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Abstract:
distributed ledger technology and is being used as an alternative payment system. Reliability

Bitcoin is a crypto currency that is a peer-to-peer(P2P) network systems based on

and safety are very important aspects of payment system. However, in recent years, with an
increase in value, crypto currency becomes a target of a malicious users and the attacks that strike
the vulnerability of the system are regarded as a problem. Such a problem significantly reduces
reliability and safety as a payment system for crypto currency. Therefore, it is necessary to pay
attention to cyber security risks inherent in the system, as well as price fluctuations usually focused
on financial asset prices. In this research, we propose to use information observed in darknet as
alternative data. It is useful in evaluating the risk in the crypto currency market. The darknet
is a name of an IP address space unallocated by terminals or the like among spaces that can be
assigned IP addresses. The darknet is mainly used for observing signs of security incidents. This is
useful for investors to grasp potential risks of crypto currency markets and is important for service
providers to explain security risks and measures. In addition, the darknet observation information
has a prospect of utilizing not only the crypto currency but also the monitoring of the security risk
of companys.
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Analysis on the relationship of news in bitcoin market
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Abstract: In this research, we use English-language news related to the Bitcoin posted on the Internet as a
data source, and use LDA(Latent Dirichlet Allocation) which is one of probabilistic topic models, for each
article. We judged what kind of topics (keyword group) the sentence is composed of, and quantitatively
expressed the excitement of topics in the period using different topic distribution for each article obtained.
Furthermore, by analyzing the relationship with the bitcoin’s market price on the Internet, we try to evaluate
the influence of the news. We show to the relation between the quantity concerning the bitcoin’s price
(BTC/JPY) in the target period and the excitement of the topic in the news article related to bitcoin.
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7:3 LOGISTIC SVM
1 0.6923 0.5128
2 0.4872 0.3333
3 0.4615 0.5128
4 0.5385 0.5128
5 0.4872 0.5385
6 0.4103 0.4359
7 0.4615 0.4872
8 0.5128 0.4872
9 0.5385 0.5641
10 0.5385 0.5128
Max 0.6923 0.5641
Min 0.4103 0.3333
Avg 0.5128 0.4897
Fk. FHESA¥DOHA (Train : Validation=17: 3)
8:2 LOGISTIC SVM
1 0.7692 0.5385
2 0.5385 0.6923
3 0.6538 0.3846
4 0.5385 0.5385
5 0.5769 0.5000
6 0.4615 0.5000
7 0.3846 0.3846
8 0.3846 0.5385
9 0.4615 0.6154
10 0.5385 0.5000
Max 0.7692 0.6923
Min 0.3846 0.3846
Avg 0.5308 05192

Fx. B ESEAZEDH (Train : Validation=8 : 2)




7:3 LOGISTIC SVM
1 0.4576 0.3390
2 0.4746 0.5593
3 0.4915 0.5254
4 0.5085 0.5424
5 0.4915 0.4407
6 0.4576 0.4407
7 0.4407 0.4746
8 0.5254 0.5085
9 0.4915 0.5085
10 0.5424 0.5424

Max 0.5424 0.5593

Min 0.4407 0.3390

Avg 0.4881 0.4881

Fk. T XTOHOAZ (Train : Validation=7: 3)

8:2 LOGISTIC SVM
1 0.5128 0.3590
2 0.4872 0.5385
3 0.5897 0.6154
4 0.4615 0.5641
5 0.4359 0.4359
6 0.3846 0.3590
7 0.4872 0.3846
8 0.5641 0.4872
9 0.4872 0.4872
10 0.4359 0.6667

Max 0.5897 0.6667

Min 0.3846 0.3590

Avg 0.4846 0.4897

Fok. T XTOHOAZ (Train : Validation=8 : 2)
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ECB monetary policy analysis based on
the facial expression analysis of the ECB presidents

K2 T BB 2
Yoshiyuki Suimon!, Daichi Isami?

VPR R SR St R A ST
! Nomura Financial and Economic Research Center
v /mY T~ a—=Rb—ar
2 Microsoft Corporation

Abstract: The European Central Bank (ECB) decides the euro area’s monetary policy at the monetary
policy meeting of the Government Council. After the ECB’s monetary policy meeting, the ECB president
Mario Draghi and the vice-president Vitor Constancio hold a press conference to explain the monetary
policy management. In this research, using facial expression recognition algorithms based on deep
learning, we analyzed the presidents’ facial expression in the press conference and estimated the
emotional indexes such as “Happiness”, “Anger”, “Sadness” and “Surprise”. As a result, we found that
the president Draghi’s index of “Happiness” decreased and the index of “Sadness” increased just before
making major policy changes in the phase of ECB policy normalization. In addition, the vice-president
Vitor Constancio’s index of “Happiness” tends to change in the opposite direction to Draghi’s index of
“Happiness”
adjustment effect that the impression of the whole press conference will be neutral.

regardless of the policy change. We believe that the inverse correlation may have the
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A possible approach to enhancing popular Japan equity market strategies
with an emphasis on machine learning solutions

P

Noboru Nishiyama

Dragons’ Desk Ltd. / TEEPGRI R (&

Abstract: We analyze the impact of advanced machine learning methods on

FRER)

the

performance and risk characteristics of popular Japan equity strategies over the last 10
years. We then propose a possible approach to enhancing each strategy through advanced

risk control and we analyze the results.

Key words: Historical back-testing, Machine learning, EM algorithm, GARCH process,

Optimization
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itk THHDEREEHVGAE (XA -y R) LHRHF
D1 BLNEXTHEHRETED KA (XA - TA2)
DOFEHEE LTEHZSNDIEY N - TAZ - AT LYy
FARAL<HWSGNS.

Ly R-TAZ - A7y R, HREHLAUL T—
ZOPBENESGTHY, HEREEREULS1TE DL
DHEGBBME A I N TV IR EETHS. L
NL, EY R -TRAZ - A7y ROBRHIZMS RZ
FEw R, RAN 72230 TWAEXD
T, THSNEICED GARZMEOAZIERLTE
D, ZTOMME TR TESRIZDVWTIHIERLTWA
W, ZD7H, Yy R - TAZ - AT Ly RHAHI N
OREBENPEVEEZEXEHRLZELTH, EX
BEHARIEITE 2@EADRIINE, TS NE»E
AEBZEREITAZ LI TER.

2.1.3 ™MHDETS (Resiliency)

55 3 OFHifh, THIHDOETH (Resiliency) 3 )
S5Nd. BEIDRRALL, EFU7Z iG55 O ffitg
WWRARIDI L 2T, MiMKICKEREEN IR E 72
B4HTH, MEIZERRTOMBANRS &, BB % 5#E
POMWIZIT A 5. ZD728 Resiliency 13N S 10U,
MEMEDAF W E\WZ B, Resiliency OffEE LTI, B
g - HRE LR, X2 N - ¥y NOBEIEIEERE, ILLIQ
EWVo b DWREFET 5.

fEE - HRE LRI, H A OIS O R iE & &/
fEDmEZ 1 HDOHRE TR U BT, DO HOHE]
TOEIRRAGEZE L Z R L TWD. BEIA RN T 5
L THRIZER > TV BEXD DR R D AL 2o
TH, HHITETHBHNILE R, ITHIEEIEL, 6
HIZES i ZLId/NE <8 b. ZDd, 1 DDH
51 DM ik 2L T B B AENE - HRE RPN E
L, HEOEREEFMEIEEVWE WS, LALERA S,
fEE - HRBLERIMED 5722 UThH, i1 REHEE
RMEZITERT B L 57, HROEEHAWMLL,
BB UIZ S WIRRIE FET 5.

MG V%7 MEETH 5 ILLIQ &, FERENIEEE
EH\nbh, FEEBE 1 BALH 72 D OAiFE (LD H



ETd 5 [6]. ILLIQ DEAKE W EEEEEH 1 HiAL
THC Y X =UDKEL, REBEMBENE I TNS.

2.1.4 TIHFDEH (Depth)

5 4 OFEAENL, HEDEA (Depth) 2351 50
L. RAF -y R, RZAb - TAZIEWVERTH X
NTWBEXETH Y, BEOTHHIMIEICHEL 5 X
52 HEIPTE2HEZRT. XXMV,
RA N« T AZIGEWMIE TOEXEN S VR %
LSRRI E TR, TG ICEARH NI, TSN
HDER U 7-Alik & G & DEINNS SR D. &
7GR > TWAIEXHE K, BB L 2B
Bt DRNIZ K K28 B. ZD72, Depth WK ES
niE, WEMELREVWEWR .

BFEMHTOD Depth 1, RS2 S5, 8, 1071
7 it 7z Depth IHRA AR S 4, FRENERR L L CH
AENB L5112kt BIS [B] 1, BEEHOE Y
R, 7 A2 Offikg Z & OIE R EZRTERIZE T B R
AN T AT O HBLT 2B O L% Depth
DOEEL UTHWS Z L 2REL-.

2.2 SRR

WK 711, HAROMATGZ MR L U i@t og)
FR 7T 2 RS U 72, 1995 42 10 H 2 HA 5 1996 4
9 H 30 H % TORFEEZREG |l D8 b2 5 80 HE Rk
U WA ERIHADTSG T —22HWT /B A - &2
v a Vi 47\, Tightness, Depth, Resiliency 2
K d B RIEFEIEIZ DWW T M L7z, Tightness &€y
R+7A2 - 27w R, Depthid~¥—> v b - 14 2%
7 (WBHIFICEBEY R - TA2 - AT Ly RO
ZAbHE % HRE THI o 724H) , Resiliency (3 isgaa M
(BIHTIC& Y R - TR - AT Ly ROERK
ZEE A TAT D KHEEIZ IR 5 £ CTORFEE - 72 1) TH
H U 7=,

SFOFER, CyR-TRAZ - ATV R, v—=7rv
koAU T N, RO WT OB %
ATH, HEHEL EOHBERD 2 Z & ¥bhroTz.

721998 F 4 H 13 HIZHAER B Z o271y 7
YA XYY FIFIZEBHEIZOWTELAHTZITo TV
5. ¥R, Fav I XY FIFEFEY R - T7RS -
A7V R, RI7T74VT712/NE< L, BEIHEEZ
HMEEzZehbhrotz, DD, T4V P14 X
OEF X IGOMEMEICHE L KX Z & 2B L 7.

Chung(8] 1&, WHEZIAD AT KETLE DS 2 T TV
¥ T = VEESRH S B DR R B M 2 47 5 72, 1996 4EH
5 2001 4ED FEHID AT — X % #\>, Depth OXf
e WA, MR, HikEox#, eEIE
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%, RITF4 VT4 DADEHPALHEL, 70X -
Yo vaviptizirorz. ZZTO Depth I356EHZ 1
ZTHOFTTHREMOHE L LT3,

FHEIU 72455, Depth I3#RMHIAK#EL KT T4V T 1
W VEOHBEZ RS, ke RELRIZIZIEDOME
EHEDZ N bhrorz.

3 AIFEZETI

3.1 THIZHEK

AHFZETIE, Mizuta 5 [10] D ATHEE TV & 5
2, ALHSGETVOMEELB I 7-.

KETNVIE, 1 DOEEDAZIGINGELT D, T—
Vv hEakBh, T-VYzrbi=105, j=
2,3,4, - CIEFITEXE Y. REOT—Yx Vb j=
n MEXZHT L, ROKLNTIZEZEFCOOT—T
Yhj=1REXEHLTWL. Bt ik —Y v
N UADECE T 20N, St IR S, ot 13X
WAL DI CTH D, ESUIRFERIZ Z > X A
REL, KTV UAMITHED LIRET S, ZD7d,
5t 133 6o DIFEELELE T 5. FXXITEIZ 1 &L
oo L=V bDPROF vy a3 ERE L, &

PEERMBATEES A TE5, /42450 HAEE
L7z
3.2 [MBREAHN=ZXL

HiFEIRIE A 1 = X LIFEWF & 78 b FAMfikg % £
U, W& DR AEET 5 & Z Offikg TS 23k
VT, Hf X TNV A - a v R (FIANER) &
U7z, Tav 2% 4 X% AP & U, EXUii&%Z KD 25
EEIZAP LN WIRBUZE WEX DG A XYY %
T, RYIEXDELEIFYD LTS, BHnid ik L v
FNGEDTEN, R5E D EXE D EWEWEXHDTE
XHUZBEIZAAE L T, BB DEIR NS 5. HY
BIEAL U7 o 1235 A I3 2 . ARFZETIE, 1Y
Gl DSEIRRAL 9 B VEC & AT, HIFICR A X &
FRAETESC LIRS, G ITR U 4R HIE XX F ¥ 2L
HAM ¢ 7210868 U CH IS DI E > T\ 25 a,
SR S HLD BR<.

33 I—YIrhOEX7OLER

I—VzY MILAFOFEIZRE, FEXlifE, B
RN ETS. TV b ALt DL &



CPET Sl D2 LR (FR-Y Z—2) rp 33 (1)
TRD 5.

t 1 t Py
7‘5.7' 7wt + wt + ut (
1,5 2,5 J

t t t t
+wy T, + ujes)

ZIT, wi; 3Rt TV b jOiHADOH
ATHY, YIal—rva VBB, ThEN0Hhs
Wi maz £ CO—RELITIRDZ. ZOEAIZ, HBTIH
REFETUL ARV LT 5. of IR, T—
VrVhjOIHHOEATHY, ¥YIalb—Yav
BIIAREIZ, ZNFN 0 D5 Unae T TO—FRELENTHR
O, FPITow ALk > TEMAET, TOBE—ET
H5. PrldRHETEMLLBN—EDT 7 VXA VR
fifitk, P'IXREZ] ¢ TORGIRG, o ZRZ, -V
v b OFBUET, V0, EERE o, D IEMO AL
BThHb. rf BRHIZ, T-Yxy b jhHEHILT
BEYZ—=2THY, 1] =log(P'"!/P'"T) THS.
IIZTrlE, YIalb—va VBBRHIZ 125 e
FTCO—HHILER T -V Tl lZkD B,

X (1) OE1HEEIEXT 7 XAV Rl % B L
BWEHW 2T 77 VR AV ZRIVEERDEITH D,
T 7 v XA VAT & ERTA O TSl & ik U, T
IR Z T ET 7 A, EIFiE< 1 F A0 T4
R—r RS, B2 HBILAROMIEHER 2 SR L&
VW 2475 7 7 = ANVRERDKAITH Y, BEDY
R—=VMWTSARE TSR, A FARSEIAFAD
FRYVX—VE2RT. BEIEEIZ/ A RADENERT.

FRY Z—> el KO PR PLIER (2) TK
5.

