifi#j
Tr(AZi) = {iAij At 1)
= VORI v IKKIFELRVWDT, p(v) &
Doshi-Velez 5 [11] &[AlkkIC U T#EZ21G2 C &h
TZE5.

Fio, HPEREZANZTETp(Z) 2Rl Tk
MWTE5.2CT, BTNz v 7 offo%Es
Iz FDXIICEHET 5.

Ti={j:j#4 (i,j) €T and Yy f(X§, X[;) < £}

iy
I, ={j:j#i, (i) € T and Y;: f(X5,
F7z, glz) <L THBEZE, 0.h(g(x)) 1F —0,9(x)
WKHLL, 29 THRINE0 LES. kD
Re DHEBIILLTDX S 1L 5.

Oy Re = — Z YijApp] — Z YAk
JET; JeT;

—I(Yiif (X§i, X5) < OYii (At + ilker + k(2 — i)
TCT, M. BADEFRHDITZERL, ApldA
D kFEHOINZRT. Xz, I() IFHEREETH
D, FNIRENTCMENETHE L E 1, %
I THEVWEE 0 ZIRT. HpREOALEZ 0 &
2L, LURD ¢y OFHAZLGS.

=1

k
"/}ik = ( ]Ep[k)g Vj] - ‘CZ - Ca’%‘,k;Rf

(15)

TTT, LY Eyflog(l—TT5_, )] DFRTH
%.

Xj) <0}

)
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3.3 MedLFRM ICKBERF) %Y FT—7
DFEH

CZZETIE—D2D3xy NT—21cBT3 7Tl
MEICOWTHEBR L TE ., COHTIRERDO R Y b
T — 0 ZRERININICIE R T2 & 2 DFRNT DN TIERS.

TNETERENTETVEETIUCBNTIE, B
FHIATO Z & o) Z2NA 73—I35 A—52 &9 % Bernoulli(y))
WMoY TV TENZEDTHD, TDY EETIV
DOHITS U Z LY, ZE L TRlZRIT> Wz L
WL, Oy FT— I ZRERIINCHEZ T2 & &, i
RERE DT — 2 D o DFFFER 2 LBIFX I BN TD
WVIHIREE L U TR A % T & THRIURIEME 2 B85 5.

Kz, FRNIBEE F NOSFEUAESTEI W, FEfEE
HART MV BETIVNTT Y Z LI L, 28T
NZLOTHZH, TO DDV TERZ EBN
K D ICHTREX M D7 — X DZEERE R 72 B RFX I 810
TOPINIRABICIEZ % T & TR 2B R % C
EMTE, FHREDRMLICDENE EEZS.

4 RER

COETEET—Zy FEHVT, WKt -1%F
TOXEEEREANTER t OF—2%225 L, K
t+1IcBIT2Y I TR 5L ZITV, Z ORGSR
ICDWVWTELT 3.

4.1 T—2tvk

FENTIE, WONEBEREDIEC 572 2009 £ 7 A S
2012 4F 12 A 381 2 WUNERT TR TS | & 5dek L 7z
FT—ZYw WS, BEDT—2%H T EICHER
L, 12fDF—&ty e LTHS. T—&tw hic
3153 DIRfTE 14 DEDEENS. T—21y MH
EFNAHFMTE/—F, YAKHSWITLEHOIRITE
DORNCHEGDR OO BB - 12586, iV Ih
HBHERKET. TOR;, HEODLOED L5 DR
FADNSEITBAL 2 I—O0BHENESNI- LS
KO IREEZIET. LIehoC, 2Dxy hU—J3F
M5 78%0, BETRIETI E 5%, VY
T EENZBRENE, BEIENhRHE0R, Z
DHEG [DThNTzBEDEF], Z LTS IAE CEND
RITRITITbNIz0TH NI 1, REORITHETITH
NEOTHENE- 12 LB X B MEERDO3IDET 5.

4.2 EERRTE

FRISIST A =B DBREICDNTIRRD. YW L)L
K340 X0 REL TN FRICROVERZE SN



& 1 RTIEEMORTIRIC &K 2 3 H OH [ I B
9 % TSR
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% 2: FEBRHG |, ENEG D5 ZERE LsWgGEa o Tl
il R

MAP average AUC MAP average AUC
time-dependent model | 0.387637 0.919695 time-dependent model | 0.375433 0.915590
time-independent model | 0.346412 0.905515 time-independent model | 0.347404 0.906652

LT ENHIENTNS ] Te&h D, RERICENTE
K =50 &ERETS. HEINT A= L NAI8—IRF
A—R @ IFETOERBRICBNTL=1,a=0.1EFEL
jz. Fiz, COTF—Zty NITHEHTHS. (DFD,
EFIE D & BHIOTNEFETS.) Lichi-T, 1IE
DF—RHLTIF CT, ADT—RIIHLTIEC™ &
W Bz IEAfbEBZ VWS kicL, ¢~ =0.1
ELEET O =100~ LT HEEITHRE, i
BNz X D ICHTH DI8T A—Z DR ER 1 H DY)
HIRREL LCRET B. 72720, 1 HEHOERZTS
B, D0 1 HOTF =&ty MIH U THBRETS B
&, WX [0,0.1] DX T—kRIC#IAL, » 1051
[0,0.001] DRIT—HICHT LTeT Y XL A X%z
ATt DLix2 X5 Wk, & FEN0 Lxs X
S IZHIHET .

4.3 FHEGEERER

FATBNTIST A— 2 B ANTHEBRZITS. £, Z
NEFHNCHTHDIRTG A—2DEHERZHVT, 5
VA LA E U ETHE L TOLGEROTETE
EBREITS. TODDOFERD MAP (mean average
precision) Zti#kd 5. MAP IZFHRSEFMED 1D
THD, [0,1] DREDEEID 5 B ELDT, 1ITENE
ERENIVEWVS T Licind. ML TESN
7z AUC (Area Under the Curve) D5 (124 H%7)
MR S L CHWS. AUC & PR E ML D —
DTHY, ROC (Receiver Operating Characteristic)
RO MMEZ R T EDOTH S, ERICHIERN TR
LGRS &, BRI VYR LETFNZE LGS
IC05Z2E%. TODLEDOFHIfERZE 1ITRT.

£z, 4.1 TNz 3 DOMBREMEDS B, Enb
1 DZEEBETIC 7 TRZITI LWV RBEEET
ORFREMEICR L TITY, ZORZITRT 5. D
HERZITO BB HITH DI8T A — 2 D2EFEERZ W5
BEEHOEWERICHT TERRZITS. TOLED
FHiifE R 2 £ 2~ 4 1TIRT

4.4 E%8

K105, WIHDIST A—=2DEEFERE L H DY)
HPIRRBICHRZ 52 & T, T VALYt Z 7> Tl
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% 3: W5 [E 2B LR 055 0O TR R

MAP average AUC
time-dependent model | 0.380175 0.918378
time-independent model | 0.346403 0.905512

& 4: BRZEE L EWVEEO TR

MAP average AUC
time-dependent model | 0.362422 0.911382
time-independent model | 0.347434 0.905525

TEHAELDBMENREINTNE T ENHETE
3. U, AUC & D& MAP OFh M mE ELTw»
ZRCHELTERT S, £TAUCKRY VIDNES /) —
RV > I EZ e TFRTERIGEEY > 7D
J =R I MENE TRITEREENE S/ — R
WELDZHNEZRITEZETHD, MAP ICBIL T
VIG5 ETAE5 ETHITEIEEGRZTICHE
HUKEETHS. ZLT42HicldRzESicTcD
F—=&Yw NIAREERLDTH B, VU IHAE
VI EEFHITECLICKOMEND S LE
ZbN3. XoT, SROERICHENTEK D FHMEE
L LTEREZHEDDIIMAP DN THEEVED. Z
D MAP IC KO KEGRAENR SN LHh DS, HiH
DINT A—RDEEFRERZ YA DINT A— 2 DFIHIIR
REL L THW S T & TRIRINCRERMRAF I 72 S &
BTENTEILEEZ%. EblC, SHERELEEZE
BPIAT o BRI RICONWTELT 5. &L EE
BT EAIC R & < TR ENER DN
TWaZehs, BEI0OERZ TGS &S BRI
BT, SFIPEDREETHTzh e [HIRMN K
DEERORZETETEZCENTES. Wi, HEIE
FEBETIIT o I R TR IS 21X R
SNV, BEOHE [BIXIEROEE | DF#z2 T
2Dz TR TIEEREETEEVEMRIRNTE 5.

5 HbHYIC

AR T, EREIC B THEE S N5 EkHE & B
ETERHESNZEMREMENRET 2560y hU—
JIERT B 7 FHIEICDONT, v—Y VKb
BHERMBRE TV (MedLFRM) ZHHEL, TFillk
BEOfMiiziTolz. ZLTEFDXS Iy hT—7D
ERFIEHTIC DN T B ST LTz,



SRATRIOIS |7 — 2 Z FWT, #iEXEIC BN T
B UTNT A— 272 YK DI85 A —Z OFIHAIRRE
ELTI|BALDSY V7 FRIMEDOEERZIT, %H
D AUC DL, MAP ZHVWTCHHtiZ T 72, Lk
RHE LT, EROFE LR UL RNEZEET, N
TA—=R72 T Y ZA LT %Y 7 FRIFEDH
e To7z. ZOMRR, HiRfXEDINT A—2 D1
BREZAVEADNTERENEL &5 PRI
fz. Th&b, Zv hU—2ZRERVINICHZ TR
INTA—ARDBEE B FERT 5 LT, VITH
DOURERWETES T L ER L.

SHBOBYEE LT, HE/STA—& ¢ RIFAHLER
C~ OBY)REE R AERE R EDFIEIC K> TIREL,
V27 FRIREIC B W THEOEZ M EZA %
ENBTENS. Fiz, ARTRY VI THIREICD
WCHEREITST2D, U V2 S ENEREED
FHZEITS Lotz EbEZBNS. OGS, B
BREMEDEFHE TR N TS ODEEBETERE
NTVBDOMNICE > T, MEREZ R EZIZ08IC
RKALTEZZ0ERDHS. BREHEOTHETS C
LIZEKD /—FHCHB) VINEDXIREDTH
BZONETHTE, E5ICARICBOTHWZRRY
MAZZBEATSHCT LT, XOREMTLEER X Y
Y — U fERTONRIREIC R B L E A B NS,

HIEE

AHRZITIICHIED, WS LHNIZTHN TR
R AR O TR 2 BUR & S Rh T BUR,
[FIREREBE S AT LAEIRADIZER IR IS 2z 1
&S B, AT D —FBIERL AT BB B AR Y
(B)(15H02703) DEIIC K B.
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Predicting Equity Price With Corporate Action Events Using LSTM-RNN

P IEARHR

Shotaro Minami

LHIPT Y b A VAL PHRASH

Asuka Asset Management Co., Ltd

The forecasting the stock price of a particular has been a difficult task for many of analysts and researchers. In
fact, investors are highly interested in the research area of stock price prediction. However, to improve the accuracy
of forecasting a single stock price is a really challenging task, therefore in this paper, I propose a sequential learning
model for prediction of a single stock price with corporate action event information and Macro-Economic indices
using LTSM-RNN method. The results show the proposed model is expected to be a promising method in the
stock price prediction of a single stock with variables like corporate action and corporate publishings.

1. FL®IC

MREEEAOFEHICBVTIE, WHilizFHls 22 L IidE
ERMLED—DTH D, BN IFMRMIIXTERG 12 &> CET
5HDD, REDIEROAERIETND Z & TrEE N 5%
BERE WK, BRIGOB)E 7215 2 R CHE§ 28 ERE W5,
%7z, PER % PBR &\ o 7251 & 58 1231208 % )
Wid 2RERDND7EAD, IFERBEEPSHI LW BRE
KEVEhE LN, TOXSICIEIERABLPEAS
Z R o TG BIMNE I & o THAMIZRE 5720, [FROMAMi %
FHIT 2 DEFBETIEAW,

DN D R A S il 2 T 2 FiETiE, HlIDF
KDALY %2 BEMAME B 051 < 2 & TR B HLYE5] €
TR EEPRREL T MR EAR I NI E kT vy v a7
O —DBUEMIfEZ KD ZEF X vy a7 B —ETNVRENDH
%, F7z. Hflild EPS (—#47- 0 #if4E) x PER (BEfliiX
WR) IZE > THERINTVWSE LE X BERKRIETIE, PER X
L0 5V ERELGA, MkOEFIFHFD 0 EPS 2
fHzm s D THIIL, Bilib BRIk eEX SN,
72K & B Z OMAMIAKEEIZ RIIFNZIZNBE T w725 5 &
fizns,

MERIR2EE ST 2 AN, S OMRETHRIP T LIZAR
INDZEEOPREHRPHLAD T LAY Y —RIZEHT 20D
%, EFEOEH AL LT, TNETORBUMNIELD -7
NESIREHMLEZD, SBOBEOHEEN Y OREHMETE
5 D% R 2R H 5, fkizhiz o TREMEE D
5 LBBERDE BB Z HHMB b NILHEMIE FA T2 h 6T
H5,

IDESIT, FROMMAE FHT 5 LTIE, BEORFFE
KPTVAVY =R wo fziFRIT L THEELERE RO,
Fro, BEOKMIEZ DK S RHHRIZEDCTHEIL TE 72
BROEBVREENTVWDHLEWVWREE55,

AFETHZET 5 LSTM-RNN (Long Short Term Memory
Recurrent Neural Network) (&, HR=a2—F )%y h7—
2 (Recurrent Neural Network) ®—FETd b, @H O RNN
BWTEMORNT — 2 28T 2BICHAT 5 A EME
ZabiEd 5 Z e 5. REIORRHIKE D M OIFEKE S FH

MK B OIERES, HIAT Y bR TUA Y MR,

sminami@asuka-asset.com

TELEMEND B, D RNN TIREETE AW, #@EOM
WEFY M7= L, BERRA I VT TOREE -
ELUZWEDOMEN B LU TE-ERZN D5,

FRINIERAE O ORI HEE L T WS DD M
L LN E DD, TD &S IR E R D XA A R TR
%175 ETld, LSTM-RNN A7 TFERIZZ2 Db
ns,

2. FBEEMREAFRBICOVT

LSTM-RNN % F\ 72 il 3 8 % 47 - 72 BEE 5212 D\ T
B EREN

PRI U 7252 & LT, Murtaza S, 1> KD
HX51 AR NIFTY50 $#ARDO¥KTIZ DWW T, Open, Close, High,
Low ZNENDT— R 2 A EDLE & D LSTM-RNN 2
L BRRD FREEIZOWTHIRLTWS, fEReLTIE4D
DTF—=REHWT T ZIT> 58P RDPLET LW L 2R
U7z £72. Qun 5%, HAIBARDE D 1 & OFEIZ D WT,
EIEREHERE 74— T LNDERP SEE LT — X %
ERIZUTTFHT B e 2TF>TW5, fhie UTIIpEkMD
RNN 2HHA9T 5 &0 b RFBERPEONIZE D7,

LSTM-RNN 135157 — X Hric BV TCEHAT 28545, %
ERENZ EHBHSNTVEA, Hfliz PHIT 2 WS s
WTHEETIVDEREDHFIZE > TIREDRID & 5 I2EHR 7
FHIEFNDOFEIZR Y X MDD 5.

Z Z TARTIX, LSTM-RNN 25 Z & THRED A X
VN EBOAATRATMOFELRET 5, BARMICIE, K
EORFEEIY B, WRHEERH, 2—KL—1 72> av0
TR Y — A, REPRERMTZARL TV EHES %
ZEUZHWT, fEkbkfiiz FHIT 5,

3. LSTM-RNN % 3\ 7o ¥Rl BF R 51 558

3.1 EFI
T WD ATE (X7 ML), he B E T L &,
LSTM-RNN iZBFizERbE h 3,

e

it

og(Wyzs + Urhe—1 + by)
og(Wize + Uihg—1 + bs)

(1
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Ot = O'g(Wol‘t + Uoht—l + bo) (3)
¢ = ftOc-141t ©oc(Wewe + Uchn—t +be) (4)
hi = ot ®on(ct) (5)

ct IZAEVRIVOIREER Y NV, W, U, bid/8T7 A —&1F
FleRZ MV THDE, £z, fi lFHWVEREZGTET HEAN
I MVTH BT — b, i ZFHLUWEREZG S 72D DEAN
I INVTHBEAIT =B, op IFHIERHORZ M2 HTHA
F—bERT, EEABEEDS B, oy VT EA FBEL ocn
AR E BRI T ® B,

3.2 F—4D2WT

DG E LT, MREHEY A I GFFa—F :6101) O
WeAliZHL D B 21T o7z, TAEMMA —H—TH BV H I
X, BEIEREEFo TW AR =y FR¥ETH D, EFEL
70 EIFORERIFHETHZ 205, MELEFIENOZE
R THRLENDOZIEIIRESEKFEL TN D, £z, ENTHS
NG Hh, BANEEORBEZB THCRZEDTED, ¥
72 R R EABUR B R L TWB Z eh s, EETHO
BEPHOHROEE, ANy 24 7Y a vk O a —
RU—=hr72varvaz2RRRLTWE, 27U BVERIZED
HINDEZEWBHDEYHIIE, FUNIkTHE Z LITNZ T,
< 7ol (TIEEMAZES) PaENHPICRRT IHMHAD
EN A OZEEWK, 2—FRL—r T2 a DT LR
) — TR A S U R T WRME A 5 1 B,

SR N B ERUL, Bz inz T, %A HP Lo
FTEARYMER (FLRY Y —R) LHEDOENSE LU
NDOZEFEE., NERERMEL TV T/EERZEETH 5,
ARy MR, RERERHREOEERRICETEIED L,
HOMRE, A by o2A Ty avoRfFREa—RL—h7
7 avilETAEDESIITEBIZLTWS,

B, HRTHNT 272012 AIRE LR~ 7 o
BUZDOWTIE, ZHHAAT 51 Vg aiTo7, HHLET—
2 OMMIE T — XM CHBIZEGTE /2 2013 45 4 H 15 H»
59H1IHEXTTHS, 1RV MEFRIZOWTIE, T—% 7
V==V Z7OWETID 2 LTEEIZZT Y3 —FT 1 27 LTW»
b, TRADPRRINEZBANLS FPHNIMZZ X525 7%
EZRLTW5, 281082 HD>5 700 HE L —=>27#
i, 3ENCH=250 DM EZ T A MR & L 7=,

3.3 ETIORIE

L2 ET 575 5 [ FERE & TSR NESPEEL
W, ZZT. RMSE(Root Mean Squared Error) %f{#-TE
TILOFM%ES S Z &Iz Uik,

RMSE = \/ 3w

G \EFRME, e 1ZERUE,

(6)

3.4 EH&

1999 4£1Z Hochreiter 512 & - THIE X 1172 LSTM-RNN
IZHEDWTW5B, FHETHICH7z-> T, FHEKHTIX, Epoch #
% 50, 100, 500 ® 3 DDSAR— T, EABOI=Y b
Bd 50, LSTM J@IZ 1 & L7z, FHDOT7LV—LT—2 2 LT
¥, 7Y h TV RIZ Keras, /Yy 7 LYV FiZiE Tensorflow
AL TEEL TS, WRMNAER FEOREZITS k
T, Adam(Adaptive Moment Estimation) (2 & D FERDZH
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ExIFToTW5, £/, GPU I GeForce GTX 1060 3GB %
L7,

4. MREERER

£ 11, HHTIEBUCHMOAZHWEHE, 1 XV b
DAEFANGE, BRENART KR L Y7 0iEEE H
WS, ARV N RORZERS, v 0T RTEHWL
7B AEIZDVWT, FNEND RMSE 122 & Epoch BUllI &
EDEEDTHB, 1RV MNEZBELZGBEIX. RO A%
WEFRE D BB U T TSNS W, v 7 aiEfEE VT
5413, Epoch 4% 500 DDA FHRERZEIVNE oo T
b, TRTEZLEBIZUAEGAIZ. DUAKBEMES K-oTLE
SHER L I otz, HAEKICBWTIE, EfE0 LA - Tz
EDLSVWFHITETCWARDEEIZRDZ D6, —HED
F21IEHELTWS, EODFIZBWTH 50 %I\
S HFDERNTIERVWEDD, i AZ L 72E5E
LDEBERPELRDINRR=VEHB LD, 7720, HH
LT — RN e h s, T 2 aeM3d 5,

RMSE FRfiDA ARV v oafEE $RT
Epoch = 50 19.5 18.9 19.9 20.4
Epoch = 100 17.1 16.9 17.6 18.1
Epoch = 500 15.0 14.9 14.8 15.3

# 1: RMSE

— B BRflio A A Xy b < 7ufRfE $ART
Epoch = 50 0.4842  0.4868 0.4711  0.4737
Epoch = 100  0.4895  0.4789 0.4921  0.4947
Epoch = 500  0.4579  0.4526 0.4553  0.4711

* 20 —BUE
5. HE

AWF5EI1E, LSTM-RNN Z W THEDREN T § 1 N
b SRR SZIE R S 2 D A A LT Ok OMAM 2 TR S
WD Z kAT, BT B EBUTKEM D A E WIS EA,
ARV NDOAZEHNZGE, BEPART I2ZEFKEEL Y70
I TH D LIRS 2 WG E, 1 RV b ROZER
L 7B TR T R WSS & i U TRk o FifE
L EREDEN Y DRLE RS DM DWW T HIBRE U7z, &
B UTIEARY FOAEHNZFHRIDRS EHEIHE L O#ED
INEWZ WD o7z, Epoch BMAEZEZTFHHELTHZ DM
FIEEDLS RN ED S, YEBEITODWTIEA R MEHEAH
PRl 2 FHl9 2 ETEM2AD Liviwy, 72720, ARl
ZDEIRARY DN EEET IR TROEENPEN TS
. D ORBEEZEDS7-DIZIF L0 B30 %175
ZENLEFLWES S,

AW TIRE L 72 € TV Ao {57 TR A G O 7T
BlEER TV, HMIIICHEL 52 2883 EHIC L > TR
BRBETHAI05, HAHBETLIZHN L TAS DB Bk
W, iz, FlzE ERICES 3 EGAEIGIEERRER P
&7 CE AR R OBRABEATH S Z oM
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Wiz P 2721 ek, REVPFRT 2ZER» S~ 2
OElEE FHT A Z L IZEIEHTE 3 THA S, BodzE Ok
ROWMBORA IV T RFMT 2 Z LTl TENIEMBIEKC
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Prediction of Bitcoin Price Movements with Machine Learning Algorithms
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Abstract: We study the limits of prediction accuracy of Bitcoin price data in CNY currency using tick data

from the OKCoin Bitcoin exchange (source: Kaiko data). The tick data contain the price, volume, and trade

direction, and are transformed to the OHLCV format using standard methods. In this report, we deploy the

Support Vector Machine algorithm by Vapnik to estimate the sign of the hour-to-hour transaction return

using a sampling moving window of varying size on the past data. Several kernel functions are validated.