Pt

€j

pt-t eXp(réj)

(2)
FESiliRG Py (3514 PL, B P, OERLARTL
BTmdSE, 22T, P xR (3) TRDB.

P, = P! x Est (3)

Est (0 < Est <1) 2EHE, NESDERH LW
S Hweda b oflnE R P& g P
DR/NEBRTHE 5.

Py > P75 1 BATOEW
Py < PL755 1 HALOEY

(4)

34 2ZOLR

RIUTIE U CHRIBRZ Y] D X5 L WS %#E Tk 2
% Yagi & 4] DEFNEBEIZET ML, ¥EIE
I—Vz YV N EIEXDERIZBEZ b, 77V
LAY BNVBEEROBOBED T &= & ol
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log(P;/Pt™Y), T2 = ANBEROAD T X —v
Bl =l T B INS L EFEMMOY -
v ort = log(P!/P'=) HIEL, & (5) D& wl
EEEMR D,

ﬁf@%@ 6, wijewij + kﬂ“ft]; (wi,mam

BEFER6, wf7j<—w£j - k;lrfq;wf,j

—w; ;)

(5)

ZIT, k&R, ¢ 3Rt ==Y b jIER
5050056 1 FTO—RRELETHS. X (5) T,
ik 2L D D FRDBIFE & —F L 7 MR D E A %
& B, AANTOWREIROEAZG & FIFS L1
LTWwa., £7-A (5) oFFE ot 20Miz, HEm
Twl; % 055 wimee FTO—RREBICTHHTEE
i75.

4 Ial—vavER
4.1 EREE

SETETMELUAATHSGZHWTEREZITS.
BT A — Rl % ZEE LT EIE DM (Volume,
Tightness, Resiliency, Depth) OZ#E % #EET 5.

EBRTHWBETIVOIENRT A—REE K LITRT.
ID5H, BETDINRITA—REZOMERK2ITRT.
NIA=RIF1D1 28T, BELBRNVWANTA—X
IZDOWTIZEHEN T X — ZEIZEE L TV, AN
T A—ZETENTEN 5 RITITV, %IR35 Volume,
tightness, Resiliency, depth Z#H L, BEZENS DF
Yz skDB, v Ialb—YaVidEt = to,y =
1,000,000 £ THI Ao 7.

F 1 FHEL B NT A =&

NI A—=R fill
n 1,000
W1, max 1
W2, max 10
Umaz 1
Tmaz 10,000
Oe 0.06
Est 0.003
c 20,000
AP 0.1
2 10,000
m 0.01




F 2 EHEHTDHNTA-RERE

NRITA—X &
AP 0.0001 0.001 0.01 0.1 1.0
3.0 5.0 10
E'st 0.003 0.005 0.01 0.02 0.03
W1, maz 1.0 3.0 5.0 8.0
W2, maz 3.0 5.0 8.0 10
Oe 0.02 0.04 0.06 0.08 1.0
c 5,000 10,000 15,000 20,000 30,000

4.2 EFILOZYMH

FERIZABENHIARANLEIGE TV O 2 MEE L
7z, YIal—YarvETFNREIERETESNTWS
FEHIMEE (stylized fact) W37z TV B THINT
g, SEIFATHSICAN SN REMA stylized
fact THB7 7Yy b - T—LERTTA VT4 - T7FA
2 VTRl U7z,

T b T=IbiX, WG DEEERD S A DIE
W TxeLl, BOBWAMHENSZ 2 2EL, &R
EREDLE, 77v b FT—=IUDHILLTWS., KT
TFTAVTF -7 AXY) A, G OEERD 2
FEOHCHENRZ 7D 2545 THEDHEZRT Z
LERIET. K1 DOHAENRT XA —XETORE & KR
D2 FDOHHHBEOREMEZ R 3 IZRT. ZOR1S
OB LI, REVEZRLTVWSZD, 77y -
T EHZULTWD., £-EEED 2 TOHCHHE
X, 278 H2GETHEOHBZRE->TEYD, R
TFTAVTA - TVTARY) VT EEZLTWBEZ DD
5. AEXD, RATHBIEZ YN H S Z LR
Iz,

3% 3: Stylized Fact

RIE 16.4796
lagl | 0.024897

k&% ED  lag2 | 0.025015
2D lag3 | 0.025879

H ctHEE lagd | 0.026114
lagh | 0.026321

4.3 AAIFHEETIORENEISE

AHiTlX, Volume, Tightness, Resiliency, Depth
D 4 D OFATihZ K9 2 IRENE R 2 R T
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4.3.1 Volume

Volume (2 xR E 2 W5, EEREIR D & FHERE
TETCOHRKFEEZEHT S, F-BBOMEE - Hke
HHEOFEIC 1 HOHSkE DM EHHT 5720, 1 H
(20,000) T & DSk S T 5. 20,000 BT
FEBRONGTO 1 EXHOREBNBIZET 5720,
20000 % 1 H& U7z,

4.3.2 Tightness

Tightness 121Xy K - 7 A7 - A7 Ly REFHW5.
EEREAR D S EBK T ETOR, 1IHZ2 DR -
vy R, RAh-T7A7ZBFL, €y -TAZ - X
TLw K&k, MIRNOYY K- 7227 - A7y K
DB ZFIHT 5.

4.3.3 Resiliency

FREFZRIZ BN T, L 25 Tuoffikg] &%
HBZEPTERWTD, Resiliency % IEFEIZFHAIE
L5ZENTERN. £ZT, FEIWEL FRRICHER E
1 H Ot o mflzE 2 ks TR U 72 ThEE - ik
EHE] ZHVTWS.

fElE - kSR 2 FAUBEEIE, kOO T
H5. WD XS, WEIDVKLT S L THRIZHE-
TWAHEXKDRLR>TH, mHIETLHPSNIE
HRPTHIIEE L, 7B BEITHE D iR 2 i/ E <&
5. D72, 1 DOHE| DO FEENRAfifE 2L Th 28
g - SR E RN S XS ORENE X & & v
ZB5HTHD. fHIE - dkERIIX (6) TRkDS.

I, - SRR R — (6)
1 H ik o i KAE & B/ IMED 7
1 Ho ik
4.3.4 Depth

228ITHHIL 72 & S ITIRBESBUED L NIZRNT 1
THA ZHATS5, 8, 10 T 1 7 721 #EN7- DS Depth
HHE UTRABEINTWA. UL, RIFZETIEEN
TAY I A X BB U TUTIFERVDH DI EXT v
7 A X474 T Depth ZHLD 1% 5 L7284, Depth
DIEHPIIZNES S RATUE S, £Z T Depth 135
ERBEIAD 5 EERIR T £ TOR, 117 0B R KA E
6 50 Bt 72 AE F T ORISR KR, BN DES
ME DR VD Z & & Uz,



4.4 ZERER

441 FTa4vIHYA X AP ETEEER

F4wv 7% 4 X AP %, 0.0001, 0.001, 0.01, 0.1,
1.0, 3.0, 5.0, 10.0 ¥ Z&{bXE 72 & ZD Volume, Tight-
ness, Resiliency, Depth D% K 41RY. TA4v 7
YA XK EL 45 L, Volume, Tightness, Resiliency
DIEIFKEL7R D, Depth DEIZ/NE AR 5.

PFIZZo &5z o -8l %EiRR 5,

£73, Volume (i) DBKE Ao ZHHIZIRD
EBOTHB. Tav VA RANRKREL LB L, EXU
KDL ADTEL 722 0 [ UATikE DI SCAEETR D X9 <
5. KRREMEDOEXSE L 0B, FXHE»S
HEXAR L8 01z< <, WA S THkEIEE
b hoThb.

IRIZ, Tightness (€ K- 7AZ «- A7 Ly R) »
KRELpo7BiE, Ey R TAZ - ATy RO
IMELE, 0 DHEERS ET 1y 7Y A ZDMHEEFEL W
b, TAVIHAADRKRELRDILEEY R -TAY -
ATy RERELRDENETHS.

T 51T, Resiliency (ffilF - HskEEER) R E %5
HBIIROE B THS. HlE - HkEHEDOFHE
X (X (6) 2R) DA%, 1 HOWSGiEDRAMEE
B/MEDAETH Y, ZOMEOEDBMEZT v 75
A XD, BEIERIIZR S, 5RO HEE S B hE
FIZH 2D, TAv 7P A XOHMEBIZILAS L1E2

WINS W28, T 1w 7P A ADKEL 25 LAl -
HkE RS KE R 5.

212, Depth BVNE 2R o ZHH7ZH, ARWFFED
ATHETREXEZEIZ1I D2 LTWA LD, HE
PIEAL Uil duE, 9SO B - 72 FR A SR b fie
5. TDD, TA4vIHA AW KEL 7251 E Depth
EYI-EA TR

# 4. AP AHIFER

AP | Volume Tightness Resiliency  Depth
0.0001 | 260,409 16.328 1.0169 2,185.13
0.001 | 263,467 16.841 1.0384 2,095.88
0.01 | 263,500 16.879 1.0360 2,094.33
0.1 265,140 17.122 1.0463 2,052.43
1.0 267,352 17.809 1.0596 2,037.84
3.0 272,635 19.409 1.0820 1,931.12
5.0 280,804 21.383 1.1370 1,906.47
10.0 289,561 24.849 1.1794 1,978.40
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4.4.2 JAZXBRIDFEY Y —

Bo BEERR

) A ZEDFARY R — VR TV 2 E o %
0.02, 0.04, 0.06, 0.08, 0.10 X &fLXH7-& D Vol-
ume, Tightness, Resiliency, Depth O FE¥I% % 5 12
AT, 0 DREL D (VA B DEENRL725)
&, Volume, Tightness, Resiliency DfiFKE <740,
Depth OfEIZ/INZ <72 5.

I SO B B RN AROW b i 2E B TP

7, Volume K EL - 7HETHS. o, DIA
MREWEY, T—Y v bOFEIEFEDITL 2
D, WEIDVENLT 2HREENPEL RN LTHS.

RIZ, Tightness A EL Ro-BETHBEH, T—
/I/bwﬁﬁmm%ﬁ#m<tb,WMﬁmﬁTé

e EL R s e, BRIZEY K - TR - AT
l// RIZIED 2PN TH .

X 51T, Resiliency WK E 2o 7B FIRkT, =—
Yz v b OEXAHiE PRI 25 T EHHRAT, fH
g - HREEDO D THAKREL LD, AL DHK
=B HIMEFIZ 5 50, 2T OHINEIEDHRKRE N
LEZLND.

1212 Depth (2 DWT7ZAY, Volume 3K E 125,
Thbb, WEIESLREEDSZ NS T 2k, ER E
DIEE IR 2B Z L 2ERLTWD 728, o,
DIEDK EWF L Depth 3/NX <70 5.

VEHE S ICAWAE

#* 5 o, BHEER
oc | Volume Tightness Resiliency  Depth
0.02 | 149,973 6.066 0.5940 5,474.57
0.04 | 225,272 11.825 0.8117 3,285.43
0.06 | 265,140 17.122 1.0463 2,052.43
0.08 | 291,861 22.997 1.3320 1,277.79
0.1 | 311,118 29.591 1.6646 811.41
443 T7VIAVIINEDDEHDRKE w1 mas

77V ERA VRIS DEADIKE w1 e % 1.0,
3.0, 5.0, 8.0 ¥ Z&{L X7z &D Volume, Tightness,
Resiliency, Depth O3 % 3K 6 12537, RERTIX
4.4.2 HiOEER L \ZHDFERIE SN2, THDE, w1 max
MRELRD (T7 VEAVELVEBERPHEHILD LD
IZ72%) &, Volume, Tightness, Resiliency O Ix/)
X< 7D, Depth DIHIZFKEL 725,

COXSRMEmE o HEIE, TR AVRIL
RODEAZRKELIGREWVWHIZ LI, T77=2Hh)



X ) A X5 DEAEHFIZNE S LTWDE R
LREEEZONS. TOMR, /A XRDDOHEEEL
LT E 7z 4.4.2 HiDOFEER & FROHENIE S 0.

£ 6: w1 mae ZHEER

W1 maz | Volume Tightness Resiliency Depth
1.0 265,140 17.122 1.0463 2,052.43
3.0 244,241 14.906 0.9057 2,691.23
5.0 228,920 13.398 0.8222 3,158.24
8.0 208,670 11.589 0.7408 3,764.25

444 FTUIZALBRDDEHDRKE wo e EER
&

T 7 =NV DEADRKE W mae % 3.0, 5.0,
8.0, 10.0 & Z{LXH7- & D Volume, Tightness, Re-
siliency, Depth D ¥¥3% K 71TRT. ARERTIX4.4.2
HiDFEER & (XSO DFER, D, 4.4.3 HIOEERE 1ZF U
LI REERPBONTZ. THRDD, wo e BWRELR
5 (T ANVERERDPHEILDEDIZRBE) &, Vol
ume, Tightness, Resiliency DfEIZ/NE <7D, Depth
DIEIFKREL RS,

DX R 7o 2 BlE, T2 = ANES O
HAZRKRELLIEDRL WO Z LI, T7 VY RAVR)L
53X ) A AR DEAZHGHNITNE S LT WS A
LREEFEZOND. TORER, /A X O EE
LE B/ 442 HIDFERR, 77 VXAV RV DEA
AL I BTz 4.4.3 HiOEER & FRRDOHBENE S 7.

T waman EEER

W2 maz | Volume Tightness Resiliency  Depth
3.0 332,824 45.201 2.3153 421.72
5.0 310,981 30.698 1.6621 815.62
8.0 282,196 20.825 1.2141 1,540.53
10.0 265,140 17.122 1.0463 2,052.43

4.4.5 5D R Est EERR

I—Vzry b ZEOFEXMEDIES DERIDBIXS
D E{RE Est % 0.003, 0.005, 0.01, 0.02, 0.03 &2k
IH7z L ZD Volume, Tightness, Resiliency, Depth
DV K SITRT. XS DEBEMNKREL RS (P
W7 5) &, Volume, Depth l3/hNE <741, Tight-
ness, Resiliency IFRE 785,

36

ATHBEZEWRREN
SIG-FIN-020

PFRIZZD LSz o -8l EIERS,

F9, Volume 2V/NE o -HEZH, 6D &K%
BKEL D EEXUIEDIESDEBHIENE720,
Bl 1z U CZAE D B \WESCREE D 7E D S (W
bps, fFREE) BREEI NPT A0, HkEH
BT BRETHBL.