Our first results for all months of the year 2015 show that the hit ratio accuracy level (the fraction of

correctly predicted upward or downward events) does not exceed 60%. It remains to be established whether

this low result corresponds to the causal extraction limit inherent in the data, or whether it can be improved

by deploying other methods, such as LSTM networks in deep learning.

Introduction

Bitcoin price data time series denominated in
standard currencies are subject to many extreme
events, since bubbles and crashes in the
cryptocurrency markets are quite common. For
instance, at the beginning of 2017, the Bitcoin price
was about 1000 USD, and since then it has seen the
rise to almost 5000 USD on September 1% of the
same year, followed by a sharp drop in just a two-
week period to about 3000 USD-level on September
14" when China (accounting for major source of
Bitcoin demand) announced suspension of Bitcoin
trades at domestic exchanges. Therefore the BTC
(XBT) price series are a serious benchmark both for
econometric and machine learning algorithms.

The available literature related to Bitcoin time
series prediction is relatively limited, with the
exception of the burst of mostly economic
publications this year [1-3]. The insight from the
field of computational intelligence still remains
rather limited. We have analyzed the BTCEUR price
times series using recurrent neural network in Elman
topology in a previous work [4], finding out that that
on the daily scale the MSE of the predicted data (5-
day ahead prediction) scales as the Realized
Volatility computed from intraday trading data.

45

Support Vector Machine

When predicting the logarithmic returns on
equidistant time grid, the MSE is typically used as
the accuracy criterion for training neural networks. It
is, nevertheless, more intuitive and an easier subject
to interpretation to focus just on the hit ratios, i.e. the
trend data (class 1 for logarithmic return R>0, class -
1 for R<0; no-tick data excluded). Then we have a
binary classifier problem, for which, according to the
standard findings in the literature [5], the Support
Vector Machine method is considered to be superior.
As quoted in [5], “The underlying motivation for
using SVMs is the ability of this methodology to
accurately forecast time series data when the
underlying system processes are typically nonlinear,
non-stationary and not defined a-priori.”

The present dataset of hourly data for BTCCNY
prices is broken to 12 monthly segments, and for
each of them, 2/3 of the data is used for SVM training,
and the remaining part for hit ratio validation. We
adopt the R-package kernlab [6] implementing the
original method of Vapnik [7]. The relative constant
for penalizing mis-predictions is set as C=10. Figure
1 depicts the BTCCNY time series in 2015 and
shows the clustering behavior of the logarithmic
return on the 1 hour scale.
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Results and Discussions

We have experimented with various polynomial
kernels of orders 1, 2, 3, and 4, tuning the scale and
offset parameters, and the Radial Basis function
kernel, with manually tried and automatically
determined Gaussian function width. The highest
validation scores were obtained for the automatically
set RBF kernel. These results are summarized in
Table 1 for the input space dimension (size of the
predictor sampling window) N=5.

Table 1 SVM-prediction hit ratio for BTCCNY 2015

JAN | FEB | MAR | APR | MAY | JUN

52.08 | 52.53 | 50.85 | 51.80 | 53.11 | 50.86
JUL | AUG |SEP | OCT | NOV | DEC
51.45 | 50.22 | 56.87 | 56.88 | 53.04 | 58.75

As the above table indicates, the SVM-predicted
results are rather in accord with the efficient market
hypothesis, suggesting a low level of causal content
in the time series data. We have been currently
implementing the LSTM deep-learning networks in
an attempt to confirm whether the data in Table 1 are
an upper bound or not. At the conference, we will
also briefly review our previous work on BTC time
series analysis [4].
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Abstract:

Bbi R 2 O 2R PRIC OV TIGEES KR INTWS. ULnLEDD, T0%

S DWW 2 URKEFE R T D& DZ T D F E FRHRE L TWD. —MRISHAMIFIEH (EM LIRS 5
WERL, TR, — /AT, FEZEMESR EOL0HE S 72 88 I 2 (A 7Ly R) A0
HEET 2 Z & (RS RSN TWS. I TR T, #RMliEDdDTIER L,
DYEZRWE - THRIER T DA T LY REBWMFEECTTUT 2 FE2ERT L. BAMIZIE, LSTM %
FAWT, EHMEZET 2T TNV TREMARNS AR(L) BRI N LHRRERH T — 4 % Hiis
H92. FEUAZLSTM 2HWTARY - b L— REBGITEA U 72658, B2 AR(L) @fEPHET—
A% ERFE I/ LSTM &V & BIFRRERAE SNz

1 FU&HIC

B 2 B O 2 RAE 2 2 DD TGRS <
INTVD. LrLAND, TD% DAl Uk
lifE T DEDEZTDEFFHHRE LTS, —f%
IR 3R (MR IR D BN 2R L, FHIZEE L V.
—FC, [FZERERBIEZR E OMURA S 72 $4HHH T 1Al
(AT R) YRS S Z EBMoNTNS
FEBFHFEDOIRTIE Z % LR (co-integration)
& UThRRZ BIFEMTHON TN S [2].

RY « M L— REEREIE Z D & S B ARG 2B HMEUE >
FH R RO, MFRT Ok 2 AR EED A Y
BT D LINET S, HRDMEEAZT T DAY
Ly RIFEHBFREL 8D 728, FYDPRRITHKR ST —
E, THRDL DD MKEAND SRR RO, €
UT, A7y RPHKENOTRBEL 72 & &, 3k
ZOFRBEIMEIEIND 25 D LD FH R T,
MMICEE 2 G258, SRR 2HES 2L TS
BGEHS WK THD.

MM ERA L7227 L — ROFEFFFFEL LT,
[3] DWIZERH B, 5 1F 1962 £ 5 2002 £ ETOD
KEHRR TG E O THMPBERICH D TIZHEEL

SRR HELZ T — LTy TR &4
T 103-0016 FEUHpH X H AN 9-2
E-mail: ic140tg528@gmail.com
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RV Y Iy =NV REAWAEIEMMZITo 2. BIR
I, RTDAT LY ROPIMKEEN D +2 FEREF%
UUETRBEL -2 X2 7PN UTRY Y 3 v & i
U, HIfiKEESEREIG U /28 SITRY Y 3 v % 3N
FTEHLWDHEERHWE., 20 LD RIS RTITH
ULTHRY Y I =NV REHANTEY Y 3 VOFEZ
IO FIEE, T ML — REOAEIN:2REET 5 L
TEEROCEAEDFDAZ VZ—REB>T WD, F
7=, JEATRRYE [7) Tlk, ATV w ROVIHGKED S D
BEPNETHDHE L KIETHDHAETOMRIFALE —
ROFERIEM 2R L, A 7Ly RPTAR EFIMIZE
DL IERMEILFIDBIR 1] 22T RE Lz, TLT
EJFAY— RMWZET2EEZ ML —RDY T FIL e
UCHMAL, TOEEEZMEALL. Ldomy, it
Motz MZT AT LY RiZEFEBRELRY, %z
DEDEIYETFHLPTNIZ EEEIND.
FIZTAIERTE, HilizotoTida<, s
W% W7 SRR AR T DA T Ly R 2B E T
SFREEMGTD. ERIET B L I TV HH
DOVEZHRDZ 85 A =2 DMLV EITIH
% LSTM %> TETINALT 2 ENRETILORHHT
H5.



2 REFE

AW TIE, LRI % 72 3R R 7 I 5 %
W e VWO RHMEZRAE LAY - ML — REIEOD /-
ODATVLw RPRIGEERET S, 29HMoME
TR R Y 2 RO, ALy REMERTD. &
WHER L 72 AT Ly RICHET B L HfEE I N2 R
DOWBEERRDZ /ST A=A % fv AR(1) @RRIZHRED A
TTr—&%4%KL, LSTM # HHWTEE 217D,

Step 1:
AR W72 TR R T N H AT Ly R &R
U, AR(1) B2 RO 5/ A =2 & fitE
T5.

Step 2:
Y& U728 T A — & & AR(1) #@RICHED A
TrF—& %% L, LSTM T#ET 5.

Step 3:
W72 LSTM TEEOAT L RO Pl 21T
3.

EEEOKRMG T —Z N HIER L2 AT Ly R R EREE
B420TIHRL, ~ALEMDOWEEZRDDINT A—
X (FEMIS RS D) 2HEEL, #HELZ/NATA—KT
ERUZALT—4&% LSTM THEE XL HEIEEF
EORHTH 5.

MUF, REFEOHRFBERIIONTIENS,

HMo

KA MEITIEE HE R RRI T — 2 OIS &2 EH
WL L R DHERFIMETH Y, (2] IC&>TRIBI N,
FEHM 2R 2R T2E0E UTRE, 771
F U ADKEA BETESFIZBONTHAINTE -, &
WIRARIE, FRIIOFEHBEHMIKS T —ETHD -
b, FEHAENFEE DD FENRTVEBEEZ RS> TS

—HTCRE, WIS v AL 4x—2ThHbEED
NTWB. FVYALATF—7 LI3IEEHE REERIDNR
#HlITHY, BARBEIREEESONE. —RIZTVE A
YA — 27Dk BIEEHRERY 2 HIICHASDYE
TH, FAIIEERTHD. LIL, aadbE iz
FEND, EWBBLARLIEANHD. DL X
MODOBEBEYH D 0D, BARNIZIET VA AT 4 —
7% 2% 2 D20MEDRT {X,, Y} ITHUT, HBEK
BHOMEEL, MFD (REDTO)ERRY, = X, +¢
B BRI {¢; ) DVEH L7522 Z L W HEFIMED
3R METHB.

2.1

LIERE I I3 IBRE D HIRHiE & B
S LYk e

GBI ZBEC T —ETHD
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2.2 LSTM

LSTM &, 7—XBOKGFEREFETEL=a—
I3V RNT—=ITHBdV ALY -=a—F)- 1V
rN7—2 (RNN) D—2T&5 [4]. RNN %, AR &2
CERZBTDHEHZ XD ASNEMTDETIVTH Y,
eI A MIC RS 5 LR =a—J )b - 2y b T —
JEHLZZEMNTED. RNN I, BFAMAIZERL
723w N7 —0 ECERES G E AT EE 2752
RIINELS 22 L, ARAHEHELTLED. Lizdio
T, BPKGFZ2¥EETERVEWSENELD. &
MK L, LSTM TlE, EHAZHIT T ICFEE %2 &R
IEDILiZE->T, RIMKGEEZFEHTEIRL< R
EEMBHEL TV,

ZZT, AMFETIIERMET—EL INT W2
MOOMEEPRDZ N7 A=A HERIZ LY ELT D
HELSTM 2> CTETF ML 5. HfliZ AR #@FRD
ETFIWALTIZE L 2 72/85 A — X DML 2 S
HMNLSTM 2 HWBHDOEMTH 5.

BB, KHETIE, A—T VYV —ADE-EFE T L —
LU —2TdH% Chainer[6] DT 1 77 VTSI N
TWBLSTMIZ &) ZNEFEELA, £/, 2V T —
JOBIE, FZ1 77 VIZTIREEI N TS LSTM
DY TIa—R2 LEEORHEE U, 220, A
HEBIXEEEBIZAEL, 2=v MI% 1, LSTM B
IZoWTika=y Mz 200, HAOEIZ2=w N%E
1EEFELTWD., ZHEEBEOINT A—Z —FEIZIE
Adam [5] Z W7z,

2.3 AR EEDOEE

EHEZMZTET N TRONAERNL AR(L) B
S =aS; 1 +e ZIT e IZIEMDH N(0,0) IZHED
AT, S, =Y, — X, B LSTM IZ¥ BT 2HE2E
5.

ZIT, [T TEEBINTVREY, HRMli T 233
MAoMEZ#BAZLTE, A7V Y ROERHEEEHT
INTGA—R o BRFHIZ L > TEMT D Z L ITidEER
EID, [EEMETIR o 2B ST —EL LT
W, FHBEEDETZ2E /6L TWEEEZILND.

TIT, EBDOAT LY ROT—=ENnb a k o 2
E3 5. TOPIX 555 & O HFEIRRM D R 7 1235 L
T, 19854 1 AM 5 2006 £ 12 AKETO 20 HFIZ
H1T2 AR(1) D a DHEBIFK 1 IR @YD THD.

LHHAMICBIT 2 o DHIEIE 0.7552 TH D Z & h
5, a®Z{Ll, {0.55,0.65, 0.75,0.85,0.95} D 5 DD
HEZR>TWD EHEL., £/IZOHD o IZDOWT
EE—HMDETF—EANE 71y T4 VT UHEE L 7.
W, 1 XY F )& a 2FFD AR(1) (26D RR%1

2https://github.com/chainer/chainer /blob/master /examples/



1.2

1.0 i
i
in‘“ihl“l 1
"Ry |I”l
0.6 I U

0.4 ‘

0.2
0.0

-0.2

B R T B R S IINIINEA AN

1: 1985 4E 1 AH 5 2006 4F 12 HK ETD 20 HIH
IZB T3 AR(1) D a DHEFE

£ 20 DY 7% 50 AL, ANfEE LT, 005
1 O#IPIZEAEN L, Ny FH X250 L LT, EE
BB DMEDR T2 IE T T2 600 [\ F THE I &/,

a I DWTHIIRE CTHE § BRI DR T LAAMZ & 3
HTE2 - MNBMEEHEZTHY, REFERIFEE o
BTF—ANLHET LT THONEICEIGHTE 5,
BTS2 EHIS 2 o+ a2 07— 2 23dh
IEEATE S, EEZTWDEHN, ZO/IZDOOTIEM
ORI T — 212 & D SBIERL TS BENDH D.

SEEED AT

RETEOANM 23T 2 72012, TOPIX 85X
HISEIMRAM DR T 2 R EiTo7-. Zhbid
RPN R ES A INT NS Z 1T THR L, &R
PHZE BEART XM Z LT eERX N
TWwWd. 77— Bloomberg 2 HHUS U /2. MREEHHR
1£2007 1 AMS 2017THETHEKETE L, 20 HEH
BOATLY REFHNGE L. A7y REERK
TR T2 /35 A—& YV IZA R, X 1%
TOPIX #5& U, T B IZOWTIE, FBEIIOR
EHORA IV I THEZT, BEEHTD. F/-,
AR EFEEHEFIZMHH T S o 1% 1985 4 1 A% 5 2006
HEI2HKXRECOMEZ ANV, BB, fHHO-ONER
DFFEIFAT LY ROFHN EFRR LR (1) THERS
R (2) % 20 THI> =M U7z

3

(Str20 = S¢) /(Y + abs(BX)) (1)

—(Se20 = 5¢) /(Y + abs(BX)) (2)

F7z, HEBEHNRKEUT, EBOAT LY REEHL
72 LSTM(raw) 2 MZ 5. FHIZHWNZAT LY RO
HAMZ 1985 4E 1 HH 5 2006 12 HRETTHY, 4
FHIMNZ B 2 HERYE 20 DY > TV % 250 KL,
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# 1L BETNICBE T2 IEERE QPSR
FiE EEE | aER
AR(1) | 56.01 % | 13.45 %
LSTM(raw) | 56.59 % | 14.06 %
LSTM(AR) | 5833 % | 17.26 %

AJMEL UT, 075 1 OfpHICEHERL, ARBFEZ
FHIEZLSTM L FENT A= 2 =53, Ny
FHA X250 & UT, HEBEBOMENHITETT D
600 [A] & T XE7=.

RO AR EFE%2EH U7z LSTM % v 2 =Tk
DFERLSTM(AR) &, BHERZ AR O TSR AR(1),
B, EBEOAT LY RTEHLZLSTM THHIL
7oA R LSTM (raw) D% 2K 1 12,

FRNEROHEHZ 212, FIEZE2ITRT. £
212BWTE, ik EAUASGE 1, FELZGE O,
SEYg ave HIZAER E DI TRT.

IEEE PSR L 12, LSTM (raw) I3EEHER 72 51k
THd AR(1) DFREREFHTETEY, LSTM AT
L ROWERSZ DFET RN ERHO>FHERL T
5. EFREFHEIZLDHE LSTM(AR) IXIEEEK - X
WREHIZAR(L) BL U LSTM(raw) % L[> T 5.
Rz g R D24k (1K 2) 1% LSTM(raw) 2 &€ L C E
[Fl>TW5.

FEBEDOAT Ly REEHEYE U7~ LSTM(raw) &V
—HNIA—=% a0 ZHY U ZRERE > TEKL
ANTT—2%%8 U7 LSTM(AR) »RER < ¥4
T & D HERIFHEZEC. AR % V72580 %372
TR T — M DZ4ME, SRS LRI
B 2 EN DN Y THo-EHE2RBL TS &
ERb.

4 FEH

KIFFETIE, BRMZDE D TIEAR L, HHSM % i
TR R T DA T L w R 2Ty lld 2 Tk
L. BRMIZIE, LSTM 2 AWT, &M%
MRT2ET VTR RENR AR(L) M@RIZED AT
KR RERH T — & % FiER 9 5. kT —EL
INTOWAIHOWE WD D /NT A — & DK
FVZEMATZHE LSTM 2> TET LT 2 FH»E
EFEORMTHS.

U LSTM 2 HWTARY - b L — RERIEIZE
UZ-fES, B AR(1) MREPHET — 4 2 EEEE X
72 LSTM &V & BIFRAERN G LN,



0.20
0.15
c
5 0.10
(0]
(14
< 0.05
'_
0.00 M
— AR(1)
—— LSTM(raw)
LSTM(ar)
-0.05
B AN N
2: BETINOINLER
£2: RETINOF
‘ method ‘ precision ‘ recall ‘ f1-score ‘
AR(1) 0 50 % 63% 56 %

1 63 % 51% 56 %
ave 57 % 56% 56 %

LSTM(raw) | 0 | 52% | 25% | 34 %
1 58 % 1% 68 %
ave 55 % 57% 53 %
LSTM(AR) | 0 | 53% | 46% | 50 %
1 62 % 68% 65 %
avg 58 % 58% 58 %
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Modeling the Momentum Effect in Financial Stock Markets

Toward New Portfolio Rebalance Algorithm

e —H ! S5 W IE 2

Kazunori Umino !, Takamasa Kikuchi 2,

B

Masaaki Kunigami '

N TP P!

, Takashi Yamada °, Takao Terano '

VHOR TR
'"Tokyo Institute of Technology
B EFR AR
? Keio University
P linoRE

? Yamaguchi University

Abstract: This research has two objectives: (1) to model and analyze the momentum effect, (2) to
propose a portfolio reconstruction algorithm that can use the momentum effect to obtain excess profit.
The momentum effect tends to be present in the stock market, and describes the phenomenon whereby
rising (declining) stocks tend to continue to rise (decline). However, because existing research does not
separate momentum effects from stock price fluctuations it is not always possible to obtain excess return

when working with an unknown data set that contains a momentum effect. In this research, we define a
new External Force Momentum Effect (EFME) model based on bias in stock price rises (declines). We
prepared an artificial data set that contained this momentum effect and constructed a portfolio with the
proposed algorithm. The relationship between the EFME model and excess return is then analyzed to
verify that excess profit can be obtained. Additionally, we confirmed that the proposed method can obtain
higher excess return than the existing method when applied to artificial and real stock data sets.

Keywords: momentum effect, anomalies, trading algorithm, on-line portfolio selection strategy

1. [FC®HIC

KB XDOBEIILUTD 2 S TH 5 (DRXHSRIC
BUZEA VXL REET ML, TOHRICE
DEBBINENEOND Z L ERT; 2) A— b7+
U AR T VY X AL, PRA ERET) A RS
L, TAVZ BTV BENEEELNLZ L

ZoRT.

BEFAFFRIZ B W T, sXTGIcs W T E 2 v ¥
LRI R0 HBRENEOND Z ERHES N
TWA[1,2] "E A Z AR, BEIC EFR(T
FEME I & DAL, [k b Z DO < BT
H 5. ERROMFIL, BRXTIGICE A VX LAFERN
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TFHELTWASHZLARLTERY, BE 6 » HMICEH
WARWV) Y Z— 2 ZoR LTgRRIE, £0% D 1~6 »
HIZEWUHERW) Y X — T i LT D, &

LIz, FNHLO/BREERTHIMEERLRE S
T 5[3,4,5].

L LG, £ b OWFEIC B4 "8 2 DAL
HELHMEIN TS, "EXAVZ LGSR 2L

NEEVESYN %%ﬂé&b‘?fﬁuﬂj@:% T — X D kit
fLizL2b0ThHY, ERRIZER Y 5 UGN
LT TIIENE WS FERTHD. 2FV, Hrie
FMENOEIEE R THA S DY EFHA LI T,
TENMEZ B E LB EN ST CRIEE{T o727
— AT, MFHMIZEER Y X — 3RO 572
STz EIARTNBD[6].

ZOX D RGN AELDREE, A X LR



EHAICES - ET ML TE TR LT, EEOKAM
T =B MNBE7EA L Z LR DR AT L TRRGE
THZERRELZLS TH D, AL TIE, AV
AR EETMELIEATT =%y FEERL,
FOTF—Fty VERAWTHIEOH DB THRETF
BRI T DA ZRET 5.
FEAUALE, KLV EBREIND. TAVH
DI —EMROY X =2 THDHIENRENTE
D, " EALZ LR L, B ) Z—rnEmn
(YRR, kb 2T oM AH<HETHD &
ENTWBIL]. P XA ¢+ ITB 75%%%?
L, RY'OM-period 3 4R MOM_period (Z331) 5 I ¢
DEAZLZRL TS B L, MOM_perlod A1
OFFT Y X — LS.

MOM _period P
Rt -p — t

(1

Pt_MoM _period

AW T, "EA X LR EETAILL, E
A H DR EFSEE O TR SN ANLT
— X%+ > b &AL L7-. External Force Momentum
Effect (LA#%, EFME & B89 E7 00, SR IC
Lo TARL T ANREAEL, ZDEEIT L0 RIGES)
WICBWCTEA VT DRI RAET D EWELIZET
LTHD.

AREiL, L FO#KERS. 2 % TEFME €7 V%
FTDHELBIT, BEALE L - XA T ZADOERTF
JIEIZSW TR L, 3 3 CIIARMZECHER L2
FHiEE A= b7+ ) FHMEFIE~OISHIZON
TR, 4 BT T —F®y b ERIEFIEICOWT
FAT S, 5 ETIZEFME BT /VICEITHE A L Z A
WREDT D E L HIT, RFETIRET DR — b
7¢)ﬁﬁﬁﬁiﬁwmwéﬁwt@mﬁ%% AT
L,6EETELDD.

2. EAVEALPMBOETIVS

2.1 External Force Momentum Effect E£TJL
AW TIE, %M 7 7 v iE#) (Geometry
Brownian Motion: GBM) % IRAlZA &) D A ET L &
U[11,12], flikg O E BRI ERIZ L 55147
ATREEIND B XD, AW TRV EFME £
TNELULTOFIRIZE Y ERKT S,
(1) GBMIZESE AR LT —4 &y MEEEOK
K7 =)kt LT, @D ES - T
VENAT AT LD OELNHERTRAE X
5 ().
INA T 2D B 3 L Ok NI —ERELEUT
KXOIREEIN, BT ADOEFERIL, ¥4 7 (L

2)
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HITEHPB LW, B R, KT H, BAEME, M
S THRESND(HI).

NA T ADBMREEIC G 22 FEIT, Q)L 0%
BERICB W TR E NS 7 2 ZHE, 35E
RN B W T, ARG U T REA(T )N
AT A, ER(THE)BND T2 NTRIRL,
BIRL - BIC LT mETs LTy #— v
LRGN T D 2 & Tl AN Rt &2 5 2
5 (1X2).

AET VL, [FA— OKRKUTEIE D A T AR 55
EHZ, TNOOHMENERS Z L ERDIZET L
THH(X1,2). GBM 7 —# & Mk L TEEON
AT AL DHENIIR ST DRE A L5
RE2fFo7—%k&v b ERD(X3).

€)

Af—
Ap—— AT A2

1IATFR2

AT R4
—

S

M A TADM

- .
. -

> 28RN

—2OHANIH L THE D AT AN nEhb,
FIAT AL, SFLIZAB( L Ror FE) M (10-512) 0 R EEHh S,
TROETIL AT AN eE NS TLVA.

AT 26

P LFATR
FHEIATFTR

X1 EFMEE 7 /U & 5 1 #3234 7 2O FHn:

EF e FHEAL T AFXGBMT — X IR L THRINEN D, #
B LR FWALT RIRNT 2 DI BIAERE] & ko 511

NEZ NS, ZOFERTIL, 6|/ A 7T ARSI T
BY, ZOIEFIZEVGEE B DU Z— 2 R3S
5.

® LRAATR
K A TEAATA
[ eseessssg e 00000 ee

> ZBAM

GBM(BEM TS0 kl)+ LR -THENATR

> EEAY

X2 EFMEET /WX BMINE N4 T R & AlFEAH)
OB (A T ADER Y DI\ r—2R)

EX: EH - THEAALA T AZR LTINS,

TR: AT ADOHEEZ1F1-GBMT — % Ot 25 5



FEMEIZ XV E5 « FEANA T ANHINEN, 08z
LSV EENEZ 2. LA T A(@)BLOTE AL
T A(MYDFEIZLY, FTRIOMBER N EZ 5.

GBM(#f5]  S7 ~iiilh)
) A TR

1.075
1.050
1.025
= 1.000
® 0.975
0.950
0.925
0.900

0 20 40 60 80 100
s ol=h

K3 EH - FTHEASATACLOWGBMIZ K W Ak a5

— PR T R0 L 0D

EFME(External Force Momentum Effect)® 7 /L2 LV,
GBMIZ L W AR S NToT —Z RS RTp D EERFIE(E A v
Z LR RT. ER(TE)SA 7 2L, #BIRE A HM
OHF ik D EF(TFEHE) R OF NG, FEE SN A R
(prob)IZ 3% Z U X AI/EH L, V¥ —r & —FELFE
(strength) THLR(HE/]N) & & % (2~7)(Algorithm1).

ARETNTIE GBM 7 —# &> ML TEED
WA T AL DIENKREINTZ S DNE R H A
IREFOT— Xy bERDHIK). AL T R
(External Force Bias: EB) %, EH A T ABIUF
WNRATANATAELOSTHEDO X 4 7 THE
SINB. T—FEy FoOKKX i=11, .., M|, FFR =
[1,.,NEL, "ATARMZ N5 %E k=]1,2,..,
J1& T HEFIC, GBM & EB, EpEAfAE S 1ZLLFOX
TEEIND(2,3,4,56,7). GBM; 1L, ¥k i ODHKRD Y
H— X7 ML ERLTEDY, EB i, #Xid g
TADIYARZRLTEY, M1 OFTIEINMEDY
A FTHERRC S, U A DOBERWIZIE, EB,)iE 6
BDONAT AERFOZ L1072 5.

R{PMNL, GBM IC kv S hiztki o 1 A
VA —rmERT. 77, X2,3,4,56,7)D EB B
Bias BT LV S 7 AN B2 B A 5 2
5.

GBM, = [R{P™, REPMY, LR (@)

EB]-: [ EBi,l'EBi,Z' '"’EBi,N] (3)
EB;, = [ biasy, bias,, ..., bias;] (4)
bias, = [ t1,t2,bias_type] (5)
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bias_type € {non_bias,rising_bias, decline_bias}

SiEFME = ferme(GBM;, EBy), ©

cumprod (Z{czl Bias (RfBM'l, EB;[k], prob, strength)),
(7

¥ J A T ADHK
prob: /A 7 A DR
strength: NA T ANV X — N HE 2 5 RDOKRE S
cumprod: 2fEfE cumulative product

2.2 GBMIZ/NA 7R ZEMAMT HT7ILTY) XL

AREFIETIE, 87 7 v v iEE)(Geometry
Brownian Motion: GBM)IZAMANZ & % 231 77 A (EB)
7 —4ty bR T s FIEE
Algotithm1 |27~

AHFIETIX, 2 O T —# &~ I GBM-EB-Small
B L U'GBM-EB-Big A\ H 11TV 4. GBM-EB-Big
T, prob=0.2 & strength=1.017 A EINTEH,Z
x, 7o LGER I I~ 2 I8V T R
F(FEVA T ATHIUE, BRI HMO L5
(FHEYBD YU Z—2% 1.017 (VL0177 5.

ASEAWS T —4 > ML, GBM B LW
Algorithm1 |2 & F— X AR L, 200 DT — X
Ty FEER L. T —4% 1y hOKRE I, 4
VTV OMMT — %% v MoGbyE T, BRASE
¥l &L, T—HE%L 4362 & LT

Algorithm1 __ AddE |BiasToGBM

non_bias,rising_bias, decline_bias :=0,1,2
I/ GBM-EB-Big 3% & D&
prob, strength := 0.2,1.07
/I R & 47z GBM 7 — %

GBMi — [RGBM,l RGBM,l

GBM,1
i1 r 2 R ]

s Ry
/| EB & —% Ok & H1HMk
EB[M,J]:=initialize([0,0,non_bias])

for i=1,...,M do
for k=1,...,Jdo
t1:= UniformRandomNumber(1,N )
period := UniformRandomNumber(10,512)
t2:= t1+period
if2>N then
bias_type :=

2:=N
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RandomSelect({rising_bias,decline_bias}) EHAA T AT EE A RS T DRI <, Bl
EB[i,m]:= (t1,t2, bias_type) T DEIE O D7) RO A IEIRL T
2.
// adding bias to GBM
for i=1,..., M do oo .
for k=1,....J d A P %
ork=t, ... do . b NALA
t1,t2, bias_type:=EBJ[i,m] \ rea '*df
Bias(GBM,;, t1,t2, bias_type, prob,strength) /- ‘“v/
R - . .
3. BRRXDEA VA LFHER A TIZE I W
R—br 2+ UABERTILTY XL vE T
n=, | n=2
AT, £ A2 L2 =7 (B, MES & || HE i o
F) BRATDE L BT, K— b7+ U A ERERT e e
N Y X A(PRANCHET L7 MES-PRA ORI % 17 - i
~ n=3 n=3
D. n=4 n=d
MES I3, 4 £ TOFIE & 13587 5851 & % 31 e -

A7 ToH%. MES 1T E D W o & i Cor 4 fiE)
ZEodk L7z & 5 L2 @ st iisiE ch 5.
AL T, A— b7+ VA ORHERHFEAEK U 25 %
% Z LT, MES ® AL 1~U DK & RFFT 5 PRA
MES-PRA TH 5. AFETIL, MES OitHZ1TH & &

- A~ e 52 - N =
bic, MG A b EFDHIAT 4= S AETHIT 1.0 % 5 %, BMIT0.0%, ZHIUM(H

> INF05E G2, TOEFEEL AT LT 5.
31 EAARLEEER DT (MES) D#EE EOR:THBE A2 T7=1.0X0+0.0X3+05X7=35

MES X, FA VX 2RO EWEERERINT 572 2HE A3 7=1.0X1+0.0X0+05%X9=55
DOIEETH Y, FEECHLE)DFARKE WD SHEH A2 7=1.0X5+0.0X0+0.5X5=75
EVER 7RIS b DO TH D, AFHLTIE 6 ADOETAHAZT=10X1+0.0X0+0.5X9=5.5
HOERWFHMIEE LS HWTW 50334 #), b 2ZHAAZT=10X0+0.0X5+05X5=25
O Z AV TE— A L 2 LA REOE VR Z R 3AFZIT=1.0X1+00X0+05%X9=55
THZEIFE LW, B EENFEMEE CH INHOMEIE 1 AZEOHEMTHY, 2z
% MES #1214 5. FEHBEN T 2RO B DN A D MES L7225,

MEE ®»%i>ji&7/;ﬁ‘vfé LTI~ 5. 32FAVALFHMER T (MES) DETE A%
;;)ﬂ;‘g;;;gg'ﬁ;:- ?%;;ggﬁ;géﬁ?% i A TIE, MES #EBRICHAET LT L2Y X240

R A RS 2R -
B LA D R R B R AR B T L ASHER LT iﬁﬁ§¢£§ﬁ§§ffﬁfﬁ§137%ﬁ@
P FIEZ X 41277 ,20,..., z

e . wr e ,9), 1M 54 I
n BEICRAT B B oo ey, o TRV EIRE L I OIRABINPIAE MES &
‘ e el e e T 25(10).F 72, MES X2 Tl T — ¥ DA B 5
HADLF(FE) b Lo RIZIBLT, 2275805 ) o i n . 7 o s o 2 A b
{72oTWD. ER(F#) MLy RESBN DDA ’ ~

AT AL DTG E AL, AT ADKRESE
BBEEOIC 3T 5 = L1072 0, BRAL ¢ (B TRk
OFHEHIM O R a7 OFEEZ KD 7= H D) MES,
T, TR L .

K4  MESOFHE JiEDEH

nHMICRET DI EBECHZE) OB EHEEL T Y M
HIZETRATEFHET S, ZOXTIEL, n=23,..,6128)
B H A (FT L) OB &2 7R LT B, RO DER T 1L i
FTHRMEERER LI L 2R LTV 5.

MEStDay = 21221 fugs (t, price_vec,i*10), (8)

E6IT, /A ADOEBE NS T HEDIT HE fues (£ v.m) =
Lyves H M OEEBEIEIC L 0 SEEgb 217 5. 1 if v[t] >max(w[t—n+1:t —1])
EWMESZEEIRT 5 Z L iE, 8V EF AL T 2D 0 if v[t] <min(w[t—-n+1:t—-1]), ()
BEEZITTWDH I EERLTVD., ZHUE, &V 0.5 oterwise

EFHRREEOBRKZJINL TWDOTIEARL, 8D

54



MES, = EMA(MES?®

t—-LpmEes+1’

oy MESP®Y | (10)

* 1. The exponential moving average is
Le=aY,+(1—a)L,_,
a=1-W), 0<=W < 1,

52 AOEME( FHOKREHE)ZTEEL TWD Z &
DAEBERIERTH D EHME SN TEY[10], ATFE
%, BEOWMICI T 2 mEEGE)E#EZ Y AL
Z & TR N TV B AL, T ADORKEE A2
TW5.

3.3MESE AWz R— b7+ ) A BHERK
7I)L31) X L (MES-PRA)

MES-PRA I, #ERERAEL U 2352 5172 K, MES
DE VR A BFIAIC 1I~U 2 FHETRIRT 52 & T,
AR— b7+ VAT 5703 Y X A (Algorithm2)
ZLLTICRT.

Algorithm2  MES-PRA (MES. S, M, N, u, PR)
Input: MES score array MES; /| MES;;: stock i on day ¢

Stock set S;
Number of stocks M ;
Number of days from the start N;
Number of portfolio component stocks u;
Portfolio reconstruction system PR ;

Output: portfolio Pay ;

t:=0 ) M= (MESk,1, MESk,N)
Let s7 be all the stocks selected
By constructing a portfolio with s7 stocks selected at the
same ratio by PR, we make P1.

let P1= PR(s1) # Construct a uniform weight portfolio

while > N do
t:=t+1;
M= (MES1,.., MES;,)

M XY, EA7 1~u F TORRRA BRI L,
I =0ty M s & T 5.

sk=get_ MES_rank_topK(S,M,u)

let P:= PR(st)

return Pz

3.4\ T+ —< U RELHIELE

AETIX, ZOMETHOWONATWS ) Z—UE
FRY R JRITFEFHRY X — DN TR~
L. AR THO D=L, 73—~ ADFEE

AIHBEFZEMRSER
SIG-FIN-019

&L TRMBFEM R LOFEFEH Y 7 — (%) & H
W, URZ ELTHEEHRT T 4 VT 4 (%)BEIT
KRR =X T (%EFHT 5.8 612,0 27 5R%
FHVL— LT, vx—T VLI A[TE N~ —
LA 81 WS,

(1) Fc#&E PERSR: Final Asset Multiplier (AM)

(2) 4 Y # — > : Annual average Return (AR)

(3) ¥R F 7 1 Y 7 4 : Annual Volatility (AV)
(4) K Ko —% 7 : Maximum Draw Down (MDD)
(5) v —7 L 3 7 Sharpe Ratio (SR)

(6) /L~ — L I 7 Calmar Ratio (CR)

SOMEIOR MEEDABRKFICEET SR
BEl= 2 ML, BBl FEE E~—F v ARy
FegELZax e L, KEFHIZBWTRAT
HEGI 2 A ME 0.08~0.14% L HESINTEY[9], &
FECIE 0.14% &2 Wb Z & L Lz ek, BBl
2 RME, BOFEFITEVOREOCaX N THY FEH
T 5 EFTRE LT 0.14% 08— O E| TR+ 5%

4. Tty FERMAE

41 HET—R2EAIT—4

AW T, EBEOKMT —2 8y b, AT
— XY A X(EWEE BB E R 4 FBEONTT —
Sy MeHWDHE 1) AL=—%t v ME, &7
T ORI L DT —¥ 2y b THDH GBM
BEO, GBMIZ LA AL T A% 1 BIOBLINL TN
AT AOERY O/2V)GBM-EB-UP, # D L&H-- T
WDONRAT AEAM L7 GBM-EB-Small, X0 K
7234 T A %A L7= GBM-EB-Big # A& L7=.

1 ANLTF =2ty b EREOKMT— 2 & > k

F—FEy FOAR
EAEH (HEBLOHR
£ wii HAE BLTEC. £2A | AT D
TF—#%y biE200% 7 | T A%
JVTHREE) *1
4362 H,391 #=
GBM B 7 Ek: 200 L
0.00%/4F (AR:F-¥))
-3.0%/4FE (AR:H1 A
GBM-EB- | 4362 H,391 #k=X prob=0.10
op 2 7 H: 200 effect=1.010
8.95%/4F (AR: 1) A 7 2%0)
4.22%/4F (AR: " 4fH) =1
GBM-EB- | 4362 H,391 £ prob=0.15




TF—Fty FONE
EAFEHR BEBIOHER
& Hii HEAK BLTRC. A | mAT 20D
IF—%%y bid2009 27 | T RA—%
IV THREE) *1
Small B 7V 200 effect=1.013
4.81%/4F (AR:F-%)) oA 7 2 55)
-3.0%/4E (AR: ) =20
GBM-EB- | 4362 H, 391 #{ prob=0.20
Big W 7% 200 effect=1.017
15.6%/4F (AR F-3))- Mo A 7 2 83)
-3.0%/4F (AR:H 1) =20
K[E S&PS500 A > 7
4 il HAE® *2 VI ADY H =
[fE#E]
KIE S&P50 12 JE T 5 #kX 7.60%/4E(S&P500 fi
1999.01.01~2016.4.29 )
4362 H,391 = F—2ty ML +
15.7%/4F (AR:E15) Sy TR RENE A o
9.22%/4F (AR:" Hfi) B THER ST
SP WA5[6].
¥ 2016.4.29 5T S&P500
IZBLTHEY, 1999.01 LY
o8 AN QAVAE Y ¥ SaW i o<
L UTtn, ABflFEANAT A
BIFEELTNS.