RIZ, Tightness WK E < Ro ZHEHIZDOWTIHE, X
SOEBBPKREL LD L, EXEDIXSDESA
MY, ZTOMEHE, RAF -y RERZAL - TAID
flif& DIEE LR BN S TH B,

X 512, Resiliency WK E K 22> 72HHZA, fHlF -
HokE RO A RHIHRE TH 208, 1X6 D EHHED
RKELRBIZUEDY, HEREPEHIZNS 2o T
WBZ ehbrsd. ZOE, filE - dokE R K
ELl oz bDEEZILND.

1212, Depth DN 2o -BAHED, 50 &
REPREL LD L, EXMMHEDIESDESHENDD
T, BREMEALOEBEEXPEIXSICR-725D
tEZLHNS.

% 8: Est ZHEEER

Est | Volume Tightness Resiliency  Depth
0.003 | 265,140 17.122 1.0463 2,052.43
0.005 | 213,556 17.498 1.2660 2,107.08
0.01 | 143,536 18.934 1.9467 1,560.71
0.02 | 87,270 20.681 3.4044 924.41
0.03 | 63,228 21.826 4.9170 641.00

4.4.6 FvUtILHR c TEEE

¥ v > RUHAR ¢ % 5,000, 10,000,
30,000 & &L X722 D Volume,
siliency, Depth D% 3K 9 I1ZmR 7.

I ¥ VI c R E L %25 TH, Volume, Tight-
ness, Resiliency IZIZRERZEMIIR NGB h o7, Z
D& HFERIZR - - EIE, MOERTEHELZA
T A =R, TARTEXMEICBEEL TWEDIZxL,
v VRV ¢ IR I EEEE T BT RA—XT
Wiz, F v VI c 22T ETH AU
MAZHED IR ED 5 Z Snie oo Bbins.

— 5T, v e fPKE LS L Depth DfE
BRELSRD, Fr VR KRELS LD L, HEX

15,000, 20,000,
Tightness, Re-

L) A4 A OFRY 2 —VEFEICHWSER o BDREL RS
BEL LA ZXLTH BN, o WREL LB L EF, T
R LD B 721 THXEKE DX S D E X —E R DT, T
HIZEXHPEDT 57200524 < %% (Volume B KELK5) .
UL, EoDESBBNRE AL &R, PAMKIZEDLS T
XAMEDIE S D EDNKREL D728, AXHIZFEEK L - & 5 EE]
MERAL U WL D RIEXHAEXTUE S (Volume VN7 3) .



B EIZHES D> TV AHIBBE L 25728, Depth
WBREL BT THY, REMEILE/LZDIFT
AW, FORD, v RV ¢ IZREINE I S
EHZ B85 XA —ZTIER\.

* 9: c BHEERR

c Volume Tightness Resiliency  Depth
5,000 | 261,767 16.858 0.9912 575.17
10,000 | 265,364 17.412 1.1365 1,036.47
15,000 | 263,216 16.920 1.0636 1,582.31
20,000 | 265,140 17.122 1.0463 2,052.43
30,000 | 266,204 17.297 1.0278 3,046.93
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Abstract:

P ED K 5 HEMNESCEZIFEMRIC L > TRAC S WHEED 2. ZO),

JEFEMRZ WM GUTHRRELEHE LD Y F A Y M ZHEERACTA#E T 5 K5 2 R— MU AT L2k
RIBZTLICEEDOFEND S LBDONS. RFXEHELOEYF A At d 5 FEDO—D
CLTCIREREIN: TZa—5)V%xy VU= ETIVOMIRY B89 % FiE, LRP (Layer-wise
Representation Propagation) ZHW\ 2% &5 FEDH . UL LENR LRP DHAREORES SGEDR]
FULICERN ES DITRETNTE ST, ZOWHEICOWTOFMEIMEHED TN TVEND. X
7z, LRP @ Attention RNN NDO@EH A RIZIREZEN TRV, AHE TE LRP O Attention
RNN N\O@EHAEZRE L, £z, LRP DHAGERRENTF A FOrIticA N E S 2 EEd
%. EHIC, ETF—R2ZHWIRBEEOH T LRP Z AWz HAGESCE T EDO MBI DOV TN 5.
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TR WVEANEZ . CTOFKRO—DE LT, %
XED XD IZHMN G H 2 MR T2DITIE R XA
VRHEDOFEM AR 25 5 END B EDNZ L
HHTENEFENS. HIZE, TEHEHAEN] 20
KEDRKE NS CFHICH T E G, TORIDE
R FEEDEN |, THEDEN | 1L, — RN
LI LES B Tlibng. DX EMEEfR
PRI BRO—DELT, XEHNDHEIIODWVWTEYF
AV MEZSZ, K1 OXSICHERNMNTOR#HET
5LV FENDHD. DX EAHIIC K > TIEHEM
KTHH>THELENDEYF A b HGEHA T
ICHHRT B2 N TES. THUIIEHEPIRNE Iz E
TR ETRERMICES LHHFTES. A
TRTIET DX BB XEOIHLZ KR O A >
MeZDORIAXARTHEEET—2ty FEHWT
TOTFHERCDVWTEZS. COXIEMERED T

gmaEs 1 EE IS 5 EE Il 53

B 1: JEPIRD 2 td DR GULS: 371 T
Higik titn, KOF ¢ 7 HEEAREICHE

XEOWEUEETTS Fihe LTaY R 7 1w ZhlRE
TR ED K S BHIEENGE T IVOELNT )Lz Fi|
9 % Tk, [13]. Attention A A= XL [4, 11, 20] %
AT 2 FENEZONS. Lidichnz, HEEEE
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TIVORRRZITS Tk (1, 2, 5, 6, 10, 14, 16, 17, 18] &
FHTHBEEADBNS. ZOHTE KT Layer-wise
Representation Propagation(LRP)[2] (& LSTM %zt
JVIZFED RNN ETIUAE#H TE % [1] state-of-the-
art VR EE T TV OMIRZIT S FIEO—DTHY,
NEOMGYLICE AR EEZASNS. UL, LRP
WKBUR, ATD XS LilENH %.

o LRP WHAGEDOSREIFICHEH T & 2 h DWGE
MEEAEETN TR,

o LRP ZxEr[HILICHEA LIzGE D S350 %/
BB ONHMEE A TN TR,

e RNN Attention ETIVEZ L DR ZAZICTHENT
RNN X0 & @mOWTHIPEREZHIT C AN T
W3ICEEH 5T, LRP O RNN Attention
TIVANDEH FEMRE I N TR,

F7z, LRP ICIRET 6 TldARWD, SBEEEE T
FIAST3—ANEZ 5 ENTHEENS C L 2E
2B L, WEFRETIVERIRGT 2 FEC OV THA
RS LTELCE, ZONHEEESD ST
CIIEF—EDMREELNH S EEZENS.

Z T, AR TIELL IS DWW THD s,

e LRP ® RNN Attention E 7 /LD ERTE
ES R

o LRP DN HAGEGRISCE ORIRLICE T AIRED &
> M2RGEET .

o LRP IC KB EHAIFULDONHEZHET 5.



AZEOERNIL TO XS Ic T e HENS.

e LRP ® RNN Attention &7 /LADEM 1 7#HE
LU 7Tz (52 ).

o FVIFNEYF AV EXREF AL FEW
5 XEHEDAU 2 FHTi S % 72D DF LW B2 12
KB ZNS 2T 57 DT—2 &y
R U Te (36 3 fi).

o LRP 7z Wz sCEn A HARE SRS I 5EH
FAVTREMRAE U, ZOMEZSHT LTz (55 4 ).

2 LRP

LRP 3RS NIc=a—I) 3y FI—T7ETIVCE
WCAIHED MBI U THA 2308231 5Tk
TH% [2]. WHENS ASEICHT T Chain Rule I
IEWVETHBERMEI 2L TROZFETHS.
LSTM[7], GRU[3] Z 48 RNN ICDWCEHHET 5728
IZ linear connections & multiplicative connections &

W5 RO EIEMERE N TV (1],

2.1 Lnear connections

=Rz W2y =3z wi + b (2 & 25 ITD7%&
M5/ —F) & IEERIEHCEETES 9%, TTT,
wi; WEBANY ML, b WS T ANY MLTHS. &
fe, /J—F 2; O WEICHA 20872 R; £9%. C
DEE/—NF 2z OFEE R, 2L FOX S ICETET 5.

Ry = ZRu—j
J

N & 2z, IO % MIED /) — RO, e ld 171
INEVETH 5. AT (1] LRIERIC € = 0.001,
sign(z;) == (12,50 — 12,<0), 6 =0 & LTz,

) B esign(z;))+0b;
Zj - wij + N

zj + esign(z;)

Ri ;=

2.2 Multiplicative connections

FNIED S — R 2y DMIJED /) —F 2y, 2, I£&>
T zj = 2425 CABENBZHBICOVTEZS. TN
& LSTMI[7], GRU[3] 2 CICRSNAHEOMHETH 5.
Z T T, LSTM, GRU IZHWT sigmoid BAEIC K> T
0,1] DIEICTZZ )72 24, BDENTZ 2, £9%. C
DELE, R,=0,R,=R; LT 5.

62

ATHBEZEWRREN
SIG-FIN-020

2.3 LRP for Attention RNN (}8RFX%)

LRP % LSTM cell Z##D Attention RNN IZi#H 9
BT LREZD. AT (1) @0, FPEASEICDOWVT
1 linear connections, LSTM IC3#5F % Gate 857 Dkl
BT DV T multiplicative connections Z @3 5.

T 51T, Attention HIC DWW TE multiplicative
connections Zfd 5. T D Attention HHZN\D
HDAMRDIREE T £ 75 5.

3 ET—ZICKBAIRILIREE

AHITIE LRP DHAGERG CEORFUEICEH T
ELZDEIMICODVTHT—RZHOTHGELT 5. F
3, LRP I K% HAGBERHE CEDOR LN E S
MICDWVWTHE 3L EHICTERT B4 VFHILEF X
Y ME, XREYFAUY MEEIELLED Y TN
BZNEIMEVIBUIH SMGET 5. ZDT%, LRP IC
KB HEDFERE N ODEENT 5.

3.1 BELVFAVE

AR TEATDESICAY VT rF X M,
Xty F A Y MaZEET S.

o TV IUF I UF A Ml: HEEARDE T F X
> MA.

o YRt 2F AV ME: RIS BT B KRGS
JEHDE > F X > M.

e LT, e EDMHTRN ] VS USBIT S THT
3] EWVWHHEBIIODWTEZS., £V YL F R
Y MlZE T OHEEICEZ 555175 A0EhoL T
EMELW. —J, Xkt F A2 Ml T DOHEE
K5 Z 2,50 THUS | B TR Ik > TR
HZFTNWBT e "EZTIATADMENDLL T &N
=LV,

3.2 FFAFd—N1\R

AREERC BN TIIHHEED ST N TV S Hit s
KA Fry—T =RV ERTFTFAT—2 L LTH
We, HARE LT 2002 E 1 A S 2017 4 A E
TOTFALT—=ZEHNW:Z., ThEDT—XiFaX
VREFDRVFAY N ETHEELE T2y N T
Ho, LYFRAY T OREE {1 (), 2 (PPE
W), 3 (DSR4 (RREW), 5 (BWVW) 1 D5D
DRETMDONTNS. AL TIE THE ], TR

thttp://wuw5.cao.go. jp/keizai3/watcherindex.html



DEDEIHT 4TI, TRV, [RREWV] DED
ERIT 4 TRTE LTI, B F AV M FHlET
JUKRESRICRIFH LTz, Tz, TOa— S ADIEEZEMRT
IZ1& MeCabl|9] 2 HW\ 7z,

3.3 ETIVIEE

S HRIETFEDOMRGEIC B 7z o T Logistic Regression
model (LR), RNN model with LSTM cells (RNN)[7],

Bidirectional RNN model with LSTM cells (BiRNN)[15],

RNN Attention Model with LSTM cells (AttRNN)
11] D4DDEYF AV 2T TMET IV EREL .
TOLE, 32HTHNLET—2D5BRY T 470
AV RRGRHT 47 AA - 20000 143D (FF 40000
) ZAliT—2E UTC, RYT 4 T AAY MRURH
T4 7 aA2 bk 2000 19D (FF 4000 fF) oA 28—
INT A= 2 OBRLEN OB ORI T 2179 TeH DR
AET—2 L L THW .

FEERBRICRY T T AAY N AT 7T AA b
4000 97D (G 8000 1) MH72% T A b T —ZITDW
TZDRIXAF7Z2MGEE LTz, LR, RNN, BIRNN,
AttRNN ZNZFND Macro Fy score DFERIZZFNT
1 0.878, 0.920, 0.921, 0.923 TH - Iz.

AT — 2, BEET—%, 7 AR TF—XORICH D
B, FOMOEEFREIZLLROMY TH%. RNN,
BiRNN, AttRNN IZH1) 2 ZENEooc#iid 200 &
L, AR MUicid 3.2 BIiTHN LT FA B
d—/3A%Z % &IT skip-gram model (window size = 5,
negative sampling ZffiH)[12] ICX>TFELIcE D%
L7z, £7z, RNN €7V, AttRNN 7 /U3
HHAFAE 18, LSTM cell Z&T5 Wi/jIi RNN OfF
18, WEEE1EN»SR5ETIVTHH, BiRNN
ETIVEEOAARE 18, LSTM cell Z T8 i/5m
RNN Ofg 18, #EHGE1ENSK5ETIVTH-H
7z. AttRNN IC¥51F % Attention Il dot BHEIC &
% global attention [11] ZHW7z. %7z, & RNN £
7 )V Dropout i% [19] (dropout rate = 0.5), Adam
Optimizer[8] ZHV>, A epoch ¥ = 50 &9 &t
DEETOFEEEITo Tz,

3.4 FHERT—%2tvhk

AU T EDFIO 7= 512 I 7 — 2 v - 7% 4
FLT EF, FARF—ZDLEIF 4 TARAY R
500 1, A5+ TRk 500 FEEHI Le. 20
%, AFTH&IAY FAOEENECONTAY VT
VeV F A Y MERERERD R (F) VTt
FAY R RY) LRl S F A MEDEDED E S A
DY CUREYFAY R 2T ZE L. FUY
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FIVE U F R BT DNTIERY T4 TR 1,794
e, xHT 47527 1,062 M EEN, Xkt F
AV RRTRCOWTIERY T 0 T RT 1,340 1, 2K
T4 72T 1516 M5 E Nz,

SESE
D 2 FFFEICDUVWT macro Fy fHZ2 S EICEHMi L7z,

FVIFIVEVFAY b FABUETIEIC K > THHL
I G B4 VPV F A MEDTEAD
ANFETOF AV D FIVbyF A F R T DIEA
T BEE.

XAkt F A b BAHUETIRIC K o THRERICA
5953kt > F A MADIEAMP AT TOI 72
Xt > F A bR T OIEAIC—ET B EE.