*1. 2 ZTOYH L R IMENE, 2000 2 7 OEE L
REZRLTND,

ave~average (AR(stock),...,AR(stocks;))

AR average (avey,...,aveyn)
AR:H H: median(avey,...,aveyq0)
*), F—H ¥ FSPICHIT B EY & rhElx
AR:EHIE: average (AR(stock)),...,AR(stocksg )
AR:H Jf: median(AR(stock;),...,AR(stockso;))

4.2 LHEFiE
8 F%1: Random-PRA

MES-PRADENL % 3479 5 7212, [A UG E]
BERRHEAETHY, HXE T ¥ LEIRT AR
— b7+ U AHEET1E T H HRandom-PRAZ HE L,

T F— U AD R R E LT,

LB E2: WML+
WML+ X, WMLFIE[12]0Rr 7 « R¥ T a D

HrEFANWEFIETH D WMLFEEIL, oo 78I O
Ta—FOWMBFORT Y a v 2EHHSOFETHD. 11
M 72 §lE Cd B Jegadeesh (6,1)[2]1F, i E6+ A D
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b U ¥ = OO IREELAI10%) D > 7 s R
varBEW, UZ—rDERWERAEE(TAL10%)D
va— b -RmRTvarElyr AREFEL, ZhExls A
HICH Y KT FETH L. SPTF—F vy MZBWT
WMLODY g — kRIS g TIIEENREAELTE
DR1EITRALZER L o722, VE— B 5D
nNi-ar s e ROV a v OLEFIGEE TS
WML+% 8 E LARRGEIZ Ve,

4.2 3 FIRE
SIMTIZLU R 3TAH O FEERAE X L T T b .

GBM ¥ . (’"GBM-EB-UPIZ, MES-PRA X L OV
Random-PRAZEH L, FDOFERZ DT T 5 (E
BR1).

GBM L *GBM-EB-Small, GBM-EB-Big|Z
MES-PRAF L U'Random-PRAZ W H L, £ D&
Ba2 T 5 (FEHR2).

EEEOMMT — %> FTHDHSPIZX LT, &
— b7+ U A EESE RS D B2 5 MES-PRA
BIOA Ty A, BEGETFHEEZRA LR
WML+% FLi 3473 5 (925R3).

5. REIMRLER

51 T—4ty bOAH

AETIE, ALF—F %> b & EBEOMMT — %
Ty b EOEBIZOWTONTT 5. SPT—4% & v b
X, EREEMEERIT0.06~434{% DFEFH & 72 > T 5. 200
t v FOETFT—ZITE VT, GBMTIL0.01~40.0(% T
%5, GBM-EB-Small T1%0.0002~2810f,
GBM-EB-Big T132.0 x 107 ~ 58900f% & ¥k k&
PEME RO ER LT3, 7272 L, GBM-EB-Big
ESPOFERY Z — L OFHEIZFLETH 5.

5.2 RELFERDAHT

521 ANIT—%RIZ&kBHEL:
GBM# & UAGBM-EB-UP() 4347 (3EE&1)

ARIETIE, 4200 » F DGBM & GBM-EB-UPD %y
#r %17 > 7=. MES-PRAE L U'Random-PRAIZE, HR—
b7 U A% 108 OB LR CRERL L, B = X
h%0.14% & L7zfERTH 5 (IX5).

AFEBRIZEL Y, MESZ AW TEWE A Z L5FE
BEFOMKEZBHFRETHD Z EBNRENT. 2D
£ 9 e FTRATEME 2N ER O B 5 JRIAIE, Algorithml
IZBNWT, 7 U AMTEINI NI A T A D 5
ARy — ANRINEND Z LI2X b0
EEZD.

(1

2

3)



£7-, EHORH AL 7T 2RI E N TH2RN
GBMTIE, MES-PRAZ A L THBE Y ¥ — i3
BOHI TR,

GBMFT—%t vk GBM-MB-UP F—A+tuk

—l

T fcyldr;m pRAF‘\ PRAT = )f /'dom _ra;\,il.”--‘i PRA
K 5 GBM BLOEFAAATREMIM LI —RI2LD
FRAEAE 3

£ 200 > 7 ®D GBM & GBM-MB-UP DA 5 v 7 A
i%J:U“MES PRA, Random-PRA @ttifi\%:ﬁfxot. GBM T

X, BEMRICBWTETOMEL, JIFIFR%E
GBM-MB-UP Ti&, 1> T v 7 20)%?‘%$(AM)0)§3’2
1L 3.51 {5 TdHY, MES-PRA TlL 791 G Th-o7=. —7,
Random-PRA TS| 2 A MZ XD 134 A>T v 7 A
TR o TV B, =74 U A% 10 B DL
KTHY, FERGI = 2 M T 0.14% T Lygs 13 450 12
HELIRTHS.

5,222 AIT—HRIZ&KBKRIL: BN KV
GBM-MB-Smal |, GBM-MB-Big®m 4> #f (32E%2)

GBM L OY,GBM-MB-Small, GBM-MB-Big®3f
¥OTF—4% v #2200 v MIZEIT D, MES-PRA
&by Iab—va U fMREK6TIRT. 7B,
TOBEOEME LT, 10RO FLRIZE 5 R — b
TZAVFATHY, FERG 2 A MMI0.14%THY,
LyestZ3450IZ3% E STV 5.

MES-PRA Tl%, GBM-MB-Small} L T
GBM-MB-BigiZ B\ TITBIBINENE SN TREY
(¥16), Random-PRACTIZ E DT —H & v MZEBWT
BB U ¥ — 355 TTWh AN (7).

F— & v +(4200E) GBM,GBM-MB-Small,
GBM-MB-BigD & PEE R D Y-¥1E, 1.00, 2.25, 12.3
2 TH Y, MES-PRAZ V7= 13X, 1.34,9.71,94.2
BTHD. NATAPNMZLNTZHEICERY X —
UELNRTEY, RATAORESIIISLTY X
— U E L 2o T3, £72, Random-PRA % FV 7=
HA1E, 0.69, 0.74, 0.94(% T & - 7=. Random-PRA %
WEFERIE, 7=ty FOFREIGENH O &2

ST

Lotz
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ATHEZESHRSEN
SIG-FIN-019
]_02 ;.
s 10! : B =
ﬂ!" A
L
% 10° ]
&
10-1
1072 .
GBM GBM-EB-Small GBM-EB-Big

MES-PRAICL B> =al—23>
[X6. MES-PRAIZE D ANTT—% &y MZkHvIalb—
Va VEER(GBMB L O RS - T AL T AL T
—ZEvh)
GBM7 —#t v NCIIElE Y ¥ — i3/ ohnd, EH-F
ENA T AN ENTZT =%y Tl Yy % —v
BELNTEY, a4 7R TY 2 —
NEL IR TN D,

10%

1734

|- 10!

S AR (EE

=
H%

1072 GBM GBM-EB-Small GBM-EB-Big
Random-PRAICLEZ=Za2lL—23 2
[X]7. Random-PRAIZ L AN LT —F &y M LbHT I =
L—v g VEER(GBMB LV ER « TH AL T AEMINL
Tr—4%v K
2TCHOT—H ¥ v MIZEBWT, Random-PRA T, &V
X — 355 5TV R, GBM, GBM-MB-Small,
GBM-MB-BigiZ B\ TF — 4% & v (&2001#) D35 & i
f#32131.00,2.25,12.3(F TH Y, FRAEITRT0.69TH - 7.
DO Y X2 — WL EFCnd ), 7
A HIZER$ D Random-PRA Tld, FRAEICUTNY Z—2
Lirot,

5.2.3 ET—AZTOKRIL: SPOAH (3EER3)

SPF—X%t v k& MHWT, MES-PRAK L1,
Random-PRA, WMLHIZ LD I 2 bL—3 3 UfER
(Lmes=512)% 231 L 72(1X18.9). MES-PRA(3,10,2085 1%
WXL DHER— 73 VD RWMLHRA T v 7
2LV ENTZARB X OSRE/R LT,



7272 L, MES-PRAD K s & LT, &AM D —KF
BI72 T Y 2 27 (MDD)2 i <, CRIZEBWTIE
MES-PRAIZH T D 1086 DEJER— k7 o+ Y A7
BHLENTVZ(1X8,9).

100 A 30
A ]
g0 Ezs
5
m B2
® oo &
s
= 15
i 40 =
= £10
& 2 .
NS
0 /2\\‘\.\ - i
HEGEET(AM) ER UL — 2
1.0 EEE MES-PRA: 38417
E MES-PRA: 10884
A 0.8 ¥eegs MES-PRA: 208448
no s WML+
= W AYTYIR
@ 0.6
B
=
= 0.4
@.0
0.2
0.0 l&\\

=L A(SR) I —LZA(CR)

8 /37 4 — o AR
MES-PRA(3,10, 20841 D) 5K — b 7+ ) A) BL O
WML+, A »F v 7 AOH# T, MES-PRAZS, AMES &
UAR, SRIZB N TR b BT o+ —= o A&7 L, Mk
SR D 2N — ZADFFH, BT — v A B R
L7,

70
MES-PRA: 35247

\ 60 i MES-PRA: 1084
v MES-PRA: 208445
'S_'SO WML+
i T W,
=]
@ 40
& 30
F20
. 10

AN
FEFNRST UFT 1 (AV) mA FO—4222(MDD)
9 U &7 FAf

U A7 DR TEHE L= 3E121%, MES-PRAD I & &\ Y

& — % 75T MES-PRA D3RRI 7 — 2 23, VOLE L

MDDIZEBWTHR b EWY A7 &8 L. $I12, MDDIX

70% (ZHT <, EIEMSE OB Y 27 BEnZ &R LT

W5,
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FEH

ABFFETIL, LUF Offam & 1572

1))

2)

3)

4)

)

i) 7' F 7 L IEEHGBM) & AN A T RIT LD
EFRENDHEFMEET VAR LT-.
ARBEFHECIVAERSNEZALT =%t b
&, MES-PRAZ T 5 Z &1LV, EFMEE T
Jb LIRS & OBMRE NI B Z LN HEE
Tpol.

MES-PRAIZE D, XA T AEMMLUIZANLT —
Ay b EEBEOKRMT — 2 NoiERE Y 2 —
ZEONDZ L EERL.

MES-PRAIZ LY, AT ABRMMENTZANLT
— &ty hOZTHRBIGENSEONDZ LN
nole. LoT, &N A 7 A D HaEIT
WICHEHELTWDHEEZBND.

FH - FEASAALTREBMMENTZANTLT —F 1
v N OWEERE RS, TEA VA LR EE TS &
EIN D KEDOS&PSOOER DT — X & v MIE
WTHHB Sz,

SE X
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Classification based on business segments of causal information and extraction of
performance sentences from summary of financial statements

FEPEEN D B D SoiRAL 2 LA

Taketo Murano', Hiroyuki Sakai!, Hiroki Sakaji’, and Junichi Eguchi®

VR R BREER TEERER R
! Department of Computer and Information Science, Faculty of Science and Technology,
Seikei University
NS
2 The University of Tokyo
PRFRES B E e a4t

3 Daiwa Asset Management

Abstract: In this research, we propose a method to automatically classify sentences including causal
information concerning business performance (e.g. “Orders of semiconductor manufacturing equipment
were good.”) extracted from summary of financial statements of companies based on business segments of
the companies. Moreover, we propose a method to extract performance sentences from summary of
financial statements. For example, the sentences including causal information extracted form summaries of
financial statements of SUBARU Co., Ltd. are classified to either “automobile” segment or “aerospace”
segment. In addition, our method extracts performance sentences, e.g. “Sales were ¥3,262.0 billion, an
increase of ¥93.7 billion (2.9%) compared with the previous fiscal year.”, by deep learning and

automatically generates training data.

1. [XL&HIZ

AR, BEEFITx U CTRE I O 38 217 5 Hiff
NRDHENTEY, ANLHEEDE OFESHIT %,
SRR Dk AR B REICIS AT 5 2 & 0N
EhTWb. FlziE, £E0RITLTWD [HREE
2] 27X A b~A =2 T OEWZ2 R WTHEN L,
BREGHZ 0N T MR ENITOATND
[11[21(3][4][5]-

WERENWEIET 21T I1CH-Y, LB Ae¥nE
BEMONEIINERARTHD. £7o, HEEHR
OHFTH R EBRERPBEHEICB W CHEETH
L. R L, EEREOBERR, ToREOES
FEPFRHTHDZ L ThHo T2/ LIS I ~D &
ITREWD, RGBS D B E0ERIFRIGE O
ERERTH 5 70 SITHRM A~ ORI TH 5
HThb.

BEEA ST & LT, EH O IO RKEE PDF 2

59

OEMER LA BEH T 2882 1T > TV 5 [1]
2, i &SN EHERN T Ot R T EDORE
DOEFEMENE WSO L. Bl 20E, XS
t SUBARU TI3FEL 7 A v b3 THENE] & THT
ZEFEE O2o9HY, TNTNOEIT AL NITED
2016 4E3 A 31 A5 201744 A 1 B £ TORIRIE
BEh# 7 A T 397,657 B A, #izEsdits
AL RTO102 AHHERSTEY, RERENRD
5. FDH, SUBARUICE > THBEEEZ AL B
DHEFBERIIMETHE I A POEBFER LY L
BHETHDHEEZOND. ZD=%, HEHD D%
W&o THiH SN ERBERPS EOFEE T A b
BT DM ENHEL, S5, HERIALMILE
BRI THEHEE 25 TEE, HEHW 21T
)X TEERERR D EEXD.

% ZCAZETIE, Blx1E, SUBARU ORREE
MO SN EEER L TH D TENOBEHEIC
SXFLTUL, EHEKBEEITo72 47 Ly



Wiz, Tv o4 —71 BEY 75 L 2F—] Ol
BNFFRICHB L Lok, BEEKIT 126 7
B ERHICHS 1.5 THEA33%DOHME 2D L
7o) I THE ) HoFEEE 7 Ay MIHBEITHHE
THREZRET S, £/, ZTHICMHREL, HES
Nk 7 A MEOBEEEOERKRICL 54 5% BiZ
S:L ¥E o BB OV THITH . iz
52 mli HEERE FEHoEns licky ., &
WD TR EEOBD ERIN L, BERE &2
53%1%0%H&ﬁﬁmm&9nﬁﬂaqm@%

U720 E L) &V o 7 A VB S -
THHT 5.
2. RBERXDEFRET A B

EO<n¥E

BN LOREL A MRS DEET D
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Extraction of Basis Information on Analyst’s Forecasts and Assigning Polarity to
Analyst Reports
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Abstract: In this paper, we proposed a method for supporting investors. Our method extracts basis
information on analyst's forecasts from analyst reports and assigns polarity to the analyst reports. Analyst
reports which are written about a company's performance or profitability by securities analysts are useful
for investment but investors can only read it a little because many reports are published. Therefore, a system
which judges investing by an artificial intelligence technique is required. By giving polarity to the analyst
reports, the proposed method catches a slight change in performance. This ability of method is useful to

judge whether investors need to read analyst reports carefully.
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Abstract: These days, a growing number of individual investors is attracting public attentions

even in Japan, and securities companies are actively providing them with investment informations.

Especially, analyst reports written by professional security analysts are important investment judg-

ment materials, but their timing of publication varies by brands. In this paper, using the structures

of causal relationships of sentences in analyst reports, the ways of security analysts paying atten-

tion to cause informations concerning business performances were learned, and newspaper articles

including similar causal relationships were extracted. We aim to realize a real-time investment

supporting system.
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Abstract:

In recent years, textual information, which is unstructured data attracts attention as

new analytical data in the financial and economic fields and it is expected to structure knowledge

on this domain. One such knowledge is a sentiment polarity dictionary in which each word is

representing positive or negative. In building the dictionary, it is costly to add the polarity value

to a vast number of words manually. Therefore, in this research, we propose a the dictionary

construction model especially considering the synonymity and symmetry of words. As a result of

the experiment, the proposed method is a more accurate than the model of the previous research.

In addition, we extended the conventional dictionary using the proposed method, and we showed

that the extended dictionary has higher accuracy than the dictionary which is not extended.
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BEXL, Ty YDEAL LTIV VHELUEOMEE
53 5.

3.1

L wew
sim(ug, ug) = I

WIZ, Bohiz k-ifE2 27 7 %5012, BERBT Y
VTN TWIIE, BEHEELT, TOT Y VEMAE,
WIENTVWRIFE0 25 27, BT M 2ERT
5. iz, YV—F A5 RO - NHEGRE
L, HEEMICHEBRERD U I BEGSFEEL
TwWhETy VTRAR, EEES T 7 - NEFES S
TEENFNERTS. TLUT, BoNnHEHEESS
7 - WFFES T 7 R, HEMNT Y Y THIENT
WHIE 1 %, BN TWaRIFE 0 2 EE L L TKIN
U7z, BEEETHIS, A Z2ZNZIUERT 5.

T, oEEE SRS N BT M &,
W EEES T T I ORI NZBERETAS, A %
WAURITHIE 2EKT 5. &b, BT E O&E
FE; %, BEEGHIM, S, A OKEHRE LML
Mr45.

2f2 =
Eei

Z,] - 3

Wz, BoNEFH ECHLT, Y—RaMN5 Lk
ET, Zhou et al., (2004) IZ &> TIREI N/ T X)L
WEGEO TR EICHDIE, J—FDOINVHEERTTS.
K 1T NVIEEOMEZ R U725 DTHS. TN
NVEEGEIE, DD —Rizy—ReLTHEIN7-

E
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TRV DOERE, 2w b7 —2 OEEREZHWNT, &
SRV = RD TRV EHET B LMD 0 FEHDOT
HBThB.

X 1: T OVHEEIE O REE

T, VEGHEOTRE UL, pZpeRVi %
W23, HEEOMMEERS My T, 22T, Mk
N2 ML p DERIF, g THMENTOS. K
IZ D 2475 E OREATHI & U, IREATH DRI
Mol 2 & 57247412 D' & Uiz, DTFoRicHE I W
TIIH T 25HET 5.

T=D?ED'?

LT, Bonza5 T 2HWT, UTOoRX2KE
PIZEHHR S 2 Z & T, 7VIEEIEZ4TS.

p‘ ) = BTp" + (1 - p)s

ZZTslE, seRVI IR NLTHD, V—
K& UTHEINABEEIIRIET 22 M ILVOEHEIZ
Tﬁ%,9—P&bfﬁ5$ﬂfv@m$%ﬂﬁﬁ?é
N7 MVOERIZ0 %2, BRLLTHALNZRT b
NTHD. £7-, BIFHEET VD, BETEENE - K
A EFIET BT A—R—Th 5.

Z LT, Wik w; OHEEHMEMEZ G571, RY
T4 THEE. XA T4 THEOY— RNty hEHWT,
B T ROUVIEERIEZ & o CHEEDMIMEEHEE 247\, #E
EMEAE PP (w;) & PN (w;) 2, ThENES. &5
12, BohHetsttigz my, AToRck->TH
3 w; OFPEMERE P (w;) 2 RD 2.

P (w;)

=P

P

BRI, 135 NEmILE P (v;) 2, SHBFEICH
LT, F0, 281 1T 5.

Alhothai and Hoey (2017) ® SNWELP €7 )L & D
HhE X, 74 E1I28\WT, SNWELP € 7V Tld4)
WMRBD 6RO NBHETII M &, ¥EFES T 7
5145 N BT S DR FIWT, 17HE 2HH
UT\WAA, SMLS €5V T, ¥HBHES 7 7DAK
SENEES T 7 EZE UL ET, fTHIEZFEHLT
WERTHD. — I, H2HFEIPMMZETH DI
T OHFEIINT XA, LD HGE & X DR



PETHIGENLE WD, WNHEEOHHREETILEL
THEETSHZ T, BEOMMEMEEEXAZIZENT,
BENH LT3 G INS.

3.2 DLSETI/I

RIZ, DLS €EF )V %% 5. SMLS €T Tk
2 —8AH 5 Skip-gram EF NV EHAWS Z & TRHZE
DHERBEZFZEHL, FHEFEOHSWEREZAWT kb
507 7 BERUTBIZ, FEERY NT—7 - KRS
2w RNT =2 BELETINVIERTEIZ L T, HEE
OHEEMMEAE 2 ST WSS, DLS EFINLTIROEHRER
ZEW, TI—RAZEEND R AL VERICINZ T,
FE - NEFERROERE MR L UTHDIAR, 7
SN HHERB % T kEfE S T 7 #ER L, TNb
PEHIEIZ & o THIBEOHEEMIEEZFS & VD EVH
»h5.

DLS €7V T, 1ZUDHIZK. A. Nguyen et al.(2016)
W&o TIREEI N, d-LCEEZHAWT, I—/RAI
BIFBHGED KA A VIFRE, HEEOEBME - WM
T2 EHREHEDIAA L NHEREFET 5. d-LCE
1%, Skip-gram €5V O HABEEIZ, HEEOHEEM -
NEMEICBET 2ERVEEZ MR ZETIVTH Y, d-LCE
EOHMBIBIILATTH 5.

Z Z{(#(w, ¢)logo(sim(w, c))

weV ceV
+h#(w)Fo(c) log o(—sim(w, c)))

1
g 2

weW (c)NS(w)

1
 #(w,v) 2

veW (c)NA(w)

sim(w, u)

sim(w,v))}

ZIZT, VIEa—nRRZEENSHIELES, #(w,c) i
BAZE o CHZE w I T TF A ¢ & ORI,
EW3AATT 4 TH 7)o 7Bl 585 A —X—{H,
P() £i1:7‘3 L\ﬁ%ﬁ, sim(wl,wg) ii%ﬁ% w1 bt wWo D
N7 MOV VB, W) ldaryTFA e
X9 2 LMIED ED HEEES, S(w) - A(w) IXHEE
wlZHUTYY =T AP Sl U EERE - W&HGE

HERT.

—fiz, FHEIFE - WHERLRLYTVAIZBEWT
EHTRERERTH B Z D%, TDRONRNAGE
o, FFICHEET 2 8EEE FHIT 2R TR %
¥ $ 5 Skip-gram €TV T, NEHFER L ODHEE
BAELL T B AT REMEASE WS, d-LCE T, ¥V —
T ADGHIE U BEEOSHBRNE - BRI T 2 HIK
T, DEHRERFZEHEICMZ I ETEEE2T S0, Xt
HIEE L OBRIEVEMU T AMELEHETE I &M
e R .
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IZ A-LCEEIZ & o THE S N2 /0B % 512, SMLS
TV EERRIZ, ZHEEIZOWT IV VHEHELUE Bk
HOBEEAE Ty VTREATL kBT T 7 REEL, 15
SN kBB T T ENRELT, Y—ReLTEHEX
T HEEDIGME T RV % T SOVIEEGEIZ & - THEENS 5.

4 2B

RET, BREFEOEMMEZRGT 57200, %
FEEBRRE & 3l A DV TR RS, EERIT 5ED
DEBRZIT, (12U DITMIEREERMEERZ, I
PEREEPLRE R % 17 5 72,

4.1 BHEFEEERR

RETFIEOBMMEEMEIT 272012, IREFIETH S
SMLS E5 ) - DLS EF ), # U THRITHERDFET
»% SNWELP 7)) 2 AW THEEBR LTV, fHE
WsEE 2R LUz, 22Tk, 2—/2 &2 LT Form
8K #%, ¥V —F A2 LT Wordnet 2\, Zh 6%
TCIZ R R R T 2 VW THEDO HEMEZ TV,
T7A4FVAREFDR Y F XY MFIZBWTE LA
W5 TWS, Loughran and McDonald (2011) D&
Z (UFLM #F) hicEEN 2 L BEOBIED M
MxIEfRY UT, FHifEEE AUC & U T L 7=.

BETNIZBWT, HHRERHEOWTEIL 300, 7
T4 T T OEREE 15, kEES T T7ILE
TA5kOfEE LT10 #HWE, £/, =122 LT
Fi\W% Form 8-K iF, Lee et al. (2014) IZ &> TR
NTWET—R2% A, FIIEOFER 20,198,170 & >~
FUARMEL, EEEFTLVOANT—RE LK. X
SIZHFEDHESE - NEBERZIBR LYY —F 2L L
T, Wordnet &\, T N)VHEEGEIZE 1) 5 I N
DEHIE 10,000, /ST A —X— 3 DfEIZ0.99 & L 7=,
F7z, TNVIEBIEICBI A Y — REFEX LT, MF
DEIIZETFND Y — NEEE AW

K1 T OVEBIEICB W TH W2 — RH#iEE
Positive HL5E Negative H.3E

successful, excellent, negligent, loss, volatile,

profit, beneficial, wrong, losses, damages,

improving, improved, bad, litigation, failure,

success, gains, positive down, negative

2https://nlp.stanford.edu/pubs/stock-event.html
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RETFIEOFAMZ G T 272012, SBIEGE RN A
AV EMNFEE UTAFTER S N2 REEE2RIZ, %
FIETH D SMLS €TV Z& AWV TREEHEIR 21T\, &
FHLEOFMIZ L > THER—ZADE VF AV Ml
DOKEEM E 2008\ D Bl h & KR % 47 - 7=.

a—NR2AEL LT, KREDEMBUEZ K ET 2 EEAT
» % Federal Open Market Committee (FOMC) 312
Lo TAINDEERRZ WV, 19934 1 AN 5 2016
12 HAOBIZAFRI N 192 25 H% e U, b,
FOMC D Fik IR B P SIS OIR VIR b 247
S a—lZHlYTERervave, [ROBZIZOW
TEPNFZT7 AT —RNHA XV ALY TE I3
VIZRAENE D, AEBRTIZZOANLE 2 —I1ZHY
TR EHNRTFANE L

ZL T, FOMC#F#D L ¥a—FF A bE2a—52
LT, EHEEEIB Y- RHEX LT, AT
12 & o TERL S N7z il BUR S MR 2 AW T, SMLS
EFIVZ X BTEENREZ T o 72, Z OB, HiEmEiE
AL - TAL 30 RLBANIZ & £, D OREEREICE £
N, & - B - AT ORFICEES T 5 HEE R T
U, MEfFREEcBiNE 32 F ok iro72. %
7z, SMLS ETFNWMZEWT, SEEHORTEI 300,
IHT A4 TH TV TOAFIEE 15, kEHET T 7
IZBIF2kDfEE LT10 Wz, 512, HiEDOH
F-NEEBREZERLZYY —F A2 LT, Wordnet &
AV, T OVHEEGEIZ 81 5 KRR o [EIE0X 10,000,
NI A=K — B DFEIZ0.99 & L7

WIZ, HEERE Nz FEE 2 W TR S (2017) DFE
W& oT, BBEHKE - HE - B - EM - SEBeK - &
-4 7L - EED8 DD MY ZIZxT 5, b
Ey ZhlerF Ay Mot it o7z Bl S
(2017) D R Ew 2Rl v F A Y hOMHHER, e
ONMY, BIEMORYZITERE LR ER—
ADeVFAY M EMAGOELZFIETHD, X
BEANELUT, XBZEEFNEHE MY ZILHT 3
U FAYMNAATERBTEFETH S.

ZZT, FOMCEFRIZBIT5 L a—#nlk, &
FREP ST IHBOIRO KD 2475207 avThd
728, Fonz by 2l F AL NDBIEMRDD
THNX, &MY 2T 5~ 2 0o HIE
Z, IFWPHTEZLDEEZONG., FIT, #E
PEERDFHIT L U T, BEIRIREIT 7256 & Thid -5
7-HE e T, TNThEHINZ Y il v F A
VhO, K70 iEROFEREIZN T B EHAT 2 Lo
T 217572, HHIOEHIZBEWTIE, £ hEY
D VFAY NEHPLE, T rnfEEs
BEBIHE R L UCTHERS 2170, ERE R2 12

Shttps://www.federalreserve.gov
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X BN T 7. 7B, LEa—IZB8IT5& MY
TDRVF AV NEIHET B~ aigiEE, BMFDOE
2D E RS> T WS,

#£ 2 ZH P IR T ARG~ 2 O iRl

[hEv2] < 7 O&HK \
A PIAE
JeE e FL 3 e ) A B
= TRH U
M fEAHE X (PCE)
e Bk T2 pEFE S
BT HR FHE GDP

5 faREER

ARETIE, BEEROFTREEZERIIOVWTHENS.

5.1 BHHEEERR

E£IRFEFETIMIBITD, AUC DEZHIKLZH D
Thb. EHFERL LT, AUC OEWIEIZ SMLS E
F), SNWELP €5)V, DLS EF )L &40, LT
HETH D SMLS EFADHmREEWVEE L o 77,

# 3 BRETNVIZEIT B AUC DL
SNWELP DLS SMLS
0.9096  0.8441 0.9190

X 31k, FETNITEITS ROC Hifgz L~z
DTH5. MBS 0h5 X512, HEERDEHI /N
WEBZMIZ B WT, SMLS E TV I E G MER D12
WK & Ao 7.

10

e e
@ =

True Positive Rate
e
a

0.2

L1:]

1] 02 04 06 1] 10
False Positive Rate

X 2: {ETFIIZET S ROC hifgo Hig



INSOFEROEEBE LT, £9 SMLS EFLIE
SNWELP €5V & gL TEW AUC HESNT WS
A, ZHIEHHREOEREZE L2 LTI IV %
FhRoTWAEHELEZONS., REFEOEIZE
WTHBRZ L D12, HDHFENMREETH LI, £
DHGEIZN T DR HEL, TOHEE L IO %
BT 25604020, SHEBEOBEREET VL LT
BRI HILT, HEWMEORENMELEZEEZS
5. —7%, DLS EFILTIHMD 2 DD EFIL & ki
UTC, HEMEOHEMEWERL o720, ZThik
NEEHOFLBRIZBE T, HEOHEEM - rEMIzHE
TEHHHE TR UTHDIAL HEI kR
MollzbrEZoNS. ZOEIZEALTIE, d-LCE
WIZBIT 5, HEMN  SHBECET2HOBEEE 2R
BILZEIZL-T, LORVWHEBHERKE2E5ED
TE5HLEZ5.

5.2 1RMEFEIRRRER

SMLS € 7T & 2 FEHHGROKGR, WEFOREEIC
A ENRWV B2 BESHIIL I N, R4, FHizi
TEHENEMENZHFEO—BTH L. RYT 1 THE
& LTI, gain - growth - lift 28 D, RY T 1 774l
MWEETHEEZONIHENBMS Y, —HAHT+
THEEY L TIE, discourage - downgrade - depressing
BED, AHT 4 THRBHEEATEEHEZSND HGE
MBI N7z, —7F, substantial 2D K 512, Ak
IR 2 R 72 R VEEE B M A R D BEE L LT, HEE
WZIEE N SRR o T,

# 4: SMLS 2 &5 T, #HirzicfgE~BNX N -8ED
— B

Positive Negative

gain, growth, discourage, thin,

foster, stability, cut, downgrade
accommodation, lift, concerned, depressing,

substantial, strengthening wan, lessening

£51%, HEEREOAERKIZLS, K70 BOH

BHADOHEEZRLI-ZEDTHE. BrLS5I1B L1,
TEENRAR ORE R, SR T A ERBUIIGT 2EE MY
Z2EBRWEETDO MYy 2128 \WT, v agiox
TEHHHNVE ETEZEWISERERNESNEZ. b
I}, HE Ny 212357 5 PCE®, RFHRE MY
2120535 GDP BERIZEWT, SN2 KEL
M EXEEHEPEETWHS.
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PARD YT v A0k, 2004 412 HIZBWTHKS
NEFEFRL 2 — DT FAM25[ALZHDT
H5.

Spending on services continued to register
solid gains.

e MYy 7121, solid gains D& 5B EWEHULAE
SHWHNE DY, BIFRIICIEE E A0 57 gain %,
HELRUZERRY T« TRhftitzEe LCabED
Hk7-7-8, HE MY 2120 2HEINBKELME
kEUzEEZONS.

ZDESIZ, BRI & o TREMH EL 28 h
LT, BEOEEICIEE TN T VR WINEE 2 #5
TEHEHENEE, HERA IZHT 5 X 0D D
LIEERBET IHLHK 2D EEZ NS, —F
T, ARMMEZE X IZRBMRD 2 WHEES BMEEE X L T8
mEnTesh, Zo kD RHELEEWINIZHERT 5 F
EOBGE®, X605 HEMENEOR LIZSBOM
HTH 5.

6 F&oH

T ZTAMZETIE, R E RS N A1 VIZkHL
U7z, BV F AV MO O iE % [ B
THZEEHMEL, L 0DITRRREAA O, BE
TFOHFAR— & TN HEEDRESE - W& BT 2
Wiz AW, PEEidD b 7PHEIZLS, NAC VKRB
FRVEREE AR TR %2 Uz, RETHETH B SMLS
&, &F9ED SNWELP & 0 & BB A3 L (1]
LRy, REFHEOANENHERINEZ. Ih
1%, HLHENEBMETH BT, FTOHBIINTS
WNFFEIX, TOHFEL IO 2 AT 2I5E60%
Weo, WNHEIEOHREETILE UTEETSIET
BEEQRMEMEHE R A2 1P WVWT, BENMELEZE
ZzoNnb.

%72, SMLS # AW TCHEFEOREZIEE L 2R, &
TEDBAEOREE L I U<, IHEREZHWZ MY
Il F AL SO 7 a BT A —D
DI 27%2BREMELTED, BETFEDOETILO
BRI N, NI, HEE2IIELU R, B
FOREBIZIZE TN TV EEZ #E T 2H3 0
K, HRENAAS T B L 0MEEDD BREEEZE
WY BHENHRTZDEEZOSNS.

AFEOME L U T, HEEEEEEN Lozoic, 3
N—ZDHIF, BIEOEEN - S EMICEET 2 MO A
75T, ¥VTF UV AORXMEEETVE LTEET
LZEMETOND. WIEFEIIREOMSEFMMT 5 &
W EIZHEWT, SERIZEEBIL TW 3 &0 D KA
FAET S, £oT, HEEMDMRD ZIFEMRIC ITMmMEE
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< 7O i PCE _ S AZ S
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iy 27x109 1.9x10° 4.6x10° 1.5x 10 2.2 x 10° —4.1 x 1011
t 26.05 8.72 38.17 16.46 31.42 -28.39
AR A L R 11x10° 43x10° 1.7x10° 24x10°  11x10°  —20x10"
- t fE 6.33 14.80 8.81 20.36 9.37 -5.53
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Optimization of Daily, Weekly, and 15 Minute FX Chart by Using
CNN

WA R N B2 ORI RS

Kei Kawai!, Takashi Ozawa'?, Takafumi Okawa'
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! Crystal method co.ltd
2 JUL LR BOE R B O — A BT 7 A F 2V AL
2 Depertment of Mathmatics, Tokyo Institute of Technology
PR TSR ITTRI B T AR I
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Abstract: In recent years, many people attempt to apply machine learning to a broad range of
fields. At the same time, thanks to improvements of the information technology, we can use the
enormous number of the past financial data as a learning data . In this paper, we describe prediction
results of the foreign exchange price. The prediction model was made by using Convolutional Neural
Network(CNN). Then, we compare the results of the model which learned numeric data with the
model which learned image data.
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AT BB E Ulz, flEEICBE L Th RIS, U%e
FAE & KB OFRMED 2272 W THGEZ T 7z,
SEIOBRETIE, TNIVOIRD 7% 3 FFEAZEL, 7
NZFNOIRD FF IR U TCESE EGE 2T 7. o
N)VOIRD J5iE, £1DOKETHS.
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X 1: HE

W’“ i
W{Lﬂ

% 1. IN)VOIRD I3l
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2: 4 KR

F\)V 1 2 3
RO 73 )51 | -10pip 10pip  10pip YA L -10pip AR
RO J7 2 | -15pip 15pip  15pip WAL -15pip AR
RO 7335 3 | -20pip 20pip  20pip LA L -20pip LU
2.2.2 EfT—%

o F ¥ — MEROHE - INT.7 17 Z L
2R F— RIS 12D DT+ — N EIROEISIC
&, MQL4, C+HC Ko TER LT 7o Le
AV, MetaTrader? ODF ¥ — hZIAEDITL,
USD/JPY @ 15 /7@ F v — MEifgz A7) —
g & UT 30 iK% png IEX TR L 7z,
iz, FERICLT 15 2O N, FREEICHIST
HHE, 4 RFEEDF ¥ — FMEREGIHFALTE.
Z D%, png IR THRIE L {7 — ZITH L,
Ey MEERY A AL F 275 ML 075 Lk
TERk, FATL 7.
HiZ, 4WEEE, 15 2ROET—20Y% 7
Wi, FNENLLFOK L, 2, 3R TH
LD GPU IZBWVTIE, PCLNAA 16 L— YOl & 755
TVBH, HEMICIES L—rX 4 DP—R—REEENHED
Lbbiniedh, it 8 L—rX 4 DR— REFR L. 0¥
BT OWTIE CPU MEREE b > TETED, a7Ho2z i o
DEEME DR EATE. 2008 FED 8 A7V E 2017 FED 8 1
TR UTE, FHERMEICKREGEERSNEh o T

ZOVE ARG | 7T - T g — L
https://www.metatrader4.com/ja

X 3: 15 98

X 4: HE () « 4 REE (F%) « 15 7008 (%) BT — &
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e Chainer CNN 7’075 LEMABRZa—F)V %y 2.2.4 REREEFEDOETIV
- [ = 2551 TS ) i
U= ZRAL, LRmREEET ST TS MAEOEFIICH, B - Bl BI1c ONN (B

A% Python e kDK L. RABZa—T) ke B BV, BHERARS 21—
o Chainer s HEH 71155 Ly Sy MCEILTE, HE 4B, 1590852
LRCREE LS AT — Ay Me, 2EE NERRABIENwEY I L, ANHOAE & EfH
BTVWEWTFT =22 ANELTHA%C LT T2HHGT— 2K > TEREZMA Tz, BiET—24,
b, BV, FEEAELAVUAEENTZT0Y  RUEIGTF— 2R EBOEF I, Theh

Z L% Python IZ K D ERK L 7z. 5, K6D@EH THS. 3K5ICBNT, O% 4[5
o FL, @ 2GR E H6ICBATE O
o Ty — MRG0 7S L, % 3EFITL, @F 2 [T LIz,

H5F v— bEfgENSRE LT, Fv— Ok
el (v — B Adin), 7 — b OBHERAI (Fv— —

RO, KOEDWEL] (Fv— R OFb+ 1), K iy € <5
CHIRORI, A1t DR, TIEOEE N o F
2TD 15 7B THIR L. [Comvlition2DFunstion |
@
o HMERMGE T TS T L wlv
R HT— 2y MHNREIU TSR & EAd -
DT —ZR—ZIZH LT SQL ZF(TL, Excelid
F L% 125 L Python, Postgres ICX D — \t\
ERR L 7z. == w\‘ b input
2.2.3 HEF—%  LinearFunction
BT — 2B L TIE, USD/JPY O FX F+— ® l
MCBWT, HIE - 4B - 15 DT — 2 Z A X b ReLU

L—&—Ic& b CSV B THG L7z, ZD1%, CSV l

FeRBETOYS LEMNTHEE TS 1592, 45 =

ME, HET—X2ZZNEN200A0%T 7 AIVICE

Loble. WHT =R, B2 /MHRT LISH) & THO 8 <
input

RIREZITo e, BT —2 0L, K21TRTHED T

b%. W\‘ i

% 2 BllF— 2 0b| LineatFunction
FIf =] S — A 1
HiZ 2016.03.21 00:00 40.756
AFERTE | 2016.11.25 04:00 0.608 _
15 772 2016.12.30 22:15 0.095 l
\ | Wl — 2l | (R + A0 /2 [ (Bl + %20)/2 |
HiE 0.437 111.587 111.7165 omtput
4 REE 0.398 113.555 113.555
15 702 0.065 116.7725 116.7835 5 Bl T — R 2B F)L

SEEREHUCRO WECTUE S BISAE T > TLE o 7BRIci,
FETBREO—DHDONHED 7 1 )V 2 —Hz A9 % wifg 7 —
ZORICHFIL TEHLETEZ T LICK>T, BT 5 T ik
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2.3 RELAE

MRAE50E, FER3ITRT X 1T, 2006 HF£~2008
RPN ERTETIVICOWTEE X B TAEELIED
MEEZiTo7z. £z, EBIZ OIS T, 3 DDIR
R— NN U THREF R T Te.