3.5

3.6 LEEFE

AV IFINEF AU, Rt F A SO
ZLITFOFEZRHOTITY, ERAELKRL, §TFHE0
WA L.

LR: LR Model DEANRY kU W TREEAE
F AV MiZEA 59 % Tk

LRP with BiRNN: BiRNN I LRP %Z#H3 5% C
L TRBEEANY VF A Y MEZ 59 5 T

LRP with RNN: RNNIC LRP Z#HT 52 & T%
HEEANY VF AV Mz 5T % T

LRP with Attention RNN: AttRNN I LRP %
WY % C & TREFBANL Y F AV Mzl 59
% T Attention NI DWW T 2.3 HiCTHRE
L7=RUCH> T LRP ZEAHT 5.

Gradient with RNN: RNN IC Gradient 7% [5, 6] %
WS % T & TREGENE Y F AV Miliz (159
% Fi.

Gradient with BiRNN: BiRNN |C Gradient i£ %
WHT 5 & TEHEANLVF A Mz 59
% Fik.

Gradient with Attention RNN: AttRNN [T Gra-
dient 1= Z#EHT 5 C &L THREEBANLF AV K
EZ2{ 59 %Fk.

Attention RNN: Attention BOHEICfHHNS dot
B ODTEBRER A & L ICKHEBEAE VF A ME
59 B FE



4 FREEGER
4.1 LRPOHHAM

FVIFIEF A ME, Xk F A SRy
OFERIFE 1 DEOTHS. ThHDOFERKD RNN,
BiRNN, AttRNN ZHW 550 EDLEICHENTE
LRP % Gradient £ KO &IELL AU ISt F A
YhRa7, Xkt F A R RayHIIELLFE
TETCVWB T LHRTE, TOAMtZERTE.

4.2 Attention RNN A0 LRP #EH

SEEEZRE LU AttRNN A LRP O f Tk,
LRP with Attention RNN A% AttRNN Z U\ 7zt
AMEE SR, AV Y FIberF AV, Xty
F A2 bOWEICCEMRETH L TE, ZoZY Mt
TRGECE Tz, £z, AFWATIE LRP with Attention
RNN AV VF Nty F A LD EXRE S F AV
MZDOWTZDRYF AV MiZIELL 52T\

KL AV F AL ME, ity F A2 Ml
DI GHER (macro Fy A7)

Method VIV | SR
LR 0.910 0.793
Grad with RNN 0.590 0.632
LRP with RNN 0.834 0.816
Grad with BiRNN 0.708 0.738
LRP with BiRNN 0.867 0.805
Attention RNN 0.633 0.713
Grad with 0.281 0.356
Attention RNN
LRP with 0.680 0.815
Attention RNN

4.3 BARMCFEOUEEDH - ZE

B HUE RO EZ e 572y F A b
DWW D 558 L IR WGE TN TNOEEIC
B3Rt F A ONERERZ R THIZ (K 2).
AHERED, EFEZLLFOMT NN —TICKAITE .

o KIENWHBLEICE TERWERICEZ T Z TN
JGTE5ED: LRP with RNN Attention.

o KR BH YA m AR TED RN R WA
WEMERED & D: Grad with BiRNN, LRP with
RNN Attention, Attention RNN.
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% 2. MDD B 55 - mWOIEICED 2 3kt > F A
> MM GYERERRGEAS SR (macro Fy A7)

Method [eisd D | Kelrda L
LR 0.166 0.938
Grad with RNN 0.473 0.640
LRP with RNN 0.340 0.905
Grad with BIRNN 0.422 0.778
LRP with BiRNN 0.268 0.919
Attention RNN 0.537 0.715
Grad with 0.474 0.316
Attention RNN
LRP with 0.667 0.809
Attention RNN

o HEMZWIGE X & MEREIX TS D SR IE IS
TEZWVWED: LR, LRP with RNN, LRP with
BiRNN.

o KHEENH 27 LICHDSTEMAED S D: Grad
with RNN, Grad with BiRNN.

212, TOTIWN—=TIMDT—%2 1y T IEEE
ME S MIBEBETIERHTH D, THIIMEET R E
FIHEHTH .

S TFEORBZ v UEBIN SFIHT 5. K21kt
F AV MREEDE T > TV ABEDAHILHITH 5.
TORNCBNT METS ] 1E Tawn] iIck->TRrUF
AV PRI LTWBEDT THL ] B D OMIEL
V. TOREZC LR, LRP with RNN (ZR&TE T
WY, Grad with RNN, Attention RNN, LRP with
Attention RNN (ZXHGTE TV 5. 3t FRAXY
FREEDEE S > TWIEWGEORHILHITHS. D
BRCHBNT TR0 ICHE L @D (RAT4T) D
MIELW. LR, LRP with RNN, LRP with Attention
RNN FIELL @B DNTVSAH, Grad with RNN,
Attention RNN [ZIEL L aZ D35 EMTE TV
V. Attention RNN TIEEKINIR S AN DNTED,
XY M RROMENRY T« T THB T LichH&ED
BNTHMLTWBEEIICHZS.

5 &R

AWFETIE LRP WY HAGE BRI E O rl kI #E
ARETH B LR T—2EHANTHRAEL, LRP I
KB CEMHIEOMEEZFE L. S5IHEEHEED
IR OB LT LRP @ RNN Attention &7 /LA
DOEERRR Uz, RTF—ZEHWTSERE L
LRP @ RNN Attention &7 /LA\D@EHIEAMHD RNN



LR

LRP With RNN

Kig FIR b B3 5L & 02 Bl i

Kz FIR B3 5.1 1 [0S Bl -

Grad With RNN

K& R b B3 5L (& S B /-

Attention RNN

Kz FIE B S 55 & o'z Il

LRP with Attention RNN

K FIE b Ba2 5L & N .

2: EEMEEC 5> TV 2 5AE DAL

LR

FAEN I EH NS e cX RS 53

LRP With RNN

A TE D 1 [EH AR\ 25 R R < & BEE L 535

Grad With RNN

BE S DY 1 /55 BN 55 R ERE T LRE K $

Attention RNN

RN P PECRICEECESS] |

LRP with Attention RNN

a5 B IS

%% BBk T 3 EEE 1 53

3: KEEWHE T » TW iR WSO R

Attention Z RS 2 FEICH, SEIFIH U HAGE
Gl B RT3 ETREHTHE T LR R LT
SHOFEE UTOTF A b F—RIC K36
7V, LRP I KB At OMEEICOWT—iRILT 5 C

(1_).7

YYFAYFDOREENH % 7% LICBID 5 IEL <

Xt > F A2 M EREDIRN S K 5 A ETFEORS
B, MUOXVIFIEYF AR R VF A b
EB HICE RIS TRER AL L DN E 2
5ns.

LI
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Real time sentiment analysis of Bank of Japan using text of Financial report and
macroeconomic index
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1 [FL®HIC
EMHBZIZHTEITIFRA T —2I1E, RERIC
EOTHHIRED—DOTHY. TOEEMIXAICAH
ICEL TS, REBEZIEILHETIREDERE
[ZDWTEMERFaI A M, KO T7TY
A MMEWAERSZEIZOVWTOTFUR FLR—
b, BIZIEYAS v E—FEDSNSTHERIELTWLAEAN
BERDOSAVEE, EREHRLETIRIT—42H
BET D, EEMNGERELIFOMEICEEEED
2. SNEDTFRMEAWNT, ETILEBEL.

EEMBAINEITSICELEEHD,

AMETIE. DREBITHARITTIERHRORT—
AU MR EDRMBEXEEFZTRIC. EEMEHIE
ftzBHE LTS, BEEMICZIE. BARIBITOHKT
TEHOERMBRRESADESTEGHN OWIE. &E.
ERZEDRE FEYIITHT 2 F AL MEHOE
E£#HEY,

1.1 EoF ALY MIEIZET SRIEES
PHBXENSEUF A FEEESHIHEIL.,
BEOFRBITEARICITHONTE -z, WARLIE,
AXRBITOTFR FERRIZ, Za—F LRy k
D—- #RWRERBEETRaTHETL. BRI
#1To1=[1]e £f=. D. Wu 5%, FOMCOTF X +
#®RIZ, LDAIZKY FEYIDITZEITL, BtV
TURICEALTIE, BEEREFRAV-RO7HZE
To12le CALOMEIZENTIH, FF—XH
FTRA7EMELEZZE. 1 FFa AV MIRLT
. EXDFHRATZEZZDHFRDEVF AU ME
LTW3, ZDEORERZ3ID2LITFSH, 1 =B
X, BB RF1 AV MZBNT, XEHNDEL,
MDD, —DDXDAAT7HIBEZR-=HE. F
XAV LEERDRZOEENDRIATICKECEHES
NTLES, 25BIE. FFa A2 MIIIERSIE
EFHLTWBIETEN, ThEHICTEELTLE
W, SEBELTIE, ETNICKYHIBEIELTWNS
M. FRIERFAY FEADHEFEHEL TULVSIZ
BEF, PRBITOERIZITo-TLNS o OFK
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BEEOR T8RN SREBENER T OMREHR
ELT, FXaAVRDEITEINDG] EVV5—ED
BEERATULVRL,

AMETIE., CoDOBBERREHFA. v 0O
BEREZELAVEAERETILZEANTHRIBITO
Ev Rt F AL MEROBEERA S,

2 FETILEE

AETIK., EBOBRBITICET2EMBERER
DERRIZDWVTERBAL 2. ZORMN—XIZLT=
BELEETILOBEIZONTHERS,

2.1 BRSBTOERBEER
BABITOARY A F3]Ick B E. SRKEE
BFXUTOREY. ThhTl3,

ERMBFKEEDNDELRAEIT. BRBITHEREZES
D IEMBEREEE] ELIENDZEETRELE
T, EATIE. EHRBEBFERICEATLIRFZTS L
L3Iz, eGSR AHCEAOEHMBEKRDES
AHEREL. RELEAREELICARLTLE
T, (FER) ERMBEKRESES TIX., FIZ8E., 28
BT TEDMICEZEITL. SRBEKROAEHZER
FLTWET, BRIFIBOBEEZE (BF. 240
BlfeE. 6BDBEBEZRE) ITKDZHRICK-TIT
L\i‘g_o

2FY., ERMEFEBICEALT. BF9RDEE
BENERETO. LT, TORRLLTEROA
BABEEELLTAREND,
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FETIOREOLE
1

FEROLE

WiiiconwT

. ZRAR
BAHELTWS LOBEMR
B A b s 1B
HELTWS LORMER

BEREEEDHETLEH
H1: BRRITICE T 2 EMBEKEE DHE

22 IR ERTER b
BARBITOREYIRDEUF AL CEEBET S
=HIZ, HEETEHITXFRAMIZRBERES S
BEEE LT D, S0l BEEEND IE€mEHE
BRICEATIZERORFTOME] £V 3>DH
ERRET D, HEDTFR FOEHHELTIE, 1
mEBELTIE. FEYZIZDOWVWTOERN T~~[Z
DT, | EWVWS &S ICHTRMICXEIZENIN D,
2mBELTIE., TREIF, ~~ZFHEBLF-L
[—ADFEEIL, ~~EiliRfz] EWVSK3IZED
BEODABODZRIZE>TERCERMN LI,
NXERNIZHITIERINEHEL>TLNS,

DAEOFRIZSNT, ZRIF, HB»LIH~ORE & DHF R X
HA=AXLBEBLHET, BEPECHERLTWLILEDORFT—RLE,
ZAIZ, RERTMOBXIC>WT, GHIIMNERIZH D135, BIE
BEL, RE EERAEKEZEHT A, B REMERICHD
LoRMERALE, 2, EHEMIZoNTL, 2RI, BAHER

2. BEEFD—HI

23 RA74F

TR THLLONEERVA v Fr—HE
HEFET—ARIC LSTMTREELE-ETILTOEVF
AU RERXICHLTHEZEITS, £, &EXITH
WCT. ZEDEROD—HEIZLY., TOXRIT7NDE
HFTEITS,

QAERETIL
EEOAAXRBITOLMBKEEEZEEL. UTD
TIILATHEEBELEERETIVEEET S,
F9. EXDRATSIEIZFDEAICE TS BEAKSER
ADEUFAU MRS BEERZICE DETERS
25, TOBELTHZIETY OEHEMIZIKELTS
Y, MO 1EEIIOBEICHIRET 2EBERIIEEE
S YHEHLZETILIZONTIX, AIRSLHEIZTH
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Information Content of FOMC Meetings,AFA 2016 San
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Domain-specific dictionary construction method

considering synonym and antonym
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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.

1 ELC®IC
Sfio 5

HASHEWNEORSG 2L 2 2 4L LT, fERE
PIFEL, INFE CICHEREROMEIZET %< D
WREIPREINTER (1] HEEEEBRKT 0L L
T, HEE MDA L 72 o MR E L EEL, 2
D &S iEEE L, BREN-AIBT 2V FAY
N RITOBRIZ, AU RBREDTHB.

ZZIZBWT, MEREEOMEE B R, Bk
BOHEEIZH U CAFTHMEEZ G LTV Z &,
JA DDBEEPSHERNTIEZRW. Fz, BIEOR O
PEEZ D BEEN BT 51 - XRIC K> TR D, fiR
MRt e 722 7% A MO U - BERENBETH 5.

Z ZTCARMIZETIE, BITRSE 725 KA1 Iz
U7z, BV F AV MDD OMmMTRE % B
FTHZEEHMEL, LD DIFHRNATL ORGSR B
FOHFHEAR = AT EEND HFEOHE - I &HEMEICET
DRI AN, EBEiH 0 EEIC KD, RAA VE

AL R KR RERE TERHRR Y AT AR S
WHRMAE, T 113-8654 HEH KA 7-3-1, E-mail:
m2016rito@socsim.org

TREHIE  ARMONBREZDV BT 2MMEAKTZL0T
W<, TRTEAN LR TH D, 72, YROZ LW S, Kb
BTV I ETEHOHRIIRTZ2LDTH 5.
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{bRIMVE R E A B FIE 2 IR T 5. £/, RET
HEDOETNZ, WAFOWMREIZN T 2 i SR
OBEP ST ZITS. X512, BEFEL2AEHMES
T BT, WRRAA VESRMBEER A1V &
U, KNAALZHUTAFCTHEEIN-TEEZILE
ULGEII, Vv F AV NOHOBENAET 20k
W B S Rl 24T 5.