& 3: A - BRI

[ FERE | Rt | BN | e 5 m

2006~2008 | 2009~2015 10pip [ DR

F & iR o Eig
2006~2008 | 2009~2015 15pip [ Dt

i & {50 Lhfig
2006~2008 | 2009~2015 20pip PSR D fiE g

F & 5o Lig

3 #R
3.1 BETF—RICLBER

BUET — 22 VT, 2006 £~2008 F F THRPEHE
BIETIVOMERE 4 ITRT. T, TOEFIVIC
BURESRT S 7%, KT1~91mR U, (Mt 1)

4 MGEEAEE (2006~2008 724478

| $5K / 2009-2016 &Mk [ 10pip | 15pip | 20pip |
Retuen (HiF) 1.63% | -0.54% | 1.84%
Retuen(#EF) 1.56% | -0.60% | 1.84%

Sharp Ratio(HLF) 0.391 | -0.164 | 0.872
Sharp Ratio(#ZF]) 0.373 | -0.18 | 0.869
J 50.5% | 50.2% | 50.8%
EGIEEY 26941 | 15507 | 4276
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1mad Beefit 1 M,

008 3010 J011 2017 3011 23014 3015 3018 2017

9: BT — 2 54k (20pips)

3.2 ERT—ZICEBER

F iz, BRT—XEHWT, 2006 £~2008 FEE T
FEP XTI TIVOMBEE 5 ITRT. TOREDOHE
W77 7K 10~12 DR TH - Tz (il - 1)

EGT— 2 2 W2 B0 TE, 2006 EED 15
DROIZ EEEFTznieifst & L d 5 728, 2006
D 1570, 4R, HREEZEEIEEREE 6,
13179, (Fthh - 1)

% 5 MRS (2006~2008 4E72243)

| $H2 / 2009-2016 Z Bk | 10pip | 15pip | 20pip |
Retuen(HiF]) 1.63% | -0.54% | 1.84%
Retuen(#7F]) 1.56% | -0.60% | 1.84%
Sharp Ratio(HF]) 0.391 | -0.164 | 0.872
Sharp Ratio(#7) 0.373 | -0.18 | 0.869
i 0.505 | 0.502 | 0.508
GNP~ 26941 | 15507 | 4276
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= Benefit

2009 2010 2011 2012 2013 2014 2015 2016 2017

10: W7 — 2 4H24 (10pips)

o — Benefit

009 010 W 2012 2013 014 2015 016 2017

11: {57 — 2 JE2E (15pips)

12 { = Benefit

000 2010 211 2012 2013 014 2015 2016 2017

12: WifR7— Z484% (20pips)



% 6: MGEERSHE (2006 72274
| 6K/ BEEEEE | 2007-2016 |

Retuen (HiF]) 1.016%
Retuen (#87]) 1.076%
Sharp Ratio(HiF) 0.283
Sharp Ratio(#27!]) 0.299
72 51.0%
EPGIGIE¢ 16879

2007 2009 2011 2013 2015 2017

X 13: Hiff7 — 218 (2006 2228

EE

HIEIDWIZEFRELICHYS LTz, 2006 £0D 15 572D
I T — 2L UTHW=ETIVOELEIZ 1000pip,
R 1 %IEEDRIRTH-TH, SREOHLEHRE 4
R R Z 15 0 RIS A TR 2172 T2 B 7 )V DERIE,
1500pip, L5%AEETH D, HENR SN,

Eiz, H{ET— X2 TORR LT — 2 TOLK T
13, BHTEUEORERN -7z BdET—Z - Wi —
ZHIZ, 15pip DI BVW TR AT AT
fo. FKIIFFETETHELT, EDFEHICBOTEH
ROEEMHEIA NGz, TNSZEZ, HiR
T—RICDNT, SHREETANEZNE LTIEHE, 45
ME, 15982 D0 RE LD, ThFhnoay
TFANZBEZTZZE Lo TWERVWATRENED D %
e, BEGE LTHMLIZV. Fi, BiET—&IC
DWTIE, —EBEEEIFIT LSS, ERMEET
Wi biah otz b oTlzd, TS DFREKEE
BTN EHEMLIZWEEZI TV, HIZ, RIFHEL
EETFTIVEHVWSECLICEST, KOBWETIVLER
BHRZAREMEN D 5 720, SHBMIEEEDIHEE
ZTW5.

i, T2BERERBUET— 2D VIRLE
BEITHTEMNTE. T, TNETIDOEET—X
EROWIZEDOA D w R « FAYy NI FOX S 4&E
DNEZ 5NTz.
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BET— 2RS35 A v ~
o KOIFHMEERZHWAZ ENTES.
o FTEEMDSERICIKS.

BT —2 2T 27 A v k

e ONN ZHEST — ZIC DWW TR Z1T S To I
HKEINTWVBEELD D OARRKDOHWZ R -8
VAN

W7 — 22T 2 AV v b

o NHIDETREZFEHIZITS &5 BNz Rz
T 7=ICld CNN EFIIVHRET, migT—X1&
CNN EF)VOHMICER L TW 5.

5T — 22 {HHT 25 AV v b

o ANDIGTHNZIITICE D, FIFICEHEDID 5.

HIEF

AWZEE N THIRE A SRR T S D /5
ICEKETIRE, CHHEZEEZTERLEEDT, DX
DI L FIFES. Fie, HEFSE L TWB2E
DB NETIEENTWBIAET, KEERED 4
ECDXIIEFBEANMEETCONTVS T EITHL
T, IEBITHEVEHOZ N TEL ET
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1] ¥ar-a—y, R/NEFRIFE: b L—Z—DEH
%, FYIEE, (2013)

[2] ##Y  ¥E: Chainer IC K 2 HEIEE S,
Lk, (2016)

3] SU— - RPRY b: T Ry FWHE D STEE,
Rrm—1 27, (2008)

F—

[4] Y. Lecun, L. Bottou, Y. Bengio, P. Haffner:
Gradient-Based Learning Applied to Docu-
ment Recognition, Proceedings of the IEEE,
86(11):2278-2324(1998)
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Analysis of individual traders’ strategies in a foreign exchange
market: microscopic modeling and corresponding mean-field theory

EREAE 2 REIC 2

=
1=

TEM EERET

VIR BEARA AR Lk
2 R LR

3 Sony Computer Science Laboratories

Abstract:

TEHREL 22

Recent technological breakthrough has enabled us to study the microstructure of

financial markets using the high-frequency trading data. In this presentation, we review our recent
preprint (arXiv: 1703.06739), in which individual traders’s strategies are analyzed on the basis
of informative order book data with anonymized trader identifications. We empirically study the
trend-following behavior of individual traders on the basis of conditional statistical analysis. We

then propose a microscopic model of financial markets on the basis of the empirical finding of trend-

following of individual traders. We further develop a systematic theory to our microscopic model

paralleling to the mathematical formulation of kinetic theory. Finally, the agreement between
empirical results and our theoretical predictions are shown in terms of the order book profile and

the price movement distribution.

1 A ABERETISDT — 9@

HFEAEHROEHET — XA BEEICEZT D LI
70, HEBESHTHEHEZRTTCWS. HIXIE, 46l
WG CIRMERRIIO AL ST, A—F—Tv o F—
R ENEND GHET — X P ATAREIZ o7z, A —
R—=T w7 F—=RIIBRENBIEIZELETO ML —
X—ZEDOR DD ($BEEX) 2i# LT —XTdH
D, liFFEERIIL D HIEEDIZEWERPEGENTY
5. FE, F—K—T v 7 O—EITITGR DM
CEHE % B DD BFAET D 2B T =X 56 HR
INTWS [1,2]. £z, A—K—=T v 7 2HHNTE
TUET B EHBAIITONTE D, HiR LR
EFNEBALZIOEERET VIO ARE LTEH
ERVTTNWS.

—%, FOHPVAT— L LTIEELZD L —&—
DO ET ALY 2 fiMMEEFE R O6ND. HFEL—
Vv bR=ZAEFILDOXRTIE, Lux-Marchesi €75
LD &S Ifidl% Db L —X—DUMIED kM % Kk X
VIR ETIVREVBREEINTS D [3], fHitkhFR
LRV D7 alihE e BENeFR2EET 52

GG - HUR LR PRI AR RN ¥y 7T — 2 BOER
L=y b
T 226-8502 i3I WAk X =gt FHIT 4259 S1-3

E-mail: kanazawa.k.ae@m.titech.ac.jp
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LU TWS, LL, BBEDIZBET LD
CIAHEEEICHEEINTE Y, ZTOETFILOMRER
FIFIZHEE IS N T W AP 572, ZHIE L —&—0D
THI YR URLDT —RIZIED IR AT T H
D, ESLKEELVRHSL >/ LIRSS, 225
MWIE4E, WE ML —&— (HFT) »REHT 5 Z &2k
W, P—=&X—0D3I 7 uiWEOEIHELDL DD
fThNBDTWS [4]. ARHEHTIIRIZ, SNEBETS
2B 5% D N L —X—DIFE DT - T ORI
AIZET D HFFEAE R & SR (5] ICEDOWTHRE T 5. K
1z, M4 D ML — X —DBIESHDOAIZE EF
59, TOWVWoIZuENS LYY aRHED
& (eg, A—X =7 v 27 OIK - MIMEE D) %
HRRNCBER TR 2 AWTHIAT 2 Z & 2idarz

2 MRER

213 NEX (MRS 5 1 > X —N > 7 Hi85 Elec-
tronic Broking Services (EBS) D7 — X f##fr % 47\,
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F—XTHOH, £TO ML —X—DHMHEEX GO



X F ¥ VRIVES) - BATE X OfTEIR SR E AL &
NzrlL—Z—ID e bizid#InhTnad, Biok«
X HFT OFBMEESUZE B 217\, X Oflik 251
(FEE) 12U T4 o HFT ORETEXHRED &S
IZZALT B h % S EHEET O FHEZ AW TR U 7=,
ZOFER, THTHRICEEIIKINT S HFT I,
E DM T DMK ZE L & IEOFHEZ S 2085 i E
EXZEFLITMEHARD D Z b7z, HIZ, D
BEIEOYME (Az;) LEEOTIHOMIEE Ap & D
R IX N2 ERED D, HE2E DA =) VT
R OUHAREREEAE) T7 4w hTEZZ Db
72, ZORERIX, HFT 3R LY R - 748 -0
WEEALTEY, HNML Y RIZIEEFIZ LV R -
THAO—FT B, ML Y RIZIEHED KL AN
MIEEZRALTWS LRINTE 5.

WIZF &L, BHIENZ LY R 7530 — 1283 58
BRENZEL D ANB Z I ko THAERIZuET LA
NI E L2, ZOETFIVIESHR [6, 7] 2EiET — X
WZHOWTHEBUEZETLVTH S, BIZZIDETILVED
TEEE (8] THREL CELEEBELOFIEE AV,
TRRTENZ IR Z 812 Uz, £ TEESR TR SRR D
HE) AR A Z AR, BT 12O Liouville AN %
LT, DEIAREEIZ DWW T D Bogoliubov-Born-
Green-Kirkwood-Yvon (BBGKY) F&fE AfE % &<
¥ 2 BBGKY W@ G EHIEEL. Ge., DFAA
ZDIRE) ZHiT I 212K D, Boltzmann SHFERIZH]
ETH, BXIFAEOHEMT 7=y 7 EHWAZ LT
MEABTHEGO A — X — 7 v 7 %3l 4 % Boltzmann-
like 2 HFEXZEH U2, FIZ ML —Z—DABN H»
RKEVIBRTOMNERMZIT, iRz St L7 =
DFERA— K — T 7 DEENRE 7 v F 4 7N
FSA—RIEUTEMATAZ LTI Uz, Bz, iy
TOMEMMEDEALH G Tl o - B TIER
MRS T e 2 EMERICEA U 72,

HNE LTI TOMBEIIER AT — NV TIERE
DIRIZHED Z eI SNTWBM, FxldT — R EN
ZELUT, AR A RAVESTIRERNA T =T
EHREN A>T Y, RIATF— L TldZDER
BB UTRENMIIARZ D Z & Z2EFTITR U,
FHIR E DM OWEE & 70 B 14 Ry N D3FEAT 2
&, HIGHREHKT L — X =2\ WS &
F—=N=Fv T TEZERLE EEBELUT, fH%
DbV —X—DEXTEE HFEMIT, A=K —=T v
DR - ML ODHE Wo -k D 7 aniE %
RN FEA L 72,
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3 SEBRORE

BEF 72 IHED TV A IERER - SHBOELEIZDOWV
TH, BEHOKMPINIEHET L2 FETHS. BiR
FNZIFIRD & 5 mNEEH Z TS @ 3k [5] TIEEI
HFT OFAET:SCOBE ORI A r — )VIZHE R %2 YT
THEBEET 720, COREORMAT—ILVTHL—
R—PRIEERITHhRED, BRI —)L %Rk
FEZFRARSNTOVRY., SHBOFEE LT~ D b
L — X =N K)ET 5 MBI 2 R 2 7 — L DL Rk %
Mees 2 FETHD. £z, XMk [5] TIIIGMHEEIE
HEYTTIHRERIT o720, RIZRATHAXIZDOWT O
MEHOMEE 2R Y 2 AR BERH D EEX TS, H
ZAE, SCHR [9] TIIBRATRESUZHER D O b L — X —h77
ELUTWBZEIWRBEINTWED, ZOHGDT —
Ry NTHRERMD ML —X—=2FHET DD, £/2iE
ESHEANPRSNZDN, REERZERMIHET S Z
EHETH B.

TEE

KR FTTHI2H0, FIEHK, B)IME
K, —AEEK, WIEXME, HHEKK, DNIBE,
F. van Wijland &, D. Sornette X, {EEHECIK, (£E
RERK, DHERBKE OBm1PSZEIRDELE. Z
ITHHIETWEEEET. 77, ABIEIIRIZEN
FEMHBIEH FHIFE B (No. 16K16016), Fiifkiloks
BIAEZE EF5EEERhE (No. 17J10781) , HEHE M E B 4L
F#F5E 7025 & (SICORP) 2 6% KR— b %E%ZIFT
WABZ L ZEHEIETWEEZEET.
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Fundamental Factor Models using Machine Learning

KR B!

Seisuke Sugitomo

P IEORHR *2

Shotaro Minami

ALy 78— M= XA VRN A YRR
Epic Partners Investments Co., Ltd
CHITMT ey b AT A Y MRASH

Asuka Asset Management Co., Ltd

Fundamental factor models are one of the important methods for the quantitative active investors (Quants), so
many investors and researchers use fundamental factor models in their work. But often we come up against the
problem that highly effective factors do not aid in our portfolio performance. We think one of the reasons why
is that the traditional method is based on multiple linear regression. Therefore in this paper, we tried to apply
our machine learning methods to fundamental factor models as the return model. The results show that applying
machine learning methods yield good portfolio performance and effectiveness more than the traditional methods.

1. FL®IC

HEWT 274 7HEA (24 VY) ORFHZY =Lz
VFT7 I R—ETADDHD, Zhid, RROBENEEEE
BHOT7 77X —CHHATEHDOTHZ, 7714 F VY ANEH
BB BN IVF T 7 7 R—FET IV, 1976 FFIZAT
77V - BRI KD RIBX N EE MG R (APT: Arbitrage
Pricing Theory) & HZRIZFEHIND Z L h3H 575, HAFEE
IZEWTIE, CAPM #~RX—Z & L7 BARRA 817 7m—F%
Fama-French 7 70 —F DI NVF 7 7 7 X —FEFILHJEL
HAwonTWwad, 37 BfRFERE RBRNICE 2T, ERIk2E
DOHEANLE R % KD 2 /X, BEDERAEER D & K138
ko CTHT 25 ST HEREIZ, APTEOSLVF T 72
R—EFNVIZHEINS, —F. PER ® PBRIZREINS
BEIRIE D & S A ff R O AR o8t E M & A THEI
REOKRAINIE R Z KD 5 J7iklL. BARRA B ¥ 72 1% Fama-
French SO VF 7 7 2 X —ETFVIZHEI NS, Barra i
7 7’1 —F & Bar Rosenberg 12 & 0 #i/r 41, Grinold and
Kahn (2000), Conner et al(2010) X & Wik E niz£ DT
BB, 05 1IFFIZET 2RO B RIS 3 13 S E
777 R—=IZ&oTHHEINB LTEHZ S, JOARY
Ya VEESIIZ & o TEHRE E N5, %72 Fama-French # %,
Eugene Fama and Kenneth French (1992) 2 & - THI& THA
T+ E N7z, AFilk Fama-French MO ILVF T 7 2 X —EF I
WIZHEINBEEDTH B,

£9 =D, YIVFT7 I R—FETFINEHNBIZ Y > THIHE
WZUTEPRIINER SR WEIE D 5,

AR EZEORRINER Z W ENE CTHHT 2~ VF 772
X—EFNORMMAFEL LTEE 2EEEZXSNS, 1DI0%.
SARIEVE D EF 5 S M O 2 Hll U T SRk OREARINES
REFHET2-DICHHATEHE (VRX—VETIL), HI—
DX, HBMENOFSEEY -y b - ) X — 2 TR AR
LTI 7YRAVRN - R=RERD, =7 x V) ADEMH
ENMRT B HE (VAZETIV) THD, ARz TiH, Y

HE S MK B TE Y 28— b= XA YRZA PR VYK
A&tk sugitomo@epicgroup.jp

R—=VETILEHELTWVWS,

LAEDDT 25 ZATHE ZTE»RITNIER S Vil
Thbd, N6, 7714 TV AHTHERRBL TEmIh s
T—ANH D, AREOHMNIE, FRNT 2T« TEMHICBITS
WA EFEOISHTTREE 2B Z2ThY, SBOHET 7
T4 THEAODHEANORBIZFLGETHILTHDI DS B
BEPERIZLTEL,

ARIZBIBEINF T 72 R2—FETFTN UAFT77 VXA VR
NT 77 R—ETFIEIER) 2T TEET 5,

k
Ry = ZXijtfjt + €t (1)

j=1
727200 Ry iEt Iz B 20 i ORISR, X0 1%t
B EREIDHEj 777 X—DT 72 R— - T AKR—

Vr—, fu 3t BURE 77 R—DT I R— Y
R—=>, eq X777 X2 —TIIFBHTE R VS

EBIBZE DR DB RINS R & R OMIENE (7727 X —)
WEBEMRBIMIZEIVAEHTZ2ETNVTHS, ZOETILOD
TR EL 77 7 X —DORIZB 1T 2BERIGIETH B
W, SETEGOEMNE2E 2 2 L IR R INE T BIED LD
WYz BREERETESEEZONS, £I T, AT,
FEREDOBfR % R T & 2T E OREWRFIE (R — b
RIR=V v, BT —=AF4 V7, Za—F V%Y hT—
27) ZRAWT, $ERDBILET IV L., T HEOER
FAIZ B 2 ERE LG RN % MEET 5,

2. BEEMREEERIUBR
2.1 BEEHRE

[Joseph 14] i, PBRD 777 X — -V X =22 FHT 57
I, VIX, VIX ® 1 A AZLE, PBR ©44i. PBR O4

MOEE, 1 HHFHOPBROD7 77X —) X—VEEHL
L. 8T A —Z O IZHE/NEZEE (Shrinkage Method) %

Awizu Y27 1y ZEES 2 AW EE 27> Tw5, £
oo TIARAERAVRLIDWTHEBO ST Z2IT> T3,
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EH1Z, BOFHEENRKIBIZE SR> TVWAFERZET
W5, o8 FH L LT, CART (Classification and
Regression tree) Zffio ZMEESH LTH O, KHIZ K> Tldo
VAT a4y RS E D B AEMERRSNDE L ER LT,
LRSI, 77 R— -V X— 2 DRERI TR MO ZE
Boak A WTIERE O EFIEOMHAZRAAT-EDOTH S
B, VR=2 - BTN DWTHEHALZED TR, ) X—
VIETFTATIE, 770 X— -V R=—VOTPHE (777 R—-
T MEIER) YEEDT 7R — - U AKR— — 5,
RO FHY 2=V HFEIHh, Zhz2FUTILT 7 LR
2, FROMERFHETVOILF T 77X —IZERLES
DTIHRVETER L OWfZL L 1T 5,

DABETIE, 23 H0 I O 72 B3 2 B T o SRR & 12
DWTHEHT 5,

2.2 HYR-IRIY—MEF

PR — hRY X —[m I R R — ?JIE'CJ?) D, BHIHZE
BORHZEMAN DI B G2 2. Rz Iz B \» TR
Wz2ITD LW FETH S, AR THWS e— SVR X, ##
R DEE, € — insentive BB L (z,y, f) 2> THIE
By = f(z) =< w-z > +b 2 HET 5,

(2)
iL(myf)—f&b ¥

Gl L (z,y, f) = f THRET
A

L*(z,y, f) = maz(0,ly — f(z)| —¢)

72 B FHEME A FERME % E A 555
HE AR % FE > TN
60%%%KﬁuT®$%%%%<:tt

l

. 1 2 € . .
u%&amH+CZ?N%%JL ®3)
st(<w-xi >+b) —yi <e+& 4)
yi7(<’w‘$i>+b)§6+éi (5)
éiaé’izo7i:1727"'7l (6)

ZZT, FHROKCBIIEZLT— X x 2R o(x) I
o TEWITERNZEM/RT 5 Z iz & 0., IEIEREIREA & LR
T&E 5, Lo ERMBEIFFEEITITAC R Z VW As R & U
TR ZENTED, T ORAHFEERIC < o(2;) - o(x;) >
ENBEHELEN S, — BRI EUOTZE M T NG R & BT

TG TEEMTHY. CORBHERITOI LN TES
A=WV K (z;, ;) ZBHT 5, KX Tld, 7—3)LH
B LT, HIYT oA —F0 K (s, 35) = eap(— L2zl
203

2.3 REKR AEIT—RTF14VT

WO A5 @RI DED VT YA ZBEKOE TH W
HU, ENZNOEREEOHIFFE Z iR U 7z ECREBRRE %
T FUEPRERTH Y, SEERPI VY ILT 1 V¥R
IZBWTE<HWONEFIETH S, AFETIE. & HEH
KETFTNEWETEEZD, TV Y ITVEEDO—DOTHBHE
BT —2AF 47 wd FEEREREHAGDES, AR
T—=AF 4 v 7 eid, BT — 20 ST &80 B UER
DF—Rty b EERKL. TNENIZH L THFEHEEZMED.,
ETOFHFHABOMCTHLED %I kR %KD 5 [HIETH
b, WP EMERT DB, AUREER U 72952 8 ds DFE R %
FIALT, oI NTMHEOEAZKELTEEIDITERT
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5, ZOHEADFOBIZANE FEEZAVS DM, AllT—
ATA VT ThHd, KR TIE, ZOFFEBPERE AW
7-. GBDT(Gradient Boosting Decision Tree) % ET )L & L
THW3