2  FEETT

M EEEBEFIRICET 22 < OWER BRI TY
LM, A=NRAR=ZADT7 Ta—F&, ¥V —FAR—
ADT TH—=FIZRHNEINE, T—=NRNAR=ZADT S
O —FTld, HEEO R SURE )% W Tl
AR B HEPRRNTHD. VY —TFTAR=R
O7 Ta—FL LT, YV—FADLERELY N —
I EBEL, TOEERY MU= BIZHEERE % TIC
UCHitk 2 EM S E2HT, @TOHEEIZHLT, M
ME2MNGT 5 HEPRKRNTHS.

IHIL, A=NRAR=ZADT Ta—=F&, ¥V —F A
R—=ZADT Fa—F %ty Uzifsi & LT, Alhothai
and Hoey (2017) OHf5EA3% % [2]. Alhothai and Hoey



(2017) i%, %79 Skip-gram €7 £ 721% Glove €T )L
& o THENHMER 2 EE T 5HT, HEDHERE
Mo kEES S 7 REEL, I/ ONT k-G5S S
TV = I ANOHEEINERE Y VY- %
HGHEZET, 2v b7 —=21TH LTI RVHLEIE%
155 FCMiMEFEZ 53 5, SNWELP €7 L %2 %
LTW5.,

U2 U7%AY5, Alhothai and Hoey (2017) D SE17H
FRIZBWT, FEFHTREEIAN SN TVEY,
HEFEIZBE T 2HERITHV TR, — I, 5
HEEDMMEEECH BRI, FDHEEIINT 50 &,
TCDHEE L IO DR G T 2 5E 0% WA, N
FEICBES DRI, MMEREER X A 2 1IZB W TEER
HElE GG, HEMOBEBMEOAR S THENED
ZHILHT, JOFHEMERENLTLEEXD.
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Abstract: Recently, with the increase of individual investors, the necessity of investment sup-

port technologies is increasing. Although analyst reports on which professional securities analysts

forecast business performances or stock prices of companies are regarded as important investment

decision materials, writing an analyst report is heavy burden. In this research, we summarize

newspaper articles and support the generation of analyst reports by using knowledge of informa-

tion features which are referred to as reasons for analysts’ forecasts of business performances or

stock prices in analyst reports.
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Predicting a financial index by articles:
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Abstract:

This paper aims to predict a company’s financial index by analyzing articles about

the company. The authors propose MultiMedLDA, which is one of supervised topic models. Multi-

MedLDA assumes that each document has two types of labels, discrete value label and continuous

one. It models relation between each document and these labels, and predicts an unknown label

based on known labels and the documents. Making use of not only documents but also the known

labels, it improves prediction accuracy. We evaluated our model with data from the ” Japan Com-

pany Handbook”.

Using comments for each company as a document, the type of industry as a

discrete value label and the company’s ROE (Return On Equity) as a continuous value label, we

predicted the ROE in the evaluation.

1 ELC®HIC

BEDOSBRDERE TS SEOFHND , it
LD T 2 BUEIFHRDOMIZ, =2— 1.:5%7& b
DOXET—=ADBETONE., XET -, HEE
BTG OB 72 EBETIER U E N VIR
WMPEENTVE. AWTIEZIOZLIZEHL, XH
TR & LIEEOUMBIEEEZ TS 2 HEICHD
H.

XEHET =X oBEE FTHT 2MEDETIVIZIE,
s v My 7 ET IV (Supervised topic models)[1]
PRrAY—Y Y Iy ZETFI (Maximum Entropy
Discrimination LDA : MedLDA) [2] AZifohns. Z
NoFMEYZETILVO—FTHY, XFELHFEDSL
HEEG (Bag-of-words : BoW) & U TH# 2 5. Bag-of-
words (X XEHDOKFEEDOHBBHEIZOAFH LR
BREATHY, FBIFHIXEFRL RN, 2 2 THEI A
%?wmmimt,ﬁg&%wﬂ%ﬁm7mwmﬁ%
—NOTF—&2EL, XEEBRDADS TNV FHIL
TWa. UL, REOMBHEREEZ FHIT LSBT, X
FIHMEIMT & R EFE & W o A IE RO TEH A

*EAESE  ME R KEBE VAT WIEWRE SRR
T 657-8501 Lt ULl s P p< /S FH S BT 1-1
E-mail: moniaya@cs25.scitec.kobe-u.ac.jp
DA KR KRB Y AT AEREISER
T 657-8501 JLd IRAf A < /S H A HT 1-1
E-mail: eguchi@port.kobe-u.ac.jp
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i TE 5. TZTARRTI, ThsoMNIERE o
NV UTXEINE L, XELEBDO T VI
HoltT =R BRIV FRAIFERI =YV FEY
7 &5 )0V (MultiMedLDA) %##2ET 5.

2  FEERE
21 BAN—YVINEYIETIL

BKAY—Y YV MY ZETI (Maximum Entropy
Discriminated LDA : MedLDA) [2] & ¥y ZET IV
D—FETHZ. MY ITETNEIET —XERIT
ZETIVDO—FETHY, XHE-DEZIIIHEENLH
FEDLEES (Bag-of-Words : BoW) & #x 5. Th

ZTNOHFEOHERIZIE My 7] LN D BEL
HEMEL, ITheitEdsd I & TXEDBEREZ

RET D, T0bb, XHFE -DEZTIITHEETNDLHFE
BMEBUMBDO Ny ZOLEELSL L TERTI N
TZ 5.

%@ _ET MedLDA TlE, & XEIZHIHET N)VBR—>D
TOMEINTWSE LHET 5. MedLDA D4 piHEFE
LATIZRT.



1. XFd(del,...,D)IZxLT, 8, ~ Dirichlet(a)

TR 5.
2. XEJHAD Ny 1 D B EE Wy n(?’l el,..., Nd) e
FUT,
(a) F¥w 7 z4, ~ Multinomial(0,) % #EHR
5.
(b) Hi3E wa,, ~ Multinomial(8,) (t = 24,) %
HEIRT 5.
3. DFEDEFTH LTI NN yy ~ F(n, zq) %R
9 5.
MedLDA I8 22 HFA L OBKRER LT T 7«

ANVETNVERLITRT. K10y 1 3&XH NS
INEHEET RNV THD. £z, nld T OVFLHMRO
%bh/&;ﬁ?é%&%ﬁf%&

mEB, WhHiT Ry HhEkEE TH S L D MedLDA
BERETI, MRETHL L SINEETIVICAME
DJFend. FNFNIZOWT 2.1.1 ik 2.1.2 iz T

#Bikd 5.
.
D@D,

GNO

1: MedLDA ® 25 7 4 HIVET IV

EEEEEAEELERRAY—Y Y NEY S E
FI

2.11

HEHE T )Ly € R 2ROXET — X 245 MedLDA
Regression (MedLDA-Reg) IZ
Reg CTld yalza,m, 02 ~ N (nT24,6%) &L, ¥—Y v
BARAL[3][4] # BT A2 LK D ARD & S i
fLRENER I ND.

P1(MedLDA-Reg) :

D
L(¢(Z,0,m)+C (La+&)
d=1

min
9(Z,0,m),a,B,6%,£,6*

DWTHIY 5. MedLDA-
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AIHEEFSHREREN

SIG-FIN-020
ya—E[n"Za] <e+&a [pd
—ya+E[n"Z4] < Ty

st vd:d vt EM Za < et & )
>0 [vg]
£ >0 [vy]

HRI R D &4, & 1FFT — £ @éﬁ%%ﬂﬂlﬂy\?é@ﬁ?
ERTATIEBTHY, c 3FARRETHL. &
B C(> 0) IZIERAEANT A=K, pg, wy,vq,05 (&7 27
VAR THS. EAGWD [ | 1EF7 7T Va
B E KD ZBOHNNE T 77 vy a RO L%
KLU TWS. E[]IfFHEEZRT. £/, KL Z -

{Zl,...,ZD},Zd = {Zd,lr ...,Zvad}, (CR= {01,
b oy={y,....up}, W:={w,...,wp}, wg:=
{wa,...,wan, b B:={B1,....8r} &:={&,...

& =&, 8 BRY. 240 3t =24, FHOE

ZDA L, TNUSNDEHRIT 0 L7405 T IRICDIEE
NI MVTHY, WREH Zy, DI VAXVATH
5. Zd~—sz 1Zdn> Zd —(I/Nd)Zn 12dn C
»H5.

Z ZH 5 1E MedLDA-Reg D FEHADEH %17
HIEEE D L 1%
‘C(Q(Zv(-),n)):*]Eq [logp((-)aza n7y7W|a,ﬁ752)]

(1)

Thd. HITFEESMq(Z,0,n) DY Y —TH
D, H(q) == —=> qlog(q) TH5. HﬁﬁﬂifﬁgPl

— MR Z DN EETH B 728D, Bz iTv
TqliZDOWTOMNZEINET 5.

5. H

D Ng
9(Z,0,n)= H (Odlvq) H (zdnlban) (2)
d=1 n=1

ZIT, 7 B8EU @y, BEDNNTA=RTHY, ~,1&
TA VI VRHNRTA=RDTIRILDNRY MV, ¢y,
T NEY I DEZERGNRTA—=RTH D, E[Zy4,] =
¢dn, (7 Za] =Em]" (1/Na) S0y b, DD VL

%bf*ﬁEMTW:UZA%ﬁV ENRTA—=&

EROEALT 5. ZHDEM 7L T) AL TIZRD 2 AT
TaEMEDREUTD.

1. E-Step : IETELB D H& MM 2 HEE

2. M-Step : RAELH % #EE
EHROELTIILED FREFR(ET EENNT A =X

2RO L. T, BodbHE P1 Ol 2 H BB

79D

7§D}’



MAAAR, 77702l L 2 EHT 5.

D D
Lr=L(q)+CY (Ea+&h) > paletta—yatE[n" Z4))
d=1 d=1
D

‘—E:(M§@+f§+yw—E[WTZdD4ﬂw§w+Uﬁfﬁ)
d=1

*chd n Z¢d n,t— ]-

d=1n=1

(3)

22T, can EHRIYT bans = 1IENT B 75

VA ThE. TDO L E{NTA—RXIZBE L T
ftFaZsickvEHRA2ES.
E-Step :

WZBUT L Z2&dit . yida & ¢ D OWE
T 5.

Ng
Yo =& + Z ¢d,n (4)
n=1
o ¢ IZBILT L" &AL - OL" /0y, =0 &L,
IWANESNS.
@4, X exp(E [logha | v4] + logp(wa,n | B)
Yd
E [n" ¢4 _nn] +E[non] (5)
2N252
E [n]

+ Td(ﬂd — 7))

73:33 ¢d n::Zz;&n(ﬁszC%D i‘: d)dn
HD ¢ DIEMZERT. nonlZ 7 X —ILETH
D, nALORERORMNSHERY ML THB.

o q(n) ITBLT L zixift : A%, &IT7HRI b

N7y 7B DT E#T 5. OL /0q(n) =

0&LT, kAZ2/[(5

q(n)ZM

D
X eXP(UTZ(Md_MZl‘F%)E[Zd]

d=1
E[AT A]
—nT72 = n)
(6)

72, E[ATA] = S0 E (202, B|Z4Z) =
/NN S i Gan®am T

X BEHBTHS. FoNizqn) & L7 ITRAT
Z) 22T, ITOMNEERESNS.

D

1
LS 3 a ) + 3 vl )
Hap* d=1 d=1
(7)
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ATHBEZEWRREN
SIG-FIN-020

22T, o= Ly pp b = L i)
THDH. EERBELFHETBE, qn) O K x
K 84550 Y = (E+1/02E[A7A]) 7, a =
S (g — 1y +ya/8*)E [Z4) THY, OB
e % SVM-light! 72 & DV L N—IZ & - THEL
ZeTqln),pp* 255.

M-Step : 3 & 62 DEFHAILUAFOMED TH 5.
o SIZEAL T L™ &AL

D Ng

ﬁt,w o8 Z Z ]I(wd,n = w)¢d,n,t (8)

d=1n=1

H(wdn—w) %, Xid IZH j'éﬁé nu%fy
w THDZEITDI By, (ITIHET 5 & 2Kk
T5.

o 02 IZELT L" % Eudfl

5 = %(yTy—2yT1E [AJE [n]+E [n"E[ATA] n])

728, E[n E[ATA]n] = tr(E[ATA] E
THY, b FTFIORH S ORI % E T

2.1.2 DHEMEEEE
FIL

LEmERY—Y UV hEY S E

B S XLy € {1,... M} 2ROXHET— X %
%5 MedLDA Classification (MedLDA-Cla) (Z2\W\
THiHT 5. MedLDA-Cla Tl y4|z4,m = arg max

B ye{l,....,M}
E[n"f(y, Za)|lwa, o, 8] &L, BARD & S Zehwidfbi
EPEZEIND.

P2(MedLDA-Cla):
D

min  £(¢(Z,0.m)+C> &

4(Z,0.m),0.B. et

Y F# Ya

EnTAf4(7)] >1-¢&

£42>0
ﬁ%ﬁ$®yi7AW®%Mﬁ,wi HTH B, &
AT — &@E%%WWTé&W%rTX7/7 R

THY, XEZLIZEETS. ZIZh 51X MedLDA-Cla

®E%ﬁ®§&%ﬁ9.ﬁm%ﬁKBmf,

‘C(Q(Za @,77)) = Eq [logp<Za (-)7 w | Ol,ﬁ)]

— H(q(Z,0)) + KL(g(n) || po(n))
(10)

s.t. Vd:

Lhttp://svmlight.joachims.org/



Af () :=1(ya, Za) — £(Y, Zq) (11)

THd. f(y,Za) &, (y— DT +126 yT DEFEHRAX
RNV Zy THOMODERI O THD &S REHHE~Y
MNLTHB.

KL 2 DODMERDGADERERTANNY T - 5

17T —ERETHY, RAXTERINS.
q(n)
KL = 1 d 12
(a(m) || po(m) / oo N Ddn (12
MedLDA-Reg & [k BB LT P2 2B L CTHE 5

2T, g IZDOWTORMEMNMNIEZEZ 5.

Ng
H Q(zd,n | ¢d,n)

n=1

D
9(Z,0 745 0) =[] al0al7)
d=1

(13)
£72, E[Zan) = an E[ £, Za)] = E] £(y,
UMQ;1¢MJT%5 Z U CTHMWBEHIZHIF A %
DI vV all L ERDESIZEEL, L°
HENTA—XIZEAL TRt d 5 Z L THEHITAZE
5. 88, v, BIZEL Tk MedLDA-Reg & HH A3
UThHd-OEKT 5.

D
L°=L(q(Z,0,m)+C> &
d=1
*Zvdéd*ZZM E[n"Afd(9)] + & —1)
d= 1y75yd
D Ng
_chdn Z¢dnt _]-
d=1n=1
(14)
E-Step :
o ¢ IZBLT L° & Rift : 9L /0y, & L, R
NESNS.
®a,n xexp(E[logOq | v4] + logp(wa,n | B)
1 .
+ 3 2 Ha@E [0y, = ng))
ﬂ#yd
(15)
WD 2 HHiE MedLDA-Reg & AR TH 5.
q(n) \ZBL T Le % maffb
1 T
q(n) = ypo(n)exp(n fn) (16)
B, iy =0 gy, Ha(D)E [Af4(D)].
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2.2 W fR

BN 4317 (dual decomposition)[5] 1, #4E7 HEE
BB RO D2FHETH D, HEMNIKRDD Z L
DI 7 H B 2 W\ < D2 D BRI ﬁiﬂf &, h
TN DB D B E R DRI K E B 55 2 EH A EE
THb. HEMITHS Z tﬁ’fé’f&b(ﬁ(@ﬁgéﬁ(’i’ﬁg@
L UT, D EOHZ R

arg max f(y) + h(y)

Y

arg maxf( ), arg maxh( VBRI R E B L RE

(17)

?5 DL E, ﬁ@ﬁiik@ﬁitnb (k2 5D,
arg max f(z) + h(y) (18)
Y,z
st.y=z (19)
ZOMEDRE L* 95, LT, ZOMEIZRLT
77V akEMEEAT 5.

L(u,y,2) = f(z) + h(y) + uly — 2) (20)
wld 777 vV ag e TH D, IIT Llu,y,z) ITBELT
BKRIEZRZLDHEDEEZEZS.

L(u) = max L(u, y, 2)
o (21)

= max(f(z) — uz) + max(h(y) + uy)
ZOMBIL y = 2 DHINZ R 20720, A DORE
L DIRVRZERMZ RS, L* < L(u) 2D LD. 248
k0, TOmEMED ERE5EX TV, £oT,
B ERIZ £ D AR AR 0 2D,

L* = min L(u) (22)
min,, L(u) (B TH 5 DT, u BT 240 % K
DB enTEUL, AR FECEVRELTES.
£oT, EWHID1OTHB d, FIXD LS ITRkDB T
EMTES.

dy=y"—2z* (23)
z* =arg max f(z) —uz (24)
y* =arg max f(y) +uy (25)
y
ZUT, GERRICEDEUTOE I u Z2HHT 5.
u+u—v(y* —2z%) (26)

VAT Y TMETHD. ZOEFHFEMOVELT L(u) %
INEL U, y* = 2% LR B WS R & AU RTE O E A
—BL7L ERoT, REEERDDILNTES.



3 MEPEEFBALEILFIRY
BAY—YVNEYIETIL
3.1 EFILDEE

2.1 HiClB Rz & 51z, el £ 72 [XEEFUE O AT i
WERFOXET — RO 2175 72121E MedLDA %
FMATHIEE W, LA L, MedLDA TIiEGAE & BEAL
EDM GO MERZ RO XET — X O 2175 Z
EMTERV. ZOMBEERIT 522, F2ITAH
SREFIHUEZIVFRATBRI =V Y 7 E
7V (Multi-task MedLDA : MultiMedLDA) % 229
%. MultiMedLDA [Z#EEFEIHD T RV G- & vz
XEIZH U TCHEATRERETLTH O, PO E%FIH
LT MedLDA Z2#E8EL T W5, BAFIZ MultiMedLDA
DERGEREZ R,

1. X&Ed(del,...,D)IZxLT, 04 ~ Dirichlet(cx)
% R

2. XEJIAND Ny flEl D BAGE wdm(n € 1,...,Nd) e
XU T,

(a) PEYZ 24, ~ Multinomial(04) % #EH S
5.

(b) Hi5E wa, ~ Multinomial(8,) (t = z4,,) %
/NI

3. DIEDOXEIZH LT, il 7 vyl ~ F(n", zq),
HERAE 2 OV yS ~ F(n°, 24) %2 3EIRT 5.

BB, n"n I FEAMRETH 5.
MultiMedLDA © 25 7 4 ANVET NV EK 2 IZRT.

®),
olforos o)

$He
&) @

2: MultiMedLDA ®2'5 7 « J1)VE T )
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3.2 EFIOHE

M T~V y" € R LR T~V ye € {1,..., M}
MEXBIZMMENT WD, T—ZEY MZDOWTEX
%. 2Ok &, MedLDA-Reg D bi#E & MedLDA-
Cla DB LIEZHEGT HI LITL->T, BIFD &
ShE LA ERTHI N TES. &b, HW
REECE 1, 2 AR X A 2 o HIEEE, HBIECE 3,
A HMPPFEA A OHMNBEETH 5. [FERICHIFIAZE
1, 2, 3frDiEER A7 OFHIR, HIFIAE 4, 5470
DR A7 DHFIANTH B, 56 T I ED -8
DHITHD. T, HFRZAZIZET 2281 B
EXFDr, PERXAZIZETHERIT EAELTFTO e
THY.

P3(MultiMedLDA) :

D

L7(g(Z7,0",n") +C" Y (€ +E

d=1

D
+L(q(2°,0°, %)+ C° > &5
d=1

vi—E |0 Za| e+

—yy +E [nTT7d] <e+ &

gd > 0755 > 0

A s E [0 AL 2 1 ¢

£5>0

o = dg

EM e X ENFNII T — R DA E RN T 5

EERTAT Y B, ¢ BHREETHE. @) =

(@01, @y, @ = {g],...

P = {¢S,..., 5 TH.
UFRCciEkmERE2A7I1ZET 2 HNEKEE 1, 2 H%Z

L(R), HHEX A2 ZBT % HNEEES 3, 41H% £(0)

E35. ZOREAMEIINLTS ST VY aEE

7V, ROBHELMEZE5. 28, RO 7=

AlFEE LTV A,

subject toVd

L(U,®",8°) = LR + L(C)I + U o (®° — ")

TZ2TOHEEV1ITHEIRI MVTHD. U = {uy,...

Ug = {ud71, N ,ud,Nd} "C?) D 5 ud,n li ¢Z,n’ (b(ci,n L:

WIET 55275 VaRMaELRT. W LU, 8", 8°)

Z/MET 2 BT B 2FEZD.

LU) = gg}gc L(U,®", ®°)
=min(£(R) —U o @) +min(L£(C) + U o &)

(27)

ud)TD}’ d)z = {d)fl,h ce

min
q(Z",0"n"),q(Z°,0°n°),a,(,02,67,7*,£°

")

9 d)Z,Nd }’



Z ORI TR P3 ORI 6 1712 B ¢l =
P5 WERINTVARVDT, X 0EW#EEMEZRD.
Zhizky, L* > LU) b io0T, midfki
BP3DOFREZGEATWS., 7z, MEHLD L*
maxy L({U) B0 iD. £oT, L{U) DHEWHD 1
DTHDdy, BLO®™, 7, I 7V aTHU
EUTDO LS 1245,

dy = — & (28)

& =argmin L(R)I —U o ®" (29)
@7‘

®“* = arg min L(C)I + U o & (30)
@C

U U-—uv(d* - ™) (31)

nE, vIZATY TIBTH Y, AHETIEIKER S D
WEAEHWTWS, HREX A7 &R A7 THEIE b
Yy o ®", ®° DHEEZRFTo7248, ZOFEFEMED KT
ZETFRLU) DBEAEEITS. ZLT @™ =
o B ERE L BT RIEOER - Lz L &7
DTHREIZEEL 722 L BPRIEE N 5.

L v BESsNT @7, dF 2ENTFTNDREAL
MIBEIC G2 BT 2It&->T, 5O EL2E
BLAZBEN Yy 7OMELNIHEL RS, B, Mul-
tiMedLDA D i b@EI%, MedLDA & (&5732 0§l
KT ¢y = g PEMEINE. ZHhizkD, -Uod,
Uo®° DIEMEMD % L7 BIZEIES. oT o DHE
FREUTOL Iz 5.

¢g,n ocexp(JE [logfy | v4] + logp(wg,n | B7)
_2E([n" "¢y _.n"] +E[n" on’]

INZo2
+]E['rl7’](r_ ) + Yd ]E[T]—'u, )
Ny Ha = Ha N o2 n dn
(32)
01 oxexp((E [log0 | 73] + logp(wia,n | 5
L . 33
+M§Mmmmr%hmm)()
Y#Y§
4 FHmEEER
4.1 FT—%tv b

AT, T—&X& v b & U THRERFH AL
FAT T D RAUTR ! AMH L2, ZHIZNREZ
ICHRINIRFELETH Y, LGB 3675 11 (2017
AW O, t¥EAEIFILOE UL EEI-R, %
T, EERILS, PR, KRR EDE-oT WS, 2014

lhttps://store.toyokeizai.net/cddvd/shikiho_cd/
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1 NFEHRT— XLy b ORE

| 4 [ 2014 2015 2016
[T 800 | 890 [ 890
RN 164931 | 165272 | 164801
— o ¥H7 D OHRFEL 185.3 | 185.7 | 185.2
AN 2862
SR (MRS ~V) OFESE 10

B S 2017 FEHERE TD 13 WS DT —
REMALE. S0EIIZESTBICERINE 32
FEOEMDS S 1 OPBIENTWED, TOHTE
PR DL N EAL 10 B (Y — B RZ, Bl - 8E
¥, Ngedk, s, EABER, B, b, dacE,
AR, WA OXMOMET — X 2 A L.
BREFMOMERIIIR BEAT B0, 1 ¥z
T 89 REEEMIEAITERL TV S.
HDEDHBRD SHIKE TOREFNEZ —DIZx LD
D% XET— R, EEEHET NV, XET—X
DHEHABERD ROE (Return On Equity, HAEAR]
IER) AEGME I ANVE UTHEALZ. £/, 2014 F
& 2015 FEDWT N T 3 XERMHT U HEL L 72 WK
BEEEZBRA LT WS, B, XET—XI1F MeCab?
W CIEREEMNT 247\, BIE P EEGia & o 72 1%
REGEZ AL CT\W5. ROE DfEIX, F8IZ2FEHEH 0,
D12 LD ERELZ. PLEOWIEZE T 72
T—Xty bOFHRER1ITRT.

4.2 EERERTE

HEHE T NOVDRRHTH DL WIREDRT, TOD
6% RIS HHEMEITS. HEET NV EFEL RV
EFINTH S MedLDA-Reg Z2R—A 51 2L, #
LETFED MultiMedLDA & g3 5.

FEAT - R TETIVEELIT, ETANRTA—X
B, n%1G5. TO®k, FHTCHEONEZE, nEHNTT
AN TF—XDEIE N ¥y 2 & HEE Ui 7 L& Fil
T5. TANT—XOEE Ny 7 HEE IREGHE 7 XL
ERLURETITORITIER 5\ 28, MedLDA
DOFEERTIIBE 2L P EY 7 ET VD —FETH S Latent
Dirhlet Allocation (LDA) [6], MultiMedLDA D%k
Tl MedLDA-Cla #H\W\WTir-> 7.

2016 FEDTF—RET AT —R L L, FARKIZ 2015
EOTF—R22FHAT -2 LTHWS., ETLFEY
REDEINT A — R OYIFMEITELECCHET 5. Lo,
ZOWIED 5 Z FHIZEAT S ORI ZTEH L 72\

2http://taku910.github.io/mecab/




ZZT, 04FEDOT—RTEHELTHEONEZB Ly
%, 2015 DT — R TOFEHFOWIMIME L T 5 &4
TOERET>72. ZDFEMTD MedLDA & Multi-
MedLDA % %% 3 MedLDA-Seq, MultiMedLDA-
Seq MO, WIHAMEZ I CIRE T 2B TEE TN
Z# MedLDA-Rand, MultiMedLDA-Rand & FE.3Z
L1295, MedLDA-Seq & MultiMedLDA-Seq {25\
T, 2014 FEDT — X TOFERDEZENNT A — X DI
fEIXELER CHE L 7.

NANR=RFIA=&RF oy =01 Vt, HBENRT A —
Rlxl=1, EAHUE T A =& C" =1, HHME e =
0.1, 775V YalU #HHT 2O KERES =
2012 E U7z, £72, MultiMedLDA O¥FIZHWT,
MedLDA-Reg & MedLDA-Cla O % &9 720,
G DEHEER % 28 X 172\ burn-in period % 5 [A]
HONEFXFTIZERELTWS, ZHzkb, ERFEXA
I YRR AT ORGP U REBTEEN Y 2
DA SNT WS, FHEOREFEIE 100 [Fl& U
7. MEY X T € {20,40,60,80,100} ® 5@ b,
MultiMedLDA 128 1F 2 03X A 7 D EHEN T X —
K% C° € {0.0625,0.25,1,4,16} @ 5 H DZAMTH
BRU7=.

WIERE
4.3.1 Root Mean Squared Error : RMSE

4.3

Root Mean Squared Error(BA N RMSE) IE 7LD
THEEN 2 RITEBEOVO L DTH S, EFLDOFHIEE
ELE A S FH & N 2 HHA 2 3ElifE i T H 5. RMSE
FUFORTEREINS.

D
1 N
RMSEJl);;@dWF (34)
Ja W XETIVOTHETH Y, y, XEETH S, THIE
MEMEPSHENTWHIFEREWMEEZ & 5728, 012
EWFEENTWS.

4.3.2 Mean Absolute Error : MAE

Mean Absolute Error (A K MAE) &, €710 ¥
HE & B S BB SN AN ETH 5.
MAE A FOXRTREINS.

D
1 -
MAE:BZ|yd—yd| (35)
d=1
Vo \TETIVOTFHETH D, yg IFEMETH S, FHlE
PEMED SHNTVWRIFEREWEEZ L 5720, 012
EWEEENTNS.
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RMSE ¥ MAE IZHAN TR E A2 BT 2 MH
MY, MAE 3% DRI CTLEN LI TH 5.