24 Za—Jlxyvbho7—7

Za—I)hpxy N7 —=212iF BEM=a-Lxy hNU—
7 L IEBEI L IRZN D EDNH B, SEHWE FER, B
B —a—I )V 3y NI =0 ThHb, BEMN=_a—-F 1%y
T—2r2ix, ANE, BiEE. BHEESE DRy VT2 TH
b, AJIBIZHIAZE R &0, PETEN S DAL
LTI VR LZEADITEEX, TOREBHAETHZHN
ERITEDL &1, REAREAZFELTWNL, Hri A
DO OMIRMIATH 2 =2 — 1 v h, ZEOMDHRAE
MR SEFTEZITID, BEREERT->TWVWA I L LHHELILT
WHEZ NS a—I0Fxy NI =2 2IFENT W3,

2.5 R

HESPRBE L RN Y AT MZEIVWTVWS, F—&
1% FactSet & DEUS, HAREL BT —AR—2 - FHEV AT LE
FOT7 UV BAV RN T 77 R—FEFIUZDWTIZ Python, B
WEEHDOHBEIZODWTIZ R L EE /Ny r — Y TH % nnet’
ZHWz,

3. ML

3.1 MIEICHBITDEZLA

WH, 77V EA VRV - 772 R —FEFNMZTHEE L
FEROMANZE RV IEATIHHATE 208 5 IOV T,
T7 7 R— U R—=VOAM L ZEWERIELRITIER S
BV, UL LAads, BPrEFIE (PFR—-MRI7X—3 Y
Y, BT —=ATF 4 V0, Za—=FNVFxy NT—=27) IZDO0WT
X777 %= V)R =VIZEYST 2R RTET 2 DIENEET
Hb, TDODRD &S BT ET S, £3. EWFEFILED
A DGR D 5 12 IR D R NIN S K % {8 J 87 1) LTk
EWEIZY —MUB DD I N —T 2N 5, Beb kSN
N—=T%Q I R—=bT7x VA HENIWITV—T%a—
FR=F 71V AL, TNTNFHOKR—b 75V A1) X —
VEREHEITS, TDOH%, vyl R— T x ) F e a— bR—
F7AV)ADHES (ATVy K- UR—2) ZEFHE, DR
27z THED B LEHRZ 1T\ ﬁ%@ﬁ%%rwa%m*“
FHEOMERZILET 2, £ L. FROPIEROFHHHE
E\%ﬁbtﬁ%@ﬁﬂﬂﬁ$t%wbtWé%@%@&é<
b, ayl - va—hrR—b TV FOEBEY X—VIiFRE
{2 TTHD, b, FEiLdT bz, FEHEL FillfE
ZHAWT RMSE 8 XU MAE 08 TEHELTWS,

3.2 WRILFIE

==k, TOPIX500 Hpk#tiie U7z, [T 57 7
I R—=IZDWTIE—RIZ X < b 2 EfETH 5 PER.
PBR. ROE., W#lifA%E, 32 HBD 52T 5, /277U
PER & PBRIZDWTIEFEIZEHL T\ 5, SHrARI izooo
H1ARDS 01THECAETTHS, K—F 74U FIZDON

TIHBHI AN VRIZED ) XA —vEREHILTWS, 26, {#
RIS DA E S 2 ¥MIZE D 7 7 7 X —{HDKEDE N &
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LR RIRL 2, EIHGE 33 2N THEHELL (z-score) U,
Z D%, HE TOPIX500 &k THRMEE(L L 72,

o HHE ¥ 72 2 EMARE FLDOWTIE, #E 1EM &
DERET) OEBMOHEKT 77 X — %2 FPLE. BHE (¢

W) V&x—vEHWERE LChRREE (7727 8— - ) &—
V) BEH, BonkmREHR (77o&2—-V&—V) 2T

2 MAMIZ B2 HROERMO 7 7 22—l (777 X — -
TxA M) IZhFB I T, ZRNOREROKRINGEE (JH
U &x—V) 2HEBLTWD, EORFHIZDOVWTDEZFIC
WoT, BonzMF{EI) Z—v 2L L IE572 5 A — b
TAVAD 1z T, 5% a— MU, BHETH
BUEROBRYZR—=— 7404y a—bR—b74xVFD
NDR—v#E (ATLVy R VEx—V) 2ROTNVWE, ZhzH
weca—) vroLEonz) X —r 2 RBELE, HIBRGRTH
LEMEFEFE (BR— IR EX—< vy, BT —2AF 1
J. Za—I)Rxy FT—2) IZOWTED Tt A3
FRTH 2, HIFRE) 2 —V2EHET BT, B EFEEZ W
TWwW3,

A EWMGET 272012, KR=FT7AVADNRT =T VA
OB LOFTHRED 2 DDNNEX—vE2RT, 2B, K—h
TAVANT A=V AIZDOWTIE, AREHEY &2—>, Ak

B2, BLUOYYy—T L oA, FRIKEL LT, FHEHRH
12D BFEL 72 RMSE & MAE Th 5,

3.3 MWILER

HMEFE SN GBDT SVM NN
) &—v 0.10 0.09 0.12 0.18
KA 7 2.83 2.86 2.89 2.72
Yy —FL UK 0.037 0.034 0.042 0.068
%% RMSE 1832.17 1831.61 1823.53  1832.92
25 MAE 1428.71 1428.14 1418.28  1428.39
# 1 ERFER

B—R 74V ADNRT 5 —< vV ADEETIE, HIREEY
R—=F=a—F)V3%y NI =22 K BET DS EOEER
oz, RIT4V T4 %2FRLZYY—T LI HIZD0T
HAKOKERTH 5, FHUKEE DL TIX, SEREE & FHMEA
53k 7= RMSE & MAE @ ZFEfEIX & H12 SVM b R\»
WRE o7z, GBDTIZOWTIER—M 74V ADNT 4 —
VAR DWTIEERFEANICESEH DD, £ RMSE, #
B MAE DWW TIHBEXNES WER L R 5 72,

4.

AT, 77V RAVALT 7 2 X—EFNIZEHLY
X =Y FROKEEIZDOWT, {EROERFEIHIZIMA. GBDT.
SVM, —a—J)xv by —2%EHA LKL, R L
T, YTHFELORKETH 2 RM MAE IZ2ToOIMEET IV
TWENR S, B RMSE, HIREHY 2=V HIRY v —
TLVAIZBWTH, L DETNVTHERR SN, TDT
Lid. BRI BT AHMD) X—v 77 7 X2 —{EM D
FRITMERDIIERIRTIZ R <, BRI GEET 2L HE 25
N, ZTO &S RIEGEBERERISNEET N, HROET
M UEM 2RO EZ 5N 5,

AMFEOSHBDOELE L LT, EEOSHITEEIZE N
THEEHEELRZEEREH S, HIZIE, 777X =12y FLTW3
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KIFIET7 7V RPAT—= M R=ZXLIFEIND T 7> Nk, T4
VAL TWE 7772 —DAMEIXRONEEDDT 7 R
TA=RVANESOREVWI R H S, ZhiE, ko
NFT7 7R —FTFIVIIRILETIVTH B0, KREIERE
TR T REL D EMILFMMI T2 Z 12 X2 XL ARKFL T
WAAREMEN B B, F72. ZH AL 7Y 3 VEARSHTADIGH
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BOWTFERPEZ eI A7 LT, BWEETE2IGHET S
DIFEHETIEZRWV, UL LAaRS, EEHIZBWTAL fibh
2EZSTHHDILITMA, F&T 7T 1 7EM LT
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ErSDIGAPRD SN, HEIZUZW,
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Abstract:

In this paper, we propose order-based approach to predict future movements of a stock price. Our

models employ a convolutional neural network(CNN) over embedded orders that have quantitative

and qualitative variables.

For each dataset of stock codes, the models outperform traditional

feature-based approaches. Furthermore, we show that training under less influence of noise can be

performed by applying an averaging filter to embedded feature space. Analysis of the embedding

layer reveals that the models put emphasis on the features of market orders that are correlated

with price return.

1 LC®HIC

TIUTY XL FU—FR (ART7IVT) &1, HEEIHE
KD OEXERLINHE4H, NOfbLFE
B &7 O EMWNEG SiETh b, THATIEaryEa—&
ZRMA U TEBIMIZRE: L e % SEIZIT 5 & T High
Frequency Trading(HFT) & 3389 %45, HFT A< A
IO — X —TEE» O EME T/NOFRE TR &
BS—H, 7T ITHRAESEEIC»OIE[ I A D
ERT 5 Z LIz EREZ2BEBNTHT21TS. BB A M2
WHMZAERI T 220F, TATITBWTEAKLREETDH
0, BERTIVIVZXLEFKDIDIZ, SRS EHO%
MFFE RIS H T T W3 2. & TH, T
VIO EIRHPITHRIE TH 5 VWAP (volume-weighted
average price) MM [1] & FEEZE I & 2 flikg T & Hf
HAT2Z2i&h, RT7x—<VAZALELEZEDSE
LB S DMLV H O, AW TEH VWAP DXL
725 &5 2 itk FHlE T OEE BB

HIR D@ D Bk 72 e B D RIEX SRLTTIH DO E
TAbE @EAIEY, BRINAEXT —XIEY v 7
VY THENBDTEL, FBMELTWS. Zh
S5k TRSEET— &) LIEN, A2 FHAMEREE N
TW5a., WML, L —X =23 U 72732 8l
FrhvEEEr, WENFLOBIZBRI NG, ZDRD, 1T
X T — ZITIHMFERERS T — X & b 5%  DIEBRLE
FhTWwdeEILNS. LML, TOEHEET—X
, RALRY) TV THITEITI TN INDIGHES
A7, REMRBICBENSGEX, B8l %> £<

AR KRR T RMEN Y AT LRI E
WHURFZEE, T 113-8654 R FEH XK AY 7-3-1, E-mail:
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B BENDHD.

2T, TOLDREHEE T — X ICHEWEE G
HUHI%ZBNT 5. Alec 5%, RIEWRD D HHHT
Oy KT AZ AT Ly N X ORHE % AT
IZ& > TEEFL, SVM(Support Vector Machine) 1Z &
LMMEDEF DT EFT->T WD [3]. F7z, RGEIR
ZLUTWRWEDKERO AL, =a—FVxy b
7 — 2 & AWM RBEBGELIZ X5 FHIBITHhNT
W5, Tsantekidis o1&, BUZRB L 72EX O & &
ZAJ1&£ LT, LSTM(Long Short-Term Memory) (Z
£5FHZETV, SVM 2K E L LHSHEREZ/HTHS

[4].
WG 7Z 2 HAEBUCH W2 56, R4 %2TO
TAZ LYY NOMEXRHEZBRIZIS Z A TE
L. LHL, RAMTAZELIERA MY ROEDR
WA U756, TNBEITEXIC L2500, ¥yt
NESNZ X B EHDOPHBIR DR NENSI T A Y vk
DD, BATEX L T —BHNIZ BIRES 57X T b
L—R—DEWEREZ2ELEZEDTH S, 51T, K
fFECE ) X — 2D H B [5]6] 72, F¥ vl
EXDEDEW, BHhEZERILEEIONS.
ZZTARTIE, BidOMEEWRT 5720, EX
N—ZATOHRMODE A FHNZDOWTHHT S, 28T
i, BEFEE LD, EXETLEINCET % AT,
CNN(Convolutional Neural-Network), A A5FE
DL % Wz CNNIZDWTHBIL, 343 T
BARM e RO AEREBREITD.



2 CNN (Z & 255 HRfft& &N 5581

ZZTIRADIZ, EXDRBIZDOWTHHET 5.
22 TlE, HEXRIDS, ZA LR TG 545
AEMTE e 2EHL, ME2RET . BRI,
CNN IZ & A& EN G FHIE TV, HDAAREITF] D
Y& W72 CNN 2 & 2 iR 8 F#l € 7L oRE
HEITD.

2.1 EXDFSIE

AT, Mg, W% e WD 5 BB (ERER)
&, MEE VoA T IVIER (BRER) 2D, Z
ITRIDED BIFELERLFITEWL, ZORRY%
FUEAITTRET S I 2HNE T 5. EXOREITIE,
72§47 (Ask Market Order) /E AT (Bid Market Or-
der) /5ef8MH (Ask Limit Order) /E#5{f (Bid Limit
Order) /56% ¥ )V (Ask Cancel) /EHF ¥ v I
(Bid Cancel) &\ o 72y ECOFEBEOM, ik, HX&E,
Bkl & 0d 5. 2 2 CIkEE Mg, 2 U TR0k
X o DRLEDAIZRES 5. £9, SHEMEFEXE
BE v R NESUTR U T, HEXD AR TOR
DR &G RREWKE D 2 M E e LTk
&b, il & il & D2 DHIHEZ BT 5. BT
—DORIOEX L ORZIZETH D, ik, EXORH
EUTNZEDOHKEHEDEREMA S Z L E2ERL TV
5. Wz, <A1 70t —&—TOHTd B 72
M —=R—=IZ&BEXEEHHTESL I SIZLTVWS.

Wiz, {lifgzE e BEEZ2 2N Eh, H208EHEAN
RWAT T4 XT3, TDOHB, {FEITHINTE%E
525, BATEX2HEIZBEIL T, RREDOAZZE
Ui s 26450, fBEEXEF vy v)WiEsicHE
UTClE, {dEh & Oiifgz: & 542 & - TH¥E%E, &
SEMNET 5.

EXHNGSHOERII—ETHY, eI SHE
XANBETLHREE o T WA, Ad, LS LT 3
Z L Cilifg 2\ o ENEROBHEE L 3 TR
50, KEDT—XDOHPSNRNR—VEHFNT LI L
T, RAZLEXOEKOHEREZASHERT LI %
HfFELTWa.

2.2 MIERE

AREITIE, B FROMEREEZTS. TR
FHEEDO R A LAR Y TERFFOEIIH LT, ERD
—EME T TRE%Z&ITS. 22T, EREANTOE
XDOZRNDOEEE C={S!,8%,...} £RL, &RII S
St = (ai,2%,..) &EL. 2L 1%, 21 TEEI N,
RIS HND r BHDIEX 2 KRBT 555 THD, RS

99

ATHBEZSMRIEH
SIG-FIN-019

S, i BHOREICB I 2EXDOAEREDH 54 %
FT. FEX 2l &, AT THEI SISO
HETREITODEATIDEHRTHS.

HIL, &3R5S = (2}, 25,...) ZaBAZRE LT,
STIZKIE T B R RIEI D& 0 & T B OAiRg D &)
SRV EDOFRTHS. —a—F0Vixry NT—ITH
HXNLEBDNNTA—KE QL L, HHEmbEMt
& MR p(ti|ah, b, .. .;0) TR, Hhlid v ¥EHIC
EoT, ZORMN EHRIEBARL 2D R8T A —
RO %HEET 5.

2.3 CNNAZRHWEETFTIL

EFIVIZIZCNN Z W5, CNNIZ, ASDfHEEANT
DAREMERIE L, BAIRAATAINZENWIINT A=K
ERABIIBVWTHATAZ LIZE O RTRA—XDER%
BT 5. CNN FHEGFHO 7721 T, BR
SO MFIZ B W TEXENMHE W2 R AT TR
Wk T W5 [7][8]. AMFFET CNN & H\W\ 2 Hlf &
LT, IEERIOEZIZNLTAT 1 I %iT52
THEZGIZI =Ny FEEEITX 55, RNN(Recurrent
Neural Network) THIUXFHED X X 7 BRF|DESF
DF—RIKIFT BDIZR LT, CNN IZBAAADE
IRAIGENCRAR T =) T RITS 120, flifkEhmic
FHEA D HLIRIIN S W T d A S FREE R F v > 2 h
RINDBFIZERFLTHS L EHTLeNTES
THLEHLFELEDREITFOND.

ZZTIECNN EFLVOERLEITS. £3, R4l
SHDEX z, DHDAARZ MLz, 2RO L S 1Z
75,

onehot
Lr = Wembed -

(1)

Z I T, Wembed € R IFHDIAAITH]. e (ZHD
ABRY MV x, DR TH 5. xovehot |FFEXL 2, %
#79 onehot X7 MV THB. RH S FNTF 1 7T
Lo TES n TH—&, MOXSITRET 3.

©)
:Bi;iJrj liﬂfj{ (:Ei,, Lijtlye-- ,m,;ﬂ-) ’Eﬁ?‘]‘\ju: bf:% 0)’»&
KT, BIERITHUTEMAAEITD 7 4 VX DEA
I % Weony ERP 2T B L, ROX D> HX%EFS.

®3)

¢ \FMOIABBZEDEX D FGATIN R IMTE 4400 BB
ABIRAARZLZ L L > TRONDH K. - 1E Ry
FEi, beRIINAITATHS. AbF1FiEL &L
T, (T1h, T2ht1s- s Tpehr1m) W UT I DEARA
AEITI &, MDD KD BHT-BRERI MLV E2E5.

]T c Rn—h+1 (4)

L1:n = [$17172, .. -71:11}

c; = tanh(wconv “Tiit+h T b)

c= [617627 coo5Cn—h+41



WIZRKRT =V V%752 812&>T, —DD T«
VEPS/[ENDE—DDOREE ¢ = max(c) 2135,
kcony THD 7 4 W RIZ X B BAAAFERA LK T—1 >~
JIZ ko TRONDIEME ¢ = [¢1,60,.... 00, |7 %
AEA g D E A Wrylly € RXkeonv Z FIWNTIRD & 512
BT 5.

(5)

LIZEIA I ANVDOY A XTHD. pj % jEHDI A
NVOWERETBH L, BONIMERIIITDOLSIZ45.

exp o,

Zé:l €XPp 0; ©

0 = w1y ¢

pj =

(7) R AT HIBEE BT 5 £ 585 A — &
0= (wembedeconva wfully) %%%b, %i@/<5 A—2R
6 =0" 2155,

C o
L= fZZti_,jlogpj
i=1 j=1
72U, C=I[Cl Dt FRHS, ITHIET 5T
V% onehot N7 FIVTRILLU KD j HHOEHET
H5.

2.4

(7)

2.5 1BHIAATIIDEHLE B W= CNN

SEIHSE TORRIT — 2 Tlk, —EOMlifE L >
FABMIENTH, FCHRARED I 7 akiETO
IR =3B, TXA R T =R L IFEB R
XDOWRIITIE, BAIAART VX Z B [T
I TD, EXOMEERAMNIWEEZONS. *
IT, —EBEOEXDFH%2 LB LT, ThHDE
BRNILTEHZL%2FR5. FAbET>0IE, #
DIABLTH DR R #iFE 2 F R E T 5.

—a—J)bxvy b7 — kG % Figure 1 12”7, 2.3
TD (2) RUTRT @ AU TEET—) V7%, &
1 X kpoot, ADNTA RIE1 X kyoot CHEAT S, 7—
V¥ ZRIOERRIS A E T EhEnOD N T 1>
THA X Mpaa FATDES12725.

(n=0

{0 (mod Epool))
Mpad = kpool —(n mod kpoo

otherwise)
272U, [z] BRHBEETHY, » A EOmNOELE

KT, REEE [2) £TBE, T— )Y S BROREIT
53,

DEIIIRTIENTEB.
WEERS L %2175,

ZTDH%IF 2.3, 2.4 LEKE
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3 =5

3.1 #&iA & HIfE

F—X1& FLEX-FULL £ A b U BV F— X 2 HW»
7z, TOF— RIZHGE EGEMIR A O KW T v &
T—REEEUZHEDOTHD. T4V 7T —XIZIZE
SR T, X, WG ORZ, s, i
¥, BMEL Vo BERFEEND. T XIEKRFNY
AT (B3 — N 1925), Bk X (1928), ¥V v
(2503), RO (2802), ML (3402), MEALK (3407), =
E INVKR—IT 1 VT A (4188), H— =3t (4568),
JXTG =V 7 1 ¥ 7 A (5020), i H#E{ES (5401),
B2 (6502), /3F YV =w 7 (6752) DE%2013FE 7 H
1HH”5 201446 A 30 HETD, £ 1284#H, 245 H
DF =R BN,

EXDESIIEHR

2.1 THRARAZFIET, HEXORIUIRZLITS. REBT
¥, TNTNORBEIZFLT, RO LS AhT7T5
A X% fTo7lz. MiKIZEL TIE, EXOHBEBOZ W,
MEISEWESUE E QORI E 22 <, HBEBDD>

3.2

W, fEICEWVESE R E 2 M S &RE L. El
ZIZB U T, 500ms % BB = XX D,

S I M2 XD H T 20ms % BEI s AR i 3
HBIAEE R T2 D, G TE 2 Z L 2HIfF LT
HEL. ZOEICLTHRLONLBAHFSOES T
DREZFI=90 &> 7=.

~ 20ms
MarketOrder?sk Oms
MarketOrderbid X 20ms ~ 500ms
‘ 500ms ~
~1
1~2
LimitOrder®sk
LimitOrderbid 2~3 ~ 20ms
Cancel® X 3~5 X 20ms ~ 500ms
Cancel"d ST S00ms ~
7~ 10
10 ~
TS k& R 2

Hlz2%F 5 &, HEATHEXD, BIOEH S 30ms
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Table 1: &Fik x BHMDE TN D Fl-Average 12 & B5FHli. A-CNN & 2.5 TOMDAATINFELEEHLZET L.