4.4 ZERER

0.95
0.93
0.91

0.89

RMSE

0.87

0.85

0.83

20 40 60

MY IE
—o—-MultiMedLDA-Seq
——MedlLDA-Seq

80 100

=/~ MultiMedLDA-Rand
=/=MedLDA-Rand

3 FEFEDO MY 7 22D RMSE

0.45
0.44
0.43
&a)
§ 0.42
0.41
04
20 40 60 80 100
e 7%
=A=MultiMedLDA-Rand -e-MultiMedLDA-Seq
——MedLDA-Rand —o—-MedLDA-Seq

4: KFEDO Py 7 T2 D MAE

WERDZT 7233, M41277. MultiMedLDA (2
BLTE&E MY ZBIZBWT C° DIEHMNERS 538D
DEBREIT- 7208, TOHRTHROLERNPED - 125G
DEDETaY hLTWA., ZOMPSH"5 X1,
MedLDA 128 \WTH MultiMedLDA (28 WTH, L]
%7V X5 2 5-Rand & D, #@ED 3, nT
WAL 2-Seq RO /i@ WHEEZ R U7z, £ hEY
IEIZBIIBHRED O BBERTENE, EBRUZ4F
EORNTIFREETF LD MultiMedLDA-Seq hZEMIZ
HEOMAEZ R LTS, — 5T MultiMedLDA-Rand
R EWERE R ->TE D, BFFED MedLDA 12



HARTRETFHED MultiMedLDA (%, #IHfED 5 2 1
IZHEREDRESELIND T LD ro Tz,

5 LI

AT, XE T X2 IIREOMBREL2 Y
W ZHEIZEO A, PEYIETFILO—FETHS
MultiMedLDA ZEE L. TOETFIVIE, B fiE
ZHMA U CHATIED MedLDA 2HEL 725D TH
%. MultiMedLDA D%, HERE & ERmE & VS
2 FRIHDOBUE 7 NV Z2 FERFICR O XXEZR S 22T
EHHMTHY, XBITIMATHIZ XL DRSS E
UDDORMIZRNVEHTET B eNTES. (24N
W) DT — &% HWTHAMERZ T 768, B Z
NIVERE LR WEFEFIETH S MedLDA LD E R
WHEBEZ R U7z, F77, RHCIRETHICH LT, £
TIRT A —R%FET HEEOMAMED 5 2 5 kS
M EIZEETHEZ N Do,

AR TIEWDWYD S closed test 21T - 72h%, S4EIE
FERGEIZ L D Bl RN T A —RERE L ETT A
N EAT, KO EEEIZE TV ONABIERE & G L 72\,
7z, BRI TIE—DOCEICHERE 7 ~)L & A
TRUP—=DFTOMBET 2 LIELTWEH, Ihz
BEMETOIHERT 22 T 5 b %X
L5FETHD.

i

AR EITICHZDEIERIE ZHN 205 K
KFBERE LA TR D PR K 2 B08% & & 5l h ml BRI
T 5. ARIFED — IR AT E il B e BRI 5
(B)(15H02703) DI & 5.
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LSTM ®xv b7 —2IC L 2T —49 OEEDH
Regression Analysis of Corporate Financial Data using LSTM

Networks
AP L R A L oyl &t hE 2 P Kz

VA KRB Y A T DGR ZER
I Graduate School of Systems Informatics, Kobe University
2 MR KRR BRI SR

2 Graduate School of Economics, Kobe University

Abstract:
knowledge from large quantities of data, such as corporate financial data and international exchange

In the economic and financial fields, there is a growing interest in obtaining new

transactions. On the other hand, as a technical trend of recent data analysis, deep learning-based
models have been successfully applied to various data, such as images, text, and audio. Especially,
Recurrent Neural Network (RNN) and its extension of Long Short-Term Memory Network (LSTM)
have been developed as deep learning for sequential data or time series. However, regardless of
its importance, LSTM has not applied to corporate financial time series, such as in the Financial
Statements Statistics of Corporations, to the best of my knowledge. In this research, considering
the above-mentioned trends, we conduct regression analysis using LSTM for corporate financial
time series. For experiments, we obtain the capital investment rate and other financial indicators,
such as the cash flow ratio, for each target company from the Financial Statements Statistics of
By
changing the number and types of explanatory variables used in the experiments, we evaluate the

Corporations, and then use them as the objective and explanatory variables, respectively.

contribution of each explanatory variable to regression power to the objective variable at several
time steps ahead. Furthermore, as baseline methods for the regression tasks, we evaluate the
regression power of classical methods: Autoregressive Integrated Moving Averaging (ARIMA),

and discuss the comparative evaluation with the LSTM approach.

1 FUL®IC

WA, MEWREMORZIZAEY, H2Z < OBHAIN
#, TEINhTVWSE., TORHIILZIKIcbID, K2
IR NDS, FD—DIZ, RF - ST 5
BEMBE T — X PEBABIEERVZE T oS, Z
NEDOLFOHEHMFEDETEH, THoDRKREIZEM
INDODOHBET—REENP LU THELRANRE2E5Z
ELDDEELODDOH S, b, EAREFKH
FIEDMEMHT — 21, REORE HEPEROT)
M, XoIIFHE0RNKZ Y, EHROBEEHEE %<
EUEMLRRIT — X o TW5,

B DT — R M O EAfi 7l H 2 [ 2 &,
BXTFFAN, GRRERY T =2 U CEEE

HEFESG A RFERE Y AT LAEREVER
T 657-0029 1 SR = i NGB HT 1-1
E-mail: shirouchi@cs25.scitec.kobe-u.ac.jp
Lhttp://www.mof.go.jp/pri/reference/ssc/index.htm
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BrHAWEETLANEAIN, ZOEMEIREINT
Wb, ZOHTH, RIT—XE2HRSEEFEHOET
Ve LT, BRi=a—7)0V%y b7 —7 (Recurrent
Neural Network : RNN)[1], 8 XU Z DR TH % E
KA €Y xv M7 —72 (Long Short-Term Memory
Network : LSTM)[2] 23%1F 54 5. RNN IZEHAMIC
1 2 R R AT R ISR U TR A FIE 2k & 5\ 0 T A Bl g 5
DED D12, EFLIhosDEREE2IEZSZ &
MTERNWZEDBDRLIBN, ZThoDREEUEL,
EIAMICE 2 AMIKF 2 ER T 5L DTELET
Ve UTLSTM AMEE STV, £ sHfle LT,
Google D FEE T VIV AT L 3| 21X U, #iHE
BT =&y MINUTEBED LSTM 257457 —
FTOFYEBEALINETOETIVEBZ 5%
BLTWA, L2ULRHMRS, IR eEMEIZE
TEHRERIN T — R X9 5 LSTM O fHEHEHlI%, £ D
HEMICEDL S TEZEDOH B D 220,



RIIZBWTI, AEICRRZEmE2REE 272 B
T, BARERKHHATIIB T2 REOMBREITHL
T, LSTM Z W[ Rt 217 5. ARBRIZSNT
i, BAREHEHHAEL D, RMERERE, Fyyia
TJa—tREYD & UL OMBEEE2EHL, 20
TNMEBIHE S K OCHHLE L LTHWT WS, K
I, BRERYE vy a7u—HEE OMOBEGRYE
CEMAROEADPEZ>TWS (6], [7]. £z, FEBUC
W2 BIAZ OB TIE 2 2 X5 2 & T
RN B ARG AN DR 2% FEAM L, (8724 D
WL T 5 I BIRIE & At R & DMRAFME % H#EE
T5.

HiFiEe U, HNRRERYIfT FiETh 5 EE
[E 1 2 B B S (Autoregressive Integrated Moving
Average; ARIMA)([8] 12 & % 73 217\, ERFHAfGIZ
DWTikmg 5.

2 FEEffRE

ARWFZEIZBENTIE, REDOTEEDOREZ K M
BRI U T, HEFEOTEEZHWTON, 8XL0FHl
BT A RITS. 22T, ARETIRIERAIT -2
fEtric K <HVWO NS RBEFEDOFIETH S, A
Za—7)b%x vy b7 —72 (Recurrent Neural Network:
RNN), 8L U2 DHIRTH 5 RIEHIGIRAE Y 2 v b
7 — 2 (Long Short-Term Memory network: LSTM)
ERNT 5.

21 BRE-a1—ZJILRxYy NTI—75

RN T — 22 DERDNEE 2R, TDOWCITE
EARINT VWD LIS RT—XDZETHD. RIID
W ODEEL DA & 72 > TW B RHTF — X &2 R IZH R
I F =R EIER, RHT—ZOH L L TIEEE DK,
i, SCE (HEES)) R ¥R BB, TUTK D, RAIT—
XONFEMBIZBWTIED B4, & U SIENEICS
J5 T =X DHiRIZBE 5T — X L OBRMEZ EF<
ZRTDIenTENE, RN ETSEIEAHS
NTWs., ZUCEEHE =2 -V y NT—2 %
RINT — R 2D DITHER L2 E TV & U THRE
Za—7)b%xvy b7 —72 (Recurrent Neural Network:
RNN)[1] A% 5. RNN AT DR x, x2 x3, ... »»
SIEMRORS yl y2, y3, .. 2HEET AREE LTER
BT 252 eNTES. ZOLERAtICB TS H Ty
EZENLAETD AN xb, %2, x3,. .., xt DFEEZIT TV
BEYEZBIENTES.

RNN ZAEICE RSP 2 RiD=a—J )%y hD
A CTH 5. RNN EZ DOREHEIZ & b Rk %Z —IFHYIZE
WU, LRIV EEBNE(LI LI LN TES.
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1: Graphical model of RNN.

Tz kv, RINTF—XHUAFAES B BRI 22 kA7
BTHD Xk 2222 eDTE, RTFT—XKIC
S UTHMZUIEST 2 Z 2N TES, RNNDZ T 7+
ANVETIVEK 1ITRT.

X 11255 & 512 RNN & FENN & [FAfkOREE % KF
L, R LUREEOI=Yy hORIPHSHSIIRES
N5 &g 28 ->TW5. RNN OB X&) ¢
IZDE 1 D2DAN Xt Z2ZIFED, FZRAKIZ1I DD
Hhyt 2T 2 W5 HDTHS. RNN (ZH G E, @
EDTRTOANDS 1 DOHI~NDEMS%E KT 3.
I+ ROy M BHIIE, EED R
5RVNNDEME, MEOKETIEMT DI LNTE
52 I N T VWS,

AR Tk, HOEOTEMEACBEBULESE R,
BB I AR VT W 5.

AR

IR HEEt

RNN 2B 55HHDMEEZRY. 2y T =270
AN % xt = (af), hREIBADAHDZZNEN ! =
(u}), 2" = (2}), HOEx=y bAD AT ZZTNLTN
vi=(vp), y'=(y}) 9%, $ABEH % A" = (d))
&9 %5. RNN OlmiEigld, FilEothzH oD AN
IZRU, ZoMofiaidea=y METHFESTS. L
etioT, B4t — 1 HHEEOEEDOI=Y b j/ 25
Rl ¢ HEEDERED =y b j NEHA W, OFEED
FAETS. &oT, Bt iz82hHEOEED L
ZY R jADAAEBTFO LS k5.

th: (in) t o1
u; = Wi, Ti + g Wyj1 Z 0
i i’

IHZMWT, o IR PE LR f 2 Hv
TUTDOLSITkDEZENTES.

2.1.1

(1)

(2)

z! = f(W(nxt + Wzl (3)



Forget Gate

5

N>

1 0

Xt hy

Input Gate Output Gate

2: Memory unit of LSTM.

£oT, HEDO AL vt =
TDESITKRDSND.

’Uk _ Zw(out) t

y = f(out) (Vt) _

(vi) ¥ = (yp) B

(4)

f(out) (W(out)zt) (5)

2.2 REHGEEXAEYURYy ND7—7

RNN 1Z3R5 57— X OXXRE A THEE R ITD Z & H°
T&E5. ZOLE, A2 DTELNROES, T
BROBERFLD S ENZITiEviE ko A1z BT K
MXELZENTEENIEEETHS. L2L, RNN
TEBIZHNIIKMT 22N TELDIEEZmED
10 FBANEETH L EDNT VWS, ZORFIZAR
HEMEIZLVAELTWS., BOBDEWENL Y b
T—2IZBWT, EMERIEIC L > TARZEIRT
BYEIZEE I HDIEBIZDONTHE DM DIEFEANT
REL BN, HHWE0IZHBLTLES. EMIC
D7 BEEEHT 2 7-OICREINZETIVREM
Mgl Ar Y bV —2 (LSTM) TH 5. LSTM Tl ET
WBAR7ZE S RNNIZH L, ZodfEED&{ELI=y b %
AEY A=y PPN ERCTESMR MEEER-> T
W5, TOMOMEIEE O RNN LHEETHD. A
EVa2=Y FOMHEEK 2 ITRT.

HIIZAEY RV (KMFELS C) 3d D, ZTOREPIZ
AN =b, Hh7 =, BHTS =P EEI LT
5. AEVLNCIBRE s, 2HFL, Zhz 1K
[CCTAEYRIVHEIZ %Léﬁé’tfﬁﬁ%%ﬁ
LTWa. ZORERIZITEFTITEET — M2 A X
NTHY, 2=y b FOHAHT— hDfi g €0,1]
Y. siT gt AP OMMEA SN, g Off
R UISETNRBRERZ O X SN, 0138
) vy b (BH) Ehb.

AEY 2=y SADIED S DAL, INB2RSD
ABEATT = NOHEOREP A ING., 2=v N T
DHIIAT = P DIl gt € [0,1] £ 725,
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AEY 2=y MRS DOHMBANDHIIE, AEY LIV
AT =M oDEORERH I NS, 2=y h O
DB — bl g € [0,1] LB, F— b il
#1L ihiX%Uﬁw@&bi%$ EEIN, 0

HInE7ay 23hs.

IS DOHEEIZ & 0 EM OB L rERTERN
&\W5 RNN ORAZEMNT 5 2HWNE LTHD,
RAIVITELLINSDTr— MOMEEFET L Z 21T

D, BOWXIRERZ 72X 0 @ERHEEZ2EHT 5.

IR HEEtE

Bzl t 2B B A — b, 7 — b, 5857 — b
ITNFhotHh% i, o, f,, AEVRILOREZEZ C,,
AEVa=v bDOHAZE W 2T5L, TNTNLLTD
EDITRDBZENTES.

2.2.1

iy =0(W;x; +U;h;_1 +b;)
C, =1, ©tanh(W.x; + Uch;_1 +b.) + £, © C;_4
fi =0(Wsx; +Urh, 1 +by)
o, =0c(Wyx; +U,h;_1 +V,C; + b,)
h; = o; ® tanh(Cy)
(6)

ZZT, W;, W, Wi, W, U, Ug, Ug, Ug, Vg IE
TNETNEAMMTFITH D , bi, be, be, bg [INA T AT
HD. o) FYZEAREE, tanh() 3N SKY v
IRz NEETHB.

Rt i2B I A x FAEY 22w MZADEN
2, ANNWTZr—roHbi, DT X—LEERAEY
IVIZATIEING., i ERZ 12815 A0 xt, —Kf
GO hy_y, N T AL o TRD SN
5. F-, Wt 128175 AT vIVDIREE C, 1ZFH

tIZBITD ARG t—1 DAY ILDIRE C,_;

RN f, OO B, BHITZ— D
Wl xy, him1, NMTAZE>TRDOENS., FL
T, AEVa2=v bOHJI hy IF tanh(C,) &7 —
roH o, DT XY —NVEEE w5, Hhr—rsoHh
W%y, hic1, C,L NAT A& oTRDENS.

AHXIZHBEWTIE, LSTM OEAEHA L LT RM-
Sprop [4] Z HH\WT\W3A. RMSprop i EFHRM=2—7
NExy NI —=2IZBWTETFOHLEATEHF TNV
ALTHY, MFORTEREIND.

hiy = ahy_1 + (1 — @) VE(w')?
"o

Vhi + e

witl = w -, VE(w')

ne =



ZIT, widEHTAEATH D, E() IFEEEKE
FKLTWE., ZTUTVE() IZ#EEBBOARZ %K LT
Wb, nWFEEETHD. AKERIZEWTIE n=0.001
WCEREL TS,

3 =8

AHITI, BABERGATEIC L2 0EORERD
FOBH T B 5D [E o ic BT 2K ET S, &
BRY, ZOHALKHE TERUBLE L OB O
HREHARNLZODOERZECL LT, KZt+ 1128
\F B B ERE A ¢ 12 BT A8 MBIHRE VW
Za—I)VRxy NI =2k BAERANETD. FD
BRIz, [ERICHWSBIAZR O S & 02 2 X
, FMEREROFHNICY U CHER 23 AR e
T3, B2, FERIZOVWTIHET 2. AZizsWn
T, FHAEHROB A ZAL S W 2 R E 2 RN »
.33,

3.1 T—4%tvb

AR T, FEHECE O REBHH e LT TEA
ERRFTFAERLIR ) (R 45 £ KBE 4 48 5) 125D
WT, MHBEICL D INEI N IE ARG A2 6
AU, ZofEER, HSMEAEFEEz#HESRE L, 20
RS AEAMEIZ X VEAREAZEELTWS.
WEEBUTFR, B LML 27 5 A 20000 £11F
EllioTWwa. MWEHHGEES T — & & FUOiE#E
HF— IDMFAEL, AWFZETIE— O LA R E
WF— XD 2003 £ 195 2016 FE 4 ETD 14 4F
M, 56 DT —XZ2MHALTWA. 79 20000 #:D
WTXRD 14 FM O PMIZEIFE F 72 13Z OMOBEHIZ &
DIHERED SN DERINL 2R, SROM
BT 2432 Ao 7z,

EABERGHEHATEEB L LT, s L0l
BT 2EAREYE LA, AESEEZRLUZEREDY
BIRMDPMESINTVDS., ZTNS5DOREDT—X %M
WT, FxDOMBIEEZFE LU, SHEZHE L THY
5. LHL, fAET—XOBWTEL OXRAHELH D,
BT 2 Z L BREERIEENL KFELZ. LizhoT
SRIOEBRIZENTIE, SREFEH2ARD 50% LA EA
REL TWBMBERIZDOWTIHHEH L TWAW, @
EEMARILTWBF—RIZB L TIE, 7Dk
AT UTHHEDRIT — X LIEKE T L
TWBRIEREZOND-HTHD. WL EET
U7ZBRIZ2 0 TORE R ERFRE L -MBRER I
TWABMBEZRINU AR, BMANIZERICH WM
FERUE 2330 fh & 2o 7. BRARRIZ SEERIZ F O B RIE
EEOEEIZOVWTIE, BROfssUEL 27 W H- L
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TW3., #ERX LT, AMEBIZEWTERIZMHHELT
WABHMBHEEZRT. E2UBIEENETNOMBITR
IZDOWTHUTIZRT ESIZVI-VI2 LFERET 5,

o V1. RAVERE SRS %
o VO REARHAIN R
o V3: 75 LR RIS

o Vi 75 LEERERIA R

o V5: MRE ALK

o V6: AIPIEE & P MR
o V7. EHHMHR[lx I

o V8: JifilfifE A1

o VO: JrEi%L iR

e V10: Fyyaym—*K
o V11: i EHR

o V12: MREAF|ZEH (ROA)

T, SUBLERIFEACERGCB T2 MBS
REUROFR2ESZEL LTS, £z, Fyyvay
O—RIZDWTIEMUFORNTERINT VS,

%%%ﬂﬁ+ﬁﬁ%ﬂ%x

vIaTJH0—K = :
*r * TER

100
(®)

F— 4 DR

MEHAEICBWT, BEEEPMIIAIC L D HEHEE
D—HDIHEHME S NI VGAE T RHAMEIEL 5. KR
WEzELT—RIZBWT, BlllENZfEDOAZHNT
B Z2ITOHE, RUNATANEL B Z X, #iE
FEEANDELENEZ 5NDS. AR THOTY
%, BAREFFFATIZENTHE K ORHANEN D
50, HHElENTVWETF—XDAEEHWTON 21T
ZCIZRHETH D WU EITS Z e DM ETH 577,
F 7z Table 1 124 EHAWZBET — XIZDOWTEHM%Z
AT MSELBEIZ O WTIRER T — X E2AVWTIT-
7. VA AL OB RE DGR Y] g, 12BWT, MY
Hj DERRAL TWB LT 5. TOBIZIE g &XFIG
T3, FERAMOMBIEIEORRS G, 22 L, M
i BEENBIFER T DEG; ZHWS.

3.1.1

2http://www.mof.go.jp/pri/reference/ssc/results/calculation.htm



Z 1: Overview of raw dataset.

Missing rario[%)] AVE£STD
V1 0.03 0.010+0.029
V2 0.03 0.011£0.027
V3 0.04 0.031£0.654
V4 0.04 0.036+0.724
Vb 0.04 0.275+0.242
V6 20.17 4.201£65.320
V7 6.41 6.828+39.400
V8 2.28 0.041£0.038
V9 20.25 57.4994498.640
V10 2.69 0.062£0.066
V11 7.04 0.008+0.028
V12 1.14 0.056£0.071
L=40 L=1
Training Test
Training Test
L=54 L=1
Training Test

3: Overview of Experiment.

3.2 EBRRE

WS IR D BRI I D \WT, B B ¢ DL
BT 72 DM BTRRE L N ¢ + n (281 B a2 5L
12272 2 ISR RE A D A & A 2 % 47\ 0KE R % STl 9
5. KX TlEn =1 &EL, 1 KLk T =280
OMBEEGREELET 5. RERE LT ARIMA €75
V&AW E Al 2T WEERZ R 5. R
LT, 00T — 2% 52 2FEB»S 54 D
T—REANELTEZ, TO—D2EOMIZEITEH
AR R TS 52 EERE1TS. Ko TR AT 15
WO OEBREITV, FHHROEHOENZ LS T
TS EDOZAL DR ERS £ 7217 -7, WMEZX 3
RT

FHEERRIE, AEBRCTRLLtOT—X26RAt+ 1
2B B A AR LT O Pl 217 5 B E I
BWTIRKZ ¢t — 1 OF — X9 SHZ ¢ 1281 5880
HEB O T 21T 5 FEERERE % TRFERE L, B85
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A— R OB EFT - 72, BEREFIXPEEOK LIz
DWTIHLe{l,2,3}, 2=y MU IZOWTIRIU €
{25,50,75,100,125} TH 5. 728, LIZDWVWTIE, &T
DFIAZEZE W R EIZB\WT L € {1,2,3,4,5}
WIZDOWTEREIT> 720, ERUZHBIZE W TRHE
BAER L =2, %57, ULho>T, ZTOMDBHHZE
BOMER L ZEBFZEICBVWTX L € {1,2,3} 28
WTHTo7z, ZOEBREREIZBEVWTIE, £UFEEE2H
WEERMBIOFvyy a0 —HEOAZRMNL 725
BRIZDOWTOFMEREIT, TITERELZENT
A—=RIZX O AREBREIT -7, TOMDEE/NT X —X&
IZDOWTIE, TRy Z78% 100, EER% 0.001, Ny
FHA X% 10 ITHEL THEREIT- /2.

4 SERER

MERE2RX 2, M4 ITRT. TNThOMEEIZEEY
A 40-54 D 15 IO FEERZ 1T\, D MSE D1
fliZRLTW5., ARIMA EFIVIZDOWTIZ 40 5D
FT=REDETFTNEEHL, KR OMELHIZOVWT Y
METo7z. RERIZBWCIEFyyyayo—tE:
RO U 72 FEBRICB W TR OB L R S vz, Sk
DFRRBEIZ B NT, WEBE S ORI AT REMEASE i 1
BOKEIZEHLTWD EWSIREIZR L THFE DR
WIS BlsE n7z.

F7z, W FRRROMEIHZOWTHEH LU 72RER
2 3ITRT. Zn&D, 1-3 HOHE 4 1k o Tl
WIZBWTHEENKSWHRE R o7z, 2T, EEER
2B BB L T OMO PRI B 1) B MR
ETCMHENRKREL BRoTWB I eRnEZONS. £
MBI BNT, YOMIcB 5T —XhERT
XX —BWEBINTAZ 22X THREOM L& RA
LZenEZLND.

5 BbHYIC

ARESLTIE, REOMBHE TH B IEANBEREHT
K UT, BEHRERICET S ZOMO RO
RS 572812, LSTM ZHAWEFEoie K O%F
DEEETFHEE LT ARIMA €5V EHWTOH 2175
7. FIEDOMBILERZFIPLBD SN T DI LTk
D, FRNZZDOMBEIEROME S 2T 5 Z & H
TEBLEZOND. RIZERMHRERE XYy 27T
0 — R L OMOMAEIZBELRH D, EEBRTIX 1 F
ZNDF O HAEE L D EITV, fEHRE UTRN
EFEDIRNFERPIRI Nz,

SHBOBEL LT, O F—RIZHILZUBETTS
ZeEZoNG. BIZIE, SEHEECIERT 0=
MEZE LI -—EREEZERTLILY, V-7V



7% 2: Result of Experiment in the task of estimating
the financial ratio of hidden companies in the one time

step ahead.
Excluded financial ratio MSE

V1 4.25E-04

V2 4.32E-04

V3 4.28E-04

V4 4.20E-04

V5 4.29E-04

V6 4.32E-04

A\ 4.23E-04

V8 4.38E-04

V9 4.11E-04

V10 4.28E-04

Nothing excluded 4.20E-04
ARIMA 6.50E-04

0.00065

0.0006 r

0.00055 +

0.0005 r

0.00045

0.0004

VIovV2 V3 V4 VB VB VTVB SV VD ALL ARIMA

4: Result of Experiment in the task of estimating
the financial ratio of hidden companies in the one time
step ahead.

% 3: Quarterly Average Result of Experiment.
Target period MSE
1(April-June) 4.02E-04

2(July-September) | 3.15E-04
3(Octiber-December) | 2.94E-04
4(January-March) 6.88E-04
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Abstract:
data has been studied intensively in recent years. Especialy, limit order book which describes

Predicting the price movements of stocks based on deep learning and high frequency

supply-demand balance of the market is used as feature of a neural network, however, these methods
do not utilize the properties of market orders. On the other hand, order encoding method of
our prior work can take advantage of these properties. In this paper, we apply some types of
convolutional neural network(CNN) architectures to order-based features to predict the direction
of mid-price movements. The results show that smoothing filters which we propose to employ
over embedding features of orders improve accuracy. Furthermore, inspection of embedding layer

and investment simulation are conducted to demonstrate the practicality and effectiveness of our

model.
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ANT AT ETZERA MY ROBENRD L& &,
ZNRBITELIZ LD HDODF ¥ VEAEXICLD D
DMEHIB DN, E\WVWIEDTHD. ITEXE
1%, BIRELPDIAXA N EHIIEXLTH L —K—D
BOWEEEZERLZEDOTHY, v—=7 v hbADA U
JhHREIWV. THIT, PAfTEXEY X —2r DM
LEWZD, ¥y reIEXOL O, HiREIER
75, Ihrk=a—J)0hxy b7 =TT E I
i, EXRIEEZETIVDOANETHIER.
—7, HBEEXPF Y U AEXBMiEADOHE L
ForEbNnTHY, ThEEHTLZILETE RN
[3][4]. & ZTAMFETIX, TRTDEXXTS T2 EDT
S ESCRYE, GRE T % O 72 5 O iR B e
FHIZEITS. FFTEXDHFESAAFIEZOVTHIL,
FHE TN E U Tk T RN R BN 2 E X2 ]2 5
&5 CNN 2B U7z A-CNN(Average Convolutional
Neural Network) &, % D@z & X THHR U 7z A-
CNN+%$ET 5. AHEOHWIE, ZOFHEIZELS
TITY ALIEIOLETH L. AFFEOZERKIZLD,
ZOEANRT =<V A M ETEIENTELLE
Zb.

EXDFSILFIE

VST ORI 1%, kS, RO, BRI BRI (Y
ZH), 7D EVOR, X XA FEA T T )R (E
RZER) 205 X510, BORRIERES > TREN
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ZEpzE, )4 — & — Rk T OSSR
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SHEI 24T > TWBDNE WD BB & Z D3R
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Za—=I)3xy NT—TDE B EXOBRE —E
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Figure 1 121%, BARNZREX DR S(ETIEZ 2T 5.
lfi ¥ O S E D AN 7 NMAE > S JEMITRG IERE S &2 HL <
FIVALT B, KA H T T)IE, 500ms % 5512 B
72 E XD E D, S SITHMINZREXDHTH 20ms
e BET 0 72 R SO PLBs ARG 75 1 372 D 2 % il T

T L TERE L.

( MarketOrder®sk )
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500 ~

MarketOrderPid
~1
LimitOrder2sk é ~ § 2
LimitOrderPd
| x 3~5 x 20 ~ 500
CancelPid g5 o=
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Figure 1: A58 THW/IEX DR E1E.
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Abstract:
movement analysis of financial time series, including to draw candlestick charts. Modeling these

Open-high-low-close price (also OHLC) series have been widely used for the price-

data is complicated by the fact that such data are often unlikely to be samples of stationary
In this
research, first we try to remedy this matter by using the sequences of differences between high and

stochastic processes, as can be seen in the well-known phenomenon of volatility clustering.

low prices, which are pointed out to often have higher autocorrelations than the absolute returns of
close-price series, and normalize the scales of OHLC by their exponential moving averages. Under
our experimental conditions, the Earth Mover’s Distance (EMD) between normalized S&P500
training and test data is about one-seventh of the EMD between the unnormalized data. Second,
we try to model the normalized data by introducing 6 generative models for them. The EMDs
between data generated by our learned models and the normalized test data are about one-sixth
of the EMD between the normalized test data and the delta distribution located at the barycenter
of the normalized training data. However, they are about 5 times larger than the EMD between

the normalized test and training data.
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