‘ T — F
E )
1925 1928 2503 2802 3402 3407 4188 4568 5020 5401 6502 6752
Logistic  0.602 0.602 0.596 0.614 0.662 0.631 0.661 0.600 0.666 0.691 0.674 0.585
SVM 0.588 0.594 0.593 0.613 0.674 0.646 0.662 0.592 0.689 0.701 0.692 0.589
MLP 0.610 0.607 0.608 0.630 0.689 0.652 0.693 0.608 0.713 0.709 0.701 0.605
CNN 0.610 0.627 0.605 0.616 0.732 0.667 0.703 0.633 0.777 0.828 0.799 0.649
A-CNN 0.659 0.672 0.667 0.649 0.747 0.701 0.754 0.683 0.810 0.853 0.850 0.728
Table 2: HIHAHRNZ ML J L L. (2] EBEE THE 2 A OFEE K2 HiE2nE O
A 703D X LG & RS OER ] T4
N ) i AL 26 30 &2 25, 29-88 H, 2011 4.
Y Fix R
CNN A-CNN [3] A.N. Kercheval and Y. Zhang, ”Modelling high-
frequency limit order book dynamics with sup-
MarketOrder?sk 1.31 2.22 . ” o . .
port vector machines,” Quantitative Finance,
MarketOrderPid 1.32 217 vol. 15, no. 8, pp. 1315-1329, 2015.
LimitOrderask 0.382  0.323 [4] A. Tsantekidis, N. Passalis, A. Tefas, J. Kanni-
b ainen, M. Gabbouj, and A. Iosifidis, ” Using Deep
LimitOrder®™ 0.402  0.307 Learning to Detect Price Change Indications in
Cancel?sk 0.373  0.279 Financial Markets,” FEuropean Signal Processing
Conference, Greece, 2017.
Cancel 0.373  0.286
[5] P. Weber and B. Rosenow, ”"Order book ap-
proach to price impact,” Quantitative Finance,
vol. 5, no. 4, pp. 357-364, 2005.
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ii{ﬁ)ﬂf%é K%‘?\;_ ‘5“5 /ﬁ\?ﬁ Bgﬁﬁﬁ%fﬁﬁjbm and I. Toke, ?Limit Order BOOkS,77 Cambridge
TWd &57%, il ¥ vV OHENERKAE University Press, 2016.
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73 L 57 s E - >
iy @ij L“%{LET;‘:) 7 AT l/“t\’\ 2‘:%7;(\/‘?‘)\. Sentence Classification,” Conference on Empiri-
x f:ﬁﬁﬁﬁ’étia@ﬂ’é ETVRNA, %Y'E"J@’jf”%?lﬁ cal Methods in Natural Language Processing, pp.
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BOJ monetary policy analysis based on
the facial expression analysis of the BOJ governor
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Abstract: After the Bank of Japan (BOJ)’s monetary policy meeting, the BOJ governor makes a press

conference to explain the monetary policy. In this research, using facial expression recognition algorithms

based on deep learning, we analyzed the governor’s facial expressions in the press conference and

estimated the emotional indexes such as “Happiness”, “Anger”, “Sadness”, “Surprise”. As a result, we

found that the indexes of “Anger” and “Disgust” increased much just before making major policy changes.

On the other hand, the index of “Sadness” tended to decline after the monetary policy changes. This

suggests that the information based on the facial expression analysis can be a useful material for

forecasting the future monetary policy.
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Estimation of Agent Based Models by Approximate Bayesian Computation with
Adversarial Training
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([Gelfer 16]),
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HeEOHERERE L, O, REIIRT 24—
HEOYIab—vay - F—XOEEE AN
THHl 415 (Non-parametric Bayesian), Z @ J7{k
ThiuL, HEIERTHE— A M EFRNCEE
TN, BIROT —F 2EOEREZAND LB TE
%o LU, ETIVDI/INT A X =PRI 2 DOk,
SUNRTGANY w7 R ESREL 2D, [Fi
XTI, FHEa X MHROZDIC, Y Ialb—a
Vo TR OEESA E IERSAI ETTRT AR T
A X35 5% (Parametric Bayesian) , W ONZ, B
BS %t % 1-0 @ Indicator B8 ¥t Tl 9 % 5 k&
(Approximate Bayesian Computation) HIgZRE SN T
W5, L2, bbb SMD & ERIC, FRTDH
BIRHDLEL 725 TL %,

ARWFFETIL, Z D[Grazzini 1712 X 5 Approximate
Bayesian Computation (ABC) # & LoD, [k
BRI L E PR AT 2 Z L2 B Lo L
WHEE FIEZBRT 5, FEMITIRE TR L5, B
PEBER DU LU AE A3 5 Indicator BI% & —FE D] 51
& FEM L7 E T, Adversarial Training O Fi57% &
Y MI, T NLHEBIIICED TV T T e —F
ERET D,

. IREFE
3.1. ABM MIRREZER R IR

PLUFCIE, [Grazzini 17i2{ii~> T, ABM &~XA X
HEE T 2B O % R,

F9, ABM #3710 - =— V= FOIRRELE K
DX WU T O LI ICEET H~v LT « Fx—
v EEMT,

&)
Xirr1 = (Xt B¢, 0), with X, = {x;,},
fori=1..N,t=1..T.

ZZT, i3 7 2 REEOREER & B D B, E,
TR EFH L F L OET ML, €0 ABM O
INTAH =T ML ThD, 0B, 01F00HY 5
HEZEEWRTH NI A==/ TH Y, FEHER
ROz Ry N Ea L BET D, £, fE
9% ABM 5 VExm )L 3 — KA H0 &
BEL, LI o T, MERMERE DOREILRERH &
ELIZEET S,
ZOFRBITIEWT, DSGE & OiE T IS 124
HENTW5D, OGS IIEMECIERIEIES if-then
SR PoREREE G b O L EEIND, AHL

TEIZ X, BREEIC L 2EGARO ST TIERINTVND
GAN (Generative Adversarial Net) 233&F b5,



Wifse LIXEFE ST, Lo T, =—Y = b
DA ENZ SOl CATEN DRRIZHE 5 &\ 5 E K T O]
O Tl T STV,
7B, ABM DT —2 x> b3 7 miREEX, 2
HT52LTKEDO~ 7 v EKy =y k=
1.KBERINDETDH, B, TO~7 nEH
FBLITRE 22 7 — 2 &R T 5 Z LM ES D,
(X 2)
ye = m(Xy).

X1 EX20BUTFOLIIC, tHl o~ v 23k
IZKT 2B EES T ENTE D,
(=3)
Vesr = 8(Xp, Ee, 0).

) Td— FMEREOw /L a 7@ LTO ABM
+or 7 e > T 2R =B Tix. —FoEFIRE
ICEGELTEBY., VAT LAORIEITIREE KO0
FhXo. W, FEREREDOTHF L - — K sD
WAL LD, ZOR, w7 n BHOEEIR
ERUTOLIICERIND,
(X 4)
y* = Ely:[t >T"] =g"().

T, HEBEINDGT—4 & ABM L OBKRIX
UTFoL5IcERIbsns,
(=s)
e = g7 (6%, up).

T, oult, BREXRI MALTHY, HET—F L
ABM ¥ a2 b—ya kb~ aBHELE D~
FAETER (BIHFEZE measurement error, €7 /LIE
KALFRZE specification error 72 &) # 3 _XTE & iz
HDET D,

3.2. ABM DA XHETE

UEDORBUERZRDO FT, /T A X —DFERFIGAA
pB)EETINDT —F~OEEEANTHEHL, &FH
B Aip(0|YR) & 15 % <A AHEE D HFIEIZLLF D X
INTREND,

(. 6)

p(B|YR) o« L(8; YR)p(6).

TIT, NI AF—DOET—XIZHTDHEET
LO; YD) =p(YRIO) withYR = {yR}Lt=1..T £ 72 %,
Bz, ABM OEFREICBON X, BEOT —X
oy NOMEEBRT DHEEN, JAFAME 2D U
Tokrichbbans,
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T
£@: Y0 < [ [rotie).

t=1

FERERDONA ZHEETIR, RNTAF—EILIZET
— T HRERFET S, 20 LT, BEDE
CTCRIAZ—DFEEFMERH L TR EED,
WO RT TP E D,

[Grazzini 17)lZ. ABM DF/NT A Z —Z LIZHE
ZERHET 2 HEICONT, UTFD 350 H k& RS
LTW5,

1) TN vy 7 idik

2) NI ARNY vl kk

3) Approximate Bayesian Computation (ABC)

1) @RI AN w7 RIFIEX, BN TAF—
OO FTH ABM I ab—rarhb, w70
LIy (0) DFEBREE & o3 AT 2 45 T H — RV EHETE

(KDE) DA L—3 v T EAITV, T OEESARIC
B DFET — 2 flyROMEIRESRIC X o T % 5
T5, EW0HIHLDOTHD,

2) ONFT AR w7 HETIE, v 7 n Bk
ye(0) D EF KBy (0)E U D] & X e n3BEH D 53 Fi
Bk (E#SA7RE) 1) LIREL, BT —F &
Vial—val - T—HOREEFDOHSMBEKT
AL CLEERD B,

BRI, 3) @ ABCIE, HHEIZFITHZ T LTz
Likelihood-Free & FEIXN AT FILETH D . AW
ROWMEFIEIIINE LHELTNWD, TR
v 7 RIFEX D b FRRAR L EREEOELIAFRETH
D, o, ST AN w7 FELD bEHE
A NEiRKIETEDEWOIFERH D, BRI,
LR A 1-0 @ Indicator B CTE S H 2 5,
Indicator %L, ABM AN+ 5v I 21— 3
Voo T H LRT = Z ORI LRI S
i 1, Z2HTRINVF 0 EZETHLOT, LUTD
3EBECHERR S LD,

(i) HEHHFHE u() (summary statistics) DT
(i) EREENRE d(u, u®) (distance measure) D EFE
(iii) PFAMMHE h (tolerance threshold) DFXE

FDOET, ABC D7 VT Y XLFRD 3 AT 7

DOV L L7225,

1. FRIDAAE 1O T A2 —_7 h L oiaHh
H

2. NRIAX—QPOFT, ABM I =2l —v g

FEM L. ERT — Z Y0 ={y(0))t =
1..T #1535
LR REERT —ZuYO) EET —F



p(YR) ZNZ NI HOWTEE, BRBED 772 B
DN ) <h THL 0 EHA, &b
RIFIUTEAT S

AT w7 3T, BEDORDY &7 % Indicator BAEL
(R o TRT AL —DFERIA 2 FH L TOD0,
Z OO (A, FROMPL DO 7Y
Z") & L 7T Iix. Rejection sampling, Importance
sampling, Particle Filter, MCMC 72 EAMEZR STV
%

EHINIT, ERHEORENKORETHY |
AREMNZ, SMD & AEOTLEM BB L 725, Bl
X, FENZ LB LR T A2 — 58Iz L
MLV T A X —DBRFICE END L 5 72
B EHH0T—A Yy b EAENFEFRIZEE L),
T, NI AL —DHEEFRERDRE S RRD725 9,

3.3. #IBIZR DEA A BT LD LM

TRk LT, BEFEORMIL, ZD ABC I
17 % Indicator BASICHI S T 28552, == —F L
F v M ERAWHIBIZRD Adversarial Training (e
FE) ICkoT, 7—XHEEHITHER L L5 &
I ETHD, TNITE - T, SHFENFRNC (1)
~ (iii) OHEEETHZ &<, ABC HETHZ
ENHIRFTE D,

728, Adversarial Training (%, GAN ([Goodfellow
14]) < DC-GAN ([Radford 16]) 7g £ {5 Rk /%
TORHZEY | EFRERZEDTNDLD, KRS
T=HICKT L b EROOD D,

5l 21X, LSTM % Adversarial Training L 72#f%¢ &
L C[Lamb 16]3% %, D FETIEL, FFRIIT —
X wERRT % Generator &, ZDERT —H LET
— & % teig U CHIBI9 5 Discriminator & VY9 2 DD
—a—J WXy NEHET S, &L T, Generator
L. Discriminator BT —# L RR#EZ 5 X 5 7ok
EOo@mWEmMELETERT D EOCFEIN,
Discriminator 3555 — & S AT — & & L 0 IEfkIC
RaFdaEoicEEEnsd, T 9 L7z Adversarial
Training ® 7' 1 AX, LIXLIE, b THLR
B E > HIEER L, Ehvae RiEd 2 & flimo
EELLEOBEFIZHLHZOND,

BEFEOHKNL ot I TO®mY Th 5,
Thbb, EAIGMANLHIME LT AZ—0'D 5
H, ZOFTD ABM OERKT— XY 75, HHI
2% (Discriminator) 12 &> THEF—FYR & RASTFIC
SWEFHiENZ b DIEEEAMICY 775

(BEWU A FEEL) Z&T, EROMETHT
%,
TR LT, HBIERIR. AT SN T —F D,
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ETF—2Ob0n (1), EERT—2DbD (0) »

Z, KO IEICOET S Lo IcdiganhTn,
DFE Y, ABM OXA ZHEE ORI R, =

2 —FNFy ML D HRIERE L EREORDY &

LTCTHY ., F/Z[FMFFIZ, Adversarial Training Ol

5 RN, ABM % Generator DftbH 0 & LTV 5,
BRIz, LT X 9 72 BB E RKILT 5

S OITHIBIZED (- |E) D /RT A X —E WFHEIND,
E))

C(£16) = Eyr [~logD(YR|$)

+ By gy~ Log(1 — DY@)1)]]

ZH LCEFEINHBIERD( 1, YR) % Indicator
% LTHW= ABCIZE > T, AMB /%5 X & —
ODFEH A EEET D,

(=9

p(81Y®) o« L(6;Y*)p(6)
with £L(8; Y®) = Ey_g(e)[— log D(Y(H)|£, YR)]

ek, BN HERO =2 —TF %y MEIEIZ
. AT arBNH0ED, RFETIE, M
HEHIZ, Ahahs~7 e —2 o2k (K
Wt T ¥ 7)) % CNN Tk L=, #4518
35 4B E A2,

Y VBEMIT A5 4 7 TlE, [Lamb 16]D X 512,
EANCHRLIETET —F 25 Lz LSTM 12, =
TR LERT—ZOWFEATIL, FOEAED
BERINEEN SN 7 7 7 X — L FEM L CHRIERIZ
ANTTH, Enws XoRFELEZLND, ABM
DERT D~ 7 aBBOENPREL, £, KRS
DNEFEHRBIGTH LI WIEEIZE, 29 LizBEhnE
(BTE7 7 7 2 —) T 2 ¥R %47 5 PR b K&
WeEEbns,

4. BREERER

41. R/NROMISMERRET IV

BT, [Grazzini 17)i12{it> T, /MR O T
AT T V2 Lz, Ziud, [ClLff 97)iC &
STHRESNTE ABM THY, B—DO@FiHhicoN T
WiE®m (Hghk) 2R LN 85ofFy
Wip B FHHE U CHRIEVESCT 558 0 F & B FORERK
&b, L EmmEsRanz0n, MR
F= =V NOREp BN TO X IZEFH I
D,

(#9)



Pirr1 = (1 + tieer) Vi,
s _ Die A _
,t+1 Vl'

Ay = B(Ti,t - Pi,t)-

1)

TIT, piim—Y v FEA THBAZ DS
A X, Flol 1 3F ==V FOARI LR
U B EEIAS T, ELE OISV b EWSEAIci
BlE T o, BWEEIZIESIE EFons, &=
—Vxr MIIEO T X X =BT, BIEEMKE L E
T O R EATREG O B & ORREBURIC ST D0 E
ROLFISETHDH, ZOMEREWNTE, =—V =
Y MO —Y = v hOMRICERTH Y A
TERDNEY) . TR X ifER & 72 %,

42. 232 —23ar - T—RICL DM EEMREL

KR TIE, ZORISERT A X —B OHEE ZRA
b, BERZ LI, 2O ABM IZBWT, w7k
HTH DTGNS OREENT T X ¥ —p & B
RBRE R A, T, ORI T R
wWmzaEfrALRS (K1, B 2), Io7T,
SMD %> ABC THEEZAT 5 A1, TG DO
WEREPENRHREE TREDH D, ISz, £
MRS LT O EEEE A WD & RT
A —ZERNCK L CHIBE (RE) BN Ty R
7o o CIEMERHEEIIREE L 72 5,

1050

1045

1040

1035

1030

1025

1020

B=03 B=04 P=05 B=06 B=07 P=08
itk D) & B O BifR

B=01 B=0.2
l:

8K B € (0.0,1.0)IZ2DUNT 0.1 A Fr, 73T A X —fH 1 DITOUNT
ABM ¥R = L—3 3 V% 1000 [EIEfT L, & OFEHEE KR,

B=0.9
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0.0700

0.0675

0.0650

00625

0.0600

0.0575

0.0550

0.0525

p=0.1 B=02 P=03 B=04 p=0.5 B=06 p=0.7 B=05 B=0.9
X 2 : Tk OEYERZE L B ORIMR

SEIO/NEEE ABM TIFHEE T R&E T X Z—N)
DEOTHY, v~/ aBHOE—A 2 N OXIL%E
BHNCHER T D 2 M TE 50T, E£FFEO®E
EICREEZ 22, UL, Aido@my, #EELzwv
NI AL =N ® DA, EDO XD RENREE
EHAWDORELHEMER RO, FENZH G2
TR,

FRUTKH LT, AWFEDIRRETFIEIL, 29 LE
M BEEZBEE L WS —XBEEMNRT e —F7T
b5, Lo T, EFIEEZHWLUT OMAESE
BRI WT, & HOREE B HEE DR T UL,
PHBEO~ 7 afkE ABM O L 97, REISTAH
— B 5T M LT H IS ATREME 2B T B
7259,

MFEFEBR CIX, FHANCHRE LB OEIcE S &
ABM % 3 = bL— b LTHEZTTEMEE ., L
nEF—H (YR) 92 Z0 LT, BEFIEC
K OHEE LTS, BelT — & Akl L 78
R B TR AVIRY:2 oA R
S ERDMEIRELFE

FEBRZ, B ={0.1,09}D 2 SDOIEMICHONT,
BERFEICL > THE LR ENRK 3, M4 ThH D,
B, BRIMHDLOY T Y T Particle
Filter W T3V | FHFIHMAIL 537 U0.0,1.0)
Tbhb,

STV FOEITFRY F - HWF L HIT 200 TP XiE
v~N(1.,0.1) THE, ¥ I=lb—3 a0y LHFEIT 800
HThHo, TON, ZLHO 300 W3 ITYIWMEDORER KL &
E i UIKEE,
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02 04 06 08
 HETE T A B —BOF S
(B=01055
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W,

X
w

120 4

100 4

02

04

06 08

X 4 : HEE ST A Z—BORE A
(B = 0.904)

EX BB & 9T, HEEMEE O BRI,
FNEN 0.1 & 09 OIEFIIE—27 &2 H o TD,
T bbb, SMD X ABC O X 9 ICHERNMEEE2IEE
THZ R, =2—F %y OHBIERNEED
TR AR L, RIRRBLEREE I TON I F X5,

Lol FEOMOFBRITITHEENECTEY .
REERFERTHD EEDLI 5250, AEIL.
RT AR =N —D>THHI L, HEY V—2D
#A L. Particle D¥%E 300 &S ML TWET2
W, MERNHE L Ae o T A RRER E, A, HEE S
T AL —F N R S~ 7 a i ABM
72 P OHET 24T 5 HAITIE, 10,000 FEE D) DK
XRN—T A I NVEBRLEELNTEA D,

F 7o, HIBER D Adversarial Training (Z331) % 18
(Epoch) %, FHRBREOHE £ 100 BEIZMZ T
W52, BFE L<IE, Epoch #DK/MZ X2 HE#K Sy
MDOEEMRTIVNERDHA 9,

HIBIERDOFE &, XA AHEEIZ L D ABM /37 R
B — DRGSR = FREIT T 5720, B8R n
5. BCGRIZITMGE OB IELAMNELEEZ LND,
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B R HER IR E 20, oI A RIS LT
e, SR TGANY w77 X L LT
FE X NOHREERIZ, ST A X =% ABM
TLMERRLDIZRBRWATREMER S A 9,
WU T, AAFZETIZ. ABM D35 X Z—HEEID
B1F 5. Adversarial Training % & L7=~A XHEE
OTTr—FIZ, —EOFREENREINTZEF X
Do

L2l AEIOEBRTIE, #HHEY Y —2DO[RR M
S-Sy EE S sk - S ITE WIS . R ORI
TEBRPMEZ L EZ D, SHROMELE LT, #HE
BREEDOUESC, K02 0T T2 BRGEE Mk L C
W&z, £, FERMEERTH I TEKE~ S
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